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Scheme 1. Thermal dehydration and decomposition of propylene glycol and glycerol to form oxides and carbonyls.
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Table 1. Chemical compounds in mainstream smoke from HTPs, E-Cigarettes and traditional cigarette collected
with the sorbent cartridge followed by one-pot elution method. n.a., not analyzed; 2,5-DMF, 2,5-dimethylfuran.

E-Cigarette (40W) Heated Tobacco Product ‘ Cigarette
compound BrandA Brand B  Brand C IQ0S IQOS glo PT CM6
uo/15puff  pg/i5puff  pg/l5puff  pg/stick Nicoless pg/stick Ja/stick  ug/cigarette

Puff Number 15 15 15 12 12 12 12 13
1,3-butadiene <0.03 <0.03 <0.03 0.21 n.a. <0.03 <0.03 110
isoprene 0.0 1.7 0.0 25 0.24 <0.04 <0.04 980
propylene oxide 1.5 13 4.6 0.67 5.3 0.03 n.a. n.a.
glycidol 12 29 3.7 2.7 17 0.71 n.a. n.a.
acrylonitrile 0.0 1.4 0.1 0.16 0.40 <0.03 <0.03 21
diacetyl 2.1 5.3 2.6 65 7.4 61 <0.05 270
benzene <0.08 <0.08 <0.08 0.91 0.84 0.1 <0.02 100
toluene <0.08 <0.08 <0.08 2.2 2.3 0.35 1.9 180
2,5-DMF 1.2 0.5 0.3 2.1 0.89 0.27 <0.03 87
furfural 11.2 4.7 25 33 28 120 <0.03 180
acetol 150 140 120 230 190 200 <0.08 110
propylene glycol 310000 240000 230000 390 19000 270 6800 11
glycerol 130000 100000 98000 5100 6900 4000 3400 59
menthol 2000 1100 1400 2400 3900 2500 720 <0.01
nicotine 1200 790 890 1200 8.5 510 250 2600
formaldehyde 39 2100 5.1 6.2 2.8 10 <0.07 42
acetaldehyde 170 350 0.62 210 69 260 0.25 1200
acrolein 21 170 3.8 8.2 8.2 5.3 <0.2 100
crotonaldehyde <0.2 <0.2 <0.2 4.5 3.0 18 <0.2 51
butanal <0.2 <0.2 <0.2 20 15 30 <0.2 80
glyoxal 0.3 1000 3.4 5.4 3.2 7.8 <0.2 26
methylglyoxal 25 440 290 5.2 9.7 88 <0.2 38
TGPM (mg) 440 340 300 43 50 29 19 30
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Fig. 1. Representative chromatographic profiles of carbonyl
compounds in particulate matter (upper panel) and gaseous
compounds (lower panel) generated from E-cigarettes. FA,
formaldehyde; AA, acetaldehyde; AC, acetone; ACR,
acrolein; PA, propanal; GO, glyoxal; MGO, methylglyoxal.
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Fig. 2. UV-visible absorption spectra of monoaldehyde-
DNPhydrazones (black lines) and dicarbonyl-
DNPhydrazones (blue lines). FA, formaldehyde; AA,
acetaldehyde; AC, acetone; ACR, acrolein; PA, propanal;
GO, glyoxal; MGO, methylglyoxal.
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Fig. 3. Representative chromatographic profile of propylene
oxide (PO) in gas phase of E-cigarette smoke.

0.10 ¢ CS, PG GLY
CFP
0.08
S 0.06
go- IS
k] MT
c
30.04
@ NT
0.02 LA
0.00 £t o . . . ]
0 5 10 15 20 25 30 35 40
time, min
0.10
008 p —TIC Pe
° —m/z 44
20.06
°
So0.04 }
< GLD
0.02 | N
0.00
18 18.5 19.5 20

19
time, min
Fig. 4. Representative chromatographic profile of glycidol
(GLD) in particle phase of E-cigarette smoke.

23



Ch BFFANTIDHEEENHLILEYEREE FEZNRNaARKDOE S I0W~80W IZREL, AT
BITFATL TV D, Wbidd “BERE X/ a” HALFE B T LTz, BHE X328l 5, &
13, HEENEENNIELZLENTESD. 22T, & N1 WEREEOFREE Fig. 5~Fig. 712~ 7.

1600 1200 500

formaldehyde acetaldehyde acrolein
1200 egas egas 400 @ gas
2 ® particle 2 800 ® particle 2 200 ® particle /vo
£ O M 2 NG g <
5 800 5 3
o o o
£ Y £ £ 200
© S 400 <
400 H
100
0 g - 0 0
10 30 X 50 70 10 30 . 50 70 10 30 . 50 70
electric power, W electric power, W electric power, W
1600 1000 1500
glyoxal methylglyoxal TGPM °
1200 egas 800 e gas ®gas
o e particle . o particle o] 1000 ® particle A
: 0 = 600 g
£ 800 [ g Ox £
2 Ox 2 400 2
g s & 500
400
200
. - oo —0-0 o 0o
0 0 o. 0 o P P
10 30 . 50 70 10 30 . 50 70 10 30 . 50 70
electric power, W electric power, W electric power, W
25 - 120 - 5000
propylene oxide glycidol nicotine °
20 ®gas ®gas 0 4000 0 gas
o ® particle o 80 | ® particle [>\/o H o ® particle
215 2 <3000
5 0o g £
g 10 \>\ g £ 2000
© S 40 5
5 1000
0 0 0 o o 5 5 Py p——
10 30 . 50 70 10 30 . 50 70 10 30 . 50 70
electric power, W electric power, W electric power, W

Fig. 5. Changes in the amount of chemicals generated from E-Cigarette (brand A) with electric power. Puff volume,
number and duration are 55 mL, 15 times and 60 s, respectively. TGPM: total gaseous and particulate matter.

10000 20000 10000 -
formaldehyde acetaldehyde acrolein
8000 I egas 16000 o gas 8000 [ egas
@ particle ® particle @ particle (0]
26000 212000 26000 AN
3 3 3
£ 4000 £ 8000 £ 4000
© © ©
2000 [ 4000 2000 |
0 0 PY 0 ° —
10 30 . 50 70 10 30 . 50 70 10 30 . 50 70
electric power, W electric power, W electric power, W
3500 1500 700
lyoxal methylglyoxal TGPM
3000 b yigly 600 |
®gas ® gas @ gas
C,ZSOO ® particle 1000 @ particle o o 500 @ particle
2000 z o € 400 |
5 5 A =
21500 2 2 300
g E 500 g
1000 o ® 200 |
500 / 100 [
4 __..-—-0/
0 0 S P o o a
10 30 . 50 70 10 30 . 50 70 10 30 . 50 70
electric power, W electric power, W electric power, W
100 - 200 - 1200
propylene oxide glycidol nicotine o
1000 f
80 ®gas 160 ®gas ®gas
o ® particle o ® particle 0 o 800 ® particle
> 60 | 3120 |>\/o H E
g 5 £ 600
g 40 g 8 g
s 5 & 400
20 | 40 200
__r’/‘, b
0 0 . 0
10 30 . 50 70 30 . 50 70 10 30 . 50 70
electric power, W electric power, W electric power, W

Fig. 6. Changes in the amount of chemicals generated from E-Cigarette (brand B) with electric power. Puff volume,
number and duration are 55 mL, 15 times and 60 s, respectively. TGPM: total gaseous and particulate matter.
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Fig. 7. Changes in the amount of chemicals generated from E-Cigarette (brand C) with electric power. Puff volume,
number and duration are 55 mL, 15 times and 60 s, respectively. TGPM: total gaseous and particulate matter.
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Table 2. Physical properties of
generated from E-cigarettes

chemical compounds

compounds g//l%\é.l l?)cp:) vaporkazgssure
formaldehyde 30.0 -19.3 518.6 (25°C)
acetaldehyde 44.1 20.2 101 (20°C)
acrolein 56.1 53 29 (20°C)
glyoxal 58.0 51 2.4 (20°C)*
methylglyoxal 72.1 72 3.56 (25°C)
propylene oxide 58.1 34.2 58.9 (20°C)
glycidol 74.1 166 120 (25°C)
nicotine 162.2 248.8 0.006 (20°C)
glycerol 92.1 290 0.01 (25°C)
propylene glycol 76.1 188.2 10.6 (20°C)

*40% soln
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Fig. 8. Changes in the atomizer temperature with time at
various electric power values. (Brand A)

600
Brand_B
500
—75W
9 400 —10W
o
5
& 300
[
Q.
§ 200
100
puff
duration
O 1 L
0 5 .10 15 20
time, s
Fig. 9. Changes in the atomizer temperature with time at
various electric power values. (Brand B)
600
puff
duration Brand_C
500
—385W
9 400 —10W
v
=]
£ 300
()
Q.
g200 \
100 F
0 : .
5 ) 15 20
time, s

Fig. 10. Changes in the atomizer temperature with time at
various electric power values. (Brand C)



250 250
brand A_10W brand A_20W
200 } 200 |
o o
g150 | g150 }
3 p=}
s s
S 100 S100 | °
[=N [=8
£ ] £ 0c C
0 0
0 1 2 3 45 6 7 8 9 10 11 12 13 14 15 16 0 1 2 3 45 6 7 8 9 10 11 12 13 14 15 16
puff number puff number
250 250
brand A_30W brand A_40W
200 } 200 |
o o
g150 g1s50 | 140°C I L |
= . = . . ;
5 110°C L | L 1 §
8100 F 8100 }
£ £
2 L

o
o
T
al
o
T

(I e —————————————————————— o——
01 2 3 45 6 7 8 9 1011 12 13 14 15 16 0 1 2 3 45 6 7 8 9 1011 12 13 14 15 16
puff number puff number
250 250
brand A_ 50 W R brand A_ 60 W
200 | R - 200 | 180°C | T
e 160°C 1 11 | e .
g150 f ' g1s0 |
> >
© ©
2100 } 2100 |
£ £
i1} i}

o
o
T
a1
o
T

o o
01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
puff number puff number
250 250
200°C brand A_70W ° brand A_75W
200 k f A - . I - 200 190_ C| DL - ,
o o
g150 | g150 |
> >
© ©
2100 F 2100
£ 1S
e e

o
o
T
a1
o
T

0

0

0 1 2 3 45 6 7 8 9 1011 12 13 14 15 16 0 1 2 3 45 6 7 8 9 1011 12 13 14 15 16
puff number puff number
Fig. 11. Changes in the temperature of E-cigarette smoke with puff number at various electric power. Puff volume, puff

duration and puff interval are 55 mL, 3 min and 57 s, respectively. Red line indicates the mean value of maximum
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