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2> [Ploom] 23RFE X4, 2014 iz 7 4 U v
7E Y 2tk 6 [1QOS | AHkFE X, Z Uk d
iz AKX BRI T 5, KiffgET
122020 2> 5 21 T 2> 1 CTH 7z IS HART S I A
IR 7213 2 IQOSILUMA (11 $418). glo
hyper+ (% 8 $4#%). Ploom X (11 $4#%). ARK X
(6 ##1H) I TSIl HYBRID (3 #44H) onzha7-
BB OFEEMEDO X -V, =aF v, —
BbikFL 72X CRHREN=r oY T I vHD
WXL FRED G &2IT > 77,

X ZED=aF v EIT, 1.25-6.12 mg/stick TH
D SEREOENRD o7z, RiC, X TFRN=
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Hole, IXTF R D= a5 vEILIQ0S A
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molz, ZRlO=aF v Ot RZMHAT S &
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—fg{LiE (CO) DERIZ, lilhybrid (X, EET
IREUL T CTH o7z Z NSO IMBAR 21X 55
CO [F7zIFTEDMBIC X > THHETIIFET 2
b DD, JREHIPIL 0.11-0.44 mg/stick TH - 7=,
PABEIC X o CHAET 2 TH 5 CO IE. IIENE
ErbEZTHORERBIME N 30057, 4
FEXH D TSNA A H &3 IQOS ILUMA & Ploom X
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&7 RO WmE XD ikt Td - 72,
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W) D 34ETHL. ATFRWEO T LT
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no OYE OB IZ IR 28 2 um AT Off
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720 OW HJ DB 17212 H 2 HH2 S CO DX
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DAEFIL, A DRITHIFR L FERDOFTR L 7% 5
T2 RICT7 2/ —NVHIX, hTa—LOFEED
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B EROIERBENE 7213 2) I3FER DA 72
T XY AT ZEEL D vz, e 72
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2L, MBARXZIFCic X 2 @#FE~EBRtET L~
Ho2 Lo TE LT, ENERRICH T 2 ZH)H
B X 2 HEEWNR O Z OB E IO W TIEH
MR BRET BB 3P T, £ 2 ORI CIE, B
IR D INEAT 72 1E & WP & S E o ek &
FMNC X 0 ERERICHT L, MIREE A ER L 7
fEMTE TN ZIRET 3 2 & CILEEYE O %8
B2 o e+ 32 L2 HNE LT, BERO
INEAR 72 01X  WEREPE I B 3 2 MR SR I X 5
&, BRI D —IEL T D ZE R R 1357 2,000 m] &
720, JEBYERF O 600 ml & L, 9 3.3 5K
L7co 7z, FEMUEIR DR AP CO2 HELIZ
40,000 ppm, MR D i KI5 CO2 =L 1 42,000
ppm & FEHI X 4, BUEEE & IEBYEREIC 351 5 IR
D CO2 FEFEDFENZ/NE H o 72, FIT, BT I
X0, BUEIC X 2 RERERB X UERPIC
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N~ DFEED/NE WEER DG b Tz,
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FIESBELCHBL LTCORYEEBEEL 72, K
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1T 77, AEEZ VT 7 22 IQOS T i/ %
WEKBE LA ilE~27m 77— (AM) W
DIt GSH IRE DD 25 BIL R + L R i
EDBFELTWE T L, BXU AM OEELSE
LT LRI NT, —7 T, AN IcE
W, FHAR O 1 < @& TR Z(L IO &
n3, XY RMBOIECE - SHEOIXCHER L
DHFEMIC XL 2MEBRETH 2 L FEZ NI,

10. fEAR 721X 2 D in vivo BT

gpt delta 7 2% H T, iQOS DR ARFZIC L
BifiZEXIR & L7z in vivo BB IC oW TGS
L7z, BFFEERE (WRZE) S 23FA%E L 72 n#hat7z
T oRETIEREZT vy VA2 FEOE
TEWNCIRTR 3 2 EE R L <. 6 Bl
gpt delta ~ 7 ZIC 1 HBH 72V 1 K] (iQOS 5 &
53) x 2 [\ x 5 HRE D5t TR AIREE #1778 - 72
Db, BRI 2 TR > 12, gpt Bl FIC BT B4
SUSE & b L 72453, = v b e — v GERER)
JO iQOS ZEEHFICBIZE & N7 B FHRL I A2 033
DONBPoTT eh b, SRORBRENMET
¥, ZRFWBTSICBIE I N Z2» 22D TIE A
WHLEZ LN, S, WARBRERICE T 2
BEEE & (1IQOS DAL IRTE D [HIE) ZMETL Tw»
CRERH D EEZTND,



11. BRI ORBEIT X 3 gptdelta~V 2D
JRERAHIB S AT
Ao HEETgEIE. RO R O NI E TH 5
E 7R EER A0 L S I X Y BT S
FRELT v A @R CHYICIRES 2
I 7213 < BUESEE 2 L <. AR 1E
D BRI RN O W TR L 720 ARSMEF
geid. Pl X Y Eh I iz, HEYE gptdelta <
7 A (Afarls 8 Bfkw) 1. 5 HRECAFH 50 MY
D IQOS =7 v VN & Igsz L -8 EE D & A5
%S F TR B, SRR AR B X O
e (BALF) & & D RAEMEY 4 P A4 v
LASVHIE 2T o 72, % DRGSR, HRR - BRE AR
B 2 R R E D580 bz & & 2 b B
72X 2 oI X 5 R R ik~ DR E AR R
IN7z, L2>L. BALF H5 X Bl H © KAE R
P4 P HA vOEBNCOWTIE, HIEREERE
ST, IQOS 7 u VA DREENH L )T
o7, Elo. BREREFICIIEERELE ~ORRICHE S
APLRICEDVELZFELEZONDIELD
B o 72720 KRR 13 EERSEAF O B 2326
HWThHhdLEZOLNT,

12. 71 BT oFIR & FE
—FCTC COP9 DXEDOHWY ¥ L »—

FCTC COP9 IZ B\ TR X L7z FCTC 5 9 2%
L 10 SRIcBE3 2 30 L B 72 1F
R I N2 CELZRY £ &7, FCTC %9 5Kk
OB 10 5503 T 721F C B S o B & B ) &k
DENEICEoTw5, ZOWEFETHMK IV
—7ORE L LT, [7=iF o8 oM, 8k
Wk g R R T X 3 2 LT, IE T Dffifl
IO T DKL OEN TRy =V TH D, BEH
HillZ. WG 721X 2 BUHIERG . GHl, 7w 777 4

k_OI/‘VC

D—ERD, I T2, fic bR
NTWw3, HEREclk, M-z idzi3c ¥
FHRFIRT 5 X5 e, AKX Z 0 FiMEClE
FETIAEIWERIIV R, LorL, AF
LFEREIR L Toavy, X 6, f&7zIE
XV bEmeERROMEEOME D I T
W5, BYEFICOWT D, HENRE L-HAEL
POV DR, SIE I L Tz 23, #K
B LV bEmwERFRORE b RCEIC
OWTHERIN TV AR, F/2, b0
7 X T B DR R O BRI~ D g BB S 5
VL7 (Tabb, #iEEOBESRMSUTEEIC
Lo7%\v) 7= XIS ICH 5, 5t [
MWW T 7o —F 0B e LT, EL
N7 F 2 oWNEY), PR, Gt B ORI % Bl
L. B OEHRIR 2 2B 5 2 & )L [REUE
HICT =T E&ROfHEZHIBL, 595Kk
O 10 LDEMD 720 DR HTA K T4 v
DENLEEEMT S L, ] BEENTNWD

C. &3

PIEELIE, 2020 205 21 fFICHRFERAMR < v 72N
B 721X B EFIE R — v
fLIRFE, 72 TREN= v Y T I v (TSNAs)
DHFTL 721X THED = aF v TSNAs DN % {T
o7, DT, TNFETIELAMHED o- b 1
AV, 4TI 72 ADBEEINEHEBET
IVHEOSNT. ¥ L IREBRTEBERKEF
VHL, HREEDO B 2 KRG IT o7, Thd
DHBEEVE S MARX I o FRMEICE
nNTwiz, 5lEHE, EF-XcolEafmle
DEGTIE. RIAEHIC X 2 BHEAIE 0RE
R EF T RMABE S Nz, B3 C BlE
b 7 7V, v Y VERHERINE, 2hb
DHET — 2 % b LT, MBS 1X Z oBEIC X

=aFv, —#&



% MR & AL AR E O 2B R o g AT 158
MU, AKX EHECOZIE T T DL,
3 FEWLEE o WERR SN 2 D T

—H T, WAL -8WIE BREBE IO
TEBIC> ZICMAX I 2 I CFEL T
BEe L TCOZYMEERMGEL 7z, KiC, EEEZHV
TEAKX7Z X ot~ ¥ — FoREZ H &
U 7= B P2 REAM . AHRR 2RI 2 17 o 72, A
BEx AT~ Y ZICIQ0S A IF TEL 2L
A i~z v 77— (AM) NoEIEH GSH
REE DA %5 L2 b L RIBEMRFEL T
Wh L, BLUAM DIEFKLA R E 3 2 L AUR
TNz, GIEHEE ., ESHEN, RHEHEE AT
7n &b IRFEIAR & R U CREli 2 T o T
<o

D. fERESGRTE
L

G. WFgERE
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H. FIRQMEERED HRE « B8RRI
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TN 3 A RE IR AR (A T B R A S S A B
(TEER G AL - W BRI A T5 IR X SR S T JE S 58)

AR

BRUINEGT 1T Z /S0 SR AT DA FLEWE O

\

SRt R RV ESLREEERR R
SHRMTZEE PR OINZEL ESLOREE R R
SrEARgEE Rl B [ SE AR R 2
MR E AL A ESCREERE R

\

e E

IEAAKT X 21X 2013 FRICHARTIXZFEZE JT) 75 TPloom) 23RIES 4L, 2014 FZIE7 4 U v
EY 245 [1QOS) MIRIE S 4L, FALLIE 7oKL T RGeS TV D, AIFFETIE
2020 25 21 AT HNT THI72IZ B ARSI A S EAT- 13 2 1QOS ILUMA (11 844) | glo hyper+
(4% 8 #44) . Ploom X (11 &%), ARK X (6 #4fN) MOVl HYBRID (3 #44H) NEAA7ZIXZ
DHEFFWED S —N, =aF o —BLRFELETIXTHRO= e Y7 I VHEOIEZE L T
JED T 21T > T,

I ZEO=aF &I, 1.25-6.12 mg/stick TH Y SEREDENH o7z, WIT, T2IXTHRR=
kw7 I $H (TSNAs) 1E. 72.9-355 ng/stick TH-o7-, 721X 2 EfiSEH O =aF > &l IQOS A
HmmX@OMﬁ%@meH@2Mm%Mk&ﬁoko ABlD=aF o Dntris R R+ 2 &
AT X B T 81T 1 mg/stick (2 b\fﬁmi))% 0., MELITZ LRAREORELZR> T\, —#E
{bisE (CO) DiERIL, lilhybrid 1, E& FRIELLT Th o7, £NLUSNAOMBGIT 2225 CO I
ki*%®mﬂ’iof%ﬁ$1%$¢5%®® TEEEFF T 0.11-0.44 mg/stick TdHh o7, BREEIC
STHAET DS TH D CO X, MBURE)NHE X THRAEREITE N &#“ﬂot%@ﬁﬁTﬁm
AFEITIQOS ILUMA & Ploom X 75 %4925 3.22-19.6 ng/stick & glo hyper+, lil HYBRID, ARK X
M BIEAET D 50.7-125 ng/stick D 2 BEIZAY T BTz,

mmﬁ%t@#%%ménfwém@tt Z 1%, PloomTECH @ X 9 72 [M#EAIIC 721X 2 HE 2 Nl
TLORGID 2L 2> TEY 2000CLL BB 285238 2 TE 72, Ploom (22 T% Ploom X (%
2%0ﬁmﬂ¢6&ﬁiém1w5 AAROMEAT 1 Z "L OBAIE, EIRINEG CHYES 5729
WCERE=aF &S 1 mg/stick (T 72> TWND T Ennh, MBI IEX Z O HIC & - TEE 3k
LWDTIERW N EEZ bID, AKX Z FE b E EIHREL Sz b o0, GETY
BOBBEITHIR S L TRV IX Z b FET A 2 b MK TIXZ DRI L > THEL
FWEOBEARENEL D LB N, SOITRIERNSEME 2O L. BErcid, ez
DIV IMEE DV A 2 5l 24T > TO L EHETH D,

A. BFZEE® Control : FCTC) [ZH#HEL TH Y . ZDOELIZH -
HAENL, 72IEZ OB 2 MR R X AR D TS, TRETICH 8 &
PS4y (WHO Framework Convention on Tobacco PRIz s ENnbDREE LT
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2020 GF 4 H 5O UM HEVE A AT L sz B
JEXER 250 LT D, F725 14 5 2EEHR O
WRIZONWTHHEELTWD, ZokoickiEz
KRPELTETNDHEE B H DT 9 SR,
#5010 SR7IX RS OB - HWBHRIC OV TR
EATHZ2D, 2T Z®]RICEENR TN D
BT AR EREBIC B W T H o T& S8

ZROONDEZAEHY, I HITTILZERN
bT — X ERME I NG A I CX 2R
L CHIER 2 i 2 D BB D,

BUE, BAITMEC -1 2 6 A S s vigsh & b
LThE<, WiE S TW A MEA 71X 2 fih o
AN\, B2 2 0% 2013 4RI BATIE
ZEE¥E (JT) /5 [Ploom) AMRFE S AL, 2014 4F
WZiE7 4 U v 7Y 2405 T 1Q0S ], 2016 i
X7 VT 4wy aT7 AV ERakns Tgo)
RGeS iz, 2019 4RI JT 28817212 [Ploom
TECH+] & [Ploom S| ZMR7EBAth L7z, Fox L2
NFETIZ, ERTIRE IR IEZ Oy
DWW RIS IR 2 D T & 72,

AAEE OMFFECTIE, ARK X, lil HYBRID, IQOS
ILUMA., glo hyper+, Ploom X @ 5 8/} 2DV TH
FAFWE DT EAT o T2,

B. WFZESGiE
LA SR 1T 2

IQOS ILUMA (11 $%f#) | glo hyper+ (£ 8 &4i7)
Ploom X (11 $%47) . ARK X (6 &4#) & O' il HYBRID
(3 #IN) & Ui, 7pds. BUBHI VAR AT 48
W25 10 HIR, 75 22+2°C, B 60+3%T
fEIE « AL 2 T o 70, 2 OB TIX MRS
TOHOMEIEE LT T FEIZ 5 BT OA LT,
FEREOHEIZ. 1 B2 1 T e L,
5EICE D - TR ZFE L Lz,

2. 72X ZEDILFEWE DT
—aFr

72X ZEDO=aF 3%, WHO TobLabNet

11

SOP4 (1) 2> CHEha L=, FJEEL L7
IXZHEIZ, Milli-Q & 2M @ NaOH # iz 72, &5
(2 n-NTHTFT A% 0.5 mg/mL (2725 KD ITEE
it L7e n-~FH VR AN 2 722 S8R & O fhi
% 60 min 17 7z, % /L7 BfEf% (3,500 rpm., 10 min)
ARBEEEINLI A7 o~ N7 T T KBRA S
Mesgt#s (GC/FID) ~f:L7=, GC/FID I, &
FERUERTR GC-2014 ZfEHI L, 738D 7 23T
Ly b7 2 /1 P—H HP-INNOWAX (0.25 mm i.d.
X30m, 0.25 um) ZHW, DOEMHIEH T A
IR 50°C (2 min f£FF) —50 °C 25 180°C (H-
IR 15°C /min) —180°C 725 190°C (-1
5°C /min) —190°C 75 250°C (FiE#HE 30°C
/min) —250°C (1 min f&RFF) & L7z, EASMET
1 uL, A7V FLRE L, OHFEERIZ 40 55T
HoT,

TIX TR = e Y7 I (TSNA)

721X ZHED TSNA fhiHIE, o Z R4 23 ERk L
7o 721X 2P TSNA 704 (T-309) (2) IS B %
MZT=FETITo Tz, ETEBE LT ZEE
W ft =M 7 7 2 a2 ATz, RIZ TSNA-d &R
IR LTcts, 7 = g — YRR (pH4.3)
50 mL & IM 7 A2V E U BIRRZ N A T2, =4
TR TILIRAINLTERL, IEE S %
180rpm, 60 min TITo7z, k& 5K T4, IR %
TV, ZotRZEH#E -5 7 & (K-Solute, 10
mL &, GL % = 2 8) 2k U7z, fliHiseE A
BSHMBEL, Yr/auxXy /2T asl) —
v (95/°5) CHEHAE T T, WHIRIZ= AR L —
2 CRIERMES . EFRXE FCHREREE L, &
R R 10% A % ) — VIRIE CHIEM L=t 0
EIRIE 7 v~ N7 T 718 0T WRVE BT
it (LCMS/MS) (2L TSNA DOt a1T > 72
(3),

2. 72T T EFRE DO LFEIE DT
T EiRE O
T T EREORE I IEIL, B ERELEE



(LM4E, Borgwaldt KC GmbH) % T HCI
ikzAT-o7z, HCI {EIE, (—RiZH>E 2 BHT
55mL W5l 30 B I —kSHE, BRALIEE
EFPHIRAE)IL Health Canada Intense protocol T-115

(4, 5 ITHEHLL TIT o7z, T XTOMYEED
IQOS 1 AH7= v OWSEIT 12F & Lz, 721X
(X, 1803402 (6) 2t~ THIARRATIIEIL AR
ATV, 7213 2 EPRE R ORI E (total
particle matter ; TPM){d Cambridge filter pad

(CFP, ¢44mm, Borgwaldt KC GmbH) T
L7, HCIIETIE LAICSE, 72X 3Ky
OEFEEZMEL, 13 E Lic, T2
LIS EBRR L, 2z nllEICf LT,

FFEIED 53 HT

=aFr, —BbRFEDHT

% O CFP X, 2-7' /8 —/L 20mL) %
WL, |IET20min OE L H>HHE 2177,
2-7 N — VIR O = 2 F PR EEIE ISO
10315 (7) \[CH¥EL T, HAZu~ ST 7KkHE
KA F o AbkHEE (GC/FID) (X9 5Hr &1 -
72, CO IX, IS08454 (8) IZH#EU T, IR
S ##TEE (Non-dispersive infrared ; NDIR,
IR200, A EHER) 2 HWTotr L7z

TSNAs

4 [%%3® TSNA (N ’-nitrosonornicotine

(NNN) . 4-(Methylnitrosamino)-1-(3-pyridyl)-1-
butanone (NNK), N ’-nitrosoanatabine (NAT) .
N’-nitrosoanabasine (NAB)) £, WHO TobLabNet
SOP3 OopHras ML (9). CFP Z#z & 2 filith
%, & DR & [EFE R 2 LC/MS/MS
ToHbT L7,

C. BRERVEE
1.7 BIZEENZ=aFy - IE RN =
[ =2V |

BERSGELE Lz 5 SO Z oz
HERIT, 1 AT 4 v 7 H2D 0.20-0.36mg & 755

12

EufRlDZEIX, —EDOHIFAIZ&H > 7 (Table 1-4), 7=
IXZEO=aF o &E, 1.25-6.12mg/stick TH YV
SEREDOENDH T, WIT, TIXZTFRR= |k
7 Y7 X UHH (TSNAs) 1, 72.9-355 ng/stick T
o7z, AL T OBUEIZ & D FRE DIREEZENE
FNTW, LoaL, MEAKZIXZ oD
FEYVE R, TIE 2 IEORRE &AEE O INBEE
IMEE L FEET D Z Lo TWD T2, Eii
JEDGHTRERE & ICBRELEDDNLER D D,
2 [A, IQOS TEREA 726 AT v 7 HIZ &)@ A H
GEND XL DI, T IQOS ILUMA 23
RS NEE T A 5 L ClaiX SR E A B
BIEOIZ, AT 4 v 7 IZ&RBIRE ANTWS, &
DHEFIT0.02g THY, HMELHDHID, FREK,
HTIS 9 &35 & OENICEZ DT 5 ATREME
ND, ZOHEMOBRHAIZL > TIQOS 1Tz
TOT L— RRPri D &\ o Tl ) b S
N5 —5 T HEHEROEDOFHRICITAHEIE X
LR EIRoTWND,

2.EMBEH —N - =aFy - —BLRFR
INFETOMERIZEBW T, MEKTZIX Z OER
JEHE 7 (L Z— 27 ) —/L TSNA, ZEEE
WRIRACAKFESA 72 & DA FE DRI L TV D, &
BT EE S 2 — L& & =aF &% Table 5-8
WO LTz, 723 2 FEpEFf o & — /L&l Ploom X
D 5.64 7> ARK X D 31.9 mg/stick & 72> TU 7z,
ZOfEIE, HBILIXZ EEDLRY, L LR
O, ZHIVE TOIITHIE & RIERITIEG72 X 2,
INBGEFE B MR -1 2 K0 ARV EH 4 £
AL TWATD, BREEIC L > TRAET 22 WE
oy il len, —J T, =aFrElE 1Q0S
73 Ploom X ™ 0.34 7> 5 glo hyper+® 2.67 mg/stick
Llpolz, ARIO=aF Okt REERT 5
EMBGK 721 E Z B 2 21T 1 mg/stick (2T GR
WY, HEIXZ ERRBREOREZ K> T,
WiZ—fbR#E (CO) DOERIL, lilhybrid (X, &
&= NRIELL T CTh o 7o, ENLSOMETZ1TZ
225 CONETIX ZEEDMBNZ L » TH B TIEFRAE



T5HOD, PRI 0.11-0.44 mg/stick T >
7o BRBEIC L o CTHAT D TH D CO X, M
BRENOEZ THLRAERITIENZ EN G-
776

3.IE RN = e YT I M (TSNAs)

FFEfE A TSNAs B4 Table 5-8 (Z/x L7z, 4 FikE
® TSNA A% (13 IQOS ILUMA & Ploom X 75
AT D 3.22-19.6 ng/stick & glo hyper+. il
HYBRID, ARK X 2253429 % 50.7-125 ng/stick
D 2 BEZHY T BTz, TSNAs OSSR AN 2 BEC Sy
FonsEm L LTI, BROERPETLND,
72X ZHEHF O TSNAs &, g1 A &, IERE
. MBS e EEBDOERPEEL TWHOT
TenneEZTW5, L, ARz o
TSNAs BT IXZ K0 HRWEH & LT, g
K721E Z DO 721X 2 B TSNAs 236&E 7212 = TSNAs
XU BEE SN TWERIZH D, WHO X, 2
F TITER T RE 2L E DRy & LT TSNAs
ZIEELBY, T CTIAREEM b A ST D
(1), 72X Z i, AT X 2 BB 2
LD LEERTENRNT & AR L TV D08,
TSNAs AR 2 F U 72 M08 72132 2 8040 © IR
FE ATV D, TSNAs DME L SN 721X 2
LT 5 LN IE S TSNAs EIIB b3 72
WwWeEZ2 LMD (12,13), LL, 7IXZ¥ERE
LCixEn ik, AKXz ottt 32
EMTEIRNTZDIEHETZ X Z 3RAF L\ 9 sk
DOIEWEAL T 572DDIEZ Tl L=, ZDi-
X ZIIMEEDMERT 2720 O 7X 2 Tl 7w,
—J5 T, TSNAs DARHEAT LT DI2H D 5
T BEHLZ2OWEEMRELILTZTIFRZEL TV D
ZELAREE LOMETH D LB TN D,

E

AWFFETIZ, 2020-21 FIZiRTE S BT
X2 IQOSILUMA (11 #41) . glohyper+ (4% 8 #
) . Ploom X (11 #4#) . ARK X (6 #4fN) MO0 il
HYBRID (3 $4#) OMEAR 7213 2 i o F EL

D.

13

WE DS HAT - 72, 2020 8720 2B HRGE S L
TWAINEAT-IX Z 1%, Ploom TECH @ X 95 72fH
BRI 2B MET 2 -3 < e > T
F 0 200°CLL EINES 2 8,5 5348 2 T & 72, Ploom
(22T # Ploom X 1% 290°C THIEAT % & i &
NTWo, HAROIMEXZ X Z A OBMIE, &
IEINEE T D - iIc Efifli=aTF v &Y |1
mg/stick (2T < 72> TS Z b, MET7ZIX
ORI X o TEEITEH LV O Tk v b
EZHLD,

E 2% ik

(1) WHO. Standard operating procedure for
determination of nicotine in cigarette tobacco
filler: WHO Tobacco Laboratory Network
(TobLabNet) official method (Standard operating
procedure  04). Geneva, World Health
Organization, 2014.

(2) Health Canada Test Method T-309.
Determination of Nitrosamines in Whole Tobacco.
1999.

(3) IR —, MLV, RARERL AL
SR mAREE, BEm R EREIE 2 R
JERX RN = e Y T I UEORR D
MEREEZ MW RE. B AR A MRS
2012;67: 423-430.

(4) Health Canada Test Method T-115.
Determination of the tar, water, nicotine and
carbon monoxide in mainstream tobacco smoke.
1999.

(5) WHO. Standard operating procedure for
intense smoking of cigarettes: WHO Tobacco
Laboratory Network (TobLabNet) official
method (Standard operating procedure 01).
Geneva, World Health Organization, 2012.

(6) ISO 3402. Tobacco and tobacco products --

Atmosphere for conditioning and testing. 1999.

(7) 1SO 10315. International Organization for



Standardization. Determination of nicotine in
smoke condensates-gas chromatographic method,
second ed. 2000.

(8) ISO 8454. Cigarettes -- Determination of
carbon monoxide in the vapour phase of cigarette
smoke -- NDIR method. 2007.

(9) WHO. Standard operating procedure for
determination of tobacco-specific nitrosamines in
mainstream cigarette smoke under ISO and intense
smoking conditions: WHO Tobacco Laboratory
Network (TobLabNet) official method (Standard
operating procedure 03). Geneva, World Health
Organization, 2014.

(1 0) WHO. Standard operating procedure for
determination of humectants in cigarette tobacco

filler: WHO Tobacco
(TobLabNet) official method (Standard operating

Laboratory  Network

procedure 06). Geneva, World Health Organization,
2016.
(1 1) OConnor RJ,

Hurley PJ.  Existing

technologies to reduce specific toxicant
emissions in cigarette smoke. Tob Control. 2008
Sep;17 Suppl 1:139-48. doi:
10.1136/tc.2007.023689.
(1 2) Rickert WS, Joza PJ, Sharifi M, Wu J,
Lauterbach JH. Reductions in the tobacco
specific nitrosamine (TSNA) content of tobaccos
taken from commercial Canadian cigarettes and
corresponding reductions in TSNA deliveries in
mainstream smoke from such cigarettes. Regul
Toxicol 2008;51:306-310. doi:
10.1016/j.yrtph.2008.04.009.

(1 3) Czoli CD, Hammond D. Trends Over Time

Pharmacol.

in Tobacco-Specific Nitrosamines (TSNAs) in
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2018;20(5):649-653. doi: 10.1093/ntr/ntx103.
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A. HFEBH

720X 2 EWEIC X, 200 FEREELL g A B
WENEENTEY | 70 FEORD ANEME D E
FNTVD EREEINTND, BRAMEHE L L
T 13-T 2V RILVLATLTE R, R_RUB o
DX H ARy PR [a| B L, T2 T R R
=k Y7 I Ve EORLT R BFAEL T
BY. ZHETITANEREL S b ERNTRIES N
HRET T BRI OV TR R 2 HE LT
iz, TNHDFMEUSMNI S, 47 /BT
=)V o- bV AT 2-FTFNNT I e Bl
E B AT DI ANEY 27— D 7 v
—7 1 (& MZHTDRBAENRRED HND) 12
STHSNERAMEEZA L. EAEPHing THED
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B. Bf3EHiE

1. BER-IE 8

713 Z a3kl

K712 Z 7 #5h (IQOS3., glo pro. glo hyper,
Ploom S, Ploom S2.0, PULZE., NOS (IQOS H.#
) 2 L, fE 28T 3-4 BRI W T
AT o Tz, 7R, NI MR EE AT 48 B A5
10 HFE, JEEE 22+£2°C, B 60+£3% CEIR -
bz 1T->7,

Bl

2. 72X EFREOFE D53

7 E Z B R

X2 EREOEE, BERELEE (LX20,
Borgwaldt KC GmbH) % H\C HCI{£E%1T >
7o HCI i, (—fRIZ>& 2 BHT 55mL %
g1, 30 Mg I —ARSE, m@KLIZEEEIR
fi&) L Health Canada Intense protocol T-115 (1,
([CHEHL L TAT o 72, 7213 213, 180 3402 (3)
ZHE > THERRTNICERERA AL 21TV 72X 2 F
DL JEE 1 DR TR0 (total particle matter ; TPM)
Id Cambridge filter pad (CFP, ¢ 44 mm, Borgwaldt
KC GmbH) THiifk L7z, HCIIEIX 1 KiCo &,
X S A OTERIEZE L, 13k E LTz,
T LI S ARERRR L, 22 nillE
Wk L7,

FEBET 22 Do

ATALER

TR Z TS OBEFBET I A, sk
%“DT 4 NH—% 01%FERIAR TR & 5 il

#. Bond-Elut CH % 7 & LEEE+ T LD 2 B
TR Z AR DED Z L TiToTz, 55
AT ATAVERYS R 2 LC/MS/MS 12k L 7=,

T RGOy
0 FEEDOGER T I (7=, o-. m-, p-
T=UTUU, 0-, m-y p- NVA TV 230 2.4-,

21

2,5-. 2,6-VAFNT =V v 2o 3o, - FNT
2-FTFNT I - ATFI2-FT
FAT IV, 2-, 3-, 4TI/ ETx2=)0) 1TD
WO E1T > 7,

:‘U :/\ l_\

LC/MS/MS 414

T 712 2%, Raptor Fluoro Phenyl 77 5 2
(RESTEK # 1.8um, 100X2.1mm) Zf#H L
7o, BEMEIZ. A:01%FEB: A ¥/ — /L%
A L. ##I% 035 mL/min, 77 L4 —7
IREE30CE Lz, mdlligikr n~ 77 7E&E
SHrEt (LC/MS/MS) 1%, Waters Xevo TQ-S THT

ST,

C. BREROEE
1. IMBARI I 2 EFRBEOEBIRT I v DM
INE TS L7 iX  EREO S HFRT
2 UG HTEE MBI Z I EE 21T 1,
TR OREALIT, 300D 5 A~ER L, K
(2, CFP OHHHIT/NA T — /LTI 9 1oz, Rk
BICANIRE D Lz, ZhETOEEIZE > TN
AT IE O FREOBFHRT I OGN H
"RE L T o7z,

2. BRI Z @R ~DEA

AR T X Z 6 BdL 29 SRR D /IR T X
W&z~ 9 (Tablel-3), #AEIX IO TR
PR bEL GENTWET =V id, /-
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-7 =V VU EGENTND, ZTIODOEEE
T X UL AR TN AT o T MBR T2 IT S
gIC b EEN TN,

BRI NE Z OFEET I FAD T #E R 2 1K
BIIZZ ONHTRERE T 5 L 110 LLFIZIK
W Tz, 72X T HEMBIREED 350 CREEE R
S TWAH AT X Z 1%, 500-900°ClZ i 5 &
TIEZ X BERM LN TV, LLaens,
AT R G & LT ERK T IE 28 6, 7=
UL LANDOFEFEBRT I VENERENEZ &0
B, MK IXZ 2 H L TH A F P E O
BITike S5 Z & bR SN Tz,

I 7212 = OB BN i35 & o- h LA ¥
1E, 1QOS 728 1.10-1.50, glo2 HL 5% 1.32-2.79,
Ploom2 #5173 0.16-1.69 % L T IQOS A.#if D NO
S 73 1.33-16.8 ng/stick & 72 -7z, FEARMIZMEGE
EREORENGERT I EDEWVERAIICS
S72, UL, glo ®fhiX, 1Q0S LV & NEEFE
PRV FEEFRE T I AAHITE WIS 72, =
AU, glo DTIX ZFEZSMAUD & INEG 2 B o
HENDLND LN EEZTND,
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ARFZEIE, ZAVE TICHESL Lo 721X 2 0
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AR LEREIToTo, T ORE, MEXT-
27 8L 29 $EARIC BT T = U LIS 19 R
DRERSNIZ, UL, #EIXZ EmES &
RT X MG ST D L 110 LATRIZ7Z2 - T
Wiz, — 5T, MBARZIEZ CThHho THLHHFET
SUHEN 19 BROIREER STV D Z LR S
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BT T Z B D FREICE £ D ZETFEBRALKFE X/ Do

gmtgEE KW OB KRR

WREE

TEPEREFRTE (ROS) AR L, BB A N L AZBIEE 2T LA ERRILKFEF 7 V8 (PAHQ) %
HIERTSRE L, BARENTIIE SN TW AKX Z 6 fE (IQOS3, IQOSILUMA, glo, glohyper,
PloomS, PloomX) D FEJfEIZE 4D PAHQ Z#ERET HZ L& HIYE Uiz, MEARKTZIX Z ok
[ZDOWT, HEJEUEILEZ T T 4V Z —IZHfE L, 7 mwu 2 % o CThlilH L721%, PAHQ ZiEJC +
U AF UL (TMS) FBERIL L CH A a~ N7 T 7-% 07 NEEIGHTE (GC-MS/MS) Gl
E LTz, AKX 2 EWE T O PAHQ % /E & LR, 13~21 fifEHO PAHQ Z ¥ 2% Z & 1Thk
L7z, BHFEIZTIC 1~3 BOBRBDDI2V PAHQ TH Y, 4 BRI EDBRIKO PAHQ 13— A R\
TRt SN2 oTz, SN2 PAHQ IINEAR - IZZ o FoTHIZE A @ L TR, 721F
R OB L0 AR L3 PAHQ OFENRIB STz, 72X ZEH O PAHQ & A &EISMER
FED RTINS 2EAm N R 5722 L, 721E 2 ERE S PAHQ DA IZINENE FE M3 <
BIE L CWD Z Enmghoie,

A. HFEER RN LB Thd 5, T, AAREN TR
XTI 5,300 FEHOLFEWE NG T EINSEICER LTS, ZhuE, X
TRY, 0 bAEEWEITN 250 ELL L, £ ZHICEENLIHEEMEOEN 90%LL Bl L
BRGERIRALAKSE (PAH) ZIX LD ETHRNA LW I HEDLOREFEY 2 7 MR T 5 ATREME

MEWEITR 70 FELL EFEL TV D, ITE, 20 BbhoESNb572Thd, LoLRans, #iE
1 TH PAH DORRLFHFEARTH S PAH F/ ENT-HEWEIIRONT-WEOHRTHY, D

(PAHQ) 2NMEHZEDH TS, PAHQ 1%, L Fv fDOHEEWEIZET 2 MEIIRIED 2, £Z2T
7 AYA T AT L0 RIS R ST RN R AR T, AKX I E EN A ROG
LU, iEMEERREFE (ROS) ZREIFEAL, bR N FWHOMAZBEME LT, HAREANTRESL
VAZFRTDHZ LD, MREHRESHERGE OSBRI 1E 2 o FEICE 5 PAHQ O

BEOBEEMERIN TS, £z, BRENL  EREIToT,

THEFE SN 7= PAHQ I3, b FOEERNTRE#IS L

TIRPICRHD B SN TND Z ERNH LA B, HIFEHE

275> TWnD, - T, MUE|ZESE L 72 PAHQ I L 7 E 4R

BICK > THRINDMILA b L AT K DR

HEORIITIEETHY, FFHFEFD

PAHQ BIEZM25 Z 1%, MEIZ L DB ED

7= iE 2 R
EARNTRESN TV TH D
IQOS3, IQOS ILUMA, glo, glo hyper*, PloomsS,
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PloomX O £l 2R IER G & Lz, 7288, 73T
OMBAXT X IOV T, VX aTdF—F A TDA
T4y EEALE,

2. RIX T EFRBEOLFEWE O34T
7o 2 ERE o4l

X T EREOHEIL, BEMELEE (LX20,
Borgwaldt KC GmbH) % f\ T HCI{EIZ L 0 i
L7z, HCI {£TIiZ, Health Canada Intense protocol
T-115 (1,2) (Z¥EHL L TITV, —RIZDE 2 FPfH
T 55mL W51, 30 B IS ikSET, T2 E
PSR ORRLFIR'E (total particle matter ; TPM)
I% Cambridge filter pad (CFP, ¢ 44 mm, Borgwaldt
KCGmbH) FIZHEL, 1 fico&, AT 4 w7
3AGOFVEAFEL, 13BHE Uiz, 721328
M &z 5 B L, ZhehflEicd L,

PAHQ D43 HF

ATALER

BT 4N BE—HBHZHONWT, FhFNY 7 rn
AZ AT K HBERMEEZIT R 572, HERIC
DMSO AN L 724 TRUERRME L, #Eat L
72t%, AL THhOREEZREE LT,
PR LT D 5%HC % & Tefidfll NaCl &R TR
-t U ORI U7, BRI, #Sn L T
AL A F—=JLDOFFE T T TMS {b i 3K
(BSA+TMCS+TMSI  (3:2:3)] %2 T 80°C, 30
ST o T2, BB b, ~F o EKEMNA
THIH L CHA LN IZA~FH U EZFLE L TF
B 200 p LICHEM L THRIKE L7z (),

[\ %= e

HIE RISy

BED 1 DOXUYFR ) UHHEGT 39 FiO
PAHQ % JlExt & & Lz, HMEMICIE, 14-
benzoquinone (BQ) ,
(MBQ), dimethylbenzoquinone (DMBQ) 2 #& ,
tetramethylbenzoquinone (TMBQ), 2-tert-butyl- 1,4-
(2-tb-BQ) 2,5-di-tert-butyl-1,4-
benzoquinone (2,5-Dtb-BQ), naphthoquinone (NQ) 2

2-methyl-1,4-benzoquinone

benzoquinone

28

g
acenaphthoquinone (AceNQ),

(PQ) 3 f#, anthraquinone (AQ)2 f#, 2-methyl-9,10-

2-methyl-1,4-naphthoquinone  (MNQ)

phenanthrenequinone

anthraquinone  (2-MAQ) 2,3-dimethyl-9,10-
anthraquinone (2,3-DMAQ) , aceanthraquinone
(AceAQ), fluoranthene-2,3-quinone (Frt-2,3-Q),

chrysenequinone (CQ) 3 ##, benzo[c]phenanthrene
quinone (BcP-Q) 2 &, 7,12-benzanthraquinone (7,12-
BAQ) , 5,12-naphthacenequinone (5,12-NapQ) ,

pyrenequinone (PyrQ) 3 f#, Dibenzo[a,/] anthracene-
5,6-quinone (DBahA-5,6-Q), benzo[a] pyrenequinone
(BaP-Q) 7 f#, benzo[e]pyrene-4,5- quinone (BeP-4,5-
Q), Dibenzo [a,j]anthracene-7,14- quinone (DBajA-

7,14-QD5 39 Fli A k5 E L= (3),

GC/MS/MS 41t

Thermo Fisher Scientific 1% GC-MS/MS  (TSQ
Quantum GC) ¥ A7 A& MW, 77 Al DB-
5MS  (30m X 0.25mmid., 025 pm J&W) %
L, 50-310C  (25°C/min, 7 43[R D&
B7a 77 NTHT LTz, ZOMo GC 541,
HEADRE 250C, A7V v L AE—FR, FA
w1 pL & U7k, MSEMIE, EIE—FR, /14
JRIEEE 300°C, A > ¥ — 7 = — A{EE 280°C & L,
AFALBIETT0eV & Lz, B, M1 A4
YETV =P —AF L LTRLBEDOEN
Tagy A2 E O TEEREIGE =4
> 7 (SRM) E— RTHIELZ 3),

C. BREVOELR

1. PAHQ D EEM:DORERR

I 7213F 2 18 b 0 PAHQ D & B 2 feZR 4 %
72812 1QOS D EHEEFBHZ BEA & O EYE %
WINL, HERE 2379l 4 2 i a2 17
2olz, ABENET N TOMNO LM TRt S
FH e 13 D PAHQ Zxt5 & Uiz, HEJEITAE
BRI LI TV OERMEN D, EhERNL
TWRWH TV D E B %2 22 LW ol & B
FRETERT D Z LI KV EH L, HBEIE =31



BIFOERMOIESL>E % RSD (%) EE LCRE
i L7z, PAHQ OEBEMEAMGE L 7-fER, T
® PAHQ 123 T 100+30%DEE 73V 54, RSD
S 13%LL T & RAFRKEE A5 Z L3 TET,
PLEX DA ERIE L ZMEK71E 2 o F 5
EENDHPAHQ D ERMITEHMEDOH LT — 4 T
HD LW LT,

2. MEK7IXZ EFEF PAHQ DER
FEFSES PAHQ O E &hE R % Table 1 12”7,
IQOS3 /5 21 ffifH, 1QOS ILUMA 75 19 FlfH,
glo, glo hyper'7> & 18 fiJH, PloomS 7> 6 13 F#4H,
PloomX 75 16 Fi¥E PAHQ H3 ki & 41, PAHQ
DOFIEEEIE, £ 0.4~400 ng/puff T - 7=, £ INEA
KX OFFREIHIE L TEIZ 1~3 RO
B o720 PAHQ S S TR Y, ToHizix
TEVERR R A2 AR 3 5 &R 72 PAHQ Th 5 1,2-
(1,2-NQ) o 9,10-
phenanthrenequinone (9,10-PQ) & & £ 1L T\ 7=
4). £72, BEEEITRVD 4 B2D PAHQ & —¥i#
Eni-, —J5 T, 58O PAHQ IIH -
2. % < OEGIAKI T FLZ H8 D PAHQ 23 HH & 4,
MIHFEOEHRILA /L MEOPAHQ X v & BULA
MTo oD PAH D HEREARL LT WS TIRD
WEHREEEDDLZ LR ginoT, 60T, i
LSO MBI X0 AR LTV PAHQ FET
L2 ENRBENT, S HIZ, 3ED PAHQ OH
T 9,10-anthraquinone (9,10-AQ) & =D A F/LLIR
(MAQ, DMAQ) 2 EiRE Tt S 7z, 9,10-AQ
OBILAEMTHDL T N TR I T VAN E D
F A DREVED T, 9IRS,
FERLEAZFNLF—DRE9,10-AQITE B
WL END EREINTND Z ENnE, MEK
72X Z OMEERZ BV T 9,10-AQ X° MAQ DA
RENEL ol bB 2 bz, £, X
1D PAHQ & A &I ZA-E4I O NNEMELEE O L FIZfE
W MBS RSz, LEDZ L, 7=
(2 B O BRI E D PAHQ ORI
BURENERSBEE LT D LB bR, &R

naphthoquinone
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ZOBBEREIX 7T00CLL ETH D Z Enn, INER
IREEDS 350°CLL T DN 13 2 S5 CIIsE -
X2 X0 b PAHQ ZAEK LICS WHREEMEN & 5,
D. f5im

TAE T EFE R O PAHQ Z /0T L= & 2 A, N
B2 6 13~21 %D PAHQ it 5%
Z LT Lis, BRI RIS 1~3 ROBEHO
D72 PAHQ TH Y, 4 BRUL EDOBR¥ D PAHQ I
—EERW TR SN2 oo, &SN T
PAHQ [3MAX - IZZ o Lol Tchiz s Al
WMLTEY, X RBOMBIC L AR LT
VW PAHQ DFENRB STz, THIXZEF O
PAHQ & A BIIMEVEE O EF ISR 58
MNR OGN D, 7213 2 EFEH PAHQ @
ARUITMBVRE SRS BIE5- L TnWD Z &2y
Dolz, MAXTZITZRBITHELILIZ LV B
PAHQ ZAER LIZS WARBHED D & D D, INEL
XX I E EN L RFEEDOHEWE L FE -
EET DI E1E, MBI Z O 2% MGk
T5ECTHEHTH S,

E. 2%k

(1) Health Canada Test Method T-115.
Determination of the tar, water, nicotine and
carbon monoxide in mainstream tobacco smoke.
1999.

(2) WHO. Standard operating procedure for
intense smoking of cigarettes: WHO Tobacco
Laboratory Network (TobLabNet) official
method (Standard operating procedure 01).
Geneva, World Health Organization, 2012.

(3) Toriba A., Homma C., Kita M., Uzaki W.,
Boongla Y., Orakij W., Tang N., Kameda T.,
Hayakawa K., Simultaneous determination of
polycyclic aromatic hydrocarbon quinones by gas
chromatography-tandem mass spectrometry,

following a one-pot reductive trimethylsilyl



derivatization, J. Chromatogr. A, 1459, 89-100
(2016).

(4) Motoyama Y., Bekki K., Chung S.W., Tang N.,
Kameda T., Toriba A., Taguchi K., Hayakawa K.,
Oxidative stress more strongly induced by ortho-
than  para-quinoid  polycyclic aromatic
hydrocarbons in A549 Cells, J. Health Sci., 55(5),
845-850 (2009).
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Table 1 MBKX=(XZEHRIED D PAHQ ;B E (pg/puff)

Compound 1Q0S3 IQOS ILUMA glo glo hyper* PloomS PloomX
Mean + SD Mean + SD Mean + SD Mean SD Mean SD Mean SD
BQ 359000 + 25200 161000 + 26100 9500 + 737 71100 + 638 141 + 315 23200 + 4790
MBQ 7170 + 881 1800 + 679 734 £ 9641 2490 + 243 194 % 4.6 601 + 622
2,5-DMBQ 10100 + 111 1990 + 168 589 + 182 2850 + 236 190 ¢ 25 701 + 825
26-DMBQ 1690 + 395 288 + 294 190 3.3 1400 + 648 111t 4.8 118 8.1
TMBQ 3420 + 165 960 + 7141 406 + 3741 2460 + 327 465 + 106 744 + 857
2-tb-BQ 129 t 8.7 354 ¢ 3.3 648 + 3.6 168 + 98.0 114 t 29 125 ¢t 7.7
2,5-Dtb-BQ 125 + 8.4 86.1 + 8.9 105 + 5.0 368 7.2 176 ¢ 29 371 + 206
1,2-NQ 392 # 8.9 110 1.3 5.0 + 1.0 117 ¢ 3.7 LOQ 128 t 2.6
1,4-NQ 75 + 1.4 N.D. N.D. N.D. N.D. N.D.

MNQ 86.5 5.8 357 3.1 36.0 ¢ 2.8 814 7.9 LOQ 199 ¢ 25
AceNQ 187 9.8 4.5 + 1.3 109 + 3.9 217 2.7 0.8 + 0.7 3.8 + 2.8
1,4-AQ 276 + 43 100 1.0 3.8 + 0.9 3.2 + 1.8 N.D. 1.8 + 0.8
1,4-PQ 3.3 + 1.5 0.7 t 0.5 LOQ LOQ N.D. N.D.

9,10-PQ 6.9 + 0.1 2.7 + 0.7 LOQ 1.5 + 1.1 LOQ LOQ
9,10-AQ 229 + 191 880 9.6 164 + 176 209 + 337 66.4 + 8.6 53.8 8.7

MAQ 892 + 743 183 + 202 437 8.7 115 0.5 3.6 + 1.5 614 9.6

DMAQ 56.2 9.0 183 + 47 LOQ 135 ¢ 2.2 N.D. 160 4.1
Frt-2,3-Q 1.7 + 0.5 N.D N.D. N.D. N.D. N.D.
7,12-BAQ 5.3 + 3.3 N.D LOQ 100 + 1.4 N.D. LOQ

AceAQ 310 + 7.0 175 ¢ 7.2 N.D. N.D. N.D. N.D.
4,5-PyrQ 1.9 + 0.6 LOQ N.D. LOQ N.D. N.D.
1,8-PyrQ N.D. N.D 0.3 + 0.2 N.D. N.D. N.D.
1,6-PyrQ N.D 0.7 + 0.1 N.D. N.D. N.D. N.D.

N.D. : Not detected, LOQ : less than limit of quantification
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ma~/)\3, BFY/\DAFOHEY/)I\ONSFEET DRDEE

AR, 7B/KBATE,
EEIE ST

BHEHDD,
(EAR R )

NERE (FEXF)

42000 pg/10s BETDZEEEH DT
#2RY/N\ADFE, ROV EMEOEEE
[EvANAR

2 um AT Oy IR F (FEIEATRE R TEIT DD THRER

MEES MERY/(OP0EFY/\IREQHEY/)\ I SRE T DILEEDEN -
T2t TSN TINSOEREEDTIHEL, FTIRRD DORAEDHZATE UANDRE
et Uz, 8FF/\OnSIFE-UFy R (JUtO—)L, JOEL>PJUI—)L) OBDEY THIEERTS
OL>AFHYA R, JUS R—)L, RILATILTER, 7 h7ILTER, 7oOL+>, JUAFH—)L,
AFI)IVTVUAFH—ILAER T D ERNBESNIRR I, £e, CNSOEDIRYIE
IBSE<RELUE. RESTENDICKELMEKEFUNSVYFEIEE(CKEL,
COE(E, BEOHES/(O (2400~3000) D10 =0 ETHD. M
(£ 40~250 pg/stick THEES/\ID 10 DD 1 IZFE THZIHTEOT
F/z, FEYN\INSEETDITIZOVILOXRE (92~95%) (&2 um U TFOmIIFTHO .

B/ 588
'i"/ =

NEGFTEFRL E-UFy ROBRICE D TERRD. HIRIE,
170 mg/10s (150 W) FEAULTZAY, ZMNUFGLY 100%D E-UFw Bn5d 50 mg/10s (150 W) D 3.4
BETHD. WAIFRMEDOERD(FTUEO—IL, JOEL>TJUTI—-ILTHDIH,
EHVEOAY 2 pm AT ORI FIRDTARE(CIEERT 3 LBk THD.

E8%=i1o/c. FIg,

(FHmoEvIUtEO—
FEA > EE

O

SHECERK

R ans. 87/\ 00T 7OVILVREEEFE
HHIFIRYIE(E PG 100%MD E-UFw RN

INSOMBEDSIEILE

A. THRBE/

IR, B\ JDEEENEREN3EEBIC, B
FAHNIPMBR Y/ IEOBFEMEDFREN VIR
EENDFHBS/)CONER, RFEESNDLD(CRDTE.

COFES)NlE, F4/\O (E-cigarette) EhNzEh
4/ (Heated Tobacco Products, HTPs) (CAKRBI9
dTENTES. Fig. 1 (THRES/\O, mak4/(3,
BEFY/\J0MEERY. BFF/\AEZEESE (VY
A=) EN\vFU—WSiEkEN, 7 A —RT
2JUtr0O—)L (GLY) oL >2uUd—)L (PG) %=
FDETDRAE (E-UFy R) ZZO0OLFRETHN
B CcIFOVIILERESTESD. — A, a4/ 3,
BMRETHdDe—hrIL—RENYFTU—DSHEREN,
HANAEZFTEBEUREE— MRT o YV IOERRKITIHEAL,
E-—rIJL—RTNATRZCET, ZOAF>EZSVITT
OVIILERESES. T Uy ITEYUINIQOS %=, T
Do w2 a7 X H>52)8aglo"%®, BARZIES
EEZE T H"Ploom"ZENENIRFELTLYD. CN5D
mBR4~/\aE, BRI/ (CHERTERED KU,
=)L —bikk, —OF>OFREENDRL, BFR
ANDWEENDRNESTNTVDS. BARTIE, EBHECL
AEKS/\ DS T 7B CKE VN, CNSDH
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SOBEMEHAS TSN TLRL,
¥4 &, RSN\ O250F/\OBEBEHNSHKET B
FMBEOHLUWDITSE (BREE - —ABEHE )
ERFRELUTERE. COPMBEGREROATE ® * TE
PR TH > IEMEDRD DT D EHEIEE
THdD. KAKRTIE, COAEZANTINSHES/N
JICDWTHZEITo . £z, CNSHES/){\O0FE

ok m -
//
/
Tobacco leaf Heat blade
HTPs

Fig. 1. Construction of various kinds of tobacco products.
Reproduced with permission from Fig. 1 in Ref.[4].
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MECEFINIRADBENEDORES (CRETIEEE
DEEZEIRFT L. &5IC, 8B AH—t> U2 TS5
—ZRWTORIHEL, KEDIMORERVED DITZE
ITOANBEADRZEZIRET UTE.

B. KR

B.1. RERRE L H%ERE
B.1.1 &

HRoOOX NS T« —BE73H (GC/MS) (FEER
{EFRE QP2010 Ultra ZEAULZ. DBEHDS A GL
Sciences & InertCap AQUATIC-2 (60 m x 0.25
mmi.d., 1.4 um) ZRAL, HSLEE 40°CZ 6 738
REFUMEE, 250°CET 35 DRITHEE (6°C/min) UL
2o FrUFHRICIEANITLZEL 0.61 mL/min D
RRTOWUIE FAZE 1L (RTIVY b2
23>, 2TUw Kb 10:1, 25 L)—= 1 mL/min)
T, 1> 045 —BEE 240°CE Uiz, BEHTDE
(&, m/z 40-500 DIIIAF+>E—RBKLU SIM
TR, /1AMLEEE 70 eV TH B,

ER‘RAEoIOXY M ST+ — (HPLC) (&, LC-20AD
ERAR>T& 28, SIL-20AC A— >S5 —& SPD
M20A J# A A—-RT7 L — &tz RIIEE2R
YEFRE Prominence LC-20 Z{ERA L. DEENS A
Ascentis RP-Amide (3um particle size, 150 mm x
3 mm i.d., Supelco #t&) =L\, ASLAA—-TVE
E 30C, FA&E 10uL &UJe, 95212 M E—ROD
HPLC /3 (C (&, FENHEIC 10 mmol/L DL >
DLESDT7ERZRUIL (50%) &K (50%) DRE
B (ABR) &, P RUJIL (80%) &K (20%)
DREBAR (BAR) ZAWVZ. S LAFRE 0.7 mL/min
T A B 100%% 5 MRS, 50 2fET B B3Rz
100%I(C L=, 10 9/ BiA® 100%&E D1z,

AN DAERIEDHE(CITEEMLELEE Borgwaldt
Technik GmbH & (Model LM1/PLUS) Z{FER Uz, B
FEELEBOMYE T M O—)LI&, Canadian Intense
Regime (HCIE) ° (C#EHIL, "REE(E 55 mL, RE
BRI 3 72, IRJERIFR(L 60 72, IRUEEEN%E 3 [O(CERTE
Uz,

SIINONSFEET DT 7OVILORIRDHDBRTE(C
&, ERIA LY IHBD SRS —1> )2 )\—=T
JLY> S —Model AN-200 ZFR Uz, EXFT—>D
OIREEHE (T 55 0 %, 11 ym BUE; 55 1 %, 7.0~11
um; 552 E%, 4.7~7.0um; 5 3%, 3.3~4.7 um; %
48, 2.1~3.3 um; #£5E8, 1.1~2.1 ym; = 6 B,
0.65~1.1 ym; 7 B, 0.43~0.65 um; /\woFv
TI74IL5—,043 umBTFTH3. DT L— I,

PTFE /{1 >4 —J«JLF—TF98R, 80 mme%=REL,
28.3 L/min ORETH/N\AERE=HEL.
SREDBIE(CIE Pico Technology #H&d TC-08 &
Mr—~FOH—=MA Uk, BB (S —XE (1.0 mm
@, 50 mm) KA =RBV, HES/)\IZFRIREL
500 ms R CT—~ZHEmU.
B.1.2 HRARMEHERBEE (CX-572 Hh—HMUwY
) OfFR

H—R>EFELF215—>—T X Carboxen 572 HiF
%Z ATD-tube (CFIEBUERSRILT 380°CT 5MEEO
ST ATIORITDS. AT 43I ERRTE
Carboxen 572 $iI+ 300 mg % 6 mL SPE-tube [CFEIE
L, CX-572 A—KUwS & U,
B.2. #/\JIXERIEDE LA

EF2/)\JDOIECN(C Cambridge Filter Pad (CFP),
CX-572 cartridge (CX-572) ZERD T BEERERE
[CEHRUERIBORMEZITOIL.

HERILX Iz CFP & CX-572 (FTHUbRFEAS )
—ILERAWBZABARLE ? (CLDEHEZETL, VOC (&
GC/MS THILRZJLEW(E HPLC THOMZITDIZ.

C. BREER

C.1 FHEH/\IZBOEREEIL
C.1.1 EF#)(O
BEF~/O(F GLY t° PG h'\Si@kEND E-UFy Bz
ZOOLREORBAR T D ECKD, IOVl
ERESE, INZRETIMEBTHD. it THIRNE
EATZOVIVREICKELESIT DT ENHEIEND.
I7OVILEEFZ/INOADT SRAY-TRESES.
7 MRAT—(dFig. 2DELDBEETH D, RE< DT
THERRADOIIL, E-UFy REREIDIY b2, E-
UFw BO\SIBRESNSD. €2 T, BEWNZ E-UFy R
M=ELZOY AR (CT), 3L (CC), FEIEER (MS)
[CREBL, JEOREZAEUEL.

Thermo couples Mist
CT cC MS
| 4]

Fig. 2. Schematic of the atomizer of E-cigarette.



E-UFw REUTHERGR (GLY, 60%; PG, 40%; =3
F>,0.6%) ZEAL, EFY/\0%Z 10 BEHEE =t
L EDREOREZE(CE Fig. 3 (CRT. 1285, AIERF
DEFF/\IDESF 150 W (SREULE.

350
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Fig. 3. Changes in temperature with time at various
points of atomizer.
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ofz. Jy hBBCIF E-UFy RONEEL, 8F5/\0

B@EREOILTRIE T BEH(C E-UFy RAER T

WFEEND. o T, Oy b EIDRENZMCLERT

DI E(FR0N,

E-UFwv REMDITHD PG & GLY DLEXR%E PG
100%, GLY 0%; PG 50%, GLY 50%; PG 0%, GLY
100%(CFRAE LTz E-UF Y REMERL, 7 hYA5 -0
mEZCEAELRZ. 8H%F 10W~230W (&bt
EEEDT MRAT—REZEZ Fig. 4 (Tx9. O1I)L
mEE, PG 100%d E-U+wv RERARFCERA 188C,
GLY 100%® E-UFw RMERARFICRA 290 CIOEUTZ.
NBSDRE(F, TNETNDHRUCHEZHTS. Lizh>
T, dMIVRER E-UFy REDOHRZBR D L(E
RN, ZF7Z, PG, GLY 50%M E-UFw RTIFRED L
REEPMNCIRD, BRRRE(F 222C(CEEFo. 2
NI PG & GLY DIRERIATHD E-UF Y RZERL
Zima, Oy b B S OftE & T ILEFCTORFENF
BHRRE(CIRD CENIBATHSD. Fe, ECDE-UFy
RICBWT, T7OVILOREFOIVEE(CHVES
U, ReaEEd0)VUREMAXTETD. EHOLT
I, BPOARADWTECENDBNECHDEHIFR
NMHETHD.

E-UFw RMNNEELZOY b EDRE FENEFE
EREY, 10B&(IC 73CZRLE. Oy bEBEHRT
ESNTVDIZHMBC K DBRBET 2BNNH DN, B
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Fig. 4. Changes in temperature with time at

various electric power of atomizer.
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tobacco leaf

9. BCT, BEWEEE (heater), XF+ W IDNNE
&F (tobacco leaf), T77OYV)LOFLESER (smoke) (Z5%
EBL, BEOEREZAFEUE.

tobacco leaf
smoke

heater heater

smoke

heater tobacco leaf

i smoking machine srﬁoking machine
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Ploom S, X

Fig. 5. Schematic drawing of the system for measuring
temperature and sampling chemical compounds generated
from HTPs.
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BFET 200°C~250°CORITHEFEZ L /=, IQOS ILUMA M
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(150 W) FEELEH, SNIEGLY 100%D E-UFwy
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Fig. 6. Changes in temperature with time on the
HTPs.
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Fig. 7. Changes in the amounts of TGPM and nicotine generated from E-Cigarette under electric power. TGPM: total
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Table 1. Concentrations of particulate and gaseous compounds generated from E-cigarette at 150 W.

GLY 100% PG, GLY 50% PG 100%
compound

particle gas particle gas particle gas
formaldehyde 740 £110 550 +32 92 +15 170 £34 16 2.2 24 +5.9
acetaldehyde 0.0+0.3 2100 +5.8 0.4 +0.0 200 +39 4.4+2.6 78 +1.8
acetone n.d. 60 +0.8 n.d. 29 +2.6 1.7 £0.0 21 +21
acrolein 9.7 +0.8 800 +29 1.4+0.2 55 +9.2 n.d. 11414
propanal 0.0+0.1 56 +0.7 1.6 £0.2 38 3.0 n.d. 24 +25
2-butanone 11494 99 +13 9.6 £1.0 16 £2.2 n.d. 0.2 0.6
benzaldehyde 0.6 +0.1 1.0+0.0 0.0+0.1 n.d. n.d. n.d.
i-valeraldehyde 36+£7.0 32089 20+0.0 9412 n.d. n.d.
glyoxal 140+10 1.0x0.1 20+1.1 n.d. n.d. n.d.
o-tolualdehyde 1.9+0.7 n.d. 0.6 £0.1 n.d. n.d. n.d.
p-tolualdehyde 31+£3.0 n.d. 23104 n.d. n.d. n.d.
methylglyoxal n.d. 0.2+0.1 2510.1 7.0£15 41 13 4.3+1.8
hexanal 110+2.1  42+29 n.d. n.d. n.d. n.d.
2,5-dimetylbenzealdehyde 1.5+0.7 1.2+0.1 n.d. n.d. n.d. n.d.
heptanal n.d. 9.0 +0.3 n.d. n.d. n.d. 0.0+0.1
octanal 3.1+15 n.d. n.d. n.d. n.d. n.d.
furan n.d. 0.8 £0.0 n.d. n.d. n.d. n.d.
propylene oxide n.d. 0.9+29 n.d. 3.6 £0.7 n.d. 17 +12
diacetyl n.d. 17 +15 n.d. 0.8+1.1 n.d. 0.8+1.1
benzene n.d. 0.4 £0.0 n.d. n.d. n.d. n.d.
acetol 240+4.4 170 +46 56 +11 2104 320+£140 56 31
glycidol 61+2.4 26 £3.4 13+2.3 2.1+0.0 0.5+0.1 *

30000 12000

propylene glycol 190+4.3 5705 +14000 9900 +160 n.a. +1700
glycerol 42000 +2400 5500 £200 56000 +6500 120 +32 n.d. n.d.
menthol 0.7+0.1 0.0%0.2 1.4+0.2 n.d. n.d. 0.1+0.1
nicotine 510+34 28017 1200 £190 170 +16 930+160 11 +3.3

n.d., not detected; n.a., not available
Ul FEAE—EZFR DI E-UFy REOY oz
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Table 2. Concentrations of particulate and gaseous compounds generated from HTPs.

Ploom S Ploom X IQOS ILUMA
mean temperature 199°C 233°C 290°C

compound particle gas particle gas particle gas
formaldehyde 0.1 +£0.2 0.1 +0.1 0.3+0.3 2.3%15 1.7 +0.1 2.7 +0.3
acetaldehyde 0.1+0.0 50+0.4 0.1+0.1 110 7.3 0.1+0.1 140 £2.0
acetone 0.1+0.1 5.4 +0.3 0.540.1 14 +0.8 n.d. 44 +2.5
acrolein n.d. n.d. 0.1 £0.0 2.4 0.1 0.2 0.0 7.1 0.2
propanal 0.8 +0.1 3.2+0.1 0.3+0.1 8.0 +0.4 0.1 +0.1 10 +0.4
crotonaldehyde 0.1+0.2 1.4 +0.0 1.4+0.1 7.810.4 1.4 +0.0 6.3+2.3
2-butanone 0.1+0.1 1.2+0.1 0.1+0.1 2.8 #0.3 0.3+0.0 7.9 0.2
butanal n.d. 6.9 +0.3 n.d. 15 +0.3 n.d. 14 +0.4
benzaldehyde n.d. 0.7 £0.0 1.6 £0.3 3447 0.5+0.3 1.0+0.2
i-valeraldehyde n.d. 3.4+0.1 n.d. 5.5+0.2 0.1+0.2 8.0+0.1
glyoxal n.d. 0.8 £0.0 n.d. n.d. 0.5+0.0 n.d.
valeraldehyde n.d. n.d. n.d. n.d. 1.0+0.1 n.d.
o-tolualdehyde n.d. n.d. n.d. n.d. 0.2 +0.2 n.d.
p-tolualdehyde n.d. n.d. n.d. n.d. n.d. 1.4+0.1
methylglyoxal 1.8+0.5 0.1 0.0 4.0 £0.8 0.4 0.2 15 0.3 0.910.1
hexanal n.d. n.d. n.d. n.d. n.d. n.d.
2,5-DMBA 0.3 +0.3 0.3+0.0 1.8+0.4 0.3+0.3 5.5+0.3 1.7 £0.3
heptanal 1.1+0.7 1.9+0.5 0.5+0.5 11 £3.0 0.4 £0.3 11+1.1
octanal n.d. n.d. n.d. n.d. n.d. n.d.
2-nonenal n.d. n.d. 0.4 +0.3 n.d. 0.1+0.1 n.d.
nonanal n.d. n.d. n.d. n.d. n.d. n.d.
decanal n.d. 0.3+0.4 0.6 £0.0 1.2+0.1 1.2+0.1 n.d.
1,3-butadiene n.d. n.d. n.d. n.d. n.d. 0.2 +0.0
isoprene n.d. n.d. n.d. 0.1 +0.0 n.d. 2.240.3
furan n.d. 0.5+0.0 n.d. 2.4 0.1 n.d. 5.3+0.2
propylene oxide n.d. n.d. n.d. n.d. n.d. 0.2+0.1
diacetyl n.d. 2.4 +1.6 0.1+0.1 5.2+2.0 0.2 £0.0 47 5.6
benzene n.d. n.d. 0.1+£0.0 0.2 £0.0 n.d. 0.6 £0.1
acetol 2.9+0.3 8.8 +1.3 20+2.2 24 +5.4 78 £5.2 250 +16
2,5-dimethylfuran n.d. n.d. n.d. 0.2 £0.0 n.d. 1.5 +0.0
glycidol 0.8 +0.2 0.2 £0.0 0.340.1 0.1 +0.0 3.1+0.1 1.6 £0.2
propylene glycol 310 +28 5.0+0.1 350 +57 53+1.1 230 +24 17 +2.3
toluene n.d. 0.1+£0.0 n.d. 0.2 £0.0 n.d. 1.4+0.1
glycerol 3100 +210 0.7 £0.0 5100 +730 4.8 +8.6 4800 +130 4.3+2.7
menthol n.d. 0.1+0.1 0.6 £0.2 0.2+0.0 0.7 £0.0 0.4 +0.0
nicotine 340 +11 4.6 +0.0 1000 £110 4334 1100 74 16 +2.8
water (mg) 2.3+0.7 9.2+2.2 5.246.7 12 +0.5 3.340.2 19 +0.6
TGPM (mg) 6.6 +0.5 10 0.5 15+1.9 11 +0.9 13 +0.8 20 +1.3

n.d.: not detected
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Scheme 1. Thermal decomposition of PG and GLY.
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Table 3. Carbonyl compounds collected into PTFE filters set on each stage by Andersen sampler. E-cigarette was
performed at 200 W.

formaldehyde; AA, acetaldehyde; AC, acetone; ACR, acrolein; PA, propanal; MEK, 2-butanon; BA, benzaldehyde; i-VA, i-valeraldehyde;
GO, glyoxal; MGO, methylglyoxal; HA, hexanal

electric particle .
power stage dl?me;er FA AA AC ACR PA MEK BA I-VA GO MGO HA
um

200W 0 >11 0.4 n.d. 0.2 n.d. n.d. 0.2 2.1 3.0 30.0 2.9 n.d.
200W 1 7.0-11 0.3 n.d. 0.2 n.d. n.d. n.d. 2.0 24 23.9 2.5 n.d.
200W 2 4.7-7.0 0.2 n.d. 0.2 n.d. n.d. 0.1 0.6 n.d. 16.0 1.7 n.d.
200W 3 3.3-4.7 0.6 n.d. 0.2 0.1 n.d. 0.4 0.4 1.3 134 24 n.d.
200W 4 2.1-3.3 10.4 1.1 0.2 0.6 0.4 3.7 0.1 0.3 25.5 8.9 n.d.
200W 5 11-21 124.6 n.d. 2.7 4.6 23 56.8 n.d. 5.0 2443 89.7 n.d.
200W 6 0.65-1.1 238.3 2.8 3.6 9.2 2.1 98.1 n.d. 9.9 46.0 1761 n.d.
200W 7 0.43-0.65 109.3 1.3 1.0 5.3 0.8 22.8 2.0 3.1 n.d. 58.8 0.2
200W  B.F <0.43 0.4 0.7 0.2 0.2 n.d. 2.1 1.2 1.2 10.7 7.8 n.d.

Table 4. Carbonyl compounds collected into PTFE filters set on each stage by Andersen sampler. IQOS

particle
stage diameter FA AA AC ACR PA MEK BA i-VA GO MGO HA
(Mm)
0 >11 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
1 7.0-11 n.d. 0.1 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
2 4.7-7.0 n.d. 0.1 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
3 3.3-4.7 n.d. 0.1 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 0.1 n.d.
4 2.1-3.3 n.d. 0.3 n.d. n.d. n.d. n.d. n.d. 0.1 n.d. 0.5 n.d.
5 1.1-21 0.2 0.2 n.d. n.d. n.d. 0.2 n.d. n.d. 0.2 2.3 0.1
6 0.65-1.1 0.4 0.5 0.1 n.d. 0.1 0.3 n.d. 0.2 0.5 59 0.4
7 0.43-0.65 0.1 0.2 n.d. n.d. 0.1 0.1 n.d. 0.2 0.2 2.0 0.1
B.F. <0.43 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 0.1 n.d.

Table 5. VOCs collected into PTFE filters set on each stage by Andersen sampler. IQOS
BD, 1,3-butadiene; IP, isoprene; FR, furan; PO, propylene oxide; DA, diacetyl; BZ, benzene; AT; acetol; DMF, 2,5-dimetylfuran; GLD,
glycidol; PG, propylene glycol; TL, toluene; GLY, glycerol; MT, menthol; NT, nicotine

particle diameter

stage (um) BD P FR PO DA Bz AT DMF GLD PG TL GLY MT NT
0 >11 nd. nd. nd nd nd nd nd nd nd 0.1 nd. 12.0 2.0 7.1
1 7.0-11 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 9.8 1.8 6.7
2 4.7-7.0 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. nd. 20.0 1.7 79
3 3.3-4.7 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 0.1 nd. 46.0 1.7 10.0
4 2.1-3.3 nd. nd. nd nd nd nd 01 nd nd 0.2 nd. 280.0 2.0 30.0
5 1.1-2.1 n.d. n.d. n.d. n.d. n.d. n.d. 0.1 n.d. n.d. 09 nd. 980.0 28 82.0
6 0.65-1.1 nd. nd. nd nd nd nd 0.3 nd. 04 3.1 n.d. 2800.0 6.5 210.0
7 0.43-0.65 n.d. n.d. n.d. n.d. n.d. n.d. 0.1 n.d. 0.1 0.7 nd. 820.0 26 60.0
B.F. <0.43 nd. nd. nd nd nd nd 01 nd nd 0.2 nd. 170.0 0.6 15.0
EAEFGLY THoz. DFED, IQ0S MULTI 5% 50
RS S ~: —_— =4
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Fig. 15. Size-distributions of particulate matter
generated from HTPs.
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Table 1 Concentrations of chemical compounds detected in the sidestream smoke of HTPs using Tenax GR cartridge,
CFP, fishtale and impinger (pg/stick) (n=3). n.d. means not determined.

Fresco Menthol

True Tobacco

ug/stick cartridge filter fishtale impinger total cartridge filter fishtale impinger total
Furans
Furfural 62+ 1.1 0015£0.0064 0015£0.012  0.018%0.015 63+1.1 52+0.28 nd. 0.013+0.0024 nd. 53+0.28
Furfuryl Alcohol 10£2.0 nd. nd. 0.013+0.012 10£2.0 84£0.38 nd. 0.019+0.021 nd. 85+0.38
2(5H)-furanone 0.19£0.036 nd. nd. nd. 0.19+0.036 0.13+0.0088 nd. nd. nd. 0.14 +£0.0083
5-methylfurfural 21£047 0.066 +0.021 nd. nd. 22£048 1.8+0.11 0.067 +0.024 nd. nd. 1.9+0.086
Pyridines
Pyridine 0.72+0.21 nd. nd. nd. 0.73£0.21 0.44 £0.042 nd. nd. nd. 0.45+0.043
2,6-Dimethylpyridine nd. nd. nd. nd. 0.010 +0.0053 nd. nd. nd. nd. nd.
2,5-Dimethylpyrazine 0.063+0.017 nd. nd. nd. 0.077 £0.015 0.029+0.011 nd. nd. nd. 0.042+0.014
2-Ethenylpyridine nd. nd. nd. nd. 0.010 + 0.0053 nd. nd. nd. nd. nd.
3-Ethylpyridine nd. nd. nd. nd. nd. nd. nd. nd. nd. nd.
4-Ethenylpyridine 044£0069  0.10:0.043  0.037+0.016 nd. 0.59+0.10 0.37£0.026  0.080:0.016  0.054+0.012 nd. 0.51£0.030
3-Ethenylpyridine nd. nd. nd. nd. 0.018 +0.0028 nd. nd. nd. nd. 0.012£0.0012
2,3,5-Trimethylpyrazine nd. nd. nd. nd. 0.019 +£0.0071 nd. nd. nd. nd. 0.016 + 0.0046
Additives
Benzyl Alcohol 0.95+0.22 0.33+0.052  0.010+0.0069 nd. 13027 0.038+0.028  0.035+0.021 nd. 0.025+0.0072  0.10£0.033
Linalol 0.010 +0.0087 nd. nd. nd. 0.021+0.010 nd. nd. nd. nd. 0.012 +0.0053
Menthol 130+ 19 13£28 0.031+0.014 0.65+0.58 150 + 21 33£12 061£0034 00140018 13+029 53%15
4-Ethyl guaiacol nd. nd. nd. nd. nd. nd. nd. nd. nd. nd.
Eugenol nd. nd. nd. 0.017+0.011  0.033+0.021 nd. 0.012 £ 0.0081 nd. 0.013+0.0031  0.041 +0.0064
Others
Nicotine (mg/stick) 0.48 £0.079 56+ 12 3.0+0.065 nd. 60+ 12 0.19+0.29 35+32 29+045 nd. 39+37
Freeze Menthol Fluorescent Citrus

cartridge filter fishtale impinger total cartridge filter fishtale impinger total
Furans
Furfural 43£067 nd. 0.018+0.011 nd. 43£067 61£15 0.021£0.0051 0.035+0.0072 0012+0.00085  6.1%15
Furfuryl Alcohol 8010 nd. nd. nd. 80£10 11£30 0.035+0.038 0.014+0.0028 0.010+0.0029 11£30
2(5H)-furanone 0.15 £ 0.021 nd. nd. nd. 0.15+0.022 0.18+£0.053 nd. nd. nd. 0.18£0.053
5-methylfurfural 15+£0.22 0.045 + 0.0067 nd. nd. 16021 2.3+0.66 0.053 +0.0089 nd. nd. 241067
Pyridines
Pyridine 0.42£0.059 nd. nd. nd. 0.42 +0.056 0.67£0.20 nd. nd. nd. 0.67 £0.20
2,6-Dimethylpyridine nd. nd. nd. nd. 0.010 £ 0.0025 nd. nd. nd. nd. 0.015 + 0.0046
2,5-Dimethylpyrazine 0.049 +0.012 nd. nd. nd. 0.071+0.011 0.034 +0.021 nd. nd. nd. 0.050 + 0.024
2-Ethenylpyridine nd. nd. nd. nd. nd. nd. nd. nd. nd. nd.
3-Ethylpyridine nd. nd. nd. nd. nd. nd. nd. nd. nd. nd.
4-Ethenylpyridine 0.39£0064 0.075+0.0051 0.044 +0.020 nd. 0.51+0.049 040£0.076  0.079%0.0091 0.052+0.016 nd. 0.54£0.079
3-Ethenylpyridine nd. nd. nd. nd. 0.014 £ 0.0057 nd. nd. nd. nd. 0.014 +0.0054
2,3,5-Trimethylpyrazine nd. nd. nd. nd. 0.017 +0.0028 nd. nd. nd. nd. 0.011+0.0025
Additives
Benzyl Alcohol nd. 0.019£0.016  0.020+0.015 nd. 0.054 +0.030 0.014+0.019 0034£0.0051 00170018 0.023+0.0054  0.090 £ 0.029
Linalol nd. nd. nd. nd. 0.014 £0.0018 0.041+0.045 nd. nd. nd. 0.054 +0.054
Menthol 100 + 20 9.7£061 0.051+0.016 042£0.22 110+20 100 £ 19 72+042 0.071£0.073 12013 110+ 19
4-Ethyl guaiacol nd. nd. nd. nd. nd. nd. nd. nd. nd. nd.
Eugenol nd. nd. nd. nd. 0.026 + 0.0049 0.013+0.014 nd. nd. nd. 0.034 +0.016
Others
Nicotine (mg/stick) 0.25 £ 0.043 27129 25£0.38 nd. 3033 1.7+0.33 4092 23£0.32 nd. 44198

Tropical Swirl True Berry Boost

cartridge filter fishtale impinger total cartridge filter fishtale impinger total
Furans
Furfural 43£062 0.014£0.011 nd. 0.010 £ 0.0028 44£062 41£0.70 nd. nd. nd. 41£0.70
Furfuryl Alcohol 92£10 0.010£0.0038  0.011+0.015 nd. 93£10 8.0+0.69 nd. nd. 0013£0.0046  8.0£0.69
2(5H)-furanone 0.14£0.014 nd. nd. nd. 0.14£0.015 0.14£0.017 nd. nd. nd. 0.14£0.017
5-methylfurfural 17+0.18 0.054 £0.014 nd. nd. 17+£0.18 12023 0.049 +0.020 nd. nd. 13+025
Pyridines
Pyridine 0.44£0.073 nd. nd. nd. 0.44+0.073 0.44 £0.044 nd. nd. nd. 0.45 £ 0.040
2,6-Dimethylpyridine nd. nd. nd. nd. nd. nd. nd. nd. nd. 0.010+0.0013
2,5-Dimethylpyrazine 0.023 £ 0.0071 nd. nd. nd. 0.037 £0.011 0.053+0.010 nd. nd. nd. 0.059 +0.014
2-Ethenylpyridine nd. nd. nd. nd. nd. nd. nd. nd. nd. nd.
3-Ethylpyridine nd. nd. nd. nd. nd. nd. nd. nd. nd. nd.
4-Ethenylpyridine 0.36+0.040  0.096+0.0040  0.0620.011 nd. 0.52+0.038 0.37£0.026  0.10£0.0079 0.052 +0.0074 nd. 0.52+0.027
3-Ethenylpyridine nd. nd. nd. nd. 0.011£0.0092 nd. nd. nd. nd. 0.018 +0.0041
2,3,5-Trimethylpyrazine nd. nd. nd. nd. 0.013 £ 0.0071 nd. nd. nd. nd. 0.010 +0.0035
Additives
Benzyl Alcohol 0.041£0011 00710014  0.026+0.012 nd. 0.14+0.034 0.18+0.055 0.064+0.0095 0.012+0.0064 0023+0016  0.28+0.053
Linalol nd. nd. nd. nd. 0.017 £0.0043 0.015 +0.0036 nd. nd. nd. 0.028 +0.0042
Menthol 74131 69+14 0.034 £0.0078 0.94 £047 8134 8677 8.9+0.66 0.048 +0.044 11£044 9776
4-Ethyl guaiacol nd. nd. nd. nd. nd. nd. nd. nd. nd. nd.
Eugenol nd. nd. nd. nd. 0.021+0.016 nd. 0.014 +0.022 nd. nd. 0.031+0.025
Others
Nicotine (mg/stick) 12+0.38 3545 21£072 0.010 £ 0.0072 3949 nd. 1855 17+039  0.0110.0034 2059
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Table.1 Analysis conditions

Items Contents
Scheme SIMPLE
Turbulence model Standard k- model
Meshes Approximately 1,300,000
Calculation time 60s ( Lcycle)
CO; emission [ppm] Non-smoking 40,000
(Mainstream smoke) Heated tobacco 42,000
CO; emission [ppm] 1100
(Sidestream smoke) ’
Nicotine emission [mg/stick] 1.640
(Mainstream smoke) )
Nicotine emission [mg/stick] 0056
(sidestream smoke) )
Exhalation 32
Temperature [°C] Indoor air 24
Heated tobacco = 47
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evaluation of carcinogenic risks to humans, Vol.83,
Tobacco smoke and involuntary smoking, 2004.

(2) Frank Kelley St. Charles et. al.: Methodologies for
the quantitative estimation of toxicant dose to cigarette
smokers using physical, chemical and bioanalytical

data, Inhalation Toxicology, 25(7), p.383-397, 2013.
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Mean £ SD (n=7).
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Welch’s ANOVA test, post-hoc fi##7(% Dunnett T3 75

n = 3, *p<0.05.
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