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Background pollution represents the lowest levels of ambient air pollution to which the population is
chronically exposed, but few studies have focused on thoroughly characterizing this regime. This study
uses clustering statistical techniques as a modelling approach to characterize this pollution regime while
deriving reliable information to be used as estimates of exposure in epidemiological studies. The back-
ground levels of four key pollutants in five urban areas of Andalusia (Spain) were characterized over an
11-year period (2005—2015) using four widely-known clustering methods. For each pollutant data set,
the first (lowest) cluster representative of the background regime was studied using finite mixture
models, agglomerative hierarchical clustering, hidden Markov models (hmm) and k-means. Clustering
method hmm outperforms the rest of the techniques used, providing important estimates of exposures
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Air quality related to background pollution as its mean, acuteness and time incidence values in the ambient air for
Time-series analysis all the air pollutants and sites studied.
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1. Introduction

Determining the population's health risks due to ambient air
pollution is critical to the development of effective risk manage-
ment policies and strategies (Samet and Krewski, 2007). To better
understand the adverse health effects associated with air pollution,
accurate exposure assessment is essential. Epidemiological studies
have provided a substantial body of evidence linking daily con-
centrations of outdoor air pollution to adverse effects on a range of
health outcomes. Studies have tended to focus on the mass con-
centrations of particles and selected gaseous pollutants, but more
insight is required regarding the most harmful sources and com-
ponents of the air pollution mixture to inform focused public health
protection policies (Atkinson et al., 2016).

Background concentration is the ambient level of pollution that
is not affected by local sources of pollution (WHO, 1980; Menichini
et al.,, 2007). There are two motivations for focusing on this regime:
(i) to better understand the contribution of local sources to total
pollutant concentrations; and (ii) to allow the assessment of new
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pollutant sources that are introduced into the area of study and
their impact on local air quality. However, up until now research
has not significantly addressed this lowest fraction of pollution as
representative of a permanent concentration of ambient air
pollution to which the population is chronically exposed. This work
focuses on this specific fraction of pollution.

Han et al. (2015) classify the methods to determine the back-
ground pollution using four categories: (i) physical methods to
identify the regional and local pollution processes via atmospheric
variables; (ii) chemical methods to identify the chemical compo-
sition of air pollutants; (iii) numerical simulations methods using
trajectory models; and (iv) statistical methods. Regarding the latter,
Langford et al. (2009) used principal component analysis to
describe the local background O3 concentrations recorded during
76 days in 30 monitoring sites in Texas. Tchepel et al. (2010) study
the contributions to background pollution of PMyg from different
sources in four monitoring sites in Lisbon (Portugal) during two
days, through air quality time series via spectral analysis. Other
authors have used clustering techniques to characterize regimes in
air pollution. Austin et al. (2012) classify air pollution daily data
during six years performing k-means (km) and hierarchical clus-
tering for identifying profiles in them. Beaver and Palazoglu (2006)
used an aggregated solution of km to characterize classes of ozone
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episodes occurring in the San Francisco Bay. Considerable effort has
been made to characterize profiles of key air pollutants (Carslaw
and Ropkins, 2012; Carlsaw and Beevers, 2013) since the
threshold values that can be considered safe for human health is
still under debate. Pioneering research work explored this rela-
tionship for O3 and PM;g (Koop and Tole, 2006), and for PM; 5
(Kiesewetter et al., 2015). Background profiles of CO and NOx were
studied by Venegas and Mazzeo (2006) in the city of Buenos Aires,
and for NOx, NO; and Os in the California South Coast Air Basin by
Pournazery et al. (2014).

This study proposes the use of statistical clustering techniques
as a methodology for the estimation of background pollution in
urban environments. To that end, four well-known clustering
methods were compared using data obtained from monitoring
sites, namely: finite mixture models (fmm), agglomerative hierar-
chical clustering (hc), hidden Markov models (hmm) and km.

This study aims to: (i) evaluate the best clustering statistical
method to estimate the background pollution; and (ii) provide
model-derived exposure estimates from the best method as inputs
for epidemiological research. The best clustering method was
assessed according to its ability to cluster the lowest concentrations
of ambient air pollution in a consistent manner. To that end, data
sets from key pollutants CO, NO,, O3 and PMjo from five monitoring
sites in Andalusia (south of Spain) were studied over 11 years.

2. Data and methods
2.1. Air pollution data

Air quality data (hourly average concentrations of CO, NO;, O3
and PMyg) were collected from 2005 to 2015 as independent yearly
series for each pollutant. These data were obtained at five moni-
toring sites exhibiting different typology (suburban, urban) and
predominant emission sources (background, traffic). Since moni-
tored data were available on an average hourly basis, daily mean
concentrations were calculated when at least 80% of the data were
available. A total of 200 yearly data sets, each one consisting of daily

Table 1

average values for a single pollutant and complete years were
studied, resulting from 40, 55, 50 and 55 data sets corresponding to
the air pollutants CO, NO,, O3 and PMy, respectively (Table 1). In
order to favour the heterogeneity both of data and range of
pollutant concentrations to study, monitoring sites were selected in
three different cities of Andalusia (Cérdoba, Jaén and Seville) with
different meteorological conditions governing the local air
pollutant behaviour. The standard monitoring methods established
in European Directive 2008/50/EC (Directive, 2008) were used for
air pollutants CO, NO, and Os, and beta attenuation monitoring was
applied for PMjy. Air quality monitoring networks are subject to an
intense maintenance program to ensure accurate values. Prior to
undergoing analysis, the data obtained were validated by the
Regional Ministry of Environment and Land Planning of Andalusia.

2.2. Background pollution estimation

For each independent yearly data set with measurements of a
single pollutant a clustering technique was applied. For a clustering
result, each cluster represents ranges of concentration values
(profiles or regimes of pollution) for a given pollutant that can be
associated to an emission source of pollution. This view is based on
the Lenschow approach (Lenschow et al., 2001) that assumes that
the air pollutant concentrations at a monitoring site correspond to
the sum of regional, urban background and local nature contribu-
tions. This approach has been used as a prior analysis in source
apportionment studies (Belis et al., 2013), and may be applied to
urban areas with negligible impact from industrial emissions, as in
case of Cérdoba, Seville and Jaén.

The concentration measured at a traffic site corresponds to the
sum of local traffic, urban and regional background contributions.
With regard to an urban or suburban background site, the contri-
butions that explain the ambient pollution correspond to those
from the background levels of the city or metropolitan area,
respectively, and those of the regional background.

Being a univariate clustering process, the resulting clusters
represent certain categorization of the original variables into a set

Analysed pollutants, classification of monitoring sites and period of study where data were obtained: S-Suburban, U-Urban, B-Background, T-Traffic. Locations are given in X,Y

ETRS89-UTM coordinates, zone 30.

City Site Location Type Main pollution source Pollutant Annual periods Number of data sets
X Y
co 2005—-07 9
2010—15

Cérdoba Asomadilla 343546 4196517 U B NO, 11
03 2005—15 11
PMio 11
co 2007—-15 9

Jaén Bailén 431261 4216416 0] B NO, 2005—15 11
03 2010-15 6
PMio 2005—15 11
NO, 11

Aljarafe 230473 4137017 S B 03 11

PM;o 11
co 11

Seville Bermejales 236063 4137554 S B NO, 11
03 2005—15 11
PM;o 11
co 11

Torneo 234151 4142873 u T NO- 11

03 11
PM;o +11
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