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Abstract

The current Directive 2008/50/EC on ambient air quality and cleaner air for Europe establishes the
need to reduce pollution to levels that minimise harmful effects on human health, paying particular
attention to sensitive populations and the environment as a whole, to improve the monitoring and
assessment of air quality including the deposition of pollutants, and to provide information to the
public. This work summarises the current status of AQD implementation and identifies new challenges
for the future directive revision, namely on the selected pollutants, monitoring strategies and combined

use of monitoring and modelling techniques.
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Introduction

The current Directive 2008/50/EC [1] on
ambient air quality and cleaner air for Europe
establishes the need to reduce pollution to
levels which minimise harmful effects on human
health. Traditionally, the air quality assessment
has been based on monitoring data, but due to
the sparse spatial coverage of monitoring
stations, this assessment has some limitations.
In this context modelling techniques appear as
relevant tools to improve air quality assessment
and studies related to human exposure,
providing complete spatial coverage information
[2]. Methodologies combining modelling and
monitoring data can also contribute to a better
air quality forecast, providing improved
information to the population and minimizing the
occurrence of adverse human health effects.
The improved information also allows obtaining
a better and broader overview of the air quality
to support research and policy makers [3]. This
paper presents an overview of current Air
Quality Directive (AQD) compliance and
identifies new challenges for the future directive
revision, namely on the selected pollutants,
monitoring strategies and combined use of
monitoring and modelling techniques.

Air quality status in Europe

As a consequence of air pollution policies, since
1990, emissions of the main air pollutants in
Europe have declined, resulting in generally
improved air quality across the region.
However, in some sectors the reduction was

not sufficient in order to meet air quality
standards or have even increased emissions of
some pollutants. For example, in road transport,
emissions of nitrogen oxides (NO,) have not
sufficiently decreased to meet air quality
standards in many urban areas [9].

The evaluation of the existing air quality
standards in the AQD under the EU Clean Air
Programme for Europe concludes that they are
still insufficient in relation to the WHO Air
Quality Guidelines (AQG), which represent the
levels where health risks are minimized.
Additionally, this analysis indicates that a large
proportion of European populations and
ecosystems are still exposed to air pollution in
exceedances of European and WHO standards
as presented in Table 1.

Based on this evaluation, effective air quality
policies are essential requiring action and
cooperation on global, European, national and
local levels. The proposed solution must involve
technological development, optimisation of
infrastructures and urban planning, and
behavioural changes [9]. Nevertheless, the last
AQD revision process concluded that further
tightening in existing EU air quality standards
will be ineffective unless actual cuts in air
pollution from the main sources are conducted.
In that context, the European Commission (EC)
proposed a new Clean Air Policy Package, in
late 2013 [4]. This package updates existing
legislation controlling harmful emissions from
plants and agriculture, with a view to reducing
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their impact on human health and the
environment. The package has a number of
components, including: (i) a new Clean Air
Programme for Europe, with measures to
ensure that existing targets are met in the short
term, and new air quality objectives for the
period up to 2030; (ii) a proposal for a revised
National Emissions Ceilings Directive with
stricter national emission ceilings for six main
pollutants, and provisions for black carbon,
which will also help to mitigate climate change;
(iii) a proposal, for a new directive to reduce
pollution from medium-sized combustion
installations of between 1 MWth and 50 MWth
(Directive (EU) 2015/2193) [10].

The air policy review indicated that policy
should focus on achieving compliance with
existing air quality standards by 2020 at the
latest, instead of revising air quality reference
values, and on using a revised NEC Directive to
bring down pollution emissions in the period to
2030.

Innovations and challenges for the Air
Quality Directive

Despite the revision of the AQD in the
framework of the EU’s Year of Air in 2013, a
significant group of questions have been
identified allowing the definition of future
challenges for the forthcoming air quality
policies programs.

New challenges for selected pollutants and air
quality monitoring

The current air quality monitoring strategy is
manly based on measurements from fixed
monitoring stations that are selected to be
representative of the exposure of the general
population and to comply with the limit values.
Under the Review of the Thematic Strategy on
Air Pollution, The Network of Air Quality
Reference Laboratories (AQUILA) presented
recommendations for the revision of the current

AQD [5], including different
grouped into 10 categories: roles and
responsibilities of National Reference
Laboratories; inter-comparisons and applying of
European Normalisation (EN) standards;
approval of measurement devices types;
particle measurements and their chemical
composition; ozone precursors; mercury and
heavy metals; black carbon (BC) / organic
carbon (OC); average exposure indicator;
deposition of heavy metals and PAH; polycyclic
aromatic hydrocarbons (PAH).

suggestions,

Regarding other parameters, the report “Status
of black carbon monitoring in ambient air in
Europe” [8], also emphasizes the importance of
black carbon monitoring, as it allows an
integrated  approach to  complementary
environmental policy areas. Black carbon is an
example of an air pollutant that affects both
human health and is a contributor to climate
change. For stations in rural areas, member
states have to report the BC related
components on PM, s fraction, but the reporting
has yet to be fully implemented.

For ozone, recent studies evaluating the
reasons for non-compliance of ozone target
value set by Directive 2008/50/EC and potential
for air quality improvements in relation to ozone
pollution propose a more integrated approach
for this pollutant and its precursors [7]. It is re-
commended that assessment of some of the 30
recommended substances (Cs-Cy substances)
and other species with high ozone formation
potential (e.g. formaldehyde) is made
mandatory [7].

To address the changes in the observed ozone
background concentration trends, improving of
monitoring networks, siting criteria and siting
density are suggested. Additionally studies with
global/lhemispheric models are necessary to
analyse emission reduction scenarios and study
the chemical and physical atmospheric
processes [7]. To complement the global
simulation, the local scale models are needed.

Tab. 1: Percentage of the urban population in the EU-28 exposed to air pollutant concentrations

above EU/WHO values (2011-2013) [9].

Pollutant EU reference value Exposure WHO AQG Exposure

estimate % estimate %
PM2s 25 pg'm* (year) 9-14 10 pg'm™ (year) 87-93
PMyo 50 pg-m>(day) 17-30 20 pg-m3(year) 61-83
O3 120 pg'm(8-hour) 14-15 100 pg'm(8-hour) 97-98
NO> 40 pug'm>(year) 8-12 40 ug'm>(year) 8-12
BaP 1 ng'm3(year) 25-28 0.12 ng-m*(year) 85-91
S0, 125 pg-m>(day) <1 20 pg-m*>(day) 36-37




New challenges for air quality modelling

In the scope of the discussion for the new air
quality Directive and in order to provide
improved assessment, Forum for air quality
modelling in Europe (FAIRMODE) has been
encouraging to a widest use of modelling
techniqgues to air quality assessment and
forecast, as well as the development, validation
and application of methodologies combining
model results and monitoring data.

In summary, FAIRMODE strongly recommends
the use of models for the following applications
[6]: (i) assessment of AQ levels to establish the
extent of exceedances and establish population
exposure; (ii) forecasting AQ levels for short
term mitigation and public information and
warnings; (iii) source allocation to determine the
origin of exceedances and to provide a know-
ledge basis for planning strategies and also (iv)
for the development and assessment of plans
and measures to control AQ exceedances.

EU Member States have traditionally used
monitoring data to assess AQ to report to the
EC. However, monitoring networks present a
limited spatial representation to properly
evaluate human and ecosystem exposure to
concentrations higher than the defined limits, as
required by the AQD. Therefore, it seems clear
that the way forward to improve AQ assess-
ment concerns the combined use of modelling
and monitoring techniques. An example of such
a combination is given in Borrego et al. (2015)
[2], where these challenges are illustrated by
novel monitoring and modelling assessment
approaches and innovative exposure
assessment methodologies, for which selected
examples are provided.

Measures to improve the monitoring networks,
siting criteria and siting density

In order to improve the harmonization of air
quality assessment across the EU, more
information is needed with regard to how
Member States are applying the siting criteria.
Information on how monitoring stations comply
with these criteria is essential to ensure that
compliance with limit values is being evaluated
in a consistent and harmonized way. In this
case an analysis of the representativeness of
all measurement sites in Europe is also
recommended [7].

Specific for ozone an overall European strategy
for measuring ozone precursors and especially
VOCs is recommended. Additionally, a higher
density of measurement stations of VOC in
VOC limited areas, as e.g. in Southern Europe,
could be considered. Another suggestion
includes formalizing and developing a strategy

for number and density of supersites, for ozone
and precursors measurements [7].

Moreover, the inclusion of the expertise of the
AQUILA and FAIRMODE networks for
optimizing the monitoring networks, e.g. for
further development and evaluation of air
pollution models is recommended [7].

New approaches and new sensing technologies

Low cost sensing technologies for air quality
assessment are currently being developed and
tested against monitoring reference methods in
several initiatives, such as COST Action
TD1105 Joint Exercise. The intercomparison of
data generated by different microsensor
systems with reference analysers will contribute
to the assessment of the sensors in a real-world
context. In this exercise the overall performance
of the sensors suggest that the relevant micro-
sensor platforms, if supported by the proper
post processing and data modelling tools, can
be used for providing spatially and temporally
useful information for air quality levels [1].

Additionally the performance of some
commercial sensors has been recently
evaluated according to a protocol [15] for low-
cost gas sensor evaluation and calibration. In
this case, a gas sensor could be accepted as
an indicative method if the uncertainty does not
exceed the data quality objective. The results
confirm that low-cost sensors are a promising
technology, with a rapid evolution in the market
and performance. The use of low-cost sensors
in combination with other tools and sources of
information can help to reduce the uncertainty,
providing more reliable results, with high spatial
and temporal resolution, for general population,
air quality managers and policy decisions. The
information generated by the widespread
diffusion of this new sensing technologies will
create both opportunities and challenges for
policy-making and science namely in the
interoperability of sensors, data quality, security
of access and new methods for spatio-temporal
analysis [11].

Another class of measurement devices consists
of sensor arrays, where recognition software
often based on neural networks is used to make
the sensor array more specific than the sum of
the single sensors. In 2008, a prototype built
with metal oxide sensors, after a field neural
calibration, was shown to be sensitive and
selective for the prediction of benzene in urban
environment [14]. In another context supervised
learning techniques are used for field calibration
methods for low-cost sensors. In this work, for
some pollutants, it was found that the best
agreement between sensors and reference
measurements was observed for supervised



learning techniques compared to linear and
multilinear regression confirm the importance of
these techniques for sensor assessment and
data treatment [13].

Conclusions

Air pollution is a complex problem that poses
multiple challenges in terms of management
and mitigation. Effective action to reduce the
impacts of air pollution requires a good under-
standing of the sources that cause it, as well as
up-to-date knowledge of air quality status and
its impact on humans and on ecosystems.

The present AQD has introduced a relevant
improvement regarding the previous directives,
namely opening the possibility of using AQ
models in combination with monitoring data for
the assessment of air quality in member states.
Subsequently the proposed Clean Air Policy
Package, in 2013, updated existing legislation,
with the focus on controlling emissions and with
measures to ensure that existing targets are
met in the short term, and new air quality
objectives for the period up to 2030.

Nevertheless, relevant developments to the
AQD have been identified including suggestions
on the selected pollutants, monitoring strate-
gies, combined use of monitoring and modelling
techniques, and inclusion of new approaches
and new sensing technologies.

Methodologies combining the different available
tools will produce improved information, to
support the decision making process and air
guality management.
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