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Abstract: It is too early to provide a clear answer on the impact of exposure to the second-hand
aerosol of heated tobacco products (HTPs) in the planning of policy for smoke-free indoors legislation.
Here, we conducted a preliminary study to evaluate indoor air quality with the use of HTPs. We first
measured the concentration of nicotine and particulate matter (PM2.5) in the air following 50 puffs in
the use of HTPs or cigarettes in a small shower cubicle. We then measured these concentrations in
comparison with the use equivalent of smoking 5.4 cigarettes per hour in a 25 m3 room, as a typical
indoor environment test condition. In the shower cubicle test, nicotine concentrations in indoor air
using three types of HTP, namely IQOS, glo, and ploomTECH, were 25.9–257 µg/m3. These values
all exceed the upper bound of the range of tolerable concentration without health concerns, namely
3 µg/m3. In particular, the indoor PM2.5 concentration of about 300 to 500 µg/m3 using IQOS or glo
in the shower cubicle is hazardous. In the 25 m3 room test, in contrast, nicotine concentrations in
indoor air with the three types of HTP did not exceed 3 µg/m3. PM2.5 concentrations were below
the standard value of 15 µg/m3 per year for IQOS and ploomTECH, but were slightly high for
glo, with some measurements exceeding 100 µg/m3. These results do not negate the inclusion of
HTPs within a regulatory framework for indoor tolerable use from exposure to HTP aerosol, unlike
cigarette smoke.

Keywords: heated tobacco products (HTPs); secondhand aerosol; policy; nicotine; particulate matter
2.5 (PM2.5); exposure assessment

1. Introduction

Heated tobacco products (HTPs) are tobacco products that produce aerosols containing
nicotine and other chemicals which are inhaled by users through the mouth [1]. In order to produce
the nicotine-infused vapor, HTPs heat tobacco up to 350 ◦C (lower than the 700 ◦C reached with
conventional cigarettes) using battery-powered heating systems [2]. Different HTP devices use different
heating sources, including electronic energy via battery. The enclosed heating system can be an external
heat source to aerosolize nicotine from specially designed cigarettes (e.g., IQOS and glo), or a heated
sealed chamber to aerosolize nicotine directly from tobacco leaf (e.g., ploomTECH) [3].

More recently, HTPs have been marketed and promoted by the major tobacco companies as safer
alternatives to combustible cigarettes [4]. The use of heated tobacco products (HTPs) has increased
rapidly over the last few years in Japan [5]. In 2018, the overall prevalence of monthly HTP use was
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2.7% (1.7% daily use) [3]. Virtually all HTP users were current cigarette smokers (67.8%) or former
smokers (25.0%), and only 1.0% were never smokers [5]. Many HTPs users (50.5% of HTP users)
who switch from conventional cigarettes to HTPs do so to avoid exposing bystanders to second-hand
tobacco smoke [6]. Major tobacco companies advertise that HTPs do not generate side-stream smoke
or pollute indoor air quality [7]. In contrast, the World Health Organization (WHO) recommends that
HTPs should be subject to the same policy and regulatory measures as all other tobacco products,
in line with the WHO Framework Convention on Tobacco Control (WHO FCTC) [1,8].

The revised Health Promotion Act is planned for enactment before the Tokyo 2020 Olympic
and Paralympic Games to protect against exposure to second-hand tobacco smoke. As stated in
Article 8 of the WHO Framework Convention on Tobacco Control (WHO FCTC), legislation for
indoor smoking bans relies on sufficient and unequivocal scientific evidence that exposure to tobacco
smoke causes death, disease, and disability. Since the evidence available to date does not convincingly
demonstrate that the available HTPs will simply replace conventional cigarettes among current smokers
without attracting youths, or even that these products will substantially reduce health risks among
users [2,9,10], it is regrettably too early to provide a clear answer on the long-term impact of exposure
to the second-hand aerosol of heated tobacco products (HTPs) [1,5,7,8]. Scientific evidence has not
unequivocally established that exposure to aerosol from HTPs causes death, disease, and disability.
So, under the revised act, HTPs are treated differently than cigarettes and are positioned as transitional
measure until associations with morbidity or mortality are epidemiologically proven [11]. Some people
have argued that HTPs should be regulated in the same way as cigarettes, in accordance with
the precautionary principle [12], while others hold that they should remain unregulated unless there is
a legal basis for doing so.

Philip Morris International (PMI) studied and reported the impact of IQOS on indoor air quality,
evaluated in an environmentally controlled room using ventilation conditions recommended for
simulating “office”, “residential”, and “hospitality” environments [13]. As industry results, however,
these need to be validated through independent study, using a more appropriate evaluation reflecting
actual conditions in Japanese restaurant and bar environments. Further, the results should be compared
among three different HTPs sold in Japan, not just IQOS, under the same conditions.

Here, therefore, we conducted a pilot exposure assessment with some risk characterization of
nicotine and particulate matter (PM) from HTPs under two different conditions. First, we investigated
the legitimacy of health concerns under conditions which aimed to replicate use in a small indoor
environment. Second, we measured the impact of using these HTPs on indoor air quality under usual
indoor environmental test conditions.

2. Methods

2.1. No-Observable-Adverse-Effect Level for Nicotine

The no-observable-adverse-effect level (NOAEL) for nicotine was set at 0.5 mg/m3, based on
a two-year rat inhalation study. A second NOAEL was determined at a dose of 1.25 mg/kg/day;
in that 10-day study, rats exhibited mild fatty change, mild focal necrosis, and mild cellular change,
with an effect on mitochondria, in a dose-proportional manner. These results were previously reported
by Rijksinstituut voor Volksgezondheid en Milieu (The Dutch National Institute for Public Health and
the Environment; RIVM) and US Environmental Protection Agency (EPA) [14,15].

2.2. Toxicological Risk Assessment of Nicotine

Given a NOAEL of 0.5 mg/m3, exposure was converted to that occurring at 24 h per day for
7 days, and to include consideration of those who are generally sensitive to chemical substrates, such as
patients with cancer and pulmonary or cardiovascular disease, and small children. This conversion
was done by applying an uncertainty factor consisting of a 10-fold interspecies difference and a 10-fold
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individual difference, which resulted in a calculated tolerable concentration without health concerns of
3.0 µg/m3.

0.5 mg/kg/m3
× 20/24 × 5/7 × (1/100) = 3.0 µg/m3 (1)

Additionally, given a daily human respiration rate of 20 m3/day and average body weight of
50 kg according to an evaluation guideline [16], uncertainty was high because the NOAEL was
a concentration based on a semi-acute toxicity test. Since the NOAEL data obtained from the short-term
test period were used, an extra 10-fold uncertainty factor should be introduced. Assuming an overall
factor of 1000, the tolerable concentration was calculated to be 3.1 µg/m3.

1.25 mg/kg/day × 50 kg ÷ 20 m3
× (1/1000) = 3.1 µg/m3 (2)

2.3. Using HTPs and Smoking Cigarette

Three HTPs and one cigarette brand were used. The three HTPs are major brands in Japan and have
been characterized in detail elsewhere. For IQOS (Philip Morris Products S.A. Neuchâtel, Switzerland),
“Marlboro regular” tobacco sticks called HeatSticks were used. For glo (British American Tobacco plc.,
London, UK), “Kent” tobacco sticks called neostiks were used. For ploomTECH (Japan Tobacco Inc.,
Tokyo, Japan), “Mevius regular” liquid capsules called Tobacco caps were used. The devices used
were genuine products provided by tobacco companies for each product. A conventional cigarette,
Mevius One (Japan Tobacco Inc., Tokyo, Japan), was used as this is the number one selling cigarette
product of the number one selling brand in Japan [17].

2.4. Concentration of Nicotine

Aerosol phase nicotine in air was captured using ISO 18145:2003, the standard testing
procedure [18]. Nicotine was collected in a solid phase, non-polar adsorption resin cartridge sampler
XAD-4 (Sigma-Aldrich, St. Louis, MO, USA, Cat No. 54254-U) with a low volume air sampler at
the rate of 1.0 L/min. A total of 100 L of air was transferred to the sorbent tubes for both the shower
cubicle and room testing. An ozone scrubber (Sigma-Aldrich, St. Louis, MO, USA, Cat No. 505285)
was installed inline before the cartridge.

Nicotine was eluted by methanol, and then analyzed and quantified by a liquid
chromatography-tandem mass spectrometry (LC/MS/MS) system [19]. The HPLC system consisted
of a high-pressure liquid pump, an auto sampler, and a mass spectrometer (AB Sciex QTRAP4500)
operated in Multiple Reaction Monitoring (MRM) mode. Ten microliters (10 µL) of sample were injected
to purify polar compounds in a hydrophilic interaction liquid chromatography column (KINETEC
HILICϕ2.1 mm × 100 mm, particle size 2.6 µm) at 40 ◦C and a flow rate of 30 mL/min. Nicotine-d3 was
used as the internal standard for nicotine. Signal output was simultaneously monitored by two ions
for nicotine (m/z 163/130), and nicotine-d3 (m/z 166/130). The concentration of nicotine in a specimen
was determined by calculating the ratio of each ion peak area relative to internal standard peak area.
Results from calibrator analysis were used to create a calibration curve using simple linear regression
analysis. The slopes and intercepts from the resulting calibration equation were used to calculate
control and specimen results. Linearity in the samples was confirmed in the range of 0.0002–0.020 mg/L,
i.e., equivalent to 0.025–2.5 µg/m3 in air.

2.5. Concentration of Particulate Matter 2.5 (PM2.5)

Concentrations of PM2.5 were measured using Shibata LD-5R (Shibata Scientific Technology Ltd.,
Soka, Saitama, Japan) and Sidepak TSI AM510 aerosol monitor (TSI Incorporated, Shoreview, MN, USA)
in 1-min average mode. PM concentrations were calculated using a mass concentration conversion
factor for tobacco smoke (K value) of 0.81 (µg/m3/counts per minute) for the Shibata LD-5R [20] and
corrected by a conversion factor of 0.295 for the Sidepak TSI AM510 [21]. Averages per minute were
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measured, and measurement was continued for 120 min after the start of use or smoking in the shower
cubicle test and for 60 min in the room test.

2.6. Test Shower Cubicle

A shower cubicle (length 0.80 m × width 0.80 m × height 2.24 m) was used as the test room.
To prevent ventilation, the ventilation fan and drainage were covered with plastic tape. Measuring
instruments were placed on strut-pole shelves set at heights of 1.8 m and 1 m, and then adjusted so
that the sample entrance ports of the devices were at the respective heights (Supplementary Materials,
Figure S1). The measurement tests were conducted on ploomTECH, glo, IQOS, and conventional
cigarette, in that order. The cubicle was well ventilated between test intervals, and every walls, ceiling,
floor, and strut-pole shelves were carefully wiped down with a water-soaked rag. The sealing tapes were
removed, and the door was left fully open to ventilate the room during intervals. The intervals between
each test were about one hour, and next tests were conducted after confirming that the background
concentration of PM2.5 was confirmed to be below 10 µg/m3. Two measurement tests were conducted,
including measurements for a preliminary review of the test conditions.

In the shower cubicle test, the subject used or smoked 50 puffs of an HTP or cigarette at 30 s
intervals. Testing was done by the same single smoker, a male aged in his 40 s who was an employee
of the facility management authority and normally used conventional cigarettes. No other person was
present in the shower cubicle during testing. The volume of use and smoking per puff was consistent
with the smoker’s normal smoking behavior. The smoker exited the shower cubicle after using or
smoking the prescribed number of puffs, in consideration of the adverse effects of exposure, after which
the measurements were continued.

2.7. Test Room

The Japanese Government previously held an expert review meeting to consider and formulate
a standard test environment in 2010 [22]. The report of this meeting specified an average smoking
frequency per each smoker of 1.24 cigarettes per hour, determined from the average number for
the most frequently consumed smoking product, a population smoking prevalence of 0.218 (21.8%) at
the time, and a safety factor of 2, using a room with an effective area of about 25 m2, as considered
suitable for a restaurant and bar with about 10 seats. Based on these factors, the estimated average
number of cigarettes smoked in the room was 5.4 per hour. In the test, basically the same person(s)
smoked or used all of the assumed amount.

The study was conducted in a test facility used to evaluate painting-related safety at the Japan
Organization of Occupational Health and Safety, in Noborito, Kawasaki City [22]. The room area was
25 m2 (length 3.44 m × width 7.26 m). The walls, floor, and ceiling were covered in vinyl sheeting and
sealed with tape to prevent air leakage. The height of the room was 2.56 m (Supplementary Materials,
Figure S2).

For all measurements, to test the worst-case scenario, the room ventilator was turned off and
the test was conducted under non-ventilated conditions. After each test, a powerful horizontal flow
push-pull ventilator was operated with a ventilation rate of over 60 times/h and a sufficient reduction
in PM2.5 concentrations to background level was confirmed before the following test was commenced.

The sorbent tubes in which nicotine was collected and the PM2.5 measuring devices were installed
1.2 m from the floor at a distance of 1.5 m and 2.5 m from the smoker, and perpendicular to the direction
of the smoker’s exhalation. Three measurement tests were carried out, including measurements for
a preliminary review of the test conditions.

In the room test, since nicotine concentrations in mainstream aerosol from the HTP products
IQOS, glo, and ploomTECH have already been reported [23,24], we established usage from the number
of puffs giving closely similar amounts of nicotine at 54 puffs for IQOS, 130 puffs for glo, 265 puffs
for ploomTECH, and 54 puffs for the cigarette, Mevius One (Supplementary Materials, Table S1).
As the mainstream aerosol of IQOS contains nicotine at the same level as cigarette smoke, the number
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of puffs was set at the same level as that for Mevius One, a low tar cigarette. To account for the large
number of puffs required by ploomTECH, testing for this product was done using an additional user
(sex: male, age: 40 s, same affiliation), and the two persons each used once every 20 s, in order to finish
the use of ploomTECH at roughly the same test time as for the other products.

3. Results

3.1. Indoor Air Quality in the Small Room

Nicotine and PM2.5 concentrations in the shower cubicle test are summarized in Table 1.
Among the 3 types of HTP tested, ploomTECH had the lowest nicotine concentration. Concentrations
at the heights of 1.0 and 1.8 m were 29.3 and 25.9 µg/m3, respectively. Nicotine concentrations using glo
and IQOS were one order higher than those with ploomTECH, at 160 and 111 µg/m3 for glo and 257 and
212 µg/m3 for IQOS, respectively. In contrast, nicotine concentration when smoking a cigarette, Mevius
One, was an order of magnitude higher again, at 1040 and 2420 µg/m3 at 1.0 and 1.8 m, respectively.

Table 1. Nicotine and PM2.5 concentration in the shower cubicle test.

HTP Product

Nicotine (µg/m3) PM2.5 (µg/m3)

1.0 m 1.8 m
1.0 m 1.8 m

Mean SD Mean SD

ploomTECH Mevius regular 29.3 25.9 21 55 10 6.6

Glo Kent 160 111 330 564 99 119

IQOS Marlboro
regular 257 212 492 667 413 466

(cigarette) Mevius One 1040 2420 >10,700 - >5800 -

Nicotine and PM2.5 concentration in the shower cubicle (length 0.80 m ×width 0.80 m × height 2.24 m) following
50 puffs of HTP or cigarette are shown. Nicotine was collected for 100 min from the time of using/smoking initiation.
PM2.5 is the mean value of measurements conducted every minute for 120 min. PM2.5 concentration for the cigarette
Mevius One exceeded the upper measurement limit of the instrument.

PM2.5 also showed the same trend as nicotine for the 3 types of HTP and cigarette, with the
lowest values seen for ploomTECH, at 21 and 10 µg/m3 (standard deviation (SD) = 55, 6.6) at 1.0 and
1.8 m, respectively, followed by 330 and 99 µg/m3 (SD = 564, 119) for glo and 492 and 413 µg/m3

(SD = 667, 466) for IQOS, respectively. PM2.5 concentration with the cigarette Mevius One exceeded
the upper limit of measurement for both instruments at both heights. After exceeding the upper limit
of the devices at just over 10 min from the start of the test, levels did not drop below this limit until
120 min after the end of the test.

3.2. Indoor Air Quality under the Usual Condition

Nicotine and PM2.5 concentrations in the test room are summarized in Table 2. Indoor nicotine
concentrations for IQOS and glo at 1.5 and 2.5 m from the user were closely similar, at 2.6 and 2.7 µg/m3,
and 2.3 and 3.0 µg/m3, respectively. Concentrations were lower for ploomTECH, at 0.48 and 0.41 µg/m3,
respectively. In contrast, concentrations for Mevius One cigarettes were at the high and closely similar
levels of 130 and 160 µg/m3, and thus not comparable to those with HTPs.

PM2.5 tended to differ from nicotine concentration due to the product characteristics of each HTP.
PM2.5 concentrations at 1.5 and 2.5 m from the user were low for ploomTECH and IQOS, at 6.5 and
7.0 µg/m3 (SD = 5.8, 2.7), and 7.0 and 6.9 µg/m3 (SD = 11.6, 4.0), respectively, but higher for glo,
at 102 and 56 mg/m3 (SD = 95, 56), respectively. In contrast, concentrations of PM2.5 when Mevius One
cigarettes were smoked was 378 and 434 µg/m3 (SD = 215, 243), respectively, which were much higher
than when HTPs were used.
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Table 2. Nicotine and PM2.5 concentrations measured adjacent to the position of the user or smoker.

HTP Product

Nicotine (µg/m3) PM2.5 (µg/m3)

1.5 m 2.5 m
1.5 m 2.5 m

Mean SD Mean SD

ploomTECH Mevius Regular 0.48 0.41 6.5 5.8 7.0 2.7

Glo Kent 2.3 3.0 102 95 56 56

IQOS Marlboro
Regular 2.6 2.7 7.0 11.6 6.9 4.0

(cigarette) Mevius One 130 160 378 215 434 243

Nicotine and PM2.5 concentrations in the 25 m2 testing room (length 3.44 m × width 7.26 m × height 2.56 m)
following smoking of 5.4 cigarettes or equivalent of HTP for 60 min, beginning immediately after the start of use or
smoking. Levels were measured 1.5 and 2.5 m from the user, perpendicular to the direction of exhalation.

4. Discussion

According to a previously published paper that examined chemical concentrations in mainstream
smoke, while some HTPs contain nicotine at similarly high concentrations to cigarettes, levels of
carcinogens are generally low [23,24]. Propylene glycol and glycerol are the most common components
of PM produced by HTPs [23,24]. Nicotine were detected and assessed from second-hand aerosol
in the air, as well as when using electronic cigarettes [25,26]. Nicotine concentrations in the shower
cubicle test were at least one order of magnitude greater than the tolerable concentration without health
concerns of 3.0 µg/m3 with use of any of the three types of HTP, namely ploomTECH, glo, and IQOS,
althoughlevels were orders of magnitude lower than those with the cigarette. Many bars and pubs are
of very small size and lack adequate ventilation, and patrons and staff often find themselves seated
or standing close to each other. The area modeled in our shower cubicle of 0.64 square meters per
person appears reasonable. The partially revised Health Promotion Act provides for transitional
measures for HTP use under which the long-term health effects of second-hand HTP aerosol have yet
to be scientifically proven [11]. Nevertheless, HTPs are included in regulations and their use will be
permitted only in designated rooms that meet specified technical requirements. The results of this
study are not a legislative basis for the law, but support the inclusion of HTPs within a regulatory
framework for indoor use to protect nonsmokers from exposure to HTP aerosol, particularly with
regard to the protection of people who are generally sensitive, such as patients with cancer and
pulmonary or cardiovascular disease, and small children.

In contrast, nicotine concentrations in the test room remained below 3.0 µg/m3 for all HTPs
tested, indicating that nicotine is of no concern with the use of these products. Nicotine dependence
occurs as three types: physical dependence, habit dependence, and psychological dependence [27].
In this study, assuming physical dependence, normalization was performed against the amount
of nicotine in mainstream aerosol/smoke. The inhalation volume of users would be accordingly
higher for products with less nicotine in mainstream aerosol/smoke. Nevertheless, for all three HTPs,
the nicotine concentration in the room was significantly less than that with cigarettes, and did not
exceed the tolerable concentration without health concern level of 3.0 µg/m3 at any time. For the other
two types of dependence, it is not necessary to normalize against the amount of nicotine, and assuming
that these types will be used, nicotine concentration in the room should be further lowered. It should be
remembered that levels depend on the strength of ventilation and the structure of the room. Moreover,
our testing was conducted with the room ventilator stopped throughout the test, whereas the technical
requirement for designated heated tobacco smoking rooms under the law requires ventilation [8].
Nicotine concentration in ventilated rooms would likely decrease further.

Tests conducted by PMI reported nicotine concentrations of 1.10, 1.81, and 0.66 µg/m3, respectively,
in a room of 24.1 m2 in size. Indoor constituents were measured during IQOS sessions under conditions
that simulated office, residential, and hospitality environments. When conventional cigarettes were
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used, namely Marlboro Gold, values were 34.7, 29.1, and 34.6 µg/m3, respectively [13]. In our present
study, nicotine concentrations did not differ significantly from those in the PMI study of IQOS,
although there were some differences in condition settings, such as the presence/absence of ventilation.
Specifically, PMI stated “Using THS2.2 (i.e., IQOS) indoors does not have a negative impact on air
quality”, “The European Agency for Safety and Health at Work has established a exposure limit
at 500 µg/m3 (8 h) to be compared to a maximum median value of 1.8 µg/m3 for THS 2.2 (275-fold
lower)” [28]. For our present study, however, these statements would not necessarily be appropriate.
Using HTPs indoor also has negative impacts on air quality. Moreover, while nicotine concentrations
in the air are below the tolerable level of 3 µg/m3 under controlled scenarios in the normal range,
these could be easily exceeded in some conditions, as shown by the shower cubicle test.

The indoor PM2.5 concentration of about 300 to 500 µg/m3 when using IQOS or glo in the shower
cubicle is in the air quality index (AQI) category of “hazardous” (Figure 1) [29], a level that exceeds
the average daily concentration of 350 µg/m3 in just 2 h indoors. In contrast, when IQOS and
ploomTECH were used in the 25 m2 room, levels were below the standard value of 15 µg/m3 per
year and 35 µg/m3 per day, as specified by the US Environmental Protection Agency and Ministry
of the Environment, Japan [29,30]. PM2.5 concentration when using glo was slightly high, albeit still
much lower than the hundreds of micrograms seen when cigarettes are smoked. Some measurements
exceeded 100 g/m3, but it is unclear whether this would exceed the standard value of 35 µg/m3 for 24 h
considering the amount of time spent in the room per day. As PM2.5 concentration with glo tended to
differ from those with IQOS and ploomTECH, research into particulate exposure with HTPs should
include the physical properties of fine particles.
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Figure 1. PM2.5 concentration in the shower cubicle and the 25 m2 testing room. PM2.5 concentrations
in the shower cubicle and 25 m2 testing room are as measured at 1.8 m and 1.0 m in height, whichever
was higher; and in the indoor test, whichever was higher at 1.5 m and 2.5 m in distance perpendicular
to the direction of exhalation. In the shower cubicle test (left), Mevius One, IQOS, and glo are
classified in the AQI category [29] “Hazardous (maroon)” and ploomTECH is in “Moderate (yellow)”.
In the 25 m2 testing room, in contrast, glo is classified as “Unhealthy (red)”, and IQOS and ploomTECH
as “Good (green)”.

Under the revised Health Promotion Act, the handling of HTPs is a transitional measure, namely
a provisional measure until a clear answer on the long-term health impact of usage or exposure is
obtained [11]. This study did not negate the registration of HTPs under the revised Act. Research into
the adverse health effects of HTP use and second-hand aerosol is a public health duty, and the law
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should be reviewed to take account of future research. Under the revised Health Promotion Act,
the regulation of HTPs is a transitional measure. Further revisions of this transitional measure will
require additional research on indoor air quality.

Several limitations of our study warrant mention. First, the limited time between the drafting
of the bill and its submission to the National Diet, as well as resource constraints, did not allow
a sufficient number of tests for statistical analysis of the measurement results. There was not enough
time to submit the bill to parliament in order to meet the parliamentary debate schedule. Significant
resource constraints were present in terms of testing sites, personnel, and funding, among others.
While this is a small-scale test of a hypothesis to obtain a primary outcome, this might raise concerns
about the robustness of the methodology. Second, the NOAEL of nicotine was derived from testing
in rat models using exposure to inhalation of nicotine [14,15], which might not be extrapolatable to
human conditions. Differences in model animal species and the ongoing accumulation of findings from
chronic toxicity studies may change assumptions about the tolerable concentration without health
concerns. Third, we only investigated two limited cases, and the failure to account for a range of
scenarios and variables, including ventilation rate, room conditions and number of smokers, means that
our results cannot be generalized. The government study group’s report stipulated only the size
of the floor area, as determined from an assumed number of restaurant seats [22]. In our present
test, we used a testing room with a height of 2.56 m. Other venues have lower ceiling heights,
and concentrations would accordingly be expected to be higher. Actual customer behavior and
the manner of smoking of individual smokers or users will vary, requiring evaluation in actual
restaurants and bars in future studies. In addition, the room test was conducted under non-ventilated
conditions. Measurement under regular ventilation conditions was not possible due to constraints
of the test facility. After the legislation on HTPs is enacted, indoor air quality should be measured
and evaluated in newly emerging designated HTP smoking rooms in various real-world restaurants,
cafés, and other environments. Results on differences in air quality, for example nicotine and PM
concentrations, depending on conditions among facilities of different types, room sizes, and ventilation
systems could provide insight into how the revised Act’s transitional measures should be reviewed.
Fourth, various types and flavors of HTP have been recently put on the market, but this study does not
cover them. In addition, counterfeit devices having different operating temperatures from genuine
products have also emerged. Evaluation testing of these is an issue for the future. The limitations
presented by these test conditions are mitigated by the fact that concerns about second-hand aerosol
arise even with HTPs. Finally, and most significantly among limitations, this study did not evaluate
other chemicals, such as volatile organic carbons (VOCs), polynuclear aromatic hydrocarbons (PAHs),
tobacco-specific nitrosamines (TSNAs), and aldehydes [23,24]. Exposure risk assessment of indoor air
environments should assess not only nicotine and particles, but also other toxic chemicals, especially
carcinogens [23,24,31,32]. Since existing thresholds do not consider carcinogenicity through injury of
genes and mutagenicity etc. through activity on germ cells, one method of risk assessment used in
such cases adopts the amount which causes carcinogenesis at a probability of 1/100,000 as a virtually
safe dose (VSD) [16,33]. Multiple options are proposed, and this topic remains controversial.

5. Conclusions

An exposure assessment of nicotine and particulate matter (PM) from heated tobacco products
(HTPs) in two different conditions, namely heavy use and usual environment, was conducted to
provide a rough overview of the overall situation with these products. The results of this study are not
a legislative basis for the law, but did not negate the inclusion of HTPs within a regulatory framework
for indoor use aimed at reducing bystander risk of exposure to HTP aerosol to tolerable levels.

Supplementary Materials: The following are available online at http://www.mdpi.com/1660-4601/17/22/8536/s1,
Figure S1: Photo of the tested shower cubicle, Figure S2: Photo of the test setup, Table S1: Number of puffs that
gives the almost same amount of nicotine. Reference [34] is cited in the supplementary materials.

http://www.mdpi.com/1660-4601/17/22/8536/s1


Int. J. Environ. Res. Public Health 2020, 17, 8536 9 of 11

Author Contributions: Conceptualization, T.H. and T.S.; methodology, T.H.; investigation, T.H. and F.W.;
supervision; T.S. and T.T.; writing-original draft preparation, T.H. All authors contributed to the review, revision,
and approval of the final paper. All authors have read and agreed to the published version of the manuscript.

Funding: This work was funded by the Ministry of Health, Labor, and Welfare under the Fund for Tobacco
Research and Analysis Project. This work is a component project commissioned by the National Cancer Center
(H29-30, H31/R1, R2).

Acknowledgments: We would like to thank Yusuke Fukuda, Osamu Utsunomiya, Kazuo Yoshinaga, Ryuichiro
Hazama, Ken-ichi Suzuki, and other members of Health Service Bureau of the Ministry of Health, Labour and
Welfare for their discussion on policymaking in the revision of the act. We are also grateful to Masashi Gamo of
the Advanced Institute of Science and Technology, and Yohei Inaba and Naoki Kunugita of National Institute
of Public Health for their technical advice throughout this study. We also express our gratitude to Jun Ojima of
the Japan Organization of Occupational Health and Safety, for his technical advice and provision of test facilities.
We also appreciate Guy Harris for assistance with English language editing of the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

Disclaimer: The content is solely the responsibility of the authors and does not necessarily represent the official
views or policies of Ministry of Health, Labour and Welfare, as a part of the Government of Japan. The Ministry
makes no warranty, express or implied, nor assumes any liability or responsibility for use of or reliance on
the contents of this report.

References

1. World Health Organization (WHO). Heated Tobacco Products (HTPs) Information Sheet. Available online:
https://apps.who.int/iris/bitstream/handle/10665/272875/WHO-NMH-PND-17.6-eng.pdf?ua=1 (accessed on
24 September 2020).

2. Mallock, N.; Pieper, E.; Hutzler, C.; Henkler-Stephani, F.; Luch, A. Heated tobacco products: A review of
current knowledge and initial assessments. Front. Public Health 2019, 7, 287. [CrossRef] [PubMed]

3. Sutanto, E.; Miller, C.; Smith, D.M.; O’Connor, R.J.; Quah, A.C.K.; Cummings, K.M.; Xu, S.; Fong, G.T.;
Hyland, A.; Ouimet, J.; et al. Prevalence, use behaviors, and preferences among users of heated tobacco
products: Findings from the 2018 ITC Japan survey. Int. J. Environ. Res. Public Health 2019, 16, 4630.
[CrossRef] [PubMed]

4. Bialous, S.A.; Glantz, S.A. Heated tobacco products: Another tobacco industry global strategy to show
progress in tobacco control. Tob. Control 2018, 27, s111–s117. [CrossRef] [PubMed]

5. Tabuchi, T.; Gallus, S.; Shinozaki, T.; Nakaya, T.; Kunugita, N.; Colwell, B. Heat-not-burn tobacco product use
in Japan: Its prevalence, predictors and perceived symptoms from exposure to secondhand heat-not-burn
tobacco aerosol. Tob. Control 2018, 27, e25–e33. [CrossRef] [PubMed]

6. Nakamura, M. Judou-Kitsuen Boushi-Tou No Tabako-Taisaku No Suishin-Ni Kansuru Kenkyu; Heisei
29 Nendo Soukatsu Buntan Kenkyu Houkokusyo (MHLW Granted Research Group’s Report; Research
for Promotion to Prevent Environmental Tobacco Smoke and Others. Fiscal year 2018). Available online:
https://mhlw-grants.niph.go.jp/niph/search/NIDD02.do?resrchNum=201809001A (accessed on 24 September
2020). (In Japanese).

7. Simonavicius, E.; McNeill, A.; Shahab, L.; Brose, L.S. Heat-not-burn tobacco products: A systematic literature
review. Tob. Control 2019, 28, 582–594. [CrossRef] [PubMed]

8. World Health Organization (WHO). WHO Report on Global Tobacco Epidemic. 2019. Available online:
https://www.who.int/teams/health-promotion/tobacco-control/who-report-on-the-global-tobacco-
epidemic-2019 (accessed on 24 September 2020).

9. Ratajczak, A.; Jankowski, P.; Strus, P.; Feleszko, W. Heat not burn tobacco product—A new global trend:
Impact of heat-not-burn tobacco products on public health, a systematic review. Int. J. Environ. Res.
Public Health 2020, 17, 409. [CrossRef] [PubMed]

10. Lee, P.N.; Djurdjevic, S.; Weitkunat, R.; Baker, G. Estimating the population health impact of introducing
a reduced-risk tobacco product into Japan. The effect of differing assumptions, and some comparisons with
U.S. Regul. Toxocol. Pharmacol. 2018, 100, 92–104. [CrossRef] [PubMed]

11. Ministry of Health, Labour and Welfare. Partial Revision of Health Promotion Act (No. 78 of 2108). Available
online: https://www.mhlw.go.jp/english/policy/health-medical/health/dl/201904kenko.pdf (accessed on
24 September 2020).

https://apps.who.int/iris/bitstream/handle/10665/272875/WHO-NMH-PND-17.6-eng.pdf?ua=1
http://dx.doi.org/10.3389/fpubh.2019.00287
http://www.ncbi.nlm.nih.gov/pubmed/31649912
http://dx.doi.org/10.3390/ijerph16234630
http://www.ncbi.nlm.nih.gov/pubmed/31766410
http://dx.doi.org/10.1136/tobaccocontrol-2018-054340
http://www.ncbi.nlm.nih.gov/pubmed/30209207
http://dx.doi.org/10.1136/tobaccocontrol-2017-053947
http://www.ncbi.nlm.nih.gov/pubmed/29248896
https://mhlw-grants.niph.go.jp/niph/search/NIDD02.do?resrchNum=201809001A
http://dx.doi.org/10.1136/tobaccocontrol-2018-054419
http://www.ncbi.nlm.nih.gov/pubmed/30181382
https://www.who.int/teams/health-promotion/tobacco-control/who-report-on-the-global-tobacco-epidemic-2019
https://www.who.int/teams/health-promotion/tobacco-control/who-report-on-the-global-tobacco-epidemic-2019
http://dx.doi.org/10.3390/ijerph17020409
http://www.ncbi.nlm.nih.gov/pubmed/31936252
http://dx.doi.org/10.1016/j.yrtph.2018.10.010
http://www.ncbi.nlm.nih.gov/pubmed/30367904
https://www.mhlw.go.jp/english/policy/health-medical/health/dl/201904kenko.pdf


Int. J. Environ. Res. Public Health 2020, 17, 8536 10 of 11

12. International Union Against Tuberculosis and Lung Disease. The Union’s Position on Heat-Not-Burn (HNB)
Tobacco Products. Available online: https://theunion.org/news/union-position-on-heat-not-burn-tobacco-
products-published-precautionary-principle-advised (accessed on 24 September 2020).

13. Mitova, M.I.; Campelos, P.B.; Goujon-Ginglinger, C.G.; Maeder, S.; Mottier, N.; Rouget, E.G.R.; Tharin, M.;
Tricker, A.R. 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. [CrossRef] [PubMed]

14. Rijksinstituut voor Volksgezondheid en Milieu (National Institute for Public Health and the Environment,
RIVM). De Gezondheidsrisico’s Van E-sigaretten Voor Omstanders. Briefrapport 2016-0036. Available online:
https://www.rivm.nl/bibliotheek/rapporten/2016-0036.pdf (accessed on 24 September 2020).

15. Environmental Protection Agency (US EPA). Reregistration Eligibility Decision for Nicotine. Available online:
https://archive.epa.gov/pesticides/reregistration/web/pdf/nicotine_red.pdf (accessed on 24 September 2020).

16. National Institute of Technology and Evaluation (NITE) and Chemicals Evaluation and Research Institute
Japan (CERI) Kagaku Busshitsu no Shoki-hyouka Shisin (Guidelines for Initial Risk Assessment of Chemical
Substances) Version 2.0. Available online: https://www.nite.go.jp/chem/chrip/chrip_search/dt/pdf/CI_02_001/

guidance_ver2_20070115.pdf (accessed on 24 September 2020). (In Japanese).
17. Tobacco Institute of Japan. Joui 20 Meigara Suii (Changes in Top 20 Cigarette Brand Names by Sales Volume).

Data Related to Tobacco. Available online: https://www.tioj.or.jp/data/pdf/200424_03.pdf (accessed on
24 September 2020). (In Japanese).

18. International Standard Organization (ISO). Environmental Tobacco Smoke—Determination of Aerosol Phase
Nicotine and 3-Ethenylpyridine in Air—Gas-Chromatographic Method; International Standard Organization:
Geneva, Switzerland, 2003; ISO 18145:2003.

19. Moyer, T.P.; Charlson, J.R.; Enger, R.J. Simultaneous analysis of nicotine, nicotine metabolites, and tobacco
alkaloids in serum or urine by tandem mass spectrometry, with clinically relevant metabolic profiles.
Clin. Chem. 2002, 48, 1460–1471. [CrossRef] [PubMed]

20. Ministry of Health, Labour and Welfare. Tobacco no K-chi Sokutei no Gaiyou (Outline of Measurement
of K Value for Tobacco Smoke). Available online: https://www.mhlw.go.jp/file/05-Shingikai-11201000-
Roudoukijunkyoku-Soumuka/0000070587.pdf (accessed on 24 September 2020). (In Japanese)

21. Lee, K.; Hahn, E.J.; Pieper, N.; Okoli, C.T.C.; Repace, J.; Troutman, A. Differential impacts of smoke-free laws
on indoor air quality. J. Environ. Health 2008, 70, 24–30. [PubMed]

22. Ministry of Health, Labour and Welfare. Shokuba NI Okeru Judou-Kitsuen-Boushi-Taisaku-Kijun
Kentou-Iinkai Houkokusho (The Report on Committee on Standards for Measures to Prevent Second-Hand
Smoking in the Workplace). Available online: https://www.mhlw.go.jp/file/05-Shingikai-11201000-
Roudoukijunkyoku-Soumuka/0000066649.pdf (accessed on 24 September 2020). (In Japanese)

23. Bekki, K.; Inaba, Y.; Uchiyama, S.; Kunugita, N. Comparison of chemicals in mainstream smoke in
heat-not-burn tobacco and combustion cigarettes. J. Univ. Occup. Environ. Health Jpn. 2017, 39, 201–207.

24. Uchiyama, S.; Noguchi, M.; Takagi, M.; Hayashida, H.; Inaba, Y.; Ogura, H.; Kunugita, N. Simple
determination of gaseous and particulate compounds generated from heated tobacco products. Chem. Res.
Toxicol. 2018, 31, 585–593. [CrossRef] [PubMed]

25. Khachatoorian, C.; Jacob, P., III; Benowitz, N.L.; Talbot, P. Electronic cigarette chemicals transfer from a vape
shop to a nearby business in a multiple-tenant retail building. Tob. Control 2019, 28, 519–525. [CrossRef]
[PubMed]

26. Chen, R.; Aherrera, A.; Isichei, C.; Olmedo, P.; Jarmul, S.; Cohen, J.E.; Navas-Acien, A.; Rule, A.M. Assessment
of indoor air quality at an electronic cigarette (Vaping) convention. J. Expo. Sci. Environ. Epidemiol. 2018, 28,
522–529. [CrossRef] [PubMed]

27. Kawai, H. Ganbarazu-ni Suppari Yamerareru Kin-en (Smoking can be Quitted without Trying Hard);
Sunmark Publishing: Shinjuku-ku, Tokyo, Japan, 2017. (In Japanese)

28. Goujon-Ginglinger, C.G. Indoor Air Chemistry—Assessment of Environmental Aerosols Generated
by the Tobacco Heating System 2.2; Society of Indoor Environment: Okinawa, Japan, 2015;
Available online: https://www.pmiscience.com/resources/docs/default-source/library-documents/c-_goujon_
jpn.pdf?sfvrsn=8cb0f606_2 (accessed on 24 September 2020).

https://theunion.org/news/union-position-on-heat-not-burn-tobacco-products-published-precautionary-principle-advised
https://theunion.org/news/union-position-on-heat-not-burn-tobacco-products-published-precautionary-principle-advised
http://dx.doi.org/10.1016/j.yrtph.2016.06.005
http://www.ncbi.nlm.nih.gov/pubmed/27311683
https://www.rivm.nl/bibliotheek/rapporten/2016-0036.pdf
https://archive.epa.gov/pesticides/reregistration/web/pdf/nicotine_red.pdf
https://www.nite.go.jp/chem/chrip/chrip_search/dt/pdf/CI_02_001/guidance_ver2_20070115.pdf
https://www.nite.go.jp/chem/chrip/chrip_search/dt/pdf/CI_02_001/guidance_ver2_20070115.pdf
https://www.tioj.or.jp/data/pdf/200424_03.pdf
http://dx.doi.org/10.1093/clinchem/48.9.1460
http://www.ncbi.nlm.nih.gov/pubmed/12194923
https://www.mhlw.go.jp/file/05-Shingikai-11201000-Roudoukijunkyoku-Soumuka/0000070587.pdf
https://www.mhlw.go.jp/file/05-Shingikai-11201000-Roudoukijunkyoku-Soumuka/0000070587.pdf
http://www.ncbi.nlm.nih.gov/pubmed/18468220
https://www.mhlw.go.jp/file/05-Shingikai-11201000-Roudoukijunkyoku-Soumuka/0000066649.pdf
https://www.mhlw.go.jp/file/05-Shingikai-11201000-Roudoukijunkyoku-Soumuka/0000066649.pdf
http://dx.doi.org/10.1021/acs.chemrestox.8b00024
http://www.ncbi.nlm.nih.gov/pubmed/29863851
http://dx.doi.org/10.1136/tobaccocontrol-2018-054316
http://www.ncbi.nlm.nih.gov/pubmed/30158206
http://dx.doi.org/10.1038/s41370-017-0005-x
http://www.ncbi.nlm.nih.gov/pubmed/29288255
https://www.pmiscience.com/resources/docs/default-source/library-documents/c-_goujon_jpn.pdf?sfvrsn=8cb0f606_2
https://www.pmiscience.com/resources/docs/default-source/library-documents/c-_goujon_jpn.pdf?sfvrsn=8cb0f606_2


Int. J. Environ. Res. Public Health 2020, 17, 8536 11 of 11

29. US Environmental Protection Agency (USEPA). The National Ambient Air Quality Standards for Particle
Pollution, Revised Air Quality Standards for Particle Pollution and Update to the Air Quality Index (AQI).
Available online: https://www.epa.gov/sites/production/files/2016-04/documents/2012_aqi_factsheet.pdf
(accessed on 24 September 2020).

30. Ministry of the Environment. Chu-I Kanki No Tameno Zanteiteki-Na Shishin (Interim Guidelines for
Alerting—Response to Air Pollution Caused by Particulate Matter (PM2.5)). Available online: http://www.
env.go.jp/air/osen/pm/info.html#GUIDELINE (accessed on 24 September 2020). (In Japanese)

31. International Agency for Research on Cancer (IARC). Tobacco Smoke and Involuntary Smoking;
IARC Monographs on the Evaluation of Carcinogenic Risks to Humans; 83 Series; IARC: Lyon, France, 2004;
Volume 83.

32. Stephens, W.E. Comparing the cancer potencies of emissions from vapourised nicotine products including
e-cigarettes with those of tobacco smoke. Tob. Control 2018, 27, 10–17. [CrossRef] [PubMed]

33. National Institute of Technology and Evaluation. Risk Assessment on Chemicals—For Better Understanding.
Version 8. Available online: https://www.nite.go.jp/data/000009058.pdf. (accessed on 24 September 2020).

34. Endo, O.; Matsumoto, M.; Inaba, Y.; Sugita, K.; Nakajima, D.; Goto, S.; Ogata, H.; Suzuki, G. Nicotine, tar,
and mutagenicity of mainstream smoke generated by machine smoking with International Organization for
Standardization and Health Canada Intense regimes of major Japanese cigarette brands. J. Health Sci. 2009,
55, 421–427. [CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

https://www.epa.gov/sites/production/files/2016-04/documents/2012_aqi_factsheet.pdf
http://www.env.go.jp/air/osen/pm/info.html#GUIDELINE
http://www.env.go.jp/air/osen/pm/info.html#GUIDELINE
http://dx.doi.org/10.1136/tobaccocontrol-2017-053808
http://www.ncbi.nlm.nih.gov/pubmed/28778971
https://www.nite.go.jp/data/000009058.pdf.
http://dx.doi.org/10.1248/jhs.55.421
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	No-Observable-Adverse-Effect Level for Nicotine 
	Toxicological Risk Assessment of Nicotine 
	Using HTPs and Smoking Cigarette 
	Concentration of Nicotine 
	Concentration of Particulate Matter 2.5 (PM2.5) 
	Test Shower Cubicle 
	Test Room 

	Results 
	Indoor Air Quality in the Small Room 
	Indoor Air Quality under the Usual Condition 

	Discussion 
	Conclusions 
	References

