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LTH Profile Area AEROSOLS
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The research within LTH Profile Area Aerosols research increases the understanding of the sources of
particulate air pollution and its effects on the climate and human health and provides innovations and
control strategies in the following areas: Healthy indoor and outdoor environments, clean transportation
and sustainable materials and cities. Research is performed in close collaboration with external actors
in order to meet societal and industrial needs.

MERGE

MERGE is a strategic research area with focus on reliable modelling of the Regional and Global Earth
system. It is a collaboration between Lund University, University of Gothenburg, Rossby Centre/SMHI,
Chalmers University of Technology and Royal Institute of Technology.

The main aims of MERGE are:

e Strategic research on key global and regional Earth System models, focusing on the terrestrial
biosphere as a critical climate-system component, leading to Improved local, regional and
global climate models with climate/vegetation interactions.

e Key contributions in national and international arenas, and fostering a new generation of
scientists skilled in Earth System science and advanced climate modelling.

e Improve the societal relevance and use of climate model research and results.



Aerodyne Research is a research organization addressing national and international environmental and
energy challenges. In addition, we have developed and provide state-of-the-art scientific instruments
that measure gases and/or aerosol particles in real time and with great sensitivity. Our particle
instruments include Aerosol Mass Spectrometer systems, Aerosol Chemical Speciation Monitors, the
CAPS (cavity attenuated phase shift) PMex, chemical ionization gas mass spectrometer systems, and

PAM-OFRs (Potential Aerosol Mass - Oxidation Flow Reactors) which are available in single, dual, and
triple versions. Aerodyne also offers a TWST - Cloud Properties Spectroradiometer.

Learn more at: https://aerodyne.com/

N

® Knowledge
Beyond
Measure.

TSI® collaborates with universities, research institutions, government agencies, and laboratories
worldwide, providing precision instruments and expertise for aerosol and nanoparticle research. Our
instruments are used in various fields, including environmental monitoring, general aerosol and
combustion research, and filtration testing. By enabling accurate measurements and reliable data, we
help researchers address complex scientific questions in both academic and industrial settings.

Through our work, we contribute to improving air quality, enhancing safety, and advancing knowledge
in aerosol science.

Learn more at: https://tsi.com/research-and-development/
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Dekati Ltd. brings over 30 years of expertise in delivering innovative particle measurement solutions
designed for diverse applications and sample conditions. Our state-of-the-art instruments provide
real-time data on particle number size distribution, total number concentration, and mass
concentration. Complementing this, our extensive range of dilution and conditioning tools includes
everything from simple pre-cut devices to sophisticated computer-controlled automated systems.
Proudly developed and manufactured in Finland, all our products are developed and manufactured
under a ISO 9001-certified quality system, ensuring unmatched precision, reliability, and quality in
every solution we offer.

Learn more at: https://dekati.com/

COMDE
DERENDA

Comde-Derenda GmbH is a family-owned company founded in 1972. Our headquarter is located in
Stahnsdorf near Berlin in Germany. Approximately 45 employees are working there in three divisions,
besides environmental monitoring devices, we also manufacture gas density sensors for high voltage
applications and white canes for visually impaired people. Comde-Derenda GmbH developed its first
dust sampler in 1976 together with the German Federal Health Agency. Today, our dust samplers are
available in many variations for different applications and needs. Dust samplers need a lot of filters! To
facilitate the gravimetric process, Comde-Derenda GmbH also offers manual or automatic weighing
systems. To refine the time resolution of dust events and to provide measurement values in real time,
Comde-Derenda also offers online devices which determine the PM concentration by optical
measurement.

Learn more at: https://www.comde-derenda.com/en/
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alnab

Alnab AB is your local distributor offering technically qualified system solutions to the Nordic Aerosol
market. With a complete product range of particle analyzers, particle generators and gas analyzers, all
knowledge and sustainable technology is gathered under one roof. Through long-term relationships
with our manufacturers, we have built up a great deal of expertise in each product segment. Visit us at

our booth and explore more about our offerings from Palas, Naneos, Aerosol Magee Scientific and
2Btech.

Learn more at: https://www.alnab.se/
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At Acoem we know that our customers rely on us to provide holistic environmental monitoring
solutions that have the power to make a positive difference to people, places and the planet. We are
pioneers in designing, manufacturing, commissioning and maintaining integrated measurement
solutions for a wide range of parameters that require accurate data to prevent pollution or degradation
of our precious resources. We continually seek out answers to global problems and develop
technology that will simplify monitoring processes and be accessible to everyone.

Learn more at: https://www.acoem.com/en/environmental-monitoring/
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AIRMODUS
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We want to promote the knowledge and awareness of ultrafine and submicron particles. We started as
a manufacturer of scientific instruments, but aerosol particles are not solely the interest of the
scientific community. Thus we have further developed the usability and versatility of our systems to
answer also the needs of the industrial users. Our technology team has a solid background in aerosol
measurements and we are all here for You.

Learn more at: https://airmodus.com/about-us/

(#: Cambustion

Cambustion's measurement instrumentation is used by researchers in fields including medical device
development, fire safety testing, drug delivery, ambient pollution monitoring, process control, engine
development and more.

With a large R&D team, we both develop instruments from indigenous ideas and partner with others,
often helping academic teams to develop their ideas into final instruments.

The Products Division also harnesses the expertise and experience of our PhD and degree qualified
scientists and engineers to undertake measurement consultancy for our clients.

Learn more at: https://www.cambustion.com/company/about



https://airmodus.com/about-us/
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DIGITEL

enviro-sense

Since 1972 Digitel Elektronik AG designs and manufactures measurement instrumentation for
environmental monitoring. Digitel is a family-owned business and is located in Switzerland and
Austria. What we do: Development, manufacturing and assembly of aerosol and wet-only
samplers including a wide range of options and accessories, Service of our instruments in
Switzerland and Austria, Worldwide distribution with local partners, Collaborations with
universities and research institutes, Development of customized instruments and accessories,
Support and training of our customers and local partners on site, at our office or online, and
Contract manufacturing (turning and milling, small series).

Learn more at: https://digitel-ag.com/

Sunsct
Laboratory Inc.

Sunset Laboratory Inc. is a pioneer in the field of organic carbon and elemental carbon (OC-EC)
aerosol analysis and was founded in 1982 by Bob Cary. Our instruments are used by federal and
state government, academic researchers, and private sector industries including: aviation, mining,
marine, astronomy, construction, and weather research. Our equipment is suitable for the
laboratory or in the field, and ready for use with NIOSH method 5040, IMPROVE, and EUSAAR 2
protocols. Along with the classic Sunset OC-EC instrumentation for discreet filter measurements,
Sunset Labs also provides a semi-continuous OC-EC analyzer for near real-time, in-situ
measurement of carbon aerosol. Our scientists provide expert analysis for OC-EC samples
collected on quartz-fiber or glass-fiber filters. Our unrivaled customer support includes equipment
installation, maintenance, and quality assurance.

Learn more at: https://www.sunlab.com/
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Detailed program

Tuesday, March 3

11:00 -

13:00-15:30

Registration opens at IKDC, tour of Lund University Aerosol Lab

Tutorial 1 (at MAXIV): Jenny Rissler, Xiangrui Kong, Calle Preger, Jack Lin
- Synchrotron-based techniques for aerosol science

15:30 - 16:00 Coffee break at IKDC

16:00-17:00

Tutorial 2: Nanna Myllys
- Molecular-level atmospheric science

17:00-18:30 Ice breaker

19.30

Art of Air - Performance by Peter Lang, Lund Cathedral

Wednesday, March 4

08:00 -
09:00

Oral
session 1:

09:00 -
09:15

09:15 -
09:45

09:45 -
10:00

10:00 -
10:15

10:15 -
11:00

Oral
session 2:

11:00 -
11:15

Registration opens

Aerosol science to societal impact

Session chairs: Merve Polat, Erik Swietlicki

Welcome

Keynote: Ebba Malmgqvist - Air pollution policy - How does it work and what
research are needed?

Pavla Dagsson-Waldhauserova - High Latitude Dust: Atmospheric observations and
impacts on climate and society

Jens Wahlstrém - Reflecting on Non-Exhaust Emission Factors: Insights from
Scaled Laboratory Tribological Testing

Coffee break and exhibition.

Particle mechanics in the respiratory system

Session chairs: Malin Alsved, Nonne Prisle

Matjaz Malok - Selective detection of aerosolised respiratory droplets in ambient
air



11:15-
11:30

11:30-
11:45

11:45-
12:00

12:00 -
13:00

Oral
session 3:

13:00 -
13:30

13:30-
13:45

13:45-
14:00

14:00 -
14:15

14:15 -
15:30

Oral
session 4:

15:30 -
15:45

15:45-
16:00

16:00-
16:15

16:15-
16:30

18:00 -

Hugo Ohrneman - Validation of an aerosol-based method to detect disease in the
alveolar region of the lung

Pontus Roldin - Air pollution exposure and respiratory tract deposited doses of
particulate matter and related oxidative potential among the population in Europe

Karine Sartelet - Quantification and sources of ultrafine particle deposition in the
human lung and olfactory regions

Lunch and exhibition.

Air quality and environmental monitoring

Session chairs: buridur No6tt Bjorgvinsdottir, Knut Deppert

Keynote: Kaspar Dallenbach - Chasing invisible killers using mass spectrometry,
data science, and modelling

Nikolaos Evangeliou - Updated atmospheric microplastic emissions constrained by
inverse modelling

Leo Hakansson - A drone-based sampling platform for vertically resolved chemical
characterization of aerosol particles using chemical ionization mass spectrometry

Haitong Zhang - Quantifying Residential Wood Combustion Emissions in Lahti,
Finland: Local Emissions Processing and Modelling Insights

Poster session, coffee break and exhibition

Climate modelling and atmospheric aerosol dynamics

Session chairs: August Thomasson, Ulas Im

Robin Wollesen de Jonge - DMS-driven new particle formation in the remote marine
boundary layer and its effects on cloud condensation nuclei from the Arctic to the
Amazon

Sini Talvinen - Aerosol concentration responses to extreme precipitation events in
mid-latitudes

Jonas Elm - Modelling Atmospheric Freshly Nucleated Particles

Petri Clusius - Modelling the impact of anthropogenic aerosols on CCN
concentrations over a rural boreal forest environment

Conference dinner at Mejeriet, Stora Sodergatan 64



Thursday, March 5

Oral
session 5:

09:00 -
09:30

09:30 -
09:45

09:45-
10:00

10:00-
10:15

10:15-
11:30

Oral
session 6:

11:30 -
11:45

11:45-
12:00

12:00-
12:15

12:15-
13:15

Oral
session 7:

13:15-
13:45

13:45 -
14:00

14:00-
14:15

14:15 -
15:00

Aerosol technology and measurements

Session chairs: TBD, Adam Kristensson

Keynote: Chris Hogan - Particles and Droplets at High Speeds and Cryogenic
Temperatures: “Far Out Applications of Aerosol Science”

Kim Cuong Le - Studying Carbonaceous Aerosols Using Advanced Optical Diagnostic
Techniques

Matthew S. Johnson - Environmental DNA as a New Tracer for Terrestrial Aerosols and
Biodiversity

Aiden Jonsson - Characterizing and identifying biological, anthropogenic, and inorganic
coarse-mode particles with fluorescence spectroscopy and optical morphology

Poster session, coffee break and exhibition.

Aerosol chemistry

Session chairs: Jonatan Knutsson, Merete Bilde

Sneha Aggarwal - Sea spray aerosol as an overlooked source of gas-phase perfluoroalky!l
substances (PFAS)

Eva Horchler - Aging and acidification of sea spray aerosols from natural sources in an
atmospheric simulation chamber

Nina Sarnela - Towards harmonized measurements of aerosol precursors

Lunch and exhibition.

Aerosol sources in the green transition and emissions from transport

Session chairs: Morten Engsvang, Sarah Steimer.

Keynote: Topi Ronkko - Ultrafine particle emissions of modern vehicles and their impact
on urban air quality

Saema Ansar - Chemical Composition of Maritime Fuel Emissions Drives Distinct Cellular
Toxicity Profiles Revealed by Integrated Omics Analysis

Teemu Lepistd - Investigating the ultrafine particle dispersion from a medium-large
international airport

Coffee break and exhibition



Oral Indoor and workplace aerosols

session 8: gossion chairs: Jussi Hoivala, Aneta Wierzbicka

15:00 - Frederik Beelum Hildebrand - Overview of indoor air pollution measurements in

15:45 elementary schools in Denmark and impacts of air-purification devices: a case study
15:15- Edvin Elmroth - Fly ash aerosols from high temperature hazardous waste incineration
15:30 utilizing rotary kiln

15:30- Karin Lovén - Characterization of occupational airborne metal exposure during copper
15:45 beneficiation

15:45 -

16:00 Awards, closing remarks

19.00 Dinner and post-conference mingling (at own cost)

Friday 6 March

8:00 Departure for visit to ACTRIS/ICOS station Hyltemossa

09:30 - . . . .

13:00 ACTRIS/ICOS stations (including lunch sandwich)

13:00 Bus back to Lund (EAT 14.30)



Poster presentations

Even numbers: Poster session 4/3. Odd numbers: Poster session 5/3

Poster | Presenting author | Title

number

1 C. Abrahamsson Fumed silica particle release during bag dumpingin a
chemical plant setting

2 C. Andersen VOC and aerosol particle measurements during plastic
welding in a work environment

3 E. Andersson Urban PM2.5 at Realistic Environmental Concentrations
Impairs Blood-Brain Barrier Integrity and Enhances Stroke
Biomarker Expression in Human Brain Endothelial Cells

4 D. Ayoubi Direct Measurements of Oxygen in Organic Aerosol particles
and Possible Implications on Atmospheric Chemistry

5 S. Barua NO increases secondary aerosol precursor formation from
aromatic carbonyl compounds

6 S. Bengtsdotter Physical and Chemical Characterization of Road Wear
Particles from 5 Road Surface Materials

7 b. Bjorgvinsdottir Chamber of Secrets: Dimers and other degradation products
of sabinene and limonene

8 E. Cwalina How Are PAHs and Aerosols Formed and Emitted During
Biomass Thermal Conversion? Insights from Pyrolysis,
Gasification and Combustion

9 L. Dahlberg Ranging and characterizing aerosolized soot using a
hyperspectral Scheimpflug Raman lidar

10 F. Dahlkotter Mobile measurement of particle number concentrations of
traffic-related emissions

11 C. Daub New Horizons in Sulphur Aerosol Chemistry --
Organosulphates (And Organosulphites?)

12 F.S. Doré Chemical composition differences in gas- and particle-
phase organic and DMS-derived oxidation products between
a pristine marine environment and a wildfire-influenced
marine air mass

13 J. Enarsson Reactive oxygen species and oxygen functionalization on
carbon nanomaterials

14 J. Enarsson Effect of carbonaceous particles on BPEAnit-based
measurements of reactive oxygen species

15 M. Engsvang CONNECTING THE DOTS: FROM NANOSCALE CLUSTERS TO
AEROSOL PARTICLES

16 N. Evangeliou High-Latitude Wildfires as an Arctic Aerosol Sources

17 S. Farhoudian NO-Triggered RO-Mediated Propagation in the OH Oxidation
of a Saturated Cyclic Alkane

18 A. Glasell Temporal Variability of Ice Nucleating Particles in Southern

Sweden




19 E. GorjatSova Speciation of zinc in MSWI fly ash studied using 2D
hyperspectral mapping

20 J. Gratzl Fluorescent fungal spores as atmospheric ice nucleating
particles in the European sub-Arctic

21 S. Haider Roadside particle number (PN) measured with a high
frequency CPC, volatile particle removing catalyst and
ultrasonic anemometer

22 M. Hallquist From Molecular Composition to Volatility:
Gas-Particle Partitioning of Monoterpene SOA

23 G. Hasan Surface-Mediated RO, Oligomerization on Freshly Nucleated
Atmospheric Particles

24 J. Hoivala Dual study of underground mine air quality: Effects of fuel
transition, intake air heating, and cabin air filtration on
worker exposure

25 S. Holm Towards a preparation-free analysis workflow for aerosol
filters with TD-MION-Orbitrap

26 U.Im Aerosol-cloud interactions over the high Arctic: CLeancloud
Arctic VIlum ExpeRiment (CLAVIER)

27 S. Ismayil Source apportionment of dust aerosols in Southern Sweden

28 A.Jadav Evaluating representation of marine aerosols in Norwegian
Earth System Model

29 P. Juuti On the cusp of nucleation with an oxidation flow reactor
(DOFR™)

30 L. Jonsson Time-resolved composition of CuZn nanoparticles generated
by spark ablation

31 C. Karagianni Cloud residual size distributions of clouds observed at Mt.
Helmos, Greece, and the influence of potential
measurement artifacts

32 I. Karppinen Acetyl peroxy radical-initiated oxidation of oxygenated
monoterpenes: functional group effects on reaction
pathways

33 A. Kervinen MULTIGENERATIONAL OXIDATION OF BENZYL ALCOHOL IN
THE ATMOSPHERE

34 K. Kjeer Glycolic Acid Sulfate Formation in Aqueous Aerosols
Analyzed with Hydrophilic Interaction Liquid
Chromatography-Mass Spectrometry

35 Y. Knattrup Growth of Atmospheric Freshly Nucleated Particles: A Semi-
Empirical Molecular Dynamics Study

36 J. Knutsson Biogenic Volatile Organic Emissions and Secondary Organic
Aerosol Formation from a Newly Planted Boreal Forest

37 A. Koskinen The Effect of Substitution on the Unimolecular Reaction
Rates of Stabilized Criegee Intermediates

38 T. Krinke Advanced Laser Diagnostics for Investigating the Formation
of Metal Clusters from Spark Ablation

39 A. Kristensson Are Nordic dust aerosol particles originating from deserts or
near-regional sources?

40 A. Kristensson Climate impact of afforestation in the Nordic countries

41 J. Kéykka Investigating the regional and long-range transport of
aerosols to Greenland

42 A-K Larsson Different Susceptibility to Particulate Matter Exposure within

Callerfelt

the Respiratory Tract




43 J. Lavric High-Resolution Continuous Black Carbon Measurement for
Improved Understanding of PM2.5 Toxicity and Mitigation of
Pollution Hotspots

44 A. Le Bayon Semi-explicit chemical mechanisms for aromatic oxidation
by automatic identification of major SOA pathways

45 T. Lepisto Investigating the ultrafine particle dispersion from a
medium-large international airport

46 M. Liljenberg Exhaled particles and viruses from humans with upper
respiratory infection

47 J. Léndahl Validation of an aerosol-based method to detect disease in
the alveolar region of the lung

48 I. Mahmutovic PM2.5 exposure modulates inflammation and markers of

Persson barrier integrity in the lungs of rats: a comparative study of

chronic and acute exposure

49 P. Marjanen Characterizing Secondary Aerosol Formation from
Lubricating Oil-Derived Emissions of a Prototype Natural
Gas Engine

50 J. Masionis Influence of lon Polarity and Ventilation on Aerosol Removal
Efficiency in Indoor Air Using a Custom-Built lonizer

51 M. Meder EXPLORING A NOVEL ISOMERISATION REACTION OF
AROMATIC COMPOUNDS USING CHEMICAL IONISATION
MASS SPECTROMETRY

52 B. Meuller Combining Near Real-Time Elemental Insights with Auxiliary
Low-Cost Sensors to Understand Metal Air Pollution ata Cu
Beneficiation Plant

53 M.K. Mikkelsen Photochemical production of chlorine Cl2 from aqueous
iron chloride solutions: Impact of light, pH, [H202], [CL-],
[NO3-], [SO42-] and [Fe(lI/IIN]/[CL-]

54 B. Muyshondt Microbial (fungal) Contamination in Indoor Environments: A
Study of Air Sampling Approaches

55 U-V Makinen A concept for improving the detection of nanoparticles with
the SP-AMS

56 L. Nilsson Springtime observations of black carbon aerosols in and
outside of low-level Arctic clouds during the ARTofMELT
expedition 2023

57 A.Nurminen Formation of aerosol precursors from the atmospheric
oxidation of cumene

58 A. Ojala Catechol oxidation dominates SOA formation from
multigenerational oxidation of benzene and phenol

59 A.N. Pedersen Atmospheric New Particle Formation Enhanced by
Tricarboxylic
Acids

60 K. Peek SECONDS AFTER AEROSOLISATION: THE IMPACT OF
RELATIVE HUMIDITY ON AIRBORNE INFLUENZA A VIRUS

61 J. Petersson (V. Matrix and Relative Humidity Effects on Organic Aerosol

Geretti) Evaporation Measured by FIGAERO-CIMS

62 K. Pira A Scandinavian Cohorts Study of Black Carbon Exposure
and Birth Weight Outcomes

63 M. Polat Characterization of Organic Aerosols from Traditional and
Alternative Asphalts Using Mass Spectrometry

64 Z. Pourjam The influence of relative humidity on rhinovirus infectivity in

aerosol phase




65

C. Preger

In-flight surface characterization of aerosol particles at
MAXIV synchrotron radiation facility

66

S. Ramu

Combined PM2.5 and viral exposure dysregulates anti-viral
defence and inflammatory signalling in human bronchial
epithelial cells in in Vitro

67

M. Rasmussen

Probing cloud forming potential of particles containing
organic acids

68

J. Rex

Aerosol Emissions from Electric Vehicle Battery Cells during
Heating and Thermal Runaway

69

J. Rissler

Lab-method for dustiness testing of secondary aggregates
and first results

70

M. Roudini

Miniaturized, cost-efficient, mass-producible and
reproducible SAW-based aerosol generators

71

S. Sasikumar

In-Flight/Online Spectroscopic Characterisation of Soot
Aerosol

72

A. Savolainen

Formation of Low-Volatility Compounds from the Multi-
Generational Oxidation of 1,3,5-Trimethylbenzene

73

M. Sedrpooshan

Towards the Continuous Fabrication of Soft Magnetic Micro-
Actuators

74

S. Steimer

Ambient ultrafine particle concentrations at a major
Swedish airport

75

C. Svenhag

Structural and Parametric Contributions to Aerosol Effective
Radiative Forcing Uncertainty in a Two-Model Perturbed
Parameter Ensemble

76

B. Svenningsson

Missed evaporation from atmospherically relevant inorganic
mixtures during droplet drying confounds experimental
aerosol studies

77

E. Swietlicki

ACTRIS Sweden — The national research infrastructure for
observations of atmospheric short-lived climate forcers and
pollutants

78

K. Szalo-Pal

Relative Humidity Influences Chlorine Chemistry on Natural
Salt Surfaces

79

A. Thomasson

The effects of vehicle emissions on particulate matter and
number in Europe: a model comparison across chemical
complexity

80

L. Thomsen

Investigation of Molecular Composition of Arctic Organic
Aerosols and Marine Precursors

81

P. Tripathi

Real-time chemical characterization of cloud droplet
residuals at the Maido high-altitude observatory, Réunion
island

82

C. Udemezue

Interaction of SO2 and ice surface under atmospheric
conditions: update, dissociation and surface disordering

83

W. Wei

Surface Lithium Enrichment in Lithium Mine Slag Analogue
Aerosols Probed using In-Flight XPS

84

T. Wendt

Chemical Composition of Maritime Fuel Emissions Drives
Distinct Cellular Toxicity Profiles Revealed by Integrated
Omics Analysis

85

H. Wu

Molecular-to-Nanometer Scale Modeling of Atmospheric
Aerosol Nucleation

86

M. Zhang

Effect of chronic pulmonary diseases on simulated aerosol
drug deposition in the respiratory tract during adult HFNC
and IMV




87 X.Zhang The Residential Fire Emissions Experiment: Aerosol
Composition, Chemistry and Exposure Assessment with a
Drone & Mass Spectrometer Platform

88 K. Abom Probing viscosity of secondary organic aerosols from
sabinene ozonolysis

89 T. Olenius

National ammonia emission reduction benefits for air quality
and environment: Case study for Sweden




All abstracts

(in alphabetical order by surname of
presenter)



Fumed silica particle release during bag dumping in a chemical plant setting

Camilla Abrahamsson’, Neeraj Shandilyaz, Christina Isaxon’

I: Division of Ergonomics and Aerosol Technology, Lund University, Lund, Sweden
2: Netherlands Organisation for Applied Scientific Research (TNO), The Netherlands

Fumed silica is a powder product based on amorphous silica with widespread industrial use, such as
for adjusting thickness in paints and coatings. However, transferring powder from product
packaging into reactors without releasing dust to the work environment is an ongoing challenge.
Due to the low bulk density (0.3 g/cm3) caused by its loose network structure (1-5 um agglomerates
of 200-500 nm aggregates from 20 nm primary particles), the powder is

readily aerosolized by any disturbance, manipulation or movement, even air currents from

nearby activities. To what extent and under which conditions agglomerates will separate into their
aggregates is not yet established. Fumed silica particle emissions need to be limited and contained
to prevent workplace contamination, ensure process efficiency and protect workers from skin- and
airway irritation.

In this work, particle release from fumed silica big bag dumping was characterized at a workstation
in a chemical plant. During one shift, the contents of eight 150 kg bags of fumed silica were
dumped into a reactor, where a worker manually mounted and secured the bag

opening onto a funnel connected to a pump. Time-resolved particle concentrations and size
distributions were obtained at 2 m (NF) and 20 m (FF) distance from the workstation using APS,
CPC and SMPS instruments (7 nm — 20 um range) and personal exposure to <300 nm particles was
measured in the personal breathing zone using a Partector. Measurements were related to logged
worker activities.

Emissions generating spikes in particle concentrations were detected across all characterized size
ranges and could be correlated to the timepoints when bags were manually exchanged.

While the highest emissions were detected in the NF and PBZ, a few spikes were also detected in
the FF. In CPC measurements (7 — 2000 nm), particle concentrations were

temporarily twice as high during bag changes compared to in between bag changes (from 10 000
#/cm3 to 20 000 #/cm3), whereas in APS measurements (0.5 — 20 um), the particle concentrations
changed from 10#/cm3 to 50#/cm3 during bag changes. The particle size

distributions showed a bimodal distribution, with particle diameters around 70 nm and 1 pm.
However, during bag change, a transient mode around 20 nm appeared but could only be seen in the
NF. The highest release took place when a bag failed to mount properly and powder

visibly poured outside the funnel, resulting in a sudden >10-fold increase in particle

concentrations compared to earlier in the shift (260 000 #/cm3 in CPC, 150 #/cm3 in APS).

Taken together, these findings confirm that the particle release is from the fumed silica, where the
change in size distributions during bag exchange suggest some degree of agglomerate

separation taking place. Changes in particle size may impact suitable protective measures.

The repeating release events highlight the need for improved containment and automation of the
workstation to limit the contact between the worker and the powder.



Sea spray aerosol as an overlooked source of gas-phase perfluoroalkyl substances (PFAS)

S. AGGARWAL"?>", M.E. SALTER"??, O. GARMASH"’, T.H. BERTRAM®, J.A. THORNTON?, J. WANG’, P.
ZIEGER"?, C. MOHR®’

'Department of Environmental Science, Stockholm University; Stockholm, 11419, Sweden.

2Bolin Centre for Climate Research, Stockholm University; Stockholm, 11419, Sweden.

3Baltic Sea Centre, Stockholm University; Stockholm, 11419, Sweden.

“Department of Atmospheric Sciences, University of Washington; Seattle, WA 98195, United States.

SDepartment of Chemistry, University of Copenhagen; Copenhagen,1172, Denmark

®Department of Chemistry, University of Wisconsin-Madison; Madison, WI 53706, United States.

"Department of Energy, Environmental and Chemical Engineering, Washington University in St. Louis; St. Louis, MO
63130, United States.

8PSI Center for Energy and Environmental Sciences, Paul Scherrer Institute; Villigen, 5232, Switzerland.

°Department of Environmental Systems Science, ETH; Ziirich, 8092, Switzerland

*now at Center for Chemistry of Clouds, Department of Chemistry, Aarhus University, 8000 Aarhus C, Denmark

Per- and polyfluoroalkyl substances (PFAS), often referred to as "forever chemicals," are a group of
persistent organic compounds. They are characterized by a carbon chain in which hydrogen atoms are fully
or partially replaced by fluorine atoms. Some of these compounds have been linked to various adverse health
effects, e.g., decreased fertility and increased risk of cancer. Certain PFAS, such as perfluorosulfonic acids
and perfluorocarboxylic acids, possess amphiphilic properties, which contribute to their high water
solubility. This in turn makes global oceans a significant reservoir for PFAS. Recent studies have
demonstrated that sea spray aerosol (SSA) particles, generated by wave breaking and bubble bursting, can
transport large amounts of PFAS from the ocean to the atmosphere. While these studies have focused on the
particle phase, the gas-particle partitioning behaviour of PFAS and the potential for gas-phase PFAS
emissions from SSA particles remain largely unexplored.

To address this, we conducted field measurements at the remote marine island of Graciosa in the Eastern
North Atlantic Ocean. We generated SSA particles from water samples in a sea spray simulation tank and
compared the molecular-level chemical composition of co-emitted gases with SSA aerosols to those in the
surrounding air.

Surprisingly, a significant portion of the gas-phase signal originated from PFAS compounds in both the
ambient air and the sea spray simulation tank. This suggests that the ocean is also a significant source of gas-
phase PFAS, with important implications for atmospheric chemistry. To further explore the mechanisms that
may drive gas-phase emissions of PFAS from SSA particles, we conducted a series of controlled laboratory
experiments using both real and artificial seawater samples. Our findings indicate that seawater salinity and
the pH of SSA play crucial roles in the gas-phase emissions of ionic PFAS from SSA particles. This
introduces a deeper understanding of gas-particle partitioning of these compounds. Overall, we anticipate
that our improved understanding of PFAS emissions will contribute to a more accurate atmospheric PFAS
budget, and their impacts on atmospheric chemistry and health.



VOC and aerosol particle measurements during plastic welding in a work environment
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The objective of this study was to characterize volatile organic compounds (VOCs) and aerosol
particle emissions in the work environment during various plastic welding activities at a technical
school educating students in plastic welding. The measurements were conducted during teaching
sessions, in which one teacher supervised multiple students performing several different plastic
welding activities ongoing at separate workstations in the workshop.

VOC concentrations were measured continuously over two days with an Ionicon Proton Transfer
Reaction Time of Flight Mass Spectrometer (PTR-ToF-MS) during both active plastic welding
periods and during inactivity periods serving as background measurements. Simultaneously, particle
size number distributions were measured in the size range of 10 nm to 10 pm with a combination of
a TSI NanoScan SMPS and an OPS. Furthermore, the chemical composition of fine particles was

measured by an Aerosol Chemical Speciation Monitor (ACSM). The workshop (volume: 1064 m3)
was equipped with central mechanical ventilation as well as local point extraction at each
workstation. Measurements of VOCs and aerosol particle properties were performed centrally in the
workshop to capture the average concentrations within the workshop related to different workstations
and different types of welding activities. In addition, a smaller mobile set up was used to measure
selected aerosol particle properties closer to specific welding activities.

The measurements showed distinct increases in several VOCs during the welding periods, despite
the active ventilation. We primarily detected the short-chained aldehydes formaldehyde,
acetaldehyde and acrolein, accompanied by elevated concentrations of butadiene, toluene, xylenes
and acetone. All the compounds were associated with the welding activities except from acetone,
which showed to likely be associated with human exhalation.

Average concentrations of formaldehyde and acrolein were approximately one tenth of their
respective Danish 8-hour occupational exposure limits. However, given known limitations in
quantifying formaldehyde with PTR-ToF-MS (e.g., low proton affinity and humidity dependence),
follow-up documentation using standardized analytical methods is recommended.

The particle mass concentrations typically increased significantly relative to background

levels during welding activities. Although the measured concentrations across the weld-ing stations
(35-70 pg/m?) remained well below the Danish 8-hour occupational expo-sure limit of 3 mg/m? for
organic particles, they were nevertheless substantially elevated compared to background
concentrations.

The study was supported by Industriens Nationale Lyd og Luft Lab by the Danish Agency for Higher
Education and Research and Focused Research Effort on Chemicals in the Working Environment
(FFIKA) by the Danish Government.
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Ambient air pollution, especially particulate matter 2.5 (PM2.5), has emerged as a critical
environmental risk factor for cerebrovascular and neurodegenerative diseases, contributing to an
estimated 6,7 million premature deaths annually. Notably, the majority of the global population are
exposed to PM2.5 levels exceeding the WHO air quality guidelines. PM2.5 induces cellular toxicity
and disrupt the blood-brain barrier (BBB), a pathological hallmark in diseases such as ischemic stroke
and Alzheimer’s disease, causing influx of toxic particles to the brain. Despite epidemiological
evidence linking PM2.5 to increased stroke incidence, its underlying cellular mechanism driving this
association remains poorly understood. It also remains unclear how environmentally relevant
concentrations of PM2.5 affect brain vascular function, as most research relies on high doses of
commercially manufactured particles. It is also unknown whether urban air pollution influences
stroke-related biomarkers such as the lectin-like oxLDL receptor 1 (LOX-1).

Primary adult male human brain microvascular endothelial cells (HBMEC) were exposed to
atmospheric equivalent concentrations of PM2.5 (5, 15, 75, or 300 ug/m?) collected from urban
environments in southern Sweden, or vehicle control as reference. Calculations of physiologically
relevant concentration were based on studies investigating the presence of airborne nanoparticles in
the vasculature. Cells were subsequently, exposed to normoxia (21% O2) or hypoxia (1% 0O2) and
glucose deprivation, followed by reperfusion as a model for ischemic stroke. Cell viability, oxidative
stress, inflammation, tight junction protein (claudin-5, ZO-1) and LOX-1 protein expression were
assessed.

PM2.5 exposure decreased the expression of BBB proteins claudin-5 and ZO-1 and increased LOX-
1 expression at concentrations as low as 15 ug/m* PM2.5, a concentration commonly encountered in
urban environments globally. Higher concentrations of PM2.5 (=75 ug/m?®) induced cellular
dysfunction, oxidative stress and inflammation in a dose-dependent manner. The cellular effects of
PM2.5 closely resembled those induced by ischemic-like injury.

These findings demonstrate detrimental effects of low levels of urban PM2.5 on BBB proteins of
HBMEC, which are crucial for maintaining barrier function. Dose-dependent impairment of
endothelial viability similar to effects from ischemic stroke, was also observed at lower PM2.5
concentrations than previously reported. The results suggest that ambient urban PM2.5 may act as a
predisposing factor for cerebrovascular and neurodegenerative disease onset or progression, by
causing endothelial and barrier dysregulation. These findings emphasize the cerebrovascular
vulnerability to air pollution and underscore the importance of studying PM2.5 at physiologically
relevant doses in multiple diseases with are connected to air pollution exposure.



Direct Measurements of Oxygen in Organic Aerosol particles and Possible Implications
on Atmospheric Chemistry
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Atmospheric aerosols are ubiquitous, with organic aerosol (OA) particles accounting for 20—70% of
particulate matter. Accurately predicting their chemistry and thus their large-scale impacts on air
quality and climate, requires understanding molecular-scale processes occurring within individual
particles. Among these processes, the diffusion and partitioning of oxygen (O») are especially
critical. Yet experimental data on O> uptake and transport within OA remain scarce.

Diffusion of Oz within OA impacts particle-phase reaction rates and the chemical lifetimes of
aerosol-borne pollutants. Photochemical reactions in OA can generate oxygen-limited conditions,
which have been linked to the formation of reactive oxygen species and polycyclic aromatic
hydrocarbons (PAHs), altering aerosol composition and potentially exacerbating health effects. O
availability is expected to depend strongly on particle phase state, which varies with relative
humidity (RH) and temperature and can range from liquid-like to semi-solid or solid. Despite the
importance of O, To date, no direct particle-resolved measurements of O> concentrations have been
reported, leaving a critical gap in our understanding of aerosol aging and oxidative capacity.

To address this gap, we directly measure and quantify Oz concentrations within atmospheric OA
using porphyrin-based oxygen-sensitive probes (OSPs) embedded in OA matrices. O detection is
based on phosphorescence quenching, whereby molecular oxygen induces non-radiative deactivation of
the excited probe, resulting in a concentration-dependent decrease in emission intensity. As a proof
of concept, we first validate this approach using bulk spectroscopy. Fluorometer measurements of
OSPs in citric acid and sucrose solutions show a robust and sensitive phosphorescence response, with
clear differentiation between N»-saturated, ambient, and O»-saturated conditions, con-firming the
suitability of phosphorescence quenching for quantitative O detection in OA-relevant matrices.
Building on this bulk validation, we extend the method to single-particle measurements using
fluorescence microscopy. We developed a custom-built controlled flow cell coupled to the microscope,
allowing precise control of gas composition and RH. Individual OSP-doped OA particles are
deposited and sequentially exposed to pure N> and pure O while RH is varied to tune particle phase
state. This setup enables direct visualization and quantification of O concentrations and spatial
distributions within single OA particles across phase regimes using fluorescent microscopy.

The development and validation of direct O> sensing at the single-particle level provides a use-ful
method for determining how OA phase state shapes O» diffusion and impacts particle-phase
chemistry. By understanding this, critical knowledge for current atmospheric models is obtained,
improving predictions of pollutant production, aerosol ageing, and chemical lifetimes. Ultimately, this
knowledge strengthens our ability to assess aerosol contribution to air pollution—related health
concerns and climate-relevant processes, such as radiative forcing and cloud formation.



NO increases secondary aerosol precursor formation from aromatic carbonyl compounds
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Ambient secondary organic aerosol (SOA) is sourced by oxygenated condensable molecules formed
by oxidation of volatile organic compounds (VOCs). According to current understanding NOx (=NO
and NO>) considerably hinders, even prevents, the formation of highly condensable reaction products,
and thus cuts short the SOA production. However, in certain chemical systems the involvement of
NOx, or rather NO, can increase the yield of condensable chemicals by converting rather unreactive
peroxy radicals (RO2) into much more reactive alkoxy radicals (RO) that have the potential to
propagate the oxidation cascade through mechanistic bottlenecks. In select oxidation systems this
leads to considerably enhanced production of highly condensable matter, an observation which has
important ramifications to polluted air chemistry.

In this work we studied the formation of condensable products from three aromatic carbonyl
compounds benzaldehyde, acetophenone and phenylacetaldehyde by a joint experimental-
computational approach. The reactions were studied in flow reactor setups under variable short
reaction times and NOx additions, and the products were quantified utilizing nitrate ion based
chemical ionization mass spectrometry. Computations and kinetic modelling were performed to
strengthen the hypotheses originating from the experimental work. We find significant differences
between the systems, with 2/3 studied aromatics showing much pronounced condensable product
generation upon addition of NO to the reaction mixture, and the remaining 1/3 channeling the yield
into a single nitro hydroxy product channel. Importantly the results show that even unrealistically
large NO addition of 1 ppm does not shut down the highly efficient oxidation chain but instead leads
to several condensable products in higher yields than in absence of NO. This is in stark contrast to
insights from the frequent monoterpene chamber oxidation experiments, in which practically
invariably NO has been implied to severely hinder SOA generation. This also illustrates how minor
changes in the oxidizing molecular structure can lead to large differences in subsequent secondary
aerosol yields.
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Materials

Sara Bengtsdotter!, Sara Bengtsdotter', Ida Jéirlskog’, Benjamin Holmberg’, Mats Gustafsson?,
Vilhelm Malmborg!

"Lund University, Department of Design Sciences, Sweden *Swedish National Road and Transport Research
Institute (VTI), Linkoping, Sweden

In Nordic countries, road wear from use of studded tyres during winter can cause significant
episodes of high particle concentrations in road and street environments during early spring.
Studies of the

physical, chemical and toxicological properties of these particles are important to determine their
health effects.

Roads are usually constructed with local materials, meaning that road surface materials can vary
significantly across regions. Lab studies using scaled methods to produce these particles are
therefore of interest, as it allows us to measure and collect particles from various road surface
materials under controlled and comparable conditions.

In this study, we investigated the chemical and physical properties of particles from 11 different
road surface materials, including different stone aggregates, different binders and different stone
sizes.

Particles were generated with the Troger apparatus, which simulates road wear from studded tyres
by allowing a rotating circular test disc to be subjected to abrasion from steel needles driven by
compressed air under zero-degree conditions. The method was originally developed to measure
road abrasion but has since been abandoned as a standard test in favour of the Prall method.
However, the Troger method has advantages for studies on airborne road wear emissions as it
produces airborne particles (as opposed to the Prall method, which collects these particles in water)
and has been showed to produce particle size distributions comparable to those produced from the
VTI road simulator.

Hence, the Troger apparatus has been developed further to accommodate for studies of road wear
particles.

Particle size distributions and elemental composition were measured on-line with an aerodynamic
particle sizer and Xact 6251 respectively. Particles were also collected on 90mm Teflon filters for
off-line elemental analysis (ICP-MS) and ROS analysis.

Here, we will present results from these experiments, focusing on size distributions and elemental
composition of particles from five of the 11 studied road surface materials. Both methods for
elemental analysis of PM2.5 show an unexpectedly high iron concentration, suggesting that the steel
needles used to generate the particles might be a significant source of particles in this size fraction.

The work is funded by the Swedish Research Councils VR (2023-03952) and the Swedish
Competence Centre in Road Technology (Swedish Transport Administration).



Chamber of Secrets: Dimers and other degradation products of sabinene and limonene
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The magnitude of aerosol impact on climate is associated with significant uncertainty due to the
countless and complex processes involved in atmospheric aerosol formation. A large fraction of
these aerosols is made up of secondary organic aerosols (SOA), whose most significant formation
pathway is oxidation reactions of biogenic volatile organic compounds (BVOC), primarily emitted
by trees. Some of the most atmospherically prevalent BVOCs are a class of compounds called
monoterpenes.

Molecular dimers of monoterpene oxidation products have been identified as potentially significant
compounds for new particle formation due to their low vapor pressure. Dimer formation from the
oxidation of some of the most abundant monoterpenes, such as a- and B-pinene, has been
extensively studied, but other monoterpenes less so. To improve existing knowledge and
characterization of aerosol formation in the atmosphere, two globally abundant monoterpenes,
limonene and sabinene, were studied in this work.

A known amount (50-100 ppb) of VOC was injected into the Aarhus University Research on
Aerosol atmospheric chamber (AURA) along with an abundance of O3 (130-300 ppb). Particles
were collected in 15-minute time intervals with a sequential spot sampler throughout experiments,
and on filters at either maximum particle concentration or the end of the experiment. SOA
formation was investigated at five temperatures (-15, -10, 0, 10, and 20°C). Subsequently, the
samples were analyzed using a UHPLC-Orbitrap MS and non-targeted analysis was performed on
data, including molecular formula assignments and structural suggestions using MS? spectra.
Several oxidation products were detected for both monoterpenes, with their abundances being both
negatively and positively correlated with the aerosol formation temperature. These observations are
theorized to be due to gas-phase reaction kinetics, and differences in physical properties of the
products, such as vapor pressure or the presence of a carbon double bond available for further
reaction. Semi-quantification of the products was performed, revealing the most significant
oxidation products formed and changes in chemical composition with experimental conditions. For
the most significant oxidation products a structural assignment and reaction pathway description
was suggested.

Several dimer masses were detected after sabinene oxidation. Most abundant were C19H30Os,
C19H3006, C19H3007, and C19H3,07. MS? spectra suggest all are ester dimers formed as a
combination of sabinic acid (CoH1404, MW 186), which is the sabinene analogue to a common
monoterpene ozonolysis product, and another monomeric subunit containing 2-4 oxygen atoms and
a CioHis or CioHoo carbon skeleton. As ozonolysis causes a loss of one carbon atom from the
sabinene structure, leading to products with nine carbons, this suggests the other monomeric subunit
is formed through OH radical initiated oxidation. The information on the oxidation initiator, as well
as MS? fragmentation and literature on other monoterpene oxidation products, were used to suggest
formation pathways and structures for the dimers.

This work was funded by the Carlsberg Foundation and the Danish National Research Foundation (DNRF172) through
the Center of Excellence for Chemistry of Clouds.
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The radiative properties of clouds depend partially on the cloud droplet number concentration, which is
determined by the concentration of cloud condensation nuclei (CCN) when the clouds are formed. In turn,
CCN concentrations are determined by the atmospheric particle size distribution and their chemical
composition.

In our paper (Clusius et al., 2026), we use a novel Lagrangian modelling framework to examine the origins
and history of gas and aerosol components observed at the boreal forest measurement site SMEAR 1I, and their
potential to act as CCN. This framework combines: a) global emission datasets, b) backward trajectories from
the FLEXible PARTicle dispersion model (FLEXPART, Pisso et al., 2019) airmass dispersion model, c) a
detailed de-scription of atmospheric chemistry and aerosol dynamics from the Model to Simulate the
Concentration of Organic Vapours, Sulphuric Acid and Aerosol Particles (SOSAA, e.g., Chen et al. 2021).
We apply this SOSAA-FP frame-work to simulate a period from March to October 2018 with one hour time
resolution, focusing on the concentrations of CCN between 0.1-1.2 % maximum supersaturation as calculated
by the k-Kohler theory (with respective dry particle diameter of activation ca. 175-35 nm). We find that the
model PM; fraction of primary particles, sulfates and secondary organic aerosol correlate well with the
observed organic aerosol and sulfate trends and explain most of the observed organic aerosol and sulfate PM;
mass. Our results show that primary particle emissions strongly affect the CCN concentrations even at a rural
site such as SMEAR II. Changes in atmospheric cluster formation rates in the model had a weak impact on
the modelled CCN concentrations in all but highest super-saturations (1% and higher). Enhanced cluster
formation increased (decreased) the CCN concentrations for the highest (lowest) maximum supersaturation.
Without any cluster formation our modelled median CCN concentrations changed by —48 % and +23 % for
supersaturations of 1.2 % and 0.1 %, respectively, whereas omitting primary particle emissions had a
decreasing effect in all calculated CCN supersaturation classes (—82 % and —33 % decrease in median CCN
of 1.2 % and 0.1 % supersaturation, respectively).

The weak sensitivity to cluster formation rates and the decreasing effect to lowest supersaturation CCN was
un-expected, as was the strong influence of anthropogenic primary emissions. While the dataset of this work
is far from exhausted, the Lagrangian model framework has proven to be powerful tool in increasing the
mechanistic understanding of CCN formation and origins. Further development of the SOSAA-FP includes
improvements in inorganic and cloud aerosol processes.

Chen, D. et al.: A modelling study of OH, NO3 and H2SO4 in 2007-2018 at SMEAR II, Finland: analysis of long-

term trends, Env. Sc. Atm., 10.1039/d1ea00020a, 2021.

Clusius, P. et al.: Modelling the impact of anthropogenic aerosols on CCN concentrations over a rural boreal forest
environment. Atm. Chem. Phys. (Accepted), 10.5194/egusphere-2025-39, 2026

Pisso, I. et al: The Lagrangian particle dispersion model FLEXPART version 10.4, Geosci. Model Dev., 10.5194/gmd-
12-4955-2019, 2019.
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Carbonaceous aerosols, particularly soot (black carbon), are produced by the incomplete combustion
of hydrocarbons and play a critical role in climate change, air quality degradation, and human health.
Soot contributes to global warming through strong absorption of solar radiation and affects
atmospheric chemistry and cloud formation. Importantly, the environmental and health impacts of
soot depend strongly on its maturity and physicochemical properties. Mature soot particles are highly
graphitized and efficiently absorb sunlight, amplifying their radiative forcing. In contrast, immature
soot particles are typically smaller, contain a higher fraction of organic compounds, and are associated
with more severe adverse health effects due to their enhanced reactivity and ability to penetrate deep
into the respiratory system.

Conventional analytical techniques, such as chemical analysis and electron microscopy, are highly
effective for characterizing deposited samples. However, the deposition process itself may alter
particle morphology, surface chemistry, or aggregation state, thereby obscuring the intrinsic
properties of soot in its native aerosol form. This limitation motivates the development of non-
invasive diagnostic approaches capable of probing soot directly in the aerosol phase.

In this talk, I will demonstrate how advanced light sources and large-scale research infrastructures in
Lund enable detailed investigations of carbonaceous aerosols both in-flight and in the solid phase,
with careful consideration of sampling- and measurement-induced artifacts. By combining advanced
laser-based optical diagnostic techniques including Raman scattering and UV—-Vis—NIR absorption
spectroscopy with X-ray photoelectron spectroscopy, we achieve a comprehensive characterization
of soot particles from surface to bulk. These complementary techniques provide insight into soot
structure, optical properties, and chemical composition across multiple length scales.

Our work spans the entire life cycle of soot, from its formation during combustion processes to its
detection and ranging in the atmosphere using optical remote-sensing approaches. This integrated,
multiscale methodology provides new opportunities to bridge laboratory studies, field measurements,
and atmospheric observations. Ultimately, the approaches presented here hold strong potential for
future investigations of soot aging processes in the atmosphere, including chemical transformation,
coating formation, and their implications for climate forcing and health impacts.



How Are PAHs and Aerosols Formed and Emitted During Biomass Thermal
Conversion? Insights from Pyrolysis, Gasification and Combustion

Eliza Cwalina, Johannes Rex, Axel C. Eriksson, Vilhelm Malmborg and Joakim Pagels

Ergonomics and Aerosol Technology, Lund University, Lund, Sweden

Biomass thermal conversion is associated with the formation of air pollutants such as polycyclic aromatic
hydrocarbons (PAHs), organic aerosol (OA), and black carbon (BC). Several PAH compounds are known
carcinogens; BC is highlighted by the World Health Organization as an emerging pollutant with climate
and health impacts. Biomass combustion in residential heating, cooking, and wildfires results in high
emissions, but the understanding of formation mechanisms and emission levels, especially for PAHs,
remains uncertain. Modern biomass conversion technologies including pyrolysis and gasification are
increasingly regarded as sustainable alternatives to conventional combustion. These technologies enable
higher resource efficiency, flexible product streams such as biochar, bio-oil, and biogas, which are used
for soil amendment, energy production, and as chemical feedstocks. A central question is how the
formation of PAHs, OA, and BC changes as these technologies are deployed.

Here we I) review literature on aerosol and soot formation during biomass pyrolysis and gasification. The
focus is on how oxygen availability, temperature, and heating rate influence PAH, OA, and BC emissions
and composition. We then II) use this knowledge to explain variabilities in emissions in our previous
wood stove and controlled cone calorimeter fire experiments using highly time-resolved Aerosol Mass
Spectrometry.

Literature studies on PAH formation during high-temperature pyrolysis and gasification conditions
indicate that relatively high PAH yields can occur. Temperature is a dominant controlling factor. At low
temperatures (300-500 °C), PAHs mainly form from thermal decomposition of native organics and are
mostly small and gas-phase. At higher temperatures (>700-800 °C), fuel fragmentation and radical
recombination promote the formation of larger aromatic structures. Process conditions also affect co-
emitted aerosols: fast pyrolysis favors high OA (bio-oil) production, slow pyrolysis increases biochar
formation, and well-ventilated high-temperature combustion is typically dominated by BC with lower
PAH and OA emissions.

Residential wood stove studies show that PAH emissions can vary by orders of magnitude within the same
system under realistic stove operation scenarios. High emission periods can be largely explained by
transient gasification-like conditions that may occur shortly after ignition, especially when using large
batches of very dry wood in well insulated stoves. Elevated OA emissions can be explained by low temp.
pyrolysis conditions from use of humid fuels and poorly insulated stoves.

Cone calorimeter fire experiments demonstrate that oxygen availability strongly modulates emissions:
oxygen-deficient or inert low temp. pyrolysis favors high OA with low PAHs. Under-ventilated
combustion sharply increases PAHs with only minor BC and OA changes. At well-ventilated conditions
PAH emissions are reduced through oxidation.

These findings are also directly relevant for occupational health risk assessments in pyrolysis and
gasification facilities, where workers may encounter fuel-rich conditions and elevated PAH-containing
aerosols during filter change, when the system is maintained or when collecting or processing biochar.

Funding from AFA insurance (ID: 20240313) and MSB (ID: 2021-146444) is greatly acknowledged
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Two billion tons of dust are annually transported in our atmosphere all around the world. High
latitudes include active desert regions with at least 5 % production of the global atmospheric dust.
Active High Latitude Dust (HLD) sources cover > 1,600,000 km? and are located in both the Northern
(Iceland, Alaska, Canada, Greenland, Svalbard, North Eurasia, and Scandinavia) and Southern
(Antarctica, Patagonia, New Zealand) Hemispheres. Recent studies have shown that HLD travels
several thousands of km inside the Arctic and > 3,500 km towards Europe. In Polar Regions, HLD
was recognized as an important climate driver in the IPCC Special Report on the Ocean and
Cryosphere in a Changing Climate in 2019.

Long-term atmospheric dust in sifu measurements conducted in Arctic deserts of Iceland and
Antarctic deserts of Eastern Antarctic Peninsula in 2018-2025 revealed some of the most severe dust
storms in terms of particulate matter (PM) concentrations. While one-minute PM1o concentrations is
Iceland exceeded 50,000 ugm-3, hourly PMio means in James Ross Island, Antarctica exceeded 300
ugm-3 in 2021-22. Snow-dust storms have been identified both in Iceland and Svalbard. CAMS
National Collaboration Programme Iceland focuses on supporting data acquisition from long-term
dust measurement network in Iceland to validate CAMS products, operational dust model
DREAM Iceland and engage stakeholders and students to CAMS.

Icelandic dust has impacts on atmosphere, cryosphere, marine and terrestrial environments. It
decreases albedo of both glacial ice/snow similarly as Black Carbon, as well as albedo of mixed phase
clouds via reduction in supercooled water content. In marine environment, Icelandic dust with high
total Fe content (10-13 wt%) and the initial Fe solubility of 0.08-0.6%, can impact primary
productivity and nitrogen fixation in the N Atlantic Ocean, leading to additional carbon uptake.

Main socio-economic sectors such as health protection, road safety, energy production, aviation, and
land degradation, are negatively impacted by HLD (eg. severe air pollution, mortality on roads due
to reduced visibility, damage on property). Sand and dust storms, including HLD, were identified as
a hazard that affects 11 of the 17 Sustainable Development Goals. HLD research community is
growing and Icelandic Aerosol and Dust Association (IceDust) has > 110 members from 57
institutions in 22 countries (www.ice-dust.com). IceDust is a member aerosol association of the
European Aerosol Assembly. The University of the Arctic hosts the UArctic Thematic Network on
HLD focusing the impacts of HLD in the Arctic.
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Ranging and characterizing aerosolized soot using a hyperspectral Scheimpflug Raman lidar
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The consumption of fossil fuels has always had side effects on our lives, as their incomplete
combustion generates soot and other gases that adversely affect the environment and human
health. It is therefore important to understand these effects and their origins in detail in order to
take appropriate action to reduce them. In this study, we present a design and construction of a
hyperspectral Scheimpflug Raman lidar for range-resolved characterization of aerosolized soot in
a controlled laboratory setting. This opens up opportunities to further develop and apply the
technique to study atmospheric pollutants, including aerosols soot and gases, in the coming years.

This setup combines the Scheimpflug principle, which enables ranging and localization of the
source with Raman scattering, which provides spectrally resolved information for characterizing
emission sources. Optical ray-tracing optimization was performed using ZEMAX to determine
the optimal placement of the system components, balancing spectral resolution with compact
instrument design. The achieved spectral resolution of up to 4 nm is sufficient to resolve the D
and G bands of soot. These bands correspond to the breathing and stretching modes of aromatic
rings in the graphitic structure of soot. As soot matures, structural changes favor one mode over
the other as the graphitic domain increases in size. Thus, the relative intensity of these spectral
bands provides information about soot maturity. In addition, fluorescence background is often
observed together with the Raman spectra of soot, arising from organic compound contamination
in the soot particles. A horizontally polarized continuous-wave 532 nm laser with output power up
to 2 W was used to excite Raman scattering from black and brown soot generated under different
operating conditions using a mini-CAST soot generator in a dark room. Polarization analysis was
also applied to separate the contribution of gases and soot particles. Raman scattered photons of
gases such as oxygen, nitrogen, water vapor are strongly polarized, whereas those from soot are
largely unpolarized. As a result, the gas contribution can be minimized by detecting light with
polarization perpendicular to that of the excitation light.

For the first time in a laboratory-scale configuration, the system enables detection and
discrimination of soot particles at different maturity levels at elevated distances between 2-10m
from a transmitter. The optical setup provides high spectral resolution using a Prism-Grating-
Prism configuration. The results demonstrate the capability of hyperspectral Scheimpflug Raman
lidar for remote, spectrally resolved soot characterization, highlighting its potential for controlled
laboratory studies and future atmospheric applications in areas such as highways, forest fires,
volcanic eruptions, and industrialized cities.
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Introduction: Condensation Particle Counter (CPC) technology is widely used for measuring
particle number concentrations down to few nm sizes and, as part of a Scanning Mobility Particle
Sizer (SMPS), also the particle size distribution, e.g. supporting the new EU Ambient Air Quality
Directive following EN 16976 and CEN/TS 17434. While many of these systems are stationary,
spatially resolved information on particle number concentrations is highly demanded for
understanding impacts e.g. from hot spots on human health and the relevance of particle emissions
for climate change.

Methods: TSI recently released the new portable water-based CPC model 3002. Its design and
concept support measuring spatially resolved particle number concentrations. In this study we focus
on cabin indoor air quality tasks. Particle number concentrations were measured in different traffic-
related scenarios: (a) particle number concentrations during a commercial flight, (b) particle number
concentrations in a passenger car and (c¢) parallel particle number concentrations inside and outside a
passenger car.

Results: While the particle concentrations inside the aircraft reached partially particle number
concentrations of larger than 200,000 particles/cm?® when being at the gate, concentrations dropped
to below 100 particles/cm? when being at maximum altitude.

During the measurements on the highway inside and outside of the passenger car high number
concentrations (above 200,000 particles/cm®) were measured outside the car, while concentrations
inside the car were reduced (on average) by 2/3. Different events, like driving through a tunnel, had
a strong impact on the measured particle concentrations.

Discussion: In these studies, total number concentrations larger 10 nm were measured, without
distinguishing solid and non-solid particles. In future, studies measuring solid and non-solid particle
concentrations would help identifying the particular sources and processes in more detail. In addition,
distinguishing the results with regards to type of vehicle, type of air conditioning system and
operational modes can lead to a deeper understanding for improvement of the air quality with regards
to particle number concentrations and optimize the operation of air conditioning systems, in order to
minimize the risks for human health. As the new model 3002 is not only tippable but can be operated
in any orientation the instrument can be easily adapted to specific measurement requirements.
Conclusions: We present the relevance of mobile personal exposure measurements and the high
dynamic range of measured particle number concentrations observed. The measurements furthermore
show the abilities of the portable water-based CPC measuring traffic-related particle number
concentrations in order to address personal and local exposure levels and might help to identify
sources of UFP and mitigation strategies.



New Horizons in Sulphur Aerosol Chemistry -- Organosulphates (And Organosulphites?)
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Hydrolysis of sulphur trioxide (SO3) to form sulphuric acid is recognised as a key process in the
cycling of sulphur in the atmosphere. This reaction is catalysed by additional water molecules, as
well as by many other atmospheric vapours, including ammonia, formic acid and other atmospheric
acids, and methanol. Accurately quantifying the role of these catalysts is needed to improve
predictions of atmospheric new particle formation (NPF).

In experiments in our laboratory, we have recently found that instead of always forming sulphuric
acid, the system of SO3, water and the additional reactant can also form organosulphates. In these
reactions, the water acts as the catalyst, lowering the barrier for the organosulphate formation.
Which of the reactions occurs depends on the initial configuration of the prereactive complex. The
barrier between the different prereactive conformations is higher than the barrier for either the
sulphuric acid or organosulphate formation, suggesting that accurate calculation of the branching
ratio will require understanding how the initial prereactive complex formation occurs. Another
interesting wrinkle here is, that our experiments show that the organosulphate methyl hydrogen
sulphate (MHS) can even form starting from methanol and sulphuric acid. Our efforts to
understand this reaction route using theoretical calculations have been unsuccessful so far.

Owing to the 6 d-orbitals in the valence shell of sulphur, it can form many different molecules
depending on its oxidation state, varying from -2 in sulphides, to +4 in sulphites and +6 in
sulphates. Theoretical calculations show that, starting from a cluster of formaldehyde, SO2 and two
water molecules, an organosulphite (or sulphite ester) called hydroxymethyl hydrogen sulphite
(HMHS) can be formed with a formation free energy barrier less than 10 kcal/mol. Molecules of
this class have never been considered for their atmospheric impact. We are currently planning flow
tube experiments to see if we can detect this virtually unknown species.
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Marine dimethyl sulfide (CH3SCH3, DMS) is a major source of natural gas-phase sulfur emissions. Moreover,
DMS oxidation products such as methane sulfonic acid (CH3SO3;H, MSA) and sulfuric acid (H,SO4) are known
to influence the formation of cloud condensation nuclei (CCN). Recently, a stable intermediate formed from
DMS oxidation, hydroperoxymethyl thioformate (HOOCH,SCHO, HPMTF), has been shown to sometime
exceed mixing ratios of 100 ppt in the marine boundary layer. This product would thus be able to delay the
formation of sulfate aerosols and could have a significant impact on cloud formation. In order to investigate
these species, a cruise field campaign in the Atlantic Ocean was organized in 2025 to measure pristine marine
air. However, we also sampled air masses coming from the Canadian wildfires that occurred early June 2025,
which allowed for comparison between pristine marine air and biomass burning (BB) periods. Oxidation
products were measured using a time-of-flight chemical ionization mass spectrometer (Vocus 2R-ToF-CIMS)
coupled with a Filter Inlet for Gas and Aerosols (FIGAERO inlet), allowing measurements of both gas- and
particle-phase chemical composition from one instrument. This FIGAERO CIMS alternated between iodide
and bromide reagent ions. Based on the measurements with the iodide reagent ion, the relative distribution
between DMS-derived sulfur containing species and oxygenated organic compounds (CHO) remained similar
across the two periods, both for gas- and particle-phase. Indeed, the abundance of these species significantly
increased by similar factors (2.5 and 2.2 times higher for sulfur containing species and organics, respectively)
during the BB period for particle-phase compounds. Particle-phase MSA and H,SO4 were 2.7 and 1.5 times
higher, respectively, during the BB period compared to the pristine marine environment. Similarly, many
particle-phase CHO species were enhanced during the BB period. Such species include CsH10Os (Ievoglucosan,
23 times higher), C4H4O¢ (13 times higher), CsHgOs (12 times higher), C3H4Os (11 times higher) and C;H,O4
(3 times higher). Contrariwise, HPMTF, both in gas- and particle-phase, was more abundant during the pristine
period compared to the BB period. As HPMTF is known to be removed by cloud uptake, this could indicate
that biomass burning periods, loaded with sulfate aerosol, could result in higher cloud coverage, which would
lead to higher HPMTF sink. Indeed, the irradiance measured from the ship was lower during the BB period
compared to the usual pristine period irradiance. This could indicate that HPMTF was either less produced
from marine DMS during this period due to lesser irradiance, or experienced higher sink due to enhanced cloud
coverage, or both. This work shows that biomass burning can significantly change the abundance of DMS-
derived compounds. As wildfires become more common due to global warming, it is important that these
changes be considered for accurate modelling and predictions.



Modelling Atmospheric Freshly Nucleated Particles
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New particle formation (NPF) gives rise to up to half the number of cloud condensation nuclei in the
atmosphere and is thereby a major source of the large uncertainty in global climate models. The
formation of non-covalently bonded atmospheric molecular clusters is a crucial step leading to NPF.
Sulfuric acid (SA) and bases such as ammonia (AM) and alkyl amines (methylamine (MA),
dimethylamine (DMA) and trimethylamine (TMA)) have been shown to be a prevalent source of NPF
in many regions due to the formation of strongly bound clusters. However, no previous method
(neither theory nor experiments) has been able to explore the entire cluster formation process from
single molecules up to measurable particles of ~2 nm in diameter.

To address this fundamental research gap, we developed a new quantum chemically based workflow
that allows us to explore clusters much larger clusters than previously possible. Applying this new
methodology, we deduce a property-based criteria for defining the cluster-to-particle transition point,
leading to freshly nucleated particles (FNPs). Such FNPs act as a boundary between discrete cluster
configurations and particles. We define the onset of FNPs as being when one or more ions are fully
solvated inside the cluster and when the size-averaged binding free energies resemble bulk properties.
This definition easily allows the identification of FNPs and is applicable to particles of arbitrary
chemical composition. Using state-of-the-art quantum chemical calculations, we studied the
thermochemistry of large (SA)n(base)n clusters (with n up to 15), with the bases: AM, MA, DMA
and TMA and identified the cluster-to-particle transition point to occur for clusters composed of
around 1620 monomers.

We extended the work to large mixed SA-AM-DMA clusters. We find that the strong base DMA is
important in the very first steps in cluster formation, but for larger clusters an increased ammonia
content is found. This manifests in a cluster-to-particle transition point for the mixed SA-AM-DMA
clusters occurring at a cluster size of 14 monomers, which is notably smaller than the transition points
for the pure SA—AM or pure SA-DMA systems. This indicates a strong synergistic effect when both
AM and DMA are present, leading to the formation of stable FNPs at smaller cluster sizes.

Finally, we studied the uptake of organic oxidation products from isoprene and a-pinene onto
(SA)10(base)10 FNPs. Calculating the addition free energy under realistic atmospheric conditions,
we find that the studied FNPs are too small to support the growth of the studied monomer oxidation
products. However, we find that the accretion product (dimer) pinyl diaterpenylic ester (PDPE,
C17H2608) can overcome the strong Kelvin effect of the FNP and lead to spontaneous uptake at
ambient conditions.

The developed methodology can be used to study the formation and properties of more complex FNPs
and early particle growth in the future. This will allow us to obtain a better fundamental understanding
of the elusive properties of FNPs.
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Incineration of hazardous waste is a technique for waste reduction. A rotary kiln differs from a
conventional grate fire, both in function and operational temperature (1200 °C and 850 °C,
respectively). Fly ash from waste incineration contains elements that represents a potential
resource for material recovery. There are very few studies investigating the aerosol
physicochemical properties in fly ash from waste incineration and, to our knowledge, none
focusing on rotary kiln fly ash.

In this study, we report on findings on mass- and elemental distribution in fine (<1.5 pm) and
coarse (>1.5 um) fractions in fly ash from two full scale industrial sites for hazardous waste
incineration. Samples were collected ‘in-flight’ using a setup of a heated probe, heated cyclone
(collecting particles >1.5 um), a heated filter (collecting particles <1.5 pm), 25 m hose, drying
silica, diaphragm gas meter, vacuum pump and exhaust. Sampling was conducted before flue
gas treatment at the two sites. At one of the sites further sampling was done to investigate the
effects of lime slurry addition to fly ash.

For each sample, around 50 mg of ash (coarse mode), or the entire filter (fine mode) were
digested in 10 mL concentrated nitric acid using a Mars5 microwave digestion system. The
digestion program was 300W 50% for 30 minutes to 180 °C then hold for 30 minutes. Analysis
of the digests were then performed with ICP-MS (Agilent 7500 cx) using external calibration
(Merck VI standard) and rhodium as internal standard. Interference correction (K, V, Cr, Fe,
Cu, As, Se) was performed using the ORS-system operating ion collision mode with He as the
collision gas (5 mL/min).

Primary findings suggest that the fly ash at the two sites have a similar size-fractionation
between the fine and coarse mode particles composing the fly ash, with a coarse (>1.5 pmd,.)
vs fine particles (<1.5 umd,.) in a ratio of 25:75%. Lime addition shifts the ratio of coarse
(>1.5 pmd,.) vs fine particles (<1.5 pmd,.) to 75:25%. Both facilities show a different
elemental composition in the coarse and fine modes, with elements such as Na, K, and Cu
enriched in the fine mode at both sites, 1<r<2. The enrichment factor, “r”, is calculated in
two steps, first determining the sample average (coarse and fine weighted for mass
distribution), then taking the concentration from the mode of interest, weighted against the
sample average. The coarse mode at both sites is enriched in; Fe, Al, Ca, Ba, Ni, Mg, Mn, and
Zn. Enrichment for Pb is 1<r<1.5 at both sites. One hypothesis for the enrichment of certain
elements is that these are present in the constituting the fine fraction particles, where the
coarse mode is influenced by particle entrainment from the fuel/ash from the furnace. Lime
slurry addition increases the fine mode enriched of elements, K, Cd, Cu, Na, Pb, Li, Zn, Mo,
and Bi.
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Carbon nanomaterials, such as carbon black and nanodiamonds, are common in industrial and biomedical
applications. Their toxicity is believed to be linked to the induction of oxidative stress via the generation of
reactive oxygen species (ROS). While mass and specific surface area are common dose metrics, it fails to
account for the complex role of surface chemistry. Recent studies show surface oxidation can seemingly both
promote and inhibit toxicity depending on the specific functional groups involved.

To elucidate this, we used a novel setup at the MAX IV Laboratory to investigate the surface composition of
aerosolized nanomaterials under controlled ozone (O3) exposure, simultaneously assessing surface chemistry
and particle-bound ROS.

We coupled in-flight X-ray Photoelectron Spectroscopy (XPS) with a modified version of the Particle Into
Nitroxide Quencher (PINQ) real-time ROS monitor. Five carbon blacks and two types of nanodiamond were
nebulized and exposed to high ozone conditions to functionalize nanomaterial surfaces. The C 1s spectra
were analyzed to quantify carbon hybridization states (sp*/sp®) and oxygen functional groups (OFGs), while
the PINQ instrument provided mass-normalized ROS production rates.

Ozone exposure of the particles induced a universal increase in ROS generation, up to 35 times compared to
the response without ozone, but the magnitude and mechanism varied strongly by material class. For carbon
blacks, ROS generation was driven by graphitic degradation and addition of OFGs. Ozone actively degraded
the conductive n-network (lowering the sp? fraction) and generated high-density sp* defect sites
functionalized with redox-active carbonyl (C=0) and carboxyl (COOH) groups. Quantitative analysis
revealed a strong correlation (r = -0.67) between the loss of graphitic order and increased ROS.

The nanodiamonds demonstrated that total surface oxygen content is a poor predictor for the generation of
ROS. Ozone treatment activated uDiamond Hydrogen by etching its passivating sp” shell to expose a
reactive, defect-rich core. Conversely, uDiamond Vox P remained the least reactive material despite
possessing the highest total oxygen content (~70%). XPS analysis attributed this inertness to a surface
dominated by stable ether (C-O-C) linkages, which form a saturated passivation layer shielding the carbon
lattice.

We conclude that the high ROS production of carbonaceous nanomaterials is governed by the disruption of
graphitic order, the exposure of chemically accessible defects, and the presence of labile redox centers.

This study sheds light on the role of oxygen functionalization in solid carbon particle reactivity and ROS
generation. The results explain important mechanisms that can drive particle toxicity and help us understand
the health impacts from exposure to carbon nanomaterials, including ambient soot particles.
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Effect of carbonaceous particles on BPEAnit-based measurements of reactive oxygen species
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Exposure to particles that contain reactive oxygen species (ROS) and/or disrupt the antioxidant
defence leads to negative health effects, making measurements of ROS and oxidative potential (OP)
important screening tools of particle toxicity. Acellular assays often use a specific chemical probe
that allows for quantification of ROS and OP via fluorescence or absorbance.

Some carbonaceous particles, such as black carbon (BC), are insoluble particles of high
toxicological importance. During measurements with the real-time ROS monitor Particle Into
Nitroxide Quencher (PINQ), we noticed a decrease in response for particle sources containing high
levels of BC, hence giving contradicting results to the expected generation of ROS. In fact, the
observed reduction was, in some cases, large enough to cause fluorescence reduction on the
addition of particles, ostensibly indicating negative OP. In PINQ, the probe consists of the pro-
fluorescent chemical 9,10-bis (phenylethynyl) anthracene-nitroxide (BPEAnit) dissolved in DMSO.
The aim of this study is to investigate the effects of BC on ROS when the BPEAnit probe is used.
We used the measurement cell of PINQ to measure suspensions of different concentrations of
Printex 90, a well-defined carbon black, in DMSO with three different solute conditions: pure
DMSO, DMSO containing BPEAnit, and DMSO containing the stable, reacted form of the probe,
BPEAnit-Me.

As expected, we found that Printex 90 decreased the fluorescence during our measurements in both
the probe and the reacted probe (BPEAnit and BPEAnit-Me). No difference in fluorescence could
be seen when particles were suspended in DMSO solvent only. Therefore, we hypothesize that the
decrease is not due to scattering/absorption, but instead due to interactions between the surfaces of
Printex 90 and BPEAnit and BPEAnit-Me. For the reacted probe, higher particle concentration and
longer residence time gave a greater decrease. In the probe, the decrease in ROS response was much
smaller for the same conditions. Two competing mechanisms influence the measured ROS, i.e.
decrease due to particle interaction with the probe and an increase due to ROS generation. The
difference between the fluorescence from BPEAnit-Me and BPEAnit is due to ROS generation; it
can be used to correct for the decrease in ROS response. Such loss is most probably due to
ad/absorption and binding of the probe on the surfaces of carbonaceous particles.

We suggest a regular use of the reacted probe during online ROS measurements to correct for the
observed artefacts. The mechanisms that we observed are not believed to be exclusive to BPEAnit;
the same effect can be seen in the DCFH assay. Possible artefacts should be considered when
assessing ROS or OP of insoluble carbonaceous particles, in both online and offline assays.
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Cinnecting the dots: From Nanoscale Clusters to Aerosol Particles
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The formation of particles via nucleation is a still poorly understood process. Experimental methods
can handle the smallest clusters and the larger aerosol particles but fall short in the intermediate
regime. Thus, models are required to connect the measurement regimes to explain new particle
formation.

We have carried out quantum chemistry calculations for binary sulfuric acid and base clusters from
monomers up to 11 acid—base pairs, at a significantly higher level than previously. These clusters
are much larger than usually considered and reach beyond the beginning of solvation, representing a
change from cluster-like thermodynamics to continuous particle-like thermodynamics. These
clusters allow us to explicitly model the entire cluster regime and couple this with atmospheric and
cluster dynamics models. Using the ADCHEM model to simulate acrosol dynamics, and ClusterIn
to simulate cluster formation, we have simulated measurements at the SMEAR II station in Hytti4la
and compared with field measurements in the period from 2015-05-19 to 2015-05-28.

We show that the primary nucleation event in the period is driven by strong sulfuric acid—
dimethylamine nucleation, with some weak sulfuric acid—ammonia nucleation being present. The
boundary effect between explicit cluster dynamics and aerosol dynamics is substantia. An
overestimation of at least an order of magnitude appears, if the conventional boundary of 6-8 acid—
base pairs are used. This effect is primarily seen for the otherwise strong sulfuric acid—
dimethylamine nucleation.

Additionally, given the level of accuracy of the quantum chemistry and sizes of clusters involved,
we can exclude the contribution of sulfuric acid-driven nucleation from several events observed.
These events are likely due to other sources not considered in the explicit quantum chemistry
model, such as the contribution of organics to nucleation. Thus, we are approaching a point where
we can explain the majority of sulfuric acid-driven nucleation and use this to guide exploration of
other sources of nucleation.
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Large wildfires have become an increasingly important source of aerosols and trace gases affecting
Arctic atmosphere. Their impacts depend not only on emission strength but also on the efficiency of
long-range transport and deposition processes along the pathway from mid-latitude fire regions to the
high Arctic. In this study, we investigate the transport of wildfire emissions into the Arctic over the
past decade with a particular focus on the unprecedented 2023 and 2025 Canadian wildfire season.
Using the Lagrangian particle dispersion model FLEXPART, we quantify source-receptor
relationships, transport times, vertical distribution, and wet and dry deposition patterns for major
smoke intrusions reaching the Arctic.

For the 2025 Canadian fires, we complement the FLEXPART analysis with observational constraints
from the newly available EarthCARE satellite mission, which gives information on aerosol layer
height, optical depth, and long-range transported smoke structures. By combining FLEXPART
simulations with EarthCARE observations, we evaluate model efficiency in representing the vertical
placement and evolution of transatlantic and Arctic smoke plumes. In addition, Arctic and European
observations are used to quantify the aerosol load with a focus on the absorbing black carbon.

We find that for the majority of episodes, FLEXPART successfully reproduces the timing and layering
of transported smoke. However, there are also cases where model-observation discrepancies point to
missing or uncertain processes such as the injection height, or radiative driven self-lofting. The
analysis provides new insight into how extreme wildfire events contribute to Arctic aerosol burdens
and underscores the importance of integrating advanced satellite observations with atmospheric
transport modelling to capture all relevant processes.
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Global plastics production continues to rise to 413.8 Mt in 2023 (Plastics Europe, 2024). As plastics
fragment, a portion enters the environment as microplastics (MPs), defined as particles smaller than
5 mm. The ability of MPs to undergo long-range transport (Tatsii et al., 2023) has been supported by
their detection in remote regions (Brahney et al., 2020; Frank et al., 2025).

Here, atmospheric MP (AMP) emissions are assessed using observations from Brahney et al. (2020)
and an inverse modelling algorithm. We regularize the possible solutions using patterns from mineral
and road dust, agriculture and sea spray. We link observations to emissions using source-receptor-
sensitivities (SRS) calculated with FLEXPART 11 (Bakels et al. 2024), a model suitable for AMPs
that considers non-spherical shapes during gravitational settling of (Tatsii et al. 2024).

A total of 12.15 + 8.45 million AMPs m-2 were estimated within 5 different size bins: 5-10 um, 10-
25 pm, 25-50 um, 50-100 um, and 100-250 um, a size distribution provided by Brahney et al. (2020).
The relationship between observations and posterior values shows a Pearson’s coefficient of 0.536,
indicating a reasonably good reconstruction of the observed signal. We estimate total global AMP
emissions of 1630 + 1271 Gg y—1, which are substantially lower compared to those by Brahney et al.
(2021) and Evangeliou et al. (2022). Our estimate suggests that only 76.6% has been emitted from
the ocean, much lower than those reported before (>95%). This indicates a relatively stronger
contribution from continental sources in our framework.

Independent validation against AMP observations reveals a Spearman correlation coefficient of 0.64
indicating a good monotonic relationship and reproducing the AMP levels globally. Global
concentration measurements show better agreement with posterior, while the deposition is more
widely scattered and generally underestimated pointing to potential issues in AMPs deposition
modelling. Overall, the validation confirms that the model provides a consistent large-scale picture
of atmospheric MPs.

Bakels, L. et al. (2024) Geosci Model Dev 17, 7595-7627.

Brahney, J. et al. (2020) Science 368, 1257-1260.
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Highly oxygenated organic molecules (HOMs) formed during gas-phase oxidation of volatile organic
compounds play a key role in secondary organic aerosol (SOA) formation and particle growth. While
HOM formation is commonly attributed to rapid unimolecular autoxidation of peroxy radicals (ROz),
this mechanism is often kinetically constrained in saturated hydrocarbons, particularly on short
atmospheric timescales. In this work, we investigate the early-stage OH-initiated oxidation of cis-
decalin, a representative bicyclic anthropogenic alkane, under controlled laboratory conditions to
elucidate how radical propagation proceeds when unimolecular RO: isomerization is slow.

Experiments were conducted in a quartz flow-tube reactor at ambient temperature and pressure with
residence times between 0.9 and 2.9 seconds. Oxidation products were characterized using a high-
resolution Orbitrap mass spectrometer coupled to a multi-scheme chemical ionization inlet employing
bromide and nitrate reagent ions. This dual-ionization approach enabled simultaneous detection of
early-generation oxidation products and highly oxygenated species, including accretion products.

In the absence of NO, cis-decalin oxidation produced only minimal levels of oxygenated products
within the studied timescale, indicating that OH initiation alone is insufficient to sustain
multigenerational oxidation. In contrast, the introduction of NO led to a pronounced enhancement in
oxidation, marked by the rapid appearance of highly oxygenated monomers containing up to ten
oxygen atoms as well as Czo accretion products at longer residence times. Product distributions
exhibited a strong, non-linear dependence on NO concentration, with maximum oxidation observed
at moderate NO levels and suppression under high-NO conditions.

These observations demonstrate that NO promotes oxidation not merely through termination but by
converting RO: to alkoxy radicals (RO), thereby enabling RO-mediated structural rearrangement,
ring opening, and subsequent O: addition. This bimolecular radical cycling bypasses kinetic
limitations associated with slow RO2 H-shifts and allows efficient propagation of oxidation on second
timescales. The results reveal that saturated cyclic alkanes can rapidly form low-volatility,
multifunctional products under polluted conditions when RO-mediated propagation is active.

Overall, this study highlights the critical role of bimolecular radical chemistry in controlling HOM
formation from anthropogenic hydrocarbons and provides new mechanistic insight into SOA
formation pathways in combustion-influenced and urban atmospheres.
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Mixed-phase clouds (MPCs) are a common cloud type in southern Sweden and account for a high
percentage of both regional and global precipitation. MPCs are clouds within which ice and liquid
water coexist in an unstable equilibrium. One key contributor to the formation and abundance of
ice in such clouds are ice nucleating particles (INPs). Here we present an extended time series of
INP measurements made from cold stage, immersion freezing measurements of aerosol particles
sampled at the Lund University ACTRIS infrastructure field station in Hyltemossa, Sweden. Daily
and/or multi-daily samples were acquired by filter sampling using a flowrate up to 20 Ipm between
February 2020 and the present day, albeit with several interruptions. The analysis represents a long
INP time series for a sub-Boreal environment with proximity to both cleaner Arctic air masses and
more anthropogenic air masses from continental Europe. In addition to the INP time series we
examine several complementary measurements and use back trajectory modelling to try to

illuminate the general character of INPs over southern Sweden.
Acknowledgements:

We thank the ACTRIS and ICOS infrastructures for technical support, and the following for financial
support: the Royal Physiographic Society of Lund, the Walter Gyllenberg Foundation, the Swedish
research councils VR (2017-05016) and FORMAS (2018-01795), the Crafoord Foundation (20190964)

and the strategic research area MERGE.



Speciation of zinc in MSWI fly ash studied using 2D hyperspectral mapping

Evelina Gorjatsoval (presenter), Kajsa G. V. Sigfridsson Clauss®, Nils Skoglund®, Haakon Rui’ and
Jenny Rissler!

Division of Ergonomics and Aerosol Technology, Department of Design Sciences, Lund University, 22100, Lund,
Sweden, 2MAX IV Laboratory, Lund University, 22100, Lund, Sweden, 3Thermochemical Energy Conversion
Laboratory, Department of Applied Physics and Electronics, Umed University, 90187, Umea, Sweden, *NOAH Solutions
AS, 3080, Holmestrand, Norway

Municipal solid waste incineration (MSWI) is an effective method for reducing the waste

volume while recovering energy. One of the biproducts generated during the incineration is fly ash, which is

classified as hazardous due to the high concentration of potentially toxic elements, such as metals. Fly ash
from MSWTI is efficiently captured in the air pollution control filters at

the facility. Although ash is a by-product, it holds significant potential for recovering valuable metals or to be
used as secondary materials for construction, which is important to achieve

circular society. To do so safely and efficiently, it is important to investigate the speciation of metals such as
zinc, which determines their toxicity and how easily they can be extracted.

Fly ash from MSWI is mainly composed of inorganic compounds with the content of zinc being around 1-3
wt%. The challenges in analyzing chemical forms of zinc in the fly ash are the

complexity of the matrix and low concentration. A large fraction of zinc compounds is expected to be present
in amorphous forms, which limits the use of techniques like X-ray diffraction. One of the more useful
techniques for such matrices is synchrotron-based X-ray absorption

spectroscopy (XAS), which allows to determine the atomic structure around an element of interest, in both
amorphous and crystalline forms. The advantage of XAS for analysing the

speciation of low content elements in complex matrices is that it analyses the absorption edge of a specific
element, minimizing interference from compounds not chemically bound to it. Each chemical form gives a
characteristic fingerprint spectrum at the edge (XANES), and compounds present can be identified using
linear combination fit with references. However, this procedure also becomes challenging when zinc is
present in many different forms at the same time.

In this study we use 2D hyperspectral mapping which combines measurements of XAS (in this case at zinc
K-edge) and elemental content from XRF in each sample spot. Combining this information, spatially
resolved across the sample, gives better understanding of the speciation of zinc compared to XAS analysis of
a bulk sample.

The fly ash used in this study was mixed sample from ten different incineration facilities, which should make
a representative sample. The mapping was performed at Balder beamline at MAX IV laboratory in Lund.
The resolution for the mapping was 50 pm, which makes it most useful for samples containing coarse
heterogeneous particles. Here we analysed full fly ash sample as well as fractions of the same ash after air-jet
sieving (particles >45 pm and >125 um). We also

investigated the same ash after neutralization with sulfuric acid.

The results allow us to see differences in the speciation of zinc between particles and relate
these to the distribution and co-location of zinc with other elements. This method also allowed us to identify

some of the compounds which were not possible to identify when studying the XAS spectra of the bulk
sample for the same ash.
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Bioaerosols such as fungal spores, bacteria, and pollen grains represent an important
fraction of total aerosol particles, as they can act as highly efficient ice-nucleating particles (INPs).
While bioaerosols have been identified as key contributors to high-temperature INPs in
northern latitudes, pinpointing the exact types of bioaerosols involved in atmospheric ice
formation remains challenging.

In this study, we investigate if and what types of fungal spores influence the atmospheric INP
population in the Finnish sub-Arctic (Pallas Atmosphere-Ecosystem Supersite) over the
period of one year. We integrate measurements of highly fluorescent aerosol particles (HF APs)
obtained with the Wideband Integrated Bioaerosol Sensor (WIBS 5/NEO) with independent
observations from a Hirst-type volumetric sampler for fungal spore counting and environmental
DNA (eDNA) sequencing of filter samples. INPs were quantified using the Ice Nucleation
Spectrometer of the Karlsruhe Institute of Technology (INSEKT).

Our results demonstrate a positive linear correlation between a subset of HFAPs and INPs
active across a broad temperature range. The correlation is particularly strong for INPs active
at temperatures above —13.5 °C (Pearson r = 0.94, p < 0.001), indicating that these HFAPs
dominate the high-temperature INP population. Comparisons with microscopically derived
fungal spore counts and eDNA sequencing confirm the fungal origin of these HF APs. However,
eDNA analysis revealed substantially higher fungal diversity than microscopic observations
and showed that approximately 90% of detected spores belong to the Basidiomycota (club
fungi).

A comparison of fungal taxa identified by eDNA sequencing with published ice-nucleation
activity (INA) data did not allow the identification of specific genera responsible for ice
nucleation, as INA has been reported for only a limited number of fungal taxa. Among the 30
most abundant taxa, 25 belong to the Basidiomycota, none of which have published INA data.
This indicates that currently untested Basidiomycota are likely contributors to the high-
temperature INP population and represent a priority for future investigation.

Our study represents a significant step in demonstrating that fungal spores, likely originating
from the local biosphere, dominate the INP population active above -15°C in the Finnish sub-

Arctic.

This work was supported by ATMO-ACCESS under the ID ATMO-TNA-4-0000000069, by the FFG under the
Project Lab on a Drone (888109), by the Research Council of Finland (grant no. 359342) and by the Vienna
Science and Technology Fund (WWTF) through project VRG22-003.



Roadside particle number (PN) measured with a high frequency CPC, volatile particle
removing catalyst and ultrasonic anemometer
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Particle Number concentration (PN) is increasingly of interest as an air pollution metric, including
as part of the European ACTRIS standards. In an urban environment, PN concentration can be
highly time variant due to both local emitters and atmospheric mixing, and may consist of both BC
(solid carbon) particles, organics and secondary organics formed in the atmosphere.

Combining high frequency PN concentration data from a Condensation Particle Counter (5210,
Cambustion Limited) with a 3D ultrasonic anemometer (WindMaster, Gill Instruments Limited) and
a catalyst which permits the removal of volatiles offers new insights into the real-time nature of PN.

We present a novel integration of these instruments, and initial measurements taken at a roadside in
Cambridge, UK.

In particular, the wide particle size range of the 5210 (upper limit 10 microns) allows PN
measurement including resuspended road dust, brake and tyre wear. The UK vehicle fleet includes
a proportion of EVs, from which drive-by exposure will be dominated by tyre, road wear and
resuspended road dust. The combination of instruments allows fresh insights into personal exposure
at the roadside.
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Gas—particle partitioning and volatility of secondary organic aerosol (SOA) constituents remain key
uncertainties in understanding aerosol formation and evolution. These properties are controlled by molecular
composition, functionalization, and accretion processes, which vary strongly with precursor structure and
oxidation chemistry. Here we investigate aerosol volatility and gas—particle partitioning of monoterpene
oxidation products using high-resolution chemical characterization and thermal desorption measurements.

We combine oxidation flow reactor and chamber experiments of A3-carene and a-pinene under
atmospherically relevant oxidation regimes, including nitrate-radical (NOs) oxidation and hydroxyl-radical
(OH) oxidation under contrasting HO2/RO: conditions. Gas- and particle-phase products were characterized
using iodide and nitrate FIGAERO-CIMS, enabling simultaneous molecular-level composition, thermogram
analysis, and volatility estimation. Saturation vapor pressures were derived using a combined approach based
on measured maximum desorption temperatures (Tmax) and molecular-formula-based parameterizations.

For NOs-initiated oxidation of A3-carene, organic nitrates dominate the product distribution and exhibit
strong gas—particle partitioning driven by oxygen content and molecular size. Monomeric Cio organic nitrates
dominate the gas phase, whereas low-volatility dimeric Czo organic nitrates dominate the particle phase,
indicating a key role of accretion reactions and particle-phase processing. Derived vapor pressures decrease
systematically with increasing oxygen number and show good agreement between experimental and
parameterized approaches.

For a-pinene OH oxidation, increasing the HO2/RO: ratio suppresses formation of low-volatility accretion
products and shifts the aerosol toward higher volatility, despite enhanced formation of hydroperoxide
monomers. This leads to reduced SOA mass and a redistribution of products from the low-volatility to semi-
volatile regime, highlighting the coupled role of chemistry and partitioning.

Together, these results demonstrate that aerosol volatility and gas—particle partitioning are highly sensitive to
both precursor structure and radical chemistry. Explicit treatment of accretion products and chemically
driven volatility shifts is therefore essential for accurately representing SOA formation and evolution in
atmospheric models.
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Atmospheric aerosols play a crucial role in cloud condensation nuclei formation, yet they remain one
of the largest sources of uncertainty in global climate models. They form through gas-to-particle
conversion, leading to the formation of freshly nucleated particles (FNPs), which serve as the
boundary between discrete molecular clusters and larger atmospheric particles. This process is
initiated by the formation of stable hydrogen-bonded molecular clusters. Inorganic acids, such as
sulfuric acid (SA), and bases, such as ammonia (AM), such as ammonia (AM) and dimethylamine
(DMA) and water are key components in the initial cluster formation in the atmosphere, together with
ions and highly oxygenated molecules (HOMs). Oligomerization reactions of organic peroxy (RO2)
radicals produce low-volatile ROOR' dimer (accretion) products that have been detected in both the
gas phase and atmospheric aerosol particles. Due to their extremely low volatility, these dimers can
initiate new particle formation and enhance the stability and growth of FNPs. Although the precise
formation mechanisms remain unclear, once formed, such accretion products are unlikely to re-
evaporate and therefore contribute to aerosol growth.

Here, we investigate whether RO: + R'O: oligomerization reactions - previously established in the gas
phase - can also occur at the surface of FNPs. Using state-of-the-art quantum chemical simulation, we
study the influence of FNP precursors (SA, AM, and DMA) on the formation of ROOR’ products.
Cluster structures were obtained through systematic configurational sampling using the Artificial Bee
Colony (ABCluster) algorithm and Conformer-Rotamer Ensemble Sampling Tool (CREST),
followed by electronic structure and intersystem crossing (ISC) rate calculations.

Our results show that ISC rates at the FNP surface lie in the range of 10°-10° s™!, comparable to gas-
phase values, indicating that surface attachment does not kinetically suppress dimer formation. Both
the triplet intermediates and the resulting ROOR' accretion products bind strongly to FNP
components, implying strongly suppressed evaporation once formed at the surface. However, the
overall formation probability is limited by the requirement of two RO: radicals simultaneously
residing at the surface. We therefore propose a Langmuir—Hinshelwood-type mechanism, where RO:
radicals are generated by surface oxidation reactions and subsequently recombine, albeit as an
intrinsically rare event.

Supporting this, complementary configurational sampling of a volatile organic compound (1-butanol)
on a large SA-DMA FNP shows exceptionally strong binding (AG = —22 kcal mol ™), corresponding
to surface residence times of up to ~10¢ s. This suggests that organic-rich FNP surfaces can sustain
high surface coverages, substantially increasing the likelihood of bimolecular surface reactions.
Taken all together, our results indicate that while RO: oligomerization on FNP surfaces is kinetically
feasible and highly stabilizing, its atmospheric relevance depends critically on surface radical
production and crowding effects.
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Air pollution is the leading global burden of disease risk factor (Murray et al., 2020). People spend most of
their time indoors, and especially children are estimated to spend 90% of their day in indoor environments (de
Gennaro et al., 2014), where they are exposed to indoor air pollution. Children are particularly susceptible to
the effects of air pollution, as their faster breathing rate, relatively larger lung size, and incomplete
physiological development make them more prone to accumulating higher concentrations of pollutants in their
bodies (Bennett et al., 2008).

As part of the Horizon Europe project LEARN, whose purpose is to control and evaluate indoor air quality in
schools and its impact on children’s cognitive performance and health, we measured indoor air physical and
chemical pollutant variables in elementary schools in Denmark. Our measurements comprised several air-
quality parameters such as particulate matter (PM), particle number (PN), black carbon (BC) mass, and total
volatile organic compounds (TVOCs). The study followed a single blinded crossover design, with
measurements carried out in two classrooms in parallel at the same school. In one classroom an air-purification
device with a particulate filter was operational (intervention), and in the other classroom a similar air-
purification device without a filter installed (sham) was operated in a randomized manner. The researchers
were aware of the presence or absence of the intervention, while children and teachers were blinded. Each
measurement campaign lasted five to six weeks, including a baseline, intervention, wash-out and sham
intervention period, where each intervention and sham intervention lasted two weeks.

Fig. 1 shows the median (with Q1-Q3 interquartile range shaded) diurnal variation in PM2.5 levels in two
classrooms with intervention and sham intervention. Between 8:00-14:00 on weekdays, when the classrooms
were occupied, measurements showed an increase in PM2.5, indicating increased exposure during school
hours. The effects of the operational air-purification device are clearly visible, as PM2.5 levels are lower at
times when classrooms had the intervention. The absolute mass concentrations are not final, as no sensor
calibration factors have yet been applied to the data shown here. During the next step of the study, we will
investigate the factors leading to high PM2.5 concentrations indoors during classroom hours in order to
suggest mitigation strategies for air pollutants improving indoor air quality in schools. We will also investigate
the effects of PM2.5 on children’s cognitive functions during school hours. In addition, we will evaluate the
efficacy of air purification systems in reducing indoor air pollution in schools and provide quantitative results
of the effects of using air-purification system in classrooms. First results on the efficiency of air purification
systems within our studies suggest that such set-ups can improve air quality in classrooms to a significant
extent. However, more detailed analysis needs to be conducted before a final assessment of this effect can be
made.

Bennett, W. D., Zeman, K. L., & Jarabek, A. M. (2008). Nasal Contribution to Breathing and Fine Particle Deposition in Children
Versus Adults. Journal of Toxicology and Environmental Health, Part A, 71(3),227-237. https://doi.org/10.1080/15287390701598200
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Workers in underground mines are exposed to poor air quality on a daily basis. The combination of
multiple emission sources and the difficulty of achieving proper ventilation makes underground
mines a challenging environment in terms of occupational health. Vehicles are typically considered
the most prominent emission source in underground mines. Other sources include activities such as
crushing, blasting, and dumping ore. Additionally, in arctic regions, heating is required to prevent
freezing of the intake air ducts during cold winter months. Exposure to pollutants mostly occurs
inside the cabins of heavy machinery, as workers spend most of their time inside the cabins.

Two separate yet similar measurement campaigns (5/2023 and 11/2023) were conducted in a
chromium mine near the town of Kemi in northern Finland. The main difference between these
campaigns was that during the first, the entire vehicular fleet used fossil diesel (EN 590), whereas
in the second campaign it used renewable diesel (Neste MY, HVO). The campaigns were also
influenced by seasonal variation, as weather conditions in Kemi differ drastically between these
months. As vehicular exhaust is a key contributor to pollution in underground mines, differences
between the campaigns were expected.

Mobile laboratory (ATMo-Lab) was used to relocate the measurement setup in the tunnels. Three
different locations within the mine were selected based on different activities in the mine.
Maintenance hall (500m below ground level, bgl) was selected as to main measurement site, as it is
the most visited location below ground level. Additionally, two sites along the main tunnel were
chosen to capture plumes from vehicles travelling down or up the main tunnel. By combining the
information gathered in the measurements and a previous study [1] of size dependent filtration
efficiencies of common cabin air filters, we simulated pollution concentrations within the cabin air,
after filtration.

Preliminary results: Mine intake air heating system is the most prominent source of emissions during
winter months
- Effect of fuel transition can be determined from emission factors
- Cabin air filtration system effectively reduces particulate emissions in the cabin.
Even after filtration, concentrations are higher than average values at urban
environments in Helsinki and exceeds WHO guidelines.

This research was conducted as part of NEX-EL project (www.nexel.f1) funded by Business Finland
(grant number 8308/31/2022) and Finnish companies. Authors acknowledge project partner Dekati
for providing instruments to the measurements.

[1]Karjalainen P., et al., (2017) Performance of ventilation filtration technologies on characteristic traffic related

aerosol down to nanocluster size, Aerosol Science and Technology, 51:12, 1398-1408, DOI:
10.1080/02786826.2017.1356904
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Offline filter sampling of aerosols is a cost-effective and easily deployable method for long-term
air quality measurements. However, the subsequent analysis can be cumbersome and time-
consuming. Filter measurements of fine particulate matter are essential for understanding the
role of organic aerosols in the atmosphere, particularly regarding climate and health effects.
Typically, such data is obtained through offline filter sampling and laboratory analysis.

Current extraction methods for collected aerosol filters often involve multiple preparation steps,
including cutting, sonication, rinsing, drying, dissolving, and nebulizing prior to analysis. Here,
we propose a streamlined workflow that bypasses these steps by placing the entire collected filter
directly into a thermal desorption multi-scheme chemical ionization inlet coupled to an Orbitrap
mass spectrometer (TD-MION-Orbitrap). This system allows rapid switching between multiple
reagent ions while maintaining high mass resolution. Previous studies have successfully
employed TD-CIMS for offline aerosol analysis; however, our approach provides a preparation-
free and user-friendly alternative. The thermal desorber enables a direct transition from sampling
to analysis with minimal filter handling—once the filter-containing cassette is inserted, the
analysis begins with a single button press. In this workflow, the primary time constraint is the
sampling duration itself, as both filter blanks and sample analyses require only a small fraction
of that time (the desorption of the filter can take less than two minutes).

Given the opportunity, we would show the latest development in this project; While earlier
measurements were focused on stainless-steel mesh filters, we now include other filter types to
get a more comprehensive picture of the applicability of our workflow for aerosol measurements.
Also, the scope of possible analysis targets has broadened further. In addition, we have explored
the quantitative performance of the proposed filter analysis method.
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Aerosol-cloud interactions (ACIs) pertain to the ability of aerosols to act as cloud condensation
nuclei (CCN). Modelling these interactions is challenging due to the wide range of input
parameters, and the complexity of the interconnected systems involved. Hence, ACIs represent the
predominant source of uncertainty in radiative forcing modelling. The reduction of anthropogenic
emissions through climate interactions places a greater emphasis on natural emissions. Among the
many natural aerosol sources, sea spray aerosols are one of the largest. Aging and ACIs of freshly
emitted sea spray aerosols are affected by aerosol acidity, altering cloud microphysical
characteristics.

To investigate CCN formation processes a campaign (PIANO) was performed as part of the
CleanCloud programme at Aarhus University. Sea spray droplets from Mediterranean and Arctic
water samples, as well as Arctic ice cores were generated using a sea spray simulation chamber
(AEGOR). The sea spray droplets were then photochemically aged in presence of H>O; in the Aarhus
University Research on Aerosol (AURA) atmospheric simulation chamber. To reflect atmospheric
conditions more accurately, both the AEGOR sea spray simulation chamber and the AURA
atmospheric simulation chamber were operated at 0°C for the Arctic samples, and at 20°C for the
Mediterranean samples. Changes in aerosol acidity were achieved through addition and oxidation of
SO2 in the chamber.

Differences in the particle phase between the samples, and their evolution upon aging and
acidification were investigated. Therefore, particle size distribution, chemical composition of the non-
refractory aerosol species, and the hygroscopicity of the aerosols in the subsaturated and
supersaturated regime were determined. Additional analysis was performed to probe bioaerosols, ice
nucleating activity, detailed aerosol chemical composition, morphology and elemental composition.
The gas phase oxidative potential as well as the chemical composition of the non-methane
hydrocarbons was used to support the particle phase analysis.

This presentation will give an overview of the campaign and discuss preliminary results on
similarities and differences between sea spray aerosol properties formed from Mediterranean and
Arctic water. According to initial assessment, the freshly generated sea spray aerosols show
differences in the size distribution and chemical composition between samples. Acidification of the
aged sea spray aerosols altered their chemical composition resulting in a rapid decrease in
hygroscopicity, while their size distribution remained unchanged.
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A significant portion of atmospheric aerosol loading is made up of organic aerosol (OA). The
concentration and composition of OA is a complex product of precursor vapours and pollutant levels,
heavily modulated by meteorological conditions and vertical transport. As such, a lack of height-
resolved measurements constrains our ability to accurately quantify the impacts of OA on climate
and health.

We present a drone-based platform (recently preprint published in AMTD) for meteorological
profiling and filter-based aerosol sampling. The platform features fast, high-resolution temperature,
relative humidity, and 3D wind measurements as well as real time telemetry and a remote-controlled
particle sampling system. Following a measurement campaign in Gothenburg, Sweden (April-May
2024-25), data collected using the drone platform were validated against tower-based meteorological
sensors and ground-based aerosol collection. Filter analysis was done using the Filter Inlet for Gases
and AEROsol (FIGAERO) coupled to a time-of-flight chemical ionization mass spectrometer (ToF-
CIMS).

Validation of the drone platform showed good comparability in meteorological measurements,
chemical composition of aerosol (with a ~14% average uncertainty for 300 organic compounds), and
extracted volatility information from the FIGAERO thermal desorption.

During the same campaign, vertical measurements (up to 120 m) captured the development and
profile of nocturnal boundary layer where aerosol sampling took place both aloft and at ground level.
Different aerosol concentrations and chemical compositions were observed linked to height-
dependent dilution and chemistry within the nocturnal boundary layer structures.

The work presented here represents novel, key insights into the practicality and validity of drone-
based particle sampling methods for the FIGAERO-CIMS, which could be adapted to other filter-
based measurement techniques for physical and chemical characterization of aerosol.

This work was supported by FORMAS under grant 2022-01441 and ModElling the Regional and
Global Earth system (MERGE).
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The Arctic is warming up to 4 times faster than the global average, leading to rapid ice melting and a drastic
change of the sources and corresponding processing of aerosols and their impact on clouds. Monitoring of
these changes is extremely sparse, especially in the most remote regions where harsh conditions make it
difficult to carry out even simple measurements over time. To address these knowledge gaps and develop
better and new methods of remote sensing of aerosols and clouds, the CleanCloud project carried out two
campaigns at Villum Research Station (VRS) in northeast Greenland (81.6° N, 16.7° W). The CLeancloud
Arctic VIllum ExpeRiment (CLAVIER) covered two seasons in spring and summer 2024, each lasting for
one month. In addition to the existing in-situ surface aerosol monitoring at VRS, which includes a Scanning
Mobility Particle Sizer (SMPS), a Cloud Condensation Nuclei Counter (CCNC), a High-Volume Sampler
(HVS), a Nephelometer, an Aethalometer, a Neutral cluster and Air lon Spectrometer (NAIS), a wind lidar
and a ceilometer, the site was equipped with a AeRosol aerosol-cloud Ildar System (ARIS lidar) and a W-
band Cloud Doppler Radar (WProf). A Wideband Integrated Bioaerosol Sensor (WIBS-5/NEQ) was oerated
in both phases to provide realtime measurement of fluorescent particles to infer the presence of bioaerosols
and their potential contribution to Ice Nucelating Particles (INP). During the spring phase, a tethered balloon
(Helikite) was operated, which was equipped with aerosol and cloud instrumentation, including a Portable
Optical Particle Spectrometer (POPS), a Miniaturized Scanning Electrical Mobility Sizer (mnSEMS), a
Single-channel tricolor absorption photometer (STAP) and a miniaturized Cloud Droplet Analyzer
(miniCDA), and a filter sampler with the new nano-electromechanical membrane FTIR (NEMS-FTIR)
technique. A second tethered balloon was also employed for meteorological and flux measurements. In the
summer phase, a Proton-Transfer-Reaction Mass Spectrometry (PTR-MS) was used to measure VOCs
online, a cartridge sampling for offline sampling of VOCs, as well as a WELAS (white-light aerosol
spectrometer) for size distribution of larger sizes and the newest acthalometer AE36s. Finally, measurements
were also coordinated with the NASA ARCSIX aircraft mission for clousure experiments. In order to get a
better understanding of the processes related to aerosol-cloud interactions, several modelling activities were
and are being carried out for the CLAVIER period. These include the Flexible Particle Dispersion Model
(FLEXPART), the WRF-SIP model to study in detail the secondary ice production in clouds, OpenlFSv48
global model to simulate the aerosol composition and forcing during the campaign, and finally, the
FLEXPART-SOSAA framework and the ADCHEM model to study in detail the aerosol chemistry and
impacts on CCN.

This presentation will provide an overview of these activities and some preliminary results.
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Atmospheric particulate matter (PM) consists of carbonaceous fractions including graphitic elemental
carbon to large organic carbon (Polycyclic aromatic hydrocarbon) which are highly functionalized
and hard to identify and remove. The dark components of atmospheric PM, also called as soot
particles or black carbon, are mostly generated from different man-made sources and measured as
light absorbing particles including organic matter as well as a mixture of graphite particles.
Atmospheric PM, especially fine and coarse fractions, comprises 45 to 90% carbon content including
predominantly black carbon and organic carbon. The high carbon content in atmospheric PM can
promote the formation of carbon nanomaterials (CNMs) under varying environmental conditions. In
this innovative work, we evaluated the formation of nanocarbons like carbon dots (CDs), onion-like
carbon (OLCs) and gaphene nanosheets (GNs) from atmospheric particulate matter (PM) using
different solvent in an oxidizing environment. The synthesized CDs were quasi-spherical in shape
with uniformly distributed particles having an average size of 4-6 nm. The OLCs were concentric
spherical shells like onions and fringes of graphitic planes with interplanar distances of 0.232 to 0.297
nm, which are smaller than that of graphite (0.336 nm). In this study, PM-derived CDs, OLCs, and
GNs demonstrated effectiveness across a wide range of applications, particularly as nanofertilizers
that enhance plant growth and seed germination. Additionally, these materials exhibited promising
electrochemical properties, highlighting their potential for advancing aerosol nanotechnology and
offering a sustainable pathway toward a cleaner environment through circular economy approaches.

Keywords: PM> s, chemical oxidation, carbon dots (CDs), onion-like carbon (OLCs) and gaphene
nanosheets (GNs), blue-fluorescence, electrochemical properties, nanofertilizer
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In Northern India, residential combustion remains a dominant and persistent source of fine particulate
matter (PM2.s), particularly during the winter months. These combustion activities emit a complex
and heterogeneous mixture of primary PMzs comprising potentially toxic elements (PTEs), and
carbonaceous organic fractions which poses serious threat to human health. Recent evidence suggests
that beyond mass concentration, the oxidative potential (OP) of PM2s, a measure of its ability to
generate reactive oxygen species (ROS) in the human respiratory tract is a more health relevant
metric, directly linked to oxidative stress and related cardiovascular and pulmonary diseases.
However, the contribution of residential combustion-derived PM> 5 to oxidative potential has very
limited studies in the Indian context. We investigated ambient PM; 5 at a residential site in Kanpur,
Northern India, focusing on its surface chemistry, morphology, and chemical composition to elucidate
its environmental and toxicological significance. The study revealed that the maximum 6-hour
average concentrations of PMb» s during night time in winter season exceeded more than two times the
World Health Organization (WHO) permissible limit of 15ug/m® for 24h. Total 38 elements were
quantified in PM2 s samples with X-ray fluorescence spectroscopic technique among which the mean
concentration of S (2257.38 +232.37 ng/m?) is observed to be significantly enriched in PM> s samples
of the study area. The mean concentration of Cr (120.20 +41.05 ng/m3) and Cd (13.02 £ 1.91 ng/m3)
exceeded the permissible limit of WHO of 20 ng/m?® and 5 ng/m? respectively, posing elevated health
risks. SEM analysis revealed crystal flower-like particles, Cl -rich sodium chloride, and Si-rich
aluminosilicates from dust, further indicating diverse source contributions. The present study showed
that PM>s samples with high loading of metal content exhibit significant oxidative activity.
Comprehensive toxicological assessments, including in vitro cytotoxicity, genotoxicity and oxidative
potential analyses, were also conducted to evaluate the potential health risks associated with ambient
PM: s exposure. This study underscores the disproportionate influence of residential combustion on
PM2: s oxidative potential in Northern India. The findings highlight the need to move beyond PM mass
concentration in health risk assessments and emphasize the importance of targeting household and
waste combustion emissions in air quality and health intervention policies.

Keywords: PM: s, Residential Combustion, Potentially Toxic Elements (PTES), Surface Chemistry,
Cytotoxicity, Genotoxicity, Oxidative Potential (OP), Health Burden
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Southern Sweden is frequently influenced by alternating marine air masses and continental outflow,
making the region an effective receptor for diagnosing the relative importance of natural and
anthropogenic aerosol sources. We investigate the contribution and origin of dust-related particulate
matter (PM) by integrating (i) established elemental source apportionment from PIXE (Particle
Induced X-ray Emission) measurements and receptor modelling, with (ii) new particle-resolved
evidence from Environmental Scanning Electron Microscopy (ESEM) of samples collected at
Hyltemossa (ICOS/ACTRIS), using three newly developed samplers: the MultiMINI8 multi-stage
micro inertial impactor, the NanoPS thermophoretic nano sampler, and the SPAFiS filter sampler.

As a baseline, we use the PIXE dataset from spring 2000 collected at the EMEP background site
Vavihill (56°01'N, 13°09'E; 172 m a.s.l.), where average PM10_{10}10 and PM2.5 {2.5}2.5
concentrations were 12.7 and 10.1 pg m—37{-3}-3, respectively. Two complementary receptor
models (COPREM and EPA PMF) resolved four dominant source categories: soil dust, sea spray,
general pollution, and oil/coal combustion using size-segregated elemental tracers (including Si, S,
K, Ca, Ti, Mn, Fe, Ni, Zn, Pb, Cl, Sr and V). The results from this models show that mineral dust is
a major contributor even at this rural background site: soil dust accounts for ~19-22% of

PM10 {10}10 and ~16-18% of PM2.5 {2.5}2.5, while sea spray contributes ~16-22%

(PM10 _{10}10) and ~15-21% (PM2.5 {2.5}2.5). Combined, sea spray and soil dust explain ~38—
44% of PM10_{10}10 (~5 pg m—37{-3}—-3) and ~33-36% of PM2.5 {2.5}2.5 (~4 ng m—3"{-
3}-3), highlighting the regulatory relevance of “natural” coarse-mode sources and their potential
anthropogenic enhancement via resuspension (e.g., traffic, farming, quarry activity). A marked
increase in the soil-dust contribution from mid-April coincided with drying of soils and road
surfaces, consistent with episodic resuspension events.

Building on this baseline, our Hyltemossa ESEM data (morning and evening sampling) identify
particle types consistent with mineral dust (silicate- and Ca/Fe-bearing morphologies), aged sea-
salt/sea-spray particles, and mixed anthropogenic particles, enabling a particle-level “reality check”
of the bulk PIXE/PMF factors. In parallel, the study provides a test case for newly developed
aerosol samplers (MultiMINI8, NanoPS, and SPAFiS) to support single-particle elemental analysis
by ESEM.

This work was supported by the Royal Physiographic society of Lund, TPChange (DFG TRR 301)
and the Swedish Foundation for Strategic Environmental Research (MISTRA) as part of the
Swedish air pollution research program ASTA (International and National Abatement Strategies for
Transboundary Air Pollution), and the Swedish Environmental Protection Agency. Additionally,
ACTRIS Sweden contributed to the work, which is a National Research Infrastructure funded
jointly by the Swedish Research Council (Grant 2021-00177) and the six Swedish Research-
Performing Organizations involved.
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Acerosol-cloud interactions are one of the key uncertainty in climate projections. To improve our
understanding of current climate and constrain anthropogenic impact, it is essential to understand the
clean, pre-industrial aerosol burden dominated by natural aerosols. Marine aerosols are a major
source of natural aerosols and influences Earth’s radiative balance and cloud microphysics. In this
study, we evaluate the representation of marine aerosols in the Norwegian Earth System Model
version 2 (NorESM2). The marine aerosols in the model includes sea salt driven by wind speed and
sea surface temperature (SST), primary organic aerosols (POA) linked to wind speed, SST and
chlorophyll concentrations, secondary organic (SOA) and sulphate aerosols formed from the
oxidation of dimethyl sulphide (DMS). We have performed 10 year simulations from 2008-2018,
nudged to ERA-Interim reanalysis data. The predicted total aerosol number (Nsorar) concentration
and number concentration of particles larger than 100 nm (Nio0) are compared against long term
surface observations from four marine observation sites, Ascension Island, Zeppelin, Graciosa Island,
and La Réunion. At Ascension Island, model N0z 1s overestimated up to 500% and Nioo by up to
200% compared to observation, due to long range transport of continental aerosols from Africa. At
Zeppelin predicted Nigo 1s underestimated up to 200% and N up to 100% compared to
observation. This is possibly due to underestimated long-range transport or missing aerosol sources.
At Graciosa and La Réunion, the predicted Nigo and Norar agree well with observation with
difference up to 30% of observations. Across all sites, the model tends to predict N well but
predicts lower Nioo compared to the observations. The comparison also shows that model captures
seasonal variability of marine aerosol well. To quantify radiative impacts, we conducted sensitivity
simulations by switching off the marine aerosol sources one at a time to diagnose the direct radiative
effect (DRE) and aerosol indirect effect (AIE). Removal of sea salt leads to a warmer climate with a

decrease in magnitude of globally averaged DRE by 0.013 Wm2 respective to control and globally

averaged AIE by 0.003 Wm 2 respective to control, highlighting sea salt’s net cooling role through
scattering and cloud interactions. Removing POA and DMS similarly warms the climate because of
a decrease in magnitude of globally averaged AIE and no change in globally averaged DRE, consistent
with their weaker direct scattering relative to sea salt. The results indicate the importance of marine
aerosol in regulating Earth’s radiative balance and cloud properties. Furthermore, they highlight
importance of size and composition of the marine aerosol properties especially for nucleation, growth,
and source attribution.

Acknowledgements. We acknowledge the U.S. DOE ARM user facility for providing data from the
Graciosa (ENA) and Ascension Island (ASI) sites. We also thank the NILU EBAS database and the
contributing networks (ACTRIS, GAW-WDCA, EMEP) for the chemical composition, size
distribution, and meteorological data from the Zeppelin (Ny-A" lesund) and Ma"1do (La Réunion)
observatories.
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Airborne particles carry a complex mixture of inorganic material, organic compounds,
microorganisms, and biological fragments. While atmospheric science has long studied aerosols
because of their impacts on air quality, climate forcing, and health, their role as carriers of
biological information has only recently been explored. In this talk, I will introduce airborne
environmental DNA (eDNA) as a new and unexpected signal embedded within atmospheric
particulate matter, and discuss how aerosol science provides a natural framework for understanding
its generation, transport, and detection. Environmental DNA refers to genetic material released by
organisms into their surroundings through skin cells, hair, saliva, feces, and other biological debris.
Traditionally, eDNA has been collected from water or soil. Recent work has demonstrated that
vertebrate DNA can also be captured from air by filtering airborne particles, enabling detection of
mammals, birds, reptiles, amphibians, and fish from open and semi-open environments. This
challenges the assumption that terrestrial vertebrate monitoring must rely on direct observation,
camera traps, or invasive sampling.

I will summarize results from controlled and natural environments showing that airborne eDNA is
detectable across a wide range of species and settings, from enclosed stables to open landscapes.
Detection probability scales systematically with physical variables familiar to aerosol scientists:
distance to source, biomass (as a proxy for emission strength), airflow rate, filter area, and filter
porosity. Coarser-grade filters and higher volumetric flow rates often outperform finer filters;
airborne eDNA behaves as a low-concentration, particle-associated tracer.

Method development studies further show that sampling design—filter type, airflow, and storage
conditions—strongly influences detection robustness and reproducibility. When optimized, airborne
eDNA vyields habitat- and season-specific community signatures, suggesting that biological
information preserved in aerosols reflects local ecological structure rather than long-range
background transport alone.

From an atmospheric chemistry perspective, airborne eDNA can be viewed as a new class of
marker in bioaerosols. It offers opportunities to link aerosol physics with ecological questions,
including source attribution, transport scales, and residence times of biologically derived particles.
More broadly, it demonstrates how tools and concepts from aerosol science can open entirely new
observational windows, helping to quantify biodiversity in diverse habitats. I will conclude by
discussing future directions where modeling and atmospheric measurement techniques—sampler
design, flow characterization, particle size segregation, and chemical co-analysis—can directly
contribute to advancing airborne eDNA as a quantitative and scalable monitoring tool.
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Oxidation flow reactors (OFR), such as Dekati® Oxidation Flow Reactor (DOFR™) are aerosol
conditioning units designed to simulate atmospheric aging and especially used in studying secondary
aerosol formation. Utilizing high concentrations of OH-radicals and UVC (254 nm) radiation, days
long oxidation processes can be achieved within minutes. The oxidation of volatile vapors, present in
the measured aerosol, can make them condensable within the OFR chamber, leading to growth of
existing particles or to nucleation of new particles. Whether nucleation takes place depends on the
overall process parameters, but more interestingly here on the ratio between condensable vapor and
seed particles of the measured aerosol. So, at the output of the OFR, the condensed particulate mass
can end up in its own distribution mode and/or growing the existing seed particle mode. Similar
phenomena where background aerosol affects new particle formation may happen also in real ambient
conditions affecting, e.g., pollution formation.

In these experiments, we varied the ratio between condensable vapor and seed particles around the
point where nucleation takes place. Soot seed particles were generated using a Miniature Inverted
Soot Generator (MISG). eDiluter™ Pro along with a catalytic stripper were used to condition and to
adjust the concentration of the soot seed particles. As a condensable vapor precursor, toluene, o-
pinene, and mixture of their vapor was introduced from a temperature-controlled flow saturator
continuously and in pulses with a syringe. The prepared aerosol was then atmospherically aged with
a DOFR™ uysing stable humidity and ozone concentration. The aged aerosol from DOFR™ was
measured with an ELPI®+ and an SMPS. The oxidation age was estimated by using a CO gas tracer,
and the aging controlled by varying the UVC radiation intensity in the oxidation chamber.

The point of nucleation was found for both stable and pulsed vapor cases, and measurements were
performed for particle size distributions where practically only nucleation or coated soot particles
were present, as well as their two modal distributions. Clear differences were also observed between
ELPI®+ and SMPS distributions as the soot seed particles started to grow from the condensing vapor,
indicating the change in effective density of the measured particles. Additionally, the DOFR™
response time to pulsed vapor source was determined by comparing an input of a near point source
of vapor to an output of a broadened particle size distribution.
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Coarse-mode aerosol particles play important roles in environmental processes, climate, and human
health, with impacts that depend strongly on particle type. Although mineral dust and sea spray
aerosol (SSA) dominate the coarse mode, less abundant biological particles can have significant
impacts on these realms, for instance by acting as more efficient ice-nucleating particles. Robust,
type-resolved characterization of coarse-mode aerosols and their variability is therefore critical for
assessing their environmental and climatic relevance. Here, we present a new laboratory reference
dataset of coarse-mode aerosol particles from common sources based on single-particle ultraviolet light-
induced fluorescence (UV-LIF) spectroscopy and optical scattering morphology measurements.
These samples are representative of Northern Hemisphere middle and high latitude coarse-mode
particle sources, including pollen (of European deciduous and coniferous trees), mineral dust (from
Svalbard, Iceland, and Japan), bacteria (cultured from Baltic seawater), and microplastics (polyethylene).
Comparing these with previously published datasets shows broadly consistent, source-dependent
fluorescence characteristics across bioaerosols, but also similarities between biological and
nonbiological particles that can bias classifications. Optical scattering characteristics indicate distinct
morphological differences between dry-aerosolized dust aerosol and SSA particles generated with a
sea spray simulation chamber.

Building on this dataset, we introduce a machine learning (ML) classification framework that
combines fluorescence and morphological features in particle identification, trained on laboratory
measurements. We assess the algorithm's performance using one year of field observations from
Zeppelin Observatory, Svalbard made alongside chemical tracer measurements, and compare it to
previously published results based on fluorescence-only bioaerosol classification. The assessment
reveals significant influence from combustion particles, likely originating from biomass burning, on
ML-based bioaerosol identifications, as well as likely confusion between dust and SSA, likely
due to missing SSA emission and/or aging pathways in laboratory-generated nascent SSA. To
address these issues, we apply a domain adaptation approach based on tracer data to improve the
identification of combustion-related particles and discrimination between dust and SSA. The
resulting classification reproduces the previously reported annual bioaerosol cycle, yields higher
inferred bioaerosol concentrations than the fluorescence-only method, and retains similar
correlations with independent biological and combustion tracers. The open-source framework
presented here enables more robust quantification of bioaerosols across a wide range of
environments with a diverse range of bioaerosol sources, facilitates the re-evaluation of
earlier datasets and conclusions, and provides a flexible foundation for future refinement as new
particle characterization data become available.
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Catalysts and sensors that depend on catalytic reactions require an excellent control over their
selectivity and reaction dynamics. The processes depend on the structure and the composition of the
materials used. Nanoparticles have outstanding properties due to their large specific surface area,
their composition-dependent properties, and the possibility to tune their properties. However, it is
essential to understand the structure and composition precisely to be able to adjust them for the desired
application.

Spark ablation is a versatile method that can generate an aerosol consisting of metal and metal oxide
nanoparticles in a carrier gas. Compared to wet chemical production routes, spark ablation effectively
avoids the various necessary steps for surface contamination removal, since the particles are produced
in a gas. Furthermore, spark ablation offers a myriad of materials mixing capabilities since all
conductive materials can be mixed using this technique. Previous studies have indicated that if using
feedstock made of alloys with larges discrepancies in melting point and evaporation rate, the
composition of the resulting particles will still obtain the same composition as the electrodes due to
the fast dynamics of the generation process. In this study, we show that this is not the case for CuZn
(brass) alloys.

The focus of this project is the production of CuZn nanoparticles via spark ablation. The aim is to
understand the generation dynamics and the resulting composition using advanced characterization
techniques. The nanoparticle composition is investigated by analysing both single particles (TEM,
TEM-EDS), an ensemble of particles (OES, ICP-MS, XRF), and their surface (XPS), using time-
resolved techniques. Notably, with an aerodynamic lens system at the synchrotron facility MAX 1V,
in-flight particle surfaces are observed using time-resolved X-ray photoelectron spectroscopy.
In-flight XPS spectra reveal that the relative amounts of Zn and Cu on the particle surface change
drastically and unpredictably over time. The ensemble techniques show that their average
composition change slowly over time, with the initial particles containing more Zn than those
generated 30 minutes later.

Using a combination of different characterization techniques, we have started to understand the
generation process and dynamics for the materials Cu and Zn which has large difference in vapor
pressure and melting point. This is essential for controlling their composition and therefore the
particle properties, which is essential for developing of high-performance nanoparticles tailored for
specific applications.
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An approach to studying cloud-active aerosol is the sampling of cloud droplet residuals using a
counterflow virtual impactor (CVI), which selectively transmits cloud droplets and ice crystals
based on inertial separation while rejecting interstitial aerosol. However, previous airborne,
ground-based, and laboratory CVI studies have reported transmission artifacts inconsistent with
simple impaction theory, including the detection of particles that should be inertially excluded.
Proposed mechanisms include droplet break-up on inlet walls under turbulent conditions, wake
effects allowing small particles to follow larger ones into the inlet, and evaporation of volatile
components from particles.

As part of the CleanCloud Helmos Orographic Site Experiment (CHOPIN) campaign, we used
ground-based CVI sampling at the Hellenic Atmospheric Aerosol and Climate Change station
((HAC)?) located on Mt. Helmos, Greece (2314 m asl) to investigate cloud-active aerosol size
distributions using a scanning electrical mobility spectrometer (SEMS). This allows us to study
the size of particles involved in cloud activation. Aitken-mode particles were identified in cloud
residual size distributions and it is unclear whether they are real activated cloud nuclei or a result
of the above possible artifact sources. For example, background interstitial aerosol concentrations
were elevated at times and could have contributed to wake-related artifacts. Separating potential
artifacts from real cloud residuals is key to using observations to improve our understanding of
physical processes driving cloud-aerosol interactions.

To investigate the possible influence of wake-related sampling artifacts, we designed laboratory
experiments to reproduce cloud-like conditions under controlled settings. A dedicated
experimental setup is constructed in which a flow-through tube is used to introduce cloud droplets
and various levels of interstitial particle concentrations into the CVI inlet. Downstream
measurements provide size distributions and number concentrations of sampled residuals and,
potentially, interstitial particles smaller than the theoretical cut size but which have not been
rejected by the CVI. Here, we will show an overview of the cloud residual size distributions and
ambient cloud measurements observed in Mt. Helmos during CHOPIN, and present the laboratory
experiments investigating the effects of wake-capture under controlled conditions.
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Acyl peroxy radicals (APRs) can react with unsaturated hydrocarbons under atmospheric
conditions. These reactions can initiate the formation of low-volatility organic compounds (LVOCs)
which are known to participate in secondary organic aerosol (SOA) formation and growth. The
reactions of APRs with alkenes, such as monoterpenes, can form various different reaction products
depending on the reaction pathway. If the reacting alkene is a bicyclic monoterpene, either ring-
opening reaction or O2-addition follows the APR addition. O2-addition is followed by bimolecular
reactions with radicals such as RO2 or HO2 where an alkoxy radical forms. Alkoxy radicals react
through C-C bond sciccions (B-scissions) which can either initiate autoxidation through the
formation of new peroxy radicals or terminate the oxidation chain through the formation of a
closed-shell product. The reaction pathway depends on the reacting monoterpene and therefore,
monoterpene+APR reactions can have different SOA yield potentials.

We studied the reaction pathways of six different oxygenated monoterpenes (monoterpenoids) with
acetyl peroxy radical (CH3C(O)OOr¢) using computational methods. The studied reactions included
APR-addition, ring-opening reactions of bicyclic monoterpenoid+APR adducts and
monoterpenoid+APR derived alkoxy radical B-scissions. The investigated monoterpenoids were
umbellulone, sabinol, verbenol, carvone, carveol and a-terpineol. The goal of this study was to
determine how the APR-initiated oxidation pathways and possible SOA yields are affected by
functional groups, and how these compare to the monoterpene counterparts.

The fastest APR-addition reactions were observed for monoterpenoids that had an OH-group near
the APR attack site (carveol, sabinol and verbenol). Bimolecular reaction rate coefficients were
shown to be up to 10'° cm>s!. The ring-opening reaction after APR-addition was shown to be
significant for only sabinol with a 43% yield. Alkoxy radicals formed after the O2-addition were
shown to favor different C-C bond scissions depending on the reacting monoterpenoid. Verbenol
and o-terpineol form closed-shell species indicating low SOA yield potential. Stereochemistry also
affects the branching ratios which was especially showcased for carveol. Depending on the
stereoisomer, carveol will either form a closed-shell species (with a yield of 0-50%) or a peroxy
radical (with a yield of 50-100%). Umbellulone, sabinol and carvone form peroxy radicals that can
initiate autoxidation suggesting a high SOA yield potential for these monoterpenoids.

Compared to the monoterpene counterparts of the studied monoterpenoids, significant differences
were observed in reaction pathways and SOA yields. While APR-initiated oxidation serves as a
minor pathway in the atmosphere, the studied reactions could have an impact on the production of
low-volatility compounds and thus, should not be neglected.



Multigenerational Oxidation of Benzyl Alcohol in the Atmosphere
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Indoor air quality is a major concern as, in developed countries, people tend to spend most of
their time indoors. Especially volatile chemical products (VCPs), such as personal care products,
cleaning agents, pesticides and adhesives, have been identified as important sources of volatile
organic compounds (VOCs) that have critical impact on air quality due to their high secondary
organic aerosol (SOA) formation potential. SOA has significant impacts on both health and
climate. The importance of VCP emissions is increasing as vehicle emissions become more
regulated. However, the atmospheric chemistry of many compounds found in VCPs is still
relatively unknown, making the estimation of SOA yields difficult.

Benzyl alcohol is often found in VCPs as it is used as a fragrant, preservative or solvent in
various applications such as cosmetics, inks, dyes and pharmaceuticals. It has also been found
from natural sources such as flowers. The gas-phase oxidation of benzyl alcohol has been shown
to be a significant source of SOA, but the underlying mechanisms are largely unknown. In this
work, we use quantum chemical calculations to study the multigenerational atmospheric
oxidation of benzyl alcohol and explore the potential pathways that lead to condensable vapors
and explain the measured high SOA yield.

The formation of condensable vapors requires fast intra-molecular reactions that usually implies
ring-free reaction intermediates. The ubiquitous presence of double-ringed intermediates,
bicyclic peroxy radicals (BPR), in aromatic oxidation was a source of disagreement between
observed fast formation of condensable vapors and slow quantum chemically calculated intra-
molecular reactions.

Recently, aromatic hydrocarbons have been shown to have unstable ipso-BPR (where initial OH
addition occurs on a substituted carbon atom), leading to ring opened products that rapidly
undergo intra-molecular reactions to form condensable vapors. In addition, geminal diol BPR
from the more reactive first-generation phenolic products from aromatic oxidation have also
been shown to form ring opened products that lead efficiently to condensable vapors. Here, we
describe the molecular level pathways to condensable vapors from the multigenerational
oxidation of benzyl alcohol. We show that the total SOA yield from benzyl alcohol oxidation
likely has contributions from both, the ipso-BPR of benzyl alcohol and the geminal diol BPR
from hydroxybenzyl alcohol (HBA), a first-generation product of benzyl alcohol oxidation. The
oxidation of phenol and catechol, also products of benzyl alcohol oxidation, likely also
contribute to the total SOA yield. Our work is the first computational study on the
multigenerational atmospheric oxidation of benzyl alcohol, helping to understand its impact on
air quality and climate.
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Secondary organic aerosols (SOA) contribute significantly to particulate matter, which causes
adverse health effects and impacts our climate by scattering and absorbing radiation and acting as
cloud condensation nuclei (CCN), altering the properties of clouds. However, the ability of SOA to
act as CCN depends on their chemical composition and size. Organosulfates (organic sulfate esters)
are low-volatility compounds that are ubiquitous in the atmosphere. They may affect CCN activity
by influencing aerosol size, phase state, morphology, hygroscopicity, and surface activity. However,
the formation mechanisms of most organosulfates remain poorly understood. Suggested formation
pathways include uptake of isoprene epoxydiols (IEPOX) followed by reaction with inorganic
sulfate, a reaction between sulfate radicals and alkenes, and uptake of sulfur oxides reacting with
organic precursors.

Glycolic acid sulfate, the sulfate ester of glycolic acid, has been reported in the atmosphere across
many locations. It has been shown to form from glycolic acid in aerosols with sulfuric acid and
ammonium bisulfate. However, the exact mechanism is not well understood.

In this work, the formation of glycolic acid sulfate has been investigated using ultra-high
performance liquid chromatography with a hydrophilic interaction liquid chromatography (HILIC)
column coupled to Orbitrap mass spectrometry. The HILIC column offers better retention and
separation of very polar compounds such as glycolic acid sulfate compared to traditional Cis
columns. To study reactions in the aerosol phase, a setup with a collision-type atomizer connected
to an aerosol spot sampler has been developed for aerosol generation and subsequent collection onto
well plates.

A series of aerosol phase experiments has been conducted with different precursors to investigate
the reaction mechanism. In addition, the aerosol phase formation of glycolic acid sulfate is compared
to the bulk phase formation. The reaction kinetics of glycolic acid sulfate formation in the bulk phase
has been studied using glycolic acid and sulfuric acid, and the rate constant and reaction orders have
been determined.

The glycolic acid-sulfuric acid system will be investigated further through chamber studies in the
Aarhus University Research on Aerosols (AURA) chamber. The studies will improve understanding
of the formation of glycolic acid sulfate which can potentially be extended to other organosulfates.

This work was funded by the Danish National Research Foundation (DNRF172) through the Center
of Excellence for Chemistry of Clouds and by the Carlsberg Foundation.
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Growth of Atmospheric Freshly Nucleated Particles: A Semi-Empirical Molecular Dynamics
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Aerosols can affect climate through direct effects by absorbing and scattering sunlight, and indirect
effects where they act as cloud condensation nuclei. The aerosol effects are currently the largest
uncertainty in modern climate models and this uncertainty primarily stems from the unknown
structure and growth path of the initial clustering of gas phase vapors, leading to new particle
formation. Quantum chemical calculations can give insight into cluster formation where the
calculated thermochemistry can be used to simulate new particle formation. When simulating
new particle formation rates, collisions in the system are often approximated as hard spheres
without long-range interactions. This simplification may lead to an underestimation of the actual
formation rate.

We employed semi-empirical molecular dynamics (SEMD) at the GFN1-xTB level of theory to probe
the sticking process of the monomers sulfuric acid (SA), methanesulfonic acid (MSA), nitric acid
(NA), formic acid (FA), ammonia (AM), methylamine (MA), dimethylamine (DMA), and
trimethylamine (TMA) onto freshly nucleated particles (FNPs). The FNPs considered are
(SA)10(AM)10, (SA)10(MA)10, (SA)10(DMA)10, and (SA)10(TMA)10. The starting structures are
equilibrated to atmospheric conditions using a Langevin thermostat until the equipartition theorem is
approximately satisfied. We then use the equilibrated structures to probe the sticking process in the
free molecular regime as a function of offset (b) and different velocities (v).

We find that the hard-sphere kinetic approximation, which neglects long-range interactions,
significantly underestimates the number of collisions leading to sticking. By calculating the sticking
probability for all relevant offset and velocities, a sticking coefficient can be calculated from the
SEMD simulations. We obtain enhancement factors, relative to the collision coefficient given by
hard-sphere kinetics, of 2.3 and

1.5 for the SA+(SA)10(AM)10 and AM+(SA)10(AM)10

collisions, respectively. A comparison with OPLS all-atom force field simulations shows similar
enhancement factors of 2.4 and 1.6 for the SA+ (SA)10(AM)10 and AM+(SA)10(AM)10 collision,
respectively. Compared to the force field simulations, SEMD exhibits a more isotropic sticking
behavior, with the probability remaining near unity for small offsets before rapidly dropping to
0% beyond a certain offset. The force field simulations show a more gradual decline in sticking
probability due to certain orientations still leading to sticking. The largest discrepancy between the
methods occurs at lower collision velocities where force field simulations, even for head-on
collisions, predict low or zero sticking probability. This has previously been attributed to periodic
repulsions between the rotating collision partners caused by fluctuations in their charge distributions.
In contrast, SEMD simulations do not exhibit this behavior. Since these low velocities are not
significantly populated in our simulations, both methods yield similar enhancement factors. However,
for systems with larger effective masses, where such velocities are more prevalent, we would expect
the two methods to diverge.

This work was funded by the European Union (ExploreFNP grant no. 101040353).
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Boreal forests encircle the North Pole, are the largest terrestrial biome on Earth, and emit significant
amounts of biogenic volatile organic compounds (BVOCs). Atmospheric oxidation of these
compounds forms lower volatility products that contribute to secondary organic aerosol (SOA)
formation, influencing climate change and air quality. Despite ongoing research, knowledge of SOA
formation remains limited and warrants further investigation. In the summer of 2025, we conducted
an intensive campaign at the Norunda ACTRIS and ICOS station in the Swedish boreal forest. The
aim of this campaign was to investigate BVOC emissions and SOA formation from a newly planted
boreal forest one year after replanting (2024) to examine changes in BVOC emissions and the
chemical evolution of these species. We deployed the newly developed ACTRIS Sweden mobile
platform, i.e. the Gothenburg Exploratory Platform for In-situ Chemical characterization (Go:EPIC),
which includes a Vocus Proton Transfer Reaction Time-of-Flight Mass Spectrometer (Vocus-PTR),
a Vocus Adduct lonization Mechanism Time-of-Flight Mass Spectrometer (Vocus-AIM) coupled
with a Filter Inlet for Gases and AEROsols (FIGAERO), and a Time-of-Flight Aerosol Chemical
Speciation Monitor with extended resolution (TOF-ACSM-X). The use of multiple instruments
enables observations of a broad range of parent BVOCs and their oxidation products in both gas and
particle phases, providing an enhanced understanding of how atmospheric SOA formation occurs
during forest management. Compared to the measurements during pre-clearcutting (Petersen et al.,
2025) and active clearcutting our preliminary results indicate changes in both concentrations and
fluxes of VOC emissions, leading to further changes in the chemical composition of aerosol
particles.

Keywords: BVOCs, SOA, Boreal forest, Go:EPIC
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In this study, the kinetics of unimolecular reactions of nearly 40 stabilized Criegee
intermediates (SCIs) with diverse substitution were investigated. SCIs with different
substitution need to be investigated as the unimolecular reaction rates of SCls are highly
dependent on their possible isomers and substituents. Different substituents investigated in this
study include small saturated carbon chain substituents, open chain aldehydes, conjugated
cyclic substituents, monocyclic saturated carbon substituents, and bicyclic monoterpene-derived
substituents.

The aim of the study was to find SCIs with slow unimolecular reactions. As usually fast
unimolecular reactions limit how SCIs can react bimolecularly, SCIs with slow unimolecular
reactions could potentially react bimolecularly rather than unimolecularly. Bimolecular reactions
could produce low volatility organic compounds that lead to secondary organic aerosol formation
and thus have various effects on the climate. In this study, six SCIs with a lifetime longer than one
second were found. These structures include conjugated cyclic SCIs, small, saturated carbon chain
substituted SCIs, and a camphene-derived SCI.

Based on the systematic research on the unimolecular kinetics of SCIs, we were also able to
extend the unimolecular structure-activity relationships (SARs) of SCIs. SARs were extended
regarding open chain aldehyde SClIs, bicyclic monoterpene-derived SCls, monocyclic SCls, and
conjugated cyclic SCIs. We were able to establish a new estimate when the secondary ozonide
(SOZ) formation becomes the dominant unimolecular reaction for aldehyde substituted SCIs
regarding their carbon chain lengths. To our knowledge, no SARs exist at the moment for
monocyclic or conjugated cyclic SCIs, which we were able to establish.

Additionally, a SAR regarding 1,3-ring closure for bicyclic SCIs was established.

The study was conducted using computational methods, such as density functional theory (DFT)
and CCSD(T)-methods. The reaction rate coefficients were calculated using lowest-conformer
transition state theory (LC-TST) as nearly all of the studied structures had one to few
conformers. Only structures to have a significant number of conformers were the aldehyde-
substituted SCIs but LC-TST was also able to provide results extremely similar to results
obtained with multi-conformer transition state theory in the literature.
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Spark ablation has emerged as a versatile method for generating nanoparticles and metal clusters with
controlled properties. When different electrode materials are employed, the resulting metal vapor
plume provides a unique environment where mixing and alloying processes can occur at the earliest
stages of particle formation (Kohut, 2025; Jonsson, 2024). Despite its relevance for nanomaterials
synthesis, experimentally validated insights into vapor-phase mixing and cluster formation in such
transient plasmas remain severely limited.

To investigate the earliest stages of metal cluster formation, we focus on the temporal evolution from
the initial spark event to the appearance of the first atomic aggregates. Individual sparks are
deliberately triggered under well-defined electrical conditions, and the spatial distribution and
dynamics of neutral gold atoms (Au I) are examined immediately after spark generation. Gold vapor
expansion is captured using a structured two-photon laser-induced fluorescence (TALIF) technique
with ultrashort laser pulses featuring tailored spectral and spatial profiles. The resulting fluorescence
is recorded using multidimensional lock-in detection, providing time-resolved, spatially resolved
maps of the expanding vapor cloud. In separate experiments, a high-speed camera is used to image
spark formation and early discharge dynamics. Together, these complementary measurements
resolve transient atomic populations, transport processes, and hydrodynamic effects that precede
nucleation and early cluster growth.

Since TALIF performs particularly well with gold, experiments were conducted using gold
electrodes. The results demonstrate that the breakdown voltage of the carrier gas—air, nitrogen, or
argon—strongly influences the post-spark expansion dynamics of the gold vapor. Higher breakdown
voltages lead to faster expansion, pronounced shock-wave-driven toroidal structures, and larger
vapor cloud dimensions, whereas lower breakdown voltages result in slower expansion and reduced
cloud size. These findings underscore the critical role of the surrounding gas environment and
discharge conditions in governing early dispersion dynamics that ultimately affect cluster formation
pathways.

This work is supported by the Light and Materials profile area of Lund University and by
NanoLund. Jonsson, L. et al. (2024) Journal of Aerosol Science, 177.
Kohut, A. et al. (2025) Nanoscale Advances, 7, 3322—-3330.
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Dust particles affect health when inhaled in the human respiratory tract and our climate via ice nuclei
formation. There are several sources of wind-driven dust; abrasion of road surfaces, emissions from
deserts or arid high-latitude regions, landfills or mechanically generated dust from a variety of
activities. Also agriculture contributes with emissions of organic debris or mineral dust during
harvesting, other operations, or when winds blow over bare sandy soils. The soil erosion additionally
leads to loss of fertile top soil.

It is basically not known how dust contributes to coarse particles between 1 and 10 pm in
diameter (PM10 — PM1) in rural northern Europe. Further, it is not known where this dust comes
from, very distant deserts or high-latitude dust, or rather near-regional sources within roughly 100
kilometers?

Dust particles can be characterized by several different measurement techniques that measure
metal content of particles, used as tracers for dust aerosol concentrations. Together with simultaneous
PM10 — PM1 particle mass concentration measurements, one can apply source/receptor models to
quantify the absolute dust contribution to coarse mode particle mass at arbitrary rural locations.

The next step is to separate dust sources from each other. The dispersion model FLEXDUST
accounts for emissions from high-latitude and desert dust regions and simulates the spread of these
emissions worldwide through air mass transport and estimates the resulting dust concentration at rural
field sites. If the desert and high-latitude dust do not fully account for all the dust from the
source/receptor model, then there is likely added influence of local sources, like agricultural soils and
dust sources that are missing in FLEXPART. These near-regional sources can be further separated
from each other by means of various methods, for example Lagrangian aerosol box modelling using
appropriate local dust emission measurement data as input.

We have conducted a source/receptor model run for the ACRIS and ICOS Hyltemossa rural
site in southern Sweden using data from the on-line XRF Xact 6251 instrument for metal source
markers and Palas FIDAS 500 to measure the coarse mass concentration. The results show that dust
contributes to about half of the coarse particulate mass in springtime at Hyltemossa, meaning roughly
2-3 ugm>.

In a first attempt to separate different dust sources from each other, we ran the FLEXDUST
model on April 2023 data. The analysis shows that different deserts in Asia and Africa accounted for
roughly 85 % of the dust measured at Hyltemossa. Hence, in this period, it can be concluded that
deserts are the dominant sources of course mode dust particles in Southern Sweden. The analysis will
be extended to other years.

This work was funded by the Swedish Foundation for Strategic Environmental Research
(MISTRA) as part of the Swedish air pollution research program ASTA (International and National
Abatement Strategies for Transboundary Air Pollution), and the Swedish Environmental Protection
Agency. Also ACTRIS Sweden contributed to the work, which is a National Research Infrastructure
funded jointly by the Swedish Research Council (Grant 2021-00177) and the six Swedish Research
Performing Organizations involved.
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EU policies rely on forests to partly counteract global warming through the carbon dioxide uptake
via photosynthesis and increased carbon storage in forest biomass. However, there are also other
climate-changing processes that need to be taken into account. They are related to biophysical effects
and emissions and uptake of other compounds, for example short-lived climate forcers (SLCF). A
dedicated approach to take these into account in Earth system models and other models in a
comprehensive manner is lacking, although it is to a large extent already possible to do.

The Horizon Europe CLIMB-FOREST project attempts to tie up loose ends and provide a common
platform for this holistic approach to the different climate effects. We have been analysing the climate
impact of afforestation in southern boreal and hemi-boreal areas in Nordic countries. The investigated
afforestation consists of a mixture of spruce and pine trees planted on previous grassland.

So far in the analysis, we have determined an increase in cumulative carbon dioxide uptake by
trees and soil when afforesting a previous grassland. At the same time, an afforestation leads to a
warming effect due to the so-called snow-masking effect and the corresponding reduction in albedo.

The largest unknown factors are SLCFs, where we have effects that can both warm and cool the
climate. For example, the afforestation would lead to a higher emission of terpenes and consequently
a higher production of aerosol particles that cool the climate through increased solar light reflection
and formation of brighter clouds. At the same time, afforestation leads to higher dry deposition of
aerosol particles due to larger surfaces for deposition in a forest compared to a grassland. Since the
climate-affecting aerosols are removed in this process, it becomes a warming factor that competes
with the cooling effect of higher terpene emissions. A preliminary modelling attempt supported by
empirical data, points to a combined effect of these two that are slightly in favour of a cooling.

Decadal time scales of effects are also essential, since a newly planted forest releases more carbon
dioxide in the beginning of the growth, but after a few decades, it has accumulated increasingly more
carbon in the living biomass and soil, to eventually become a net sink of carbon dioxide. As a
reference, only little carbon is accumulated in grasslands with annual plants.

We will further present data on radiative forcing of the different factors that influence climate
through afforestation at different stages of the forest growth. We will denote the level of
understanding of the different climate processes and where more research is needed to be able to
assess the use of afforestation as tool for climate mitigation in different parts of the world.

This work is supported by CLIMB-FOREST Horizon Europe Project (No 101059888) funded by
the European Union, and ACTRIS Sweden, which is a National Research Infrastructure funded jointly
by the Swedish Research Council (Grant 2021-00177) and the six Swedish Research Performing
Organizations involved.
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The importance of aerosols to the Arctic regions is evident: they affect the radiative balance by
modifying the heat exchange between the atmosphere, ocean, and ice, influencing feedback
loops unique to the Arctic, while also playing a key role in cloud formation and lifetime. In the
Arctic, aerosols include sea salt from the ocean and blowing snow, sulfates and black carbon
transported from mid-latitude pollution, and secondary aerosol particles from natural and
anthropogenic sources. The Arctic is currently warming up to four times faster than the global
average, a phenomenon known as Arctic amplification, which motivates us to better
understand the sources and chemical evolution of aerosols reaching this region.

In order to investigate the origins and chemical evolution of air masses arriving in the Arctic,
we use two transport-chemistry modelling frameworks: ADCHEM and SOSAA-FP. Both
models combine atmospheric transport with detailed aerosol-relevant chemistry but differ in
the way that they handle emissions and particle phase chemistry. Results from both models are
used to highlight the uncertainties associated with this type of modelling.

This work presents case studies from two locations in Greenland. The first one focuses on
Disko Island on the west coast of Greenland (69°45'N 53°30'W) during 17 August-17
September 2023. Initial results indicate that the transport of secondary organic aerosol (SOA)
PM, dimethyl sulfide (DMS) derived secondary aerosol PM, and black carbon, including
influences from Canadian wildfire emissions, are the main sources of aerosols at the station.
The second study focuses on air masses arriving at Villum Research Station in northeastern
Greenland (81°36° N, 16°40° W) between March and August of 2024, where DMS dominates
the formation and growth of particles when the air-masses originate from substantial
phytoplankton blooms in the Norwegian, Greenland, and Barents Sea.

This work is supported by the Finnish Ministry of Education and Culture’s Pilot for Doctoral
Programmes (Pilot project Mathematics of Sensing, Imaging and Modelling).
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Air pollution contributes to millions of premature deaths annually. Inhaled particulate matter (PM) can
deposit on the airway epithelium, triggering oxidative stress and inflammation. Long-term exposure to
even low levels of PM has been linked to severity in chronic lung disorders as asthma and chronic
obstructive pulmonary disease (COPD). Inhalation of PM may promote acute exacerbations accelerating
the rate of pulmonary decline and resulting in hypoxic conditions. Most in vitro PM studies are limited by
using a single cell type, a single short exposure duration, and simplified PM samples. In addition, the
combined effects of PM exposure and hypoxic conditions on the airway epithelium remain inconclusive.
In our previous studies, bronchial epithelial cells responded to hypoxia with more pathological
inflammation and remodeling (Berggren-Nylund et al, 2023). This response was further aggravated by
profibrotic stimuli, implying that individuals with chronic or prolonged hypoxia are more susceptible to
PM toxicity.

The aim of this study was to evaluate the effect of PM exposure on viability and inflammatory responses
in alveolar and bronchial epithelial cells and determine whether these effects are exacerbated when
combined with hypoxia. Human alveolar epithelial (H441) and bronchial epithelial (BEAS-2B) cells were
exposed to 1, 10 or 100 pg/mL of different PM2.5 and PM1(0 samples or carbon black for 24, 48 or 72
hours. The PM samples were collected from different areas in London, UK, and in Gérda, Gothenburg,
Sweden. Changes in cell viability were determined using LDH assay to quantify cytotoxicity and WST-1
assay to quantify metabolic activity and reactive oxygen species (ROS) were measured. Multiplex
analyses, measuring different pro-inflammatory cytokines and growth factors, were performed after
24 h of PMexposure with or without hypoxic conditions (1% O2). Our data show that cytotoxicity
increased with higher PM concentrations and exposure time in both alveolar and bronchial epithelial cells.
Metabolic activity of alveolar epithelial cells decreased with increasing PM concentration and exposure
time, whereas the inverse was seen in bronchial epithelial cells. IL-6 levels increased in both alveolar and
bronchial epithelial cells following PM exposure and the release was further increased in alveolar cells
during hypoxia. In conclusion, PM size, concentration and source influenced the toxic effects with
increased cytotoxicity over time. Additionally, there were distinct differences in response to PM exposure
in alveolar and bronchial epithelial cells, where alveolar cells appear more vulnerable. This highlights the
need of further research to elucidate the different susceptibility to PM within the respiratory tract, to better
inform air quality regulations.

Acknowledgment: This work was funded by the EMPIR program (project AeroTox) which is co-financed by the
Participating States and the European Union’s Horizon 2020 Research and Innovation program, the Crafoord
Foundation, the Alfred Osterlund Foundation and the Swedish Heart and Lung Foundation.
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Black Carbon (BC) is a chemically highly active and toxic component of fine particulate
matter PM> s, formed by incomplete combustion of carbon-based fuels such as fossil fuels,
biomass, and waste. BC particles pose due to their small size and composition a risk to health already
on their own, but they also act as efficient carriers for semi-volatile organic compounds and
heavy metals, transporting these toxins deep into the human body, causing inflammation,
oxidative stress, and cardiovascular impairment. In addition, BC can also reduce the
availability of sunlight for ecosystems and crops, and has a significant impact on climate,
weather, and air quality on both local and global scales. Although BC still lacks adequate
standardization and traceability, the WHO has classified it in 2021 as particulate matter
needing better management and monitoring, which resulted also in its inclusion as a
mandatory monitoring parameter in the EU Directive on ambient air quality and cleaner air
for Europe in 2024.

For over 25 years, the Bangkok Metropolitan Administration (BMA) has maintained an air quality
(AQ) network that tracks critical pollutants (PMa.5, PM1o, O3, CO, NOx, and SO») across the city
of Bangkok, Thailand, offering a spatially resolved near-real time air quality index (AQI) and
providing a basis for forecasts to both authorities and residents (https://airquality.airbkk.com/). Since

June 2025, a portable and weatherproof dual wavelength carbon monitor (model C-12; Acoem
Met One Instruments Inc., USA) has continuously measured BC concentrations at one of the
BMA AQ stations. We analysed these BC data alongside the colocated PM>s, PMio, O3, and
NOx measurements, and report our findings here.

The proportion of BC in the traditionally measured particulate matter mass concentrations PM o
and PMys is variable, depending on the sources of the particles and atmospheric transport
conditions. As a short-lived pollutant, BC has immediate effects on local air quality and human
respiratory health, making its real-time monitoring vital for vulnerable populations through
improving our knowledge about the toxicity and origins of the particulate matter.

Our study demonstrates the benefits of expanding continuous BC monitoring sites within air
quality networks, allowing better-targeted air quality policies and the implementation of
timely mitigation measures. We would like to express our sincere gratitude to the Air Quality
and Noise Management Division, Department of Environment, Bangkok Metropolitan
Administration for their commitment to improving urban air quality and their trust in our
technology.

Keywords: air quality, health impact, megacities, short-lived climate pollutants, black carbon,
PM2.5
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Semi-explicit chemical mechanisms for aromatic oxidation by automatic identification of major
SOA pathways
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Aromatic volatile organic compounds (VOCs) such as benzene and toluene are important
anthropogenic precursors of secondary organic aerosols (SOA). These compounds, as well as their
primary oxidation product, phenol and cresol, are emitted from a range of anthropogenic sources,
such as road traffic, biomass burning and solvent use in urban areas, and agricultural activities such
as livestock farming and organic matter spreading in rural areas.

Oxidation of benzene and toluene forms low-volatility products through reaction sequences initiated
by OH addition to the aromatic ring. A precise description of these processes relies on quasi-explicit
mechanisms that account for the successive reaction steps, including multiple OH additions, bicyclic
peroxy radical rearrangement, autoxidation and geminal diol chemistry. Such mechanisms comprise
a large number of species and reactions, which restricts their direct use in three-dimensional air
quality models because of computational constraints. Reconciling detailed chemical representation
with numerical efficiency therefore remains a major challenge for simulating secondary organic
aerosol formation from VOCs, and especially aromatic compounds.

In this study, the GENerator of reduced Organic Aerosol mechanisms (GENOA) algorithm is used to
generate semi-explicit mechanisms from the quasi-explicit schemes developed for benzene and
toluene. Generated semi-explicit mechanisms preserve the ability of the original schemes to
reproduce SOA mass and the contributions of the main oxidation pathways in terms of SOA
composition. The reduction is performed using zero-dimensional simulations representative of a
range of atmospheric conditions encountered over Europe, including low- and high-NOx regimes.
This framework allows the identification of oxidation pathways that consistently control SOA
formation, as well as pathways that become relevant only under specific chemical conditions. By
sampling contrasted environments, the approach captures the influence of oxidant levels, seasonal
variability, day—night transitions, and local chemical regimes on SOA formation and composition.
Both resulting reduced mechanisms highlight the dominant role of geminal diol chemistry and
autoxidation processes in SOA yields from benzene and toluene. This approach offers a clear
mechanistic understanding of aromatic SOA formation across Europe and demonstrates how
numerical modeling can be used to identify the main chemical processes controlling SOA formation
under varying environmental conditions.
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Atmospheric ammonia affects air quality, ecosystems and climate. Ammonia contributes to the
formation of health- and climate-relevant airborne particulate matter, as well as to nitrogen deposition
which has detrimental effects on water, soil and plants. Ammonia is predominantly emitted from
agricultural activities, including fertilizer use and animal husbandry. Reducing ammonia emissions
is a major challenge for air pollution mitigation and environmental protection in Europe and globally.

In this work, we apply the regional chemical transport model MATCH to assess the effects of national
ammonia emission reductions in Sweden, which is one of the EU Member States that are currently
not reaching their emission reduction commitments. The model is updated with an improved
treatment of ammonia dry deposition, that considers also the re-emission of ammonia from vegetated
surfaces. This bidirectional flux is based on compensation points, corresponding to concentrations
already present in the media that determine the ability to take up more gas. We benchmark the updated
model setup against surface observations of ammonia and related nitrogen species for a model domain
over Europe, and perform high-resolution regional simulations over Sweden. We conduct full-year
simulations in order to study seasonal variations and to ensure adequate model skill in reproducing
the temporal trends.

We include two emission reduction scenarios, comparing the effects of reducing (1) agricultural
ammonia, and (2) nitrogen oxides (NOx) from road traffic, which is the second major nitrogen source
in Sweden. In addition, Sweden is affected by long-range atmospheric transport of nitrogen species.
The results indicate the potential of national ammonia reduction to mitigate fine particulate matter
(PM2.5) and nitrogen deposition within Sweden. These effects exhibit a distinct seasonal dependence:
PM:s decreases in the winter half-year when sulfate and nitrate aerosol formation is ammonia-
limited. Nitrogen deposition shows largest decreases in the summer half-year when ammonia
concentrations and also deposition fluxes are higher. No such co-benefits are found for NO.
mitigation in Sweden, and instead the model suggests only minor or negligible effects on PM2.s and
nitrogen deposition. This assessment demonstrates the air quality and environmental benefits of
ammonia reduction, suggesting favorable local impacts of national abatement actions.
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Ultrafine particles have gained increasing attention in research and legislation due to their linkage
with adverse effects on health. Due to their small size, ultrafine particles, i.e. aerosol particles with
an aerodynamic diameter smaller than 100 nm, do not considerably contribute to the common mass-
based air pollutant metrics, like the PM» 5. As emission and air quality regulations have mainly
focused on particle mass concentration, exposure to ultrafine particles can still be high in urban
environments even in countries that are typically considered to have clean air, potentially causing
major adverse effects on public health.

Airports have been recognised as major sources of ultrafine particles. Studies have reported
considerably elevated particle number concentrations multiple kilometres downwind to the airport,
matching levels that are typically observed at highways. However, long-term impacts of airports on
urban air quality as well as the detailed characteristics of airport-originates particles are still not
well understood. For example, the contribution of airports on particles smaller than 10 nm particles
is not well known.

In our study, we utilise the Aerosol and Trace-gas Mobile Laboratory (ATMo-Lab) to measure the
dispersion and characteristics of airport-originated particles near a medium-large international
airport in Helsinki, Finland. The ATMo-Lab was equipped with four condensation particle counters
with 50 % cut-off sizes of 2.5 nm, 4 nm, 10 nm and 23 nm, an electrical low pressure impactor, an
AE33 Aethalometer, a Partector 2.1 Pro and CO> measurement. The ATMo-Lab was used in driving
measurements on eight different routes perpendicular to the airport. The route was chosen based on
the wind direction so that the wind was mainly blowing from the airport to the direction of the
measurement route. The routes spanned approx. from 1-2 km to 4-10 km from the airport. In
addition, data from stationary air quality measurement sites approx. 1 km and 15 km away from the
airport, as well as data from 12 particle number sensor monitoring sites were utilised in the study.
At the nearest stationary site, the particle size distribution was measured down to the size of 1.2 nm.
The measured particle number concentration increased exponentially when the distance to the
airport decreased, and the wind was blowing from the airport. The effects of airport were still
clearly observable at the furthest parts of the driving routes (10 km away). The measured downwind
concentration of particles larger than 2.5 nm exceeded the WHO’s definition for high short-term
particle number concentration (20 000 1/cm?®) even 7—-8 km away from the airport. Roughly 30 %
and 70 % of the detected airport-originated particles were below 10 nm and 23 nm, respectively. We
estimated that the airport contributed to approx. 500—5 000 1/cm? yearly increases of number
concentration of particles larger than 10 nm in 2—5 km distance to the airport. Despite the major
effect on ultrafine particles, the effect of airport on black carbon or PM> s was observed to be
minimal, highlighting the importance of ultrafine particle monitoring in urban areas.



Exhaled particles and viruses from humans with upper respiratory infection

MARCUS LILJENBERG'., ZHALEH POURJAM ALAVIJEH!, CARL JO HAN FRAENKEL? 3,
PATRIK MEDSTRAND 4, JAKOB LONDAHLI, MALIN ALSVED'.

! Division of Ergonomics and Aerosol Technology, Department of Design Sciences, Lund University,
Lund, Sweden.

2 Department of Infection Control, Region Skane, Lund, Sweden.
3 Division oflnfection Medicine, Department of Clinical Sciences, Lund University, Lund, Sweden.
4 Department of Translational Medicine, Clinical Virology, Lund University, Lund, Sweden.

Respiratory virus infection affects millions of humans every year, having a large economic and
societal impact. Knowledge of the aerosols generated when speaking, coughing, and sneezing
can help our understanding of infectious disease transmission through the air, and how to
prevent it. The current study aims to investigate the particle size distribution, concentration,
and virus content of exhaled aerosols from approximately 150 participants with recent onset of
upper respiratory infection.

Measurement of exhaled particles and viruses from subjects with acute upper respiratory
infection took place in a 36 m® climate-controlled (temperature, relative humidity) chamber.
The chamber air was HEPA filtered with 8.5 air exchanges per hour to minimize background
particle concentrations. The subject with infection breathed, vocalized, and coughed into a
funnel with a 30 Umin collection flow, which fed the exhaled aerosols to several instruments
that measured and collected the aerosol particles. The same measurements were repeated
several weeks later, after the subject had recovered from the infection, to investigate the
difference in particle emissions between the infected and healthy state. Dry particle size
concentrations between 0.3-20 um was determined using an Aerodynamic Particle Counter
(APS 3321, TSI Inc., US) and an Optical Particle Counter (OPC, model 11-D, Grimm Aerosol
Technik, Germany). Exhaled CO2 and H20 concentration was measured with a LI-COR 850
(LI-850, LI-COR Biosciences, Germany). 50% of the exhaled aerosol flow was collected into
liquid collection media using a BioSpot (Model 300-P, Aerosol Devices Inc., USA) for later
virus quantification via qPCR. An infectivity assay of exhaled samples is planned for winter
2026.

At time of writing, 14 subjects performed the first visit while infected, and 11 subjects also did
the healthy return visit. Particle concentration data during early virus infection of the 2 first
subjects indicate undetectable particle emissions during breathing, 500-5000 particles/L
during vocalization, and 2000-4000 particles/L while coughing. Of all participants, 64% had a
rhinovirus infection (detected in nasopharynx), and 57% of rhinovirus positive subjects
exhaled detectable levels of rhinovirus RNA in aerosol samples.

During the COVID-19 pandemic we learned that aerosol transmission contributed to disease
transmission, especially in the early phase. It is likely that other acute respiratory infections
also can spread though aerosol transmission, which would have implications for infection
prevention strategies throughout society. The outcomes from this study will contribute to a
better understanding of acute respiratory infections' ability to spread via aerosol transmission.
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Metal mining and beneficiation have become increasingly important processes to meet current and
future needs for new materials. With intensifying extraction processes, however, comes a growing
concern for occupational exposure to different airborne particles, which can pose serious health risks
to the workers. The mining processes, from either open pit mining or underground mining, are often
well characterized in relation to personal exposure, but less so for the beneficiation processes.

A field study was therefore performed at a beneficiation plant in Europe where rock grinding, metal
separation (through a froth flotation process) as well as dewatering processes were included. At this
mining and processing site, the main metal extracted is copper. Personal exposure monitoring was
conducted on eight workers at the plant over three days (16 measurements in total). Five
measurements were performed for the rock grinding process, six for the froth flotation process, three
for the dewatering process and two measurements were performed for personnel handling oil
lubrication in the whole beneficiation plant. Both time-integrated filter sampling of inhalable and
respirable dust fractions, and time-resolved instruments including Partector2 (Naneos) and SidePak
AMS520/AMS520i (TSI Inc.), were used to measure the exposure in the personal breathing zone of the
workers. The filters were analyzed both gravimetrically and for metal content (with ICP-MS), and
the time-resolved instruments were used to identify specific work tasks generating high particle
concentrations. A few weeks after the field study, the company performed four additional personal
exposure measurements at the froth flotation process, which was also compared to the field study
results. Complementary to the personal exposure monitoring, stationary measurements were
performed during the field study with among others an XACT 6251 X-ray fluorescence (XRF)
analyzer.

The gravimetrical results from the personal filters showed that the geometric mean (GM) of the
inhalable dust was 2.60, 1.71 and 0.51 mg/m® for personnel working at the rock grinding, froth
flotation and dewatering processes respectively. From the metal analysis, copper was shown to be
remarkably high in relation to the EU occupational exposure limit (OEL) for the respirable fraction
(10 pg/m>) in the whole beneficiation plant, with all 16 samples showing values of 11-97 % of the
OEL. The GM of copper was 2.78, 5.39 and 2.11 nug/m® for rock grinding, froth flotation and
dewatering processes respectively. Worth noting is that all personnel in the enrichment plant worked
without any breathing protection, except for short periods when they walked into the rock crusher or
the reagent mixing room, but not during the rest of their time in the plant. Lead was detected in all
samples, in both inhalable and respirable fraction, but in relatively low concentrations compared to
the EU OEL of 100 ug/m? for the inhalable fraction. The time-resolved data identified for instance
rinsing work tasks generating elevated particle concentrations.

These results provide important input for the company to assess the working environment and
implement active measures to improve and minimize airborne metal exposure for the workers.
Suggestions include installing process ventilation and incapsulate the processes where possible.
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Chronic obstructive pulmonary disease (COPD) causes about 3.5 million deaths annually (~5% of
global deaths) and is reason for a substantial part of all healthcare spending. However, a major
challenge is that the disease often originates in the small airways or alveolar regions of the lungs,
which are difficult to assess using the currently available lung function tests. Therefore, COPD is
often diagnosed at a late stage, and treatment is delayed. We have developed an aerosol-based
method, called airspace dimension assessment (AiDA), to detect COPD in the deep lungs.

The objective of this study was to validate the AiDA method by comparing it with hyperpolarized
129X e diffusion-weighted lung MRI (Xe-MRI), which is the most advanced method for measuring
microstructures in the distal lung in humans.

Presently, 10 patients (7w/3m, age 63-83 years) with COPD have completed the study. The patients
were measured in Lund, Sweden, using AiDA and standard lung function tests, including
spirometry, diffusion capacity, and oscillometry. All patients thereafter travelled to the University
of Sheffield, UK, which is one of the few institutions with capability to perform Xe-MRI of the
lungs. The AiDA technique is based on the measurement of the deposition of 50 nm particles in an
aerosol sample of exhaled air from the alveoli during a standardized breathing maneuver. The
average distal airspace radius (7aipa) can be determined from the half-life of the aerosol particles in
the lungs. In Xe-MRI, a corresponding distal airspace dimension (Lmp) is measured from gas
diffusion.

There was a very strong association between raipa and Lmp, with a Pearson correlation coefficient
(r) of 0.92 (p =0.00018). AiDA and Xe-MRI measurements of the distal airspace dimensions also
showed similar results in absolute terms, with averages of 328 = 66 um for 7aipa and 336 =47 um
for Lmp across the whole group.

The aerosol-based AiDA method for determining the distal airspace dimensions of the lungs agrees
well with Xe-MRI. Thus, it may be a fast and cost-effective means of detecting disease in the
alveolar region of the lungs. This could potentially help millions of patients receive earlier
diagnosis and treatment.
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Air pollution is increasingly recognized as a key factor in lung health. Robust experimental exposure
models are thus essential for studying the involved molecular mechanisms. We aimed to study the
effects of aerosolized fine particulate matter (PM3 s5) in naive rats using chronic and acute exposure.

Methods: Male Sprague-Dawley rats were exposed to well characterized ambient PM2.5 (Bergman
F. 2024 et al;2024 J.Aerosol Sci), collected at an urban site, aerosolized in exposure chambers. The
chronic exposure group (CG) underwent exposure for 12 weeks (5 days/week, 5 h/day) at a
concentration of 250 ng/m?, while the acute exposure group (AG) received a single 10-h exposure at
1000 pg/m?. At termination, bronchoalveolar lavage (BAL) fluid was collected and analysed for

leukocytes and proteins. Lung tissue was assessed for histology and proteins analysed by Western
Blot.

Results: In the CG, BAL macrophages decreased (p=0.05) and had changed morphology, while
lymphocytes showed an increasing trend (p=0.06) following PM2.5 exposure, while no change in
BAL cells was observed in the AG. Inflammatory markers; BAL uric acid (p=0.017), LDH (p=0.07)
and SOD2 (p=0.005) were significantly upregulated in the CG, but no significant changes were
observed in the AG. ZO-1 and E-cadherin were significantly elevated in both exposure groups
compared to controls (p=0.03—0.008).

Conclusion: Aerosolized PM2.5 of different duration and concentration exposure led to similar
effects on barrier integrity while distinct effects on oxidative stress and leukocyte populations were
observed between the chronic and acute exposure groups, highlighting the complex kinetics of
PM2.5-induced lung responses.
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Preventing the spread of airborne diseases in crowded indoor environments remains a major global
challenge. The COVID-19 pandemic has emphasized the crucial need for effective detection of
respiratory droplets (RD). Infected individuals release virus-laden RDs, which are composed not only
of water but also of mucins and salts, that inhibit complete drying at the typical indoor relative
humidity of 40-60 %. As a result, RDs evaporate only partially until they reach an equilibrium
diameter and can remain suspended in the air and infectious for hours.

Current air quality monitoring primarily relies on measurements of particulate matter (PM), ultrafine
particles, VOC and CO»; however, these methods do not provide information about the concentration
of RDs in the air. To address this gap, we have developed AeroDrops, the first device that selectively
detects and counts individual RDs in indoor environments, independent of the presence of PM. The
method is based on time-dependent capacitance measurements: when droplets enter the electric field
of the sensor, the local dielectric environment changes, producing a measurable variation in
capacitance that is converted into an electrical signal. The device achieves selectivity by exploiting
the high dielectric constant of RDs, which consist primarily of water (¢ = 78), relative to that of air
or solid carbon-based particles (¢ < 15).

In a non-ventilated conference room during a meeting attended by approximately 60 participants, RD
concentrations in the range of 40-330 RDs/L were found to be strongly correlated with human
occupancy, but not with PM2.5 levels. During the breaks, when participants left the room and the
windows were open, the RD concentration decreased, whereas the PM concentration increased
because polluted outdoor air entered through the open windows. When the next session began and
the windows were closed, the RD concentration rose rapidly again, reflecting renewed emission of
RDs by occupants.

The developed technology enables real-time monitoring of the concentration of RDs, which represent
a potential health risk when they carry viral or bacterial pathogens. Increases in RD concentration can
be used to trigger data-driven ventilation and infection-prevention measures, providing an effective
tool for mitigating the spread of respiratory diseases in hospitals, schools, and other public spaces.
As the first dedicated and selective instrument for RD detection, this technology has the potential to
make a significant contribution to pandemic preparedness.
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While previous exhaust emission studies show that lubricating oil increases the particle number
and semi-volatile organic compound emissions, the contribution of lubricating oil to secondary
organic aerosol (SOA) formation is not well characterized. This work quantifies the SOA
formation potential of lubricating-oil-derived organic aerosol emissions.

Exhaust was generated using a prototype natural gas engine intended for non-road mobile
machinery. Chemical analysis of fresh particles indicated that they originated primarily from
unburned and oxidized lubricating oil. The exhaust was aged in an oxidation flow reactor and
characterized using electrical low-pressure impactors and a soot-particle aerosol mass
spectrometer.

The aged-to-fresh PM1 ratios varied strongly across operating modes, reaching 3.54 during
motoring, 1.87 during steady low-torque driving and up to 10.11 during transient operation.
Organic mass-spectral analysis revealed compositional differences between fresh and aged
emissions, while the three-way catalyst effectively reduced both fresh and aged particle mass during
steady driving.

These results demonstrate that lubricating oil can be a significant precursor to secondary
aerosols in internal combustion engines, even when low-carbon fuels are used. In contrast,
previous measurement from an ethanol-fueled vehicle showed negligible SOA formation.
Together with earlier research, these findings highlight the need to better understand
lubricating-oil-derived emissions when evaluating the air-quality benefits of transitioning to
cleaner fuels.
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Indoor air quality strongly influences human health, with fine and ultrafine particles contributing to
respiratory and cardiovascular risks, particularly in environments with limited ventilation. lon-based
air cleaning offers a low-energy and filter-free approach to particle removal, yet the effects of ion
polarity, operating voltage, and environmental parameters under realistic indoor conditions remain
poorly understood. This study examined the influence of ion polarity, voltage, relative humidity, and
ventilation rate on aerosol removal efficiency using a custom-built air ionizer tested in a 35.8 m?
chamber representing typical indoor conditions. Experiments were conducted under stagnant and
ventilated air (0.5 air changes per hour) using voltages of 6 and 10 kV, relative humidities of 40%
and 70%, and two aerosol types — incense smoke and nebulized KCI. Four ionization regimes were
evaluated: positive, negative, bipolar, and alternating polarity. Both positive and negative unipolar
ionization achieved over 90% particle removal within 60 minutes, with decay rates of 0.04-0.05
min™', half-lives of 13-17 minutes, and clean air delivery rates (CADR) of 60-90 m? h™'. Bipolar
ionization was less effective (CADR < 25 m3/h) due to ion-ion recombination reducing active ion
concentration, while alternating-polarity operation, with polarity switching every 5-10 minutes,
enhanced deposition (CADR 40-70 m*/h) by mitigating recombination and preventing surface
charge accumulation. Relative humidity had negligible influence under unipolar operation but
moderately affected bipolar and alternating modes, especially for conductive KCI aerosols at high
humidity. Under low ventilation (0.5 h™), unipolar negative ionization sustained 96.7% removal
without measurable ozone generation, indicating that efficiency is maintained under realistic
residential conditions. The findings demonstrate that ion polarity control and electric field strength
are the dominant factors determining ionizer performance. Maintaining a predominance of one
polarity, either continuously or sequentially, maximizes particle charging and deposition, enabling
rapid aerosol removal with minimal ozone generation. Overall, the results highlight unipolar and
alternating-polarity ionization as effective approaches for enhancing indoor air cleanliness under
diverse environmental conditions.
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Human activity and natural sources release significant amounts of volatile organic compounds (VOCs) into the
atmosphere. Aromatic VOCs are released into the atmosphere from e.g. industry, motor vehicle exhaust, and
solvent use, and their oxidation has been shown to lead to the formation of highly oxygenated molecules that
contribute to the formation of secondary organic aerosol. We have found computational proof for a novel
isomerisation reaction that could produce highly oxygenated products from compounds previously thought to
not undergo further oxidation.

In the isomerisation reaction, ether functional groups (R— O —R) can be formed through epoxide formation at a
rate that is competitive against other fast reactions that atmospheric organic species are expected to undergo. We
study the reaction by oxidizing cumene (CsHsCH(CH3)2) with nitrate radical (NO3’), as it selectively leads to
the formation of cumyloxy radical. The radical can then undergo the isomerisation reaction: first an epoxide is
formed, then the C — C bond breaks, forming the etheralkyl radical, which in turn can quickly undergo oxygen
addition and further oxidation. Based on preliminary quantum chemistry calculations, we expect the isomerisation
reaction to take place 9 out of 10 times. In other words, the isomerisation reaction can efficiently enable further
oxidation of products that would otherwise terminate their oxidation process. As a result, this isomerisation
reaction may be able to explain how some of the more oxidised organic molecules are formed in the atmosphere.

We utilise flow reactors to inspect the potential reactions cumene undergoes once it reacts with the nitrate
radical. The reaction time inside the reactors can be adjusted so that we can monitor the progression of the
reactions at different time scales. The oxidation products are measured using chemical ionisation mass
spectrometry, namely the MION-Orbitrap and CI-APi-ToF. We use the aminium CI-APi-ToF to monitor the
less oxygenated products expected to form early in the oxidation process, and both aminium and nitrate MION-
Orbitrap to observe the behaviour of the less oxygenated to the highly oxygenated products forming later in
the oxidation process. Additionally, we probe the number of hydroxyl and hydroperoxyl groups in the products
using heavy water (D>O). By monitoring a broad range of products at different reaction times we will be able
to monitor the progression of reactions in a controlled manner.

In order to use the selective oxidation of the cumene + NO3" system, we must generate nitrate radicals. NO3®
can be formed by having nitrogen dioxide (NO>) and ozone (O3) react. However, having NO; and O3 directly
react in the flow reactor to form NO3" results in high concentrations of NO; and Os in the reactor, affecting the
reaction system. To achieve the required concentrations of NOs* with less interference from unwanted
compounds, we synthesise dinitrogen pentoxide (N2Os), as the thermal decomposition of N>Os produces nitrate
radicals and nitrogen dioxide. The synthesis is done using a low-moisture and low-pressure synthesis setup where
the formation of unwanted reaction products is limited.
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The increasing global demand for materials has intensified the need for metals, both from primary
extraction and from recycling. Throughout these processes, human operators are exposed to
airborne particles generated during extraction, handling, and processing. Particles containing toxic
metals pose significant health risks when inhaled, making it essential to characterize their elemental
composition, size distribution, and spatiotemporal variability to enable effective risk mitigation.

To address this, we conducted two measurement campaigns in the beneficiation plant of one of
Northern Europe’s largest copper mines. The first campaign, lasting three weeks, focused on
quantifying particle concentrations, elemental composition, and size distributions using Optical
Particle Counters (Grimm Dust Decoder 11-D and TSI DustTrak 8533), X-ray Fluorescence
(Cooper environmental XACT 6251), and a cascade impactor. Measurements were performed in the
milling hall, froth flotation hall, and the filter press area of the dewatering facility. The results
revealed varying levels of covariance among key elements such as Pb, Zn, Cu, Fe, S, and Si,
indicating dynamic emission sources and particle transformation processes.

In addition, during the last of the three weeks, personal exposure measurements were performed
using Partector2 units (Naneos) and SidePak monitors (TSI AM520/AMS5201), see companion
abstract by Lovén et al. These measurements were supplemented by time-integrated filter sampling
of inhalable and respirable dust fractions, which were later analyzed for elemental composition
using ICP-MS.

A second, longer campaign was conducted one year later, deploying multiple low-cost optical
sensors (PurpleAir PA-II-SD) in the froth flotation hall to investigate aerosol spatial distribution and
day-to-day variability over several months. Preliminary analyses show substantial differences
between the days with highest and lowest particle concentrations, suggesting that short-term
measurements of only a few hours or days may not adequately represent long-term exposure
conditions. Concurrent filter samples analysed with ICP-MS provide additional insight into
elemental compositions.

Findings from the second campaign demonstrate that supplementing traditional high-precision
instruments with networks of low-cost sensors would have significantly strengthened the first
campaign by capturing longer-term variability. Based on these results, we are developing a protocol
for deploying low-cost sensors before, during and after main measurement campaigns, enabling a
more reliable long-duration overview-data without requiring extended deployment of primary
instrumentation.
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Atmospheric methane is the most important non-CO, greenhouse gas. It has a global warming
potential 82 times that of CO> on a 20-year timescale and is responsible for about 0.5 °C of the
present-day 1.5 °C gross warming, with a rapidly increasing trend. As methane has many diffuse
natural sources, such as wetlands, the changes in atmospheric oxidation ability can strongly affect the
global methane budget. A recent study by van Herpen, M. et al. (2023) observed extensive formation
of chlorine radicals over the North Atlantic when iron-rich mineral dust mixes with chloride-
containing sea spray aerosols in the marine boundary layer (MBL), significantly contributing to
methane removal. Understanding the mechanisms behind methane loss is crucial for improving
atmospheric model predictions of the current methane budget and the impact the dust will have on
global warming over the coming decades.

Previous research quantified the amount of Cl produced from the photolysis of iron chlorides
and studied the methane loss from the photolysis of FeCls(s), found the main Cl-producing
chromophore to be FeCl>™ and calculated the absorption spectra for the iron chloride chromophores
(Wittmer, J. et al. (2015); Mikkelsen, M. K. et al. (2024)). However, these studies did not explore
key natural factors that may alter both the fundamental mechanism and the production of Clz, which
is the aim of the present work.

This work presents a laboratory study in which we explore the photolytic mechanism of iron
chlorides in aqueous solution and investigate several key MBL parameters. Using an iodide-adduct
chemical ionization mass spectrometer, we quantify the gas-phase chlorine production under visible
light at 450-460 nm, while studying the speciation using a UV-VIS spectrometer. Through a series of
experiments, we vary the following parameters: under light and dark conditions, the Cl/Fe ratio by
addition of NaCl, solution acidity, different acid effects (HCl, HNO3, H>SOs4), the effect of H,O, and
the duration of illumination.

Our current results show that all of these parameters influence the chlorine production. For pure
FeCls in water, chlorine production under illumination is immediate and drops to zero when the light
is switched off. Increasing the Cl/Fe ratio by adding NaCl may lead to enhanced chlorine production.
The addition of different acids reveals that both low pH and higher chloride concentrations enhance
chlorine production from FeCls, while the presence of sulphate somewhat suppresses it.

With this work, we aim to improve the understanding and modelling of the photolysis of mineral
dust mixing with sea spray aerosols in the atmosphere.



Microbial (fungal) Contamination in Indoor Environments: A Study of Air Sampling
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Indoor air quality (IAQ) is increasingly recognized as a public health priority, while microbiological
contaminants such as airborne fungi remain insufficiently standardized with respect to sampling
methodology, analytical procedures and data interpretation. This pilot study aims to contribute to
the development of harmonized fungal air sampling protocols for indoor environments by evaluating
the performance of different air sampling technologies, sampling media and air volumes.

Four air sampling devices based on different collection principles were compared: the Coriolis p
(high-flow wet cyclonic sampling), the Airbio-One Rapid Virus Sampler (liquid impaction), the
BioSpot-GEM (condensation-based growth tube technology) and the AerosolSense (high-flow filter-
based sampling). Reuter Centrifugal Impaction (RCS) sampling was used as reference sampler. Air
sampling was carried out in an indoor environment in Belgium between July 2024 and May 2025.
Two experimental phases were conducted. Phase 1 assessed the effect of different sampling media
by comparing sterile water, sterile water supplemented with Tween20 (0.01%), and, for the Coriolis
1, a manufacturer-recommended standard sampling solution. In Phase 2, increasing air volumes were
evaluated to assess their impact on fungal concentration (CFU/m?), species richness and community
composition. Fungal colonies were quantified using culture-based methods and identified by
morphological analysis supplemented by MALDI-TOF mass spectrometry.

Across all devices allowing liquid-based collection, the addition of Tween20 consistently improved
fungal recovery and species detection compared to sterile water alone and outperformed the standard
Coriolis u sampling liquid. Increasing air volume resulted in higher absolute CFU counts and greater
species richness for all samplers, although no clear plateau was reached within the tested volume
ranges. Despite substantial differences in absolute fungal concentrations—particularly when
compared to the agar-based RCS sampler—the overall fungal community composition was largely
consistent across devices.

This study demonstrates that both sampling technology and sampling medium substantially
influence fungal air sampling outcomes. While high-flow samplers and larger air volumes enhance
overall detection, methodological choices strongly affect quantitative results. These findings
provide practical guidance for selecting and harmonizing air sampling strategies and highlight the
need for controlled validation studies to support standardized assessment of

indoor fungal air contamination. In further research viruses and bacteria will be included to have a
more broad view on microbial air contamination.
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Ultrafine and nanoparticles are likely to be deposited in the alveolar region of the lungs and even
enter the bloodstream, translocating to other parts of the body. Due to this ability, the chemical
composition of nanoparticles is essential in understanding their health effects.

Currently there are no instruments for measuring the chemical composition of nanoparticles in
real time without significant drawbacks. The aerosol mass spectrometer (AMS, Aerodyne Inc.) is
often used in real-time measurement of aerosol chemical composition. The AMS can detect non-
refractory species in the approximate size range of 50 to 1000 nm with considerable reductions
at both extremes. With an additional soot particle module, the SP-AMS can also detect refractory
species such as black carbon or some metals.

Previous research has introduced the concept of a soot particle agglomeration inlet (SPAI) for
improving the detection of nanoparticles with the SP-AMS. The method relies on generating soot
particles, that can be mixed with sampled nanoparticles in an agglomeration chamber. The size
of the soot particles enables transmission of the agglomerated nanoparticles into the SP-AMS.
The use of soot particles has the added benefit of high vaporization temperatures, allowing for
detection of species that would otherwise be undetected such as some metals. Previous
research has shown increased detection of high concentrations of silver nanoparticles, but the
conditions of the soot particles, mixing ratios and residence time among other factors were not
considered.

In this study, the detection of nanoparticles with the SP-AMS is researched based on previous
work using the same method, but with a more sophisticated approach. This research focuses on
finding optimal agglomeration particles to replace the soot used in the previous study due to the
high background signal that is found in the SP-AMS spectrum, making detection of species other
than some metals impossible. Other generation methods that have been researched in this study
include different burners and aftertreatment, atomization of different fluids and spark generation.
The effects of dilution, residence time and mixing are also considered with the goal of minimizing
the limits of detection of the sample.

The aim of this work is to have a module for the AMS that can be used to increase the detection
efficiency of nanoparticles and potentially also improve the detection of metals or other
refractory materials. This research would enable accurate studies of nanoparticle chemical
composition in varying conditions and allow for a greater understanding of the health effects of
nanoparticles.
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Black carbon aerosols from incomplete combustion contributes to Arctic warming and can act as cloud
seeds. Clouds are an integral part of the Arctic surface radiation budget, and the interaction with aerosol
particles represents a large uncertainty in both Arctic and global radiative forcing estimates. Direct
observations of aerosols and aerosol-cloud interactions in the Arctic pack-ice are scarce, and particularly
the transition from winter freeze-up to the summer melt season is under sampled due to the harsh ice
conditions. Ultimately, the timing of the melt onset affects the sea ice seasonal cycle, and is an important
indicator of climate change. In this work, we present BC aerosol observations from the Arctic pack-ice
during the icebreaker expedition ARTofMELT that occurred in May—June 2023. We continuously
measured BC using a single-particle soot photometer (SP2) and a multi-angle absorption photometer
(MAAP), which rely on different measurement principles and provide complementary information on
the light-absorbing aerosol. Most of the time, both instruments sampled on the same inlet (whole-air).
During fog, the SP2 switched to sampling of cloud residuals downstream of a counterflow virtual
impactor (CVI) inlet that collects cloud droplets or ice crystals while excluding the interstitial and non-
activated aerosol. Our results show overall low out-of-cloud BC mass concentrations for both instruments

(median and interquartile range, IQR: 4.2 (1.5-8.6) ngm'3 for the MAAP and 2.5 (1.1-4.5) ngm'3 for the
SP2). The BC mass concentrations spanned roughly an order of magnitude, and lower (higher)
concentrations were associated with greater (less) integrated precipitation along the mean airmass
trajectory. Furthermore, the BC mass-size distribution was relatively homogenous with a median
geometric mean diameter of 183 nm (IQR: 179—188 nm) and showed no dependence on the accumulated
precipitation enroute to the Arctic. For the out-of-cloud data, the SP2 number concentration varied

between 0-3.9 cm™ (median: 1.0 cm'3), and the BC number fraction relative to the SP2 scattering
channel (diameters ~200-400 nm) varied between 0 and 0.28 (median: 0.032). Towards the end of the
expedition, the melt-onset occurred and fog persisted for about a day. The cloud residual BC number
fraction then varied between 0 and 0.043, and increased towards the end along with biomass burning-
tracers from aerosol mass spectrometry. As sources of BC within the Arctic are rather limited, the
contribution from long-range transport governs the observed BC levels. By using the Lagrangian transport
model FLEXPART, we mapped the geographic origin and the sources of BC during ARTofMELT. BC
was found to be most sensitive to potential sources in the Arctic Ocean (75% of total sensitivity), although
this sector contributed <2% of total modelled BC. The second largest sensitivity was from the Greenland—
North America sector (17%). Notably, the expedition coincided with a record-shattering fire season in
Canada, and wildfires accounted for ~50% of modelled BC from Greenland—North America sector.
Overall, wildfires contributed most to modelled BC (32%) with an increasing share toward the end,
followed by gas flaring and residential heating (21% each) and road traffic (15%), with minor

contributions from industry and shipping.
This work is part of the ARTofMELT (Atmospheric rivers and the onset of Arctic melt) project. The ARTofMELT expedition
was supported and organised by the Swedish Polar Research Secretariat (SPRS) on the Swedish research icebreaker Oden in
spring 2023 under the SWEDARCTIC program. We further acknowledge strategic research area MERGE Short Research Project

“ARTofMELT Arctic Ocean icebreaker expedition 2023”
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Secondary organic aerosol (SOA) is an important contributor to atmospheric particulate matter,
which has impacts on climate and human health. The atmospheric oxidation of aromatic
hydrocarbons by hydroxyl radicals (OH) contributes significantly to SOA, through the
formation of low-volatility, highly oxygenated organic molecules (HOMs) that can then
condense into aerosol phase. Cumene is an anthropogenic aromatic pollutant, emitted from
transportation, industrial processes and even household products, yet its detailed gas phase
oxidation chemistry is currently less known compared to other substituted aromatics.

The OH-initiated oxidation of cumene can trigger autoxidation under atmospheric conditions,
which is a series of intra-molecular reactions and O2 additions that generate multiple oxygen
containing functional groups and results in lower molecular volatilities. It has previously been
shown that OH addition to the para-position of cumene has fast autoxidation pathways that lead
to the formation of peroxy radicals with a maximum of nine oxygen atoms.

In this work, we employed nitrate-ion chemical ionization mass spectrometry (NO3-CIMS)
experiments to show that cumene oxidation products with up to eleven oxygen atoms form in
sub-second residence times. The detection of such species suggests that the current
understanding of the autoxidation mechanisms of cumene is incomplete. We followed this with
quantum chemical calculations to show that OH addition to the ipso-position of cumene leads
efficiently to 11-oxygen containing peroxy radicals via the recently reported molecular
rearrangement pathway. The computed pathways explain the observed rapid formation of these
highly oxygenated peroxy radicals and their structural features, including the number of

-OH and -OOH functional groups they contain.

In conclusion, our findings imply that cumene undergoes more efficient autoxidation through
multiple channels and consequently has a larger impact on SOA than previously thought.



Catechol oxidation dominates SOA formation from multigenerational oxidation of benzene
and phenol
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Aromatics are key urban precursors of secondary organic aerosol (SOA). SOA forms when
atmospheric trace gases oxidize to produce highly oxygenated, condensable vapors that irreversibly
partition into the particle phase, contributing to air pollution and the global aerosol budget. Aromatics
are particularly effective SOA precursors because their stable aromatic ring enables long enough
atmospheric lifetimes for long-range transport and, upon oxidation, serves as a backbone for the
addition of multiple oxygen-containing functional groups. Aromatic oxidation is typically initiated
by OH addition, forming a radical intermediate that can terminate to yield hydroxylated aromatic
products with enhanced reactivity and SOA-forming potential. These later generation aromatics can
contribute to the SOA yield, and multigenerational oxidation has been shown to be critical for SOA
yields from primary aromatics. Alternatively, instead of terminating the radical character may persist
through successive reactions via autoxidation, leading to the rapid formation of highly oxygenated
compounds. Autoxidation pathways leading to condensable vapors frequently involve ring-breaking
reactions, as reduced steric hindrance facilitates further oxidation.

In this work, quantum chemical calculations, flow tube reactor experiments, and ambient aerosol
modelling are combined to elucidate multigenerational SOA formation from benzene and phenol at
the molecular level. Benzene, one of the most abundant atmospheric aromatics, serves as both an
important urban SOA precursor and a simple model system for aromatic oxidation in general. The
results demonstrate that SOA yields are highly dependent on site-specific chemistry and highlight the
importance of the geminal (1,1-) diol pathway in OH-initiated oxidation. Geminal diol intermediates
can undergo rapid molecular rearrangement that outcompetes bimolecular reactions even under
highly polluted conditions, leading to ring-opened, highly oxygenated products containing carboxylic
acid groups with exceptionally low volatility. In phenol oxidation, vicinal OH addition forms
catechol, whose geminal diol intermediates can rearrange to produce dicarboxylic acids. The
branching ratio toward geminal diol formation increases from ~1% for phenol to nearly 70% for
catechol, making catechol an especially efficient SOA precursor. Ambient simulations indicate that
the geminal diol pathway can account for over 50% of phenol-derived SOA and more than 30% of
benzene-derived SOA. To better constrain the model, flow tube reactor experiments on catechol are
conducted, quantifying highly oxygenated molecule yields using NOs~ and Br  ionization to
determine closed-shell product branching ratios. These results improve model accuracy and provide
molecular-level explanations for the enhanced SOA-forming potential of later-generation aromatic
oxidation products.
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Secondary organic aerosols (SOA) are, despite thorough research, not yet well-understood.
Experimental studies and measurement campaigns reveal that organic molecules make up a large
portion of atmospheric aerosols, but the mechanism to how they become part of aerosols have not yet
been mapped. Especially, it is not yet clear whether the organic molecules play a role in the initial
clustering, or they enter the particles after they have grown sufficiently large. Quantum chemical
studies have long searched for an organic nucleator, that can drive new particle formation, but so far,
no such molecule has been uncovered. In a recent study, we showed that tricarboxylic acids could
have the potential to drive new particle formation (NPF). Therefore, we have found three different
tricarboxylic acids in the literature to study using quantum chemical techniques. These have all been
measured in field studies, and observed to be formed in atmospheric simulation experiments. These
molecules are carboxyheptanoic acid (CHA), which has been identified as a product of the
photooxidation of a d-limonene/NOy/air mixture, 3-methyl-1,2,3-butanecarboxylic acid (MBTCA),
which is known to be formed from OH-oxidation of a-pinene, and Pinyl diaterpenylic ester (PDPE),
a large accretion product that has been observed in a study of ozone oxidation of a-pinene. To
thoroughly assess the clustering ability of these organic molecules, a comprehensive configurational
sampling has been performed for each cluster. A large number of clusters was first prepared using
ABCluster. These were optimized, first at the GFN1-xtb, after which CREST was used to improve
sampling. A final optimization was conducted at the wB97X-D/6-31++G(d,p) level of theory, before
single point energies were calculated using DLPNO-CCSD(To)/aug-cc-pVTZ. Finally, ACDC was
used to simulate cluster formation potentials.

The binding free energies of the three (Tricarboxylic Acid), clusters were calculated at 298.15 K and
1 atm.

(CHA); has a binding free energy of -11.62 kcal mol™!, for (MBTCA), it is -9.96 kcal mol™!, and -
13.52 kcal mol™! for (PDPE),. From this, it is evident that PDPE has the largest potential of acting as
a pure organic nucleator, in line with recent studies on large accretion products. As the acid-base
interaction of sulfuric acid (SA) and ammonia (AM), methylamine (MA), dimethylamine (DMA), or
trimethylamine (TMA) is known to be important for new particle formation, the tricarboxylic acids
could potentially nucleate with these inorganics. We therefore also studied clusters up to (SA)i-
2(Base)i-2(Tricarboxylic Acid)i2. These were used to calculate cluster formation potentials, which
show that the (SA)(DMA)(Tricarboxylic Acid) and (SA)(TMA)(Tri-carboxylic Acid) systems, in
particular, have high potential to drive NPF. The calculated potentials are also very similar across all
three organic molecules, highlighting the importance of functional groups, over the specific organic
molecule itself.

This research has been supported by the Independent Research Fund Denmark (grant no. 9064-
00001B). This work was funded by the Danish National Research Foundation (DNRF172) through
the Center of Excellence for Chemistry of Clouds.



Seconds after Aerosolisation: The Impact of Relative Humidity on Airborne Influenza Virus
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Influenza A virus (IAV) is a major respiratory pathogen, causing around 650,000 deaths annually. A
significant transmission pathway for IAV is via expelled respiratory aerosol. For successful
transmission via the aerosol route, IAV must remain infectious following transport from an infected
host to a susceptible individual. Many environmental factors may affect IAV infectivity, including
ambient relative humidity (RH), temperature, gas-phase composition, and UV exposure. However,
there is a lack of understanding of how different environmental conditions impact AV infectivity in
the first seconds to minutes following aerosolisation.

To fill this research gap, we employed a flow tube setup in which a virus-laden aerosol was generated
from a liquid suspension, mixed with an RH-controlled dilution airflow, and passed through a
stainless steel tube. The aerosol exposure time within the flow tube was ~8 seconds, and the aerosol
was collected in 4 size fractions using a BioCascade (Aerosol Dynamics Inc.) in conjunction with a
BioSpot (Aerosol Devices). The BioCascade allows aerosols with aerodynamic diameters >10 um, 4-
10 pm, and 1.5-4 um to be sequentially sampled into liquid media via a series of impaction stages.
The BioSpot collect aerosol down to 5 nm via condensational growth and impaction into liquid media.
Collected samples are assessed for the presence of infectious virus using a plaque assay, a standard
method that quantifies infectious virus by measuring visible cell damage. Viral genome copies within
the sample were also assessed using RT-qPCR. Finally, aerosol concentration and size distributions
were measured using an Aerodynamic Particle Sizer (APS, Model 3321, TSI Inc.) and a Scanning
Mobility Particle Sizer (SMPS, TSI Inc.).

Our preliminary results indicate that the bioaerosol nebulising generator (BANG) produces virus-
laden aerosols with the majority of aerosol mass in the 1-4 pm aerodynamic diameter size range. This
is also reflected in the RT-qPCR results obtained using the biocascade impactor. When averaged
across all RHs tested, the majority of viral genomes (72.14+3.31%) were detected in the 1.5-4 um
aerodynamic diameter impactor stage. This is followed by the

<1.5 um, 4-10 pm, and >10 um stages, where 16.44+2.24%, 11.014+5.49%, and 0.41+0.02% of viral
genomes were detected, respectively. To understand the influence of each tested condition on IAV
viral infectivity will be quantified using a plaque assay and normalised to the viral genome copies
measured for each impactor stage. This analysis will elucidate the impact of RH on IAV infectivity
within the first seconds of aerosol generation and resolve the influence of aerosol size on viral decay.
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Particle-to-gas phase partitioning of an organic compound (OC) depends on its vapor pressure. This
can be estimated using the maximum desorption temperature (Tmax) derived from measurements
with a High-Resolution Time-of-Flight Chemical Ionization Mass Spectrometer (HR-ToF-CIMS)
coupled to a Filter Inlet for Gas and Aerosols (FIGAERO inlet). In previous studies it has been shown
that several factors influence the desorption characteristics, e.g., mass loading on the filter. This study
shows preliminary results on how the particle matrix (mixing state) and relative humidity (RH) affect
the evaporation of organic compounds, influencing both the Tmax position but also altering the
thermogram shape, with significant implications for volatility estimates.

To scrutinize these effects, we conducted controlled laboratory experiments using a simplified model
system where levoglucosan (biomass burning tracer) and sebacic acid (dicarboxylic acid representing
oxidation products) were mixed with ammonium sulphate ((NH4).SO4) seeds across varying seed-
to-OC ratios. Our experimental setup involved atomizing the OC and subsequently thermally
vaporizing it, then mixing with atomized ammonium sulphate seed particles to promote condensation.
The resulting aerosol was characterized using FIGAERO iodide-CIMS, Scanning Mobility Particle
Sizer (SMPS) coupled with a Condensation Particle Counter (CPC), and a Time-of-Flight Aerosol
Chemical Speciation Monitor with eXtended Resolution (ACSM-X).

We observed that at very low organic concentrations, FIGAERO thermograms can exhibit a
secondary late-desorbing peak at higher temperatures than the parent species, a phenomenon we term
the "matrix effect." One hypothesis is that part of the OC forms stronger interactions to the matrix
and excess energy is needed for bond breakage between organic compounds and ammonium sulfate
seed particles. These double peaks at low concentrations might be assigned as distinct compounds
(i.e., two different isomers), leading to a misinterpretation of the relationship between chemical
composition and volatility. Conversely, at high organic concentrations, this matrix effect-related peak
becomes obscured as the primary desorption signal dominates. Furthermore, at RH between 50% and
80%, the multimodality was significantly enhanced compared to low RH conditions (below 30%).
To further evaluate the effect of the matrix levoglucosan was employed as a seed (instead of
(NH4)2S04) with sebacic acid serving as the condensing OC to simulate adsorptive partitioning. The
resulting thermograms also exhibited a multimodal structure. However, the shape was different from
that observed when it condensed onto the ammonium sulfate seed particles. This observation further
supports the presence of a seed-dependent matrix effect.

These preliminary findings show that the FIGAERO-CIMS method to extract volatility is sensitive
to concentration and can provide deeper understanding of seed matrix effects and relative humidity.
Further work is needed on other chemical systems to understand seed-OC interaction and improve
aerosol partitioning modeling.



A Scandinavian Cohorts Study of Black Carbon Exposure and Birth Weight Outcomes
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Background: Black carbon (BC) is produced by incomplete combustion of biomass and fossil fuels.
In addition to being a harmful air pollutant, it is also a powerful climate forcer. Recent studies show
that inhaled BC particles can cross the placental barrier and reach fetal tissues. This provides strong
biological plausibility for a link between maternal BC exposure and impaired fetal growth. However,
despite this emerging mechanistic evidence, epidemiological studies on gestational BC exposure and
birth weight remain limited and inconclusive. The aim of the studies was to contribute to the existing
evidence by investigating the association between gestational BC exposure and birth weight
outcomes, as well as whether these effects are independent of PM2 s exposure.

Methods: We analysed singleton births in Denmark (2004-2017; n = 690,898) and Scania, Sweden
(2000-2009; n=43,676). BC and fine particulate matter (PM2.5) concentrations were estimated using
high-resolution dispersion models based on maternal residential addresses during pregnancy. Linear,
logistic, and Poisson regression models were used to assess associations between BC exposure and
birth weight, low birth weight (LBW), and small for gestational age (SGA), adjusting for
spatiotemporal and individual-level covariates.

Findings: Gestational BC exposure was associated with birth weight and SGA risk: interquartile range
(0.34 pg/m® in DK, and 0.25 pg/m’ in SE) increase in BC was associated with -9 g (95% CI: -10, -7)
and -9 g (-17, -2) decrease in birth weight and a relative risk (RR) of 1.02 (1.00, 1.02) and 1.09 (1.02,
1.18) for SGA in DK and SE, respectively. No association was observed with LBW. After adjusting
for PMz s, the associations were attenuated but remained borderline significant with both for birth
weight and SGA 1n both cohorts. Associations of BC with birthweight in Denmark were stronger in
boys, and newborns born to young mothers and mothers with low socio-economic status.

Interpretation: Our findings suggest that BC adversely affects birth weight, potentially independent
of PM> s, and add important new evidence supporting regulation of BC in addition to PM> s.
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The demand for asphalt concrete for road construction continues to increase with a growing population,
urbanization, and the need for effective transport. Asphalt concrete is a material consisting of aggregates,
such as stones and fillers, with bitumen acting as a binder. Because bitumen is traditionally derived from
fossil oil, it is rich in organic com-pounds. Recently, the use of oil-derived bitumen has been questioned,
creating a demand for “greener” alternatives, such as lignin from biofuels or binders derived from recycled
plastics. Although these alternatives may reduce the overall carbon footprint, it remains insufficiently
explored whether they introduce new airborne compounds, which could be more toxic to humans or the
environment.

During road construction, in-use, and upon milling and removal, organic compounds from the bitumen are
emitted in proportion with increasing temperature. High levels of organic aerosols have been measured
during asphalt paving as evidenced by numerous studies on exposure of asphalt workers. Heating of asphalt
samples in laboratory studies similarly generates a complex mixture of semi-volatile and volatile organic
compounds (SVOCs/VOCs) with emis-sions increasing at higher asphalt temperatures. However, it
remains unclear how other urban air pollutants interact with bitumen condensates and influence
occupational exposure. SVOCs emitted from heated asphalt may self-nucle-ate, condense onto existing
particles, or react with atmospheric oxidants to form secondary organic aerosols (SOA). In most
environments, condensation is the fastest of these processes, particularly when ambient particles are
already present.

We studied condensation processes using a flow-tube system in which authentic asphalt concrete samples
are heated to volatilize SVOCs, which mix with (NH)2 SO4 seed particles to form primary organic
aerosols (POA). Both tradi-tional bitumen-based asphalt and alternative asphalts were investigated.
Particle size distributions were measured us-ing a scanning mobility particle sizer (SMPS, TSI), while the
chemical composition was characterized with a high resolution time-of-flight aerosol mass spectrometer
(HR-ToF-AMS) and a time-of-flight aerosol chemical speciation monitor (ToF-ACSM), both from
Aerodyne. An acthalometer (Magee Scientific) was used to measure light absorption by the POA.

Preliminary results show that higher asphalt temperatures promote the formation of more oxygenated POA,
reflected in an increasing O:C ratio, even under inert conditions. Similar observations were found for
alternative asphalts, though to differing extents.

This ongoing work helps to bridge laboratory studies and field observations across different asphalt types.
We present laboratory results for traditional asphalt and two alternatives, one mycelium-based and the
other lignin-based. Also compared to the laboratory results are the particle concentrations observed during
real-life paving with the same as-phalt materials. Our results demonstrate that particle formation during
paving can be reproduced in the laboratory, and that both particle concentration and chemical composition
are highly dependent on temperature.



The influence of relative humidity on rhinovirus infectivity in aerosol phase
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The recent Covid-19 pandemic has renewed interest in studying the impact of environmental factors

on airborne transmission of viral infectious diseases. Human rhinovirus is the main reason of acute

respiratory infections primarily driven by young children who average 6—10 infections annually,

while healthy adults typically experience 2—3 infections per year. Although airborne transmission is

the most likely route for rhinovirus to spread, there is currently a lack of research on this topic. This

study investigates the infectivity of aerosolized rhinovirus in particles <15 pm at 10%, 30%, and 90%

RH

Rhinovirus was aerosolized using a BioAerosol Nebulizing Generator (BANG, CH Technolgies) into
a one-meter flow tube, where it was mixed with particle free air of a chosen RH. Samples were
collected after 8 seconds in aerosol phase into liquid media using the BioSpot operating at 12 L/min
(derosol Devices). Particle size distributions were characterized by an Aerodynamic Particle Sizer
(APS, Model 3321, TSI Inc.) and a Scanning Mobility Particle Sizer (SMPS, TSI Inc.), while RH and
CO; levels were monitored with a LI-COR gas analyzer (LI-840 A, Biosciences). Virus genome
quantities and infectivity were analyzed via quantitative polymerase chain reaction (qQPCR) and the
cell infection assay, respectively. Finally, MPN results were normalized using viral gene
concentration and total collected aerosol mass based on the APS and SMPS measurements.

When infectivity was normalized to viral RNA copies, the highest infectivity was observed at 10%
RH (6 x 10> MPN/copy number), followed by 90% RH (1.41 x 10-> MPN/copy number), and lowest
at 30% RH (8.44 x 10~* MPN/copy number). Normalization to the mass of collected aerosol revealed
a similar pattern, which was expected, as we predict virus genomes to be evenly distributed in the
aerosol and correlate with aerosol mass. Kruskal-Wallis analysis indicated no statistically significant
difference across RH levels (p > 0.05). Within each RH group, across a total of 12 runs, aerosol
concentration showed up to 8% run-to-run variation from the group mean. More repeats are needed
to establish differences.

With the setup in this study, we can experimentally assess how short-term exposure to different
relative humidity (RH) levels affects rhinovirus infectivity in aerosols phase. While additional
experiments are needed to draw firm conclusions, the results of this study can provide crucial data
for developing more effective protective measures against the airborne spread of viral diseases,
particularly the common cold.
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The chemical surface property of aerosol particles is of utmost importance, as it governs the
reactivity and toxicology, having implications for human health studies, climate modelling and
development of new materials.

An aerosol sample-delivery system (ASDS) has been developed at the MAX IV synchrotron
radiation facility in Lund, Sweden to study aerosols using X-ray photoelectron spectroscopy
(XPS). XPS is a surface-sensitive method that allows detailed study of the chemical composition
of the outermost surface layers. With the ASDS, the aerosol particles are transported from
atmospheric pressure to vacuum in a continuous flow, ensuring that the sample is constantly
renewed, thereby avoiding radiation damage and allowing measurements on the true
unsupported aerosol. At the same time, available gas molecules can be used for energy
calibration and to study gas-particle partitioning.

The ASDS at MAX IV has been available to users since the spring of 2023. Studies on a wide
range of aerosols have already been demonstrated including soot, sea salt, secondary organic
aerosol, and engineered nanoparticles.

We will present the capabilities of the ASDS by showcasing various results from surface analysis
of size-selected engineered nanoparticles in the form of agglomerates to organic and inorganic
aerosol particles. Researchers can apply for beamtime and bring their own lab setups at MAX
IV for aerosol generation, enabling in-flight characterization of chemical surface properties
without concerns about radiation damage or post-deposition alterations. We believe many
aerosol scientists could benefit from using this system and the research group behind the ASDS,
eagerly welcomes new user groups, especially from the Nordic countries seeking to leverage its
capabilities.
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Asthma is a chronic inflammatory condition of the airways associated with reversible airflow
obstruction and symptoms such as wheeze, cough, and breathlessness. The airway epithelium, which
acts as a physical barrier to inhaled agents, is a major target for fine particulate matter (PM2.5) and
respiratory viral infections. Rhinovirus (RV) infection has been identified as a major cause of acute
asthma exacerbations, and previous studies have shown that PM2.5 and viral infections may act in
synergy to aggravate airway inflammation. However, the mechanisms underlying the interaction of
PM2.5 and viral infections remain unclear.

To investigate the interaction between PM2.5 exposure and viral stimulus on human bronchial
epithelial cells (HBECs) in vitro.

HBEC:s (cell line and asthma HBECs) were exposed to PM2.5 at concentrations of 10, 100, and 200
pg/mL for 3, 6, or 24 hours, or pre-exposed to PM2.5 for 24 hours prior to stimulation with the
rhinovirus infection mimic poly(I:C) (10 pg/mL) for an additional 24 hours. Samples were analyzed
by RT-qPCR for mRNA expression, Western blotting for intracellular protein levels, and ELISA for
extracellular protein quantification.

Exposure of HBECs to PM2.5 alone for 3, 6, and 24 hours resulted in dose-dependent increases in
oxidative stress and pro-inflammatory cytokine expression, including IL-1 and IL-8, at both the gene
and protein levels, mediated through NF-«xB signaling pathways. PM2.5 exposure also reduced the
expression of the tight junction proteins E-cadherin and ZO-1. Furthermore, HBECs pre-exposed to
PM2.5 prior to poly(I:C) stimulation exhibited enhanced induction of IL-1p and IL-8, alongside a
suppressed antiviral response characterized by reduced expression of IFN-B, IFN-A, and pattern
recognition receptors (PRRs) at 24 hours, compared with poly(I:C) treatment alone.

PM2.5 may impair barrier function in HBECs by reducing tight junction protein expression and
inflammatory cytokine production. Additionally, PM2.5 can suppress viral-induced IFNs and PRRs
expression and increased bronchial epithelial inflammatory responses prior to viral infections. These
findings shed new insights on the synergy between PM2.5 and viral infection, which is relevant to
asthma exacerbation.
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Atmospheric aerosols play a crucial role in the microphysical properties of clouds, as they indirectly
affect the lifetime, reflectivity, and formation of clouds. The ability of aerosols to act as cloud
condensation nuclei (CCN) at a given supersaturation depends strongly on their chemical
composition and particle size. Although clouds cover on average two thirds of Earth’s surface,
aerosol-cloud interactions remain one of the largest uncertainties in current climate models. The
knowledge gap in the climate models emphasizes the need for improved understanding of

atmospheric relevant CCN, particularly with respect to their chemical composition.

Here, we present an exploratory study investigating how the chemical composition of aerosol
particles affects their cloud forming potential. Aerosol particles are generated from an aqueous
solute solution using an atomizer and consist of atmospherically relevant organic acids. Using state-
of-the-art instrumentation as a cloud condensation nuclei counter (CCNC), dried aerosol particles
are exposed to supersaturated conditions, allowing water vapor to condense onto particles that
activate at a specific particle size and supersaturation. The CCN activity is expressed as the

hygroscopic parameter k, which allows a direct comparison between different solute systems.

Additionally, we present ongoing work aimed at understanding CCN activation of particles with a
core shell morphology and containing surfactants. Multi-component aerosol particles will be
generated by coating a flow of monodisperse aerosol particles with an organic acid. The use of two
differential mobility analyzers (DMAs) in tandem allows the investigation of how changes in the
fractional volume of solutes affect cloud forming potential. The experimental results will be
compared with theoretically based predictions from aerosol thermodynamics models to assess the

current knowledge of the cloud forming potential of aerosol particles with a core shell morphology.

This work was funded by the Danish National Research Foundation (DNRF172) through the Center
of Excellence for Chemistry of Clouds.
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In Europe, approximately one quarter of newly registered passenger cars in 2025 were electric
vehicles (EVs), including plug-in hybrids, with adoption rates significantly higher in Nordic
countries. While EVs offer substantial environmental benefits, accidents and fires involving
lithium-ion batteries introduce new risks for firefighters and bystanders, particularly due to the
release of toxic gases and particulate matter during battery failure. There is also a potential
hazard during the entire battery lifecycle, including production, use, and recycling.

This study investigates the thermal behavior and emission characteristics of nickel-manganese-
cobalt (NMC) lithium-ion battery cells from a passenger vehicle under controlled heating
conditions. Experiments were conducted in the Mobile Battery Test set up (MOBAT) at Danish
Institute of Fire and Security Technology (DBI) in Denmark, where ten individual battery cells
with a nominal capacity of 170 Wh at 50% state of charge were heated at a heating rate of
approximately 7.5°C/min, to trigger thermal runaway of the cell. The objective was to
characterize particle emissions during battery failure, where one event is venting. Venting is a
built-in safety mechanism and is a pressure relief mechanism to prevent explosions from pressure
build-up in the battery cell at high temperatures.

A comprehensive suite of instrumentation was used to monitor gas and particulate emissions.
Particle number and mass concentrations were measured using a DMS500 and a DustTrak DRX
PM2.5 monitor, while particulate samples were collected on PTFE and quartz filters for offline
analysis. Gas-phase species were analyzed using Fourier-transform infrared spectroscopy
(FTIR).

Venting of the battery cell occurred at temperatures around 200 °C and resulted in a sharp, intense
peak of particle emissions. As heating continued, thermal degradation progressed, and at
approximately 250 °C, thermal runaway was initiated, indicated by a rapid increase in cell
temperature, a sharp drop in voltage, and resulted in intense aerosol emissions. In a few minutes,
the cell reached peak temperatures exceeding 400 °C, after which

temperatures gradually declined as the cells entered a phase with sustained but moderate particle
emissions.

Early findings, including chemical analysis, revealed that emissions during venting and thermal
runaway were dominated by organic aerosol, likely originating from the organic solvents in the
battery electrolyte. In only one of the ten experiments the battery ignited, with visible flaming
combustion. In this case, the flaming combustion resulted in reduced organic but much higher
inorganic aerosol emissions. We will further investigate emissions of polycyclic aromatic
hydrocarbons and time resolved emissions of particle number size distributions and mass to
better understand emission dynamics from battery failures.

This research was funded by AFA Insurances in the research project Workplace Exposure in
Green Energy Transition (20240313), DBI (Denmark), and the BESAFE project.
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Achieving sustainability goals and transitioning to a circular economy require establishing circular
material flows. Consequently, resources that were previously overlooked — e.g. waste and industrial
side streams — needs to be utilized to increasing extent. Some waste streams such as concrete debris,
slag from steel production, or ash from waste incineration are well suited for construction, as fill
material or unbound material layers, i.e. as aggregates. However, handling aggregates may result in
significant diffuse emissions of dust to air. Because these secondary materials may contain elevated
levels of harmful substances, they introduce new challenges and requirements for risk assessment,
such as evaluating workplace exposure or public exposure.

Diffuse emissions to air during handling of these materials are not easily assessed and is not only
governed by the material properties but by other factors such as the practical handling processes,
weather (e.g. wind, precipitation), additional particle sources nearby, and topography. This makes it
challenging to compare the emissions from handling of different types of aggregates: those from
primary sources, or different types of secondary materials. It is also challenging to assess and
compare the detailed physico-chemical properties of the generated dust, which are of relevance to
the health effects of dust exposure.

Standards for dustiness testing exist for powders but are lacking for aggregates. In this study we
adapted the Continuous Drop EN standard, originally developed for powders, to fit aggregates, and
evaluated its performance. The method was then applied to various secondary aggregates, including
crushed concrete, bottom ash from waste incineration, and slag, and compared with primary
aggregates from stone quarries.

Preliminary results show that the adapted method worked well, giving reproducible results in
triplicate tests. Furthermore, dust levels, particle size distributions, and chemical composition was
shown to vary between materials. For some materials a higher proportion of certain metals (e.g. Zn,
Cr, Cu, and Pb) were identified in the respirable dust compared to the bulk. We also found
differences in the chemical forms of Cu and Zn in the dust generated from the various materials,
analysed using synchrotron-based X-ray Absorption spectroscopy. The chemical form of Cu and Zn
is of relevance for the bioavailability and toxicity of these elements. As a next step, we will
investigate the influence of relative humidity, adapt and test a second dustiness method, and collect
particles for cell exposure studies.
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To assess the health effects caused by aerosols, we need detailed knowledge about their chemical and
physical properties and concentrations in space and time over the years. Epidemiological studies presently
link particle concentrations, via population exposure, directly to health effects, without considering
inhaled dose. This potentially contributes to uncertainty in their ability to compare health effects from
different types of emissions. The dose estimates may also reduce uncertainties in epidemiological studies
as it is ultimately the inhaled deposited dose that causes the effects. In the Horizon Europe project
PAREMPI (https://parempi.eu/) we have used the detailed Lagrangian aerosol chemistry transport model

ADCHEM to simulates the aerosol concentrations in Europe, covering the complete size spectrum from
1 nm to coarse >10 pm aerosol particles. In total over 25 000 individual ADCHEM trajectory simulations,
targeting over 50 measurement stations across Europe, has been remapped onto a fixed European spatial
domain. Based on this we can calculate detailed aerosol concentration fields, comparable with a 3-
dimensional Eulerian model, but with more detailed information about the chemistry and physical aerosol
properties than a large scale 3-dimensional Eulerian model can afford.

By combining the modelled aerosol properties with ICRP Human Respiratory Tract model simulations,
we can assess the respiratory tract deposited doses of aerosol particle number, surface area and mass
among the population in Europe. This includes estimated doses of different reactive oxygen species (ROS)
induced by various aerosol components (oxidative potentials, OPs). The OP dose was estimated using a

particulate matter (PM) source contribution formula from Daellenbach et al., (2020)1, which was derived
using PM filter samples in Europe, followed by PM extraction in simulated lung fluid and analysis with
the (dithiothreitol (DTT)) acellular assay probe. Based on the size-resolved aerosol chemical composition
we account for the hygroscopic growth in the respiratory system and how it changes the deposition
patterns. At the NOSA conference we will present calculated (ADCHEM+ICRP) yearly average
extrathoracic, tracheobronchial and alveolar doses (per kg body weight) of multiple organic and inorganic
aerosol components and related OP for children and adults living in different regions in Europe.

We see significant differences in the lung deposited dose of different PM species between rural and
densely populated regions in Europe. As an example, the modelled yearly alveolar deposited surface
area doses of black carbon vary by 2 orders of magnitude between rural regions in Northern Europe and
urban regions in central and East Europe. From a health impact assessment perspective, it is also
interesting to note that the black carbon surface area dose correlates strongly with the PM2 .5
concentrations (R*<0.75, p=0.00) while we find no significant linear correlation between the modelled
non-exhaust emissions OP dose and the PM2.5 levels (R>=0.03, p=0.20). The PM dose in Lund,
Sweden, is dominated by secondary inorganic aerosols while the estimated OP, is governed nearly
entirely by non-exhaust emissions.

lDaellenbach, K.R., Uzu, G., Jiang, J. et al. Sources of particulate-matter air pollution and its oxidative potential
in Europe. Nature 587, 414—419 (2020). https://doi.org/10.1038/s41586-020-2902-8
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Surface Acoustic Wave (SAW) aerosol generators have attracted increasing attention for industrial
processes that require controlled production of fine mists with narrow droplet size distributions. In
SAW aerosol generation, aerosols are formed through the interaction between a thin liquid layer and
an acoustic wave field propagating along a piezoelectric substrate. Because the fluid—acoustic
interaction governs aerosol formation, the position and geometry of the liquid supply relative to the
wave field are critical for achieving predictable and stable device performance. This work presents
an integrated SAW aerosol source featuring a reproducible fluid supply with well-defined geometric,
material, and fluidic boundary conditions. The integration of microfluidic channels directly on the
chip enables precise control of liquid delivery while supporting scalable, low-cost fabrication with
high geometric accuracy. To improve manufacturability and device robustness, multi-stage
lamination of dry film photoresists (DFR) combined with lithographic structuring on piezoelectric
substrates is implemented to form sealed microchannels with high yield. Electrical and acoustic
characterization of the SAW devices informed the channel design, and a compact chip holder was
developed to ensure reliable electrical and fluidic interfacing, efficient thermal management,
simplified cleaning, and rapid chip exchange within a minimized device footprint.

Aerosol performance was evaluated using laser diffraction to determine droplet size distributions
under varying operating conditions. The results reveal a clear dependence of droplet size on acoustic
wavelength and liquid flow rate, demonstrating tunable aerosol characteristics through device design
and operating parameters. The generator operates reliably at very low flow rates in the microliter-per-
minute range and at input powers around 1 W, highlighting its suitability for energy-efficient
operation. Post-experiment inspection confirms that the laminated microchannels remain intact,
enabling chip reuse without degradation of performance. Overall, the findings provide practical
design guidance for tailoring SAW aerosol generators to specific application requirements in terms
of operating regime and droplet size control. The demonstrated platform represents an advanced and
versatile aerosol source with strong potential for integration into industrial and research applications
such as aerosol-based printing, analytical instrumentation, and controlled vapor delivery systems.
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Chemical Ionization mass spectrometry (CIMS) has proven to be a highly effective instrument for
on-line characterization of atmospheric trace gases such as sulfuric acid, iodic acid and different
highly oxygenated organic compounds. The selection of reagent gas defines the selectivity of the
method and nitrate ion is very selective reagent towards strong acids and highly oxygenated
molecules, thus, condensable vapours acting as aerosol precursors. The method has been widely
used in field, chamber, and laboratory measurements with different mass analyser since the 90s.
However, no common measurement guidelines have existed, as the instruments are typically
custom-built, vary substantially between groups, and are adapted to specific measurement setups
rather than operated as standardized, off-the-shelf systems. The use of time-of-flight-mass
spectrometers was a revolution for understanding the chemistry behind new particle formation. The
quantitative measurements and developing calibration methods have shown to be challenging due to
the sticky and reactive nature of condensable vapours. The quantitative measurements are still
commonly relying on the calibration of sulfuric acid even when doing measurements of other target
compounds.

In order to better understand the detection and uncertainties of CIMS measurements we have
conducted first intercomparison campaigns with condensable vapours. In 2023 we organized an
intercomparison campaign in chamber environment that gathered together 10 CIMS instruments to
measure inorganic and organic target compounds. In 2024 we held a second intercomparison
campaign in Hyytidlda SMEAR 1I station where we measured the ambient condensable vapours with
six CIMS instruments. The outcome of the campaigns showed surprisingly large variation between
instruments and underlined the need of new calibration methods and better understanding of the
instrument behaviour. ACTRIS central facilities have crucial role in harmonizing and improving the
measurements of short-lived atmospheric constituents. ACTRIS CiGas is the central facility
focusing on in-situ measurements of reactive trace gases and it is divided into six units leading or
contributing to the work around four target compound groups: non-methane hydrocarbons,
oxygenated volatile organic compounds, condensable vapours and nitrogen oxides. One of these
units, CiGas-UHEL, is run by University of Helsinki and supporting the measurements of
condensable vapours such as sulfuric acid with chemical ionization mass spectrometry.

In this conference, we will present the key outcomes of these intercomparison activities and their
implications for harmonizing CIMS measurements of aerosol precursor vapours. We introduce first
community-level measurement guidelines for nitrate-ion-based CIMS targeting condensable
vapours, including recommendations on inlet design, operating conditions, background
determination, and data treatment. To support transparency and reproducibility, calibration
guidelines are made openly available as calibration and processing codes hosted on GitHub.

Finally, we discuss the results from the chamber and field intercomparisons, highlighting
instrument-to-instrument variability, sources of uncertainty, and pathways toward improved
agreement. Together, these efforts represent an important step toward harmonized, quantitative
measurements of aerosol precursor vapours in the atmospheric chemistry community.
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Atmospheric particle toxicity is more appropriately described by the biologically delivered dose
than by mass-based metrics. Although ultrafine particles (UFPs) contribute only marginally to PMa.s
mass, they dominate particle surface area, which governs particle—cell interactions. Quantifying
exposure to UFPs therefore requires metrics that explicitly account for particle size, composition,
and deposition within the respiratory tract.

We apply a multi-scale atmospheric modelling framework extending from continental Europe to
street level in Paris to simulate particle number, size distribution, and chemical composition, and to
evaluate model performance against available measurements. Based on these simulations, we
quantify region-specific delivered particle doses using lung-deposited surface area (LDSA) metrics
for the alveolar and olfactory regions. Except for model-measurement comparisons, LDSA
calculations account for particle hygroscopic growth during inhalation, reflecting the increase in
particle size under near-saturated relative humidity conditions in the respiratory tract (up to 99.5%).
Hygroscopic growth of inorganic and hydrophilic organic aerosol components at ambient relative
humidity is represented online during the three-dimensional simulations using the SSH-aerosol
module within the multi-scale modelling system.

Size-resolved deposition calculations indicate that particles smaller than 400 nm dominate alveolar
surface deposition in urban environments. Deposition in the nasal and olfactory regions is explicitly
quantified and is treated as a direct exposure pathway, independent of systemic translocation
processes.

For a winter period, source-specific contributions from wood heating and traffic are quantified using
a brute-force sensitivity approach applied to the modelled LDSA metrics. Contributions are
evaluated separately for alveolar and olfactory deposition and across spatial scales, from
background urban conditions to street-level environments. Wood heating is the dominant
contributor to alveolar LDSA, consistent with its major contribution to PM..s mass. In Parisian street
environments, traffic becomes equally important for alveolar LDSA, while olfactory LDSA exhibits
a strong and predominant traffic influence.

Collectively, the results show that UFPs contribute a substantial delivered dose to the respiratory
tract and olfactory system that is not captured by current mass-based air-quality standards.
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Soot, formed during incomplete combustion, is a major climate pollutant with significant impacts on air
quality, health, and climate patterns. Studying airborne soot is particularly relevant to aerosol research
because these particles directly affect the atmosphere through processes such as light absorption, which raise
Earth's temperature and also influence cloud formation. However, soot remains poorly understood due to its
complex nature. These particles vary in size, structure, morphology and chemical composition. Measuring
and analysing airborne soot accurately is challenging. As a result, many soot measurements rely on
laboratory setups with flames or soot generators. This study was a maiden attempt to characterise soot
particles and examine their properties using in-flight UV-Vis-NIR absorption spectroscopy, onl/ine Raman
spectroscopy and in-flight X-ray photoelectron spectroscopy (XPS). This work used a MiniCAST 5201 C
soot generator to investigate soot across different maturity levels. The absorption spectra revealed details
about optical parameters, such as the band gap, which increases as soot maturity decreases. This reflects a
reduction in sp? carbon content and a loss of conjugation and structural order in less mature soot. A
comparison was made with ex-situ samples collected on a sapphire substrate, using the same optical setup as
the in-flight measurements. Both methods yielded similar values, and the increasing trend was consistent as
maturity decreased. This suggests that the optical band gap of soot remains largely unchanged whether
airborne or deposited. Raman spectroscopy offered a clear view of the soot bulk structure, including
graphitic ordering and defects. The background slope of the Raman spectra, which indicates fluorescence,
increased as soot maturity decreased, showing a higher presence of organic and hydrogen-containing species.
XPS analysis showed that the chemical surface composition was similar across samples, with sp?
hybridisation dominating over sp®. Together, these techniques provided complementary insights into the
structure and electronic properties of soot. They offered a systematic approach to studying airborne soot
without introducing deposition-induced defects. These results enhance our understanding of soot's intrinsic
properties, which can better inform climate modelling and air quality evaluations.
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1,3,5-Trimethylbenzene (TMB) is a major anthropogenic volatile organic compound (VOC)
emission. It is emitted from a multitude of different sources, such as traffic and industries, and
has been even shown to be the highest initial aromatic emission in some urban environments.
As most aromatic are, TMB is toxic to the nervous and respiratory systems, which is why it is
important to resolve its atmospheric fate. Aromatics also have disproportionately high SOA
potential compared to other common anthropogenic VOCs due to their ability to efficiently
produce low volatility highly oxygenated organic molecules (HOMs) in the atmosphere. This
typically happens when aromatics react with the hydroxyl radical (OH), creating an alkyl
radical that reacts with molecular oxygen to produce a reactive peroxy radical. This in turn
undergoes a series of unimolecular isomerization reactions and O2 additions in an utoxidation
chain. This reaction chain can produce a bicyclic peroxy radical (BPR) intermediate that can
undergo a molecular rearrangement to form a linear peroxy radical with a high amount of
excess energy. This linear peroxy radical can then autoxidize further rapidly creating HOMs in
short timescales. Another route for low volatility compound production from aromatics is the
formation of phenolic compounds that undergo OH oxidation and further autoxidation in the
atmosphere. It has been shown that when OH reacts with a phenolic compound by addition to
the carbon atom with the existing OH functionality, it can form a geminal diol BPR. The
subsequent rapid molecular rearrangement also produces a linear peroxy radical, but this time
with a carboxylic acid moiety. These moieties are known to lower the volatility of compounds
significantly. The oxidation of TMB produces two BPRs and a phenolic compound 2,4,6-
trimethylphenol (TMP), but further autoxidation reactions have previously only been
speculated. The BPRs of TMB are not of sufficiently low volatility to explain its high SOA
potential or experimental measurements of HOM at short timescales. The autoxidation of TMP
has not been studied previously. In this study, the formation of low volatility compounds from
the autoxidation of TMB and its first-generation product TMP is studied by combining
quantum chemistry computations and master equation simulations with chemical ionization

mass spectrometry using NO3™-ions (NO3-CIMS). The first detailed autoxidation mechanism
for the formation of HOMs with up to 11 oxygen atoms is provided for TMB, corroborated by
NO3-CIMS flow reaction experiments that indicate their formation in sub-second to second
timescales. This study is also the first to

provide the autoxidation mechanism of TMP. This multigenerational study of TMB oxidation
provides a more comprehensive understanding of its role in SOA formation in the urban
atmosphere.
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Magneto-responsive soft films represent a compelling class of smart materials and devices that can
perform a wide range of functions, including micromanipulation, noninvasive surgery, and sensing.
These systems are created by embedding magnetic materials into flexible substrates. Recent advances
in aerosol-based magnetic nanoparticle self-assembly techniques have introduced promising
alternatives to conventional chemical approaches. A key feature of acrosol methods is their capability
for continuous material production and direct integration onto chosen substrates, making them well
suited for scalable manufacturing [1-3]. These methods are based on NPs generated through physical
methods in a the gas phase and self assembled under magnetic fields [4, 5], electric fields [6, 7], or
the synergy of both fields to form the desired structures [8, 9].

Here, we present a novel aerosol-based approach for the single-step production and self-assembly of
highly anisotropic nanostructures with significant remanent magnetization onto polymer films to
produce magnetically responsive components for actuation. This method employs an aerosol
technique based on spark ablation for continuously generating charged magnetic NPs in a carrier gas.
The NPs are subsequently attracted to a soft polymer layer by using an electric field and directly self-
assembled along the direction of an applied magnetic field when reaching the surface.
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Air pollution is now ranked the second leading risk factor for death. While much attention has been
focused on road traffic and industrial emissions, emerging evidence suggests that airports can also
significantly contribute to local air pollution, especially through the emission of ultrafine particles
with diameters less than 100 nm (Hudda and Fruin, 2016). In addition, elevated concentrations on the
airport apron may lead to workplace exposure. Ultrafine particles are emitted from airports due to jet
engine emissions, ground operations, and vehicular traffic (Zhu et al., 2011). The toxicological impact
of ultrafine particles from airports as compared to other traffic sources, such as road and rail traffic
and shipping, is currently not well established. Emissions from different sources exhibit different
toxic effects, which can be quantified using a toxicity score (Park et al., 2018), but data on airport
emissions are lacking.

The present study aims to evaluate the concentrations and toxicity of ultrafine particles at Stockholm
Arlanda Airport (ARN), Sweden largest airport. Particle number concentrations on the airfield were
therefore monitored using three different instruments (TSI CPC3752, Naneos Partector 2, Palas AQ
Guard), and ultrafine particles were additionally collected on PTFE filters for subsequent chemical
and toxicological analysis using a gravimetric impactor. In addition, a Fidas 200 (Pallas) was used to
measure particle mass concentrations and meteorological parameters, while an SMPS recorded
particle size distributions. Measurements took place between 01.10.2025 and 17.11.2025, at a site
located on the airport apron next to a taxiway.

Initial results show that particle number concentrations can be clearly linked to airport activity, with
short concentration spikes on the minute to sub-minute scale observed during the days, while night-
time concentrations are low. This is also confirmed by the average diurnal cycle of the hourly
averages, which shows a minimum at 03:00, with concentrations rising sharply to a maximum at
08:00 and remaining high until the evening. A comparison with the WHO threshold for high number
concentrations shows that this threshold was exceeded every day for at least part of the day, with a
total of 73% of hours in exceedance.

In the future, we plan to link the observed number concentrations with aircraft activity and
meteorological parameters. In addition, we will integrate the results of the ongoing chemical and
toxicological analyses and compare resulting toxicity scores with previous results from other sources.

This work was supported by Stockholm Trio for Sustainable Actions grant 2024-03785.
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Park, M., et al. (2018). Differential toxicities of fine particulate matters from various sources. Scientific Reports, 8,
17007

Zhu, Y., etal. (2011). Aircraft emissions and local air quality impacts from takeoff activities at a large international
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Uncertainty in aerosol microphysical and chemical processes remains a key limitation in accu-
rately representing aerosol—cloud and aerosol-radiation interactions in Earth system models.
These uncertainties arise from incomplete knowledge of aerosol emissions, chemical transfor-
mation, size distribution, hygroscopic growth, and optical properties, all of which directly
influence aerosol effective radiative forcing (ERF). Perturbed parameter ensembles (PPEs)
provide a systematic framework to explore these uncertainties by sampling key aerosol-related
parameters governing emissions, chemistry, and microphysics. When combined with Gaus-
sian process emulators, PPEs enable exploration of high-dimensional parameter spaces and
association of uncertainty to individual aerosol processes.

In this study, we apply a PPE—emulator framework to investigate parametric and struc-tural
uncertainty in aerosol physics and chemistry using two Earth system models in a one-to-one
configuration: OpenlFS/AC cycle48rl (EC-Earth4) and ECHAMG6.3-HAM2.3. The
perturbed parameters target processes controlling the aerosol life cycle, including primary
emissions, precursor gas emissions (SO, DMS, fossil fuel and biomass burning sources), chem-
ical production of sulfate, and size-dependent aerosol microphysics. Parameter choices are
informed by previous aerosol ERF uncertainty analyses in ECHAM6-HAM, with identical
perturbation ranges implemented in OpenlFS/AC to enable a controlled comparison.

Model ensembles are evaluated against satellite observations from MODIS/Terra and POLDER-
3/PARASOL for the year 2010, focusing on aerosol optical depth, single-scattering albedo, and
Kngstrom exponent. These observables provide direct constraints on aerosol loading,
absorption, and size distribution, thereby linking modelled aerosol physicochemical properties
to their radiative impacts. Particular attention is given to regional contrasts over source
regions and remote environments, where aerosol processing and transport play a critical role.
In addition to the inter-model comparison, we conduct a detailed analysis of the OpenlFS/AC
PPE to quantify the contribution of individual aerosol parameters to uncertainty in aerosol
properties and ERF. This enables identification of model-specific sensitivities associated with
emissions, chemical conversion rates, and microphysical assumptions, offering guidance for
targeted parameter constraints and future model development.

Despite identical parameter perturbations, the two models exhibit systematic differences in
aerosol burdens, optical properties, and ERF responses, reflecting structural differences in
aerosol life-cycle representation, cloud—aerosol coupling, and radiative transfer. Prelimi-nary
results show that sea-salt emissions dominate global uncertainty in AOD at 550 nm in both
models, while ERF uncertainty arises from a broader set of chemically and physically distinct
processes, including sulfate precursor emissions and carbonaceous aerosol sources. The
resulting inter-model spread provides a quantitative estimate of structural uncertainty in
aerosol physics and chemistry that cannot be captured by single-model PPE studies.
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Sea salt aerosol particles are highly abundant in the atmosphere and play important roles in the
global radiative balance. After influence from continental air, they are typically composed of
Na', CI', NHs" and SO.*, and organics. Analogous particle systems are often studied in
laboratory settings by atomizing and drying particles from a solution. Here we present evidence
that such laboratory studies may be consistently biased in that they neglect losses of solutes to
the gas phase. We present experimental evidence from the hygroscopic tandem differential
mobility analyzer (HTDMA) and aerosol mass spectrometer (AMS), further supported by
thermodynamic modeling (Rissler et al. 2023). We show that during droplet drying for solutions
of NaCl and (NH4),SO4, mainly Na,SO, and NH4Cl are formed. This work examined a range
of concentrations and at normally prevailing laboratory aerosol mass concentrations a
significant portion of the Cl- and NH4" ions are lost due to evaporation of HCI and NH; — in
some cases leaving mainly Na,SO; in the dry particles. At low concentrations a large fraction
of HCI and NH3 can evaporate while at higher concentrations the gas phase will be saturated
after only a small fraction has evaporated. Na,SOais identified by the hygroscopic growth and
deliquescence determined by the HTDMA and by the composition seen in the AMS. Recent in
situ aerosol XPS experiments at MAX IV (Preger et al. 2024) also confirm the presence of HCI
in the gas phase. Not considering losses of solutes to the gas phase during experimental studies
of mixtures containing these salts will likely result in misinterpretation of experimental data.
This may consequently introduce inaccurate data to explanatory models that may propagate to
air quality or climate models. It is to be further studied if the evaporative losses also are of
importance in the atmosphere or during atmospheric aerosol particle sampling.
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ACTRIS Sweden is the Swedish node of the distributed European research infrastructure ACTRIS (Aerosols,
Clouds and Trace Gases Research Infrastructure), established as an ERIC in April 2023, with Sweden as one
of 17 founding members. ACTRIS focuses on atmospheric short-lived climate forcers and pollutants (SLCF)
and is an ESFRI Landmark research infrastructure. ACTRIS Sweden is a national research infrastructure and
has secured funding from the Swedish Research Council and the partner organizations for the two funding
periods 2022-2026 and 2027-2030. Six Research Performing Organizations (RPO) are partners in ACTRIS
Sweden: Lund University (Host organization), Stockholm University, Gothenburg University, Swedish
University of Agricultural Sciences, Swedish Meteorological and Hydrological Institute, and Uppsala
University.Chalmers University of Technology will join as a new partner in 2027, adding an ACTRIS
component for remote sensing observations of reactive trace gases at Onsala south of Gothenburg.During the
initial Implementation Phase 2022-2026, ACTRIS Sweden is setting up five co-located ACTRIS-ICOS
stations along a north-south gradient, and two exploratory platforms. Five core ACTRIS Sweden stations;
Hyltemossa, Norunda, Ostergarnsholm, Svartberget and Zeppelin at Svalbard, are spread over 3000 km from
south to north. Using this geographical distribution of sites, ACTRIS Sweden will observe the influence of
natural and anthropogenic sources on atmospheric composition, their interactions and transformations, and
provide a solid basis for integrated assessments of their impacts on climate and air quality. The two mobile
platforms, i.e. the Gothenburg Explorative Platform for In-situ Chemical characterization and the SMHI
Cloud remote sensing platform will provide further capacities for advanced atmospheric observations in and
around Sweden.The ACTRIS Sweden components are currently Aerosol In-Situ, Reactive Trace Gases In-
Situ (at all five stations and also the mobile exploratory platform), Cloud- In-Situ (Zeppelin), and Cloud
Remote Sensing (Norunda). By co-locating and coordinating with the two highly complementary Swedish
national research infrastructures ICOS Sweden for observations of long-lived greenhouse gases and carbon
balance, and the ecosystem research infrastructure SITES (eLTER), ACTRIS Sweden will add essential
observations on SLCF in the troposphere that will enable us to describe and predict SLCF climate and air
quality impacts and feedback processes, most importantly those involving land ecosystem — atmosphere —
climate interactions. ACTRIS Sweden is currently in the Implementation Phase (2022-2026), which also
applies for ACTRIS at Hyltemossa. This means that our station has still not reached its full capacity as
service provider. The procurement of instruments will be finalized in March 2026. During the Operational
Phase starting 2027, the focus is on consolidating the infrastructure to be in full compliance with ACTRIS
ERIC requirements. We welcome all potential users to access our stations and platforms and download our
ACTRIS data that is freely available via ACTRIS Data Center (https://data.actris.eu/). No user fees are
charged from researchers in academia for physical access to ACTRIS Sweden, unless a research project

requires an expansion of the existing infrastructure or creates a high additional workload for ACTRIS staff,
in which case the user shall bear the additional costs.
ACTRIS Sweden acknowledges the support from the Swedish Research Council (Grant 2021-00177).
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Understanding the physico-chemical properties of salt acrosol particles in the atmosphere is vitally
important to accurately assess their behaviour and influence on atmospheric processes, weather and
climate. Although the chemical composition of the surface layer of natural salt particles can
substantially differ from the bulk, affecting reactivity, it often remains poorly characterised.

Here we studied the behaviour of a natural salt sample, under varying relative humidity (RH)
conditions, focusing on chlorine-containing species on the surface layer. The sample was taken from
the Dalangtan saline playa, a hyperarid region in the Qaidam Basin in China. This area, in addition
to being geographically unique on Earth, also serves as a terrestrial analogue for Mars. We employed
X-ray Photoelectron Spectroscopy (XPS) and Near-Edge X-ray Absorption Fine Structure
(NEXAFS) measurements along with synchrotron-based Ambient Pressure X-ray Photoelectron
Spectroscopy (APXPS) to analyse the salt’s surface chemical composition. Measurements were
carried out at the Swiss Light Source (SLS) synchrotron facility (PSI, Switzerland).

Results show that the salt’s surface is dominated by minor ions, such as Mg?*, while Na" is practically
absent, even though it is present in the bulk. This enrichment of minor ions on aerosol salt surfaces
has been previously reported. Chloride is found abundantly both on the surface and in the bulk. By
controlling RH during the experiments, we were able to influence the surface composition: we found
that as RH increases, a new chlorine-containing compound appears the surface, while the amount of
Clremains unchanged. By decreasing RH, the relative abundance of this new species decreases, but
is promptly enriched again as RH is increased. The shift is observed at RH=32%, the deliquescence
RH of MgCl,, which is the chemically active compound in this process. We attribute these changes
in Clspecra to the formation of surface-bound HCI. Furthermore, our observation that CI" on the
surface does not deplete as the new chlorine species appears on the surface, supports previous finding
about the ability of chlorine ions to effectively migrate to the salt surface.

By focusing on chlorine speciation, we observed the formation of surface-bound HCI and an
enrichment of Cl” ions with increased RH on the surface of a natural salt. We also demonstrated that
this process can be reversed if RH is decreased. These preliminary results provide additional insight
into the role and behaviour of natural salts in atmospheric chemical processes, as well as processes
including water on the surface of Mars. Further work will include depth profiling, integrating results
from a NEXAFS dataset taken on the same sample, and the analysis of pure MgCl..
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New particle formation in the free troposphere has received increasing attention, and previous
modelling and chamber studies have suggested a link to isoprene nitrates. In tropical regions,
downdraughts associated with precipitation can transport these newly formed particles to the
boundary layer, where they may influence surface-level aerosol concentrations. It is unknown
whether similar processes occur in mid-latitudes, where precipitation intensities are typically much
lower.

To explore this possibility, we examine precipitation events with precipitation intensities above the
95th—98th percentiles of all wet hours and restrict the analysis to specific arrival directions using
trajectory information and wind data to reduce the influence of air-mass variability. Initial results
indicate that extreme precipitation may be associated with enhanced Aitken-mode (dp = 10-70 nm)
aerosol concentrations in Hyytiéld, Finland (62°N), particularly in autumn and spring, relative to other
cases with similar air-mass origins. Larger particles appear to be efficiently removed during these
events. Comparable enhancements are observed at Mace Head, Ireland (53°N) in spring, autumn, and
winter, with the affected size ranges typically within the Aitken mode (d, = 30-100 nm) or small
accumulation mode (dp < 200 nm). No increases in concentration due to high precipitation intensity
are seen during summer at either site. In Hyytiéld, winter conditions show no consistent signal for
particles smaller than 40 nm, while larger sizes are removed.

The magnitude of the observed enhancement appears to increase when the percentile threshold for
extreme precipitation is raised (for example from the 95th to 98th percentile). However, these findings
are preliminary, and not yet conclusive: several alternative explanations—including meteorological
variability and air-mass influences—are possible. Ongoing analyses across multiple locations and
events will provide more information on assessing whether the observed concentration increases
reflect downward transport of particles or arise from other processes.
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comparison across chemical complexity
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Vehicle emissions are a major source of air pollution in Europe. As the region moves towards an

electrified vehicle fleet, it is important to understand how exhaust and non-exhaust emissions
currently effect air pollution and to quantify their relative contribution. In the Horizon Europe
project PAREMPI, we utilized two chemical transport models of different chemical complexity
to quantify how emissions from the vehicle fleet effect aerosols spatially and temporally.
Firstly, we have used the Eulerian model TMS5 to simulate the aerosol and precursor
concentrations in Europe. TM5 is a global model and therefore sacrifices chemical complexity
to reduce computational constraints. For instance, TM5 uses the modal aerosol model M7 to
represent the size distribution in 7 log-normal modes from fine to coarse for several aerosol
constituents. To improve the representation for vehicle emissions in the model, we have updated
TMS by 1) including primary non-exhaust emissions of PM2.5 and PM10, 2) introducing a novel
parametrization of SOA formation from aromatics and 3) porting the ammonia-sulfuric acid new
particle formation lookup table from J-GAIN previously implemented in EC-Earth.

Secondly, we compare TMS5 model simulations with the detailed Lagrangian aerosol chemistry
transport model ADCHEM, which covers the complete size spectrum from 1 nm to coarse >10
pum aerosols with higher size resolution and near explicit chemistry. In a novel approach to allow
for intercomparison between Eulerian and Lagrangian models, we have remapped over 25 000
individual ADCHEM trajectory simulations onto a fixed European spatial domain. This results
in yearly aerosol surface concentration fields, with more information about the chemistry and
physical aerosol properties and at higher spatial resolution than TMS fields at the cost of less
temporal resolution. We quantify the effect the vehicle-fleet have on particulate matter and
number by performing simulations with and without vehicle emissions during 2018 for both
models.

At NOSA we will show how modelled vehicle emissions in Europe contribute as much as 25%
of total PM2.5, with a spatial maximum in central Europe. A majority of this comes from
secondary inorganics (NO3, NH4) followed by primary aerosols (BC, POA). Around 10-15%
of total particle number is attributed to vehicle emissions, with a more uniform spatial
distribution across the region. Both models illustrate that the vehicle NOx emissions have
complex non-linear effects on the atmospheric oxidation capacity, which indirectly influences
the secondary aerosol formation in Europe.

The models match observed concentrations of several tracers well. We evaluate with
normalized Mean Absolute Error and Pearson’s correlation coefficient of yearly average
concentration for all available sites in Europe. The difference in the model can be attributed to
both differences in chemical complexity and emission inventory used. TMS5 perform best
against PM2.5 measurements (nMAE =0.18,r=0.81, N=41), BC (nMAE =0.46,r=0.56, N
=34), NO3 (nMAE = 0.44, r = 0.86, N = 22) and NH4 (nMAE = 0.45, r = 0.86, N=19), while
ADCHEM recover observed OA (nMAE = 0.33, r = 0.83, N= 20) and particle size distributions
better.
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The Arctic is warming almost 4 times faster than the global average. Various factors, including
changing surface albedo, radiative effects of aerosols, and the cloud-feedback mechanism,
influence the Arctic climate. However, the uncertainties associated with the climate effects of
Arctic aerosols are large due to limited knowledge of, e.g., their concentrations, chemical
composition, optical properties, and ability to form clouds. In winter, the composition of aerosols
1s dominated by Arctic Haze, whereas in the warmer months, it is dominated by sea salt, sulfate, and
secondary organic aerosols (SOA), mainly from natural sources. As global warming progresses,
the sea ice cover is expected to decrease, resulting in more open ocean. Thus, oceanic aerosol
precursors are important to investigate.

This work aims to provide a comprehensive analysis of the organic chemical composition of Arctic
aerosols. Aerosols were collected in May-June in the Fram Strait during “Atmospheric Rivers and
the onseT of sea-ice MELT” (ARTofMELT 2023), and at Disko Bay, Greenland (69°15'N,
53°34'W) in June, August, and September 2023. In addition, aerosol samples from May-August
2023 and July-August 2024 were made available from Villum Research Station (81.60N,16.70W).
To investigate marine precursors of Arctic aerosols, seawater samples were also collected. The
aerosol and water samples were analysed using ultra-high-performance liquid chromatography
coupled to high-resolution Orbitrap mass spectrometry (UHPLC-MS). The aerosol samples from
ARTofMELT show an overall pattern in composition but also display short-term variations.
Molecular tracers of biogenic secondary organic aerosols (BSOA) were quantified in all aerosol
samples, and the compositional differences in BSOA tracers provide insight into their origin. In
one aerosol sample from Disko Bay, the concentration of BSOA was highly elevated due to long-
range transport. In addition, dicarboxylic acids were analysed in aerosol and seawater samples to
assess the marine origin of the compounds. A comparison of data from different field sites will be
presented, providing a broader perspective on aerosols and sea-air interaction in the Arctic
environment.

This work was supported by the Novo Nordisk Foundation, the Swedish Polar Research
Secretariat, the Swedish Research Council (VR), the Knut and Alice Wallenberg Foundation, the
Carlsberg Foundation, and the Danish National Research Foundation (DNRF 172) through the
Center of Excellence for Chemistry of Clouds.
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Several studies related to the aerosol-cloud interactions have revealed the importance of physio-
chemical properties of aerosols on cloud droplet formation, yet direct observations of the composition
of aerosols acting as cloud condensation nuclei (CCN) in the environment remain scarce. The
Stockholm University mobile aerosol—cloud laboratory, consisting of a wide range of instruments for
characterizing aerosol and fog was deployed at the Maido observatory, a high-altitude remote
ACTRIS site located in Réunion Island in the Indian Ocean from October 2023 to April 2024. This
tropical site offers exposure to biogenic volatile organic compounds (BVOCs) emissions from rain
forest, along with marine and anthropogenic aerosol sources providing various conditions influencing
secondary organic aerosol (SOA) formation and processing. The observatory experiences cloudy
conditions frequently, which allows also the aqueous-phase processing of SOA — a process where
ambient observations are limited. The cloud droplet residuals were sampled using a ground-based
counterflow virtual impactor (GCVI) inlet and analyzed along with the non-activated particles
(interstitial aerosols) by using a soot particle aerosol mass spectrometer (SP-AMS). The preliminary
analysis reveals that clouds observed during the day were accompanied with bimodal aerosol particle
number size distributions indicating aged aerosol. We will also investigate if the cloud residuals are
sulfate enriched compare to the interstitial aerosols. Nighttime episodes were observed with no
clouds, but pure sulfate aerosols, the source of which will be discussed. Overall, this study provides
the first in-situ chemical characterization of cloud residual aerosols at the Maido observatory. The
findings will be further discussed in the light of aerosol—cloud interactions (cloud condensation nuclei
properties) in this tropical environment, as well as, the impact of chemical cloud processing of SOA.

Keywords: Secondary Organic Aerosols, SP-AMS, Aerosol- Cloud Interactions, Cloud Droplet
Residual
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Interaction of SO2 and ice surface under atmospheric conditions: update, dissociation and
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The heterogeneous interaction of sulfur dioxide (SO-) with ice is an important process in
atmospheric chemistry which influences aerosol formation, cloud properties, and climate. SO:
uptake onto ice surface governs its atmospheric lifetime and provides a key pathway for its
chemical transformation into sulfate. Despite their importance, the molecular-level mechanisms
controlling SO: adsorption and surface localization at the ice-air interface remain poorly
understood. Using synchrotron-based surface-sensitive technique, we directly probed SO:
adsorption on ice surfaces over a range of atmospherically relevant temperature (-15°C, -20°C, -
22°C, -40°C and -41.5°C) and pressure conditions (0.01 to 0.57 mbar).

Depth-resolved sulfur-to-oxygen ratios derived from X-ray photoelectron (XPS) measurements
acquired at multiple incident photon energies which enables variation of the kinetic energy,
reveal sulfur-to-oxygen (S/O) ratios that vary with temperature and SO exposure. Notably,
elemental S/O ratios were obtained from fitted core-level peak areas and normalized to photon
flux, photoionization cross sections, and number of iterations. At low temperatures (-40°C and -
41.5°C), SO: uptake is weak, with low S/O ratios that show little dependence on probing depth,
consistent with adsorption on rigid ice surfaces without significant penetration into deeper layers.
At warmer temperature (-15°C, -20°C and -22°C), enhanced sulfur enrichment is observed at
shallow probing depths that decrease with increasing probing depth, indicating surface-localized
SO: associated with increased molecular mobility. Notably, the highest S/O ratios are observed at
-20°C, where strong sulfur enrichment is confined to the outermost ice surface. This enhanced
uptake is attributed to the combined effects of intermediate surface mobility and thermal history
of the ice surface as the -20°C experiment followed heating from lower temperature (-40°C)
under 0.12 mbar SO: exposure promoting favorable SO:-ice interactions. In contrast, the -15°C
experiment was performed on freshly prepared ice surface, where the absence of prior SO
conditioning combined with increased surface mobility may favor desorption rather than stable
retention. Overall, the results demonstrate that SO2 adsorption on ice is governed by an interplay
between temperature, surface mobility, and SO: exposure. While higher pressures enhance sulfur
uptake, temperature-dependent ice surface plays an important role in controlling SO: retention.
Across all conditions studied, SO: remains surface-localized, providing new molecular-level
constraints on air-ice interfacial processes relevant to atmospheric sulfur cycling.
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As road vehicles operate, mechanical components such as brakes, clutches, tyres and road surfaces
undergo wear, generating non-exhaust emissions (NEE), as well as resuspension of road dust. Some
of these emissions become airborne, while the rest settle on roads and surrounding surfaces, soil, or
in water. Airborne particulate matter (PM) is a major contributor to disease burden and mortality
globally, including within the EU. In 2022, exposure to PM alone was estimated to cause
approximately 239,000 premature deaths in the EU.

Across Europe, non-exhaust PM emissions now exceed those from exhaust sources, and their share
is expected to rise further. In response, the European Commission has proposed the EURO 7
regulation, introducing legal limits for brake and tyre emissions for the first time. However, emissions
from clutches and road wear, as well as suspension of road dust, remain outside the scope of EURO
7.

Emission factors (EFs) are essential for comparing the relative impact of different NEE sources,
thereby providing decision-makers with supporting information for introduction of regulations.
Moreover, they support innovative material development and robust environmental and health
impact assessments. While EFs can be determined through testing, there is a notable lack of reliable
values derived under representative conditions for various NEE sources in the literature.

Mechanical contacts between wearing components can be categorized as rolling and/or sliding, with
most primary NEE originating from sliding interactions during vehicle motion. Studies on airborne
NEE typically involve particle collection in controlled laboratory environments or through field
measurements. Full-component testing under controlled conditions can be performed using inertia
brake dynamometers, single-wheel rollers, or chassis dynamometers. However, these setups are
complex, time-consuming, and costly. Scaled experimental methods offer a practical alternative,
particularly for isolating key tribological mechanisms occurring during real-world driving and for
screening the influence of different material types on NEE.

Scaled experimental approaches developed in the NEE laboratory at Lund University for studying
NEE from brakes, clutches, tyres, and roads, incorporating both contact surfaces, will be presented.
Although significantly smaller than full-component systems, the setup maintains critical contact
conditions such as pressure and sliding speed. Finally, primary EFs from brakes, clutches, tyres and
roads determined using these experimental setups are presented and critically discussed.
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Aerosol surface composition plays a critical role in interfacial chemistry by governing a wide

range of interfacial processes, including heterogeneous reactivity, water uptake, and phase
transitions, yet remains poorly constrained for complex inorganic mixtures. While bulk
composition is routinely characterized, key physicochemical processes occur at particle-air
interfaces, where surface composition can diverge substantially from the bulk. Beyond its
atmospheric relevance, understanding and controlling surface-specific ion partitioning is of
growing interest for resource-oriented applications, particularly the selective enrichment of
lithium from complex inorganic matrices relevant to battery materials and recycling. Thus,
surface-specific experimental approaches are required to resolve ion partitioning and enrichment
under realistic aerosol conditions.

Here, we investigate aerosol particles generated from lithium mine slag analogues that are
composed of mixed inorganic salts including Na*, Li*, Mg*, K*, Ca**, Cl", and SO+*", using
synchrotron-based in-flight X-ray photoelectron spectroscopy (XPS) at the FinEstBeAMS
beamline at MAX IV Laboratory.

Freely suspended aerosol particles are delivered in real time via an aerodynamic lens-based
delivery system, enabling direct XPS probing of the outermost nanometers without substrate-
induced artifacts. Photon-energy-dependent measurements allow depth-resolved assessment of
surface and near-surface ion distributions.

The results reveal pronounced surface enrichment of hygroscopic minor components, consistent
with selective ion partitioning during aerosol drying and crystallization. In simplified Na-Li-Mg
systems, Mg?" exhibits stronger surface enrichment than Li*, indicating preferential dominance
of Mg-containing species at the interface. However, upon introduction of K*, a marked
redistribution occurs: Mg?" becomes depleted from the surface while Li* is preferentially
enriched. This behavior is attributed to the formation of a stable mixed crystalline phase,
KMgCls-6H20, which sequesters Mg?* into the particle core and suppresses its surface activity.
Depth-resolved analysis indicates that these compositional changes are confined to a nanometer-
scale surface layer that, despite contributing negligibly to particle mass, dominates interfacial
chemical identity. These findings demonstrate that lithium surface enrichment can be modulated
through salt composition and phase change, highlighting a surface-controlled pathway relevant
for both aerosol chemistry and potential resource-oriented separation concepts. Overall, this work
underscores the importance of surface-specific measurements for understanding and
manipulating ion distributions in complex inorganic aerosol systems.
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Maritime shipping emission is a critical threat to human health in coastal and port cities. While regulatory
assessments typically emphasize total pollutant by mass, chemical composition such as metals and
polycyclic aromatic hydrocarbons (PAHs) from heavy marine fuels (HFO, MDO/MGO) plays a critical
role in determining biological toxicity. However, quantitative frameworks capable of translating emission-
specific pollutant mixtures into disease-relevant cellular risk remain limited. The aim of this study was to
develop an omics-informed predictive model that quantifies cellular toxicity based on PM2.5 composition

from different maritime fuel types and maps global exposure burdens.

A multi-stage ensemble predictive modeling framework was built to predict cellular toxicity severity as a
function of PM2.5 amount and chemical composition. Conserved cellular stress pathways were identified
from human transcriptomic datasets spanning air pollution exposure, cardiovascular disease, neurological
disease, respiratory disease, and ischemic stroke. These analyses were used to define biologically grounded
severity axes representing inflammation, oxidative stress, apoptosis, and barrier dysfunction. Predictive
modeling was performed using three supervised sub-models trained on distinct pollutant feature groups
including metals, high-influence polycyclic aromatic hydrocarbons (PAHs), and lower-influence but
biologically relevant PAHs. Three gradient-boosted decision tree sub-models were trained on metals, high-
influence PAHs, and lower-influence PAHs using stratified five-fold cross-validation. Sub-model predictions
were integrated via constrained weighting and residual correction. Models were deployed using a meta-
model on synthetic datasets representing five emission profiles: non-specific pollutants, heavy fuel oil
(HFO), marine diesel/gas oil (MDO-MGO), liquefied natural gas (LNG), and biofuels. Outputs were
combined with georeferenced PM2.5 data from 37 global port and inland cities to evaluate geographic
variability in predicted toxicity.

The ensemble meta-model demonstrated strong and stable performance across all emission scenarios,
explaining over 80% of variance in cellular severity scores (cross-validated R? >0.80). Dose response
analysis revealed consistent sigmoidal toxicity trajectories across emission profiles, enabling identification of
discrete and comparable severity thresholds. Relative risk ratio (RRR) decomposition showed pronounced
fuel-specific toxicity architectures. Under HFO and MDO-MGO emissions, metal associated toxicity
dominated high-severity responses, with lead and copper exceeding RRR values of 200 and mercury
exceeding RRR values of 150 at upper severity thresholds. In contrast, LNG and biofuels revealed attenuated
toxicity profiles, with no single component consistently exceeding baseline risk across most thresholds.
However, LNG demonstrated threshold-sensitive behavior at intermediate severity levels, driven by a limited
subset of PAHs, including chrysene and benzo[c]phenanthrene. Integration with global exposure data
showed that cities with peak PM2.5 concentrations exceeding 100ug/m?, corresponded to the highest
predicted cellular severity across cardiovascular, neurological, respiratory, and cerebrovascular endpoints.
When total pollutant burden was held constant, modeled substitution of HFO with biofuels reduced predicted
cellular severity by approximately 8% across high-risk cities.

These findings demonstrate that maritime fuel composition rather than particulate mass alone drives
disease-relevant cellular toxicity, highlighting the need for composition-based approaches to assessing

and mitigating health risks from maritime emissions in port adjacent environments.
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New particle formation over the oceans is thought to contribute more than 50% of cloud
condensation nuclei (CCN) in the marine boundary layer (MBL) and has the potential to impact
cloud properties, thereby influencing the Earth’s radiative balance. NPF within the MBL,
however, is generally considered unlikely due to high concentrations of sea spray and low
concentrations of precursor gases. Instead, new particles are thought to form predominantly in
the free troposphere. Here, we demonstrate how natural emissions of dimethyl sulfide (DMS)
and NH3 can facilitate HoSO4-NH3-derived NPF and growth within the MBL, producing particles
that can reach the upper Aitken and accumulation mode size ranges and potentially act as CCN.
We further show that the long-range transport of these particles affects CCN concentrations
across different regions of the world, including the high Arctic and the Amazon.
The mechanistic processes behind DMS-driven NPF and growth were examined using the box
model ADCHAM by simulating an idealized scenario representing the transport of an air parcel
in the remote MBL. This included an extensive sensitivity analysis assessing the impact of various
meteorological and hydrological conditions on particle formation and growth. The transport of
these particles was then investigated using the Lagrangian transport model ADCHEM, which
was employed to reproduce observations made at the ATTO Tower (2°08” S, 59°00° W) in
Brazil and at the Villum Research Station (81°36° N, 16’40’ W) in Greenland. Simulations in
ADCHAM demonstrate how precipitation efficiently reduces the concentration of sea spray
particles to a level where DMS-derived H>SO4 and natural emissions of NH3 reach gas-phase
concentrations sufficient to initiate the formation and sustain the growth of new particles within
35 the MBL. The growth of these particles exhibits a non-linear response to variations in
temperature and wind speed, with colder temperatures impeding H>SO4 production through
the uptake of water-soluble DMS oxidation intermediates such as methane sulphinic acid
(MSIA), and warmer 40 temperatures impeding H2SOs production through the thermal
decomposition of the DMS radical intermediate CH3SO,. Low wind speeds limit H>SO4
production due to restricted emissions from the surface ocean, whereas high wind speeds
suppress production through extensive 45 emissions of sea spray particles. In both cases,
optimal particle growth occurs at moderate temperatures and wind speeds.
In ADCHEM, particles formed from DMS in the remote 50 MBL are found to survive
multi-day transport, reaching regions far from the initial phytoplankton blooms from which the
emissions originated. Consequently, particles formed from DMS emissions in the North
Atlantic Ocean are shown to influence CCN concentrations from the Villum Research Station
in the Arctic to the ATTO Tower in the Amazon.
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Nucleation processes are critical in aerosol research. Our research focuses on the mechanism during
early stage of aerosol formation when atmospheric vapor molecules form stable molecular clusters.
These clusters exhibit size-dependent properties which differ from large aerosol particles,
influencing their further growth to form particles. We focused on this cluster-to-particle transition
regime and investigated binary nucleation mechanisms involving sulfuric acid (SA) with bases
including ammonia (AM), methylamine (MA), dimethylamine (DMA), and trimethylamine (TMA).

Our recently developed improved configurational sampling approach provides the first feasible
workflow spanning from single molecules to nanometer-size clusters (approximately 2 nm). This
computational approach starts with configurational sampling at the force field level and produces
Delta-learning results trained at the DLPNO—-CCSD(TO) level of theory. These state-of-the-art
quantum chemistry (QC) results allow us to closely examine the cluster-to-particle transition regime.
Applying this approach, we modeled large clusters comprising up to 22 monomers reaching ~1.8 nm
in size with quantum chemical methods.

We validated our work by simulating the SA—base binary nucleation rates under various
measurement conditions including CLOUD chamber experiments, flow reactor experiments and field
observations. To a large extent, our simulations reproduced the measured nucleation rates of strongly
binding systems like SA—DMA and SA—TMA. For weakly binding systems of SA—AM and SA—
MA, there exists a systematic gap between the simulated and flow reactor measured nucleation rate.
This highlights the importance of hydration and synergy effects.

Using the time-resolved precursor concentration measured by chemical ionization mass spectrometer
(CIMS), we further performed a timeseries simulation within one day in an urban environment. The
simulated nucleation rate is used to compare against the nucleation rate calculated from condensation
particle counters (CPC) measurements. Four out of a total of five particle formation events within the
day have been successfully captured by the modeling. This shows that our high-quality QC data is
applicable for depicting the time-resolved and quantified picture of the early stage of new particle
formation (NPF).

This work bridges the gap between experimental measurements and conventional simulations of
cluster consisting of only few monomers. The computational approach for studying large complex
atmospheric clusters has been systematically established and has been validated in this proof-of-
concept work, enabling further quantification of nucleation mechanisms contributing to NPF events.
Furthermore, the presented SA—base data are transferrable to other experimental conditions and can
quantify the particle formation contributed by SA—base nucleation.
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Lahti, a mid-sized city in southern Finland, experiences strong seasonal variation in air quality
driven by both local and transported emissions. Among local sources, residential wood combustion
(RWC) plays a key role during the heating season, contributing substantially to fine particulate
matter (PM..s) and gaseous pollutants. While national and European emission inventories such as
CAMS provide valuable large-scale estimates, their coarse resolution and simplified spatial
allocation often fail to capture the heterogeneity of small urban areas like Lahti.

To address this gap, we developed a high-resolution bottom-up emission inventory for RWC in
Lahti covering the winters of 2019-2023. The inventory integrates property-type-specific building
data, appliance distributions, and emission factors from Nordic literature. Under the assumption that
appliance shares within each property type remain constant among years, energy use and pollutant
emissions (PM..s, BC, CHa, OC, CO, NOy, SO, CO:) were quantified for each residential category.
These emissions were aggregated into 0.1° % 0.1° grids and integrated into the SOSAA—
FLEXPART modelling framework to simulate atmospheric transport, gas-phase chemistry, and
secondary aerosol formation.

Preliminary results show that locally derived emissions exhibit clear interannual variability, with an
increase in 2019 linked to lower winter temperatures and a reduction in 2020 corresponding to
lower wood consumption. Appliance-specific analysis reveals that sauna stoves and baking ovens,
though consuming relatively small amounts of wood, contribute disproportionately to total
emissions due to incomplete combustion.

A key finding from winter (Dec—Feb) simulations is that while the model reproduces observed new
particle formation (NPF) events, the source of bulk PMa.s mass is not local. Comparisons reveal a
remarkable similarity in simulated PM..s mass between runs using our Local inventory, the default
(GAINS) inventory, and a scenario with shutting down RWC emissions. This indicates that local
RWC contributes negligibly to the total PM2.s mass at the station. The observed mass is instead
overwhelmingly driven by identical meteorological conditions and long-range transport, not by the
details of local wood-burning emissions.

Trajectory analysis and a December 2019 case study confirm this: air masses spend days over
polluted Central Europe, with particle formation starting before arrival in Lahti, where local
influence is brief (<1 hour).

The findings highlight a critical dichotomy: local emissions are vital for understanding appliance-
specific impacts and certain pollutants, but long-range transport is the dominant driver of PMa.s
mass during winter episodes. This underscores the need for Lahti’s clean-air strategies to address
regional pollution in tandem with promoting modern stoves and cleaner local heating alternatives.
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Aerosol therapy is commonly performed alongside respiratory support modalities such as high-flow
nasal cannula (HFNC) and invasive mechanical ventilation (IMV). Deposition of the aerosol drug in
the respiratory tract depends greatly on the drug particle size and the patient’s breathing pattern. In
this study, which combines experiments and simulations, we aimed to determine the effect of chronic
pulmonary diseases, represented by disease-specific breathing patterns and airway dimension
changes, on the regional deposition of drug aerosol particles in the respiratory tract during adult
HFNC and IMV.

First, the particle size distributions of the drug aerosol delivered during HFNC and IMV were
measured using bench study setups with a laser diffractor and an aerodynamic particle sizer. Then,
the Preludium Mimetikos software was used to model regional deposition in the respiratory tract,
expressed as a percentage of the total drug delivered from the ventilation circuit, based on the
measured particle size distributions and adult lung and ventilation parameters. To represent the
mechanical conditions of obstructive and restrictive pulmonary diseases in the software, breathing
patterns reported in relevant patient studies were applied, and airway dimensions were modified
accordingly. The results were compared with in vitro and in vivo studies in the literature.

For HFNC, extrathoracic deposition (38.3-49.5%) exceeded thoracic deposition (13.0-22.6%) across
all scenarios. Increasing the respiratory rate led to higher extrathoracic deposition but lower thoracic
deposition. Both obstructive and restrictive conditions led to higher extrathoracic deposition. For
IMYV, thoracic deposition (36.1-50.0%) varied greatly across disease conditions. For both HFNC and
IMV, thoracic deposition was highest for asthmatic conditions and lowest for restrictive conditions.
Emphysema decreased alveolar deposition while airway obstruction increased tracheobronchial or
bronchiolar deposition, depending on the location of obstruction. These observed trends are consistent
with findings reported in the literature.

In conclusion, this simulation study suggests that obstructive and restrictive lung diseases may
significantly alter the deposition patterns of aerosol drugs during adult HFNC and IMV. These
findings may inform future personalized clinical practices in aerosol therapy for patients with chronic
pulmonary diseases, although further in vivo studies are needed for validation.
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Fires, both natural and human-induced, have important impacts on public health and air pollution.
The emitted pollutants significantly vary with fuel type and fire evolution, and then undergo rapid
chemical transformations and phase changes, altering aerosol and ozone chemistry on the regional
and global scales. Limited by traditional measurement methods, accurate quantification and
prediction of fire impacts remain challenging. In this study, an advanced drone-based platform was
used for particle sampling and real-time meteorological sensing in the smoke plumes from two
controlled residential fires in Gothenburg, Sweden. The plumes were sampled from the origin to
downwind areas for characterizing point-sources emissions and near-field chemical evolution during
transport. Offline analysis of particle samples was conducted using a chemical ionization time-of-
flight mass spectrometer with a Filter Inlet for Gases and AEROsols (FIGAERO-CIMS) to identify
the chemical compositions of the fire emissions. Through the comparisons of smoke plumes samples
taken at various distances and stages of the fires, the potential of the method to follow real-world
residential burning was scrutinized. It showed clear potential to assess the exposure of hazardous
species from fire plumes for human population and forest ecosystem. These findings are essential for
further understanding the impacts of fire smoke on human health, environment and atmospheric
chemistry.

Keywords: fire emission, drone, mass spectrometer, aerosol chemistry, exposure assessment
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Aerosols affect both human health and climate. Their impact on climate is associated with high
uncertainty. Secondary organic aerosols (SOA) are the type of aerosols which are formed when
volatile organic compounds (VOCs), especially biogenic, are oxidized in the atmosphere creating
oxidation products with lower volatility, which can partition into the aerosol phase. An important
class of VOCs contributing to SOA formation is monoterpenes, one of which is sabinene, that
despite being commonly emitted in nature is not well studied. Viscosity, and hence phase state, is
an important physical property of aerosols, as it impacts aerosol-light interaction, chemical
processing, gas-particle partitioning, and cloud forming abilities. Models often assume that SOA are
liquid and therefore well mixed, however studies have shown that they can exist in highly viscous
states such as semi-solid or even glassy states. Methods of phase state and viscosity determination
are typically offline methods, which require collection and generation of higher sample volume than
what is produced in chamber experiments.

In this study, the phase state and viscosity of SOA formed from sabinene dark ozonolysis were
probed in the Aarhus University Research on Aerosol (AURA) atmospheric simulation chamber in
dry conditions and at four different temperatures (20, 10, 0 and -15°C), using a recently developed
online phase state determination method. This method consists of a differential mobility analyzer
(DMA)-thermal conditioner-portable optical particle spectrometer (POPS) setup directly coupled to
the AURA chamber. The sampled particles were size selected in the DMA and exposed to different
temperatures in the thermal conditioner. An observable shift in the size distribution, measured by
the POPS, was seen when the SOA viscosity of the particles changed. This shift was observed and
used to determine viscosity transition temperatures (T;) for the 10, 0, and -15°C experiments. The
determined T: will be used to estimate the SOA viscosity and glass transition temperature. The
results are supported by online and offline gas and particle mass spectrometry. This study shows
that higher SOA formation temperatures result in higher viscosity T, and we observe potential trends
associated with ageing time, which might be explained by different chemical compositions.
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Pulmonary particle deposition models are fundamental to aerosol research, yet their underlying
morphometric assumptions are based on the lungs of only a few individuals, typically older, healthy,
male, adults. Our group has developed the Airspace Dimension Assessment technique (AiDA) to
measure the distal airspace dimensions in the lung by analysis of the recovery of 50 nm aerosols in
the lung. AiDA has been used to investigate more than 1000 individuals of different ages and health
states. In this study, we use this extensive bank of AiDA results to investigate how nanoparticle
deposition varies with age and disease and whether current models are able to take the dynamics of
the growing and aging lung into account when predicting particle deposition.

We investigated the deposition data from more than 300 individuals, divided into several age groups:
children (10-14 years old), adolescents (15-18 years old), younger adults (30-50 years old), older
adults (50-65 years old) and elderly (70-90 years old). In addition, we investigated adults with our
two most common airway diseases: asthma and chronic obstructive pulmonary disease (COPD). We
investigate the deposition as a function of particle residence time in the lung and derive a distal
airspace dimension for each group.

We find that the nanoparticle deposition is the most rapid while the lung is still developing during
childhood. The deposition then slowly decreases with age, with the decline accelerating in advanced
age. To illustrate, at a 5 second residence time in the lung, the median particle deposition was, for the
given groups in order of increasing age, 92, 86, 77, 74 and 69% of the inhaled particle concentration.
The corresponding half-life of the nano-aerosol in the lung was 1.94, 2.50, 3.27, 3.61 and 4.46
seconds. Hence, on average, these nanoparticles deposit at more than twice the rate in children than
in the elderly, which results in a greatly increased overall deposition in the distal airspaces. Both adult
asthmatics and COPD patients had slightly increased overall deposition (82 and 80% at 5 seconds
residence time, respectively) and COPD patients displayed a median half-life of 5.18 seconds, while
asthmatics displayed no difference to comparable healthy individuals. The average distal airspace
radius derived from the aerosol measurements were: 204, 232, 265, 278 and 312 um in order of
increasing age, and 273 and 333 um for asthmatics and COPD patients, respectively.

The decreasing trend in nanoparticle deposition during early life is likely a result of the normal growth
of the alveoli. In advanced age, the decrease can be attributed to the so-called “senile emphysema.
Children, the elderly, and those with lung disease are likely to be more sensitive to air pollution and
other types of nanoparticles than other groups. Despite this, most deposition models currently fail to
account for the differences between population groups, by assuming a constant lung morphology
throughout adulthood. For children, models typically scale down adult morphologies of the
conducting airways and adjust the alveolar volume only by changing the number of pulmonary acini,
while keeping size constant across all ages.






