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ABSTRACT

Currently, the number of consumers of tobacco products in the world is growing rapidly. In this regard, the
number of tobacco companies and varieties is increasing. Many tobacco companies write a small amount of the
ingredients found in a cigarette on the product package. This study aimed to determine the nicotine contents in
different brands of cigarette smoke. The paper presents the results of the quantitative determination of nicotine
in cigarette smoke samples through the practical application of a validated GC-FID method. The isolation of
nicotine was performed by extraction with propanol. The GC-FID and method validation was performed through
the parameters: linearity, precision, limits of detection (LOD), and quantification (LOQ). The correlation coefficient
was 0.9998 over the nicotine standard range (5 to 500 ppm). The relative standard deviation (%RSD) ranged
from 0.71 to 6.67 % and the obtained LOD and LOQ were 0.0926 and 0. 2777 ppm, respectively. For method
validation, the correlation coefficient was 0.9987 over the spiked nicotine cigarette range (0.1 to 1.0 mg/cig.).
The relative standard deviation (%RSD) ranged from 0.71 to 6.67% and the obtained LOD and LOQ were 0.1056
and 0.3166 ppm, respectively, which is much lower than the accepted value of 0.6 mg/cigarette according to
the reference standards based on the results obtained from this work. The content of nicotine from 87 tobacco
cigarettes samples was determined. For the local 19 of 21 and imported 45 of 66 tobacco samples exceeded
the permitted limit, the variation limits of the nicotine content were more restricted (0.512-1.564 and 0.640-2.415
mg/cig.), respectively.
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1. INTRODUCTION

present in commercial cigarettes at a weight percentage
of 1.5% [2]. Nicotine, an extremely poisonous alkaloid

Tobacco is one of the most widely grown non-food crops
worldwide and has enormous economic benefits. To-
bacco leaves, which serve as the primary raw material
for cigarettes, possess significant value in the global mar-
ket. Fragments or powders derived from tobacco leaves
are commonly used for smoking and chewing [1]. The
primary alkaloid in tobacco is nicotine, which accounts
for approximately 95% of all tobacco alkaloids and is

with a concentration of 30—60 mg/kg, is chemically known
as 3-(1-methyl-2-pyrrolidi-methyl) pyridine [3]. Smoking
has detrimental effects on the respiratory and cardiovas-
cular systems, eyes, central nervous system, digestive
system, and skin, all of which are frequently irreversible.
According to certain estimates, people who smoke live
eight years less than those who do not [4]. Compared
to alcohol and other drugs, nicotine induces psychologi-
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cal addiction more quickly. Because nicotine increases
dopamine levels in the reward circuit, particularly in the
nucleus accumbens, a substrate for pleasurable experi-
ences experienced by smokers, it can be explained why
nicotine has addictive qualities. The urge to repeat inges-
tion is caused by sustained high levels of dopamine [5].
Research has demonstrated that nicotine, particularly
in adolescence, can also affect memory and attention
[6]. Nicotine has frequently been used as a replacement
therapy for smoking cessation [7] and to ameliorate symp-
toms associated with Alzheimer’s disease [8]. Cigarette
smoking is a leading cause of various cancers and dis-
eases associated with the inhalation of toxic chemical
substances produced by pyrosynthesis or released dur-
ing combustion. Tobacco smoke is a source of toxic
substances that constitute one of the many classes of
carcinogens, toxins, and addictive substances [9]. Smok-
ing is still the most prevalent cause of death, accounting
for over four million deaths worldwide per a year [10].
Generally, the nicotine content in tobacco leaves ranges
from 2% to 6%. Tayoub et al. determined the nicotine
content in the dry weight of five different types of tobacco
leaves using HPLC and LS-MS techniques, yielding val-
ues ranging from approximately 3.3% t0 6.7% [11]. Gas
chromatography coupled with flame ionization detection
(FID), nitrogen—phosphorus detection (NPD), mass spec-
trometry (MS), liquid chromatography (LC) coupled with
ultraviolet/visible (UV), and multiple scanning electron mi-
croscopy have all been used in quantitative evaluations of
analytical technologies for nicotine and related alkaloids
in tobacco-containing products [12—22]. The use of a gas
chromatography-flame ionization detector (GC-FID) sim-
plifies the quantification of the amount of nicotine present
[23-25]. Calculating the amount of nicotine present in to-
bacco products is crucial because the amount of nicotine
in cigarettes and other tobacco products varies among
brands [26]. Many brands of cigarettes (domestic and
imported) are available in the Yemeni market. Therefore,
it is important to measure the amount of nicotine in differ-
ent types of cigarette smoke, which are generally used by
people in this country. In this study, a validated GC/FID
method was used to quantitatively analyze nicotine in
local and imported cigarette smoke samples gathered
from the Yemeni market.

2. MATERIALS AND METHODS

2.1. MATERIALS

Nicotine Standard Material 99% purchased from Zedel-
gem, BELGIUM), and propanol HPLC grade (Sigma).
2.2. SAMPLING

A variety of local and international brands with a wide
range of advertised nicotine content were represented by
stores in Sana’a City, Yemen, where packets of cigarettes

representing each brand were randomly acquired from
the local market. Cigarette samples from 21 domestic
and 66 foreign sources were examined in this study.

2.3. SAMPLE PREPARATION

To prepare cigarette samples, a manual smoking ma-
chine setup was used, which included a vacuum pump,
liquid trap, and Cambridge filter unit (Glass Filter Paper
(GF)). The purpose of GF filter paper is to trap nicotine
from cigarette smoke, as illustrated in Fig.1. Nicotine was
then extracted using 10 mL of propanol and subjected to
GC-FID analysis [27].

2.4. PREPARATION OF NICOTINE STANDARD
SOLUTIONS

The working standards (5, 10, 20, 50, 100, 250, and 500
ppm) were obtained by diluting the specified amount of
nicotine in propanol using a stock standard of nicotine
(10000 ppm).

2.5. IDENTIFICATION OF NICOTINE UsING
GAss CHROMATOGRAPHY-MAss SPEc-
TROMETRY (GC-MS)

GCMS-QP2010 (Shimadzu, Kyoto, Japan) in electro-
ionization (El) mode was utilized to identify and validate
nicotine standards and nicotine in the cigarette extract.
Using polysiloxane as a nonpolar stationary phase and
a fused silica capillary column DB1 (0.32 mm x 30 m,
0.25um film thickness, supplied by Agilent, Palo Alto,
CA, USA), the analytes were separated. The standard
solution was injected in split mode with a sample time of
0.5 min. The injection temperature was set at 250 °C and
the detector temperature was adjusted at 290 °C. The
temperature program used was as follows: initial 120°C,
then increased by 20 °C min-1 to 270 °C, and held for
7.5 min. High-purity helium (> 99.99%) was used as the
carrier gas at a flow rate of 1.5 ml min-1. Scanning and
selective ion monitoring (SIM) modes were used. In SIM
mode, the quantification and confirmation ions used in
SIM mode to analyze nicotine were 84, 133, 162, 161,
and 119 m/z, respectively.

2.6. ANALYSIS OF SAMPLE UsINGg GAss
CHROMATOGRAPHY-FLAM IONIZATION
DeTecTor (GC-FID)

The prepared samples (2 pL) were injected in split mode
with a sample time of 0.5 min. The injection temperature
was set at 250 °C and the detector temperature was set
at 290 °C. The GC-FID. The temperature program used
was the same as that used for GC-MS.
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Figure 1. A- Smoking Manual Machine, B- GF Paper Used to Trap Nicotine.
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Figure 2. GC-MS Chromatograms of Nicotine in Cigarette Sample: A- Scan mode, B- SIM mode, where the 84, 133, 162, 161,
and 119 m/z are quantification and confirmation ions used in SIM mode to analyze nicotine.

2.7. INSTRUMENT AND METHOD VALIDATION

GC-FID method analysis was performed and validated
according to the data from YSMO 820/2004 “Cigarettes,’
GS0597/2009 “Cigarettes,” and GSO / ISO 10315: "De-
termination of nicotine in smoke condensate — Gas Chro-
matographic methods" [27], and previously published
papers [28-33].

2.7.1. Linearity and Calibration Curves

Using the GC-FID system, a series of seven nicotine
standard solutions in the range of 5 to 500 ppm and six
spiked amounts of nicotine in the range of 0.1 to 1.0
mg/cig concentrations were analyzed to determine the
linearities of the instrument and method.

2.7.2. Precision (Repeatability)

The relative standard deviation (%RSD) was used to
assess the instrument precision and the method. Three
duplicate analyses of the prepared standards and spiked
samples were performed and the (%RSD) was calculated
for each concentration.

2.7.3. Sensitivity (Detection and Quantification lim-
its)

The instrument and method limits of detection (LOD) and
limits of quantification (LOQ) for nicotine were calculated
from the chromatograms of the nicotine standard and
spiked sample. The LOD and LOQ are the concentra-
tions corresponding to the peak with a height of 3 and
the average noise height, respectively. This value was
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Figure 3. Overlay Chromatograms of Nicotine Standards.
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Figure 4. : Calibration Curve for Nicotine Standard Solutions.

calculated using the following equation:

LOD = 3 x Cstd x Hnoise/Hstd

LOQ = 10 x Cstd x Hnoise/Hstd

Where Cstd, Hnoise, and Hstd are the concentration
of the standard, the height of the noise peak, and the
height of the standard peak, respectively.

2.7.4. Accuracy (Recovery)

Accuracy studies were performed to examine the effi-
ciency of the method. To carry out the recovery, three
independent analyses of cigarette samples spiked with
nicotine range (0.1-1.0 mg/cig.) were performed. The Re-
covery (%R) was calculated using the following formula
[34]:

%R = (Al — A2/ A3) %100,

Where A1 is the spiked sample’s peak area, A2 is the
sample’s peak area before spiking, and A3 is the stan-
dard’s peak area.

3. RESULTS AND DISCUSSION

3.1. IDENTIFICATION OF NICOTINE USING
GC-MS

The Scan and selective ion monitoring (SIM) chro-
matograms for nicotine standard were represented in
Fig.2.

3.2. INSTRUMENT VALIDATION

The linearity of the GC-FID was investigated by ana-
lyzing seven nicotine standard solutions three times on
the same day at concentrations of 5-500 ppm. The
calibration results of GC-FID are presented in Table 1,
overlay the GC-FID chromatograms of the nicotine stan-
dards, and the calibration curve is shown in Fig.3. The
linearity was excellent, with a correlation coefficient (R2
value of 0.9998, and the linear regression equation (y
=6091.6x—17029) was calculated from the calibration
curve, as shown in Fig.4. After analyzing each prepared
standard in triplicate, the relative standard deviation (%
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Table 1: The Calibration and Precision Results for Different Nicotine Standard Concentrations.

No. | Concentration (ppm) | Average of Peak Area,n=3 | SD %RSD
1 5.00 30549 1543 5.05
2 10.00 61887 3304 5.34
3 20.00 100043 3865 3.86
4 50.00 271226 1920 0.71
5 100.00 570152 14102 247
6 250.00 1510365 62248 4.12
7 500.00 3032193 202152 6.67
Table 2: The Results of Linearity, Precision, and Recovery of Spiked Cigarette Sample.
Measured = Nico- |\ cured spiked
SP'ke.d Amount of tine (spiked+ 4N 1 Nicotine (mg/cig), | SD %RSD | Recovery, %
Nicotine (ppm) spiked) (mg/cig), n=3
n=3 -
0.00 0.512 0.000 0.0197 | 3.84 i
0.10 0.608 0.096 0.0040 | 4.17 95.79
0.20 0.701 0.189 0.0042 | 2.22 94.51
0.40 0.894 0.382 0.0040 | 1.04 95.53
0.60 1.092 0.580 0.0228 | 3.93 96.68
0.80 1.304 0.792 0.0376 | 4.75 98.98
1.00 1.459 0.947 0.0260 | 2.74 94.75

RSD) for each concentration was determined. The re-
sults are presented in (Table 1). The %RSD varied,
ranging from 0.71 to 6.67%; low %RSD results show that
the analysis procedure was highly precise. The detec-
tion and quantification limits for GC-FID sensitivity were
determined to be 0.0926 ppm for the LOD and 0.2777
ppm for the LOQ.

3.3. METHOD VALIDATION

Three independent samples were spiked for each con-
centration, with nicotine at concentration levels ranging
from 0.1 to 1.0 mg of nicotine per cigarette. Each sample
was then prepared using a smoking machine to trap nico-
tine from the cigarette smoke, the GF paper, extracted by
10 ml of propanol and analyzed by the GC-FID system
to verify the linearity, accuracy, and precision, and to
calculate the LOD and LOQ for the analysis method.

Based on Fig.5 and Table 2, with a correlation coeffi-
cient R2 value of 0.9987, the linearity was excellent. The
method limit of quantification (LOQ) for spiked samples
was 0.3166 ppm (equivalent to 0.003166 mg/cigarette),
below the MRLs value (0.6 mg/cig.) shows the sensitivity
and suitability of the analytical method. The accuracies
calculated as average recoveries (% R) values were be-
tween 94.51 and 98.98%, while the RSD did not exceed
5.01 %. These results indicate the high accuracy and
precision of the proposed method.

3.4. REAL SAMPLES ANALYSIS RESULTS

The analytical approach was then used to analyze the
real samples after validation. The amount of nicotine in
87 cigarette samples, 21 domestic and 66 imported, was
determined through analysis using a spiked calibration
curve equation. Tables 3 and 4 summarize the results
obtained. Table 3 and Fig.6 display the results of the
nicotine concentration in the local cigarette smoke, which
varied from 0.512 to 1.564 mg/cig. The results revealed
that two samples (9.5%) had nicotine levels below the
acceptable value, whereas 19 cigarette samples (90.5%)
had nicotine levels that were primarily higher than 0.6
mg/cig. In Table 3, it is clear that only one out of 21
cigarette backets was labelled as nicotine. The nicotine
concentrations in the imported cigarettes, displayed in
Fig.7 and Table 4, varied from 0.353 to 2.32 mg/cig. The
results showed that 19 samples (28.8%) had less nico-
tine than the acceptable value and 47 samples (71.2%)
had nicotine primarily higher than 0.6 mg/cig. According
to the Yemeni Organization for Standards, Metrology, and
Quality Control (YSMO) YSMO 820/2004 "Cigarettes"
[27], and 46 out of 66 of cigarette backets were labelled
the nicotine amount which ranged from 0.1 to 1.2 mg/cig
as shown in Table 4. For all samples (87), 24.80% of the
local and 75.20% of imported samples had nicotine con-
tents less than the accepted value, while 31.82% of the
local, and 68.18% of the imported samples had nicotine
contents greater than the accepted value, as shown in
Fig.8.
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Figure 5. Calibration Curve of Spiked Cigarette with Nicotine.
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Figure 6. Amount of Nicotine in Local Cigarettes Smoke Samples.

Table 3: Nicotine Content in Local Cigarette Smoke Samples.

Cod. Mea&‘;‘f;g:"::‘;“e sD %RSD | Labelled Nicotine(mg/cig)
Loc. 1 0.958 23703.72 445
Loc. 2 1.303 15365.79 512
Loc. 3 0.904 20133.36 £.00
Loc. 4 1103 23936.11 3.90
Loc. 5 1.056 1883131 3.1
Loc. 6 1.041 17716.04 3.06
Loc. 7 0.982 16289.30 298
Loc. 8 1.405 13800.25 177
Loc. 9 0.782 16660.28 383 08
Loc. 10 0537 17942.01 6.01
Loc. 11 1.053 2716425 3.61
Loc. 12 1123 10373.35 166
Loc. 13 1.564 16886.36 194
Loc. 14 0512 615352 216
Loc. 15 0.732 1524948 3.74
Loc. 16 1.043 4679.10 0.61
Loc. 17 0.825 11355.14 248
Loc. 18 1,043 1495037 516
Loc. 19 0.965 9972.09 1.6
Loc. 20 1.253 13679.95 196
Loc. 21 0.765 22203.63 52 :

= There is no Nicotine concentration labeled on the bottle, The Permitted Nicotine concentratlon = is 0.6 mg/cig
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Table 4: Nicotine Content in Imported Cigarette Smoke Samples.

Measured Nicotine

Cod (mg/cig), n=3 SD % RSD Labelled Nicotine (mg/cig)
Imp. 1 0.506 0.021 4.22 0.1
Imp. 2 0.640 0.020 3.04 0.5
Imp. 3 0.428 0.020 4.66 0.4
Imp. 4 0.353 0.021 5.83 0.3
Imp. 5 0.599 0.013 2.12 0.4
Imp. 6 0.832 0.021 2.47 0.6
Imp. 7 0.382 0.018 4.75 0.4
Imp. 8 0.456 0.030 6.58 0.5
Imp. 9 0.566 0.027 4.78 0.6
Imp. 10 0.557 0.014 2.56 0.1
Imp. 11 0.568 0.026 4.55 0.1
Imp. 12 1.093 0.024 2.16 0.1
Imp. 13 0.764 0.025 3.29 0.3
Imp. 14 1.104 0.036 3.30 0.8
Imp. 15 0.599 0.022 3.72 0.1
Imp. 16 0.593 0.027 4.59 .
Imp. 17 0.459 0.023 5.09 *
Imp. 18 1.013 0.019 1.88 0.9
Imp. 19 0.985 0.009 0.92 0.8
Imp. 20 0.884 0.010 1.17 0.3
Imp. 21 1.506 0.021 1.37 1.2
Imp. 22 1.565 0.025 1.61 *
Imp. 23 0.764 0.044 5.81 *
Imp. 24 0.748 0.011 1.45 0.5
Imp. 25 1.083 0.046 4.28 0.4
Imp. 26 0.489 0.026 5.39 0.7
Imp. 27 0.921 0.014 1.48 0.6
Imp. 28 0.830 0.009 1.13 0.5
Imp. 29 0.543 0.021 3.80 .
Imp. 30 0.587 0.018 3.08 *.
Imp. 31 1.166 0.021 1.83 .
Imp. 32 0.531 0.021 3.93 ..
Imp. 33 0.730 0.016 2.25 0.5
Imp. 34 0.633 0.019 3.04 0.6
Imp. 35 0.716 0.019 2.72 0.5
Imp. 36 0.540 0.030 5.48 0.6
Imp. 37 0.512 0.020 3.84 0.5
Imp. 38 0.950 0.021 2.22 0.5
Imp. 39 0.980 0.009 0.91 .
Imp. 40 0.563 0.012 2.09 0.6
Imp. 41 0.535 0.026 4.77 *.
Imp. 42 0.723 0.010 1.37 .
Imp. 43 2.119 0.042 1.99 0.5
Imp. 44 2.416 0.056 2.32 0.6
Imp. 45 0.959 0.033 3.45 .
Imp. 46 0.692 0.029 4.26 *,
Imp. 47 1.419 0.010 0.71 .
Imp. 48 0.892 0.017 1.95 .
Imp. 49 0.482 0.024 5.08 0.4
Imp. 50 1.000 0.025 2.49 0.3
Imp. 51 0.884 0.021 2.37 0.3
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Cod. Measured Nicotine SD % RSD Labelled Nicotine (mg/cig)
(mg/cig), n=3

Imp. 52 1151 0.018 156 03
Imp. 53 0.892 0.027 3.02 03
Imp. 54 1.284 0.028 218 0.3
Imp. 55 1.464 0.010 0.70 03
Imp. 56 1182 0.012 0.99 03
Imp. 57 1202 0.025 2.02 03
Imp. 58 0.849 0.025 2.97
Imp. 59 1547 0.039 2.49 0.4
Imp. 60 2.098 0.044 2.10 1

Imp. 61 0.803 0.027 3.36
Imp. 62 0.712 0.026 3.59
Imp. 63 0.780 0.006 0.73
Imp. 64 0.899 0.013 144 0.8
Imp. 65 0.957 0.033 3.48
Imp. 66 1350 0.031 227 05

*..= There is no Nicotine concentration labeled on the bottle, The Permitted Nicotine concentration = is 0.6 mg/cig

] f
B H Il IW { Tl WH
PEREE i 1111131311E111313130001313EEHEHIREREREERERARREREL
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Figure 7. Amount of Nicotine in Imported Cigarettes Smoke Samples.
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Figure 8. The Summary of Nicotine Content of Cigarette Smoke Samples.
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4. CONCLUSION

The validation results show that the proposed method
has good precision and excellent linearity over the stud-
ied range. Moreover, the LOD and LOQ of the method
are equivalent to 0.000926 and 0.00277 mg/cigarette,
respectively, which is far less than the accepted value of
0.6 mg/cigarette as per the reference standards. Based
on the results obtained in this study, it can be concluded
that the GC-FID method is valid and applicable for the
quantification of nicotine in cigarette smoke. The nicotine
content of 87 tobacco cigarette samples was determined.
For the local and imported samples, 19 out of 21 and
45 out of 66 tobacco samples exceeded the permitted
limits.
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