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Development of a Method for Analyzing the Nicotine Content in
Synthetic Flavoring Substances as Unauthorized
E-cigarette Liquid by Using HPLC

Jae-Young Kim, Sang-Mok Lee, Moon-Ik Chang*, Yoon-Jae Cho, Han-Jin Lee, Young-Sik Chae, and Gyu-Sik Rhee

Pesticide and Veterinary Drug Residues Division, Department of Food Safety Evaluation,
National Institute of Food and Drug Safety Evaluation, Ministry of Food and Drug Safety

Abstract A simple, sensitive, and specific method for quantifying the nicotine content of synthetic favoring substances
(SFS) was developed using high performance liquid chromatography (HPLC) with a photo-diode array detector (PDA).
Nicotine was extracted from SFS samples by using an acid-base liquid-liquid extraction method with dichloromethane and
distilled water. The nicotine content was quantified by HPLC/PDA (261.9 nm) with a C; column under a gradient of 10%
acetonitrile with 20 mM ammonium formate (ammonia solution adjusted to pH 8.7) to 100% acetonitrile. The calibration
curve, analyzed from concentration standards between 0.1 to 2 mg/L, presented linearity with a correlation coefficient
(#)>0.9999. The limit of quantitation (LOQ) of nicotine in SFS was 0.4 mg/kg, and the average recoveries ranged from
76.4% to 96.3%. The repeatability of measurements, expressed as the coefficient of variation (CV%), ranged from 1.74 to
5.12%. This newly developed method for nicotine quantification in SFS can be considered an analytical method with an

acceptable level of sensitivity and repeatability.

Keywords: nicotine, synthetic flavoring substances, HPLC/PDA, analytical method
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Table 1. Physicochemical properties and structure of nicotine
IUPAC name 3-[(2S)-1-methylpyrrolidin-2-yl]pyridine
CAS No. 54-11-5 . Z X
Melting point =79°C = |\ N
Molecular weight 162.23 (C,,H,,N,) ~ CH3
Boiling point 247°C at 760 mm Hg N
Density 1.010 g/em? at 20°C
Log Pow" 1.17
Vapor pressure 0.051 hPa at 25°C
pKa 8.0
Solubility 50 g/L in ethanol
n-Octanol/water partition coefficient
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Table 2. HPLC-PDA and LC-MS/MS parameter for the analysis of nicotine

Parameter Conditions
HPLC Waters alliance 2695
Column Waters Xbridge C (4.6 mm x 250 mm, 5 pm)
Flow rate 1.0 mL/min
Injection volume 10 uL
Column temperature 40°C
A: 10% acetonitrile-20 mM ammonium formate (pH 8.7 adjust ammonia solution)
B: Acetonitrile
min A (%) B (%)
0 100 0
10 80 20
Mobile phase 20 10 90
21 10 90
25 100 0
30 100 0
Wavelength 261.9 nm
LC Thermo Accela High Speed LC
Column Waters Xbridge C(2.1 mm x 150 mm, 3 pum)
Flow rate 0.2 mL/min
Injection volume 10 uL
Column temperature 40°C
Mobile phase 10% ac.et(.)nitrile-20 mM ammonium formate (ammonia solution adjusted to pH 8.7)/
Acetonitrile (90:10, v/v)
Mass Spectrometry Thermo TSQ Vantage
Ionization mode ESI (Positive ion electrospray)
Spray voltage 5,000 V
Capillary temperature 350°C
Collision gas Ar
Precursor ion (m/z) Collision energy (eV)
Collision energy 163.1-106.1 14
163.1-117.1 28
163.1-130.1 20
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Fig. 1. Chromatogram (A; 0.1 mg/kg, B; 0.2 mg/kg, C; 0.5 mg/kg, D; 1 mg/kg, and E; 2 mg/kg) and spectrum (F) of nicotine standard.
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Fig. 2. Chromatograms by direct injection method of propylene glycol+glycerol mixture (P+G mix) and synthetic flavoring substances
(SFS) (A-1; P+G mix control, A-2; P+G mix 0.5 mg/kg, A-3; P+G mix 1.0 mg/kg, B-1; SFS control, B-2; SFS 0.5 mg/kg, B-3 SFS 1.0 mg/

kg).

Table. 3. Standard curve range, linearity, and #* of nicotine

Compound Standard curve range (mg/L) Linearity r
Nicotine 0.1-2 y=9230.9709x-451.1437 0.9999
Table 4. Recovery, CV, and LOQ of nicotine in synthetic flavoring substances
Nicotine
Sample
Recovery Conc. (mg/L) Recovery" (%) CV (%) LOQ (mg/kg)
) ) 0.4 76.40+£3.91 5.12
Synthetic flavoring 08 88.78+2.96 334 04
substances ’ ) ’ ’ )
1.6 96.28+1.68 1.74

YMean values of five replicate with standard deviations
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Fig. 3. Chromatograms by liquid-liquid extraction method of synthetic flavoring substances (A; control, B; 0.4 mg/kg, C; 0.8 mg/kg, and
D; 1.6 mg/kg).
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