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Element
Tobacco filler (concentration per gram) Tobacco filler (concentration per cigarette)

iQOS regular iQOS menthol 3R4F 1R5F iQOS regular iQOS menthol 3R4F 1R5F

Tar ― ― ― ― ― ― ― ―

Nicotine (mg/g) 15.7 ± 0.2 17.1 ± 0.6 19.7± 0.2 15.9 ± 0.3 4.7 ± 0.1 5.1 ± 0.2 15.0 ± 0.1 8.7 ± 0.1

TSNAs (ng/g) (ng/cig)

NNN 314.7 ± 4.8 336.7 ± 9.3 2477.0 ± 86.0 3067.0 ± 122.0 94.4 ± 1.4 101.0 ± 2.8 1889.0 ± 66.0 1691.0 ± 67.0
NAT 332.5 ± 5.2 315.0 ± 6.8 1758.0 ± 56.0 1656.0 ± 55.0 99.8 ± 1.6 94.5 ± 2.0 1341.0 ± 43.0 913.0 ± 30.0

NAB 18.5 ± 2.5 17.2 ± 1.2 85.0 ± 1.0 84.0 ± 2.0 5.6 ± 0.8 2.6 ± 0.4 65.0 ± 1.0 46.0 ± 1.0

NNK 170.4 ± 1.0 194.1 ± 2.0 697.0 ± 31.0 747.0 ± 19.0 51.1 ± 0.3 58.2 ± 0.6 532.0 ± 24.0 412.0 ± 10.0
Total of TSNA 836.1 ± 9.1 863.0 ± 13.4 5018.0 ± 83.0 5554.0 ± 167.0 250.8 ± 2.7 258.9 ± 4.0 3826.0 ± 63.1 3061.0 ± 92.0

CO ― ― ― ― ― ― ― ―
Values are mean ± SD, 3R4F and 1R5F are conventional combustion cigarettes. TSNAs: Tobacco specific nitrosamines, NNN: N-
nitrosonornicotine, NAT: N′-nitrosoanatabine, NAB: N-nitrosoanabasine, NNK: Nicotine-derived nitrosamine ketone, CO: Carbon 
monoxide.  

Table 1. Concentrations of tar, nicotine, CO and TSNAs in tobacco fillers of iQOS (regular and 

menthol) and conventional combustion cigarettes (3R4F and 1R5F).  

 

 

Table 2. Concentrations of tar, nicotine, CO and TSNAs in mainstream cigarette smoke and 

transfer rates of each component in iQOS (regular and menthol) and conventional 

combustion cigarettes (3R4F and 1R5F). 

Element
Mainstream cigarette smoke Transfer rate (%)

iQOS regular iQOS menthol 3R4F 1R5F iQOS regular iQOS menthol 3R4F 1R5F

TPM (mg/cig) 44.0 ± 11.4 49.9 ± 8.6 36.9 ± 1.9 28.9 ± 2.3 ― ― ― ―

Water (mg/cig) 33.1 ± 10.2 35.3 ± 8.3 10.1 ± 0.9 8.8 ± 1.1 ― ― ― ―

Tar (mg/cig) 9.8 ± 3.0 13.4 ± 2.2 25.2 ± 1.5 19.2 ± 1.3 ― ― ― ―

Nicotine (mg/cig) 1.1 ± 0.1 1.2 ± 0.1 1.7 ± 0.1 1.0 ± 0.1 23.4 23.5 11.3 11.5

CO (mg/cig) 0.44 ± 0.04 0.43 ± 0.04 33.0 ± 1.8 29.7 ± 1.7 ― ― ― ―

TSNAs (ng/cig)

NNN 19.2 ± 2.1 24.9 ± 3.5 311.1 ± 24.3 240.7 ± 6.6 20.3 24.7 16.4 14.2

NAT 34.0 ± 3.1 37.2 ± 3.9 246.4 ± 16.9 183.1 ± 6.0 34.1 39.4 18.3 20.1

NAB 4.5 ± 0.5 5.5 ± 0.6 30.4 ± 2.0 26.2 ± 0.5 80.3 211.5 46.8 57.0

NNK 12.3 ± 1.5 13.8 ± 2.6 250.4 ± 13.7 107.0 ± 5.0 24.1 23.7 47.1 26.0

Total of TSNA 70.0 ± 7.2 81.4 ± 10.4 838.2 ± 53.7 557.1 ± 15.7 27.9 31.4 21.9 18.2

Values are mean � SD, TPM: Total particulate matter, TSNAs: Tobacco specific nitrosamines, NNN: N-nitrosonornicotine, NAT: N′-
nitrosoanatabine, NAB: N-nitrosoanabasine, NNK: Nicotine-derived nitrosamine ketone, CO: Carbon monoxide.  
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研究要旨 加熱式タバコとは，タバコ葉を燃焼せず所定温度に加熱し，発生した蒸気を吸煙する喫煙具であ

る．そのため加熱式タバコは燃焼式タバコに比べて化学物質の発生量が少なく，従来の公定法（インピンジ

ャー法）では測定が困難である．そこで本研究では，固体捕集管 Carboxen572 カートリッジにグラスファ

イバーフィルターを装着した GF-CX572 カートリッジを用いた個体捕集/二相溶出法を開発し，加熱式タバ

コから発生するガス状物質と粒子状物質の同時分析を行った．加熱式タバコから発生する化学物質について

は，これまで分析データがほとんどなかったが，本研究で開発した手法により，微量物質の定性・定量を行

うことが可能になった．また，一服（puff）毎の分析も可能であり，より詳細な化学物質発生メカニズムが

明らかにされた．全体的に，総化学物質発生量（TGPM）は iQOS, 42 mg/stick; glo, 29 mg/stick; PloomTECH, 

18 mg/stick; 燃焼式タバコ, 31 mg/cigarette を示し，大きな差はなかった．しかし，加熱式タバコから発生す

る化学物質のほとんどは水分やプロピレングリコールであり，ベンゼンやホルムアルデヒドといった発ガン

性を持つ有害な化学物質は，従来の燃焼式タバコと比較して大幅に削減されていることが確認された．加熱

式タバコの中で最も TGPM が多かった iQOS の場合でも，通常の燃焼式タバコと比較してベンゼンが 9 割

減少，アセトアルデヒドやホルムアルデヒドも 8 割減少していることがわかった．しかし，ニコチンは，

iQOS, 1200 μg/stick; glo, 510 μg/stick; PloomTECH, 230 μg/stick 程度発生し，燃焼式タバコ 1900 μg/ cigarette と

比較して，相当量発生するため受動喫煙対策が必要である．この他，喫煙時のタバコは温度を詳細に測定す

ることにより，加熱式タバコから発生する化学物質と加熱温度の関係を明らかにした． 

 

A. 研究目的 

 タバコの煙には発ガン性物質を含む様々な有害物質

が存在し，健康への影響が懸念されている．そこで近年，

タバコの代替品として iQOS（フィリップモリス），glo

（ブリティッシュ・アメリカン・タバコ），Ploom TECH

（日本たばこ産業株式会社）といった加熱式タバコ

（Heated Tobacco Product, HTP）が急速に普及してき

た．iQOS と glo は専用のタバコ葉（ヒートスティック，

ネオスティック）を加熱し，発生したニコチンを含む蒸

気を吸煙する喫煙具である．Ploom TECH はプロピレ

ングリコールやグリセロールから構成されるリキッド

を加熱し，発生した蒸気をタバコ葉に通過させ，ニコチ

ンを含む蒸気を吸煙する喫煙具である．これらの加熱式

タバコは，従来の燃焼式タバコと比較して化学物質の発

生量が少ないとされている．しかし，実際に分析した報

告はほとんどない．そこで，本研究では粒子・ガスを同

時に測定可能な捕集カートリッジを作製し，各加熱式タ

バコから発生する化学物質の測定を行った．また，タバ

コ葉の温度を詳細に測定することにより，加熱温度と化

学物質発生量の関係を検討した． 

B. 実験 

Carboxen 572 粒子 300 mg を充填したカートリッジ

CX5721,2にガラスフィルターGFを挿入しGF-CX572カ

ートリッジを作製する．タバコ主流煙の捕集の概要を

Fig. 1 に示す．GF-CX572 カートリッジを自動喫煙装置

に取り付け，タバコ主流煙を捕集した．捕集を終えたカ

ートリッジは，二相/One-pod 溶出法 2（Fig. 2）により

溶出し，GC/MS でニコチンと VOC を，GC/TCD で水

分を分析した．また，溶出液に DNPH 溶液を添加して

カルボニル化合物を誘導体化し，HPLC で分析した． 

 

 

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. 

 

C．結果と考察 

C.1 加熱式タバコ主流煙の分析 

加熱式タバコ iQOS，glo，Ploom TECH 及び通常の燃

焼式タバコ（CM6，3R4F，1R5F）から発生する化学物

質を固体捕集 / 二相溶出法で分析した．なお，喫煙のプ

ロトコールは，Canadian Intense Regime（HCI 法）と

ISO に準拠したが，捕集条件をそろえるため puff 数は

12（HCI），6（ISO 法）にした．従って，3 分間稼働す

る glo は puff 間隔を HCI 法の場合 16 秒，ISO 法の場

合 38 秒である．（Table 1） 

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 に HCI 法で測定した化学物質発生量を，Table 

3 に ISO 法で測定した化学物質量発生量を示す．加熱式

タバコは，水分，プロピレングリコール，グリセロール，

アセトールを除いて，全体的に化学物質発生量は少ない．

水分量は，iQOS と glo の場合，総化学物質の 75～85%

であるのに対し，PloomTECH の場合は 17～27%であ

った．加熱式タバコから発生するプロピレングリコール

（HCI, 240–850 μg/stick）は，通常のタバコ（HCI, 11–

28 μg/stick）より非常に多い．加熱式タバコから発生す 

H2C
OH

CH
OH

propylene glycol

CH
H OH

C
OH3C

acetol

OO

H3C

C
H O

C
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methylglyoxal 

Scheme 1. The oxidation reaction of propylene glycol to form 
carbonyl compounds. 

 
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. 
 

る．また，アセトール（HCI, 140–260 μg/stick）も通常

のタバコ（HCI, 50–110 μg/stick）より発生量が多い．

アセトールはプロピレングリコールが加熱により酸化

され生成することが考えられる．Scheme 1 にプロピレ

ングリコールの酸化反応 3を示す． 

また，加熱式タバコから発生するニコチンは燃焼式タ

バコより少なく iQOS（1200 μg/stick）glo（510 μg/stick）

PloomTECH（230 μg/stick）であった．一方，タバコ葉

に含有するニコチンからの発生率は iQOS（23%）glo

（30%）PloomTECH（3.5%）であった． 

燃焼式タバコ及び加熱式タバコから発生した化学物質

量の比較を Figure 3に示す．下図はメントールを含むヒ

ートスティックである．化学物質は CM6において発生量

の多い順に示してある．燃焼式タバコと加熱式タバコか

ら発生する化学物質は組成が大きく異なることが分かっ

た．標準タバコからはアルデヒド類等の熱分解物が多く

発生したのに対し加熱式タバコからはプロピレングリコ

ールやグリセロールなどの一次発生物が多く検出された． 

C.2 加熱式タバコから発生するタールについて 

タールとは有機物質の熱分解により発生する粘り気

のある黒褐色の油状液体であり，発ガン性物質を含む化 
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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 μg/stick or μg/cigarette.  

 

HCI regimen  

iQOS, μg/stick  glo, μg/stick  PloomTECH, μg/stick  Reference Cigarette 

Regular Menthol Mint  
bright 

tobacco 
fresh mix 

intensely 
fresh 

 Regular Coolar Green 
Coolar 
Purple 

 
1R5F 3R4F CM6 

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 1.7 ±0.45 2.5 ±0.18 2.8 ±0.80  < 0.04 < 0.04 < 0.04  < 0.04 < 0.04 < 0.04  830 ±73 930 ±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  5.2 ±0.56 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 33 ±5.5 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 27 ±1.1 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 ±1.1 8.2 ±0.83 8.3 ±0.86  5.5 ±0.12 5.3 ±0.45 4.9 ±0.41  < 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 7.5 ±0.72 4.5 ±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 2.0 ±0.37 2.1 ±0.43 2.4 ±0.43  6.0 ±0.23 6.5 ±0.05 5.9 ±0.53  < 0.3 < 0.3 < 0.3  6.4 ±1.1 8.5 ±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  20 ±1.9 26 ±0.32 26 ±1.4 

methylglyoxal 7.5 ±1.8 5.2 ±0.72 5.4 ±1.0  37 ±2.2 33 ±0.77 29 ±0.72  < 0.2 < 0.2 < 0.2  17 ±1.6 20 ±2.4 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 < 0.5  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  < 0.5 < 0.5 < 0.5 
                 

water (mg) 33 ±1.9 32 ±2.3 38 ±2.3  23 ±2.0 22 ±1.6 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  29 ±1.5 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 ISO regimen, in units of μg/stick or μg/cigarette. 

 

ISO regimen 

iQOS, μg/stick  glo, μg/stick  PloomTECH, μg/stick  Reference Cigarette 

Regular Menthol Mint  
bright 

tobacco 
fresh mix 

intensely 
fresh 

 Regular Coolar Green 
Coolar 
Purple 

 
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  55 ±5.5 57 ±3.0 54 ±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 5.1 ±1.0 3.3 ±0.27  16 ±1.3 14 ±1.7 1.2 ±0.16  < 0.04 < 0.04 < 0.04  1.1 ±0.42 9.5 ±1.1 13 ±1.6 

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  2.9 ±0.09 2.1 ±0.24 2.0 ±0.14  < 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 83 ±1.5 87 ±0.73  < 0.1 < 0.1 < 0.1  160 ±15 590 ±29 680 ±14 

acetone 21 ±1.5 22 ±2.1 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  71 ±11 250 ±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 ±2.4 

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 ±0.74  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 7.9 ±0.32 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 3.5 ±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 4.3 ±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  < 0.5 < 0.5 < 0.5  9.2 ±0.79 19 ±0.91 19 ±1.0 

2-nonenal < 0.5 33 ±1.1 32 ±2.1  < 0.5 13 ±0.91 3.5 ±0.37  < 0.5 < 0.5 < 0.5  < 0.5 < 0.5 < 0.5 
                 

water (mg) 20 ±3.5 19 ±0.48 20 ±2.1  16 ±1.6 16 ±0.90 15 ±2.0  6.0 ±0.83 4.6 ±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 ±1.8 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.  

学物質の集合体である．現在，タバコから発生するター

ル量は，総粒子状物質から水分量とニコチン量を差し引

いた値として定義されている．この定義に従って分析結

果から計算したタール量を Figure 4 に示す． CM6 の

場合タール量は 22 mg/cig になった．同様に加熱式タバ

コから発生するタール量を計算すると，iQOS 4.8，glo 

5.4，Ploom TECH 5.7 mg/stick となった．しかし加熱

式タバコの場合これらの大部分はプロピレングリコー

ルやグリセロールである．プロピレングリコールやグリ

セロールは食品添加物としても利用されている安全性

の高い物質である．そのため加熱式タバコから発生する

タールは，紙巻きタバコから発生するような本来の有害

なタール成分とは大きく組成が異なった．今後，加熱式

タバコから発生するタール量に関して，新しい定義が必

要である． 

C.3 喫煙時におけるタバコ葉の温度変化と吸煙ごとの

化学物質発生量 

前述したように加熱式タバコは，タバコ葉を加熱して，

発生するニコチンを含む蒸気を吸煙する喫煙具である．

従って，加熱温度によって，発生する化学物質量が変わ

ることが考えられる．そこで，加熱式タバコのタバコ葉

の中央部に熱電対を取り付け，喫煙時におけるタバコ葉

の温度を測定した．また，同時にパフごとに捕集を行い，

発生する化学物質量と温度の関係を検討した．なお，喫

煙のプロトコールは HCI 法に準拠し，吸煙量 55 mL，

吸煙間隔 2 秒，吸煙間隔 28 秒で 20 puff（600 秒）まで

捕集を行った．また，使用したタバコ葉スティックはメ

ントール（iQOS），フレッシュミックス（glo），クーラ

ーパープル（PloomTECH）である． 

パフ毎のタバコ葉温度と化学物質発生量を Table 4 及

び Figure 6 に示す．iQOS と glo のタバコ葉の温度は， 

 

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. 

予熱で所定温度になった後，吸煙時に下がり，休止中に

上昇する周期を繰り返しながら徐々に高くなった．

iQOS の温度変化は glo より小さく，加熱が終了すると

急激に温度が下がった．iQOS はタバコ葉に差し込む薄

いブレード（L 13.5 mm×W 5 mm×T 0.35 mm）で加

熱するため，加熱終了後急激にタバコ葉温度が下がり．

一方，glo の場合は，比較的大型の加熱炉がタバコ葉を

取り巻くように設置されているため，加熱終了後も余熱

が下がりにくく，緩やかに下がったと思われる． 

総化学物質量（TGPM）は喫煙の初期に高濃度であり， 

徐々に減少した．一方，iQOS から発生するニコチンは

加熱期間中ほぼ一定の値であったが，glo の場合は，加

熱温度に応じて増加した．また，加熱終了後も余熱によ

り引き続き比較的高濃度のニコチンが発生した． 
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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 μg/puff. 
 

iQOS                                         

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 5.5 6.2 6.0 4.8 3.8 5.2 4.7 5.5 5.9 6.1 5.7 6.1 4.7 1.4 0.7 0.4 0.2 0.1 0.1 0.1 

acetol 13.0 12.0 15.9 14.8 16.8 18.3 17.8 19.5 19.2 18.5 16.9 18.7 15.2 9.0 6.5 4.4 3.2 2.8 2.5 2.3 

propylene glycol 2.4 7.2 17.1 19.0 22.6 27.4 29.9 32.9 31.0 29.0 25.1 26.4 9.2 3.9 2.3 1.5 0.6 0.2 0.1 0.0 

furfural 3.1 3.4 3.9 3.7 4.1 4.3 4.1 4.5 4.4 4.3 4.0 4.4 3.6 2.2 1.5 1.1 0.8 0.5 0.4 0.3 

glycerol 436 307 337 298 290 296 283 270 245 201 190 204 15.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

menthol 190 225 241 213 213 225 211 213 208 194 180 189 119 79.7 61.9 53.9 39.5 34.3 27.8 24.0 

nicotine 85.1 98.2 107 99.0 107 109 108 106 98.3 85.1 83.2 85.6 17.0 2.7 2.2 1.4 1.3 1.5 0.8 0.7 

formaldehyde 0.5 0.8 0.7 0.4 0.7 0.3 0.6 0.5 0.4 0.4 0.3 0.6 0.8 0.2 0.0 0.0 0.0 0.0 0.0 0.0 

acetaldehyde 10.8 31.2 21.3 19.0 17.7 14.7 12.8 12.7 12.0 11.8 11.2 10.7 9.1 1.7 0.7 0.2 0.1 0.1 0.2 0.0 

acetone 2.2 5.7 5.9 6.9 6.5 6.2 5.9 6.2 6.1 6.1 6.1 5.9 5.7 2.8 2.1 1.8 1.9 1.5 1.4 1.3 

acrolein 0.4 0.8 0.7 0.7 0.6 0.6 0.6 0.6 0.6 0.7 0.7 0.7 0.6 0.2 0.0 0.0 0.0 0.0 0.0 0.0 

propanal 0.8 1.4 1.2 1.2 1.1 1.1 1.0 1.0 0.9 0.9 0.9 0.9 0.8 0.4 0.3 0.3 0.2 0.3 0.2 0.2 

butanal 1.2 3.0 2.3 2.0 1.7 1.4 1.2 1.1 0.9 0.8 0.8 0.7 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

i-valeraldehyde 0.9 3.2 2.6 2.3 1.9 1.5 1.3 1.1 1.0 0.9 0.7 0.6 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

2-nonenal 3.1 7.8 8.3 8.9 7.2 6.1 5.6 5.2 4.9 4.4 4.1 3.6 3.5 2.2 1.7 1.4 1.4 0.8 0.0 0.0 

TGPM (mg/puff) 3.1 3.7 4.0 3.6 3.3 2.8 2.2 2.2 1.8 1.6 1.5 1.4 0.9 0.5 0.2 0.2 0.2 0.1 0.1 0.0 

water (mg/puff) 2.3 2.8 3.1 2.6 2.1 1.9 1.5 1.4 1.4 1.0 0.6 0.8 0.2 0.4 0.2 0.0 0.1 0.1 0.1 0.1 

                     

glo                     

puff number 1 2 3 4 5 6 7 8 9 10 11 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 99.5 90.7 83.1 76.5 70.8 65.7 

diacetyl 0.3 0.8 2.9 3.6 8.2 9.2 14.5 14.4 6.6 2.6 1.2 0.7 0.5 0.4 0.3 0.3 0.2 0.1 0.1 0.1 

acetol 1.0 2.4 5.8 6.8 10.8 17.4 18.2 16.1 9.4 5.8 3.9 2.8 2.3 1.9 1.5 1.5 1.3 1.0 1.0 0.7 

propylene glycol 2.0 9.0 10.5 8.0 7.2 6.2 4.8 3.2 1.6 0.7 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 

furfural 0.6 1.8 6.2 6.3 7.8 13.9 12.0 8.9 5.5 3.4 2.3 1.9 1.5 1.4 0.6 0.9 0.7 0.6 0.5 0.4 

glycerol 120 453 510 492 304 236 248 232 178 105 40.2 5.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

menthol 429 451 578 441 324 235 174 136 92.8 66.9 50.5 40.6 37.0 32.7 30.5 31.7 27.4 24.3 23.4 21.5 

nicotine 19.1 36.5 50.2 48.4 58.1 58.8 40.4 24.3 14.6 6.4 2.3 0.8 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

formaldehyde 2.0 2.0 1.4 1.5 1.6 1.7 2.2 2.0 1.6 0.7 0.4 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

acetaldehyde 13.3 21.9 17.0 16.4 28.2 18.5 19.9 17.3 11.5 7.5 7.4 6.8 6.3 6.3 5.7 6.0 6.1 5.7 5.8 5.2 

acetone 2.0 2.7 2.8 2.9 3.5 3.9 4.3 4.1 3.1 2.3 2.0 1.8 1.8 1.7 1.7 1.5 1.6 1.6 1.6 1.6 

acrolein 0.5 0.6 0.7 0.6 0.7 0.8 0.8 0.7 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

propanal 2.4 3.0 3.1 2.8 3.3 3.2 3.5 2.9 2.0 1.6 1.3 1.2 1.2 1.1 1.1 1.0 1.1 1.1 1.0 1.0 

butanal 2.6 3.9 2.2 2.0 4.5 1.6 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

i-valeraldehyde 1.3 1.5 0.8 1.0 1.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

2-nonenal 9.3 7.9 7.7 5.9 4.6 3.4 2.4 1.9 1.4 1.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

TGPM (mg/puff) 3.7 4.1 4.5 3.6 2.8 2.2 1.9 1.6 1.1 0.8 0.7 0.6 0.4 0.5 0.5 0.4 0.4 0.4 0.3 0.4 

water (mg/puff) 2.6 3.1 3.4 2.6 1.9 1.2 1.2 1.0 0.7 0.5 0.5 0.6 0.4 0.4 0.5 0.5 0.1 0.3 0.3 0.2 

                     

PloomTech                     

puff number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

temperature 23.2 23.3 23.4 23.5 23.5 23.5 23.5 23.5 23.4 23.4 23.4 23.4 23.4 23.4 23.4 23.4 23.4 23.4 23.4 23.4 

diacetyl n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

acetol n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

propylene glycol 666 640 633 665 618 629 685 676 661 652 646 648 652 655 695 659 623 586 647 656 

furfural n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

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 94.8 101 100 97.4 101 89.4 88.2 88.5 85.5 86.4 90.3 88.0 86.6 83.5 83.8 

nicotine 20.7 20.4 21.6 21.8 21.5 21.8 21.3 21.3 19.6 20.1 18.9 17.9 17.5 17.3 17.7 17.3 16.5 15.7 15.3 14.4 

formaldehyde n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

acetaldehyde n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

acetone n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

acrolein n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

propanal n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

butanal n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

i-valeraldehyde n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

2-nonenal n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

TGPM (mg/puff) 1.4 1.5 1.4 1.6 1.5 1.4 1.5 1.3 1.4 1.5 1.5 1.5 1.5 1.6 1.4 1.5 1.4 1.3 1.3 1.2 

water (mg/puff) 0.4 0.7 0.4 0.8 0.5 0.4 0.7 0.8 0.4 0.6 0.4 0.3 0.9 0.5 0.2 0.7 0.4 0.2 0.6 0.5 
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喫煙期間中のタバコ葉温度を平均すると iQOS 210°C，

glo 170°C，Ploom TECH 27℃であった．一方，通常の

燃焼式タバコ CM6 を喫煙した時の温度を測定したとこ

ろ，460°C であり，温度が化学物質発生量に大きく影響

することが推測される． 

iQOS と glo における，パフごとのニコチン発生量と

タバコ葉温度の関係を Figure 6 に示す． 

 

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. 
 

パフ毎のニコチン発生量とタバコ葉温度の関係は，加熱

時と非加熱時（冷却時）の二つのグループに分かれた．

また，iQOS から発生したニコチン量は 85 - 110 μg/puff

を示し，glo（19 – 59 μg/puff）より量が多く濃度範囲が

狭かった． 加熱式タバコから発生するニコチンは，本来

タバコ葉に含有していたニコチンが加熱により一時的

に発生した物質の一つである．iQOS, glo, PloomTECH

から発生するパフ毎のニコチン量を累積量で表したグ

ラフを Figure 7 に示す．濃いプロットは加熱時，薄いプ

ロットは非加熱（冷却）時を示しているが，iQOS のニ

コチン発生量が他の加熱式タバコと比較して急激であ

ることが分かる．また，iQOS，PloomTECH の 12 パフ

目の累積値は，Table 1 のスティック一本分の値（iQOS 

1200 μg/stick，PloomTECH 250 μg/stick）と一致した．

 

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. 

加熱式タバコから熱分解によって二次的に発生した

と思われる物質（アセトール，ジアセチル，フルフラー

ル）について，タバコ葉温度とパフ毎の化学物質発生量

の関係を Figure 8 に示す． 

 

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. 

 

加熱時，非加熱時に関係なく，アセトール，ジアセチル，

フルフラールの発生量は温度と良好な相関関係が認め

られた．iQOS の場合，１次式に従い高い相関係数（ア

セトール r = 0.9864，ジアセチル r = 0.9525，フルフラ
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ール r = 9924）を示した．一方，glo の場合は，２次式

に従い高い相関係数（アセトール r = 0.9773，ジアセチ

ル r = 0.9502，フルフラール r = 9587）を示した．iQOS

と glo の差は，加熱方式の違いによることが示唆される． 

 アセトール，ジアセチル，フルフラールに関して，パ

フ毎の発生量を累積量で表したグラフを Figure 9 に示

す．濃いプロットは加熱時，薄いプロットは非加熱（冷

却）時を示している.また，iQOS の 12 パフ目の累積値

は，Table 1 のスティック一本分の値とほぼ一致した． 

 

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. 

 

C.4加熱式タバコによる受動喫煙 

室内で iQOS（Menthol）を喫煙し，化学物質の室内

濃度変化を測定した．部屋の大きさは 4.6 m×2.8 m×2.6 

m で，自然換気のみの条件であった．この部屋で，5 名

が，1 時間に計 32 本喫煙した．喫煙前の 1 時間，喫煙

中の 1 時間，喫煙後の 1 時間捕集を行った．喫煙中室内

濃度が際立って高くなった物質は，グリセロール，メン

トール，ニコチンである．これらの物質は，喫煙前には

検出されなかった物質であるが，それぞれ，970，1500，

410 μg/m3 を示し，喫煙後の１時間は，それぞれ 1.2，

46，1.7 μg/m3を示した． 

D. まとめ  

加熱式タバコから発生する化学物質量は，従来の燃焼

式タバコより大幅に少なく，タバコ葉温度に依存するこ

とが示唆された．加熱式タバコから発生する毒性の低い

グリセロールはタールとして測定されるため，タールに

ついて新たな定義が必要である．また，ニコチンは発生

するため，受動喫煙等の対策が必要である． 

近年，燃焼式タバコの有害性が大きな社会問題となり，

大手のタバコ会社が有害化学物質の少ない加熱式タバ

コを開発している．しかし本研究で明らかになったよう

に，加熱式タバコからはそれなりのニコチンが発生し，

空気環境を汚染してしまう．ニコチンを体内に取り込む

道具がタバコであり，全てのタバコはニコチンを発生す

る．有害物質の少ないタバコを開発するより“タバコの

喫煙”という習慣をなくすことに努力すべきである． 
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IQOS

350

φ

500-900
φ

350
 

2
×

WHO Framework Convention on 
Tobacco Control; FCTC FCTC

9 10

3

WHO
WHO Tobacco 

Laboratory Network; TobLabNet

”

Standard Operating Procedure; SOP
4-8

tobacco 
specific nitrosamine; TSNA [a]

SOP  

IQOS
1

IQOS
glo Ploom TECH

WHO TobLabNet
” SOP

[a]
(PAHs) WHO

38 FDA
93

-210
2 ISO HCI

 
 
B.  
1.  

IQOS glo Ploom TECH
IQOS Regular

Balanced Regular Menthol  MINT 4
Glo bright 

tobacco fresh mix intensly fresh 3 Ploom 
TECH REGULAR GREEN
PURPLE

MEVIUS One  1 mg  0.1 mg
Seven Stars  12 mg  1.0 mg

1R5F 3R4F
CM6  
 
2.  

 
WHO TobLabNet 

SOP 4 6
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1.5 g 200 mL
Milli-Q 20 mL 2M

NaOH 10 mL n-º
0.5 mg/mL n-º

40 mL
60min 3,500 rpm 10 min

GC/FID GC/FID
GC-2014
° HP-INNOWAX 0.25 

mm i.d. 30 m 0.25 µm
φ 50	C 2 min 50 	C 180

	C φ 15	C /min 180	C 190
φ 5	C /min 190	C 250	C φ

30	C /min 250	C 1 min
1 µL

40  
 
TSNA 

TSNA
TSNA T-309 (9)

1.0 g 200 mL
TSNA-d 0.5 mL

pH 4.3 50 mL 1M
1 mL

180 rpm 60 min
10 mL

K-Solute, 10 mL GL
5

2- ° 95 5 30 mL

10 %
° 1 mL

/
LC/MS/MS TSNA
10  

 
”

0.3 g 
Milestone General  

 QM-30 5 mL
1 mL

Milestone General  TFM  
HPV-100

φ 2 min
φ 70 1 min φ 50 20 min
φ 190 10 min 190 

100 mL 

ICP/MS/MS ICP/MS/MS
Agilent Technologies Agilent 8800 

ICP/MS/MS
Be

Al Cr Mn
Co Ni Cu Zn

75As Cd Pb
11  
 

 
Miura 11

 0.25 g
-209 2.5 µL 9 mL HNO3

H2O2

1 mL Cu 10 mg/mL 0.25 
mL Pb 1 mg/mL 0.125 mL

ETHOS PLUS
Milestone General

Milestone General Report Code: 
B0081/

φ 50 2min 30 3 min 210 16 
min 180 1 min 210 4 min 20min

4
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200 mL

120 1M 15 mL
0.45 µm

2 mL 4M 7 mL
pH 4 5 1.3M

10 mL
120 1 hr

0.8 µm
15 mL

120 5 
mL 3

4M 20 mL
Sr

Eichrom 100 150 µm 2 mL
4M 8 mL Cu Bi

8M 20 mL Pb 6M
20 mL Fe Po

120 C 0.5M 10 mL
ANA-2

1.5 mL 0.25 A
60 C 2.5 hr

25 mm MilliQ °

”

ORTEC  
 

 

WHO TobLabNet SOP6
4.0 g

200 mL
Mettler Toledo AT 201

0.0001 g

1,3-Butanediol °  50 mL
210 rpm 60

GC/FID
 

 
 

WHO 
TobLabNet SOP 7 8

0.7 g 200 mL

Mettler Toledo AT 201
0.0001 g

0.0125 mol/L  50 mL
160 rpm 30

30

0.5 mL 20 mL
9.5 mL

-
1 -

3
-

1 15

U-2910 660 
nm  
 
3.  

 

LX20, Borgwaldt KC GmbH ISO
HCI ISO

2  35 mL 30  
, ISO 4387 12

HCI (  2  55 mL ,30 
 , )  
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Health Canada Intense protocol T-115 13
IQOS 1

11
ISO HCI

, ISO 3402 15 φ

(total 
particle matter ; TPM) Cambridge filter pad CFP, 

44 mm, Borgwaldt KC GmbH  
 

 
 

CFP 2- ° 20 mL
φ 20 min

2- ° ISO 
10315 16

GC/FID
CO ISO8454 17

Non-dispersive infrared NDIR
IR200 α  
 
TSNAs 

TSNA WHO TobLabNet SOP 3
5 CFP

LC/MS/MS
 

 
PAH 

PAH 2 6
[ghi] 23

PAH PAH-d 11

PAH ISO
HCI CFP PAH-d n-

º  30 mL
10 mL φ 1 mL

YMC 1 g/6 mL
 1 g

n-º 5 mL n-º
90/10 v/v 5 mL

0.5 mL
PAHs /

GC/MS/MS GC-MS-TQ8040
 

 
 

GC/FID  
 
C.  
1.  

Fig.1
IQOS 300-350 glo 240

Ploom TECH
35 Ploom 

TECH
φ

φ

500-900
φ

φ

 
 
2.  

TSNAs -210
11

1 g
Table 1 IQOS Ploom 

TECH 16.3-22.4 mg/g
16.7-19.7 mg/g

glo 6.27-6.56 mg/g
TSNAs IQOS glo 298-737 ng/g

1013-5554 ng/g
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Ploom TECH 1254-1657 
ng/g
IQOS glo

TSNAs
TSNA

1

TSNA
TSNAs

Ploom TECH

 

0.19-0.49 mg/g CM6
Seven Stars

 
-210 IQOS glo

21.0-31.5 mBq/g Ploom TECH
42.2-45.9 mBq/g

1R5F 3R4F
-210 TSNA

Ploom TECH
 

11
Cr IQOS 2.06-2.60 µg/g

0.8-1.5 µg/g Table 
3

 
IQOS glo

103-169 mg/g
2.01-21.2 mg/g 5-8

Ploom TECH

2000 
mg/g 5600 mg/g

Ploom TECH

 

WHO

WHO FCTC9, 10

-210

 
 
2.  

 

IQOS

IQOS

IQOS
6 14
IQOS φ

350
1 glo

glo
glo

IQOS
3 30

Ploom TECH 2
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18 19

2
1 11

 
ISO Table 2 IQOS

0.77-0.94 mg/stick glo
0.29-0.40 mg/stick Ploom TECH
0.08-0.14 mg/stick

ISO

0.13-1.23 mg/stick
TSNA IQOS 10.1-28.7 ng/stick glo
51.3-56.1 Ploom TECH 0.66-1.20 ng/stick

20.2-525 ng/stick TSNA
IQOS glo MEVIUS One

TSNA
TSNA

350 mg 600 mg

IQOS 0.37-0.41 mg/stick glo
0.11-0.12 mg/stick Ploom TECH

1.86-12.7 mg/stick

 
2 3 PAH

1.89-6.33 ng/stick
MEVIUS One

CM6 100
2 3 PAHs

Auer Acenaphthene
145 ng/stick 18

Acenaphthene
Pyrene 4

PAHs
10

 
HCI

Table 3 HCI

WHO

ISO
ISO HCI

35 mL
55 mL

IQOS HCI
TSNAs PAH ISO

HCI
IQOS ISO

glo HCI
0.29-0.40 mg/stick

0.82-0.85 mg/stick
ISO HCI

intensely fresh TSNAs
102.8 ng/stick
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MEVIUS1
PloomTECH HCI

0.11-0.17 mg/stick

Table 3

HCI
4.08-6.03 

mg/stick 2.29 mg/stick

 

IQOS glo

 

°

IQOS

φ

 
 

D.  
IQOS glo

PloomTECH

WHO TSNA
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A.  

IQOS 2014

IQOS

φ

1
glo

Ploom TECH

× 2

IQOS

3 IQOS

IQOS

IQOS

 
2014 IQOS

240-350 φ

IQOS

IQOS
IQOS

3 IQOS glo PloomTECH
 

3-
0.005-20 ng/mL 3-

0.025-100 ng/mL 0.8-4.4%
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PAH

3 IQOS glo Ploom TECH

3-
 

 
B.  
1.  

IQOS glo bright tobacco
Ploom TECH  
 
2.  

 
4-6

6-8
20

IQOS glo bright 
tobacco Ploom TECH

3-

IQOS 0.7 /h
IQOS 4-5 1

3-4 15 4
1 18

IQOS 19 glo Ploom TECH 8
6-8
1

3.8 x 6 x 3 m
 

1 3 5 7 24

1
1

20 mL
-20

 
 
( ) 

 
NIPH-IBRA#12162  
 

 
0.5 mL

pH4.5 ENVI-Carb 250 mg/6 mL

3-
Waters ACQUITY UPLC

Atlantis HILIC Silica
2.1 100 mm 3.0 µm Waters

φ 40	C
5 µL

10mM A
B

0.3mL/ 0-1 A 20% B
80% 1-7 A 45% B 55%

7-12 A 45% B 55% 12-12.5
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A 20% B 80%
22

Vevo TQ-S
Waters ESI

2.0 kV

 
 
C.  
1.  

 

ENVI-Carb
C18

OASIS-MCX
3-

3-

Table 1 HILIC
3-

0.005-20 ng/mL
3-

0.025-100 ng/mL
22
0.8-4.4% Table 2

86.4%
80.2-93.4% 3-

92.9% 70.2-104.8%

 
 
IQOS  

IQOS 5
6 IQOS

3-
Fig. 1

7 5

3-
2

F 7
1.4 ng/mg creatinine 3-
24 2.5 ng/mg creatinine

 
 
glo  

glo Fig. 2
glo 5

8 glo
3

0.7 ng/mg creatinine 3-
 

 
Ploom TECH  

Ploom TECH
Fig. 3 Ploom TECH

6 8 Ploom 
TECH 3-

1 Ploom 
TECH

0.5 ng/mg creatinine 3-
1.5 ng/mg creatinine Ploom TECH

0
3-

7 0
3- 0.5 ng/mg 

creatinine

 
 

 

Fig.4 4 8
7
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5.8 ng/mg creatinine
1.5 ng/mg creatinine 3-

8.5 ng/mg creatinine
0.2 nng/mg creatinine

3-

 
 
D.  

φ

240-350 500-900
φ

3-
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(1) Schaller JP, Keller D, Poget L. at. al. 

Evaluation of the Tobacco Heating System 2.2. 
Part 2: Chemical composition, genotoxicity, 
cytotoxicity, and physical properties of the 
aerosol. Regul Toxicol Pharmacol. 2016;81; 
Suppl 2:S27-S47. 

(2) Tabuchi T, Kiyohara K, Hoshino T, Bekki K, 
Inaba Y, Kunugita N. Awareness and use of 
electronic cigarettes and heat-not-burn tobacco 
products in Japan. Addiction. 
2016;111:706-13. 

(3) Mitova MI, Campelos PB, Goujon-Ginglinger 
CG. Comparison of the impact of the Tobacco 
Heating System 2.2 and a cigarette on indoor 
air quality. Regul Toxicol Pharmacol. 
2016;80:91-101. 

 
F  
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cotinine y = 0.367381x+0.00151865 0.999 0.05 - 20

3-Hydroxycotinine y = 0.873796x-0.00144638 0.999 0.05 - 20

����
ng/mL

. 41 FH I CE FH
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) % % ( % (
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2015 1 2 15-69 8240

2018 1 3

 
10.6% 3.1% 6.9%

2.8% 2.1% 1.9%
9.7%  

 

 
 

2018

 
 

 

2015

current smoker/ former smoker/ never 
smoker

Web URL: 
http://research.rakuten.co.jp [1, 
2]  

2015

8240 [1] 2018/1/26 2018/3/20
18 72 3954

48.0%  
 
■ “  

30�

[3]  
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1.9% 9.7%  
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2. Tabuchi T, Gallus S, Shinozaki T, Nakaya T, 
Kunugita N, Colwell B. Heat-not-burn 
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2017. 
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World Health Organization, WHO Heated tobacco products 
information sheet, HTPs  

IQOS (I-Quit-Ordinary-Smoking 2017 3 3 IQOS2.4 Plus IQOS
IQOS ) 2017 9

35 HTPs 2017 12
18 IQOS glo Ploom 

TECH PAX Labs PAX
2016 2 22 

   
WHO HTPs HTPs

HTPs
 

IQOS 2014 HTPs

HTPs  
 

13 WHO (European Union EU)
 

 
1.  
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EU WHO
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2.  HTPs  
1) HTPs  

10 3 HTPs
 

WHO FRAMEWORK CONVENTION ON 
TOBACCO CONTROL FCTC

HTPs EU 2014 5 19
novel tobacco product

The Facts on the FDA's New Tobacco Rule
HTPs

 
2)  

HTPs

HTPs
 

 
EU EU Tobacco 

Products Directive EU 2014 Article 2 Definitions, EU TPD 2014
 

HTPs

 
HTPs  

3)  
HTPs

 

 
HTPs

HTPs (Food and Drug 
Administration (FDA))

 
HTPs
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A.  

Electronic cigarette, e-cigarette
1)

 

Heat-Not-Burn tobacco 
products HNBTPs

Heated tobacco products HTPs
HTPs  

PMI IQOS 2014

 
2015 9 12

2016 3
PMI

2) 2016 2 22 PMI  
IQOS

HTPs
 

World Health Organization, 
WHO  (HTPs

)3) IQOS 2017
9

35 2017
12 18 HTPs

PMI IQOS
JTI Ploom TECH

BAT
glo PAX Labs PAX

3)  

HTPs

HTPs
 

HTPs

HTPs
 

 
B.  

 
1

(First Meeting of Global Tobacco 
Regulators Forum 20-21 April 2017, Ottawa, 
Canada) 4)

13
 

WHO (European Union
EU)  

  
1 2 13

2
 

 

C.  

WHO EU
 

 

HTPs
 

HTPs  WHO HTPs
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HTPs
cigarettes

 
HTPs

WHO
 

EU 5)

2014 5 19

novel tobacco 
product HTPs

 
HTPs

 
 
1. 

 
EU

EU TPD 2014

EU EU 
TPD 2014

 
1-1.  
1-1-1.  

HTPs PMI IQOS 2014
2015 11

BAT glo
 

2015 3,742kg
2017 129,270kg

 

70
9,100 130 IQOS

HEETS 20 5
650 10 2.5

330 20
1.24 160 1

50 VAT
18% 0.9

120
 

HTPs  
1-1-2.  

HTPs

 
6)

EU 2012/9/ 7) EU 2012/9/EU 
TPD 8)

 
Ministry 

of Health (Ministry of Finance
 

 
18

 

 

 
1-1-3.  

HTPs
 

1-1-4.  
EU TPD

 
30
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Quit line

 
1-1-5.   

MINISTRY OF HEALTH 
 
1-2.  
1-2-1.  

PMI IQOS HEETS BAT
glo iFUSE

 
HEETS 20

8 1160 1 145

17,300 /kg  

 
1-2-2.  

EU TPD 2014
20169) 

(Department of Health)
 

 

TRPR 2016 23  
201510)

11) 200612)

 

18
 

TRPR 2016
13) 14)

 

(Trading standards)
 

TRPR 2016
 

1-2-3.  

 
1-2-4.  

EU TPD 2014 TRPR 2016

 

65%
Quit line

 
1-2-5.  

Tobacco Control Policy, Department of Health 
England 
 
1-3.  
1-3-1.  

PMI IQOS HEETS

 
HEETS 20  6-7

780 910 130
IQOS  70 9,100

HETTS 1kg 99.25
12,900 IQOS

 

 
1-3-2.  

HEETS
15) 16)

EU TPD 2014 17)

(Ministry of Health, 
Welfare and Sport)  
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EU TPD 2014

 

18
HEETS  

 

 

 
1-3-3.  

 
1-3-4.  

2014 EU 
TPD 2014

65  

Quit line

 
1-3-5.  

Ministery of Health, Welfare and Sport 
 
1-4.  
1-4-1.  

PMI IQOS BAT glo  
JTI PloomTECH

 
IQOS  HEETS 20

8 900 1
113 12

 
 

1-4-2.  

18) 2 HTPs

Federal Office of Public 
Health, FOPH

 

 

18
 

 

 
1-4-3  

 

1-4-4.  

FOPH  

15
75 cm2

Quit line
 

1-4-5.  
Swiss Federal Office of Public Health 

 

 
 
1.5  

4
HTPs PMI IQOS

BAT glo JTI
PloomTECH

 
IQOS 9100

HEETS 20
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780 1,160
HEEST20 160

120 17,300 /kg
12,900

12
 

HTPs 4

3 EU TPD 2014

 
4 18

 
4

 
30

15 75 cm2

65
 
4 Quit 

line
 

 
2.  

 
2-1.  
2-1-1.  

HTPs
FDA

 
2-1-2.  
HTPs  

(Food and 
Drug Administration (FDA))

 

FDA 19

2007 2 15

2007 2
15

 
20)

hookah HTPs
FDA

HTPs
 

FDA HTPs

 
21) 

910(b)(1)
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2018 1 25 PMI FDA

IQOS 22)

 

IQOS
MRTP  

2-1-3  

 
2-1-4.  

 
HTPs

 

 
Quit line

 
2-1-5.  

U.S. Food and Drug Authority 
 

2-2.  
2-2-1.  

HTPs 1
Rothmans Benson and 

Hedges PMI Imperial Tobacco 
Canada BAT  

0.01
 

HEETS 160 : 
$79.00 7,100 1$= 90
Neosticks 20 : $12.99 1,200

, 60 : $34.99 3,150  
100 : $49.99 4,500

50g $6.74 610
HEETS 1 4 3.6

 

 
2-2-2.  
 HTPs 23)

2 Health 
Canada  

 
 

2-2-3  

 

 
2-2-4.  

 

Quit line

 
2-2-5.  

Health Canada, Tobacco Control Directorate 
 

2-3.  
2-3-1.  

HTPs

 
2-3-2.  
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HTPs

 
 

2-3-3  

 
24)

 
2-3-4.  

201125)

199226)

Department of Health  
Quit 

line
 

2-3-5  
Tobacco Control Branch, Australian 

Government Department of Health 
 
2.4.  
2-4-1.  

HTPs  
2-4-2.  

427)

 
2-4-3  

ANVISA, health surveillance system

 
2-4-4.  

 
2-4-5.  

 (ANVISA) 
 

 
 
2.5.  

IQOS PMI

 
HTPs

 
HTPs

 

 
HTPs

 
 
3. 

 

 
3-1.  

Ministry of 
Health

28) HTPs
TPCA

 
 

Health Promotion, National Dept. Health, South 
Africa 
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3-2  

29) Ministry of Health
HTPs

 
 

Tobacco Control Programme, Service 
Commissioning, Ministry of Health 
 

3-3  
Ministry of Health

30)  
 
3-4.  

31)

32)

 
3-4-1 HTPs 2017

 
3-4-2 HTPs 2017

 
NGO

IQOS

 
2017 10

17
 

 
3-5.  

2017 5 IQOS 8
glo 11 KT&G

Korea Tabacco & Ginseng lil

HTPs
 
IQOS 12

11,500 1 0.096 HEETS 20
4500 430  

HTPs
33)

34)

ID 20

 
HTPs

 
35)

2015

HTPs

 
HTPs

 
 

 
3-6.  

HTPs
HTPs

 
HTPs

 
 
4.  

13

5 HTPs
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2018 2 IQOS MRTP
 

8  
EU TPD 

2014

 

 
IQOS 9,100

7,100 11,500
HEETS 20 430

1,200
 

30
65

Quit line

 

HTPs

 
WHO HTPs

HTPs

HTPs

 

 
 
D.  

HTPs

 
8 EU TPD 

2014

 
HTPs

 
 

E.   
1. HTPs  

13 WHO (EU) 2
 

2.  

8

EU WHO

 

 
HTPs

13 2  
3. HTPs  

8  

5

4  
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5.  
HTPs

 

 
6.  

13

HTPs

 

HTPs
 

7.  
HTPs

18
 

8.  

30% 65
15% 75 

cm2

 

 
9.  

 
HTPs

 

 
 
F.  

 
 

G.  

 

 

H.  

 
 

 
1

 
2) 2016 2 22   

 
3) Heated tobacco products (HTPs) information 
sheet 
http://www.who.int/tobacco/publications/prod_re
gulation/heated-tobacco-products/en/ 
4)  
5) Tobacco Products Directive EU 2014 Article 
2 Definitions, EU TPD 2014 
https://ec.europa.eu/health/tobacco/products/revi
sion_en 
6) Art. 51, Health protection of non-smokers 
https://www.tobaccocontrollaws.org/legislation/c
ountry/italy/laws 
7) Implementation of Directive 2012/9/EU of the 
Commission regarding the new health warnings 
on tobacco products 
https://www.tobaccocontrollaws.org/legislation/c
ountry/italy/laws 
8) Legislative Decree No. 6 of January 12, 2016, 
Implementation of Directive 2014/40/EU 
https://www.tobaccocontrollaws.org/legislation/coun
try/italy/laws 
9) the Tobacco and Related Products Regulations 
2016, TRPR 2016 
http://www.legislation.gov.uk/uksi/2016/507/pdf
s/uksi_20160507_en.pdf 
10) The Standardised Packaging of Tobacco 
Products Regulations 2015 
http://www.legislation.gov.uk/uksi/2015/829/made 
11) Tobacco Packaging Guidance 
https://www.gov.uk/government/publications/pa
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ckaging-of-tobacco-products 
12) Health Act 2006 
http://www.legislation.gov.uk/ukpga/2006/28/co
ntents 
13) Sale of Goods Act 1979 
http://www.legislation.gov.uk/ukpga/1979/54 
14) The General Product Safety Regulations 
2005 
http://www.legislation.gov.uk/uksi/2005/1803/co
ntents/made 
15) Tobacco Act (Act of March 10, 1988, 
Measures to Reduce Tobacco Use, and in 
particular to Protect the Non-Smoker) (last 
amended January 1, 2014) 
https://www.tobaccocontrollaws.org/legislation/c
ountry/netherlands/laws 
16) Smoke-free Environments Act 1990 (Public 
Act 1990 No. 108) 
https://www.tobaccocontrollaws.org/legislation/c
ountry/netherlands/laws 
17) Smoke-free Environments (Tobacco 
Standardised Packaging) Amendment Act 2016 
(Public Act 2016 No. 43) 
https://www.tobaccocontrollaws.org/legislation/c
ountry/netherlands/laws 
18) Verordnung über Tabakerzeugnisse und 
Raucherwaren mit Tabakersatzstoffen 
https://www.admin.ch/opc/de/classified-compilat
ion/20021287/index.html 
19) the FDA's Center for Tobacco Products 
(CTP) Glossary 
https://www.fda.gov/tobaccoproducts/guidanceco
mplianceregulatoryinformation/ucm514344.htm 
20) The Facts on the FDA's New Tobacco Rule 
https://www.fda.gov/ForConsumers/ConsumerU
pdates/ucm506676.htm 
21) Federal Food, Drug, and Cosmetic Act 
(FFDCA, FD&C) 
https://www.fda.gov/regulatoryinformation/laws
enforcedbyfda/federalfooddrugandcosmeticactfd
cact/default.htm 
22) Modified risk tobacco product 

https://www.fda.gov/TobaccoProducts/Labeling/
TobaccoProductReviewEvaluation/ucm304465.ht
m 
23) Tobacco Act (S.C. 1997, c. 13) 
http://laws-lois.justice.gc.ca/eng/acts/T-11.5/ 
24) Legislation to ban smoking in public spaces 
http://www.tobaccoinaustralia.org.au/15-7-legisl
ation 
25) Tobacco Plain Packaging Act 2011 
http://www.wipo.int/edocs/lexdocs/laws/en/au/au
341en.pdf 
26) Tobacco Advertising Prohibition Act 1992 
https://www.legislation.gov.au/Details/C2016C0
0899 
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2009 Prohibiting the Sale, Import, and 
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https://www.tobaccocontrollaws.org/legislation/c
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29) Smoke-free Environments Regulations 2017 
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https://www.tobaccocontrollaws.org/legislation/c
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Committee’s (TAPDK) Decision No. 6896 
https://www.tobaccocontrollaws.org/legislation/c
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32) Regulation on the Procedures and Principles 
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https://www.tobaccocontrollaws.org/legislation/c
ountry/turkey/laws 

33) 담배사업법, Tobacco Business Act 

https://www.tobaccocontrollaws.org/legislation/c
ountry/south-korea/laws 
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1 

FDA  

2018 1 24 25  
TPSAC  

MRTPA  
MR0000059-MR0000061 

Philip Morris Products S.A. 
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4 

 

 2017 12 22  

 TPSAC  

 Matthew Holman, Ph.D., Director, Office of Science, Center for Tobacco Products, 
United States Food and Drug Administration 

 IQOS 3 FDA
MR0000059 MR0000060 MR0000061 Philip Morris Products S.A.
MRTPA 2018 1 24 25 FDA  

 

TPSAC Philip Morris Products S.A. PMP S.A.
MRTPA FDA

 

FDA 2016 12 5 PMP S.A. FD&C Section 911(g)(1)
911(g)(2) MRTPA PMP S.A.

IQOS IQOS
IQOS

MRTP A
IQOS B  

IQOS 3
heat-not-burn 1  

1. IQOS

IQOS

 
2. IQOS

6
14

 
3. IQOS

20

 

 

 

1 IQOS

MRTPA 2.7  
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5 

IQOS 3  

PMP S.A. modified risk order
 

#1  
� IQOS  
� harmful and potentially harmful chemical

 
� IQOS

 

#2  
� IQOS ‐

 

#3  
� IQOS  
�  
� IQOS

 

 

3 FDA
FDA

TPSAC
FDA

TPSAC
FDA

 

TPSAC

 

TPSAC
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6 

TPSAC  

FDA FD&C Section 911
MRTPA

PK/PD

FDA Section 911(e)
 

FDA TPSAC  

1. IQOS  

� IQOS IQOS
 

� 
 

� 
 

2.  

3. PMI PMI 
Important Warnings  

4. IQOS
 

� IQOS  
� IQOS  
� IQOS  
�  

5. IQOS
 

� IQOS  
� IQOS

 
� IQOS  

MRTPA FDA
FDA TPSAC

FDA   
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FDA 2018 1 24 25 TPSAC  

7 

FDA  

I. IQOS  

IQOS
in vitro in vivo

TPSAC
 

Tobacco 
Heating System THS 2017 3

THS2.2 IQOS
IQOS

 

A.  

 

MRTPA 3
MR0000059 MR0000060

MR0000061
1

TSNA
Ding et al., 2008  

1 52.3 mg 1
2.57 2.04 mg

2

2- -1-

Sleiman et al., 2016 3
total particulate matter TPM

2 54 harmful and potentially harmful constituent HPHC
HPHC

HPHC

2- -1-   

                                                
1 

 
2  
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8 

2017 12 8 3
3R4F3

4 2- -1-
Laino et al., 2011 200 350°C

IQOS  

3
MR0000060

MR0000061
MR0000059

1
7.3 mg 1

13.6 mg 23
1 2.9 7.2 mg 1 4.8 mg

Ai et al., 2016

89%
HCI ( )5

1
1.77 mg 1

2.42 mg  

  

IQOS 350°C
600°C

IQOS HPHC
HPHC

CDC, 2010 IQOS
IQOS

350°C
IQOS

 

PMP S.A. 3.3.2 IQOS 3

TNCO HPHC 3
  

                                                
3 3R4F HPHC  
4 FDA TPSAC  
5 Canadian Intense smoking regimen , HCI 55 mL 30 2  
100% HCI( ) 55 mL 30 2  
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9 

a. #1 TNCO ISO 6  
b. #2 FDA 18 + 6 HPHC 18 ISO HCI

HPHC 6 7  
c. #3 PMI-58 54 HPHC HCI +

TPM  

PMI-58 HPHC 3R4F

8 6.1.1.3.2
3 PMI-58

HPHC 18 Philip Morris USA 31
 

1 1

TNCO HPHC  

1
MRTPA 3.3.2.1.2 3.3.2.2.2 3.3.2.3.2 6.1.1.3.4 Ghosh et al, 2014  

 

  

                                                
6 ISO 35 mL 60  
7 HPHC Draft Guidance for Industry: Reporting Harmful and Potentially Harmful 
Constituents in Tobacco Products and Tobacco Smoke Under Section 904(a)(3) of the FD&C Act  
8 IQOS HPHC 1 mg

 

-109-



FDA 2018 1 24 25 TPSAC  

10 
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11 

 

2 3R4F HPHC 54 MRTPA 3.3.2.1.2 MRTPA 3.3.2.2.2
MRTPA 3.3.2.3.2

 
 

2 3R4F HPHC 54
C 3R4F

31 3 IQOS
HPHC  

TPM 20 32% IQOS
TPM 3R4F IQOS

TPM 76% 10%
3R4F TPM 32% 5%

Schaller et al., 2016  

NNN NNK

 

Sleiman et al., 2016

89 95% 66 91%   
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12 

NNN NNK NNN
NNK 92 98% CDC

TSNA Ding et al., 
2008 NNN NNK

PMP S.A. Schaller
Schaller et al., 2016 IQOS HPHC

TSNA HPHC
IQOS

NNN NNK TSNA
CDC, 

2010  

97 99%
Ding et al., 2008

350°C Bekki et al., 2017  

63 68% IQOS

HPHC 180 210°C
Moldoveanu, 2010; Stadler et 

al., 2002 IQOS
 

2017 12 8
3R4F

MRTP HPHC
3R4F

53
60

62

3R4F 108 295% 35 67% 383
638% FDA TPSAC  

FDA  

MRTPA 2017 10 FDA
Southeast Tobacco Laboratory STL

[a] NNN
NNK

NNN NNK
[a] [a]

PAH PAH PAH [a]
Vu et al, 2015 STL
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13 

20
STL

STL IQOS [a]
3 HPHC

3R4F 3R4F
[a] 90% 80%

STL
STL

NNN NNK  

 

FDA
4  

Auer 2017 330°C IQOS 684°C
8 volatile organic 

compound VOC 16 PAH 3
2  

2 Auer 2017 PMP S.A. MRTPA
MRTPA 3.3.2.1.2 3.3.2.2.2

3.3.2.3.2 6.1.1.3.4  

 

FDA Auer ISO

ISO 35 mL HCI
1 2 6 12

Auer 2

IQOS
HPHC Auer
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14 

 

PMP S.A. S.Maeder M. Peitsch 2017 5 30 pmiscience.com
Auer Auer

Auer
PMP S.A. 58

FDA  93
3R4F

IQOS  

Farsalinos 2017 IQOS EC
(HCI )

IQOS
 

Savareear 2017
205

82 43

Savareear

 

Bekki 2017 IQOS 1R5F 3R4F
TSNA9

99%
NNN NNK 90 94% 87 95%

NNN 93 97% NNK 92 98% IQOS
 

 

MRTPA IQOS
HPHC
HPHC

IQOS HPHC 54 99.9%
25 99.8% STL

HPHC  

IQOS 350°C

350°C IQOS
350°C 2017 12 8

                                                
9 NNN NAT NAB NNK  
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15 

3R4F 53
62

2 STL
STL IQOS

 

B.   

HPHC   

3 HPAC 54
1 3R4F

10 1 3

HPHC

2017 12 8

TPASC  

In Vitro  

IQOS OECD
in vitro NRU

MLA Ames 3R4F NRU
MLA Ames HCI

12 3R4F 10

5 4 35
4 GVP PBS

26 mL 36 mL  

NRU
IQOS TPM GVP 3R4F TPM GVP 90% MLA

3R4F TPM LOGEL IQOS
TPM 15 30 1 3R4F GVP LOGEL IQOS GVP 8 24 1

MLA
IQOS Ames

3R4F TPM 5 3 TA98 TA1537 TA100
+S9

IQOS TPM 5
Ames IQOS 3R4F GVP
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16 

in vitro
Ames DNA DNA

DNA IQOS

Ames
 

in vitro 5
IQOS

3R4F
3R4F IQOS

3R4F
72 IQOS

3R4F IQOS
IQOS

3R4F
IQOS

1

1
in vivo IQOS

 

SD 90  

90 2
SD OECD 413 42

1 IQOS
6 / 5 / 13

3R4F
IQOS

15 23 50 μg/L 3R4F 8 15 23 μg/L IQOS

50 μg/L
23 μg/L IQOS 3R4F

2 IQOS 2
IQOS

1 6 5 13 3R4F
2 1XMIS 2XMIS IQOS

IQOS
15 23 50 μg/L 3

23 μg/L IQOS 32 50 100 μg/L
3R4F 0 μg/L 1XMIS 56 μg 2XMIS 80 μg/L
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17 

 

50 μg/L IQOS
HbCO 3%
10 27% IQOS

200 1200 ng/mL 500 1400 ng/mL
20 175 μmol/L IQOS

NNK
BoE NNAL HPMA 3-

SPMA S CMEA 2-

3R4F IQOS

IQOS

BALF
IQOS 1

MMP Hiroyuki, 2002 IQOS

IQOS 20
Laboratory of Pharmacology and Toxicology (LPT)/Histovia IQOS

PMI
20 2 AnaPath

1 20 15025 THS 
SR Part 8.pdf p.12  

IQOS
3

Burger et al., 1989

3 OECD 413

IQOS
IQOS

IQOS

90
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18 

 

3 90 * MRTPA 7.2  
* THS THS 90 42

n=6 10 LPT
AnaPath PMI 3R4F

1XMIS 2XMIS PMP S.A. 3R4F 1.2 mg
1XMIS 2.4 mg 2XMIS 1XMIS 2XMIS THS

3R4F THS  

 

A/J 18 10  

18 A/J
8 6 / 5 / IQOS

3R4F
IQOS

7 13 23 μg/L 3R4F 13 μg/L
10 18

2018 FDA 10 IQOS
n=10

4
A/J 10

IQOS 18
15 IQOS 18

IQOS
2018  
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19 

 

4 10 THS * MRTPA 
7.2  
* 1 n=10  

 

ApoE-/- 8  

29 μg/L ApoE-null ApoE-/-

3R4F IQOS
3 / 5 / 8

IQOS 3R4F 2
29 μg/L IQOS

6
ApoE-/-

8
OECD 413

 

15015_CVD_Resp_ApoE_ 
SW_SR_Part 3.pdf ApoE p.13

3 3

2 6
15015_CVD_Resp_ApoE_SW_SR_Part 3

3
3   
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20 

HbCO NNK
BoE NNAL HPMA SPMA CMEA

4-HNE MDA 8-OH-dG
IQOS

3R4F
IQOS

8
MMP Timp1

IQOS

IQOS 5  

 

5 ApoE-/- * MRTPA 7.5  
* n= 9 10  

 

5 90
IQOS ApoE-/-

3R4F
IQOS

IQOS

IQOS
IQOS

4 6
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21 

RNA

 

 

HPHC 3R4F

in 
vitro IQOS

3R4F
8
IQOS

IQOS
IQOS

2018
IQOS

IQOS

in vitro in vivo IQOS

IQOS IQOS
 

C.  

 

 

IQOS
8 4

IQOS ‐ ‐

IQOS ‐ ‐

PK/PD QSU-Brief
MCEQ PD

4 IQOS HPHC
 

4 1 10
3 IQOS

HPHC BOPH
VCD COPD
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22 

‐ IQOS
IQOS ‐ 3

4
6 30 11 5

IQOS ‐ ‐

‐ NRT
4 2 5

85 ‐ ‐

IQOS
‐

IQOS ‐

‐

‐ ‐ NRT

HPHC BOE

‐ 3 4
 

 
3  

    

ZRHR-RE
XC-03-EU

 

3  
� THS 2.2 IQOS 80 5

 
� CC 40

CC 5
 

� SA 40 5
 

=5  

� 21 65
1 CC 10

3

3
5

 
� n=169 
� N=160 

� CC THS
15

HPHC
56 94%

THS BOE
SA

 
� THS

CC
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23 

ZRHR- 
REXC- 
04-JP 

 

PK/PD 3  
• THS 2.2 IQOS 80 5

 
• CC 40 CC

5  
• SA 40 5  

=5  

• 23 65
4

CC 1  10

ISO 1
1 mg

3 1
CC 10

3
5

 
• n=166 
• N=160 

• CC THS
15

HPHC
47 96%

THS BOE
SA

 
• THS

CC
 

ZRHM-R
EXA- 
07-JP 

 

3  

• THS 2.2 mTHS
IQOS 80 5

 
• CC mCC 40

5  
• SA 40 5  

=90  

• 23 65
4 mCC 1

10
ISO mCC 1

1 mg
3

3
90

 
• n=216 
• N=216 

• mCC mTHS
15

HPHC mcc

5 49 94%
90 41 94%

mTHS
BOE

SA

S-BMA
 

• 90
mTHS mCC

 
ZRHM- 
REXA- 
08-US 

 

3  
• mTHS 2.2 IQOS 80

 
• mCC 80  
• SA 40 5  

=90  

• 22
4 mCC 1

10
3

3
90

 
• n=164 
• N=164 

• mCC mTHS

15 HPHC
5

51 96% 90
34 86%

 
• 90

mTHS mCC

 
� 5 MHBMA 3-

3-HPMA S S-PMA COHb REXA-07 08 90

24 NNAL  

� 1-OH N- NNN 4- 4-ABP

1-NA 2- 2-NA o- CEMA 2- 2-

HEMA 3- [a] BaP 3- -1- 3-HMPMA S

S-BMA NEQ CO  

�  

○ REXC-03 Ames CYP1A2 CYP2A6 8- F2α 8-epi-PGF2α

11 B2 11-DTXB2 8-epi-PGF2α 11-DTXB2  
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○ REXC-04   
○ REXA-07 hs-CRP LDL HDL

TG TC HbA1c sICAM-1 WBC 8-epi-PGF2   
○ REXA-08 A1 B DLCO FEV1 FVC VC TLC FRV IC

MEF 25-75   
• CC= ISO= SA=   

BOE   

4 16 BOE
BOE 6.1.3.1 IQOS

HPHC FDA
HPHC

HPHC HPHC
HPHC

HPHC BOE
HPHC BOE

 

MRTPA 2.7 IQOS

 

4 IQOS HPHC HPHC
BOE

5 IQOS
16 BOE 15 47 96%

IQOS
ZRHR-REXC-03-EU ZRHR-REXC-04-JP 5

HPHC IQOS SA 6   
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6.ZRHR-REXC-03-EU ZRHR-REXC-04-JP 5 BOE
95% CI MRTPA 6.1.3.2 SA= THS= IQOS  

90 BOE
34 86% REXA-07-JP 46 86% REXA-08-US
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ZRHM-REXA-07-JP ZRHM-REXA-08-US IQOS HPHC
90 7  

 

7 ZRHM-REXA-07-JP ZRHM-REXA-08-US 90
95% CI MRTPA 6.1.3.2 SA= THS= IQOS SA ‐

NNAL HEMA THS SA Q1 Q3
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4 IQOS
NEQ

5 IQOS
PK

NEQ IQOS
 

1
1

10 2
2 90 IQOS

IQOS 90

6 NCT02396381
FDA HPHC

VOC PAH TSNA BOE
IQOS

 

IQOS
90

FAS
PP FAS ‐ PP ‐

‐ 1
2 1 3 BOE

1 4 5
6.1.3.4

PP

90 ZRHM-REXA-08-US PP 90 IQOS
n=47 NNAL 67% 15.2.4.5.1

FAS IQOS n=80 53%
15.2.4.5.2 FAS

HPHC 90
FAS

IQOS
‐

 

PBA-07 II.B IQOS

IQOS ‐ 90
REXA-07-JP 84.6% REXA-08-US 55.0% ‐

95% IQOS 7.5%
‐ IQOS

5
‐
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IQOS IQOS
 

‐

IQOS ‐ ‐

IQOS
IQOS IQOS

IQOS
‐

REXC-04-JP

THS 1.0 THS 2.1 ... ...THS 1.0 THS 2.1
‐ ‐

REXA-08-US
THS 2.2

THS 2.2
 

BOPH  

biomarkers of potential harm BOPH IQOS
COPD

4
6 BOPH 2 8-epi-PGF2α 11-DTX-B2 4

4 HDL-C WBC sICAM FEV1 90
5 2 90
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4  

BOPH  
  

 
 

sICAM  CVD COPD 

� 
 

� 
 

� ASCVD
COPD  

� 

 

8-epi-PGF2α  CVD COPD 

� 

 
� LDL CHD

CHD

 

� HTN
HTN CAD

CAD CHF/NYHA
I/II NYHA CHF III/IV

COPD

 
� 

 

HDL-C  
CVD COPD

CA 

� 

 
� 

 

� HDL-C CVD

 
� COPD

HDL-C
 

� CA HDL HDL-C
 

� 
THS 4

8 10 mg/dL
 

WBC  
CVD COPD

CA 

� WBC
AF PAD

 
� WBC COPD

WBC
FEV1

 

� CPD

 
� 

WBC MI/CVA
 

� 2
6 12  

� WBC

 

FEV1  COPD 

� 
COPD

 

� FEV1
 

� FEV1
COPD
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BOPH  
  

 
 

 
• FEV1 QOL

 

11-DTX-B2  CVD 

• 
A2

 

• CVD
 

• 
 

• 
NRT

 
• 

3
 

sICAM= CVD= COPD= ASCVD= 8-epi-PGF2α=8-

F2α LDL= CHD= HTN= CAD= NYHA CHF=

RRTP= HDL-C= CA= THS=

WBC= AF= PAD= FEV1=1 CPD= 1 MI= CVA=

QOL= 11-DTX-B2=-11- -B2 NRT=   
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5 ZRHM-REXA-07-JP ZRHM-REXA-08-US BOPH
 

 BOPH  
ZRHM- 
REXA- 
07-JP 

8-epi-PG
F2α 

THS 2.2a ‐ 8-epi-PGF2α mCC
‐ 12.7% 95% CI 2.55, 21.81 THS 2.2
‐ ‐ 92.8% 95% 

CI 82.80, 103.96  
11-DTX-B
2 

THS 2.2 ‐ 11-DTX-B2 mCC
‐ 9.0% 95% CI -2.94, 19.52 THS 2.2
‐ 11-DTX-B2 ‐ 13% 95% CI -0.53, 28.12

 
sICAM THS 2.2 ‐ sICAM-1 mCC

‐ 8.7% 95% CI 2.05, 14.94 THS 2.2
‐ ‐ 102.4% 95% 

CI 95.24, 110.12  
HDL-C THS 2.2 ‐ mCC ‐ HDL

4.5 mg/dL 95% CI 1.17, 7.88 THS 2.2
‐ ‐ -1.8 

mg/dL 95% CI -5.28, 1.61  
WBC THS 2.2 ‐ WBC mCC

‐ 0.6 GI/L 95% CI 0.10, 1.04 THS 2.2
‐ ‐

-0.2 95% CI -0.65, 0.33  
ZRHM- 
REXA- 
08-US 

8-epi-PG
F2α 

THS 2.2 ‐ 8-epi-PGF2α mCC
‐ 14% 95% CI 2.0, 23.6 THS 2.2
‐ ‐ 95% 95% 
CI 77.7, 115.1  

11-DTX-B
2 

THS 2.2 ‐ mCC ‐

11-DTX-B2 96% 95% CI 75.4, 123.3
THS 2.2 ‐ ‐

104% 95% CI 70.4, 153.2  
sICAM THS 2.2 ‐ sICAM-1 mCC ‐

11% 95% CI 4.0, 16.7 THS 2.2 ‐

‐ 99% 95% 
CI 88.7, 111.1  

HDL-C THS 2.2 ‐ mCC ‐

‐ HDL-C 1.37 95% CI -2.26, 
5.00  

WBC THS 2.2 ‐ mCC ‐

WBC THS 2.2 mCC
0.2 GI/L 95% CI -0.5, 0.8 THS 2.2 ‐

WBC ‐ 1.1 GI/L 95% CI 0.1, 2.2
 

FEV1 PP * 4 60 90
THS 2.2 ‐ mCC ‐ 91

FEV1 (08) 
*PP FAS ‐

‐  
a 2017 3 THS2.2 IQOS  
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HPHC

IQOS ‐

MRTPA 6.1.6.6 p.8 BOPH

90 IQOS

IQOS BOPH 20%  

BOE BOPH BOPH

90 BOPH

CRP 1 WBC 6
12 FEV1

6 12
3

IQOS
 

BOPH
Institute of Medicine, 2001; Institute of Medicine, 2012

Temple, 1999; Temple, 2016 Fleming DeMets
1

2 1
3

4
Fleming & DeMets, 1996

Institute of Medicine, 2012
BOPH

Institute 
of Medicine, 2001  

 

4 IQOS
BOE 5 47

96% IQOS BOE
IQOS

90 34% 86%
REXA-07-JP 46% 86% REXA-08-US

IQOS   
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BOPH IQOS
90

 

II.   

A.   

IQOS
PK/PD

TPSAC
6  

6  
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PK/PD PK/PD 4 2 4
ZRHR-PK-01-EU ZRHR-PK-02-JP ZRHM-PK-05-JP ZRHM-PK-06-US IQOS

‐ ‐ IQOS ‐

‐

Cmax AUC0-last PK
10 QSU-Brief MCEQ

PD  

5 IQOS
SA HPHC
4 3

ZRHR-REXC-03-EU ZRHR-REXC-04-JP ZRHM-REXA-07-JP ZRHM-REXA-08-US
‐ IQOS

5 ‐ 6 30 11
IQOS

                                                
10Cmax AUC0-last 0

-  
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4 2
5

90 ‐ ‐

THS 
2.2

30 60 90 5 PK
NEQ

IQOS
IQOS

QSU-Brief MCEQ MNWS ‐

 

IQOS 1
‐ 1 IQOS 6

IQOS

‐

6 2 1
IQOS IQOS

‐

CPD 1 100 30 30
IQOS

IQOS  

 

PK/PD IQOS
 IQOS Cmax GM

24% AUC0-last GM 25% IQOS Cmax GM
43% AUC0-last GM 44% Tmax11

2 IQOS

Cmax AUC0-last GM Tmax

 

5 2
IQOS 5

5 IQOS PK
‐

‐ 42
Cmax AUC 15% 26% 90
IQOS 5 GM Cmax Cavg12

                                                
11 Tmax Cmax  
12 Cavg  
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31% 27% 90
NEQ GM IQOS

90 IQOS
5 GM Cmax Cavg

11% 15% 90
NEQ GM IQOS

 

PK
PK ZRH-POP-PK-01 PK

PK

PK  

IQOS
 

 

1
ZRHR-REXC-03-EU ZRHR-REXC-04-JP ZRHM-REXA-07-JP

ZRHM-REXA-08-US ZRHM-REXA-07-JP
ZRHM-REXA-08-US THS-PBA-07-US

 

5 90 IQOS

THS-PBA-07-US n=987 1

9.3 / vs. 10.2 / 70%
‐ n=141 8.1 / 9.0 /

 

IQOS
84.6% IQOS

85.9% 95% IQOS
55.0% IQOS 63.8% 95% IQOS

95% IQOS
7.5% THS-PBA-07-US

‐ IQOS
5  

HPT SODIM® SPA/M
IQOS

14 6 IQOS
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HPT SODIM®

THS
multipuff
IQOS

14 IQOS

IQOS ‐ 4
3 4 2 4 4

 

 

Questionnaire of Smoking Urges – Brief QSU-Brief
Minnesota Nicotine Withdrawal Scale MNWS-R

PK QSU 15 30 45 1 2 4 6 9
12 PK QSU-Brief

QSU-Brief 1 8 11 MNWS

90 Fagerström Test for Nicotine Dependence FTND
90

1
2 QSU-Brief

THS IQOS ‐

3 MNWS

 

PK/PD QSU-Brief IQOS
12

5 90
QSU-Brief MNWS-R IQOS

IQOS
FTND

 

Modified Cigarette Evaluation Questionnaire MCEQ
PK MCEQ

MCEQ 1 8 11
MCEQ

1
2 MECQ 1
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PK/PD MCEQ IQOS
7 0.5 1.3 1

4 1 5 90
IQOS 5

MCEQ
90

 

THS-PBA-07-US 6 ‐ IQOS
79 99 1

1 IQOS

n=987 20% IQOS

70% IQOS ‐

6 n=138 50% IQOS
 

THS-PBA-07-US
IQOS ‐ 985 47 4.8%

IQOS 97.9%
‐ 1

‐ 2 0.2% IQOS
1 IQOS 1
 

 

IQOS
PK IQOS

 

IQOS IQOS
1 IQOS

2 IQOS
3 IQOS

4 ‐ 80
IQOS IQOS

IQOS
‐ IQOS
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B. IQOS   

2 IQOS 1
PBA-07 MRTPA 7.3.2 2 5

Whole Offer Test WOT MRTPA 7.3.3
2 IQOS  

IQOS  

PBA-07 PBA-07
IQOS 2015 9

2016 1 8 ‐

40
‐

18 100
1 1 1

30 30 ‐

IQOS
IQOS

IQOS

‐

10 1,336 ‐

1 6
1 ‐ 230

1,106 119 10.8% 6 IQOS
‐

987 89.2% 987 969 6
 

1 ‐

6 ‐

IQOS 100 5 ‐

‐

‐

‐

‐

yes/no
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40 

‐

2 ‐

IQOS
440

 

Whole Offer Test Whole Offer Test

5 2013 2015 2013
2014 2014 PBA-07 ‐

19 1
100 6

7 1 1 3

‐ 1 IQOS
‐

 

‐ 1 PBA-07
1 ‐ IQOS

‐

4 ‐

‐ yes/no

PBA-07
n=638 n=843

n=535 n=377 n=416  

IQOS 2
1 2016 9

20 2,000

IQOS

2 IQOS
11,000 IQOS

 

7 IQOS
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7 IQOS MRTPA 7.3.2
7.3.3 2017 3 16 2017 9 13  

 PBA-07 Whole Offer Test 
 

IQOS
 

    * 

 2015 9
2016 1 6

 

2013  
2015  

2013  
2014  
2014 4

 

2016 9  2015 2016
 

 1,106  - 638 
 - 843 

 - 535 
 - 377 
- 416 

2,000 11,000* 

 
12.4%

n=137
6

 

4
 

 * 

 
 

  
IQOS

 
 18

30

CPD=10.2

IQOS

 

19
100

1 3
7

CPD
16.5 15.2

12.7
17.4 17.3

1
IQOS

 

20

 

IQOS

 

IQOS
 

IQOS

 

IQOS

 

IQOS

 

IQOS
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 PBA-07 Whole Offer Test 
 

IQOS
 

IQOS

 

1

 
 

6

IQOS
 

1
 

 

4

IQOS
 

1

 

IQOS

 

CPD= 1  
*  
 

 

PBA-07 WOT
PBA-07 WOT 8 PBA-07 6

33.8%
100 ‐

32.7% 1
70%

‐ 16.3% 6
95% 6

‐ 15.5%
1 30%

 

WOT
36.1%

76.3% ‐

29.0% 47.4% 100
‐ 7.8% 21.5%

0% 10.3%   
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8
MRTPA 7.3.2 7.3.3  

 

8 PBA-07 WOT ‐ IQOS
‐ 7.5%

7.0% 22.4%
62.7% WOT

‐ 15.7% 13.6% 8.5% 5.2%
4.3%
5.6 21.5%   
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8 PBA-07 Whole Offer Test ‐ IQOS
MRTPA 7.3.2 7.3.3

‐ 100% ‐

3 0.3% 1 0.2% 6 0.7% 6 1.6% 1 0.2%
‐ 1  

 

PBA-07 1 1 6
+ 1 2 6

CPD 9
6 1 6

‐ CPD 7.6
+

 

 

9 PBA-07 6 1
+

MRTPA 7.3.2   

-144-



FDA 2018 1 24 25 TPSAC  

45 

2016
3.7% 2.3%

1.4% 20 29 4.2% 30 39 3.9%
40 49 1.5% 50 0.9%

IQOS 96.3%
Ploom with Mevius/Pianissimo/Gold/Lugano/Orchard/Cooler Pods

5.0%
84.9%

9 91.8% 1
1

+ 30%
15.5% 95%

 

 

9 n=71 2017
3 16  

 

IQOS IQOS
11,000 IQOS

IQOS IQOS 95% 2016
1 52% 2016 7 65% 10 IQOS

PBA-07 7.5% WOT
13.6% 15.5%

IQOS IQOS

IQOS
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10 IQOS IQOS MRTPA 2.7  

  

IQOS 70%
PBA-07

IQOS ‐ 20%
‐ IQOS PBA-07 WOT

IQOS

HPHC
PBA-07 IQOS

‐ 1
IQOS

 

1
50%

Godtfredsen, Prescott, & Osler, 2005; Song, Sung, & Cho, 2008
Godtfredsen, Holst, 

Prescott, Vestbo, & Osler, 2002; Godtfredsen, Osler, Vestbo, Andersen, & Prescott, 2003; Hart, 
Gruer, & Bauld, 2013; Tverdal & Bjartveit, 2006

-
 

WOT
IQOS

IQOS IQOS
WOT

PBA-07
‐

 

‐ IQOS
PBA-07 WOT ‐ IQOS

 

-146-



FDA 2018 1 24 25 TPSAC  

47 

‐ IQOS
IQOS IQOS
30 IQOS

IQOS
IQOS

IQOS IQOS

IQOS
IQOS

‐ IQOS
‐ 6%

‐ 16% 70
100% ‐ IQOS :16%

31% PBA-07 IQOS

PBA-07
‐

IQOS ‐ ‐

 

C. 
  

MRTP MRTP labels, 
labeling, and advertising LLA LLA

IQOS LLA
LLA 3

4 IQOS
 

LLA  

LLA

FDA IQOS
Kim, 2017  

LLA
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CDC 2016
41% CDC, 2017 LLA IQOS

Berg, 2016; Kong et al., 2015; McKegany & Dickenson, 2017  

LLA ‐ IQOS 79 99

1 4 92
9 67

IQOS
USDHHS, 2000  

 

LLA 3 LLA
10 3

1
2 ‐ 3

2
3  

10 LLA 1 2 3
 

#1 #2 #3 

 

• IQOS

 
• 

 
• 

IQOS

 

 

IQOS
‐

 

 

• IQOS

 
• 

 
• 

IQOS

 

IQOS IQOS
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LLA
LLA

1
LLA LLA

LLA
‐

 

PMI   

3 PMI 3
PMI 11 PMI

LLA PMI
IQOS

LLA PMI IQOS
3 PMI

PMI

Surgeon General SG  

11 SG PMI  

SG
 

1  

� 
 

�  
�  
�  

PM
I  #1

PMI
 

#2
PMI

 

#3
PMI
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• 

 
• ™

 
• IQOS

 

 

 

• ‐

‐

 
• ™

 

 

 

• IQOS

 
• ™

 
• IQOS

 

LLA  

4 LLA IQOS
1

3 10 1
3  

12 4
‐ ‐

4
IQOS

IQOS

MRTP 1
2 p.19

1 Babb et 
al., 2017 3 2 Persoskie & 
Nelson, 2013  

12 LLA 4  

 
 

� NOC ‐ 3
LLA  

� 1 RRC ‐ 1 LLA
 

� 2 RRC2 ‐ 2 LLA
 

� REC ‐ LLA
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LLA  
 

NOC ‐ LLA 1  
� SG IQOS  
� SG

 
� SG

 
� SG  

RRC RRC2 REC ‐ LLA 1
 

� SG IQOS  
� PMI IQOS  
� SG  
� PMI  
� PMI  

‐ LLA
 

 
‐
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‐  

‐ 4
‐  

�  
�  
�  
�  
� 25  
 

 
 

IQOS

‐ LLA  

IQOS

NOC

‐

‐

LLA  

IQOS IQOS

Bunnellet al., 2015; Mays et al., 2016; Kaufman et al., 2014 IQOS
‐ LLA

 

6
30

‐ LLA
‐ ‐ LLA

 
 

 

4

LLA
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12
95%

3
LLA IQOS

NRT
 

LLA

13 IQOS

LLA

3 3
1 LLA IQOS

‐

 

13 LLA 3
LLA

IQOS IQOS
2017 9

13 p.103  

 

3
LLA
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3 LLA 3
1 ‐

‐

14
‐

‐

 

IQOS

IQOS
IQOS
3

LLA 3
1 2

2017 9 13 p.102  

SG PMI
LLA SG PMI

PMI
SG IQOS

SG

 

 

IQOS
1

LLA
 

11 PMI
1 2 LLA

IQOS 2
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‐ IQOS

SG PMI
 

LLA
IQOS

‐

SG PMI LLA
PMI

70% SG 41% PMI
PMI ‐ 4

1 IQOS
IQOS

PMI SG LLA
LLA

IQOS  

IQOS  

IQOS
IQOS 2 IQOS

2
4

Bunnellet al., 2015; Mays et 
al., 2016; Kaufman et al., 2014  

IQOS 6
2 ‐

2017 9 13 p.117  

IQOS LLA 3
IQOS

40 44% 3

IQOS
38 43%

31 39% 38 43% IQOS
IQOS

‐

‐

‐ IQOS
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IQOS IQOS
IQOS

26 32% 30 33%
 

LLA IQOS
3 1 LLA

IQOS

LLA
‐

2
Altman & Royston, 2006; MacCallum et al., 2002; Royston, 

Altman, & Sauerbrei, 2006; Streiner, 2002
‐ IQOS

‐ IQOS LLA

 

SG PMI IQOS SG
PMI LLA SG PMI

IQOS
IQOS

SG PMI

 

‐  

IQOS

1 14% 3 LLA
LLA

1 12% LLA

2

‐

3 LLA
3

LLA
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IQOS
‐ 1

1 IQOS 1
‐ 1 IQOS

1 6
IQOS MRTP
‐

1
2

‐

3

‐  

 

LLA

LLA IQOS

1
IQOS
‐ IQOS

 

IQOS IQOS
LLA

IQOS
IQOS

 

SG PMI SG PMI
IQOS

PMI

LLA PMI
IQOS
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‐ PMI
LLA IQOS

SG PMI
IQOS

SG PMI
LLA  

IQOS
IQOS

1 14%
LLA

LLA
86 99% IQOS

LLA

IQOS ‐

IQOS

‐

 

III.  

MRTP

MRTP
18 25

IQOS

IQOS
 

LLA  

IQOS
LLA

FDA
IQOS

Kim, 2017  

LLA IQOS
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Berg, 2016; Kong et al., 2015
IQOS

 

LLA ‐ IQOS 79 99

1 4 92
9 67

IQOS
USDHHS, 2000  

PMI SG  

10 LLA 11 PMI
SG  

 

12
95%  

3 LLA
IQOS

IQOS
IQOS

 

LLA
IQOS

LLA

LLA IQOS
3 LLA

3
3 1 LLA

IQOS ‐

 

LLA

3 3
LLA

‐
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14  

 

IQOS
1

 

1 10 LLA ‐

IQOS

PMI
IQOS

90% 93% 96% PMI
89%

92% 94% PMI
90% 92%

90% SG LLA ‐

 

IQOS  

IQOS
IQOS 2 IQOS

2
4

IQOS
6 2
‐ 2017 9 13 p.117 118  

LLA
IQOS

IQOS
 

3 LLA IQOS
0.1%

3
1 0 1% 2 0 1% 0 2%

IQOS IQOS

LLA LLA
3 LLA IQOS
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4 7%
2 6% 1 1 7%

2 2 5%  

3 LLA
IQOS 0.1%

3 1 LLA
0 1% 1 0 1% 2

0 2% 7 10%
2 6% 1 1 10% 2 3 5%

IQOS
 

IQOS IQOS
3 LLA

IQOS
5 7% LLA

1 3 10% 2 2 8%
3 6% IQOS

IQOS
IQOS

3 LLA
11 20% 1 18 19%

2 10 19% 9 15%  

LLA 3

IQOS IQOS
IQOS

13 14 IQOS
3 1 LLA 3

LLA
3 LLA 3

1 LLA
IQOS  

14 IQOS

 

IQOS

IQOS

  

                                                
13 ‐ IQOS

4  
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14 LLA ‐

LLA ‐

IQOS
2017 9 13

p.104 105  

 

 

‐

IQOS
‐ 3 1

LLA
‐

2017 9 13 p.117 118
2 2

Streiner, 2002
IQOS

O’Brien et al., 2017; Pearson et al., 2017   
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IQOS 20
2 2014 IQOS

1 2
1.5% 1.2%

 

IQOS
IQOS

2014

0.4% 4 0.8% Delnevo et al., 2016
2016 30

4.3% 11.3% Jamal et al., 2017  

IQOS

Berg, 2016; Kong et al., 
2015

IQOS

IQOS II.A

IQOS  

 

LLA IQOS

LLA

IQOS
IQOS

‐
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IQOS
IQOS

IQOS
IQOS LLA

IQOS
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A MRTP FDA
 

FD&C MRTP
‐
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