
THE ROLE OF NEUTRON ACTIVATION ANALYSIS FOR TRACE ELEMENTS 
CHARACTERIZATION, ANALYSIS AND CERTIFICATION IN ATMOSPHERIC 

PARTICULATES 
 
Enrico Rizzio and  Mario Gallorini  
CNR-URS Unità di Radiochimica e Spettroscopia dell’Istituto di Metrologia “G. Colonnetti “ c/o 
Università di Pavia (Italy) 
 
Abstract 
The Neutron Activation Analysis (NAA) owns these requirements and is universally accepted as one of the most reliable 
analytical tools for trace and ultratrace elements determination. Its use in  trace elements atmospheric pollution related 
studies has been and is still extensive as can be demonstrate by several specific works and  detailed reviews. 
In this work, the application of this nuclear technique, in solving  a series of different analytical problems related to  trace 
elements  in air pollution processes is reported. Examples and results are given on the following topics: characterization of 
urban and rural  airborne particulatesamples; particles size distributionin the different inhalable and respirable fractions 
(PM10 and PM 2.5); certification of related Standard Reference Materials for data quality assurance.  
 
Introduction 
The monitoring of trace elements (TE) content in the atmospheric particulate may contribute to control 
and to evaluate  the  degree of  the air pollution and furnishes additional information  for assessing  the 
air quality of our environment.(1) Many TE of anthropogenic origin may constitute a potential risk onto 
the population not only at level  of   threshold concentrations but    also in terms of prolonged exposure 
to low levels.(2) However, the knowledge of the concentrations in the total suspended air particulate 
besides to represent   an important parameter is  not sufficient for a more close  evaluation  of the 
possible impact onto the public health. The monitoring must be comprehensive of the concentrations in 
the fine particulate fractions involved in the respiratory system at alveolar and bronchial levels. This 
has been already recommended by the health organizations which suggest to analyze the “inhalable” 
particulate; i.e.the fraction containing the particles  with an aerodynamic equivalent diameter of less 
than 10 μm (PM10).(3) In this work, the PM10 has been further investigated to obtain the TE 
concentrations in the finest “respirable” fractions  involved in the different tracts of  the respiratory  
system.  By mean of inertial multistage impactors, the air particulate has been size fractionated  in the 
three subsequent  fractions: alveolar (particles of 0-1.1 μm nominal diameter), bronchial (1.1- 4.6 μm) 
and tracheo-pharynx (4.6<9 μm).  
For the TE determination, the main analytical problems have arisen from the very low concentrations to 
be determined and the blanks contribution deriving from   the filtering membranes, the analytical 
processes and the sampling procedures. To overcome these difficulties a deep investigation of the field 
blanks, reagent purity and handling operations was carried out. Finally, the quality assurance of the 
primary standards and the overall analytical performances was accomplished by analyzing series of 
NIST (National Institute of Standards and Technology – USA) standard certified materials NIST SRMs 
Coal 1632b, and Apple Leaves 1515. Concerning these points, all information comprehensive of all the 
procedures adopted have been presented and discussed in detail, elsewhere (4). 
 
Materials and methods 
Samplings. Two series of independent samplings were carried out in each location obtaining two sets of samples 
for the analysis by INAA and ETAAS respectively. During the first week  of February 2000 two series of four 
samplings (24 h each)  were simultaneously carried  in Milan downtown (Dept. of Physic-University of Milan)  
and in the nearby suburban industrialized area of Cologno Monzese at the border of the Milan east-beltway. Two 
series of four samplings of 48h each, were carried out  in the 8 last days of Februray  in a woody area near 
Cadrezzate (Ispra) about 70 Km north from Milan  on the shore of the lake Maggiore. All samples have been 



collected  onto cellulose filters at 1.8 m height and consisted of  total   air particulate matter  and  of the different 
fractions of the corresponding particle size  segregation: (i) total air particulate - air particulate samples were 
collected onto 0.8 μm cellulose filters (Sartorius - Germany) of 4.5 cm diameter by pump aspiration,   with a 
collection rate of 18  l/m  for 24(48) h.  (ii) granulometric distribution - 8 stages inertial aluminum particle sizing 
samplers 1ACFM from Gelman Sciences (USA) were used collecting the air particulate fractions onto 9 cm 
diameter  Millipore®0.8 μm cellulose membrane  at a rate of about 28 l/min for 24(48) h. The 8 stages  have an 
ECD (Effective Cutoff Diameter) corresponding to the following nominal ranges in μm : 1 (0-0.41), 2 (0.41-
0.70), 3 (0.70- 1.1), 4 (1.1-2.2), 5 (2.2-3.3), 6 (3.3-4.6), 7 (4.6-6.0), 8 (6.0-9.0), preseparator > 9.  
Standard, reagents and blanks. The primary standards were consisting of standard solutions obtained 
from high purity metals or salts dissolved in high purity acids (Aristar® BDH-U.K.) and in standard 
solution for ICPMS obtained from BDH. For the analyses by INAA, series of multielement standard 
solutions were prepared in dependence of the nuclear characteristics and the sensitivity of the elements 
to be determined. For the analysis carried out by ETAAS, the sample dissolutions were performed in 
high pressure Teflon®- lined  bombs using high purity acids and  bidistilled water. As above reported, 
the blank contributions from  reagents as well as the blanks  of the filters were evaluated  and taken ito 
account. In addition, for each type of sampling,  field-blanks  consisting of filters that have been 
handled in the same way of the regular sampling filters (loaded and dismantled  from  the sampling 
apparatus without aspiration), have been also analyzed. Results and Discussion 
Total concentrations. The results obtained in the analysis of the particulate matter collected during the 
month of February in the three locations object of study are listed in Table 1 which reports the averages 
of the concentrations  (ng/m3) of 33 elements. In the same table are listed the medians obtained from all 
the  concentrations values found in  the  previous  sampling campaigns (5,6).The major part of the 
elements determined in this work shows concentration values with a quite reduced standard deviation 
(usually very large in this type of analyses) reflecting the fact that the  weather conditions, during the 
collection period (thermal inversion), were constant and did not introduce significative changes in the 
composition of the air particulates. Unless for lead and few other elements  no appreciable differences 
of concentration were found between   Milan and  Cologno M. . The higher Pb value of Cologno M. 
may be attributed to the presence of the nearby Milan east-beltway  which may be considered one of 
the highway with the heaviest automotive traffic in Italy. The data suggest that the pollution rate 
between the two areas (metropolitan and suburban-industrialized) is similar. On the contrary, the 
comparison with the Ispra values show for all the elements and in particular for those which can be 
considered of anthropogenic origin,  a totally different situation. Differences in concentration ranging 
between 5 and 48 times are registered for elements such as V, Pb, Cr, Cd, Fe, Hg, W, Sb, Cu, Mo and 
Se. Unless Sc, the same trend, but with lower variations, can be noted for elements that may be 
considered of natural origin (crustal and soils composition) such as K, La, Mg, Ba, Ti. The 
concentrations found in this work lay in the same intervals of those of previous samplings. (6,7)  
Nevertheless, from the comparison with the corresponding values of the medians obtained from the 
previous analyses a quite sensible decrease, for many elements in all the three locations, can be noted. 
This is particularly evident  for the elements related to the automotive exhaust and to the domestic 
heating such as Pb, Ni, Cd, Cr,  Br, and V.  In these last years, the increase  of the use of unleaded 
gasoline and the progressive replacement of the fossil combustibles by domestic  methane,  have 
reduced the release in the atmosphere of these pollutants. In conclusion, as far as the TE concentration in 
the total suspended air particulate are concerned, the results reported here can be representative of the actual air 
quality standards of the investigated areas and can be used to characterize the composition of the corresponding 
aerosols. 
Granulometric distribution.  The distribution of the TE in the different inhalable and respirable size-fractionated 
particles gives information on their specific pathway followed in the human respiratory system. This has  



particular importance for those elements of  anthropogenic origin which, deriving  from chemical or combustion 
processes, are contained in the fine particulate  fractions. To better correlate the size particles fractionation with  
the different respiratory tracts  the data have been grouped in six granulometric intervals in μm as following: 
alveolar (0-0.4) - (0.4-0.7) - (0.7-1.1); bronchial (1.1-2.1) - (2.1-4.6); pharynx-trachea (4.6-9). Examples of 
typical  granulometric distribution trends are given in the Figures 1 which show the diagrams of some of the  
elements analyzed. Each  diagram  reports the concentrations in ng/m3  versus the ECD of the particles  for the 
three locations object of study. Figure 1 shows the behavior of Pb, Ni, and V which can be considered  
associated to combustion processes (automotive emissions and  fossil fuel (oil) heating).  This three elements 
present a  similar  trend with higher concentrations associated to the finest particles. However, the relative 
concentrations differ considerably between the urban-industrialized  (Milan and C.M.)  and the rural-residential 
(Ispra) areas, being, the values found in these last, much lower.  In the same figure are also reported the 
behaviors of Cd, Cu and Mo as examples of typical elements related to the industrial and anthropogenic 
activities. Here, a comparable  granulometric distribution trend between  the samples collected in Milan and in 
C.M. can be observed. This may suggest that  the aerosol composition is very similar in both locations and that 
these elements are released into the air  from the same pollution sources.  In the case of Ispra, unless for Fe and 
Mn,  all the elements are predominantly present in the fine particles and the same trend can be observed  for the 
other elements of environmental interest  and originated from pollution sources. This  may be explained by  long 
distance transport phenomena which can introduce into the “clean” areas the most mobile  fraction released from 
the far pollutant emission points.  
Table 2 summarizes all the  data obtained from the size fractionation study  and reports the TE percent 
distributions associated to  the different human respiratory tracts.  For each element are given  the percentages 
associated to the “inhalable” fraction (PM10) and the corresponding percentages in the subsequent finest 
“respirable” fractions (alveolar, bronchial and tracheo-pharynx). In all the three areas, the elements which may 
be considered of non anthropogenic origin and  associated to natural sources (soils) such as Ce, Cs, La, Mg, Rb, 
Sc, and Th show the lower values  in all the corresponding PM10 fractions. The greater part of the other 
elements are present in the PM10 with high percentages suggesting that are manly associated to the fine 
“inhalable” particles  released from polluting sources. Among these elements, Pb, Ni, Sb and Br, which are 
related from the automotive emissions, show  in all three  PM10 fractions  comparable percentages confirming 
their common origin. The more interesting data however, are those  regarding the percentages measured in the 
finest fractions (<PM10) where the values may sensibly differ. Here, many elements of toxicological interest 
show relative high percentages in the alveolar fraction which, being more deeply inhaled into the lungs, may 
increase the risk of disease through exposure. It may be observed that, for  many of these elements, the 
percentages found in the alveolar fraction of Ispra are higher in comparison of those of Milan and C.M. This 
may be explained with the arrival into the “unpolluted” area of Ispra of the finest particles mobilized, by  long 
distance transport, from the far pollutant emission points. Applying the percent distribution of Table 2 to the 
maximum concentration values   found in the total air particulate it is possible to extrapolate the maximum 
concentration in ng/m3 present in the alveolar fractions. Table 3 reports these data for 15 elements of 
environmental interest in the three different locations. In the same table are also given the ratios obtained 
between the corresponding values of Milan (R1) and Ispra (R2). The total concentration values can furnish 
information on the state of the air quality in its whole while the concentrations associated to the alveolar fractions 
my indicate the degree of the potential exposure  risk in relation to the finest respirable particles. For almost  all 
the elements, the R2 values are noticeably lower in comparison with the corresponding R1. As example,  the  
concentration of Sb in the total airborne particulate matter  is  15 times higher in Milan than in Ispra but this ratio 
drops to 4 times  in the fine alveolar particles. The results as a whole seem to indicate that, in non urban-
industrialized areas, the trace elements originated  from pollution sources  are mainly present in the fine fraction 
of the  air particulate matter.  



Conclusions 
The INAA  was found highly sensitive and reliable  for both  multielemental determination in the samples and 
the analytical control of the blanks. Its use in this type of studies allows the simultaneous analysis of more than 
30 elements at the few nanogram levels. (8-16) The blank contribution from the filters constitutes the major source 
of error especially when the concentrations are very low and small amounts of air dust are collected.(4, 17) A  very 
accurate analysis of the filtering material must be carried out to obtain reliable blank values for appropriate 
corrections of the final results..  
The results obtained in this study  illustrate the actual air quality situation for the TE content in different areas of 
Northern Italy and allow the comparison between locations with different degree of air pollution. Furthermore, 
the data of the concentrations of the total air particulate,  being  quite similar to those of the previous monitoring, 
can assess  the ranges  of the amounts of many TE present in the aerosols.  No appreciable differences have been 
noticed between the metropolitan area of Milan and the nearby industrialized area of Cologno Monzese. In this 
last, a  higher Pb concentration in both total air particulate and  finest particles fraction (alveolar)  may be 
explained by  heavy  automotive traffic present on the nearby east-beltway. As expected, a remarkable difference 
has been observed for the TE concentrations in the Ispra area which results much lower polluted. Nevertheless, 
in this location the composition of the aerosol is highly different with many TE predominantly associated to the 
alveolar particles fraction. In term of prolonged exposure to low levels, this information suggests the monitoring 
of these finest respirable fractions also in those areas  which may be considered less subjected to the atmospheric 
pollution.  
 
References 

1.W.Schroeder, M.Dobson, D.M.Kane and N.D. Johnson, Toxic Trace Elements Associated with Airborne Particulate 
Matter: a Review. J.Air Poll.Control Ass.(JAPCA), 37, p.1267 (1987) 
2. WHO/UNEP, 1992 Urban air Pollution in Megacities of the World. W.H.O., U.N. Env. Prog., Blackwell,Oxford, (1992). 
3. Int. Organisation for Standardization, ISO/TC 146/SC 2+3 Ad Hoc WG&CEN/TC137/WG 3/N107, ISO, Geneva, (1991). 
4. E.Rizzio, G. Giaveri, M.Gallorini,  Some analytical problems encountered for trace elements determination in the  
airborne particulate matter of urban and rural areas. The Sci. of the Total Environ., vol. 256/1, pp. 11-22 (2000) 
5. M.Gallorini, P.A.Borroni, M.Bonardi  and A.Rolla,  Trace elements in the atmospheric particulate of  
Milan and suburban areas:a study carried out by INAA. J.Rad.Nucl.Chem., 35, Nos 1-2, 241-247, (1998) 
6. M.Gallorini and E.Rizzio, Trace elements in total and respirable fractions of air particulate  of urban and suburban areas investigated by 
Neutron Activation analysis. Fres.Environ.Bull.,7, 7-19, (1998) 
7. E.Rizzio, G.Giaveri, D.Arginelli, L.Gini, A.Profumo, M.Gallorini, Trace Elements total content and particle sizes 
distribution in the air particulate matter of a rural-residential area in north Italy investigated by  Instrumental Neutron 
 Activation Analysis. The Sci. of Total Environ. Vol. 226/1, pp.47-56 (1999) 
8. IAEA Sampling and Anal. Meth. for NAA  of Airborne Particulate Matter, IAEA-TCS-4, Vienna, (1992).  
9. R.Dams, Nuclear activation techniques for the determination of trace elements in atmospheric  
aereosols, particulates and sludge samples. Pure&Appl. Chem. , 64, n.7 (1992) , p.991. 
10. M.Gallorini, Trace Elements Monitoring in Atmospheric Pollution Processes,  Microchemical J., 51, p.127 (1995). 
11. M.Gallorini, Trace Elements in Atmospheric Pollution Processes: the contribution of the Neutron Activation Analysis  
Chapter 22 in “Aerosol Chemical Processes in the Environment”,  Ed. K.R.Spurny, Lewis -CRC Press, Boca Raton, Florida 
(USA), pp.431-455, (2000) 
12.  A.Alian and B.Sansoni, Activation Analysis in Air Particulate Matter, in Zeev B. Alfassi (Ed) 
Activation Analysis , Vol II, CRC Press Inc., Boca Raton, p. 503 (1990). 
13. S. Landsberger, P.Zhang, D.Wu and A. Chatt, Analysis of the Artic aerosol for a ten year  
period using various activation analysis methods. J.Radioanal. Nucl. Chem., 217 n.1, p.11 (1997) 
14. J.M.Ondov, F.Jr.Divita and A.Suarez, Size-spectra and Growth of Particles Bearing As, Se,  
Sb and Zn in Washington D.C. Aerosol by INAA. J.Radioanal. Nucl.Chem.,Articles,192, p.215  (1995)  
15. V.F. Persedov, Atmospheric aerosol and possibilities of their analysis for elemental content at the  IBR-2 Reactor. J.Radioanl. Nucl. 
Chem. 224, p.21 (1997). 
16. Y.S. Chung, Y.J. Chung, E.S. Jeong, S.Y. Cho. Study on air pollution monitoring in Korea using instrumental neutron activation 
analysis. J.Radioanal. Nucl. Chem.,217,No 1,p.83 (1997). 
17. R.Zeisler, N.Haselberger, M. Makarewicz, R.Ogris, R.M. Parr, S.F.Stone, O. Valkovic, V.Valkovic and  E. Wehrstein, Nuclear 
techniques applied to air particulate matter studies. J.Radioanal. Nucl. Chem., 217 n.1, p.5 (1997 



 
 

Table 1. Concentration values in ng/m3 of 33 elements in the  air particulate of Milan downtown, 
 Cologno M.and Ispra determined in February 2000 and compared  with the medians  found in  
  previous sampling campaigns (winters 1996-98). 

 
 Present work: samplings of Feb. 2000  Previous samplings (Winters 1996-98) 

Element Milan Cologno M. Ispra  Milan Cologno M. Ispra 
 mean mean mean  median median median 

Ag 0.91±0.6 1.3±1.0 0.48±0.28  1.0 0.08 0.7 
As 2.3±0.7 2.1±0.5 0.99±0.42  4.6 2.7 1.9 
Au 0.15±0.1 0.15±0.09 0.05±0.04  0.13 0.09 0.08 
Ba 103±20 72±34 19.9±0.42  112 65 21 
Br 250±65 266±45 11±3.5  342 112 54 
Cd 3.4±2.1 4.2±2.2 0.51±0.16  7.6 11 1.8 
Ce 3.2±1.3 3.8±0.6 0.40±0.15  2.1 2.8 0.7 
Cl 2852±1363 4774±650 350±185  1150 1600 480 
Co 2.5±0.8 3.4±1.8 0.75±0.35  4.3 2.1 1.1 
Cr 38.6±9.0 36.8±12.5 6.5±3.5  65 51 17 
Cs 0.22±0.08 0.23±0.18 0.24±0.20  0.14 0.3 0.2 
Cu 185±30 174±80 10.5±3.7  65 73 19 
Fe 5800±2500 3800±1900 511±201  2700 2200 790 
Hf 0.88±0.55 0.57±0.13 0.04±0.03  0.34 0.15 0.09 
Hg 1.9±0.8 1.5±0.8 0.1±0.05  1.7 1.1 - 
K 1217±463 1780±506 413±160  934 1100 530 
I 12.8±2.5 7.3±2.2 2.5±1.1  15 9.3 - 

La 1.4±0.4 1.6±0.4 0.31±0.15  1.5 1.3 0.7 
Mg 2793±905 1853±723 275±173  3100 2060 311 
Mn 98±25 109±25 14±5  78 95 34 
Mo 9.8±2.1 10.3±1.3 0.4±0.2  7.9 6.5 - 
Ni 25.1±12.8 28.3±6.7 12.2±3.8  38 46 20 
Pb 475±115 795±253 98±40  861 924 235 
Rb 5.2±2.3 3.2±2.5 0.76±0.5  3.9 4.1 - 
Sb 68.3±25.5 50.1±12 4.5±1.4  57 38 5.9 
Se 1.8±0.7 1.5±0.8 0.037±0.014  0.8 0.6 0.9 
Sc 0.40±0.14 0.44±0.17 1.1±0.3  1.0 0.5 0.7 
Sm 0.21±0.04 0.2±0.06 0.034±0.01  0.1 0.18 0.08 
Th 0.50±0.25 0.4±0.25 0.05±0.03  0.09 0.2 0.08 
Ti 147±67 190±39 19±8  76 93 66 
V 13.9±6.1 12.5±4.0 3.5±1.2  34 15 9.1 
Zn 392±132 362±103 119±33  139 210 98 
W 2.3±1.2 1.8 0.2±0.1  1.1 1.3 0.3 

                     Note. February 2000 concentrations are average values from four independent samplings. 



 
 Table 2.Percent particles size distribution  of  32 elements in the air particulate matter collected in  
 different areas of  Northern Italy. (February2000)   

 
 Urban area  

(Milan downtown) 
Industrialized-suburban  

(Cologno M). 
Rural residential 

 (Ispra) 
 

Element % in 
PM10 

% in 
Alv. 

% in 
Bronc. 

% in 
Trach.

% in 
PM10 

% in 
Alv. 

% in 
Bronc.

% in 
Trach.

% in 
PM10 

% in 
Alv. 

 

% in 
Bronc. 

% in 
Trach.

Ag 70-72 25 29 46 68-70 36 40 24 78-82 70 25 5 
As 85-88 52 37 21 84-87 62 31 7 89-92 80 15 5 
Au 78-82 40 33 27 75-80 40 30 30 75-80 61 32 7 
Ba 85-89 5 48 47 70-75 23 63 8 80-85 67 26 7 
Br 80-87 63 26 11 86-90 79 17 14 85-88 66 32 2 
Cd 88-90 60 30 10 90-92 77 16 7 85-87 68 26 9 
Ce 58-61 9 43 48 48-50 19 34 17 60-62 69 22 9 
Cl 93-98 74 13 13 89-93 87 9 4 85-88 72 26 2 
Co 77-80 30 45 25 75-77 70 20 10 62-65 67 19 14 
Cr 88-93 14 54 32 90-93 35 49 16 86-88 50 37 13 
Cs 55-58 48 22 30 60-65 48 15 37 70-75 36 54 10 
Cu 85-90 15 60 25 72-75 19 61 20 75-80 57 30 13 
Fe 72-74 4 60 36 50-52 12 72 16 75-77 13 59 28 
Hf 71-75 14 70 16 56-60 27 59 14 - - - - 
Hg 92-95 42 28 30 90-95 50 23 22 90-92 42 17 41 
I 93-95 65 19 16 83-88 67 24 9 95-97 77 18 5 
K 70-74 52 23 25 70-75 61 23 16 72-74 60 33 7 
La 49-51 10 41 49 41-45 21 15 64 72-74 47 25 28 
Mg 50-55 5 37 58 50-53 8 49 43 60-63 8 70 22 
Mn 74-78 17 50 33 75-78 47 41 12 68-70 48 41 11 
Mo 85-90 15 54 31 87-90 38 58 4 75-77 85 12 3 
Ni 78-80 50 30 20 71-75 61 27 12 82-85 67 18 14 
Pb 70-72 57 30 16 76-79 70 23 7 78-82 69 25 6 
Rb 28-30 15 47 38 56-60 36 32 32 50-56 40 31 29 
Sb 86-88 14 61 25 85-88 30 61 9 86-88 50 40 10 
Sc 48-51 6 39 55 42-44 14 54 32 65-68 10 49 41 
Se 69-71 68 25 7 66-68 74 16 10 82-85 72 25 3 
Th 54-56 8 57 35 46-48 34 30 36 43-45 30 26 44 
Ti 65-70 14 40 46 62-66 14 52 34 80-83 38 27 35 
V 80-84 51 28 21 80-85 66 25 9 88-90 68 24 8 
W 80-85 39 29 32 80-85 60 30 20 - - - - 
Zn 86-88 40 46 14 73-75 51 39 10 86-88 38 46 16 

 



Table 3. Concentration (ng/m3) of some elements in the alveolar fractions of the air particulate of  
Milan, Cologno M. and Ispra as calculated from Table 4 and from the maximum concentration 
values found in February 2000. 
 
 Urban area       (Milan)  Suburban-industr. 

Cologno M. 
Rural-residential (Ispra)  R 1 

Mi/Ispra 
 R 2 

Mi/Ispra 

Element Total 
max.conc. 

Conc. in 
alveolar f. 

Total 
max.conc. 

Conc. in 
alveolar f. 

Total 
max.conc. 

Conc. in 
alveolar f. 

Total 
conc. 

Alveolar 
conc. 

As 3.2 1.4 2.9 1.5 1.6 1.16 2 1.2 
Br 302 158 320 222 17.8 10.1 17 15.6 
Cd 4.5 2.4 6.5 4.5 0.84 0.49 5.3 4.9 
Co 3.5 0.8 5.1 2.7 1.5 0.63 2.3 1.3 
Cr 51 6.5 58 18.7 9.5 4.1 5.3 1.6 
Cu 214 27.9 280 38.8 20 8.8 10.7 3.2 
Fe 8700 283 6500 398 650 64.2 13.4 4.4 
Hg 3.1 1.2 2.3 1.1 0.13 0.05 25 24 
Mn 127 16.4 130 46.4 38 12.6 3.3 1.3 
Mo 12 1.6 12.5 4.2 0.7 0.45 17 3.5 
Ni 54 21.3 42 18.7 16 9 3.4 2.4 
Pb 650 263 1100 600 150 82.8 4.3 3.2 
Sb 99 12.1 66 17.2 6.8 2.9 14.5 4.2 
V 25 10.8 18 9.7 3.9 2.4 6.4 4.5 
Zn 700 244 605 228 202 66.8 3.4 3.6 
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Fig 1. Particles size distribution of Pb, Ni, V, Cd, Cu and Mo in the airborne particulate matter of 
urban, suburban-industrialized and rural-residential areas of north Italy (February 2000).  
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	Granulometric distribution.  The distribution of the TE in the different inhalable and respirable size-fractionated particles gives information on their specific pathway followed in the human respiratory system. This has  particular importance for those elements of  anthropogenic origin which, deriving  from chemical or combustion processes, are contained in the fine particulate  fractions. To better correlate the size particles fractionation with  the different respiratory tracts  the data have been grouped in six granulometric intervals in (m as following: alveolar (0-0.4) - (0.4-0.7) - (0.7-1.1); bronchial (1.1-2.1) - (2.1-4.6); pharynx-trachea (4.6-9). Examples of typical  granulometric distribution trends are given in the Figures 1 which show the diagrams of some of the  elements analyzed. Each  diagram  reports the concentrations in ng/m3  versus the ECD of the particles  for the three locations object of study. Figure 1 shows the behavior of Pb, Ni, and V which can be considered  associated to combustion processes (automotive emissions and  fossil fuel (oil) heating).  This three elements present a  similar  trend with higher concentrations associated to the finest particles. However, the relative concentrations differ considerably between the urban-industrialized  (Milan and C.M.)  and the rural-residential (Ispra) areas, being, the values found in these last, much lower.  In the same figure are also reported the behaviors of Cd, Cu and Mo as examples of typical elements related to the industrial and anthropogenic activities. Here, a comparable  granulometric distribution trend between  the samples collected in Milan and in C.M. can be observed. This may suggest that  the aerosol composition is very similar in both locations and that these elements are released into the air  from the same pollution sources.  In the case of Ispra, unless for Fe and Mn,  all the elements are predominantly present in the fine particles and the same trend can be observed  for the other elements of environmental interest  and originated from pollution sources. This  may be explained by  long distance transport phenomena which can introduce into the “clean” areas the most mobile  fraction released from the far pollutant emission points. 
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