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Receptor modeling constitutes a complementary method
added to chemical analysis, which are essential to reveal
the nature of PM sources. Between the different
available modeling algorithms, many types of receptor
models like multivariate models and positive matrix
factorization (PMF) developed by Paatero (Paatero et al.,
1993) provide a flexible approach that can effectively
use the information content of chemical data, and has
been used worldwide as a credible modeling method
(Pandolfi et al., 2008).

Many problems can be encountered when using
receptor modeling, the most important one of which is
the identification of closely related sources such as
“crustal dust” and “traffic resuspended soil dust” for
example (Viana et al., 2008).

In order to resolve this problem, constraints must
be included in the calculations in order to increase the
sensitivity of the model on certain characteristics
considered exclusive to each of the sources. Our non-
negative matrix factorization is a new method that allows
the use of measurement uncertainties as well as
constraints in the calculations (Delmaire et al., 2010).

Our model calculates the profile (F) and
contribution (G) matrices using the following equation:

X=GF+E

Equation 1. Matrix factorization equation (X:
observation matrix; E: error)

Furthermore, it optimizes the calculations by minimizing
the error between estimated and observed values:
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Equation 2. Minimizing the error between estimated and
observed values

The constraints are acquired from the a priori
knowledge on the sources under study. This information
is available through literature reviewing or direct source
samples’ analysis.

Furthermore, the constraints can be included in
two forms: equality and inequality. When applied, the
first forces the calculations to consider a specific value
of a chemical element in a profile, whereas the inequality
constraint gives an order of abundance to each element
between the different sources profiles.

Recent studies have showed that the use of
receptor modeling that includes measurement
uncertainties as well as constraints gave reliable results
in the study of particulate pollution source
apportionment (Viana et al., 2008), especially when
using chemical data representing the composition of PM
collected from pollution mixed environments.

This method has been applied in our study using
data on PM, s samples collected in three medium sized
cities subjected to a mixture of emission sources and
located in northern France, a region in which PM limit
values are exceeded regularly. PM, s samples were taken
from the sites during two sampling campaigns realized in
winter 2010 and spring 2011, then analyzed for major
and trace elements, major ions and total carbon contents.
The data were modeled using NMF and the results
allowed us to identify site specific and regional profiles.

The application of the NMF using the chemical
data acquired from the analysis of about 350 PM,5
samples allowed us to identify 9 to 11 sources of PM
pollution as well as their contributions depending on the
sampling sites. Finally, the reconstructed concentrations
obtained using NMF estimated values proved to be well
correlated to the observed ones attained by direct
chemical analysis.
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