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ABSTRACT

ARTICLE HISTORY

As compared with cigarette smoking, use of Swedish snus is associated with significantly fewer health
risks. Nicotine pouches (NPs), a new form of oral nicotine product, are smokeless and tobacco-free,
comprising a nicotine-containing cellulose matrix inside a fiber pouch. NPs are similar in appearance/
use to snus, but without tobacco, have the potential to further reduce tobacco-related harm. This study
aimed to evaluate toxicant levels of NPs to estimate their position on the tobacco/nicotine product
continuums of toxicant delivery and risk. NPs, snus and nicotine replacement therapy products (NRTs)
were analyzed for 24–26 compounds applicable to oral tobacco, and their levels were compared.
Twenty of these compounds were further used to compare the toxicant profile of NPs, as well as estimated daily toxicant exposure from NP use, with that of tobacco/nicotine products spanning the risk
continuum. Of the compounds measured, 22 (NPs), 22 (lozenge NRT), 20 (gum NRT), and 11 (snus)
were not quantifiable. Compared with snus, NPs had lower levels of 10 HPHCs and comparable/
undetectable levels of a further 13. Across the product categories, NPs and NRTs had the lowest toxicant profiles and estimations of relative toxicant exposure. Based on the present chemical analysis and
estimated exposure, use of NPs appears likely to expose users to lower levels of toxic compounds than
Swedish snus, which is recognized to offer reduced levels of harm than associated with tobacco smoking. We conclude that NPs should be placed close to NRTs on the tobacco/nicotine product toxicant
delivery continuum, although further studies will be needed to confirm this.
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Introduction
The health risks of cigarette smoking are well established,
but most smoking-related diseases are not directly caused by
the addictive compound nicotine, which is considered by
regulatory and healthcare bodies to be relatively harmless at
the levels present in tobacco (RCP 2016; PHE 2019), but by
the toxic chemicals in the inhaled smoke of combusted
tobacco (US Department of Health and Human Services
(DHHS) 2014). As a result, the concept of tobacco harm
reduction through the use of alternative tobacco and/or nicotine products with fewer health risks relative to cigarette
smoking was proposed in 2001 by the US Institute of
Medicine, who called for the development and study of
tobacco and nicotine products with fewer relative risks
(Stratton et al. 2001).
Since then, several studies have explored the ‘Swedish
experience’ (Swedish Match 2020) as a potential factor in
tobacco harm reduction (e.g., Gartner et al. 2007, Clarke et al.
2019). In Sweden, overall tobacco product use is similar to
that in other European countries (Clarke et al. 2019), but the
incidence of smoking-related mortality is among the lowest
in Europe (Ferlay et al. 2013, Swedish Match 2020). This is
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because the majority of Swedish tobacco consumers use
‘snus’, a moist oral smokeless tobacco product (STP), rather
than cigarettes (EC 2017, Clarke et al. 2019, WHO 2019). In
2017, the population incidence of daily cigarette smoking
was reported as approximately 5% in Sweden versus a
European average of 25%; in contrast, daily snus use in
Sweden was 20% (EC 2017, Clarke et al. 2019). The ‘Swedish
experience’ is supported by numerous epidemiological and
prevalence studies (reviewed in Lee 2011, Clarke et al. 2019,
Ramboll 2019).
Swedish snus is a ground or cut moist tobacco product,
produced either in loose tobacco form or contained in a
pouch, and is placed under the upper lip against the gum,
where the released nicotine is absorbed through the oral
mucosa. The range of systemic exposure to nicotine from
snus is similar to that from tobacco smoking, although nicotine is absorbed more rapidly from cigarette smoke than
from snus (Digard et al. 2013a). The reduced health risks
from Swedish snus are mainly due to the lack of direct lung
exposure to toxicants during snus use, as well as the absence
of tobacco combustion, which results in lower levels of many
cigarette smoke toxicants. Swedish snus is also regulated
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under the Swedish Food Act, which stipulates upper limits
on certain toxicants (Swedish Food Agency 2016).
Furthermore, Swedish snus contains air-cured tobacco that is
pasteurized during product manufacture (Lawler et al. 2020),
an important processing step that serves to constrain
tobacco-specific nitrosamine (TSNA) levels (Lawler et al. 2020;
Song et al. 2016). The levels of many toxicants are lower in
Swedish snus products than in other STP styles (McAdam et
al. 2013, 2015, 2018, 2019).
Based on the concept of harm reduction, McNeill and
 (2013) introduced the idea of a risk continuum of
Munafo
tobacco and nicotine products from cigarettes to nicotine
replacement therapies (NRTs) that deliver nicotine dermally,
orally or by inhalation. NRTs, considered to be the least risky
of all nicotine products in this context, are regulated as medicinal nicotine products, which are designed to be used for
short periods of time to help quit cigarette smoking.
However, the relatively slow and low uptake of nicotine from
NRTs in comparison to cigarettes (Schneider et al. 2001, Le
Houezec 2003) may limit the potential of these products to
satisfy a smoker’s craving for nicotine and may cause smokers who have quit to relapse. In addition, the long-term
health effects of NRTs have not been extensively evaluated
(Lee and Fariss 2017), although, as discussed above, exposure
to medicinal nicotine at levels found in consumer products is
generally considered to be a low risk activity (RCP 2007).
The tobacco industry has been developing alternative,
potentially ‘reduced risk’ oral products for nicotine delivery
that may be less harmful to health as compared with traditional STPs. Similar in concept to snus but containing no
tobacco, nicotine pouch (NP) products (e.g., Zyn from
Swedish Match, On! from Altria, Velo from RJ Reynolds Vapor,
and Lyft or Velo from British American Tobacco [BAT]) have
been commercially available in some countries since the mid2010s. These smokeless, oral, tobacco-free products come in
pouches that are placed between the gum and lip and
deliver nicotine through the oral mucosa in the same way as
snus. Gradual dissolution releases flavorings, generating a
taste sensation, and nicotine, which is absorbed via the
mucous membranes in the mouth before entering the bloodstream. Release of nicotine will be dependent on the usage
pattern of individual consumers, but is expected to be comparable to that of traditional snus.
The aim of the present study was to take a first step in
establishing the position of NPs on the nicotine product risk
continuum, by conducting a detailed chemical analysis of
NPs, lozenge and gum NRTs, and Swedish-style snus. We
focused on the toxicants most frequently used to characterize STPs: namely, the FDA smokeless tobacco reporting list
(FDA 2012) and GothiaTekV standard compounds (Swedish
Match 2016). Market surveys conducted in Sweden from
2018 to 2020 were also used to evaluate daily consumption
of NPs and snus, and thereby estimate daily exposure to toxicants from these products; for comparison, daily exposure
from NRTs was estimated based on recommended pharmaceutical dosages. We discuss our findings in relation to literature values for combustible cigarette smoke, tobacco heating
product (THP) and e-cigarette aerosols, allowing us to
R

estimate the relative position of NPs on the wider toxicant
delivery and risk continuums.

Materials and methods
Nicotine pouch products
Nicotine pouches are oral, smokeless, tobacco-free pouches
that, similar to snus, are placed between the gum and lip
and deliver in nicotine through the oral mucosa. The products manufactured by BAT are composed of a permeable
pouch material and a non-tobacco substrate to which nicotine and flavors are added. The outer pouch material is composed of viscose fibers bound together by chemical, heat or
solvent treatment, and the non-tobacco substrate is mainly
composed of water and microcrystalline cellulose, which
together constitute approximately 80–90% of the NP. Other
food-grade standard ingredients are contained within this
matrix including a pH buffer, a filling agent, salt, taste additives and flavorings, sweeteners, and pharmaceutical
grade nicotine.
Visually, the product does not differ from pouched snus,
except that it is white rather than brown due to the absence
of tobacco (although some pouch flavors may have a slight
colored tint). The pouches are typically sold in multiples in
small plastic containers (Figure 1).
Apart from the absence of tobacco, NPs are compositionally similar to Swedish snus, which (in addition to heattreated or ‘pasteurised’ tobacco) typically contains sodium
chloride, water, humidifying agents, buffering agents
(sodium carbonate), and various food-grade flavorings. Like
snus, NPs are manufactured in various flavor variants (e.g.,
peppermint, spearmint, licorice, citrus, berry), which are
similar or equivalent flavor styles to those applied to traditional snus products. All ingredients used in BAT’s NPs comply with regulatory food standards (EU 2009) and are
generally recognized as safe (GRAS) (FDA 2019). In short, all
flavor ingredients meet a minimum of one of the following
standards: GRAS; authorized for use in food by the FDA;
authorized for use in food by the European Union; considered GRAS by the Flavor and Extract Manufacturers
Association; included in the International Organization of
the Flavor Industry Global Reference List of flavoring materials that are considered to be safe for their intended use by
one or more internationally recognized assessment bodies.
In addition, the use levels of the flavor ingredients are toxicologically assessed to minimize risks to the consumer. The
nicotine in BAT’s NPs is pharmaceutical grade (USP, n.d.),
and is a natural product derived from tobacco. Nicotine
strength of NPs varies between products but is slightly
lower on average than that of traditional snus. Similar to
snus (Lawler et al. 2020), nicotine strength of NPs is lower in
US brands than in Swedish brands.

Comparison of oral nicotine product toxicant profiles:
NPs, snus and NRTs
Four variants of BAT NPs (Lyft Freeze, Lyft Lime Strong, Lyft
Berry Frost and Lyft Mint) with similar flavorings to a number
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Figure 1. An artist’s illustration of a typical nicotine pouch. (a) As sold in container with lid. (b) Individual pouch.

of existing snus products were analyzed along with a BAT
snus product (Granit Ice Blue White), two leading non-BAT
snus products (Skruf Slim Fresh XStrong Mint and G3 Slim
White XStrong Blue Mint) that currently are or were available
in some Scandinavian markets, and two well-known commercially available NRTs in lozenge (Nicorette 4 mg) and gum
(Nicorette 4 mg) format. Products were analyzed for 26 compounds applicable to oral tobacco products, including known
harmful and potentially harmful constituents (HPHCs) from
the FDA smokeless tobacco reporting list, and the
GothiaTekV Standard list of toxicants (other than agrochemicals because the NPs are synthetic products rather than agriculturally sourced). Also included were cigarette smoke
toxicants (nine smoke constituents prioritized by the WHO’s
Tobacco Product Regulation Group, ‘TobReg9’, with the
exception of carbon monoxide) not already included in the
FDA smokeless tobacco and GothiaTekV lists of toxicants.
Analyses were conducted at an independent contract laboratory (Eurofins, Lidkoping, Sweden, accredited to EN ISO/IEC
17025:2017, DAKKS D-PL-14602–01-00, ISO/IEC 17025:2017
SWEDAC ackred. nr. 1977, ISO/IEC 17025:2017 SWEDAC
ackred. nr. 1125) using in-house and standardized analytical
methods. The analytical methods used to quantify the 26
compounds in lozenge and gum NRTs, NPs and snus are
summarized in Table 1, and further details can be requested
from the Analytical Laboratory. Three replicate analyses were
conducted for NPs and NRTs, two were conducted for
snus products.

Estimates of toxicant intake
To determine the relevance of the toxicant profiles to relative
health risks, we estimated toxicant intake by calculating Daily
Exposure to Toxicants (DET, in units of mass) for each product. DET was estimated from the toxicant content of the
product (TC, mass units) and the oral product exposure factor
(EfO), which combines estimates of the fraction of toxicants
extracted during individual product use with daily consumption, as follows:
DET ¼ ðTC EfO Þ

R

R

Market research data
Market surveys on tobacco and nicotine product use, including snus and NPs, were conducted on a quarterly basis in
Sweden between 2018 and 2020 through an international
market research agency (Kantar, London). Approximately
1,300 participants from an actively managed panel aged
18–64 years completed each survey. Participants were
recruited by opt-in email, co-registration, e-newsletter campaigns, affiliate networks and social media.

(1)

where EfO ¼ (fEU  ADM); ADM is the average daily mass of
products consumed by a user and is calculated from the
numbers of products consumed per day and product mass
per portion; and fEU is the extraction efficiency (a dimensionless value between 0 and 1), indicating the extent to which
compounds are extracted from the product minus losses
through events such as expectoration. For the oral products
investigated in the present study, little or no expectoration is
observed; therefore, losses during use are expected to be
near zero.

Results
Toxicant contents of oral nicotine products
Quantitative data on the HPHC contents of two types of NRT,
four NP variants and three snus products are summarized in
Table 2. Data are presented as either mg/g or ng/g, because
the portion sizes were in the gram range for all products. For
nicotine and moisture, data are present as percentages. Table
2 shows that 4 of the 26 measured compounds were present
at quantifiable levels in the NPs. In addition to moisture and
nicotine content, extremely low levels of chromium and formaldehyde were detected in some, but not all, samples at
approximately the limits of quantification. For the lozenge
NRT, in addition to nicotine (which was present but not
measured), 3 of the 25 measured compounds were quantified: moisture, nickel and chromium (in only one of the three
replicates). Similarly, for the gum NRT, 5 of the 25 measured
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Table 1. Harmful and potentially harmful constituents analyzed and summary of analytical methods used for NPs, snus and NRTs.
Analyte

Method code

Nicotine

Health Canada method: T-301a

Metals: Cadmium, chromium,
nickel, arsenic, lead

EN ISO 17294-2:2016/EN 13805:2014

Mercury

EN 16277:2012

TSNAs: NAB, NAT, NNK, NNN

In-house LW0A0

Benzo(a)pyrene

In-house LW0R7

NDMA

In-house LP061

Nitrite

In-house LW09I

Carbonyls: Formaldehyde,
acetaldehyde, crotonaldehyde,
acrolein

CORESTA CRM-86

Aflatoxins: B1, B2, G1, G2

EN 14123 (mod)

Ochratoxin A

NMKL 143

1,3-Butadiene and benzene

In-house HS-GC-MS

Brief description
Nicotine was extracted from the products with alkaline methanol under
ultrasonication. The liquid extract was then filtered and diluted prior to
quantification by LC-MS.
Quantification was performed against a 5-point standard curve and by using
deuterated nicotine as internal standard.
The products were digested in microwave oven with a mix of nitric acid,
hydrochloric acid and hydrochloric peroxide, followed by detection and
quantification of metals by ICP-MS.
Mercury was extracted by digestion, according to Annex D of EN16277:2012,
with a mix of nitric acid, hydrochloric acid, hydrochloric peroxide.
Detection and quantification were by CV-AFS.
TSNAs were extracted from the products with ethylacetate in presence of dlabelled specific internal standards, followed by detection and
quantification by HPLC-MS/MS.
Benzo(a)pyrene extraction was performed with methanol, in presence of a
d-labelled specific internal standard, followed by detection and
quantification by HPLC-FLD.
NDMA was extracted with ethylacetate in presence of specific internal
standard, followed by detection and quantification with HPLC-MS/MS.
Nitrite was extracted in water, derivatised with sulfanilamide and nacetylethylendiaminehydrochloride and analyzed as a red complex
at 540 nm.
Carbonyls were analyzed according to CORESTA CRM-86. Extraction and
derivatisation occured in a two-phase system consisting of aqueous
buffer and isohexane, using DNPH as the derivatising agent in the
presence of specific internal standards, followed by detection and
quantification on UPLC-MS/MS.
Aflatoxins were extracted and transferred to a phosphate buffer saline and
cleaned with monoclonal antibody affinity column. After elution from the
column the aflatoxins were post-derivatised followed by detection and
quantification on HPLC-FLD.
Ochratoxin was extracted with a mix of acetonitrile and water, followed by
a concentration step on a preparative column based on monoclonal
antibody technology. The eluate is subsequently analyzed by LC-FLD.
1,3-Butadiene and benzene were analyzed using headspace GC-MS.

a

Deviations to method T-301 include determination with LC-MS instead of GC-MS and addition of the internal standard during final dilution.
Abbreviations: CORESTA: Cooperation Center for Scientific Research Relative to Tobacco; CRM: CORESTA recommended method; CV-AFS: cold vapor atomic fluorescence spectroscopy; DNPH: 2,4-Dinitrophenylhydrazine; FDA: US Food and Drug Administration; GC-MS: gas chromatography–mass spectrometry; HPLC-FLD:
high-performance liquid chromatography with fluorescence detection; HPLC-MS/MS: HPLC with mass spectrometry; HS-GC-MS: Headspace GC-MS; ICP-MS:
inductively coupled plasma MS; LC-FLD: liquid chromatography with fluorescence detection; NAB: N-nitrosoanabasine; NAT: N-nitrosoanatabine; NDMA: NNitrosodimethylamine; NNK: 4-(methylnitrosamino)-1–(3-pyridyl)-1-butanone; NNN: N-nitrosonornicotine; TSNA: tobacco-specific nitrosamines; UPLC-MS/MS:
ultraperformance liquid chromatography–tandem MS.

compounds were present at quantifiable levels (in addition
to unmeasured nicotine): moisture and low levels of cadmium, chromium, nickel and lead. In the snus samples, by
contrast, in addition to moisture and nicotine, 11 toxicants
were present at quantifiable levels, namely cadmium, chromium, nickel, arsenic, lead, NNN, NNK, NDMA, formaldehyde,
acetaldehyde and ochratoxin A. The concentrations of these
quantified toxicants were present in snus at substantially
higher levels than those in NPs or NRTs. Although NAB and
NAT were not measured, it is likely these TSNAs would also
be present in the snus samples tested in this study.
In comparison to snus, the NPs contained lower levels of
the metals arsenic, cadmium, chromium, Ni, and lead, the
nitrosamines NDMA, NNK and NNN, acetaldehyde, and ochratoxin. Formaldehyde content was largely comparable
between the two product types, but none of the measured
HPHCs were higher in NPs than in snus.
Regarding the NRTs, higher levels were detected in the
gum NRT than in the lozenge NRT or NP for cadmium, chromium, nickel and lead, and nickel levels were higher in the
lozenge NRT than in the NP. In contrast, the formaldehyde
content of the NPs was higher than that in both NRT

products. Collectively, these findings suggest that NPs have
the potential for a lower toxicant profile as compared with
Swedish snus, and a comparable profile to those of
NRT products.

Consumer use data for NPs and snus
Quarterly market surveys were conducted by BAT in Sweden
through the Kantar market research agency throughout 2018
and 2020. The data suggest that the average daily consumption
(ADC) of NPs is lower than that of snus (Table 3). The mean NP
ADC was 8.6 (range 7.7–10.4) pouches/day among solus NP
users (sample size 20–238) versus 12.0 (range 11.6–12.4)
pouches/day among solus traditional snus users (sample
size 1092–1345).

Discussion
Toxicant contents of oral nicotine products
The present study evaluated the toxicant levels of NPs in
relation to other oral nicotine products to estimate the

%
%
mg/g
mg/g
mg/g
mg/g
ng/g
ng/g
ng/g
ng/g
ng/g
ng/g
ng/g
ng/g
ng/g
ng/g
ng/g
ng/g
ng/g
ng/g
mg/g
ng/g
ng/g
ng/g
ng/g
ng/g

g

Units
0.7
2
8.7
47.7
1.2
1.5
7.1
<0.05
<0.05
n/a
n/a
610
200
<0.2
<1.0
<20
<5.0
285
1550
<20
1400
92
210
<1.0
<1.0
<1.0
<1.0
<1.0
<0.5

Snus

0.7
2
7.8
34.7
2.2
1.2
9.2
<0.05
<0.05
n/a
n/a
560
125
0.23
<1.0
<20
<5.0
460
1700
<20
2000
130
340
<1.0
<1.0
<1.0
<1.0
<1.0
1.6

Skruf Slim Fresh
XStrong Mint
0.7
2
8.7
47.3
1.5
<1.0
8.4
<0.05
<0.05
n/a
n/a
640
89
0.37
<1.0
<20
<5.0
245
815
<20
885
94
190
<1.0
<1.0
<1.0
<1.0
<1.0
1.1

G3 Slim White
XStrong Blue Mint
0.623
3a
8.0
1.1
n/a
<1.0
<1.0
<0.05
<0.05
<10
<10
<10
<10
<0.2
<1.0
<20
<5.0
<10
<50–52c
<20
80
<50
<20
<1.0
<0.1
<0.1
<0.1
<0.1
<0.5

NRT lozenge
Nicorette
peppermint 4 mg
1.265
3a
10.6
3.3
n/a
<1.0
<1.0
<0.05
<0.05
<10
<10
<10
<10
<0.2
<1.0
<20
<5.0
29
743
<20
223
<50
55
<1.0
<1.0
<1.0
<1.0
<1.0
<0.5

NRT gum
Nicorette
peppermint 4 mg
0.7
3a
8.6
49.5
1.7
<1.0
<1.0
<0.05
<0.05
<10
<10
<10
<10
<0.2
<1.0
<20
<5.0
<10
<50–70c
<20
<50
<50
<20
<1.0
<1.0
<1.0
<1.0
<1.0
<0.5

Lyft Freeze

0.7
3a
8.6
43.9
1.4
<1.0–1.0b
<1.0
<0.05
<0.05
<10
<10
<10
<10
<0.2
<1.0
<20
<5.0
<10
<50
<20
<50
<50
<20
<1.0
<1.0
<1.0
<1.0
<1.0
<0.5

Lyft Lime Strong

0.7
3a
8.7
50.4
0.58
1.13
<1.0
<0.05
<0.05
<10
<10
<10
<10
<0.2
<1.0
<20
<5.0
<10
<50–80c
<20
<50
<50
<20
<1.0
<1.0
<1.0
<1.0
<1.0
<0.5

Lyft Berry Frost

Nicotine Pouch

0.7
3a
8.5
48.2
0.89
1.10
<1.0
<0.05
<0.05
<10
<10
<10
<10
<0.2
<1.0
<20
<5.0
<10
<50-51c
<20
<50
<50
<20
<1.0
<1.0
<1.0
<1.0
<1.0
<0.5

Lyft Mint

a

Aflatoxins were measured with two replicates; btwo replicates were  LOQ, cone replicate was  LOQ.
Abbreviations: n/a: not analyzed; NAB: N-nitrosoanabasine; NAT: N-nitrosoanatabine; NDMA: N-Nitrosodimethylamine; NNK: 4-(methylnitrosamino)-1–(3-pyridyl)-1-butanone; NNN: N-nitrosonornicotine; NRT: nicotine replacement therapy.

Product mass
Replicates
pH
Moisture
Nicotine
Formaldehyde
Acetaldehyde
Acrolein
Crotonaldehyde
NAB
NAT
NNN
NNK
NDMA
Benzo(a)pyrene
1,3-Butadiene
Benzene
Cadmium
Chromium
Mercury
Nickel
Arsenic
Lead
Nitrite
Aflatoxin B1
Aflatoxin B2
Aflatoxin G1
Aflatoxin G2
Ochratoxin A

Analyte

Granit Ice
Blue White

Table 2. Toxicant content of NPs, snus and NRTs.
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Table 3. Average daily consumption of traditional Swedish snus and NPs.
Traditional snus
Survey
Q1 2018
Q2 2018
Q3 2018
Q4 2018
Q1 2019
Q2 2019
Q3 2019
Q4 2019
Q1 2020
Q2 2020
Q3 2020
Q4 2020
Mean

ADC
(pouches/day)
12.2
12.1
11.6
11.6
11.7
11.8
12.1
11.9
11.7
12.3
12.4
12.3
12.0

Sample
size (n)
1345
1261
1242
1244
1202
1197
1194
1192
1102
1104
1092
1123
1192

Nicotine pouches
ADC
(pouches/day)
8.7
8.2
9.0
8.4
8.8
7.7
10.4
8.4
7.8
8.0
9.5
8.6
8.6

Sample
size (n)
39
20
36
43
35
62
68
99
190
196
228
238
105

Abbreviations: ADC: average daily consumption.

position of these relatively new nicotine products on the
toxicant delivery and risk continuums of tobacco and nicotine products. Owing to their similarity to snus in terms of
both composition and physical usage, targeted analyses were
used to measure both toxicants relevant to oral tobacco
products and toxicants from the WHO TobReg9 priority list,
which was established to address key HPHCs in cigarette
smoke (Burns et al. 2008), but has been used for comparative
assessments of other tobacco and nicotine products (e.g.,
Margham et al. 2016).
Among the four NP variants tested, levels of 22 of the 26
compounds were too low to quantify, as compared with 22
of 25 for the lozenge NRT, 20 of 25 for the gum NRT, and 11
of 24 compounds for the snus. Notably, the two toxicants
detected in the NPs (chromium and formaldehyde) were present at extremely low levels, close to the quantification limits.
Formaldehyde, a mammalian metabolite (Restani and Galli
1991), is present in fruits, vegetables, dairy products, meat,
fish and shellfish at levels of 1–100 mg/kg, with an average
adult consuming between 1.5 and 14 mg/day (WHO, 2001).
Based on the highest mean formaldehyde level of 1.1 mg/kg
detected in Lyft Berry Frost, a pouch weight of 0.7 g, and
ADC of 8.6 pouches per day, NPs would increase daily formaldehyde exposure by approximately 0.004 mg/day (assuming
58% extraction). Thus, the extremely low levels of formaldehyde in NPs are unlikely to represent a toxicological concern.
Chromium, an IARC Group 1 carcinogen in its þ6 oxidation
state but a Group 3 compound in its þ3 state, is also present
in fruits, vegetables, grain products and meat; for example, a
half-cup serving of broccoli contains approximately 11 mg of
chromium (US National Institutes of Health (NIH) 2020), corresponding to approximately 40 times the amount of chromium that a NP user may be exposed to daily (i.e., 0.28 mg/
day, assuming 8.6 pouches per day and using the worst-case
single measurement of 0.08 mg/kg in Lyft Berry Frost).
The presence of toxicants in NRTs has been reported previously by Stepanov et al. (2006) and Nessa et al. (2016), who
measured trace levels of some TSNAs in gum and patch
NRTs, and lead, cadmium and nickel in gum NRT respectively.
The levels of these metals in the gum NRT (Nessa et al. 2016)
were comparable to those found in the gum NRT in this

study except for lead, which was approximately 10-fold lower
in this study [824 ng/gum vs 55 ng/g (70 ng/gum)].
In addition to the greater number of toxicants detected in
snus, the levels of those that were quantified were higher in
snus than in NPs, apart from nicotine and formaldehyde.
Overall, the toxicant analysis suggests that NPs have the
potential for a lower toxicant profile relative to that of
Swedish snus, and comparability with those of NRT products,
consistent with the tobacco-free composition of both NPs
and NRTs.
To evaluate the toxicant contents of NPs in comparison to
other tobacco and nicotine products on the risk continuum,
we also reviewed the emissions of 20 of the HPHCs for which
data were available for conventional cigarettes, THPs and ecigarettes (Supplementary Methods and Table S1). Notably,
cigarette smoke contained quantifiable levels of 18 of the 20
measured compounds, THP aerosol contained 12 compounds
at quantifiable levels, while e-cigarette vapor contained 7
compounds at quantifiable levels. By contrast, NPs had quantifiable levels of only 3 of these 20 HPHCs. Thus, the toxicant
content of NPs is considerably lower than that of inhalation
tobacco product emissions, consistent with placement of NPs
near the lowest exposure end of the toxicant delivery continuum.

Estimated daily exposure to toxicants resulting from use
of oral tobacco products
On its own, the toxicant contents of products is insufficient
to establish potential health risks to a user; the frequency of
product use and the extent of toxicant extraction from the
product will also affect toxicant exposure during use. We
therefore estimated likely exposure to toxicants (DET, in units
of mass) for the different products based on extraction efficiency (fEU) and ADC.
First, we derived fEU values based on published data for
extraction of nicotine as a bridging compound. However, for
compounds that show significantly less extraction than nico~ez et al. 2018), these estimatine such as metals (Cuello-Nun
tions should be viewed as conservative. Using reported
nicotine extraction of 44–72% for gum NRT (Benowitz et al.
1987, Lunell and Lunell 2005a, Lunell and Curvall 2011,
Digard et al. 2013a, Hansson et al. 2019), 30–39% for snus
(Lunell and Lunell 2005a, Caraway and Chen 2013, Digard et
al. 2013a, b, Lunell et al. 2020), and 56% and 59% for NPs
(Lunell et al. 2020), we calculated average fEU values of 0.62,
0.33 and 0.58 for gum, snus and NPs, respectively; in addition, we assumed fEU ¼ 1 for the lozenge NRT, which dissolves completely in the user’s mouth. These fEU values were
assigned to the extraction of all toxicants except for metals
from snus, which have been established as having extraction
efficiencies of 10% or less (Lunell and Lunell 2005b, Caraway
and Chen 2013); we therefore used fEU ¼ 0.1 for cadmium,
nickel and mercury, and conservative estimates of fEU ¼ 0.05
for arsenic, chromium and lead (Supplementary Table 2).
Next, ADC values from the market surveys (NP, 8.6
pouches/day; snus, 12.0 pouches/day) or published data (NRT
lozenge/gum, 8–12 pieces/day [EMC 2020, HPRA 2020]) were
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multiplied by average product weight (NP/snus, 0.7 g/pouch;
NRT lozenge, 0.623 g; NRT gum, 1.265 g) to determine an
average daily mass (ADM) consumption values of 6.02 g,
8.40 g, 6.23 g and 12.65 for NPs, snus, lozenge and gum,
respectively (Supplementary Table S2). Lastly, the fEU and
ADM values were coupled with our toxicant content data
(Table 2) to estimate DET in accordance with Equation (1) in
Materials and Methods. Where the toxicant content for any
product was too low to be quantified (Table 2), DET could
not be estimated with confidence and was therefore reported
as NQ (not quantified).
The data show that, as compared with snus, use of NPs
would have lower estimated daily exposure to acetaldehyde
(19.7–25.5 mg/day vs NQ), NNN (1.5–1.8 mg/day vs NQ), NNK
(0.2–0.6 mg/day vs NQ), NDMA (NQ–1.0 ng/day vs NQ), cadmium (0.2–0.4 mg/day vs NQ), chromium (0.34–0.71 vs
<0.18–0.28 mg/day), nickel (0.7–1.6 mg/day vs NQ), arsenic
(38.6–54.6 ng/day vs NQ) and lead (79.8–143 ng/day vs NQ)
(Supplementary Table S3). Estimated exposure to formaldehyde was comparable between snus and NPs at 3–4 mg/
day, but none of the estimated exposures were higher from
NPs. As compared with NRTs, use of NPs would show higher
estimated exposure to formaldehyde (NQ vs <3.5–4.0 mg/
day), but lower estimated exposure to cadmium (gum 0.2 mg/
day vs NQ), chromium (<0.31–5.83 vs <0.18–0.28 mg/day),
nickel (0.5–1.7 mg/day vs NQ) and lead (gum 0.4 mg/day vs
NQ). Based on these estimates, use of both NPs and NRTs
may offer lower toxicant exposure as compared with snus.
We also estimated DET for cigarettes, THPs and vapor
products based on available data for 18 toxicants
(Supplementary Methods and Table S3). The data indicate
that, as compared with conventional smoking, use of NPs
would result in lower daily exposure to 16 of the 18 toxicants, while use of snus would result in lower exposure to 10
of the 18 toxicants (Supplementary Table S3). Thus, on the
basis of both the measured toxicant contents and daily
exposure estimates, NPs are likely to fall between snus and
NRTs on the toxicant delivery continuum, with substantially
less toxicant exposure relative to cigarettes, THPs, snus and
even vapor products. Recent toxicological in vitro testing supports this notion, demonstrating reductions in biological
activity for NPs as compared with both snus and a combustible cigarette (Bishop et al. 2020).
Although our data suggest that NPs may occupy a similar
position to NRTs near the lowest exposure end of the toxicant delivery continuum, we note that a substantial reduction
in toxicants in itself is not sufficient to determine fully a
reduced risk to health and does not imply that exposure to a
toxicant at the same level from different product categories
will have the same disease-induction mechanism or consequences. Further research on consumption, toxicant transfers
and clinical data will be required to provide more robust
insight into the potential health risks associated with NP use.

Relative positioning of NPs on the risk continuum
In a Delphi-based study, global health experts previously
evaluated the position of tobacco and nicotine products on
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the risk continuum in terms of maximum relative harm
(MRH), placing snus at 5%, e-cigarettes at 4% and NRTs at
2% relative to cigarettes (Nutt et al. 2014). Based on the
toxicant findings and ADC reported in the present study, NPs
would be expected to have an MRH close to that of NRTs.
However, the long-term health risks of many of these products (i.e., e-cigarettes, NRTs, NPs) are not fully characterized
and further research might influence their exact position on
the risk continuum; in addition, it should be noted that NRTs
are not currently intended for long-term use.
It is not only direct health risks that should be considered,
but also the impact of the product on other factors such as
air quality, initiation and cessation (Proctor et al. 2017).
Because they are colorless and do not smell of tobacco, NPs
may have other user benefits including personal hygiene,
presenting a more acceptable choice for those smokers who
have historically rejected snus. In addition, NPs do not emit
an aerosol during usage, and thus have zero impact on air
quality. Lastly, dependence on conventional cigarettes and
snus has been shown to be similar, and higher than that on
NRTs (Fagerstrom 2018), which will make it harder to quit
smoking than to stop using NRTs. In future studies, it will be
important to determine the uptake of NPs by non-nicotine
users, as well as user dependence on these products.
While regulatory and healthcare bodies agree that, at the
level of exposure from tobacco products, nicotine is comparatively harmless (RCP 2016, Gottlieb 2017, PHE 2019), it is
toxic in high doses (Schep et al. 2009) and there is a case for
regulation to limit the strength of nicotine in NPs. Oral products with extremely high nicotine strengths have entered
some markets, leading to concerns about nicotine poisoning
and resulting in a ban of the NP category in some cases
(Kondratieva 2020). To overcome potential issues of nicotine
poisoning/overdose, sensible science-based regulation should
be implemented, for example, nicotine ceilings. In the
absence of bespoke regulation, product standards will be
necessary to ensure regulator confidence in the NP category.
Studies are underway to bridge the science/research gaps
and address the lack of data on NPs, particularly on product
use behavior and nicotine pharmacokinetics.

Conclusion
In summary, NPs may provide a lower toxicant-exposure
source of nicotine for current smokers who seek a substitute
to cigarettes, in particular for those who find NRTs ineffective.
Based on their similarity to snus in physical usage, but due
to the absence of tobacco, lower toxicant profile and
reduced ADC, NPs may also offer fewer health risks than snus
when smokers switch to using them exclusively. NP toxicant
contents, and estimates of exposure in comparison to other
products suggest that NPs may be positioned between
Swedish snus and NRTs on the tobacco and nicotine toxicant
continuum. However, more definitive use behavior data, and
ultimately clinical data are required to confirm the potential
of NPs to be reduced exposure and risk nicotine products.

8

D. AZZOPARDI ET AL.

Acknowledgements
The authors wish to thank Dr Kevin McAdam of McAdam Scientific Ltd.
for assisting with editing the manuscript, Christopher Keller and Dr Philip
Hunt for their expert guidance and for reviewing the manuscript and
Jesse Thissen for checking the data and reviewing the manuscript.
Artwork (Figure 1) by Debbie Maizels, Zoobotanica Scientific Illustration.

Author contributions
DA managed the NRT testing, analyzed the data and prepared the
manuscript. CL reviewed the manuscript and provided expert guidance.
JM reviewed the manuscript, provided expert guidance and conceived
the idea of the study. All authors read and approved the
final manuscript.

Disclosure statement
All authors are employees of BAT, a company that manufactures tobacco
and nicotine products.

Funding
BAT funded this study.

Data availability statement
All data and materials are available upon request.

References
Benowitz, N.L., Jacob, P., and Savanapridi, C., 1987. Determinants of nicotine intake while chewing nicotine polacrilex gum. Clinical
Pharmacology and Therapeutics, 41 (4), 467–473.
Bishop, E., et al., 2020. An approach for the extract generation and toxicological assessment of tobacco-free ’modern’ oral nicotine pouches.
Food and Chemical Toxicology, 145, 111713. doi: 10.1016/j.fct.2020.
111713.
Burns, D.M., et al., 2008. Mandated lowering of toxicants in cigarette
smoke: a description of the World Health Organization TobReg proposal. Tobacco Control, 17 (2), 132–141.
Caraway, J.W., and Chen, P.X., 2013. Assessment of mouth-level exposure
to tobacco constituents in U.S. snus consumers. Nicotine & Tobacco
Research, 15 (3), 670–677.
Clarke, E., et al., 2019. Snus: a compelling harm reduction alternative to
cigarettes. Harm Reduction Journal, 16 (1), 62.
~ez, S., et al., 2018. Fractionation of cadmium in tobacco and
Cuello-Nun
cigarette smoke condensate using XANES and sequential leaching
with ICP-MS/MS. Analytical and Bioanalytical Chemistry, 410 (26),
6795–6806.
Digard, H., et al., 2013a. Determination of nicotine absorption from multiple tobacco products and nicotine gum. Nicotine & Tobacco
Research, 15 (1), 255–261.
Digard, H., et al., 2013b. Multi-analyte approach for determining the
extraction of tobacco constituents from pouched snus by consumers
during use. Chemistry Central Journal, 7 (1), 55.
European Commission, 2017. Special Eurobarometer 458. Attitudes of
Europeans towards tobacco and electronic cigarettes. Available from:
https://ec.europa.eu/commfrontoffice/publicopinion/index.cfm/
ResultDoc/download/DocumentKy/79003 [Accessed 30 October 2020].
Electronic Medicines Compendium (EMC), 2020. SmPc Nicorette Cools
4mg lozenge. Available from: https://www.medicines.org.uk/emc/product/4114/smpc [Accessed 17 November 2020].
European Union (EU), 2009. Commission Regulation (EC) No 1170/2009
of 30 November 2009. Official Journal of the European Union.

Available from: https://www.fsai.ie/uploadedFiles/Reg1170_2009.pdf
[Accessed 30 October 2020].
Fagerstrom, K.A., 2018. Comparison of dependence across different types
of nicotine containing products and coffee. International Journal of
Environmental Research and Public Health, 15 (8), 1609.
Ferlay, J., et al., 2013. Cancer incidence and mortality patterns in Europe:
Estimates for 40 countries in 2012. European Journal of Cancer (Oxford,
England : 1990), 49 (6), 1374–1403.
Gartner, C.E., et al., 2007. Assessment of Swedish snus for tobacco harm
reduction: an epidemiological modelling study. Lancet (London,
England), 369 (9578), 2010–2014.
Gottlieb, S., 2017. Protecting American families: Comprehensive approach
to nicotine and tobacco. Speech by Scott Gottlieb, FDA, White Oak,
MD. Available from: https://www.fda.gov/news-events/speeches-fdaofficials/protecting-american-families-comprehensive-approach-nicotine-and-tobacco-06282017 [Accessed 30 October 2020].
Hansson, A., et al., 2019. Effect of nicotine 6 mg gum on urges to smoke,
a randomized clinical trial. BMC Pharmacology and Toxicology, 20 (1),
69. doi.org/10.1186/s40360-019-0368-9
Health Products Regulatory Authority (HPRA), 2020. PIL Nicorette medicated chewing gum. Available from: https://www.hpra.ie/img/
uploaded/swedocuments/7c975abd-331a-4158-a0d3-b5fadbd9f2f9.pdf
[Accessed 05 January 2021].
Kondratieva, K., 2020. Russian Duma passes bill banning tobacco-free white
pouches [online]. Tobacco intelligence. Available from: https://tobaccointelligence.com/russia-gives-green-light-to-ban-tobacco-free-whitepouches/ [Accessed 27 April 2021].
Lawler, T.S., et al., 2020. Chemical analysis of snus products from the
United States and northern Europe. PLoS One, 15 (1), e0227837.
Lee, P.N., 2011. Summary of the epidemiological evidence relating snus
to health. Regulatory Toxicology and Pharmacology, 59 (2), 197–214.
Lee, P.N., and Fariss, M.W., 2017. A systematic review of possible serious
adverse health effects of nicotine replacement therapy. Archives of
Toxicology, 91 (4), 1565–1594.
Le Houezec, J., 2003. Role of nicotine pharmacokinetics in nicotine addiction and nicotine replacement therapy: a review. The International
Journal of Tuberculosis and Lung Disease, 7 (9), 811–819.
Lunell, E., and Lunell, M., 2005a. Steady-state nicotine plasma levels following use of four different types of Swedish snus compared with 2mg Nicorette chewing gum: A crossover study. Nicotine & Tobacco
Research, 7 (3), 397–403.
Lunell, E., and Lunell, M., 2005b. In-vivo extraction of lead, cadmium and
tobacco specific nitrosamines from four brands of Swedish snus in
regular snus users [abstract]. Presented at 11th Annual Meeting and 7th
Annual European Conference of the Society for Research on Nicotine
and Tobacco, Prague, Czech Republic, March 20–23, 2005; Rapid
Communications Poster Abstract RP-076. https://cdn.ymaws.com/srnt.
site-ym.com/resource/resmgr/Conferences/Past_Annual_Meetings/
2005_Annual_Meeting_Abstract.pdf [Accessed 18 November 2020].
Lunell, E., and Curvall, M., 2011. Nicotine delivery and subjective effects
of Swedish portion snus compared with 4 mg nicotine polacrilex
chewing gum. Nicotine & Tobacco Research, 13 (7), 573–578.
Lunell, E., et al., 2020. Pharmacokinetic comparison of a novel nontobacco-based nicotine pouch (ZYN) with conventional, tobacco-based
Swedish snus and American moist snuff. Nicotine & Tobacco Research,
22 (10), 1757–1763. doi: 10.1093/ntr/ntaa068.
Margham, J., et al., 2016. Chemical composition of aerosol from an e-cigarette: a quantitative comparison with cigarette smoke. Chemical
Research in Toxicology, 29 (10), 1662–1678.
McAdam, K.G., et al., 2013. Polycyclic aromatic hydrocarbons in US and
Swedish smokeless tobacco products. Chemistry Central Journal, 7,
151.
McAdam, K., et al., 2015. The acrylamide content of smokeless tobacco
products. Chemistry Central Journal, 9, 56.
McAdam, K., et al., 2018. Ethyl carbamate in Swedish and American
smokeless tobacco products and some factors affecting its concentration. Chemistry Central Journal, 12 (1), 86.
McAdam, K.G., et al., 2019. The composition of contemporary American
and Swedish smokeless tobacco products. BMC Chemistry, 13 (1), 31.

DRUG AND CHEMICAL TOXICOLOGY

, M.R., 2013. Reducing harm from tobacco use.
McNeill, A., and Munafo
Journal of Psychopharmacology, 27 (1), 13–18.
Nessa, F., Khan, S.A., and Abu Shawish, K.Y., 2016. Lead, cadmium and
nickel contents of some medicinal agents. Indian Journal of
Pharmaceutical Sciences, 78 (1), 111–119. doi.org/10.4103/0250-474X.
180260.
Nutt, D.J., et al., 2014. Estimating the harms of nicotine-containing products using the MCDA approach. European Addiction Research, 20 (5),
218–225.
Proctor, C., Patwardhan, S., Murphy, J., 2017. A model risk continuum for
tobacco and nicotine products. Washington, DC: Food and Drug Law
Institute. Available from: https://www.fdli.org/2017/08/spotlighttobacco-model-risk-continuum-tobacco-nicotine-products/ [Accessed
30 October 2020].
Public Health England (PHE), 2019. Health matters: stopping smoking what works? London: Public Health England. Available from: https://
www.gov.uk/government/publications/health-matters-stopping-smoking-what-works/health-matters-stopping-smoking-what-works
[Accessed 30 October 2020].
Ramboll, 2019. Systematic review and update of the literature on the
health effects of Swedish snus. Arlington, VA: Ramboll. Available from:
https://www.swedishmatch.com/globalassets/documents/other/ramboll-health-effects-update-report_20190513.pdf [Accessed 30 October
2020].
Restani, P., and Galli, C.L., 1991. Oral toxicity of formaldehyde and its
derivatives. Critical Reviews in Toxicology, 21 (5), 315–328.
Royal College of Physicians (RCP), 2007. Harm reduction in nicotine addiction: Helping people who can’t quit. London, UK: Royal College of
Physicians. Available from: https://shop.rcplondon.ac.uk/collections/
books-1 [Accessed 30 October 2020].
Royal College of Physicians (RCP), 2016. Nicotine with smoke: Tobacco
harm reduction. London: RCP. Available from: https://www.rcplondon.
ac.uk/projects/outputs/nicotine-without-smoke-tobacco-harm-reduction [Accessed 30 October 2020].
Schep, L.J., Slaughter, R.J., and Beasley, M.G., 2009. Nicotinic plant poisoning. Clinical Toxicology (Philadelphia, Pa.), 47 (8), 771–781.
Schneider, N.G., et al., 2001. The nicotine inhaler: clinical pharmacokinetics and comparison with other nicotine treatments. Clinical
Pharmacokinetics, 40 (9), 661–684.
Song, M.A., et al., 2016. Chemical and toxicological characteristics of conventional and low-TSNA moist snuff tobacco products. Toxicology
Letters, 245, 68–77.
Stepanov, I., et al., 2006. Tobacco-specific nitrosamines in new tobacco
products. Nicotine & Tobacco Research, 8 (2), 309–313.

9

Stratton, K., Shetty, P., Wallace, R., and Bondurant, S., eds., 2001. Clearing
the smoke: assessing the science base for tobacco harm reduction.
Washington, DC: National Academy Press.
Swedish Food Agency, 2016. The National Food Administration’s regulations on snus and chewing tobacco [in Swedish]. Available from:
https://www.livsmedelsverket.se/om-oss/lagstiftning1/gallande-lagstiftning/livsfs-20126 [Accessed 30 October 2020].
Swedish Match, 2016. GothiaTekV limits for undesired components.
Stockholm: Swedish Match. Available from https://www.swedishmatch.
com/Snus-and-health/GOTHIATEK/GOTHIATEK-standard/ [Accessed 30
October 2020].
Swedish Match, 2020. The Swedish experience. Stockholm, Sweden:
Swedish Match. Available from: https://www.swedishmatch.com/Snusand-health/The-Swedish-experience/ [Accessed 30 October 2020].
US Department of Health and Human Services (DHHS), 2014. The health
consequences of smoking–50 years of progress: A report of the Surgeon
General. Atlanta: Centers for Disease Control and Prevention. Available
from: https://www.hhs.gov/surgeongeneral/reports-and-publications/
tobacco/index.html [Accessed 30 October 2020].
US Food and Drug Administration (FDA), 2012. Reporting harmful and
potentially harmful constituents in tobacco products and tobacco smoke
under section 904(a)(3) of the Federal Food, Drug, and Cosmetic Act.
Atlanta: FDA. Available from https://www.fda.gov/regulatory-information/search-fda-guidance-documents/reporting-harmful-and-potentially-harmful-constituents-tobacco-products-and-tobacco-smoke-under
[Accessed 30 October 2020].
US Food and Drug Administration (FDA), 2019. Generally recognized as
safe. Silver Spring, MD: FDA. Available from: https://www.fda.gov/
food/food-ingredients-packaging/generally-recognized-safe-gras
[Accessed 30 October 2020].
US National Institutes of Health (NIH), 2020. Chromium dietary supplement
fact sheet. Atlanta: US Department of Health & Human Services.
Available
from:
https://ods.od.nih.gov/factsheets/ChromiumHealthProfessional/#en12 [Accessed 30 October 2020].
US Pharmacopeia (USP), n.d. Nicotine. Available from: http://www.
pharmacopeia.cn/v29240/usp29nf24s0_m56620.html [Accessed 12
November 2020].
World Health Organization (WHO), 2001. Formaldehyde. Geneva: WHO.
Available from: http://www.euro.who.int/__data/assets/pdf_file/0014/
123062/AQG2ndEd_5_8Formaldehyde.pdf [Accessed 30 October 2020].
World Health Organization (WHO), 2019. European tobacco use: Trends
report. Geneva: WHO. Available from: http://www.euro.who.int/__data/
assets/pdf_file/0009/402777/Tobacco-Trends-Report-ENG-WEB.pdf?ua=
1 [Accessed 14 April 2020].
R

