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Objectives : Cigarette smoking is an important factor in human exposure to polycyclic aromatic hydrocarbons
(PAHs). Machine-smoking methods have been devised to evaluate inhalation exposure to mainstream cigarette smoke.
However, there have been only a few studies that have employed these methods for PAH monitoring in Korea.

Methods : Total particulate matter samples were collected from the mainstream smoke of five different cigarette
types using the ISO 3308 standard smoking method. The samples were analyzed for 16 PAHs using a gas
chromatograph/mass spectrometer (GC/MS) following extraction and clean-up procedures.

Results and Discussion : The 16 PAH levels of cigarette samples ranged from 87.1 ng/cig to 247.4 ng/cig with
an average of 135.4 ng/cig. The average fractions of PAHs classified by the number of rings were as follows: 15%
(2 rings), 37% (3 rings), 43% (4 rings), 4% (5 rings), and 1% (6 rings). Diagnostic ratios suggested that the
characteristics of PAH pollution in mainstream cigarette smoke were similar to those of biomass burning but
different from those of ambient air. The carcinogenic risks of PAHs exceeded the risk threshold of the US EPA
(1.0E-06) for the 10%, 30%, and 20% exposure groups of adult males, adult females, and all adults, respectively.

Conclusion : This study highlights the significance of mainstream cigarette smoke in examining human inhalation
exposure to PAHs and carcinogenic risks, which are primarily influenced by cigarette smoking rather than ambient
air. These findings can contribute to a comprehensive assessment of inhalation exposure to PAHs and provide
guidance for the development of environmental health policies aimed at reducing such exposure.
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T-4:9] P& 7](cigarette smoking machine: JB2080, CH
Technologies, USA)E AMg3te] 71719 317 Uxkrotating
head)ol] &&= Tl A X tl(cigarette holder)o]] T A|E9]
ol ANRE A7 AuA AXSD, [SO 43879 F YR
Z(Total Particulate Matter: TPM) =40l w2} 44 mm 52
4-6-Z E](Cambridge filter pads, Whatman, UK)o|| 1] A&
M2 279 TPME 5 53] AHshickFig. 1) &l #1%
H A2 F Aol gl AARe}E Ad FES AlASkAL A
715 g71skeich

Table 1. Detailed information on cigarette products used in

this study.
A K%r;'gzdm 10 0.10 Regular
B Korea 1.0 0.10 Regular
C Korea 1.0 0.10 Slim
D Korea 45 0.45 Slim
E Korea 6.5 0.65 Slim

(a) (b)

Piston/Syringe Filter
Fig. 1. Experimental design in this study: (a) cigarette smoking

machine (JB2080, CH Technologies, USA) and (b)
schematic representation of sampling process.

22 . N2EM

AEEE BAGAEL) 5582 sls] o gHEE
& Z(surrogate standard) 5% (Naphthalene-ds, Acenaphthene-d,o,
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filter)of] g3l &4 3(Soxhlet) 2= S1ka} ofA|E2] Eo-g-1
(9:1, vIV)E ARESH] 20413 FoF SR 5 AlRE
TurboVap (Classic 11, Biotage, USA) S 2 53111, A8 -2
Aol FH(30T, 4417h AU7IA 5 g7 BAIAIES
4g2 WULOR 4 FASATE 5% RS S8 Ao
Folaha sl 0 mLE 855 3, Sk} Eeane £
(9:1, v/v) 70 mLE 82| o F rto}l TurboVapi} AAEZ7]
(MG2200, Eyela, Japan)E ©|-&3}o] 1 mLZ F=3|ic) &
Algo] YE3xEFE2 (internal standard) 15(p-Terphenyl-d,4)
S0ng2 FUT %, A= ntE2H /A EA 7] (Gas
Chromatograph/Mass Spectrometer: GC/MS, 7890A/5975C,
Agilent Technologies, USA)Z EA5}4tt GC HHOo 2=
DB-5MS  EA HFBOm x 0.25mm, 0.25 um, Agilent
Technologies, USA)2 AMESI T o5 7|Al= ek AE0|
$lom] | mUmin 94+ §AI51eich 215 A 1 s ujEa
FR(splitless) WIH o2 GCo| Y3l GC & AL
60CoNA] 187F 74|, 263 52t 10C/min =2 52, 3207Co
A 5EZE Ao, F29] 9 (injector) &=+ 2807C, o]&4A
(ion source) 2=+ 230C it} 70eVe o] &2Z|(Electron
lonization: E)°= A= o] 285k 3lal, A8 o]
XU ¥ &J(Selective lon Monitoring: SIM) W o 2 HZ3}
Aok EAHEEES vls P EF 7 (United States
Environmental Protection Agency: US EPA)oj| 4] $-Al3tg]
HJAEZ-ZE A% Naphthalene (Nap), Acenaphthylene
(Acy), Acenaphthene (Ace), Fluorene (Flu), Phenanthrene
(Phe), Anthracene (Ant), Pyrene (Pyr), Fluoranthene (Flt),
Benz(a)anthracene (BaA), Chrysene (Chr), Benzo(b)fluoranthene
(BbF), Benzo(k)fluoranthene (BkF), BaP, Dibenzo(a,h)anthracene
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Amsh e oz AAestn Bt AR AR
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Table 2. Input variables for carcinogenic risk assessment.

2 TEQ Total TEQ ng TEQ/cig
SA Smoking amount cig/day A(129,7.1)
EF Exposure frequency day/year
ED Exposure duration year U (0, 62.5)°
AT Averaging time day 30206
BW Body weight kg A (69.9, 13.7)
ISE Inhalation cancer slope ma/ka/day

factor for BaP
2 A (m, sd): Arithmetic mean and standard deviation, °
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Z|(Toxic Equivalency Quantity: TEQ)E AAtstal o]& 3}
o & 5A4S7HXI(Z TEQE AMstith PAHs®| TEF=
Nap, Acy, Ace, Flu, Phe, Flt, Pyro] 0.001, Ant, Chr, BghiPo]
0.01, BaA, BbF, BKF, IcdPo] 0.1, BaP} DahAo] 1ot}
%, 718 PAHsO] B4 ZASH] e S22 9] o= BaP
SLAE SHEHBaP equivalent) &2 AJAFSFRA T

ILCR =LADD x ISF (1)
_ ZTEQxSAXEF xED
LADD = BW < AT )

P zT} 9t sl = (Incremental Lifetime Cancer Risk:
ILCR)= dUdFH+ QA== Life Average Daily Dose:
LADD)3} ISFE &3}o] A3kt SA (Smoking Amount)
L 5 3=k (cig/day), EF (Exposure Frequency):= =24l %E
(day/year), ED (Exposure Duration)+= =%7]|7H(year), BW
(Body Weight):= A|5(kg), AT (Averaging Time)+= 7|t~
(day) omjgttt. =27|7h 7|t FAAZFAR O] 2}
oj2 AlslglaL, zF M9] it Fare Table2of vefil
o}, gHklo] et SeEIE Sal] Sfeto] %
JaAL AR} FYIATN =24 WERe] A F
Qs 7|HE, FANLLY, A A2 AT
eERT Andgel wEF AoE ] i
Crystal ball (Oracle 11.1, USA)& o83 ZH7IEE A&
o] Ad(Monte-Carlo simulation) 2.2 10,0003] §rEs}o] SIE2
2 fleld87HS AAISHEE US EPAoA= 2ot ¢sldE
7Fe S8l Sl sl (unit risk) S AR8shs WHle dASkaL
Aoy B oitoA gl 917]9] FeEo] I A
HpE 2 StaLA} ISFE ARShe A82e oz U3y
shAT

ol Tl Qv ol wersiaeg vas) 5
sto] $el7] % PAHso] thiat 2REH SIS A
3Tt SAFHSA)o] ofd ¥ T ZE(Inhalation Ratio: IR)
& Apgslo] ol 7 t)7]e] ILCRT} LADDE 4] (1)} 4]

A(4.6,1.3)° log-normal This study
A(13.7,7.0) A(8.9,5.9) log-normal 31
365 constant 31
U (0, 60.2) U (0, 61.8) uniform 31,32
29110 31302 constant 32
A(72.1,12.9) A(59.2,12.2) log-normal 31
3.9 constant 34

U (min, max): Minimum and maximum
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Fig. 2. Amounts in the individual mainstream cigarette smoke: (a) X1 PAHs, TPM, and TAR and (b) each PAH compound.
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B (120.2 ng/cig), C (99.5 ng/cig), A (87.1 ng/cig) A& 0]}
i, TPM THF2 E (7.1 mg/eig), D (5.0 mg/cig), C (3.0
mg/cig), B (2.4 mg/cig), A (1.7 mg/cig) <A At} A& #7)
= ElZ =S E (6.5 mg/cig) > D (4.5mg/cig) > A =B
= C (I mg/cig) <=¢]%ickTable1). Axt& oz X, PAHs §
© TPM} hzo] HlEstel Z7ksou, Al G BE A=
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U BR= ffo] 7Hd 212 A, B, C A&t 185k, A=
TPMa} PAHS G Wlegh So0l2hd Al 35 71o] Fateh
AE 28 S ek B Thle) Fe LR 5
WUz PEe 27k 29 ol 757919 PAHs, TPM, &
2 glego] WatA og WAL FAH 2= foskA] ook
CHt-test, p > 0.05). APAFolA= Hulje] et= o] &
TE FRA PAHs gl om,MY B2 gy 2RA
AAMF PAHs Fhgo] o] AaAl s WERcEY B ¢l
A HES Hull Al A= Jiert Al e uR dvkelsty]
£ oYL gl FEjehs B §lo] Bl dho] FRA9)
PAHs & AAT 7FsAdo] =tk

THA ZE AlROIA 16 PAHs7L HE5 SUckFig. 2b).
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I7at2] 37 olsha} F-EARE &AL 470)9] g
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PAHs §FFo] & 69%(ZFZ} 15%, 25%, 15%, 14%)S AA|5hc.
ghe, 20208 A= FEdi7 1 BASAYY) U] F Zie
PAHs “sof| ti$h Bt 7]03&-2 Nap 5%, Phe 33%, Flt 16%,
Pyr 14%2A4] o] ¥] E2o] 67%S A5, 73} 347
oA 2 HEE= EHo] FYsHh

2 Aol FUS IS0 W o2 Al Ao
< PAHs §S Table3o Uehfiglet. & A-+9] BaP
k2 1.7~3.8 ng/cig (Bt 2.4 ng/cig) &2, A |oFEZ oA
oA Z743 BaP H(1.7~4.5 ng/eig, it 2.8 ng/eig)t Bl
3t oIk sf9] AYATe} vlwsly FEA G 18
A B g £ vSE AU g Wgi e
Aol 2 A AR E49 R & A7 o
LS EE) Aegolqro] A A Bo A= ARAE 22 glgo] o)
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AgPAe] 7 Zie PAHs o #1917} 34.3~1776 ng/cig
Y 139~2599 ngleigo 2" FulE 2 o]z} Zirk whujl A
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Table 3. Comparison of mean PAH amounts (ng/cigarette) in mainstream cigarette smoke measured using the ISO method.

United Kingdom 279 0.1 06 18 238 57 172167 71 84 21 07 17 09 02 08 87.1 Thisstudy(A)
Korea 239 01 06 27 308 9.7 233233101116 32 09 24 10 02 1.0 120.2 This study (B)
Korea 255 03 08 24 250 73 182182 97 100 36 07 23 10 03 09 995 Thisstudy (C)
Korea 272 03 09 40 392 116221201 94 102 39 08 20 09 02 09 1254 Thisstudy (D)
Korea 158 13 16 145 838 294 409 357 173 152 39 09 38 1.0 02 09 2474 Thisstudy (E)
Various” - - - - - - - - - - - - 2.8 - - - - 27
Japan - - - - - - - 356 153 137 59 14 54 <LOD <LOD <LOD 723 14
China 137.6 63.3 42.2 212.5167.7 79.5 83.2 789 35.6 405 115 105 266 113 1.8 35 10154 43
USA 5326 - - - - - - - 114160 57 25 69 3.1 0.7 - 5788 13
USA 329 133 25 199 62 159 61 42 17 26 12 23 10 - - - 1077 15

Various™ 310.8 137.3 57.9 264.7 172.8 70.7 81.7 59.2 20.3 29.8 15.0 30 102 - - - 12334 42

“United Kingdom, Japan, Korea, and USA, “*Bangladesh, Brazil, China, Egypt, Germany, India, Indonesia, Japan, Kenya, Mexico, Nigeria, Pakistan,

Russia, and USA

o] 7 Zeke] W= 0.50~0.53 0= Tl AjFo uhE ZolS
Koz kot Aen|7} 058t A 82 =7 Algs A
A49] IS 7oAl w2 Ao R A3 4= Qlrt E3h
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BehiP): 0.59) A|2e| B Aekulofd SAkt o] ATk
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s Az HghH|ef 2 ApolE KAtk

SUeES st FRA S H7|(A A2} 2020
A gat 7|2 ZA4Y) A= Ant/(Ant+Phe)T} BaP/BghiP
Ak v w kgl chFig. 3b). Aol 20119 jAL?
20112012 £4L? 2016~2017d A& 0] sAH7] A&
o] ZetH]E Fig. 3boll YRStk D Al&(EF= oF 4.5
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SHAL Sekon, B2 ko] 7MY W-2(6.5 mg/cig) E AR
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