
SPATIAL VARIABILITY OF ATMOSPHERIC PBDES LEVELS IN MENDOZA CITY, 
ARGENTINA: A DISPERSION MODELLING APPROACH 
M.F Ruggeri*, B. Lana, D. Allende, J. Altamirano, E. Puliafito 

Introduction 
Polybrominated diphenyl ethers (PBDEs) have been worldwide used in polymers of 
electrical appliances as flame retardants. They are released to the environment along 
production, recycling, usage and final disposal of goods. These compounds tend to persist 
and accumulate in the environment, and once they enter the organisms, several toxic 
effects may be caused1. 

To determine analytically the levels of these substances in the atmosphere, one of the 
most common and currently used method is passive sampling. The application of this 
technique considers that atmospheric concentrations are generally low, so that large 
amounts of sample are needed to quantify them. As a result, low temporal resolution of 
measurements is obtained, in the order of months2.  

In addition to the sampling, the concentration of PBDEs in air can be estimated using 
dispersion models, which are presented as an option to obtain a spatial and temporal 
overview with greater coverage. Moreover, some correlations between the anthropic 
activities that produce the emissions and the pollutant levels in the environment can be 
established, as well as the expected levels in association with different scenarios. 

In this context, the aim of this study is to present an atmospheric dispersion model with 
high spatiotemporal resolution of PBDEs in the Great Mendoza (Figure 1), a typical area of 
Latin America with a mid-size urbanized center surrounded by agricultural sectors in a 
complex terrain. Based on a high resolution emissions inventory of PBDEs for the study 
area3, a simulation of the atmospheric dispersion was performed using the 
WRF/CALMET/CALPUFF modeling system, which is particularly suitable for estimating 
atmospheric concentrations in complex environments. The data was organized under a 
domain of 90x90 km2 centered on the North Oasis of Mendoza, grouping emissions into 
cells of 1 km×1 km. The generated dispersion maps capture the concentration gradients, 
being possible its application in the evaluation of human exposure and in the design of 
monitoring networks. To evaluate the performance of the model, the data were compared 
with measurements obtained by passive sampling. 



 

Figure 1. Great Mendoza land use features and location of main PBDEs sources 

Materials and methods 
Atmospheric dispersion model: The atmospheric dispersion, transport and spatial 
distribution of the emitted PBDEs were modeled for the simulation domain using the 
WRF/CALMET/CALPUFF modeling system. The modeling period was three months, for the 
year 2011, in accordance with the sampling period. 

CALPUFF is a multilayer, multi-species non-steady-state puff dispersion model, which can 
simulate the effects of time and space-varying meteorological conditions on pollutant 
transport, transformation and removal4.  

The modeling domain was organized in a grid of 90x90 km2 with a resolution of 1 km, and 
for its operation the model required the following inputs: 

• Topography and land use: Land features were incorporated using Shuttle Radar 
Topography Mission (SRTM) data, available in a 1-second arc resolution (≈30m). 
Land use and land cover (LULC) features were obtained from the Global Land Cover 
2000 Project for South America, and data generated by the Department of 
Geography of the University of Maryland5. 

• Meteorological data: The modeling system use CALMET, a meteorological model, 
which requires as inputs meteorological fields. Because there are no data sources 
with the desired resolution, we used the Weather Research and Forecasting (WRF) 
model to obtain 3D fields to initialize CALMET with fields as initial approximation6.  



• Emissions data: The chemical species modeled was PBDEs, without congener 
differentiation. The emission data were taken from an inventory made for the area 
of interest3, in which all possible sources were surveyed, PBDEs were included as a 
new compound, from the allocation of certain physicochemical characteristics, 
taking into consideration that the PBDEs are released into the atmosphere in both, 
gaseous and particulate phase7. 
 

Sampling and analysis: Atmospheric samples were collected during local summer of 2011, 
in a period of three months, using passive air samplers containing polyurethane foam 
(PUF) disks, which were deployed in 11 different sites of the study area (Figure 2). After 
sampling, concentrations of PBDEs were determined by gas chromatography coupled 
mass spectrometry (GC/MS) using a standard extraction and analysis procedure8. The 
results obtained are shown in Figure 3.  

Results and discussion 
A comparison of the simulated and measured data (Figure 3) shows that the model 
succeeds in capturing the spatial distribution of PBDEs in the area, following the 
concentration pattern described by the measurements and their order of magnitude. In 
urban monitoring sites (3 and 4), the model seems to underestimate the concentration 
values, possibly due to the existence of undocumented sources in the emissions inventory. 
It is expected that this information will be used to improve the available inventory, thus 
improving the performance of the model. 

 Figure 2 shows the concentration map obtained, in which a strong horizontal gradient can 
be observed, where the maximum concentrations occur around emission sources. As can 
be seen, the terrain characteristics (especially the presence of the Andes Range to the 
west), together with the prevailing direction of the wind (from W and S) produce a 
dispersion of the contaminants towards the northeast.  It can be noticed that the open 
burning sites of MSW have a great relevance showing the higher concentrations in its 
periphery.  

It is interesting to note the relative inability of the measurements to capture the real 
variability in the concentrations of PBDEs in the area, since those points where the model 
shows hot spots have no data measured (Figure 2). The representativeness of air quality 
monitoring sites for these compounds is fundamental for supporting plans and policies to 
manage emissions from pollution sources. It is in this sense that it is planned to continue 
with this work, using the data generated by the model, together with a metaheuristic 
search algorithm,  to design a sampling network of greater representativeness. 



 

Figure 2. Estimated concentrations of PBDEs 

 

Figure 3. Comparison between Simulated and measured PBDEs concentrations for all monitoring sites. 
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