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Abstract: Smokeless tobacco products and nicotine-containing tobacco-free oral pouches have in-
creased in popularity in recent years. They are associated with far fewer health hazards compared
to cigarettes. Nicotine pouches are filled with non-tobacco filler and nicotine. The nicotine used
in nicotine pouches usually comes from the extraction of tobacco; thus, related alkaloids may be
found as impurities at low levels. Moreover, nicotine degradation products are formed because
of microbial action, flavor oxidation, exposure to high temperatures etc. Currently, there are no
published or recommended methods for the analysis of nicotine degradants in nicotine pouches.
Here, we present a sensitive and selective liquid chromatography-tandem mass spectrometry method
for the simultaneous determination of seven nicotine-related impurities. All seven analytes and
corresponding deuterated internal standards were separated within 3.5 min, including 1 min equili-
bration. The method was fully validated, showing good linearity with correlation coefficients >0.996
for all analytes, good extraction yields ranging from 78% to 110%, limits of detection between 0.08
and 0.56 pg/g and limits of quantification between 0.27 and 2.04 ug/g. Although the method was
mainly developed to determine the degradants of nicotine in nicotine pouches, it was validated and
performed well on a broader range of tobacco-containing products.

Keywords: nicotine degradants; nicotine-related impurities; alkaloids; nicotine degradation products;
nicotine pouches; reduced-risk products; constituents; method development; method validation

1. Introduction

Nicotine-containing tobacco-free oral pouches belong to a new product category
that has gained market shares in recent years [1]. The nicotine pouches are similar to
snus, but they contain different non-tobacco fillers and nicotine instead of tobacco leaves.
Additionally, the nicotine pouches usually contain pH adjusters, processing aids, artificial
sweeteners, flavors, fibers (pouch material) and stabilizers. These products come in a
variety of flavors and nicotine content, as well as brand names such as ZYN®, Velo and
on!®, manufactured by different manufacturers. Although the long-term health effects of
nicotine pouches have not been established yet, it is suggested that they are less harmful
than cigarettes [2].

The nicotine used in the manufacturing of nicotine pouches is usually extracted from
the tobacco plant; thus, related alkaloids (e.g., nornicotine, anatabine and anabasine) may
be found as impurities in small quantities [3]. Moreover, due to environmental factors such
as temperature, humidity, light and storage containers, the degradation of nicotine may
occur, giving rise to the formation of nicotine degradation products (e.g., cotinine, nicotine-
N’-oxide, myosmine and B-nicotyrine) [4]. In the US and European pharmacopoeias, there
are recommendations for the purity of nicotine used in pharmaceutical products [5,6] but
not in other nicotine-containing products. The nicotine impurities are specified in the
European Pharmacopoeia monograph 1452 as nicotine-N’-oxide, cotinine, nornicotine,

Separations 2021, 8, 77. https:/ /doi.org/10.3390/separations8060077

https://www.mdpi.com/journal /separations


https://www.mdpi.com/journal/separations
https://www.mdpi.com
https://doi.org/10.3390/separations8060077
https://doi.org/10.3390/separations8060077
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/separations8060077
https://www.mdpi.com/journal/separations
https://www.mdpi.com/article/10.3390/separations8060077?type=check_update&version=2

Separations 2021, 8,77

20f 10

anatabine, myosmine, anabasine and (3-nicotyrine, while the US Pharmacopeia (USP)-
grade nicotine requires single impurities to be less than 0.5% (5 mg/g) and total impurities
to be less than 1% (10 mg/g) [5,6].

There are several methods to determine the levels of nicotine and its metabolites
(e.g., cotinine, nicotine-N’-oxide, nornicotine) using liquid chromatography coupled to
tandem mass spectrometry (LC-MS/MS) in human urine [7-9] as well as plasma, semen
and sperm by using LC—Orbitrap-MS [10]. Nicotine and related alkaloids (anabasine,
anatabine) have also been determined using gas chromatography coupled to flame ioniza-
tion detection (FID), nitrogen—phosphorus detection (NPD) and MS in tobacco-containing
products and tobacco smoke [11-14]. Several methods are also available for the analysis
of nicotine-related alkaloids and impurities in electronic cigarette liquids, cartridges and
aerosols [4,15-17].

However, there are currently no published or recommended methods available for
the analysis of nicotine impurities in nicotine pouches. The above-mentioned methods
have not been investigated, and may not be entirely suitable for the analysis of nicotine
pouches due to differences in their matrix composition. In this paper, we describe a
sensitive and selective method using LC-MS/MS for the simultaneous determination of
seven nicotine impurities in four nicotine pouch products, as well as five tobacco products
(namely, CORESTA Smokeless Tobacco Reference Products CRP 1.1, CRP 2.1, CRP 3.1, CRP
4.1 and a cigar). Although there are no regulatory requirements or recommendations for
these impurities in nicotine products, the method can be used for quality control purposes
(e.g., to check the purity of nicotine, as well as for stability studies of nicotine pouches by
monitoring the degradation of nicotine).

2. Materials and Methods
2.1. Standards and Reagents

Standards of nicotine-N’-oxide, nornicotine, anabasine, anatabine, cotinine, myosmine,
B-nicotyrine, nicotine-N’-oxide-d3, nornicotine-d4, anabasine-d4, anatabine-d4, cotinine-
d3, myosmine-d4 and (-nicotyrine-d3 (purity >95% for all standards) were purchased from
Toronto Research Chemicals (Toronto, ON, Canada). Acetonitrile (ACN) (HPLC grade),
isopropanol (HPLC grade), formic acid (98-100%, p.a. grade), ammonium formate (LC-MS
grade), ammonium hydroxide (25%, LC-MS grade) and acetic acid (LC-MS grade) were
obtained from VWR, Radnor, PA, USA. Methanol (MeOH) (HPLC grade) was purchased
from Fisher Scientific, Waltham, MA, USA. Water was purified using a Milli-Q® Integral 3
(Millipore SAS, Molsheim, France) water purification system equipped with a Millipak®
Express 40 0.22 um membrane filter (Millipore Corp., Burlington, MA, USA).

Stock solutions with concentrations of approximately 1 mg/mL in methanol were
prepared for all the standards and the internal standards, respectively. Intermediate
standard solutions were prepared from the stock solutions at three concentration levels,
1, 20 and 200 ug/mL. An intermediate standard solution was prepared for the internal
standards as well, containing 18.75 ug/mL of 3-nicotyrine-d3 and myosmine-d4 and
6.25 pg/mL of residual internal standards. Six (seven for nicotine-N’-oxide) calibration
standards dissolved in 0.2% ammonium hydroxide were also prepared. Stock solutions and
intermediate standard solutions were stored in a freezer (—18 °C). Calibration standard
solutions were stored in a refrigerator (4-6 °C).

2.2. Sample Handling and Preparation

The CRP samples were stored at approximately —20 °C until analyses were performed,
as recommended by CORESTA [18]. Prior to analysis, the CRPs were placed in a refrigerator
for 24 h and then equilibrated to ambient conditions before opening. After opening, the
samples were placed in a sealed container for short-term storage in the refrigerator. The
nicotine pouches and cigar were handled in the same way as the CRPs. It was also noticed
that the storage of nicotine pouches prior to re-analysis played a significant role in obtaining
accurate results. After opening, it is not recommended to store these samples in the freezer.
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An amount of 1.0 £ 0.2 g sample was weighed out in a 100 mL Erlenmeyer flask.
The nicotine and CRP 1.1 pouches were cut in two lengthwise. CRP 2.1, CRP 3.1 and
CRP 4.1 were weighted out as is, without grinding, while the cigar was ground to obtain
a homogeneous sample. A total of 100 uL of internal standard solution and 50 mL of
extraction solution (100 mM ammonium formate buffer (pH 3)) were added to the sample.
The sample was then shaken on an orbital shaker for 40 min at 130 rpm and then allowed
to settle for about 5 min to facilitate filtering. A total of 100 uL of sample solution was
transferred to a filter vial (0.2 pm Whatman Mini-UniPrep, Fisher Scientific, USA), while
400 pL 0.3 M ammonium hydroxide was added with Multipette.

2.3. Chromatographic and Mass Spectrometric Conditions

The analyses were performed on a UPLC system from Waters Corp., Milford, CT, USA,
consisting of an Acquity I-Class UPLC with binary pumps, fitted with an Acquity Sample
manager with a cooling system, an auto-injector with a flow-through needle injection and
a column switch with a column oven. The chromatographic separation was performed
on a Waters Acquity UPLC BEH Cjg column, 2.1 mm X 100 mm, 1.7 pm particle size
(Part # 186002352) connected to a Waters pre-filter (Assay, Frit, 0.2 pm, 2.1 mm, part. No.
289002078). Mobile phase A was 0.1% ammonium hydroxide, 10 mM ammonium acetate
buffer in MQ water; mobile phase B was 0.1% ammonium hydroxide, 10 mM ammonium
acetate buffer in ACN. The injection volume was 1 puL, and the mobile phase flow rate was
set to 600 puL/min. The gradient condition used was as follows: initial 7% B, 0.2 min 7% B,
1.25 min 45% B, 1.80 min 45% B, 2.20 min 98% B, 2.50 min 98% B and 2.51 min 7% B. The
system was equilibrated for 1 min with 7% B before each run.

The MS system was a Waters Xevo TQ-XS, and the MS parameters were set as follows:
capillary voltage 0.50 kV, cone voltage 30 V, desolvation 1000 L/h, cone 150 L/h, nebulizer
7 bar, collision gas flow 0.15 mL/min, desolvation temperature 600 °C and source temper-
ature 150 °C. The dwell time for each transition was 0.150 s, except for the transitions of
B-nicotyrine and -nicotyrine-d3 that had dwell times of 0.041 s. Quantitative analyses
were performed in MS/MS mode. The analyte-specific parameters are shown in Table 1.
Data were acquired and processed with Waters MassLynx (Ver. 4.2.; Waters Corp., Milford,
CT, USA).

Table 1. Collision energies, retention times, quantification and confirmation traces.

Compound Name Collision Retention Time  Quantification Confirmation
Energy (eV) (min) Trace (m/z) Trace (m/z)
Nicotine-N’-oxide 201,142 ~0.45 179.07 > 130.00 179.07 >132.01
Nicotine-N’-oxide-d3 15; 20 ~0.45 182.11>132.02  182.11 > 130.01
Nornicotine 15; 20 ~1.11 149.04 > 129.99  149.04 > 116.99
Nornicotine-d4 10; 20 ~1.10 153.13 > 136.05  153.13 > 121.03
Cotinine 22;20 ~1.02 177.04 > 79.95 177.04 > 98.00
Cotinine-d3 22;20 ~1.02 180.08 > 79.96 180.08 > 101.03
Anabasine 18; 16 ~1.30 163.06 > 91.97 163.06 > 93.99
Anabasine-d4 22;22 ~1.29 167.12 > 96.02 167.12 > 122.03
Anatabine 12; 12 ~1.26 161.05>107.00  161.05> 144.01
Anatabine-d4 15; 15 ~1.25 165.11 > 111.04  165.11 > 148.05
Myosmine 20; 20 ~1.29 146.99 > 10499  146.99 > 129.98

Myosmine-d4 30; 22 ~1.28 151.08 > 81.97 151.08 > 109.03
3-Nicotyrine 22,23 ~1.68 159.03 > 144.00  159.03 > 117.00
[3-Nicotyrine-d3 22,26 ~1.67 162.06 > 144.00  162.06 > 117.06

1 Collision energy for quantification trace, 2 Collision energy for confirmation trace.

3. Results and Discussion
3.1. UPLC-MS/MS Analysis

The analytes were separated within 2.0 min with a total run time of 3.5 min (including
1 min equilibration) and most peaks were well resolved. Example chromatograms with
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multiple reaction monitoring (MRM) transitions for the analytes in a standard mixture are
shown in Figure 1. Only anabasine and myosmine could not be separated; however, due to
different MRM transitions, each of them could be correctly quantified.
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Figure 1. MRM transitions for all analytes in calibration standard 3.

The ionization of the analytes was examined in both positive and negative modes.
However, ionization was better in positive mode for all the analytes. The optimal in-
strumental parameters for each analyte were obtained by tuning, using direct infusion
of individual standard solutions. The analytes and the deuterated internal standards
were divided into three time windows in order to increase the dwell times and the signal
intensity of each compound. Two MRM transitions were generated, for quantification
and confirmation purposes, respectively. The identification of the analytes in samples
was based on a comparison of MRM transitions and retention times with pure standard
solutions. Individual deuterated internal standards were used for each analyte.

3.2. Method Validation

Samples of nine different matrices were used in the method validation procedure,
four nicotine pouch products described in Table 2, Swedish-style snus pouches (CRP 1.1),
American-style loose moist snuff (CRP 2.1), American-style loose dry snuff powder (CRP
3.1), American-style loose leaf chewing tobacco (CRP 4.1) and a cigar. Since most of the
analytes were not detected in the nicotine pouches, the pouches were spiked before the
extraction using the intermediate standard solutions. All the matrices were included in
the validation experiments to determine repeatability, detection and quantification limits,
matrix effects and extraction recoveries. An extended validation was performed using three
of the matrices (CRP 1.1, CRP 2.1 and nicotine pouch product 1 (NP1)) to also determine
within-laboratory precision and accuracy of the method.
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Table 2. Description of nicotine pouch products.

Sample Name Sample Matrix Nicotine (mg/g) Flavor
Nicotine pouch ) .
product 1 (NP1) Granulated filler 4 Spearmint
Nicotine pouch ) .
product 2 (NP2) Plant fibers 12 Spearmint
Nicotine pouch . ) .
product 3 (NP3) Fibers from eucalyptus and pine 8 Mint
Nicotine pouch Plant fiber (cellulose) and ]
product 4 (NP4) chewing gum base 17 Smooth Mint

3.2.1. Linearity and Detection Limits

Linearity was investigated by analyzing six standard solutions three times in a row on
the same day in concentrations of 4-800 ng/mL for nornicotine, anatabine and anabasine;
in concentrations of 4-400 ng/mL for myosmine, 3-nicotyrine and cotinine; and in concen-
trations of 4-1000 ng/mL for nicotine-N’-oxide. The linearity of all analytes was good with
a correlation coefficient >0.996, while the relative residuals were less than 15% when the
standard curves were weighted by 1/y.

The limits of detection (LODs) and limits of quantification (LOQs) for the different
analytes were calculated in all matrices. The signal/noise (S/N) ratio was measured with
RMS (root mean square) in the MassLynx software and was used to calculate the LOD
and the LOQ. For the analytes with concentrations <LOD in some matrices, the S/N
was calculated from the accuracy data (spiked level 1). The LOD was determined as the
concentration where S/N = 3. Similarly, the LOQ was determined as the concentration
where S/N = 10. The LOD and the LOQ varied in the different matrices, but Table 3 shows
the highest LOD and LOQ values for each analyte.

Table 3. LOD and LOQ for all analytes in ug/g.

Analyte LOD (ug/g) LOQ (ug/g)
Nicotine-N’-oxide 0.56 1.86
Nornicotine 0.46 1.53
Cotinine 0.10 0.34
Anatabine 0.18 0.59
Anabasine 0.08 0.27
Myosmine 0.36 1.18
3-Nicotyrine 0.61 2.04

3.2.2. Repeatability, Within-Laboratory Precision and Accuracy

Repeatability was estimated by preparing and analyzing six replicates for each matrix
at one time point. The pooled relative standard deviations (%RSDs) are listed in Table 4.
For nicotine pouches, due to analyte concentrations <LOD, the estimation of %RSD was
based on spiked samples.

Table 4. %RSD pool for repeatability.

Analyte Repeatability
Nicotine-N’-oxide 4.54
Nornicotine 3.50
Cotinine 5.11
Anabasine 3.65
Anatabine 3.93
Myosmine 10.3

3-Nicotyrine 8.41
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Within-laboratory precision was determined by four laboratory technicians analyzing
three replicates of three matrices (CRP 1.1, CRP 2.1 and NP1) at six different time points.
New extraction solutions, mobile phases and internal standard solutions were also prepared
and used. The %RSDs for the different matrices are listed in Table 5 and were higher in
NP1 compared to the other two matrices, probably because the same cans were used and
re-opened several times during the time the analyses were carried out.

Table 5. Within-laboratory precision (%RSD).

Matrices Nicotine-N’-oxide =~ Nornicotine Anabasine  Anatabine Myosmine B-Nicotyrine Cotinine
CRP 1.1 8.4 57 43 44 11 12 4.5
CRP 2.1 51 11 3.6 3.3 5.8 6.0 9.4
NP1 14 18 16 17 20 19 19
%RSD pool 10 11 10 10 14 13 12

Accuracy was determined by spiking three matrices (CRP 1.1, CRP 2.1 and NP1) with
all analytes at three concentration levels. Six replicates at each level and six unspiked
replicates were analyzed. The analyte concentrations for accuracy experiments were
calculated using internal standards and relative response factors. Table 6 provides a
summary of the accuracy of all analytes in the three matrices. Cotinine for CRP 2.1 had the
lowest accuracy, between 52% and 63%, which is probably due to the matrix composition.

Table 6. Accuracy data (%) for CRP 1.1, CRP 2.1 and NP1.

Analyte Spiking Levels (ug) CRP 1.1 CRP 2.1 NP1
Nicotine-N’-oxide 40; 80; 120 101-111 100-108 97-106
Nornicotine 30; 60; 90 84-92 74-81 98-110
Cotinine 10; 20; 30 78-86 52-63 95-107
Anabasine 10; 20; 30 93-97 91-102 103-111
Anatabine 30; 60; 90 90-111 99-110 100-110
Myosmine 5;15; 30 90-100 91-109 102-106
3-Nicotyrine 10; 20; 30 92-108 89-107 89-103

3.2.3. Matrix Effects and Extraction Yields

In order to investigate the matrix effects and extraction yields, all matrices were
spiked with each analyte prior to sample preparation, in prepared extracts and in pure
extraction solution.

The absolute matrix effects were determined by comparing the areas of analytes in
matrices spiked after sample preparation with areas in standards in pure extraction solution
without using the internal standards, by single-point calculation. Unfortified extracts were
used for area subtraction for the analytes. The matrix effects are presented in Table 7 and
were at reasonable levels for CRP 2.1, CRP 4.1 and the nicotine pouches for most analytes.
Ion suppression was observed for CRP 3.1 and cigar matrices for some analytes, while
ion enhancement was observed for CRP 1.1 for some analytes. However, the deuterated
internal standards compensated well for the matrix effects.

The extraction yields (irrespective of matrix effects in the detector) were determined
by comparing the peak areas of analytes in matrices spiked before sample preparation
with peak areas in samples spiked after the sample preparation, without using the internal
standards, by single point calculation. The extraction yields were good, ranging between
78% and 110% for all analytes and matrices. The extraction yields are presented in Table 8.
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Table 7. Matrix effects (%) for all matrices.
Matrices Nicotine-N’-oxide =~ Nornicotine Anabasine  Anatabine Myosmine B-Nicotyrine Cotinine
CRP 1.1 94 148 154 160 130 151 135
CRP 2.1 74 92 112 89 113 118 99
CRP 3.1 28 39 59 40 97 75 26
CRP 4.1 99 37 87 61 97 97 80
Cigar 55 40 77 60 98 98 18
NP1 104 103 104 104 103 105 105
NP2 90 101 103 101 103 106 98
NP3 80 102 107 105 109 110 102
NP4 64 94 106 105 106 104 101
Table 8. Extraction yields (%) for all matrices.
Matrices Nicotine-N’-oxide Nornicotine Anabasine  Anatabine Myosmine 3-Nicotyrine Cotinine
CRP 1.1 96 95 93 96 84 81 95
CRP 2.1 100 106 104 105 102 100 102
CRP 3.1 108 110 108 107 96 102 107
CRP 4.1 103 103 106 105 96 78 104
Cigar 104 106 103 102 88 85 102
NP1 93 103 107 97 96 91 104
NP2 103 99 99 100 104 100 100
NP3 99 103 100 10 100 90 97
NP4 98 101 99 98 103 92 96

3.2.4. Cross Talk/Carry-Over

To verify that cross talk did not occur, the analyte solutions were injected without
internal standards, and the MRM transitions for the analytes and internal standards were
monitored to verify that no ions were detected from the analytes giving rise to a peak for
the internal standards and the reverse. No (negligible, <1% of the standard peak) peaks
were detected; consequently, it can be concluded that cross talk did not occur.

Carry-over was checked by injecting the strongest calibration standard. A blank was
injected after the calibration standard. No (negligible, <1% of the standard peak) peaks
were detected in the blank injections, which is consistent with no carry-over effect.

3.2.5. Stability of Sample Extracts and Standard Solutions

The stability of the prepared samples in the auto-injector (4 °C) or refrigerator (4-6 °C)
was investigated by analyzing samples immediately after preparation and after 3, 7 and 14
days. The samples were stored in vials with perforated and unperforated septa. The results
revealed that the samples were stable for at least seven days in vials with unperforated
septa and only three days in vials with perforated septa.

The stability of stock and calibration standard solutions was investigated as well,
showing a shelf life of 1 year for stock and intermediate solutions stored in a freezer
(—18 °C) and 6 months for the calibration standards stored in a refrigerator (46 °C).

3.3. Analysis of Samples

As mentioned above, nine different matrices were used in the method validation
procedure. All the analytes were detected in the tobacco-containing matrices (CRP 1.1-CRP
4.1 and cigar). Most of the analytes were also detected in the nicotine pouch products,
however, they were at lower levels compared to tobacco-containing matrices. Nicotine-N'-
oxide was detected in all nicotine pouch products, while 3-nicotyrine was not detected
in any of the nicotine pouch products. Almost all the analytes (except for 3-nicotyrine)
were detected in NP4, while only nicotine-N’-oxide was detected in NP1. The analyte
concentrations of nicotine-N’-oxide ranged from 2.6 pug/g to 820 pg/g, for nornicotine
from 2.1 to 340 pg/g, for anatabine from 1.2 to 260 ug/g, for cotinine from 1.2 to 130 ug/g,
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for B-nicotyrine from 3.3 to 59 pg/g, for anabasine from 2.9 to 56 pg/g and for myosmine
from 1.3 to 10 ng/g in the different matrices. Table 9 shows a summary of all analytes and
their concentrations in the nine matrices. A representative chromatogram of a sample, CRP
1.1, is shown in Figure 2. The highest analyte concentrations were detected in the cigar and
CRP 3.1 matrices, except for nornicotine, with the highest concentration detected in CRP
4.1. Except for nicotine pouches, CRP 1.1 had the lowest concentrations of all analytes.

Table 9. Determined concentrations (ug/g) of the analytes (n = 3) in the different matrices.

Matrices Nicotine-N’-oxide Nornicotine Anabasine  Anatabine Myosmine 3-Nicotyrine Cotinine
CRP 1.1 120! (6.6)° 96 (4.0) 22 (1.0) 100 (3.5) 3.9 (0.7) 3.3(0.2) 24 (1.6)
CRP 2.1 602 (2.9) 110 (3.3) 45 (1.6) 210 (10) 4.8(0.4) 20 (1.0) 31 (2.0)
CRP 3.1 800 (3.8) 180 (6.8) 56 (1.5) 260 (4.4) 5.5(0.3) 59 (2.1) 62 (3.0)
CRP 4.1 460 (13) 340 (10) 39(1.7) 250 (11) 6.1 (0.6) 14 (1.8) 45 (1.7)
Cigar 820 (6.3) 250 (8.3) 42 (2.0) 180 (8.2) 10 (0.9) 14 (1.4) 130 (5.5)
NP1 2.6 (0.1) n.d.3 n.d. nd. n.d. nd. n.d.
NP2 57 (1.2) 2.1 (0.04) n.d. n.d. n.d. n.d. n.d.
NP3 74 (1.8) 5.0 (0.08) n.d. 1.4 (0.04) 1.3 (0.11) n.d. n.d.
NP4 62 (1.1) 9.8 (0.06) 2.9(0.1) 1.2 (0.07) 4.3 (0.09) n.d. 1.2 (0.04)
1 Concentration; 2 standard deviation; 3 not detected.
] Oﬁ Micotine A-oxdde (179.07 = 130) e
] Nwmne (149.04 = 120.89) e
10: Cotinine (177 .04 > 78 9'51)['2 e
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Figure 2. MRM transitions of analytes detected in CRP 1.1.

4. Conclusions

A simple and rapid method for the analysis of nicotine-related impurities using UPLC-
MS/MS was developed in the present study for nicotine pouch products and five other
tobacco-containing matrices. The simultaneous determination of seven nicotine impurities
and seven internal standards with a total run time of 3.5 min could be performed with high
precision and low LOD and LOQ. Extraction recoveries were good, and matrix effects were
small for most of the matrices used in the validation. Although the method was mainly
developed to determine nicotine impurities in nicotine pouches, it was validated and
performed well for a broader range of nicotine-containing matrices. All the analytes were
detected in varying concentrations in the different matrices; however, the concentrations of
analytes were lower in the nicotine pouch products compared to the tobacco-containing
matrices. There are several methods available for the determination of nicotine degradants,
metabolites and alkaloids in various matrices, but this method was developed and adjusted
for the analysis of nicotine pouches and the relatively low concentrations of analytes that
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might be present there [5,6]. Another advantage of this method is that the corresponding
deuterated internal standards were used for all the analytes, which compensate well for
both the losses in the extraction procedure and the matrix effects. This method could be
useful for quality control purposes (e.g., to check the purity of nicotine), as well as for
stability studies of nicotine pouches by monitoring nicotine degradation. The method could
also be used to compare nicotine pouches with tobacco-containing products (e.g., CRPs).
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