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SUMMARY

Chemical toxicants released into the environment during
the use of tobacco and nicotine products potentially give
rise to an elevated health risk among non-users. The aim of
this study was to assess the levels of a wide range of
chemical toxicants in the indoor air of an unventilated
testing facility during various scenarios of tobacco and
nicotine product use, including the use of conventional
waterpipes, electronic vaping products (EVPs, also known
as e-cigarettes), an electronic waterpipe which uses
electrical heating of shisha tobacco instead of conventional
charcoal heating, and combustible-cigarettes. In the one-
occupant scenarios, increases in PM10 and PM2.5 were
greatest during conventional waterpipe use, approximately
40% lower for OOKA electronic waterpipe use, and lowest
for EVP use. An increase in the combustion by-product CO
was greatest for conventional waterpipe use, and substan-
tially lower for EVP and OOKA electronic waterpipe use,
with the latter generating only a negligible amount of CO.
The increase in formaldehyde levels was greatest for
conventional waterpipe use, and substantially lower for
OOKA electronic waterpipe use. In ten-occupant product
use scenarios, increases in PM10 and PM2.5 were greatest
for EVP use and slightly lower for OOKA electronic
waterpipe use, lower during the cigarette smoking scenario,
and lowest for the unattended conventional waterpipes

scenario. Increases in CO and formaldehyde were highest
for the conventional waterpipes scenario, substantially
lower during cigarette smoking, and negligible for OOKA
electronic waterpipe and EVP use. Increases in several
other volatile organic compounds and some polycyclic
aromatic hydrocarbons were mainly seen only during
cigarette smoking and were negligible during the other
product use scenarios. This pattern was similar for the
tobacco-specific nitrosamines NNN, NNK, and NAT.
These findings have important implications concerning the
potential for secondhand toxicant exposure among water-
pipe non-users, and for understanding how to potentially
reduce health risks associated with such exposure. [Contrib.
Tob. Nicotine Res. 34 (2025) 230–241]
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ZUSAMMENFASSUNG

Chemische Giftstoffe, die beim Konsum von Tabak  und
Nikotinprodukten in die Umwelt freigesetzt werden, bergen
möglicherweise ein erhöhtes Gesundheitsrisiko für Nicht-
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konsumenten. Ziel dieser Studie war es, die Konzen-
trationen einer breiten Palette chemischer Giftstoffe in der
Raumluft einer unbelüfteten Testeinrichtung während
verschiedener Szenarien des Konsums von Tabak  und
Nikotinprodukten zu ermitteln, darunter die Verwendung
herkömmlicher Wasserpfeifen, elektronischer Vaping
Produkte (EVPs, auch als E-Zigaretten bekannt), elektro-
nischer Wasserpfeifen, bei denen Shisha-Tabak elektrisch
statt mit herkömmlicher Holzkohle erhitzt wird, und
brennbarer Zigaretten. Bei Szenarien mit einem Kon-
sumenten waren die Anstiege von PM10 und PM2.5 bei
der Verwendung herkömmlicher Wasserpfeifen am
höchsten, bei der Verwendung elektronischer OOKA
Wasserpfeifen um etwa 40% niedriger und bei der Verwen-
dung von EVPs am niedrigsten. Der Anstieg des Ver-
brenungsnebenprodukts CO war bei der Nutzung konven-
tioneller Wasserpfeifen am stärksten, bei der Nutzung von
EVP deutlich schwächer, bei Verwendung von OOKA
Wasserpfeifen wurde nur eine vernachlässigbare Menge
CO erzeugt. Der Anstieg der Formaldehydwerte war bei
konventionellen Wasserpfeifen am stärksten und bei
OOKA deutlich geringer. In Zehn-Personen-Szenarien zur
Produktnutzung waren die Anstiege der PM10- und
PM2.5-Werte bei EVP am stärksten, bei OOKA etwas
geringer, beim Zigarettenrauchen geringer und beim
unbeaufsichtigten Szenario konventioneller Wasserpfeifen
am geringsten. Die Anstiege von CO und Formaldehyd
waren bei konventionellen Wasserpfeifen am stärksten,
beim Zigarettenrauchen deutlich geringer und bei OOKA
und EVP vernachlässigbar. Anstiege mehrerer anderer
flüchtiger organischer Verbindungen und einiger poly-
zyklischer aromatischer Kohlenwasserstoffe wurden
hauptsächlich beim Zigarettenrauchen beobachtet und
waren bei den anderen Produktnutzungsszenarien ver-
nachlässigbar. Dieses Muster war für die tabakspezifischen
Nitrosamine NNN, NNK und NAT ähnlich. Diese Erkennt-
nisse haben wichtige Auswirkungen auf das Risiko einer
Passivrauchbelastung von Personen, die selbst keine
Wasserpfeifen rauchen, und auf das Verständnis darüber,
wie sich die mit einer solchen Belastung verbundenen
Gesundheitsrisiken möglicherweise verringern lassen.
[Contrib. Tob. Nicotine Res. 34 (2025) 230–241]

RESUME

Les substances chimiques toxiques libérées dans
l’environnement lors de la consommation de produits à
base de tabac et de nicotine peuvent entraîner un risque
accru pour la santé des non-consommateurs. L’objectif de
cette étude était d’évaluer les niveaux d’un large éventail
de substances chimiques toxiques dans l’air intérieur d’un
centre d’essai non ventilé lors de divers scénarios de
consommation de produits à base de tabac et de nicotine,
notamment l’utilisation de pipes à eau conventionnelles, de
produits de vapotage électroniques (EVP, également
appelés cigarettes électroniques), d’une pipe à eau électro-
nique utilisant le chauffage électrique du tabac à chicha au
lieu du chauffage au charbon de bois traditionnel, et
de-cigarettes combustibles. Lors de scénarios impliquant
un seul occupant, les augmentations de PM10 et PM2.5
étaient les plus importantes lors de l’utilisation de pipes à

eau conventionnelles, environ 40% inférieures pour
l’utilisation de pipes à eau électroniques OOKA et les plus
faibles pour l’utilisation de EVP. L’augmentation du
monoxyde de carbone (CO) par combustion était la plus
importante pour l’utilisation de pipes à eau convention-
nelles, et nettement inférieure pour l’utilisation de EVP et
de pipes à eau électroniques OOKA, ces dernières ne
générant qu’une quantité négligeable de CO. L’augmenta-
tion des niveaux de formaldéhyde était la plus importante
pour l’utilisation de pipes à eau conventionnelles, et
nettement inférieure pour l’utilisation de pipes à eau
électroniques OOKA. Dans dix scénarios d’utilisation de
produits par les occupants, les augmentations de PM10 et
PM2.5 étaient les plus importantes pour l’utilisation de
l’EVP et légèrement inférieures pour l’utilisation de la pipe
à eau électronique OOKA, plus faibles pendant le scénario
de tabagisme et les plus faibles pour le scénario de pipes à
eau conventionnelles sans surveillance. Les augmentations
de CO et de formaldéhyde étaient les plus élevées pour le
scénario de pipes à eau conventionnelles, nettement plus
faibles pendant le tabagisme et négligeables pour l’utilisa-
tion de la pipe à eau électronique OOKA et de l’EVP. Les
augmentations de plusieurs autres composés organiques
volatils et de certains hydrocarbures aromatiques polycy-
cliques ont été principalement observées uniquement
pendant le tabagisme et étaient négligeables pendant les
autres scénarios d’utilisation de produits. Cette tendance
était similaire pour les nitrosamines NNN, NNK et NAT
spécifiques au tabac. Ces résultats ont des implications
importantes concernant le potentiel d’exposition aux
toxiques secondaires chez les non-utilisateurs de pipes à
eau et pour comprendre comment réduire potentiellement
les risques pour la santé associés à une telle exposition.
[Contrib. Tob. Nicotine Res. 34 (2025) 230–241]

ABBREVIATIONS

CO: Carbon monoxide
EVP: Electronic vaping product
NAT: N’-nitrosoanatabine
NNK: 4-(Methylnitrosamino)-1-(3-pyridyl)-1-butanone
NNN: N’-nitrosonornicotine
PAH: Polycyclic aromatic hydrocarbon
PM: Particulate matter
PM10: Particulate matter with a diameter of 10 µm or less
PM2.5: Particulate matter with a diameter of 2.5 µm or less
TSNA: Tobacco-specific nitrosamine
VOC: Volatile organic compound

INTRODUCTION 

Waterpipe smoking is a form of tobacco use which is most
commonly found in Middle Eastern, Eastern Mediterra-
nean, and Eastern European countries (1–3). Waterpipe use
involves heating a mixture of tobacco, flavourings, glyc-
erol, and sweeteners, which is termed “shisha”. Most
commonly, the heat source for waterpipe use is smoulder-
ing charcoal briquettes derived from either wood or coco-
nut, which when lit are placed on a layer of perforated
aluminium foil covering the shisha mixture (4–5). The
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waterpipe user then puffs on the mouthpiece of the water-
pipe hose, drawing heated air over the charcoal and
through the shisha. The resulting aerosol is bubbled
through water before being inhaled by the user (4–8).
Following inhalation, the waterpipe aerosol is exhaled into
the ambient air by the user. Between puffs, the charcoal
briquettes remain smouldering which also releases poten-
tial toxicants, which include benzo[a]pyrene, volatile
aldehydes, and carbon monoxide (CO), into the air (9–10).
While waterpipe use most commonly occurs outdoors,
waterpipes are also used in indoor areas such as homes,
restaurants, bars, and cafes, giving rise to the potential for
passive exposure to chemical toxicants (9–12). 
Determination of the reduced risk potential of novel
tobacco and nicotine products requires a weight of evi-
dence approach (13) using data from pre-clinical, clinical,
and behavioural studies (13–17) which take into account
potential impacts across three broad domains: exposure,
individual risk, and population harm (18). One important
factor to assess as part of a comprehensive overall risk
assessment of a novel tobacco product is the potential for
exposure to chemical toxicants among non-users, often
termed secondhand exposure. Assessing the potential for
such exposure among waterpipe non-users can contribute
to determining an overall population level health impact
assessment (18). A number of studies have assessed the
levels of chemical toxicants in indoor air either in real-
world environments (e.g., in restaurants, waterpipe lounges,
or the homes of users) (19–21) or in simulated (laboratory)
environments or testing chambers (9). Broadly speaking,
these studies have reported the levels of various chemical
toxicants in indoor air, including classes of chemicals such
as polycyclic aromatic hydrocarbons (PAHs), volatile
organic coumpounds (VOCs), aldehydes, as well as
particulate matter and carbon monoxide (CO) (12, 19).
While full toxicological risk assessments using data from
toxicant level analyses were not conducted in most of these
studies, the levels reported do give rise to the potential for
adverse health consequences among non-users, a limited
number of studies have reported associations between
exposure and health impacts (19). Given these findings,
reducing the potential for secondhand exposure could
reduce any population level harms associated with second-
hand waterpipe exposure.  
Given the potential link between secondhand exposure and
risk, the aim of this study was to assess the levels of a wide
range of chemical toxicants in the indoor air of an unventi-
lated testing facility during various scenarios of tobacco
and nicotine product use, including the use of conventional
waterpipes, electronic vaping products (EVPs, also known
as e-cigarettes), an electronic waterpipe which uses
electrical heating of shisha tobacco instead of conventional
charcoal heating, and combustible cigarettes. The chemical
toxicants assessed include a number of those mandated for
lowering in cigarette smoking by the World Health Organi-
zation study group on Tobacco Product Regulation
(TobReg) (22), as well as some deemed by the United
States (US) Food and Drug Administration (FDA) as
Harmful and Potentially Harmful Constituents in Tobacco
Products and Tobacco Smoke (23). This study addresses a
call for more research into emissions from conventionally 
and electronically heated waterpipes (2) and provides much

needed information concerning the potential for toxicant
exposure associated with secondhand exposure during
waterpipe use and how the potential for such exposure may
be mitigated. 

MATERIALS AND METHODS

Study products

• Electronic vapour products
When testing indoor air during the use of an EVP in the
one-occupant scenario, the participant used a Vuse ePod
with “Golden Tobacco” flavour (British American To-
bacco, London, UK). For the ten-occupant scenarios with
the use of EVPs, individual participants were allowed to
select an EVP to use from the following list: VGOD pod
system EVPs with “Mango Bomb”, “Purple Bomb”, or
“Lush Ice” flavours, Vape Bar EVPs with “Ghost Pro Pina
Colada” or “Angel Watermelon Ice” flavours, or Found
Mary EVPs with “Watermelon Ice”, “Juicy Grape Berries”,
“Mixed Berries”, “Mango Peach”, or “Strawberry Water-
melon” flavours (Torrance, CA, USA). All EVPs contained
20 mg/mL nicotine.

• Cigarettes
When testing indoor air during cigarette smoking, individ-
ual participants smoked cigarettes of their choosing from a
list of brands representing those most popular in the United
Arab Emirates (UAE). These brands, and their “tar”/
nicotine/CO emissions yields, were as follows: Davidoff
Gold Slim (5/0.5/3), Parliament Platinum (1/0.1/1), Parlia-
ment Silver Blue (3/0.3/3), Marlboro Gold (6/0.5/7),
Marlboro Red (8/0.6/8), L&M Blue Label (6/0.5/7),
Gauloises Blondes (4/0.4/6), Winston Silver (3/0.3/4),
Winston Blue (5/0.4/6), and Gold Coast American Blend
(8/0.6/8). 

• OOKA electronic waterpipe
The OOKA waterpipe (Advanced Inhalation Rituals,
Dubai, UAE) is a battery-powered electronic device which
uses heat conduction to heat an aluminium pod containing
shisha molasses. The OOKA device has a thin film heating
element on the wall of a micro-oven (Supplementary
Figure 1) which conducts heat into the OOKA pod. Sensors
placed around the micro-oven allow the temperature to be
accurately measured allowing the OOKA to rapidly modify
the heat energy inside the pod to reduce accidental over-
heating associated with conventional charcoal heated
waterpipes.
When testing indoor air during waterpipe use, the head of
the waterpipe was prepared with coconut-derived charcoal
(Coco Avana, Barsa, Lebanon; 3 pieces per head) which
was separated from the shisha tobacco with pre-perforated
aluminium foil (Coco Avana). The charcoal was lit outside
of the testing facility and brought into the room once lit and
the shisha head prepared. The shisha tobacco used was
“Gum with Mint” (Al Fakher, Dubai, UAE). When testing
indoor air during electronic waterpipe (“OOKA”) use, the
participant in the one-occupant scenario used OOKA pods
containing “Two Apples” flavour (Al Fakher) while in the
ten-occupant scenario the participants used OOKA pods
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Figure 1.  Photographic image of the indoor air testing facility. 

(Al Fakher) containing various flavours of each partici-
pants’ own choosing (blueberry, 3 participants; lemon with
mint, 3 participants; gum with mint 2 participants; and Two
Apples, 2 participants). 

Study participants

Participants were male and female employees of Advanced
Inhalation Rituals, and were either current cigarette
smokers, current shisha users, and/or current EVP users. 
Participants’ ages were all between 35 and 45 years of age. 

Indoor air testing facility

The room of the indoor air testing facility (Figure 1) was
located within the Al Fakher tobacco factory (Ajman,
UAE) FZE accommodation block. The floor area of the
room was 20.68 m2 with a total volume of 62.04 m3. The
room was ventilated with a 2-ton air conditioning system
which provided 670 cubic feet per minute (approximately
19 m3/min) of conditioned air at 24 °C. This was switched
off during product testing but was used to refresh the air of
the testing facility between product use scenarios (see next
section). The testing room contained a solid wooden door
and one window that faced into an internal corridor. The
room was equipped with solid walls and a tiled floor and
contained 10 vinyl-covered chairs and 3 wooden tables.  

Study procedures

During all product use scenarios, the door and the window
of the testing room remained closed. Additionally, the local
exhaust ventilation (LEV) system within the room was

switched off in order to assess air quality under non-
ventilated conditions. Between the product use scenarios,
the door and window were opened, and the LEV system
was operated to remove atmospheric contaminants prior to
the next experimental day. The room was also cleaned with
water at the end of each experimental day. 
On each experimental day, levels of indoor air analytes and
parameters were evaluated under two scenarios. In the first
scenario (unoccupied baseline assessment) the testing room
remained empty with no human presence to simulate a non-
occupied environment. Subsequent scenarios on each
experimental day lasted for 60 minutes and were one of
either: one occupant present in the room refraining from the
use of any tobacco or nicotine products during the testing
period; ten occupants present in the room refraining from
the use of any tobacco or nicotine products during the
testing period; one occupant using the OOKA electronic
waterpipe ad libitum during the testing period; ten occu-
pants using the OOKA electronic waterpipe ad libitum
during the testing period; one occupant using an EVP ad
libitum during the testing period; ten occupants using EVPs
ad libitum during the testing period; one occupant using a
waterpipe ad libitum during the testing period; ten water-
pipes in an unattended room, i.e., no participants were
using the waterpipe (see below); or ten occupants smoking
cigarettes of their usual brand ad libitum during the testing
period. 
For the ten-occupant waterpipe session, due to safety con-
cerns because of the LEV being switched off, the scenario
was run without occupants. The rationale for this was due
to a concern that the level of CO in the ambient air could
reach a level that would pose a risk to occupants. In this
regard, in the UAE shisha venues are required to have
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LEV as part of their licensing requirements. The scenario
therefore consisted of the testing room containing ten
waterpipes set up with coconut-derived charcoal (3 pieces
per waterpipe) placed on aluminium foil covering the
waterpipe head containing shisha tobacco. After 30 min,
the spent charcoal was removed from the waterpipe head
and replaced with fresh charcoal, and the spent charcoal
was removed from the testing facility. It is believed that
whilst the approach was representative of the impact ten
conventional waterpipes have on the ambient air, it would
likely underestimate the impact due to an absence of
active “puffing”, i.e., as a consumer drawing air across the
charcoal, which tends to increase combustion and there-
fore the release of combustion products. 

• Indoor air collection & analysis 
A summary of the analytical methods used can be found
in Supplementary Table 1. Included below are brief details
of (where appropriate) each sampling, extraction, and
analytical method.

• Volatile organic compounds, formaldehyde, glycerol
and ethylene glycol

Volatile organic compounds (VOCs) were measured using
an active sampling approach by pumping the air over
sorbent material in tubes. Once sampled, the tubes were
sent for subsequent analysis at a laboratory to determine
the mass of compounds captured on the tubes. This
analysis was performed by gas chromatography with
flame ionisation detection (GC-FID) for VOCs and high
performance liquid chromatography with UV detection
(HPLC-UV) for formaldehyde. Different adsorbent
material in the tube was chosen depending on the target
analyte. 2,4-dinitrophenylhydrazine (DNPH) treated silica
was used for formaldehyde, Tenax TA thermal desorption
tubes for the VOCs, and XAD7 for glycerol and ethylene
glycol. The volume of air passing over the tubes was
controlled by connecting a pump, a constant pressure
controller and a flow meter. Once laboratory analysis was
complete, the mass of compound detected (typically in
total µg) was divided by the volume of air sampled (in m3)
to determine a concentration in µg/m3.

• Common indoor air pollutants (CO, CO2, NO2 & O3)
These gases were measured using a direct calibrated
electrochemical sensor instrument (non-dispersive infrared
for CO and CO2, and an electrochemical cell for NO2 and
O3; both from Graywolf Sensing Solutions (Shelton, CT,
USA); see Supplementary Table 1). This equipment pro-
vided continuous real-time measurement of these
pollutants with readings recorded every minute during the
testing period.

• Polycyclic aromatic hydrocarbons
The same approach as that described above for VOCs was
used, except that polycyclic aromatic hydrocarbons
(PAHs) were collected using XAD2 sorbent tubes. The
tubes were then analysed using quadrupole gas chroma-
tography flame ionisation detection (GC-FID). 

• Metals
Metals in the air were captured by pumping the air over
cellulose ester membrane filter papers which captured the
metal particles. The filter papers were then sent to the
laboratory for analysis. Metals were extracted in 10%
nitric acid, which for mercury was spiked with 1 ppm of
gold. The mass of metals was determined using inductively
coupled plasma mass spectrometry (ICP-MS). The mass
was converted to a concentration using the same principle
as described for the VOCs. 

• Tobacco-specific nitrosamines
The tobacco-specific nitrosamines (TSNAs) NNN
(N’-nitrosonornicotine), NAT (N’-nitrosoanatabine), NAB
(N-nitrosoanabasine), and NNK (4-(methylnitrosamino)-
1-(3-pyridyl)-1-butanone) in the air of the testing facility
were captured by pumping the air over glass fibre filter pa-
pers. The filters were then sent to the laboratory for
analysis by gas chromatography to determine the mass of
each TSNA collected. Samples were extracted from the
filter papers with methanol/ammonium acetate, followed
by solid phase extraction clean up. Determination of
TSNA levels was performed by liquid chromatography
tandem mass spectrometry (LC-MS/MS) and
quantification using isotope-labelled internal standards. 

• Particulates (PM10 & PM2.5)
Particulates (PM10, particulate matter with a diameter of
10 µm or less, and PM2.5, particulate matter with a
diameter of 2.5 µm or less) were measured using a Gray-
wolf Advance Sense Pro nephelometer (Graywolf Sensing
Solutions). This device contains an optical sensor that uses
light scattering to provide a continuous real-time measure-
ment of airborne particle mass. The nephelometer was
calibrated by Omega Measuring & Calibration Laboratory,
LLC (Dubai, UAE; an ISO 17025 accredited laboratory)
using a gas of known composition, whilst particle size was
calibrated by comparing the values of size and number of
particles of polydisperse. Air was continuously drawn
through the nephelometer and passed through a laser beam,
which allowed individual particles to be assessed and size
fraction to be determined. It should be noted that this
equipment is unable to distinguish between solid particles
(i.e., those arising from combustion) and liquid droplets
(i.e., those arising from aerosolization during the heating
process for EVPs and the OOKA electronic waterpipe). 

• Temperature and humidity
Temperature in the testing facility was measured using a
K-type thermocouple (Graywolf Sensing Solutions).
Humidity was measured using a hygrometer (Graywolf
Sensing Solutions). 

Data presentation

For the online instrumental techniques, the values reported
represent the average of each of the 1 minute readings from
the whole sampling period, i.e. a 1-hour average will be the
mean of 60 readings. For captured analytes, the quantity
reported by the laboratory was divided by the sampling
volume of air. 
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Table 1.  Levels of selected analytes in indoor air for the one occupant scenarios. Analytes shown are those assessed which were above
the lower limit of quantification in at least one testing scenario. For full raw and baseline-adjusted data for all analytes, refer to Supplementary
Tables 2 and 4, respectively. Analytes in bold are those mandated for lowering in cigarette smoke in the World Health Organization Study
Group on Tobacco Product Regulation (TobReg) proposal (22). Data for the unoccupied baseline and one occupant baseline measurements
are raw data. For the scenarios in which one occupant was in the testing room using the OOKA electronic waterpipe, using an EVP, or smoking
cigarettes, data were normalised to the baseline analyte levels when one occupant was in the testing room but refraining from the use of
tobacco and nicotine products. 

Analyte (units) LLOQ

Baseline-adjusted

Unoccupied
baseline

Baseline 
one occupant

One occupant
OOKA

One occupant
EVP

One occupant
waterpipe

PM10 (mg/m3) NA 9.1 12.1 313.4 24.1 500.4

PM2.5 (mg/m3) NA 5.6 5.5 311.2 26.1 486.8

CO (ppm) 0.3 2.2 2.0 0.1 0.8 17.4

CO2 (ppm) 1 717.7 868.4 220.4 507.3 700.7

Formaldehyde (mg/m3) 0.1 6.7 6.7 6.3 0.0 26.3

Glycerol (mg/m3) 0.1 <0.1 <0.1 0.25 0.00 3.40

Metals

Chromium (mg/m3) 0.4 <0.4 0.6 0.1 0.1 0.2

Copper (mg/m3) 0.4 <0.4 0.9 0.2 !0.1 0.4

Manganese (mg/m3) 0.4 <0.4 0.6 0.2 !0.2 0.1

VOCs

Dichloromethane (mg/m3) 1.7 <1.7 3.0 2.3 0.3 5.3

Carbon disulphide (mg/m3) 1.7 2.4 25.0 !20.0 !21.7 !11.0

Chloroform (mg/m3) 0.83 <0.83 <0.83 7.5 0.0 0.0

Benzene (mg/m3) 0.83 <0.83 <0.83 0.0 0.37 0.30

Toluene (mg/m3) 0.83 2.2 3.7 1.3 4.6 6.3

Ethylbenzene (mg/m3) 0.17 0.67 0.83 0.67 1.7 2.0

Styrene (mg/m3) 0.83 2.9 2.5 0.3 !0.2 1.3

Naphthalene (mg/m3) 0.51 6.3 5.3 4.7 10.7 10.7

n-Hexane (mg/m3) 0.83 0.75 1.0 0.00 0.30 1.2

Isopropanol (mg/m3) 1.7 2.5 1.8 0.2 6.5 9.2

Propylene glycol monomethyl
ether (mg/m3)

1.7 <1.7 9.5 33.5 !6.7 23.5

Xylene (mg/m3) 0.51 2.9 3.0 3.1 7.8 8.8

Abbreviations: 
EVP: Electronic vapour product
LOQ: Limit of quantification
NA: Not applicable
NAB: N-nitrosoanabasine
NAT: N’-nitrosoanatabine
NNK: 4-(Methylnitrosamino)-1-(3-pyridyl)-1-butanone

NNN: N’-nitrosonornicotine
PAH: Polycyclic aromatic hydrocarbon
PM10: Particulate matter with a diameter of 10 µm or less
PM2.5: Particulate matter with a diameter of 2.5 µm or less
TSNA: Tobacco specific nitrosamine
VOC: Volatile organic compound

RESULTS

Levels of selected analytes (i.e., those assessed which were
above the lower limit of quantification (LLOQ) in at least
one testing scenario) for the one-occupant and ten-occu-
pant scenarios are presented in Tables 1 and 2, respec-
tively. Full datasets for both scenarios and for all analytes
parameters assessed, including both raw and baseline
adjusted data, can be found in Supplementary Tables 2–5.
Additionally, photographic images of the testing facility at
baseline and at the end of the 60-minute product use
scenarios can be found in Supplementary Figure 2. 
For the one-occupant scenarios, levels of some analytes
(PM10, CO2) were increased at baseline (one occupant in
the room but not undertaking any product use) compared
with the unoccupied baseline levels (Table 1 and Supple-
mentary Table  3). In the one-occupant product use scenar-
ios (OOKA electronic waterpipe use, EVP use, or conven-

tional waterpipe use), increases in analytes levels when
adjusted for one-occupant baseline levels were observed for
a number of analytes including PM10, PM2.5, CO (conven-
tional waterpipe use only), CO2, formaldehyde, glycerol,
dichloromethane, benzene (EVP and conventional wa-
terpipe use only), toluene, ethylbenzene, styrene, naphtha-
lene, n-hexane, isopropanol, propylene glycol monomethyl
ether, xylene, and naphthalene (EVP use only; Table 1).
Some increases were seen above baseline for a small
number of the metals assessed, though these increases were
very small in magnitude (Table 1 and Supplementary
Table 4). No increases above baseline were seen during any
of the scenarios for the TSNAs (Supplementary Table 4). 
Regarding between product differences in the one-occupant
scenarios, increases in PM10 and PM2.5 above baseline
were greatest during conventional waterpipe use, approxi-
mately 40% lower for OOKA electronic waterpipe use, and
lowest for EVP use. The increase in the combustion
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Table 2.  Levels of selected analytes in indoor air for the ten occupant scenarios. Analytes shown are those assessed which were above
the lower limit of quantification in at least one testing scenario. For full raw and baseline-adjusted data for all analytes, refer to Supplementary
Tables 3 and 5, respectively. Analytes in bold are those mandated for lowering in cigarette smoke in the World Health Organization Study
Group on Tobacco Product Regulation (TobReg) proposal (22). Data for the unoccupied baseline and ten-occupant baseline measurements
are raw data. For the scenarios in which ten occupants were in the testing room using the OOKA electronic waterpipe, using EVPs, or smoking
cigarettes, data were normalised to the baseline analyte levels when ten occupants were in the testing room but refraining from the use of
tobacco and nicotine products. Data for the ten unattended waterpipes scenario, in which no participants were in the testing room, were
normalised to the analyte levels during the unoccupied baseline measurement. 

Analyte/parameter (units) LLOQ

Baseline-adjusted

Unoccupied
baseline

Baseline
ten occupants

Ten occupants
OOKA

Ten occupants
EVPs

Ten
unattended
waterpipes

Ten occupants
cigarettes

PM10 (mg/m3) NA 9.1 31.6 826.2 920.5 78.8 499.2

PM2.5 (mg/m3) NA 5.6 8.3 803.5 886.8 78.8 497.6

CO (ppm) 0.3 2.2 2.2 1.2 0.2 160.0 25.8

CO2 (ppm) 1 717.7 2116.6 1480.7 225.7 3128.5 719.2

Formaldehyde (mg/m3) 0.1 6.7 20.0 7.0 !7.0 1293.3 140.0

Glycerol (mg/m3) 0.1 <0.1 <0.1 5.1 7.0 10.9 1.2

Metals

Copper (mg/m3) 0.4 <0.4 1.1 !0.6 !0.1 7.6 0.1

Manganese (mg/m3) 0.4 <0.4 0.8 !0.4 !0.3 0.0 5.2

VOCs

Dichloromethane (mg/m3) 1.7 <1.7 <1.7 0.0 0.0 0.1 1.1

Carbon disulphide (mg/m3) 1.7 2.4 5.5 !2.5 114.5 3.8 9.5

Benzene (mg/m3) 0.83 <0.83 <0.83 0.47 0.00 46.2 129.2

Toluene (mg/m3) 0.83 2.2 3.8 1.2 0.2 17.8 176.2

Ethylbenzene (mg/m3) 0.17 0.67 1.0 0.50 0.00 1.1 27.0

Styrene (mg/m3) 0.83 2.9 7.8 !5.6 !4.1 !0.1 25.2

Naphthalene (mg/m3) 0.51 6.3 13.0 5.0 5.0 11.7 2.0

n-Hexane (mg/m3) 0.83 0.75 1.3 !0.30 0.20 0.08 8.7

Isopropanol (mg/m3) 1.7 2.5 3.0 0.7 0.5 4.0 7.0

Phenol (mg/m3) 1.7 <1.7 <1.7 0.1 0.0 3.1 26.3

Propylene glycol monomethyl
   ether (mg/m3)

1.7 <1.7 <1.7 5.5 3.0 0.0 0.0

Xylene (mg/m3) 0.51 2.9 4.7 1.5 !0.7 29.1 88.3

PAHs

Acenaphthylene (mg/m3) 0.083 <0.083 <0.083 0.00 0.00 0.00 0.25

Acenaphthene (mg/m3) 0.083 <0.083 <0.083 0.00 0.00 0.00 0.10

Fluorene (mg/m3) 0.083 <0.083 <0.083 0.00 0.00 0.00 0.15

Phenanthrene (mg/m3) 0.083 <0.083 <0.083 0.00 0.00 0.09 0.15

TSNAs

NNN (mg/m3) 0.009 <0.009 <0.009 0.00 0.00 0.00 0.058

NAT (mg/m3) 0.009 <0.009 <0.009 0.00 0.00 0.00 0.033

NAB (mg/m3) 0.009 <0.009 <0.009 0.00 0.00 0.00 0.005

NNK (mg/m3) 0.009 <0.009 <0.009 0.00 0.00 0.00 0.599

Abbreviations: 
EVP: Electronic vapour product
LOQ: Limit of quantification
NA: Not applicable
NAB: N-nitrosoanabasine
NAT: N’-nitrosoanatabine
NNK: 4-(Methylnitrosamino)-1-(3-pyridyl)-1-butanone

NNN: N’-nitrosonornicotine
PAH: Polycyclic aromatic hydrocarbon
PM10: Particulate matter with a diameter of 10 µm or less
PM2.5: Particulate matter with a diameter of 2.5 µm or less
TSNA: Tobacco specific nitrosamine
VOC: Volatile organic compound

by-product CO was greatest for conventional waterpipe
use, and substantially lower for EVP and OOKA electronic
waterpipe use, with the latter generating only a negligible
amount of CO. The increase in formaldehyde levels was
greatest for conventional waterpipe use and substantially
lower for OOKA electronic waterpipe use. No increase in 
formaldehyde levels was observed during the one-occupant

EVP use scenario. A substantial increase in benzene levels
was seen during conventional waterpipe use. A substan-
tially lower increase in this analyte was observed during
EVP use, but during OOKA electronic waterpipe use
benzene levels were not increased above the one-occupant
baseline. 
For the ten-occupant scenarios, baseline levels of analytes
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compared to the unoccupied baseline were observed for
PM10, PM2.5, CO2, and formaldehyde (Table 2 and
Supplementary Table 5). In the ten-occupant product use
scenarios (OOKA electronic waterpipe use, EVP use, pre-
sence of unattended conventional waterpipes, or cigarette
smoking), levels of some of the analytes assessed were
increased above the ten-occupant baseline for some or all
scenarios. These included PM10, PM2.5, CO, CO2,
formaldehyde, benzene, toluene, ethylbenzene, and phenol
(both predominantly during cigarette smoking), styrene
(cigarette smoking only), naphthalene, NNN, and NNK
(both cigarette smoking only; Table 2). When assessing
these differences between scenarios, the increases in PM10
and PM2.5 were greatest for EVP use and slightly lower
for OOKA electronic waterpipe use, lower during the
cigarette smoking scenario, and lowest for the unattended
conventional waterpipes scenario. The increases in CO and
formaldehyde were highest for the conventional waterpipes
scenario, substantially lower during cigarette smoking, and
negligible for OOKA electronic waterpipe and EVP use
(Table 2). Of the metals, increases were seen for copper
and manganese during the unattended waterpipe and
cigarette smoking scenarios, respectively, but these were
also negligible. The increase in benzene was highest during
cigarette smoking, lower during the unattended conven-
tional waterpipes scenario, and negligible during OOKA
electronic waterpipe use. Increases in several other VOCs
and some PAHs were mainly seen during cigarette smok-
ing only and were negligible during the other product use
scenarios. This pattern was similar for the TSNAs, NNN,
NNK, and NAT (Table 2). 

DISCUSSION

This study provides important insight into the potential for
secondhand exposure to chemical toxicants during the use
of several tobacco and nicotine products by measuring the
levels of a large number of analytes in the air of an indoor
testing facility during product use. Some of the toxicants
assessed are found in the list of toxicants mandated by the
World Health Organization for lowering in cigarette smoke
(22). Of these toxicants, increases in the levels of CO (a
cardiovascular and reproductive/developmental toxicant),
formaldehyde (a carcinogen and respiratory toxicant),
benzene (a carcinogen, cardiovascular toxicant, and
reproductive/developmental toxicant), and NNK (a carcin-
ogen) (23) observed in the one-occupant and unattended
conventional waterpipes scenarios were either almost com-
pletely or completely abolished during the OOKA elec-
tronic waterpipe comparator scenarios. Additionally, the
increases in the levels of these toxicants during OOKA
electronic waterpipe use approximated to those observed
during EVP use. These findings suggest that the electronic
form of waterpipe use mitigates the potential risks due to
secondhand exposure from conventional waterpipe use. 
Our findings of differential levels of analytes in room air in
the waterpipe scenario compared with the cigarette smok-
ing scenario are consistent with existing knowledge
concerning the process of smouldering of the tobacco in
shisha molasses and cigarette tobacco. Combustion in
cigarettes is a self-sustained smouldering combustion char-

acterized by energetic exothermic (heat releasing) oxidative
reactions that take place at 500 to 700 °C at the tip of the
cigarette. These temperatures are raised to 850–900 °C
when the smoker supplies extra oxygen by inhaling (24,
25). This energetic oxidation process can occur in tobacco
biomass above its ignition temperature of approximately
400–450 °C, and its main chemical signature is the pres-
ence of nitrogen oxides and a steep increase in CO produc-
tion which does not occur in an oxygen free atmosphere at
same temperatures (25). When the cigarette is not actively
smoked there is no external heat source, but the exothermic
oxidation continues producing sidestream emissions, the
chemical composition and phase partition of which is
different from the mainstream emissions but includes
carbon and nitrogen oxides. The smouldering process
occurring during waterpipe use is physically and chemi-
cally different. Here, an external heat source ignites the
charcoal briquette, which itself heats the contact surface of
the tobacco in the waterpipe head by conduction through a
layer of aluminium foil. The temperature also increases in
spikes during puffing on the waterpipe, but compared with
cigarettes, these increases are significantly smaller (26).
This gives rise to characteristic temperatures of the water-
pipe molasses which vary from 450 °C nearest the heat
source to 50 °C furthest away, and the production of
aerosol is likely a result of devolatilisation rather than a
chemical reaction, and thus the aerosol differs significantly
in composition compared to cigarette smoke (26). This
explains the lack of PAHs and nitrogen dioxide found in
indoor air during the waterpipe use scenarios in the present
study, which is consistent with a previous study (21). In
this regard, the amounts of CO in the room air relative to
the number of waterpipes in the room were similar for the
one-occupant using a waterpipe and the ten unattended
waterpipe scenarios, which suggests that the release of CO
into the air is inherent of the smouldering of the charcoal.
Other analytes such as PM and formaldehyde were higher
in room air during the waterpipe use session compared with
the unattended waterpipes session when taking into account
the number of waterpipes in the room, which suggests that
these analytes are formed during puffing. The levels of
these analytes would be expected to increase to levels
higher than those observed in the present study if puffing
were allowed on the conventional waterpipes instead of
them being unattended in the ten waterpipe scenario. For
this reason, it should be noted that our observations likely
underestimate the potential reductions in analyte levels
during OOKA electronic waterpipe use when compared
with the unattended conventional waterpipes scenario.
Additionally, leaving the waterpipes unattended during this
scenario may remove the impact of changing the position
of the charcoals during a use session. This typically happens
periodically during a waterpipe use session and likely
causes temporary alterations in waterpipe emissions. 
The findings of this study concerning the impact of conven-
tional waterpipe use are broadly aligned with those in the
literature. For example, DAHER et al. (9) reported a higher
impact of conventional waterpipe use on levels of CO,
benzo[a]pyrene, carbonyl compounds (e.g., formaldehyde,
acetaldehyde, acrolein and propionaldehyde) in the indoor
air of a testing chamber. In this study, a conventional
waterpipe was used by a smoking machine which puffed on
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the waterpipe according to a puffing regimen which had
been predetermined based on user puffing topography (27).
Findings qualitatively similar to ours, in terms of eleva-
tions of the levels of indoor toxicants associated with
conventional waterpipe use, have also been described in
studies assessing the impacts of actual, and not machine,
use (19–21), although a number of these studies were
conducted in uncontrolled environments such as waterpipe
lounges, cafes and restaurants (19). Our findings therefore
add to the body of scientific literature concerning levels of
a number of potential chemical toxicants in indoor air and
stem from a study which was rigorously controlled in terms
of the use of a testing facility, and the numbers of partici-
pants during each testing session and their use of a discrete
set of waterpipe test products. 
We contribute to the existing literature by demonstrating
that using an electronic waterpipe significantly mitigates
the increase in analyte levels in indoor air compared to
using a conventional waterpipe. In many cases, this
mitigation was complete. The current study also adds to
our recent analytical assessment of the levels of numerous
analytes in the aerosol of conventional and electronic
waterpipes (28). In their totality, the findings from both
these studies represent a rigorous assessment of the
potential for both direct and indirect exposure to chemical
toxicants associated with conventional waterpipe use, and
how both forms of exposure can be mitigated with an
electronic waterpipe. Finally, our study provides additional
information concerning the impact on indoor air quality of
EVP use. Our findings suggest a limited impact of EVP use
on the levels of the tested analytes in indoor air, both in
absolute terms and also relative to scenarios involving the
use of the combusted waterpipe and cigarette products.
This concurs with other previous findings assessing levels
of toxicants in indoor air during EVP use in various
different real-world and laboratory environments (29–33),
some of which have suggested that elevations in toxicants
are of no apparent risk to human health (30). 
Regarding our particulate matter findings, whilst all
products in the study generated PM10 and PM2.5, the
analytical equipment used does not distinguish between
solid particles deriving from the products of combustion
and liquid droplets. This is important since for the OOKA
electronic waterpipe and EVP the particles detected are
liquid droplets primarily composed of toxicologically inert
glycerol, propylene glycol, and water which would have a
different volatility and toxicological profile from those
particles arising from cigarette smoking which are a
mixture of both solids and liquid droplets and have a
different chemical composition (34–41). Similarly, we and
others have reported elevated levels of PM in indoor air
during EVP use (33, 42–46). Due to the composition of
EVP liquids, the majority of these particulates are likely to
be toxicologically inert droplets of glycerol, propylene
glycol, and water. 
The findings from this study should be considered in the
context of some limitations. Firstly, we assessed levels of
a number of chemical analytes in the indoor of a testing
facility. While the use of such a facility standardised our
experimental approach, it may not necessarily represent
real-world chemical levels in other environments which
may have different volumes and dimensions, be subject to

different levels of ventilation, contain different types and
numbers of furnishings, and be used by different numbers
of waterpipe users. In this regard, our studies were con-
ducted in a facility in the absence of either active or passive
ventilation, and therefore our findings may overestimate the
levels of chemical analytes in indoor air which are likely to
be found in ventilated environments. Secondly, we assessed
only a single type of waterpipe and charcoal, and a finite
number of shisha molasses (one type in the one-occupant
scenario and a small, finite number in the ten-occupant
scenario). Our findings may not therefore be representative
of other types of waterpipe/charcoal, or of other shisha
molasses. The same principle applies to the cigarette
smoking/EVP use scenarios, which also used a small and
finite number of test products. Thirdly, we assessed the
levels of airborne chemical analytes, and these are used as
proxies for potential exposure. Additional studies would be
required to determine whether passive exposure to conven-
tional and electronic waterpipe aerosol leads to changes in
biomarkers of exposure to chemical toxicants. Similarly,
we are unable to use the data generated in this study in
order to determine whether, and to what degree, passive
exposure to waterpipe aerosol poses any risk to health. 
In summary, in various use scenarios in which tobacco and
nicotine products were used in an indoor testing facility we
determined differential elevations in a number of potential
chemical toxicants between the study products. Impor-
tantly, we were able to discern significant reductions or
elimination of a number of toxicants in the indoor air
during the use of an electronic waterpipe when compared
with a conventional waterpipe. These findings have
important implications concerning the potential for second-
hand toxicant exposure among waterpipe non-users, and for
understanding how to potentially reduce health risks
associated with such exposure. They may also be used in a
weight-of-evidence approach to enable an understanding of
potential health risks in the population as a whole. 
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