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Fig. 1. Construction of various kinds of tobacco products.
Reproduced with permission from Fig. 1 in Ref.[4].
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Fig. 2. Schematic of the atomizer of E-cigarette.
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Fig. 3. Changes in temperature with time at various
points of atomizer.
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Fig. 4. Changes in temperature with time at

various electric power of atomizer.
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Fig. 5. Schematic drawing of the system for measuring
temperature and sampling chemical compounds generated
from HTPs.
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Fig. 7. Changes in the amounts of TGPM and nicotine generated from E-Cigarette under electric power. TGPM: total

gaseous and particulate matter.
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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
BUTCOAIILTERL, I7OVILERETD. GLYD
FEE PG LD#) 25 85<, Oy b (TRELVE#NC
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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

FIT TV R=IVEEML, S5RDMBBKRIECEK
D7oOLA>ZERT D EMEREND. —75, 7

OH H (0]
H,C” H,C ~c”
] — N — |
CH CH’ C
HsC” “OH HaC” Hae” o
propylene glycol propylene oxide methylglyoxal
CH
H,C—OH HaC M2
| >o HC
CH—OH — ClH — |
C
H,C—OH H,C—OH o? NH
glycerol glycidol acrolein

Scheme 1. Thermal decomposition of PG and GLY.
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Fig. 14. Size-distributions of particulate matter generated from E-cigarettes under various electric power.
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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
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Fig. 15. Size-distributions of particulate matter
generated from HTPs.
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