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Abstract 

The "Gent" stacked filter unit sampler and other collection devices are used in regional and global 

scale studies on the tropospheric atmospheric aerosol, its composition, sources and fate. The aerosol 

Samples are analyzed by particle-induced X-ray emission analysis, instrumental neutron activation analysis, 

ion chromatography, a light reflectance technique (for determining black carbon), and gravimetry (for 

measuring the particulate mass). In evaluating the data, use is made of receptor modelling techniques, 

transport models and wind sector analysis, and also of air mass trajectories and other meteorological 

information. Preliminary results from a long-term study in southern Norway are presented. It is suggested 

that the anthropogenic and soil dust aerosol components are mainly advected to southern Norway by long-

range transport and that the major fraction of the submicrometer particle mass is from anthropogenic origin. 

Preliminary results are also presented for an intensive study in southern Africa. On the basis of the data 

for two sites (about 40 km apart) in the Kruger National Park it was concluded that regionally 

representative aerosol samples were collected and that the biomass burning products account for more than 

50% of the fine particle mass. Finally, our plans for future work are given. 

1 . SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT 

Studies on atmospheric aerosols are of importance for various reasons. Of global 
significance are the impact of aerosols on the formation of clouds and on the earth's 
radiation balance (and thus on weather and climate) and the role of aerosols in atmospheric 
chemistry and in the biogeochemical cycles of the elements. On a more regional or local 
scale, aerosols may have an effect on the visibility, on the ecology {e.g., by contributing 
to "acid rain") and on the health of humans and animals. Many of the effects of aerosols 
depend on their chemical composition (both the "bulk" composition and the composition 
as a function of particle size). Furthermore, the aerosol composition can be used to assess 
to what extent the aerosol particle mass concentration and the atmospheric concentrations 
of the various aerosol constituents are of natural or anthropogenic origin, and thus to 
determine the magnitude of the anthropogenic perturbation. 

Since the end of 1990 we are conducting regional and global scale atmospheric 
aerosol studies within the framework of the EUROTRAC subproject Air-Sea Exchange 
(ASE) and as part of the Belgian Impulse Programme "Global Change". Our contribution 
in ASE focuses on the North Sea and on southern Norway, whereas our "Global Change" 
research concentrates mainly on the Arctic and on equatorial/tropical regions. The 
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objectives of our work are to determine a number of major species and up to 40 minor and 
trace elements in the size-fractionated aerosol, to identify the various natural and 
anthropogenic sources (source processes, source regions) of the aerosol constituents, to 
quantify the contribution from each source, to gain a better insight in the long-range 
transport and in the dispersion and removal processes of the aerosol particles and its 
constituents, and to improve our knowledge on the biogeochemical cycles of the elements. 
Several scientific articles on our ASE work and our "Global Change" research were already 
published (or are currently in press) in Conference Proceedings or international journals f i 
l l ] . Before this recent work, i.e., in the period 1988-1990, we conducted (or were 
involved in) various other regional and global scale atmospheric aerosol studies, which 
resulted in a number of publications [12-22]. 

In the past five years, we also have done research on the urban atmospheric aerosol 
in Belgium [23-25], Brazil [26,27], and two African countries [28-30]. Furthermore, we 
were involved in studies on the physical and chemical fractionation of desert soil during 
aerosol generation [31,32] and on the chemical characterization of fly-ash particles that 
are emitted during coal combustion [33-35]. 

Most of our aerosol studies involve some co-operation with other research groups. 
Table I gives a list of the institutions (and persons), with whom we had joint studies on 
aerosol-related subjects in the past 5 years. With the great majority of the groups listed 
in this table, the co-operation is still going on. 

2. METHODS 

2 . 1 . Aerosol sampling equipment and sample collection 

The aerosol sampling devices include the "Gent" stacked filter unit (SFU) sampler 
and other SFU variants, cascade impactors, and Hi-Vol Whatman 41 filter samplers. 

Like other existing SFU variants, the "Gent" SFU sampler separates the aerosol into 
two size fractions by sequential filtration through two Nuclepore filters of different pore 
size. The principle behind such separation is explained by Cahill et a/. [36], Heidam [37], 
and John eta/. [38]. In the "Gent" SFU use is made of a NILU type "open face" 47-mm 
diameter stacked filter cassette, in which a Nuclepore polycarbonate filter of 8 //m pore 
size (Apiezon-coated) and one of 0.4//m pore size are placed. The cassette is inserted in 
a cylindrical container which is provided with a pre-impaction plate for the collection of 
particles that are larger than 10 fjtr\ equivalent aerodynamic diameter (EAD). The container-
cassette combination forms a complete SFU. The air is drawn through the SFU by means 
of a GAST diaphragm pump {e.g., model DOA-P109-FD; Gast Manuf. Corp., P.O. Box 97, 
Benton Harbor, Ml 49023-0097, U.S.A.), and the sampling line is further equipped with 
a flow control valve, a vacuum gauge, a rotameter, a volume meter, and a time switch and 
hour meter. The "Gent" SFU is designed to operate at a flow rate of 15-16 liters per min. 
It is at this flow rate that the pre-impaction stage provides a PM10 cut-off point (for 293 K 
and 101.3 kPa). Also, at this flow rate the coarse (8//m pore size) Nuclepore filter has 
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a d50 value of 2 jjrn EAD, so that the coarse filter then collects the 2-10 //m EAD size 
fraction, whereas the fine filter collects the particles < 2 / / m EAD. 

The cascade impactor, which we mostly use, is the PIXE International cascade 
impactor (PCI) (PIXE International Corporation, P.O. Box 2744, Tallahassee, FL 32316, 
U.S.A.). Model 1-1 of this impactor type is generally employed. This model is a single-
orifice impactor of the Battelle design [39,40], operating at a nominal flow rate of 1 liter 
per min. It has seven impaction stages (numbered 7 through 1) and a back-up filter stage, 
and the cut-points of the 7 impaction stages are 1 6, 8, 4, 2, 1, 0.5, and 0.25 pm EAD. 
As impaction foils we use 1.5 fjm thick KIMFOL polycarbonate film, which is coated with 
a thin layer of vaseline {for stages 7 through 2) or paraffin (stage 1) in order to reduce 
particle bounce-off. A 0.4 pm pore size Nuclepore polycarbonate filter serves as back-up 
filter. For drawing the air through the PCI, a GAST diaphragm pump is generally used. 
Because of the fact that the aerosol particles are deposited in each stage in one single 
small spot, which is easily fully enveloped by a PIXE beam, the PCI is ideally suited for 
PIXE analysis. 

As Hi-Vol Whatman 41 filter samplers we use either a total aerosol sampler or one 
in which only the size fraction of <2.5 //m EAD is collected. The size of the filter is 
generally 20 by 25 cm (8" x 10"). 

The sampling duration for each individual aerosol collection depends on the 
sampling device used and on the region of study, but is typically either one or two days. 
The air volume for each sample is generally obtained by means of a gas volume meter. 

2.2. Analytical techniques and procedures 

Depending upon the sample type, the samples are analyzed by one or more of the 
following bulk analysis techniques: particle-induced X-ray emission analysis (PIXE) for 
measuring up to 32 elements (all with atomic number above Z = 10), instrumental neutron 
activation analysis (INAA) for up to 39 elements (all with Z> 10), ion chromatography (IC) 
for measuring ammonium, nitrate, sulfate, methanesulfonate and some other anionic and 
cationic species, a light reflectance technique (for determining black carbon), and 
gravimetry (for measuring the particulate mass). PCI samples are only analyzed by PIXE. 
SFU filter samples are analyzed by PIXE, INAA, the light reflectance technique and 
gravimetry, and occasionally also by IC. Whatman filters are analyzed by INAA, IC, and 
generally also by PIXE. 

The PIXE analyses are done with the PIXE set-up of the Institute for Nuclear 
Sciences at the University of Gent. The experimental set-up has been described before [41-
44] . In short, the samples (targets) are bombarded in a vacuum irradiation chamber using 
a 2.4 MeV proton beam that is supplied by a compact isochronous cyclotron. In most 
cases, the targets consist of the aerosol filter or impaction film (or a section thereof) that 
is mounted onto a 25 mm outer diameter target ring. The beam diameter at the target is 
either 8 or 4.5 mm, which corresponds with a beam size of 0.54 or 0.177 cm2. The X-rays 
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emerging from the target are detected with a Si(Li) detector, and for all measurements a 
so-called "funny filter" [44] is placed in front of the detector. After passage through the 
target the beam is dumped in a Faraday cup for charge integration (proton dose 
measurement). With the larger beam, the beam current is typically 150 nA, and the X-ray 
spectra are accumulated for a preset charge of 40 to 100 pC. With the smaller beam a 50 
nA current is typically used and the preset charge varies from 1 5 to 40 JJC. The PIXE 
spectra are fitted with the computer program AXIL-84 [45], The peak areas obtained are 
corrected for X-ray attenuation according to procedures similar to those described in [42], 
and using calibration factors as determined in [44], elemental amounts (in ng/sample) and 
concentrations (in ng/m3) are finally obtained. Up to 32 elements are determined by PIXE, 
i.e., Na, Mg, Al , Si, P, S, CI, K, Ca, Ti , V, Cr, Mn, Fe, Ni, Cu, Zn, Ga, Ge, As, Se, Br, Rb, 
Sr, Y, Zr, Nb, Mo, Ba, Pb, U and Th. The elements up to Mo are determined through their 
K X-ray lines, the other elements through their L lines. Blank aerosol collection substrates 
(filters or impaction foils) are analyzed in the same manner as the real aerosol samples. 
This is also done in the other analytical techniques used. 

For the INAA of the aerosol samples a fraction of the collection substrate (filter or 
impaction foil) is pressed into a 12 mm diameter pellet. The INAA typically involves two 
separate irradiations of each sample (one of 5 min and one of 7-14 hours) at a flux of 1-3 
x 1012 n.cm"2.s° in the Thetis reactor of the University of Gent, and after each irradiation 
two or three gammaspectrometric measurements with a high-resolution Ge detector are 
carried out. The INAA procedures followed are similar to those described by Maenhaut and 
Zoller [46] and Schutyser eta/. [47]. The quantification is performed by comparison with 
multi-element standards which are prepared by pipetting solutions of the analyte elements 
onto Whatman filter paper. Up to 39 elements are measured by INAA, i.e., Na, Mg, Al, CI, 
K, Ca, Sc, Ti , V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, As, Se, Br, Rb, Sr, Mo, Ag, Cd, In, Sn, 
Sb, I, Cs, Ba, La, Ce, Sm, Eu, Lu, W, Au, and Th. 

Our black carbon analyses are based on the measurement of the light intensity 
which is reflected from the sample. These light reflectance measurements are performed 
with a commercial smoke stain reflectometer (Diffusion Systems Ltd, London, UK, model 
43). We calibrated the reflectometer with the aid of over 100 filter samples for which the 
black carbon loading (in /yg/cm2 of filter) had been determined by Andreae using an 
instrument and a procedure that were described in refs. [48,49]. The calibration curve of 
reflection absorbance [-log(ref lection intensity of sample/reflection intensity of blank filter)] 
versus black carbon loading exhibited excellent linearity, with a correlation coefficient of 
0.984. 

The gravimetric analysis of the Nuclepore filters is done by weighing each filter 
before and after sampling with a microbalance (with 1 //g sensitivity). The weighing is 
done in a room with rather well stabilized temperature and relative humidity (20 °C and 
50% relative humidity), and the filters are pre-equilibrated in this room for at least 24 
hours prior to weighing. Furthermore, during the actual weighing the static electricity is 
eliminated from the filter by means of a 210Po radioactive source. 
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Quality control of the PIXE and INAA elemental analyses (and to a certain extent 
also of the IC) is done by analyzing (certified) reference materials and by comparing the 
results from the various techniques for subsamples of the same aerosol filters (or 
impaction foils). 

2.3. Data evaluation 

The first step in the data evaluation for a multi-sample aerosol data set involves the 
calculation of arithmetic averages and standard deviations, and of medians and various 
percentile values. Enrichment factors with respect to Mason's average crustal rock [50] 
and/or with respect to the composition of bulk sea water {e.g., that of Riley and Chester 
[51 ]) are usually also calculated. For SFU samples we also calculate the fine/coarse ratios 
for the various elements, and for PCI samples plots are made of the elemental size 
distributions. Furthermore, when at a same site parallel samples are taken with various 
types of collectors (or with two or more identical collectors), then the data from the 
parallel samples are intercompared (see e.g., refs. [8,15]). Such comparisons of data from 
parallel samples are also done when the samples were taken at two different sites that are 
not too far apart and were impacted by the same regional air masses. These various initial 
evaluations are very useful in identifying outliers or possible errors in the data sets and to 
obtain a first overall impression of the aerosol composition characteristics and the 
dominant aerosol sources for the various elements. 

For a more thorough evaluation of our multi-element (multi-species) data sets for 
series of samples, we make use of receptor modelling techniques, transport models and 
wind sector analysis, and we also relate the trace elemental data or the receptor modelling 
results to air mass trajectories and other meteorological information. In various of these 
approaches we aim to determine the sources, source processes, and source regions of the 
tropospheric particles, and particularly to assess the relative importance of the 
anthropogenic and natural contribution to the atmospheric levels of the particulate mass 
and of the aerosol constituents. In receptor models [52,53], the measured concentrations 
at the sampling site (receptor) are used as basic input data. These models can be classified 
in two categories [53]: a) chemical mass balance (CMB) models, and b) multivariate 
statistical techniques, such as principal component analysis and factor analysis. In 
multivariate statistical techniques, the number of contributing sources (source regions), 
their profiles (signatures), and the contribution of each source to the measured 
concentration at the receptor are all derived from the variability in the data set. CMB 
models require the knowledge of the source profiles, but have the advantage that they 
generally provide a finer resolution of the contributing sources. Receptor models, and in 
particular CMB models, also allow one to determine the source area of secondary aerosol 
components (e.g., sulfate) [54]. For our CMB work we essentially follow the same 
approach as described by Lowenthal ef a/. [55], and we generally use "effective variance" 
weighing, as proposed by Watson eta/. [56]. For the multivariate receptor modelling we 
mostly employ "absolute principal component analysis" (APCA) with VARIMAX rotation. 
Our APCA method was derived from the procedures of Thurston and Spengler [57] and 
Keiding et al. [58], and is described in detail in ref. [591. Transport models (or source-
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oriented models), such as Lagrangian transport models, make use of emission data for the 

sources (or source regions), air mass trajectories, meteorological information and 

deposition velocities in order to predict the concentrations at the receptor. By comparing 

these predicted values wi th those actually observed, the accuracy of the emission data, 

the transport model and the wet and dry deposition velocities can be assessed. Transport 

models were shown to be quite useful in our studies on long-range transport of pollution 

aerosol to Scandinavia and the Arctic [12,60]. In wind sector analysis, the samples 

collected at the receptor are classified according to the origin of the air mass, as derived 

from air mass backtrajectories. The concentration data of the samples that are grouped in 

a same sector are then averaged in order to establish the signature of the source area 

corresponding to that sector. Such signatures can be compared to those derived from 

emission inventories or obtained in experimental measurements of other researchers. 

Furthermore, they can be used as input signatures in the CMB studies. 

Very useful information on the sources, transformation and sinks, as well as on the 

transport properties can also be deduced from a careful examination of the detailed mass 

size distributions of the various species or elements. For example, dispersion processes 

{e.g., soil dust dispersal or bubble bursting at the sea surface) lead to the production of 

large (supermicrometer) particles, whereas high temperature processes (e.g., various 

human activities) result in the emission of small (submicrometer) particles. By examining 

wi th what particle size an element or species is predominantly associated, its source 

process can be inferred. Alternatively, when the source process is known, the size 

distribution at the receptor can be compared wi th that typically observed near the source, 

so that the transformations occurring during transport can be assessed. Finally, the size 

distribution at the receptor can be used for determining the atmospheric residence time of 

the various species and the extent of their atmospheric transport. Indeed, both the dry and 

wet deposition velocities of atmospheric species depend upon the size of the particles w i th 

which they are associated [61,62] . 

3. RESULTS 

3 . 1 . Research on the composition and sources of the atmospheric aerosol in southern 

Norway 

As part of our research within the EUROTRAC subproject Air-Sea Exchange (ASE) 

we study the long-range transport of anthropogenic and natural aerosols to southern 

Norway. A major transport path for aerosols and atmospheric trace gases to this region 

is that from western Europe (the British Isles, Germany, the Benelux countries and France) 

over the North Sea. During such transport most of the aerosol may be deposited in the 

North Sea. On the other hand, the North Sea is also an important source area of sea salt 

aerosol particles. Since the beginning of 1991 , and in co-operation w i th the Norwegian 

Institute for Air Research (NILU), continuous aerosol collections are being done wi th the 

"Gent" SFU at two NILU stations in southern Norway, i.e., in Birkenes (58°23 ' N, 8 ° 1 5 ' 

E), which is situated rather close to the North Sea coast, and in Skreadalen ( 5 8 ° 4 9 ' N, 

6 ° 4 3 ' E), located somewhat more land inward. The collection time per sample is 2 or 3 
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days. The coarse and fine filter of each SFU sample are weighed at NILU (in order to 
determine the aerosol mass) and are subsequently sent off to Gent, where we determine 
the black carbon loading, and analyze the filters by both PIXE and INAA for a total of 40 
elements. At present, we completed the analysis of about 190 coarse and 190 fine filters 
of each of the two sampling sites (thus in total about 760 samples). From a preliminary 
evaluation of the results it appeared that the aerosol mass concentrations and the 
atmospheric concentrations of most elements at the two sites vary rather concurrently 
with time. This suggests that the aerosol particles are predominantly advected by long-
range transport. The coherent variation at the two sites was particularly evident for the 
fine size fraction. To illustrate this, the time trends of the fine particle mass concentration 
(FPM) and of fine S and fine Zn at the two locations are shown in Fig. 1. The figure further 
shows that FPM is correlated quite well with fine S and also reasonably well with fine Zn. 
Since the latter two components are undoubtedly from anthropogenic origin, the 
correlation seems to indicate that the major fraction of the fine particle mass is also 
anthropogenic. This suggestion was substantiated by a close look at the scatter plots of 
FPM versus fine S, fine Al (an indicator for soil dust) and fine Na (an indicator for sea salt). 
Indeed, it appeared that FPM showed no correlation at all with fine Na, and that the 
correlation with fine Al was much weaker than that with fine S. 

For certain elements quite different sources may be operative for the fine and 
coarse size fractions (e.g., natural sources for the coarse size and anthropogenic sources 
for the fine size). This is for example the case for S and K. Coarse S is predominantly 
attributable to sea salt, and coarse K originates from sea salt and soil dust. In contrast, 
fine S originates mostly from fossil fuel burning, and fine K has both biomass burning and 
municipal incinerators as important sources. If the relative contributions of the 
anthropogenic and the natural sources show different variability with time {e.g., because 
of variation in air mass origin), and if, in addition, the particles (elements) are advected by 
long-range transport, then one may expect to see significant variability in the fine/coarse 
ratio of the elements, and, moreover, the fine/coarse elemental ratios of the two sites 
should be well correlated. This appeared indeed to be the case for S and K. The scatter 
plot for K is shown in Fig. 2. It is also apparent from this plot that the median fine/coarse 
ratio for K is about 1. (For S it was about 6). In contrast, elements that have sea salt 
and/or soil dust as main sources in both their coarse and fine size fraction (e.g., Na, Al, 
Ca) exhibited a median fine/coarse ratio of 0.3-0.4 only. In addition, there was much less 
variability in the fine/coarse ratio for such elements than in that for K or S. Another 
observation that could be made from the data (and in particular from the 
Birkenes/Skreadalen scatter plots for the fine and coarse data) is that the concentrations 
of the mineral dust and anthropogenic elements appeared to be systematically somewhat 
higher in Birkenes than in Skreadalen, whereas the levels of the sea salt elements were 
rather similar at both sites. On the basis of the distance of the two sites from the coast 
rather the opposite would have been expected for the mineral dust elements, at least if 
they would have had local soil dispersal as their major source process. Our observation 
therefore seems to suggest that the soil dust elements (like the anthropogenic elements) 
are mainly attributable to long-range transport. 
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3.2. Composition and origin of the regional atmospheric aerosol in southern Africa and 

impact of biomass burning 

Within our "Global Change" research we are currently conducting an intensive study 

on the composition and origin of the regional atmospheric aerosol in southern Africa, and 

on the impact of biomass burning on the particulate mass and the various aerosol 

constituents. Our study forms part of the Southern African Fire-Atmosphere Research 

Initiative (SAFARI), which itself is a subprogram of the IGBP/IGAC Southern Tropical 

Atlantic Regional Experiment (STARE). From late August until about mid-October 1992, 

atmospheric aerosol samples were collected by (or for) us at several ground-based sites 

and wi th airplanes. The ground-based collections were conducted at Etosha National Park, 

Namibia, at Victoria Falls, Zimbabwe, and at three sites in South Africa (i.e., at Palmer, in 

the Eastern Transvaal Highveld, and at Skukuza and Pretoriuskop, which are both in the 

Kruger National Park (KNP) at about 4 0 km distance from each other). Besides these 

continuous samplings, we also conducted ground-based collections during a number of 

prescribed fires at the KNP. "Gent" SFU samplers were used in all these collections, but 

at Skukuza and for the samplings near the fires, 8-stage PIXE cascade impactors were 

used in addition to the SFUs. For the continuous samplings at the five fixed sites, we 

adopted a 24 hour collection time per sample, but near the fires, the collection time was 

much shorter. The airplane samplings took place during regional flights wi th a DC-3 aircraft 

and during flights wi th a Cessna 310 (the latter aircraft conducted both regional flights and 

flights above the fires). For the airplane samplings we utilized a reduced PIXE cascade 

impactor without back-up filter and wi th only 3 impaction stages (with cut-points of 16, 

2 and 0.25 jjm EAD, respectively). 

All samples were analyzed by PIXE; the particulate mass (MS) and black carbon (C) 

were measured in all SFU samples, and the short-irradiation INAA analyses of the SFU 

samples and blanks (about 250 coarse and 250 fine filters) has also been completed. For 

the SFU samples, the MS, C and PIXE data were combined into one data set per site and 

per size fraction, and each of the data sets for the five fixed sites was subjected to APCA. 

Here, only the results from the APCA on the Skukuza and Pretoriuskop data will be 

discussed. The variance in the coarse fraction data for each of the two sites could 

essentially be explained by three components, and inspection of the VARIMAX rotated 

component loadings clearly indicated that the first two of these components were 

undoubtedly soil dust and sea salt. For the fine fraction five components were needed to 

explain the observed data variance. The first fine component (with high loadings for A l , Si, 

Ca, T i , Mn, Fe, and Sr) represented clearly soil dust. The second fine component exhibited 

high loadings for K, Br, Rb, C, and MS (and a loading of about 0.6 for Zn), and was 

identified as a biomass burning component. The third fine component was only highly 

loaded wi th Na and Mg, and was attributed to sea salt. The absolute, principal component 

scores (APCS) for the parallel samples from the two sites were compared for each of the 

major components in the coarse and fine size fractions. This comparison was done by 

plotting time trends of the APCS versus collection date for each major component. The 

plot thus obtained for the fine biomass burning component is shown in Fig. 3. It is evident 

that the APCS for this component at the two sites are remarkably similar. A good 
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coherence between the APCS from the two sites was also observed for the soil dust and 

sea salt components in each size fraction. This is demonstrated in Fig. 4 for the coarse soil 

dust component. Furthermore, the APCS time trends for the fine fraction resembled these 

for the coarse fraction rather closely for each of the two types of components (soil dust 

and sea salt). This all suggests that the soil dust, sea salt and the biomass burning 

products did not originate from nearby local sources at each of the two sites, but that 

instead regionally representative aerosol samples were collected. The APCA source 

apportionment attributed the coarse particle mass essentially to the soil dust and sea salt 

components only, wi th average contributions of 60 and 4 0 % respectively. For the fine 

fraction, on the other hand, more than 50% of the particle mass was attributed to the 

biomass burning component. 

4. PLANS FOR FUTURE WORK 

In the next few years we will mainly continue with our ongoing EUROTRAC ASE 

and "Global Change" studies, but also start some new ones. 

As far as EUROTRAC ASE is concerned, the data set from Birkenes and Skreadalen 

will be further evaluated, and new samples will be analyzed. We will also complete the 

analysis of samples that were collected during the North Sea Platform Experiment. The 

field work for this ASE experiment took place from 1 to 21 September 1992, and was 

conducted aboard the German 'Forschungsplattform NORDSEE' (FPN), which is located 

in the North Sea at 5 4 ° 4 2 ' N, 7 ° 10' E. During this three-week campaign-type experiment, 

we collected aerosol samples by means of SFUs and PCIs at two different heights above 

sea level. One series of samples was taken at the main deck level, at about 27 m above 

the sea surface, and a second series of samples was taken as much as possible in parallel 

at the top of the mast, some 18 m above the main deck level. This two-level sampling 

scheme will allow us to investigate possible gradients in the aerosol elemental composition 

and size distribution that might exist above the North Sea. The results may be linked to 

data obtained by some other participating groups from samples taken at different points 

above the sea level under the main deck level. Furthermore, we intend to finalize the data 

intercomparisons, evaluation and interpretation (and write articles for international journals) 

for our work within previous ASE campaign-type experiments, i.e., the Mace Head 

Experiment and the North Sea Experiment (The field work for both experiments was done 

in 1991). 

Our "Global Change" research will continue to have two major components, i.e., 

an Arctic component and an equatorial/tropical component. The Arctic work already 

includes aerosol studies in Spitsbergen and above the Greenland Ice Sheet, and very soon 

we will also start a study on the aerosol in Alaska. At Spitsbergen, continuous aerosol 

collections are going on for us since early 1 9 9 1 . The collections are supervised by NILU 

and take place at the Zeppelin background station (at 400 m above sea level) in Ny 

Alesund, Spitsbergen. The aerosol samplers consist of a PCI and of a Hi-Vol filter sampler, 

in which the filter collects the particle size fraction smaller than 2.5 //m EAD. The PCI 

samples are analyzed by PIXE, whereas the filter samples are analyzed by INAA, PIXE and 
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IC techniques for trace elements and cationic and anionic species, including sulfate and 

methanesulfonate. We are now in the process of finalizing the analysis of the samples 

collected up to fall 1992 (this includes thus two summer seasons), and the data of this 

period wil l then be thoroughly evaluated. Our Greenland work is done in co-operation with 

J.L. Jaffrezo (currently at Grenoble, France). During the summer of 1992 a series of PCI 

samples was collected at Summit on the top of the Ice Sheet. The PIXE analyses of these 

samples will be completed and the data evaluated. For our study on the Alaskan aerosol 

we co-operate wi th G.E. Shaw (Fairbanks, Alaska). Since late July 1991 total Whatman 

filter samples are continuously collected at Anchor Point near Homer, Alaska. This site is 

located on the edge of a cliff, at about 200 meter above sea level (i.e., the Gulf of Alaska). 

The collection time per sample is usually two days. The samples collected up to January 

1993 (about 200 in total) were recently sent off to us, and we intend to analyze them by 

IC (for sulfate and methanesulfonate) and by short-irradiation INAA. 

Within the equatorial/tropical component of our "Global Change" Research, we will 

continue wi th our intensive SAFARI study. After the INAA of the SFU samples is 

completed, the INAA results will be combined with the already existing data (MS, black 

carbon, and PIXE), and a thorough evaluation and interpretation of the data will be started. 

This will involve more receptor modelling work (including new APCA calculations), and we 

will also try to relate the data to air mass trajectories. Furthermore, we will conduct 

aerosol studies in Brazil. These studies are done in co-operation wi th P. Artaxo (Sao Paulo), 

and deal mainly wi th the impact of biomass burning emissions. As part of this work, we 

recently started the analysis of a series of SFU samples which were collected from 21 July 

until 29 September 1992 at Cuiaba, a site south of the Amazon Basin. 
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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. 

Institute of Hygiene and Epidemiology (IHE), Brussels. 

b. In Europe (Belgium excluded) 

Norwegian Institute for Air Research (NILU), Lillestrdm, Norway: J.E. Hanssen, H. 

Dovland, J .M. Pacyna. 

Finnish Meteorological Institute (FMI), Helsinki, Finland: T. Pakkanen, R. Hillamo. 

Technical Research Centre of Finland (VTT), Espoo, Finland: E. Kauppinen. 

Biogeochemistry Division, Max Planck Institute for Chemistry, Mainz, Germany: 

M.O. Andreae. 

Institut fur Meteorologie und Geophysik, Johann Wolfgang Goethe-Universitat, 

Frankfurt am Main, Germany: H.G. Bingemer. 

Department of Meteorology, Arrhenius Laboratory, University of Stockholm (MISU), 

Stockholm, Sweden: J . Heintzenberg, C. Leek. 
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Centre des Faibles Radioactivites, CNRS-CEA, Gif-sur-Yvette, and Universite Paris 

XII , Paris, France: H. Cachier, A. Gaudichet. 

c. In the U.S.A. 

Department of Oceanography, Florida State University, Tallahassee: J.W. 

Winchester. 

Department of Environmental Sciences, University of Virginia, Charlottesville: M. 

Garstang. 

Department of Chemistry, Clarkson University, Potsdam, N.Y.: P.K. Hopke. 

Geophysical Institute, University of Alaska, Fairbanks: G.E. Shaw. 

d. In the rest of the world 

Institute of Physics, University of Sao Paulo, Sao Paulo, Brazil: P. Artaxo, F. 

Andrade, M. Tabacniks. 

Schonland Research Centre, University of the Witwatersrand, Johannesburg, South 

Africa: H. Annegarn. 

Centre Regional d'Etudes Nucleases de Kinshasa (CREN-K), Kinshasa, Zaire: B.D. 

Lumu, M.D. Tsiashala. 
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Figure 1. Atmospheric concentrations (in ng/m3) of the particulate mass (MS), S, and Zn 
(all in the < 2jjm EAD particle size fraction) as a function of sample number for about 190 
parallel samples from Birkenes and Shreadalen. The full lines apply to Birkenes, the dashed 
lines to Skreadalen. The top two lines indicate data for MS, the middle lines for S, the 
bottom lines for Zn. 
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Figure 2 . Scatter plot of the fine/coarse K ratio at Birkenes versus that at Skreadalen for 

about 190 parallel samples from both locations. 
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Figure 3. Absolute principal component scores for the fine biomass burning component 
as a function of sampling date for 4-0 parallel daily samples from Skukuza and Pretoriuskop 
(Sampling period from 1 September through 10 October 1992). 
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Figure 4. Absolute principal component scores for the coarse soil dust component as a 
function of sampling date for 40 parallel daily samples from Skukuza and Pretoriuskop 
(Sampling period from 1 September through 10 October 1992). 
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