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Abstract 

We report and analyze here data on airborne particles up to PM10, measured in 
the Brussels region from October 2002 through to September 2003.   
     The purpose of this study was to measure the impact of urban activities on 
airborne particles. Differences in the granulometry and micromorphology of 
particles sampled on working days and weekends were studied. Two parameters 
are computed for a large number of collected particles.  The first parameter is the 
isoperimetric quotient, IQ, defined as the area A of the planar projection of the 
particle divided by the square of its perimeter (rescaled by 4π), i.e. IQ=4π A/p2. 
This parameter is smaller or equal to one (for a circular planar projection) and 
measures the particle surface irregularity or roughness. 
     The second parameter, β, corresponds to the ratio L1/L2 between the 
projected major and minor axis of the particle. It is larger or equal to one and 
represents the particle elongation. 
     We observed significant tendencies in the particles distributions in terms of 
IQ and β. 
Keywords: airborne particle, granulometry, micromorphology, Brussels 
environment. 
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1 Introduction 

There has been growing interest recently in the study of airborne particulate 
matter, more especially towards improved understanding of the long-term 
transport and impact of different elements of the lithosphere and atmospheric 
pollution.  Around ground level, a fairly thin layer of the lithosphere and 
atmosphere, on both sides of their interface, serve as the major platform for life 
and civilization.  Both the lithosphere and the atmosphere are mutually 
responsible for sustaining their productive equilibrium.  Airborne dust is a 
mainly mineralogical component of the lithosphere that periodically but 
temporarily upholds that equilibrium. 
     The investigation of atmospheric air components is integrated into the global 
ecology perception and is part of the science of the environment, which includes 
all the phenomena that are involved in the relationship between human society 
and the vital environment [18]. Data on grain size and its distribution in Aeolian 
dust is abundantly available in the literature.  Most of the data concern short-
term periods (usually dust storms or other events of high dust activity) [5, 8, 13-
15, 17] or medium-term data evolution [9-11, 19]. As for horizontal dust flux, 
published long-term information for dust grain size is only available via indirect 
studies, for example, dust in oceanic sediment cores [3, 6, 21], in ice cores [12, 
22, 23], or in loess deposits [1, 4, 7, 26].  Arimoto et al. [2] performed grain size 
measurements of airborne dust collected over the Atlantic and Pacific oceans. 
     Related to the EC Directives, in 1996, the EC issued a new frame directive 
(1996/62/CE) for the assessment of ambient air quality. 
     One of the actual EC limit values on PM10, a daily value of 50 µg/m3 not to 
be exceeded more than 35 times per year, from 2005 on, is not respected in all 
sites of the Brussels Capital Region, as is the case for many cities in dense 
populated areas of Western Europe. A new proposal for limiting the PM2,5 
exposure, still under discussion, will be also hard to fulfill. So it is of importance 
that additional information is gathered in order to understand somewhat better 
the physico-chemical reality in this complex phenomenon. 
     More generally, our work illustrates a new methodology to analyze specific 
aspects of the dynamics of the airborne particles by combining the in situ 
measurements, the laboratory investigation on the granulometry and 
micromorphology along with the statistical analysis. 

2 Methodology and experiment design 

PM10 measurements in the Brussels-Capital Region, using continuous 
monitoring, are more recent than the measurements for the gaseous pollutants.  
Started in 1996 with two PM10-systems (oscillating microbalance R&P TEOM 
1400-Ab), the network now contains six PM10 monitors.  These analyzers are 
installed in Molenbeek, Uccle, Haren, Berchem, Meudon Parc and Woluwe.  By 
mid-2000, three PM2,5 monitors of the same type were installed in: Molenbeek, 
Haren and Meudon Park.  The PM2,5 sampler consists of a PM10 impactor 
followed by a PM2,5 cyclone.  At two of these stations (Uccle and Woluwe) and 
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at the University (ULB-Campus Plaine), additional sampling (Airborne Particle 
Samplers) was carried out on filter membranes for the examination of physical 
and chemical properties of the airborne particles [24]. 
     For the present research, a SEM (Phylips scanning electron microscope) was 
used for the determination of the composition of the particulates sampled on 
Saturdays, Sundays and Mondays. Because the SEM energy dispersive technique 
can focus on very small particles and resolve even trace amounts, we consider its 
determination as reliable. 
     The analysis of particle morphology is of special importance since particle 
shape distribution is expected to directly affect transport and the mechanisms of 
deposition - accumulation as well as the impact with the ground surface. 
     Using SEM instrument (type JSM 5410 JEOL), a series of quantities have 
been measured on a large number of particles, the projected surface (A, in µm2), 
the projected perimeter (P, in µm) and the projected major and minor axis (L1 
and L2 in µm).   
     On each filter, between 100 and 200 particles were selected in function of the 
density of the particles on the same portion of the filters.  In order to identify the 
value of the projected area and the form of the particles (especially the very 
small ones), the filters were analyzed at various resolutions (magnitudes).  On 
the filters, the micromorphology of the airborne particles has been analyzed by 
computerized SEM investigation using a Soft Imaging System (SIS - digital 
solutions for imaging and microscopy).   

3 Statistical analysis 

As the variability among the filters was high, the total amount of particles, 
(approximately 160) for each day, was sorted according to the area, in order to 
divide all the data into 3 size groups. The average ( )X and half of the standard 
deviation (σ/2) were the data indicators used to make this data division.  The 
following equations indicate the limits of each size group: 

 
Size Group 1 :    0 ( / 2)X σ→ −   

Size Group 2 : ( / 2) ( / 2)X Xσ σ− → +  

Size Group 3  ( / 2)X onwardsσ+ →   
 

     In some Month - Day - Station data sets, a small number (one, two or three) 
of very big particles, having great impact on the standard deviation, were pulled 
out of the series in order to make the first size group suitable (limit 1µm2). As 
the amounts of analyzed particles in each size group were different between the 
stations and between the months, weighted averages had to be calculated to 
represent the fluctuations between different days. 
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     A monthly weighted average was computed to identify the fluctuations 
throughout the year. For each month, average area of each size group was 
calculated according to the equation: 

( ). kk

k

MWA nX
N

=
∑

 

 
with the following definitions: 
 
MWA  : month weighted average among the three stations 

kX  : station area average 

kn  : amount of particles of station 

kN  : total amount of particles 
k : each station 
 
     As every average area was already weighted by the amount of particles in 
each day and group, the All Stations “Day” average corresponds to the simple 
average between the three stations. 
     In order to characterize the shape of the particles, the ratio of projected major 
and minor axis (β) of the particles and the Isoperimetric Quotient (IQ) were 
calculated.  The IQ represents how rounded a certain figure is and is given by the 
following equation: 
 

4 .
2
AIQ

p
π

=  

 
where: 
A : Particle projected area 
p : Particle projected perimeter 
 
     The difference with the area analysis is that the variation of these indices is 
much smaller than for the area, therefore only the average value for each index 
was considered and no different groups were searched. 

4 Results 

The analysis was performed in order to characterize the difference in area and 
shape of dust particles collected by the three stations (UCCLE, ULB and IBGE - 
BIM) for Saturdays, Sundays and Mondays during the period September 2002-
October 2003. 
     Among the particles that have been analyzed a large number (about 50%) are 
characterized by 0.7 < IQ < 1 while about 40% correspond to 1.0 < β < 1.5. 
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     Particle micromorphology analysis shows that many particles have a rather 
small elongation (β between 1 and 1.5) while particles having a projected surface 
large than 10 µm2 are more elongated (β around 2) than the smaller ones.  This 
tendency could be due to the fact that larger particles are often aggregates [24]. 

Table 1:  Particles Area, Major-Minor axis ratio L1/L2 and Isoperimetric 
Quotient (IQ) averages, by days, stations and, months. 

 
 
 

 
Factor 

 
n 

 
Area 
(µm2) 

 

 
L1/L2 

 
IQ 

  
Saturday 

 
3160 

 
7.83      

 
1.52  

 
0.536  

Days Sunday 2628 7.51  1.57  0.533  
 Monday 

 
3107 7.55  1.52  0.535  

  
IBGE 

 
3261 

 
7.37  

 
1.55  

 
0.531  

Stations UCCLE 2919 8.43  1.52  0.533  
 ULB 2715 7.13  1.53  0.541  

 
  

October 
 

850 
 
8.03    

 
1.45         

 
0.528    

 November 1000 8.37    1.50     0.525    
 December 877 7.00  1.46        0.536   
 January 688 5.81     1.48      0.535   
 February 613 7.37  1.62      0.512     

Months March 1233 9.87     1.52   0.532    
 April 952 7.42  1.55  0.538  
 May 1149 7.00  1.62         0.547     
 June 673 8.30  1.60      0.548     
 July 288 5.78   1.61   0.522    
 August 259 6.43  1.53  0.547   
 September 

 
313 6.15  1.54  0.552    

  
Average 

 

  
7.64 

 
1.53 

 
0.535 

 
     As can be seen from Table 1, no statistical difference was observed in the area 
of the particles between the studied days.  This means that the average particle 
area for each of these three days should be considered as the weighted average of 
7.64 µm2.  A different situation was observed when analyzing the area that was 
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collected in each station.  UCCLE showed the biggest particles with a surface of 
8.43 µm2, but no difference was observed between IBGE and ULB. 
     Regarding the particles shape, (see Table 1) it can be seen that significant 
differences were found between the L1/L2 ratio of Sunday’s particles in 
comparison to Saturday’s and Monday’s particles.  Specifically Sunday’s 
particles are statistically longer than the particles of other days.  No statistically 
differences were found between the stations regarding the IQ ratio.  More 
precisely, for the Isoperimetric Quotient, a significant statistical difference was 
seen between the monthly averages, while no relevant difference appeared 
between the three stations.   
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Figure 1: Monthly fluctuation of the particles area (October 2002 - 
September 2003). 

     From Figure 1 a decrease in the particle size during the 2002 - 2003 winter 
can be observed.  Toward the end of the winter a big increase occurred, which 
gradually decreased during the spring and summer, arriving at the end of the 
summer to particle sizes similar to those in the middle of the winter. 
     As can be seen on Figure 2, although many of the particles appear to have 
both parameters IQ and β quite close to unity, it appears clearly on this plot that 
both parameters are important for characterizing the particles since they are 
fairly poorly correlated. 

5 Discussion 

In this study we analyzed the principal components of airborne solid particles in 
the Brussels region, especially the smaller particle size population (up to 2-3 µm) 
that are associated with a higher risk for public health.  Concerning the particle 
size distribution, for all the stations and for the entire studied period, the 
investigation shows that the smaller particles (less than 1 µm) are by far the most 
numerous (61.3%) ; particles between 1-3 µm registered an average of 28.8% 
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and those between 3-10 µm correspond to 9.2%.  Particles greater than 10 µm are 
rare and appear accidental (0.7% on average) (see Table 2).  
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Figure 2: Scatter plot of 1/IQ versus β. 

Table 2:  Particle size distribution (%). 

Station <1 µm 1-3 µm 3-10 µm >10 µm 

Woluwe 61.5 30 8.0 0.5 

ULB 64.3 27.5 7.3 0.9 

Uccle 58.0 28.8 12.5 0.7 

Average 61.3 28.8 9.2 0.7 
 
     The laboratory analysis (particle size distributions, mineralogy, chemistry), 
the statistical comparative studies and the relations with the atmospheric 
(especially advective) dynamics [20], lead to a preliminary conclusion that the 
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majority of airborne particles in the Brussels region comes from sources 
geographically outside the (in situ) Brussels area. 
     A close similarity of the particle size distributions is observed in the different 
stations of the Brussels region.  This constitutes an argument in favor of a 
common source for at least a non-negligible part of the particles presence.  
     A relatively reduced percentage of the particles originate from sources that 
are inside the Brussels region and are caused by various human activities.  These 
activities are capable of re-suspending particles formerly deposited on different 
urban surfaces [24].  
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