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Introduction
Primary aromatic amines (PAAs), such as 1-/2-aminonaphthalene (1-/2-amn)
and 3-/4-aminobiphenyl (3-/4-amb), are products of combustion and are
routinely found in mainstream (MS) tobacco smoke. Both 2-
aminonaphthalene and 4-aminobiphenyl are classified by the International
Agency for Research on Cancer (IARC) as Group 1 carcinogens.

Electronic cigarettes (e-cigarettes) are devices that vaporize a humectant
mixture (typically glycerol and/or propylene glycol) containing nicotine and
various flavor compounds. They have become widely available and
increasingly popular but very little is known about the safety of these
alternative devices. There is need for sensitive methods of measurement for
many compounds of regulatory interest, including the PAAs, which are
expected to occur, if at all, at much lower levels in these types of products.

The objective of this study was to adapt a fully validated and robust method
for PAAs in MS smoke to the analysis of PAAs in the vapor from e-
cigarettes.

Sample Collection and Extraction
E-Cigarette vapor was collected on Cambridge filter pads (CFPs) using a
linear smoking machine with a square-wave profile, 55 mL puff volume, 4
second duration and 30 second interval. Twenty-five puffs were taken per
unit. Post-smoking, the CFP was extracted as follows:

Since the sample matrix (humectants) is not soluble in DCM, no further
clean-up was required.

Contamination
To avoid contamination from tobacco smoke, the electronic cigarettes were
“smoked” on a dedicated smoking machine using dedicated pad holders. All
reagents were verified to be clean before use. No plastic materials were used
in this method and all glassware was rinsed with DCM before use.

Derivatization
Derivatization is used primarily to make compounds more volatile and therefore more amenable to GC,
but it can also improve selectivity and help to resolve isomers. The diagram below shows the reaction of
4-aminobiphenyl with PFPA.

Negative chemical ionization (NCI) is a selective analytical technique because very few compounds are
able to hold a negative charge. In the case of PAA analysis, the derivatization adds a pentafluoropropionic
acid group which allows the molecule to hold a negative charge and makes it ideal for NCI detection.

Validation Parameters
Linearity - The calibration curves consisted of seven non-zero
concentrations ranging from 10 pg/mL to 600 pg/mL for the
aminonaphthalenes and 5 pg/mL to 300 pg/mL for the aminobiphenyls. All
were linear with 1/x weighting. Correlation coefficients were ≥ 0.998 and
residuals were ≤ 10% for all levels.

Accuracy and Precision were evaluated using “smoked” CFPs fortified at
two concentration levels across the calibration range. Three independent
replicates were performed at each level on three separate days.

Limits of Quantitation (LOQs) were based on the lowest calibration
standard giving acceptable accuracy and precision. The LOQs were verified
in a fortified matrix.

Conclusion
A simple, sensitive method for the determination of primary aromatic amines
in e-cigarette vapor has been developed. It was validated with acceptable
linearity, range, accuracy, precision and selectivity to provide a robust
method. With lower limit of quantitations of 50 pg/sample for the
aminonaphthalenes and 25 pg/sample for the aminobiphenyls, no quantifiable
PAAs have yet been observed in the vapor from e-cigarettes.

1-amn          2-amn         3-amb 4-amb
Mean (%) 103.6 100.7 95.6 95.8

SD (%) 6.7 5.1 4.1 2.9
CV (%) 6.4 5.0 4.3 3.0

n 18 18 18 18

Instrument Parameters - GC-MS

Transfer CFP to 40-mL amber bottle

Add internal standard

Add 20 mL dichloromethane (DCM)

Shake mechanically for 30 min.

Transfer 10 mL aliquot to culture tube

Evaporate to 2 mL

Transfer 1 mL to vial; add 5 µL PFPA
& analyze by GC-MS (CI)

Add 1 g sodium sulfate

Vortex sample briefly; allow to settle 1-amn          2-amn        3-amb 4-amb
LOQ (pg/mL)                                               10 10 5 5

LOQ (pg/sample) 50 50 25 25

Injection Mode Pulsed splitless
Injection Port Temp 280 °C
Injection Volume 1 µL
Analytical Column DB-5ms (30 m x 0.25 mm x 0.25 µm)
Oven Temperature 50 °C for 1 min, 20°C/min to 290°C, hold 3 min
Run Time 16.0 minutes
MS Mode Negative CI (methane)
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Figure 1. Extracted ion chromatogram of a low calibration standard (1-amn 10 pg/mL; 2-amn 5 pg/mL; 
3- and 4-amb 2.5 pg/mL).

Figure 2. Extracted ion chromatogram of a sample matrix.

Figure 3. Extracted ion chromatogram of a sample matrix fortified near the method LOQ
(1-amn 25 pg/mL; 2-amn 12 pg/mL; 3- and 4-amb 6 pg/mL).
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