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Abstract 

Studying the characteristic features of atmospheric aerosols emitted by natural and anthropogenic 
sources is of basic importance for a detailed understanding of the physics and chemistry of the atmosphere. 
Environmental pollution by atmospheric aerosols and their impact can be tested in the same way, too. The 
separation of natural and anthropogenic components of the aerosol can be done through enrichment factors 
and size distribution curves deduced from analytical information. 

The Particle Induced X-ray Emission (PIXE) technique has been applied in aerosol studies by the 
authors. Results obtained on atmospheric aerosols collected over Hungary and presented in terms of 
concentrations, enrichment factors, regional signatures, deposition velocities, transport properties and 
apportionment of sources illustrate the scope and proportions of the potential contribution of PIXE to the 
methodology of atmospheric aerosol studies. 

Continued activity planned in the framework of the present CRP may widen the scope of the 
investigations mainly in the field of size-fractioned sampling and - possibly - in the direction of individual 
characterization of aerosol particles. 

1 . SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT 

The systematic registration of the local distribution and time variation of the total 

quantity, elemental composition, size distribution and microscopic image of atmospheric 

aerosols has been receiving an increased interest in recent years for various reasons. 

On the one hand, aerosol particles play an important role in a number of basic 

processes governing the physics and chemistry of the atmosphere. These effects can be 

partly detected through the observation of the above data. On the other hand, air pollution 

on a regional or global scale has become a matter of practical importance urging long-range 

measures, sometimes even immediate action for environmental protection. 

Methods utilizing up-to-date analytical instruments with different capabilities may 

contribute highly reliable measured data to aerosol research. Among others, nuclear 

related techniques should be mentioned here. 

At our institute the research activities in this field have been started a couple of 

years ago. As a result of our work the Proton Induced X-ray Emission technique has been 

adapted at the beam of the electrostatic accelerator here, the methodology has been 
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developed to the appropriate level, and the application in aerosol field has been started 
successfully. As a result of these activities, datasets covering a period of a couple of 
years are now available from our PIXE analyses of rural aerosol samples collected over 
Hungary, in recent investigations these data have been completed with analyses of urban 
and suburban samples collected in towns Budapest and Debrecen. Measured average data 
have been compared with levels from European locations. Dry deposition velocities have 
been obtained for several elements. Further evaluation has been performed in terms of 
short-range and long-range transport processes. The results are directly related to 
problems of single emission sources of regional aerosols. Source profiles and source 
scores have been deduced from multivariate statistical analyses. 

Our work is partly done in the framework of a relevant national programme on air 
pollution studies in Hungary entitled: STUDY OF THE ORIGIN, TRANSPORT AND 
ENVIRONMENTAL EFFECTS OF ATMOSPHERIC AEROSOLS BY UP-TO-DATE DETECTION 
METHODS AND NUMERICAL MODELS. This is a research contract with the National 
Foundation for Scientific Research, Budapest under contract number OTKA-345. 
Participants: (a) from the side of this Institute: E. Koltay, I. Borb6ly-Kiss, Gy. Szab6, E. 
Somorjai, A. Kiss, (b) from the side of the Veszpr^m University, Institute of Analytical 
Chemistry: E. Meszciros, A. Molna>, (c) from the side of Central Institute for Atmospheric 
Physics, Budapest: L. Bozo, (d) further people not directly participating in studies covered 
by the present proposal. In the OTKA programme PIXE and Proton Induced Gamma-ray 
Emission (PIGE) aerosol analyses are performed by participants named under (a). For the 
evaluation of the obtained data appropriate statistical methods are used. Participants 
named under (b) and (c) contribute with meteorological data, air mass trajectories and 
numerical modelling to simulate the transport and deposition of the elements as a function 
of emission field and meteorological situation. 

Part of the experimental work was done as a joint activity with the Department of 
Nuclear Engineering, Faculty of Engineering, Nagoya University, Japan, partly supported 
by the Japan Society for the Promotion of Science, with the participation of T. Katoh and 
S. Amemiya. 

2. METHODS 

The planned research activity is methodically based on the analytic qualification of 

aerosol samples by PIXE technique. 

The basic equipment of PIXE analysis is the analytical channel of the 5 MV Van de 
Graaff accelerator of this Institute. The channel is equipped with a home-made PIXE 
analytical chamber with a semi-automatic sample changer and facilities for accurate beam 
current measurement, including secondary electron suppression and an electron gun for 
target neutralization. As X-ray spectrometer a Canberra SL 12160 Si(Li) detector is used 
connected to a home-made NZ 881 X-ray digital signal processor and analyzer with an 
IBM-AT 286/287 personal computer. 
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The system is calibrated for absolute concentration determination on thin and thick 
samples [1 ]. A PIXE computer package named PIXYKLM has been developed for spectrum 
evaluation and concentration determination. It was found to be fast and reliable in 
practical work with series of spectra [2]. In order to get a practical quality assurance of 
the analytical procedure, a comparison has been made of reference concentrations with 
those from PIXE measurements for standard samples in connection with enhancement 
effects as well as with concentration calculations on the basis of L and M lines, on brass 
and stainless steel standards. The average of the ratio PIXE/certified was found to be 1.04 
± 0.03, including corrections. 

Miniature stank-eri filter samplers, each consisting of a 25 mm diameter 8 //m 
Nuclepore filter as the first stage followed by a 0.4 //m one as second stage, connected 
to battery-operated minipumps (pumping speed = 4.5 L/min) or mains-operated membrane 
pump are available for collecting coarse- and fine-fraction aerosols separately. A 
home-made 12.5 L/min six-stage Battelle impactor can be used for size-fractioned aerosol 
sampling. 

3. RESULTS 

As mentioned briefly in section 1, previous work relating to the topic of the present 
Co-ordinated Research Project has been done by the participating group. Some of the 
results will be presented in a condensed form with reference to the related publications. 

1. Elemental concentrations from PIXE analyses and regional signatures were 
systematically investigated in a rural background station for the time interval 
of several years. Single-element concentrations or the ratio of elemental 
concentrations for selected pairs of elements can be viewed as regional 
signatures characterizing aerosols which originate from a selected location 
with a given structure of industrial activity, transportation and energy 
sources. For example V and Se related elements show order of magnitude 
differences between coal and oil combustion areas. Elemental ratios as 
regional signatures were found here to be similar to those from other regions 
with a majority of coal-fuelled thermoelectric power stations. The seasonal 
variations and long-term stability have been investigated for a number of 
elemental ratios [3], [4]. 

2. PIGE method has been tested for the extension of the PIXE dataset with 
concentration values for the elements boron and sodium. The detection 
limits obtained permitted us to use PIGE systematically for sodium 
determination. In the rural aerosols investigated, boron remained normally 
below the detection limit [5,6]. 

3. Short-range transport properties of coarse- and fine-fraction as well as total 
aerosols have been investigated in the neighbourhood of a single emission 
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source formed by a pearlite milling plant situated in a hilly terrain in NE Hun
gary. In the technological process also oil-fuelled heaters are applied, so the 
emission source is of mixed character. The longitudinal distribution is 
measured separately for coarse and fine size fractions along the main valley 
downwind. Distribution curves calculated from the Gaussian plume formula 
for total aerosol particulate matter show a much faster decrease than the 
observed concentrations of various elements. While the crust-related coarse 
fraction falls rapidly with the distance, fine fraction components remain 
relatively stable. Averaging for wind fluctuations would decrease the 
discrepancy between measured and calculated distributions. Moreover a 
plausible explanation for the slow decrease of measured concentrations 
could be found in flow channelling due to the walls of the valley. The 
average environmental impact of the source on the quality of the air can be 
guessed by comparison of the concentration data measured in the sampling 
stations along the valley with those observed in a reference background 
sampling station [71. 

4. A long-range transport model based on mass balance equation and air mass 
trajectories has been used for calculating the contributions of European 
source areas to regional aerosol concentrations over Hungary [81, [9], [101. 
Regional concentrations in the country are at least partly due to 
anthropogenic emissions in neighbouring countries. To check this 
reasonable assumption and the amount of their contribution, a long-range 
transport model was used in our papers for calculating the elemental 
concentrations from data on European emission distribution and 
meteorological parameters. In the model the influence of neighbouring 
regions is taken into account on the basis of the step-by-step application of 
the mass balance equation along calculated air trajectories. A comparison 
of PIXE analytical data with those deduced from the model represents a 
powerful method for describing air transport events and contributions of 
different regions to registered aerosol data. In a yearly average Hungarian 
contributions to measured regional background elemental concentrations of 
V, Cr, Co, Ni, Cu, Zn, As, and Pb were found to amount to 79%, 43%, 
38%, 36%, 90%, 13%, 24% and 32%, respectively. In the case of 
elements with low Hungarian emissions, the contributions of selected 
neighbouring countries were deduced separately. However, it is to be 
emphasized that these figures are very approximate and can be applied 
under average conditions. 

5. The elemental concentrations in the aerosol collected at the receptor site are 
the linear sums of the contributions of individual sources at nearby or far 
away emission sites. The profile of each source are defined as the set of 
elemental concentrations at the places of selected contributing emission 
sources. Multivariate statistical methods can be applied on the sets of 
concentration data for performing the extraction of source profiles and for 
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source apportionment. In our paper [11] target transformation factor 
analysis has been performed on a whole-year dataset for characterizing local 
aerosols. Source profiles and scores have determined five factors clearly 
appearing in the calculations. Assignment of deduced profiles of possible 
emission sources has been attempted on the basis of composition profiles 
taken from the literature. The interpretation of the factors in terms of 
aerosol sources is somewhat arbitrary. The first factor, which is heavily 
loaded with elements of low enrichment factors, represents soil as a source. 
The second factor, containing much Pb, S, and soil-degraded elements, is 
considered as a mixed source of dust and exhaust particles, typical for 
motor vehicle traffic. The third factor is interpretable as coal combustion 
mixed with oil burning. The fourth factor, highly correlated to CI and heavily 
loaded with S, may be identified as domestic heating. It is very likely that 
the fifth factor mostly contains emissions related to industrial metallurgy. 
The evaluation of the source scores indicates that the five-factor solution 
exhausts the measured elemental concentrations almost completely. The 
sum of the calculated scores is generally close to 100%. 

In studying dry deposition of the particulate matter, detailed knowledge of 
the deposition velocities is of basic importance for modelling pollution 
transport and estimating environmental loading. Height distribution curves 
for the concentration of elements measured by PIXE on samples taken in 
surface air layer and planetary boundary layer in the height interval 0-100 
m have been evaluated for deposition velocities. Data for elements A l , Si, 
S, CI, Ti, Mn, and Zn, have been published in our paper [12]. 

Surveys covering the topics of methodology of PIXE [13] and results and 
perspectives of PIXE technique in elemental analysis of atmospheric aerosols 
[14] have been published in the literature. 

4. PLANS FOR FUTURE WORK 

Proposed work within the framework of this project accepted as part of the 
Agoncy's Coordinated Research Programme (CRP)is the PIXE analysis of atmospheric 
aerosol collected with stacked filter unit under urban and rural conditions as prescribed in 
the core programme of CRP. The evaluation will be done in terms of average 
concentrations, seasonal variation, enrichment factors, wind sector distribution, source 
apportionment by target transformation factor analysis, and determination of regional 
signatures. Data can be compared with the conclusions of short and long-range transport 
modelling. As topics for the supplementary programme, size fractionation studies are 
planned. Our earlier work done in this direction called our attention to some 
methodological problems related to the question of beam size and non-uniformity of 
impactor samples. We think that systematic test measurements should be done prior to 
taking actual data on size distribution of the particles. Such type of measurements could 
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be interesting from the point of view of determining the origin of the particles. On the 
other hand, a survey will be taken of the technical problems and applicability of microbeam 
PIXE method to the characterization of individual airborne particles. This study may serve 
as a basis for building up a microbeam channel on our Van de Graaff accelerator. The 
realization of such a development, however, would be mainly based on independent 
financing sources. The financial support for purchasing the basic elements (beam optics, 
electronic measuring, control, and imaging units) is available from a contract with the 
National Foundation for Scientific Research, Budapest (code: A080). The realization of 
other elements (like a stativ target chamber, and special accessories) will be made as part 
of the supplementary programm in the present project. 

The work plan for the first year covers mainly the annual part of the tasks outlined 
above. It means that a regular sampling campaign will be started as a continuation of 
earlier activities here to collect aerosol samples by stacked filter units in mrs! and urban 
locations. The samples will be subjected to PIXE analysis. In this programme, special care 
will be taken of operating the new "Gent" stacked filter units provided by IAEA in the 
framework of this CRP. A comparison of analytical data from samples taken with the new 
sampler will be made to those obtained with the earlier sampling units in order to check 
the reliability of former datasets from our earlier investigations. For the evaluation of the 
data average concentrations, enrichment factors, seasonal variations, source 
apportionment data and regional signatures will be deduced by the contracting institute, 
while the construction of wind sector diagrams and transport modelling will be performed 
in collaboration with our partners in the programme named in chapter 1. A wind sector 
analysis of data from October, 1991 - January, 1993 samples will be included in the plan 
for the first year. Surveying the field of the application of microPIXE technique in aerosol 
research is part of the activities planned for the first year, too. 
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