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Main scientific Achievements

The largest uncertainties in our current knowledge on atmospheric processes and their impact
on air quality and climate change are associated with complex feedback mechanisms in the
Earth System. Understanding and quantifying feedback mechanisms, that are just becoming
measureable, will only be possible through a synergistic approach which combines atmospheric
observations, detailed simulation experiments and modelling. Simulation chambers are the best
research tools for obtaining a quantitative understanding of physic-chemical transformations in
the atmosphere and provide a lot of the parameters used in atmospheric models.

Scientific achievements impacting research communities

EUROCHAMP-2020 offers an integrated suite of state-of-the-art simulation chambers which
provides unprecedented opportunities for atmospheric scientists to perform experiments that
address important questions on air quality and climate research.

In parallel, EUROCHAMP-2020 incorporates a range of chamber platforms that are both
diverse and highly versatile. EUROCHAMP-2020 is thus a basis for engaging the wider
scientific community in more trans-disciplinary approaches to better understand the impacts of
atmospheric processes in an integrated manner. This opens up to exciting opportunities for
researchers working in a range of areas such as health and cultural heritage, as well as in the
broader environmental domain, to seek and provide solutions for key scientific and societal
problems.

While being at the first third of the project, some of the joint research activities performed
within WP10 have already had some impact on the research community.

For example, the investigations performed at CNRS-LISA of the variability of the mineral dust
long wave (LW) refractive index as a function of its mineralogical composition and size
distribution have been published in Di Biagio et al. (2017). The available data have allowed
other groups worldwide to improve the dust aerosol radiative forcing (Meloni et al., 2018; Li
and Sokolik, 2018; Song et al, 2018) and also to improve the satellite retrieval of desert dust
plume (Liuzzi et al., 2017; Xu et al., 2017; Banks et al., 2018).

Within the TNA project AIDA-002-2017 at the AIDA chamber, the INUIT 09 campaign “Ice
nucleation of mineral dust” allowed the assessment of the role of mineralogy in the ice
nucleating (IN) efficiency of several natural desert dust samples from Africa. This chamber
campaign is bringing new important insights in a potentially very important climatic feedback
linking the extension of desert area and the resulting increase of the atmospheric dust load to
the cloud cover and water cycle perturbation.

A combination of TNA research projects took advantage of the Roland von Glasow Air-Sea-
Ice Chamber (RvG-ASIC) unique features — being the only large-scale chamber of its kind — to
address the issue of so-called Arctic amplification of global warming. RvG-ASIC-001-2017
investigated how temperature changes in the Arctic may quickly enhance methane emissions,
due to large natural sources. RvG-ASIC-002-2017 aimed to provide novel quantitative data on
poorly characterized micro-ecosystems with potential global significance and provided also a
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mechanistic understanding of colonization processes through various stages of sea-ice. RvG-
ASIC-003-2017 is addressing the issue of retreating Artic sea-ice and its impact on the Earth’s
energy balance.

On a more methodological point of view, the characterization of particles’ wall losses under
various electrostatic states of Teflon chambers performed by FORTH has not only led to more
robust protocols that can now be shared with the global community, but it also shines a new
light on the secondary aerosol yield studies performed in Teflon chambers which are the most
common type worldwide. Published in Wang et al. (2018) this work will be certain to have a
strong impact on the chamber methodology applied far beyond the EUROCHAMP-2020
consortium.

Capacity development constitutes one of the strategic priorities of EUROCHAMP-2020. With
the combination of the training session held in January 2017 at OGTAC CC with the inter-
laboratory comparison (ILC) organised three months later, 18 international users (from
Germany, France, Spain, Poland, Ireland, Romania and Denmark) coming from both the
chamber and field measurement communities were trained with advanced analytical techniques
for the analysis of atmospherically relevant particulate products at the molecular level, for a
high level of QA/QC. With this first session (that will be repeated during RP2) more than 10
different groups across Europe were taught how to measure highly oxygenated components and
atmospheric tracers. They were hence driven to optimally use the available instrumentation at
their institutes for the greatest benefit of future observations including both field campaigns and
chamber experiments.

The strong development of the EUROCHAMP DC during RP1 is notable not only for the
services provided to the users, but also the concept of the DC itself. The DC is making a step
further now as EUROCHAMP-2020 has committed during RP1 in the ENVRI-FAIR within
ACTRIS-ESFRI. This strategic project will ensure that a clear and coherent catalogue of
services will be proposed by ENVRI as part of their contribution to European Open Science
Cloud. It is expected that developments towards higher maturity data and service levels will be
addressed within this project. This will ensure that data from measurements performed for
ACTRIS-ERIC at Exploratory Platforms are made available to users through the ACTRIS-
ERIC Data Centre (DC) and has certainly an impact on the research communities.

The development of the EUROCHAMP DC has inspired similar initiatives beyond Europe. The
presentation of our project during the ACM meeting in Davis, California has triggered a similar
project in the US. The NSF ICARUS proposal was prepared in 2017 to build a comparable data
centre for the US community of simulation chambers. It was supported by EUROCHAMP and
has been eventually funded. It is now developing a similar concept in good coordination with
EUROCHAMP (Spyros Pandis as a member of the two consortia acting as a link) and
discussion are on-going for the sharing of data formats and routines.

Scientific achievements related to technology and innovation

EUROCHAMP-2020 has devoted substantial efforts towards innovation and transfer of
knowledge to SMEs in WP4 but also through the work performed within WP7, WP8 and WP10.
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During RP1, KIT has developed, in close collaboration with the NCAS-Leeds, a new and
innovative mobile instrument for fully automated atmospheric measurements of ice nucleating
particle (INP) concentrations and laboratory studies of ice nucleation processes. This new
instrument called PINE (Portable Ice Nucleation Experiment) will be the first instrument of its
kind for fully-automated long term INP measurements at high sensitivity and time resolution.
A commercial version of PINE is developed together with Bilfinger Noell GmbH and will be
available in early 2019. This accomplishment demonstrates not only the impact of
EUROCHAMP-2020 on the private sector but also its contribution to the current atmospheric
monitoring system. It also demonstrates how the future ACTRIS-ERIC, integrating both
ACTRIS-2 and EUROCHAMP, will have the potential for an end-to-end control of the
atmospheric short-lived species monitoring activities.

The work carried within TNAs during RP1 has also contributed to the development of new
technologies. For example, within PACS-C3-003-2018 an advanced mass spectrometric method
developed by the lonicon Analytik GmbH, a SME located in Innsbruck, Austria was used
together with two state-of-the-art instruments developed at PSI to study the chemical
composition of SOA. In addition to the current state-of-the-art high resolution time-of-flight
aerosol mass spectrometer (HR-TOF-AMS), the Paul Scherrer Institute has deployed their
recently developed extractive electro-spray ionization TOF-MS (EESI-TOF) complemented by
lonicon’s modular "Chemical Analysis of Aerosol Online™ (CHARON) particle inlet, coupled
to a new-generation proton-transfer-reaction time-of-flight mass spectrometer (PTR-TOF 6000
X2).

During RP1, Blue Industry and Science, a French SME involved in advanced laser
spectrometers for trace gas monitoring has been advised by our Innovation Platform (WP4) and
guided among the available facilities until when eventually a dedicated TNA has been
organized at EUPHORE to better characterize their tuneable diode laser trace gas analysers.

Finally, during the preparation phase of this proposal, a list of more than 40 potential industry
users was prepared leading to the involvement of 19 European SMEs and companies as
potential Associated Partners of EUROCHAMP-2020 and showing the strong link between the
simulation chamber community and the private sector. During RP1, 7 of them have completed
the associated partnership process, with additional ones being in contact or applied for TNA.

Scientific achievements impacting societal services

EUROCHAMP-2020 continues to liaise with other relevant actors (space agencies,
environmental agencies, research networks) both in Europe and worldwide (WP5). Because the
work carried out within EUROCHAMP-2020 concern processes and properties within the
atmosphere, the EUROCHAMP-2020 progress is relevant not only for Europe but also for other
regions in the world.

As the public debate on the impact of car emissions on air quality and even on climate change
drivers is strong over the whole society, many EUROCHAMP-2020 partners (UMAN, PSI,
UEF, CNRS-LISA) have started the adaptation of simulation chambers protocols to enable the
robust study of the adverse effects of these sources. An example reported within WP10, the
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NCAS-UMAN chamber has been coupled to a light duty diesel engine. Using this setup, a
comprehensive set of experiments has been conducted at realistic engine speed and load
conditions and under a range of dilution ratios. The use of the chamber proved effective at
enabling measurements of diesel exhaust using long sample times, even during unstable engine
conditions. A further advantage is the effect of a wide range of exhaust dilution on the particles
and gases can be studied; published data on the resulting variability in VOC and IVOC
compounds across conditions is available.

Research projects through physical access to simulation chambers (WP7), resulted in
improvements of the general understanding of how air pollution processes and climate change
drivers contribute to the general well-being and to the economy, by reducing financial and
social risks and by creating new opportunities, as many economic sectors and public and private
activities are affected by these phenomena. Improving the quantification of atmospheric
compounds transformation and properties, strengthens the accuracy of air pollution forecasts
and climate predictions; therefore, it benefits the society, in its economic and societal sectors.
Specifically, some TNA projects are particularly remarkable:

QUAREC-002-2017: This TNA project carried out during RP1 aimed at investigating the
atmospheric fate of halogenated substances that are massively involved in the CFC replacement
protocols. The kinetics studies performed at different temperatures allows us to define the
lifetime of these compounds and therefore the extent of their impacts. The product analysis
opens the way to the assessment of the toxicological impacts of these species in all the biosphere
compartments.

A series of TNAs focusing on the adverse effects of wood burning and coal on air quality were
conducted during RP1. ILMARI-003-2017 is a multidisciplinary research project concerning
the variations in the health impact of aged mixtures of pollutants. Lung cells were exposed to
emissions from logwood fire and from a gasoline generator (gas and particulate matters). In
parallel, PACS-C3-002-2018 has focused on understanding secondary organic aerosol
formation from biomass burning and coal combustion Coal- and wood-burning aerosols
revealed complex composition and their chemical transformation (aging) trajectories during
photo-oxidation were visualized. These studies are of importance as they will eventually lead
to improved air quality forecasts and sources assessments in Northern European regions and
Alpine valleys, where these combustion processes are often important.

Other impacts on societal services are linked to support of the manufacturing industry, the
developers, the instrument integrators and the societal services that require operational
instruments that can be developed/characterized in chambers. Some of them needs also
diagnostic about the impact of their technologies on the atmospheric environments (adverse
effects, pollutant removal efficiencies, etc.).
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Scientific Outputs
Typology 2017 2018
Scientific articles 17 13
Oral in an international conference 10 22
Oral in a national conference 6 12
Poster in an international conference 12 13
Poster in a national conference 3 9
PhD thesis 3 still in progress
Master thesis 0 3
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Scientific achievements of the EUROCHAMP-2020 project by work-packages

2

Work Package 2: Atmospheric simulation chamber characterization and interoperability (NA2)

The main objective of WP2 is focused on maintaining and improving the quality, robustness
and comparability of the experiments carried out in the simulation chambers through high level
characterization of chamber capabilities, quality assessment, and experiment inter-
comparisons.

WP2 activities have been designed to establish the basis for improving interoperability of the
chambers. Even if this goal may sound rather technical, important scientific achievements are
underlying much progress in this field.

The main tasks carried out within WP2 during the first 18 months are described below.

Directory of each chamber’s detailed characteristics

Collecting, maintaining and disseminating the detailed characteristics of the EUROCHAMP-
2020 simulation chamber is a very important activities and it has been achieved via the project
website (http://www.eurochamp.org/Facilities/SimulationChambers.asp).

Overview of chamber-dependent parameters affecting chemistry

Determination of chamber dependent parameters affecting radical chemistry (2.1.2)
Photolysis frequencies

Understanding how the fundamental properties of specific chambers influence their scientific
results is crucial in order to achieve a better interpretation of the measurements and data inter-
comparability between different chambers, providing enhanced datasets for use by mechanism
developers and modellers.

This is why in-situ wavelength dependent chamber irradiance and actinic flux data have/are
being determined for all chambers. This is being carried out using spectral radiometers (c.a. 290
— 800 nm range). Example sets of radiation measurements from the UAIC ESC-Q-UAIC
chamber, the NCAS-UEA RvG-ASIC and the CESAM chambers are shown in Figure 1.2.2-2,

The photolysis frequency of NO2, Jnoz, is a very important parameter both because of its
atmospheric interest and because it provides a total integrated measure of UV-intensity and as
a useful comparison to the wavelength dependent irradiance/actinic flux point measurements.
Following a standard protocol (see. Table 1.2.2-1 and WP3 report). Chemical actinometry
experiments have hence been carried out in each indoor chamber in order to give access to this
parameter and to allow robust scaling of the lamp emission spectra. Jno2 measurements range
from 1.17 x 102 s (ILMARI@QUEF), 2.9 x 103 s (CERNESIM@IASI), 6.4 x 103 s
(CESAM@CNRS-LISA) t0 9.8 x 10 s (ASC@FORTH).
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Figure 1.2.2-1 Top - Irradiation spectra in the ESC-Q-UAIC chamber: a — for all lamps at different points
in the reactor; b - for a limited number of lamps. Bottom - light field characterization of the NCAS-UEA
RvG-ASIC facility (1 m above the tank base in centre, full illumination). Both using LICOR LI-1800
spectral radiometer (CNRS-LISA)

New chamber characterization for the gas-phase studies:

The first objective for the newly developed Environmental Simulation Chamber made of Quartz
from the “Alexandru loan Cuza” University of lasi, Romania (ESC-Q-UAIC) was to validate
the chamber for atmospheric gas-kinetic experiments. The first set of experiments was focused
on the OH Kkinetics with some aromatic compounds (Figure 1.2.2-3) (by relative Kinetic
technique) and the second one on the determination of the gas-phase absorption cross sections
of selected aromatic hydrocarbons in the IR spectral ranges. The preliminary average rate
coefficients showed good agreement with literature values (Calvert et al., 2002).
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Figure 1.2.2-2: Kinetic data plotted for the reaction of OH radicals with mesitylene (left; using m-cresol,
acrolein and methyl-vinyl ketone as reference hydrocarbons) and for the reaction of OH radicals with
phenol (right; using propene as reference hydrocarbon).

Determination of chamber dependent parameters affecting SOA formation (task 2.1.3)
Non-volatile particle physical wall losses and Semi-volatile vapour wall losses:

10
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For the newly set-up INFN chamber (ChAMBRe)
size dependent particle wall loss was determined (see
Figure 1.2.2-3). The protocol to perform
experimental studies on primary biological aerosol
particles and bacteria in particular, has been
quantitatively assessed. The injection and extraction
phases have been thoroughly tested both with Gram
positive and Gram negative bacterial strains. With a
clean atmosphere maintained inside ChAMBRe, the
ratio between injected and extracted viable bacteria
turned out to be reproducible at a 10 % level
(Massabo et al., 2018), assessing this way the
chamber sensitivity for systematic studies on
bacterial viability vs. environmental conditions.

Overall, size dependent physical wall losses were studied in most of the chambers of the
consortium such as CESAM (CNRS-LISA), ISAC (CNRS-Lyon), AIDA (KIT), ILMARI
(UEF), FORTH, MAC (NCAS-UMAN) and ChAMBRe (INFN) and made available on-line in
the directory of chamber during this first reporting period.

For complex experiments such as
chemical aging of SOA, the results of
the SOA quantification analysis can be
quite sensitive to the adopted correction
method due to the evolution of the
particle size distribution and the
duration of these experiments. These
loss rates depend on the chamber
material, flows inside the chamber and
other parameters such as size, shape,
and charge of particles. One example of
studies related to particle physical wall
losses is provided by the FORTH team
in collaboration with Carnegie Mellon
University which have evaluated the
performance of several particle wall-
loss correction methods for aging
experiments of a-pinene ozonolysis
products (Wang et al, 2018).
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Figure 1.2.2-4: The apparent (ka) (red symbols) and
coagulation-corrected (kc) (black symbols) particle wall-loss
rate constants as a function of particle size for a) a 1.5 m®
Teflon chamber and b) a 12 m® smog chamber after the two
systems have been left undisturbed in the lab for weeks. The
particle loss rate constants were derived based on SMPS
measurements

Particle number losses in chamber experiments due to coagulation can be significant for small
particles (< 150 nm under conditions in this work). It is thus important to correct for this
coagulation effect when calculating the particle wall-loss rate constants especially for
experiments in which the behaviour of the nanoparticles is important (e.g., when they carry a
significant fraction of the total particle mass). The impact of coagulation on the particle wall-
loss rate constant is shown in Figure 1.2.2-4 for a typical small and large Teflon reactor.
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Semi-volatile vapour wall losses:
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With respect to semi-volatile vapour wall losses determination activities, the exact species to

be measured need to be decided within the
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— Dilution

sl - Wall Loss = 10°

Concentration of aPinene Oxide (ppb)
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next months, as it is not clear that the

state-of-the-science is  sufficiently
developed and in most cases, the
development of some
instrumentation/technologies  foreseen

within WP10 is still needed. Certainly,
common procedures need to be defined
taking into account results from WP10 to

T T T T T T
200 250 300 350 400 450

Time (min.)

T T T
0 50 100 150

Figure 1.2.2-5: Decay of a-pinene oxide during chamber

dilution in the dark.

500

guarantee high quality and reproducible
data. Nevertheless, some previous
experiments are being carried out by some
partners. For example, as a preliminary

experiment PSI injected a-pinene oxide (C10H160) into the cool chamber and observed its
decay as a function of time while diluting the chamber at 40 L min. The decay of a-pinene
oxide was monitored with a proton transfer-reaction mass spectrometer. Figure 1.2.2-5
demonstrates the decay of a-pinene oxide over 8 hours. While the initial decay fits well with
the expected decay from pure dilution, the discrepancy becomes obvious at long times and to
make up the difference a wall loss rate of 10> min™ was used.
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Work Package 7: Physical access to the chambers (TNA1)

Through WP7, transnational access activities (TNA), the EUROCHAMP-2020 infrastructure
offers hands-on experience and training in sixteen world-class atmospheric simulation chamber
facilities across Europe, three more than previously within the FP6 and FP7 funded Integrating
Activities projects EUROCHAMP (2004-2009) and EUROCHAMP-2 (2009-2013).
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4 QUAREC (BUW,DE) 8 EUPHORE (CEAM, ES) 12 FORTH-SC (FORTH, GR) 16 ASIBIA (NCAS, UK) A ',»°"’

Figure 1.2.7-1: Overview of simulation chamber offered to physical access through TNA

From January 1%, 2017 - when the call for applications was launched accomplishing the
milestone 42 - until May 31%, 2018 a total of 34 TNA proposals were submitted to the Project
Office. Four proposals were rejected based on eligibility (non-compliance with the TNA rules)
or selection (decision of the TUSP) criteria. One should mention that, at the beginning of the
project, the rate of submission was lower than expected. Thanks to a proactive communication
strategy, this induction time has ended and a significant increase of the rate of submission has
been recorded by the Project Office: in fact, half of the applications has been submitted during
the last seven months of RP1.

Short description of TNA projects

An overview on the TNA situation, including the users’ detailed reports, is published on the
project website at https://www.eurochamp.org/Project/Documentation/TNAdocuments.aspx
and is continuously updated by the Project Office.
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Access provided by CESAM (CNRS)

CESAM-001-2017 dealt with the aqueous formation of Brown Carbon in aerosols and was a
combined training and mobility activity. The scientific report shows that the goals of the TNA
at CESAM were fulfilled; further processing of the results are required before publication.

CESAM-002-2018 was a border interdisciplinary activity (experts’ mobility) addressing the
origin of particulate matters that reach remote regions of the Earth, previously considered
“pristine”, such as the Polar regions. The user group proposed to investigate the trace elements
and the isotopic compositions of dust from Namibia. To do so, the CESAM chamber was used,
which is equipped with a state-of-the-art generation system for mineral dust generation and
protocols for suspension and multi-parametric analysis.

Access provided by HELIOS (CNRS)

HELI0S-002-2017 made use of a particular feature allowing experiments to be conducted under
true solar light conditions. The large range of analytical instruments present at HELIOS
provided comprehensive data on the atmospheric fate of methyl ethyl ketone and facilitated
training on use of state-of-the art instrumentation.

Access provided by QUAREC (BUW)

Gas-phase chemistry of organic compounds known to be released from plants into the
atmosphere was studied within QUAREC-001-2017. The study included both use of
instruments provided by the host, and the collection of samples of the reaction mixtures to be
analysed at the guests’ laboratory.

QUAREC-002-2017 investigated the photooxidation of halogenated substances emitted from
various industrial processes and waste disposals. Kinetics and product analyses were performed
at different temperatures. The final results will be included in a PhD thesis and also published.

The environmental chamber QUAREC has been disassembled and relocated within the
University of Wuppertal into a new building successfully. Currently the chamber is subject to
maintenance an up-grading work. Accordingly, the chamber is closed for TNA activities from
May 2018 to November 2018.

Transnational Access provided by AIDA (KIT)

Within AIDA-001-2017 an experience exchange occurred between the guests’ expertise in
generating proxy sea spray aerosol and the unique opportunities to study aerosol-cloud
interactions at the AIDA facility, thus a mixed training-experts’ mobility activity that benefited
both parties. Various experiments were successfully performed to determine the ice nucleating
efficiency of seawater/phytoplankton culture samples during 20 access days.

AIDA-002-2017 was a mobility activity that ran for 14 days at the AIDA chamber. A guest
LAAP-TOF instrument took part in the INUIT 09 campaign “Ice nucleation of mineral dust”.
It was used to evaluate the single particle composition of several natural desert dust samples
from Africa in order to assess the role of mineralogy in the ice nucleating (IN) efficiency of
natural desert dust samples.

The campaign AIDA-003-2017 addressed the SOA formation from anthropogenic and biogenic
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precursors. It was a combined experts’ mobility and training activity that took advantage of the
manifold investigation possibilities at AIDA to investigate chemical Kkinetics, aerosol
chemistry, aerosol physics, and cloud microphysics in a wide range of atmospheric conditions,
crucial for the scientific objectives of the study, e.g. pressure (1 to 1000 hPa), temperature (40
°C to -90 °C), and relative humidity (from extremely dry to super saturations).

AIDA-004-2018 was an interdisciplinary campaign focusing on improving knowledge about the
role of volcanic ash as ice nuclei (IN) in the atmosphere.

Transnational Access provided by SAPHIR (FZJ)

The SAPHIR-001-2017 activity investigated over 18 access days, detailed aspects of the
photochemistry of forest emitted isoprene. These chemical processes can be investigated at
SAPHIR under realistic conditions with respect to both VOC concentration ranges and oxidant
levels. The guest group got training to perform experiments at the chamber. Time series of trace
gases and radicals were measured during the campaign by a PTR brought from Harvard
University and with instrumentation provided by the host.

Transnational Access provided by PACS-C3 (PSI)
Through PACS-C3-001-2018 an interdisciplinary investigation was conducted upon
characterization of VOC emission from cell cultures as a diagnostic tool for metabolic
processes. During a 10 days campaign a PTR-TOF 8000 instrument from the University of Oslo
was successfully coupled to a cell exposure chamber at PSI to study emissions from bronchial
cell cultures subjected to oxidative stress and SOA.

Apart from the unique features of the PACS-C3 installation, the study benefited also from the
well-established research collaboration between host and an air toxicology group at the
University of Bern (http://www.ana.unibe.ch/research/group_geiser/index_eng.html) which is
a necessary prerequisite for conducting front-end-research at the interface between atmospheric
chemistry and life sciences.

PACS-C3-002-2018 focuses on understanding SOA formation from biomass burning and coal
combustion through the application of ultra-high performance investigative techniques as
UHPLC coupled to electrospray ionization ultra-high resolution mass spectrometry. Through
this activity, undergraduate and postgraduate students from both guest and host research groups
were trained in the use of state-of-the-art analytical techniques.

Within PACS-C3-003-2018 an advanced mass spectrometric method developed by the lonicon
Analytik GmbH, a SME located in Innsbruck, Austria was used together with two state-of-the-
art instruments developed at PSI to study the chemical composition of SOA. The objectives are
to reduce the gaps of knowledge on the chemical composition and photochemical
transformation of complex systems and to test the instruments. In this project, ten chamber
studies of SOA formed from a-pinene, toluene, cresol and a mixture of a-pinene and toluene
were performed at the PACS-C3 chamber. In addition to the current state-of-the-art high
resolution time-of-flight aerosol mass spectrometer (HR-TOF-AMS), the Paul Scherrer
Institute has deployed their very recently developed extractive electro-spray ionization TOF-
MS (EESI-TOF). These two instruments were complemented by lonicon’s modular "Chemical
Analysis of Aerosol Online” (CHARON) particle inlet coupled to a new-generation proton-
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transfer-reaction time-of-flight mass spectrometer (PTR-TOF 6000 X2).

Transnational Access provided by EUPHORE (CEAM)

EUPHORE-001-2017 took advantage of the natural solar irradiation combined with a wide
range of analytical techniques provided at CEAM to investigate the photolysis of oxygenated
compounds under natural irradiation.

The study aims at providing accurate photolysis frequencies for atmospheric chemistry models
like MCM or GECKO-A, in order to improve the consistency and robustness of atmospheric
chemistry models. The report acknowledges that the campaign was successful in achieving new
data on the significance of atmospheric photolysis for multifunctional oxygenated compounds.

EUPHORE-003-2018 is an experts’ mobility activity granting access to a guest SIFT instrument
to take part in the EUROCHAMP2020 “Inter-comparison of instruments for measurements of
small oxygenated organics”. Work involved establishing whether a new state of the art
commercially available Selected lon Flow Tube Mass Spectrometer (SIFT-MS, Syft
technologies) had adequate mass resolution and sensitivity for atmospheric applications. The
SIFT-MS results from this project will be compared to other OVOC measurement techniques
such as PTR-MS and FTIR.

Transnational Access provided by LEAK-LACIS (TROPQOS)

In the actual reporting period one TNA was granted at LACIS, LEAK-LACIS-001-2017
covering 10 access days. The activity aimed at exploring the limits of the holographic system
“HoloPi” developed at the Michigan Technological University, USA, when applied to the
investigation of cloud droplets and ice particles. Apart from testing the instrument, both guest
and host researchers benefited from hands-on training on operating the cloud simulation
chamber and a new technology respectively.

Transnational Access provided by ILMARI (UEF)

Through ILMARI-003-2017, 25 access days were granted to a multidisciplinary research project
concerning the variations in the health impact of mixtures of pollutants when aging. Lung cells
were exposed to emissions from logwood fire and from a gasoline generator (gas and particulate
matters).

Transnational Access provided by FORTH-ASC (FORTH)
FORTH-ASC-002-2017 is a combined training and mobility activity aiming at understanding
the atmospheric relevance of aerosol formation in the photooxidation of a-pinene aged products.

Within FORTH-ASC-003-2017, a mobility activity, the chemical aging of ambient organic
aerosol was investigated as it is exposed to OH. The FORTH-ASC facility offers the unique
possibility to use 2 identical chambers simultaneously, one as reference and one in which a
perturbation factor is added.

Transnational Access provided by RvG-ASIC (NCAS)

RvG-ASIC-001-2017 addressed the issue of so-called Arctic amplification of global warming
(i.e., warming feeds warming). In the Arctic, temperature changes may quickly enhance
methane emissions, due to large natural sources. The study investigates the methane pathways
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during sea ice formation and melts under laboratory conditions under special consideration of
the kinetic isotopic fractionation effect on the 613C signature of methane along these pathways,
I.e. into, within and out of sea ice in both directions from sea water to sea ice and from sea ice
back into sea water or into air. It supplies a first data set about the effect of kinetic fractionation
on methane along pathways coupled to various sea ice formation conditions.

Through RvG-ASIC-002-2017 the guest researchers made use of the RvG-ASIC unique features
— being the only large-scale chamber of its kind - to study biological and chemical air-sea-ice-
frost flower interactions.

RvG-ASIC-003-2017 addressed the issue of retreating Artic sea-ice and its impact on the Earth’s
energy balance. The project aims to gain important insights into the physics of radiation transfer
within young sea ice and to test newly developed instruments for light measurements in sea ice
for their potential use in the field. The guest researcher received support and training on using
the installation from the experienced facility staff.
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Work Package 10: Evolution of atmospheric simulation chamber infrastructure to address

broader scientific and societal needs (JRA1)

The overall aim of this Work Package is to bring the capacity of simulation chambers to a new
level by widening the range of applications in response to research questions linked to
atmospheric science and related fields.

Evolution of atmospheric simulation chamber infrastructure to enable the study of climate
change drivers (Task 10.1)

Improved protocols and tools for the investigation of aerosol-radiation interaction (sub-task
10.1.1)

Laboratory and modelling studies have shown that the addition of non-black-carbon materials
to black-carbon particles may enhance the particles’ light absorption by 50 to 60% by refracting
and reflecting light (known as the lensing effect). NCAS-UMAN performed a set of
experiments measuring the total mass of individual black carbon containing particles and the
mass of the refractory black carbon emitted by a diesel engine running at different speed and
load conditions (Liu et al., 2017). This was achieved through a novel coupling of a Centrifugal
Particle Mass Analyser (CPMA, Cambustion), which selects particles of known and
quantifiable charge-to-mass ratios across a narrow and well-defined distribution, and a
single-particle soot photometer (SP2, DMT), which is introduced downstream of the CPMA
and determines the mass of refractory black carbon and the intensity of scattered light for
each BC particle sampled. This combination enabled, for the first time, the quantification of
the mixing state of individual BC particles from a variety of laboratory and field experiments.
NCAS-UMAN showed that particles with a mass ratio of non-black carbon to black carbon of
less than 1.5, which is typical of fresh traffic sources, are best represented as having no
absorption enhancement. In contrast, black carbon particles with a ratio greater than 3, which
is typical of biomass-burning emissions, are best described assuming optical lensing leading to
an absorption enhancement (Liu et al., 2017). These findings enabled the introduction of a
generalised hybrid model approach for estimating scattering and absorption enhancements
based on laboratory and atmospheric observations.

PSI has worked towards the Deliverable D10.3 (Protocols for an artefact free determination
of the mass absorption cross section: document about optimal combination of filter based
instruments such as aethalometers as well as in-situ absorption measurements with
instrumentation that is based on mass or refractory black carbon mass), due in Month 24.
Artefact free measurement of the mass absorption cross section (MAC) of a specific aerosol
component (e.g. BC) requires isolation of that component (physically or virtually) to determine
its absorption coefficient and mass concentration (e.g. refractory black carbon mass quantified
with laser-induced incandescence) as illustrated in Figure 1.2.10-1.
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Light absorption by aerosol species of interest

Looking at Figure 1.2.10-1, it [ oefniion oftne
fol IOWS that accurate mass absorption cross section / For brown carbon:

of a species / compound class “x” => Subtract contributions from black carbon etc.

&
measurements Of . MACX are MAC...(1) = babs,x (A) Mass concentration of aerosol species of interest
therefore only achieved if the «(4) = m For brown carbon:
. t t f t f &2 "“-—-.___ = Use total organic aerosol mass concentration!
approprla € (ar €rac ree) For primary or secondary organic aerosol (POA or SOA):
methOdS are used for the =>» Use total POA/SOA mass concentration

measurements of bapsx and my. Figure 1.2.10-1: Definition of the mass absorption cross section for
This means methods selective °P¢¢'¢**

to contributions from “x” (without interference), proportional to total contribution by “x”, and
with absolute calibration (discussed below). Traceable mass concentration measurements of a
component such as BC are only possible if the BC is available in pure form, and traceable
standards must be used (both substance and instrumentation alike). Traceability to an absolute
mass measurement is not always possible for a variety of reasons, in which case harmonization
between different measurement techniques and/or instruments becomes the minimal goal.

In the case of quantifying black carbon mass using the thermo-optical OCEC (organic carbon /
elemental carbon) method for example, which provides operationally defined elemental carbon
mass, such instrument and protocol harmonization is controlled through the corresponding
ACTRIS Central Facility. Absolute traceability is also not possible for black carbon mass
measurements using laser-induced incandescence ((LII) e.g. single particle soot photometer,
SP2), which is addressed in this activity and provides operationally defined refractory black
carbon mass, because the proportionality constant between L1 signal and true BC mass depends
on the optical properties of the BC under investigation. For harmonization purposes PSI
recommend the use of AquaDAG as a common “refractory black mass carbon” reference for
all instruments, since AquaDAG is a readily available material with good consistency across
batches. This harmonization does include a correction factor to account for the known
difference in SP2 sensitivity to AquaDAG and to typical BC found in atmospheric particles.

At present there exists no standard technique for measuring aerosol absorption coefficients, nor
a material that could be used as an absorption standard. However, our results indicate that
despite the limitations of each technique, consistent results can be obtained between carefully
performed measurements with the multi-angle absorption photometer (MAAP), an extinction-
minus-scattering absorption photometer (CAPS PMssa), and a photoacoustic spectrometer
(PAX). Work is still in progress to develop robust methods for calibrating the PAX, and
characterizing the truncation correction and cross-calibration factors associated with the CAPS
PMssa.

CNRS-LISA has worked on providing estimates of the Aethalometer multiple scattering
correction C for mineral dust aerosols. The C at 450 and 660 nm was obtained from the
combination of Aethalometer data (Magee Sci. AE31) with Cavity Attenuated Phase Shift
Extinction analyser (CAPS PMex), a nephelometer and a MAAP. Measurements were
performed on seven dust aerosol, pure kaolinite and pollution aerosol. Results have been
published in Di Biagio et al, 2017b.
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At CNRS-LISA the variability of the mineral dust long wave (LW) refractive index as a
function of its mineralogical composition and size distribution is explored by in situ long path
FTIR measurements in the CESAM chamber. Mineral dust aerosols were generated from 19
natural soils from different regions worldwide, chosen to represent the diversity of sources from
arid and semi-arid areas and to account for the heterogeneity of the soil composition. Aerosol
samples generated from soils were re-suspended in the chamber (protocol in preparation for
WP3). The generated aerosol exhibits a very realistic size distribution and mineralogy,
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wavelength (m) ' including both the
sub- and super-micron fractions. The complex refractive index of the aerosol is obtained by an
optical inversion based upon the measured extinction spectrum and size distribution. Results
(see Figure 1.2.10-2) show that the imaginary LW refractive index (k) of dust varies greatly
both in magnitude and spectral shape from sample to sample. The work have been published in
Di Biagio et al, 2017 and the data will be submitted to the LADP pillar of the EUROCHAMP-
2020 DC when becomes operational.

To expend this approach from the LW domain to the UV-visible range, a high resolution large
band (300-1000 nm) spectrometer is under development at CNRS-LISA and will be interfaced
to CESAM chamber for in situ measurements of
aerosol optical properties (Figure 10.1.5). This
instrument will allow derivation of optical
properties of particles such as mass extinction
cross sections. This work has been taken in charge
by an optical engineer appointed on this specific
assignment. The spectrometer consists of a wide-
band source (Hg(Xe)), an enhanced sensitivity
spectrometer and a custom-designed multi-
reflection white cell based on high-reflectivity
: broad-band mirrors. The delivery of the mirrors,
Figure 1.2.10-3: Schematic view of the new large
band UV-vis spectrometer interfaced to CUTently under way, was delayed by several
CESAM. weeks. This has provoked the current delay in the
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radiation interaction properties, UEF performed a series of experiments in the ILMARI
chamber to investigate how the seed particle coating thickness and properties can be controlled
when real combustion emission sources are used to facilitate the controlled radiation interaction
studies in ILMARI.

Improved protocols and tools for the investigation of aerosol-cloud interaction (sub-task 10.1.2)
The AIDA chamber at KIT is among the
< Dbest facilities in the world to study
~ 1 aerosol-cloud interaction but until now
e maisgendil this uNnique facilities was not equipped
L VS . with light sources preventing the users
! from  studying the  effects of
| photochemistry on cloud involving
systems: With the installation of a new
w w e« = light source in the AIDA chamber,
Figure 1.2.10-5: Spectra of commercially reaching from the UV into the visible
available LEDs in the UV-VIS spectral range spectrum KIT aims to simulate daylight
compared to emissions of a Xenon arc lamp and. condjtions  of  different  intensities and

the typical solar irradiation at ground level. . . . .
corresponding to different altitudes in the
atmosphere and thus facilitating studies on photochemical processes including trace gases,
aerosol particles and clouds. The design for the new UV light source for the AIDA chamber in
order to initiate photo-chemical processes has been completed and the first components have

been tested successfully.
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In order not to disturb the excellent temperature homogeneity within the AIDA chamber a
combination of different high power light emitting diodes (LEDs) (Figure 1.2.10-5) will be
used. Since the LEDs will be located in the temperature controlled housing of the AIDA
chamber with temperatures ranging from 303 K to 183 K, the influence of temperature on the
light emission characteristics of different LEDs was tested showing increasing intensities for
lower temperatures.

The AIDA aerosol and cloud chamber of KIT is equipped with an instrument (SIMONE)
measuring the forward and backward scattering intensities as well as the depolarization of
backscattered light for aerosol particles, cloud droplets and ice crystals. SIMONE has now been
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upgraded for higher sensitivity of scattered light detection and for reduced crosstalk in the
depolarization measurement. Calibration measurements revealed that the residual crosstalk
depolarization signal could be reduced to about 1%.

03 ; ; i TROPOS has extended the Leipzig Aerosol
Necizomm| | Cloud Interaction Simulator’s (LACIS)
Neciam| | Capabilities to enable investigation of the
| interactions between cloud microphysical
z 05| 1 processes (e.g., particle activation to droplets
and droplet freezing) and turbulence under
well-defined turbulence and thermodynamic
0.05¢ L 1 conditions. The flow and thermodynamic

L LA fields inside the setup have been characterized.

’ ” 0, ol " * First investigations with respect to the
Figure 1.2.10-6: Size distributions of hygroscopically activation of aerosol particles to cloud droplets
grown and activated droplets for different seed under turbulent conditions have been
particle diameters performed and are continued. Figure 1.2.10-7
depicts size distributions of hygroscopically grown and/or activated droplets using sodium
chloride particles as seeds. The distributions were measured with a WELAS 2300 optical
particle spectrometer (Palas GmbH, Germany). Possible influences of turbulence manifest in
the observed size distribution by the occurrence of larger droplets at the upper end of the

distribution for the initially 200

025

0.7 L 0.20 ! 1 L

nm seed particles. 1@ | ™

The FORTH team has been I . i
continuing the development of  °%7 T | P

an experimental approach for the 04 ] ! |

measurement of organic aerosol & . oo
hygroscopicity, oxidation levels, ]

and volatility distributions (Cain
and  Pandis, 2017). The o L
experimental setup utilizes a 0_05 | | | 3 000 ] i
cloud condensation nuclei Figure 1.2.10-7: The (a) O:C ratio and (b) k distributions for the
(CCN) counter to quantify volatility bins characterized in this study for a-pinene ozonolysis SOA.

. L. The error bars represent one standard deviation of the mean obtained
hygroscopic  activity,  an from the parameter estimation algorithm.

aerosol mass spectrometer to

measure the oxidation level, and a thermodenuder to evaluate the volatility of OA in the
simulation chamber. A data analysis technique has also been developed to convert the results
of the experiments to parameters that can be used by chemical transport models based on the
Volatility Basis Set. The system was tested for a-pinene SOA and provided distributions of
SOA 0:C and the hygroscopic parameter kappa as a function of its effective volatility C*
(Figure 1.2.10-8). Ongoing FORTH work involves the application of the approach to other SOA
systems, addition of an isothermal dilution measurement to decrease the uncertainty of the
corresponding estimated parameters, and application of the method to the dual mobile chamber
system.
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NCAS-UMAN has coupled the Manchester Aerosol Chamber (MAC) to the Manchester
Ice and Cloud Chamber (MICC), which enabled direct measurements of the cloud
condensation and ice nucleation potential of secondary organic aerosol particles from biogenic
and anthropogenic origins under atmospherically representative conditions. Using this
combined chambers setup, NCAS-UMAN conducted a series of experiments investigating the
ice nucleating ability of photochemically produced SOA particles (Frey et al., 2018). Three
SOA systems were studied resembling biogenic/anthropogenic particles and particles of
different phase states. These are namely a-pinene, heptadecane, and 1,3,5-trimethylbenzene.
After the aerosol particles were formed, they were transferred into the cloud chamber where
subsequent quasi-adiabatic cloud activation experiments were performed. Furthermore, the ice
forming abilities of ammonium sulphate and kaolinite were investigated as a reference to test
the experimental setup. Clouds were formed in the temperature range of -20-C to -28.6 C. Only
the reference experiment using dust particles showed evidence of ice nucleation (Figure
1.2.10-9, top right panel). No ice particles were observed in any of the SOA experiments (e.g.
Figure 1.2.10-9, top left panel). NCAS-UMAN concluded that SOA particles produced under
the conditions of these experiments were not efficient ice nucleating particles starting at liquid
saturation under mixed-phase cloud conditions.

Evolution of atmospheric simulation chamber infrastructure to enable the studies of the
impact of air quality on health and culture heritage (Task 10.2)

Our goal in this task is to further develop the operational modes and characteristics of
EUROCHAMP chambers so that they can be used as controlled, reproducible and realistic air
pollution sources. This will enable toxicological studies using a variety of biological systems
from simple cell cultures to in-vivo murine models, as well as studies on the effects of air
pollution on cultural heritage such as building materials.
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Figure 1.2.10-8: Example of a cloud evacuation performed on heptadecane SOA (left side) and reference
dust particles (right side). Time series of cloud droplet size distributions are shown in the top panels.
Cloud droplet number concentration (N), mean volume diameter (MVD) and total water content (TWC)
are shown in the middle panels. Chamber temperature and pressure during evacuation are shown in
the bottom panel. The images shown above the panels are for cloud droplets or ice particles as captured
by the Cloud Particle Imager. Unlike the SOA case, dust shows the formation of ice in a second large
mode (top panel), and the decrease and almost disappearance of particle numbers of smaller drops over
time (Wegener-Bergeron-Findeisen process).

To enable studies of the impact of air quality on health and culture heritage, controlled,
reproducible and realistic air pollution sources need to be provided. For this purpose, selected
chambers are coupled to a range of combustion sources (engines and biomass burning) to enable
the generation of primary aerosol samples at atmospherically representative and realistic
conditions. In the following these activities are described first, followed by studies on the
impact of such aerosols on air quality, health, and culture heritage.

PSI has developed procedures for an artefact free sampling of exhaust samples from different
combustion processes. Using these procedures, eight combustion devices with different
technologies were tested, including a pellet boiler, a moving grate boiler equipped with
electrostatic precipitator, an updraft combustion pellet stove, a two-stage combustion downdraft
log wood boiler, two advanced two-stage combustion log wood stoves, and two conventional
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R — single-stage combustion log wood
00200 iV . stoves (Zhou et al., 2018). The

_ OD\M emissions were sampled through a

- heated line (473 K), diluted by a factor

g g —I— | of 100-150 using two ejector diluters

— in series (VKL 10, Palas GmbH), and

— | then injected into the aging devices.

. - These experiments were performed in

PB-ROS — - the PSI mobile smog chamber (=7 m®)
o ~ at temperatures of 263 and 288 K, the
m’;s o | |, Combustion PSI stationary smog chamber (27 m®)
T | oone | T device - at 295.5 K, or in a potential aerosol
CT Hestd t0 150 °C - ' mass (PAM) chamber. An overview of
, L the experimental setup is shown in

@ (b) Figure 1.2.10-10. More details are

Figure 1.2.10-9: Schematic of wood combustion emissions found in Zhou et al. (2018)
aged by a) smog chamber and b) a potential aerosol mass ' '
(PAM) chamber (Zhou et al., 2018)

Improved methods to study impacts of AQ on health: Diagnostics (sub-task 10.2.1)

Several chambers investigated the preparation of representative aerosol samples, e.g., from a
variety of combustion emission processes, to enable the preparation of the chamber with an
aerosol that e.g. represents atmospheric conditions. Moreover, several chambers have
performed studies with health relevant properties, such as reactive oxygen species (ROS), as
well as exposition of aerosol samples processed in a smog chamber or a flow reactor to human
respiratory cells and to living organisms.

Reactive oxygen species (ROS) are oxidizing compounds present in aerosol particles, which
are potentially key in describing the toxicity of atmospheric aerosol particles. NCAS-UCAM
showed in earlier studies (Fuller et al., 2014) that ROS in organic model aerosol have a lifetime
of only a few minutes, which demonstrates that conventional analyses of ROS using offline
filter sampling where the time delay between aerosol sampling and quantification is often hours
to days are not suitable for a reliable quantification of ROS in aerosol because most ROS
components would have decayed. Therefore, fast online methods are required to quantify ROS
in aerosol particles. NCAS-UMAN developed the first compact online instrument to quantify
ROS in aerosols and characterized the formation and lifetime of ROS in SOA generated from
limonene ozonolysis in the Cambridge Atmospheric Simulation Chamber (CASC) (Gallimore
etal., 2017). These studies showed that there are short-lived and a long-lived ROS components
in SOA and that short-lived ROS have a lifetime of about 15-20 min and comprise about 25-
40% of the total SOA mass
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PSI combined smog chamber Aerosol flow
PACS-C3 ageing experiments — —
to a cellular deposition Aerosol suspension
chamber, in order to determine srogenamer | —
the effects of PM related Deposiion chamber( () s | PTR-TOF-
oxidative stress onto human

respiratory cells. These studies

are motivated by the fact that C l ra . oty
PM concentration does not o kg TR
seem to be the only parameter TS —— cos TSR T

responsible for these diseases.

One of the main hypotheses is Figure 1.2.10-10: Schematic drawing of the setup. The first part
that PM components (e,g, consists in the smog chamber from which the aerosols are either: a)
e : injected onto the cell chamber (blue arrow) or b) collected on filters
tranSIt_lon me_tals’ quinones, and extracted before injection onto the cells (thin black arrow). Inside
organic peroxides, etc...) Can the cell chamber (insert) the aerosols reaches the surface of the cells
cause oxidative stress within Which, in reaction to this stress, will emit volatile compounds (red dots)
th irat tract: h that exit the cell chamber following the flow through the outlet. This
€ respira (_)ry r_ac ’ _Owever outlet is connected to a PTR-ToF-MS measuring these volatile
the underlying biological and compounds released by the aerosol and the cells. The cells are later
chemical processes are yet not analysed to determine the cytotoxicity of the PM.
fully characterized. The PSI cell chamber was slightly modified to apply either aerosol flow or
suspension of aerosols via an injection system, the later allowing deposition of higher PM
concentration onto the cellular monolayer, shown in Figure 1.2.10-11. A PTR-ToF-MS was
used to perform an online measurement of volatile compounds emitted from bronchial cells
before and after treatment. The treatment consisted in using either model compounds present in
ambient PM, and known to induce oxidative stress while combined (copper and 1,4-
naphthoquinone), or PM obtained from the oxidation of anthropogenic (wood burning) or
biogenic sources ([1-pinene) in the smog chamber and the volatile organic species measured for
different concentration were then compared. In parallel, the cytotoxicity of these treatments was

assessed.

Using this innovative method combining biology and aerosol chemistry, PSI determined in the
cellular headspace promising markers for oxidative stress that might be helpful to understand
the mechanism of PM toxicity.

Long term exposure within methods to study impacts of AQ on health and culture heritage:
long term exposure (sub-task 10.2.1 and sub-task 10.2.2)

Several partners have successfully tested the provision of constant test air samples over long
time periods as especially in the case of cultural heritage long exposure time are required where
the properties of the tested air should be maintained as precisely as possible.

Most of the EUROCHAMP simulation chambers are usually operated in batch mode: reactants
are introduced in the beginning of the experiment and the reactions take place in a closed
system. While this approach is simple and has provided valuable results, it limits the use of
atmospheric simulation chambers for other applications that require exposure to constant
concentrations of pollutants for long periods of time. The use of atmospheric simulation
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chambers to study air pollution effects on health, cultural heritage, and materials has been
limited in the part by the difficulties in achieving appropriate exposure. The EUROCHAMP
team has developed experimental approaches that allow operation of the chambers for extended
periods of time to simulate the effects of realistic air pollution mixtures. These joint efforts are
described in the following sections.

CNRS-LISA developed an original protocol for the characterization of health impacts on living
organisms by realistically simulating in CESAM chamber the atmospheric mixture in all its
complexity. For that purpose,

the myriad of products arising

from the atmospheric 50
oxidation of primary organic
compounds was generated
under controlled conditions.
The experimental protocol
consists in the continuous
injection of relevant mixtures 10
of primary pollutants at low i -~ | S R

concentrations (ppb Ievels) In 24/5/18  25/5/18  26/5/18  27/5/18  28/5/18  29/5/18  30/5/18  31/5/18

air in the CESAM chamber
operated as a slow flow Figure 1.2.10-11: The e\(olution_of the tota! particles number and
. . concentration as a function of time, successively measured through
reactor. The residence time of gifferent compartments of exposure. The highest concentrations are
simulated air parcels in the those inside CESAM. The lowest concentrations are those from an
. [ vol is fixed "unexposed' reference compartment while the medium level
experimental volume Is fixe concentrations are those associated with the compartments with
to 4 hours, in order to exposed living organisms.

represent air masses of

regional scale. During this time the synthetic mixture is exposed to an artificial solar irradiation,
allowing secondary pollutants to be produced and to reach their chemical steady state (Figure
1.2.10-12). Living organisms are exposed to constant flows of such a mixture during time scales
of week to test their effect on living organisms. To support this protocol, CNRS-LISA ran a
predictive model in order to scale the pollutant concentrations in the initial mix. This model
estimated the concentrations of all gaseous and particulate species in CESAM, after a residence
time of 4 hours in the chamber.

The ability of the FORTH Seed Aerosol

60

CESAM

Expose

Control
40

30

PM1 (ng/m3)

20

simulation chamber to operate f Second

. econaary vapors
at continuously has been (\73::?:065) and po..u',‘;.mf
tested. The overall design of S
the system involves the l

Oxidants

continuous injection of the (04, H,0, HONO)

reactants (precursors, NOX,
oxidants) and seed aerosol, the
continuous removal of the | CONTROLERS (?) "_‘ INSTRUMENTATION
products at a flowrate equal to Figure 1.2.10-12: Schematic of a system for the continuous operation
that of the injections, and the ©f @smog chamber.
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monitoring of the concentrations of both the reactants and the products (Figure 1.2.10-13).
Additional active controllers may be used for either the various components or the overall
system. Our emphasis at this stage of the work was on keeping the system simple so that it may
be used in the future in other EUROCHAMP simulation chambers. More details are found in
the submitted Deliverable D10.2, which was due in Month 18. The continuous seed generation
in the FORTH chamber is based on the continuous atomization of a solution of the desired seed
(ammonium sulfate was used in these experiments but other compounds can also be used) using
a TSI Model 3076 atomizer. A peristaltic pump (Rainin, Model RP-1) is used to supply the
solution (concentrations of 0.1-10 g L™ were used) instead of the syringe pump that has been
used in batch experiments. The peristaltic pump draws the solution from a bottle and can operate
continuously at constant rates for several days without for example the need to refill the syringe
of the syringe pump. The droplets are dried in a silica gel dryer and are then injected into the
simulation chamber. FORTH tried to establish the stability of the system without the use of any
additional controllers. The results are quite encouraging. Stability (one standard deviation of
the concentrations) of 10% or better could be established for both the ammonium sulphate
number and mass concentration in the system for a wide range of concentrations.

TROPOS performed experiments using the LEAK simulation chamber in continuous mode
as a Continuously Stirred Tank Reactor (CSTR). The mean residence time in the CSTR
experiments was in the range of ot Leso

|3 a-Pinene O Ozone O HOMs |

1.5 to more than 2 hours. The
experiment duration was 48- 96
hours, which allows to insert the
educts in  atmospherically
relevant mixing ratios on one side
and to produce sufficient mass on
the sampled filters for a detailed
analysis of the formed particulate o T
products on the other side. A o 0 2 30 40 s0

typical result of a [J-pinene Time [hr]

: : : Figure 1.2.10-13: Concentration of a-pinene (red) ozone green and
Ozon(_)lySIS experiment Ih LEAK Highly Oxidized Molecular Species formed in the ozonolysis of a-
used in the CSTR mode is Shown pinene. The concentration of a-pinene was measured with a PTR-
in Figure 1.2.10-16. MS and the HOMs concentration was determined with an NO3-Cl-

APi-TOFMS.

Se+ll 4
N L 8e+8

4e+11 A
F 6et+8

) [molecules cm"‘]

3e+ll {8

2e+11 48

o A L 2e+8
le+11 ¢

Concentration of of a-pinene (red)

and ozone (

organic coompounds (HOMs) [molecules cm"’]

=S
w
+
[--]
Highly oxidized organic multifunctional

0

Evolution  of  atmospheric
simulation chamber infrastructure to enable process studies of increasing realism and
complexity (Task 10.3)

Chamber studies that represent more realistic and more complex conditions are required in
order to close the gap between well controlled but simplified laboratory experiments and
observations in the real atmosphere. To date, most chamber studies have focused on chemical
processes occurring in the gas and aerosol phases. However, under real conditions, processes
also take place at the interfaces that connect two environmental compartments (e.g., air-sea or
cryosphere-atmosphere interface). This task aims to establish and advance capability in these
areas by developing new experimental protocols and performing detailed investigations of
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processes relevant for atmospheric interfaces and bioaerosols.

Several chambers have made progress in characterizing process as interfaces, such as the air —
sea or air — sea ice interfaces or to act as act as test beds where the photocatalytic activity of
materials to diminish air pollutants. Other chambers report progress on the preparation of
complex aerosol mixtures, e.g. aerosol particles from various combustion processes coated with
different aerosol material representative of secondary aerosol. Also, links between secondary
organic aerosol formation and the specific composition of complicated precursor gas mixtures
such as emission exhausts were evaluated. A protocol to study primary biological aerosol
particles and bacteria was established, and a 50 m high tower was built to provide real
atmospheric air samples with minimized local contamination.

Enabling the study of the atmospheric chemistry at the interfaces (sub-task 10.3.1)

The Roland von Glasow Air-Sea-Ice Chamber at NCAS-UEA has carried out a pilot study on
the release of NOx from sea-ice. The hypothesis was that sea-ice photochemistry might be
relevant for the NOx budget over the ice-covered Arctic ocean, similar to the photolytic release
of NOx from snowpack (France et al., 2011). In the latter case, it was found that photolysis can
remove up to 80 % of surface snow nitrate over the course of 1 year, with additional losses
caused by evaporation. However, in the case of sea-ice, the less porous ice structure might act
as a "cap" to any photolysis products formed within the ice.

For the experiments, NCAS-UEA team spiked seawater in the tank with nitrate prior to ice
formation. The chamber was isolated and sea-ice allowed to form at —20°C to 15 cm thickness
(Figure 1.2.10-17). The nitrate-spiked ice was then illuminated with UV light and the NOy and
O3 mole  fractions  measured
continuously just above the sea-ice
(Figure 1.2.10-18). Following the UV
irradiation phases, the ice underwent a
fast melt over the course of 2 to 3 hours,
while the trace gas measurements
== continued. In-ice  salinity and
| temperature probes as well as
meteorological weather station and
optical sensors provided auxiliary

measurements to monitor the progress
Figure 1.2.10-14: Sea-ice grown to 15 cm thickness. of the experiments.
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The results showed no NOyx emission under UV-A illumination. A small peak in the NOx mole

Reflectance measurement arm

WeatherStation -
NO, and O, inlets

-

L]

Figure 1.2.10-15: Image of sea-ice bathed in UV-A and UV-

B light, taken by remote camera.

fraction was observed during the first UV-B experiment, but not reproduced during a

subsequent repeat, for reasons that are
yet to be established. However, a very
strong NOy increase above the ice was
found during initial melting and
coincident O3z depletion, presumably
due to release of photochemical
products trapped in the ice. It can be
concluded from these pilot studies that
sea-ice is likely to act as "cap" for
nitrate photolysis products, but further
experiments are needed to reproduce
and analyse the results in detail.

CNRS-IRCELYyon investigated photosensitized chemistry at the air-sea interface (Figure
10.3.3). This chemistry is a source of SOA. The experimental chamber contained water, humic
acid as a proxy for dissolved organic matter, and nonanoic acid, a fatty acid proxy, which
formed an organic film at the air-water interface and was used to mimic the sea surface

wor T T T T 11 — microlayer. While in the dark, no
21 [ Evacuaion chemistry was observed, upon

Sonrines ) < irradiation, in the actinic region,
TerLON a rich and complex processing of
those chemicals was evidenced.

This led to the formation of

Gione numerous gas products,

including  unsaturated  ones.

i " Those led to SOA formation

sues L LU =TT A < upon ozonolysis. From these

FaN

Figure 1.2.10-16: Scheme of the multiphase atmospheric simulation
chamber used for the investigation of chemical processes at the air-

sea interface.

WASTE

uuuuuuu

results, CNRS-IRCELyon
derived a dependence of SOA
numbers on nonanoic acid
surface coverage and dissolved
organic matter concentration.

SOLUTION

CEAM has adapted the EUPHORE chambers to act as test beds where the photocatalytic
activity of materials to diminish air pollutants can be assessed under near-natural atmospheric
concentrations and conditions. These processes can be investigated as a function of
concentration, light conditions, temperature, etc. For this purpose, the chambers have been

provided with the following systems:

Structures to host different photocatalytic materials
Control RH, to maintain the relative humidity constant or apply specific profiles
Control NOx, to simulate NOx or NO conditions: constant values or specific profiles
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At TROPQS, a variety of chamber studies were performed to investigate the efficiency of a
photocatalytically active cement based coating material to depollute air contaminated with
ozone (O3), nitrogen oxides (NOx) and some selected volatile organic compounds (VOCs). A
special construction was set up to investigate the efficiency of such type of material in the
LEAK chamber. The photocatalytically active material was compared with an inactive one,
which had the same composition as the active, but without the photocatalyst titanium dioxide
(TiO2). By comparing both materials, it was hence possible to identify unambiguously the
photocatalytically-driven effects. The active material showed a clear photocatalytic effect on
Oz and NOy under irradiation that indicated the applicability of such materials to improve urban
air quality. However, no photocatalytic influence was observed on the selected VOCs toluene
and isoprene, emphasizing the importance of testing each individual class of compounds. The
obtained kinetic parameters can be used for modelling to improve the understanding of the
ongoing surface reactions. Besides these results, the product studies during the chamber
experiments with NOx, revealed a clear formation of Oz at a relative humidity of >50%,
possibly via the photocatalytic decomposition of adsorbed nitrate followed by the photolysis of
the nitrate radical. This was the first time that such an undesired O3 formation was observed on
a cement based photocatalytically active material. Furthermore, a clear photocatalytically-
driven formation of small (C1-C5) carbonyl compounds was observed even during clean air
experiments. This observation indicated a photocatalytic degradation of the organic binder or
additives of the substrate material, emphasizing the importance to test also each individual
material composition. In conclusion, chamber studies are well suitable to test the
reactivity/impact of active surfaces on air pollutants, with its main advantage to study in detail
secondary chemistry ongoing, like the observed formation of harmful reaction products that
have to be clearly characterized prior any application of such materials in a urban environment.

Enabling the study of more realistic source mixtures (sub-task 10.3.2)
FORTH has continued the development of its mobile dual chamber system. This system
consists of two identical pillow-shaped smog chambers (1.5 m® each) mounted on metal frames.
The two chambers are surrounded by UV lamps in a hexagonal arrangement yielding a Jno2 of
X 0.1 mint (Figure 1.2.10-20). Moreover, it
can be used either with natural sunlight or
the UV lamps. The system can be easily
disassembled and transported enabling
the study of wvarious atmospheric
environments. The system has been
evaluated in a series of field deployments
in Patras and Finokalia, Greece.
Minimum levels of contamination were
seen, signifying that it is possible to obtain
clean particulate free conditions in the
Figure 1.2.10-17: Picture of the uncovered dual chamber chambers during field deployments. The
system with the UV lights on during a test field tyo chambers yielded similar results for
deployment in Patras. The corresponding instrumentation .. .
is housed in the mobile lab in the left. aerosol composition and particulate
loading when filled with ambient air. Size
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dependent wall loss profiles were estimated for both chambers, showing that higher wall loss
rates occur in the field and that they should be measured before each experiment.
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in the perturbation chamber.
Both ~ chambers  were
exposed to the UV light of
the chamber. In a typical
experiment approximately 1
1g m™ of secondary organic
aerosol (SOA) was formed

Figure 1.2.10-18: Evolution of the organic aerosol concentration in the two in the perturbation
chambers. Formation of SOA was observed in the perturbation chamber chamber (Figure
which had higher OH levels. The experiment shows that approximately _ :

1 ug m-3 can be formed in one hour or so at OH levels equal to 10” molecules 1.2.10 213 with an averagf
cm-3. OH of 10" molecules cm™,

This SOA could not be explained by the measured volatile organic compounds (VOCSs).
Measurements of intermediate volatile organic compounds (IVOCSs) are planned for future
experiments. There was only 0.1 [1g m™ of sulfate also formed in the same experiment. One of
the interesting results is that there was also new particle formation in the perturbation chamber.
The particles reached 20 nm after approximately one hour of exposure to OH. This shows the
potential of the system to be used for nucleation and growth experiments under ambient
conditions.

During the next period, the system will be extended with the addition of an aethalometer for
measurements of absorption at different wavelengths. A MAAP (multi-angle absorption
photometer) is currently used for equivalent black carbon (eBC) measurements.

Experiments examining both fresh SOA formation and chemical aging of the existing organic
aerosol (OA) will be performed with emphasis on both the absorption properties of the particles
and new particle formation/growth. A paper describing the design, operation, and testing of the
system by Kaltsonoudis et al. (2018) will be submitted for publication during the summer.

UEF has started investigations on the effect of the injection order and dilution of combustion
emissions and reactant gases on chamber measurements and results. In ILMARI chamber the
sample is diluted using a 3 stage dilution system (Figure 1.2.10-22) and the total dilution ratio
is defined by CO> measurements. The current injection order in the experiments using the
combination of exhaust emissions and single precursors is:

1) Combustion exhaust;

2) O3 to convert NO to NO: to enable faster start for photochemistry;

3) Precursor VOC and marker (e.g., butanol-d9) injection;

4) HONO (or H202), or O3z injection, whichever applicable;

5) VOC-to -NOXx ratio adjustment by adding propene (or NO3?) if needed

6) Lights on.
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Figure 1.2.10-19: 3-stage dilution system used in ILMARI: after the heated sample line the emission is

diluted by porous tube diluter and 1-2 ejector dilution depending on the emission concentration. Room
temperature dilution air is used in all three dilutors.

These protocols can be combined to study the simultaneous injection of the emissions from
different combustion sources. In a recent measurement campaign (EUROCHAMP TNA,
ILMARI-003-2017, 2018), simultaneous injection of wood combustion aerosol and diesel
engine emission was applied successfully.

The NCAS-UMAN chamber has been coupled to a light duty diesel engine (VW 1.9L SDI,
EURO-4 car equivalent), mounted on a test rig (CM12; Armfield Ltd., Hampshire, UK) and
coupled to an eddy current dynamometer allowing control of engine speed and load conditions.
The collapsible 18 m® chamber design enabled 30

o)
efficient cleaning and rapid filling at a high flow 25 ® *
31 . 2.0 @]
rate (3 m® hr-) by a clean air source. A three-way 1e
valve enabled controlled amounts of the exhaust 10 ° ® o
to be injected in the chamber allowing for a wide 05-9®
range of dilution ratios to be achieved. Using this ., ]® : }{u
setup, a comprehensive set of experiments has % ;. Y o | © fu
been conducted at realistic engine speed and load h 10 ¢
conditions and under a range of dilution ratios. 105
The use of the chamber proved effective at 08 @ -
enabling measurements of diesel exhaust using 05_. .
long sample times, even during unstable engine 04 ?.
conditions. This approach has the advantage over o a0 st 200 1800

direct sampling with diluters, in that even transient Dilution rafio
conditions can be sampled without requiring Figure 1.2.10-60: Fractions of the AMS organic
fast analysers. A further advantage is the wide signals at m/z = 44 (polyacids), 57 (alkanes), and 91
(aromatics) as a function of exhaust dilution ratio
range of exhaust dilution that can be studied, in in the Manchester chamber.
terms of its effect on the particles. Based on CO2 measurements in the raw (undiluted) exhaust
and in the chamber, dilution factors of between 15 and 1500 have been achieved without the
use of ejector dilutors. Experiments using the same engine conditions were used to investigate
the effect of dilution on particle properties. Single particle measurements showed that the initial
coating thickness of particles was higher at the lowest dilution ratios, particularly during the
cold start engine experiments. Furthermore, measurements using an aerosol mass spectrometer
showed trends for the fractional contributions of key m/z fragments to the total organic mass
signal (Figure 1.2.10-23). The slopes for fs7 (alkanes) and fo1 (aromatics) are statistically
significant (p < 0.05; R?=0.69 and 0.58, respectively), indicating that increasing dilution reduces
fs7 and increases fo1, in turn implying that fs7 represents semi-volatile alkanes and fo1 less
volatile aromatics. As for fas, which represents multifunctional oxygenated species, one might
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expect these to be involatile and give a positive trend with dilution factor. While this may be
the case, the data are too variable for a trend to be deemed statistically significant. A publication
outlining the influence of varying engine conditions on unregulated VOC and IVOC emissions
(Pereira et al., 2018) has just been accepted.

PSI performed experiments of residential wood burning smog chamber experiments, in
preparation for box model simulations, based on the volatility basis set (VBS) approach,
performed within WP11. The experiments were conducted at different temperatures (-10, 2,
15°C), under different burning conditions (smouldering phase and flaming phase) and with
three different residential logwood stoves (B €t@l-2016 Bertrand et al. 2017). SOA precursor
compounds (VOCs) and total OA were simultaneously monitored by PTR-ToF-MS and HR-
ToF-AMS respectively. Smog chamber data were complemented by real-time measurements of
primary emissions which enabled the identification of the nature of SOA precursors lumped in
different classes according to their chemical composition. The knowledge of the SOA
precursor’s nature was used to better constrain model parameters, in particular SOA production
rates and molecular characteristics of the condensable gases formed. The consumption of VOCs
from emissions over time was monitored and 95% of the total mass measured was selected as
SOA precursors (86 compounds) and grouped into 6 classes according to their chemical
composition. These classes include furans, single-ring aromatics, PAHs, oxygenated aromatics,
and organic compounds containing more or less than 6 carbon atoms. The amounts of VOCs
oxidized in the chamber were calculated and the resulting amount of condensable gases was
used as input in the model to parametrise SOA formation. Furan and oxygenated aromatics
generally contributed most to SOA formation, while the contribution of PAHSs is the highest at
low temperature (-10 °C).

These results were then used as input to the VBS box modelling described in Section 11.2.1,
and the results will contribute to Deliverable D11.4 (due in Month 36).

TROPOS performed studies on atmospheric product formation using real emissions from
biomass burning. Therefore, the Leipzig Biomass Burning Facility (LBBF) was connected to
LEAK to study the combustion of biomass (e.g. straw) under defined conditions. In these
experiments 400g straw were burned and the exhaust was sucked into an insulated chimney. In
the centre of the chimney a fraction of the exhaust was transferred in a heated diluter (injection
diluter, Dekati) and then injected into LEAK via a heated transfer line. The dilution ratio was
calculated by measuring the CO

@3 2.0e+5 — 200
mixing ratio in the chimney (emission § e Ptk Vil s :S
gas analyser, MGA12) and after the & isess | L 2
diluter (CRDS, Picarro) and the ratio g §
was approx. 1:600 in the experiments. & o1 o0 8
Initial particle mass concentration was - o
60-105 pg/m® assuming a particle 5 *% = é
density of 1 that means at % o i %

g o |

atmospherically relevant conditions. 0 60 120 180 240

The atmospheric aging of the exhaust | Time(mim
Figure 1.2.10-21: Evolution of particulate mass expressed as

was executed by the photolysis of particle volume and particle number concentration during
H>0> as source for OH-radicals. The the oxidation of wheat straw exhaust.
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formation of secondary particulate mass was monitored by use of a scanning mobility particle
sizer (Figure 1.2.10-24). These experiments are part of Milestone 55.

FORTH has been investigating the process that take place during the chemical aging of the
first generation products of the oxidation of anthropogenic and biogenic VOCs. The first set of
experiments focused on the aging of the products of a-pinene ozonolysis at low and high NOx
conditions. For the low NOXx conditions, with an OH exposure equivalent to 2-4 days of typical
atmospheric oxidation conditions, the OH aging of the a-pinene ozonolysis products formed
20-40% additional SOA mass for the experimental conditions used in this work. Elevated RH
up to 50% has minimum effect on

50 T T T T T 50 T T T T
SOA production due to aging. The
10 140l | aging effects on additional SOA
formation were constrained
x© Quantitatively using both SMPS and
X 30+ 30+ 1 .
< =2 AMS measurements (Figure
o >
= 5 1.2.10-25).
20+ 204 =

A more oxygenated product
distribution was observed after aging.
A stepwise increase of 0.02-0.04 in

0d o O:C was observed within half an hour
Exp# 1 2 3 4 5 1 2 3 4 5 after the first introduction of OH.

Figure 1.2.10-22: SMPS-derived percent change in the particle After the Second_gen?rfﬁlon products
wall-loss corrected SOA (red columns) mass concentration Were exposed to additional OH, the

after aging and AMS-derived percent change in organic o Q:C grew continuously until the end
sulfate ratio (blue columns) after aging for five experiments . .
under different conditions. of the experiments with an absolute
increase of up to 0.04. During this
period, minimum SOA production was observed. Details about this work can be found in Wang
et al. (2018a). For the a-pinene ozonolysis experiments performed with high initial NOx
conditions, FORTH observed up to 25% additional SOA formation after aging, and an absolute
increase of 0.03-0.05 in O:C with OH exposure equivalent to 2-6 h of ambient daytime
conditions. The first-generation yields of these high NOx experiments ranged from 14-16 % for
SOA of 24-50 pug m3, about half of those from low-NOx a-pinene ozonolysis experiments. This
work is described in Wang et al. (2018b).

10+ 10

The FZJ SAPHIR chamber will be equipped with a new inlet system for the sampling of
ambient air that is representative for mid-latitude European air influenced by biogenic and
anthropogenic emissions. In order to avoid the influence of local sources like passing-by
vehicles, the air will be sampled from 50 m above the ground. A 50 m-high tower was erected
next to the SAPHIR chamber, but will be shortened to 10 m after an experiment period of 1 to
2 years (Fig. 10.3.8). The inlet line that will be mounted at the tower is made of stainless steel
coated with SilcoNert® 2000 which makes the surface chemically inert. Inlet lines with
SilcoNert® 2000 coating give a quantitative transmission of gaseous trace gases as shown in a
comparison of OH reactivity instruments (Fuchs et al., 2017).
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Figure 1.2.10-23: Installation of an inlet line for the SAPHIR chamber that allows sampling ambient air
away from the surface layer so that local sources are not affecting the representativeness of the air mixture.

For the sampling of ambient air mixtures into SAPHIR best practice sampling was taken into

account:

Sampling from aloft (>10 m) to avoid the influence from local sources.

Use of stainless steel coated with SilcoNert® 2000 to minimize wall loss of trace gases.

Temperature control of the inlet lines by heating (~2°C above ambient) to avoid condensation
of water vapour.

Monitoring of temperature and flow rate at various locations of the inlet system.

Use of a cyclone to remove large particles (>10 pm).

Use of a high volume flow (>500 m®/h) that is only partly needed to flush the chamber with
ambient air to minimize the residence time (<4 s) of air in the inlet system.

Enabling the study of the atmospheric processing of bioaerosols (sub-task 10.3.3)

The performance of the INFN chamber (ChAMBRe) to perform experimental studies on
primary biological aerosol particles and bacteria in particular, has been quantitatively assessed.
A protocol to handle the injection and extraction phases has been thoroughly tested both with
Gram positive and Gram negative bacterial strains. With a clean atmosphere maintained inside
ChAMBRe, the ratio between injected and extracted viable bacteria turned out to be
reproducible at a 10 % level (Massabo et al., 2018), assessing this way the chamber sensitivity
for systematic studies on bacterial viability versus environmental conditions. Such result is the
first methodological step in view of a forthcoming systematic study of the correlation between
bacterial viability and pollution levels.

y=1(247 £18)1077x
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Figure 1.2.10-74: Average count on four Petri dishes exposed in each experiment vs. the number of B.
Subtilis (left panel) and E. coli (right panel) bacteria injected in ChAMBRe (in units of 10" CFU).
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Strengthening of the instrumental capability of atmospheric simulation chambers to
investigate atmospheric oxidation processes (Task 10.4)

New measurement technology for radical detection (sub-task 10.4.1)

Concerning RO2 and HO2 measurements, NCAS-Leeds has developed a new method for
CH30: detection via the FAGE (Fluorescence Assay by Gas Expansion) technique converting
CH30: to CH3O via reaction with NO and detecting the CH30 by laser induced fluorescence
at ~298 nm (Onel et al., 2017a). Detection limits are ~10° cm™ for 5 minute averaging (so
applicable to chamber measurements lasting ~ 1 hr in total) and ~108 for 1 hr averaging giving
the method potential for ambient CH3O> detection in the remote atmosphere. Further work is
currently underway to extend the methodology to look at higher RO2 species; C2Hs0O> has been
detected, but the reduced fluorescence quantum yield from higher alkoxy species will tend to
reduce sensitivity. Nevertheless, the method should still be applicable to the higher radical
concentrations of chamber measurements.

- CRDS daia Additionally, NCAS-Leeds have

Fit of CRDS data i i i _
o Scaled FAGE signal performed the first direct inter

Fit of scaled FAGE signal comparison of HO. measurements

g comparing FAGE and CRDS (cavity ring-
T ¢2.0x10°4 down spectroscopy) measurements in the
Sh HIRAC chamber. A figure comparing the

FAGE and CRDS HO:> decays is shown

below. This work is important in

AR X 1A validating the FAGE technique, which,

whilst being more sensitive, does rely on

Time /s calibration to provide accurate values.

Figure 1.2.10-25: Inter-comparison of HO: decays The work has been published in AMT

recorded by CRDS and FAGE methods. (Onel et al, 2017b) and a further

publication on an inter-comparison between CH3O, FAGE and CRDS measurements is in

preparation. Application of our CH3O2 instrument to studies of the CH3O> self-reaction and
the CH30: + HO2 cross reaction are currently taking place.

CNRS-ICARE installed a chemical ionization mass spectrometry (CIMS) dedicated to OH and

Figure 1.2.10-86: The chemical ionization mass spectrometry (CIMS) instrument for OH/RO2 and H2504
measurements at HELIOS.
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RO: radicals, as well as sulfuric acid concentration measurements at HEL1OS (CNRS-ICARE)
which is currently tested (Figure 1.2.10-29). Eventually CNRS-ICARE has not been able to
commission a new LIF instrument for OH/HO> radical measurements which led to dropping
down this specific project. On the other hand, to increase the capacities of HELIOS to
investigate the atmospheric chemistry of NO3/N20Os, a dedicated system for their measurements
based on the cavity ring down spectroscopy is being built and should be available for the
chamber studies within next few months.

UCC is designing two spectroscopy-based systems for the sensitive and selective detection of
radical species in the new IASC facility. The first is an Incoherent Broadband Cavity Enhanced
Absorption Spectroscopy (IBBCEAS) instrument for the in situ measurement of NO3 radicals.
This instrument is based on the original design of Venables et al. (2006), but will utilize a
supercontinuum light source instead of a xenon arc lamp. This will improve the sensitivity of
the technique to better than 2 pptv for a 1 min. acquisition time. The second system is a cavity
ring-down spectroscopy instrument for the optical detection of OH radicals during atmospheric
oxidation reactions. The ring-down setup will utilize a frequency doubled Nd:YAG pumped
dye laser to address the detection of OH in an open path cavity. The strong rotational lines
Q1(2), Q1(3), and P1(1) of the A%*(v’=0)«—X?I1(v’’=0) vibronic transition between 307.95
and 308.2 nm will be used for that purpose. In the first experiments a detection limit of 0.4 pptv
in a 5 min. integration time is anticipated under ideal conditions. This is very close to, but not
quite reaching typical ambient OH concentrations (ca. 0.1 pptv)

CNRS-LISA developed an Incoherent Broad Band Cavity Enhanced Absorption Spectroscopy
(IBBCEAS) instrument and interfaced it to the CSA simulation chamber for in situ
measurements of very low N03 radical concentrations. It involves irradiation of a high finesse
~ optical cavity by an incoherent

-, SR — broadband light source centred on the
simue G, e 662 nm absorption band of the NO3
' = ¥ radical. The optical cavity (82 cm of

effective length) allows for several
kilometres of effective absorption (up
to 3 km, depending on the property of
the mirrors) and high detection limits
(up to 4 ppt for an integration time of
10 seconds). The technique is fully
: operational since March 2017 and has

S e Le“:,m ) already been used to study fast
reactions involving complex biogenic
l volatile organic compounds (with rate
constants up to 1x102° cm?® molecule™
s1. An example of a spectrum
measured in the CSA for a mixture

Figure 1.2.10-27: Recorded spectrum for 23 ppt of NOsr and T S
fit obtained by the software developed at CNRS-LISA. NO2/NO3 in air is given in Figure

1.2.10-30.

TROPOS used an NO3™-Cl-Api-TOF mass spectrometer for measuring the OH-radical
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concentration using the method of Eisele and Tanner (1993). Here, SO was introduced into the
inlet of the mass spectrometer which reacts with OH-radicals and the formation of H2SO4. The
H>SO4 concentration is then measured by the mass spectrometer and serves as measure for OH-
radicals. These experiments have been performed at the flow tube at TROPOS. Photolysis of
ozone and H20: as well as the ozonolysis of tetramethyethene (TME) was used as OH-radical
source. In the experiments with H2O>, a dark formation of H2SO4 was observed, which means
that this method was not useful. The photolysis of ozone and the ozonolysis of TME worked
and in the ozonolysis the influence of Criegee-intermediates seems to be negligible. Preliminary
experiments using this method on the simulation chamber LEAK were also performed.

New measurement technology towards a carbon balance (sub-task 10.4.2)

CEAM is constructing a CEAS (cavity enhanced absorption spectroscopy) to follow up several
carbonyl secondary species like glyoxal or methylglyoxal. In fact, glyoxal is one important
small compound that has been shown to be detectable by this technique. Accordingly, and after
a thorough review of the extensive literature present (Thalman et al., 2015), a CEAS with two
different kind of interchangeable cells (stainless-steel and quartz) with different diameters (D
= 15 cm and 2.54 cm, respectively) and lengths (L = 90 cm and 64 cm, respectively) has been
designed.

0.010
NCAS-UMAN conducted a set — Lights off
of experiments using Chemical 0.008 | gﬁ_ NO
lonization mass spectrometry CBHSNG3 —— OH, NO + NO2
combined with a time-of-flight 5 0.006 \
detector (TOF-CIMS) with the 3 .
aim of identify and quantify g %%
OVOCs including organic 0.002
acids and organic nitrates. The '
experiments focused on alpha- 0.000 L=
pinene SOA and utilised an 265.6 265.8 266.0 266.2 266.4

m/z
iodide chemical ionisation Figure 1.2.10-28: Growth of CsHsNOs identified as nitrophenol during
scheme with the aim of looking benzene_+ OH exper?ment in the presence of NOx. Benzeng,_ NOXx an_d
) .. Oz are introduced into the chamber under dark conditions until
at the detailed composition of gteady state is reached (blue curve). A UVA lamp is switched on and

gas phase oXxidation products as photolyses NO2 leaving only NO (orange curve). The TUV lamp is

switched on generating OH from Os photolysis (green curve). The
well a_s_ con.densed. phase UVA lamp is then switched off (red curve). Signal is greatest when
composition using a Filter Inlet  NO is present which is consistent with the production mechanism of

for Gases and AEROsols thiscompound.

(FIGAERO). A second set of experiments investigating the formation of highly oxidised
multifunctional organic compounds (HOMSs) have been conducted using a nitrate ionization
scheme and focused on a-pinene, isoprene and mixtures of both as SOA precursors. A third set
of experiments investigated the formation of organic nitrates during the oxidation of benzene
using hydroxyl radical in the presence of nitrogen oxides. Figure 1.2.10-31 illustrates the
formation of organic nitrate in this oxidation system through the growth of a peak corresponding
to CeHsNO3 identified as nitrophenol. Similarly, the growth of CeHaN20s and CsH3NO4
identified as dinitrophenol and nitro-benzoquinone, respectively followed the same trend as
nitrophenol.
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been tested for the § “’1' i
characterization of the 10 i
reaction products from the 10° -
ozonolysis of biogenic 0 50 100 150 200 ::zo 300 350 400 450 500
volatile organic Figure 1.2.10-29: Comparison of aerosol phase mass spectra before (black)

compounds in the presence and after (red) a-pinene ozonolysis reaction.

of SO», and their role in SOA production and growth. In order to monitor both the gas and
particle phase, a Figaero (Filter Inlet for Gases and Aerosols) inlet was coupled with the HR-
ToF-CIMS. Particulate matter is collected on a Teflon filter during gas-phase monitoring, and
then thermally desorbed following a programmed temperature profile. Acetate primary ions are
firstly generated using a 2°Po radioactive source which then ionizes analyte compounds in an
ion-molecule reactor. This reagent allows us to be complementary with a PTR-ToF-MS by the
detection of more oxygenated compounds such as organic acids, and also including
organosulfate compounds which can have a significant influence on SOA production. a-pinene,
isoprene and limonene ozonolysis are being studied in various but atmospherically realistic
concentrations under dry conditions, in the absence and presence of SO». The observed products
in the gas and particle phases are in good agreement with the literature, and organosulfate
compounds are still under analysis but seem to correspond to the ones identified by Orbitrap-
HPLC-ESI-MS measurements so far. More than 600 different potential compounds have been
detected up to m/z = 473 (Figure 1.2.10-32). NO3z and iodide ion sources are also expected to
be used in further experiments to be more selective towards highly oxygenated and
organosulfate compounds.

CEAM carried out an optimization and adaptation of off-line with passive sampling, to on-line
methods with active sampling, based on SPME double derivatiation for the analysis of highly
oxygenated compounds in gas-phase. CEAM found that the optimal conditions compatible with
the previous derivatization of carbonyl for a quantitative and reproducible process were: load
the fibre with PFBHA, sample, load the fibre with MSTFA + TMCs, inject into the GC-MS
(see Figure 1.2.10-33).

Figure

1.2.10-30
Derivatization

protocol for

. S . hydroxy-

F —‘ carbonyl

| Coated I Coated
Conditioned fiber ; fiber compounds.
SPME
Ad f PFBHA i d ion of {
S?L’éziz?s;ace> Sampling cell MSTFATMCS Desorption
reaction (head-space) on GC
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This methodology is still in the process of validation since only 3-hydroxy-4-butanone are used
as a model compound. Experiments with different mixtures of compounds and conditions
(study of the competitiveness RH, interferences) were carried out during the small oxygenated
inter-comparison that took place in EUPHORE from 21 to 31 May within WP3 and the results
are still being analysed. This inter-comparison campaign will allow the comparison and
validation of this methodology with a high number of on-line and off-line analytical techniques.

CNRS-LISA  developed an
‘ innovative method for the
ho measurement of organic nitrates
by PTR-ToF-MS.  Organic

nitrates are key species which are
formed by the degradation of
| VOCs under high NOx and/or
o' night-time conditions. However,
ionisation mode | o 4 few techniques are available for
the measurement of individual
Lo2 organic nitrates in simulation
chambers thus limiting the
ooblal, g I . L B Y'Y understanding of these chemical
40 60 80 100 120 140 160 180 200 processes. Here, the operational

m/z protocol has been optimized in
Figure 1.2.10-31: Recorded mass spectra of nitroxyacetone (black order to limit the fragmentation
bars) with (a) H30O+ ionization mode (E/N = 75 Td) and (b) NO+ .. ]
ionization mode (with Radio Frequency mode and E/N estimated to Of organic nitrates in the PTR.
40 Td) (b). The thin green lines refer to the expected molecular ion of |In addition to the ‘“classical”

the analyte. H3O* ionization mode, the
instrument has been operated in NO™ mode by using dry air as reagent ion source gas. Different
experimental conditions have been tested ad optimized for synthesized standards of pure
organic nitrates: alkyl nitrates, hydroxy-nitrates, carbonyl-nitrates and peroxyacyl nitrates. This
study has shown that hydroxy- and carbonyl-nitrates have a high affinity towards NO™, leading
to the formation of an adduct that allows the easy identification of the organic nitrate (R) from
the R-NO" ion signal. Examples of spectra for nitroxyacetone are shown in Figure 1.2.10-34
for both ionization modes. Good detection limits, of few tens ppt per min have been obtained
for these compounds. Alkyl nitrates have been shown to exhibit a moderate affinity towards
NO™ ionization leading to detection units of few hundreds of ppt. Finally, this method exhibits
lower but nevertheless satisfying capabilities for the detection of peroxyacyl nitrates with
detection limits in the ppb range. This method is fully operational on CSA and CESAM
chambers and has recently been used for the study of VOC+NOz3 reactions. This work has been
published in Duncianu et al. (2017).

40 60 80 100 120 140 160 180 200
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43

MH : miz 120

0.5 1

149

W

M :miz 119

ool . L. |||| .
1 ®2

Relative peak intensity
cmfz 149

0.5

M :miz 119
MeNO”

BUW performed preliminary trials at QUAREC toward using mass spectrometry coupled with
FT-IR data to achieve information on short lived/ reactive compounds formed in photochemical
smog systems, relevant for urban air quality. Changes of personnel and the movement of the
QUAREC chamber to a new laboratory did delay the work within this task. QUAREC is being
moved during May — June 2018 to a new laboratory on the main campus. Following the
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relocation of the chamber, some maintenance work will be performed to upgrade it. Among
other issues, the work comprises renewing the irradiation system (UV- and VIS-lamps) and
reconditioning the mirrors of the White system.

Some efforts were spent in the design of sampling inlets for coupling of QUAREC with a GC-
MS-MS instrument (Bruker, Model EVOQ GC-TQ) and, besides the existing FT-IR system,
with an UV-VIS spectrometer (Horiba, Model iHR320). This allows for the possibility to study
the evolution of complex systems such as those represented by real emission sources.
Concurrently, it will allow achieving spectral information on various atmospheric species hence
contributing to the evaluation of their atmospheric lifetime. This will target especially the range
of volatile organics with known carcinogenic and mutagenic effects on living organisms and
human health.

5.0e+6 The UAIC-CERNESIM
- 1* cartridge unit performed experiments
2" cartridge 2 for the development of the

off-line techniques to specify
2 chromatographic peaks for methylgyorcl and  quantify  carbonyl
compounds by a gas
chromatography technique.
The main objective of this
study was to determine the
optimal  condition  with
I respect to the ESC-Q-UAIC
e T T . % 5  chamber characteristics for

_ _ time (min) _ measurement  of  small
Figure 1.2.10-32: Typical chromatogram obtained (black line) after

hexane extraction of the corresponding pentafluorobenzyl oximes of carbonyls by using GC-MS
benzaldehyde (peak no. 1) and methyl glyoxal (peaks no. 2) collected system. The proposed
from a 40 ppb mixture of these compounds in the ESC-Q-UAIC chamber ;

at a flow rate of 1.01 I/min for 60 minutes. (Two chromatographic peaks method mvo'_ves a gas
will be observed for some of the interest carbonyls because of (E) and (z) Chromatographic method

isomers). optimized for the
determination of selected carbonyl compounds in air. The analytes applicable to this method
are derivatised to their corresponding pentafluorobenzyl oximes. The oxime derivatives are then
extracted from the C18 solid phase with hexane. The hexane extracts are analysed by gas
chromatography with ion-trap mass spectrometer detection (GC-MS). The GC uses a capillary
column, helium as carrier gas and a fast oven ramp rate to dramatically decrease analysis time.

4.0e+6 -

3.0e+6

TIC Signal

2.0e+6

One important goal of this study is to generate accuracy, precision and method detection limit
(MDL) data for at least the following compounds: formaldehyde, acetaldehyde, benzaldehyde,
glyoxal and methyl glyoxal. It is expected that this method will be applied to the determination
of target analytes over the concentration ranges typically found in simulation chamber (e.g. ppb
level). Until now, the UAIC-CERNESIM group has obtained some preliminary results that
encourages us for the next studies steps. As a first step, a mixture of methylglyoxal and
benzaldehyde has been analysed. Thus, the preliminary experiments have shown that at least
two of the target compound could be specified and quantified quite well. A typical GC-MS
chromatogram is presented in Figure 1.2.10-35. This figure also highlights the fact that for such
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studies, it is sufficient to use a single derivatised cartridge (red dash line from the figure does
not show any information about the benzaldehyde and methyl glyoxal, is only background
signal). However, more experiments are being undertaken in order to achieve all the proposed
goals.

Organic hydroperoxides and peroxy acids have gained a lot of attention in recent years. Aerosol
components with multiple peroxy functional groups (often defined as HOMSs, highly
oxygenated molecules) might play a crucial role in atmospheric particle formation. In addition,
peroxides in general might also be relevant to explain the toxicity of particles in polluted air
due to their oxidising properties. Despite their importance, there is an almost complete lack of
appropriate standards to identify and quantify peroxides (and HOMS) in the atmosphere.
NCAS-UCAM developed a synthesis method for several atmospherically relevant peroxypinic
acids, and characterised them in detail using HPLC-MS, MSMS fragmentation pattern and
NMR. These detailed MSMS studies identified specific and diagnostic mass spectrometry
signals, unique for peroxy acids, which will allow to identify unknown peroxy acids in aerosols
in future studies to better understand organic aerosol formation processes and their toxicity.
(Steimer et al., 2017).

NCAS-UCAM developed a novel online extractive electrospray ionisation mass spectrometry
(EESI-MS) instrument to characterise organic aerosol components at a molecular level.
Compared to many other online aerosol mass spectrometry techniques, EESI offers a very soft
ionisation process, which leads to minimal fragmentation of organic aerosol components,
facilitating their identification. SOA composition of particles generated in CASC chamber from
alpha-pinene ozonolysis were analysed with online EESI and EESI-MS spectra were compared
to conventional offline ESI-MS spectra. Good agreement between the online and offline
technique was found in terms of the compounds identified. Major SOA components were
detected at SOA loadings down to ca. 5 (g m™. Experimental results were compared with a
detailed chemical oxidation mechanism for alpha-pinene, the near-explicit Master Chemical
Mechanism (MCM v3.3.1), and NCAS-UCAM showed that MS peak abundances scale with
modelled concentrations for condensable products (e.g., pinonic acid, pinic acid, OH-pinonic
acid) demonstrating the potential of this new online aerosol mass spectrometry technique.

References for WP10:
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the measurement of organic aerosol hygroscopicity,
oxidation level, and volatility distributions. Atmos.
Meas. Tech., 10, 4865-4876.
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Doussin, J.F., Derumeaux, G., Pini, M., Gratien, A.,
Pangui, E., Hie, S., Relaix, F., Der Vatanian, A., Coll,
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Work Package 11: Model development and evaluation to enhance and optimally exploit the

chamber infrastructure (JRA2)

Development and evaluation of models to support infrastructure and aid interpretation of

chamber experiments (Task 11.1)

Development and evaluation of chemical schemes in the gas and condensed phases (sub-task

11.1.1)
CNRS-LISA and NCAS-York have

aromatic species

aliphatic species

been working with Atmospheric

Chemistry Services on the update and

extension of  structure-activity

relationships  (SARs)  for  the

estimation of rate coefficients and
branching ratios for gas-phase
reactions of OH with aliphatic and
aromatic organic compounds, for use
in automated mechanism
construction. This work has been
summarised in Jenkin et al., (2018a)
and Jenkin et al, (2018b),
respectively. The group contribution
methods were optimized using
databases including sets of preferred

All hydro-  mono- di- All | hydro-  mono-  multi-
data carbon funct.  funct | data |carbon funct.  funct
# species 66 25 30 1 486 147 215 124
RMSE 0.07 0.06 0.07 0.08 0.15 0.07 0.13 0.22
MAE 0.04 0.03 0.04 0.07 0.09 0.04 0.09 0.16
MEE 0.00 0.02 -0.01 -0.02 -0.02 000 -0.02 -0.05
0.8
0.6 — . .
0.4
"l"“ ___I -------- T [ e
3 024 o
= .
°
00 %—I— %% % l
ﬂ?} -
S o34
Z, 02
= 2 A SRR SRR AR I
-0.4 — 4
-06 — %
-0.8 — * .

rate coefficients for 489 aliphatic
species and 67 mono-aromatic

Figure 1.2.11-1: Root mean square error, mean absolute error,
mean bias error and box plots for the error distribution in the

species. The overall performance of estimation of k298K values for full set and subsets of the aliphatic
the SARs in determining log kagsk are (Jenkin et al., (2018a)) and aromatic (Jenkin et al., (2018b))

summarized in Figure 1.2.11-1

The above OH abstraction and addition
SARs have now been coded into the
GECKO-A mechanism generator for
testing and evaluation under a range of
different atmospheric and chamber
relevant chemical scenarios. Figure
1.2.11-3 shows an example comparison
between the new MCM/GECKO-A
derived mechanism for a-pinene and the
MCM.

45

GECKOA / MCM

25

50 75
time (hours)

100 125

species in the respective databases.

MCM v3.2

I c10 1.00

[+}

[cs
ca
c2

0 25

50 75 100 125
time (hours)



EUROCH

o
=

1N yrainn vl Eurunsh) STNUgDN
Shambers o INussyany Aunnsnilefis Processes,
Touirrds 2020 04 Jsyond

=
=0

2

NCAS-York has been working on a protocol for the self-generation of photolysis processes in
chemical mechanisms. The protocol is based on a comprehensive literature review, which led
to an extended database of 378 photolysis processes. Updates to the photolysis protocol have
led to a refined description of photolysis in the Master Chemical Mechanism, where more
compound classes are considered for photolysis, with more differentiation of structural and
substituent effects. One focus was on the time = 5% Tprery

treatment of polyfunctional species. Aqueous phase
Figure 1.2.11-2 demonstrates that overall .
absorption cross sections, needed to
describe the photolysis process in
polyfunctional compounds containing
both a ketone and a nitrate group, are the :
sum of the cross sections of the e K RO
individual ~constituent chromophores. .. .. s ¢ g9 %) assuming: - o 100, M 200 gt
Any significant deviations in the - LWC=10pgm? {deliquescent particie)
synthesised spectrum (orange cCurve) Figure 1.211-2: Comparison of the MCM and
from the experimental data (blue line) is MCM/GECKO-A oxidation mechanisms of a-pinene under
in a wavelengih range not relevant for I nari endiions o pane - orse
tropospheric photochemistry (< 290 nm). Bottom panel — Species oxidation trajectory phase
Based on the analysis of the available diagrams.

1o experimental data, this is one of the key

Aqueous phase
(particles)

logH [M atm™]
log H [M atm™]

— <cKET

— eNIT rules in the new protocol, which is currently
8 Sy e 1 . .
N L pekereen) being coded into the GECKO-A
E ¢f T(ckeT-=cND 1 mechanism generator by CNRS-LISA,
i based on rules and code provided by
5

NCAS-York.

S5 oETR oTTH 350 =5 =0 NCAS-York, UCC and BUW have
Figure 1.2.11-3: Example for the synthesis of absorption worked on the analysis and interpretation

cross sections in polyfunctional compounds. cKET - of measurements of unsaturated 1.4
cyclohexanone, cNIT - cyclopentyl nitrate (due to missing '

cyclohexyl nitrate data), cNK - 1-nitrooxy-2-oxo- dicarbonyl photolysis experiments
cyclohexane. @ denotes the average of the data, > the sum. performed in the EUPHORE chamber.

These are key intermediate species in the oxidation of aromatic compounds and furans.
Modelling has been performed with an NCAS-York DSMACC chamber optimized box model
in  conjunction with the Master Chemical Mechanism v3.3.1 (MCMv3.3.1;
http://mcm.leeds.ac.uk/MCM). This work recommends significant changes to the current
MCMv3.3.1 chemical mechanism. The updated chemistry will be incorporated into upcoming
versions of the MCM/GECKO-A chemical mechanism. These improvements will also feed into
further analysis of aromatic photochemistry in chambers.

FZJ, BUW, CNRS-LISA and NCAS-York all contribute to the recently formed International
Expert Panel for the “Development and Evaluation of Databases and Estimation Methods for
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40 — 80

Predicting Air Quality Impacts of Emitted
Organic Compounds”, assembled on the

e behalf of the Coordination Research Council
i [ Atmospheric Impacts Committee. As part of
. this work, a perspective article on mechanism

o Ketena
7 Maleic Anhydride
& 3H)-furan-2-one

w
=]

3 - z
ifm A% _wg development and structure-activity
3 s f SR g relationships for gas-phase atmospheric
° &% é:'. \ B chemistry mechanisms was put together by
§oi. . 7 ol the panel and published in the International
Y A N Journal of Chemical Kinetics (Vereecken et
i R T n al., 2018). The idea of this paper was to

provide a general overview and future

directions of what could be improved in

atmospheric modelling, with emphasis

specifically on the areas covered by the

SAR panel working groups. Major

sections included:

Discussion of gas-phase atmospheric
mechanism development and needs and approaches for improving mechanisms

The need for (evaluated) compilations of experimental and theoretical data

An overview of SARs and the methods employed

Discussion of the current status and problems with SARs and estimates for various reaction
types — including multi-functionalisation

Discussion of SARs for thermochemistry as related to atmospheric mechanisms

A summary and outlook section that mentions the formation and planned work for the panel
going forward

2000 3000 4000 5000

Time (s)

1000

Figure 1.2.11-2: Measurements (points) and model
simulation (lines) of major products of (E)-butenedial
photolysis. The model uses an updated/optimised
version of the MCMv3.3.1 chemical mechanism to give
a good fit to the measurements.
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Figure 1.2.11-3: Modelled aqueous-phase OH
(top) and oxalic acid (bottom) concentration
with (red line) and without (blue) implemented
chemistry of ISOPOOH/ISOPOOH2 under
remote environmental conditions. Blue solid and
striped bars mark cloud and night-time
conditions, respectively.

101073 -

OHaq) concentration / mol L

Recent TROPOS-ACD  multiphase
chemistry investigations into oxygenated

organic hydroperoxides, ISOPOOHs and
Time ISOPOOH2 (dihydroxy dihydroperoxide)
have focused on their potential to act as OH sources and agSOA precursors. The tropospheric
gas-phase oxidation of isoprene under low NOXx conditions has attracted considerable attention
in recent years. It leads to the formation of ISOPOOHSs and ISOPOOH?2 that can chemically
interact with deliquesced particles and clouds. For these studies, a first advanced multiphase
chemistry module for ISOPOOHs/ISOPOOH2 was developed. The module considers gaseous
ISOPOOH2 formation and, the phase transfer, aqueous photolysis, thermal decomposition and
subsequent chemistry of ISOPOOHs/ISOPOOH?2 and its products. The developed module was
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coupled to the existing multiphase mechanism MCMv3.2/CAPRAMA4.0. Detailed studies with
the air parcel model SPACCIM were performed for a remote environmental scenario.
Simulations have shown that multiphase ISOPOOHS/ISOPOOH2 chemistry can act as an
important source for aqueous OH and aqSOA in both aerosols and clouds and affect the OVOC
gas-phase compositions. In detail, the model runs have demonstrated that the gas-phase
concentrations of ISOPOOH compounds are substantially lowered considering the new reaction
module and that cloud chemistry may act as a potential sink for ISOPOOHSs. Furthermore,
Oxalc acid mass concenration (remote) modelled aqueous concentrations of OH and
o :S:égg%gtgggmﬁgggggaﬁggggg}) ' ' important agSOA compounds, such as oxalic
acid, are substantially increased under both
aerosol and cloud conditions (see Figure
1.2.11-5). For example, the modelled aqueous
OH concentration is, on average, a factor of 1.8
higher in  the  simulation including
ISOPOOHS/ISOPOOH2  chemistry. These
results constitute Deliverable D11.1 and further
2 % Js 0 72 - % mechanism developments are still ongoing.

Time /h
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180
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The FORTH team has used the MCM mechanism both as an evaluation exercise but also to
find new ways of using such chemical schemes for the interpretation of their chamber
measurements. The model was used for the simulation of the a-pinene ozonolysis system under
high NOx conditions. The experiments had two phases: the first generation of reactions and
then a chemical aging stage in which HONO or HOOH was added to the chamber to produce
OH. Because of the second stage, a radical scavenger could not be used in the first stage. As a
result, the existing a-pinene could react with ozone, OH or the NO3 radical. The MCM-based
model performed well for both the high-NOx and low-NOx initial stage of the reactions.

In the ozonolysis experiments high NO,, photooxidation
with high initial NOy, the model 1000 S
results show that a significant
fraction of a-pinene reacted with
NO3 despite the UV illumination
(Figure 1.2.11-6). This is mostly
due to the rapid and sustained
production of NOs from the
reactions between NOx and
excess O3, and the lack of NO to
efficiently scavenge the NOz and K L
the rapid reaction rate of NOs 50 5 1 B 25051525 %0
with o -pinene. Time (min) Time (min)

Figure 1.2.11-4: Model results of the gas and VOC concentrations
(lines) together with the measurements (symbols) for a high and a
low-NOx dark ozonolysis experiment. The shaded area corresponds
to periods when the lights were off in the chamber.

low NO,, dark ozonolysis
b) <
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400+

Gas Concentration (ppb)

200+

48



EUROCH

o
=

=
=0

NIyt n oI Zuryeil SNyl
Shambers o INussyany Aunnsnilefis Processes,
Towards 2020 and D2y

2

The a-pinene reacting with the three oxidants for a typical experiment are shown in Figure
1.2.11-6. The ozonolysis of a-pinene produced OH, which in turn reacted with a-pinene. The
NOs3 pathway kicked in at t=1 min due to the fact that the NO3 has to be generated first through
NO+0O3z —» NO2 and NO2+03 —

high NO,, photooxidation dark ozonolysis
NOs. The MCM captured well 1= ‘ b : = 5
- S -pInene+
the precursor consumption and < | g.pinene 0, 1 60; P >
was capable of revealing the § 3| opinene+O, | 4ol
relative reaction channels and 3§ 2 1
associated radical production T 10 2
underyarlous N(?x reglm.es. F(?r Ggo T o & 320 R R Y R
all aging experiments in this 0 ‘ ‘ ) R
. . 50 : i
work, the  first-generation | ROANO | g0l RO#RO, |
chemistry was in the high NOx & 4 5
regime even if half of the T 2 10]
. o
precursor reacted with NOs. = 100 /Rrosro, 5
This work illustrates the utility % L 5% T D o o %
of chemical scheme for the Time (min) Time (min)

|nt('erpretat|(')n of _the _reSUIté' Figure 1.2.11-5: Model results of the fractions of a-pinene reacted
This work is described in detail with O3, NO3 and OH and fate of RO2 for a high and a low-NOx

in Wang et al. (2018) that will dark ozonolysis experiment.
be submitted for publication during the summer.

NCAS-UEA have overseen the release of MISTRA into the public domain. The microphysical
marine boundary layer model MISTRA was originally developed as a microphysical model
only and later extended to include gas, aerosol and cloud droplet chemistry.
Apart from a description of the dynamics and thermodynamics, MISTRA includes a detailed
microphysical module that calculates particle growth explicitly and treats feedbacks between
radiation and particles. MISTRA has since been expanded on by several researchers to include
a snow module, foremost and most recently Josué Bock (formerly NCAS-UEA; now at Météo
France, Toulouse). A public release version of the model (version 9.0) with detailed installation
instructions is now available at: https://github.com/JosueBock/Mistra. This public release
version includes microphysics and chemistry, but not yet the snow module which is under
continued development. Prior to the public release, important parts of the code were updated to
Fortran90. Many bugs (e.g. related to the treatment of solar radiation) were eliminated. The
portability of the code has been improved, and the model can now be run on multiple platforms.
MISTRA v9.0 is distributed under the European Public Licence EUPL-v1.1.
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Development and evaluation of codes for aerosol microphysics, mixing and wall effects in
chambers (sub-task 1.1.2)
NCAS-UMAN have built on the previous chamber model developments to develop a user-

() friendly and portable coupled model of

35x10° — 7 .

o B |6 %o | gas-phase photochemistry and aerosol
E e oy o8 o E microphysics including wall treatments.
g oo se | sE % =~ | The original chamber model was based on
5 6@ g % 5 :

3 40 7 2 ° | the ASIT Perl mechanism generator
5 -1 + M (SMPS)

[
@

1 —n G which, combined with the Kinetic
Poroe  eneo  omoo eaer  edied — w~sim) | PreProcessor (KPP), produced the Fortran
coded Model of Aerosol Numerics

;:gxmﬁ Including Chemistry (MANIC). Figure
1.2.11-8 shows a comparison between the

ZjZi chamber model simulations and the
°-e aerosol size distributions generated in
nucleation experiments in a-pinene

000 B e ey ozonolysis in the MAC and AIDA

Figure 1.2.11-6: a-pinene ozonolysis in MICC and AIDA chambers with the MCM plus additional
simulated using MCM in KPP coupled to MANIC using

Perl mechanism generator (ASIT), with only wall loss Simplified ELVOC generation from the
(with effective absorptive wall mass for vapours) tuned. early rapid auto-oxidation.
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The current work has recoded the model into a single user-friendly Python framework in order
to maximize usage across EUROCHAMP partners. This was initiated in a number of parallel
work streams. A flexible model for gas-phase chemistry was successfully built enabling the
parsing of mechanisms from a variety of sources. It has been validated by comparisons using
the MCM, using test cases from the MCM website. A module for the gas-particle partitioning
of semi-volatile species was built that also simulates partitioning to chamber walls. Both
chemical and physical models are based upon ordinary differential equations which are solved
numerically using the CVode function of the assimulo package of ode solvers
(https://anaconda.org/chria/assimulo).

These two models have been coupled with microphysics represented by a moving-centre
sectional scheme, allowing evolution of particle sizes and compositions. Figure 1.2.11-9 shows
simulation results of a-pinene ozonolysis into an ammonium sulphate aerosol seed distribution
using the unmodified MCM 3.3.1. Contrary to the case in Figure 1.2.11-8, no ELVOC species
are added to the mechanism, resulting in negligible particle growth.
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Figure 1.2.11-7: Coupled gas-aerosol simulation of ammonium
sulphate seeded ozonolysis of a-pinene. The top panels show the
particle composition distribution represented by 16 discrete size
bins as it evolves over the first hour of the simulated experiment.
As vapour-phase oxidation products are produced, they
increasingly condense onto the particles. However, they are
insufficiently low in volatility to lead to substantial additional mass
in the particles. This is seen in the lower panels, where there is
negligible growth of the particles. Contrasting this to the good
agreement between model and measurement shown in Fig. 11.8
indicates the requirement to include ELVOC compound
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Component non-ideality can be
explicitly considered using a
variety of treatments. These may
be particularly important when
considering the formation of
secondary organic aerosol on
inorganic seed particles, where
significant interactions may be
experienced, leading to such
effects as salting in or out and
liquid-liquid phase separation.
Figure 1.2.11-10 shows the results
of idealized simulations
partitioning 21 components to an
evolving distribution, initially
comprising ammonium sulphate
seed particles at 60% RH. It can be
seen that explicit consideration of
non-ideality leads to an almost
six-fold decrease in organic
particle mass formed. Such effects
will have a substantial impact on
interpreting yield data.

The combined gas- and particle-
phase model is undergoing testing

for a variety of gas-phase chemistry scenarios studied in EUROCHAMP aerosol chambers (so
far, a-pinene ozonolysis, a-pinene photo-oxidation moving onto photo-oxidation in a-pinene /
isoprene mixtures). The large number of species in these systems requires good computation
efficiency for reasonable model performance. NCAS-UMAN currently runs at 1/3 wall-clock
time, aiming to improve for future Monte Carlo type simulations. Ongoing developments
include the production of an installation package and model manual.

SOA mass = 14.01

SOA mass = 2.54

107 o O O O O R R R —— = 1.0
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Figure 1.2.11-8: Composition distribution snapshots 1 hour into the simulated partitioning to an initially
lognormal size distribution of moist ammonium sulphate particles — left hand panel assuming ideality, right

hand panel with explicit non-ideality using AIOMFAC.
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The FORTH team has continued the development of their Aerosol Parameter Estimation
(APE) model (Pierce et al., 2008) that simulates the processes of condensation/evaporation,
coagulation and particle wall loss during a chamber experiment (Wang et al., 2018). By
constraining the unknown parameters with
the SMPS-measured particle  size
] - distribution, the model can predict SOA

08 % . formation for each experiment accounting
% for wall losses. The predicted particle
wall-loss rates are both size- and time-
dependent. A version of the APE model
that can be directly applied to wall-loss
e 1 characterization experiments (e.g., loss of
D, (nm) ammonium sulphate particles to the walls)

Figure 1.2.11-9: Estimated particle wall-loss rate has been developed. The modified version

constant, k, for a typical loss characterization experiment .
in the FORTH chamber neglecting coagulation (black of the APE model calculates the size-

symbols) and using the APE model that corrects for dependent wall-loss rate necessary to
coagulation. reproduce the observed size distribution
assuming Brownian coagulation is the only other particle process occurring in the chamber (i.e.
no condensation/ evaporation occurred during the analysed portion of the experiment). The
size-dependent, instantaneous particle loss rates are calculated directly from the SMPS-
measured seed number size distribution at each time step. These instantaneous k(Dp) values are
then averaged over the initial seed loss period of the experiment (or a separate experiment where
k(Dp) was characterized). This determined k(Dp) can then be applied to the SOA formation
period of experiments to correct for the size-dependent wall loss. This approach, focusing on
specific wall-loss characterization experiments, has the advantage that the functional
dependence of the wall-loss rate constant is directly calculated from the measurements by
simply removing the effect of coagulation.

1.2 L

1.0

S 0.6
-

"'&/ Neglecting coagulation

0.4

BTt i g T T

0.2 1 APE model

0.0

The results of the application of the simplified APE model can be seen in Fig. 1.2.11-11.
Ammonium sulfate seeds were injected in the FORTH chamber and the evolution of their
concentration was monitored with an SMPS. The size-dependent wall loss rate constant k(Dp)
was first estimated using the traditional approach; as the negative of the slope of the In [N(Dp)]
versus time line. This approach assumes that coagulation is negligible and predicts a steep
increase in the losses for smaller particles. The predictions of the APE model suggest that most
of the losses of the smaller particles in this characterization experiment were due to coagulation
and not to losses to the walls. Tens of such experiments have been performed in the FORTH
indoor and mobile outdoor chambers. Particle number losses due to coagulation can be
significant for small particles (< 150 nm under conditions in this work). It is thus important to
correct for this coagulation effect when calculating the particle wall-loss rate constants
especially for experiments in which the behaviour of the nanoparticles is important (e.g., when
they carry a significant fraction of the total particle mass). The modified APE model will be
made available to the EUROCHAMP community.
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The FORTH team has used a Molecular
Dynamics (MD)-based simulator to gain
insights about the morphology of particles
formed in atmospheric  simulation
chambers but also in the atmosphere.
Simulations are performed in the
isothermal-isobaric statistical ensemble at
atmospheric conditions with a pre-
specified number of molecules of the
above compounds leading to the
formation of a particle (Karadima et al.,
2017).

Results of simulations of nanoparticles
containing pure components or mixtures
as proxies for chamber and atmospheric
organics are shown in Figure 1.2.11-12
showing that organic molecules reside
mostly on their own phase without
dissolving in the ammonium sulphate
solution in the particles and that they also
reside close to the surface. The effect of
the relative humidity (RH), organic

content of the particles, and presence of

multiple organic molecules in the same Fi_gur_e 1._2.11—_10: Snapshots of nanoparticle§ containing
. . . . Cis-pinonic acid (a-b), MBTCA (c—d), and n-eicosane (e—f)
particle has been investigated (Karadima ¢or jow organic mass fraction (7-10 %) and 50% RH

et al., 2018). omitting (a, ¢, e), and including (b, d, f) water molecules.
) ] Color notation: green for the organics: CPA, MBTCA, and
The behaviour was highly dependent on n-eicosane, red for sulfate, orange for ammonium, and blue

the molecular components. For example, for water.

cis-pinonic acid, which is a surfactant, was located mainly in the outer region of the particles,
irrespective of its concentration. At higher organic mass fractions, the presence of cis-pinonic
acid molecules in the interior regions increases; the majority of the molecules, however,
accumulates near the surface. According to our simulations, MBTCA is more likely to be
detected inside a particle’s core than the less oxygenated cis-pinonic acid molecule. When both
molecules are present in the same particle cis-pinonic acid creates a thin coating at the surface,
which shields MBTCA molecules that reside further inside the particle. This work will be
submitted for publication during the summer.

UEF has contributed to task 11.1.2 by developing a method for deriving organic aerosol
properties from chamber experiments. The method is based on combination of numerical
models that describe the aerosol evolution and the Monte Carlo Genetic Algorithm for
optimizing the properties of interest. So far, the optimization algorithm has been coupled with
a dynamical model for liquid particle evaporation/growth and with the Kinetic multi-layer
model of gas-particle interactions in aerosols and clouds (KM-GAP) in order to derive volatility
distribution (volatility basis set, VBS) and particle viscosity. Similarly, by implementing
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different numerical models, the method can be used for deriving other properties that can not
be calculated analytically from the experimental data.

The KIT team has conducted CFD simulations of flow fields in the AIDA simulation chamber.
For a better interpretation of dynamic chamber experiments such as cloud formation in adiabatic
expansions KIT improves, constrains and evaluates Computational Fluid Dynamic (CFD)
models. CFD simulations describing the flow fields, temperature, and humidity distributions
within the AIDA chamber of KIT had been done using the ANSYS-CFX software. For future
studies KIT uses the COMSOL Multiphysics software and has consequently developed a new
CFD model for this software based on the AIDA 3D-CAD model (Inventor). The correct
coupling of the physics modules was tested with a 2D representation of the AIDA chamber
using rotational symmetry which reduces the computational effort substantially. The turbulent
flows are represented with a k-¢ model. Heat transfer and transport of trace species like water
vapour are also included. Most challenging is still the parameterization of a realistic
representation of the mixing fan.

Surface: Velocity magnitude (m/s) Surface: Velocity field, z component (m/s) Streamline: Velocity field
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20001 1 H1 20001
1500} . 1500} 0
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Figure 1.2.11-11: Stationary flow fields inside the AIDA simulation chamber as calculated using COMSOL
Multiphysics.

Comparison of the average temperature and relative humidity with measured values showed a
good agreement with the CFD model for an adiabatic expansion experiment with reducing the
chamber pressure from 1010 to 870 hPa within 240 seconds. Further validation of the new CFD
model will be done by comparison with experiments including dedicated flow measurements.

The TROPOS team has conducted development work on the modelling of turbulence driven
fluctuations in temperature, humidity, aerosol concentration and cloud processes that may affect
cloud dynamical processes on various scales and thereby feed-back on the turbulent flow itself.
These complex interactions make necessary the use of numerical models for the determination
of suitable experimental conditions and the interpretation of experimental data. Within this task
TROPOS has been adapting an existing combined computational fluid and aerosol dynamics
model (Fluent/FPM) for modelling fluid flow and microphysical processes inside LACIS-T.
Due to limitations in both, the performance of the used microphysics model (population balance
approach), and the high costs of the utilized CFD-code FLUENT, it was decided to additionally
use and adapt the open source CFD toolbox OpenFOAM and the discrete phase model therein.
Where feasible and meaningful, comparative investigations with both models have been carried
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out. The related works are still ongoing. To document the general applicability and feasibility
of the new OpenFOAM based model, Figure 1.2.11-143 depicts size distributions of
hygroscopically grown and/or activated droplets for a sample experiment with LACIS-T.

NCAS-UMAN have developed an accessible cloud ,
microphysics model to aid the interpretation of |
experiments carried in cloud chambers such as
MICC and AIDA. The model is based on the
underlying science of the ACPIM model (Connolly |
et al, 2012) and includes detailed cloud ’
microphysical processes. The model is written in g
python 3 and development is ongoing to provide an |

interactive, easy to use, graphical interface. | SN

Umys)

Aerosol and cloud particles are represented by a =
series of size bins. Water condenses onto aerosol LM
particles to form droplets. When ice is nucleated the
aerosol particles within the ice are moved into the ice
particle size distribution. The model follows two
moments of aerosol, drops and ice crystals (i.e. both Figure 1.2.11-12: Spatial velocity and
the number and mass are carried). Aerosol particles drorlet (droplets coloured according to size)

] . ] distributions  inside  LACIS-T. The

are represented by lognormal size distributions with ¢, rhulence induced inhomogeneities in the
any arbitrary composition. Droplet formation is velocity and droplet (both spatial and size)
calculated following the kappa-Kohler equation diStributionsare clearly visible.
(Petters & Kreidenweis, 2007) and homogeneous ice nucleation follows Koop et al. (2000) and
is based on water activity. Heterogeneous freezing is calculated according to the ns(T)
parameterisation (Connolly et al., 2009 and Niemand et al., 2012) and is based on the number
of “ice active sites’ present on the surface of an INP. Values for a and b in ns(T) = 10€T* gre
required for each INP type. Pressure and temperature drop rates are prescribed based on
observations from chamber experiments. Values for a and b in dy/dt = a e for both temperature
and pressure are required as input to the model. Currently, no collisions between particles occur
in the model.

Example simulation — model output from a typical simulation of a chamber experiment is shown
in Figure 1.2.11-15. In this example the model was initialized with two lognormal models of
aerosol, one representing ammonium sulphate and the other k-feldspar. The values for the
model parameters used are given in Table 1. Values in the square brackets are for each of the
two modes of aerosol.
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Figure 1.2.11-13: Simulation results with initial conditions indicated

The model has been tested against the ACPIM model using the Monte-Carlo sampling
technique to randomise simulation initial conditions showing very good agreement. Further
model evaluation will take place as an ongoing activity as more features are added to the model.
Development of the model core and all standard functionality is now complete. Design and
development of a user interface suitable for non-modellers is in progress, along with a protocol
and model user manual, describing best standard practice for modelling cloud chamber
experiments.

The model is available for all EUROCHAMP activities to all partners. It is currently on a
private github repository whilst planning the method for web availability and source code
distribution in the LADP pillar of the EUROCHAMP DC.

Development of modelling tools for optimal exploitation of chamber results through
parameterizations for, and implementation in, 3-D atmospheric models (Task 11.2)

Development of modelling tools for the translation of EUROCHAMP results to VBS
parameterizations (sub-task 11.2.1)

The FORTH team is continuing the development of the algorithm originally proposed by
Stanier et al. (2008) for the fitting of smog chamber and other accompanying data to the
Volatility Basis Set (VBS). Important aspects of the algorithm include: selection of minimum
and maximum saturation concentration (C*) values, selection of the number of basis set
compounds, and estimation of uncertainty bounds for the regression prediction. Conceptually,
the algorithm is trying to fit the available chamber measurements at different organic aerosol
concentrations and temperatures using the VBS (Figure 1.2.11-16).
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Figure 1.2.11-14: Conceptual diagram
showing the vyield (aerosol mass
fraction, AMF) surface for a
/-~ | hypothetical set of semi-volatile
oxidation products. Low temperatures
and high existing aerosol loadings
favor condensed phase partitioning
(high AMF). Lines labelled AROG
show the expected temperature
dependent AMF and  aerosol
concentrations for oxidation of fixed
amounts  of  precursors  under
conditions of no pre-existing aerosol.
-10 Rectangles drawn over the surface
show that experiments and the
atmosphere can be considered with
respect to their ranges of aerosol
concentrations and temperatures.
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An application of the algorithm is illustrated in Figure 1.2.11-17 for m-xylene SOA formation
experiments at high NOx. Results from three different studies under different conditions are
integrated to obtain the optimum VBS parameters. One of the major advantages of this
algorithm is that is shows the uncertainty of the obtained parameterization for different
temperatures and organic aerosol levels. In this way it can guide the performance of future
experiments.
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Figure 1.2.11-15: Fit of m-xylene photolysis SOA data at high NOx using the Stanier et al (2008) algorithm.
Regression lines (solid black lines) are shown for 5 different temperatures and have been calculated by
fitting data (symbols) using the VBS Confidence intervals on regression are shown by grey shading.

This algorithm will be extended to include thermodenuder measurements to better constrain the
enthalpy of vaporization and isothermal dilution measurements.

The FORTH team has also developed an algorithm for the derivation of VBS parameters
combining thermodenuder measurements and isothermal dilution measurements. This approach
can be applied to both primary and secondary organic aerosol and is based on the algorithm of
Karnezi et al. (2014). This approach is illustrated in Fig. 1.2.11-17 for primary OA from
cooking (COA). The COA from meat cooking was passed through a thermos-denuder and the
mass fraction remaining was measured. At the same time, it was injected in a dilution chamber
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where it was diluted isothermally by a factor of 10.

VBS COA parameterization  Figure 1.2.11-16:
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The evolution of
its mass concentration was also measured and expressed as mass fraction remaining. Both sets
of measurements were carefully corrected for losses. Then the VBS was fitted to either the TD-
data only or in the TD-dilution data and the corresponding VBS parameters were derived. The
use of both data sets reduced the uncertainty of the corresponding parameters (Louvaris et al.,
2017). This algorithm can become even more powerful if it is merged with the Stanier et al.
(2008) one so that SOA yield measurements can be combined with thermodenuder data and
isothermal dilution data. This work is in progress in FORTH.

PSI further developed the hybrid volatility basis set (VBS) box model by Ciarelli et al. (2017).
The model was developed based on the partitioning model SOAP of the chemical transport
model CAMx. SOAP uses the pseudo-ideal solution theory to partition secondary organic
species between aerosol and gas phases. By using the measurements of non-traditional volatile
organic compounds with a high-resolution proton transfer reaction mass spectrometer and
organic aerosol concentration by an aerosol mass spectrometer during wood burning
experiments, the box model was able to constrain volatility distribution of different precursor
families. To initiate the simulation, PSI classified the measured condensable gases into 6
families (i.e. furans, single-ring aromatics, polycyclic aromatic hydrocarbons (PAHS),
oxygenated aromatics, and organic compounds containing more or less than 6 carbon atoms).
A genetic algorithm approach was applied to search for the best-fitting volatility distributions,
which yield the lowest mean bias and root mean square error between modelled and measured
organic aerosol.

The methodology, described here, improved on previous methods (Ciarelli et al., 2017) which
only separated condensable gases into 2 components (semi-volatile organic compounds and
intermediate-volatile organic compounds) rather than 6 distinct chemical families. The results
showed that the simulated organic aerosol mass concentration with optimized parameters
agreed well with measurements under different temperature and burning conditions (Figure
1.2.11-18). Furan and oxygenated aromatics generally contribute most to SOA formation, while
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the contribution of PAHSs is the highest at low temperature (-10 °C). These results will contribute
to Deliverable 11.4 (due in month 36).

Development of modelling tools for the use of the EUROCHAMP aerosol-cloud interaction,
aerosol chemistry and cloud chemistry results in CTMs (sub-task 11.2.2)

TROPOS have conducted developments of condensed chemical schemes for application in
higher-scale models. In order to study the complex multiphase chemistry effects of aerosol-
cloud-interactions in air quality models, reduced chemical schemes are required for the
numerical simulation. Depending complexity of implemented chemical mechanisms,
simulations will require a huge amount of CPU time and, therefore, very large computing
clusters. Moreover, explicit chemical mechanism schemes grow exponentially in their number
of chemical species and reactions depending on the number of hydrocarbons and are, therefore,
not applicable in air quality models. Thus, the TROPOS started with the development of a
software package for the detailed analysis of ordinary differential equation systems (ODES)
derived from multiphase chemical mechanisms, to obtain condensed ODE systems with fewer
unknowns, which will reduce the amount of required computing power.

—4 =0, _n0 —_10°,
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200 800 80 I Furans
Fa & o I single-ring aromatics
e ‘e e [ PAHS
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Figure 1.2.11-18: Comparison between simulated organic aerosol concentrations from different precursor
families and measured concentrations by smog chamber experiments.

The ISSA method of Mauersberger (2005) was improved to be able to apply complex
multiphase reaction mechanisms, with tens of thousands of multiphase reactions, to the
reduction procedure. The algorithms of Tarjan (1972) and Johnson (1975) were implemented
allowing an efficient calculation of reaction cycles, which are used to further reduce a given
mechanism. The improved ISSA method is applied to identify important sets of species and
chemical reactions/reaction cycles under different environmental conditions (Mauersberger,
2005). Deleting both redundant species and reactions leads to reduced mechanisms which
accelerate the computation of the chemical code within both box-model or higher dimensional
CFD simulations. TROPOS has performed several applications to both medium (i.e.,
RACM+CAPRAM2.4) and large (i.e., MCM3.2+CAPRAMA4.0) mechanisms resulting in a
first reduction of 40% up to 65% in the number of reactions, respectively (see Table 11.2 for
details). The mean deviation of the target species between full and reduced mechanism is less
than 10%. The computational costs of the reduced chemical mechanisms are lowered by about
55%. These results constitute Deliverable D11.5 and further mechanism reduction works are
still ongoing.
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Table 1.2.11-1: Summary of the number of compounds and processes in the full and reduced chemical
mechanism (RACM_CAPRAM2.4, MCM32_CAPRAMA40) as well as the reductions, and the required CPU

tImes.Parameter RACM_CAPRAM2.4 MCM32_CAPRAMA40
Full Reduced Reduction Full Reduced Reduction
% %
Number of compounds
All 250 210 16.00 10199 5620 44.90
Gas phase 109 99 9.17 5941 3265 45.04
Aqueous phase 137 108 21.17 4255 2352 44,72
Number of processes
All processes 787 515 34.54 23098 7971 65.49
Gas phase 281 223 20.64 14233 5175 63.64
Aqueous phase 328 146 55.49 6525 1626 75.08
Phase transfers 34 28 17.65 318 187 41.20
Dissociations 55 45 18.18 852 398 53.29
Computational costs
"Etgg["j‘tt'lon’q‘et)"}“ss 3.66 2.79 23.77 20.10 8.95 55.48

NCAS-UMAN have implemented a scheme allowing the dynamic partitioning of VBS
components to sectional aerosol mlcrophy5|cal representatlon in the WRF-Chem model. This

scheme is explicitly coupled to the cloud
physics module  allowing co-
condensation of semi-volatile organic
components and water vapour (Topping
etal., 2013).

This has been tested in a number of
geographical ~ locations and the
development and results are being
written up for publication. Fig. 1.2.11-19
shows the difference in CCN and cloud
droplets predicted in a domain covering
the Southern UK and Northern France in
July 2010 and the associated change in
radiative forcing (Archer-Nicholls et al.,
2016) attributable to these cloud
adjustments.

The VBS scheme can be modified to
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Figure 1.2.11-19: Differences in CCN, cloud properties and
radiative forcing predicted to follow from co-condensation
of semi-volatile organic vapours.

incorporate the emerging outputs from 11.2.1. This will ensure optimum draw-through from
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our chamber-informed understanding of OA volatility to inform large-scale model predictions
of climate impact.

Development of modelling tools for the use of other EUROCHAMP results in CTMs (sub-task 11.2.3)

INFN activity at the ChAMBRe facility has been mainly addressed to establish the conditions
to achieve the WP11 goals. A procedure to prepare, inject and collect viable bacteria in
ChAMBRe has been set-up (see report on WP10) and published as a regular article (Massabo
et al., 2018). The basic equipment to expose bacteria and/or other bioaerosol species to typical
atmospheric pollutants, has been almost completed. In particular, Oz and NOx concentrations
in ChAMBre can be produced and monitored on-line. Such preparatory work has been
accompanied by a fluid-dynamic simulation of the atmospheric simulation chamber to single
out technical solution to increase the life time of bacteria (Fig. 22). Plans for completion of the
study in fall 2018 have been made together the first exploratory experiments with a polluted
atmosphere inside the chamber. Further activity to systematically study the correlation between
air quality and different bacteria strains has been planned for 2019 to provide the key inputs for
the modelling work in WP11.
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