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ABSTRACT: The present work describes an efficient, sensitive and rapid GC-MS method for quantitative
estimation of nine volatile N-nitrosamines diluted in methanol as a sample solution, which can be used to
determine the above-mentioned compounds in tobacco smoke or in sample solutions obtained from solid/
liquid material using extraction. The concentration of sample solution should not be less than 0.5 ng mL
! (Limit of quantitation of this method) for each N-nitrosamine. The uncertainty of this method is estimated
based on validation data, which is illustrated by determination of N-nitrosomethylethylamine in tobacco
smoke of the commercial best-selling local cigarette brand. The uncertainty value was used as the
acceptance criteria for evaluation of the method precision. The determined quantity of N-
nitrosomethylethylamine varying from 108 to 124ng per cigarette is very high, which can be caused by
high nitrate and tar content in local tobacco. © 2015 Bull. Georg. Natl. Acad. Sci.
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Development of modern industry causes increas-
ingly serious pollution in the environment, where
human lives in, constituting a catastrophic health
risk including cancer. Anti-cancer is thus one of the
challenges for the scientists in the 21st century in
the realm of life science. Removal of carcinogen from
the environment is an important step. Nitrosamines
are probably the most widespread carcinogens exist-
ing in the workplace, processed meats, cigarette
smoke, cosmetics, pesticides, rubber products, beer

and are even produced in the stomach by reaction of
secondary amines and nitrite (NO,") both taken from
foods. The first analytical studies on N-nitrosamines
in tobacco smoke originated from the laboratory of
Georg Neurath. N-nitrosamines in tobacco smoke
originate from tobacco transfer into smoke from ther-
mal degradation of nitrosamino acids and from
pyrosynthesis during smoking. There are more than
one hundred publications describing the presence
of volatile, non-volatile and tobacco-specific N-
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nitrosamines and N-nitrosamino acids in tobacco,
tobacco smoke and environmental tobacco smoke
[14].

The “classical” nitrosamine analysis was per-
formed for many years by gas chromatography us-
ing a thermal energy analyzer (TEA) as a detector.
Today, with increased sensitivity requirements, the
detection limits of the TEA and its complex operation
no longer comply with the required needs for low
detection limits and sample throughput. Also, sev-
eral analytical methods were employed in the past for
quantitative determination including colorimetry,
spectrophotometry, polarography, capillary electro-
chromatography, micellar electro-kinetic capillary
chromatography and high performance liquid chro-
matography [5-9]. Chromato-Mass spectrometric
methods increasingly replaced the above-mentioned
TEA [10-14]. Consequently, there is a need to de-
velop and validate reliable chromato-mass
spectrometric methods for determination of N-
nitrosamines in environment and food products.

For consistent interpretation of the measurement
results, it is necessary to evaluate the confidence
that can be placed in the presentation of an analyti-
cal result, which must be accompanied by indication
of the data quality. This information is essential for
interpretation of the analytical result. Method vali-
dation is an essential component of the measures a
laboratory should implement in order to produce reli-
able analytical data. Besides common method per-
formance characteristics obtained in the validation
process, testing laboratories shall have and apply
procedures for estimating the uncertainty of meas-
urements (International Organization for Standardi-
zation 2005). This clearly means that the analytical
result cannot be viewed only as a separate value.
There are several possibilities to estimate the uncer-
tainty, as reported in the literature. The measurement
uncertainty is estimated mainly by the top-down or
bottom-up approaches. In the top-down approach,
the major sources of uncertainty are identified and
evaluated, while in the bottom-up approach, all the

Bull. Georg. Natl. Acad. Sci., vol. 9, no. 1, 2015

uncertainty sources are systematically evaluated and
only those with significant contributions are used to
derive the measurement uncertainty. The top-down
approach is time-consuming and requires extensive
knowledge of the analytical procedure, but it enables
identification of major uncertainty sources and con-
sequently reduction of total measurement uncer-
tainty. Another relatively quick and easy way of un-
certainty estimation is the in-house validation that
includes the determination of the method perform-
ance parameters.

An efficient, sensitive and rapid method for rou-
tine detection and quantitation of volatile N-nitro-
samines (nine volatile N-nitrosamines - N-nitro-
sodimethylamine - NDMA, N-nitrosomethyl-
ethylamine - NMEA, N-nitrosodiethylamine - NDEA,
N-nitrosodipropylamine - DPNA, N-nitro-
sodibutylamine - NDBA, N-nitrosopiperidine - NPIP,
N-nitrosopyrrolidine - NPYR, N-nitrosomorpholine -
NMPA, N-nitrosodiphenylamine — NDPA) diluted in
methanol as a sample solution was developed and
validated which can be used to determine above-
mentioned compounds in tobacco smoke or in sam-
ple solutions obtained from solid/liquid material us-
ing extraction. The concentration of sample solution
should not be less than 0.5 pg mL"' (limit of
quantitation of this method) for each N-nitrosamine.
This method was used to determine volatile N-
nitrosamines in tobacco smoke. For this study the
tobacco of the commercial best-selling local cigarette
brand “Pirveli” was selected.

The purpose of the present work was to estimate
detailed measurement uncertainty for this method illus-
trated by determination of one of the volatile
N-nitrosamines namely N-nitrosomethylethylamine. The
obtained uncertainty value was used as the acceptance
criteria for evaluation of the method precision, more
concretely, the percentage difference between two in-
ter-day determinations of N-nitrosamines, which should
not be more than expanded uncertainty value. The
method was validated according to the international -
ICH and Eurachem guidelines [15,16].
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Experimental Procedures

The chromatography analysis was performed using
Agilent 6890 - Inert MSD 5975 Quadrupole GC-MS
System (Agilent Technologies, USA). System con-
trol, data collection and data processing were ac-
complished using HP Chemstation software. The
chromatographic condition was optimized using the
Carbowax/20M (30 m x 0.25 mm x 0.25pum) column;
Gas carrier — He; injection mode — splitless; Injection
temperature — 220°C; volume - 1 pL; oven program -
45°C for 3 min (isocratic), then 20°C/min to 220°C (gra-
dient) and 220°C for 8.25 min for standard solution
(total run time - 20 min) and 18.25 min (total run time —
30 min) for sample solution (isocratic); average ve-
locity—36 cm sec!; flow rate— 1.0 mL min™, constant
flow; ionization mode — El; mass resolution setting —
normal; source temperature - 230°C. The statistical
analysis and the evaluation of uncertainty of analyti-
cal procedure were performed using Microsoft Excel
2010 according to NATA, ISO, EUROLAB. Analysis
was carried out in recommended environmental con-
ditions: temperature t =20 + 2°C and relative humid-
ity RH =40 - 60%, which is an important factor influ-
enced uncertainty estimation.

In order to obtain an estimate of the uncertainty
associated with the measurement result the follow-
ing tasks were to be performed: to specify the
measurand; to identify the sources of uncertainty; to
calculate the uncertainty components associated
with each potential source of uncertainty identified;
to calculate the standard uncertainty, applying the
appropriate coverage factor, to give an expanded
uncertainty. The following sources of uncertainty
were identified: analytical balance, repeatability,
equipment, measuring glassware, measuring pipette.
Expanded uncertainties of solution preparation - U,
(A type of uncertainty) and analytical procedure
(repeatability measurement) - U, (B type of uncer-
tainty) were estimated separately.

The expanded uncertainty for determination of

N-nitrosamine was calculated by the formula:

U =JU%+U%, 1)
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The expanded uncertainty of each uncertainty com-
ponent was calculated by the formula: U = k x u,
where k is the probability distribution factor (cover-
age factor), which equals 1.73 for equal distribution
and 2 for normal distribution; # — the combined stand-
ard uncertainty of each component.

The combined standard uncertainty was calcu-
lated by the formula:

u = Zuf , )
where u, is the standard uncertainty of each source.
The standard uncertainty of analytical procedure
was calculated by the formula:
RSD xt(f395%)

Ucapyi = In ’ €))
where RSD is the relative standard deviation % of
the peak area of N-nitrosamine obtained from the
standard/sample solution, ¢ — student t-distribution
value (probability one sided - P, , = 95%) for the cal-
culated degree of freedom (f) which was calculated
by the formula: f=m x (n— 1); where, m — the number
of injected solutions and n — injection number of
each solution.

The standard uncertainty of solution preparation

was calculated by the formula:

a
u(SP)i =—F 100%, (4)

xx+3

where a is the resolution/deviation of measuring ad-
vice/glassware/pipette; x — the measured value.

Standard solution preparation: 0.25 mLof 2000 pg
mL"! N-nitrosamines mix standard (Supelco USA) was
accurately measured and transferred toa 10 mL volu-
metric flask and was diluted up to the mark with the
diluent (Methanol). Then it was mixed well and fil-
tered through 0.45 um syringe filter (50 pg mL™).

Sample solution preparation: Sample solutions were
prepared using a specially constructed laboratory
instrument composed of the following parts: 1. Spe-
cially made quartz tube for burning tobacco; 2. Spe-
cially made glassware with bubbler on glacial bath

for N-nitrosamine absorption (methanol was used as
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a solvent); 3. Vacuum pump. The smoke from tobacco
burning in quartz tube was conducted through the
solvent absorbing all N-nitrosamine compounds with-
out any loss. The obtained sample solution was fil-
tered through 0.45 pm syringe filter.

The standard and sample solutions were prepared
in dark glassware, protected from light and were ana-
lysed immediately. The standard solutions were
stored in refrigerator during analysis.

The concentration (C,), ug mL"' of N-nitrosamine
in sample solution was calculated by the formula:

A4, xC xVxP
“ T x10x100 ©)
where 4 is the peak area of N-nitrosamine obtained
from the chromatogram of sample solution; 4 —peak
area of N-nitrosamine obtained from the chromato-
gram of standard solution; C — concentration of N-
nitrosamine in standard, ug mL"'; /- volume of stand-
ard, mL; P— purity of standard, %.

The quantity (X), pg/cigarette of each N-nitro-
samine in tobacco smoke was calculated by the for-
mula;

_C, xW.xV

Y=y ©)

where C, is the determined concentration, ug mL™ of
N-nitrosamine in sample solution; W —average mass
V—
volume of solvent (methanol); ¥, —mass of weighed

of weighed cigarette (calculated on 20 units);

tobacco.

Chromatographic system suitability was checked
by five replicate injections (n = 5) of standard solu-
tion. Main parameters including RSD, % of peak ar-
eas (acceptance criteria: < 2.0%), RSD, % ofretention
times (acceptance criteria: < 1.0%), the resolution
between all the nearest peaks (acceptance criteria: >
2.0), the tailing factor (acceptance criteria: < 2.0) and
the number of theoretical plates (acceptance criteria:
>2000) were measured. The precision was estimated
by measuring repeatability (I day) and time-depend-
ent intermediate precision (II day) on five replicate
injections of standard solution and on three indi-
vidual determinations of N-nitrosamines in sample
solution. The precision was checked by RSD, % of
determined concentrations (ug mL') and RSD, % of
retention times for three individual determinations of
N-nitrosamines which should not be more than 10.0%
and 1.0%, respectively, also by the percentage differ-
ence between two inter-day determinations of N-
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Fig. 1. The chromatogram of 50 pg mL"' standard solution: Retention Time (RT), in minutes:
7.582 - N-nitrosodimethylamine - NDMA, 7.954 - N-nitrosomethylethylamine - NMEA, 8.181 - N-nitrosodiethylamine - NDEA,
9.169 - N-nitrosodipropylamine - DPNA, 10.344 - N-nitrosodibutylamine - NDBA, 10.527 - N-nitrosopiperidine - NPIP,
10.682 - N-nitrosopyrrolidine - NPYR, 10.995 - N-nitrosomorpholine - NMPA, 17.394 - N-nitrosodiphenylamine — NDPA.
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Table 1. Precision results for NMEA

Standard solution

The number of

Peak area repeatability - I day

Intermediate precision - II day

injections(n) Peak area Retention time Peak area Retention time
1 100343457 7.950 98643654 7.964
2 100300025 7.951 99111165 7.961
3 97465435 7.951 98653465 7.962
4 97745364 7.952 99128963 7.963
5 97140244 7.950 97333942 7.963
Average 98598905 7.951 98574238 7.963
RSD % 1.610 0.011 0.743 0.014

Sample solution

Peak area repeatability - I day

Intermediate precision - II day

The number.of Retention Concentration, Peak Retention | Concentration,
sample solution | Peak area . -1 . B

time pg mL area time pg mL
1 1285585 7.583 0.651 1385585 7.965 0.701
2 1299213 7.582 0.658 1399213 7.963 0.708
3 1226052 7.581 0.620 1265921 7.960 0.641
Average 1270283 7.582 0.643 1350240 7.963 0.684
RSD % 3.063 0.013 3.063 5.432 0.032 5.432
Percentage difference 6.18

nitrosamines which should not be more than ex-
panded uncertainty value (acceptance criteria). The
precision (repeatability) as one of the validation pa-
rameters was used to estimate standard uncertainty

of analytical procedure (u,,).

Results and discussion

RSD % of peak areas for all N-nitrosamine was below
2.0%; RSD % of retention times — below 1.0%; the
resolution between the two nearest peaks was more
than 2.0; the tailing factor was less than 2.0; the
number of theoretical plates was more than 2000. This
indicates that the chromatographic system is suit-
able for determination ofall nine N-nitrosamine com-
pounds. Fig. 1 shows the chromatogram of 50 pg
mL! standard solution.

The precision results (Table 1) show that the cal-
culated RSD % of determined concentrations (three
individual determinations) of NMEA in sample solu-
tions, the RSD % of peak areas and the RSD % of
retention times obtained from standard solutions
chromatograms, the RSD % of retention times ob-

tained from three sample solutions chromatograms
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comply with the acceptance criteria.

The calculated percentage difference between
two inter-day determinations for N-nitrosomethyle-
thylamine (6.18% for the determined concentrations,
pg mL! and 6.90% for the calculated quantities,
ng/cigarette) complies with the acceptance criteria,
more precisely: it is not more than expanded uncer-
tainty value (7.81%).

The uncertainty results are given in Table 2. The
budget shows that the expanded uncertainty value
of analytical procedure is a major contributor for the
expanded uncertainty value of this method.

The determined quantities of N-nitrosomethyle-
thylamine in studied tobacco smoke are shown in Ta-
ble 3. The quantity of NMEA varying from 108 to 124
ng per cigarette is very high compared to the quanti-
ties in the tobacco smoke of light and blended ciga-
rettes from North America and Western Europe. The
high level of NMEA is probably caused by high ni-
trate and tar content in local tobacco. Hence, our hy-
pothesis is that the cigarette smokers in Georgia have
an especially high risk for lung and liver cancer. Geor-
gia has no legislation that regulates cigarette package
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labeling in respect to smoke yields. Therefore the car-
cinogenic potential of cigarette smoke should be de-
termined by the tar and nitrate content. However, as
the mechanism of cancer induction for nitrosamines
including NMEA is different from that of other car-
cinogens, we have suggested that the abundant carci-
nogenic nitrosoamines in the smoke of commercial ciga-
rettes ought to be declared as an additional risk factor

for cancer.

Table 2. The budget of uncertainty

Conclusion

The quantity of N-nitrosomethylethylamine (which
varies from 108 to 124 ng/cigarette) was determined
in tobacco smoke of local cigarette brand using vali-
dated GC-MS method with the estimation of uncer-
tainty. The analytical data support our hypothesis
that the exceptionally high values of N-nitrosome-
thylethylamine as one of the potential carcinogen is
associated especially with the increased risk for lung

Expanded uncertainty of solution preparation (B type of uncertainty)
= o - > 28 2
S| B | 2| £ | B | B2 32 | 225 Zi¢
2 5] L o 3 <) IRz & e
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| v A I 1
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— O
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§'§ 2 3.063 3 3 6 1.943 95 2.00 3.4364
I
Combined standard uncertainty of solution preparation, ugp % 1.21
Expanded uncertainty of solution preparation, Ugp % 2.10
Combined standard uncertainty of analytical procedure, usp % 3.76
Expanded uncertainty of analytical procedure, Uap % 7.53
Expanded uncertainty, U % 7.81
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Table 3. Calculated quantities of NMEA, ng per cigarette with expanded uncertainty

The quantity of NMEA, ng/cigarette
The number of sample
I day II day
1 114 123
2 115 124
3 108 113
Average 112 120
Percentage difference 6.90
Quantity, ng/cigarette with expanded 112+9 120+ 9
uncertainty value (£7.81 %) (£7.81 %)

and liver cancer among people in Georgia who smoke  mination of nine volatile N-nitrosamines.

cigarettes of local production. This method can be ~ Acknowledgements. This project is financially sup-
used to apply successfully for routine analysis in  ported by the Shota Rustaveli National Science Foun-
environment including tobacco smoke and food  dation within the presidential grant #52106 for young
safety monitoring laboratories for quantitative deter-  scientists, Georgia.
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