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Contemporary research reveals that electronic devices for nicotine consumption produce not so negative effects on 

health due to adverse chemicals being emitted in substantially lower quantities. Nevertheless, such consumption still results 
in emission of various organic and non-organic substances with their effects on health being rather unpredictable. It is nec-
essary to conduct additional studies, including those focusing on passive smoking of electronic cigarettes and assessing 
health risks caused by exposure to them. 

Our research goal was to assess acute health risks caused by passive consumption of tobacco and nicotine-
containing products. 

We built a model for tobacco or nicotine consumption by actual consumers (volunteers) and the process was evened as per a 
number of consumption sessions. We examined three products: tobacco cigarettes (cigarettes), electronic nicotine delivery system 
(ENDS), and a tobacco heating system (IQOS). Background air quality parameters were measured in a specifically organized en-
closed space prior to each study session. We also conducted experiments in so called «reference groups» when research partici-
pants didn’t consume the examined products but were in the same conditions. Health risks were assessed as per the Guide 
R 2.1.10.1920-04 «The Guide on assessing health risks caused by exposure to chemicals that pollute the environment». 

Use of ENDS and IQOS does not result in significant changes in air composure and does not cause unacceptable acute 
health risk. Combined effects produced by contaminants on organs and systems resulted in health risks for respiratory organs, eyes, 
and body as a whole being insignificantly higher than permissible levels; these risks were practically the same as those detected for 
a reference group. Tobacco smoking resulted in unacceptable acute risks 1.5 hours after an experiment started; these risks were 
caused by elevated concentrations of such contaminants as acetaldehyde, formaldehyde, PM2.5, PM10, and carbon monoxide.  

Key words: health risk, acute risk, acute additional risk, passive smoking, tobacco, nicotine-containing products, ciga-
rettes, electronic nicotine delivery systems, electronic tobacco heating devices. 
 

 
 According to data provided by the RF 

Public Healthcare Ministry, in Russia annually 
up to 300 thousand people die due to smoking-
related diseases [1, 2]. As per data provided by 
the WHO, tobacco smoking is among the most 
significant threats for human health that causes 
approximately 7 million death cases every year 

all over the world; 890 thousand out of them 
are non-smokers who were exposed to tobacco 
smoke [3, 4]. 

According to the Concept on the state pol-
icy aimed at fighting against consumption of 
tobacco and other nicotine-containing products 
for a period up to 20351, the RF Public Health-
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care Ministry aims to reach maximum possible 
decrease in mortality and morbidity caused by 
smoking-related diseases as well as to prevent 
nicotine-containing products from further 
spread among population. To achieve the goals 
set by the Concept a system for managing its 
implementation is being created; this system 
involves developing mechanisms for risk 
monitoring, assessment, and minimization.  

According to the Concept, by 2035 a num-
ber of smokers among adult population should 
go down to 21 %. Initial parameters are fixed as 
in December 2018 when smokers accounted for 
29 % among adult population in Russia. 

It should be noted that recently new smok-
ing products have been becoming more and 
more popular among population, namely elec-
tronic nicotine delivery systems (ENDS) and 
electronic tobacco heating systems (ETHS) [5, 6]. 
It is especially true for young people aged 18–24 
since approximately 19.1 % people in this age 
group use such products and it is 10 times 
higher than in other age groups [7]. Electronic 
vaping is already widely spread all over the 
world and many countries introduce strict rules 
for it given new available actual data on nega-
tive effects produced by vaping on health [8–12]. 
But at present it is still rather difficult to issue 
legislative acts regarding a ban on use of elec-
tronic cigarettes in public places; although such 
an initiative was introduced to the State Duma, 
an absence of evidence base proving that “pas-
sive consumption” of nicotine-containing prod-
ucts causes health risks doesn’t allow determin-
ing what limitations should be imposed on dis-
tribution of such products which are considered 
an alternative to tobacco products [13–21]. 

Besides, there were some studies [22] on 
electronic cigarettes and a medicinal nicotine 
inhalator as an etalon product performed in the 
USA, Great Britain and Poland; they revealed 
that ENDS produced certain toxicants but their 

levels were from 9 to 450 times lower than in 
cigarette smoke. But still, a mix that was in-
haled via using ENDS contained small quanti-
ties of 1,2-propanediol, 1,2,3-propanetriol, di-
acetyl, flavor additives, and also nicotine in 
trace quantities [23].  

Given all the above mentioned, additional 
studies are required including those focusing 
on “passive consumption” of electronic ciga-
rettes; it is also vital to assess health risks 
caused by exposure to them. 

Our research goal was to assess acute 
health risk caused by passive consumption of 
tobacco in nicotine-containing products. 

Data and methods. 3 types of nicotine-
containing products were examined as sources of 
adverse chemicals emission, namely cigarettes, 
an electronic nicotine delivery system (ENDS), 
and an electronic tobacco heating system 
(ETHS). Volunteers that had been smoking for 
not less than three years prior to our experiment 
took part in it; they all gave their informed con-
sent to participate. To achieve greater representa-
tiveness in our research, we examined each 
product for three days and each examination in-
volved three volunteers participating in it. A ref-
erence group was made up of non-smokers who 
stayed in an experiment room for four and a half 
hours. All examinations were performed in a 
specifically prepared room. 

Background air quality was estimated 
prior to the experiment started. Air samples 
were taken thrice during the experiment, 1.5, 3 
and 4.5 hours after it had started. Sampling 
devices and a meteometer gauge were placed 
at a height where a sitting person breathed. 

Air samples were analyzed at “Arbitrazh” 
certified laboratory chemical and analytical cen-
ter in conformity with the requirements fixed in 
the valid regulatory and methodical documents2. 
All obtained results were statistically processed 
with IBM SPSS Statistics, v. 22. 

__________________________ 
 
2 Methodical guidelines 4.1.1673-03. Chromato-mass-spectrometric determination of substances that are contained in to-

bacco and tobacco dust in ambient air; М-21. The procedure for measuring nicotine mass concentration in industrial emissions 
into ambient air, in working area air and in ambient air, with gas chromatography; М-МVI-198-07. The procedure for measur-
ing carbonyl-containing substances in ambient air in settlements and working area air via HPLC using active sampling device; 
RD 52.04.830-2015. Mass concentration of particulate matter РМ10 and РМ2,5 in ambient air. The gravimetric procedure; “Me-
thodical guidelines on analyzing objects with unknown structure with  GLC, CMS, HPLC, GC/IR/PS, AE-ICP, MS-ICP” 
D.I. Mendeleev’s Russian Metrology Scientific and Research Institute No. 01-07. KonsultantPlus. Available at: https://
docs.cntd.ru (January 26, 2021). 
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Our research was given the following me-
thodical grounds: the Guide R 2.1.10.1920-04 
“The Guide on assessing health risks under ex-
posure to chemicals that pollute the environ-
ment”3, guidelines developed by the US Envi-
ronmental Protection Agency4 and the Office of 
Environmental Health Hazard Assessment5, 
Integrated Risk Information System, (IRIS). 

Risks were assessed by an organization 
certified in this sphere in the System for volun-
tary certification of institutions dealing with 
health risk assessment (Conformance Certifi-
cate No. SDS 062, registered in the System 
database on December 26, 2018). 

We considered short-term (acute) expo-
sure lasting for several hours in our research. 
This scenario was selected due to the follow-
ing factors: 

– the experiment involved modeling an 
exposure scenario taking into account potential 
inhalation of contaminant with air in a closed 
room (so called “passive consumption”) and 
not its direct (or “active”) consumption; 

– “passive consumers” had to spend lim-
ited amount of time in the experiment room 
according to the experiment design; 

– there was no possibility to predict pe-
riodicity of contacts an exposed person would 
have with the examined substances in real 
conditions during the whole life span; conse-
quently, it was impossible to calculate chronic 
dose exposure [11, 16, 17, 19]. 

As for this experimental situation, we 
modeled 4.5-hour exposure to contaminants in 
the air in the closed experimental room and it 
was considered short-term and acute exposure. 

Reference concentrations under acute in-
halation exposure, ARfC, were applied to as-
sess acute risks caused by exposure to con-
taminants. Their values were taken from the 
Appendix 2 to the Guide R 2.1.10.1920-04 as 
well as from USEPA and OEHHA databases. 

We applied a standard formula for calcu-
lating an acute risk (hazard quotient HQR) in 
our research: 

HQR= С/ARfC, 
where С is concentration of a substance, ARfC 
is a reference concentration under acute  
exposure. 

In addition to acute risk assessment and 
according to the Guide R 2.1.10.1920-04 we 
also calculated some parameters that described 
difference between an acute risk caused by ex-
posure to a certain chemical among people 
who consumed tobacco or nicotine at a spe-
cific moment of time during the experiment 
and an acute risk that occurred for the refer-
ence group at the same moment. A term “acute 
additional risk” (HQR_add) was applied for this 
parameter in the present work; it was calcu-
lated as per the following formula:  

HQR_add= HQR_t  – HQR_bkgd, 

where HQR_t is an acute risk at a certain 
moment of time during the experiment 
(when samples were being taken); HQR_bkgd 
is a background acute risk for the reference 
group at the same moment of time during the 
experiment. 

Results and discussion. The hazard iden-
tification stage involved estimating a structure 
of contaminants in the air in the closed room 
that occurred due to different tobacco- and 
nicotine-containing products consumption 
(Table 1).  

Acute health risks were assessed basing on 
results obtained via laboratory tests performed 
on the air in the closed room; the assessment 
revealed that air quality became unacceptable 
already after 1.5 hours when cigarette smoking 
was modeled in the experiment. It was primar-
ily due to elevated concentrations of acetalde-
hyde, formaldehyde, and particulate matter that 

__________________________ 
 
3 R 2.1.10.1920-04. The Guide on assessing health risks caused by exposure to chemicals that pollute the environment. 

Мoscow, The Federal Center for State sanitary and Epidemiologic Surveillance of the RF Public Healthcare Ministry Publ., 
2004, 143 p. 

4 Location-Specific Environmental Information. United States Environmental Protection Agency (US EPA). Available at: 
https://www.epa.gov/environmental-topics/location-specific-environmental-information (January 26, 2021). 

5 Environmental Topics. The Office of Environmental Health Hazard Assessment (OEHHA). Available at: 
https://oehha.ca.gov/environmental-topics (January 26, 2021). 
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were 1.5–2 times higher than permissible ones 
after 1.5 hours. Acute risks caused by acetalde-
hyde and formaldehyde contents didn’t exceed 
permissible levels during the whole experiment 
when ENDS and ETHS consumption was mod-
eled (Tables 2 and 3).  

Overall, we can state that air contamina-
tion in the closed room caused by ENDS and 
ETHS consumption didn’t cause unacceptable 
acute health risks even after a long period of 
time spent in that room without any air ventila-
tion; meanwhile, cigarette smoking caused un-
acceptable health risk already 1.5 hour after 
the experiment started (Table 2). 

Taking into account data on effects pro-
duced by various chemicals on a body as a 
whole or organs and systems in particular pro-
vided in Appendix 2, the Guide R 2.1.10.1920-
04, we created a list of critical organs and sys-
tems that were target ones for adverse impacts 
exerted by the examined chemicals (Table 4). 

T a b l e  1   
Priority contaminants in the air in the 

experimental room and hygienic standards 
regulating them 

Contaminant ARfC, mg/m3 
Formaldehyde 0.048 
Acetaldehyde  0.115 
Buta-1,3-dien (Divinyl) 0.11 
Benzene 0.15 
Methylbenzene (Toluene) 3.8 
Carbon oxide 23 
Nitrogen dioxide (Nitrogen (IV) oxide) 0.47 
Nitrogen (II) oxide (Nitrogen oxide) 0.72 
РМ2,5 0.065 
PM10 0.15 

N o t e :   
ARfC are reference concentrations under acute 

exposure; 
PM10 are particulate matter with mass concentra-

tions of particles smaller than 10 µm in diameter; 
PM2,5 are particulate matter with mass concentra-

tions of particles smaller than 2.5 µm in diameter. 

T a b l e  2  
Concentrations of contaminants and acute and acute additional risks caused by specific 

contaminants occurring due to tobacco or nicotine consumption in the air in the closed room 
at different moments of time during the experiment 

Concentrations (average values, mg/m³) and risk levels 
Background  
values (sam-
pling time 
8:00–9:30) 

After 1.5 hours  
(sampling time 
 9:40–11:10) 

After 3 hours  
(sampling time  
11:20–12:50) 

After 4.5 hours  
(sampling time  
13:00–14:30) Components Experiment 

Concen- 
tration 

Acute 
risk 

Concen-
tration 

Acute 
risk 

Acute 
additional 

risk 

Concen-
tration 

Acute 
risk 

Acute 
additional 

risk 

Concen- 
tration 

Acute 
risk 

Acute 
additional 

risk 
1 2 3 4 5 6 7 8 9 10 11 12 13 

Reference 0.0011 0.007 0.0016 0.01   0.011 0.07   0.009 0.06   
Cigarettes 0.0009 0.006 0.014 0.09 0.083 0.027 0.18 0.107 0.034 0.23 0.17 

ENDS 0.0009 0.006 0.0022 0.02 0.004 0.0029 0.02 -0.054 0.0029 0.02 -0.04 Benzene 

ETHS 0.0013 0.009 0.0015 0.01 -0.001 0.0015 0.01 -0.063 0.0018 0.01 -0.05 
Reference 0.0034 0.001 0.0053 0.001   0.0054 0.001   0.0052 0.001   
Cigarettes 0.0019 0.001 0.023 0.01 0.005 0.041 0.01 0.009 0.053 0.01 0.01 

ENDS 0.0022 0.001 0.0057 0.002 0 0.0083 0.002 0.001 0.0088 0.002 0.001 Toluene 

ETHS 0.0044 0.001 0.0045 0.001 0 0.004 0.001 0 0.0051 0.001 0 
Reference 0.024 0.5 0.035 0.73   0.038 0.79   0.044 0.92   
Cigarettes 0.026 0.542 0.072 1.50 0.771 0.1 2.08 1.292 0.106 2.21 1.29 

ENDS 0.024 0.5 0.033 0.69 -0.042 0.042 0.88 0.083 0.044 0.92 0.00 Formaldehyde 

ETHS 0.022 0.458 0.029 0.60 -0.125 0.031 0.65 -0.146 0.036 0.75 -0.17 
Reference 0.008 0.07 0.014 0.12   0.017 0.15   0.018 0.16   
Cigarettes 0.009 0.078 0.125 1.09 0.965 0.262 2.28 2.13 0.332 2.89 2.73 

ENDS 0.008 0.07 0.017 0.15 0.026 0.03 0.26 0.113 0.248 2.16 2.00 Acetaldehyde 

ETHS 0.009 0.078 0.02 0.17 0.052 0.031 0.27 0.122 0.042 0.37 0.21 
Reference 0.034 0.523 0.048 0.74   0.044 0.68   0.053 0.82   
Cigarettes 0.026 0.4 0.68 10.46 9.723 1.2 18.46 17.785 1.2 18.46 17.65 

ENDS 0.045 0.692 0.065 1.00 0.262 0.078 1.20 0.523 0.084 1.29 0.48 
Particulate 

matter РМ2,5 
ETHS 0.039 0.6 0.071 1.09 0.354 0.071 1.09 0.415 0.07 1.08 0.26 
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1 2 3 4 5 6 7 8 9 10 11 12 13 

Reference 0.048 0.32 0.042 0.28   0.047 0.31   0.0513 0.34   
Cigarettes 0.035 0.233 0.66 4.40 4.12 1.2 8.00 7.687 1.1333 7.56 7.21 

ENDS 0.053 0.353 0.066 0.44 0.16 0.097 0.65 0.333 0.0903 0.60 0.26 

Particulate 
matter 
РМ10 ETHS 0.038 0.253 0.073 0.49 0.207 0.075 0.50 0.187 0.0747 0.50 0.16 

Reference 0.467 0.648 0.967 1.34   0.967 1.34   1.167 1.62   
Cigarettes 0.367 0.509 8.167 11.34 10 10.633 14.77 13.426 13.333 18.52 16.90 

ENDS 0.467 0.648 1.9 2.64 1.296 2.967 4.12 2.778 3.3 4.58 2.96 
Carbon 
oxide 

ETHS 0.467 0.648 1.167 1.62 0.278 1.033 1.44 0.093 1.2 1.67 0.05 
Reference 0.041 0.056 0.043 0.06 0 0.048 0.07 0 0.049 0.07 0.00 
Cigarettes 0.049 0.068 0.196 0.27 0.213 0.293 0.41 0.34 0.314 0.44 0.37 

ENDS 0.014 0.019 0.02 0.03 -0.032 0.029 0.04 -0.025 0.034 0.05 -0.02 

Nitrogen 
(II) oxide  
(Nitrogen 

oxide) ETHS 0.053 0.074 0.053 0.07 0.013 0.056 0.08 0.012 0.056 0.08 0.01 
Reference 0.005 0.01 0.001 0.001 0 0 0.00 0 0 0.000 0.00 
Cigarettes 0.003 0.006 0.003 0.01 0.004 0.002 0.004 0.004 0.001 0.003 0.003 

ENDS 0.006 0.013 0 0.001 -0.001 0 0.00 0 0 0.000 0.000 

Nitrogen 
dioxide  

(Nitrogen 
(IV) oxi-

de) ETHS 0.012 0.026 0.001 0.001 0 0.002 0.004 0.004 0.001 0.001 0.001 

T a b l e  3  
Contaminants concentrations and acute risk caused by specific substances occurring due 

to tobacco or nicotine consumption in the air in the closed room after 4.5 hours of the experiment  
Contaminants concentrations, mg/m³ Acute risk Components Experiment Me Q0.25–0.75* Me8 Q0.25–0.75

9 

Reference 0.0365 0.03225–0.0395 0.76 0.67–0.82 
Cigarettes 0.086 0.0605–0.1015 1.79 1.26–2.11 

ENDS 0.0375 0.03075–0.0425 0.78 0.64–0.89 Formaldehyde 

ETHS 0.03 0.02725–0.03225 0.63 0.57–0.67 
Reference 0.0155 0.0125–0.01725 0.14 0.11–0.15 
Cigarettes 0.1935 0.096–0.2795 1.68 0.83–2.43 

ENDS 0.0235 0.01475–0.0845 0.20 0.13–0.74 Acetaldehyde 

ETHS 0.0255 0.01725–0.03375 0.22 0.15–0.29 
Reference 0.0002 0.0002–0.0002 0.00 0.002–0.002 
Cigarettes 0.049 0.02705–0.0675 0.45 0.25–0.61 

ENDS 0.001 0.000575–0.001525 0.01 0.005–0.01 
Buta-1,3-dien  

(Divinyl) 
ETHS 0.0004 0.00035–0.0004 0.00 0.003–0.004 

Reference 0.0053 0.001475–0.0095 0.04 0.01–0.06 
Cigarettes 0.0205 0.010725–0.02875 0.14 0.07–0.19 

ENDS 0.00255 0.001875–0.0029 0.02 0.01–0.02 Benzene 

ETHS 0.0015 0.00145–0.001575 0.01 0.01–0.01 
Reference 0.00525 0.00475–0.005325 0.001 0.001–0.001 
Cigarettes 0.032 0.017725–0.044 0.01 0.005–0.01 

ENDS 0.007 0.004825–0.008425 0.002 0.002–0.002 
Methylbenzene  

(Toluene) 
ETHS 0.00445 0.0043-0.00465 0.001 0.001–0.001 

Reference 0.967 0.842–1.017 1.34 1.17–1.41 
Cigarettes 9.4 6.217–11.308 13.06 8.63–15.71 

ENDS 2.4335 1.54175–3.05025 3.38 2.14–4.24 Carbon oxide 

ETHS 1.1 0.8915–1.17525 1.53 1.23–1.63 
Reference 0.0005 0–0.002 0.0005 0–0.003 Nitrogen dioxide 

(Nitrogen (IV) oxide) Cigarettes 0.0025 0.00175–0.003 0.005 0.003–0.006 
ENDS 0 0–0.0015 0.0005 0–0.004  ETHS 0.0015 0.001–0.0045 0.003 0.001–0.01 

Reference 0.0455 0.0425–0.04825 0.06 0.06–0.1 
Cigarettes 0.2445 0.15925–0.29825 0.34 0.22–0.41 

ENDS 0.0245 0.0185–0.03025 0.03 0.03–0.04 
Nitrogen (II) oxide 
(Nitrogen oxide) 

ETHS 0.0545 0.053–0.056 0.08 0.07–0.08 
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Contaminants concentrations, mg/m³ Acute risk Components Experiment Me Q0.25–0.75* Me8 Q0.25–0.75

9 
Reference 0.046 0.0415–0.04925 0.71 0.64–0.76 
Cigarettes 0.94 0.5165–1.2 14.46 7.95–18.46 

ENDS 0.0715 0.06–0.0795 1.10 0.92–1.22 РМ2,5 

ETHS 0.0705 0.06225–0.071 1.08 0.96–1.09 
Reference 0.0475 0.04575–0.048825 0.32 0.30–0.33 
Cigarettes 0.89665 0.50375–1.149975 5.98 3.36–7.67 

ENDS 0.07815 0.06275–0.091975 0.52 0.42–0.61 PM10 

ETHS 0.07385 0.06425–0.074775 0.49 0.43–0.50 

N o t e : Ме means median; * is interquartile range. 
T a b l e  4  

A list of critical organs and systems and chemicals that exert their impacts on them 
Critical organs  

and systems 
A number of chemicals targeting 

a certain organ or a system Chemicals 

Respiratory organs 6 Toluene, Formaldehyde, Particulate matter 
PM2,5, PM10, Nitrogen oxide, Nitrogen dioxide

Nervous system 1 Toluene 
Development 2 1,3-butadien, Carbon monoxide 

Eyes 3 Toluene, Formaldehyde, Acetaldehyde 
Blood 1 Carbon oxide 

Impacts on a body as a whole 2 Particulate matter PM2,5, PM10 
 
Having analyzed impacts exerted by dif-

ferent chemicals that targeted the same organs 
and systems and having calculated HI for 
them, we revealed that the highest acute risks 
were caused by cigarette smoking for the res-
piratory organs and overall impacts on a body 
as a whole, risk values being 28.68 and 26.02 
taking background concentrations into account 
and 26.54 and 24.86 without them (acute addi-
tional risk) accordingly (Tables 5 and 6). We 
should note that acute risks for all organs and 
systems that were sensitive to the examined 
chemicals were the lowest in case ETHS was 
used and they practically didn’t differ from 
those detected for the reference group. 

Analysis of acute risks and acute addi-
tional risks indicated that background contami-
nation didn’t make any significant contribution 
into acute risks as it was confirmed by negligi-
ble differences in risk levels (Tables 5 and 6).   

Despite there were several measures taken 
for providing purity of the experiment, we 
should mention several objective factors that 
create certain difficulties in assessing the ex-
perimental results: 

1. It would be advisable to unify quantity 
of different consumed nicotine-containing 

products for proper comparative assessment of 
chemicals emission. However, we modeled 
actual tobacco or nicotine consumption by ac-
tual people who consume such products and 
this consumption was leveled off as per a 
number of consumption cases. Due to it this 
uncertainty can be considered negligible. 

2. We detected “marker-substances” in 
the air in the experimental room during the 
experiment for the reference group and at a 
stage when background (initial) concentrations 
were determined.  

3. Some “marker-substances” occur in ambi-
ent air and can influence the experimental results. 

4. The air in the experimental room was 
not ventilated during the whole experiment so 
that “marker-substances” could be efficiently 
determined via laboratory tests. Due to it the 
obtained absolute values can be different from 
similar data obtained by other researchers.  

Additional acute risks were analyzed in 
dynamics and this analysis revealed that the 
greatest additional acute risks occurred due to 
cigarettes smoking (Figures 1–8). Overall, 
consumption of all tobacco or nicotine-
containing produces resulted in additional 
risks during the experiment due to an increase
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T a b l e  5  
Hazard indexes for acute non-carcinogenic risk (HI) caused by combined exposure to different 

chemicals for various organs and systems taking background concentrations into account 
Acute non-carcinogenic risks for specific organs and systems  

(hazard index HI) under 4.5-hour exposure Experiment Respiratory 
organs 

Systemic
 impacts 

Nervous 
system 

Develop-
ment Eyes Blood 

Reference group (non-smokers) 2.14 1.16 0.001 1.62 1.08 1.62 
Cigarette smoking 28.68 26.02 0.014 18.52 5.11 18.52 
ENDS consumption 2.86 1.89 0.002 4.58 3.08 4.58 
ETHS consumption 2.41 1.58 0.001 1.67 1.12 1.67 

T a b l e  6   
Hazard indexes for acute non-carcinogenic risk (HI) caused by combined exposure to different 

chemicals for various organs and systems without taking background concentrations into account 
Additional acute non-carcinogenic risks for specific organs and systems  

(hazard index HI) under 4.5-hour exposure Experiment Respiratory 
organs 

Systemic 
impacts 

Nervous 
system Development Eyes Blood 

Reference group (non-smokers) – – – – – – 
Cigarette smoking 26.54 24.86 0.01 16.90 4.04 16.90 
ENDS consumption 0.72 0.74 0.001 2.96 2.00 2.96 
ETHS consumption 0.26 0.42 0.00 0.05 0.04 0.05 

 

  
Figure 1. Acute additional risk caused by exposure 

to benzene for different consumed tobacco-  
or nicotine-containing products 

Figure 2. Acute additional risk caused by exposure 
to toluene for different consumed tobacco-  

or nicotine-containing products 

  
Figure 3. Acute additional risk caused by exposure 
to formaldehyde for different consumed tobacco-  

or nicotine-containing products 

Figure 4. Acute additional risk caused by exposure 
to acetaldehyde for different consumed tobacco-  

or nicotine-containing products  
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Figure 5. Acute additional risk caused by exposure  
to particulate matter PM2,5 for different consumed  

tobacco- or nicotine-containing products 

Figure 6. Acute additional risk caused by exposure  
to particulate matter PM10 for different consumed  

tobacco- or nicotine-containing products 

  

Figure 7. Acute additional risk caused by exposure  
to carbon oxide for different consumed tobacco-  

or nicotine-containing products 

Figure 8. Acute additional risk caused by exposure 
 to nitrogen oxide (II) for different consumed tobacco- 

or nicotine-containing products 

 
in adverse chemicals concentrations. But at the 
same time, this growth in additional risks was 
the most apparent in case of cigarette smoking 
as it can be seen in Figures 1–8. This dynamics 
in additional risk growth was substantially 
lower in case ENDS or ETHS were used; it was 
equal to zero or even negative in some cases. 

Conclusion. Health risks were assessed 
basing on the results obtained via laboratory 
tests performed on the air samples taken in-
side the closed room under 4.5-hour exposure 
that was modeled in the experiment. The as-
sessment revealed that ENDS and ETHS con-
sumption didn’t result in any significant 
changes in air composure and didn’t cause 
any unacceptable acute health risks. When 
examining combined exposure to contami-
nants on organs and systems, we established 
that actual risks were slightly higher than 
permissible ones for the respiratory organs, 
eyes, and overall impacts on a body as a 
whole but they practically didn’t differ from 

those detected for the reference group. At the 
same time cigarette smoking caused unac-
ceptable acute risks already 1.5 hours after 
the experiment started; those risks occurred 
due to elevated concentrations of acetalde-
hyde, formaldehyde, particulate matter PM2,5 
and PM10, and carbon monoxide. Elevated 
risk levels caused by ENDS consumption 
were reached only after 3 hours and occurred 
due to exposure to only two chemicals, acet-
aldehyde and carbon oxide. 

Our experimental data gave ground for 
recommending separate places to be organized 
for ENDS and ETHS consumption and to-
bacco smoking since ENDS and ETHS con-
sumers may be exposed to additional risks 
caused by effects produced by tobacco smoke. 
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