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ABSTRACT

Our research within the core programme of the Co-ordinated Research
Programme (CRP) on Air Pollution is described. This included the analysis of the
analytical quality control Nuclepore filter samples, work on the calibration of the
PM10 inlet of the "Gent" stacked filter unit (SFU) sampler, and an aerosol study with
this SFU sampler at an urban residential site in Gent. The calibration of the Gent
PM10 inlet was done through intercomparisons with commercially available PM10
samplers, and quite reasonable agreement was obtained. For the study at the urban
residential site, a total of 118 SFU samples were collected. The samples were
analyzed for the particulate mass, black carbon and up to 29 elements. The elements
were measured by PDCE and short-irradiation INAA. Median atmospheric
concentrations and enrichment factors were calculated for the fine and coarse size
fractions, and average FINE/COARSE ratios were derived. The median
concentrations were compared with those from a study, done at the same site in the
fall of 1986. The levels of the automotive elements Pb and Br had decreased by a
factor of about three relative to 1986, but most other elements exhibited very similar
concentrations. A brief overview is given of the status in our various regional and
global scale aerosol studies. Finally, our plans for future work are given.

1. SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT

It is increasingly recognized that submicrometer-sized atmospheric aerosols have
a much greater effect on the earth's radiation balance and thus on regional and global
climate than previously thought. Especially the fine anthropogenic sulfate particles
have received a lot of attention. Such particles scatter the incoming solar radiation (the
so-called direct effect) and they can act as cloud condensation nuclei (CCN) and
thereby change the radiative properties of clouds (the indirect effect) [1-6]. Also
various other anthropogenic and natural fine particles have similar radiative (and ,
climatic) effects. Examples of such fine particles are those emitted by various forms of
biomass burning, such as fires in savannas and forested areas, and the burning of fuel
wood, charcoal and agricultural waste. While the anthropogenic sulfate is mainly
present over the continents in the northern hemisphere, pyrogenic (biomass burning)
particles are predominantly emitted in equatorial and tropical regions, such as Brazil,
Africa and southeast Asia. Penner et al. [7] and Dickinson [8] estimated that the
combined direct and indirect radiative effects of smoke aerosols are responsible for a
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global reflection of solar radiation that is comparable to that from the sulfate aerosol.
Besides their impact on the earth's radiation balance, aerosols have several other
effects on various areal scales (global, regional, local). Aerosol particles and their
constituents play an important role in heterogeneous (multi-phase) atmospheric
chemistry (and photochemistry) by acting as surfaces and/or catalysts for the reactions
on and with various atmospheric trace gases (e.g., oxidation of SO2 to sulfate). As a
consequence of such heterogeneous reactions certain aerosol constituents (elements)
may be transformed into a more soluble form and/or other oxidation state [e.g.
Fe(III) into Fe(II)], which has implications for the further role of the particles in
atmospheric (photochemical) processes and for the chemical and biological availability
of the elements after wet or dry deposition. Other important effects of aerosols
include the reduction of visibility (by fine particles), their role in the ecology (e.g., by
contributing to "acid rain") and their effects on the welfare and health of humans and
animals, and on buildings, structures and materials.

As many of the effects of aerosols depend on their size and chemical
composition, it is highly desirable to collect the particles in at least two different size
fractions (coarse and fine) for subsequent chemical analysis. About 4 years ago we
therefore developed the "Gent" version of the stacked filter unit (SFU) sampler [9].
Like other SFU variants [e.g., 10,11] it is based on sequential filtration through two
Nuclepore filters with different pore sizes [12]. The coarse filter collects the particles
larger than 2 jj.m equivalent aerodynamic diameter (EAD) and the fine filter the
particles <2 u.m EAD [13]. In order to have a well-defined upper cut-point for the
coarse size fraction, the Gent SFU is equipped with a pre-impaction stage, which has
a cut-point (d50-value) of 10 jim EAD and thus acts as a PM10 inlet The "Gent"
SFU sampler has been adopted for use in the core programme of the IAEA Co-
ordinated Research Programme (CRP) "Applied research on air pollution using
nuclear-related analytical techniques". Within this CRP core programme it is used by
research groups from almost 20 different countries, including ourselves, to perform
local/regional scale studies on aerosol composition, during a first year at a
representative urban residential site, and subsequently at a representative rural site.
Besides our work for this core programme, we are conducting (or are involved in)
various regional and global scale atmospheric aerosol studies. These other studies are
done within the framework of the Belgian Impulse Programme "Global Change" and
the EUROTRAC subproject Air-Sea Exchange (ASE), or within projects that are
funded by the European Union (EU). We are currently involved in two EU projects,
i.e., one with P. Artaxo to study aerosols from biomass burning in Brazil, and another
with J.-L. Jaffrezo from Grenoble (and several other groups) to study the air to snow
transfer of gaseous and paniculate species in Greenland. All these studies constitute
our work within the supplementary programme of the CRP. In these other studies we
make extensive use of the Gent SFU, but we also employ various other size-
fractionating sampling devices, in particular cascade impactors, and we are involved in
the development of novel cascade impactors.

The major objectives of our aerosol studies are (a) to identify the major sources,
source types and/or source regions of the (fine) aerosol particles and their dominant
constituents, (b) to determine the relative contributions from the various source types
or source regions to the atmospheric levels of the heavy metals, acidifying species, and
the climatically active aerosol constituents (sulfate, black carbon, the fine particulate
mass), (c) to gain a better insight in the long-range transport and in the dispersion,
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transformation and removal processes of the aerosol particles and their constituents,
and (d) to improve our knowledge on the biogeochemical cycles of the elements. In
our regional and global scale studies, we attempt to discriminate between the
contributions from natural and anthropogenic sources and thus to assess the extent of
the anthropogenic perturbation. The emphasis in these studies is placed on the Arctic
(and Antarctic), on equatorial/tropical regions, and on regions that are downwind of
the major European anthropogenic source regions. In order to achieve our objectives,
the aerosol samples are analyzed by one or more of the following "bulk" analysis
techniques: gravimetry (for the particulate mass), a light reflectance technique (for
black carbon), ion chromatography (IC) (for inorganic and organic anions and
cations), and particle-induced X-ray emission analysis (PIXE) and instrumental
neutron activation analysis (INAA) (for over 40 elements). To identify the sources
(source types) and, if possible, also the source regions of the aierosol constituents, and
to quantify the contributions from these sources, the multi-element (multi-component)
data sets are examined with receptor models (both chemical mass balance and
multivariate statistical techniques). To pinpoint the source regions more precisely and
to assess their impact, the atmospheric levels are related to air mass trajectories, and
procedures and algorithms for this are being developed.

In this paper we will report mainly on our work within the core programme of
the CRP, but we will also give a brief overview of the status in our various regional
and global scale aerosol studies. Most of these latter studies involve some co-
operation with other research groups. Table I gives a list of the various institutions
(and persons), with whom we have an on-going co-operation on an aerosol-related
subject.

2. METHODS

Our aerosol sampling equipment, sample collection methods, and techniques and
methods for sample analysis and data evaluation are essentially still the same as
described in the Report on the first Research Co-ordination Meeting (RCM) of this
CRP [14]. With regard to the sampling equipment, we now also utilize a dichotomous
sampler (virtual impactor) [15,16], i.e., for sampling at Sevettijarvi in the Finnish
Arctic, and we are involved in the development and testing of a small deposit area
low pressure impactor (abbreviated to SDLPI or SDI) [17]. This new cascade
impactor was especially designed to collect size-fractionated aerosol samples in remote
locations for subsequent chemical analysis by PIXE. This implied that the air flow rate
through the device should be as high as possible, while at the same time the aerosol
deposit on each stage should remain confined to a small area, so that it can be fully '
enveloped by the proton beam during the PIXE bombardment (the diameter of the
beam is less than 1 cm in a typical PIXE setup). Furthermore, the device should
provide good size resolution down to 0.1 y.m equivalent aerodynamic diameter (EAD)
or smaller, so that the raw size distribution data can be used in inversion algorithms to
derive reliable smooth size distributions. Currently, the most commonly used cascade
impactor for the collection of aerosols for subsequent PIXE analysis is the model 1-1
PIXE International cascade impactor (PCI) (PIXE International Corporation, P.O.
Box 2744, Tallahassee, FL 32316, U.S.A.). This model is a single-orifice impactor of
the Battelle design [18,19]. It has seven impaction stages (numbered 7 through 1) and
a back-up filter stage. The collection surfaces of the various stages are mounted on 25
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mm diameter polycarbonate rings, and the loading and unloading of these substrate
rings in the PCI is fairly straightforward. More important, the aerosol particles are
collected on each impaction stage as a single deposit, which can easily be enveloped
by a proton beam of 8 mm diameter. While the latter feature makes the PCI very
suitable for PIXE analysis, the device suffers from the fact that the air flow rate
through it is only 1 L per min. Also, the cut-point of the last impaction stage is still
rather high (i.e., 0.25 u.m EAD). Other cascade impactors, such as the various variants
of the Berner low pressure impactor (BLPI) [20,21] and the rotating version of the
microorifice uniform deposit impactor (MOUDI) [22,23], do have stage cut-points
down to about 0.05 p.m EAD or less and operate at much higher flow rates (25 to 30
L per min), but the particles are collected on each stage along a ring or over a rather
large area, so that typically only a few percent (5-10%) of the deposit can be covered
by the proton beam during the PIXE bombardment As a consequence, the advantage
of the higher flow rate during sampling is entirely lost during the analysis [24]. The
newly developed SDI is a 12-stage, multinozzle device, but the deposit for each stage
remains confined to an area with diameter less than 8 mm. Thus, a large sample to
substrate area (or mass) ratio is obtained, so that blank corrections are small, and this
feature is also very advantageous when using the SDI for other analytical techniques
besides PIXE. The SDI operates at a flow rate of 11.3 L per min and accepts the
same, handy, 25 mm diameter substrate rings as the PCI. The stage pressures vary
from near ambient pressure for the upper stages (nos. 12 through 6) down to 137 hPa
downstream of the lowest stage (stage 1). The number of nozzles varies from 1 (stage
12) to 53 (stage 1). In designing the device, it was also taken into account that one
should be able to operate it under harsh conditions, such as in the Arctic. Therefore,
and to ensure vacuum tightness, the impactor bodies (stages) are double-sealed by
silicon O-rings. Furthermore, the impactor is made of high-quality stainless steel and
the nozzle plates are exchangeable. The SDI was calibrated at the Finnish
Meteorological Institute (FMI) using monodisperse dioctyl sebacate aerosols, and the
experimental cut-points agreed very well with the theoretical ones. The experimental
cut-points for stages 12 through 1 are 8.78, 4.29, 2.78, 1.74, 1.10, 0.835, 0.620, 0.364,
0.242, 0.166, 0.090 and 0.048 \im EAD.

3. RESULTS AND DISCUSSION

3.1. Analysis of the analytical quality control Nuclepore filter samples

Two 47-mm diameter Nuclepore filter blanks and two artificially prepared
aerosol filter samples (i.e., one coarse and one fine aerosol sample, each on the same
filter substrate as the blanks) [25] were provided to us at the first RCM of this CRP.
The deposit area of the aerosol particles on the filter samples was 9.93 cm2. The four
filters were weighed at Gent and each filter was subsequently cut up in 3 parts, with
one half for analysis by INAA and the two remaining quarters for analysis by PIXE.
Each of the two PIXE quarters was subjected to two proton bombardments, with the
second bombardment one week after the first one. The diameter of the proton beam
was 8 cm, the beam current 150 nA for the blanks and 50 nA for the samples^ and the
preset charge 60 p.C All measurements were done with a so-called "funny filter" [26]
interposed between specimen and detector. The PIXE results for both blanks and
samples were expressed in ng per 9.93 cm2, and the data for the samples were not
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corrected for the blank contribution. Matrix effects resulting from the proton energy
loss and X-ray attenuation within the 10 nm thick filter substrate were not taken into
consideration and no corrections for particle size effects were applied. Consequently,
the PIXE results for the blank filters should be lower than the real blank values, but
they can be considered as procedural blanks that should be applied in the blank
correction of the samples. The negligence of the particle size effects has the effect
that the data for the lightest elements (Al, Si) in the coarse aerosol sample are
probably underestimated by about 20-30%. The INAA analysis of the filter halves was
done as described in [14], and the results were expressed in ng per total filter.
Similarly as in the PIXE analysis, the results for the samples were not corrected for
the blank contribution. All individual results (thus 4 PIXE results and 1 INAA result
per element and per filter) were forwarded to S. Landsberger. With regard to the
PIXE data, it was indicated that the results from the first PIXE bombardment should
be the more correct ones. Furthermore, as both As and Pb were included in the fits
for the PIXE spectra, it was concluded that the PIXE Pb data may be underestimated
by about 10-20%. For both the coarse and fine aerosol filter samples, PIXE yielded
actual concentration data for 20 elements (Al, Si, P, S, Cl, K, Ca, Ti, V, Cr, Mn, Fe,
Ni, Cu, Zn, Br, Rb, Sr, Zr, and Pb) and detection limits for 4 additional elements (Ge,
Se, Nb, and Mo). The INAA of the aerosol samples resulted in actual concentration
data for 32 elements (Na, Mg, Al, Cl, K, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Zn, Ga,
As, Br, Rb, Cd, In, Sb, I (only for the coarse aerosol), Cs, Ba, La, Sm, Eu, Lu, W, Au,
and Th) and in detection limits for 7 other elements (Cu, Se, Sr, Mo, Ag, Sn, and Ce).

3.2. Work on the calibration of the Gent PM10 inlet

The 10 u.m EAD cut-point (d50-value) for the pre-impaction stage of the Gent
SFU sampler is based on impactor theory calculations [e.g., 27]. It seemed worthwhile
to verify this calculated value by experiments. In a co-operation with the Norwegian
Institute for Air Research (NILU), parallel samples were collected in downtown Oslo
with the Gent SFU sampler and with a commercial PM10 dichotomous sampler.
Coarse and fine particle mass (PM) concentrations were derived for both sampler
types by weighing the filters before and after sampling, and the results are reported in
Table II. The agreement between the data from two samplers is reasonable, except
for the coarse PM data from 27 April.

A more extensive intercomparison between the "Gent" SFU and an independent
sampler was performed by P. Artaxo in Sao Paulo, Brazil [P. Artaxo, private
communication, 1995]. The independent sampler was in this case an official p-gauge
air monitoring sampler with PM10 inlet. Almost 70 parallel samples were taken and
the agreement of the PM10 masses from both sampler types was excellent. However,
most of the PM is in the fine fraction in Sao Paulo, so that the experiment provided
rather information on the accuracy of the volume measurement, the fi-gauge' mass
calibration and the particle collection characteristics (efficiency) of the filters, and was
not so much an intercomparison of the cut-points of the PM10 inlets from the two
samplers.

More direct evaluations of the accuracy of the PM10 cut-point of the Gent inlet
were performed by P.K. Hopke [private communication, 1994]. He covered trie
impaction plate of the PM10 inlet with a greased piece of Nuclepore filter and used a
fine (0.4 u.m pore size) Nuclepore filter at the coarse filter position in the SFU
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cassette. A number of ambient aerosol samples were collected at Clarkson University
in Potsdam, New York state. The particles on the greased Nuclepore filter (impaction
plate) and on the fine filter were examined with an optical microscope. An equivalent
physical (Stokes) diameter was calculated for each individual particle, and assuming a
particle density of 2.5 g/cm3, the Stokes diameters were converted to aerodynamic
(unit density) diameters. The number of particles per u.m EAD size interval on both
the greased and fine Nuclepore filter was counted. On the basis of these data and
after correcting for wall losses, a 50% cut-point of 10.5 to 11 nm EAD was derived.

In conclusion, the results from the calibration experiments performed so far are
quite comforting. But it would be worthwhile to perform more field experiments
under more critical conditions, such as at locations where most of the mass is in the
coarse size fraction and at large wind speeds. Intercomparisons between the "Gent"
SFU sampler and various other filter samplers under such rather harsh conditions
were conducted by several European groups within the framework of an
EUROTRAC ASE campaign on the Atlantic coast at Mace Head, Ireland [28].
Unfortunately, none of the other filter samplers was equipped with a PM10 inlet, and
they were essentially all open-face total aerosol samplers. Besides more field
experiments, laboratory and wind-tunnel investigations with artificially generated
particles would be desirable.

3.3. Local/regional scale study of the aerosol composition in an urban residential site,
using the "Gent" SFU sampler.

The Institute for Nuclear Sciences was selected as our representative urban
residential site. The institute is situated within the city of Gent and is about 3 km
south of the city center. The major sources of air pollution in the close vicinity are
expected to be residential heating, automotive emissions from a major highway and
highway intersection, a municipal incinerator, and some chemical (plastics) industries.
The last aerosol composition study at the same sampling site took place about 7-8
years ago. Respirable (<5 jim EAD) atmospheric particles were collected in the fall
of 1986 on a small Nuclepore filter (0.75 cm2 filtration area), the samples were
analyzed by PIXE, and the data were subjected to absolute principal component
analysis (APCA) [29]. For the current study, the SFU sampler was set up so that the
PM10 inlet was situated at about 7 meters above the ground surface. Two daily
samples were collected each week (one on Wednesday, one on Saturday) over a
period of almost 14 months, i.e. from May 26, 1993, up to July 14, 1994. Each
sampling started typically at 10 a.m. local time and was done over a 24-hour time
period, but the effective sampling was usually restricted to 16 or even down to 12
hours by means of a timer. The effective sampling time was evenly spread over the
24-hour period. The fine and coarse filters of each individual sample (118 SFU
samples in total) and a number of field blanks were analyzed for the particulate mass
(PM), black carbon (BC) and for elements by PIXE and INAA. The INAA was
limited to an analysis by short-lived product nuclides, and 14 elements were measured
(i.e., Na, Mg, Al, Cl, Ca, Ti, V, Mn, Cu, Br, Sr, In, I and Ba). Up to 26 elements were
looked for in the PIXE spectra (Na, Mg, Al, Si, P, S, Cl, K, Ca, Ti, V, Cr, Mn, Fe, Ni,
Cu, Zn, Ga, Se, Br, Rb, Sr, Zr, Nb, Mo and Pb). For elements which could be
measured with good precision in both PIXE and INAA, good agreement was normally
observed between the results from the two techniques. This is illustrated in Table III,
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which presents average PIXE/INAA ratios for selected elements in both the fine and
coarse filters. In combining the PIXE and INAA data for an element that was
measured by both techniques, we generally took the average of both when the two
techniques gave a similar precision (as calculated from counting statistics). In case one
of the two techniques resulted in data with much better precision, then the data from
that one technique were taken. For the lightest elements Na, Mg and Al, we always
used the INAA results, because of possible particle size effects (X-ray absorption) for
these elements in PIXEL Also for the halogens Cl and Br, we exclusively used the
INAA data, because of possible losses during the PIXE bombardment in vacuum (in
particular for the fine particles). The low PIXE/INAA ratio for Br in Table III most
likely has to be ascribed to such losses.

Using the individual fine and coarse atmospheric concentration data,
FINE/COARSE ratios were calculated for each element in every sample and these
ratios were subsequently averaged over all 118 samples. The mean FINE/COARSE
ratios are shown in Fig. 1. For the elements Al, Si, Ca and Ti, which are typically
predominantly from crustal origin in both size fractions, the mean FINE/COARSE
ratios are of the order of 0.2-0.3. These results are similar to the crustal
FINE/COARSE ratios that we obtained with the Gent SFU sampler at various other
locations in Europe and in other continents, for example also in southern Africa [30].
For the sea-salt and mixed sea-salt/crustal metals Na, Mg, and Sr, the FINE/COARSE
ratios are about 0.5-0.6.. Several elements exhibit ratios in the range of 0.5 to 2, and
PM, the halogens Br and I, and the typical anthropogenic elements BC, S, V, Ni, Zn,
In and Pb have FINE/COARSE ratios above 2 (up to 7 for BC and I).

Median concentrations were calculated for PM, BC and the various elements in
the fine and coarse size fractions and for the sum of both fractions (PM10 data), and
this was done for the entire sample set, but also for the separate Wednesday and
Saturday samples. The overall medians for the fine and coarse fractions are presented
in Table IV; also indicated in the Table (in square brackets) is the number of
individual data that were above the detection limit. Table IV further shows a
comparison of the results of the current study with those from the 1986 fall study. As
the upper cut-point for the 1986 Nuclepore filter samples was 5 \im EAD, both the
fine fraction (<2 p.m EAD) and PM10 (<10 |im EAD) medians are compared with
the 1986 median values. The comparison is done in terms of ratios of medians. For
most elements, the (SFU Fine/1986) ratio is smaller than 1, whereas the
(SFU PM10/1986) ratio is slightly larger than 1. This suggests that the airborne
paniculate levels of those various elements did not change very much since 1986.
There are, however, a few noteworthy exceptions. For Br and Pb, the atmospheric
levels seem to be reduced to about one third of the 1986 levels. This reduction has to
attributed to an increased use of unleaded gasoline in Belgium and to a lowering of
the lead in the leaded gasoline (maximum 0.15 g/L now, compared to 0.4 g/L in 1986).
Interestingly, it seems that the fine Br and Pb are still mainly attributable to '
automotive emissions. Both elements were highly correlated with each other in the
fine size fraction, and the average Br/Pb ratio in this fraction was 0.25±0.10 [N=118].
This ratio is slightly lower than the ethyl ratio, but very similar to what was typically
observed in urban areas more than 10 years ago [31]. There are also a few elements
for which the particulate levels seem to have increased at Gent since 1986. This list
includes Mg, Ca, Fe, and perhaps also Cl. These four elements all exhibit
(SFU PM10/1986) ratios of 2 or more. The 1986 Cl data should be treated with
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caution, though. For the 1986 sample analysis, PIXE was used exclusively, and it was
already indicated above that there may be losses for Cl in the PIXE bombardment
(particularly in the fine size fraction). The elevated levels of Ca and Mg may point to
an increased contribution from cement industry and/or construction of buildings. In
the APCA on the 1986 data set [29], a separate cement component was tentatively
identified. That component also exhibited a high loading for Fe, so that the enhanced
Fe level in the current data set may be related to that same source. An alternative
explanation for the Ca increase is that it results from the increased use of limestone in
coal-fired power plants and various other coal combustion systems (the limestone is
added to capture the SO2 from the coal). However, the fact that the FINE/COARSE
ratio of Ca is lower than that of any other element (see Fig. 1) seems to be an
argument against this explanation. On the other hand, Ca appeared to be quite well
correlated with the typical crustal elements Al and Si, which suggests that it was
associated with crustal-like materials, such as coal fly-ash or soil dust.

The fine, coarse and PM10 medians from the Saturday and Wednesday sample
subsets were compared in terms of ratios (Sat/Wed.). For the crustal, mixed
crustal/sea-salt, and several anthropogenic elements (BC, S, Zn) the (Sat/Wed) ratio
was generally of the order of 0.7-0.8, but, somewhat surprisingly, for Br and Pb it was
about 1.

Enrichment factors (EF-values), with respect to Mason's average crustal rock
[32] and with respect to the bulk sea water composition of Riley and Chester [33],
were calculated for the various elements in the fine and coarse size fractions. In the
crustal EF calculations, Al was used as reference element, whereas Na served as
reference element for the sea water EFs. The median EF(Al,crust) values for each of
the two size fractions are presented in Fig. 2. Of interest in the coarse size fraction is
that the EF for Ca is about 6 (Fig. 2a), thus suggesting that most of the Ca has to be
attributed to noncrustal sources. As the EF(Na,seaw) for Ca in the same coarse
fraction was about 17, this noncrustal Ca cannot be attributed to sea-salt either. The
median EF(Al,crust) for coarse PM is about 8 (Fig. 2a), so that only a minor fraction
of this coarse PM can be assigned to crustal sources. And as was the case for Ca, sea-
salt can only be responsible for a small part of the noncrustal coarse PM, since the
EF(Na,seaw) was about 7. It is further noteworthy that most of the elements with the
highest FINE/COARSE ratios also tend to have the highest EF(Al,crust) values, even
already in the coarse size fraction. This is the case for S, V, Ni, Zn, Br, I and Pb. The
high EF(Al,crust) value for coarse Cl (and incidentally also for coarse Br) seems to be
fully due to the contribution from sea-salt (The median EF(Na,seaw) values were 0.69
and 0.76 for Cl and Br, respectively).

To provide some idea of the variability of the atmospheric concentrations with
sample number, the time trends for PM and a few selected elements are shown in Fig.
3. From Fig 3 a, with trends for the coarse size fraction, it can be seen that Na and Al
tend to be anticorrelated with each other, and reflect the influx of maritime versus
continental air masses. In the fine size fraction (Fig. 3b), PM, BC and S exhibit quite
coherent time trends. Most other elements also appeared to be rather well correlated
with the PM in this same size fraction, and the correlation coefficients were clearly
higher than in the coarse fraction. These good correlations in the fine fraction are
most likely due to the impact of meteorology (ventilation, rain, inversions) on the
overall concentration of the fine PM, and thus also on the concentrations of the
various fine aerosol constituents.
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3.4. Status of the work in the various regional and global scale studies

Our work within the EUROTRAC ASE subproject focuses on the study of the
aerosol composition, sources, transport, transformation and deposition above the
North Sea and in southern Norway [34]. Over the past two years, an aerosol sampling
and analysis exercise was finalized [28], we completed the analytical work for several
intensive sampling campaigns which were done jointly with various other ASE groups,
and we worked on the Interpretation of the results [35,36]. We also continued our
long-term aerosol study in southern Norway.

Our research within the Belgian Impulse Programme Global Change [37] and
the EU funded projects has similar objectives as our EUROTRAC ASE research, but
concentrates on the Arctic and on equatorial/tropical regions. Furthermore, in several
of the studies, the emphasis is placed on the climatically active aerosol particles and
constituents. At the Zeppelin mountain station in Ny Alesund, Spitsbergen, we
continued our long-term samplings with a modified Sierra-Andersen Hi-Vol cascade
impactor and with a PIXE cascade impactor (PCI). On the basis of the data from the
Hi-Vol sampler, the relative contributions from natural (marine biogenic) and
anthropogenic sources to the fine non-sea-salt (nss) sulfate were assessed [38]. The
data from the PCI were used to examine to what extent the size distributions of
various particulate species vary over the course of the year. To this end, the raw data
were converted into smooth size distributions by means of a data inversion technique
[39]. The new small deposit low pressure impactor (SDI) was tested and employed for
size-fractionated aerosol samplings at Sevettijarvi in the Finnish Arctic and at Summit
in Greenland [40]. For the Sevettijarvi site, we also analyzed over 100 virtual impactor
samples by PIXE and INAA. We completed a study on the aerosol composition and
sources in the high Arctic [41], and are currently finalizing a study on the aerosol in
Alaska.

With regard to the equatorial/tropical component of our research, we interpreted
some of the data sets obtained during the SAFARI-92 campaign [30,42-45], we are
performing a long-term aerosol study at Cuiaba, Brazil, and we started long-term
samplings in Zimbabwe.

We also completed an urban aerosol study in Brazil [46] and were involved in
research on the particulate emissions and element behaviour during atmospheric
circulating fluidized bed coal combustion [47-52].

4. PLANS FOR FUTURE WORK

With regard to our work under the core programme of the CRP, we will
examine the coarse and fine data sets from the Gent site with receptor modelling
techniques, in particular APCA We will analyze the samples from the rural site by
PIXE and short-irradiation INAA Subsequently, we will start the interpretation of the
data from this site. This will include a comparison with the data from the Gent site.

We will continue the work in our various ongoing regional and global scale
aerosol studies. Furthermore, new aerosol samplings will be started very soon in Israel
and in southeast Asia and northern Australia, and possibly also in Africa. The study in
Israel aims at examining the impact of long-range transported anthropogenic sulfate
from Europe and of biomass burning products and desert dust from Africa on the
airborne fine particulate mass in the region. The studies in southeast Asia and
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northern Australia will focus on biomass burning aerosols, and will complement our
past and ongoing studies in southern Africa and Brazil on this subject.

For examining the source regions of the aerosol and its constituents, we will
place increasing emphasis on the relation to air mass trajectories. Some work along
this line has already been done in co-operation with P.KL Hopke [53]. We have
contacts with several groups in Europe to explore the possibilities of such approaches
further, and we intend to apply them to our data set from Sevettijarvi in the Finnish
Arctic and to the data from our long-term aerosol study in Birkenes and Skreadalen
in southern Norway.
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TABLE I. CO-OPERATION WITH OTHER RESEARCH GROUPS

a. In Belgium

- Centre for Micro and Trace Analysis, Department of Chemistry, University of Antwerp
(UIA): F. Adams, R. Van Grieken, P. Van Espen.

b. In Europe (Belgium excluded)

- Faculty of Physics and Astronomy, Free University of Amsterdam, Amsterdam, The
Netherlands: R.D. Vis.

- Dept. of Nuclear Physics, University of Lund and Lund Institute of Technology, Sweden:
K. Malmqvist.

- Norwegian Institute for Air Research (NILU), Kjeller, Norway: J.E. Hanssen and others.
- Finnish Meteorological Institute (FMI), Helsinki, Finland: R. Hillamo and others.
- Technical Research Centre of Finland (VTT), Espoo, Finland: E. Kauppinen.
- Institute for Inorganic and Applied Chemistry, University of Hamburg, Hamburg, Germany:

M. Schulz (and also with several other European universities and institutions within the
framework of an EUROTRAC Air-Sea Exchange (ASE) project).

- Biogeochemistry Division, Max Planck Institute for Chemistry, Mainz, Germany: M.O.
Andreae, F. Meixner.

- Department of Meteorology, Arrhenius Laboratory, University of Stockholm (MISU),
Stockholm, Sweden: C. Leek.

- Laboratoire de Glaciologie et Geophysique de l'Environnement, Saint-Martin-d'Heres,
Grenoble, France: J.-L. Jaffrezo (and also with several other European universities and
institutions within the framework of an EEC project).

- Centre des Faibles Radioactivites, CNRS-CEA, Gif-sur-Yvette, and Universites Paris VII,
Paris, France: H. Cachier, A. Gaudichet.

- Institute for Sediment Research, University of Heidelberg, Heidelberg, Germany: J.
Matschullat.

- Institut fur Meteorologie und Geophysik der Universitat Wien, Vienna, Austria: P. Seibert.

c. In the U.S.A.

- Department of Chemistry and Department of Civil and Environmental Engineering,
Clarkson University, Potsdam, NY, U.S.A.: P.K. Hopke.

- Department of Environmental Sciences, University of Virginia, Charlottesville, VA, U.S.A.:
M. Garstang, R.J. Swap.

- Departments of Civil Engineering and Engineering & Public Policy, Carnegie Mellon
University, Pittsburgh, PA, U.S.A: C.I. Davidson and others.

- Geophysical Institute, University of Alaska, Fairbanks, AK, U.S.A.: G.E. Shaw.
- Department of Chemistry and Biochemistry, Arizona State University, AZ, U.S.A.: J.R.

Anderson.

d. In the rest of the world ,

- The Remote Sensing Laboratory, J. Blaustein Inst. for Desert Research, Ben Gurion Univ.
of the Negev, Sede Boker Campus, Israel: A. Karnieli.

- Institute of Physics, University of Sao Paulo, Sao Paulo, Brazil: P. Artaxo, F. Andrade.
- Schonland Research Centre, University of the Witwatersrand, Johannesburg, South Africa:

H. Annegarn.
- Environmental Climatology Group, Department of Geography and Environmental Science,

Monash University, Victoria, Australia: NJ. Tapper.
- School of Applied Science, Gippsland Campus, Monash University, Churchill, 3842,

Victoria, Australia: M. Hooper.
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TABLE II. FINE AND COARSE PARTICLE MASS (PM) CONCENTRATIONS,
in ng/m3, AS DERIVED FROM PARALLEL COLLECTIONS WITH
THE GENT SFU SAMPLER AND A PM10 DICHOTOMOUS
SAMPLER IN OSLO, NORWAY, DURING APRIL 1994

Fine fractiona Coarse fraction13

Date SFU Dicho SFU Dicho

26-4 13.4 12.5 11.4 11.2
27-4 16.6 15.0 17.3 10.4
28-4 14.1 12.5 11.1 8.8

a Fine fraction for the Gent SFU: <2 \im EAD;
fine fraction for the dichotomous sampler: <2.5 \im EAD.

b Coarse fraction for the Gent SFU: 2-10 |im EAD;
coarse fraction for the dichotomous sampler: 2.5-10 u.m EAD.

TABLE III. AVERAGE PIXE/INAA CONCENTRATION RATIOS FOR
SELECTED ELEMENTS IN THE FINE AND COARSE FILTERS
FROM THE SFU SAMPLES COLLECTED AT GENT

Fine filters Coarse filters
Elem. x ± s [N]a x ± s [N]a

Al
Ca
V
Mn
Br

0.90 ±

0.94 ±
1.01 ±
0.62 ±

0.34

0.09
0.12
0.20

[83]

[118]
[113]
[113]

0.75
1.00
0.88
1.05
0.90

± 0.12
± 0.18
± 0.16
± 0.13
± 0.34

[118]
[114]
[107]
[118]
[93]

N indicates the number of ratios on which the mean ratio and its associated
standard deviation are based (maximum 118).
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TABLE IV. MEDIAN ATMOSPHERIC CONCENTRATIONS, in ng/m3, FOR
THE FINE (<2 \im EAD) AND COARSE (2-10 u.m EAD) SIZE
FRACTIONS OF THE SFU SAMPLES COLLECTED AT GENT.
COMPARISON WITH RESULTS FROM A RESPIRABLE
PARTICULATE (<5 \im EAD) SAMPLER USED IN 1986.

Elem.

PM
BC
Na
Mg
Al
Si
P

sCl
K
Ca
Ti
V
Cr
Mil
Fe
Ni
Cu
Zn
Ga
Se
Br
Rb
Sr
Zr
Mo
In
Sn
I
Ba
Pb

Median concentration3

Fine

20000
3800

162
<180

23.2
72

<10
1490
400
116
52
3.4

11.0
<6

5.3
102

3.9
4.2

38

0.59
9.0

<1.1
<0.8
<1.0
<1.7

[30]

[116]
[55]

[114]

[111]

[13]

[116]

[72]

[1]
[10]
[0]
[51

0.0114 [94]
<16

2.03
<9
37

[14]

[22]

Coarse

11800
590
440
133
114
280

17.8
350
470
97

290
11.1
3.8

<7
8.1

240
1.94
4.9

20.1
<0.3

2.7
<0.9

1.43
<1.3
<1.8

[100]

[116]
[78]

[2]

[114]

[13]

[101]
[1]

[84]
[8]

[10]
0.0040 [59]

<17
0.30
5.1

12.7

[5]
[103]

[65]

Ratio to

Fine/1986

0.30

0.20
0.27

0.90
1.44
0.51
0.32
0.24
0.84

0.46
0.62
0.79
0.70
0.56

0.28

0.25

1986 medianb

PM10/1986

1.11
2.3
1.19
1.36
1.64
1.09
3.6
0.96
2.2
1.06
1.12

1.22
2.07
1.21
1.55
0.86

0.37

0.65

0.34

The medians were derived on the basis of the results for all samples (118 in total);
also upper limits (detection limts) were thus taken into account in calculating the
medians; the numbers in square brackets indicate the number of results above the
detection limit, and this number is only given in case it was less than 118.
The 1986 data apply to the size fraction <5 |im EAD. The PM10 median for the
Gent SFU sampler was calculated on the basis of the summed fine + coarse data
for the individual samples.
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Fig. 2. Median crustal enrichment factors (EFs), relative to Mason's average crustal
rock [32] and with Al as reference element, for the PM and 23 elements in
the coarse (a) and fine (b) size fractions of 118 SFU samples from Gent Also
shown are the median BC/AI concentration ratios.
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Fig. 3. Atmospheric concentrations (in ng/m3) as a function of sample number (time
trends) for the particulate mass (PM) and selected elements in the coarse (a)
and fine (b) size fraction at Gent during 1993-1994. The symbols s on the
trend lines indicate the data points for the Saturday samples.
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