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Introduction

Benzo[a]pyrene (BaP) is a polycyclic aromatic

hydrocarbon (PAH) classified by the International

Agency for Research on Cancer (IARC) as a group 1

carcinogen. It is formed as a product of incomplete

combustion and is observed in tobacco smoke as well as

tobacco, particularly dark-fire cured.

There is considerable interest in BaP in tobacco products

and its testing is required by regulatory bodies (e.g.

Health Canada and the United States Food and Drug

Administration) as well as manufacturers (e.g. Swedish

Match’s Gothiatek standard).

The objective of this study was to develop and validate

an analytical method for BaP in various tobacco

products by UPLC with fluorescence detection as an

improved alternative to an in-house GC-MS method,

which required extensive sample clean-up and a run time

of 40 minutes per sample.

Sample Preparation

A unique aspect of the method is the use of a deuterated

internal standard with a non-mass-selective detector.

Since deuterium is more hydrophilic than hydrogen

baseline resolution is possible when a high number of

deuteriums are present.

The hydration of samples prior to extraction was

evaluated during development but was found to provide

no improvement on extraction efficiency.

Choice of Excitation Wavelength

Four different literature values for BaP excitation wavelengths

were found (290, 294, 365, and 385 nm). These values were

evaluated by scanning excitation ranges with the emission

wavelength set to 405 nm.

290 nm: BaP Area 18.1x106 294 nm: BaP Area 16.1x106

365 nm: BaP Area 27.2x106 285 nm: BaP Area 1.3x106

Extracts of CORESTA reference product 2 (CRP 2) were

evaluated for possible interfering peaks and absolute response

at the various wavelengths. The excitation/emission profile for

BaP was “cleaner” above 330 nm with the maximum intensity

and fewest interferences occurring at 365 nm.

Validation Parameters

Linearity - The calibration curve consisted of ten non-zero

concentrations ranging from 0.1 ng/mL (the limit of lower limit

of quantitation [LOQ]) to 200 ng/mL.

Accuracy was evaluated using tobacco fortified at three

concentration levels across the calibration range. Five

independent replicates were performed at each level on three

separate days. CRP1, a portioned snus tobacco product, was

selected for use in this experiment due to its naturally low

levels of BaP. This product was extracted and analyzed with its

pouch material.

Repeatability and Intermediate Precision was assessed

by extracting and analyzing five replicates of CRP2 over three

days. The results obtained on each day are considered

independent sets of repeatability data. Combining all three days

of data provides the intermediate precision.

Results Comparison

The four CORESTA reference products (CRP1, CRP2,

CRP3 and CRP4) and tobacco from Kentucky reference

cigarette, 3R4F, were analyzed by UPLC and compared

with Arista’s internal GC-MS method.

GC-MS Results:                         LOQ = 10 ng/g

Results for both CRP2 and CRP3 compared favorably

between the two methods. CRP1 and CRP4 results were

not quantifiable by the GC-MS method as they were

below the limit of quantitation. The 3R4F values were

near the LOQ for the GC-MS method but show good

correlation with the UPLC method.

CRP1 CRP2 CRP3 CRP4 3R4F

UPLC (LOQ = 0.1 ng/g)

Mean (ng/g) 0.422 52.4 39.5 0.584 8.16

SD (ng/g) 0.044 1.4 2.6 0.112 0.29

CV (%) 10.4 2.7 6.7 19.3 3.5

n 5 5 5 5 5

GC-MS (LOQ = 10 ng/g)

Mean (ng/g) <LOQ 51.5 41.8 <LOQ 11.9

SD (ng/g) - 1.8 1.5 - 0.4

CV (%) - 3.5 3.6 - 3.1

n 5 5 5 5 5

Conclusion

A method for BaP has been developed utilizing a simple

extraction procedure and short analysis time. It was

validated with acceptable linearity, range, accuracy,

precision and selectivity to provide a robust method. The

LOQ for BaP by this method is 0.1 ng/mL, equivalent to

0.1 ng/g.

A range of tobacco products were evaluated by this

method and produced results that correlated well with an

alternative method by GC-MS.
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Weigh 2 g tobacco

Add internal standard (BaP-d12)

Add 40 mL methanol

Shake mechanically for 30 min.

Transfer 20 mL aliquot to culture tube

Evaporate to 1 mL

Filter (PTFE: 0.2 µm) into autosampler vial 

& analyze by UPLC-FLR

Low Recovery

(1 ng/mL)

Mid Recovery 

(25 ng/mL)

High Recovery 

(175 ng/mL)

Mean (%) 101.5 100.2 100.1

SD (%) 3.0 2.3 1.4

CV (%) 3.0 2.3 1.4

n 15 15 15

Repeatability

Day 1          Day 2         Day 3

Intermediate

Precision

Mean (%) 52.3 53.2 52.6 52.7

SD (%) 0.4 0.7 0.9 1.2

CV (%) 0.7 1.3 1.8 2.3

n 5 5 5 5

Instrument Parameters

Isocratic Conditions 20% water / 80 % methanol

Flow Rate 0.5 mL/min

Injection Volume 10 µL

Analytical Column Zorbax RRHD Eclipse PAH

(150 x 2.1 mm; 1.8 µm)

Column Temperature 45 ºC

Run Time Standards – 6.5 min

Samples – 10 min

Excitation Wavelength 365 nm

Emission Wavelength 405 nm
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