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Urban aerosols were fractionated according to size by an eight-stage low pressure impactor 
with size resolution down to 0.05pm diameter. Each stage of the impactor, containing 
picogram amounts of benzo(a)pyrene (BaP) and other polycyclic aromatic hydrocarbons 
(PAH) was ultrasonically extracted with benzene. After reduction to appropriate volumes, the 
extracts were spotted on a TLC plate and developed. The BaP spots were quantitated in situ, 
by finely focusing the TLC plate on the fluorescence excitation beam and measuring the 
resulting emission while scanning the plate. The regression lines passing thru the origins 
exhibited linear regression coefficients (R’) between 0.9985 and 0.9996 for three-point BaP 
calibration data in the 100-1OOO picogram range. The relative standard deviations vaned 
between 3.4 and 12.9%, depending on the amount of BaP present. The detection limit for 
BaP is 5 picogram. The method allows the determination of typical atmospheric Bap size 
distributions with as little as 1.5m3 of sampled air. 

KEY WORDS: Benzo(a)pyrene size distribution, low pressure impactor, TLC separation, in 
situ fluorescence, atmospheric aerosols. 
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18 A. H. MIGUEL 

INTRO D UCTl ON 

Particle size and chemical composition of pollutants determine 
atmospheric extinction and transport, and deposition in the respiratory 
system. In addition, size data provide complimentary information 
regarding the source and mechanism of formation of toxic pollutant 
species. 

Cascade impactors operating at atmospheric pressures have been used 
to fractionate PAH-containing ambient aerosols of aerodynamic diameter 
(d,) larger than about 0.5 pm.’-’ To obtain resolution below 0.5 pm, it is 
necessary to operate the impactors at reduced pressure.** However, low 
pressure impactors operate at flow rates two to three orders of magnitude 
smaller (typically 1 l/min.). This limitation demands large aerosol 
volumes-which result in increased observation “time windows”-and 
analytic methods with PAH sensitivities at the picogram level for 24hr 
samples. 

Particle bounce and overloading are two of the most common sources 
of error in the fractionation of aerosols. Particle bounce during sampling 
increases with increasing particle size and loading of the impaction 
surface.” According to Fuchs,1° many investigators have not paid 
sufficient attention to this fact, and this resulted in large discrepancies in 
the published size distribution data of pollutant aerosols. 

For cascade impactors with single nozzles (this study), there are two 
ways of reducing particle bounce: (i) by sampling small aerosol volumes 
and, (ii) by using coated impaction surfaces. The first condition imposes a 
high sensitivity demand on the analytic method used to determine the 
species of interest. The second requires that the presence of the coating 
material does not interfere with the detection method. 

Currently, there are two relatively inexpensive methods for the 
determination of PAH at the picogram level, namely high performance 
(pressure) liquid chromatography with fluorescence detection (HPLC-F) 
and thin layer chromatography with in situ spectrophotofluorometry 
(TLC-SPF). For samples collected with multi-stage cascade impactors (this 
study), the latter has two major advantages: (i) it is much faster-blanks 
and samples can be developed simultaneously in less than 1.5hrs as 
compared with about 6.5hrs required in the HPLC-F method. (ii) it 
provides confirmatory excitation and emission spectra of the separated 
PAH at the 50 to 100 picogram level. 

In the following sections we report on an improved TLC-SPF method 
capable of determining picogram amounts of BaP and other PAH with 
high precision. This high sensitivity allows the use of low aerosol volumes 
in the determination of submicron PAH at low atmospheric levels. An 
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BENZO(A)PYRENE IN AEROSOLS 19 

illustrative example is given, where the submicron size distribution of 
atmospheric BaP was determined in a sampled air volume as small as 
1.44 m3. 

EXPERIMENTAL 

Aerosol collection 

Aerosols were segregated according to size by an eight-stage low pressure 
impactor built from high density aluminum stock (Alcan type 7075-T6) 
according to design and construction tolerances reported elsewhere.'' The 
impactor samples at a rate of 1 l/min and has 50% efficiency cutoffs of 4.0, 
2.0, 1.0, 0.5, 0.26, 0.12, 0.075, and 0.050pm d,, A Leybold-Heraeus type 
S4A vacuum pump was used. 

Particle bounce was reduced by a layer of VaselineR about 2-pm thick 
by 3mm diameter. This layer was obtained by applying 0 . 5 ~ 1  of a 2% 
solution of VaselineR in toluene-using a Hamilton no. 7001 SN microliter 
syringe-and allowing it to evaporate. 

Aerosol extraction 

At the end of the sampling period, using a Pasteur pipette, the particle 
deposit was removed by drop-wise addition of about 300 pl of 
spectrograde benzene, while tilting the impaction disc. The resulting 
suspension was collected in a 1 ml amber Reacti-VialTM (Pierce Chemical 
Co. no. 13097). After removal of all deposits, the vials were placed in an 
ultrasonic cleaner (Brosonic 220) and extracted for 30min. The volume of 
each extract was then reduced to about 30p1 by flowing a stream of high 
grade nitrogen gas over their surface, at room temperature. 

BaP analysis 

Using 5 pl capillary pipettes, the extracts were spotted 0.7 cm apart and 
1.5cm from the bottom, on precoated TLC plates (21% acetylated 
cellulose, Schleicher and Schuel no. G1800/21 ac) cut into 20 x 4cm pieces. 
The vials were rinsed three times with 5p1 of benzene also transferred to 
the same spot. BaP was separated from other PAH by development of the 
plates in the dark, in an equilibrated chamber containing 50ml of a 
mixture of ethanol: toluene: water (17:4:4 (v/v). Plates containing BaP 
standards between 100 and 1000 picograms, spotted in the same manner 
with 5pl pipettes were developed at the same time. The solvent front was 
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20 A. H. MIGUEL 

allowed to travel 15 cm (- 1 h 20min) and the plates were removed and 
allowed to dry. 

A Perkin-Elmer model MPF-2A Fluorescence Spectrophotometer was 
used. A spectrodensitometer with slide mechanism built from 0.64 cm dia. 
recorder slide bars permitted vertical (normal to the excitation beam) and 
horizontal movement (in the plane of the beam) of the TLC plate. 
Motorized vertical movement of the TLC plate was provided by an 
electric clock motor which scanned the plate at a rate of 1 mm/min in the 
direction of solvent migration. The horizontal movement was manual. The 
entire unit was assembled on the platform of the module normally used in 
phosphorescence measurements (with the cam motor removed), which is 
equipped with optical lenses (Figure 1). The TLC plate is viewed at a 45" 
angle from both the excitation and emission slits. 

U ISSlON MONOCHROMATOR EXITATION MONOCHROMi 

AMPLIFIER qg RECORDER 

FIGURE 1 
plate positioning and focusing micrometer. 

Schematic arrangement of the spectrophotofluorometer used, showing the TLC 

After selection of the appropriate excitation and emission wavelengths 
and slits, the BaP spot is located and finely focused-using the straight 
micrometer shown in Figure 1-by optimizing the fluorescence emission 
intensity. Typical chromatograms are shown in Figure 2. 
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BENZO(A)PYRENE IN AEROSOLS 21 

AeX=300 nm h , , = 4 0 6  nrn 
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FIGURE 2 Typical TLC-SPF chromatograms. x=actual distance on the TLC plate 
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FIGURE 3 
layer of Vaseline coating. 

Representation of the sizes (pm) of deposited particles relative to a 2-pm thick 

RESULTS AND DISCUSSION 

Collection efficiency 

According to a model by Reischl and Johns,” the impaction area free of 
particle deposit decreases exponentially with the amount of aerosol 
sampled. Thus, for a coating layer 2-pm thick (Figure 3),  particle bounce 
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22 A. H. MIGUEL 

on the upper stages (cutoffs larger than 2 pm) will become critical only 
after monolayer coverage. This fact has been experimentally confirmed by 
current work of Hering and Friedlander.I3 Using an identical low pressure 
impactor, these investigators determined monolayer collection efficiencies 
of about 95% for polystyrene latex particles of 1.48 pm diameter collected 
on Vaseline coated surfaces. Collection efficiencies of submicron aerosols 
by the 2-pm Vaseline layer (Figure 3) should be greater than 95%, as a 
result of their embedding and retention by capillary forces. 

TLC-SPF analysis 

From the TLC-SPF chromatograms (Figure 2), either peak heights or 
areas of the spots can be used to plot the calibration curve and calculate 
the concentrations of the unknowns (provided that the same size pipettes 
are used for both sample and standard spotting). We found that, using 
either ordinate, the standard deviations of the calculated unknown 
concentrations were well within the standard deviation of the method. 

The high precision of BaP analysis by this method is evidenced by 
correlation coefficients (R') between 0.9985 and 0.9996 (Table I) of linear 
regression lines passing thru the origins. Under the same operating 
conditions, calibration plots ran on separate plates also showed slope 
deviations within the standard deviation of the method (Table I). 

TABLE I 
BaP calibration data and linear regression coefficients A,, = 300 nm, Aem = 406 nm, slits: 

ex = 14, em = 2.6 nm. Sensitivity = 3 
~ 

BaP spotted, Peak height," Peak height: Peak height," 
Pg an cm cm 

100 1.5 
500 8.4 

1,000 18.3 

1.3 
8.2 

17.7 

1.4 
8.1 

17.1 
R2 0.9985 0.9993 0.9996 

slope 0.0187 0.0183 0.0175 
intercept -0.580 -0.669 - 0.449 

".bEach set of standards applied on one plate. 
'Each nominal standard (ran in duplicate) applied on three separate plates 

The relative standard deviations of several determinations varied 
between 3.4 and 12.9%, depending on the amount of BaP in the spot 
(Table 11). The limit of detection-defined as a signal of amplitude twice 
the noise-is 5 picogram for BaP. Thus, to keep the RSDs near 5%, the 
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BENZO(A)PYRENE IN AEROSOLS 23 

TABLE I1 
Reproductibility of the determinations as a function of BaP level” 

pg foundb Ave. pg Std. deviation RSD, % 

69, 61, 79 69.7 9.02 12.9 
107, 103,97 102.3 5.03 4.92 
148, 139, 150 145.7 5.86 4.02 
231,228, 243 234.0 7.94 3.39 

‘1 81 aliquots of benzene extracts (20 min in ultrasound) of atmospheric particles collected on Hi-Vol glass 

’Average of duplicate determinations. 
fiber fiters. 

amount of BaP collected on each stage of the impactor should be at least 
20 times this limit. BaP in solvent and Vaseline blanks were below the 
detection limit. 

The stability of BaP during fluorescence analysis was investigated by 
exposing a spot containing 500 picograms of this PAH to UV light of 
300 nm under normal analytic conditions. After 30 min of continuous 
exposure, about 20% of the original BaP had photodecomposed or 
evaporated from the plate. In the TLC-SPF method described, a full BaP 
chromatogram is obtained in about 30 sec. During this period, about 3 
picograms of BaP is lost. For this reason, the TLC plate should be 
scanned as fast as the recording device response permits. This fact may 
well be the limiting factor for achieving lower PAH detection limits using 
the method described. 

Treatment of BaP aerosol size distribution data 

There are several ways of reporting data on chemical composition as a 
function of particle size. For cascade impactors with wide size resolution 
ranges, such as the low pressure impactor used in this study, the best way 
is to report concentrations and mass distribution functions with respect to 
particle size (Table 111). From such data, physically meaningful histograms 
can be obtained by plotting A M / M  ’ A log d ,  vs log d, (Figure 4). For 
instance, the modal nature of the aerosol is clearly shown by these plots. 
Figure 4 represents a distribution for which about 60% of the BaP is in 
what has been called14 the “accumulation” mode (0.05 < d ,  < 0.26 pm) 
whereas about 30% is in the “coarse” mode (0.26<dP<2pm). Similar 
distributions were found in Pasadena (California) aerosols,’ where an 
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TABLE 111 
BaP concentration and mass distribution function with respect to particle size" 

- 

- 

- 

- 

d, range: pm 

4 

~ 

ng BaP AM, ng/m3 AM/MAlogd, 

M = I . ~ Z  np/m3 
v,- 1.44m3 

24  HR. SAMPLE 

- - 

> 4  
2.0 -4.0 
1.0 -2.0 
0.5 -1.0 
0.26 -0.5 
0.12 -0.26 
0.075-0. 12 
0.05 -0.075 

1 

0.13 
0.14 
0.13 
0.37 
0.2 1 
0.43 
0.60 
0.33 

0.090 
0.097 
0.090 
0.257 
0.146 
0.299 
0.417 
0.229 

0.184 
0.199 
0.184 
0.527 
0.317 
0.550 
1.26 
0.804 

'Aerosols sampled during a 24 hr period (Rio de Janeno). 
T h e  aerodynamic diameters refers to spherical particles of unit density. For other particle densities see ref. 

11. The upper cutoll for the first stage was taken at 8pm because particles larger than this size are not 
efliciently collected since sampling was not done isokinetically. 

01 
.05 .I2 2 6  -50 I 2 4 8 

,075 
.01 

AERODYNAMIC DIAMETER. d p .  urn 

FIGURE 4 Distribution of BaP as a function of particle size. The distribution was 
normalized for M ,  the total BaP loading. 
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BENZO(A)PYRENE IN AEROSOLS 25 

average of about 74 and 19% of the BaP was in the accumulation and 
coarse modes, respectively. These modal characteristics suggest similar 
sources of emission of this PAH into the atmosphere of the two cities. 
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