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A method for determining benzo(a)pyrene In aIr
samples collected on glass fiber filters
in occupational areas
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SOLLENBERG, J. A method for determining benzo(a)pyrene in air samples collected
on glass fiber filters in occupational areas. Scand. j. work environ. & health 3
(1976) 185-189. Benzo(a)pyrene was analyzed in air samples collected on glass
fiber filters in occupational areas. Vacuum sublimation, thin-layer chromatography
on acetylated cellulose, and fluorescence scanning of the thin-layer plate were
performed. The recovery of the method was estimated by an isot'ope dilution
technique using 3H-benzo(a)pyrene. Special equipment was constructed for sublimation. The detection limit for autlhentic samples was found to be about 10 pmoles
per filter.
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The increasing pollution of air by polycyclic aromatic hydrocarbons, produced
mainly by incomplete combustion, has
been met by a great number of suggestions
as to analytical methods. Of these hydrocarbons, many of which are carcinogenic,
one of the most potent and most common
is benzo(a)pyrene. This substance is stable,
is relatively easy to separate and measure,
and is therefore often taken as an indicator
of the danger posed by air polluted with
similar hydrocarbons.
As the volatility of benzo(a)pyrene is
very low, the substance is found in air,
not in the gaseous state, but absorbed on
particles. When polluted air for the
analysis of benzo(a)pyrene is sampled,
particles are collected on glass fiber filters.
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Most hitherto described procedures for
the analysis of benzo(a)pyrene consist of
the following three steps: separation from
the filter, separation from other substances, and quantitation. The first step
can be gas-phase extraction, organic
solvent extraction, or sublimation (1, 5, 6).
Thin-layer, paper, or column chromatography has been used in the second step,
followed by ultraviolet or fluorimetric
determination (6). The second and third
steps can be combined as in gas chromatography or high pressure liquid chromatography (4). With a special fluorescence
spectrophotometric technique the second
step can be omitted (3).
Schultz et al. have described a method
for determining benzo(a)pyrene in ambient
air using vacuum sublimation, thin-layer
chromatography, and fluorimetry (8). In
the present investigation a similar method
is used. Special equipment was constructed
for the sublimation step. Isotope dilution
technique with 3H-benzo(a)pyrene of high
specific activity was used for the estima-
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tion of the recovery. In most methods
described the recovery is not considered.
Radioactive tracers have very seldom been
used (9). The present method is suitable
for
air samples
from
occupational
environments in which the amount of
benzo(a)pyrene ranges from a few pmoles
or less per cubic meter of air (e.g., motor
vehicle exhaust) to above l,umole/m3 (e.g.,
coal tar pitch fumes). Samples are taken
with portable as well as stationary pumps.
Less than 1 m 3 of air passes through the
filter.
MATERIAL AND METHODS
Benzo(a)pyrene was obtained from KochLight, England, and [G - 3H]benzo(a)pyrene (25 Ci/mmole) from the Radiochemical
Centre, Amersham, England. All stock
solutions of benzo(a)pyrene were made
in cyclohexane. The concentration was
spectrophotometrically determined, cyclohexane was replaced by ethanol, and
27,500 cm- 1 M- 1 at 384 nm was used as
the molar absorptivity (2). As benzo(a)pyrene is decomposed by light, all manipulations were performed under slight artifical
illumination in the absence of sunlight.
The glass fiber filters were Munktell 3A-I (Grycksbo, Sweden); diameter, 37 mm.
The vacuum sublimation apparatus is
shown in fig. 1. It consists of a test tube,
a condenser (1 mm inner diameter of
capillary), and a receiver. The apparatus
was made by a local glassblower
according to instructions. The filter to be
analyzed was put in the test tube; 200 pI
(18 nCi) of 3H-benzo(a)pyrene solution in
cyclohexane was spread over the sample
surface and left to dry. After the apparatus was assembled, vacuum (1-10 Pal
was achieved by a rotary-type vacuum
pump. The test tube end was then inserted
in a metal block thermostat, maintained
at 300°C, and left for 1 h. The metal
block thermostat is capable of sublimating
five samples simultaneously. It was made
by Liebisch, Brackwede, W. Germany,
according to instructions. After the
vacuum was released and the apparatus
cooled, the test tube was removed, the
apparatus was turned upside down, and
cyclohexane (5 ml) was introduced into
the condenser. If the condensate had
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Fig. 1. Vacuum sublimation apparatus consisting of a test tube, condenser, and receiver.

dissolved incompletely in cyclohexane,
acetone was added since it usually increases solubility. When the condensate
had dissolved, the solution was allowed to
run into the receiver. The condenser was
removed and the solution was evaporated
to dryness. The residue was dissolved in
a minimal amount of cyclohexane (2: 20
,ul) or cyclohexane:acetone (2: 1), and
2 Itl aliquots were taken out for thin-layer
chromatography and liquid scintillation
counting. The scintillation solution was
Omnifluor (New England Nuclear, U.S.A.)
in toluene (4 gil). The counting was
carried out in a Packard Tri-Carb Liquid
Scintillation Spectrometer.
Thin-layer chromatography was performed according to Schaad (7). Precoated
thin layers of 30 0/0 acetylated cellulose,
0.1 mm, 20 X 20 em (Polygram, MachereyNagel & Co., Duren, W. Germany) were
developed in ethanol:dichloromethane:
water (20:10:1). On each plate three references and two spots from each of two
samples were run. The running distance
was 15 cm (2 h). The fluorimetric determination of benzo(a)pyrene was made
directly on the thin-layer plate by means
of a CAMAG-Z-scanner attached to a Zeiss

PMQ-II

spectrophotometer adapted

to

.fluorimetric measurements. The excitation
wavelength was 366 nm, and emitted light
at 407 nm was recorded. The scanning
was made in the running direction of
.each sample, and the benzo(a)pyrene peak
·of unknowns was identified in a comparison of the coordinates on the plate
with the reference spots. The calculation
of the amount of benzo(a)pyrene was made
from the peak areas, and every thin-layer
plate was treated as a separate assay. The
recovery was estimated in a comparison
of the amount of 3H-benzo(a)pyrene added
on the glass fiber filter with the radioactivity of an aliquot of the solution of
the condensate. Correction for the addition of the radioactive compound in the
£luorimetric determination was not necessary as the amount was far below the
detection limit.

RESULTS
For the study of the recovery in the
vacuum sublimation step, known amounts
of benzo(a)pyrene were applied to clean
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Standard curve: Known amounts of
benzo(a)pyrene were chromatographed on a
thin-layer plalte which was scanned fluorimetrically. The areas of the peaks obtained on
the recorder are shown in arbitrary units
versus the corresponding amounts given as
pmoles of benzo(a)pyrene per spot.

Fig. 2.

glass fiber filters. The filters were treated
in the sublimation apparatus, and the
recovery in the receiver was measured by
absorption spectrophotometry. When three
samples with 80 nmoles were tested, the
recoveries were 100, 102, and 103 %, respectively. When 3H-labelled benzo(a)pyrene with varying amounts of carrier was
used, much smaller amounts could be
detected. However, the recoveries were
good even with very small amounts of
benzo(a)pyrene applied on the filters. In
two experiments with 24 pmoles, the
recovery was 95.4 and 97.0 %, and with
0.8 pmole it was 91.0 and 93.8 %. Other
types of glass fiber filters were tested.
With filters containing an inorganic
binder, a considerable loss of radioactivity
or decrease in absorbance was found,
probably because of the catalytic breakdown of benzo(a)pyrene. In an experiment
with 46 nmoles applied on such a filter,
the absorbance decreased by 43 %, but
only 4.5 0J0 of the radioactivity was
recovered, and 12.5 % of the radioactivity
remained on the filter.
Another recovery test was made which
compared the same types of filters, but
the samples were collected from different
types of occupational areas. Once again the
recoveries were excellent as determined
by the measurement of radioactivity.
However, a reduction in recovery sometimes appeared, especially in samples from
iron mines containing small amounts of
benzo(a)pyrene from diesel engine exhaust.
The scanning of the thin-layer plates
was performed in the running direction
of the samples although scanning at right
angles to them gave comparable results
with standard solutions. With authentic
samples a more accurate estimation of the
benzo(a)pyrene peak was obtained when
scanning was done in the running direction.
A standard curve is shown in fig. 2.
Up to 1 nmole per spot can be measured
with good linearity. With more substance
per spot the fluorimetric response declines
relatively. For an estimation of the
standard deviation of the £luorimetric
determination,
standard
solutions
of
benzo(a)pyrene were applied on thin-layer
plates with one concentration in seven
spots on each plate. This was found to be
± 13 % for 2.4 pmoles, ± 7 0J0 for 9.1
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pmoles, and ± 5 Ofo for 46.4 pmoles. The
detection limit for authentic samples was
found to be 10 pmoles per filter.
The purity of benzo(a)pyrene in the spot
on the developed thin-layer plate from
samples from various occupational sources
was checked from a recording of a fluorescence (emission) spectrum. The recording
can be made directly on the thin-layer
plate or in a solution from the eluted spot.
Fluorescence spectra from samples from
an iron mine, steel works, foundry, and
a plant manufacturing graphite electrodes
were compared with the spectrum of
pure benzo(a)pyrene. No difference due to
fluorescence from contaminating substances was noted. Strong interference
disturbed the spectrum in samples containing tobacco smoke. In such cases a
second development of the thin-layer plate
usually divided the peak first obtained
into two, one of which was benzo(a)pyrene.

DISCUSSION
The primary objective of this work was
to find a method for analyzing benzo(a)pyrene in dust samples collected on glass
fiber filters in various occupational areas.
The method should be suited to routine
analysis of great amounts of samples but
still be accurate and sensitive. The vacuum
sublimation technique was preferred to
extraction with a solvent because much
better recovery and reproducibility is
thereby permitted. The time of treatment
is also considerably less, 1 and 6 h,
respectively, per sample. In previously
described sublimation methods cool finger
or capillary equipment has been used.
We found these inconvenient for samples
emitting much condensate. The apparatus
constructed for this investigation was
found more satisfactory in this respect as
well. Other advantages are greater ease
in dissolving the condensate, evaporating
the solvent, and storing the sample, which
can be done in the receiver of the
apparatus. The addition of the isotope
dilution step makes it possible to detect
and to make corrections for losses in the
analysis. Although the recovery of the
method with standards is excellent, experience with authentic samples shows
that varying recoveries appear.
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The combination of thin-layer chromatography and fluorimetric scanning is more
sensitive and less time-consuming than
other methods used to determine benzo(a)pyrene. Other advantages are that thinlayer plates, once developed, can be
scanned repeatedly and stored before
scanning. One thin-layer plate containing
various amounts of benzo(a)pyrene standards was stored in a dry and dark
compartment. The scanning was repeated
after 8 months, and the same results were
obtained. A conception of the purity of
the benzo(a)pyrene determined is also
provided by a recording of the fluorescence spectrum directly from the spot on
the thin-layer plate.
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