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Figure 1. Schematic of the mainstream smoke collection system
using a GF-CX572 cartridge.
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Figure 2. Outline of the two-phase/one-pot elution method for GF-
CX572 cartridge collected with mainstream cigarette smoke.
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Table 1. Summary of the smoking parameters.

Variable ISO HCI
Puff Volume (mL) 35 55
Interval (s) 60 (38, glo) 30 (16, glo)
Duration (s) 2 2
Vent open close

Table 2 (Z HCI {&THIE L7 L WE R A &%, Table
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Scheme 1. The oxidation reaction of propylene glycol to form
carbonyl compounds.
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Figure 3. Comparison of chemical compounds generated from
traditional cigarettes, iQOS, glo, and Ploom TECH. Upper and lower
panels show HTPs without menthol and HTPs with menthol,
respectively. Data are mean values for each stick or cigarette. 2,5-
DMF, 2,5-dimethylfuran.
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Table 2. VOCs, nicotine, carbonyls, water, and TGPM in mainstream cigarette smoke from HTPs and traditional cigarettes collected using the
GF-CX572 cartridge, followed by one-pot elution and the HCI regimen, in units of pg/stick or pg/cigarette.

iQOS, pg/stick glo, pg/stick PloomTECH, ug/stick Reference Cigarette
HC regimen Regular Menthol Mint bright fresh mix intensely Regular Coolar Green Coolar 1R5F 3R4F CM6
tobacco fresh Purple
puff number 12 12 12 12 12 12 12 12 12 6.8 £+0.34 11 +£0.70 13 +0.39
1,3-butadiene 0.21#0.03 0.21+0.11 0.21 +0.07 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 93 +£9.0 100+ 7.9 110 £7.9
isoprene 171045 25+0.18 2.8+0.80 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 83073 930 +92 980 +71
acrylonitrile 0.14+0.02 0.16 +0.03 0.14 +0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 28 +2.9 28 +1.6 21 +0.69
diacetyl 43 +5.4 65 £11 75 £15 48 £2.9 61 +0.57 47 £2.5 <0.05 <0.05 <0.05 230 37 330 +21 270 19
benzene 0.66 £0.09 0.91+0.11 0.89 +0.07 0.12+0.01 0.1+0.01 0.09+0.01 <0.02 <0.02 <0.02 93+7.5 110 +4.4 100 £3.1
2,5-DMF 1.2 +0.25 2.1 +0.35 2.0+0.28 0.18 +0.01 0.27 +0.04 0.15 +0.04 <0.03 <0.03 <0.03 28 2.1 68 +4.8 87 6.9
acetol 150 +32 230 +42 260 =75 170 +11 200 *14 140 +12 <0.08 <0.08 <0.08 50 +5.5 80 £7.8 110 +11
propylene glycol 320 82 390 +60 370 £150 850 +26 270 13 430 £62 6500 +£1000 4500 £200 6800 +960 28 £8.9 14 +2.0 11+1.9
toluene 1.7+0.26 2.2+0.18 2.1+0.32 0.33+0.02 0.35+0.02 0.27 +0.03 0.33+0.06 0.31+0.03 1.9+0.33 160 +13 210 +9.6 180 6.2
pyridine 6.8 +0.64 10 +1.5 9.7 +2.0 52056 6.0+0.29 4.9+0.39 <0.04 <0.04 <0.04 25 +3.0 34 +4.9 23 +3.7
furfural 26 4.1 33455 39 £12 100 £7.0 120 +2.8 84 +6.6 <0.03 <0.03 <0.03 54 +4.0 85 +16 180 +40
glycerol 4000 £970 5100 +370 5000 +790 5000 +390 4000 +210 4000 +280 3200 #320 2700 +98 3400 +340 1300 +350 1800 +18 59 +6.5
menthol 0.41£0.38 2400 £190 2000 240 6.8+2.4 2500 #290 2700 +210 0.41 £0.15 510 +16 720 +85 <0.01 <0.01 <0.01
nicotine 1200 £130 1200 +29 1200 *170 570 +66 510 +22 440 £33 270 +7.8 170 +2.1 250 +24 1100 £170 2100 +120 2600 +260
formaldehyde 4.8+1.0 6.2 +0.63 6.0 +0.86 10 +1.5 10 +0.57 8.6 £+0.49 <0.07 <0.07 <0.07 25+0.75 41 £2.7 42 +4.0
acetaldehyde 190 +16 210+5.1 230+9.9 240 4.8 260 +9.2 250 +14 0.51+0.09 0.59+0.11 0.25+0.10 1300 +88 1500 +19 1200 +12
acetone 36+4.1 87 +6.4 48 3.2 26 0.6 2711 25+2.1 1.5+0.24 1.8+0.28 0.82+0.15 530 £32 630 8.3 510 +0.79
acrolein 7.3+11 8.2 +0.83 8.3 +0.86 5.5+0.12 5.3 +0.45 49+041 <0.2 <0.2 <0.2 110 +6.8 130 +6.5 100 +4.5
propanal 14 +1.7 15 +0.57 17 +1.2 15 +0.65 14 +0.19 12 +0.62 1.2+0.20 0.82+0.07 0.37£8.2 120 £9.9 150 +12 120 +8.2
crotonaldehyde 7.510.72 45+1.2 3.8+0.31 18 +0.34 18 +0.6 14 1 <0.2 <0.2 <0.2 40 +3.9 48 +3.2 51+2.8
2-butanone 9.9 +0.93 14 +0.67 11 +0.69 15 +0.18 15 +0.26 15 +0.67 <0.2 <0.2 <0.28 160 +10 200 +10 170 +11
butanal 19+1.1 20 +0.36 22 +0.38 28 +0.63 30+1.1 29+2.1 <0.2 <0.2 <0.2 61 +4.2 76 £2.4 80 5.0
benzaldehyde 20+0.37 214043 2.4+0.43 6.0+0.23 6.5+0.05 5.90.53 <03 <03 <03 6.4+1.1 85+1.0 13 3.0
i-valeraldehyde 9.5 +0.74 13 +0.90 14 1.3 12 +0.34 13 +0.45 12 +1 <0.3 <0.3 <0.3 51 +5.0 57 +0.5 61 +4.6
glyoxal 4.5 +0.34 5.4 +0.18 5.4 +0.24 6.5 +0.24 7.8 £0.35 7.4 £0.61 <0.2 <0.2 <0.2 201.9 26 +0.32 2614
methylglyoxal 75+1.8 5.2+0.72 54+1.0 3722 33+0.77 29 £0.72 <0.2 <0.2 <0.2 17 £1.6 2024 38+2.8
heptanal 6.1 0.40 8.0 £0.59 6.9 £0.44 13+0.1 17 £1.6 17 £0.94 <0.5 <0.5 <05 17 £2.2 22+1.4 20 2.0
2-nonenal <0.5 72 2.3 74 £1.6 <0.5 27 1.4 6.5 +0.26 <0.5 <0.5 <0.5 <05 <0.5 <0.5
water (mg) 33+1.9 32+2.3 38 £2.3 23 2.0 2216 22+2.8 12 +0.76 8.5 +0.65 9.5 +0.79 7.6 £0.68 7.7 £0.65 5.2 +0.50
TGPM (mg) 39+2.6 43 +0.80 45 £2.7 2915 29 +0.29 30+1.8 18 +1.1 17 £0.23 19 +2.6 28 £2.3 34 2.6 30 +0.30

TGPM, total gaseous and particulate matter; 2,5-DMF, 2,5-dimethylfuran
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Table 3. VOCs, nicotine, carbonyls, water, and TGPM in mainstream cigarette smoke from HTP and traditional cigarettes collected using the
GF-CX572 cartridge, followed by one-pot elution and the 1SO regimen, in units of ug/stick or pg/cigarette.

iQOS, ug/stick glo, pg/stick PloomTECH, pg/stick Reference Cigarette
ISO regimen , ,

g Regular Menthol Mint téjt:g;chcto fresh mix |n'§ctreg:§|y Regular  Coolar Green gg?;laer 1R5F 3R4F CM6
puff number 6 6 6 6 6 6 6 6 6 6.5 +0.25 7.8 £0.22 8.1 +0.30
1,3-butadiene 0.10+0.03 0.11+0.01 0.15+0.04 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 23 +0.53 46 +1.8 62 +2.4
isoprene 1.2 +0.24 1.5+0.34 1.2 +0.34 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 120 +7.4 360 +£28 530 £16
acrylonitrile 0.06 £0.02 0.05+0.02 0.06 +0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 2.1+0.47  9.5+0.82 13 +0.37
diacetyl 42 5.9 49 7.5 41 2.0 55455 57 £3.0 54 1£2.4 <0.05 <0.05 <0.05 34 +4.9 120 +8.9 150 16
benzene 0.50+0.03 0.62+0.09 0.53+0.14 0.19 £+0.02 0.20+0.02 0.19 +0.01 <0.02 <0.02 <0.02 15+1.6 50 +2.4 67 £2.7
2,5-DMF 1.0 £0.18 1.4 +0.36 1.2 +0.14 0.34£0.12 0.34+0.15 0.38 +0.06 <0.03 <0.03 <0.03 4.3+0.44 27 £3.1 47 £3.8
acetol 65 +18 81 +31 54 10 40 +6.8 46 £6.9 49 11 <0.08 <0.08 <0.08 4.6 +0.78 22+1.4 63 +7.2
propylene glycol 130 +30 120 +33 66 +19 110 +11 50 6.1 40 +8.9 520 +20 360 +9.6 250 +4.7 0.56 +0.33  3.2+0.23 6.8+2.1
toluene 1.0+0.22 1.3+0.31 1.0 +0.09 0.43+0.04 0.42+0.11 0.59+0.19 0.17#0.01 0.17+0.01 0.15+0.01 19 +4.0 83 5.6 100 +6.3
pyridine 4.0 +0.72 5110 3.3+0.27 16 £1.3 14 £1.7 1.2 +0.16 <0.04 <0.04 <0.04 1.1 +0.42 9511 1316
furfural 11 +2.6 10 +3.6 7.7 £0.96 68 £7.2 79 +42 150 +25 <0.03 <0.03 <0.03 1.2 +0.35 14 £2.0 93 +15
glycerol 1900 +460 2200 +640 1600 +870 750 +100 690 +110 760 +230 580 55 570 £17 390 18 84 +14 680 +77 45 +6.4
menthol 0.60 £0.40 1100 +120 780 +140 3.0+0.84 1300 +66 1700 +390 <0.01 190 +8.4 160 4.3 <0.01 <0.01 <0.01
nicotine 400 =66 430 £78 320 £110 150 +20 140 +30 150 +29 70 £8.2 68 £2.0 60 +4.0 120 +43 760 £10 1200 +130
formaldehyde 3.4+0.23 2.6+0.34 3.0%0.27 29+0.09 21024 2.0x0.14 <0.07 <0.07 <0.07 5.1 £0.64 16 +0.38 29+2.4
acetaldehyde 150 +7.0 150 +8.3 160 7.9 86 +2.0 8315 87 £0.73 <0.1 <0.1 <0.1 160 £15 590 +29 680 +14
acetone 2115 2221 29+2.0 7.3 £0.36 7.4 £0.23 7.4 +0.28 1.1+0.36 0.78+0.10 0.48 +0.03 7111 250 11 300 £7.4
acrolein 4.0 +0.62 3.9+0.61 3.7 £0.54 1.7 £0.09 1.5 +0.06 1.5+0.02 <0.2 <0.2 <0.2 11 +0.74 45 1.5 55 +0.69
propanal 12 +0.81 11 +0.91 11 +0.79 6.1 +0.46 5.3+0.37 5.3+0.30 1.2+0.21 0.62+0.12 0.30+0.11 16 +2.0 55+3.1 59+24
crotonaldehyde 2.6 £0.19 2.8 +0.22 2.7 +0.28 4.5 +0.27 3.4 +0.98 2.1+0.73 <0.2 <0.2 <0.2 5.8 +0.55 17 £1.0 25+1.8
2-butanone 7.4 £0.41 7.8 £0.55 8.7 x0.74 6.3 £0.13 6.4 £0.44 6.4 +0.10 <0.2 <0.2 <0.28 23+3.4 81 +3.0 100 £3.9
butanal 15 +0.39 15 +0.56 15 +0.72 8.0+0.32 79032 8.3+0.20 <0.2 <0.2 <0.2 8.7 £0.82 26 +1.1 39+1.8
benzaldehyde 0.81+0.08 0.69+0.06  0.68+0.09 1.1 +0.22 1.0+0.13 0.69 +0.12 <0.3 <0.3 <0.3 0.0 2.1 +0.16 3.5+0.75
i-valeraldehyde 8.8 £0.29 7.4 £0.39 8.3 +0.52 3.4 £0.19 3.5+0.14 3.7 +0.06 <0.3 <0.3 <0.3 4.6 +0.96 22+1.6 30 5.6
glyoxal 3.6+0.14 35+0.19 3.8%0.31 1.8+0.06 2.0+0.04 2.0+0.07 <0.2 <0.2 <0.2 2.2+0.44  8.9+0.55 13 +0.76
methylglyoxal 1.8+1.3 1.5+0.38 1.4 +0.39 4.4 +0.63 43+1.3 3.4 £0.85 <0.2 <0.2 <0.2 3.0 £0.55 14 +1.1 30+5.3
heptanal 5.2 £0.52 5.5+0.31 6.2 £0.21 4.7 +0.54 5.8 +0.16 5.9 +0.67 <05 <05 <0.5 9.2 +0.79 19 +0.91 19£1.0
2-nonenal <05 33+1.1 32+2.1 <05 13 +0.91 3.5+0.37 <05 <05 <05 <05 <05 <05
water (mg) 20 +3.5 19 +0.48 20+2.1 16 1.6 16 £0.90 15 +2.0 6.0 £0.83 46+1.1 3.8+0.4 3.1+0.31 3.2+0.45 4.7 +0.11
TGPM (mg) 20 +2.8 2.1+1.38 22 +2.6 16 £1.7 17 £1.3 17 £2.4 7.5+1.0 8.7+0.23  5.2+0.27 4.8+1.1 14 +0.64 21 +1.8

TGPM, total gaseous and particulate matter; 2,5-DMF, 2,5-dimethylfuran
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Figure 4. Comparison of chemical compounds including tar
generated from traditional cigarette, iQOS, glo and Ploom TECH.
Data are mean values for each stick or cigarette.
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Figure 5. Changes in the temperature of tobacco leaves in HTPs
and the generation of nicotine and TGPM at each puff. Light-colored
red line and broken red line indicate preheating and after smoking,
respectively. Pale gray line indicates the temperature change
without smoking.
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Table 4. Chemical compounds generated from HTPs at every puff sampling. Pale red zone indicates at heater on and pale blue zone
indicates at heater off. Smoking protocol is HCI regimen. Puff volume is 55 mL and puff duration is 2 s. Unit is pg/puff.

iQ0sS

puff number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
temperature 180 186 196 202 208 211 217 221 225 228 231 235 209 127 94 76 65 58 53 49
diacetyl 55 62 60 48 38 52 47 55 59 61 57 61 47 14 07 04 02 01 01 01
acetol 13.0 12.0 159 148 16.8 183 17.8 195 192 185 169 187 152 90 65 44 32 28 25 23
propylene glycol 24 72 171 190 226 274 299 329 310 290 251 264 92 39 23 15 06 02 01 00
furfural 31 34 39 37 41 43 41 45 44 43 40 44 36 22 15 11 08 05 04 03
glycerol 436 307 337 298 290 296 283 270 245 201 190 204 152 00 00 00 0.0 00 00 00
menthol 190 225 241 213 213 225 211 213 208 194 180 189 119 79.7 619 539 395 343 278 240
nicotine 85.1 982 107 99.0 107 109 108 106 98.3 851 832 856 170 27 22 14 13 15 08 07
formaldehyde 05 08 07 04 07 03 06 05 04 04 03 06 08 02 00 00 00 00 00 o000
acetaldehyde 108 312 213 19.0 177 147 128 127 120 18 1.2 107 91 17 07 02 01 01 02 0.0
acetone 22 57 59 69 65 62 59 62 61 61 61 59 57 28 21 18 19 15 14 13
acrolein 04 08 07 07 06 06 06 06 06 07 07 07 06 02 00 00 00 00 00 00
propanal o8 14 12 12 11 11 10 10 09 09 09 09 08 04 03 03 02 03 02 02
butanal 12 30 23 20 17 14 12 11 09 08 08 07 06 00 00 00 00 00 00 00
i-valeraldehyde 09 32 26 23 19 15 13 11 10 09 07 06 05 00 00 00 00 00 00 00
2-nonenal 31 78 83 89 72 61 56 52 49 44 41 36 35 22 17 14 14 08 00 00
TGPM (mg/puff) 31 37 40 36 33 28 22 22 18 16 15 14 09 05 02 02 02 01 01 00
water (mg/puff) 23 28 31 26 21 19 15 14 14 10 06 08 02 04 02 00 01 01 01 01
glo

puff number 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20
temperature 91.8 115 165 172 230 237 238 226 194 170 151 135 121 110 995 90.7 83.1 76.5 70.8 65.7
diacetyl 03 08 29 36 82 92 145 144 66 26 12 07 05 04 03 03 02 01 01 01
acetol 10 24 58 6.8 108 174 182 161 94 58 39 28 23 19 15 15 13 10 1.0 07
propylene glycol 20 90 105 80 72 62 48 32 16 07 02 00 00 00 00O 00 00 00 00 oO1
furfural 06 18 62 63 78 139 120 89 55 34 23 19 15 14 06 09 07 06 05 04
glycerol 120 453 510 492 304 236 248 232 178 105 402 54 00 00 00 00 00 00 00 00
menthol 429 451 578 441 324 235 174 136 928 66.9 50.5 406 37.0 327 30.5 31.7 274 243 234 215
nicotine 19.1 36.5 50.2 484 581 588 404 243 146 64 23 08 02 01 01 01 01 01 01 041
formaldehyde 20 20 14 15 16 17 22 20 16 07 04 04 00 00 00 00 00 00 00 00
acetaldehyde 133 219 170 164 282 185 199 173 115 75 74 68 63 63 57 60 61 57 58 52
acetone 20 27 28 29 35 39 43 41 31 23 20 18 18 17 17 15 16 16 16 16
acrolein 05 06 07 06 07 08 08 07 04 00 00O OO 00 00O 00O 00 00 00 00 o000
propanal 24 30 31 28 33 32 35 29 20 16 13 12 12 11 11 10 11 11 10 10
butanal 26 39 22 20 45 16 09 00 00 00 0O 0O 00O 00 00O 00O 00 00 00 o000
i-valeraldehyde 13 15 08 10 19 00 0O 00O 00O 0O OO 00O 0O OO 0O 00O 0O 00 00 00
2-nonenal 93 79 77 59 46 34 24 19 14 11 00 00 00 00 00O 00 00 00 00 00
TGPM (mg/puff) 37 41 45 36 28 22 19 16 11 08 07 06 04 05 05 04 04 04 03 04
water (mg/puff) 26 31 34 26 19 12 12 10 07 05 05 06 04 04 05 05 01 03 03 02
PloomTech

puff number 1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15 16 17 18 19 20
temperature 23.2 233 234 235 235 235 235 235 234 234 234 234 234 234 234 234 234 234 234 234
diacetyl nd. nd. nd. nd. nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
acetol nd. nd. nd. nd. nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
propylene glycol 666 640 633 665 618 629 685 676 661 652 646 648 652 655 695 659 623 586 647 656
furfural nd. nd. nd. nd. nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
glycerol 114 227 262 267 242 264 276 291 280 268 257 246 274 269 287 239 231 197 232 242
menthol 112 102 104 103 101 948 101 100 974 101 894 882 885 855 864 90.3 88.0 86.6 835 83.8
nicotine 20.7 204 216 218 215 218 213 213 196 201 189 179 175 173 17.7 173 165 157 153 144
formaldehyde nd. nd. nd. nd. nd. nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
acetaldehyde nd. nd. nd. nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
acetone nd. nd. nd. nd. nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
acrolein nd. nd. nd. nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
propanal nd. nd. nd. nd. nd. nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
butanal nd. nd. nd. nd. nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
i~valeraldehyde nd. nd. nd. nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
2-nonenal nd. nd. nd. nd. nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
TGPM (mg/puff) 14 15 14 16 15 14 15 13 14 15 15 15 15 16 14 15 14 13 13 12
water (mg/puff) 04 07 04 08 05 04 07 08 04 06 04 03 09 05 02 07 04 02 06 05
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Figure 6. Changes in the generated nicotine with temperature.
Deep- and light-colored circles indicate the data when the heating
system was switched on and the data when the heating system was
switched off, respectively.
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Figure 7. Changes in cumulative amounts of nicotine in mainstream
HTPs smoke with puff number. Closed circles indicate the data
under turning on the heating system and open circles indicate under
turning off the heating system.
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Figure 8. Changes in the generated pyrolysis products with
temperature. Deep- and light-colored circles indicate the data when
the heating system was switched on and the data when the heating
system was switched off,respectively.
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Figure 9. Changes in cumulative amounts of pyrolysis chemicals in
mainstream HTPs smoke with puff number. Closed circles indicate
the data at turning on the heating system and open circles indicate
at turning off the heating system.
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