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Figure 3.0: Machine derived analyte yields expressed on a per ml basis from Al Fakher
“Two Apples with Mint” aerosol and 3R4F cigarette smoke.

EMISSIONS ANALYSIS

In 2005 the World Health Organisation (WHO) Study Group on Tobacco Product
Regulation (WHO TobReg) published an advisory note entitled ´Waterpipe Tobacco
Smoking: Health Effects, Research Needs and Recommendations by Regulators´. One
of the conclusions of the report stated “The waterpipe smoker may therefore inhale as
much smoke during one session as a cigarette smoker would inhale consuming 100 or
more cigarettes”. Subsequently, numerous claims appeared in both the published
scientific literature and media outlets suggesting that ”a one-hour waterpipe session is
the same as smoking up to 200 cigarettes” or variations thereof.

Figure 1.0 visually demonstrates the significant differences between the composition of
3R4F cigarette smoke, and Al Fakher “Two Apples with Mint” aerosol.

Figure 1.0: TPM collected on CFPs during machine smoking of (a) 3R4F reference
cigarette showing extensive deposition of by-products of combustion, and (b) Al Fakher
“Two Apples with Mint”.
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Figure 4.0 highlights the significant reductions in exposure to NFDPM, nicotine and
carbon monoxide from Al Fakher “Two Apples with Mint” compared to 3R4F cigarette
when consumption patterns described by the BfR are taken into account.
Subsequent analysis revealed that Al Fakher “Two Apple with Mint” aerosol was
primarily composed of glycerol, propylene glycol and water (Figure 2.0).
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Figure 4.0: Weekly exposures to NFDPM, nicotine and carbon monoxide when BfR
consumption patterns are applied to machine derived yields.
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CONCLUSION
These data disprove claims that ”a one-hour waterpipe session is the same as smoking
up to 200 cigarettes” and demonstrates that a typical 2 sessions per week waterpipe
user is substantially less exposed to NFDPM, nicotine and carbon monoxide compared
to a 20 a day cigarette smoker. The study indicates that shisha NFDPM should be
further examined to better assess toxicant intake relative to cigarette smokers (this was
the focus of Part 2 of the study).

Glycerol & Propylene
Glycol (15.9%)

Nicotine (0.11%)
Water (59.78%)

Table 1.0: “Puff” parameters of the ISO 22486 and HCI machine smoking regimes.
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NFDPM (32.10%)

Cerulean SPS- Shisha Smoking Machine Preparation

Waterpipe aerosol was collected in a one-hour session according to the International
Organisation for Standardisation (ISO) Technical Specification 22486 “Water pipe
tobacco smoking machine — Definitions and standard conditions” and analysed at
Global Laboratory Service (GLS) Inc., USA. 3R4F mainstream smoke yields were
taken from the published scientific literature using the Health Canada Intense (HCI)
machine smoking regime (Table 1.0).12,13

Nicotine

It is necessary to assess the number of millilitres of aerosol consumed by a waterpipe
user versus a cigarette smoker to understand the real world relevance of the emissions
analysis. Predictably, the one hour waterpipe session delivered more aerosol than one
cigarette, but waterpipe use is characteristically occasional and shared while cigarette
consumption is compulsive, daily and solitary. BfR referenced consumption patterns
(two waterpipe sessions per week vs 140 cigarettes per week) were used in
conjunction with ISO 224866 and HCI machine smoking regimes to estimate exposure.

Waterpipe Tobacco Sample Preparation

Waterpipe Aerosol and Cigarette Smoke Collection & Analysis

0.020

3R4F Cigarette

MATERIALS & METHODS

A 10g sample of Al Fakher “Two Apples with Mint” was placed into the shisha head.
The head was covered in aluminium foil and a puncher used to create uniform
perforations. Three Kings™ Quick Light Charcoal was placed centrally on the foil, and
lit using a gas lighter. The waterpipe head was connected to the bottle (containing
750ml deionized water) and the head protected from ambient air currents using a glass
screen, a setup which is representative of typical use by consumers.

0.030

NFDPM

Figure 2.0: Relative composition of machine derived (a) 3R4F cigarette smoke, and (b)
Al Fakher “Two Apples with Mint” aerosol.

Al Fakher “Two Apples with Mint” was conditioned for 12 hours prior to testing at 22±
2°C, at a relative humidity 60±5%.
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In addition, studies from around the world show that consumers of waterpipe products
use them infrequently.6,7,8,9,10. According to Germany’s Federal Institute for Risk
Assessment (BfR) “Average consumers in Germany smoke between one and two
waterpipes a week…” compared to “between 20 and 30 cigarettes a day”.11
The aim of the present study was to, in Part 1, assess potential toxicant exposures,
based on consumption patterns and a simple evaluation of the machine derived yields
of Nicotine-Free Dry Particulate Matter (NFDPM), nicotine, carbon monoxide, water
and humectants from a commercially available flavoured waterpipe tobacco product (Al
Fakher “Two Apples with Mint”), and the University of Kentucky 3R4F reference
cigarette. In Part 2 (STPOST25) we further characterise the composition of
waterpipe NFDPM to that from cigarettes, to assess potential differences in the
presence of toxicants.
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Such statements are misleading since they only refer to the volume of aerosol
produced, and do not consider the composition of the aerosol relative to cigarette
smoke. Cigarette smoke is composed of thousands of chemical substances produced
by the combustion of tobacco at temperatures between 400O and 900OC. In contrast
flavoured waterpipe aerosol is produced by heating a mixture (which typically contains
around 20% tobacco) at between 120°C to 190OC and therefore might be expected to
contain less toxicants.1,2,3,4,5

The 3R4F Cambridge Filter Pad (CFP) (Figure 1.0a) was completely discoloured by
the extensive deposition of combustion by-products, unlike those used for the
collection of waterpipe aerosol (Figure 1.0b).
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INTRODUCTION

RESULTS OF NFDPM ANALYSIS

RELEVANCE OF ANALYSIS BASED ON CONSUMPTION PATTERNS

Cigarette smoke is composed of thousands of toxicants produced by the combustion of
tobacco at temperatures as high as 900OC. Over the preceding decades, regulators,
researchers and public health organisations have compiled lists of these toxicants, the
most widely cited being the “Hoffmann” analytes and more recently the US Food and
Drug Administration (FDA) Harmful and Potentially Harmful Constituents (HPHC).1,2

In contrast to the 3R4F reference cigarette (Figure 1.0), twenty-nine “Hoffman”
analytes were not detected at quantifiable levels in aerosol derived from Al
Fakher “Two Apples with Mint”, including; NNN, NNK, NAT, NAB, Hydroquinone,
Catechol, Resorcinol, p-Cresol, o-Cresol, 1-Aminonaphthalene, 2-Aminonaphthalene,
3-Aminobiphenyl, 4-Aminobiphenyl, Propionaldehyde, Butyraldehyde, Lead, Cadmium,
Chromium, Arsenic, Mercury, Selenium, Pyridine, Styrene, Quinoline, 1,3-Butadiene,
Isoprene, Toluene, Acrylonitrile and Hydrogen Cyanide.

As with Part 1 (STPOST24), the NFDPM yield of a one hour waterpipe session were
predictably greater than by a single cigarette so, again, consumption patterns over time
must be factored in. Various studies find waterpipe to be characterised by intermittent
and shared use.

Table 2.0: ”Hoffmann” analyte characterisation of Al Fakher “Two Apples with Mint”
aerosol and a comparison with 3R4F cigarette smoke (ng per ml smoke or aerosol
collected).

The aim of the present study was to further characterise Al Fakher “Two Apples with
Mint” aerosol against forty one “Hoffmann” analytes (carbon monoxide, nicotine and
NFDPM having been addressed in Part 1- STPOST24)5, and assess exposures based
on consumption patterns reported by Germany’s Federal Institute for Risk Assessment
(BfR) between waterpipe and the 3R4F cigarette.6

MATERIALS & METHODS
As described in STPOST24 “A preliminary comparison of flavoured waterpipe tobacco
aerosol with cigarette smoke: Part 1 NFDPM, nicotine and carbon monoxide machine
derived yields.”
Waterpipe Aerosol “Hoffmann” Analytes Analysis
In the absence of suitably validated analytical techniques specific for the measurement
of “Hoffmann” analytes in waterpipe tobacco product aerosol, Global Laboratory
Service (GLS) Inc. USA, adapted techniques used in the routine assessment of other
tobacco product categories (Table 1.0). Al Fakher continues to work with GLS and
other third-party laboratories to develop robust analytical techniques for the
assessment of waterpipe tobacco aerosol.
Table 1.0: Analytical methods used by GLS for the determination of “Hoffmann”
analytes in the machine derived Al Fakher “Two Apples with Mint” aerosol.
Method No. Analytes

Description

LP-416

Arsenic, Cadmium, Chromium, Nickel, Lead, Mercury and Selenium

Determination of Heavy Metal Content in Tobacco by Inductively Coupled Plasma - Mass Spectroscopy (ICP-MS)

LP-705

NOx

Determination of NOx, Puff Counts, and TPM in Smoke Vapor Using the RM20D

LP-706

NFDPM

Determination of Nicotine-free Particulate Matter in Smoke Condensate

LP-710

Hydroquinone, Resorcinol, Catechol, Phenol, p-Cresol, m-Cresol and o-Cresol

Determination of Phenolic Compounds in Mainstream Tobacco Smoke Condensate

LP-711

Benzo[a]pyrene

Determination of Benzo[a]pyrene in Mainstream Cigarette Smoke and Tobacco by GC-MS

LP-713

Formaldehyde, Acetaldehyde, Acetone, Acrolein, Propionaldehyde, Crotonaldehyde, 2Determination of Carbonyls in Mainstream Tobacco Smoke Condensate
Butanone and Butyraldehyde

LP-715

Ammonia

Determination of Ammonia in Mainstream Tobacco Smoke by Ion Chromatography with Suppressed Conductivity Detection

LP-716

1-Aminonapthalene, 2-Aminonapthalene, 3-Aminobiphenyl, and 4- Aminobiphenyl

Determination of Primary Aromatic Amines by GC-MS/MS

LP-717

Nicotine, Menthol, Propylene Glycol, Glycerol, Water, Diethylene Glycol and Ethylene Determination of Nicotine, Menthol, Propylene glycol, Glycerol, Water, and of Diethylene glycol and Ethylene Glycol
Glycol
Impurities in E-Cigarette Formulations and Smoke/Vapor Samples

LP-724

Pyridine, styrene, Quinoline and Eugenol

Determination of Selected Semil-volatiles in Mainstream Cigarette Smoke using GC-MS

LP-741

NFDPM, Water and Nicotine

Cigar Smoking and Determination of Nicotine Free Dry Particulate Matter, Water, and Nicotine

LP-754

NNN, NNK, NAT, NAB

Determination of Tobacco-Specific N-Nitrosamines (TSNAs) in Mainstream Smoke by LC-MS/MS

LP-761

Hydrogen Cyanide

Determination of Hydrogen Cyanide in Mainstream Tobacco Smoke by Continuous Flow Analyzer

LP-714

1,3-Butadiene, Isoprene, Acrylonitrile, Benzene and Toluene

Determination of Selected Volatiles in Mainstream Cigarette Smoke using GC-MS

3R4F mainstream smoke yields were taken from the published scientific literature
using the Health Canada Intense (HCI) machine smoking regime (Table 1.0).7,8

STPOST25 - CORESTA Smoke Technology Joint Study Groups Meeting (2019), Hamburg, Germany.

Using this approach, a ≥85% reduction in total yields of the “Hoffmann” analyte
classes (TSNA, PAH’s, Semi-Volatiles, Phenolics, Volatiles, Carbonyls, PAH’s,
Metals and Ammonia) was observed (Figure 1.0).
Figure 1.0: Relative yield of toxicants by “Hoffmann” analyte class from Al Fakher “Two
Apples with Mint” compared to the 3R4F cigarette when BfR consumption patterns are
taken into account.
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CONCLUSION
Twenty-nine “Hoffman” analytes were not quantifiable in aerosol derived from Al Fakher
“Two Apples with Mint”. was reduced by ≥90% compared to smoke from a single 3R4F
cigarette. Three - NFDPM, nicotine and CO - were assessed in Part 1.
Twelve remaining “Hoffmann” analytes were detected in the aerosol at quantifiable
levels, though their concentration was substantially lower than in cigarette smoke.
Higher concentrations of analytes linked to charcoal were observed which indicates that
business innovation should focus on preventing charcoal emissions from entering the
shisha aerosol.
When consumption patterns are considered, a ≥85% reduction in toxicant yields across
the ”Hoffmann” analyte classes (TSNA, PAH’s, Semi-Volatiles, Phenolics, Volatiles,
Carbonyls, PAH’s, Metals and Ammonia) was observed.
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In contrast to cigarette smoke, flavoured waterpipe tobacco aerosol is produced by
heating at temperatures between 120OC and 190OC.3,4 Consequently, its composition
is fundamentally different from cigarette smoke, being composed primarily of glycerol,
propylene glycol and carbon monoxide. Therefore, simplistic comparisons of Total
Particulate Matter (TPM) yields between waterpipe and cigarettes do not provide
meaningful information to inform an assessment of relative risk.

Twelve remaining “Hoffmann” analytes were detected in waterpipe aerosol at
quantifiable levels, including; Benzo[a]pyrene, Phenol, m-Cresol, Formaldehyde,
Acetaldehyde, Acetone, Acrolein, Methylethylketone, Crotonaldehyde, Nickel,
Benzene, and Ammonia. However, the concentration of these analytes (ng per ml)
in waterpipe aerosol after a one hour session was reduced by ³90% compared to
smoke from a single 3R4F (Table 2.0).

According to the BfR “Average consumers in Germany smoke between one and two
waterpipes a week…” compared to “between 20 and 30 cigarettes a day”.6 Using
these consumption patterns i.e. 140 cigarettes and 2 waterpipe sessions per week,
toxicant exposures based on machine derived yields may be calculated.

Relative yield of toxicants by “Hoffmann” analyte class (%)

Smoking-related harm and disease are caused by long-term exposure to the toxicants
found in combusted tobacco smoke. Accordingly, any nicotine product that can avoid
combustion has the potential to be less risky than traditional combustible tobacco
products. When comparing tobacco products, it is much more important to analyse the
levels of individual toxicants that appear in the smoke or aerosol, since they are widely
recognized as being relevant to the health effects of tobacco use.
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