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Purpose

To quantitatively determine the level of tobacco-specific N-nitrosamines (TSNA), N-nitroso-
nornicotine (NNN), N-nitrosoanatabine (NAT), N-nitrosoanabasine (NAB) and 4 -
(metylnitrosamino) -1 - (3-pyridyl)-1-butanone (NNK) in tobacco, smokeless tobacco
products and fiber-based matrices using Ultra Performance Liquid Chromatography ((b)(4)
coupled to a tandem mass spectrometer ((B)" / (b)

Applies to

CAS

General

Principle of the method

TSNA is extracted from the sample matrix into an aqueous ammonium acetate after addition
of the internal standard. The extract is then filtered to vials, whereupon the sample preparation
1s complete. Preparation can be done manually or by robot. Separation and quantification are
performed (b)(4) through a microbore (B) (@) column coupled to a tandem mass
spectrometer ((b)(4)" " The calculations are performed using Waters QuanLynx and Wilab-
(B)(@)" The capacity per instrument and person is 400 single samples/week if the robot is used,
otherwise 300.

7 N)
\N/' r'q:O

NAT

Doc ID: 32 - (5)i{4) (b) (4) (b) (4) (b) (4) (b) (4)

At



‘?‘k ‘?k ‘* Document Title (b) (4) Page

SWEDISH MATCH ®® (b) (4) (b) (4) 4(47)
(b)
Quality and Environmental Part of Process Approved By
Management System (b) (4) (b) (4)

Document Type Document Publisher

Method Description (b) (4)
(b) (4) do
cX

Figure 1. Chemical structural formula for NNK, NNN, NAT and NAB.

Method applications, measurement range and measurement uncertainty

Applications

The method is used for the quantitative determination of the tobacco-specific N-nitrosamines
N-nitrosonomicotine (NNN), N-nitrosoanatabine (NAT), N-nitrosoanabasine (NAB) and

4 - (methylnitrosamino) -1 - (3-pyridyl)-1-butanone (NNK) in tobacco, smokeless tobacco
products and fiber-based matrices.

Method calibration range NNN, NNK and NAT: 0.5 - 100 pg/ul
NAB: 0.125 - 25 pg/ul

Method measurement range NNN, NNK and NAT: 0.015 ppm to 3.0 ppm
NAB: 0.004 ppm to 0.75 ppm

LOQ is added to Wilab for a total TSNA to 0.05 ppm.

Measurement uncertainty

The combined relative measurement uncertainty for NNN, NNK, NAT, NAB and total TSNA
are indicated with a coverage factor of 2. Table 1 shows the combined relative measurement
uncertainty for single samples and duplicate samples.

Table 1. The combined relative measurement uncertainty for single and duplicate samples with a
coverage factor of 2

Analyte Single sample (%) Duplicate samples (%)
NNN 19 17
NNK 22 21
NAT 23 22
NAB 36 22
Total TSNA 26 25

The contribution to measurement uncertainty is greatest from precision and from the
calibration curve. In order to reduce the measurement uncertainty contribution from precision,
the addition of an internal standard is the most important factor for manual preparation. When
preparing by robot, it is important to ensure that the entire sample 1s wetted by the extraction
solution while stirring.
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Internal reference documents
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INS “Risk Assessment of Analytical Methods” in G:\FoA\........ \Kvalitet\Metodbok
CAS\Instruktioner

BES “Control Cards and Control Samples” in G:\FoA\........ \Kvalitet\Metodbok
CAS\Beskrivningar

“Method Description Template” in QEMS (Quality Environment Management
System) for document templates.

“Template for the Validation of Analytical Methods” as anb)" Excel file in QEMS.
Document type, form.

INS Sample Preparation in QEMS

INS Sample Recording in QEMS

INS Sample Reports in QEMS

INS “Gilson 215 LH Robot for Analysis of TSNA” in QEMS
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Risk assessment and safety instructions

Overall risk assessment

Safety data sheet for nitrosamines is kept at the back of the method ISO binder. The full risk
assessment is shown in Appendix 1.

Particular care should be taken when working with nitrosamines. All work with nitrosamines,
regardless of concentration, must take place in a fume cupboard. All fume cupboards, where
work on nitrosamines is to be carried out during the course of the project, must have
maximum ventilation. Following any interruption to the ventilation, all work with
nitrosamines must be discontinued and the fume cupboard door shut.

Gloves and goggles must be worn when working with acetonitrile, isopropanol, methanol,
acetic acid, formic acid and nitrosamines.

Stock solutions and reference substances of nitrosamines, whose content should not exceed
100 mg/ml, must be stored in a freezer in room 204 and must be labeled according to the
labeling rules.

Risk and safety phrases

NNN [CAS Number: 16543-55-8] (IARC; Group 2B)

R45 (category 2) may cause cancer

S53 Avoid exposure — Obtain special instructions before use

S45 In case of accident or if you feel unwell seek medical advice immediately. Show
the label if possible.

NAT [CAS-number: 71267-22-6] (IARC; Group 3)

R45 (category 2) may cause cancer

S53 Avoid exposure — Obtain special instructions before use

S45 In case of accident or if you feel unwell seek medical advice immediately. Show
the label if possible.

NAB [CAS Number: 1133-64-8]  (Not rated, handled here in the same way as NAT)

R45 (category 2) may cause cancer

S53 Avoid exposure — Obtain special instructions before use

S45 In case of accident or if you feel unwell seek medical advice immediately. Show
the label if possible.

NNK [CAS-Number: 64091-91-4] (IARC:; Group 2B)

R45 (category 2) may cause cancer

S53 Avoid exposure — Obtain special instructions before use

S45 In case of accident or if you feel unwell seek medical advice immediately. Show
the label if possible.

Ammonium acetate [CAS Number: 631-61-8]
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Not subject to labeling (Prevent)
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Acetonitrile [CAS Number: 75-05-8]

R11 Highly flammable

R20/21/22 Harmful by inhalation, in contact with skin and if swallowed
R36 Irritating to eyes

S36/37 Wear suitable protective clothing and gloves.

S16 Keep away from sources of ignition — No smoking.
Isopropanol [CAS Number: 67-63-0]

R11 Highly flammable

R36 Irritating to eyes

R67 Vapors may cause drowsiness and dizziness

S7 Keep container tightly closed

S16 Keep away from sources of ignition - No smoking.

S24/25 Avoid contact with skin and eyes

S26 In case of contact with eyes, rinse immediately with plenty of water and seek

medical advice.

Methanol [CAS-number: 200-659-6]

R11 Highly flammable

R20/21/22 Harmful by inhalation, in contact with skin and if swallowed

R23/24/25 Toxic by inhalation, in contact with skin and if swallowed.

R39/23/24/25 Toxic: danger of very serious irreversible effects through inhalation, in contact

with skin and if swallowed.
R68/20/21/22 Harmful: possible risk of irreversible effects through inhalation, in contact with
skin and if swallowed.
S7 Keep container tightly closed.
S16 Keep away from sources of ignition - No smoking.
S36/37 Wear suitable protective clothing, gloves and eye/face protection
S45 In case of accident or if you feel unwell seek medical advice immediately. Show
the label if possible.
Formic acid [CAS Number: 64-18-6]
R35 Causes severe burns
S23 Do not breathe gas/fumes/vapor/spray
S26 Avoid contact with eyes, rinse immediately with plenty of water and seek medical
advice
S45 In case of accident or if you feel unwell seek medical advice immediately. Show
the label if possible.
Acetic acid [CAS-summer: 64-19-7]
R10 Flammable
R35 Causes severe burns
S23 Do not breathe gas/fumes/vapor/spray
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S26 Avoid contact with eyes, rinse immediately with plenty of water and seek medical
advice
S45 In case of accident or if you feel unwell seek medical advice immediately. Show
the label if possible.
Equipment
Apparatus

(b) (@) system: Waters Acquity (b)(4) with binary pumps, fitted with a Waters Acquity
Sample manager with cooling system, an auto-injector with a 20 pL loop and a column
switcher with column oven.

() @) column: Waters Acquity (6)(4)! BEH C18 column, 2.1mm x 100mm, 1.7pum particle
size (Part # 186002352) which is connected to a Waters pre-filter (Assay, Frit, 0.2 pm, 2.1
mm, part. No. 289002078).

Detector: Waters Quattro Premier Triple Quadrupole Mass Spectrometer.
() (@) data system: Waters MassLynx, or equivalent is used for controlling pumps, auto

mjector and detector, and the collection of raw data. Waters QuanLynx is used for
quantification.

(b) (4) parameters

Eluent solution (mobile phase)
Eluent A: 10 mM ammonium acetate (NHs4Ac), PH adjusted to 4.7 (£ 0.1) with acetic acid.
Eluent B: 0.1 % formic acid in acetonitrile (ACN) (HPLC grade).

Programming of (6)(4)! pumps in MassLynx is done according to Table 2. Run time is set to 4.8 min.

Table 2. Time programming of|(5) " _pumps

Time (min) Flow (mL/min) % Eluent A % Eluent B Gradient type
Initial 0.45 70 30 Initial

2.0 0.45 10 90 6 (linear)
2.1 0.45 10 920 6 (linear)
2.5 0.45 70 30 6 (linear)
4.8 0.45 70 30 6 (linear)
7.0 0.45 0 100 6 (linear)
9.0 0 0 100 6 (linear)

Low Pressure Limit: 0.0 bar
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High Pressure Limit: 950 bar

Seal Wash: 2.0 min

Loop Option: Partial Loop with needle overfill
Weak Wash Volume: 900 pL (MQ water)

Strong Wash Volume: 300 pL (MeOH/MQ-water/isoropanol/formic acid, 40:40:20:2 vol.)

Target Column Temperature: 60.0 °C
Column Manager Temp Alarm Band: 5.0 °C
Target Sample Temperature: 4.0 °C

Full Loop Overfill Factor: Automatic
Syringe Draw Rate: Automatic pL/min
Needle Placement: Automatic mm

Pre -Aspirate Air Gap: Automatic pLb

Post- Aspirate Air Gap: Automatic L
Injection Volume: 10 uL

(b) (@) 'parameters

Polarity: ES+

Capillary: 0.4 kV

Cone: 13.0 (V)

Extractor: 4.00 (V)

RF Lens 0.2 (V)

Source Temperature: 120 °C
Desolvation Temperature: 450 °C
Cone Gas Flow: 100 L/Hr
Desolvation Gas Flow: 900 L/Hr
LM 1 Resolution: 13.0

HM 1 Resolution: 13.0

Ton Energy 1: 1.0

Entrance: -5

Collision: 10

Exit: 0

LM 2 Resolution: 13.0

HM 2 Resolution: 13.0

Ton Energy 2: 1.0

Multiplier: 650 V

Gas Cell Pirani Pressure 3.5 e bar
Source T-WAVE Parameters: Automated
Collision Cell T-WAVE Parameters: Automated

Multiple Reaction Monitoring (MRM) Functions

Function 1
Retention window (minutes): 0.0 to 0.94
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Inter-Channel Delay: 0.005 s
Inter-Scan Delay: 0.01 s
Repeats: 1

Span: 0

NNK: 208.15 (Precursor) > 121.9 (Product) and 208.15 (Precursor) > 78.95 (Product).
NNK-d4: 212.15 (Precursor) > 126.05 (Product).

NNN: 178.05 (Precursor) > 148.00 (Product) and 178.05 (Precursor) > 104.90 (Product)
NNN-d4: 182.10 (Precursor) > 152.10 (Product)

Function 2

Retention window (minutes): 0.90 to 4.80
Inter-Channel Delay: 0.005 s

Inter-Scan Delay: 0.01 s

Repeats: 1

Span: 0

NAT: 190.15 (Precursor) > 160.00 (Product) and 190.15 (Precursor) > 78.85 (Product)
NAT-d4: 194.10 (Precursor) > 164.05 (Product)

NAB: 192.10 (Precursor) > 162.00 (Product) and 192.10 (Precursor) > 132.95 (Product)
NAB-d4: 196.15 (Precursor) > 166.15 (Product)

The substance-specific parameters for TSNA analytes are summarized in Table 3.

Table 3. Multiple Reaction Monitoring (MRM) parameters for detection with Waters Quattro Premier

Cone Voltage Collision Energy  Precursor Ion Product Ions Dwell Time
Analyte (V) V) (m/z) (m/z) (msec)
NNK 13 12.0;33.0 208.15 121.90; 78.95 15
NNK-d4 13 12.0 212.15 126.05 15
NNN 13 10.0; 16.0 178.05 148.00; 104.90 15
NNN-d4 13 10.0 182.10 152.10 15
NAT 13 10.0; 25.0 190.15 160.0; 78.85 15
NAT-d4 13 10.0 194.10 164.05 15
NAB 13 11.0; 21.0 192.10 162.0; 132.95 15
NAB-d4 13 11.0 196.15 166.15 15

Table 4 summarizes the substance-specific parameters for the quantification and confirmation
of the four different TSNA analytes.
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Table 4. General quantification parameters for analytes

Name Retention Quantitation Trace Qualification Trace Internal Standard
time (min) (m/z) Reference

NNK ~0.86 208.15>121.90 208.15 >78.95 NNK-d4

NNK-d4 ~0.86 212.15>126.05

NNN ~0.83 178.05 > 148.00 178.05 > 104.90 NNK-d4

NNN-d4 ~0.83 182.10>152.10

NAT ~1.01 190.15 > 160.00 190.15 > 78.85 NAT-d4

NAT-d4 ~1.01 194.10 > 164.05

NAB ~1.05 192.10 > 162.0 192.10>132.95 NAB-d4

NAB-d4 ~1.05 196.15 > 166.15

Other equipment and laboratory utensils

Erlenmeyer flasks: 50 mL (preparation robot) 100 mL with stopper (manual preparation)

Shaker

Robot for sample preparation: Gilson 215 LH Robot

Automatic pipettes: 100-1,000 uL

Multipipette

Dispensette for 30 mL buffer

Dark glass vial (preparation robot)
Filter vial: Whatman Mini-UniPrep™ PTFE filter 0.2 pm (manual preparation)
Whatman Mini-UniPrep™ Compressor

1-5 L glass flasks

Graduated glass: 1,000 mL
Pasteur pipettes (glass or plastic)
Milli-Q Advantage, or equivalent

Chemicals, reagents and solvents

MQ water
Acetonitrile
Ammonium acetate
Methanol
Isopropanol
Formic acid

Acetic acid

NAB
NAT
NNK

Doc ID: 32 -{b)(4)
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(Toronto Research Chemicals) Stored in refrigerator.
(Toronto Research Chemicals) Stored in refrigerator.
(Toronto Research Chemicals) Stored in refrigerator.
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NNN

NAB-d4
NAT-d4
NNN-d4
NNK-d4

(Toronto Research Chemicals) Stored in refrigerator.

(Toronto Research Chemicals) Stored in refrigerator.
(Toronto Research Chemicals) Stored in refrigerator.
(Cambridge Isotope Laboratories) Stored in refrigerator.
(Cambridge Isotope Laboratories) Stored in refrigerator.

Certificates of analysis are held stored in a binder in room 206.
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Control samples

Two prepared control samples are analyzed for each analysis run. One is weighed in and
prepared in the series, and one is weighed in and prepared last in the series, as described under
“Control Cards and Control Samples”

Both control samples are analyzed at least twice for each analysis run, at the beginning of the
sequence and at the end of the sequence.

The control sample is an R2-tobacco flour, that is subsequently ground with a 0.5 mm filter. It
1s stored in a labeled 10-liter bucket in a refrigerator in room 204. From there, a control
sample 1s moved over to a labeled sample jar in a dark glass (125 ml) which is stored at room
temperature in the scales room. From this, weighing in takes place for analysis.

Preparation of stock and standard solutions

General

All solutions are brought to room temperature before use. Stock solutions, intermediate
standard solution 1 and IS-intermediate standard solution are stored in a freezer in room no.
204.

Calibration standard solutions and intermediate solution 2 are stored in a refrigerator in room
no. 204. The shelf life of stock, intermediate standard and calibration standard solutions is two
years and thereafter, new solutions must be prepared.

Preparation of dilution solutions for calibration standard solutions

100 mM ammonium acetate buffer

Mix 200 mL of ammonium acetate stock buffer 500 mM (filtered) with 800 ml MQ water in a
1,000 ml flask.

Hazard symbol: Not subject to labeling

30/70 acetonitrile/MQ water
Mix 300 mL of acetonitrile with 700 ml MQ water in a 1,000 ml flask.
Hazard symbol: St. Andrew's cross, flame

TSNA stock solutions: 1,000 ng/mL

TSNA substances are obtained from Toronto Research Chemicals in vials. At least 10 mg of
each substance must be purchased. Separate stock solutions of NAT, NAB, NNN and NNK
are prepared.

Before each substance is transferred to the volumetric flask, the vial is weighed to obtain a
gross weight. The substance is then dissolved with a little acetonitrile and transferred to the
volumetric flask. In order to move all the substance into the vial, it is rinsed out several times
with acetonitrile into the volumetric flask. When the empty vial is completely dry, it is
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weighed in again to obtain a tare weight to calculate the transferred substance weight. The
concentration must be about 1 mg/ml independent of whether 10, 50 or 100 mg has been
purchased. The correct concentration level is obtained by selecting the appropriate volume in
the volumetric flask.

Hazard symbol: Skull and crossbones, flame

TSNA intermediate standard solutions

TSNA intermediate standard solution 1: 40. 40. 40 and 10 ng/ml. of NNN. NNK. NAT and
NAB

A mixed TSNA intermediate standard no. 1 1s prepared by adding 4 mL of stock solution
1,000 ng/mL of NNN, NNK and NAT and 1 mL of stock solution 1,000 pg/mL NAB which
1s transferred to a dark 100-mL volumetric flask. Dilute to about 90 mL with acetonitrile,
shake well. Now top up with acetonitrile to volume and shake well.

Hazard symbol: St. Andrew's cross, flame

TSNA intermediate standard solution 2: 400. 400. 400 and 100 ng/mI. of NNN. NNK. NAT
and NAB

A mixed TSNA intermediate standard no. 2 1s prepared by adding 1 mL of intermediate
standard no. 1 being transferred into a dark 100-mL volumetric flask and diluted with 30/70
acetonitrile/MQ water to about 90 mL and shaken well. It is then diluted up to the mark with
30/70 acetonitrile/MQ-water and shaken thoroughly. Note that the acetonitrile/water solution,
which is cold when mixing, must be at room temperature before it is used in the dilution
process.

Hazard symbol: St. Andrew's cross

Internal standard (IS) stock solutions: 500, 100, 100 and 100 pg/mL of NNN-d4, NNK-
d4, NAT-d4 and NAB-d4 respectively

The internal standard substances are obtained from Toronto Research Chemicals and
Cambridge Isotope Laboratories in a vial for each substance. In the preparation of separate
stock solutions in volumetric flasks, the vials with each substance are rinsed several times
with acetonitrile which is transferred to each volumetric flask. The flask is then diluted to
volume with acetonitrile and shaken well.

Half of the stock solution is prepared for NNN-d4 by diluting about 50 mg NNN-d4 to 100 ml
in a volumetric flask with acetonitrile. Separate stock solutions of NNK-d4, NAT-d4 and
NAB-d4 are prepared by diluting around 10 mg of each substance to 100 mL with acetonitrile
in separate volumetric flasks. The weight is obtained from Toronto Research Chemicals and
Cambridge Isotope Laboratories with a decimal accuracy which is used to calculate the each
stock standards concentration.

Hazard symbol: St. Andrew's cross, flame
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Internal standard intermediate standard solution, 10 g/mL

A mixed internal standard from the intermediate standard solution 10 pg/mL is prepared by
transferring 2 mL of NNN-d4 stock solution 500 pg/mL to a 100 mL volumetric flask (dark),
and also 10 mL of each internal standard stock solution 100 pg/mL of NAT-d4, NAB-d4 and
NNK-d4. This is diluted with about 90 ml of acetonitrile and shaken well. Now dilute to
volume with acetonitrile and mix well.

Hazard symbol: St. Andrew's cross, flame
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Internal standard solution for manual spiking of samples, 2,000 ng/mL

Transfer 20 mL of the internal standard from the standard solution 10 pg/mL to a 100 mL
volumetric flask (dark) and dilute with acetonitrile to 90 mL and shake well. Now dilute to
volume with acetonitrile and mix well. Transfer to the dark flask with wide neck.

Hazard symbol: St. Andrew's cross, flame

Internal standard solution for spiking samples in the robot, 600 ng/mL

Transfer 30 mL of the internal standard from the standard solution 10 pg/mL to a 500 mL
volumetric flask (dark) and dilute with MQ-water to 400 mL and shake well. Now dilute to
volume with MQ water and mix well. Transfer to the dark flask with wide neck.

Hazard symbol: St. Andrew's cross

Calibration standards

Eight calibration standards are prepared in eight separate 100 ml volumetric flasks (dark)
according to Table 5. Now dilute each solution to about 90 mL with 100 mM ammonium
acetate and shake well. Then fill up to volume with 100 mM ammonium acetate and shake
well.

Hazard symbol: St. Andrew's cross

Table 5. Concentration and preparation of TSNA calibration standards

Cal. Volume of Volume of IS Volume Conc. Conc. Conc. Conc.
Std. TSNA 2,000 ng/mL.  acetonitril NNN NNK NAT NAB
intermediate (mL) e (ml) (ng/mL) (ng/mL) (ng/mL) (ng/mL)
-std.solution no.
2 (mL)
Cal 1 0.125 1.00 22 0.5 0.5 0.5 0.125
Cal 2 0.250 1.00 22 1.0 1.0 1.0 0.250
Cal 3 0.50 1.00 22 2.0 2.0 2.0 0.50
Cal 4 1.00 1.00 22 4.0 4.0 4.0 1.00
Cal 5 2.00 1.00 22 8.0 8.0 8.0 2.00
Cal 6 5.00 1.00 21 20 20 20 5.00
Cal 7 10.0 1.00 19 40 40 40 10.0
Cal 8 25.0 1.00 15 100 100 100 25.0

Each calibration standard contains 20 ng/mL of each internal standard.

Calibration standards which have been transferred to vials are stable until they run out or as
long as they meet the criteria for an approved standard curve.

Calculate the exact concentration for TSNA stock solutions

Cs=m * 1000/ V;
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where Cs = concentration of each TSNA in stock solution (pg/mL).

m = weighed in mass of each TSNA (mg).
V1 = volume of TSNA stock solution (mL).

Calculate the exact concentration of TSNA intermediate standard solutions
Cm1=(Cs *V1)/ V2

where C 1 = the concentration of each TSNA 1n the intermediate standard
solution 1 (ug/mL).
V1 : Volume of TSNA stock solution (mL).
V> : Final volume of intermediate standard solution 1 (mL).

Cn2=(Cm1*V1)/ V2

where Cm. 2 =Concentration of each TSNA in the intermediate standard
solution 2 (ug/mL).
V1 : Volume of TSNA intermediate standard solution 1 (mL).
V> : Final volume of intermediate standard solution 2 (mL).

Calculate the exact concentration of TSNA calibration standard solutions
Cx = Cn.2*V1 *¥1,000 / V3

where C, = concentration of calibration standard (pg/pl).
c M, 2 = concentration of intermediate standard 2 (ng/mL).
V1 : Volume of TSNA intermediate standard solution 2 (mL).
V> : Final volume of calibration standard solution (mL).

Preparation of other solutions

Ammonium stock buffer 500 mM (filtered for mobile phases and calibration solutions)
Dissolve 38.5 g of ammonium acetate (CH3 COONH 4) in 1,000 ml of MQ-water and filter

the solution through a 0.45 pm membrane filter. Must be stored in a refrigerator, shelf life one
year.
Hazard symbol: Not subject to labeling

Mobile phase A. 10 mM ammonium acetate buffer. pH 4.7 (£ 0.1)
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Mix 20 mL of ammonium acetate stock buffer 500 mM (filtered) with 980 mL of MQ water,
adjust pH to 4.7 with acetic acid. Must be stored at room temperature, shelf life two months.
Hazard symbol: Not subject to labeling

Mobile phase B. acetonitrile + 0.1 % formic acid
Mix 1,000 mL ACN with 1,000 pL of formic acid.

Must be stored at room temperature, shelf life one year.
Hazard symbol: St. Andrew's cross

Preparation of extraction solution

Ammonium acetate stock buffer 500 mM (for extraction solution)
Dissolve 38.5 g of ammonium acetate (CH3 COONH 4) in 1,000 ml of MQ water.

Must be stored in a refrigerator, shelf life one year.
Hazard symbol: Not subject to labeling

Extraction solution. 100 mM ammonium acetate buffer

Mix 1,000 mL of ammonium acetate stock buffer 500 mM (unfiltered) with 4,000 ml MQ
water in a 5,000 ml flask. Must be stored at room temperature, shelf life 14 days.

Hazard symbol: Not subject to labeling

Sample handling

Sample storage
The samples are stored in accordance with the instructions “Sample Preparation” QEMS.

Sample preparation and quantity
The sample is prepared in accordance with the instructions “Sample Preparation” QEMS.

The minimum required sample size for all matrices is 6 g in order to perform duplicate
analysis and re-analyses. The minimum amount of sample for performing an analysis is 1 g.

Analysis

Calibration and inspection of apparatus

The chromatographic performance of the system is evaluated by visually checking the
chromatogram from the injection of the calibration standard 1. However, start by injecting at
least two blank samples to equilibrate the system.

In order to check the signal/noise and the peak width see “Instructions for Analysis and Data
Processing using MassLynx (QEMS)”. If the peak shows poor performance, this signals that
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the chromatography is not optimal anymore. If this is the case, it should be corrected before
the samples are analyzed.

The system's chromatographic performance can be approved if the signal/noise (S/N) for the
calibration standard 1 is at least 30. The maximum permissible peak width (b) is 0.06, min.

For problems with the peak width, the first action to take is to change the pre-filter:. If
problems persist, a new mobile phase is produced. If the problems still persist, then replace
with a new column. If the problems still remain, then contact the Method Manager.

A standard curve is generated for each analysis sequence. The sequence begins by injecting
all calibration standards, 1 — 8. A blank is then injected and then two control samples,
followed by the samples. The sequence is completed with a blank, control samples and the
same standards as in the beginning.

Analysis execution

Sample preparation with robot

1. Weigh in 1.000 £+ 0.005 g control samples in 50-mL Erlenmeyer flasks. If 1-2 robots
are used, two control samples are needed. For double rounds on one or both robots,
four control samples are needed. NOTE: Stir the jar thoroughly before extracting.

2. Weigh in 1.0 £ 0.2 g (to four decimal places) of sample into a 50-mL Erlenmeyer
flask, the analysis code in Wilab 1s TTSNA-NNNL. Pouches are cut in two
lengthwise. Half the pouches can be taken, but only the half without the longitudinal
seam. Transfer the weight to Wilab and click the box “include”.

3. One blank preparation is to be made by robot and day. For the correct positioning of
the blank and control samples on the robot, and for preparation and start, see “Gilson
215 LH Robot for Preparing TSNA Samples” (QEMS).

4. Both control sample extracts are injected at the beginning and end of the sequence.
Otherwise the samples are analyzed as specified under the heading “Collection and
Storage of Measurement Data” below.

Manual sample preparation

1. Weigh in 1.000 £+ 0.005 g of control sample into two 100 mL Erlenmeyer flasks, one
before the tests, the other afterwards. NOTE: Stir the jar thoroughly before extracting.

2. Weighin 1.0 +£ 0.2 g (to four decimal places) of sample into a 100-mL Erlenmeyer
flask, the analysis code in Wilab i1s TTSNA-NNNL. Pouches are cut in two
lengthwise. Half the pouches can be taken, but only the half without the longitudinal
seam. Transfer the weight to Wilab and click the box “include”.

3. Control samples are prepared in the same way as the other samples, with one first in
the series and the other last.

4. Add 0.300 mL of internal standard solution containing 2,000 ng/mL of NNN-d4,
NNK-d4, NAT-d4 and NAB-d4.
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5. Add 30 mL of 100 mM ammonium acetate and insert the stopper.
6. Shake the samples on a vibration table for 40 min at 130 rpm
7. Allow the samples to settle for 30 minutes.
8. Filter each sample into a vial (filter vial, Whatman Mini-UniPrep) which will then be

ready to be injected in (b)(4)

9. Both control sample extracts are injected at the beginning and end of the sequence.
Otherwise the samples are analyzed as specified under the heading “Collection and
Storage of Measurement Data” below.

Special instructions

Dilution of samples

Samples with concentrations higher than the highest calibration standard are diluted five times
with 100 mM ammonium acetate. If the concentration still does not fall within the calibration
range, the sample is weighed in again but with a smaller sample, after which it is prepared and
quantified in a new analysis. Reporting is only done for the new sample (diluted or newly
prepared with smaller sample). The sample is also injected after the sample with a
concentration higher than the highest calibration standard, injected and requantified to
exclude carry-over.

Measurement data

Collection and storage of measurement data

The samples are weighed in directly to Wilab. The raw data 1s collected using Waters
MassLynx. The samples are injected with sample manager. In order to control the sample
manager, a sample list is constructed indicating the sample identity and the apparatus methods
to be used, see “Instructions for Analysis and Data Processing using MassLynx” (QEMS).
The sample list also indicates whether it is a standard or an unknown sample. The sample list
1s saved in the Sample DB directory for the project in question in the MassLynx computer as
date (yymmdd) plus the suffix tsna.SPL, e.g. C:\MassLynx\Rutin2011.PRO
\SampleDB\110726tsna.SPL. Raw data is stored in a raw data file that is given the same name
as the sample list plus the order in which the specific test 1s run in the sample list, e.g.
C:\MassLynx\Rutin2011.PRO\Data\110726 001tsna.raw. The files are saved for at least ten
years on the server.

For traceability of samples, the work list is held in a binder in room 206. The work list has a
record of who made and started the sequence, the name of the sequence and results files, the
serial number's control sample from Wilab and any comments on the analysis or the control
card.
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Calculations

Quantification of each TSNA is made using MRM (Multiple Reaction Monitoring) for the
transitions as shown in Tables 3 and 4. MassLynx's has software QuanLynx which adapts,
according to the least squares method, a linear calibration curve to data from the analysis of
the calibration standard, which is weighted by 1/x*. QuanLynx also quantifies the
concentration of each TSNA in unknown samples in pg/pl. The data is then exported from
QuanLynx to a text file which can then be imported into Wilab, whereupon Wilab calculates
the TSNA concentration of the unknown samples in ppm.

Confirmation

In addition to the MRM signal, which is used for the quantification of TSNA analytes, an
additional MRM signal follows for the four TSNA analytes, see Table 5. This MRM signal is
used for confirmation of each TSNA analyte in samples with high concentrations. For each
TSNA analyte to be confirmed as positive in the sample, the two MRM signals must have a
response for the sample at the same retention time as for the each TSNA analyte standard +2
%, 1n addition to the ion ratio between the two MRM signals for the sample to be the same as
for pure standards, + 20 % (relative), according to the Commission Decision 2002/657/EC
dated August 12. If the 1on ratio in a sample for one of the TSNA analytes does not meet the
requirements, the MRM signals in the sample not only originates from each TSNA analyte,
which is why the sample must be prepared and reanalyzed. Where there is a need to verify the
1on ratio, the Method Manager can be contacted in order to evaluate the results.

Quality assurance

For each quantification the linearity and accuracy (% CV) of the standard curve is verified in
MassLynx. The correlation coefficient must be > 0.995 and the accuracy may deviate up to 15
% for the samples to be quantified.

As the calibration standards are injected both before and after the samples in each run, two
calibration points are obtained for each concentration in the standard curve. For five of the
calibration concentrations, both calibration points must fall inside the given criteria, i.e. for
three of the eight concentrations, one injection can be excluded if they do not meet the
requirements. However, both points may not be excluded for the same calibration
concentration. If the calibration curve does not meet the specified requirements, new
standards must be pipetted into new vials and the entire run re-executed.

In order for the internal quality control to be analyzed for each run, two control samples are
used which are injected both before and after the unknown samples in the sequence. The
control sample immediately before the unknown samples and immediately after the unknown

samples are entered into the control card according to the description “Control Cards and
Control Samples”, which are available at: G:\FoA\Dokument\Information\Kvalitet\Metodbok

CAS\Beskrivningar\Kontrollkort och kontrollprov.doc
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There are control cards in Wilab for TSNA, both total TSNA and for the four analytes
individually. The results are recorded in the applicable control cards as Result 1 and Result 2
and the results are given in pg/ul to at least three significant digits. Use all decimals for the
manual calculation of total TSNA. The mean value is shown in the X-chart and the difference
between the values in the R-chart.

X chart

A remark is made in the control card such as when a new internal standard intermediate
standard solution is prepared or new stock standards are prepared. Statistical control limits are
used in the control chart. The mean value (Mv), alarm limit Mv + 2s (standard deviations) and
action limit Mv =+ 3s are all specified in the X chart.

R chart

Statistical control limits are used in the control chart. For the R-chart, the mean value (Mv),
alarm limit Mv + 2s and action limit Mv =+ 3s are indicated.

Assessment of the control charts and actions when exceeding the alarm limit or action
limit

Alarm limits

A comment must be entered into the control card as soon as a value falls outside + 2s, even
though the analysis may be approved. No requirement for action.

If the mean value/difference of the control sample falls outside + 2s for a second time in a
row, for total TSNA or for more than one analyte, the analysis cannot be approved. No
analysis results can be reported and the samples have to be prepared again and reanalyzed.
Comments must be entered in the control card.

Action limits

If the mean value/difference of the control sample falls outside + 3s for total TSNA or for
more than one analyte, the analysis cannot be approved. No analysis results can be reported
and the samples have to be prepared again and reanalyzed. Comments must be entered in the
control card.

Series/trend

If ten control values in a row have the same property, either ascending or descending, or if ten
values in a row are on the same side of the mean value, the actions below must be taken but
the results can still be reported. If this is repeated an eleventh time, for total TSNA or for
more than one analyte, the Method Manager 1s contacted for a joint assessment.
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If only one of the four TSNA analytes falls outside the limits or represents a series/trend,
while the total TSNA and the other three TSNA analytes fall inside the limits, the analysis can
be approved and the results reported.

Note that a comment must be entered in the control card for the value that falls outside the
limit, even if the analysis is approved.

When the analysis results cannot be approved according to the criteria above, the following
actions must be taken:

e The Cone Gas Nozzle and Sample Cone in the MS instrument must be cleaned.
¢ A new internal standard solution (2,000 ng/mL) for the addition to the samples must be
prepared from 10 pg/mL intermediate standard solution.

Comments regarding the problems are entered in the control card and in the event of longer
comments, refer to the work list.

Duplicate samples
The difference between duplicate samples must not be larger than 20 % for TSNA. If this 1s
exceeded, both samples must be weighed in again, prepared and reanalyzed.

Reporting of analysis results

The results are semi-automatically transferred to Wilab from MassLynx according to the
“Instructions for Analysis and Data Processing using MassLynx” (QEMS). The values are
reported to Wilab in pg/pl where they are adjusted for moisture concentration and weighed in
weight, and the analysis results are also automatically recalculated to ppm.

The TSNA (both total TSNA and analytes separately) are reported to the client in ppm of dry
sample to two significant digits.

Manager
Head of CA

Hard copies
Hard copies of this document are available at the following locations:

Location Number Updates Manager

Room 206 1 Document Publisher
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Validation

Validation report

The results for TSNA 1in snus flour and snus products have been compared with results from
several other laboratories in proficiency tests organized by ESTOC (European Smokeless
Tobacco Council) and TSRC (Tobacco Science Research Conference). The supporting
documentation for the validation report can be found in
G:\FoA\Dokument\Information\Kvalitet\Metodbok CAS\Valideringar\TSNA.

The following matrices have been investigated in the validation, marked with an “X” under
the headings in which they are present, see Table 6.

Table 6. Investigated matrices in the validation.

Matrix TSNA  Repeatability Precision in Accuracy
(ppm) the laboratory

Snus flour (high) 1.8 X

Snus flour (low) 1.4 X X

General LS 0.6 X X X

Catch Licorice Large PS 0.8 X

Copenhagen 5.6 X X

Hedges 1.4 X

BR Bourbon Whiskey 7.9 X X

(high)

BR Bourbon Whiskey 0.9 X X X
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Selectivity

(B) @) provides good selectivity for TSNA analytes, see Figure 1 for a
chromatogram of the control sample.

Control

NAT

NNK

— NNN

Figure 1. Example of MRM chromatogram for the TSNA analytes from a (5)(4) ] analysis of control
samples (R2 flour).
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Although the (B){@) 7 is a selective detection method, it still requires good chromatographic
separation in order to ensure good selectivity from interfering matrix components, see
Figures 2 and 3.

Control

NAB-d4

/

— NAT-04

/ NAB Quantifier

Matrix interference

«——— NAB Qualifier
«— NAT Quantifier

/ NAT Qualifier

Figure 2. Example of MRM function 2 (0.90 — 4.80 min) for the control sample with NAT and NAB's quantifier
and qualifier transitions and MRM transitions for the deuterated internal standards.
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Control
— NNK-d4

— NNK Quantifier

- NNK Qualifier

e NNN-d4

4 NNN Quantifier

e NNN Qualifier

Figure 3. Example of MRM function 1 (0.0 — 0.94 min) for the control sample with NNK and NNN's quantifier
and qualifier transitions and MRM transitions for the deuterated internal standards.

The selectivity was determined using two MRM signals for each analyte and subsequently the
1on ratio between the two MRM signals for standards has been compared with the ion ratio for
samples, for each analyte. The selectivity has been good for all the investigated matrices.

Cross talk

To verify that no cross talk occurs, solutions of TSNA without TSNA -d4 have been injected
and the MRM transitions for the four TSNA analytes and TSNA -d4 have been monitored to
verify that no 1ons from the NDMA transition are detected and give rise to a peak for the
TSNA -d4 transition. The reverse has also been investigated.

When TSNA internal standard is injected with 20 pg/pL or 300 pg/uL for each analyte, no
more cross talk occurred. For the reverse, when 20 pg/uL of each TSNA analyte is injected,
no cross talk occurs. For the injection of 300 pg/uL of NNN, NNK or NAB no cross talk
occurs either. In contrast, when 300 pg/pL of NAT is injected, 0.4 % of cross talk occurs for
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NAT-d4 from NAT. This cross talk is however immaterial for the quantification of the
method's measurement range.

Carry-over

Carry-over was checked by injecting the strongest standard followed by a blank injection. No
peak was detected in the blank injection with no presence of carry over when both strong
wash and weak wash are used according to the previously described parameters, see (b)(4)
parameters.

Repeatability

Repeatability was determined by analyzing the matrix six times in constant conditions on
eight different matrices. The investigated matrices are two snus flours, one loose snus, one
portion snus, one moist snuff, one nasal snus and two pipe tobaccos.

The mvestigated concentration ranges for total TSNA for the different matrices:

Snus flour: 1.4-1.8 ppm
Snus products: 0.6 - 5.6 ppm
Pipe tobacco products: 0.9 -7.9 ppm

The investigated concentration ranges for each TSNA analytes in the matrices:

NNK 0.11-2.0 ppm
NNN 0.27 - 4.0 ppm
NAT 0.23 -2.3 ppm
NAB 0.014 - 0.15 ppm

Concentrations show the typical pattern for TSNA. NNN is usually highest, followed by
NAT, which usually has a higher concentration than NNK, which in turn is higher than NAB.

The RSD for snus flour and smokeless tobacco products was pooled for each TSNA analyte.
The RSD for pipe tobacco products has been pooled separately, see Table 7. For pipe tobacco
products, repeatability is generally slightly worse than snus flour and smokeless tobacco
products.

Table 7. RSD pool (%) for repeatability for various tobacco matrices

Analyte Snus Flour & Pipe tobacco products
Smokeless tobacco
products
NNK 8.2 11
NNN 2.6 7.3
NAT 2.6 4.7
NAB 6.4 4.2
Total TSNA 2.6 5.7
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Precision in the laboratory

Precision in the laboratory has been determined on one loose snus, one moist snuff and two
pipe tobacco products on six different occasions by four different laboratory technicians. RSD
for pipe tobacco is pooled and RSD for loose snus and moist snuff is pooled, see Table 8. For
total TSNA the pooled RSD for all investigated matrices 1s 5.4 %.

Table 8. RSD pool (%) for precision in the laboratory for various tobacco matrices

Analyte Snus Flour & Pipe tobacco products
Smokeless tobacco
products

NNK 5.8 10

NNN 5.0 8.2

NAT 6.2 5.0

NAB 6.9 59

Total TSNA 4.8 59
Reproducibility

Reproducibility for TSNA has been investigated for one loose snus, three portion snus
samples, one moist snuff, two nasal snus samples and two chewing tobaccos, which were
analyzed in triplicate and the results have been compared with BAT (British American
Tobacco).

The Pooled RSD for the nine different sample matrices for SMNE and BAT was 5.3 % for
total TSNA. For four of the nine matrices, SMNE had a higher value than BAT and for five of
the nine matrices, SMNE had a lower value than BAT for total TSNA, see validation sheet for
results. For other results of inter-laboratory comparisons, refer to Z-scores
(G:\FoA\Dokument\ Information'\Kvalitet\Metodbok CAS'\Ringforsok\TSNA LC-MSMS) and
for evaluations of sample comparisons with other laboratories, see below.

Evaluation of sample comparisons with other laboratories

For the evaluation of sample comparisons with other laboratories, the Z-score has been used
according to the instructions “Evaluation of Proficiency Testing” found under
“G:\FoA\Dokument\Information\Kvalitet\ Metodbok CAS\Ringf6rsok™. The Z-score has been
calculated for two different studies conducted in 2007. For the first study, the Z-score has
been calculated for loose snus, portion snus and nasal snus. A combined total Z-score has
been investigated for nine different product matrices by three different laboratories with a
total of five analytical methods. For this study, the Z-score was calculated for total TSNA.
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The results of the study can be found under:
G:\FoA\Dokument\Information\Kvalitet\Metodbok CAS\Ringforsok\TSNA LC-MSMS,
which also includes an evaluation of all nine sample types which have been implemented
jointly. Evaluations of the Z-score give a “Total rating” that 1s “Satisfactory”.

The second study involved nine different samples of as many as nine different participating
laboratories. The studied matrices included loose snus, portion snus, moist snuff, nasal snus
and chewing tobacco. For this study, the Z-scores are calculated for the total TSNA but also
for each TSNA analyte individually. For the calculation of the Z-score, only the results from
eight of the participating laboratories have been used as one of them was an outlier. The
results are available in G:\FoA\ Dokument\Information\Kvalitet\Metodbok
CAS\Ringforsok\TSNA LC-MSMS. The results for both the evaluations of the four individual
analytes and total TSNA for each sample type individually and all nine sample types together
provide an “Overall rating” that i1s “Satisfactory”.

Accuracy

One snus flour, one snus product and a pipe tobacco product have been spiked with TSNA at
three concentration levels. Six determinations at each level and six unspiked replicates have
been quantified. Table 9 provides a summary of the accuracy of the total TSNA in the snus
flour, snus product and pipe tobacco product. Accuracy is good for all three matrices.

Table 9. Accuracy for spiked samples in three different tobacco matrices

Spiked conc. Snus flour General LS Pipe tobacco product
(ppm) (%) (%) (%)
1.3 111.2 95.0 114.9
9.8 99.3 96.6 97.5
19.5 99.6 97.1 93.2
Limit of detection (LOD)

The limit of detection for TSNA analytes was calculated in different tobacco matrices spiked
with each internal standard. The signal/noise (S/N) ratio has then been measured and used to
calculate the LOD. LOD has been calculated to the concentration where S/N = 3. For
calculations, LOD is different in different matrices, but the value presented in Table 10 is the
worst LOD for one of the matrices for each analyte. The internal standard has been used
because the deuterium marked analytes have the same response as the unmarked ones and
also do not occur naturally in tobacco. This 1s good as there is no suitable TSNA tobacco-free
matrix that can be used for spiking and measurement of the signal/noise ratio.

Table 10. LOD for each TSNA analyte in tobacco matrix

Analyte LOD in tobacco (ppm)
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NNK 0.0015
NNN 0.0007
NAT 0.0013
NAB 0.0007

If LOD is to be calculated from the signal/noise (S/N) ratio for injections of standards, it
would produce a lower LOD. In pure standards LOD 1s for: NNN: 3.2 pg/mL (0.000096
ppm), NAT: 2.1 pg/mL (0.000063 ppm); NAB: 0.88 pg/mL (0.000026 ppm) and NNK: 3.4
pg/mL (0.0001 ppm). In pure standards, the unmarked analytes are used to calculate the LOD.
The LOD used is that which is calculated for tobacco matrices.

Limit of quantification (LOQ)

The limit of quantification for TSNA analytes was calculated by calculating the S/N ratio in
the spiked tobacco matrices for TSNA-d4. LOQ has been calculated to the concentration
where S/N = 10. For calculations of LOQ, it is different in different matrices, but the value
presented in Table 11 is the worst LOQ for one of the matrices for each analyte. TSNA-d4 is
used because a blank tobacco matrix is not available for TSNA analytes. As the TSNA
analytes have the same response as each internal standard, they can be used for LOQ
calculations.

Table 11. LOQ for each TSNA analyte in tobacco matrix

Analyte LOQ in tobacco (ppm)
NNK 0.005
NNN 0.003
NAT 0.005
NAB 0.003

LOQ would be significantly lower if it was calculated for pure standards: NNN. 10.7 pg/mL
(0.00032 ppm), NAT: 7.4 pg/mL (0.00022 ppm), NAB: 2.9 pg/mL (0.000087 ppm), NNK:
11.4 pg/mL (0.00034 ppm). In pure standards, the unlabeled analytes have been used to
calculate the LOQ. The LOQ that is used is that which 1s calculated for tobacco matrices.

Linearity

Linearity was studied by analyzing eight calibration solutions in three series with
concentrations of 0.5 — 100 pg/pl for NNK, NNN and NAT and 0125 — 25 pg/ul for NAB.
The origin of the calibration curve is also included for all analytes. The linearity for all four
TSNA analytes is well within the standard curve's concentration range with a correlation

Doc ID: 32 - (5)i{4) (b) (4) (b) (4) (b) (4) (b) (4)



‘?‘k ‘?k ‘;{’ Document Title (b) (4) Page

SWEDISH MATCH ®® (b) (4) (b) (4) 34(47)
(b)
Quality and Environmental Part of Process Approved By
Management System (b) (4) (b) (4)

Document Type Document Publisher

Method Description (b) (4)
(b) (4) do
CcX

coefficient of > 0.998 and where the relative residuals are below 11 % when the standard
curve is weighted with 1/x2.

The validation sheet shows a chart of the regression line and the analytical data together with
the line's slope and y-intercept.

Measurement range

The measurement range of the method is based on the calibration range, and covers from
0.015 ppm up to 3 ppm for NNN, NNK and NAT. For NAB the measurement range runs from
0.004 ppm up to 0.75 ppm. If any sample exceeds the concentration for the strongest standard,
the sample is diluted five times and reanalyzed. If the sample 1s still stronger than the
strongest standard, a smaller sample must be weighed in and the sample is reanalyzed. The
sample that is also injected after the sample with a high concentration must be reanalyzed to
ensure that there is no carry-over.

Robustness

The robustness of the method for total TSNA was determined using data from the control card
(123 values in 2011), the mean value for the measurements is 65.9 pg/ul (unadjusted for
moisture content and weighed in amount for control samples) and the RSD i1s 3.65 %.

Stability
Stock standards of TSNA dissolved in acetonitrile have been shown to be stable for at least

two years when stored in a refrigerator. Both standards and prepared samples have been
shown to be stable in storage in the auto-injector (4°C) for at least a week.

Measurement uncertainty

The combined relative measurement uncertainty is shown in Table 12 with a coverage factor
of 2 for single samples and duplicate samples.

Table 12. The combined relative measurement uncertainty for single and duplicate samples with
a coverage factor of 2

Analyte Single sample (%) Duplicate samples (%)
NNN 19 17
NNK 22 21
NAT 23 22
NAB 36 22
Total TSNA 26 25
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A laboratory's fulfilment of the requirements of ISO/IEC 17025:2005 means
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management
system requirements that are necessary for it to consistently deliver technically
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laboratory operations and meet the principles of ISO 9001:2008 Quality

Management
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