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Abstract: Harmful and potentially harmful constituents (HPHCs) are chemical compounds in tobacco smoke
that cause harm to smokers and non-smokers. This study established and validated methods for the analysis of
HPHCs from mainstream cigarette smoke. The analyzed HPHCs were categorized into seven groups: aromatic
amines, volatile organic compounds (VOCs), heavy metals, tobacco specific nitrosamines (TSNAs), benzo[a]pyrene
(B[a]P), ammonia, and carbonyl compounds. The methods were validated by specificity, linearity, limit of detection
(LOD), accuracy, precision, and recovery. These validated methods were then applied to the reference cigarettes
(IRSF, 3R4F). The correlation coefficients (+%) for the calibration curves of the seven groups were over 0.995. The
LODs showed values of 0.01-0.04 ng/cig cig for aromatic amines, 0.01-0.16 pg/cig for VOCs, 0.01-1.27 ng/cig
for heavy metals, 0.06-0.28 ng/cig for TSNAs, 0.04 ng/cig for benzo[a]pyrene, 0.08 pg/cig for ammonia, and 0.78-
1.77 pg/cig for carbonyl compounds. The precisions obtained from the intra and inter-day batches were less than
15%. The accuracy and the recovery range were less than 15% and 79.2-117.5%, respectively. The proposed methods

can therefore be applied for determining HPHCs in tobacco mainstream smoke.
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4800 AF ©]/de] sHEHEA o] A, HA|, 7]1H 9

HEZ EFHo] e o2& dFoz LA

32 0] Fol &F 60 JFe AAEZH] FFE 3

3 GEA Juki ES FA2 AW AAY F2 A
A 87MF 671 A fgecloz d#HA Jom !
H A A5 ABAZE Ytk A AEA
g ek 2ol whet -2uEte 2004 1€ 3000
AARZAZF (WHO) Dol 4] 7123 2F (Framework
Convention on Tobacco control, FCTC) H]|F& ¢&
A, 125 90d T 2005 29 27Ul A2
Ao R §8S 7AA HUAS o] FCTC= A|9x
(A EL] Ao #3t A} A0z (FuiAIE<]
HrRFN TS FAHE F3te] vlE=e A F
Ao ) 2 FEE asta e, 53] v+
FDAdMA &= AW2]Fo| oFF31d-F <t (Federal Food,
Drug, and Cosmetic Act) 9048}l wha} gl 93 7))
30l /d & (Harmful and Potentially Harmful Constituents,
HPHCs) 558 mldste] &8 o2 #esial e
U =lldiale UaE, B2 5 ALt thE g tigh
AEHL gle Aot mEtA] £ ATE Fate] 2l
7] 7 HPHCs BE 5 W oNIAE (aromatic

amines: 1-aminonaphthalene, 2-aminonaphthalene, 3-
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aminobiphenyl, 4-aminobiphenyl), 3|94 7] 33HE
A (volatile organic compounds: 1,3-butadiene, isoprene,
acrylonitrile, benzene, toluene), JE (heavy
metals: arsenic, cadmium, chromium, nickel, selenium),
Gl So] YEZAI AJHE (tobacco specific nitrosamines:
4-(N-nitrosomethylamino)-1-(3-pyridyl)-1-butanone, N-nitro-
sonornicotine, N-nitrosoanatabine, N-nitrosoanabasine),

tE Lo} (ammonia), W Z[a]¥] ¥ (benzo[a]pyrene), 7}

=1
CRE

2HY 33HE A& (carbonyl compounds: formaldehyde,
acetaldehyde, acetone, acrolein, propionaldehyde, crotonal-
dehyde, 2-butanone, n-butyraldehyde)S-l o]+ A3
< Bysaa S,

2 Mz ¥ ¢Y

21. AleF 3 1=

WS ol AR BAo) AH4-E [-aminonaphthalnene,
2-aminonaphthalene, 3-aminobiphenyl, % 4-aminobiphenyl
< toluene®ll =91 aromatic amine standard mixtureZ
AccuStandard Inc. (New Haven, CT, USA)°A] 43}k
A3, WFEF=HE AHE-E 2-aminonaphthalene-d;
2 4-aminobiphenyl-dy> CDN Isotopes Inc. (Quebec,
Canada)ll ] +8te] ARE-FIom, 21 9] BE Aef
£ Sigma Aldrich (St. Louis MO, USA)lA] 9] 3}¢]
ARE-FAT

A Fr1skE AR A0 AREE 1,3-butadiene,
isoprene, acylonitrile, benzene, toluene= methanol®]|
=<2l VOCs standard mixtureE AccuStandard Inc. (New
Haven, CT, USA)ellA +9438t3aL, WH-EEEE
benzene-ds ¥ 2 ¢ AFE-2 Sigma AldrichA} (St.
Louis MO, USA)llA +i3ted AH&-sk3iTt.

TaE& i B4 AFE-E arsenic (As), cadmium
(Cd), chromium (Cr), nickel (Ni), lead (Pb), selenium (Se)
2 YEEFEZAZ ALE ytrium (V)52 25
MerckA} (Darmstadt, Germany)ollA] #4353, 21 9]
|1 &2 Sigma Aldrich (St. Louis MO, USA)ll A
RJ3te] Ag-alsirh.

Ul So U ERAN YR A6 AHEE 4N-
nitrosomethylamino)-1-(3-pyridyl)-1-butanone,  n-nitro-
sonornicotine, n-nitrosoanatabine, ¥ n-nitrosoanabasine
2 YR EEELE AME-H 4-(n-nitrosomethylamino)-1-
(3-pyridyl)-1-butanone-2,4,5,6-d4,
2,4,5,6-d,, n-nitrosoanatabine-2,4,5,6-d,, n-nitrosoanabasine-
2,4,5,6-d; 5 =7 TRC (Toronto Research Chemicals Inc.,

n-nitrosonornicotine-
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Table 1. Extraction parameter for the analysis of HPHCs in cigarette main smoke

Group Trapping unit Extract solution ISTD Analysis

Aromatic amines 92 mm filter 5% HCI Z-mn}non?phthalene-d7 GC/MS
4-aminobiphenyl-dy

Volatile organic Impinger Methanol Benzen-dg GC/MS

compounds

Heavy metals Electrostatic unit + Impinger ~ 10% HNO; Yittrium ICP/MS

Tobacco specific 100 mM ammonium NNK-d,” NNN-d,”

nitrosamines 92 mm filter acetate NAT-d;” NAB-d,¥ LEMSMS

Benzo[a]Pyrene 92 mm filter Cyclohexane Benzo[a]pyrene-d;, GC/MS

Ammonia 92 mm filter + Impinger 0.1 N H,SO4 - IC/CD

Carbonyl compounds  Impinger 2,4-DNPH solution - HPLC/PDA

94-(N-nitrosomethylamino)-1-(3-pyridyl)-1-butanone-2,4,5,6-d,
®N-nitrosonornicotine-2,4,5,6-d,
9N-nitrosoanatabine-2,4,5,6-d,

9N-nitrosoanabasine-2,4,5,6-d,

ON, Canada)AFoll A 91 3ke] AH&3tdT, 7 9] =
A]eFL- Sigma Aldrich (St. Louis MO, USA)°lA T+
s}oq AHEEITH
Z[a]¥ &l HA o= benzo[a]pyrened} W FEFE

in 2182 benzo[a]pyrene-d;, & & A|SE BT
Sigma AldrichA} (St. Louis MO, USA)ol| Al 913
AHEERATH

et Lo} 40 ALE-E ammonium sulfate 2 TE

AleFe Sigma AldrichA} (St. Louis MO, USA)A]
sl AR5

Jlerd 5}?&% Ao AM2-H formaldehyde-2,4-
DNPH, acetaldehyde-2,4-DNPH, acetone-2,4-DNPH,
acrolein-2,4-DNPH, propionaldehyde-2,4-DNPH, croto-
naldehyde-2,4-DNPH, 2-butanone-2,4-DNPH, n-butyral-
dehyde-2,4-DNPH 5.5 Supelco (Pennsylvania, USA)
At Al Ao, FrEA AlFo® 2291, 24-
dinitrophenylhydrazine, tetrahydrofuran %  sodium
hydroxides= Sigma AldrichA} (St. Louis MO, USA)ll
A sl ARSI TS BE Ad] MER AN
H ®FEH] 1RSFS} 3R4F+= University of Kentucky
(Lexington, USA)Z F-E| 93} ARE-814ATh.

22. B & 717 ¥ =A
25§92 RM20H (Borgwalt KC, Germany)S

EEFHE 1507 FA 2213}l
HFE 60+£3%} &% 22+] °CE
AEe F2<571 (VS-9111H, HIA 38}, k=)ol A

Vol. 28, No. 6, 2015

FH 4 48417 o, Hdl 10¢ W7HA] Z3)sE & ALE
stRon, FlFAS dHEE 60+5% 25 2242
°CE A== a4 A9 th. HPHCs A& &
Ao o] &gt F& 273 AV Table 13} 2t}

WS obdl i 2 9 HAE W2 Health
Canada'® ¥¥l-S 23kt gl 7] AE-S RM20H
£ o]&3le] 92 mm cambridge filter pad (CFP :
Borgwaldt KC, Germany)2 X3}tk gujd7] A
ol £ CFPE 5% HCI 100 mLE ©]&-3ke] 30
E7F 223} F%3}3, whatman filter No. 2 (Whatman,
USA)Z Z# A separatory funnelol] B2 ¥, 200 ng/mL
Lo WEEE8 100 pL#} dichloromethane 50 mL
5 ¥ & EEo £ og WA F, dichlo-
romethane® (©}1%)S HEl= 2L 2 3] k=519
e ZkAbel] M3 50% NaOH £-9 10-15 mLE ©]
&3t pH 12010 HES BIE &
< Ukt 2 BB & F X ¥, ES olE)

H|A o] w2 2T, hexaneZ ($15)S sodium sulfate
anhydrous ¢ 100 g¢] ©Z%l whatman filter 1PS
(Whatman, USA)Yl 48 &g A A3FL 500 mL
round bottom flaskel] =3kt W2 Rolw EF5&

A] separatory funnel®l] 2 3 hexane 50 mLE 7}38}&]
TEY & F HABIAL, o] FAE 33 WS
hexane 50 mLZ separatory funnelE 3+ s H= &

500 mL round bottom flaskoll =2 &, trimethylamine

hexane 50 mL
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(TMA) &< 50 uL<} pentafluoropropionic anhydride
(PFPA) 50 uLE 713k &, A2oflA 30 &7 vESAIA
). 2 O AFUE57] (Eyela, Japan)E ]85t
79 vlE YL 2 FFA|Z] T, SPE clean up system

2 olgste] A AR F, T AFANEE/1E of

= o o

43te] F=A17] % hexane 1 mLE A &3} 3t vial

o 23 % Mg Wi

CORESTA"' W& 3}l th. RM20H7] 7]l Z ¥
EGE AAST FH 2709 impingerS AT ©]
impingeroll XZ 3819l methanolg 20 mL¥ Y3
-70 °C 2-propanol®ll HHAA EulA71A
o 2 & 77k gudrigdEe] ¥ methanolS
50 mL volumetric flaskel]l Y37, W&
methanol2 =27H] A& § A|E2 AN 33T

FTo& AR B4 23 2 AAE W2 Health
Canada” W& 3834t RM20H] ZEHEHE
A 713+ 3 electrostatic unit (Borgwaldt KC, Germany)
S A3 3 3 electronic tube$} 10% nitric acid”7}
20 mL 71 impinger ¢ & Fol AAsI X3
A G A8 S £ &, electronic tubeol] E
HH o]z A EES methanolZ % 5}9] microwave
ovend &7]o] R EFEZAF 7] A7t 5, heating
blocks ©]83}o] methanolS AHF & A|Z ol 2
Th5 impinger®] 10% 4t 8- 3} hydrogen peroxide
4 mLE 33 X 10% nitric acid 15 mLE ¥ &,
microwave oven (smart D, Milestone INC, USA)°l A
AAEE AAEA T 2 t5 50 mL plastic volumetric
flaskell =71 & =74 10% nitric acidZE x| &,
AEZE ARE 3T

gl o] YEZANW A& 23 2 dAXxg Wi
CORESTA"” & &8 33tk RM20HE ©]-&-3f
CFPoll &7 25 £ sttt o] Fujd7|7t 3
= CFPE 100 mM ammonium acetate 9] 40 mLZ
7 7}3tod horizontal shaker (HS 260, IKA, Germany)
2 o] g3to] 60 7} 210 rppm o & wHIE] A B S
FE3 T, 022 um9 syringe filterE ©]-8-3lo] T
g & A 82 AL s
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oL

o] @ Ar]7 £ E CFP
conical flask®l] & &, W ELEZH cyclohexane
horizontal shaker (HS 260, IKA,

60%-7F 210 rppm HHAIZ] & 1

o tu &

Q o

ol &

=
=
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FZE S SPE clean up systemS 73] %, cyclohexane

1 mLZ &85l AlE2 AR 315t

dmyole] 3 9 x2S Health Canadal
< 3439tk RM20H71712 CFPell 30 mL 0.1

N sulfuric acid”t 22t 2} % impinger 271 & 474 3}

of A7 AES TR AT BT 25

a2l

7l2rd 3= Ae 23 9 A-HHES
BAT' W& &839th CFP E9 & A AT £+
impinger 370 & A3t ©] impinger 37} &
41 acetonitrile = =91 °F 2.5 mg/mL FE2 24-
DNPH 895 7t7} 30 mL¥ Wi S A7 d8s &
Ak &, 3709 impinger ¢l = FEEME TF
sttt &8 0.5 mLoF 484 05 mLE =%

sl AR AL ST,

24. \BEM

ks ol A E-S GC/MS (Agilent 7890A/5975C
MSD, Agilent, USA)E ©|&3t% 3 &4 A7 DB-
5MS (30 mx0.25 mm 1.D.x0.25 pm) ZHS AL3FA
a7, Q8L 80 °CollA 2 #7F HE F 10 °C/min®]
T2 220 °C7HA] 7FE S F thA] 20 °C/min®] £%
300 °C7HA] 7k e & 10 #2F W3} Injector =
= 280 °C, splitless mode, %2 1 mL/min®] =7
o7 FA3}% 3L, electron impact ionization (EI) %'
© 2 selected ion monitoring (SIM) modeZS ©] &3}
A3

3 7713 E AHELS GC/MS (Agilent 7890A/
5975C MSD, Agilent, USA)Z #4381, A
DB-624 (60 m x 0.25 mm x 1.4 ym)S Ap&3lo] &
ARt o5 A4S dF (1.3 mL/min)2 2, inlet->
split (1 pL)E 150 °CE 3}¥ 2.1, SIM mode® #2]
SIATh 2B ML 40 °CZ 687 §A F 225°C
7HA] 20 °C/minS. 2 A AA A 53T

3% AELS ICP-MS(ELAN DRC II, Perkin
elmer, USA)E ©] 83} 3, nebulizer gas flow rate
1.5 L/min, auxiliary gas flow 2 L/min, plasma gas flow
20 L/min, ion lens voltage:= auto lensZ 6 voltageS A}
4319t RF power= 1.6 kW, RPg= 0.24, Cr= A9
3} U} A= standard modeE #4331, Cr& DRC
modeZ. 43} T}

Analytical Science & Technology



Establishment of analytical methods for HPHC list of mainstream cigarette smoke 389

G S ol EZAN 82 HPLC (Agilent 1200
HPLC, Agilent, USA)%ll API 4000 triple quadrupole
(AB sciex, USA)7} 2¢¥ LC-MS/MS £4¥$ o]&
3t x, B4 AHL eclipse Plus Cg (2.1x50 mm,
3.5um), ©]542 2 mM ammonium acetate(A)<}
0.01% formic acid in acetonitrile (B), ZH <%=+ 40 °C
2 FAAA Z4stA Sl xzd2 2% BE 4&7}
A 98% Be] &uiul &R F7F & 387 fAE §,
E7HA 27] SRR Sl &S A & 7R
FAAA ARSI 0157de] 42 0.2 mL/min, 5
Y 2uLE BASH AL, A A2 positive-mode
electrospray ionization (ESI) WS o] &35 o1,
curtain collision gas= Z}Z} 25, 4 mL/min, ion voltage
= 5500 V, ion source gas 50, source <=+ 600 °C
2 ARG T 245U

Wl Z[a]d] Aol A ES GC/MS (Agilent 7890A/5975C
MSD, Agilent, USA)E EX393, ZHLS DB-
5MS (30 mx0.25 mmx0.25 pm)ES AM&-&ke] E233}9]
t}. o]l5AS AF (1.3 mL/min)Z, inletS split (1 pL)
2 320 °CE 31921, SIM modeZ2 #4315 th &
o] A2 100 °CZE 3 #7+ FA F 300 °C7HA 20
°C/mineZ S2A7|aL 5§ B7F FAA A A ST

ofmyol #4S [C/CD (Dionex ICS-5000/CD,
Dionex, USA)E AFE-3I9 3L, ZHL 5%x250 mm 4
9] Dionex ionPac™ CS16 Z &3} Dionex ionPac™
CG16 guard AR S o|-&33ith A 59 AEES =
F7] 918 4 mm 17 2] Dionex CERS 500 suppressor
= A8, ZEL 40 °C, cell heaterv= 35 °C,
compartmenti= 30 °CZ 28 At} o] Ao
E+ 20 mM methanesulfonic acid (MSA), suppressor
current -2 88 mA, AlEE 35 uLE FY3FA 1.5
mL/min?] §402 20 ¥7+ B4 3513t}

Ft2Ryd 3EE AE-S HPLC (Agilent 1200 HPLC,
Agilent, USA)E #4313, AH2 eclipse XDB
Ci3(4.6 mmx250 mmx5 um)S AHE-3to] #2483t}
o] F AL 20% tetrahydrofuran in DW(A)9} 100%
acetonitrile(B)E AH&-33Ath &vll 2712 A 80%°l A1
102744 75% 22N R I THA] 30274 40%= 7
4, 3587 7] & 2o ® GuiRleS S
7, 71719] S st 5B /A St o]
Ao §42 1.5 mL/min, FYFS 10 L2 3H3 3,
Z71% UV, 32 360 nmZ AEE, 2 &%
30 °CE A sFHA #4330t
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3, 358 ol olste] BANEe AL 7}

=

45 AR5 (AR A=
Stk WS ol RS 430 AYAF (D=
F 0999 ol Fe® Uk, 34 f7] 4
1,3-butadiene “g+=°] 0.997, V}#2] 47]] J&E
F0.999 oo ® UEten, Sus AR 6%
E5F 0999 oo e, Sl YERA}
AR 4F T3 25 0999 ooz Jehkon wl
[a]l) & AEE 0999 o] oz Yelty, dro}
w2 0995 o)Fe = yehon, 7hErd 3ghE 8
e B 0999 ool ARAF (e e AT
(Table 2).

T3k 7 ARE] AEdle ok 2okt WA
WS ol B E2] 71E 3= 1-aminonaphthalnene,
2-aminonaphthalene, 3-aminobiphenyl, 4-aminobiphenyl
T2 2 0.01, 0.01, 0.02, 0.01 ng/cigSE EFRLIL, 3]
W] K71 EE-2 1,3-butadiene, isoprene, acylonitrile,
benzene, toluene 52 =2 F 0.04, 0.16, 0.08, 0.02,
0.01 pg/cige & Yepston, 5% J#-5-2 arsenic,
cadmium, chromium, nickel, lead, selenium®] <=2 2
0.16, 1.27, 1.00, 0.70, 0.05, 0.01 ng/cig= E}RLIL,
Gl 5ol UEZANW] JE-E2 4-(n-nitrosomethylamino)-

1-(3-pyridyl)-1-butanone, n-nitrosonornicotine, n-nitro-

ol Mz
>~ }JF(‘ rlO Nlﬂ f
ox W rH o fd ofN g

Mo 8

soanatabine, n-nitrosoanabasine <22 0.14, 0.28,
0.06, 0.22 ng/cig = YEFO W, Wl [a]v] @l &2
0.04 ng/cig, FEY o} 42 0.08 uglig, 7122
3}stE AdE<l formaldehyde, acetaldehyde, acetone,
acrolein, propionaldehyde, crotonaldehyde, 2-butanone,
n-butyraldehyde = 0.78, 1.77, 1.26, 0.96, 0.90, 1.07,
0.93, 0.93 pg/cig? YEISITE (Table 2).

g 9 AUE= 14 2 508 EF sEE A
Aot Y =7 slollA AU (intra-day) 6 3] ¥HE
9 A7 (inter-day) 33] WHE O 2 AJFstgon, g
T ANEFHAXHRSD)E, T EE % (accuracy)E
bz} @3RIl (intra day) ¥HEAJ2 WS o}
=SR]

A1/J & 1-aminonaphthalnene, 2-aminonaphthalene, 3-

aminobiphenyl, 4-aminobiphenyl =22 AU E+= 1.8,
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Table 2. Limit of detection (LOD), limit of quantitation (LOQ) and linearity for each analysis method of abbreviated HPHC

list compounds

Analyte R? LOD LOQ

1-Aminonaphthalene 0.999 0.01 ng/cig 0.03 ng/cig
. . 2-Aminonaphthalene 0.999 0.01 ng/cig 0.03 ng/cig

A t
romatic amine compounds 5 i obiphenyl 0.999 0.02 ng/eig 0.06 ng/cig
4-Aminobiphenyl 0.999 0.01 ng/cig 0.04 ng/cig
1,3-Butadiene 0.997 0.04 pg/cig 0.15 pg/cig
Isoprene 0.999 0.16 pg/cig 0.53 ngfcig
Volatile organic conpounds Acrylonitrile 0.999 0.08 pg/cig 0.26 pg/cig
Benzene 0.999 0.02 pg/cig 0.05 pg/cig
Toluene 0.999 0.01 pg/cig 0.03 pg/cig
Arsenic 0.999 0.16 ng/cig 0.52 ng/cig
Cadmium 0.999 1.27 ng/cig 4.24 ng/cig
H al d Chromium 0.999 1.00 ng/cig 3.50 ng/cig
cavy mefal compouncs Nickel 0.999 0.70 ng/cig 2.33 ngfcig
Lead 0.999 0.05 ng/cig 0.18 ng/cig
Selenium 0.999 0.01 ng/cig 0.03 ng/cig
NNK* 0.999 0.14 ng/cig 0.46 ng/cig
Tob ific nit . NNNY) 0.999 0.28 ng/cig 0.95 ng/cig
obacco-specific nitrosamines ) 0.999 0.06 ngfcig 020 nglcie
NNB® 0.999 0.22 ng/cig 0.74 ng/cig
B[a]P Benzo[a]pyrene 0.999 0.04 ng/cig 0.12 ng/cig
Ammonia Ammonia 0.995 0.08 pg/cig 0.27 pg/cig
Formaldehyde 0.999 0.78 pg/cig 2.59 pg/cig
Acetaldehyde 0.999 1.77 pg/cig 5.92 pg/cig
Acetone 0.999 1.26 pg/cig 4.22 pg/cig
Carbonvl d Acrolein 0.999 0.96 pg/cig 3.19 pglcig
arbony? conpoundss Propionaldehyde 0.999 0.90 pg/cig 3.01 pg/cig
Crotonaldehyde 0.999 1.07 pg/cig 3.56 pg/cig
2-Butanone 0.999 0.93 pg/cig 3.12 pg/cig
n-Butyraldehyde 0.999 0.93 pg/cig 3.11 pg/cig

9 4-(N-nitrosomethylamino)-1-(3-pyridyl)-1-butanone-2,4,5,6-d,
® N-nitrosonornicotine-2,4,5,6-d,

9 N-nitrosoanatabine-2,4,5,6-d

9 N-nitrosoanabasine-2,4,5,6-d,

2.7, 0.6, 1.1%=Z, &=+ 101.5, 102.8, 97.7, 100.1%
2 UEsy, 38§71 4EE2 13-butadiene,
isoprene, acylonitrile, benzene, toluene =22 FJEL
= 60, 34, 14, 04, 24%=, A& == 839, 98.6,
104.1, 106.0, 99.1%= YJEIHOH, T54% HEEY
AW =+ arsenic, cadmium, chromium nickel, lead,
selenium <= 2.2 0.8, 0.6, 0.7, 0.5, 0.8, 3.7%=%, 3 &
Z=E 96.0, 974, 96.7, 96.4, 95.4 1012%= YEILL,
il So] YEZAR AJEE2 4-(n-nitrosomethylamino)-

1-(3-pyridyl)-1-butanone, n-nitrosonornicotine, n-nitro-

soanatabine, n-nitrosoanabasine =2 % 6.1, 3.8, 3.0,

57%=2, FE== 109.7, 89.2, 101.5, 92.4%= L}E}S,
om Wiz[a]9# A8 ALE 1.7%, <% 98.5%
2 Ve, dRYoE & AUEE 2.1%, Foe
109.9%2 Webgth &3 7l2nd 89ts JRE
formaldehyde, acetaldehyde, acetone, acrolein, propio-
naldehyde, crotonaldehyde, 2-butanone, n-butyraldehyde <=
o2 HAYE 14,14, 13,13,13, 14, 13, 13%=, 4

F=E 830, 890, 850, 845, 825, 83.1, 847, 84.0%E
vhebsteh B3 A7 K(inter day) WHEd2 WS ofvlA

o rr
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Establishment of analytical methods for HPHC list of mainstream cigarette smoke 391
Table 3. RSD(relative standard deviation) and accuracy of the intra and inter day
G c d . day(n=6) Inter day(n=3)
rou ompounds ntra day(n=
P P Y 1 2 3 4 5
mean 101.3 24.8 48.1 101.6 199.0 398.7
1-Aminonaphthalene RSD 1.8 6.3 2.5 59 0.3 0.3
accuracy 101.5 99.6 96.5 101.9 99.8 100.0
mean 103.2 26.0 50.7 103.1 207.1 410.5
2-Aminonaphthalene RSD 2.7 7.8 6.5 6.1 8.4 3.8
. . accuracy 102.8 103.7 101.0 102.7 103.1 102.2
Aromatic amines
mean 19.7 52 9.9 19.9 39.5 81.1
3-Aminobiphenyl RSD 0.6 2.3 1.9 0.8 1.5 0.4
accuracy 97.7 103.2 98.4 98.7 98.0 100.6
mean 20.2 52 10.0 20.0 39.8 81.2
4-Aminobiphenyl RSD 1.0 33 0.7 14 1.6 0.4
accuracy 100.1 102.7 98.8 98.7 98.5 100.5
mean 5.4 32 5.0 11.5 27.2 60.3
1,3-butadiene RSD 6.0 6.8 13.0 14.1 6.9 4.7
accuracy 83.9 108.4 85.1 78.3 92.5 102.5
mean 16.9 9.5 16.1 39.5 88.5 182.2
Isoprene RSD 3.4 3.7 7.9 44 32 1.8
accuracy 98.6 105.3 89.6 87.9 98.4 101.2
Volatile oreanic mean 5.8 32 5.8 13.8 29.0 60.7
g Acrylonitrile RSD 1.4 42 3.1 42 43 1.4
conpounds
accuracy 104.1 108.3 96.4 92.0 96.7 101.3
mean 5.9 32 5.8 14.1 29.6 60.5
Benzene RSD 0.4 1.8 2.5 2.0 32 0.8
accuracy 106.0 105.4 96.5 94.2 98.6 100.7
mean 5.8 3.5 5.6 13.6 28.8 60.6
Toluene RSD 2.4 5.8 5.4 6.8 49 1.6
accuracy 99.1 109.0 94.4 91.1 96.6 101.4
mean 23 0.4 0.8 24 4.8 8.0
Arsenic RSD 0.8 2.6 1.7 0.5 0.9 0.3
accuracy 96.0 100.0 97.5 98.8 99.8 100.2
mean 11.7 2.0 4.0 11.9 23.9 40.1
Cadmium RSD 0.6 0.4 0.4 0.2 0.4 0.1
accuracy 97.4 99.1 98.9 99.4 99.7 100.2
mean 4.6 0.7 1.5 4.7 9.5 16.1
Chromium RSD 0.7 2.6 1.4 0.7 0.4 0.2
Heavy metal accuracy 96.7 93.9 95.4 97.8 98.8 100.7
compounds mean 46 0.8 1.5 47 9.6 16.0
Nickel RSD 0.5 3.8 2.1 1.2 0.6 0.17
accuracy 96.4 94.5 96.8 98.3 100.0 100.2
mean 23 0.4 0.8 24 4.8 8.0
Lead RSD 0.8 2.3 0.7 0.4 0.6 0.1
accuracy 95.4 95.3 105.0 99.5 99.7 100.1
mean 2.4 0.4 0.8 24 4.7 8.0
Selenium RSD 3.7 8.1 9.9 3.7 1.6 1.0
accuracy 101.2 90.0 102.0 98.1 98.9 100.5
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Table 3. Continued

Inter day(n=3)

Grou, Compounds Intra day(n=6
i P y(=6) 1 2 3 4 5

mean 223 3.5 8.1 21.1 42.6 80.2

NNK® RSD 6.1 9.8 0.8 24 33 0.8

accuracy 109.7 85.2 99.1 103.8 104.8 98.7

mean 19.2 3.8 8.5 22.8 433 85.6

NNNP RSD 3.8 13.9 2.7 4.0 49 1.2

Tobacco specific accuracy 89.2 89.1 98.6 105.9 100.8 99.6
nitrosamines mean 20.3 3.6 7.8 21.0 40.8 79.5
NAT? RSD 3.0 1.5 1.6 0.5 0.8 0.2

accuracy 101.5 91.1 97.4 104.9 102.1 99.3

mean 4.6 0.9 1.9 52 10.2 19.9

NABP RSD 5.7 8.8 3.6 3.0 3.0 0.8

accuracy 92.4 90.7 97.2 104.8 101.9 99.4

mean 25.7 6.7 12.5 24.8 52.5 69.5

B[a]P Benzo[a]pyrene RSD 1.7 1.7 2.0 22 0.9 0.9
accuracy 98.5 111.3 104.1 95.1 100.7 99.1

mean 1.2 0.5 1.2 2.6 5.8 10.3

Ammonia Ammonia RSD 2.1 4.8 4.5 34 42 4.5
accuracy 109.9 89.3 113.9 117.1 107.1 94.2

mean 1.0 0.3 1.0 2.4 4.7 9.3

Formaldehyde RSD 1.4 0.5 0.4 0.2 0.1 0.0

accuracy 83.0 111.5 86.0 101.5 100.9 99.9

mean 2.7 0.7 2.6 6.2 12.4 24.5

Acetaldehyde RSD 1.4 0.5 0.4 0.2 0.1 0.0

accuracy 89.0 111.2 85.9 101.6 100.9 99.9

mean 1.6 0.4 1.6 3.8 7.5 14.9

Acetone RSD 1.3 0.5 0.4 0.2 0.1 0.0

accuracy 85.0 111.4 85.9 101.5 100.9 99.9

mean 1.2 0.3 1.2 2.8 5.7 11.3

Acrolein RSD 1.3 0.5 0.4 0.2 0.1 0.0

Carbonyl accuracy 84.5 111.5 86.0 101.5 100.9 99.9
compounds mean 1.1 03 1.2 2.7 5.4 10.7
Propionaldehyde RSD 1.3 0.6 0.3 0.2 0.1 0.0

accuracy 82.5 111.4 86.0 101.55 100.9 99.9

mean 1.3 0.3 1.3 32 6.3 12.5

Crotonaldehyde RSD 1.4 0.5 0.4 0.1 0.1 0.0

accuracy 83.1 112.4 85.9 101.5 100.8 99.9

mean 1.1 0.3 1.1 2.5 5.0 10.0

2-Butanone RSD 1.3 0.5 0.4 0.2 0.1 0.0

accuracy 84.7 111.7 85.9 101.5 100.9 99.9

mean 1.0 0.3 1.1 2.5 5.0 10.0

n-Butyraldehyde RSD 1.3 0.4 0.2 0.3 0.2 0.0

accuracy 84.0 111.2 85.8 101.5 101.0 99.9

94-(N-nitrosomethylamino)-1-(3-pyridyl)-1-butanone
YN-nitrosonornicotine

9N-nitrosoanatabine

9N-nitrosoanabasine
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& l-aminonaphthalnene, 2-aminonaphthalene, 3-amino-
biphenyl, 4-aminobiphenyl 2.2 HYX &= 0.3-6.3,
3.8-84, 0423, 0.7-33%=Z &=+ 96.5-101.9, 101.0-
103.7, 98.4-103.2, 98.5-102.7%= e, 334
7] A4HE-2 1,3-butadiene, isoprene, acylonitrile, benzene,
toluene <+ 2 AU+ 4.7-14.1, 1.8-79, 1443, 0.8-
32, 1.6-68%%Z, A& 78.3-108.4, 87.9-105.3,
92.0-108.3, 94.2-105.4, 91.1-109.0%=Z e} O,
25 AR5 AU T+ arsenic, cadmium, chromium
nickel, lead, selenium 2.2 0.3-2.6, 0.1-0.4, 0.2-2.6,
0.6-3.8, 0.1-2.3, 1.0-99%%, HI=E 97.5-100.2,

Table 4. Percent recovery for the HPHC group

98.9-100.2, 93.9-100.7, 94.5-100.2, 95.3-105.0, 90.0-
102.0%2 WebaL, S50l HERAR JEEL 4-
(n-nitrosomethylamino)-1-(3-pyridyl)-1-butanone, n-nitroso-
nornicotine, n-nitrosoanatabine, n-nitrosoanabasine =2 2
AEE= 0898, 1.2-13.9, 0.2-1.6, 0.8-8.8%=, F=
= 85.2-104.8, 89.1-105.9, 91.1-104.9, 90.7-104.8%=
Vet o, Wl z[a]9 @ RS AUE 09-22%, 85
I 95.1-111.3%2 UERa, Euo} A& AU
3.4-4.8%, e 89.3-117.1%% YERTh 3 712
2 3gE AHEEQ formaldehyde, acetaldehyde,

acetone, acrolein, propionaldehyde, crotonaldehyde, 2-

Group Compound Spike amount RSD(%) Recovery(%)
1-Aminonaphthalene 10.0 ng/cig 5.7 102.4
Aromatic amines 2-Aminonaphthalene 10.0 ng/cig 43 96.0
3-Aminobiphenyl 2.0 ng/cig 29 84.7
4-Aminobiphenyl 2.0 ng/cig 32 85.6
1,3-butadiene 10.0 pg/cig 6.2 103.1
Isoprene 10.0 pg/cig 3.0 105.6
VOCs Acrylonitrile 10.0 pg/cig 2.5 104.9
Benzene 10.0 pg/cig 32 103.4
Toluene 10.0 pg/cig 2.3 117.4
As 5.0 ng/cig 0.5 98.7
Cd 50.0 ng/cig 0.4 97.8
Cr 5.0 ng/cig 0.4 103.4
Heavy metals Ni 12.5 ng/cig 13 113.5
Pb 12.5 ng/cig 0.4 98.5
Se 2.5 ng/cig 0.2 93.8
NNK? 4.0 ng/cig 12.1 89.9
NNNY 4.0 ng/cig 6.8 99.7
TSNAs NAT® 4.0 nglcig 14.6 109.1
NAB?Y 1.0 ng/cig 9.5 91.4
B[a]P Benzo[a]pyrene 7.0 ng/cig 1.9 94.9
Ammonia Ammonia 12.0 pg/cig 16.6 98.6
Formaldehyde 75.6 pglcig 0.8 99.5
Acetaldehyde 106.2 pg/cig 11.5 98.7
Acetone 84.9 ng/cig 1.8 100.8
Acrolein 73.1 pg/cig 1.8 100.8
Carbonyl compounds Propionaldehyde 66.6 pgfcig 1.1 102.3
Crotonaldehyde 70.7 pg/cig 0.8 96.9
2-butanone 91.9 ng/cig 42 79.2
n-Butyraldehyde 96.4 ng/cig 0.6 102.7

94-(N-nitrosomethylamino)-1-(3-pyridyl)-1-butanone-2,4,5,6-d,
YN-nitrosonornicotine-2,4,5,6-d,
9N-nitrosoanatabine-2,4,5,6-d,

9N-nitrosoanabasine-2,4,5,6-d,
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butanone, n-butyraldehyde =22 FE = 0-0.5, 0-0.5,
0-0.5, 0-0.5, 0-0.6, 0-0.5, 0-0.5, 0-04%=, A=+
56.0-111.5, 85.9-111.2, 85.9-111.4, 86.0-111.5, 86.0-
111.4, 85.9-112.4, 85.9-111.7, 85.8-111.2%= YE}IT}
(Table 3).

33. &
3rE *1 g
. =
, %é«l 2]
= oI EE9 3482 l-aminonaphthalnene, 2-
aminonaphthalene, 4-aminobiphenyl
TOZ 1024, 96.0, 84.7, 85.6%=, FLEE 6% ©|3}
2 UEsy, 38 #7271 4252 13-butadiene,
isoprene, acylonitrile, benzene, toluene 2.2 3|58
£ 103.1, 105.6, 104.9, 1034, 1174%=%, JLU=+=
7% ©l3t= YEyer, F54& JEELS arsenic,
cadmium, chromium, nickel, lead, selenium <=2 2 3
TE&L 987, 97.8, 103.4, 113.5, 98.5, 93.8%=, A
S5 2%°l8tE VENSAL, Bl So] YERAW 4E
£ 2 4-(n-nitrosomethylamino)-1-(3-pyridyl)-1-butanone, n-
n-nitrosoana-

3-aminobiphenyl,

nitrosonornicotine,  n-nitrosoanatabine,
basine T2 3|52 899, 99.7, 109.1, 91.4%=
74‘?jl§_t 15% °]3l=2 YEelstom, Wl z[a]s ’\43
= ﬁ] & 04.9%, AUE 1.9%=Z, dE Yol &S
358 98.6%, UL 16.6%= JEHTH T3 7=
2d 33E A& formaldehyde, acetaldehyde,
acetone, acrolein, propionaldehyde, crotonaldehyde, 2-
butanone, n-butyraldehyde®] 3]5&-2 99.5, 98.7, 100.8,
100.8, 1023, 96.9, 79.2, 102.7% %, AL =& 12% ©]
st= yEldth Jl21rd 33E<] 2-butanone®]
192%2 7P @2 34E&S BAAL, 32 77138t
29 toluene AJH0] 117.5%= 7MY &2 JFES
et 23 2E A AUEE 02-16.6%2] W
A2 UEVSk(Table 4).

FZFHIQ) IRSF 2 3R4FS Y5 BHow B
AT o2 A3 wEEE ol RS B Axs=
1-aminonaphthalnene, 2-aminonaphthalene, 3-aminobip-
henyl, 4-aminobiphenyl =22 1RSF+= 3.23, 1.75, 0.49,
0.34 ng/cig, 3R4FE 9.79, 5.14, 1.52, 6.4 ng/cig®] A=}
7+ UeRith FuE3ole IRSFY] d7daH =
0-8.42, 0-4.81, 0-1.96, 0-1.61 ng/cig®] ¥ ¢ =, 3R4F<]

A 324 7' = 2-aminonaphthalene, 4-aminobiphenyl&] <=
S = 569, 1.01 ng/cig®] #HolgEA AUtk HIFF of
UEEES e BAHeRE 43 32 IRSF 4
BF FuEdde] el <ol £FEUL, 3RAFE
A T fFARHS s g 771
9] A= 1,3-butadiene, isoprene, acylonitrile,
benzene, toluene =S 2 1R5F= 19.65, 130.77, 3.19,
11.55, 8.87 ug/cig, 3R4F= 60.11, 463.66, 8.84, 35.15,
55.05 pgeig®] A¥ 7S UYEPHATE FEd ] o
2 |RSFE AFA = 29225, 50.1 -167.9, 0-
124, 6.9-19.3, 5.6-30.0 pg/cig®, 3R4FS] 14 °
= 5.30-71.7, 172.7-467.3, 0-23.9, 23.7-54.5, 27.5-
102.1 pg/eige] M= veht vk 3 7] A&
’:Ei";% Q%g _‘\i_/\—ltﬂ o= H/\—lf‘ﬂ— %}\—_Q_ 1R5F 111 3R4F
5 FaEde] 9 e 23H= AL g9l 5
o TE5 AEEY ZAA= arsenic, cadmium,
chromium, nickel, lead, selenium <=2 2 1RSF= 0.97,
5.96, 2.07, 7.04, 3.93, 0.32=, 3R4F= 3.94, 42.23,
7.64, 1276, 11.73, 2.21 ng/eig®] A3} h& YERIS
o} FuEFo| w=w 1R5FY 974 3= ND(not-
detected), 9.60, ND, ND, 3.70 ng/cig®] 2 selenium->
F2 gro] $ldth 3R4AFS] A4 2= 2.70-11.7,
26.30-45.1, 0.6-10.9, 0.4-46.1, 9.1-33.8, 0.2- 7.4 ng/cig
o] W9E et Ut FYE FA e
AR5 IRSFY A lead’t FEH g3k fAF
F12, cadmium®] 72 oF 1.58] A =2l Zol7F Y=

oX, Y F{E
it A

3l
A=)
o

= = A=
o3t TFS5

ol

A& A5 3RAFS] A RE QRS 23
Frol FHarwdle] el qhell X AL &l
o FEfSel HERAN HEE9 2FHE 40

nitrosomethylamino)-1-(3-pyridyl)-1-butanone, n-nitroso-
nornicotine, n-nitrosoanatabine, n-nitrosoanabasine®| <=
© 2 [RSF7F 23.07, 47.59, 36.94, 6.19 ng/cig, 3R4F
7} 11222, 128.23, 102.86, 12.11 ng/cig® LFEFRES.
FaLEel w2 IRSF] A2 4= 10.55-38.85,
23.64-64.04, 22.58-62.92, 2.21-9.99 ng/cigZ, 3R4F<]
ATLAAPE 66.6-127.6, 81.0- 149.0, 58.0-68.0, 7.8-
182 ng/cig®] W2 Yeh St SyE 4 WU
o oI5 RSl UEZA JREe] Az IRSF
S SRAF 5 Y 99 ol EElo) A A
& ANk WE[a]v @l g A= IRSF7
1.63 ng/cig, 3R4F7} 7.83 ng/cig® L}E}kb:}. EAA
of WZ W IRSFO] AFZEHP= 0.24-2.96 ng/eigel
W=, 3RAFY] ATZA I E 6.73 ngleigZ EHE ]
A Qe SgE A o7k Wx[a]v]H L2
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Table 5. Amount of the abbreviated HPHCs of the 1RSF and 3R4F in tobacco mainstream
Group Analytes 1RSF Reference 3R4F Reference
. Mean (ng/cig) 3.23 1724 9.79
1-Aminonaphthalene RSD (CV, %) 9.9 0-8.42 40 -
. Mean (ng/cig) 1.75 1724 5.14 51
Aromatic 2-Aminonaphthalene RSD (CV, %) 31 0-4.81 51 5.69
amines . Mean (ng/cig) 0.49 1724 1.52
3-Aminobiphenyl RSD (CV, %) 90 0-1.96 64 -
Lo Mean (ng/cig) 0.34 1724 0.93 )l
4-Aminobiphenyl RSD (CV, %) 9.7 0-1.61 6.8 1.01
. Mean (upg/cig) 19.65 1924 60.11 1o
1,3-butadiene RSD (CV, %) 1 2.9-22.5 L8 5.30-71.7
Mean (pg/cig) 130.77 463.66
I _ 1924 ~ 19
soprene RSD (CV, %) s 50.1-167.9 17 172.7-467.3
. Mean (ug/cig) 3.19 8.84
VOC 10 41924 73 919
S Acrylonitrile RSD (CV, %) 0.9 0-12.4 31 0.0-23.9
Mean (upg/cig) 11.55 1924 35.15 1o
Benzene RSD (CV, %) 11 6.9-19.3 36 23.7-54.5
Mean (pg/cig) 8.87 1924 55.05 19
Toluene RSD (CV, %) 21 5.6-30.0 70 27.5-102.1
Mean (ng/cig) 0.97 2 3.94 212
As RSD (CV, %) 57 ND 51 2.70-11.7
Mean (ng/cig) 5.96 42.23
cd 20 45 12122
RSD (CV, %) 21 9.6 47 26.30-45.1
Mean (ng/cig) 2.07 7.64
C 20 10 02122
f RSD (CV, %) 114 ND 41 0.60-10.9
Heavy metals -
Ni Mean (ng/cig) 7.04 ND® 12.76 0.40-46.12122
RSD (CV, %) 1.0 6.2
Mean (ng/cig) 3.93 11.73
Pb 20 23 Q2122
RSD (CV, %) 2.7 37 29 9-10-33.8
Se Mean (ng/cig) 0.32 20 221 0.20-7 42122
RSD (CV, %) 13.1 34 ’ ’
. Mean (ng/cig) 23.07 112.22
NNK? . 24 . 13
RSD (CV, %) 9.0 10.55-33.85 53 66.6-127.6
Mean (ng/ci 47.59 128.23
NNNY RSD ((C\g/f O/f; 102 23.64-64.04* 24 81.0-149.0"
TSNAs "
Mean (ng/cig) 36.94 102.86
NAT® ~ 24 _ 13
RSD (CV, %) 57 22.58-62.92 30 58.0-168.0
NABY Mean (ng/cig) 6.19 221.9.99% 12.11 7818213
RSD (CV, %) 12.0 ’ ’ 10.4
PAH B[a]P Mean (ng/cig) 1.63 0,242,965 7.83 6,732
RSD (CV, %) 0.6 3.7
. Mean (pg/cig) 2.83 11.71
- A 524 1h g2
mmonia RSD (CV, %) 41 0-6.57 44 7.6-12.4
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Table 5. Continued

Group Analytes IRSF Reference 3R4F Reference

Formaldehyde I\lfgg] ((c“g Coi/f)) 3:24 0-6.66% ?1.‘23 5.80-31.80%
Acetaldehyde ll\fgg’ ((gf/’/coi/‘f)) 3_6(;89 55.00-227.00% 22)2'88 361.00-715.00%°
Acetone I;[;a)n ((C”f,/ coi/f)) ii’n 10.10-113.90% flz'% 107.00-305.00%

Carbony! Acrolein Il\fgg] ((c“g Coi/f)) 21425;5 2.61-15.73% :.2693 23.90-71.30%

compounds Propionaldehyde  ican (hgleig) - 883 33019305 2% aaq0.s550%

RSD (CV, %) 0.7 34

Crotonaldehyde I;[;a)n ((C”f,/ coi/f)) ;‘:34 0-5.12% ::39 0.00-26.50%
2-Butanone Il\fgg] ((c“g Coi/f)) 1?;7 1.20-24.00% 3?6'50 18.00-78.00%
n-Butyraldehyde l\gg ((gfl/,c(ii) iiz 3.03-12.21% ?1 0 1460:39.20%

94-(N-nitrosomethylamino)-1-(3-pyridyl)-1-butanone
YN-nitrosonornicotine

9N-nitrosoanatabine

9N-nitrosoanabasine

A= IRSF Fardle] He] ko] 23Eoizl AL
geletglon, 3R4FS] FaEF ] YR gk f41
S ERIEh dRyol ARl A3 72 IRSF/}
2.83 pgjcig, 3R4F7} 11.71 pglcig? YUEpton, F3
w3l =W IRSFO AFAFME 0-6.57 pglig,
3RAFS] AFAFT} 7.6-12.4 pgleigd] M2 VERY
AUtk SHE B Rl HiEe Ad=
IRSE, 3R4F 557 Fwdl o] w9 Qo] 2350 3]
' AL Felstdth 3 7l2Rd 33E A8
formaldehyde, acetaldehyde, acetone, acrolein, pro-
pionaldehyde, crotonaldehyde, 2-butanone, n-butyral-
dehydeE<] A3} 2 IRSF7F 6.64, 96.89, 28.11,
8.55, 8.83, 4.94, 10.37, 8.22 ug/cig=, 3R4F7} 24.23,
502.88, 122.76, 42.93, 32.64, 18.39, 49.50, 23.50 ng/
cig® UERTh 7t AEES] FIEH| wEW IRSF
9] AFA AP E 0-6.66, 55.00-227.00, 10.10-113.90, 2.61-
15.73, 3.30-19.30, 0-5.12, 1.20-24.00, 3.03-12.21 pg/
cigZ, 3R4FS] A4 35 = 5.80-31.80, 361.00-715.00,
107.00-305.00, 23.90-71.30, 24.10-55.50, 0-26.50, 18.00-
78.00, 14.0-39.20 pg/cig] WL =E YERY ATt &F
H B9 93 stzryd IFE AEE A%
E2 IRSE, 3R4F BF FH 23 o W9 ¢to] ¥3}y
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0.6-2.7%, 0.3-7.8%, 0.01-0.02 ng/cig, 3
B 0.4-6.0%, 0.8-14.1%, 0.01-0.16 pg/cig, =
0.5-3.7%, 0.1-9.9%, 0.01-1.27 ng/cig, Bul5°] Y
AR A E 3.0-6.1%, 0.2-9.8%, 0.06-0.28 ng/cig,
[a] & AHE 1.7%, 0.1-0.6%, 0.04 ng/cig, Y=Y
AR 2.1%, 3.4-4.8%, 0.08 pgeig, 7+E2RYd 33
A 1.3-1.4%, 0.0-0.6% 0.78-1.77 pglcig® BE Al
el FEFAATE 15% vTe R FR1ENeH,

J
¢

it

al
by

Z M oox

Sond oo 2 BN UM

Analytical Science & Technology



Establishment of analytical methods for HPHC list of mainstream cigarette smoke 397

A= 84.7-
-106.1%, 94.9%,
o] i EEHA}
9] IRSF<} 3R4F
A A 5F

=
Ao

o X
+
o
e
o

5%, 8

Ne]
<]

r 2
— o
=2 X
G\Ou
~
d, 0
o 5
-~ =
o O
— N
22
=3
LR
r?L‘Hj
== [
N s
L 4
F—d]ﬁ

7}z 3 W

2
Mo
=
W
=y
o,
RO
b
-
N
N
o
A
g
o e
M

Fo
s
1o
ot o

it £
>
>

[o
fot
e &
o,

L o e L

1‘
fd
ox, MH

ot
r% A
[0
ol
o
1o,

4

i Mr Jo
fr >
w fo oE rE o g

o 3R
o
Rl et

o
— F

fru
AN o
2
%
N
N,
w
T
=
ro 1o ol DU
v
A
g
o
o
A o

O
a3
do
rO
=2

Kl

ok
L)

Ir g
po)
tlo
ol

i 32

o &
=

2
o%

)
N\

e m
% rir H}U
z o F &
F\F ; oX,
IR
u T
o =
o 5
R
g T
oM
sV
o [z T
ey
RO
o, -
W EE
2 o

=
D
o9
fr
R
Rl
Sl
e
1o,

N
i~

de e g

fot

o o rr
9|L
2
o
=
=

o

e

i

(e}

)

it i,

o2

=

iy &

T
o rlr u!

=~

W

Res|

w

2

=

1{] NIO

i

o

fd

o o o 1o 2 o

0o 0 & oft oE o oo Y Koy T o 2 oo L

s O
e T R U O S A oA R

=Y
[
0
[
1o
o®
1 oX
— Hr o
2
£ Lo
10 PFE i) K
o o ¢
i N o
Q =
. e
32 o &
- -
XN T
, o P g
ot w 2
Lo = lo

)
)

ol
ol

E AFE 201395 A Fo]oFERbdA o] AldH]
(13181IMFDS761)= 3 =10 o]of] ZIAL=gLTt.

References

1. S-J. Kim and S.-M. Kwon, The Korean Assoc. Policy
Analysis and Evaluation, 18(4), 119-140 (2008).

2. C.R. Green and A. Rodgman, Recent Adv. tob. Sci, 22,
131-304 (1996).

3. S. S. Hecht, Environ. Mol. Mutagen, 39, 119-126 (2002).

4. WHO, In ‘WHO report on the global tobacco epi-
demic’, Mpower, (2002).

Vol. 28, No. 6, 2015

. IARC, In ‘International agency for research on can-

cer’, 83 (2004).

. E. L. Wynder and E. A. Graham, J. Am. Med. Assoc.,

143, 329-336 (1950).

7. R. Doll and A. B. Hill, Br. Med. J., 2, 739-748 (1950).
8. H-K. Kim, J.-T. Lee, I.-J. Kim and K.-J. Hwang, J.

15.
16.

18.

19.

20.

21.

22.

23.

24.

25.

Kor. Soc. Tobacco., 9, 52-57 (2007).

. 1SO, 3308 : 2000(E) (2000).
10.
1.
12.
13.

. British American Tobacco Group Research & Devel-

Health Canada, T-202 (1999).
CORESTA, No.70 (2010).
Health Canada, T-109 (1999).
CORESTA, No.75 (2012).

opment Method, In ‘Determination of benzo[a]pyrene
in mainstream smoke’, (2008).

Health Canada, T-101 (1999).

British American Tobacco Group Research & Devel-
opment Method, In ‘Determination of carbonyls in
mainstream cigarette smoke’, (2008).

. M. Intorp and S. Purkis, Beitr Zur Tabakforsch., 24, 78-92

(2014).

C. Patriankos and D. Hoffmann, J. Anal. Toxicol, 3,
150-154 (1979).

M. Intorp, W. S. Purkis and W. Wagstaff, Beitr Zur
Tabakforsch, 24(5), 243-251 (2014).

UK SMOKE CONSTITUENTS STUDY, In ‘Part 11:
Determination of Metals Yields in Cigarette Smoke By
ICP-MS & CVAAS’, (2003).

E. Roemer, H. Schramke, H. Weiler, A. Buetter, S.
Kausche, S. Weber, A. Berges, M. Stueber, M. Muench,
E. Trelles-Sticken, J. Pype, K. Kohlgrueber, H. Voelkel
and S. Wittke, Beitr Zur Tabakforsch, 25(1), 316-335
(2014).

S. Purkis and M. Intorp, Beitr Zur Tabakforsch, 26(2),
57-73 (2014).

UK smoke constituents study. In ‘Part 4 method: deter-
mination of benzo[a]pyrene yields in mainstream ciga-
rette smoke by gas chromatography-mass spectrometry’,
(2003).

M. Intorp, S. Purkis, M. Whittaker and W. Wright, Beitr
Zur Tabakforsch, 23(4), 161-202 (2014).

M. Intorp, S. Purkis and W. Wagstaft, Rapid Commun.
Mass Spectrom, 25(2), 361-374 (2014).



