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FEORFES LFUEAMOHGiZIT > /=
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Fig. 1. Overview of the combustion system.



(CRDER UTTKEME D VD NBRERZRV, 52T >
NatEiTok. 52T MEME, 2mMKOHZE 249
BRFE, 200 T1ImMMETREL, 25([C59MET
35 MM X TCTHEIBULEE, 35 mM & 13 9RRELE. 3F
AZ(E 25 uL, REE 1.0 mL/min &UTE.

HRoOOX NS T4 —BEHH (GC/MS)

GC/MS (IEZ2R/FFAR QP2010 Ultra ZERLEE. 9
B> Ald GL Sciences 12 InertCap AQUATIC-2 (60
m X 0.25 mm i.d., 1.4 ym) ZFL\, HSLEE 40C
% 6 DREMRIFUIZ#E, 250°CETISDMTHE (6°C/min)
Llz. FvUTPBRITEAUDTLZERLV 0.61 mL/min D
FRTHOMUIE. SFAER 1L RTIVY 20>
3>, XTUw K 10: 1, €745 L/—= 1 mL/min)
T, 1221059 —RE(E 240°CE LTz, BEDHOEMGF
(&, m/z 40—500 DIILAF+>E— RHBKLU SIM E—
R, 41AALEEIL 70 eV THD.

BERE#EIOY NS5 T1— (HPLC)

HPLC (&, LC-20AD*®&/R>T% 2, SIL-20AC A
— N> TFS5—& SPD M20A T4 M AA—RF7ZL—
WeERZiRA I BERFPIE Prominence LC-20 Z{#
BU. 281> A& Ascentis RP-Amide (3 um
particle size, 150 mm x 3 mmi.d., Supelco &)
ZRAW, DS LA-TRE30C, FA= 10 yL &L
e, 35212 ME—RD HPLC 3RICIE, BEMEIC
10 mmol/L OEFEE7 > T DI L'ESO 77 M KJJL

(50%) &K (50%) DREER (A BR) &, 7tz
RZKUJL (80%) &K (20%) DEEER (B iBK)
ZRAWEZ., A5 AHEEZ 1 mL/min T AE%K 100%% 5
SRS, 50 2T B iak%ZE 100%(CLE#&, 10 9
i Biai& 100% =R > /e,

HFRMEB LUKERDHHERAD— MUY SR

260 mg D77« T H—R>E—X (ACB) Z#HSR
ECHFEL, MZEER (50 mL/min) ZRULEGHS, Fa
—JO>5 4> 3F— (TC-20, Markes #, UK) &=L\
T 380 CTS5BEIOFTa>a—>dllz. BRETH
g, NIBUISEEREmKIC T Uy MMEEX zZEDORY
IFL > &EEMmY (SPE) Fa1—7J (3mL, Supelco?j:,
USA) (CFEIEL, ACB H— U7 #4ERIL

AR I LY — (QF) (a*x&/—)btﬁtﬁﬂé,
100 CTEzIESHE, =5(CEXUFHT 1000 C, 60 &
d>F 23>l 2%, QF ZEE 9 mm DN
CFI5tRE, ACBA— MUY ZOALOAICRET D&

QF Frit

/

End cap Adaptor

ACB, 260mg

Fig. 2. Outline of the PSD-ACB and QF-ACB cartridge.

T, QF-ACB ##&H— MU * &2ERIUE. FRUE
QF-ACB 73— hUw ZOHIEER % Fig. 2 (uTﬁ“. =50,
QF-ACB 71— hUw = S[EHE(C 260 mg D ACB ZFHEL
1= R ELEATE LAY > S5 —PSD-ACB”® BEA L.
AINIETIEDIEE

FRIEDOHEDODHIEZ Fig. 3(7r9. QF-ACB i— KU
v =Ly MU, BEIRERECERD{TT
JINOERERBELE. BEREOREONI—)L
(Et Canadian Intense Regime (HCI %) (CH#HAL, &

=(E 55 mL, 2#(ERELE.

it X572 i . Pagiing Oting
Ll-—-—
End cap Adaptor Frit End cap
H
ﬂ Smoking
e Machine

Fig. 3. Schematic of the mainstream smoke collection system using
a QF-ACB cartridge.
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AARICHBIFDDMOME LS JO—F v — hZEENEN
Fig. 4, Fig. 5 (TR
method A (VOC, BHILRZIVEEMB LU SHREH
nos>Ac&m

VOC, HILRZIUEE : B> TS —hSHE92E (130
mg) @ ACB BLUESCHY ~UTE QF & 2.5 mL /1
TILICEL, ZhMbikszR (CS2) 0.5 mLZERIMU, 59
BEITD. XY/ —I)LE2mLAiMUIEREZETSD. 0.5mL%E
1.5 mL /N 77JLICHERL GC/MS T VOCs =319 3.
COBTICEME DNPH & 50 pL iinUA)LiRZIUEESD
EFEMET D, FOOLA 2 BEERODDRZR STz
TI45J—)L%Z 2 mLAENNUZ# HPLC TH)LIRZIUEES)
FEAODTEITDOIZ.
method B (S#REH#/\0O5 L&Y, AOX-high) :
VOC, 7)LIRZIUEEIDIHACHER (0.5 mL) L&D
DIFEE 2 mL) ZBRAERICLDBRELEZESES. £
D, EIFID ACB BELU QF 5= w IRRETR—
LU, AARBEREZATH 1000 CTRESEZ. B
BEHR(E 11 mL OFUKICHEEL, ERPDIT v A~
SO A7 ICICKDEE U (Fig. 4, method A).
method B (£2F#/\05'>{t&¥, AOX-total) : B>
TS5—m5¥58 (130 mg) D ACB BELUHEDICHY b
U7z QF ZHEMRBTR— NMCFEL, 1000 CTREESES.
BRBEC K DFRE LIz R 77 11 mL DOIRILRICHEL,
BRPDI VAL A A > Z#EDRBRA A2 A> 2O K
J5TJ4— (I0) ICEDEETS (Fig. 4, method B).
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Fig. 4. Schematic diagram of AOF analysis by QF-ACB cartridge using method A and method B.

_collection o QF-ACB-cartridge
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residue
carbonyls

Fig. 5. Analytical flowchart for the simultaneous
determination of VOCs, carbonyl compounds, and AOX
using a QF-ACB cartridge.

C. BREER
JO B KT VOCs

TO-14 ZESH A& HRE 20 mL/min T 100 53fE, QF-
ACB h—hUwZ(ERULE. method A (CfELY, ACB
130 mg % 1.5 mL A— > TFS5—/)A7ILICEEL,
VOCs a8 az—fiftixzkE (CS2) 0.5 mL ZRil
Ulz. Bsnizatiiz GC/MS (CRDh Uiz,

Fig. 6 LERICR9I KSIC, CFC-12 hsn+doOoo-
1,3-TJHZITUICEDINTD VOCs (& ACB (THI=EH(C

RESN, CSACKDRIFICHEHEND RN,
ZTDE, K79 D CSzBABRRE(CLIDTRICHRELEL.

RZiEE, REAHCEE CSaRmmUTARHL, GC/MS (I
LOBHUIZ (Fig. 6 TER). Z@IOX M SLMS,
LT > K DRFFERIDIE MEEM [CHEWV TERENZE L
AEFLTWBZEMNBASHERD. T, CFC-12,
CFC-114BXUCFC- 11 REDTOARFINTEREL,
INSDE—TEF RSN o 2.

Fig. 7 [CER¥5ESRI & VOC MURERDBRZ RS . CS2/(—
%D VOCs [BIRE(E, /(—ZRigOE— BN SE
Tz, DR, VOC [EUER(SZLEVIDRETHTRE(C

MRTFI D CENRSNL. KIARTHEALE
AQUATIC-2 D& D1RIHMBEDBN S ATIE, IEHEAEIIE
EUTHE (FERUE) (CXBECSN, HBROBSVWIEFER
FIFENR <712BMEM(CHSD. Fig. 8 (CRFLSIZ, VOCs
DERF5ISE] CFhrR DR C (FRIFRMBRIB RN R SN
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Fig. 6. GC/MS chromatograms of CS: eluate (upper) and CS2-purge
(lower).
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Fig. 7. Relationship between the retention time of each VOC and
its recovery rate.
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Fig. 9. CIC chromatograms of the TO-14 reference gas obtained by
Method A (upper) and Method B (lower).

method A (CKDBTIE, JILAOH—MRARICEE
FRIRERI VAN A E—ONERIENIZN, CS2%
W™U, I\—=Z%&fTo7= method B (&, JvHR1A>DE
—JFFEFZR(SHRLTWD Z ENERENC.

TO-14 ZEARDEES LU ACB H— bW SADE
SUFEI(CEDWTF, Cl, Br OiEz&E L, CIC (CK
DOMMBEELRUIZ. Z0#ER%Z Table 1 ("9, DHffE
CIERIBIFRIFIC—EULTED, RHAF TR CIC O
ENEVEEZB I D LN RSN

Table 1. Theoretical amounts of fluorine, chlorine, and

bromine adsorbed onto the ACB using this standard gas
and the analytical values obtained by CIC. (ug)

Amount of halogens F Cl Br
Theoretical value 16 210 20
Analytical value by CIC 16 250 22

IAOB—RAE (TJO4F) (F 1995 FRICRES
FSMERNELEESNTVD(CEMMNDS T, RITBHER
RERIC)\W OIS REETHEFLTWS. BRICH

WT(F, 2020 F(SAESNZAKHIREN, CFC-11 T
1300 ng/m3, CFC-12 T 2500 ng/m3T&%nD, CFC%amD
BI\w o050 REE (3 5600 ng/m3ERETNTLY
3. cnsoflta¥l, AOF, AOCI L THREENST
BN DD,

U URHS, ARFEOFERNS, ACB [CIREBE LT
VOCs %z CS2 TAH U, LT CSU/\—2Z1To 12185,
CFC-12, CFC-114, CFC-11, B KU CFC-113 &Lvofe
EHRDOTILAOL—RFEE, CS2&8EBICERL,
ACB LICIFEEFELURWC ENBESHERDIZ. INS5SDT
JLAOAD—RFREEEZFNE RN SOEE N TLEIE
WCEZEEIDE, AOF, AOCI DEEMHRMN SR T
BIEFZHETHDEERSND.
HAO0FOY—7ILa—)LE (FTOHs)

FTOHs (&, K&H(CEFEET DHRIKPFAS & U THRES
NTWREERYMETHD. KK TIE, 4:2 FTOH,
8:2 FTOH, 6:2 FTOH, 4:3 FTOH, 6:3 FTOH, &K
4:8 FTOH 2ZN<EMN 5 ug 3D, 130 mg D ACB (CIkE
&, JOVHEEEROFIRTERZITOL.

CS, /\—=giglciBsniz GO/MS rO~ MS L% Fig.
10 (TRY. ZOFER, ABFDD FTOHs (& CS,/\—%EiE
R, ACB LIRS UICEFEFI DRSNS,
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Fig. 10. GC/MS chromatograms of FTOHs obtained by Method A
(upper) and Method B (lower).

method B Tl&, &£9 PSD-ACB &+ d VOCs %=
GC/MS ([CKDEETD. ZD, HERPD CS22BR
EFRICKDIREL, KFI D ACB Z#H AOF A
EUTRETDCENTIRETH D. RFEICKD, VOC
DHEOERIZEERL T AOF DBINMAREITDIZENT
=, OWMIFHCRERMEZRIZE DD, T—YmERIERD
ZERK AOF ZEETE D ENERENZ.
) AEREDSIHR

AAFE CHFE LTz method A & method B Z U TIESE
BEES)\3 (1R6F) L4/ (IQ0S) ERIEDS
H#zE{ToI=. GC/MS, HPLC, CIC 7/OX NS LAZZEN
FM Fig. 11, Fig. 12, Fig. 13 [Z>r9. GC/MS THO=
NEEER VOCs (& 1,3-J9>1T>, "o, MNLT



>, JutO-iL, NUT7EF, ZOFUETHIN,
EaMTo CEEREE ZIREHELREZEDE—0)/(
F—=2THB.

HPLC ([CXDDFreNEEZRNILRZIUEEME, R
IWLTZILTER, ZERPIILTER, 728, 70001
>, TO/)\F—IL, 2ORZTILTER, 2-05>,
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HBHEIC L DR ¥ St —BUE.
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Fig. 11. GC/MS chromatograms obtained from mainstream smoke of 1R6F and IQOS by method B. BD, 1,3-butadiene; BZ,
benzene; TL, toluene; GLY, glycerol; MT, menthol; TA, triacetin; NT, nicotine
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Fig. 12. HPLC chromatograms obtained from mainstream smoke of 1R6F and IQOS by method B. FA, formaldehyde; AA,
acetaldehyde; AC, acetone; ACR, acrolein; PA, propanal ; CRA, crotonaldehyde; MEK, 2-butanone; MCR, methacrolein
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Fig. 13. CIC chromatograms obtained from mainstream smoke of 1R6F and IQOS by method A and method B.



ZENS, KEFET D CS2HREERE (CEME SN,
DEREMENUIZEIREEEEZ 5ND.
o0OX NS ALETRHEENZED vk A, 18t
AA>, BRUREMA AL, ENEN AOF, AOCI,
HELU AOBr ([CHRITDEDEAFRENSD. Method A (C
KDESNZEHFHR AOX B C(E, SBEHNLEEARND
OOz)LAO7A—MR> (CFCs) REDED FERME/\O
FALEMNESENRVEs, BHEHIYSU X T5HlICH
WCHERIRMIBRERDAEEENHD.

PIENIZ VOCs, AILRZILIEEY), AOX DEXR
Table 2 (C7R9. &&Z&EULTC, HQ-ACB h— kKU w2%H
WTEARAZSEAE UBOEE (ug/m’) BHETRRE
Uiz,

AOF [CDWT, #BE4~/)(O (1R6F) H5(d AOF-total

(2B# T vzR{tEY) H¥ 0.11 pg/cig, AOF-high (&
HaaE T vR{IEEY)) H0.08 ug/cig BmiEnz. —7,
fnEvE4/ 3 (1QOS) HVS(E, AOF-total ht0.10 ug/cig,
AOF-high % 0.09 pg/cig &N, METREEDEE
ZRUE. ERZEGHD AOF-total H KU AOF-high (7
NE&N0.44 XV 0.02 ug-F/m3 TH O, EHhGHD
VERIEEMHARE D EEHTUE. gikoERD, EHm
B I vRIEEMELTE, KRN\ OTSI R
NILTHIEY D CFCs OFSHIHEEND. —FA, F/83
ERBOWET(E, 12 puff (CBIFBHIBEENH 660
mL EHEEIADRVES, AERZESFD/N\Y TS5 R
BRI DRESREN THo>IeEEX 5ND.

AOF MFEER(IZIAFET(FIRWLDY, F/I\OEDEZIE -

TRBsA A >

T

Table 2. Amount of AOX, VOCs, and carbonyl compounds in
mainstream cigarette smoke and indoor air.

Indoor air
compounds 1R6F IQ0S (ug/m?)
AOF-total (ug-F/cig) 0.11 0.10 0.44
AOF-high (ug-F/cig) 0.08 0.09 0.02
AOCI-total (ug-Cl/cig) 34 25 0.20
AOCI-high (ug-Cl/cig) 16 1.3 0.11
AOBr-total (ug-Br/cig) 0.82 0.03 0.04
AOBr-highl (ug-Br/cig) 0.14 0.01 n.d.
1,3-butadiene (ug/cig) 90 0.35 n.d.
isoprene (ug/cig) 1200 2.0 n.d.
acrylonitrile (ug/cig) 30 0.15 n.d.
benzene (ug/cig) 120 0.74 0.74
acetol (ug/cig) 58 0.81 n.d.
propylene glycol (ug/cig) 270 360 n.d.
toluene (ug/cig) 210 2.0 4.8
furfural (ug/cig) 160 35 n.d.
glycerol (ug/cig) 50 5000 n.d.
menthol (ug/cig) 4.6 1900 n.d.
nicotine (ug/cig) 2100 1100 n.d.
formaldehyde (ug/cig) 29 3.7 21
acetaldehyde (ug/cig) 1600 280 21
acetone (pg/cig) 510 220 9.9
acrolein (ug/cig) 140 8.0 0.6
propanal (ug/cig) 160 16 26
crotonaldehyae (ug/cig) 29 3.8 0.2
2-butanone (ug/cig) 88 6.9 1.7
methacrolein 14 1.7 n.d.

T8, O&M, HDVWIIRERBERDO T vRSELEY
DORITH—ETHDEREENEZ 5ND.

AOCI (CDWT, ®MEE4~/){O (1R6F) M5I(E AOCI-
total (2BEHIER(LEY)) H 34 pg/cig, AOCI-high (&
TEEMIERIEAY)) N 16 ug/cig SN, —A,
#X4~/(3 (IQ0S) HM5(d AOCI-total 7Y 2.5 pg/cig,
AOCI-high Ht 1.3 pg/cig =N, AOCH FWLIND
HERCHNTE, B/ \OF ALEDHR TREEEE T
ooz,

B/ JCBVWTEREZRUZERELT, 9/(0
EORIEEE CEASNICBHIERREEDKREBIES L

TWBEIEEMN S D. CNSDILEMIIFERITIKEL, B
Bt D W\ IADFBIE CEREDABITT BT EHRE °
TNTHD, EREROTSHNREEIND.

AOBr ([CDWT, #EE4~/){O (1R6F) H5I(% AOBr-
total (2BHKERILEY)) M 0.82 pg/cig, AOBr-high
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