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TECHNICAL ANNEX
1.

S&T EXCELLENCE

1.1.

Challenge

1.1.1. Description of the Challenge (Main Aim)
It is well known that exposure to aerosols exerts a negative impact on human health and that
aerosols affect climate and the environment with a strong dependence on their size, composition
and sources. Recently developed instrumentation is now available to measure the chemical
composition of submicron aerosol at high time resolution (online aerosol mass spectrometers to
measure the non-refractory fraction of aerosols and aerosol light absorption instruments to account
for the light-absorbing aerosols), providing the necessary information for accurate source
apportionment. The aim is threefold: to ensure that the practices and quality assurance of these
measurements are optimized and harmonized on a European scale, including all the European
research groups using this instrumentation; to guarantee the transfer and knowledge exchange on
source apportionment methods; and to coordinate overarching analyses. This shall ultimately lead
to an unprecedented advance in the knowledge on the composition and sources of submicron
aerosol across Europe.
1.1.2. Relevance and timeliness
According to the World Health Organization, air pollution and especially particulate matter is
considered to be the most crucial health-related environmental problem worldwide. The analytical
techniques used up to now allowed for a great deal of progress in the assessment of the chemical
composition and sources of particulate matter in the recent years. The disadvantages of classic offline analyses are low time resolution (typically 24 h) and potential sampling artefacts (such as
volatilization of semivolatile organic compounds and nitrate from filters). High time resolution
analysis (<1h) allows the investigation of characteristic diurnal profiles associated with different
sources but is often limited to short campaigns (days to weeks). New techniques to chemically
characterize the fine atmospheric aerosols in situ with high time resolution for long periods have
become available in recent years. These techniques include the Aerosol Chemical Speciation
Monitor (ACSM), which measures non-refractory fine aerosols, including ammonium, nitrate, sulfate,
chloride and organic mass and provides information to derive organic aerosol sources and
components. Complementary instruments (such as the Multi Angle Absorption Photometer (MAAP)
and Aethalometer) measure the aerosol light absorption (which can be converted to equivalent black
carbon (BC) concentrations); furthermore, the use of multiple wavelengths measurements can
provide information to derive BC sources and distinguish between the so-called black and brown
carbon. By coupling these techniques, most of the fine particulate mass can be monitored in realtime at high time resolution. Many research groups and some advanced air quality monitoring
networks in Europe and across the world have acquired such instrumentation. It is now very timely
and crucial to make sure that the use of such instruments is harmonized worldwide, including quality
control and assurance methodology; which requires a well-constructed network to jointly develop the
capacities for the interpretation of the information gathered using these techniques.

1.2.

Specific Objectives

1.2.1. Research Coordination Objectives
The main research coordination objectives of the Action are:

















To provide clear, evidence-based guidelines for real-time chemical characterization of fine
atmospheric aerosols, in terms of measurement protocols and data treatment, which ensures
consistent, reproducible and comparable results across Europe.
To provide a homogenized protocol to determine the source apportionment of fine organic
aerosol and black carbon, based on real-time measurements of organic mass spectra and light
absorption at different wavelengths, respectively.
To coordinate and reinforce exchanges of scientific research necessary to understand factors
influencing the concentrations and chemical composition of fine atmospheric aerosols.
To ensure the good performance of the instrumentation used by undertaking intercomparison
exercises.
To develop quality control and assurance criteria and methodologies for the above-mentioned
activities and promote their use Europe-wide and globally.
To promote the joint interpretation of results at different European sites.
To maintain and further build a network of experts, researchers, Early Career Investigators
(ECI), and PhD students that allows the achievement of the previous objectives. This will also
contribute to the overall skills base.
To provide data for air quality model evaluation and model development which are the basis of
air quality related policies.
To bring together the communities dealing with black and brown carbon with the ones dealing
with chemical composition and source apportionment.
To recommend to manufacturers desirable features of instrumentation for the determination of
real-time chemical characterization and source apportionment of fine atmospheric aerosols.

Among the currently available European funding schemes, COST is the best match to achieve these
objectives. This Action focuses on the consolidation and extension of results from national research
programs and international networking activities
1.2.2. Capacity-building Objectives
Obtaining consistent, reproducible and comparable results of chemical composition of fine aerosols
across Europe requires a well-built scientific community dedicated to this goal. To this end, an
important part of the Action will be dedicated to capacity-building, which will mainly cover:
- The training of less-experienced researchers (mainly PhD students and ECI) on the use of
techniques for real-time chemical characterization and source apportionment of fine
atmospheric aerosols and interpretation of results and data treatment.
- The support and training of researchers (including PhD students and ECI) from Participating
Countries and Inclusiveness Target Countries who might have a need for such knowledge and
might lack other means to achieve such experience.
Hence, the capacity-building objectives of the Action are:
 To enhance the capabilities of long-term measurements of aerosol chemistry at networks.
 To foster knowledge exchange about the use of techniques for real-time fine atmospheric
aerosols chemical characterization and the interpretation of results and data treatment.
 To foster knowledge exchange about the application of source apportionment tools to determine
the origin of carbonaceous aerosol and the interpretation of results.
 To provide rigorous training to efficiently measure and interpret the real-time chemical
composition of fine atmospheric aerosols determined with quality assured methodology.
 To provide training in the application of source apportionment tools to determine the origin of
fine carbonaceous aerosol.
These capacity-building objectives will be achieved by means of Training Schools, workshops, and
visits from participants to different laboratories via Short Term Scientific Missions (STSM). The
STSM from PhD students, ECI and participants from Inclusiveness Target Countries will have
priority, and gender balance will be preserved.
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1.3.

Progress beyond the state-of-the-art and Innovation Potential

1.3.1. Description of the state-of-the-art
In the European air quality networks, atmospheric aerosol is characterized by physical and chemical
properties. The chemical composition, when determined, is typically undertaken off-line, i.e. aerosol
samples are collected on filters (usually with 24 h samples) and subsequently analyzed in the
laboratory. Different techniques for sample collection with subsequent off-line chemical
determination of some species allow for a time resolution down to about 1 or 2 h, but they are not in
use in air quality networks, but rather used for specific measurement campaigns. Although some online techniques to determine nitrate or sulfate concentrations are used in some air quality networks,
the determination of the organic fraction is currently not carried out on-line.
About fifteen years ago, a new aerosol mass spectrometer (AMS) instrument was developed. It
provided on-line quantitative measurements and size distribution of the non-refractory components
of submicron atmospheric aerosol: sulfate, nitrate, chloride, ammonium and organic aerosol. The
measurement of organic aerosol (OA, also named organic matter (OM)), as opposed to organic
carbon (OC) determined off-line by thermal-optical methods, allows for an improved mass closure in
the submicron aerosol and a characterization of the oxidation state of the organic fraction.
Additionally, the instrument provides organic mass spectra, which can be analyzed by multivariate
mathematical techniques, such as positive matrix factorization (PMF), to identify the OA origin or OA
types. The most common OA sources/types are: hydrocarbon-like OA (HOA), related to primary
engine emissions; biomass burning OA (BBOA), related to primary emissions from biomass
combustion; and oxygenated OA (OOA), attributed to secondary OA (SOA). Due to the need for
highly qualified personnel and time-consuming operation of the AMS, it has only been used in
specific short campaigns (days to weeks) and its inclusion in air quality networks is not feasible.
The recently developed Aerosol Chemical Speciation Monitor (ACSM) is based on the same
principles as the AMS. The ACSM has simplified features with respect to the AMS, which makes it
adequate for long-term deployments and therefore for its use as part of air quality networks: it is
simpler, smaller, more economic, and easier to use. It is able to determine on-line submicron sulfate,
nitrate, chloride, ammonium, and organic aerosol mass concentrations with a time resolution of 15
min to 1 h (with limits of detection higher than those for AMS, <0.3 µg m-3 for 30 min time resolution).
A modified version of this instrument, the ToF-ACSM, features a better mass resolution and better
detection limits (<0.1 µg m-3 for 1 min time resolution), allowing measurements in low concentration
environments with high time resolution, while still keeping the characteristics that make the
instrument suitable for long-term deployments. The ACSM organic mass spectra can also be
analyzed by multivariate mathematical techniques to identify the sources or types of OA. The proper
application of these techniques requires specific software tools that have been developed as part of
the 7th FP project ACTRIS. However, the use of such techniques requires thorough training in order
to obtain reproducible interpretations of the PMF results.
The suitability of the ACSM to be included in air quality networks has been tested within ACTRIS.
To this end, several European research groups purchased ACSM instruments with their own funding
and deployed them in different environments. Some of these instruments were deployed at EMEP
sites (European Monitoring and Evaluation Programme). The chemical composition data and source
apportionment results from EMEP campaigns are currently being used in an on-going Eurodelta
exercise to evaluate the performance of current air quality models including the EMEP model. The
EMEP campaigns undertaken so far usually cover a one-month period. Within ACTRIS, more than
twenty long-term (one year) datasets are now available in Europe (www.psi.ch/acsm-stations). The
interpretation of these data, including source apportionment, needs further harmonization, so that
they can be used to validate and improve air quality models. Some national networks include now
ACSMs.
The refractory fine aerosol is mainly composed of elemental or black carbon (EC or BC). The black
carbon is measured in real-time in air quality networks with instruments such as the MAAP or the
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Aethalometer. The Aethalometers can provide information of the light absorption at different
wavelengths. This information can then be used to further assess the origin of black carbon,
differentiating the black carbon originating from road traffic and that coming from biomass burning
activities. This information on the sources of black carbon adds to the information necessary for
source apportionment of fine aerosol and further constrains the source apportionment models.
1.3.2. Progress beyond the state-of-the-art
Currently there are several research groups around the world focusing their efforts in understanding
the origin and phenomenology of fine atmospheric aerosols. In addition to the widely-used off-line
analysis and the approach made so far using AMS and ACSM to study the fine atmospheric aerosol,
this Action aims to go one step further. Thus, the Action focuses on the joint use of ACSM and
Aethalometers to study the variations and sources of fine atmospheric aerosol in a consistent,
reproducible manner. So far, only few campaigns include aerosol mass spectrometer measurements
combined to those of black carbon in the analysis of carbonaceous aerosol sources, and they have
been proved to be highly useful.
The high potential of ACSM for long-term use has been proven through a joint research action within
ACTRIS. This COST Action will ensure that these measurements and their analyses are undertaken
in a state-of-the-art manner. This is especially important for new users, and it will be achieved as
part of the capacity-building objectives of the Action. The novelty within the Action would be to pool
the data from across Europe and perform a consistent data analysis, including the use of the
Multilinear Engine 2 (ME2, a solver for PMF model) applied to the organic mass spectra, to identify
and categorize the pertinent OA classes and probably also develop appropriate ME2 constraints and
PMF setup parameters. This is preferred to the current situation where each research group
analyses their data on their own. A more consistent approach to ascertain the optimum operating
parameters is required. The organic species of interest, to be suggested for regulation to policy
makers should be decided as part of the analyses performed under the Action.
Comparisons of ACSM results with those obtained by other instruments (such as off-line chemical
composition analysis, on-line sulfate and nitrate, or on-line PM1 concentrations) will be made, which
will give more information on the performance of the instrument. Intercomparisons among different
ACSM instruments located side-by-side will also be performed. This type of exercise is highly
innovative and has only been performed recently twice in the 15 years of aerosol mass spectrometry
life. This intercomparison exercise is essential to better understand the limitations and strengths of
the instrument and to provide a deeper interpretation of the results obtained. They are also
necessary to gather homogeneous quality-controlled ACSM datasets at a European scale. The two
existing intercomparison studies were carried out within ACTRIS, with very useful outcomes.
However it became clear that there is a need for further intercomparison studies on the organic
aerosols as the discrepancies for this component raised significant questions.
The analysis of multi-wavelength light absorption information, addressing the assessment of brown
carbon (the part of organic carbon absorbing light, especially in the lower part of the spectrum), is
still only incipient in Europe. A substantial part of brown carbon is secondary in nature, i.e. it is formed
in the atmosphere. The mechanisms through which brown carbon is formed are still poorly
understood and their impacts on source apportionment need further input from measurement
campaigns. The Action aims at improving the knowledge about black and brown carbon and their
sources. Black carbon is a primary pollutant which can be traced to sources, which makes it unique
in terms of being the parameter which describes the evolution of the sources.
The Action aims to perform long-term high time resolution measurements in parallel at different sites;
which would be worldwide unprecedented. There are currently no similar efforts to harmonize such
measurements in a network despite this being highly advantageous; e.g. in Asia, and especially in
China, many instruments are being deployed by individual groups.
Over four years this Action will provide a compilation of the existing on-line chemical composition of
fine aerosol data in Europe, including source apportionment analysis. This information and findings
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will be disseminated through at least three overarching publications focusing on the non-refractory
particulate matter, the brown versus black carbon and the source apportionment of carbonaceous
particulate matter. The Action also aims at improving the quality of the measurements during the
course of the Action, achieving a satisfactory level before its end. The quality control and assurance
methodology will be developed to cover both measurements and data analysis. Finally, the Action
will establish the necessary basis to build long-term data series to start investigating year-to-year
variability and trends of chemical composition and sources of carbonaceous matter in fine aerosol.
1.3.3. Innovation in tackling the challenge
The understanding of the spatial and temporal variability and phenomenology of the fine atmospheric
aerosols regarding their chemical composition will be approached by using state-of-the-art on-line
instrumentation and techniques: ACSM for the non-refractory fine aerosol and multiwavelength
Aethalometers for the brown and black carbon, as opposed to the off-line techniques widely used
for several years in Europe.
Recently-developed software and innovative modifications to the application of positive matrix
factorization (PMF) by means of the Multilinear Engine 2 (ME2) solver will be used to discern the
sources and types of OA. The main advantage of the data obtained within the network is the high
time resolution of the measurements, potentially improving very significantly the quality of the source
apportionment; as different sources are often largely mixed at a 24 h time resolution while at hourly
resolution the fractional contributions may vary much more. The training and workshops that will be
carried out within the Action on the use, application, and interpretation of results of this PMF-ME2
software will allow for unification in data processing, data treatment and application of ME2
procedure. This unification is essential to ensure comparability of the different results obtained
across Europe by different research groups, allowing for an improved assessment of the variability
of fine atmospheric aerosols in Europe.
Compared to other continents, it is important to note that Europe would take the lead in the quality
assurance and quality control as well as the coordinated data analysis. In North America and Asia,
many similar instruments exist, but there is a lack of coordination; which inhibits the progress for the
assessment of the particulate matter on larger continental scales.

1.4.

Added value of networking

1.4.1. In relation to the Challenge
The assessment of the particulate matter composition and its sources on a larger scale requires the
coordination of the participating groups using these new measurement technologies. Without the
coordination among several researchers, the analysis carried out by individual groups on isolated
datasets would always be limited to a more local/regional representation of the particulate matter
and comparison of results at different locations would be always difficult. As these instruments are
more complex to operate than standard monitoring instruments, knowledge exchange is
fundamental to ensure high quality data. The Action will produce standard operating and quality
control/assessment procedures. These will be followed by all participants, harmonizing the work
carried out by different research groups. Without this knowledge exchange and coordination one
would expect to have datasets of very varying quality depending on the experience and know-how
of the research groups. Similar knowledge exchange around source apportionment is also crucial
for groups with little experience in the field. The techniques and best practices for PMF analysis is
the subject of ongoing European research, and this Action will allow this to be shared and result in
the best and most authoritative methodologies, which will enhance the science from the individual
studies and create a 'greater than the sum of the parts' situation. The network will provide a means
to obtain a large number of high-quality datasets in an harmonized way for air quality model
evaluation and development, which would otherwise be impossible. The joint interpretations of these
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results will be feasible thanks to the Action activities, in which the datasets and results will be put
and discussed together. This is crucial for the development of air quality related policies.
1.4.2. In relation to existing efforts at European and/or international level
Several efforts at national, European and international levels have been made in the past and are
ongoing to assess aerosol composition, sources and their temporal changes. Some recentlycompleted projects, which involved proposers for the present COST Action, are listed below:
- European Super-sites for Atmospheric Aerosol Research (EUSAAR), 2006-2010, RII3-CT2006-026140. Scientific Infrastructures action I3, VI FP, 21 research groups.
- European Integrated Project on Aerosol Cloud Climate and Air Quality Interactions (EUCAARI),
2007-2011, VI FP, 48 research groups.
- Air Quality Monitoring Technologies for Urban Areas (AirMonTech), 2010-2012, FP7-ENV-2010,
Coordination and support action, project number 265116.
- Aerosols, Clouds, and Trace gases Research Infrastructure Network (ACTRIS), 2011-2015,
FP7-INFRASTRUCTURES-2010-1, CP-CSA-Infra, project no 262254, 28 research groups. As
a result of this project, the reliability and robustness of the ACSM to monitor the chemical
composition of submicron atmospheric aerosols on-line and over long-term periods was
demonstrated in a joint research action.
There is currently an ongoing European project which will be complementary to this Action, in which
some proposers of the present COST Action are involved. This Action will seek, develop and benefit
from collaboration and coordination with the activities from this project:
- Aerosols, Clouds, and Trace gases Research Infrastructure Network 2 (ACTRIS-2),
approved in 2015, H2020, 32 research groups. The on-line chemical composition of submicron
atmospheric aerosols measurements is included as a networking activity. However there are no
finances allocated for specific meetings of this sub-network which is nevertheless necessary to
ensure the essential quality of measurements and data analysis. Furthermore, while the
organizers (host) of the ACTRIS-2 intercomparison concerning ACSMs are partially financed,
there is no funding allocated for the participating groups. The Action network would thus provide
some synergies with ACTRIS-2 but would also provide additional value concerning source
apportionment or organic aerosols and the combination of both non-refractory and refractory
components.
Other European and international programs related to the Action are:
- The European Monitoring and Evaluation Programme (EMEP), a scientifically based and
policy driven program under the Convention on Long-range Transboundary Air Pollution for
international cooperation to solve transboundary air pollution problems. Some of the EMEP
partners are proposers in this Action, thus the progress and improvements made thanks to the
Action will result in a benefit for EMEP. Also, the Action will benefit from the well-established
EMEP network of stations, some of them equipped with an ACSM and/or an Aethalometer.
- The international Global Atmosphere Watch (GAW) Programme of World Meteorological
Organization (WMO). Some of the proposers are related to GAW and are in charge of reporting
data from different stations. A mutual benefit will be achieved.
- The Forum for Air quality Modeling (FAIRMODE) brings together air quality modelers and
users to support the harmonized use of models in Europe. It aims at developing quality
assurance protocols and guidance on the use of models, and promoting capacity building. A
working group is devoted to source apportionment. Some of the proposers have been involved
in activities such as intercomparison exercises and draft of guidance documents.
ACTRIS is adopted on the ESFRI (European Strategy Forum on Research Infrastructures) roadmap
2016 for Research Infrastructures of pan-European interest. This Action will support young
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researchers from ACTRIS-ESFRI network in data quality assurance and data interpretation for fine
atmospheric aerosol. Individual partners of this Action will contribute with their experience to the
network, given that there are worldwide experts in the use of ACSM, Aethalometers and source
apportionment techniques applied to organic mass spectra datasets. Moreover the network includes
industry partners directly related to the manufacturing of the instrumentation to be used, whose
expertise will be an added value to the network.
This Action will focus on the consolidation and extension of results from national research
programmes and international networking activities. Among the currently available European funding
schemes, COST is the best match to build a network to complement the existing European and
national efforts.

2. IMPACT
2.1.

Expected Impact

2.1.1. Short-term and long-term scientific, technological, and/or socioeconomic impacts
The scientific impact will consist of:
- Unification and harmonization (including a quality control and assurance) of the measurement
of real-time chemical composition of fine atmospheric aerosol among the Action partners in the
short term, and in a wider scientific and monitoring community in the long term maximizing the
impact on a long time scale.
- Knowledge on the fine aerosol organic composition and sources (short term).
- Assessment of the uncertainty in the different chemical components concentrations, as a result
of different Action activities and especially those related to intercomparison exercises of the
ACSM instruments. This information will be useful for both the air quality measurement
community in the short term and the air quality modelling community both in the short and in the
long term (see explanation below).
- In the long term, the datasets on fine aerosol generated following a unified methodology will
serve the epidemiological community, who can use them for establishing relationships with
health outcomes (as opposed to information on bulk particulate matter, and/or nonhomogeneous datasets).
- The air quality modelling community will benefit from the outcomes of the Action as their work
predicts ambient concentrations of different chemical components based on emission
inventories by using dispersion models, some of which also include chemical reactions. One of
the major challenges for the modelling community is to accurately reproduce the organic aerosol
concentrations, given the complex formation and transformations of organic compounds. The
validation of air quality models with measurements made in a consistent manner is essential for
air quality model further development. The modelling community requirements always point to
consistency of the results across the continent or modelled area and the uncertainty associated
to the measurements. Such consistent dataset is only possible through well-established
networks such as the one resulting from this Action. Moreover, the information provided by the
ACSM instruments have several strengths for validating model outputs and improving the
chemical reactions mechanisms implemented in the models: i) high time resolution, ii) wide
spatial coverage across Europe (based on the Action partners), iii) detailed chemical
composition, iv) information on sources or types of organic aerosol (very important to account
for transformations in the atmosphere), v) long-term availability covering different atmospheric
conditions throughout the year (especially relevant for dispersion models), and vi) homogeneity
in the instrumentation and data treatment, making data across Europe directly comparable. The
datasets from Aethalometers will provide information on the air quality models accuracy of
source specific primary aerosols by comparing the modelled source specific data and the
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measurements at receptor sites using black carbon as a tracer. Some of the Action partners
have connections with modelers, which ensures future collaborations with this community in the
short term. Moreover, in the long term, the collaboration with modelers may lead to an
improvement in the development of the air quality models, especially the part related with the
chemical reactions leading to organic aerosol. An upcoming Eurodelta exercise (validation of air
quality models) should be able to include one-year or multi-year datasets thanks to this Action
(as opposed to the one-month exercise taking place in the past.
The technological impact is ensured by the participation in the Action of the developers and
manufacturers of the instrumentation to be used. The Action outputs, including special requirements
or improvements to be made to the instrumentation, will be shared directly with the manufacturers,
which will result in the implementation of such improvements. Depending on the modifications or
improvements to be made, the technological impact may take place in the short term and/or in the
mid- or long term.
The socioeconomic impact will consist of:
- Improved knowledge of the sources of fine atmospheric aerosol, which can be used directly by
policy makers to identify the targets for reduction of air pollution (short term) and assess the
effectiveness of the mitigation measures, opening up the possibility to adaptation of the
measures (short + long term).
- Improvement of air quality once the mitigation measures have been applied to reduce the
identified sources (long term).
- Increased competitiveness and development of the participating countries (short + long term).
- Strengthening the bond between researchers and stakeholders (short term).
- Possibility to supply the chemical composition of fine aerosols to a public portal in real-time
(short term).
- Increased company capabilities as an outcome of the scientific community requirements and
recommendations.

2.2.

Measures to Maximise Impact

2.2.1. Plan for involving the most relevant stakeholders
The developers and manufacturers of the main instrumentation described above will participate
actively in the Action, as they belong already to the network of proposers. Their input to the rest of
the Action participants is essential, since their knowledge concerning the characteristics, design and
operation of the instrumentation is crucial. The benefits also travel in the opposite direction, since
the outputs from the Action will be extremely useful for the stakeholders for improving the
instrumentation and adapting it to the needs of the users community. The manufacturers will
therefore participate in meetings, workshops, Training Schools (providing highly-qualified training),
and intercomparison exercises.
The European Directorate-General for Environment and the European Environmental Agency will
be approached so that the main relevant outcomes of the Action can be disseminated to them, by
devoting one of the Action’s meetings for this purpose. The national stakeholders will also be
approached and invited to relevant meetings. Some national air quality networks, such as the French
one, include ACSMs and Aethalometers. Putting in contact air quality managers from this network
with those from other countries in the Action activities will certainly be beneficial.

2.2.2. Dissemination and/or Exploitation Plan
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As a result of the Action activities, useful output will be generated which will be shared with the
scientific and non-scientific community:
- Overview scientific papers including the main output of the Action regarding both methods and
results at a European scale will be produced.
- It is expected that the individual groups will produce specific publications, which will also partially
be a result from the Action given that the participants will benefit from the increased knowledge
gained within the course of the Action.
- The outputs of the Action will be presented at international conferences.
- Standard operating procedures and quality control/assessment procedures will be generated.
- A wiki page with best practices for instrument calibration and data analysis will be available for
the entire scientific community, hence reaching researchers out of the Action.
- The outputs of the Action, especially those related to homogenized long-term datasets of
chemical composition and organic sources of fine aerosol across Europe will be shared with the
air quality modelling community and the epidemiological community, by inviting them to at least
one Action meeting. Results will be also presented at the Fairmode and TFMM meetings, here
many of the European modelling groups are regularly present.
- The intercomparison excercises will be conducted with participation of the monitoring
community, resulting in the hands-on implementation of the standard operating procedures and
quality assurance and control methodology.
- The homogenized long-term datasets gathered during the course of the Action will be included
in the EBAS database (http://ebas.nilu.no/). EBAS is a database hosting observation data of
atmospheric chemical composition and physical properties, originating from national and
international programs.
- The organic source profiles will be included in the existing SPECIEUROPE database, which is
a database hosted by the European Joint Research Centre compiling chemical source profiles
generated in Europe.
- The chemical composition of fine aerosols could be supplied to a public portal in real-time.
- A webpage of the Action will be created and kept updated including the main activities and
outputs of the Action.
- Presentation of results from the Action to competent European institutions, such as DG
Environment and the European Environmental Agency, by inviting them to one of the Action’s
meetings or through a specific meeting for this purpose. Contact with the European institutions
will be maintained during the course of the Action.
- Many of the Action partners collaborate with the media and authorities on a regular basis. Hence
the relevant results from the Action will be disseminated in the media, and in meetings with
concerned parties and policy makers at the municipality and regional authorities level.
- A twitter account will be created and main relevant results will be published. Specific hashtags
will be used depending on whether the results are addressed to the scientific community or to
the general public.
- A linked-in group with participants from the Action will be created.

2.3.

Potential for Innovation versus Risk Level

2.3.1. Potential for scientific, technological and/or socioeconomic innovation
breakthroughs
The outputs of the Action will be extremely valuable for different communities: air quality monitoring,
air quality modelling, and epidemiological communities. Moreover, they will be extremely useful for
policy makers. The Action will face some risks in achieving its objectives. The potential
breakthroughs resulting from the Action and the possible risks hindering the Action to reach them
are described here:
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Breakthrough: compilation of a harmonized testing and optimization procedure for chemical
composition measurements using ACSM instruments in such a way that the instrument may be
implemented in air quality networks.
Risk: no interest or funding from air quality networks to include such type of measurements.
Risk mitigation: ACSMs are already included in some advanced air quality networks (e.g. France
and Switzerland) and the experience from those will be extensively used in the Action.
Breakthrough: homogenization of real-time characterization of chemical composition and source
apportionment of organic fraction of fine aerosols across Europe.
Risk: there may be some research groups in Europe who do not wish to join the Action and do not
follow the guidelines (standard operating procedures) provided as an output of the Action.
Risk mitigation: the Action will involve the manufacturers and these should implement built-in critical
analysis steps into the instrumental standard operating procedures and quality control and
assurance methodology, including the associated software so that the procedures will be eventually
followed by all instrument operators regardless of whether they participate in the Action or not. The
wiki page created within the Action including the procedures and protocols will be available for the
entire scientific community, which will favor their implementation.
Breakthrough: input to the air quality modelling community providing consistent, reproducible,
directly comparable ambient concentrations of different inorganic and carbonaceous species and
organic aerosol types with quantified uncertainties. This high-quality input (improved compared to
the existing datasets) will serve to validate the models with several sampling locations (up to the
continental scale) and identify and quantify the non-well-modelled species. Based on this, air quality
models can be improved, possibly modifying the chemical reactions implemented or the emission
inventories considered, with the final aim to achieve a better agreement between models and
measurements.
Risk: the modelling community may not be able to adjust their air quality models to better represent
the measurements provided and scale them to the PM1 fraction.
Risk mitigation: The modeling community will be invited to participate in at least one Action event to
facilitate the exchange of the requirements and information in both directions. The modelling
community already expressed its need for consistent, reproducible, long-term, uncertainty-quantified
datasets across a wide geographic area to improve their models.
Breakthrough: improvement of the technology and/or measurement protocol used for determining
the chemical composition of fine aerosols online, especially with regards to the disagreements found
for organic aerosol measurements during the first ACSM intercomparison exercise.
Risk: the Action may not manage to clarify completely the disagreements found for organic aerosol
measurements during the first intercomparison exercise performed before this Action.
Risk mitigation: it is expected that an improvement towards the understanding of this disagreement
will be achieved. Depending on the result, the work plan will be adjusted by performing more
intercomparison excercises or special experiments if required. Hence, the Action will adapt its
activities depending on the results obtained during the course of the Action for efficiency purposes.
Breakthrough: improvement of the operation and analysis protocols (which might include minor
modifications to the hardware), leading to an optimization of the results obtained.
Risk: it is possible that the Action does not reach a clear conclusion on what should be changed to
optimize the response of the instrumentation used. On the other hand, if necessary modifications to
the hardware are identified, the manufacturers of the instrumentation may not be willing to apply
them.
Risk mitigation: the manufacturers are participating in the Action and it is expected that they will try
to accommodate suggestions as there are good personal connections and collaborations between
some researchers in the consortium and the decisive persons in the respective companies. The user
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feedback is and has been always warmly received as the input into the instrumental development
process.
Breakthrough: setting Europe as the world-leader, as opposed to other continents, in tackling and
achieving the aforementioned homogenization.
Risk: while there is collaboration between different European groups, supported by previous
European projects, a COST Action is needed to firmly establish the European position in this topic.
If the Action is not approved, and the objectives of the Action are not met, Europe could lose its
competitive advantage to other continents.
Risk mitigation: if the Action does not get funded, other funding resources should be found, although
the COST structure seems the most appropriate for the described challenge

3. IMPLEMENTATION
3.1.

Description of the Work Plan

3.1.1.

Description of Working Groups

The Action will be structured in four Working Groups (WG). Close collaboration between the WGs
will take place, hence WG1 and WG2 are closely linked and will work together. Likewise, there are
many common proposers taking part in WG1 and WG3. Finally, WG4 is based on the previous three
WGs. The logistics will be optimized for maximum knowledge throughput and dissemination and
facilitation of interaction between all WGs.
WG1. Quality assurance of on-line chemical composition of non-refractory fine aerosol
measurements
Objective 1.1. To provide clear, evidence-based guidelines for real-time chemical characterization
of fine atmospheric aerosols.
Objective 1.2. To recommend desirable features of instrumentation for the determination of real-time
chemical characterization of fine atmospheric aerosols.
Objective 1.3. To optimize calibration protocols and promote best-practices for quality check
procedures.
Objective 1.4. To coordinate and reinforce the exchange of scientific research necessary for
understanding the factors influencing fine atmospheric aerosols.
Objective 1.5. To provide rigorous training to efficiently measure and interpret the real-time chemical
composition of fine atmospheric aerosols.
Task 1.1. Training Schools (two) on the use of the instrumentation to measure the chemical
composition of fine aerosols in real time. They will be carried out during year 1 and year 3.
Task 1.2. Intercomparison exercise of similar instruments (ACSM). Like for the first two performed
within ACTRIS, approx. 15 instruments will be compared. Depending on the outcome of the first
exercise, a second or even a third intercomparison may be required.
Task 1.3. (in combination with Task 1.2) Intercomparison exercise with a large set of co-located
instruments determining on-line and off-line chemical and physical aerosol parameters, which will
be used to validate the on-line chemical composition of fine aerosol determined by ACSM.
Milestone 1.1. Workshop. Aim: to share scientific and technical expertise and discuss outcomes of
Tasks 1.1, 1.2 and 1.3. It will allow the exchange and transfer of technical expertise between
participants. It will determine if and when additional intercomparison exercises are required.
Deliverable 1.1. Guidelines for real-time chemical characterization of fine atmospheric aerosols
(standard operating procedure) and ACSM calibration, as output of the intercomparison exercises
and experience gained during the course of the Action.
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Deliverable 1.2. Guidelines for comparison of ACSM data with external data, such as Scanning
Mobility Particle Sizer (SMPS), on-line instrumentation for inorganic ion concentrations
measurements, or off-line chemical composition data. These guidelines may include specific
procedures to be directly implemented into the software used for ACSM measurements.
WG2. Source apportionment of OA
Objective 2.1. To characterize the organic fraction of fine atmospheric aerosols and reach a standard
method for source apportionment techniques of the organic fraction based on organic mass spectra
datasets produced by ACSM instrument. Different types of OA will be identified and quantified: HOA,
COA, BBOA, OOA, and others possibly identified within the Action.
Objective 2.2. To provide training in the application of source apportionment tools for the
determination of the fine organic aerosol origin.
Task 2.1. Training Schools (2 Training Schools during the Action, focused on beginners) to apply
Multilinear Engine 2 (ME2) to the organic mass spectra datasets produced by the ACSM. The ME2
is a PMF solver which allows the user to include a priori known information on the sources. It has
been proven to be very efficient when applied to ACSM organic mass spectra datasets. The a priori
information consist on source profiles (mass spectral profiles) for specific sources, such as COA or
BBOA, which can be difficult to quantify using regular PMF at sites where their contribution is very
low. An ACSM-customized software developed within ACTRIS will be used.
Task 2.2. Workshops (3 workshops during the Action, for advanced users of source apportionment
tools). The organic markers (based on mass spectral profiles) can only be known if a large number
of datasets and source profiles from across Europe are studied in a consistent manner.
Deliverable 2.1. Guidelines for organic aerosol source apportionment.
Deliverable 2.2. Publication of best practices for source apportionment of organic aerosols based on
mass spectra datasets in a peer-reviewed journal like Atmospheric Measurement Techniques.
WG3. Refractory fine aerosol fraction
Objective 3.1. To provide clear, evidence-based guidelines for real-time measurement of black
carbon.
Objective 3.2. To recommend desirable features of instrumentation for the determination of real-time
black and brown carbon.
Objective 3.3. To provide rigorous training to efficiently measure and interpret the real-time aerosol
absorption measurements.
Task 3.1. Training Schools (two) on the operation of the Aethalometers as well as data processing
and evaluation. Quality control and assurance (QA/QC) protocols ensure the quality and
comparability of data. This exceeds the maintenance of the instrumentation and includes automatic
and semi-automatic checks and procedures to evaluate the data. QA/QC protocols together with the
standard operating procedures will be distributed among training course participants.
Task 3.2. Workshops (two) on data treatment, evaluation and interpretation, including source
apportionment. Automated procedures to ensure data quality will complement the manual data
processing procedures. Black carbon source apportionment methodology, tools, and interpretation
of the results will be discussed and harmonized, and the integration into more complex source
apportionment models combining with WG2 activities will be assessed.
Task 3.3. Intercomparison exercise of similar instruments, such as multiwavelength Aethalometers,
for the determination of uncertainties in the black carbon concentrations and the source
apportionment of black carbon.
Deliverable 3.1. Standard operating procedures and good practices guidelines for black carbon
instrumentation.
Deliverable 3.2. Course materials and tools – black carbon source apportionment.
Deliverable 3.3. Development of methods for combined black carbon and organic aerosol source
apportionment.
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WG4. European overview of fine atmospheric aerosols
Objective 4.1. To promote the joint interpretation of chemical composition and source apportionment
of the carbonaceous fraction of fine aerosols at different European sites
Task 4.1. Workshop to gather the existing datasets in Europe and discuss the results, and possibly
decide on the additional datasets to be obtained to fill knowledge gaps or under-represented
geographical areas or types of environments (continental, regional, urban).
Task 4.2. Workshop to gather the extended datasets and further discuss the results.
These tasks will be complemented by the workshops for advanced users of source apportionment
tools (Tasks 2.2 and 3.2), in which different datasets will be analyzed, hence homogenizing and
combining the results from different sites in Europe.
Deliverable 4.1. Scientific publications (tentatively 3) in peer-reviewed journals on the composition
of the European fine particulate matter, the European black and brown carbon and the source
apportionment of the European carbonaceous fine particulate matter.
Short Term Scientific Missions (STSM)
The capacity-building objectives of the Action will be partially achieved by the Training Schools and
workshops. Additionally, the STSM will complement these activities leading to a robust capacitybuilding across Europe. A total of 25 STSM will be carried out during the duration of the Action,
although annual adjustment of this prevision will be made.
Fine aerosol

Management Committee

Non-refractory fine aerosol
Quality assurance of on-line chemical composition

WG1 of non-refractory fine aerosol measurement

Sulfate

Ammonium
Nitrate

Organic matter

WG2 Source apportionment of OA

WG3 Refractory fine aerosol fraction

WG4
Chloride

European overview
of fine atmospheric
aerosols

STSM

Black carbon

3.1.2. GANTT Diagram
Management Committee (MC) meetings will be carried out once per year. The second meeting will
coincide with the workshop from WG1 to reduce travel expenses.
A final workshop will be conducted at the end of the Action as a wrap-up of the Action outcomes and
investigate possibilities to continue the Network.
2nd year
1

1st year

WG1

WG2

WG3

WG4

MC meeting
Final workshop
Task 1.1
Task 1.2
Task 1.3
Milestone 1.1
Deliverable 1.1
Deliverable 1.2
Task 2.1
Task 2.2
Deliverable 2.1
Deliverable 2.2
Task 3.1
Task 3.2
Task 3.3
Deliverable 3.1
Deliverable 3.2
Deliverable 3.3
Task 4.1
Task 4.2
Deliverable 4.1

1

3rd year

4th year

1

1
1

1

1
2

1
1

2

1
1
1
1

1
1

1

1
1
1

1

1
1

1
1
1

1
1
1
1
1

3.1.3. Risk and Contingency Plans
Risk: issues with data collection for each of the participating groups in their usual measurements
due to instrument malfunctions or other unforeseen logistical problems during the field campaigns.
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Contingency plan: implementation of standard operating procedures, including the recommendation
to check the data continuously, so that problems are identified as soon as possible. Possible reschedule of sampling period if data availability is not adequate to provide the coverage of
geographical variations and different environmental variations.
Risk: reduction or end of funding for the participating groups to run their own measurements.
Contingency plan: gathering of European data will be carried out in a way to extensively cover
different areas and environments, so that a possible small reduction in the number of sites will
maintain good variability.
Risk: unforeseen malfunction of instruments during the intercomparison exercise.
Contingency plan: the work plan already includes quality control and assurance actions at the
beginning of the exercise, and tentative additional intercomparison exercises; depending on the
outcome of the first. If the first one is not successful, subsequent intercomparison exercises may be
extended in time to be able to test different conditions.
Risk: low availability of ACSM instruments for the intercomparison exercise due to planned
campaigns from other projects or other reasons.
Contingency plan: planning of the intercomparison exercise in advance. If the number of available
instruments is excessively low (<7), the intercomparison exercise will be re-scheduled.
Risk: no availability of all the complementary instrumentation for the intercomparison with co-located
measurements at a single site.
Contingency plan: the intercomparison exercise with co-located measurements can be carried out
separately by the different groups at their own sites with the available measurements at the specific
site. Subsequent gathering of the results would be required.
Risk: low availability in the agenda of key participants for some of the meetings or workshops with
the consequent impossibility of concurrence.
Contingency plan: announcement of events enough time in advance (3-6 months).
Risk: too few or too many applications for STSM.
Contingency plan: if there are too few applications, the STSM Coordinator will emphasize and further
explain the benefits of such STSM to the participants by email, in the meetings and within the linkedin group. If there are too many and they are useful, the total number of STSM will be increased if
possible after the first Action assessment.
Risk: lack of information flow between groups.
Contingency plan: the meetings and workshops will be made in an encouraging manner for
information exchange among groups. The preparation of joint scientific publications should be a
good motivation for the collaboration.

3.2.

Management structures and procedures

The management of the Action will follow the well-established structure from COST Action
guidelines. The Action will be coordinated and organized by the Management Committee (MC). The
MC will consist of up to 2 representatives from each participating COST Country, including Early
Career Investigators and will be responsible for:
- Define and manage the Action Strategy and Structure.
- Elect the Action Chair, Vice Chair and Grant Holder, Working Group composition or
membership, leadership and structure.
- Organize the activities necessary to achieve the Action Objectives.
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-

-

Establish specific provisions linked to the management, share, creation, dissemination or
exploitation of knowledge, including Open Access policy and management of Intellectual
Property that may rise from an Action.
Perform the reporting duties allowing for the monitoring and assessment of the Action.
Decide, among potentially eligible participants, the ones entitled to reimbursement.
Coordinate and plan MC meetings, workshops and other events

There will be four Working Groups (WG), with their corresponding Working Group Leaders and CoLeaders, who will be responsible for organizing and chairing Working Group meetings. The Action
WG Members will be able to participate in more than one WG.
There will be a Coordinator for Early Career Investigators (ECI), and a Responsible of Gender
Balance Issues. They will be responsible for promoting the participation of ECI and keeping the
gender balance, respectively, by identifying possible candidates for participation in the Action and
take steps towards their participation in the Action to keep the balance within the Action.
A Short Term Scientific Mission (STSM) Committee, led by a STSM Coordinator, elected by the MC,
will be responsible to evaluate the STSM applications.
A Dissemination Coordinator will be responsible for the web developments within the Action, where
meetings, workshops, Training Schools and any other activities from the Action will be announced.
A Steering Committee will be formed by the Action Chair, Vice Chair, the Working Group Leaders
and Co-Leaders, the ECI Coordinator, the Responsible of Gender Balance Issues, the STSM
Coordinator and the Dissemination Coordinator and some other participants if necessary. The
Steering Committee will be responsible for scientifically guiding the Action.

3.3.

Network as a whole

The Network of proposers includes 77 proposers from 22 countries. From those, there are 39 ECI
(51%), including 17 PhD students. These figures can be understood as a guarantee of the dedicated
efforts that will be put in this Action. Gender balance is 64% males and 36% females.
The proposers have an extensive experience related to the challenge of the Action, and some of
them participated and/or participate in previous and/or current European projects related to this topic.
The European groups with more experience in this topic, including the leaders of previous related
European projects, are proposers of this Action. Moreover, almost all the research groups working
on this topic in Europe are proposers of this Action. SME participation is present through 6 proposers.
All this together guarantees the capability of the Network to achieve the Action objectives.
The geographic coverage is evidenced by the participation of 21 COST Member Countries, from
which 8 are COST Inclusiveness Target Countries. The large geographical coverage will allow for
the gathering of different datasets across Europe, necessary to investigate the variation of fine
atmospheric aerosol, one of the objectives of the Action.
There is one International Partner Country (IPC) in the Action, whose participation is of clear benefit
for the Action, since the proposers from this IPC belong to the developing and manufacturing
company of the ACSM instruments. Their input to the rest of the Action participants is essential,
since their knowledge in the characteristics, the design and the operation of the instrumentation is
crucial. The benefit is mutual, since the outputs from the Action will be extremely useful for them as
well.
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