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Validation data for benzo [a] pyrene

1. Calibration

After some initial trials, the GC-MS was calibrated for the range 1 to 25 ng mL™, this being
most appropriate for the range of benzo[a]pyrene yields to be encountered in the study.
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2. Limit of detection/quantitation/reporting

Anaysis of blanks (1R4F unlit cigarette) gave no detectable peak. When the data was
processed a positive result was obtained due to the negative intercept on the calibration curve.
The limit of detection was found to vary with each calibration. Therefore we did not
determine alimit of detection but used the lowest concentration standard as the concentration
to set a limit of quantitation (1 ng mL™ © 0.33 ng cig?). The lowest standard gave a large
enough peak to be detected and measured but repeatability could be poor depending on the
sensitivity of the system. NB The sensitivity of the system deteriorates with time when
analysing cigarette sample solutions — periodically the detector has to be cleaned to restore the
sensitivity of the system. Therefore a reporting limit was used of <1 ng cig™* was used in the
study

3. Precision and accuracy

Published results from the literature for benzo[a]pyrene yields in cigarette smoke for 1R4F
are listed in the following table.

Gmeiner' Risner" | Dumont | Risner"' | Tomkins” | Evans’

< ng per cigarette >
Benzo[a]pyrene 7.9 9.2 8.5 6.4 6.6 6.9




Precision within arun for 1R4F and 1R5F was determined:

1R4F (ny cig): 6.30, 5.76, 7.11, 6.03, 6.17 (mean = 6.27, sd = 0.51, CV = 8.1%)*
1R5F (ng cig™h): 1.61, 1.90, 1.92, 1.93, 1.71 (mean = 1.81, sd = 0.14, CV = 7.9%)*
The precision achieved for 1R4F and 1R5F in the study (i.e. between runs) was.
1R4F (ny cig™): 8.65, 6.67, 6.97, 6.70, 6.38 (mean = 7.07, sd = 0.91, CV = 12.8%)
1R5F (ny cigY): 2.60, 1.66, 1.53, 1.42 (mean = 1.80, sd = 0.54, CV = 29.9% [n=4] )

*Recoveries ranged from 55 % to 75% for the initial work on repeatability - theoretically
100% should be achieved. The reason for poor recoveries was identified and the method
amended before carrying out the study.

Accuracy was found to be very dependent on the slope (and intercept) obtained from the
calibration curve — see Section 4.

4. Quality control

The results were found to be dependent on the slope and intercept of the calibration curve,
which could change when analysing significant numbers of smoke solutions or between runs.
The QC solution (nominal concentration 20 ng mL™ benzo[a]pyrene) was run after every 5
samples to check the calibration. Similarly a solvent blank was used to monitor the intercept
of the calibration curve. If either went outside the limits the whole smoking run/analysis was
repeated.

Additionally a smaller aliquot of sample solution was taken with high NFDPM yield
cigarettes to minimise sample matrix effects on the performance of the GC-MS.

5. Internal standard variation

It is noticeable that the area of the internal standard peak detected by the GC/MS varies
depending on the sample matrix. For example, the internal standard peak areas measured for
the blank, QC and standard solutions within a run were significantly smaller than for the
smoke solutions.

A 1R4F sample solution in a GC vial, which had been though the cartridge clean up, was
evaporated down to dryness. Solid material was observed in the vial at the end of the
experiment.

An aternative clean up technigue was used to try and identify what is happening. The clean
up used was an HPL C instrument, normally used for cleaning up crude oil samplesto identify
and quantify hydrocarbon profiles. Results obtained for 1R4F were similar to those obtained
for the cartridge clean up (6.0 & 6.5 ng per cig™) and the internal standard area was similar to
that achieved for the standards. However, recoveries were much lower (<10%) which meant



that the concentration of the solution injected onto the GC was ca 2 ng mL™ very close to the
bottom standard on the calibration curve.

In our opinion the variation in internal standard area is dependent on the amount of material
present in the sample solution.

6. Extraction efficiency

It is noticeable that the pads still have a lot of material on them at the end of the extraction
process. Various experiments were tried to show that benzo[a]pyrene was being fully
extracted from the pad — (a) pads were sonicated for 15 minutes, (b) pads were re-extracted
with second batch of cyclohexane, (¢) pad was put in rotary evaporator, (d) pads were spiked
with BAP before and after smoking.

(& No significant difference was observed with sonication.

(b) Some benzo[a]pyrene was found in the second extract solution (ca 10%) — however this
was to be expected as not al the initial extract solution can be removed before the
addition of the “second wash”.

(c) No significant difference was observed in the sample concentration when pad extracted
using the rotary evaporator.

(d) Spiking experiments were conducted by adding 25 ng to the pad (5 ng per cig) before
smoking). Results are shown in the table blow:

Sample Benzo[a] pyrene concentration Estimated recovery using mean
ng per cig values

Spike + 1R4F 1143 & 12.15 110%

Spike + 1R5F 6.98 & 6.77 101%

Spike + blank pad 6.15& 6.25 118%
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