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Ships travel near densely inhabited coastal areas
(Eyring, 2010), and emit large amounts of exhaust having
many constituents harmful to health. For example,
ultrafine particles and related chemical species have lately
been linked with heart and pulmonary diseases and even
with Alzheimers disease (Oudin et al. 2016). Engine
exhaust particles consists of elemental and organic
carbon, sulphur, nitrogen, oxygen and trace elements.
Soluble metals from combustion sources may be
biologically active and toxic (Laing et al. 2014). In this
study, trace metals from marine engine exhaust were
studied in laboratory (engine El), on-board ship A
(engines E2 and E3) and ship B (engine E4) using fuels
with sulphur contents up to 2.5%. From several engine
loads studied, the results presented here were achieved at
75% load for E1-E3, and at 65% load for E4. For E2, the
results are after scrubber, and for E3 after scrubber and a
selective catalyst reduction (SCR) system. For E4,
engine-out results are shown, as metal concentrations
after the emission control devices were below the
detection limit. PM samples were collected from diluted
(ISO 8178) exhaust using quartz filters. The extracts (EN
14385) were analysed by inductively coupled plasma
mass spectrometry (ICP-MS). Trace elements analysed
were Ag, Al, As, B, Ba, Be, Bi, Ca, Cd, Co, Cr, Cu, Fe,
K, Li, Mg, Mn, Mo, Na, Ni, Pb, Rb, Sb, Se, Sr, Th, T1, U,
VjaZn,Br,Cl,P,S,Siand Sn. For detailed E1-E3 results,
see Aakko-Saksa et al. (2017) and Timonen et al. (2017).

The highest concentrations of trace elements in
marine engine exhaust were observed for V, Ni, Ca, Na,
Fe, Ca, and in some cases for Al. From priority heavy
metals (As, Cd, Cr, Cu, Ni, Pb, Se, Zn), only Ni was
present in exhaust at noticeable concentrations. Metals in
the engine exhaust originate from fuel, engine oil and
wear. HFO-type fuels at the highest sulphur contents (1.9
and 2.2%S) contained also high concentrations of V (110
and 430 mg/kg) and Ni (21 and 75 mg/kg), while
concentrations of Ca, Na and Fe were lower (from 6 to 24
mg/kg). For these fuels, V and Ni in exhaust were
apparently originating mainly from fuel, and Ca, Na and
Fe at least partly. Modest concentrations of V, Ca, Na and
Fe were present in the exhaust using fuels at sulphur
contents below 0.7%S. These fuels contained less V than
20 mg/kg and concentrations of the other metals were low.
For fuel containing 30% of biocomponent (Bio30),
concentrations of the metals in both exhaust and fuel were
particularly low. Engine oil contained high amount of Ca
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(12-16 g/kg), and this is one source of Ca in exhaust.
Substantial amount of Al was found on some exhaust
samples, which may indicate engine wear.
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Figure 1: Metal concentrations in the exhaust from
engines in laboratory (EI) and on-board two ships (E2-
E4). Fuels with 2.2%, 1.9%, 0.65%, 0.4%, 0.08%% and
0.02% sulphur contents were used, as well as a fuel
containing 30% of biocomponent.

The financial support for the SEA-EFFECTS BC project
from Tekes (40356/14), Trafi (172834/16) and from
industrial partners, Wirtsild, Pegasor, Spectral Engines,
Gasmet, VG-Shipping, HaminaKotka Satama Oy,
Oiltanking Finland Oy and Kine Robotics, is gratefully
acknowledged, and for the EnviSuM project from Trafi
(58942/17, VTT’s measurements).

Aakko-Saksa, P. et al. (2017) Research Report: VTT-R-
02075-17. www.vtt fi/sites/sea-effects
Eyring, V et al (2010), Atmos.Environ. 44 4735-4771.
IMO (International Maritime Organization), 2016
available at: https://business.un.org/en/entities/13
Laing, J. et al. (2014) Atmospheric Environment 88:
285-296.
Oudin, A. et al. (2016) Environmental Health
Perspectives 124(3): 306-312.
Timonen, H. et al. (2017) Research Report: VTT-R-
04493-17. www.vtt.fi/sites/sea-effects




A human exposure study of dermal and inhalation uptake of particle and gas phase
phthalates

C. ANDERSEN?, A.M. KRAIS? A.C. ERIKSSON?, J. JAKOBSSON?, C.H. LINDH?, J. LONDAHL?, J. PAGELS?,
J. NIELSEN?, A. GUDMUNDSSON! and A. WIERZBICKA!

1 Ergonomics and Aerosol Technology, Lund University, Sweden
2 Division of Occupational and Environmental Medicine, Lund University, Sweden

Keywords: human exposure, SVOCs, phthalates, dermal uptake, lung deposition

Phthalates are used in a large variety of con-
sumer products, such as cosmetics, fragrances, food
packaging, medical equipment and building materials.
They belong to the group of semi-volatile organic com-
pounds (SVOCs), and are not covalently bound in prod-
ucts. Thereby they can migrate or evaporate from con-
sumer products and building materials, which makes up
an exposure route to humans. Exposure to phthalates
has been associated with endocrine disruption effects,
including reduction of male reproductive hormones in
humans, as well as allergies, and asthma (Joensen et al.,
2012). While the oral uptake of phthalates have been
studied, there are only few studies on the airborne ex-
posure through dermal and inhalation routes in indoor
environments.

The aim of this work was to elucidate the dermal
and inhalational uptake of two deuterium labelled
phthalates. This is the first human exposure study of the
uptake of deuterium labelled DEHP aerosol particles by
inhalation and dermal uptake, and on the comparison of
the two routes in humans.

We have conducted a human exposure study of
dermal and inhalational uptake of particle and gas phase
phthalates. Sixteen participants were exposed during 3
hours to two deuterium labelled phthalates: particulate
di(2-ethylhexyl) phthalate (DEHP) and gaseous diethy!l
phthalate (DEP). Urine samples were collected before
exposure and for 24 hours after exposure. During der-
mal exposures, uptake by inhalation was eliminated by
supplying clean air to the participants through a hood
sealed around the neck.

DEHP particles were measured during the expo-
sures with a scanning mobility particle sizer (SMPS,
TSI Inc.) and a high resolution aerosol mass spectrom-
eter (HR-AMS, Aerodyne Research Inc.). Further, par-
ticles were collected on Teflon filters. DEP was col-
lected on sorbent Tenax tubes. Both filters and Tenax
tubes were extracted and subsequently analyzed with
gas chromatography tandem mass spectrometry (GC-
MS/MS). Six metabolites were analyzed in urine sam-
ples with liquid chromatography tandem mass spec-
trometry (LC-MS/MS).

The deposited fraction of inhaled particles was
calculated with the MPPD (multiple-path particle do-
simetry) model version 3.04.
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The results show a higher uptake of DEP compared to
DEHP for both dermal and combined dermal and inha-
lation uptake (Figure 1). For both exposure to DEHP
particles and gaseous DEP the primary uptake was
through inhalation. The concentration of urinary metab-
olites after dermal exposure to DEHP was below the
limit of detection.
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Figure 1. The median, 25 and 75 percentiles of the up-
take in (ug kg* bw)/(ug m= in air)/h for the exposure
scenarios DEHPinh+dermal, DEHPgermal (below the detec-
tion limit), DEPinh+dermat, DEPgermal.

We calculated an average deposited fraction of inhaled
DEHP in the extrathoracic region, tracheobronchial re-
gion, and alveolar region to 3, 9, and 14 %, respectively.

The results also showed that 73 % of the depos-
ited DEHP mass was detected in urine as metabolites.
For DEP only 53 % of the inhaled mass was detected as
metabolite in urine samples, when 100 % uptake of the
inhaled DEP was assumed. These numbers differ from
the previous reported number for oral ingestion (Ander-
son et al., 2011), and can in the future be applied in
urine screening studies where back-calculations are
needed to estimate the uptake.

In conclusion, this study shows that the primary
route of uptake of airborne phthalates is through inha-
lation, while also highlighting the importance of includ-
ing the deposited fraction in studies of uptake of inhaled
particles.

The study was financed by the Swedish research coun-
cil FORMAS (Project Dnr 216-2013-1478).
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The International Maritime Organization has imple-
mented regulations to reduce emissions from ships.
Since January 2015 the allowed sulphur content in ma-
rine fuel oils was limited to 0.1 % in sulphur emission
control areas (SECASs). Emissions will be further re-
duced in the remaining EU sea areas with the imple-
mentation in 2020 of the 0.5% regional limit.

The emission measurements of marine engine
were conducted in a test-bed engine lab equipped with
a four cylinder medium-speed diesel engine, which was
modified to run with compressed natural gas (CNG) in
dual fuel (DF) mode. In addition to natural gas, which
was used as main fuel, a pilot liquid fuel was needed to
operate the engine. The pilot (liquid) fuel was marine
gas oil (MGO), which was of road diesel quality (EN
590:2009) with very low sulphur level. Two different
contributions of pilot fuel (pilot normal and pilot high)
were tested with two different engine loads (85% and
40%). The engine loads were selected to represent the
conditions at open sea (85%) and at harbour areas
(40%). For comparison, the engine was also operated
using MGO and marine diesel oil (MDO) as main fuels.

Chemical composition and physical properties
of both primary and secondary submicron particles
were studied. An oxidative flow reactor called potential
aerosol mass (PAM) chamber (Kang et al., 2007) was
used to simulate secondary aerosol formation potential
of gaseous exhaust emissions in the atmosphere. Aero-
sol chemical composition (organic matter, sulphate, ni-
trate, ammonium, chloride and refractory black carbon)
was measured with a Soot-Particle Aerosol Mass Spec-
trometer (SP-AMS, Onasch et al., 2015). Optical ab-
sorption properties of soot particles were measured on
line using an Aethalometer (ModelAE33-7, Drinovec et
al., 2015) measuring at seven wavelengths (370-950
nm). Physical properties of particles were measured
with a scanning mobility particle sizer (SMPS). The
volatility of the particles was studied both with and
without a thermo denuder and catalytical stripper.

The flue gas was diluted using a porous tube di-
luter and double-ejector system for primary and second-
ary particles, respectively. Furthermore, an additional
ejector for both system was needed to get enough high
sample flow rate for the instruments. Dilution ratio was
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calculated based on the ratio between trace gas concen-
trations mainly using CO. concentration at raw emis-
sions and after the last ejector.

The mass concentrations of primary particles
were significantly lower when using CNG as the main
fuel compared to MGO or MDO fuels (Fig. 1). The en-
gine load was also found to have a significant effect on
primary particle formation. At lower engine load, the
particle mass concentrations were found to be higher
with all fuels than with high engine load (Fig. 1). The
main component was organic particulate matter fol-
lowed by black carbon. For aged aerosol, the main com-
ponent was also particulate organic matter followed by
either black carbon or sulfate (not shown).

304 -
Primary aerosol

%o 254
204 Fuel 1: narmal contribution of pilot + CNG
Fuel 2: high contribution of pilot + CNG
15| Fusl3: 100% pilot (MGO)
Fuel 4: normal contributian of pilot + MDO

mass cone. (mg m

60

40
g 1 [ | |
||

Fuel 1 Fuel 2 Fuel3 Fuel 4

contribution (%}

o

Fuel 1 Fuel 2 Fuel 3 Fuel 4

Figure 1: Chemical composition of PM; and contribu-
tion of primary particulate emissions from DF engine
for two different engine loads and four different fuels.
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The Filter Inlet for Gases and AEROsols Time of flight
Chemical ionisation mass spectrometer (FIGAERO ToF
CIMS) provides simultaneous molecular information re-
lating to both the gas and particle phase and has been
used to extract vapour pressures of the compounds de-
sorbing from the filter, whilst giving quantitative con-
centrations in the particle phase. However, such extrac-
tion of vapour pressures of the measured particle phase
components requires use of appropriate, well-defined,
reference compounds. Most recently the homologous se-
ries of polyethylene glycols (PEG)
((H-(O—CH2—CH2)n—OH) for n=3 to n=8) has been
shown to be reproduced well by a range of different tech-
niques, including Knudsen Effusion Mass Spectrometry
(KEMS), over a range of vapour pressures (VP) (10 to
107 Pa) that are atmospherically relevant. This is the
first homologous series of compounds for which a num-
ber of vapour pressure measurement techniques have
been found to be in agreement, indicating their utility as
a calibration standard. The PEG series therefore pro-
vides an ideal set of benchmark compounds that allow
accurate characterisation of the FIGAERO for extracting
vapour pressure of measured compounds in chambers
and the real atmosphere. To demonstrate this, single
component and mixture vapour pressures measurements
are made using two FIGAERO ToF CIMS instruments
based on a new calibration line determined from the
PEG series. This method is then applied to chamber and
field measurements investigating oxidation and the va-
pour pressures of known products and the impacts on
new particle formation.
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Vegetation feeds back to climate in several ways,
one of which is through emissions of biogenic volatile
organic compounds (BVOCs). Through oxidation in the
atmosphere, various compounds of a range of volatility
and hygroscopicity are produced (Ehn et al., | 2014). The
lowest volatility products are thought to contribute to
the nucleation of new atmospheric particles, while prod-
ucts with higher (but still low) volatility can condense
onto already existing particles.

The emission of BVOCs vary due to the type and
density of the vegetation as well as environmental fac-
tors such as temperature, sunlight, CO2 concentration,
soil moisture ect. In sum BVOC emissions are thought
to increase with increased temperatures and CO2 levels,
i.e. climate change. This introduces a possible negative
feedback loop through increased temperatures — in-
creased emissions of BVOC — increased aerosol num-
ber and mass concentration — direct and indirect nega-
tive aerosol forcing — reduced temperature increase.

The strength of this feedback loop depends
among other factors, on how sensitive new particle for-
mation is to the increase in BVOC emissions.

While it has been shown that oxidation prod-
ucts from BVOCs can participate in the formation of
new particles from nano-sizes (alone or with e.g. sul-
phuric or ammonia) (Shrivastava et al.,|2017), the pro-
cess is poorly understood and the uncertainties with
regards to parametrization are large. We investigate
the sensitivity of the earlier mentioned BVOC feed-
back with different parameterizations of new parti-
cle formation in the Norwegian Earth System model
(NorESM). The atmospheric component is the Com-
munity Atmospheric Model with the OsloAero aerosol
scheme (CAMS5.3-Oslo). The OsloAero scheme is a
lifecycle scheme which taggs the production mecha-
nism for compounds in the aerosols. The current pa-
rameterization in NorESM based on Paasonen et al
(2010), calculates the formation rate of new particles
as linearly dependent on the concentrations of sulphuric
acid and low volatility oxidation products of BVOCs
(ORG_LV) and is thus in accordance with activation the-
ory for nucleation (nucleation rate Jy,e = k1[H2SO4]+
k2[ORG_LV]).

We present preliminary results investigating the sen-
sitivity of the feedback loop to changing the parame-
terization to either homo- and heteromolecular nucle-
ation, also based on [Paasonen et al| (2010)(eq. 19,
Joue = k‘ll [HQSO4]2 + ké[HQSO;;HORGLV], and eq.
20, Juue = ki[H2S04)% + k3[H2SO4)[ORG_LV] +
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k3[ORG-LV]?). We find that these alternative param-
eterizations give much weaker new particle formation
rate and lower production of secondary aerosols, and
that, contrary to expectation, they are less sensitive to
increased BVOC emissions than the original parameter-
ization.
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Shipping is the most cost effective form of
transport for trading goods, with over 90% of trade
worldwide being carried by sea (IMO, 2016).
Approximately 70% of ship emissions are emitted within
400 km of land (Eyring, 2010). These exhaust emissions
contain e.g. particulate organic matter (POM), refractive
black carbon (rBC), carbon dioxide (CO2), nitrogen
oxides (NOy), sulphur dioxide (SO2) and volatile organic
compounds (VOC’s) (Eyring, 2010). In the Baltic Sea
region (Jonson et al, 2015) found that areas close to
shipping lane emissions have a shortening of life
expectancy by 0.1-0.2 years per person. To understand the
effect shipping has on air quality it is important to
determine ship emissions as accurately as possible.

Measurements were conducted during a real time
voyage with a fully loaded ship. The particulate emissions
of a main and auxiliary engine, operating at 40% and 75%
load were measured. The ship after treatment system
included a selective catalyst reduction (SCR) system and
scrubber. The exhaust emissions from the two different
fuel types, HFO (heavy fuel oil) and MGO (marine gas
oil) were also measured. The emissions were diluted using
a porous tube diluter combined with a residence time tube.
The sample was further diluted using an ejector diluter
(Dekati Ltd, Finland). The submicron particulate
emissions were analysed using a Soot Particle - Aerosol
Mass Spectrometer (SP-AMS) (Aerodyne Research Inc,
US, Onasch et al, 2012) to gain information on the real
time submicron particulate mass (PM) concentration,
chemical composition, size distribution as well as
concentrations of rBC and some metals. In addition,
physical (e.g. size distribution, number concentration) and
optical (light scattering coefficient) properties of
submicron particles and trace gases were measured with a
large variety of instruments. The secondary aerosol
formation potential was studied using a PAM (Potential
Aerosol Mass -chamber, Aerodyne Research Inc, US,
Kang, 2007) chamber which allowed simulation of the
atmospheric aging of the emissions.

The aim of this campaign was to compare primary
and secondary particulate emissions originating from
different fuels, engine loads and emission reduction
technologies. The composition of primary particulate
emissions was observed to be very different when
compared to aged emissions after the PAM chamber. In
the primary particulate exhaust emissions the contribution
of organics (45.7%) and sulphate was observed to be
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Figure 1: Contribution of inorganics species (sulphate,
nitrate, ammonium, chloride), organics and rBC for when
using HFO and MGO fuels types and with a SCR before
the scrubber. During secondary PM measurements PAM

was set to 2.4 volts corresponding to 2.8 days aging in the
atmosphere.

0
GO

highest for HFO (17.2%), whereas MGO had a higher
rBC contribution (72.6%). For aged emissions, after PAM
chamber, the contribution of submicron PM sulphates
were high for both fuels (HFO; 81.6%, MGO 44.6%). In
addition, organic contributions were higher for MGO fuel
during secondary measurements. This shows the
importance of fuel sulphur content, 0.7% for HFO and
<0.1% for MGO.
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Pollen is one type of primary biogenic atmospheric
aerosol. In addition to the commonly known allergic
impact, pollen has also various climatic, environmental
and ecological/biological impacts. It can act as
environmental pollutant by decreasing the visibility
through scattering of sun light. Furthermore, pollen can
act as ice nuclei (IN) and cloud condensation nuclei
(CCN) and thus has impact on cloud formation and
cloud optical properties as well (Steiner et. al., 2015).

Pollen is usually measured by Hirst-type pollen
samplers which enable the microscopical identification
of pollen types and their concentration with 2-hour time
resolution. In Finland, a network of 9 stations collect
pollen samples for further analysis. This method can
only provide the pollen concentration at roof level
(usually 10-15 m agl), yet very little is known on the
vertical distribution and its optical properties. However,
for modeling the dispersion of pollen and improving
pollen forecasts, the vertical information is needed.

Aerosol lidars (light detection and ranging)
provide vertical information of the atmosphere with
good vertical and temporal resolution. Measuring
backscattering, extinction and depolarization ratio of the
detected particles, they can be characterized e.g. in terms
of size and sphericity. It has been observed that the non-
spherical pollen grains generate strong depolarization
(Noh et. al., 2013). In the absence of other non-spherical
particles, information about the shape of pollen can be
retrieved using depolarization lidar measurements.

This study combines measurements with the
multi-wavelength Raman polarization lidar Polly*" and
the traditional Hirst-type sampler to investigate the
optical properties of pollen and to enable a pollen
classification with lidar measurements.

The measurement campaign took place in May-
August 2016 in Kuopio, Finland and provided a dataset
of particle optical properties for several different pollen
types. These data revealed that certain pollen types show
higher depolarization and thus the classification of
different pollen types is possible. Meteorological data
and backward trajectories were used to take the
meteorological condition and possible long-range
transported pollen into account.

On 8" May 2016 a pollination event was
observed as presented in Figure 1. The Birch pollen
concentration, measured by the Hirst-type sampler is
provided in Fig 1(a). Profiles of the range corrected
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signal at 1064 nm and volume depolarization at 532 nm
are presented in Fig 1(b) and (c), respectively.

The roof level concentration shows peak values
during the day time. The lidar signals show the features
of the boundary layer top height increasing before 15:00
UTC and decreasing towards the night and also the
dispersion of the depolarizing pollen particles
throughout the whole boundary layer up to about 2.5 km
altitude. The whole campaign dataset will be studied in
detail and new information on the pollen type detection
and their vertical distribution are provided.
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Figure 1: a) Birch Pollen concentration at roof level, b)
range corrected lidar signal at 1064nm and c¢) volume

depolarization ratio at 532nm on 8" May 2016.
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Organic aerosols account between 20 and 90% of
the total mass of the submicron aerosol population and
are thus important components of atmospheric aerosols
(Jimenez et al., 2009; Zhang et al., 2007). Particularly in
the free troposphere where aerosols have been
atmospherically aged by photolysis, oxidation, gas-
particle partitioning and cloud processing (activation /
evaporation and deliquescence / efflorescence), the
presence of particles between 50 and 1000 nm in
diameter containing carbonaceous material is almost
ubiquitous (Murphy et al., 2006). When organic carbon
is present, a suite of chemical reactions can take place
such as oxidation, substitution and acid-base reactions.

We focused our study on organic aerosol
equivalents. Indeed, we argue that complex organic
matter sampled from estuaries in the US can act as a
proxy for organic aerosols as it is (1) a naturally
occurring complex organic material, (2) directly relevant
to lake spray aerosols (Axson et al., 2016; Slade et al.,
2010) and (3) known to have both ions and organic
material, and thus capable of acting as CCN. In this
study, we identify through laboratory experiments field
collected complex organic matter samples that are
efficient cloud condensation nuclei (CCN). We
subsequently further our study by asking which
chemical compound within the organic matter is
responsible for its hygroscopic growth? We show how
the molecular subcomponents of organic matter
individually contribute to a changing CCN ability with
photochemical exposure (Figure 1). In particular, we
used International Humic Substance Society isolates
such as Suwanee River fulvic and humic acids and
compounds such as lignin, proteins and carbohydrates to
represent subcomponents of organic matter (Figure 1).
We found that lignin is particularly good CCN with a
kappa ranging from 0.1 to 0.3. To further compare our
complex organic matter samples, we employ lab-
generated a-pinene and naphthalene SOA samples and
show that a similar increase in kappa is observed for this
reference material (Figure 1). We calculate that a 25 h
UVB exposure time in our laboratory is equivalent to
approximately 0.4 mE/cm? cumulative absorbed photon
flux and to 3 days in the atmosphere.

Using chemical analyses, we also observed that
the total organic content of organic matter and most of
its subcomponents decreases during irradiation, with a
concurrent production of CO and CO;. These
observations  further support a mineralization
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mechanism, where direct and indirect photochemical
processes lead to the oxidation of the organic material
up to the highest form of oxidized carbon, CO,. We also
speculate that the conversion of organic matter to CO»,
the mineralization mechanism, is responsible for a
change in the organic-to-inorganic compound ratio
within the organic aerosol, contributing to the observed
kappa increase with UVB exposure.

Our research contributes to the field of atmospheric
science by highlighting the importance and complexity
of the role of chemistry in acrosol-cloud interactions. As
these interactions are currently the most uncertain
parameter in understanding climate forcing, there is
added motivation for furthering our understanding of the
role of changing aerosol chemistry for particles acting as
CCN.
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Figure 1: The evolution of kappa as a function of UVB
exposure of different materials found in complex
organic matter
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Air pollution is one of the major contributors
to the global burden of disease, with particulate mat-
ter (PM) as one of its central concerns |[Landrigan et al.
(2017). Thus, there is a great need for exposure and risk
assessments associated with PM pollution. However,
most of the current standard measurement techniques
bring no knowledge of particle composition or shape,
which has been identified as crucial parameters in tox-
icological studies. Additional measurement techniques
are therefore needed to provide a more detailed descrip-
tion of aerosol populations, enabling more accurate risk
assessments for regulating PM pollution.

Automated Scanning Electron Microscopy
(SEM) coupled with Energy Dispersive X-ray
Spectroscopy (EDS) is capable of providing sin-
gle particle information of size, morphology, and
elemental composition. The analysis has great po-
tential as it can systematically map large areas of a
collected sample in a repeatable manner without user
intervention, providing sufficient data for statistical
analysis. However, the technique lacks standard proce-
dures for collecting and imaging particles, ensuring a
reproducible and representative analysis.

Here we present the development of a stan-
dard operating procedure for sampling aerosol popu-
lations via impaction directly onto Transmission Elec-
tron Microscopy (TEM) grids, followed by automated
SEM/EDS analysis. Recommendations are provided on
choice of detector, where Scanning Transmission Elec-
tron Microscopy (STEM) detection was found most ef-
ficient for visualizing small light element based parti-
cles. We investigated different TEM grids and substrate
thicknesses, where 400 mesh Ni-TEM grids coated with
Formvar/carbon substrate of thickness 25-50/1 nm was
found most efficient at withstanding the high speed im-
paction during sampling, while minimizing charging ef-
fects in the microscope.

The lowest stage of the impactor was further-
more characterized experimentally, determining the col-
lection efficiency curve using an atomized solution of
75 and 150 nm polystyrene latex beads (PSL). This was
used in a comparison study between particle size distri-
butions (PSD) obtained via scanning mobility particle
sizer (SMPS) and via impaction followed by automa-
ted STEM analysis. The sampled aerosol was genera-
ted from an atomized solution of 100, 200, and 500 nm
PSL. From the impacted sample it was found that the
majority of particles above the impactor D5 at 103 nm
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was collected directly underneath the orifice, with a dis-
tinctive deposition pattern governed by particle size. We
investigated the deposition pattern in order to determine
possible positions for obtaining a representative PSD. It
was found that in order to represent all distances from
the center of impaction, it was necessary to acquire a
series of images from one edge of the impact area to
the other going through its center. From the series of
images a total of 2131 particles were recognized and
the average PSD is shown in Figure [I] along with the
PSD measured by SMPS after correcting for impactor
collection efficiency.
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Figure 1: PSDs of an atomized solution of 100, 200, and
500 nm PSL measured by SMPS (red) and automated
SEM analysis (blue).

It is seen that the STEM analysis underestimates
the number of particles below approximately 100 nm,
which can be attributed to uncertainties in the image
analysis procedure, or to deposition occurring outside
the impact area as is often observed for particles smaller
than the impactor D5y. Above the impactor cut-off dia-
meter the shape of the two PSDs are in good agreement
showing that the automated STEM analysis can be used
to obtain a representative PSD, thereby enabling a more
detailed physical and elemental composition descrip-
tion.
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Secondary Organic Aerosol (SOA) is a major
constituent of atmospheric aerosol and consists of a
multitude of organic compounds with a range of
physical and chemical properties, such as viscosity and
volatility (Hallquist et. al., 2009). The volatility and
concentration of a compound will determine its
partitioning between particle and gas phase. This can be
described with the Volatility Basis Set (VBS, Donahue
etal., 2006) which groups compounds by their saturation
vapour pressure. In previous studies, slower evaporation
than expected from VBS distributions was observed for
a-pinene particles at dry conditions (Vaden et al., 2011,
Yli-Juuti et al., 2017). This could be caused by physical
limitations (e.g. mass transfer limitations in (semi)solid
particles) or by chemical processes in the particle phase
(e.g. oligomerization). It is therefore important to study
the changes of the chemical composition of particles
during evaporation to gain insights into the processes
governing particle evaporation.

SOA with three different O:C ratios (0.55, 0.70,
and 0.95) was generated from o-pinene in a Potential
Aerosol Mass reactor (PAM, Aerodyne Research Inc.,
Lambe et al., 2011) by varying the integrated oxidant
exposure inside the reactor. A monodisperse size
distribution was selected with a nano-Differential
Mobility Analyser (DMA) operated with an open loop
sheath flow system, thus also removing the majority of
gas phase compounds. The sample was then either led
directly to the measurement instruments or filled into a
100L stainless steel Residence Time Chamber (RTC)
which was then closed off from all air flows. The RH in
the size selection and measurement part, and the RTC
was set to 0%, 40% or 80%. Samples were taken from
the RTC in ~1h intervals to monitor changes in particle
size. Chemical composition of the particles was studied
with a High Resolution Time of Flight Aerosol Mass
Spectrometer and a Filter Inlet for Gases and AEROsols
coupled with a Chemical Ionization Time-of-Flight
Mass Spectrometer (FIGAERO-CIMS, Lopez-Hilfiker
et al., 2014) sampling the monodisperse aerosol directly
after size selection or after ~3.5 h in the RTC.

Particle evaporation was enhanced at higher RH
as observed in previous studies (Yli-Juuti et al., 2017).
We observed a strong dependency of evaporation on the
initial particle composition, with lower volatility for
particles with higher O:C ratios. As shown in Fig 1,
FIGAERO thermograms (total ion count vs desorption
T) were shifted to higher desorption temperatures after
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evaporation in the RTC. This indicates the shift towards
lower volatility compounds in the residual particles.
Positive Matrix Factorisation (PMF, Paatero et al.,
1994) was applied to the thermogram mass spectra data.
The identified factors represent volatility classes which
can be compared qualitatively to VBS distributions
derived from other sources (Lopez-Hilfiker et al., 2016).
Four to six PMF factors were needed to reproduce the
measured thermograms. Larger contributions of the low
volatility classes were observed with increasing average
O:C ratios. The residual particles after RTC evaporation
contained a higher contribution of low volatility classes
but the average O:C ratio of the particles did not change.
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Figure 1: Observed evaporation (evapogram, top) and
total ion count (thermogram, bottom) for high OC case.
In evapogram, boxes in same colour as lines in
thermograms indicate FIGAERO sampling intervals.
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Introduction

An increased number of aerosol particles that can
serve as cloud condensation nuclei (CCN) may
change the microphysical structure of a cloud
leading to smaller but more numerous cloud
droplets provided that the liquid water path (LWP)
in the cloud remains constant (first aerosol indirect
effect, Twomey 1977). It may also result in less
efficient precipitation and longer lifetime of the
cloud, which will increase the liquid water path and
further enhance cloud reflexivity (second aerosol
indirect effects, Albrecht 1989).

General circulation models (GCMS% generally
simulate a Eositive LWP response and higher cloud
albedo with increasing aerosol concentration, in
accordance with the theory described above.
However, it seems that many GCMs overesti-
mate the aerosol indirect effect (AIE) compared
with satellite observations (e.g. Quaas et al. 2009;
Wang et al. 2012). On the other hand, large-
eddy simulations (LES), which have much higher
spatial and temporal resolution compared to the
GCMs, show that the LWP may both increase or de-
crease in more polluted clouds and that the re-
sponse is related to the precipitation formation and
cloud top entrainment (e.g. Ackerman et al. 2004;
Lu and Seinfeld 2005; Wang and Feingold
2009b). These model results are also in a line
with ~ observations (Coakley and Walsh 2002;
Matsui et al. 2006, Chen et al. 2014). In the study by
Ackerman et al. (2004) it was found that LWP in-
creases as a result of increased cloud droplet
concentration only when the precipitation rates are

higher than 0.1 mm d_ay-l. When the precipitation

generation is low, the
moisture supply to the cloud from evaporating
precipitation is weaker than the drying from in-
creased entrainment of dry air at the cloud top
which leads to a LWP reduction. In addition,
previous studies only show a LWP reduction if
sedimentation of the cloud droplets is allowed in
the model.

The uncertainty in estimating the AIE by GCMs

could be the result of an inability of these mod-
els to reproduce a LWP reduction for higher
aerosol concentrations. If so, it is likely due to their
coarse

grid resolution and the limitations of simplified
parameterizations, such as the ones used for ob-
taining the cloud droplet number concentration
(CDNC) which are present in some GCMs.

In the present study, we use the LES model

MIMICA (Savre et al. 2014) to investigate the sensi-
tivity of a stratocumulus cloud to various perturba-
tions in the number concentration of cloud droplets,
using two treatments with different complexity for
obtaining CDNC. In other words, we explore if
a simplified CDNC treatment plays a role in the
AIE overestimation by GCMs.

Methods

The simplified approach for obtaining CDNC in
the model implies a prescribed initial cloud droplets
number concentration, which remains constant in
the whole model domain during the whole simu-
lation. The second approach represents a modi-
fied power law for cloud droplet activation
(Khvorostyanov and Curry, 2006). These two model
versions are applied for both a nighttime period
between 1:00 and 07:00 LT) and a daytime period
between 08:00 and 14:00 LT) (Table 1).

Table 1: Simulation setup. The numbers indicate
initial CDNC and CCN values used in the fixed
CDNC versions and interactive CDNC versions,
respectively.

Simulation fixed CDNC | interactive
setup CDNC
nighttime 10,30,55,150, 10,30,55,150,

500,1000 500,1000
daytime 10,30,55,150, 10,30,55,150,
500,1000 500,1000

Initialization of the model is done using observa-
tions from the second Dynamics and Chemistry
of Marine Stratocumulus SDYCOMS I1) field
study (Stevens et al., 2003). For the baseline
simulation (marked by red color in Table 1),
the model setup follows Ackerman et al. (2009).



Conclusions

For the nighttime simulations, our results
show a similar LWP pattern with increasing
cloud droplet number concentrations as previ-
ous LES studies: the response of the LWP is posi-
tive up to certain CDNC and precipitation
thresholds, and above those thresholds the
LWP starts to decrease. In the model version
with interactive CDNC, the LWP decrease is post-
poned compared to the version with prescribed
CDNC. The reason is a lower number of cloud
droplets in all simulations where CDNC is calcu-
lated using CCN values and the supersaturation
reached in the cloud (i.e. interactive CDNC).
The fast disappearance of precipitation in the
fixed CDNC simulations has a greater impact on
entrainment rates at the top of the cloud compared
to when interactive CDNC is used, which leads to
a faster LWP reduction at lower CDNC. In-
deed, for the nighttime cases, where an LWP re-
duction at high CDNC is present in both sets of
simulations, the LWP decrease is smaller with
interactive  CDNC since the entrainment rates in
general are lower in this set of simulations. Unlike
previous studies, MIMICA reproduces a LWP
reduction at high CDNC even if sedimentation of
cloud water is not allowed, and regardless of the
CDNC treatment in
the model.

For the daytime simulations, LWP trends are

in general smaller: there are no substantial
changes in the response of LWP to increased
cloud droplet number concentrations in both
sets of simulations. However, the aerosol indirect
effect is sié;nificantl larger in the set with
prescribed CDNC. The cause of a greater cloud
albedo in the set with fixed CDNC is a larger
number of smaller cloud droplets at the top of
the cloud, which more efficiently reflect solar
radiation. These results indicate that the CDNC
treatment in the model is important because,
even though the LWP is similar between two
daytime sets of simulations, the AIE is greater
in the set with prescribed CDNC due to
higher number concentration of cloud droplets
and consequently their smaller sizes.
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Ambient aerosol particles can take up water and thus
change their optical properties depending on their
hygroscopicity, their size, and the relative humidity
(RH) of the surrounding air. Knowledge of the
hygroscopicity effect is of importance for radiative
forcing calculations but is also needed for the
evaluation of remote sensing and model results with in-
situ measurements. The dependence of particle light
scattering on RH can be described by the scattering
enhancement factor f(RH), which is defined as the
particle light scattering coefficient at a given RH
divided by the scattering coefficient at dry conditions
(see Titos et al., 2016 for a recent review).

In this study, f(RH) measurements performed at 25
sites (with a wide global coverage and representing a
variety of aerosol types) have been compiled and
harmonized to provide a benchmark data set. Most of
the measurement stations which provided data are part
of active measurement networks such as ACTRIS or
NOAA. An identical data treatment process has been
applied to all measurements in terms of instruments
corrections, post-calibrations, fitting assumptions, etc.
Data quality is assured by a thorough inspection of
each dataset and quality checks. Instrument metadata
has been reviewed, and flags indicating the quality of
the measurements have been added. Due to
instrumentation and experimental set-ups differences,
some site-specific corrections were also needed.
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In this study, we will show the results of the joint
analysis of high frequency humidogram data. The
climatology of worldwide f(RH) values under different
atmospheric conditions and predominant aerosol type
will be presented. This study is part of a model-
measurement exercise embedded within the AeroCom
project, in which the ultimate goal is to assess how well
global models simulate the aerosol/water interaction
using in-situ measurements of aerosol hygroscopicity.

Titos, G. et al., (2016). Effect of hygroscopic growth
on the aerosol light-scattering coefficient: A review of
measurements, techniques and error sources, Atmos.
Environ. doi: 10.1016/j.atmosenv.2016.07.021
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12-years simulation with the 1-dimensional
chemical-transport model SOSAA (Boy et al.,2011)
were performed to investigate the atmospheric oxidants
trends at SMEAR II, Hyytidld, Finland. The atmos-
pheric oxidation capacity is strongly influenced by the
OH, ozone and NO; concentrations, however, real-time
measurement data are only available at few sites for
some campaigns. The SOSAA model was validated to
simulate OH concentration with reasonable results in
earlier publications (Boy et al., 2011, Mogensen et al.,
2011).

The SOSAA version applied in this study is
based on the version of Zhou et al. (2017). In this
newest version, a new module to simulate the dry
deposition of gases was added, besides the existing
modules for meteorology, BVOCs emission, chemistry
and aerosol. However, here we turned the aerosol
module off to save computational time. For our
simulations, we used SOSAA with 51 logarithmic
layers from 0-3000 m. The model is semi-online, which
means that it calculates meteorological and soil data
from reanalysis data but also reads in some of them
from station measurement directly. Trace gases
including CO, NO, NO,, SO, and ozone are also
provided as input. These gases come mainly from
anthropogenic sources and are thus vulnerable.
Although ozone mainly come from secondary sources,
we don’t use the calculated values since a certain
fraction is related to downward transport from the free
troposphere.

SOSAA is written in Fortran90 with the MPI
parallel libraries. Chemistry and aerosol dynamics in
each layer of the atmosphere can be calculated in
parallel making it possible to increase the length of
simulations and include more chemical reactions.
Simulating one month with approximately 8000
chemical reactions and aerosol dynamics takes about 5
hours runtime, using 32 processor cores on a cluster
computer.

Figure 1 shows the time series from year 2005 to
2016 for OH and NOs. Ozone is also in our focus, but it
comes from measurements, thus not presented here.
OH concentrations show a distinct seasonal cycle,
which is driven by radiation. There is a evident
decrease in OH concentration in the first two years,
since then it keeps stable. NOs concentrations indicate
a clear decreasing trend in the last decade. There is also
a seasonal variation of NOs, mostly peaking in autumn
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or spring, and always reaching the bottom in summer.
Here OH comes from photolysis, and NO; are more
efficiently produced during night-time. SMEARII is in
high latitude, and the difference of incoming radiation
makes the seasonal trend important.

With the model simulations for over one decade,
we aim to understand how the atmospheric oxidants
change through climatic patterns in northern Europe
boreal forest. Next step will be to discuss the
correlation of the oxidants and their sources with
different climate parameters. We also plan to validate
the results with observation campaigns carried out with
OH and NOs; and to improve the weakness in
modelling winter scenarios.

xlclﬁtime series of OH and NO3 in year 2005-2016 107
6 T 2

w

=
entration(#/cm”)

conc

N

OH concentration (#.fcma)
w

I

—

time(year)

Fig. 1 Time series of OH and NO3 in years 2005- 2016.
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In the Earth’s atmosphere, there is an electric field
present under fair weather conditions of an order of 100-
150 Vm™ (e.g. (Tinsley 2008)). The efforts in measuring
this electric field in the beginning of the 20" century
have shown an average diurnal variation regardless of
measurement locations in the Earth’s fair weather
atmospheric electric field, which is known as the
Carnegie curve (Harrison 2013). The diurnal pattern in
the Carnegie curve has been attributed to the global
distributions of thunderstorms (Whipple 1929), which
supports the global circuit concept initially constituted
by C.T.R. Wilson (Wilson 1921).

In the global circuit concept, the flow of air ions
under fair weather conditions is a primary component
that discharges the circuit composed of the Earth’s
surface and the ionosphere. Air ions in the atmosphere
are produced mainly by ionising radiation. Chen et al.
(2016) have demonstrated the connection between the
variations in the air ion concentrations and ionising
radiation levels. In the lower atmosphere, once formed,
air ions participate in aerosol formation and dynamics.
Atmospheric new particle formation is one of the natural
aerosol processes that modifies significantly the aerosol
loadings and the number size distributions of air ions
(Kulmala and Kerminen 2008). Since atmospheric
electric field is sensitive to the air ion concentration, it
is worth investigating how atmospheric electric field
varies with aerosol processes.

We measured atmospheric electric field, together
with ionising radiation at Hyytidla SMEAR 1I station
(61°51 N, 24°17 “E, 181 m above sea level) during
June-November, 2017. The measurement station
situates in a boreal forest in southern Finland (Hari and
Kulmala 2005). As part of the routine measurement
system at the station, the number size distribution data
of air ions and aerosol particles are available to be used
to study together with atmospheric electric field. Also,
meteorological parameters are accessible to further
assist our analysis.

During fair weather conditions (5-6 Sept.), the
atmospheric electric field followed a similar variation to
that in the 0.8-1 nm ion concentrations during daytime
(Fig. 1). However, this variation represented a reduction
in the 0.8-1 nm ion concentration but an increase in the
magnitude of the electric field to the negative values,
which is likely related to the consumption of the ions in
aerosol processes. Precipitation was observed on the
following four days. Correspondingly, increases in
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gamma counts and electric field (to the positive values)
were seen in relation to the precipitation episodes. The
increase in the gamma counts came from the washout of
radon progeny in the air along with the wet deposition
of aerosol particles, which can temporarily increase the
production of air ions and modify the atmospheric
electric property. Moreover, the positive electric field is
also modulated by the presentation of clouds during the
rainy episodes. Further analysis is under progress.

Gamma counts
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Figure 1: Electric field, 0.8-1 nm ion concentrations,
precipitation intensity and gamma counts in the energy
window of 5 KeV-300 MeV measured during 5-11 Sept.,
2017.
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Introduction

Sea spray aerosols (SSA) are a major source of uncer-
tainty in climate models. The physical processes gov-
erning SSA production play an important part in de-
termining SSA size, emission, and chemical compo-
sition while our understanding remains limited (Lewis
and Schwartz), 2004} |de Leeuw et al.,2011). SSA is im-
portant as it acts as both a direct and indirect radiative
forcing component (Boucher et al., 2013)).

SSA are produced from entrained air bubbles in
the ocean. When the bubbles reach the surface, the bub-
bles burst resulting in the release of many droplets. The
best experimental approach to estimate SSA production
has been a subject of scientific debate, because many
environmental factors affect the production dynamics
(Lewis and Schwartzl [2004; |[de Leeuw et al., [2011). To
study and elaborate on the physico-chemical effects that
govern SSA properties and production, a controlled en-
vironment is needed. One way of investigating this pro-
cess in the laboratory is to generate a bubble plume us-
ing a plunging water jet or a diffuser/frit.

Here, we present our newly developed
temperature-controlled sea spray chamber (AE-
GOR, Figure [I)), that includes both a plunging jet and
sintered glass diffuser configuration, along with a series
of laboratory characterisation experiments. Firstly,
the effect of the plunging water jet flow rate and the
diffuser air flow rate on the particle size distribution are
studied. Secondly, experiments designed to investigate
the effect of different seawater temperatures on the
SSA production flux and particle size will be shown.
Finally, we present an experiment designed to test how
phytoplankton blooms impact the SSA production flux.

Methods

The setup is illustrated in Figure [I] and shows how the
particle size distributions are measured using a scanning
mobility particle sizer (SMPS) and an optical particle
sizer (OPS). The seawater temperature in the chamber
was varied between -1.7 and 35 °C, while the size and
number of SSA were measured. The chamber consists
of a stainless steel jacketed cylindrical container (34 L)
equipped with an exchangeable poly-carbonate window
for sampling ports and visual inspection of the bubble
plume.
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Figure 1: A schematic depicting the new sea spray
chamber AEGOR.
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Conclusion

AEGOR is a new temperature-controlled sea spray
chamber that allows us to study SSA generation at the
process level. Preliminary analysis of a series of exper-
iments highlight that:

e The size distribution of aerosols produced in the
chamber varies as a function of the plunging jet
flow rate and diffuser air flow rate.

e The relationship between seawater temperature
and aerosol particle production differs depending
on whether the plunging jet or diffuser was used to
generate particles.

e The addition of a phytoplankton culture to the sea-
water affects aerosol particle production. However,
no simple relationship between the amount of cul-
ture added and the particle production was appar-
ent.
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Atmospheric aerosols affect Earth’s radiative balance
(IPCC, 2013). New particle formation (NPF) via gas-to-
particle conversion is estimated to contribute to a
substantial fraction of the global cloud condensation nuclei
(Merikanto et al., 2009). Originally, it was thought that NPF
can only occur in the presence of sulfuric acid vapour and
that ions do not play a major role in particle formation.
However, chamber and laboratory experiments have shown
that particles can form from organic precursors in the
absence of sulfuric acid. Such phenomenon, known as pure
biogenic NPF, was first reported by Kirkby et al. (2016)
within the CLOUD experiment (Cosmics Leaving OUtdoor
Droplets) and have had resulted from ozonolysis of a single
monoterpene (a-pinene) at 5 °C. Additionally, several
recent studies have encountered biogenic NPF in the real
atmosphere, making the phenomenon important for further
investigation. Accordingly, we report the influence of
several environmental stressors on pure biogenic nucleation
measured in the CLOUD chamber in 2015 and 2016.

Our measurements serve to understand the interactions
between different precursor volatile organic compounds by
introducing a pure monoterpene, a sesquiterpene and
isoprene individually and all together to form what we call
a pure biogenic “soup”. Using different concentrations of
the aforementioned precursor vapors at various
temperatures (-25, 5, 25 °C), we studied their effect on NPF
by measuring the formation and growth rates. Besides, we
studied the effect of urban pollutants such as NO and NO,
on the distributions of biogenic highly oxidized molecules
resulting from the changed oxidation pathway of the
biogenic soup and the subsequent effect on NPF. Trying to
mimic the complexity of the real atmosphere, we also
describe the effect of various ionization levels on NPF
which demonstrates the different layers of the atmosphere
among other variables. Shown in Figure 1, upon increasing
the concentrations of the individual components of the
mixture, an increase in nucleation and growth rates is
evident. The size distribution was measured with three
instruments, a scanning PSM (Vanhanen et al. 2011), a
DMA-train (Stolzenburg et al. 2016) and a TSI nano-SMPS
(Wang and Flagan 1990).
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Studying pure biogenic nucleation helps understand
night-time NPF which occurs in the absence of sulfuric
acid, and also NPF in very clean environments such as rain
forests or at high altitudes as well as in the pristine pre-
industrial climate. Our aim is to study the influence of
realistic atmospheric conditions on pure biogenic
nucleation.
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Figure 1. The time evolution of the number size
distribution during a typical pure biogenic NPF
experiment in the CERN CLOUD chamber.
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Field deployments of the aerosol mass precursors/formation pathways are important in winter
spectrometer (AMS) combined with the application of (Orbitrap, Fig. 1b). We observe the production of
positive matrix factorization have advanced the largely non-fossil SOA in summer (SOOA), following
measurement of organic aerosol (OA) and the the increase in biogenic emissions with temperature.
quantification of its most important sources. However, The prominent contribution of compounds with an H/C
the investigation of regional and seasonal differences of 1.5 observed for samples from Zurich collected
by long-term deployments of the AMS is impractical during summer is consistent with SOA formation from
because of instrument cost and maintenance. To biogenic precursors and the molecular composition is
overcome these limitations and in order to assess the similar to biogenic SOA observed in Hyytidld
detailed chemical composition of OA, we have adapted (Orbitrap, Fig. 1b).
the AMS for the measurement of offline filter samples Q) ™ HOA® COAm SC-OAm WOOAm SOOA m BBOA — OAu
(0AMS, Daellenbach et al., 2015), in combination with 10 - 50
a unique suite of analytical techniques, including laser- 08 40
desorption/ionization-ToF MS (LDI, Daellenbach et §0.6 30 &
al., 2018), ultrahigh-resolution mass spectrometer ; 0.4 20 2o
(Orbitrap), and organic marker analyses. T 02 10

0.0 0
In this study, we assess the spatio-temporal SRS
variability of OA sources/components contributing to San Vittore Zurich
the particulate matter < 10 gm (PM10) and study the b) ambient: .
chemical composition and origin of secondary organic éumh: _ summer, —— winter
. . . an Vittore: winter
aerosol (SOA) at locations with different exposure laboratory:
characteristics in central Europe for the entire year of wood burning:  —— primary
2013 (Daellenbach et al., 2017). We demonstrate that 05 secondary
the dominant factors governing air quality can be 04
region-specific (source apportionment using positive s 03
matrix factorization), e.g. primary organic aerosol = 02 A
concentrations from wood burning (BBOA) are 0.1 / A/\W
strongly enhanced in alpine valleys relative to urban 0.0 A 2
centers (0AMS, Fig. la). Based on comparison to ' ! ! '
0.0 0.5 1.0 15 20 25

laboratory wood burning experiments, LDI results
suggest that the elevated BBOA concentrations in
alpine valleys are mainly caused by more prominent
inefficient burning conditions. While the winter-time
OA pollution in alpine valleys is driven by BBOA, at
the other sites a SOA factor correlating with
anthropogenic secondary inorganic species is dominant
during winter (0AMS, Fig. la). Samples collected
during winter in alpine valleys have a similar molecular
composition as fresh laboratory wood burning
emission, at the same time in an urban center the wood
burning emissions are more aged and also other SOA

H/C
Figure 1: a) source apportionment results for 2 sites in
central Europe (0AMS), b) H/C of OA from laboratory
wood burning experiments and ambient OA in Zurich
and San Vittore (Orbitrap).
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Previous studies using the Earth System model
NorESM1 show that changing SO, emissions in
various regions in the northern hemisphere mid-
latitudes result in significant temperature responses in
the Arctic (Acosta Navarro, 2016a). Evidence so far
suggests that in NorESM 1, the amplified Arctic
surface temperature response is obtained despite a
weak sea-ice albedo feedback and without significant
aerosol-induced changes in cloud properties in the
Arctic.

This presentation aims at gaining a process
understanding of how the Arctic temperature response
to mid-latitude emission changes happen. To this end,
we evaluate aerosol size distributions, cloud
properties, and other entities in the general circulation
model NorESM1 against remote and in-situ
observations at high latitudes and a newer version
with - among others - improved representation of sea
ice and convective transport of aerosols. Results will
serve to identify critical microphysical processes in
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the modelling set-up used for further sensitivity
studies.

A preliminary comparison between the NorESM1
output and in-situ measurements of aerosol size-
distributions show that the model underestimates
particle sizes, which could be of direct importance to
cloud condensation nuclei activation. Furthermore, a
comparison with aerosol optical depths obtained from
the CALIOP satellite instrument suggests that more
aerosol is transported to the Arctic through the free
troposphere in the model compared to observations.
This would imply that the modelled aerosol impacts
on high-latitude low-level clouds might be
underestimated in NorESM1.

Acosta Navarro, J. C., Varma V., Riipinen I., Seland
@.,Kirkevéag A., Struthers H., Iversen T., Hansson,
H.-C. and Ekman A. M. L., (2016), Nature
Geoscience, DOI: 10.1038/ NGEO2673
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a-Pinene (C;oH¢) is a large contributor to global
biogenic secondary organic aerosol (SOA) budgets due
to its high SOA yields upon oxidation [Shilling et al.,
2008]. We probe the volatility and evaporation
behavior upon dilution of a-pinene SOA to further our
understanding of the nascent volatility distribution,
viscosity, and how these evolve in time absent
photochemical oxidation. We present molecular
composition measurements of the gas and particle
phases of a-pinene ozonolysis SOA formed at 0% and
50% relative humidity (RH), followed by room-
temperature evaporation in ultra-high purity N,
humidified to 20-90% RH. Experiments were
performed in the Pacific Northwest National
Laboratory 10.6 m® and the University of Washington
0.7 m® environmental chambers utilizing a Filter Inlet
for Gases and AEROsols (FIGAERO) coupled to a
high-resolution time of flight chemical ionization mass
spectrometer utilizing iodide adduct ionization. We
present novel insights into the total mass that
evaporates as a function of time from 10 min to 24
hours without heating (Fig. 1), the molecular speciation
of the evaporate, as well as the effective volatility and
composition of the SOA mass remaining.
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Figure 1: Total signal fraction remaining. Total signal is
the sum of all compounds with formula C.H,O,l-,
normalized by x (the number of carbons).

Consistent with previous work [Vaden et al.,
2011], we find two stages of evaporation: a rapid loss
of a large portion of the total signal over the course of
<3 hours, followed by a stage of much slower
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evaporation over the proceeding 21 hours. Varying the
RH of formation effects evaporation rate on timescales
<3 hours, however the mass fraction remaining after 24
hours converges to ~30-50% under all formation and
evaporation RHs. We simulate the evaporation
behavior and remaining fractions desorbed via
temperature programmed thermal desorption to derive
effective saturation vapor concentrations, mass
accommodation coefficients, and rates of chemical
evolution producing both higher and lower volatility
components during the evaporation time period. For the
bulk SOA, we arrive at a c¢* of 1.2 pg m” and an
oligomer decomposition time scale of ~9 hours at
evaporation at 80% RH.

Shilling, J. E., Q. Chen, S. M. King, T. Rosenoern, J. H.
Kroll, D. R. Worsnop, K. A. McKinney, and S.
T. Martin (2008), Particle mass yield in
secondary organic aerosol formed by the dark
ozonolysis of alpha-pinene, Atmos. Chem.
Phys., 8(7), 2073-2088, doi: 10.5194/acp-8-
2073-2008.

Vaden, T. D., D. Imre, J. Beranek, M. Shrivastava, and
A. Zelenyuk (2011), Evaporation kinetics and
phase of laboratory and ambient secondary
organic aerosol, Proc. Natl. Acad. Sci. U. S.
A., 108(6), 2190-2195, doi:
10.1073/pnas.1013391108.
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Fe(ll)-citrate (Fe"'Cit) complex photochemistry plays
an important role in aerosol aging, especially in the
lower troposphere (Abida et al., 2012; Pozdnyakov et
al., 2012). It can easily get excited by light below 500
nm, inducing the reduction of Fe"' and oxidation of
carboxylate ligands (Weller et al., 2014). When O; is
present, ensuing peroxy radical chemistry will likely
lead to more decarboxylation, peroxides and
oxygenated volatile organic compounds (OVOC)

production. The peroxides (e.g., OHe, HO2¢) in turn

allow re-oxidation of Fe'' to Fe'"", closing this so-called
photocatalytic cycle, where Fe'"'Cit complex acts as a
photocatalyst.

In atmospheric aerosol particles, containing both
carboxylic acids and iron oxides, especially in mineral
dust, they may combine to form iron carboxylate
complexes, making the photochemical degradation of
these carboxylate ligands possible, much easier, and
continuous, while iron amount stays constant.

In this research, mass and size changes of a
single particle levitated in an electrodynamic balance
(EDB) are tracked during photochemical processing.
The particle can contain pure citric acid (CA), or a
mixture of CA/Fe''Cit, or a CA/Fe;O3; nanoparticles
mixture, or a CA/ATD (Arizona Test Dust, 0-3 um in
size, with 2-5% weight percent of Fe;O3) mixture. As
Figure 1 shows, pure CA particles cannot be
photolysed by 473 nm light. However, if Fe'"
containing complexes are added, obvious size decrease
is observed due to the evaporation of CO, and OVOC.
The particle containing Fe''Cit shows the fastest loss
rate, followed by the one with Fe,O3 nanoparticles, and
then the one with ATD. We suggest that Fe"'Cit can be
photochemically active as soon as the particle is
illuminated; while for the particle containing Fe;Os
nanoparticles, Fe'' needs to dissolve and to form
photoactive Fe"'Cit with CA. Furthermore, since the
ATD particles inside the aerosol droplet are larger than
the nanoparticles, and have a low content of Fe,Os, an
even longer time is needed to start processing and the
rate may be limited by the available iron. These are
preliminary data and we will test the photochemistry
occurring in these Fe'"' containing particles on a longer
time scale.
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Figure 1. Radius decrease rate of a single particle
levitated in EDB during photochemical reactions.

Meanwhile, a numerical model, which includes
the equilibria of each component, main chemical
reactions, and the transport of volatile and semi-volatile
products, was developed to simulate photochemical
aging processes in particles containing iron complexes.
Comparing model output with experimental data will
enable us to determine some of the crucial parameters
like equilibrium constants, reaction rates and liquid
phase diffusion coefficients.

Abida, O., Kolar, M., Jirkovsky, J., and Mailhot,
G. (2012). Photochem. Photobiol. Sci., 11:794-802.
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Chem. Phys. Lett., 530:45-48.
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Decreasing sea ice is expected to change largely the
sources and sinks of aerosols in the Arctic. On the other
hand, the changes in sea ice can have an effect on
large-scale atmospheric circulation and vice versa.
Here we show, i) how the aerosol concentrations and
size distributions change in the continental Arctic with
respect to the time that air masses spend over sea ice or
open ocean before entering our site in Eastern Lapland,
Finland, ii) how the atmospheric large-scale variability,
namely Arctic Oscillation (AO) changes the situation.
We also speculate about the changes in aerosol-cloud
interactions in the future based on the results.

We calculated linear regressions to median
aerosol concentrations and mode peak diameters at
SMEAR I station in Vérrio, Eastern Lapland, as a
function of time over sea ice (TOSI), time over open
sea (TOOS) and time over land (TOL). The data was
divided into summer (Jun-Sep) and winter (Oct-May)
as well as AO positive and negative phases. In the
analysis we used aerosol size distribution data from
DMPS (Differential Mobility Particle Sizer), SO
concentration data, HYSPLIT 96 hour back-
trajectories, sea ice concentration data from NSIDC
(National Snow and Ice Data Center) and daily AO
indices. TOL and SO2 were used in order to reduce the
effect of land and sulphur emissions from Kola and we
repeated the calculations for four different datasets: 1)
TOL2 40h and SO,<75™ percentile; 2) TOL2 40h; 3)
SO,<75" percentile and 4) no limitations. In our
trajectory calculations for all datasets, we took into
account only those trajectories that had spent >90% of
their travel time North of Varri6.

In general, the aerosol concentrations during
winter (median 363 cm) were about 1/3 of the
summer values (median 928 cm3). Nucleation mode
concentrations were higher in more pristine air masses
(AM), and including AMs with high SO; increases the
concentration of all modes whereas including AMs
with high TOL decreases the nucleation mode and
increases the concentration of Aitken and accumulation
modes. The phase of AO affects the concentrations:
during summer the total concentration is higher during
positive AO, but the accumulation mode concentration
is higher during AO- phases. In winter, the total
concentration is higher during AO- but the nucleation
and Aitken modes have higher concentrations during
AO+.

During summer, the total aerosol number,
Aitken mode and accumulation mode concentrations
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were decreasing with increasing time the air mass spent
over the sea ice by -8.9, -5.3 and -1.6 cm>h,
respectively. The Aitken mode diameter was decreasing
-0.3 nm/h and the accumulation mode diameter -0.5
nm/h. Accumulation mode concentration and diameter
increased by +0.8 cm=h-1 and +0.3 nm/h, respectively,
as a function of TOOS. During winter there was a
decrease in total, nucleation mode and Aitken mode
concentrations (-1.3, -0.3, -0.6 cm¥/h, respectively) as a
function of TOSI. Accumulation mode concentration
and diameter were decreasing by -0.4 cm=h and -0.2
nm/h as a function of TOOS.

Thus, the decrease of Arctic sea ice seems to
have an opposite effect to the concentrations of
potential CCN (=accumulation mode) during summer
and winter. The increased amount of potential CCN due
to less sea ice will probably pose a cooling effect on
climate through aerosol-cloud interactions in summer.
In winter, however, the clouds have much more
complex effects on the radiative balance in the Arctic
due to surface snow cover and longwave radiative
cooling (Quinn, 2008). Thus, the increase in potential
CCN might still lead to cooling effect on climate
through aerosol-cloud interactions.

AO phase affected the relationships between
TOSI and aerosol concentrations: during negative AO
aerosol concentrations were increasing with increasing
TOSI while during positive AO the trend was opposite.
Since the decreasing sea ice is likely favoring negative
AO (Vihma, 2014), the abovementioned possible
cooling effect on climate might be diminished.

Finally, we conclude, that Arctic sea ice has a
strong impact on aerosol concentrations in Eastern
Lapland and that the decreasing sea ice most likely will
change the aerosol population in the continental Arctic.
Thus, the changes in the sea ice extent and the time that
the air parcel spends over sea ice can have an influence
on the aerosol-cloud interactions in the continental
Arctic. The overall strength and sign of the radiative
forcing is unknown and cannot be assessed based on
our results, but our data suggests that at least during
summer the decreasing sea ice seems to have a cooling
effect through the changes in the aerosol-cloud
interactions.

Quinn, P.K. et al. (2008). Atmos. Chem. Phys., 8:1723-
1735.
Vihma, T. (2014). Surv. Geophys., 35:1175-1214.
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Volcanic emissions are one of the major natural sources
of particles in the atmosphere. Volcanic particles
injected in the atmosphere can act as cloud condensation
nuclei (CCN) (Hobbs et al., 1982) or ice nuclei (IN)
(Hoyle et al., 2011) affecting the cloud physical and
microphysical properties and, consequently, the Earth’s
radiation budget causing significant impact on weather
and climate. Different measurement techniques have
been adopted to study tropospheric volcanic aerosols
including in situ sampling techniques and remote
sensing  either from ground, from airborne
measurements or from satellite. To date only few in-situ
measurements of volcanic emissions have been carried
out, largely due to difficulties associated with
coordinating the measurements in space and time with
volcanic eruptions, as well as due to the relatively harsh
environment in the vicinity of volcanic plumes.

Previous in-situ measurement studies have
reported: a) the occurrence of nucleation and new
secondary particle formation (NPF) events within the
volcanic plume (Boulon et al., 2011) and b) the presence
of larger particles in the range of 2-3 ym in locations far
from the respective volcano. The phenomenon is
attributed to particle growth and transport processes
(Hervo et al., 2012)

In June 2016, as part of the CLERVOLC/STRAP
project, a series of ground based and airborne based
(French research aircraft, ATR-42) measurements were
performed around Etna and Stromboli volcanos in Italy.
The ATR-42 was equipped with a number of
instruments, including: Scanning Mobility Particle Sizer
(SMPS) and two Condensation Particle Counters (CPCs)
to measure aerosol physical properties. This
combination of instruments covered a wide particle size
range (3 nm up to 450 nm) allowing the direct detection
of freshly nucleated particles and their growth process
within the plume. Ozone, NOx, SO2, were also
measured. In addition a newly develop Xray-APi-tof
was measuring sulfuric acid concentration. But most
importantly, this mass spectrometer allows to monitor
new particle formation from a cluster point of view. This
is the first time that such instrument is used in an aircraft.

In this work, we present an overview of the aerosol and
gas phase measurements made aboard the ATR-42.
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Evidence of NPF was observed within the volcanic
plume for both Etna and Stromboli. The NPF events
coincided with increases in SO, concentrations. Most
importantly, the composition of the molecular clusters
involve in the new particle formation will be presented.

Figure 1: Preliminary data for SO, concentration during
flight 14. Both plumes from Etna and Stromboli were
investigate during this flight.

This work was supported by Labex ClerVolc
(programme 1), ANR STRAP projects, and by the
Academy of Finland Center of Excellence programme
(grant no. 307331).
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Measurements of high PM;(-concentrations in
Stockholm are strongly anti-correlated with road wet-
ness, this implies that PM; in Stockholm mainly is
road dust, which is inhibited from re-suspending when
roads are wet. Most of the road dust in Stockholm
is generated by the wear and tear of studded winter
tyres which are in use from late fall to early spring
(Gustafsson et al., 2012} 2014} 2015, 2016). Starting in
2010 studded winter tyres were banned on some streets
in Stockholm, studded tyre percentage decreased and
PM; o-concentrations followed. The decrease was sub-
stantial but not enough to meet regulations. In 2011
Stockholm city started applying a hygroscopic salt con-
sisting of calcium magnesium acetate (CMA) to two in-
ner city streets in order to keep them wet for longer pe-
riods, thus inhibiting road dust re-suspension, in 2013
dust binding with CMA was extended to 35 inner city
streets which are treated roughly 40 times every season.
The most polluted street in Stockholm city, Hornsgatan,
went from 58 days exceeding the daily average limit
value of 50 ugm~! for PM;q in 2011 to only 17 days in
2017, hence meeting regulations, see Figure[I] Similar
results were seen on all monitored streets in Stockholm
city. Dust binding with CMA was established to having
a decreasing effect of 20-40% on daily average PM ;-
concentrations during days with treatment (Gustafsson
et al.,[2010)

Stockholm aims to meet Sweden’s environmen-
tal goals for air quality by 2030, which are stricter
than the EU-regulations. This means that PM;,-
concentrations need to decrease even further. In March
2017 daytime dust binding was tested in addition to reg-
ular dust binding applied night time. It was applied
around midday only when PM;jy-concentrations were
high. A test site (Sveavidgen 59) and a reference site
(Sveavigen 83) are situated on the same street sepa-
rated by a few city blocks. Dust binding night time
was conducted on both sites throughout the test period,
while daytime dust binding only was applied at the test
site. The results show an additional decrease on PM;-
concentrations with 3-4% on daily averages, for days
with daytime dust binding. Daytime dust binding is not
likely to continue due to difficulties applying in heavy
traffic.

All streets in inner city Stockholm has met the
air quality regulations for PM; for four straight years.
PMjj in Stockholm city is mitigated.
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Figure 1: Amount of days per year exceeding the daily av-
erage limit value of 50 uygm™! for PM1, for two inner city
streets in Stockholm, Hornsgatan (blue) and Sveavigen (or-
ange) since 2000
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In this study (Svensmark et al, 2017) the effect of
ionization on the growth of aerosols into cloud
condensation nuclei is investigated theoretically and
experimentally. We show that the mass-flux of small
ions can constitute an important addition to the growth
caused by condensation of neutral molecules.

Under atmospheric conditions the growth from
ions can constitute several percent of the neutral
growth. We performed experimental studies which
quantify the effect of ions on the growth of aerosols
between nucleation and sizes up to 20 nm and find
good agreement with theory. lon-induced condensation
could be of importance not just in Earth’s present day
atmosphere for the growth of aerosols into cloud
condensation nuclei under pristine marine conditions,
but also under elevated atmospheric ionization caused
by increased supernova activity.

We propose an addition to the condensation
equation based on the additional mass-flux of ions to
aerosols of the form:

NO(r,t)

=1 52) () () ()

In Equation 1 the first term is the ratio of the
number concentration of ions to the number
concentration of neutrals, the second term is the ratio of
the interaction coefficient between ions and neutral
aerosols to the interaction coefficient between neutral
molecules and aerosols, the third term is the ratio of the
ion mass to the neutral mass and the final term is the
ration of the amount of neutral aerosols to the total
amount of aerosols. While the second and fourth terms
are (nearly) constant under most conditions the
ion/neutral number concentrations and mass vary
depending on atmospheric conditions. In a pristine
environment at high ionization levels the effect can
account for almost 20% of the growth rate of small
aerosols and a significant enhancement up to 20-30 nm.

The theory was tested experimentally in 7 m®
atmospheric reaction chamber, measuring the aerosol
size distribution and (for some of the experiments) the
sulphuric acid concentration. A total of 3100 hours of
data with varying gas and ion concentrations were
analyzed.

In Figure 1 an example of an experimental run
can be seen. Panel a) shows a series of experiments
where ionizing gamma sources were opened and closed
with 2 hour intervals. Panel b) shows all the individual
experiments from panel a) superposed onto each other,
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clearly revealing the growth profile. Analyzing these
superposed growth profiles allowed us to compare
growth rates with and without ionization to the theory
and we found a good agreement between the two.

Diameter [nm]

0 100 200 300

Time [Hours]

Diameter [nm]

0.0

time mod 4 [Hours]
Figure 1: Example of a series of experiments (a) and
superposed data (b)

The mechanism is favoured by high
ionization, low gas concentrations, and low aerosol
concentrations. This points to pristine settings, such as
over oceans away from continental and polluted areas.
Potentially the mechanism can contribute significantly
to the production of cloud condensation nuclei, but to
fully assess the impact the mechanism should be
included in global climate simulations.

Svensmark, H., Enghoff, M. B., Shaviv, N. J., and
Svensmark, J. (2017). Nat. Commun., 8:2199.
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Phthalate esters are known endocrine disruptors, which
are used in a wide range of products including vinyl
flooring. Phthalates are ubiquitous in indoor
environments, and their metabolites are ubiquitous in
humans. Hence understanding the exposure routes of
phthalates is important. Furthermore, there is a robust
link between ambient (outdoor) air pollution and
adverse health effects, while exposure predominantly
occurs indoors. Thus, understanding the interplay
between indoor and outdoor pollutants is imperative.
Therefore we have studied the uptake of bis(2-
ethylhexyl) phthalate (DEHP), a semi volatile organic
compound (SVOC, equilibrium concentration ~1
ug/m?), by laboratory generated ammonium sulfate
particles as  well as ambient  aerosols.

We used a 1.2-1 aluminum chamber with two
dm? of vinyl flooring, containing 176 mg DEHP /cm?.
Particle residence times varied between 1 and 12
minutes. We investigated the uptake by particles
passing through the chamber using an aerosol mass
spectrometer (AMS) calibrated with pure DEHP
particles. We generated ammonium sulfate (AS)
particles through nebulization and drying, followed by
denuding at 250 °C to reduce organic impurities. We
also sampled ambient aerosol through the chamber. We
used the ambient aerosol infiltrating the Lund aerosol
laboratory. Comparison with aerosol chemical
speciation monitor data from the ACTRIS station
Hyltemossa, located 50 km north of Lund, show that
long-range transport dominated sampled PM.

We observed DEHP uptake by the AS particles,
in agreement with the findings of Benning ef al. who
performed similar experiments. The equilibration time
was around 6 minutes, in contrast to the results of
Benning et al., (2013) who reported shorter equilibrium
times based on offline measurements. Thermal
denuding of the AS particles resulted in reduced DEHP
uptake, which suggests absorption by organic aerosol
(0A) enhance DEHP uptake.

Our experiment with ambient aerosol further
corroborated the role of OA in DEHP uptake. After the
ambient PM had passed through the chamber, it
contained on average 5 (£ 1, 1lo) % DEHP. The
laboratory-generated AS particles were less efficient
vectors and contained about 1% DEHP after passing
through the chamber.
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Figure 1: Concertation of DEHP, organic and inorganic
PM; during the ambient aerosol experiment.

Massive wildfires on the Iberian peninsula caused
increased loadings of OA during the last two days of
sampling (see Figure 1). Size resolved data from the
wildfire event, shown in Figure 2, reveals that the
sorbed DEHP was unevenly distributed in the ambient
OA, with higher DEHP to OA ratio for smaller
particles.
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Figure 2: Average size resolved composition of ambient
particles from Iberian wildfires after passing through
the DEHP chamber in Lund.

Furthermore, the total DEHP fraction of OA was rather
variable (5-11%) over the duration of the event, despite
relatively constant environmental conditions in the
laboratory and similar infiltrated PM. Further
experiments are needed to explore which parameters
govern indoor SVOC uptake by infiltrating PM.

Benning, J.L., et al. (2013). Env. Sci. Tech. 47:

2696—2703.
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Condensation sink (CS) is an important
parameter for aerosol dynamics quantifying the rate of
the vapour condensation on the existing aerosol
population. A time scale T = 1/CS has a clear physical
meaning of a characteristic time for vapours to be
condensed onto the surface of existing aerosol. Due to
the similarity between the processes of vapour
condensation on aerosol particles and coagulation of the
smallest particles (monomers, dimers, clusters) with the
larger particles from Aitken and accommodation modes,
CS proves useful for the quantification of a coagulation
sink. Then a competition between the process of small
clusters coagulation with the larger aerosol particles,
represented by CS, and the process of the clusters
growth by condensation, represented by the particle
growth rate, defines the probability of clusters survival
and a new particle formation event (Kulmala et al.,
2017).

A simple model allowing to describe the
dynamics of a condensation sink in the atmosphere thus
could be helpful for understanding of new particle burst
and cut-off processes. We developed a model for the
coupled dynamics of condensing vapours and aerosol
using mainly analytical formulas.

Transformation of the mass flux towards the
particle from the kinetic regime to the continuum regime
is often described by the Fuchs-Sutugin coefficient
(Fuchs and Sutugin, 1971). Kinetic regime can be
obtained as a limiting case when only one term of the
expansion of the Fuchs-Sutugin (FS) coefficient at large
Knudsen numbers Kn is considered. We took into
account the two first terms, and got the mass flux which
agrees well with the full mass flux up to Kn = 0.5. This
procedure allows to obtain an analytical solution of the
condensation equation valid for the range of
intermediate Knudsen numbers. We compared solutions
in the kinetic regime and for intermediate Knudsen
numbers. In the kinetic regime the number particle
distribution does not change its shape, just the
characteristic diameter grows. For intermediate
Knudsen numbers the particle growth rate becomes
diameter dependent and larger particles grow slower
than smaller particles. This leads to narrowing of the
number particle distribution. The analytical solution for
the intermediate Knudsen numbers is in good agreement
with the full numerical solution of the condensation
equation.
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The expansion was further applied to calculate
analytically the condensation sink for the initial
lognormal number particle distribution. We found the
difference between the CS calculated using a kinetic
regime formula and the CS calculated using our
approach, i.e. defined the limits of applicability of the
kinetic regime formula for the CS calculations.

The formula for CS was tested against field
observations in boreal forests. Our approach results in
up to a 5.5% overestimate of the CS below 500 nm as
compared to the calculations from the definition using
the full Fuchs-Sutugin coefficient. This is due to the fact
that our approximation of the FS coefficient tends to
slightly overestimate the full FS formula.

We investigated the contributions of different
modes to the condensation sink depending on their
parameters: Knudsen number corresponding to the
geometric mean diameter of each mode and number
concentration. The nucleation mode with a small
characteristic diameter 2-3 nm does not contribute
significantly to the atmospheric CS even for very high
number concentrations (up to 10000 1/cm?), while the
accumulation mode with a characteristic diameter 100
nm and larger contributes even if the number
concentrations are as low as 100 1/cm?>.

By adding an equation for a vapour concentration
to the formulas for CS, we developed a simple coupled
model for the dynamics of the condensation sink and
condensing vapours. The model in its present form can
be used for the characteristic mode diameters larger than
20 nm. As many modes as needed can be included into
the model. The only external parameter is the initial
growth rate of the mode. The model describes
adequately dynamics of the condensation sink in the
atmosphere during the periods of the aerosol modes
growth by condensation.

Kulmala, M., V.-M. Kerminen, T. Petdji, A.J. Ding and
L. Wang (2017). Faraday Discuss., 200: 271-288.

Fuchs, N.A. and A.G. Sutugin (1971). In Topics in
current aerosol research, pages 1-32, Pergamon,
New York.
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Introduction

A sizeable portion of the world’s population
rely on biomass fuels for their everyday residential
cooking and heating, resulting in globally significant
emissions of primary and secondary aerosol particles.
These particles influence human health, and may also
act as cloud condensation nuclei (CCN) affecting
cloud dynamics and climate. Recent model studies
indicate that the aerosol indirect effect of CCN
emissions from solid fuel cook stove burning results
in a global radiative forcing of ~ -0.2 W/m? (Huang
et. al., 2017) However, CCN emission factors (EF)
have previously not been studied in detail, which is
the focus of the current study. The study was
performed at Umea University and carried out as part
of the Salutary Umeé Study of Aerosols in Biomass
Cook Stove Emissions (SUSTAINE).

Methods

Four types of stove technologies were
tested; three-stone fire (3S), rocket stove (RS),
natural draft stove (NDS) and forced draft stove
(FDS). The fuels tested, alone and in combinations
were wood logs; sesbania, casuarina, birch, and
pellets; softwood, sesbania, rice husk, water hyacinth
and coffee husk. The latter three types were produced
from agricultural residue related to Sub-Saharan
Africa to investigate sustainable options.

The experiments were carried out by
performing water boiling tests, and measurements
were conducted on the flue gas or from injection into
a 15 m? stainless steel chamber held at room
temperature (~25°C) and low relative humidity
(~25%). A CCN counter (CCNC-100, DMT Inc.)
was used to measure size-selected particles (mobility
diameters of 60, 100, 200 and 350 nm) from the
chamber after a Differential Mobility Analyzer
(DMA) in order to obtain hygroscopicity x values for
each size. A Fast Aerosol Mobility Sizer (DMS500,
Cambustion Inc.) was used to gather particle humber
size distribution directly from the flue gas.

A continuous size dependent x value for the
full range of relevance was obtained from inter- and
extrapolation of measurements. The CCN EFs were
then obtained by integrating the measured particle
number size distributions normalized with respect to
the fuel mass consumption. An oxidation flow
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reactor (OFR) was also used to investigate the impact
of atmospheric aging and secondary particle
formation.

Conclusions

The CCN EF for primary emissions show a
large variability both within different stove
technologies burning the same fuel (depicted in Fig.
1), as well as the same stove technology burning
different fuels. For supersaturation levels of around
0.2%, large differences in CCN EFs can be observed.
Furthermore, for supersaturations approaching 1%
the CCN EFs may vary up to more than an order of
magnitude. Our results indicate that
changes/advances in technology and/or fuel may
substantially influence the CCN population on both
regional and global scales.
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Figure 1. CCN per unit of dry fuel (CCN EF) as a
function of supersaturation (SS) for combustion of

sesbania (ses) wood logs in a rocket stove (RS) and a
three-stone fire (3S).

This work was supported by the Swedish research
councils VR and Formas.

Huang, Y., Unger, N., Storelvmo, T., Harper, K.,
Zheng, Y. & Heyes, C. (2017). Atmos. Chem.
Phys. Discuss. 1-40.
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Improving aerosol chemistry and physics for
atmospheric chemical, transport, dispersion, and
deposition models will help improve forecasting of air
quality risks and hazards. New algorithms that have been
developed from recent aerosol and atmospheric
chemistry research at the University of Helsinki will be
integrated into the System for Integrated Modelling of
Atmospheric Composition (SILAM) model (Sofiev et
al., 2015). The modifications will be based on Aerosol
Dynamics, gas- and particle-phase chemistry model for
laboratory CHAMber studies (ADCHAM; Roldin et al.,
2014). This analysis will use meteorological output from
the Environment-High Resolution Limited Area Model
(Enviro-HIRLAM).

Enviro-HIRLAM is an online, integrated
numerical weather prediction and atmospheric chemical
transport model, used for forecasting meteorological,
chemical and biological conditions (Baklanov et al.,
2017). In this study, the 3-dimensional meteorological
fields from Enviro-HIRLAM will be used as the input
boundary conditions for experimental SILAM model
runs. When combined, both models can work
synergistically for better forecasts.

Enviro-HIRLAM output is available with four
different modes: control (no aerosol effects), direct
aerosol effect, indirect aerosol effect, and combined
direct and indirect aerosol effect. The latter three modes
include the influence of aerosols in numerical weather
forecasting. A series of SILAM model simulations,
including the updated version, in combination with
Enviro-HIRLAM output from each of these four modes
will be performed in order to determine the best results.

To begin, we will optimize the spatiotemporal
resolutions of the SILAM model to ensure the results
model a real-world scenario as accurately as possible.
Accuracy, however, needs to be balanced with
computational efficiency. This project will include a
series of sensitivity tests using various permutations of
grid sizes and time steps to determine the most suitable
spatiotemporal resolution.

For validation, we will perform an analysis of the
SILAM model results compared against in-situ
measurements from observational stations in the model
domain. Focus will be on the SMEAR-II station in
Hyytidla, Finland. By comparing model runs before and
after adding the improvements to SILAM, we can
determine the extent of the improvements made with the
new atmospheric aerosol and chemical developments.

Figure 1 illustrates the approach for running both
models and validating the changes to the SILAM model.
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Preliminary results will be presented at the 2018
NOSA conference in March. If the model shows better
performance and the results prove to be successful, then
the updates will be integrated into a future version of the
SILAM model.

Enviro-HIRLAM
Limited Area Model Forecast
Direct Aerosol
Control Effects
L Indirect Aerosol Combined L
|_ Effects Direct + Indirect —|
Yy YyVvYY SILAM Yy YyYVYY

Before changes
(version 5.5),
used for
reference

After changes (to
be integrated
mto future
version)

v

v

In-situ Measurements
Before & after comparison to validate
model improvements

Figure 1: The approach of using Enviro-HIRLAM
forecast data as the boundary conditions for the SILAM
model runs and comparing results before and after
improvements from Roldin et al., 2014, using in-situ
observations for validation.

Baklanov, A., et al., (2017), Enviro-HIRLAM online
integrated meteorology—chemistry modelling
system: strategy, methodology, developments and
applications (v7.2). Geosci. Model Dev., 10, 2971-
2999.

Roldin, P, et al., (2014), Modelling non-equilibrium
secondary organic aerosol formation and
evaporation with the aerosol dynamics, gas- and
particle-phase chemistry kinetic multilayer model
ADCHAM. Atmos. Chem. Phys., 14, 7953-7993.

Sofiev, M., et al., (2015), Construction of the SILAM
Eulerian atmospheric dispersion model based on
the advection algorithm of Michael Galperin,
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Air pollution in China has attracted global attention as
the country takes its place in the economic forefront
(Hallquist et al., 2016). Sources and chemical
composition of both gaseous and particulate pollutants
are yet to be fully understood. This is critical since the
extremity of the air pollution adds to social, political,
and economical complexity of any country. In view of
this, a collaborative research project
titled ”Photochemical Smog in China” was designed by
Swedish and Chinese scientists with the aim of
improving scientific knowledge on the photochemical
smog pollution situation in China by measuring and

modelling atmospheric gas- and particle-phase reactions.

Samples in this study were collected at the measurement
site on Changping University Campus, Peking
University, situated at a semi-rural location 40 km
northwest of Beijing. Le Breton et al. (2017) gives a
detailed description of the site setup. Data on PM; and
organic components as well as PMzs samples were
collected from 14" May 2016 to 20™ June 2016.

PMj,s samples were collected on Teflon
(polytetrafluoroethylene) filters on a 24 h interval using
a cyclone sampler. The samples were analysed for black
carbon and mass concentration at the University of
Gothenburg. PM; data were collected using a time of
flight aerosol mass spectrometer (ToF-AMS). In
addition, a High-Resolution Time of Flight Chemical
lonization Mass Spectrometer (ToF-CIMS) was utilised
to measure gas and particle-phase species in the ambient
environment.

Table 1 shows the concentration of selected
species from the field campaign. The concentration of
PM2s was above the WHO 24 h guideline limits 50% of
the measurement days. 40% of the days were above the
Chinese Grade | limit (35 pug m™®) and 29% above the
Grade I1 (75 pg m3). PMy, which has higher propensity
of deposition into the deeper zones of the human

respiratory system, was above WHO guideline limits 40%

of the measurement days.

The average black carbon (BC) concentration
was significantly higher (a factor of 7) than values from
the Scandinavian city of Gothenburg (Boman et al.,
2010). Of the PM; concentration, the organic component
was approximately 50%, highlighting the importance of
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primary and secondary organic aerosols in the

particulate pollution in China.

Table 1: Statistics of measured atmospheric species in
Changping during summer 2016.

Species Max Min Mean Stdev
PM; (ug m?3) 43 21 21 13
PMzs (ug m?) 270 31 51 56
BC (ug m3) 11 06 31 24
Organics (ugm?®) 19 1.0 9.8 5.1

The presented results give a minute picture of the
air pollution situation in this part of China. A detailed
statistical analysis using tools such as positive matrix
factorization (PMF) would provide an in-depth view of
the possible source signatures. Adding the data from
ToF-AMS and ToF-CIMS to the analysis will provide
deeper understanding of the chemical transformation of
organic components of the ambient aerosols.

This study is part of the framework program
“Photochemical smog in China” financed by Swedish
Research Council (639-2013-6917). The National
Natural Science Foundation of China (21677002) and
the National Key Research and Development Program
of China (2016YFC0202003) also assisted in funding
this work.
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Secondary organic acrosol (SOA) comprise a
large fraction of atmospheric aerosol budget (Jimenez
et al. 2009). SOA forms in the atmosphere from
oxidation products of volatile organic compounds
(VOC), which can come from both anthropogenic and
biogenic sources. The understanding of the
composition and sources of the oxidized VOC (or
OVOC) are pivotal for estimating the relative
contribution of anthropogenic and biogenic vapours to
global aerosol population as well as essential for
tackling secondary aerosol pollution in urban areas.

During winter 2015-2016, we conducted an
intensive campaign at Fudan University (Shanghai)
during which we investigated the composition and
diurnal variation of gas-phase compounds. We have
deployed a high- resolution chemical ionisation mass
spectrometry (CI-APi-TOF) that uses a selective NO3
ionisation method to detect low-volatility organic
compounds. This method was shown previously to
detect Highly Oxygenated Molecules (HOM) in the
boreal forest as well as in the laboratory oxidation
experiments using a wide range of precursor gases
(Ehn et al. 2014, Jokinen et al. 2015).

CI-APi-TOF is known to be selective for low-
volatility compounds that have at least two H-bond
donors (-OH or —OOH groups) (Hyttinen ef al. 2015)
and usually shows well-separated molecules in the
mass spectrum. However, the results from Shanghai
have demonstrated that NOs™ chemical ionization mass
spectrometry in a Chinese megacity detect a wide range
of compounds shifted to lower masses as compared to
the results collected e.g. in Hyytil4, Finland (boreal
forest environment). The observed mass spectrum has
shown no distinct HOM dimers that have been
observed in other locations. On the other hand, the
spectrum contained a high contribution of organic
nitrogen-containing species both during the day and
night, likely due to large contribution of NOx
(NO+NO,) to atmospheric chemistry in Shanghai.

In such a complex environment as Shanghai, it
proved challenging to identify the chemical
composition of most of the observed organic
compounds with high certainty. We have concluded
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that many of the observed peaks in the mass spectrum
contained more than one chemical compound or had
multiple sources, which can be expected in an urban
area. As a result, in order to investigate the sources for
the observed compounds as well as identify their
possible molecular composition we have applied a
Positive Matrix Factorization (PMF) method to the
mass spectrometry data (Paatero and Tapper 1994). In
my presentation, I will present the results from this
analysis suggesting possible sources and precursors for
the observed organic species.
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91644213), the Ministry of Science and Technology of
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Oceans cover approximately two-thirds of the Earth’s
surface and are the major source of natural aerosol
mass. In terms of mass, sea spray produced at the ocean
surface dominate global aerosol flux with an annual sea
salt production of 0.3 Pg to 30 Pg (Lewis and
Schwartz, 2004) and organic matter of 8-50 Tg C year™
(Kieber et al, 2016). Due to high hygroscopicity of sea
salt and regional abundance the aerosol provides a
major contribution to scattering of solar radiation,
resulting in a cooling effect (e.g Haywood et al, 1999).

Here we have investigated the surface wind
speed influences on aerosol optical depth (AOD),
derived from the Moderate Resolution Imaging
Spectroradiometer (MODIS) Aqua daily observations
over the central North Pacific during the period 2003-
2016. The 2m wind speed on satellite pixel basis has
been interpolated from National Centers for
Environmental Prediction (NCEP) reanalysis. In
addition, daily averaged AOD derived from Aerosol
Robotic Network (AERONET) measurements in the
free-troposphere at the Mauna Loa Observatory (3397
asl), Hawaii, was subtracted from the MODIS column
AOD values. The latter to reduce the contribution of
aerosols above the planetary boundary layer.

Figure 1 presents adjusted median AOD (555
nm) on a seasonal basis, for all years investigated. In
summer, fall and winter the median AOD increases
roughly by a factor of 2 within the wind speed range
about 3.5 - 9 m/s. In spring the increase in AOD is
similar in absolute terms, however, the background
AOD is substantially higher than in other seasons. This
is likely due to the influence of continental aerosols
from Asia.

Based on the results shown in Figure 1 the
derived power law relationship AOD = 0.001*U"* +
0.05, for summer, fall and winter, indicate a relatively
strong wind dependency. The constant zero offset term
(AOD ~ 0.05) reflects a marine background situation,
where we assume the presence mainly of secondary
aerosols such as ammonium sulfate that are formed
independently of the wind speed.

The present relationship estimated between
AOD and surface wind speed has been compared to
results obtained in several previous studies. In addition,
we have also examined how surface wind speed are
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influencing the contribution of coarse and fine mode
aerosols to the AOD.

8 015 Winter 2003-2016 015 Spring 2003-201&_ ]
< P
& _
S 01
g
0 005
S
0 0
= 5 10 0 5 10
Wind speed (m/s) Wind speed (m/s)
8 015 Summer 2003-2016 045 Fall 2003-2016
<
g 0.1
o
€
2 0.05 (Ze==
S
0 0
= 0 5 10 0 5 10

Wind speed (m/s)

Figure 1. MODIS adjusted median AOD (555 nm)
versus surface wind speed, subdivided with respect to
season, for each year of the period 2003-2016. The
orange solid line in each figure denote MODIS mean
AOD, averaged over the investigation period.

Wind speed (m/s)

To summarize, the current study shows a
distinct increase in MODIS AOD for higher wind
speeds. To our knowledge, the established
parameterization is derived for the longest period of
MODIS Aqua observations over the ocean. It can serve
as a promising reference for future investigations of the
AOD - wind speed relationship. Thus, the results
presented in this study make the basis for subsequent
investigations to estimate direct radiative effects
over the North Pacific. Furthermore, the results of a
relationship between AOT and wind speed is very
promising in the sense that the latter quantity is
associated with relatively small uncertainties in climate
model calculations.

Lewis., E.R.; Schwartz, S.E. (2004). A Critical Review.
American Geophysical Union, Washington, D. C.,
2004.

Kieber, D.J.; et al., (2016). Geophys. Res. Lett., 43, 2765—
2772, d0i:10.1002/2016GL068273.

Haywood, J.; Ramaswamy, V.; Soden, B. (1999), Science,
283, 1299-1303.
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Studies in China show that severe pollution events can
be dominated by secondary aerosols (Huang et al.,
2014). Organosulfates (OS) are a group of secondary
compounds formed via heterogeneous reactions of their
organic precursors with newly formed, acidic sulphate
aerosols (Surratt ef al., 2008; Riva et al., 2016). The
presentation will provide an overview of current
knowledge of sources and occurrence of organosulfates
in the atmosphere and present specific results from a
study in Xi'an, China. Xi'an has about 8.6 million
inhabitants, and is situated in the central part of the
country (34.23°N, 108.88°E).

Particles (PM,s) were collected on quartz fibre
filters using a high volume sampler. Particle filter
samples were extracted and analyzed using an Ultra-
High Performance Liquid Chromatograph coupled
through an electrospray inlet to a quadrupole time-of-
flight mass spectrometer (Hansen et al, 2014).
Organosulfates were identified using their characteristic
MS fragments and quantified using a set of commercial
and synthesized standards.

Mongolia

China
Tibet

.\'I\"anmar]_aoS

+ India

Figure 1. Typical air mass transport to Xi'an in summer
campaign period (72h, calculated using HYSPLIT).

During summer, air masses were typically
transported to Xi'an from forested, sub-/tropical regions
south of the city (Fig. 1), while in winter air masses
typically originated from arid, colder regions to the
north. This change in transport patterns is clearly
observed in the composition and levels of molecular
tracers.
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Figure 2. Estimated concentrations of biogenic
organosulfates in Xi'an, China from either isoprene (I) or
monoterpenes (M).

Levels of OS derived from isoprene and
monoterpenes were much higher in summer than in
winter samples (Fig. 2). Molecular tracers of biogenic
secondary organic aerosols (BSOA) showed the same
pattern, probably due to long-range transport of aerosols.

A large number of previously unidentified OS
were observed at high levels during both summer and
winter. In contrast, the concentration of organic carbon
(OC) was much higher during winter (37+17 pg m™)
than in summer (6.1+2.5 pug m™), implying that other
components than organosulfates dominate OC during
winter in Xi'an.

This work was supported by the Danish Agency for
Science, Technology and Innovation. The authors
gratefully acknowledge the NOAA Air Resources
Laboratory for the provision of the HYSPLIT transport
model (http://www.ready.noaa.gov).
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Riva, M. et al. (2016) Environ. Sci. Technol. 50:5580—
5588
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Introduction

Diesel exhaust (DE) is classified as carcinogenic and is
suspected to play an important role in the adverse effects
of ambient PM in urban areas. Candidates for toxicologi-
cally relevant particle properties include the specific
surface area and surface reactivity of the solid black
carbon core, the liquid organic fraction including polycy-
clic aromatic hydrocarbons (PAHs), and transition metals.

The use of renewable fuels such as rapeseed methyl
ester biodiesel (RME) and hydrotreated vegetable oil re-
newable diesel (HVO) in the commercial and private
transport sectors is increasing. The fuels reduce net
greenhouse gas and alter health relevant emissions
compared to fossil diesel (Murtonen et al., 2009). The
largest reduction of emitted PM is attributed to RME,
however its oxygenated organic fraction has been linked
to increased oxidative potential and higher in-vitro
toxicity (Hedayat et al., 2016). The chemical composition
of HVO fuel is more similar to fossil diesel, so far the
knowledge of its exhaust emissions is limited.

We here describe an approach where the particle
composition and properties can be varied over a wider
range and in a more systematic way compared to previous
studies while maintaining realistic engine operation
conditions. Exhaust, from a modern heavy-duty diesel
engine fueled by fossil diesel, 100% RME and 100% HVO
biodiesel, was characterized and collected to be used in an
in-vivo toxicological study.

Method

A six cylinder heavy-duty diesel engine modified for a
single cylinder operation was used for the experiment. The
engine was run at a fixed engine operating load with
varying exhaust gas circulation (EGR). The exhaust gas
was sampled after a partial flow dilution tunnel. Exhaust
particles were characterized using real-time aerosol mass
spectrometry (AMS), a fast mobility particle analyzer
(model DMS 500), aethalometer (model AE33), thermal
optical analyser (OC/EC) and Transmission Electron
Microscopy (TEM). Toxicological studies require large
amount of PM (~30 mg). A High Volume Cascade
Impactor (HVCI 900, BGI Inc.) followed by methanol
extraction and a Versatile Aerosol Concentration
Enrichment System (VACES) was used to collect the
particles.

*PAH mass is included in the total organic mass (org)

Conclusion

EGR reduced the amount of O, and the temperature in the
combustion cylinder (a common NO reduction strategy).
EGR also strongly affected PM emission levels and
properties. PM with particle mass fractions ranged from:
elemental carbon: 30-80%, organic carbon 20-70% and
the PAH/org* fraction: 0.002-0.080. The particle size
varied with fuel type from 79 (RME) — 102 (diesel) nm.
Low EGR affected the nucleation mode and CMD.
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Figure 1. Results of OC/EC analysis (bars) and PAH/org*
fraction acquired with AMS of the diesel and renewable
diesel exhaust particles.

The collected particles were successfully extracted from
the HVCI filters with an extraction efficiency of 85-105%.
Currently, a pulmonary exposure study of these particles
in mice is in preparation, together with detailed
characterization of collected nanomaterial including BET
surface area analysis, Reactive Oxygen Species assays and
a thorough TEM analysis of the soot micro- and
nanostructure. The aim of the in-vivo study is to identify
relationships ~ between  particle  physico-chemical
properties and biomarkers of genotoxicty, inflammation
and cardiovascular effects.

This work has been supported by AFA Insurance and The
Swedish Research Councils FORMAS and VR.

Hedayat, F., Stevanovic, S., Milic, A., Miljevic, B., Nabi, M. N.,
Zare, A. ... & Ristovski, Z. D. (2016). Science of the Total
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Murtonen, T., Aakko-Saksa, P., Kuronen, M., Mikkonen, S., &
Lehtoranta, K. (2009). SAE International Journal of Fuels and
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We analyzed aerosol size distribution data measured at
Hada Al Sham (21.802° North, 39.729° East, 254 m
a.s.l.) to determine the general characteristics of new
particle formation (NPF) at this rural background site in
Western Saudi Arabia. The size distribution data was
measured using a twin Differential Mobility Particle
Sizer (DMPS). NPF event classification was done
following the methods described by Dal Maso et al.
(2005) and extended to separate the days that showed a
clear shrinking mode during the later stages of the event.
Particle growth and formation rates were determined for
the NPF days as described by Kulmala et al. (2012) and
air mass history was studied using a Lagrangian particle
dispersion model FLEXPART version 9.02 (Stohl et al.,
2005). European Centre for Medium-Range Weather
Forecasts (ECMWF) operational forecast was used as
input data to FLEXPART.

The NPF event classification (Figure 1) shows
that NPF events are observed very frequently (73 % of
all classified days) throughout the year, and that clear
non-event days are extremely rare. Furthermore,
approximately three quarters of the NPF days show
shrinking, with a generally higher fraction of shrinking
events occurring during the summer months.
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Figure 1: Breakdown of the NPF event classification
separately for each month and all of the 454 classified
days combined. The numbers above the bars indicate the
number of analyzed days.

Total

The high frequency of NPF days is likely
connected to the typically prevailing clear-sky
conditions and high global radiation, in combination
with sufficient amounts of precursor vapors for particle
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nucleation and growth. NPF events seem to be related to
anthropogenic emissions from the coastal urban and
industrial areas, located to the west, as no NPF-events
are observed in easterly air masses. The median
formation and growth rates for the event days were 8.7
#/cm® and 7.4 nm/h, respectively, both showing slightly
higher values during the summer.

To the author’s knowledge, the observed
frequency of shrinkage events in Hada Al Sham is far
greater than at other measurement sites reported in the
literature,  which  indicates  highly  favorable
circumstances for such events. The shrinkage might,
therefore, be caused by evaporation of semivolatile
species under high ambient temperature and wind
induced mixing, which are both wvery frequent
phenomena at the site. This is further supported by the
higher fraction of shrinkage events observed during the
warmer and windier summer months, as well as by the
typical onset time of shrinkage around the temperature
and wind maxima.

However, no clear differences are found in the
temperatures and atmospheric mixing states when
comparing the shrinking and non-shrinking NPF days.
This leads us to discuss the possibility of an apparent
shrinkage process, where the decreasing mode mean
diameter would be caused by continuous observations of
particles that have grown less during their lifetime. Air
mass back trajectories show that the particles observed
during the shrinkage are likely formed outside the region
of strong anthropogenic emissions, which could
possibly explain their slower growth.

This study was funded by the Deanship of Scientific
Research (DSR), King Abdulaziz University (KAU),
Jeddah, under Grant no. (I-122-430), and the Academy
of Finland Centre of Excellence program (grant no
307331). The authors acknowledge with thanks DSR
and KAU for technical and financial support.
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Supermicron airborne particles play a role in
many athmospheric and human health-related pro-
cesses. In the athmosphere they can act as ice nuclei,
which can have an important effect on rain formation
(Huffman et al., 2013). As it comes to human health,
supermicron bacteria, fungal spores and e.g. emission
particulate containing transition metals can be harmful
to human health. On-site study of the elemental con-
tent of these particles can open new opportunities for
the better understanding of the origin of the particles,
especially in the ongoing field of ice nucleation study.
It can also be useful to have on-site monitoring of po-
tential hazardous components particles may be carrying.

We demonstrate a way of charging and captur-
ing the particle electrodynamically into such a small
volume that a high-energetic laser beam (i.e. a LIBS
= laser induced breakdown spectroscopy pulse) can be
focused on the particle, ionizing its atoms, thus forming
plasma from the particle. When the electrons from the
ionized atoms of the particle return to their atomic orbits
and to the lower energy states, an emission spectrum is
emitted and collected, from which an elemental analy-
sis can be accomplished. This has been done before to
charged water droplet residual particles by e.g. Jarvi-
nen et al.| (2014). However, it is benefical to trap the
particles straight from the ambient air, to analyze e.g.
athmospheric particles online, and to avoid unwanted
water-related contaminants.

An electrodynamic balance chamber with a simi-
lar design as reported in[Heinisch et al.|(2009) was used
as the levitation chamber, and a lens-focused 355 nm
LIBS pulse with an energy of 5 mJ was used to ionize
the particle. The aerosol was introduced to the chamber
from an inlet from the side of the chamber wall, and di-
rected out from the middle of the upper electrode, there-
fore creating a path of aerosol that enables the presence
of a charged particle in the range of the electrodynamic
trap after turning off the aerosol flow. The spatial lo-
cation of the particle was monitored by CMOS camera
and the pulse laser was triggered manually, when the
particle had been driven to the focus spot.

A new aerosol charger was designed and built to
maximise the charging state of the particles, as it affects
the force acting on the particle in the electric field, due
to Lorentz force

F=¢qE+qv xB =qE, @))]
where F is the force experienced by the particle, E is the
electric field produced by the electrodes, ¢ is the charge
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of the particle and B(= 0) is the magnetic field in the
presence of the particle.

Results showed that the particle can be effec-
tively trapped and analyzed using a combination of elec-
trodynamic balance and laser-induced breakdown spec-
troscopy straight from the aerosol phase. A variation
of mineral dusts and inkjet-generated salt and mineral
particles were analyzed. The spectrum from the mea-
sured mineral dusts showed that when no water was
involved in the generation of the aerosol, the presence
of calcium-related emission peaks vanished or signifi-
cantly decreased in intensity, as presented in figure|[T]
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Figure 1: A difference in the emission spectrum be-
tween analyzing airborne dust particles (solid line) and
the same particles generated from water (dashed line).
The inner peaks at 394.4 nm and 396.2 nm represent
aluminium, as the outer ones represent calcium.

The next steps for the online elemental analysis
of aerosol particles will be developing a way to go sub-
micron scale in the particle size, and to add more au-
tomation and mobility to the measurement. This way
the equipment could be used effectively to analyze the
elemental composition of aerosols in several in situ des-
tinations, such as traffic, urban aerosol, mining sites,
combustion or natural sources, and therefore add to the
understanding of the formation, origin or the potential
health effects of different aerosol types.

Jarvinen, S. T., Saari, S., Keskinen, J., and Toivonen, J.
(2014). Spectrochim. Acta B, 116:218-228.

Huffman, J. A., Prenni, A. J., DeMott, P. J., Pohlker,
C., Mason, R. H., Robinson, N. H., ... and Gochis, D.
J. (2013). Atmospheric Chem. Phys., 13(13):6151—
6164.
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9720-9728.
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Black carbon is emitted from the incomplete
combustion processes of carbonaceous material and it
possess various air quality, climate and health impacts.
Optical measurement techniques can be used to quantify
the concentrations of equivalent BC (eBC) in the
ambient air. A source apportionment method known as
the Aethalometer model (Sandradewi et al., 2008) can
be used to further distinguish eBC from fossil fuel
(BCpp) and wood burning (BCy,) sources. This model is
based on assumption that the emissions from fossil fuel
and wood burning sources follow spectral light
absorption dependency of A' and \?, respectively.
However, the Aethalometer model still requires careful
assessment of the site specific absorption Angstrom
exponent (o) values to be used for fossil fuel (o) and
wood burning (Olyg).

In this study, eBC, BCgx and BCyy
concentrations were measured during a long-term
campaign at three sites in the Helsinki metropolitan area,
Finland. One sampling site was located in an urban street
canyon (SC) and two of the sites were located in
suburban detached house areas (DH1 and DH2)

A dual-spot aethalometer (AE33, Magee
Scientific) was used to measure aerosol light absorption
at seven different wavelengths (370-950 nm). The
Aethalometer model was used to estimate the biomass
burning percentage (BB%) based on the wavelengths
470 nm and 950 nm. The eBC, BCg: and BCy,; mass
concentrations were reported based on the absorption
measurements at wavelength 880 nm. The o and oyg
values used in the eBC source apportionment were
determined by utilizing concurrent levoglucosan
measurements. The optimized o values for different
sites were as follows: ap: =1.10 and oy =1.6 at SC, and
o =0.95 and oz =1.6 at both DH sites.

The sampling period at SC was from October
2015 to May 2017, at DH1 from December 2015 to
December 2016 and at DH2 from January 2017 to May
2017.

The average mass concentrations measured at
each site are summarized in Table 1. Overall, the highest
eBC levels were observed at the urban SC. Only during
cold periods, the contribution of BCyy increased at the
suburban DH sites, and the total eBC concentrations

52

were similar to those observed at the SC site. The eBC
concentration levels at the SC were dominated by BCpg
from the nearby vehicular traffic emissions. The
contribution of wood burning (BB%) was larger at the
DH sites than at the SC site (Table 1).

Table 1. Average (+ standard deviation) concentrations
(ug/m®) measured at the different sites.

Parameter Urban Suburban  Suburban
SC DHI1 DH2
eBC 1.7+1.5 09+1.5 1.0£2.1
BCpr 1.6x1.5 0.5+0.8 0.5+0.9
BCys 0.1+£0.2 0.4+0.8 0.5+1.3
BB (%) 15«14 41x14 46x15

Distinct diurnal cycles of eBC were observed
between the different sites (Fig. 1). At the SC, the eBC
diurnal cycle showed the characteristic morning and
afternoon traffic rush hour peaks. At the DH1, the eBC
levels increased towards the evening due to residential
wood combustion. This increase towards the evening
was especially pronounced during the winter season.

Suburban DH1

= BCr ™ BCy,
3.0

Urban SC

25
20
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Figure 1. Diurnal cycles of BCy and BCy at the DH1
and SC sites during 2016.

As a summary, eBC was observed to be closely
tied to the characteristics of the measurement site,
meteorological conditions and the time of the day.

This study has been funded by TEKES funded INKA-
ILMA/EAKR project (project no. 4588/31/2015) and
project HAQT (AIKOO014).

Sandradewi, J. et al., (2008). Environ. Sci. Technol., 42,
3316-3323.
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Isoprene, monoterpenes (MTs) and sesquiterpenes
(SQTs) are the major biogenic volatile organic
compounds (BVOCs) emitted from the boreal forest.
They are known to influence particle formation and
growth, chemical communication by plants and insects,
and the oxidation capacity of air. Other VOCs emitted
from the vegetation include e.g. aldehydes, alcohols
and volatile organic acids (VOAs), but their emissions
are less studied and they are also produced in the air
from the reactions of other VOCs.

In this study ambient air measurements of
individual BVOCs and oxygenated VOCs (OVOCs)
were conducted in Apr-Nov 2016 in a boreal forest at
SMEAR 1I site in Hyytild using in situ gas
chromatograph — mass spectrometers (GC-MSs).
Ambient mixing ratios were used to estimate the
importance of different compounds and compound
groups regarding local atmospheric chemistry and
secondary organic aerosol (SOA) production. Thus the
reactivity with main oxidants (OH, NOs and Os) and
production rates of oxidation products (OxPR) were
calculated.

Of the studied VOCs, VOAs were found to have
the highest mixing ratios mainly due to their low
reactivity (Table 1). Of the terpenoids, MTs had highest
mixing ratios at the site, but also 7 different SQTs were
detected. Monthly and daily mean mixing ratios of
most terpenoids, aldehydes and VOAs were found to be
highly dependent on the temperature. Highest
exponential temperature dependence ($=0.37 (C'') and
correlation (R?>=0.96) of daily means was found for a
SQT (B-caryophyllene) in summer.

pptv Apr May Jun Jul Aug  Sep
Isop 0.4 11 13 50 15 6
MT 20 220 270 690 320 150
SQT 0.1 3 4 30 6 4
ALD 16 40 30 50 40 10
ALC 1 1 16 12 0.2 6
VOA 1280 1000 2220 1650 680 1620
AHC 80 50 40 50 60 50

ALD=Cs-C,( unbranched aldehydes, ALC=Cs-Cs unbranched
alcohols, VOA=C,-C; unbranched volatile organic acid,
AHC=aromatic hydrocarbons

Table 1: Ambient air mixing ratios (pptv) of different
VOC groups at SMEAR 1T in 2016.
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Figure 1: a) OH reactivity, b) Os reactivity and c) NOs
reactivity and d) production rates of oxidation products
(OxPR) of different VOC groups at SMEAR II during
different months in 2016.

MTs dominated OH and NOs radical chemistry
of VOCs (Figure 1), but SQTs had a major impact on
ozone chemistry, even though mixing ratios of SQT
were 30 times lower than MT mixing ratios (Table 1).
Both MT and SQT oxidation was dominated by the
ozone especially during summer and therefore SQTs
were the key compounds for the formation of oxidation
products at the site (Figure 1d). Other VOC groups had
very minor contribution. Since products of SQTs are
less volatile and SQTs have higher SOA yields than
MTs or other studied VOCs, results clearly indicate the
crucial role of SQTs for the local SOA production.
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Introduction
Amines are gaseous bases, whose general formula
is RNH,, R,NH or R;N. Models have shown that
they could affect aerosol particle formation with
sulfuric acid (Kurtén et al. 2008). Amines also
affect hydroxyl radical (OH) reactivity and via that
to the atmospheric chemistry (Hellén et al. 2014,
Kieloaho et al. 2013).
Method

Measurements were made at SMEAR 1I
station (Hari and Kulmala, 2005) at Hyytiila,
Southern Finland (61°510°N, 24°170°E, 180 m
a.s.l.) The measurements cover seven months, from
March to May, July to August and November to
December 2015. For sampling and measuring we
developed a new method, MARGA-MS. MARGA
(instrument for Measuring AeRosols and Gases in
Ambient air, ten Brink et al., 2007) is an on-line ion
chromatograph (IC) connected to a sampling
system (sampling flow 1m’h). MARGA was
coupled to an electrospray ionization quadrupole
mass spectrometer (MS) to improve sensitivity of
amine measurements. This new set-up enabled
amine concentration measurements in ambient air
both in aerosol- and gas-phases with a time
resolution of only 1 hour. With MARGA-MS we
analysed 7 different amines: monomethylamine
(MMA), dimethylamine (DMA), trimethylamine
(TMA), ethylamine (EA), diethylamine (DEA),
propylamine (PA) and butylamine (BA). We also
measured ammonia (NH;, gas-phase) and
ammonium (NH,*, aerosol-phase) concentrations at
the same time with MARGA.

Results

In spring we measured high concentrations of
aerosol-phase MMA but when the days got warmer
the concentrations decreased. In March and April
the highest concentrations of MMA were measured
during the warmest nights (max. 48ng/m®). This
indicates that melting snow or ground could be a
source of MMA. In spring most of the MMA was in
aerosol-phase, only less than 20 % was in gas-
phase. The partitioning became more even as
summer proceeded. NH,*-concentrations also had
their maxima (1.5ug/m’) in March and
concentrations were decreasing in summer. Then
also the gas- and aerosol-phase portions were
leveling off.
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DMA and TMA had summer maxima
indicating  biogenic  sources. The  highest
concentrations of these compounds were measured
in July. For DMA a diurnal variation was observed
in August with a daytime maximum. Also isoprene,
which has a light dependent source, has daytime
maximum. That could indicate that also DMA have
a light dependent source.

EA concentrations were low throughout the
measurements, but showed a clear diurnal variation
in July with a maximum at night. Monoterpene
concentrations were measured simultaneously at the
same site and they correlated well with EA
concentrations. This could indicate that EA has a
biogenic source.

Other amines than MMA, DMA, TMA and
EA were most of the time under the detection limit.
Ammonium had a clearer diurnal cycle in the spring
and ammonia in the summer.

Conclusions

A new measuring method, MARGA-MS, was
developed. With it, we measured concentration of 7
different amines and ammonia in aerosol- and gas-
phase with 1-hour time resolution. The amines
turned out not to be a homogeneous group of
compounds; different amines are likely to have
different sources. @~ MMA concentrations were
highest in the spring and DMA, TMA and EA
concentrations in the summer. EA concentrations
correlated with  monoterpene  concentrations
indicating biogenic source. Other measured amines
were under the detection limit most of the time.
Measured ammonium concentrations were higher in
the spring and ammonia concentrations in the
summer.

Hari, P. & Kulmala, M. (2005). Boreal Environ.
Res., 10,315-322

Hellén, H, Kieloaho, A.-J. & Hakola, H. (2014).
Atmos. Environ., 94, 192-197

Kieloaho, A .-J., Hellén, H., Hakola, H., Manninen,
H.E., Nieminen, T., Kulmala, M. and Pihlatie,
M. (2013). Atmos. Environ., 80, 369-377

Kurtén, T., Loukonen, V., Vehkamiki, H. &
Kulmala, M. (2008) Atmos. Chem. Phys., 8,
4095-4103.

ten Brink, H. M., Otjes, R., Jongejan, P. & Slanina,
J. (2007). Atmos. Environ., 41,2768-2779
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This paper introduces a method for estimating the
particle size distribution (PSD) of radioactive aerosols
by minimizing the error function, using single-cascade
inertial separator by separating the spectrum of aerosol
particles into fractions, and the experiment established
efficiency dependency of particle deposition with the
aerodynamic diameter.

An impactor was used as a single-cascade inertial
separator, developed in State Research Center -
Burnazyan Federal Medical Biophysical Center.

Estimation method of AMAD and geometric
standard deviation (GSD) for dispersed composition of
radioactive aerosols — using single-cascade has the
following steps: first step is sampling aerosols on filter
and measuring the activity of the particles deposited on
the filter; the second one is pumping aerosol at a fixed
linear velocity through a single-cascade filter for the
same period of time, and also measured the activity of
the particles deposited on the filter. The last step is
repeating the second again, but with a different linear
velocity.

A method of evaluating particle size distribution
through partitioning the original spectrum of aerosol
particles into fractions was proposed in the review of
Fuchs (1978).

i (u,0) = fo

Where: E(x) — deposition efficiency of particles
with an aerodynamic diameter of x at a fixed linear
speed; flx, u, o) is the density distribution of aerosol
particles from original spectrum. By dividing the
spectrum into three parts 1; and comparing the
calculated values 1, and theoretical 1" we can find the
residual function Q (u, o), Cheng and Yeh (1980).

[oe]

Ei(®) - f(x, 1, 0)dx, i=1..N

Qo) =V —nD2+m -1 (1)

The values of y— (AMAD) and o- (GSD), for
which the function (1) has a minimum value are AMAD
and GSD of original spectrum. This approach has been
implemented in the method of multilayer filters, which is
widely used in Russia, Budyka et al (1993). In our case,
the considered approach may be applied for assessing the
AMAD and GSD.

In order to determine E(x) — deposition efficiency
of particles studied have been carried out to spectrum of
known aerosol particles which obtained by simulator
source of aerosols in working area, typical of the nuclear
industry. The study was performed on non-radioactive
aerosols NaCl.
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Fig. 1 dependence of deposition efficiency E(x) from the
particle size (aerodynamic diameter). 1,2 -
approximation 3, 4 experimental data at a flow rate 50
and 20 1/ min, respectively.

By knowing the dependence of E(x) with aerodynamic
particle diameter, we can find 7] (u,0). Then, the
obtained expression 1] (i, @) puts in (1) and defines both
of u and o corresponding to the minimum of the function
Q(u,0). Determining the minimum of the function Q (u,
0) analytically is impossible; therefore, to find it, we
have to use numerical methods.

LND density ( 1/ pm)
Deposition efficiency

Fig.2 splitting the original spectrum LND in parts
through efficiency curves. 1 - Original spectrum; 2, 3, 4
— spectra of the particles after application of the
separator; 5, 6 - separation efficiency.

Fuchs, N.A. (1978). Aerosol Impactors: A Review in
Fundamentals of Aerosol Science, ed. Wiley & Sons,
New York.

Cheng, Y.S. and Yeh, H.C. (1980) Theory of a screen-
type diffusion battery, J. Aerosol Sci.

Budyka, A.K., Ogorodnikov B.. and Skitovich V..
(1993) Filter pack technique for determination of
aerosol particle sizes, J. Aerosol Sci.
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This article is proposed to consider using a new
experimental stand for determining the volumetric
activity and AMAD of a-particles. It is proposed to
evaluate  the  spectrometric and  radiometric
characteristics of the o-emitting radionuclides
plutonium and to determine their influence on the value
of AMAD.

To compare the calculated values of the activity
of plutonium isotopes in a special aerosol sources,
obtained using the experimental stand and devices such
as MKC-01A, UMF-2000. To estimate the relative
error in the determination of AMAD using
experimental stand.

In this study, an experimental stand was used
consisting of: separation part, detection chamber, filter,
rotameter and pump connected by a piping system.
Alpha activity was determined by a spectrometer
MKC-01A «<MULITIRAD-AS» and radiometer UMF-
2000.

The experimental stand was used to study the
spectrum of o-particles, determine the efficiency of
registration, and calculate the activity for a source
(1I19-type) based on **°Pu with an activity of 80.7 Bq
and special aerosol sources for a-radiation (CAW)
based on **Pu with activity of 119 and 112 Bq.

By the efficiency of registration a-particle, the
results of the studies were compared with
measurements of the same sources on the MKC-01A a-
spectrometer at the A.I. Burnazyan (Federal Medical
and Biophysical Center-Russia) and the radiometer
UMF-2000 in national research nuclear University
MEPhHI. According to the study, the spectrums of a-
radiation were compared only with them, which have
been got by MKS-01A.

It is shown that the use of an experimental stand
for sampling radioactive aerosols and subsequently
evaluate  the  spectrometric and  radiometric
characteristics of samples using a silicon detector
makes it possible to estimate the total activity of the a-
emitting radionuclides **Pu and ***Pu in a source (1I19-
type) and (CAM) sources with a relative error about
5%.

For the considered combination  of
radionuclides, the relative error of the activity did not
exceed 20%. In this case, the relative error in
estimating the AMAD value of aerosols containing
»Pu by means of the method for determining the
dispersed composition of radioactive aerosols based on
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inertial separators [1] did not exceed 25%, which, in
accordance with regulatory requirements [2], is
acceptable.
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Figure 1 Distribution of AMAD and GSD with a
random change in the activity of **Pu by 20%.
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Chemical ionization, combined with a mass The formation free energies of the reagent ion
spectrometer (CIMS), is often used for the detection of hydrates indicate that a water molecule binds more
neutral molecules in the gas phase. Using chemical strongly to a reagent ion monomer than to a reagent ion
ionization, the sensitivity of the measurements depends dimer. This could explain why reagent ions that are not
on how efficiently the reagent ion is able to charge the able to form dimers generally have higher humidity
sample molecule. If the sample molecules are detected dependence in CIMS measurements than for instance
as ion-molecule clusters (Figure 1), the sensitivity also nitrate, which can form a strongly bound cluster with

depends on the stability of the charged clusters (Iyer et nitric acid. (Hyttinen et al., 2018)
al., 2016).
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Figure 1: Cluster formation between C4HzO3 and I = v » A .
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We compared the cluster stabilities of seven & CH.C(0)0 »
different reagent anions by calculating the formation 3 * M
: . . £ 304> CH,CH(OH)C(0)O i
free energies and enthalpies of the reagent ion — sample c < CF.C(010 v
molecule clusters. As sample molecules we used several -% l 3 ( )
OH-initiated butadiene oxidation products that contain g -354 C'f3o Y
hydroxy and hydroperoxy functional groups. In addition, e |= Br
we investigated the effect of humidity on the detection 40 ‘. ! : : : :
efficiencies of the different reagent ions by calculating 2 3 4 5 6
the formation free energies of hydrated reagent ions and Number of oxygen
ion-molecule clusters. All energies were calculated at
DLPNO-CCSD(T) / def2-QZVPP // ®B97X-D / aug-cc- Figure 2: Formation free energies of ion-molecule
pVTZ level of theory (aug-cc-pVTZ-PP basis set for Br- clusters as a function of the number of oxygen atoms in
and ). the sample molecule.
The calculated energies show a near linear
correlation between the number of oxygen atoms in the ACKNOWLEDGEMENTS
sample molecule and the formation free energy of the We thank the Academy of Finland for funding
ion-molecule cluster for each of the reagent ions (Figure and CSC-IT Center for Science in Espoo, Finland, for

2). All of these sample molecules have 2, 3 or 4 computing time.

hydrogen bond donating functional groups. However, in

the lowest free energy conformers of the ion-molecule REFERENCES

clusters, the reagent ions always form two hydrogen Hyttinen, N., Otkjeer, R. V., Iyer, S., Kjaergaard, H. G.,

bonds with the sample molecule. This explains why the Rissanen, M. P., Wennberg, P. O. and Kurtén, T.
number of functional groups in the sample molecule is (2018). J. Phys. Chem. A, 122:269-279.

not in itself significant as long as the sample molecule Iyer, S., Lopez-Hilfiker, F., Lee, B. H., Thornton, J. A.
has at least two hydrogen bond donating groups. and Kurtén, T. (2016). J. Phys. Chem. A4, 120:576-
(Hyttinen et al., 2018) 587.
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Online measurements with mass spectrometers produce
complex and large datasets. Statistical dimension
reduction techniques are able to compress the
information from complex composition data into a few
latent factors, which can be interpreted further according
to their properties. Currently the most exploited method
in the analysis of AMS data is Positive Matrix
Factorization (PMF) developed by Paatero and Tapper
(1994). Recently, however, Wyche et al. (2015) applied
Principal Component Analysis (PCA) to CIR-ToF-MS
and cToF-AMS data from their chamber studies.

In this work, the statistical analysis was applied
for the measurements where the effect of the exhaust
from a modern gasoline car on the photochemistry of a-
pinene was studied in environmental chamber under
atmospherically relevant conditions. The dimension
reduction techniques were used to compress the
information from the data measured with the PTR-ToF-
MS (volatile organic compounds, VOCs) and with the
ToF-CIMS (semi volatile organic compounds, SVOCs),
because both instruments produced complex datasets
during the measurement campaign.

Different variations of PMF, PCA and
Exploratory Factor Analysis (EFA) were applied to the
PTR-ToF-MS data. Factor time series presented in Fig.
1 are from the photo-oxidation experiments conducted
with the car emission (without added a-pinene). For EFA
and PCA, the factors in concentration units were
calculated by multiplying the original data with the
loading values (i.e. the contribution of a variable to a
factor) acquired from the EFA/PCA factorization. For
both EFA and PCA, oblique rotations were used.

PMF differs conceptually from EFA and PCA as
the errors for the data values must be known to proceed
with PMF. The error matrix for PMF was calculated in
two different ways. Constant errors were derived from
the standard deviation of each ion trace in the
measurement data, i.e. the error value for a specific ion
does not change with time. Data dependent errors were
calculated by first smoothing the time series of every
variable with local regression and the error was
determined as the difference between the smoothed time
series and the original time series. Error calculated by
this way varied between the time points.

The benefit of EFA and PCA compared to PMF
is that these methods are generally better in find very
small changes in the time series of the variables. This is
because EFA/PCA use arbitrary units instead of the data
units. This can be seen from Fig. 1, where EFA/PCA
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Figure 1: The factor time series from different methods.

Index refers to time point. The shaded area indicates the
period when UV-lights (centered at 340 nm) were on.

factors have generally more variation as the factors from
PMF. Large differences in the order of magnitude
between the variables may also cause problems for PMF
whereas in EFA/PCA the values are scaled and only the
relative changes are considered.

The factors were identified based on the results
acquired from EFA as it created the most interpretable
factors. The grouping of variables to distinct factors was
also most explicit in EFA. The blue factor includes SOA
precursors of the car exhaust, red factor includes most of
the products formed during the photo-oxidation of the
car exhaust and the green factor includes VOCs that
mostly originated from the car exhaust but were not SOA
precursors. It should be noted that the changes in the
green factor are not visible in Fig. 1 when the
concentration units are used, as the changes are very
small.

Paatero, P. and Tapper, S. (1994). Environmetrics, 5,

111-126

Wyche et al. (2015). Atmos. Chem. Phys., 15, 8077-
8100
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Peroxy radicals (ROss) produced from the oxi-
dation of biogenic volatile organic compounds (VOCs)
are important in the formation of highly oxygenated
multifunctional compounds (HOMs) (Mentel et al.|
2015 Rissanen et al.l [2014). These HOMs are known
to play a critical role in the formation of secondary or-
ganic aerosols (SOAs) in the atmosphere. An important
mechanism that affects the lifetimes of these RO5s (and
subsequently their contribution to HOM formation) is
their bimolecular reaction with the HO, and OH radi-
cals. The reaction with HO; is mostly thought to be a
radical sink process, producing closed-shell hydroper-
oxides (ROOH). However, the ROy + HO5 reaction can
also produce alkoxy radical products:

ROy + HOy — RO + OH + Oy (R1)

This channel can become relevant for large peroxy rad-
icals formed from the oxidation of monoterpenes. Re-
actions that lead to the recycling of radical species in
the atmosphere can potentially enhance HOM forma-
tion. Additionally, the bimolecular RO5 + HO5 reaction
can also be a source of tropospheric ozone:

RO3+ HO; — ROH + O3 (R2)

This is potentially an important ozone forming pathway
in clean (low NO and NOs) environments. The reac-
tion of peroxy radicals with the OH radical has recently
garnered attention (Archibald et al.| 2009; |Assaf et al.|
2016} [Miiller et al.;2016). This is potentially an impor-
tant radical sink pathway in remote areas. In this work,
the intermediates and products formed via RO, + OH
reactions for 'R’s with different atmospherically rele-
vant functionalities were studied. The thermodynamic
favorability of the alkoxy and ozone forming channels
via ROy + HO, reaction for a set of ROgs generated by
the oxidation of a set of monoterpenes was also compu-
tationally investigated. The monoterpenes considered
in this study are a-pinene, S-pinene, limonene, trans-
[B-ocimene, and A3-carene (that account for more than
80% of the total monoterpene emission), and the oxi-
dants considered are OH, NOs, and ozone. Calculated
reaction free energies for the ozone oxidized peroxy
radicals are shown in Table [Tl
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vocC Isomer AGR;) AGR,)
«a-pinene o -25.26 -8.34
[-pinene - o -25.40 -13.29
Trans-(-ocimene " -5.54 -10.80
Ao
Limonene -5.73 -10.59
A3-carene . -4.77 -8.62
Table 1: Reaction Gibbs free energies (AG) of

reactions R; and Ry in kcal/mol calculated at
the DLPNO-CCSD(T)/def2-QZVPP//wb97xD/aug-cc-
pVTZ level for the O3 oxidized monoterpenes.

Mentel, T. F. et al. (2015). Atmos. Chem. Phys.,15:6745-
6765.

Rissanen, M. P. et al. (2014).
136:15596-15606.

Archibald, A. T., et al. (2009). Atmos. Sci. Let.,10:102—
108.

Assaf, E. et al. (2016). J. Phys. Chem. A, 120:8923-
8932.

Miiller, J-F., et al. (2016). Nat. Comm., 7:13213.
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What can be learned about the lung from inhaled nanoparticles?
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Introduction

Airspace Dimension Assessment (AiDA) is a
technique to assess features of the distal lung by
measuring the recovery of inhaled nanoparticles after
varied residence times in the lungs (Londahl et al.
2016, Jakobsson et al. 2016). It has previously been
shown that airspace dimensions can be inferred by
measuring the half-life time of inhaled nanoparticles
(Londahl et al. 2016). It has also been suggested that
the estimated particle recovery for a zero second breath
hold (the “intercept”) may provide information about
the conducting airways.

The aim of this work was to investigate the
characteristics and significance of the two AIDA
parameters in healthy subjects.

Method

For 19 healthy subjects we performed
measurements of the recovery of inhaled nanoparticles
for breath holding times between 5-20 s and volumetric
sample depths between approx. 200-5000 mL. A
simplified protocol, measuring recovery at a fixed
(1300 mL) sample depth and breath-holding times
between 5-10 s was performed by a larger group
(N=668). The measurements were carried out with
monodisperse 50 nm polystyrene nanospheres.

All subjects also underwent a detailed investigation
of lung function, including measurement of vital
capacity (VC), forced expiratory volume in 1 s (FEV1),
lung diffusing capacity for carbon monoxide (D co)
and forced oscillation technique (FOT), which gives
information about respiratory resistance (Rs).

Typical characteristics of the derived airspace
dimensions and the intercept (zero breath-hold
recovery) were analysed in detail for the smaller group.
Statistical analysis comparing the parameters to
individual demographics and clinical lung function
parameters was performed for the larger group to
elucidate the parameters clinical significance.

Results

The derived airspace dimensions captures the main
features of the lung geometry from the onset of the
anatomical dead-space to the distal lung. The
dimension are root mean square (RMS) diameters of
the airspaces and therefore larger than a normal
arithmetic mean.

It was found that the derived airspace dimensions
correlated mainly with lung function parameters
known to be related to alveolar dimensions and
diffusion properties (age, Di.co and FEV1/VC) while
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the intercept correlated mainly with parameters related
to body (lung) size and respiratory flow characteristics
(height, VC, FEV1 and Rs). Airspace dimensions and
intercept did not correlate strongly (N.S. for N=19),
(p=.02, r = -.09 for N=668).
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Figure 1. The AiIDA airspace dimensions for 19

healthy subjects at various volumetric sample depths.

Table 1: Spearman's Rho and p for correlations
between AIDA and clinical parameters, N=668.

5000

Intercept Airspace dimension
P Corr. P Corr.
Age N.S. - <.001 -.14
Dico N.S. - <.0001 17
FEVi/VC N.S. - <.0004 14
Height <10% 23 <.003 -11
VC <10° 19 <.03 -.01
FEV: <10 .25 N.S. -
FOT (Rs) <10% -21 <.02 .08
Conclusion

The results show that the AiDA-derived airspace
dimension and the intercept conveys independent
information about individual lung properties, which is
likely to have clinical relevance.

This work was supported by Swedish Research
Council, Vinnova, EU EuroNanoMed, The Swedish
Heart and Lung Foundation, the Crafoord foundation
and the Sten K Johnsson foundation.
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Modelling of indoor  occupational  aerosol
concentrations is frequently used in exposure
assessment  tools. However, source strength

information for the models is often lacking. The source
strength can be based on dustiness or a theoretical
mass release, which is not necessarily directly relatable
to real life processes. Aditionally for the dustiness
value, the release has been shown to depend highly on
storage conditions and handling factors. Establishing a
source library as proposed by Koivisto et al., 2017,
based on experimental data of standardized sources
and processes could be beneficial. However, this
requires high quality data of source strength from a
variety of different materials and that the sources are
transferrable between different setups and different
locations so that source strength measured in one
setting is equivalent to the source from the same
process in a different setting.

In this work the aim was to measure the same
process in two different settings and compare the
concentrations measured at the source and the
concentrations measured in the remainder of the room
with the concentrations obtained using the two source
strengths in a simple mass balance model Jensen et al.,
submitted.

Here we conduct sanding experiments on
lime-based paint with embedded graphene nanofibres.
Two identical experiments with each numerous
repetitions were done in either a small unventilated
chamber (0.55 m®) or a large chamber (20 m?). Source
concentrations were measured with an ELPI+ (Dekati,
Finland) as close as possible to the rotating head of the
handheld sander (fig 1). The head was weighted to
ensure uniform pressure on the surface. In the small
chamber the engine of the sander was isolated from the
chamber using a glove from a glovebox. In the large
chamber we additionally monitored the concentrations
and size distributions in 3 different positions with
several aerosol instruments.

Figure 2 shows the particle total number concentration
and size distributions measured at the source. Sanding
of the lime-based paint caused in both cases a
significant increase in the particle concentrations.
Comparison of the two experiments showed that the
source concentrations were equivalent in magnitude
with the concentrations in the closed small chamber
were around twice the concentrations of the large
chamber source of 1.6 10° # cm® and the source
measured in the larger chamber 9.5 10°> cm™. In the
large chamber there is generally lower concentration at
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the source due to ventilation and dilution to the larger
volume. The size distribution from the sanding process
was similar. Highest release from the sanding process
was above 200 nm particles while for the engine of the
sander for the small chamber the particles smaller than
100 nm showed less machine contribution since it is
isolated from the process.

Here we showed that the same process
measured in different chambers were similar in
magnitude and size distribution. This suggests that a
source library based on small scale experiments is

possible, however more investigation is needed.
weight, e.g. 2 kg

Source measurement

Handheld sander N
point

~5 degree tilt

Substrate
Figure 1, handheld sander set-up used in both the small
and large chamber studies.
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Figure 2, source number concentrations (upper) and
particle size distributions (lower) measured in the
small (left) and large (right) chamber. Concentrations
have been subtracted averaged concentrations before
the experiment started.
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Besides being a major contributor to atmospheric aero-
sol particle number and a source of cloud condensation
nuclei, ultrafine aerosol particles below 100 nm are rec-
ognized as a health hazard. These small particles can be
particularly harmful as they are able to penetrate deep
into the lungs and blood circulation (e.g. Terzano et al.,
2010), and thus monitoring and controlling ultrafine par-
ticulate pollutants is essential for air quality policies.

This work (Julin et al., 2018) presents simula-
tions of the response of particle number concentrations
over Europe to recent, country-resolved assessments of
future emission reductions of particles and their precur-
sor gases (Amann, 2015a,b). The reductions are guided
by the European Commission’s targets to decrease air-
pollution-driven mortality by 2030. We consider three
emission scenarios: current legislation (CLE), optimized
emissions designed to meet the air quality improvements
proposed in the Clean Air Policy Package (OPT), and
maximum technically feasible reductions (MTFR). The
reductions apply to SO, NO,, ammonia, amines, vola-
tile organic compounds and primary particles.

The simulations were performed with the chemi-
cal transport model PMCAMXx-UF, which was updated
with state-of-the-art descriptions of new particle for-
mation (NPF) from sulfuric acid with ammonia and
amine, and condensation of organic species onto parti-
cles. The NPF schemes were incorporated as look-up ta-
bles of particle formation rates generated by molecular
clustering simulations using quantum chemical data. Or-
ganic condensation was implemented applying a volatil-
ity basis set covering volatilities from 1073 to 10° ug m>
(at 298 K) and considering oxidative aging. These up-
dates enable more realistic predictions of particle size
distributions than have been available before.

The results show notable impacts on ambient par-
ticle concentrations, dominated by the ultrafine sizes
(Figure 1). All three scenarios result in substantial reduc-
tions of 10-50% in the median particle numbers in the
European domain, with the absolute reduction depend-
ing on the location. Consistent decreases were predicted
in Central Europe, while Northern Europe exhibited

62

smaller decreases or even slightly increased concentra-
tions, likely due to decrease in the condensation sink
caused by larger particles. These results highlight the
need to (1) accurately assess changes in spatially re-
solved gas and particle emissions, and (2) model the of-
ten very non-linear effects on particle size distributions
in sufficient detail.

Figure 1: Predicted relative change in the median con-
centration of all particles Ny (upper panels), and parti-
cles over 100 nm Mo (lower panels) between the CLE,
OPT and MTFR scenarios and present-day conditions.
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Aerosol specific calculators have been around
for decades to ease research and help students. Whether
they are physical or electronic, their main purpose is to
make crucial information readily available without the
need to carry an arsenal of books and reference manuals
with you at all times.

One of the earliest physical calculators was pre-
pared by V.A. Marple in 1981, and it could compute slip
correction factor and diffusion coefficient, along with
3 other parameters as a function of particle diameter
(Marple, [1981). Another noteworthy physical calcula-
tor was designed by E. Saukko in 2014, for calculating
between classification voltage of a DMA and its output
particle size (Saukkol |[2014). Both of these are shown in
Figure 1.

Electronic aerosol calculators, such as the
spreadsheet made by P. Baron (shown in Figure 1),
which can calculate over a hundred parameters (Baron,
2001)), excel at providing vast amounts of data with an
easily shareable format as it is not limited by physical
dimensions. Other type of electronic calculators are the
online website calculators, which are even more readily
available.

In order to combine the portability and the in-
formation richness of these two approaches, a mobile
application for calculating gas and particle properties
in user specified situations was developed. The appli-
cation platform also has the capability to perform task
specific functions, such as calculating the DMA volt-
age for a certain particle diameter or helping students
visualize parameters of a log-normal distribution. The
information and equations for this application have been
gathered from notable books in the field of aerosol sci-
ence (Hinds, 1999; Seinfeld and Pandis, 2006} |Baron:
and Willeke, [2011)).

Mobile devices are ideal for this purpose as they
are easy to use, always at hand and do not rely on the
availability of internet access. The application also has
the benefit of helping students in their studies, via eas-
ily accessible information and tailor-made visualization
aids. Additionally, researchers can benefit from moving
their repetitive calculations into the application to aid in
e.g. TEM collection times.

A mobile application was introduced to give an
easier access to aerosol related parameters and to help
with everyday tasks by utilizing the mobile devices that
are at everyone’s disposal. The first version of the fin-
ished application is to be made publicly available by the
time of NOSA 2018, and afterwards more features will
be added based on the user feedback.
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Figure 1: Selection of aerosol calculators from physical
to electronic. Schematic view of the introduced appli-
cation can be seen in the mobile phone screen.
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Urban areas are characterised with highly vari-
able air pollutant fields both in time and space. Despite
this, we are often forced to measure their concentra-
tions in a single measurement point with coarse time
resolution. More detailed data is, however, particularly
needed to understand in detail pollution ventilation, ad-
vection and dispersion within complex urban canopies
as well as in high-resolution model development. The
purpose of this work is to understand how the prevailing
meteorological conditions modify the pollutant distribu-
tions of both particulate matter and gaseous pollutants in
Helsinki. This will be done with the aid of two 2-week
measurement campaigns utilising mobile and drone ob-
servations.

The measurement campaigns were conducted
around the Helsinki Regional Environmental Services
Authority (HSY) supersite located in a street canyon,
about 3 km North-East from Helsinki city centre, on
5-16 Jun 2017 and 27 Nov—8 Dec 2017 covering both
summer and winter conditions . The street canyon is 42
m wide (W) and the mean building height (/) is 17 m
creating H/W value of 0.41. During both campaigns,
the Sniffer mobile laboratory (Pirjola et al.| [2012) was
measuring on three 2-hour time slots (morning and af-
ternoon rush hours and noon/evening) on workdays with
suitable weather conditions (i.e. not too rainy). The
mobile laboratory circled in the main street canyon and
side roads in addition to measuring background air and
standing still in the street canyon. On two days on both
campaigns, the vertical distribution of air pollutants was
measured using a drone during the same 2-hour slots.

The mobile laboratory measured the particle
number size distribution (ELPI, EEPS), particle mass
(PM2.5/PM10, TEOM), black carbon (AE33), and con-
centrations of Oz, NO, and NO (Horiba) with 1 s.
The drone measured lung deposited particle surface area
(LDSA, Partector), concentrations of NO, NO,,, Og, air
temperature and humidity (BH-8, Aeromon) with 1 s.
Continuous air quality concentrations were provided by
the supersite and the SMEARIII station (Jarvi et al.|
2009) located 800 m from the supersite. In latter, high-
frequency wind and temperature (USA-1 Metek) were
also continuously measured providing atmospheric sta-
bility and friction velocity, both of which are crucial
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variables for atmospheric dispersion. During the cam-
paigns, a similar instrument was also installed at the su-
persite providing local street canyon dispersion infor-
mation. The ELPI measurements made at the supersite
and with the mobile van will be converted to LDSA fol-
lowing |Kuuluvainen et al.| (2016).

The analyses of the campaign data are currently
ongoing and as an example Figure [T] shows the LDSA
measured by the mobile laboratory on the morning of
9th June. The next step is to classify data my means of
meteorological conditions allowing us to examine the
impact of these of the pollutant fields.
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Figure 1: LDSA measured by the mobile laboratory
on morning 9 June 2017. Different colours show the
driving routes: green = background, dark blue = street
canyon, yellow = standing at supersite, light blue = side
roads and orange = standing opposite supersite.
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Anthrophogenic aerosols can cause adverse
health effects and have a significant impact on global
climate. The volatility of aerosol particles is linked to
the chemical composition of particles. Therefore, the
investigation of volatility may provide valuable infor-
mation on the particle properties as well as their sources
and impacts on global climate and human health. Here,
we present preliminary results obtained from a field
campaign carried out in Helsinki in May 2017. Our aim
was to measure the volatility as a function of particle
size and combine it with the chemical composition ob-
tained by a mass spectrometer.

The measurement site was located at a kerbside
in a street canyon in Helsinki, Finland (Mikeldnkatu
50). Mikeldnkatu is one of the main streets of Helsinki
and it is leading towards city center. Measurements
were conducted during daytime between May 22nd and
May 29th in 2017. The chemical composition of submi-
cron particles was measured with a soot particle aerosol
mass spectrometer (SP-AMS, Aerodyne Research Inc.).
The time resolution of SP-AMS measurements was one
minute. Two electrical low pressure impactors (ELPI,
Dekati Ltd.) were used to measure aerodynamic parti-
cle size distributions with a time resolution of one sec-
ond. The sample was drawn from the roof of the mea-
surement site 4 m above the ground. The volatility of
aerosol particles was analyzed by using a thermode-
nuder. The thermodenuder was operated at four differ-
ent temperatures (50, 80, 150 and 265 °C). One ELPI
sampled upstream of the thermodenuder and the other
was sampling downstream. The sampling location of
SP-AMS was varied between upstream and downstream
of the thermodenuder. A total of 13 temperature ramps
were measured. One ramp consisted of measuring 10
minutes at each temperature (SP-AMS measured down-
stream) and one 10 minute measurement in which all
instruments measured from the same point upstream of
the thermodenuder.

The mass concentrations from the SP-AMS are
shown in Figure[T]as a function of thermodenuder tem-
perature. As shown in the figure, there is a very small
change in concentrations from upstream to 50 °C, which
is probably due to thermodenuder losses. 60 % of total
aerosol mass seems to evaporate at 150 °C and almost
85 % at 265 °C. Sulphate in aerosol particles seems not
to evaporate until at 265 °C when almost all sulphate
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evaporates. In addition, ammonium and nitrate is com-
pletely evaporated in that temperature. The results indi-
cate also that 15 % of the total aerosol mass is composed
of particles which evaporate in temperatures higher than
265 °C. This particulate matter composes of black car-
bon (soot particles) and organic compounds with low
volatility. The ELPI results revealed that, even though
85 % of the total mass evaporates at 265 °C, there is
still almost 40 % of the total number remaining indi-
cating the presence of low volatility compounds at ul-
trafine particle size range. Minimium evaporation effi-
ciency was at an aerodynamic diameter of 40 nm which
is close to the typical size of soot particles emitted by
traffic. In general, the results of the study demonstrate
the usefulness of combining the composition and size
distribution in volatility studies.
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Figure 1: The chemical composition of submicron par-
ticles as a function of thermodenuder temperature. The
measurement was conducted by the SP-AMS in the
roadside environment.
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Measurement of atmospheric sub-10 nm nanoparticle
number concentrations has been of substantial interest
recently, which, however, is subject to considerable
uncertainty that has not been examined thoroughly. We
report a laboratory characterization of a high flow
differential mobility particle sizer (HFDMPS), which is
based on the SEADM Half-mini type differential
mobility analyzer (DMA) (Fernandez de la Mora and
Kozlowski 2013) and Airmodus A11 nano condensation
nuclei counter (Vanhanen et al. 2011), and show the first
results from atmospheric observations from Hyytidla,
Finland during spring of 2017. The HFDMPS utilizes
the state-of-the-art aerosol technology, and is optimized
for particle size distribution measurements in the sub-10
nm size range by a moderate resolution DMA, optimized
and characterized low-loss particle sampling line
(Kangasluoma et al. 2016) and minimal dilution in the
detector.

We present an exhaustive laboratory calibration
to the HFDMPS (Figure 1) and compare the inverted
atmospheric particle number concentrations to the long-
term size segregated aerosol number size distribution
measured with the Hyytidlad long-term DMPS. Because
of the optimized sampling and higher sensitivity of the
HEFDMPS, it detects about two times more 3-10 nm
particles than the long-term DMPS (Figure 2), and by
having better counting statistics by a factor of 3.5-9
depending on the size, the counting uncertainties are

reduced about 50% as compared to the long-term DMPS.

The HFDMPS did not observe any sub-2.5 nm particles
in Hyytidld, and the reason for that was shown to be the
inability of DEG to condense on such small biogenic
particles, instead of lack of sensitivity. Last, we discuss
the general implications of our results to the sub-10 nm
DMPS based measurements.
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Figure 1. Characterization of the HFDMPS.
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Figure 2. Comparison of the 3-10 nm particle
concentrations measured by the HFDMPS and the
Hyytidla long-term DMPS.

Table 1. Size dependent median number of counts for
the DMPS systems.

3-4 nm 5-6 nm 7-8 nm 9-10 nm
DMPS 1 6 12 17
HFDMPS 9 21 40 81
Ratio 9.32 3.64 3.40 4.78
Table 2. Size dependent median relative counting
uncertainties [%] for the DMPS systems.
3-4 nm 5-6 nm 7-8 nm 9-10 nm
DMPS 86 53 45 39
HFDMPS 43 29 24 20
Ratio 0.50 0.54 0.54 0.52
References:
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Wet deposition is a significant removal process of
aerosol particles from the atmosphere. Precipitation
intensity, aerosol particle size and other microphysical
properties are the factors that affect the efficiency of the
process.

Precipitation is a significant climate variable in
the Maldives. During summer, the Maldives is under the
influence of the Indian monsoon, which brings warm
and moist marine air consisting mostly of natural
aerosols from the Indian Ocean. During winter, which is
the dry season, the air masses measured at the Maldives
are mainly coming from the Indian subcontinent and
thus bringing polluted air.

To study the effect of precipitation on long-range
transported aerosol particles in the Maldives, we used
two different data sets measured at the Climate
Observatory of Hanimaadhoo in the Maldives (MCOH),
which is one of the Atmospheric Brown Cloud (ABC)
observatories (Ramana and Ramanathan, 2006). The
first measurements were conducted during 2004-2008
using a Scanning Mobility Particle Sizer (SMPS.) The
second measurement period was during 2014-2017, and
the instrument used was a Differential Mobility Particle
Sizer (DMPS). In addition, we collected the
meteorological observation data measured at MCOH for
these periods and calculated hourly back trajectories and
cumulative rainfall along the trajectory for the
measurement periods using HYSPLIT 4.9 model
(Draxler and Hess, 1998). The meteorological data,
which provided both wind fields and precipitation for
the model, was the GDAS 1° dataset from National
Center for Atmospheric Research.
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Figure 1: A histogram of aerosol particle size
distributions measured with a SMPS at MCOH.

The results reveal different particle size
distribution shapes depending on the source region of
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aerosol particles (Figure 1); the highest concentrations
were observed in outflow from India and the Indo-
Gangetic plain. The particle size distributions were also
affected by the precipitation intensity en route to the
measurement site. The median particle number
concentration during the dry season in the first
measurement period 2004-2008 was 624 1/cm’ and
during monsoon season 178 1/cm?®. For the second
measurement period, during 2014-2017, the numbers
were 1647 1/cm® for dry season and 408 1/cm’ for
monsoon season.

We also studied the change in the aerosol particle
size distribution shape compared to different amounts of
rainfall by using the cumulative rainfall from the model
and in-situ measurements with the SMPS and DMPS.
The analysis was divided to cover different source
regions and seasons. Impact of precipitation on size
distribution shape in the tropics for different aerosol
types was then elucidated and compared with previous
studies made in other locations (eg. Tunved et al., 2013).
The results will be thoroughly discussed in the
conference.

The staff working at the Climate Observatory of
Hanimaadhoo is acknowledged for maintenance of the
measurements.
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Apart from having an important role in
defining air quality, atmospheric aerosols are found to
affect the Earth’s radiation budget. The aerosols impact
radiation directly by scattering and absorbing incoming
solar radiation and indirectly by changing cloud
properties via formation of cloud condensation nuclei
(CCN) (IPCC 2013). All these impacts are largely
affected by the size of the aerosol particles. Thus,
studying the parameters involved in the formation and
growth of atmospheric particles is essential for
understanding their role in our atmosphere.

Satellite measurements would be suitable tools to adopt
in studying the effect of aerosols on the amount of
radiation reaching the surface. Remote sensing
provides information about the spatial distribution of
aerosols and trace gases (Sundstrom et al, 2015), as
well as the vegetation structure and photosynthesis,
on a nearly global level.

In this study, our aim is to study the aerosol
radiation feedback based on satellite data (Fig 1) in
semi-clean boreal forest in southern Finland. The loop
examines the effect of introducing a perturbation of
+10ppm in CO2 concentration, first on temperature.
The temperature dependence of oxidation products of
BVOC:s is then investigated. SOA (secondary organic
aerosols) concentrations would be affected by any
changes to the level of these oxidation products, yet
would also directly influence CS (condensation sink).
The ratio of diffuse radiation to global radiation (R =
Rd/Rg) is defined to describe any possible effect on
photosynthesis. Finally, to close the loop, the
approximate nature of CO2 concentration dependency
on the level of photosynthesis is examined.

We focused on cloud-free conditions to
diminish the effect of clouds (Kulmala et al, 2014). To
achieve this purpose, we used MODIS cloud mask data
in our study. Here, we used satellite-based radiation
data from CERES instruments. Furthermore, re-
analysis temperature from ERA- Interim (global
atmospheric reanalysis) was used.

We found positive correlation between
satellite-derived R and re-analysis temperature during
clear day in Hyytiéld as it is shown in Fig 2.
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Figure 1: The aerosol radiation feedback loop. Where
GPP is gross primary production, SOA is secondary
organic aerosols, CS is the condensation sink and R is
the ratio between diffuse radiation (Rd) and global
radiation (Rg).

R=Ry/R,

041

© R=0.48942,p=6.9574-09
—— y=0.0066452x+-0.0080207

Reanalysis Temperature [C]

Figure 2: One hour median of R from Ceres instrument
as a function of re-analysis temperature for Hyytidld
station during daytime on June and July from 2000 to
2016. We considered here clear days detected by
MODIS cloud mask.
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Introduction

During the latest decades the improvements
in means of analysing and sharing big data sets have
made it possible to easily analyse complex data from
across the globe. This requires inter-comparable
data. The production of such data sets calls for wide
networks producing harmonized data sets over large
geographical area, and storing and delivering the
data in a common way. This requires a lot of
coordination.

International Research Infrastructures are the
European answer to these needs. They enable
implementation of scientific instruments and
networks that are too big for any nation to build
alone. They also enable a more continuous funding
scheme for large scale international operations.

ACTRIS

In the field of aerosol the research
infrastructure is ACTRIS (Aerosols, Clouds and
Trace gases Research Infrastructure). It is a research
infrastructure for observing and providing tools for
research on the short-lived components of the
atmosphere.

ACTRIS is planned to consist of National and
Central Facilities. The National Facilities are the
numerous  existing and  to-be-implemented
measuring sites, mobile research platforms,
simulation chambers and laboratories producing
atmospheric data. The Central Facilities are Head
Office, Data Centre and six Topical Centres for
calibration and operational support for different
measurement instruments.

ACTRIS is currently in preparation. Some of
its parts are already providing data via EBAS and
other data delivery services, but the provision of
more harmonized ACTRIS data and services is
planned to start in 2020, and ACTRIS aims to be
fully operational in 2025. There are currently 24
countries involved in the preparation of ACTRIS, 15
of them also at the ministry level (Figure 1).

As a research infrastructure ACTRIS will be
based on international agreements between the
ACTRIS member states. The states commit
themselves to fund their share of the national and
international ACTRIS activities for five years at the
time, and gain advantage to their scientific
community via ACTRIS.
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Figure 1. Countries participating in preparation of
ACTRIS at both ministry- and research
organization level (green) and at research
organization level only (yellow).

ACTRIS services

The first and most obvious ACTRIS service
is the data, which will available for free via the
ACTRIS Data Centre. The data will inter-
comparable due to common measurement and data
processing protocols, and quality controlled via
regular calibrations of the instruments. Besides data
delivery the Data Centre provides virtual tools for
processing the data online.

Another ACTRIS service is to provide
supported access to the Topical Centres and to
selected National Facilities via a competitive
selection process. This way the most promising
research projects will always have access to the best
facilities and expertise available.

ACTRIS also provides training and education
related to instruments and processing of atmospheric
data. Furthermore, ACTRIS gives a stronger voice in
the policy making for the related scientific
communities.
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The Registration, Evaluation, Authorization, and
Restriction of Chemicals (REACH) regulation No
1907/2006 implemented by European Chemical
Association (ECHA), demands that manufacturers or
importers must report or estimate human exposure by all
relevant routes to determine the appropriate risk
management measures and prevent excessive exposure
(EC, 2006). By the end of May 2018, this will apply to
all chemicals that are manufactured or imported in
quantities over 1 metric ton per year within the European
Union. This means that exposure has to be assessed for
hundreds of thousands of chemicals by all potential
routes including environmental, occupational and
consumer exposure scenarios. This can be fulfilled only
by worst case or predictive exposure modelings.

STOFFENMANAGER® (stoffenmanager.nl)
and the Advanced REACH Tool (ART;
advancedreachtool.com) are higher tier occupational
exposure models recommended in REACH guidance for
occupational exposure assessment. These models are
primarily mechanistic models based on exposure
determinants and are different from physical mass-
balance models (Figure 1). Mechanistic models are more
difficult to test for potential model errors than physical
mass-balance models.

Recently, it was found that there was an error
in the general ventilation multipliers in the
STOFFENMANAGER® and the ART models. The
general ventilation multipliers in the two models are
calculated using a standard Near-Field/Far-Field (NF/FF)
model (Hemeon, 1963). We recalculated the multipliers
and found that those should be up to 280% higher than
the values used in STOFFENMANAGER®. For 1- and
8-h exposure estimates using ART, the error resulted in
<17 % and <41 % lower concentrations than with
original ventialtion data, respectively. The error has
greatest influence on exposure calculated for small
rooms with low ventilation rates. The exposure score
calculated by the models is directly proportional to the
general ventilation multipliers, but the personal
exposure estimates is given using calibration factors to
adjust relevant exposure measured data.

Eventhough the error results in more
precautionary exposure scores, the wide use of
especially STOFFENMANAGER® (>32.000 users), the
observed error could have an impact on decisions made..
It needs to be assessed whether model evaluation,
sensitivity testing, calibration and validation should be

70

revisited (see Savic et al. 2016 and its references;
Landberg et al. 2017; Spinazzé et al. 2017).

Another approach for exposure assessment is
direct use of mathematical mass balance models. These
models consist of three parts: ventilation-dispersion
model, emission source strengts, and controls (Figure 1).
Emission source libraries are currently in development
(Koivisto et al. 2017; Schneider and Jensen, 2008) and
high quality emission control efficacy libraries exists
(Fransman et al. 2008).

Examples will be given on use of both types of
models for occupational exposure assessment to discuss
potential consequences on results.

P -1y + Mg = Mg + my + 1y + Mgy,

VOC, SO, COs,
NOx, PM, O .

5 - .
gnu i Min my Moye
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Figure 1: Scheme of mass flows in a single compartment
mass balance model compromising filtered (P) outdoor
pollutions (m;,), source 1tg , room concentration (mg),
accumulation to human (1) and surfaces (1), and
mass flow to environment (111,,,;).
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Oxidized organic compounds are believed to be
important in the formation and growth of atmospheric
particles (Riipinen et al., 2012; Riccobono et al., 2014).
However, a robust physical description of particle
formation involving sulfuric acid, bases and organic
vapors is missing. One of the mechanisms proposed to
depict this process is nano-Kohler theory, which
describes the activation of inorganic clusters to growth
by condensation of soluble organic vapor (Kulmala et al.,
2004). In this work, we use molecular-resolution cluster
kinetics simulations to study if nano-Kdohler theory can
be used to describe the growth of atmospheric molecular
clusters.

We simulated the time-development of
atmospheric cluster concentrations starting from vapor
monomers up to clusters with mass diameter of ~3 nm
by solving the discrete general dynamic equation for
each cluster (Olenius and Riipinen, 2017). The
simulated systems included two model compounds: a
quasi-unary sulfuric acid—base mixture and an oxidized
organic compound. In most simulations the inorganic
compound was set to have the mass of a sulfuric acid—
dimethylamine cluster (SA—-DMA) and saturation vapor
pressure ps = 0. The properties of the organic
compound were varied but in most simulations it was set
to have a mass of 300 amu and psy = 10% Pa,
representing a low-volatile organic compound (LVOC).
We performed several sets of simulations to study 1) the
effect of the volatility, mass and concentration (Corg) of
the organic vapor, 2) the effect of the volatility and
concentration of the inorganic vapor (Csa), and 3) the
effect of time-dependent vapor concentration profiles.

From the simulated cluster concentrations, we
determined the contributions of different vapor
monomers and clusters to the growth over selected
threshold sizes. Figure 1 shows these for the simulations
with different concentrations of SA—-DMA and LVOC.
When Corg = 10° cm™, SA monomer dominates the flux
at all sizes. However, when Corg = 107 cm™ LVOC
monomer has a significant contribution to the flux at 1
nm and at 2 nm and above, but only a minor contribution
at 1.5 nm. This behavior resembles nano-Kohler
activation, where the critical size, corresponding to the
peak of the Kohler curve, is around 2 nm. When Corg =
108 cm3, a similar behavior can be observed. When Corg
= 10° em3, LVOC dominates the growth at all sizes.
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Figure 1: Contribution of different vapor monomers and
clusters to the net flux past certain threshold sizes in
simulations with SA-DMA and LVOC at Csa = 10° cm™
and Corg = 10°-10° cm™. The values are at steady state.

We determined the apparent cluster growth rates
(GR) using the method that is applied for measured data
(Lehtipalo et al., 2014). We found that GR often increases
at sizes where the organic vapor starts to contribute to the
growth, but other dynamic processes can also cause a
similar increase in GR. We also determined the cluster
activation size from the nano-K&hler theory and
compared it to the simulation results. The comparison
suggests that the nano-Kohler theory cannot predict the
exact size at which the organic vapor starts to contribute
to the growth.

Overall, our results show that depending on the
organic vapor saturation ratio (Sorg) and the ratio between
organic and sulfuric acid concentrations, different growth
mechanisms prevail. When Sorg = ~4—40 and Corc/Csa=
~10-10000, nano-Kohler type behavior is observed.
When Sorg and Corg/Csa are lower than these values, SA
dominates the growth at the studied sizes, whereas with
the larger values the organic compound dominates.
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The study is devoted to the global problem of environ-
mental pollution with anthropogenic persistent organic
compounds which now is increasingly attentive at na-
tional and international levels. The Integrated back-
ground monitoring network (IBMoN) was established
and developed from 1980s in Eastern European coun-
tries to trace and evaluate the increasing anthropogenic
impact on natural ecosystems by the emitted harmful
pollutants. The IBMoN stations in the territory of the
Russian Federation are operated by Roshydromet and
they are located in pristine areas of biosphere reserves in
European Russia.

The airborne polyaromatic hydrocarbons (PAH,
mostly benz(a)pyren and benzperylen) are measured in
air or precipitation samples collected at all stations
through whole year under the unified program of obser-
vations (Izrael and Rovinsky, 1992). The mass concen-
trations in samples are determined by the high-perfor-
mance liquid chromatography applied for the analysis of
the priority PAH components. The datasets is concate-
nated year-by-year for the long period since early 1990s.

Our study covers investigation the PAH concen-
tration levels in near surface atmosphere (in aerosol
form) and their variations at four IBMoN stations on the
European Russia over the period of 1995-2017. Along
the recognition of indicative seasonal variability of
benz(a)pyrene and benzperylene in air the statistical pro-
ceeding was done for the disclosure and evaluation of
statistically reliable trends, their seasonal, harmonious
and casual components.
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The results demonstrated that the dynamics of PAH con-
centrations in the air have irregular changing character
with non-evident seasonal variations. Maximum values
always occur during the cold seasons. These findings
were verified with the reference to the similar parame-
ters obtained from EMEP observations and modelling
results.

We compared trends of PAH observed at Russian
IBMoN sites with the results of trend evaluation for
other stations within region of EMEP (Co-Operative
Program for Monitoring and Evaluation of the Long
Range Transmission of Air Pollutants in Europe). The
difference among the temporal changes of airborne PAH
over areas of EMEP countries and IBMoN is discussed.

Izrael, Y. A. and F. Y. Rovinsky, 1992. Integrated back-
ground monitoring of environmental pollution in
midlatitude Eurasia. WMO-GAW No 72, WMO TD
No.434, 80 p.
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Atmospheric air pollutants are responsible for plenty
of human diseases and even for up to 7 million
premature deaths per year (WHO, 2014). Not just
pollutants but also other aerosol particles play important
role in atmospheric chemistry and processes such as
light scattering, absorption of radiation, cloud nucleation
or ice crystallization. Approximately half of all particles
in the Earth’s atmosphere are formed from gaseous
precursors, while the rest are emitted as particles.
Unfortunately, the processes of formation are not still
well understood. In this work, we focus on small acid-
based clusters relevant to the atmosphere (Loukonen et
al., 2010; Torpo et al., 2007, Herb et al., 2011) [2-4]
which seems to be driving particles growth.

For an accurate theoretical analysis of molecular
clusters, a proper configurational sampling of clusters is
required. Unfortunately, since the number of possible
conformations (minima on a multidimensional potential
energy surface (PES), see Figure 1) is growing
exponentially with the size of molecular cluster, proper
searching of the PES becomes computationally very
expensive. Thus, we have to use some tricks for desired
but still proper sampling.

Figure 1: An illustrative example of a cut through
a potential energy surface.

In this work, we would like to present a general
way for theoretical configurational sampling
of equilibrated molecular clusters containing mixtures
of different molecules. This method is illustrated using
molecular clusters containing mainly sulphuric acid
(H,S0,) and guanidine (CHgzN3) molecules in different
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ratios. Since this pair of mentioned molecules often
undergoes proton transfer (see Figure 2), it is very
difficult to bring any effective approximation for

p--l .

mmul

Figure 2: Illustration of the proton transfer between
sulphuric acid (H,S0,) and guanidine (CHgN3).

theoretical description of these clusters. Thus,
the exploring of the PES becomes even more expensive.
We have developed a conformational sampling method
employing molecular mechanics on rigid molecules,
which is ultimately corrected by quantum methods.
In equilibrium, protons, which undergoes the proton
transfer, are closer to one of the sharing molecules. Thus,
the preliminary selection of rigid molecules can contain
also deprotonated or protonated versions of its neutral
cases. For finding the minimum shown in Figure 2,
the best initial selection would be based on one
hydrogensulphate anion (HSOZ) and one guanidium
cation (CHgN7). We would like to present also results
for clusters containing more than 5 molecules. Moreover,
we are comparing this method with some already
existing methods to demonstrate its advantages.
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Air pollution is one of the greatest environmen-
tal threats to urban population, but still our capacities to
study and understand the processes controlling pollutant
distributions are limited. Dispersion and transforma-
tion of both aerosol particles and gaseous pollutants are
ruled by local wind conditions, which in turn are mod-
ified by the presence of obstacles such as buildings and
vegetation, their thermal properties as well as solar radi-
ation. This urban complexity is, however, inadequately
represented both by current air quality models and field
measurements. For detailed modelling of urban air
quality, the most promising method is the large-eddy
simulation (LES), which resolves the three-dimensional
turbulent fields of wind and scalars. With the increasing
computing performance, application of computationally
expensive LES can be extended to air quality modelling.
Therefore, the objectives of this study are to develop and
evaluate a computationally efficient, high-resolution ur-
ban LES-based air quality model, that can be used to
understand the spatially and temporally varying air pol-
lutant fields within complex urban structures. Here the
focus will be on the aerosol scheme but the used model
also includes a gas-phase chemistry module.

The study applies an LES model PALM
(Maronga et al.l [2015)), which is especially suitable for
simulations over a complex urban area owing to its fea-
tures including schemes for a Cartesian topography, ur-
ban vegetation and solar radiation, and a land surface
model to describe the physical and thermal properties
of different surfaces. In this study, a sectional aerosol
module SALSA (Kokkola et al.l 2008) has been em-
bedded to PALM to consider the evolution of parti-
cle concentrations and size distributions (PSD) as well
as their chemical composition due to aerosol dynamic
processes and local emissions. The coupled PALM-
SALSA includes the processes of coagulation, conden-
sation, dissolutional growth, nucleation and dry depo-
sition of aerosol particles on surfaces, including vege-
tation. The aerosol scheme can be coupled with a gas
chemistry module to acknowledge changes in the gas
phase.

First evaluation of the aerosol scheme within
an urban LES simulation is conducted against pseudo-
simultaneous measurements of the vertical distribution
of PSD in Cambridge, UK (Kumar et al., 2008). PSDs
were measured on the leeward side of a street canyon as
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Figure 1: Vertical distribution of the total aerosol par-
ticle number concentration N;o; (m~3) in Cambridge,
UK. Modelled profiles are given in blue and the mea-
sured with a black line with stars.

well as at a background site for consecutive 24 hours in
March 2007. Simulations have been conducted for an
idealistic topography including a single, infinitely long
street canyon. Preliminary results show that PALM-
SALSA can produce the vertical distribution of aerosol
particles concentrations even with a simplified represen-
tation of the surrounding topography (Figure [I). How-
ever, simplified topography omits many turbulent scales
and transport of air pollution from the surroundings.
Therefore, next step is to run the model for a 500 m
x 500 m domain with a 1-m resolution and a detailed
description of the buildings and vegetation of the sur-
rounding area.

Maronga, B., Gryschka, M., Heinze, R., et al. (2015).
Geosci. Mod. Dev., 8:2515-2551.

Kokkola, H., Korhonen, H., Lehtinen, K. E. J., et al.
(2008). Atmos. Chem. Phys., 8(9):2469-2483.
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Env., 42(18):4304-4319.
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A combination of statistical thermodynamics
methodology with relatively simple quantum-chemical
molecular data has proven useful for exploring the
properties of compound types for which experimentally
measured properties are scarce. We have recently
applied the COSMO-RS approach (Klamt, 1995), as
implemented in the COSMOTherm program (Eckert and
Klamt, 2002), to explore the saturation vapor pressures
and Henry’s law constants of potential products formed
in both sequential and peroxyradical-based autoxidation
of o-pinene (with either O; or OH as the initiating
oxidant), as well as to evaluate Setschenow constants for
a large range of atmospherically relevant solute-salt
combinations. Comparison to experimental data on a
limited set of related compounds indicates that while
these COSMOTherm results are far from quantitative,
the predictions are systematic. For example, saturation
vapor pressures are likely overestimated by up to one
order of magnitude per intramolecular hydrogen bond
even with the newest and  highest-level
parameterizations available (Krieger et al.,2018), while
Setschenow constants are systematically biased toward
greater salting out (Toivola et al., 2017). Nevertheless,
COSMOTherm allows us to make useful order-of-
magnitude predictions of both saturation vapor pressures,
solubilities and salting behavior for systems for which
no other modelling method is currently applicable. For
example, our calculations strongly suggest that products
of OH - initiated monoterpene autoxidation have
significantly lower volatilities than the corresponding
products of O, — initiated autoxidation with identical
numbers of carbon and oxygen atoms.

Isoprene dihydroxy dihydroperoxide
(ISO(POOH),; see Figure 1) provides a useful test
system for evaluating volatility predictions of
autoxidation products. ISO(POOH), contains four
hydrogen-bonding functional groups, and its saturation
vapor pressure has recently been experimentally
estimated as 107 bar (D’Ambro et al., 2017).
ISO(POOH), is chemically representative of larger (e.g.
monoterpene) autoxidation products, yet small enough
that all conformers of all structural and stereoisomers
(about 70 000 in total) can be explicitly simulated.
COSMOTherm-predicted saturation vapor pressures for
the atmospherically dominant structural isomer (“isol”)
of ISO(POOH), are 1-2 orders of magnitude larger than
the experimental estimate (see Figure 2), consistent with
an overestimation of a factor of 2-3 for each of the four
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intramolecular H-bonds. Unfortunately, test calculations
also demonstrate that the default conformational
sampling method implemented in the COSMOconf
module is inappropriate for the ISO(POOH), system, as
the predicted saturation vapor pressure varies by up to a
factor of 40 depending on the arbitrary input conformer.
We also find large differences (up to a factor of 100) in
saturation vapor pressures between stereoisomers, as
well as between structural isomers, where the OH and
OOH groups are located on different carbon atoms. For
example, isomers with OOH groups on adjacent carbon
atoms tend to have lower saturation vapor pressures,
likely because of steric strain preventing efficient
intramolecular H-bonding in these systems.

OOH OOH OOH
HO OH HO OOH HOO OH
OOH OH OH
iso 1 iso 2a iso 2b

Figure 1: The three atmospherically relevant structural
isomers (out of a total of 6 isomers) of ISO(POOH),.
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Figure 2: Predicted saturation vapor pressures (298 K)
of different (stereo)isomers of ISO(POOH),, using 100
conformers generated by COSMOconf, starting from the
lowest-energy (spheres) or highest-energy (triangles)
conformer from the full set (ca 2500-3000 per isomer),
at the BP-TZVPD-FINE level, with COSMOTherm
version C30-1705. The experimental value is ca 10 bar.
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Eckert, F. and Klamt, A. (2002). AIChE J. 48: 369-385.
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Krieger,U., etal. (2018). Atmos. Meas. Tech. 11:49-63
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Particulate matter (PM) poses health risks to
citizens, and therefore detailed understanding of
spatial distribution of PM is desirable (Mayer, 1999).
Currently, high unit cost of standardized monitoring
equipment limits the availability of dense air quality
monitoring  networks. Inexpensive  monitoring
methods, such as sensors, have been therefore
considered as a prospective tool for complementary
air quality monitoring (Kumar et al.,, 2015).
However, documentation about the accuracy and
detailed response characteristics of the inexpensive
sensors remains limited (Rai et al., 2017).

A novel laboratory evaluation method was
developed to characterize the response properties of
inexpensive Shinyei PPD42NS and PPD60PV
sensors (Kuula et al., 2017). A continuously
changing monodisperse size distribution was created
by feeding two different solutions to the Vibrating
Orifice Aerosol Generator (VOAG), one by one. The
diffusion between the separate solutions creates a
particle size gradient illustrated in Fig 1. This
evaluation method is particularly wuseful in
characterizing the sensor response as a function of
particle size. A single test run lasts less than 15
minutes.

Number distribution

Elapsed time [minute]

10’
CMD [pm]

Figure 1. Generated number distribution of the novel
evaluation method.

Two different particle compositions (crystalline
white solid and transparent liquid) were accounted in
order to examine whether the change in optical
properties influenced the responses of the sensors.
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Additionally, a field test was performed where the
results of the laboratory tests were validated.

The Shinyei sensors responded to particulate
mass concentration stimulus rather than number
concentration. The highest detection efficiency for
the PPD42NS was within particle size range of 2.5 —
4 pum, and the respective optimal size range for the
PPD60PV was 0.7 — 1 ym. The field test yielded high
PM mass correlations (R? = 0.962 and R* = 0.986) for
viable detection ranges of 1.6 — 5 and 0.3 — 1.6 ym,
when compared to a medium cost optical dust
monitor. As the size distribution of atmospheric
particles tends to be bimodal, it is likely that
indicatively valid results could be obtained for the
PM, ., s size fraction with the PPD42NS sensor. And
respectively, the PPD60PV could possibly be used to
measure the PM, s size fraction.

This study was funded by TEKES funded INKA-
ILMA/EAKR project (Tekes nro: 4588/31/2015) and
by the Regional innovations and experimentations
funds AIKO, governed by the Helsinki Regional
Council (project HAQT, AIKOO014).

Kumar, R., Morawska, L., Martani, C., Biskos, G., et
al., (2015). The rise of Low-Costing Sensing for
Managing Air Pollution in Cities Environ. Int.,
74, 199-205.

Kuula, J., Mikeld, T., Hillamo, R. & Timonen, H.
(2017). Response characterization of an
inexpensive aerosol sensor. Semnsors, 17(12),
2915; doi: 10.3390/s17122915.

Mayer H. (1999). Air Pollution in Cities.
Atmospheric Environment. 33, 4029-4037.

Rai, A.C., Kumar, P., Pilla, F., Skouloudis, A.N., et
al., (2017). End-User Perspective of Low-Cost
Sensors for Outdoor Air Pollution Monitoring.
Science of the Total Environment. 607, 691-705.
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Traffic is known to emit a considerable amount of
aerosol particles that influence on climate and human
health. However, the knowledge on the smallest
particles emitted by traffic is limited and e.g. the
emission factors of such particles have not been largely
studied. Modern aerosol instruments enable particle
measurements down to approximately 1 nm, so the
fraction of sub-3 nm particles, referred here as
nanocluster aecrosol (NCA), can be studied.

In our recent publication (Ronkkd et al., 2017),
the NCA was studied through stationary roadside
measurements in an urban street canyon and in a
semiurban area, engine laboratory measurements with a
modern diesel engine and on-road measurements in
different environments while driving through the Europe
with a mobile laboratory. The measurements were
conducted during the years 2012-2015. In the spring of
2017, more measurements were carried out in a street
canyon. In this abstract, we combine the old and the new
results. A key instrument in all measurements was a
particle size magnifier (PSM, Airmodus, Finland),
which is capable of growing and detecting particles
down to approximately 1 nm. The fraction of the NCA
was obtained by either using a PSM in a step mode or
measuring number concentrations simultaneously with a
PSM and a condensation particle counter (CPC) with
different cut-off sizes. In the experiments, the NCA
measurement was supported e.g. by measurements for
gaseous pollutants, particle size distribution and weather
data.

The measurement data was sorted according to
the wind direction to analyze the origin of the NCA.
From the measurement data, the NCA concentrations in
different urban environments were obtained, diurnal
variation of the NCA on roadside was analyzed, and the
emission factors of the NCA for different environments
and engine loads were calculated with help of the
simultaneously monitored CO, concentrations.

The fraction of the NCA varied with the
measurement location but proved to be significant in all
of the measurements, sometimes even over 50 % of the
total particle number concentration in the air. Our results
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show that the amount of the NCA varies with the wind
direction, i.e., higher concentrations are observed when
wind direction is from the road to the measurement site,
and with the diurnal variation of traffic. The driving
situations and the engine load also seem to affect the
NCA concentrations. As an example of the results,
Figure 1 shows the diurnal variation of the NCA
concentration on weekdays during the roadside
measurements in the spring of 2017.
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Figure 1: Diurnal variation of nanocluster acrosol (NCA)
concentration in a street canyon on weekdays.

Previously the atmospheric NCA has been
assumed to originate from atmospheric new particle
formation, but our measurement results show that, in
urban areas, the NCA can be directly emitted by traffic.
NCA may form when hot gaseous precursors in engine
exhaust cool rapidly or in combustion processes. In
general, the NCA emissions of traffic may have a
significant impact on air quality, climate and human
health.

This work was funded by Tekes—the Finnish Funding
Agency for Innovation, Academy of Finland Grants
283455, 259016, and 293437, Cleen Ltd. (MMEA
project), Dinex Ecocat Oy, Neste Oyj, AGCO Power, Ab
Nanol Technologies Oy, Helsinki Region Environmental
Services Authority HSY and Pegasor Oy.

Ronkko, T. et al. (2017). Traffic is a major source of
atmospheric nanocluster aerosol. Proceedings of the
National Academy of Sciences, 114, 7549—7554.
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Anthropogenic air pollutants emitted from
Ocean-going vessels (OGVs) reach significant concen-
trations especially in coastal areas. The main focus of
this study was to create accurate emission data for par-
ticulate matter and gases like SO,, NO, and volatile or-
ganic compounds (VOC). Chemical composition of
submicron particles (< 1.0 ym) were also measured
continuously. There are some literature available from
on-board measurements on typical heavy fuel oil (HFO)
engine at sea (Aakko-Saksa et al., 2016, Agrawal et al.
2010), but experimental measurements at realistic oper-
ation conditions and sufficient level of detail are scarce.
The measured vessel was equipped with wet open loop
SO, scrubber in order to reduce SO, emission levels
comparable to 0.1 % sulfur content fuel also when using
fuel with higher sulfur content. The vessel also had a
Diesel Oxidation Catalyst (DOC) installed before the
scrubber.

Real-time measurements were recorded for both
the open sea cruising and harbor operation. The roro
passenger ship used two different fuel types: Marine
Gas Oil (MGO) and Heavy Fuel Oil (HFO). The emis-
sion measurements for particle chemical composition
were conducted from exhaust pipe after the DOC and
the scrubber, but gaseous compounds were measured
both before and after the DOC and scrubber.

The particle sampling downstream the scrubber
system was performed with a Fine Particle Sampler
(FPS, Dekati Oy) equipped with a stack heater probe.
In the FPS, the first stage dilution is performed with a
perforated tube diluter whereas the second stage dilu-
tion unit is an ejector. The dilution air was set to the
temperature of about 25 C. Total dilution ratio was de-
termined with trace gas (CO,) measurements in both ex-
haust and diluted exhaust. The concentrations of total
organic compounds, nitrate, sulphate, ammonium, chlo-
ride, and black carbon in particle phase (< 1 ym) were
measured after dilution from fresh primary exhaust gas
with high-resolution soot particle aerosol mass spec-
trometer (SP-AMS) (Onasch et al., 2012). In addition,
black carbon concentrations was measured with a dual-
spot aethalometer (AE33, Magee Scientific) (Drinovec
et al., 2015). Particle number concentration and size
distribution was measured using two SMPS-CPC sys-
tems (TSI Inc.) measuring particle size between 2.5-60
nm and 10-400 nm. Fourier transformation infrared
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(Gasmet DX-4000) was used to measure components
from gas phase. Chemical composition of fine particu-
late matter of both fresh primary emissions and aged
exhaust were measured to study the formation of sec-
ondary organic aerosols. Aging was simulated using a
Potential Aerosol Mass (PAM) oxidation chamber
(Aerodyne Research Inc.)

During open sea cruising when HFO was used
sulphate and organics were main components in the
submicron particulate matter, representing over 90 % of
the PM,. Concentration of black carbon was low (typi-
cally < 3 mg m ?), although it increased when MGO
was used and at low engine loads. FTIR measurements
showed that the scrubber decreased SO, emissions to
levels lower than the 0.1% Emission Control Area
(ECA) requirement. VOC emissions were reduced by
the DOC and very low concentrations were measured.

European Union (European Regional Develop-
ment Fund) funded project Environmental Impact of
Low Emission Shipping: Measurements and Modelling
Strategies (EnviSuM), and Trafi (58942) are acknowl-
edged for financial support.
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Congress on Combustion Engines, At Helsinki,
Finland, Volume: CIMAC, Paper no. 068.

Agrawal, H., Welch, W.A., Henningsen S., Miller,
J.W., Cocker, D.R., Emissions from main propul-
sion engine on container ship at sea, (2010), J. Ge-
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Solar Radiation Management (SRM) and Car-
bon Dioxide Removal (CDR) methods are proposed to
prevent climate warming if fast enough carbon dioxide
emission reductions are not put into action and the cli-
mate will warm in the near future. SRM methods are
aiming to increase the Earth’s solar reflectivity which
would result in cooling at the surface. However, it has
been shown that if the temperature increase due to in-
creased greenhouse gases is compensated by SRM, it
will lead to a decrease in the global mean precipita-
tion. This is because of the changes in the radiative
flux between the top of the atmosphere and the surface,
which are then compensated by a reduced latent heat
flux which in turn reduces the global mean precipitation
Laakso et al.|(2017)Samset et al.| (2016).

Here we have studied geoengineering scenarios
in this century. These are compared against a represen-
tative concentration pathway 4.5 scenario which, com-
pared to current climate, would lead to a 1.20-1.30 K
warming and a 1.75 % increase in the global mean tem-
perature and the precipitation, respectively, before the
end of 21st century. All geoengineering scenarios are
based on RCP 4.5 for the years 2010-2100. In the first
two scenarios, the global mean temperature or precipi-
tation is kept stable by SRM. In the third scenario, 1%
of the atmospheric CO4 load is removed each year un-
til the year 2070. Model simulations are done by us-
ing MPI-ESM and CESM. In these models the strato-
spheric aerosol fields for SRM are included as pre-
scribed fields, from an aerosol-climate model ECHAM-
HAMMOZ simulation.

The results show that in average 110 Tg(S) and
104 Tg(S) sulfur is needed in MPI-ESM and CESM, re-
spectively, for keeping the precipitation at the 2010 level
until year 2100. However, keeping the temperature at
the 2010 level requires almost double the amount of sul-
fur (306 Tg(S)) in MPI-ESM compared to the simula-
tions with CESM (178 Tg(S)). Compared to the current
climate, this will lead to -1.42% and -0.7% reductions in
the global mean precipitation in MPI-ESM and CESM
simulations, respectively. Thus, temperature and pre-
cipitation responses of SRM depend on the model used
and how the radiation will change at the top of the at-
mosphere and at the surface. For example if a different
ocean albedo for diffused and direct radiation is taken
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into account, in the case of SRM, responses in the ra-
diative budget and climate are significantly different.

Modelled CDR scenarios prevent warming
which is seen in scenario RCP 4.5 with no geoengineer-
ing and the global mean temperature is roughly the same
in the last decades in the 21st century as in the beginning
of the simulation (2010). Surprisingly, the global mean
precipitation is still 0.5% larger in 2100 than in 2010,
even though global mean temperature is the same. This
this because of the difference in the radiative fluxes in
2010 and end of the simulation in the CDR scenario,
which further leads to a different latent heat flux and an
increase in global mean precipitation.
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Figure 1: Global mean a) temperature and b) precipita-
tion anomaly

Laakso, A., Korhonen, H., Romakkaniemi, S., and
Kokkola, H. (2017). Atmos. Chem. Phys., 117, 6957-
6974

Samset, B. H., G. Myhre, P. M. Forster, @. Hodnebrog,
T. Andrews, G. Faluvegi, D. Fldschner, M. Kasoar,
V. Kharin, A. Kirkevag, et al. (2016). Geophys. Res.
Lett., 43, 2782-2791
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New particle formation (NPF) is an important yet
poorly understood source of aerosol particles and cloud
condensation nuclei in the atmosphere. In order to gain
a more complete picture of NPF in the lower tropo-
sphere, we measured vertical profiles of aerosol parti-
cles down to 1.5 nm using an instrumented small air-
plane.

A Cessna 172 was equipped with a particle size magni-
fier (>1.5 nm particle number concentration), TSI 3776
CPC (>3 nm particle number concentration), scanning
mobility particle sizer (10-400 nm particle number-size
distribution) and meteorological sensors. In May 2017
the measurement flights (6 days and 40 hours in total)
were performed around Hyytidld, southern Finland and
in August 2017 the flights (12 days and 63 hours in to-
tal) were around Varrio or Pallas in northern Finland.

We found elevated number concentrations of 1.5-3 nm
particles and 3-10 nm particles in the interface between
the residual layer and the free atmosphere, also known
as the capping inversion (CI), suggesting that NPF was
taking place in the layer. The subsiding particles were
entrained into the developing convective boundary
layer (CBL) and a growing nucleation mode was ob-
served at the field station. The new mode was missing
the initial growth phase of the particles, which suppos-
edly happened in the CI. A simultaneously flying sec-
ond Cessna with an onboard APi-TOF was measuring
during the May 2017 campaign. These measurements
might be able to shed more light on the particle forma-
tion process.

A suddenly appearing growing nucleation or Aitken
mode without the initial particle growth is a common
finding in the number size distribution measured at the
SMEAR 1I station. A comparison with lidar measure-
ments and soundings should elucidate if the particles
indeed originate from entrained capping inversions.
Our findings are in line with previous observations
from Germany (Platis et al., 2015) and recent observa-
tions from the US (Chen et al., 2018; Dadashazar et al.,
2017).
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Figure 1: Panel A shows the particle number concentra-
tion between 1.5-3 nm and panel B the temperature
measured on board the airplane over Pallas on the
morning of August 23, 2017. A temperature inversion
at 1 km, below which the particle concentration was in-
creased, suggests the presence of a boundary layer. A
capping inversion is left from the previous day’s CBL
at 2 km, which is where the number concentration is el-
evated.

Platis, A. et al. (2015). Bound.-Layer Meteorol. 158:67-
92.

Chen, H. et al. (2018). Atmos. Chem. Phys. 18:311-326.

Dadashazar, H. et al. (2017). Atmos. Chem. Phys. Dis-
cuss.



EXPANDING FIELD STUDY CCN MEASUREMENTS WITH CLUSTER ANALYSIS OF
LONG TERM SMPS DATA

R. LANGE!, M. DALL'OSTO? R. HARRISON?, D. C. S. BEDDOWS*# H. SKOV! and A. MASSLING'

!Center for Arctic Research, ICLIMATE, Department of Environmental Science, Aarhus University, Denmark
nstitute of Marine Sciences, Barcelona, Spain
3National Center for Atmospheric Sciences, University of Birmingham, United Kingdom
‘Department of Environmental Sciences, King Abdulaziz University, Saudi Arabia

Keywords: CCN, Arctic aerosol, SMPS, k-means cluster analysis

In this work we use k-means cluster analysis of long
term particle number size distribution data to expand
measurements of Arctic aerosol CCN concentrations,
from two field studies. Thereby gaining insights into
longer term patterns and seasonal variation of Arctic
aerosol CCN populations.

Measurements of Arctic aerosol CCN
concentrations were conducted at the high Arctic
research site of Villum Research station (VRS) (81°36°
N, 16°40° W) during two field studies in 2016. The first
field study took place in March-June, probing the
aerosol of the Arctic spring (anthropogenically
impacted), while the second field study was carried out
in August-September (biogenically impacted).

A SMPS dataset (9-900 nm) spanning the period
2010-2016, also from VRS, was undertaken k-means
cluster analysis (Beddows et al., 2009) with daily time
resolution. Hereby, eight significantly different clusters
were isolated. The cluster number size distributions are
shown in figure 1. The average CCN concentration
associated with each cluster was extrapolated to each
time the respective cluster appeared during the SMPS
measurement period.
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Figure 1: Average particle number size distribution of
the eight clusters that were identified with k-means
cluster analysis of SMPS data from VRS.

We termed the clusters according to their size
distribution characteristics. The clusters have a clear
seasonal pattern, where clusters: Haze, Aged and
Bimodal mostly appear in winter and springtime and
relate to accumulation mode aerosol. The clusters
associated with higher ultrafine aerosol concentrations:
Nucleation, Bursting, Nascent and Bimodal dominate
the summertime aerosol. Note that a Bimodal cluster
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occurs in both the ultrafine and accumulation mode
group.

As each cluster appeared during our two CCN
measurement periods, we were able to calculate the
average CCN concentration associated with each cluster.
Based on the cluster average CCN concentration and the
monthly appearance of each cluster, we derive annual
evolution of CCN concentrations at this high Arctic site.

The monthly average yearly CCN concentrations
at three different supersaturations (SS) are presented in
figure 2.
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Figure 2: Yearly evolution of CCN concentrations at

three different supersaturations, based on monthly size
distribution cluster appearance.

The generally low CCN concentrations do not
exceed 100 cm™ most of the year. Strikingly, opposite
yearly trends are observed for the considered
supersaturations. At low SS of 0.1% the CCN
concentration decreases during summer months, while
for 1.0% SS the CCN concentration increases notably
during June-August. During summer the aerosol at VRS
is biogenic.

Depending on the supersaturation actually
achieved during natural cloud formation in the high
Arctic, the CCN population might show very different
trends over the course of a full year. Different CCN
scenarios potentially have a large impact on the
cloudiness, as the high Arctic can be a CCN-limited
regime (Mauritsen et al., 2011).

Beddows, D. C. S., Dall'Osto, M., Harrison, R. M.
(2009). Environ. Sci. Technol., 43 (13), 4694—4700

Mauritsen, T. et al., (2011). Atmos. Chem. Phys., 11,
165-173
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New particle formation (NPF) is known to be a major
source of atmospheric aerosols and cloud condensation
nuclei, but the exact physical and chemical mechanisms
behind it are poorly understood. Due to a large number
of co-varying factors in the atmosphere, laboratory
experiments are crucial in isolating the effect of different
chemical compounds and environmental parameters. The
aim of this study was to investigate NPF under realistic
daytime atmospheric conditions resembling the
observations in boreal forest. This was achieved by
conducting experiments in the CLOUD chamber at
CERN (Kirkby et al. 2011) in the simultaneous presence
of multiple precursor vapors and oxidation pathways.

Although both pure biogenic nucleation (Kirkby
et al. 2016) and ternary acid-base nucleation (Dunne et
al. 2016) are plausible mechanisms for new particle
formation, neither of them can explain all of the
observed NPF events in the boreal forest. We started the
particle formation experiments from a mixture of the two
most abundant monoterpenes in the boreal forest
environment: alpha-pinene and delta-3-carene, and then
added varying levels of SO, to produce sulphuric acid
(H,SO, from less than le5 cm™ up to 5e¢7 cm™) and
repeated the experiments at different levels of NO, (from
0 to 5 ppbv) and NH; (up to 3 ppbv). To study the
influence of ion-induced particle formation pathways, all
experiments were conducted both without ions (neutral
conditions) and with ions present, produced mainly by
the ionization from galactic cosmic rays. A
comprehensive suite of instruments including state-of-
the-art particle counters and mass spectrometers were
used to detect the forming clusters and their precursors,
and to determine the particle formation and growth rates.

We will present results illustrating the
interactions between different vapours in the NPF
process. We show that oxidized organics, sulfuric acid
and ammonia are all needed for replicating the observed
nucleation and growth rates, and their variability in the
boreal forest environment. We will also discuss the
effect of NO, and ions on the NPF process in the
different chemical systems.
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Figure 1. Conceptual picture of the CLOUD
experiments simulating new particle formation in boreal
forest.
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Size distributions of water-soluble ions in atmospheric aerosols in the eastern China and the
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abstract

To investigate the characteristics of aerosols in
typical haze days, water-soluble inorganic ions in 8 size-
segregated particle fractions, are collected by an
Anderson sampler from Dec.2016 to Jan.2017 in the
eastern China. The results of chemical composition
analysis showed that secondary water soluble ions
NO,;~,S0,* NH,* (SWSI) composed more than half the
total ions, and are mainly found in fine particles
(aerodynamic diameters less than 2.1 mm), while Ca**
and Mg** contributed to a large fraction of the total
water-soluble ions in coarse particles (aerodynamic
diameters greater than 2.1 mm and less than 9.0 mm).
The SWSI showed a bimodal size distribution with the
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peak mass concentration of particles shifted from 0.43—
0.65 um on clear days to 0.65—1.1 pm on lightly polluted
days and to 1.1-2.1 um on heavily polluted days. NH4+
played an important role in the size distributions and the
formations of NO;~,SO,>” Heterogeneous reaction is the
main formation mechanism of NO;~ and SO,”", which
tended to be enriched in the coarse mode of aerosol.
Local sources played a more important role in the
formation of particles.Clear evidence is presented
indicating that the secondary formation of particulate
was one important mechanism in the formation of the
heavy pollution episodes. Meteorological conditions
contributed to influence the secondary formation and

regulate the size distributions of SWSI.
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Secondary organic aerosol (SOA) consists of
various organic species differing in chemical and phys-
ical characteristics. This challenges describing the con-
densation or evaporation of aerosol particles (Hallquist
et al., 2009). One key aspect to be investigated is the
volatility of SOA constituents, which governs their par-
titioning between gas and particulate phase. The Vola-
tility Basis Set (VBS) framework, which categorizes or-
ganic compounds based on their saturation mass con-
centration (C*), has been coupled with the equilibrium
gas-particle partitioning theory to describe both gas and
aerosol composition (Donahue et al., 2006). However,
previous studies have reported slower SOA evaporation
than expected from VBS parametrizations, suggesting
considerable impacts from particle-phase diffusion and
from condensed phase reactions such as oligomer deg-
radation (Vaden et al., 2011;Yli-Juuti et al., 2017). To
date, aerosol measurements have revealed that lower
temperature can significantly hinder molecular diffu-
sion (Bastelberger et al., 2017) and suppress oligomer
decomposition (DePalma et al., 2013). Given the im-
portance of these physical and chemical processes on
SOA evaporation, investigations on SOA evaporation
at low temperature are needed.

Here, evaporation of a-pinene SOA was studied
in a relative humidity (RH) range from 0 to 80%, both
at warm (20 °C) and at cold temperature (10 °C).
Briefly, a continuous flow tube reactor was used to gen-
erate SOA by oxidizing a-pinene with either hydroxyl
radicals (apinOH) or ozone (opinOs) at room tempera-
ture. The apinOH and apinOz SOA had O:C ratio of
0.58 and 0.52, respectively. SOA was size selected by
two parallel Differential Mobility Analyzers (DMAs,
model 3085, TSI) operated with open loop configura-
tion. This setup effectively removed most gas-phase
compounds and promoted particle evaporation. A sam-
ple flow of 80 nm SOA was either lead directly to the
instruments via a bypass line or fed into two 100-L Res-
idence Time Chambers (RTCs). Short residence time
data points were collected by varying the bypass tube
length, while intermediate and long residence time data
were collected from the RTCs during the filling period
and in one hour intervals after SOA filling, respectively.

Characterization of particles was conducted by a
Scanning Mobility Particle Sizer (SMPS, TSI) and a
High Resolution Time-of-Flight Aerosol Mass Spec-
trometer (AMS, Aerodyne Inc.). Size selection, evapo-
ration and size change measurement were conducted in
the temperature and RH controlled environment.
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Evaporation of a-pinene SOA was hindered at
lower temperature. This is consistent with the tempera-
ture dependence of saturation vapor pressures, but it
may additionally suggest a temperature effect in the dif-
fusion limitations in SOA particle bulk and the degra-
dation of oligomers. Different evaporation behavior
was observed for apinOH and apinOz SOA. This dif-
ferent volatility distribution most likely stems from a
change in the particle chemical composition which is
not represented by the very similar O:C ratio derived
for the two SOA types.

A Kinetic-based evaporation model, coupled
with Clausius—Clapeyron relation, was employed to re-
produce the observed evaporation and derive the en-
thalpy of vaporization. These simulations showed that
the derived enthalpy of vaporization was higher than the
typical values assumed (30—40 kJ/mol) in global aero-
sol models (Pye et al., 2010).
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Figure 1: Measured evaporation of a-pinene ozonolysis

SOA with initial mobility diameter 80 nm as function
of residence time under dry and 80% RH at 10 °C and
20 °C. The y-axis presents the evaporation factor (EF).
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Pollen is an important class of bioaerosol with
annual emissions into the atmosphere of 47-84 Tg.
Both whole grains of pollen (5-150 pm) and frag-
ments of pollen (0.03-5 pm) can act as nuclei for cloud
droplets and ice crystals and therefore potentially im-
pact Earth’s hydrological cycle and radiative balance
(Frohlich-Nowoisky et al., 2016). The pollen of ento-
mophilous and zoophilous plant species are often coated
with a viscous, hydrophobic liquid called pollenkitt that
is thought to play important roles in pollen dispersion
and adhesion (Lin et al., 2013). The exact composition
of pollenkitt is thought to vary between species but is
generally a hydrophobic mixture of saturated and un-
saturated lipids, carotenoids, flavonoids, proteins, and
carbohydrates (Pacini and Hesse, 2005). The molec-
ular and functional composition of pollenkitt suggest
that pollenkitt may be surface active in aqueous solution
analogous to the surface active behavior of marine fatty
acids (Prisle et al., 2008, 2010). Hydration of pollenkitt
at high relative humidity has been found to change pol-
lenkitt properties and its capillary adhesion that may in
turn affect the atmospheric lifetime of pollen and ability
of pollen to act as atmospheric condensation nuclei (Lin
et al., 2015).

In this work, we present measurements of sur-
face tension and supersaturated hygroscopicity of pol-
lenkitt extracted from the pollen of six different species.
Binary solutions of pure pollenkitt in water and ternary
solutions of pollenkitt and ammonium sulfate in water
were measured. Surface tension of the solutions were
measured via axisymmetric drop shape analysis of pen-
dant drops in air with a ramé-hart goniometer (Model
250). Scanning Mobility CCN Analysis (SMCA) is
used to make rapid measurements of size-resolved CCN
distributions of the pollenkitt extract for a number of su-
persaturations between 0.1-1.4% enabling the calcula-
tion of critical diameters and hygroscopicity parameter
x of pure pollenkitt and pollenkitt—ammonium sulfate
mixtures. Various thermodynamic models that describe
surface tension depression and bulk-to-surface parti-
tioning of surface-active compounds were employed to
predict the CCN activity and droplet surface tension at
the moment of activation for mixtures of pollenkitt so-
lutions.
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Figure 1: Surface tension depression as a function of
pollenkitt concentration (left) and critical supersatura-
tion as a function of dry diameter for two pollenkitts
and their mixtures with ammonium sulfate (right).
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Cleaning workers belong to a large occupational
group, which is exposed to many risk factors, including
handling of cleaning products. Documented risks for
professional cleaners include development of asthma
and other respiratory symptoms (Unge et al, 2007;
Lillienberg et al., 2013). Spray is a cleaning method with
the advantage of easy use and even and precise dosage.
A survey (n=225) conducted within this study confirmed
that spray cleaning products are used by about 78 % of
the Swedish professional cleaning workers that
participated in the survey. There are some studies (e.g.
Zock et al., 2007) linking the specific use of cleaning
sprays to high occurrence of development of new-onset
asthma as well as other respiratory symptoms. In order
to determine how aerosols from cleaning sprays are
deposited in the respiratory tract and why they cause
airway symptoms, knowledge of the particle
characteristics is needed.

In this study, cleaning spray aerosols were
characterized in terms of size distributions and new
particle formation from ozone reactions. The respiratory
deposition fraction was calculated for the measured
particles.

Seven  different cleaning sprays  were
characterized. The different aerosol particle size
distributions were measured in a 1.33 m? stainless steel
chamber with controlled temperature, relative humidity
and air exchange rate, provided through a conditioning
system. Particle concentrations and size distributions
(0.5-20 pm) were measured using an Aerodynamic
Particle Sizer (APS model 3321, TSI Inc., USA).

In a 21.6 m® stainless steel chamber, with air
provided through the same conditioning system, new
particle formation from cleaning spray use in the
presence and absence of ozone was studied. Three of the
seven products were chosen for these measurements. A
Fast Aerosol Mobility Size Spectrometer (DMS500
MKII, Cambustion, UK) was used to measure particle
concentrations and size distributions (0.005-1 pm).

From the particle number concentration and size
distributions measured with the APS, the particle mass
median aerodynamic diameter (MMD,) could be
calculated for the different sprays. The MMD,. for the
seven different sprays ranged from 1.9 pm to 3.9 pm.
The mass size distributions of three of the cleaning
sprays (Window B, Bathroom A and Bathroom B) can
be seen in Figure 1. The MMD,. did not change
significantly over time, indicating an extensive and rapid
natural evaporation for all the tested cleaning sprays.

86

5 Window B

2

©

‘E 08 | Bathroom A

S Bathroom B (180°)

c

S 06 -

@

2

€

< 0.4 4

[= %

o

=

= 0.2 1

£

=

<}

Z 0 . SEAR
0.1 1 10

Aerodynamic particle diameter [um]

Figure 1. Particle mass size distributions for three of the
seven cleaning sprays tested based on APS
measurements (0.5-20 um). The particle concentration
was normalized against the maximum concentration
value.

During the experiments conducted with and
without ozone present, the changes in particle number
concentration and size distribution over time were
measured with the DMS. A particle number
concentration increase (0.005-1 pum) could be seen for
all three cleaning spray products, however, a difference
in the amount of increase was observed between the
different products. These results indicate a difference in
potential for new particle formation for different
products, probably due to differences in volatile organic
compound (VOC) concentrations generated during
spray use. From the size distributions, a slight size shift
can be seen over time, demonstrating not only new
particle formation, but also growth in particle size in the
presence of ozone.

Calculations of the respiratory deposition
fractions show dominating deposition in the alveolar
and nasal regions.

Outcomes of this study implies that particles
generated from the use of cleaning sprays, due to their
pattern of deposition in the respiratory system, can
contribute to the observed health effects.
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Measurement of aerosol optical properties are needed in
determining the radiative forcing related to the aerosol
particles. Due to the large temporal and spatial variation,
the effect of aerosol particles on the climate is still one
of the biggest uncertainties in determining the global
radiative forcing (Boucher ef al., 2013).

The absorption, scattering and backscattering
coefficient of aerosol particles at multiple wavelengths
have been measured at the SMEAR 11 station since 2006.
The SMEAR 1I station is located in Hyytiéld, Finland
(61°51°N, 24°17’E) and it represents boreal forests. The
measurements presented in this study have been
conducted for particles smaller than 10 pum (PM10). The

measurements were conducted for dried air (RH <40 %).

The scattering and backscattering coefficients
(0sca and opseq) on three wavelengths were measured with
an integrating nephelometer (TSI model 3563) and the
absorption coefficient (ou5) on seven wavelengths were
measured with an aethalometer (Magee Scientific model
AE-31). The trends and the significance of the trends
were determined by using the seasonal Kendall test
described in Gilbert (1987). The trends were calculated
by using monthly medians.

The resulted trends and their significance are
presented in Table 1. All of the extensive properties (icq,
Opsca and 0aps) have a significant negative trend, which is
caused by a decrease in the aerosol number
concentration.

For the intensive properties, significant trends
were found for the backscattering fraction (b), scattering
Angstrom exponent (o), imaginary part of the
complex refractive index (k) and for the aerosol forcing
efficiency (4F57). The trends for b and ac, describe the
change in the size distribution. Increasing trend in the b
and a,., indicates that the weight in the size distribution
of aerosol particles is moving towards smaller particles.
Since the k describes how much the particles are
absorbing light, the negative trend for the & indicates that
the particles are not as efficient absorbers as before.

The AF&? describes the difference the aerosol
particles would make to the radiating forcing (4F) per
unit of aerosol optical depth (§). The AFJ§' was
calculated according to the equation by Charlson et al.
and the values were chosen according to Haywood and
Shine (1995). The negative trend in AF5 means that the
particles are more efficiently cooling the climate. It must
be noted that the AF5 was calculated for dried aerosol
particles and that the values used in the equation were
constant, so the AF6~ doesn’t describe ambient aerosol.
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Trend Trend

Gr)  (Chyr')  p-value
Osea (Mm") -0.25 -2 <0.05
Opsca Mm")  -0.029 -2 <0.05
oaps (Mm') -0.050 -3 <0.05
) 2.2e-3 -0.3 0.10

1.3e-3 1 <0.01
Olsca 0.021 1 <0.01
Olabs -3.3e-3 -0.3 0.23
n -1.3e-4 0.0 0.86
k -7.4e-4 4 <0.01
AF5!
(W m?) -0.28 1 <0.01

Table 1: Trend for different optical properties of aerosol
particles. Also the annual change in percentages is
shown as well as the p-value. If the p-value is above 0.05
the trend is not statistically important.
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The Pan-Eurasian EXperiment (PEEX) Modelling
Platform (MP) presents a strategy for best use
(https://www.atm.helsinki.fi/peex/index.php/modelling
-platform) of current generation modeling tools to
improve process understanding and improve
predictability on different scales in the PEEX domain.
At INAR, as part of the research project “Enviro-PEEX
on ECMWEF” (2018-2020) a number of application areas
of new integrated modelling developments are expected,
including research and developments for: (i) improved
numerical weather prediction and chemical weather
forecasting with short-term feedbacks of aerosols and
chemistry on meteorological variables; (ii) two-way
interactions between atmospheric pollution/
composition and climate variability/ change; (iii) better
prediction of atmosphere and/or ocean state through
closer coupling between the component models to
represent the two-way feedbacks and exchange of the
atmospheric and ocean boundary layer properties; (iv)
more complete/ detailed simulation of the hydrological
cycle, through linking atmospheric, land surface,
ecosystems, hydrological and ocean circulation models.
The overall objectives of the special project will be to
analyse the importance of the meteorology-chemistry-
aerosols interactions and feedbacks and to provide a way
for development of efficient techniques for on-line
coupling of numerical weather prediction and
atmospheric chemical transport via process-oriented
parameterizations and feedback algorithms, which will
improve the numerical weather prediction, climate and
atmospheric composition forecasting.

The on-line integrated/ seamless coupling includes
different processes, components, scales and tools
(schematics is shown in Figure 1). At INAR, among the
research tools to be applied are the EC-Earth, Enviro-
HIRLAM, ASAM, SOSAA, MALTE-box and other
models. The scales to be considered cover scales from
micro- to local, wurban, sub-regional, regional,
hemispheric, global; and from box-model to large eddy
simulations, meso- and climate scales. The horizontal
resolutions for models runs are ranging from a few
meters to more than a degree in the latitudinal-
longitudinal domain. The processes, at the current
moment studied at different degree of understanding and
to be considered include meteorological and
climatological, chemical and aerosols, biological,
hydrological, and others as well as taking into account
society interactions (see Figure 1).

The simulations are expected for: (i) short-term case
studies with physical and chemical weather forecasting
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(downscaling from hemispheric-regional-subregional to
urban/ city scales) in order to evaluate sensitivity of
aerosol feedback effects on meteorology, atmospheric
composition and climate; (ii) episodes simulations for
weather, climate and air quality applications to evaluate
possible effects; (iii) testing of parameterisations,
meteorological and chemical initial and boundary
conditions, and chemical data assimilation.

Fig

Figure 1: Seamless coupling and considered processes
(left figure — Baklanov, Mahura et al. PEEX-MP, in
finalization, 2018)

Available observations for atmosphere and ecosystems
(in particular, from the SMEAR-II and PEEX
metadatabase stations) are to be used for data
assimilation and data processing as well as for the
models validation and verification studies.

The IT Center for Science (CSC, Finland;
https://www.csc.fi) and European Center for Medium-
range  Weather Forecasting (ECMWF, UK,
https://www.ecmwf.int) will be in a close collaboration
with INAR, where CRAY’s supercomputing facilities,
mass storage systems, meteorological and atmospheric
composition data archives are to be used extensively.

Enviro-PEEX on ECMWF (2018-2020): Pan-Eurasian
EXperiment (PEEX) Modelling Platform research
and development for online coupled integrated
meteorology-chemistry-aerosols  feedbacks and
interactions in weather, climate and atmospheric
composition multi-scale modelling. HPC ECMWF
project, PI — A. Mahura.
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Climate models provide an fruitful platform for gener-
ating Big Data: Coupled Model Intercomparison
Project Phase 5 (CMIPS) produced already several
petabytes of data, while ongoing CMIP6 is expected to
surpass with potentially tens of petabytes. The large cli-
mate datasets allow for application of novel data sci-
ence methods, and increasing model complexity and in-
teractivity allows exploration of undisclosed patterns,
interactions and feedbacks mechanisms.

Fountalis et al. (2014) proposed network-analy-
sis framework for studying climate variable patterns.
The process involves identification of geographical re-
gions based on e.g. homogeneity of a certain variable.
The established regions can further be considered as
nodes, and network analysis can be used to find inter-
connections in the coupled system.

Global aerosol-climate models produce easily
several terabytes of data even during one-year simula-
tion. During subsequent post-processing, there is urgent
need to reduce amount of data, usually by reduction of
temporal resolution. However, temporal averaging dis-
torts the data, hindering analysis of e.g. aerosol-cloud-
climate interactions. Constructing spatial nodes based
on variable homogeneity is one mechanism for spatial
dimension reduction, while it also allows for analyzing
interactions between aerosol and precursor sources,
aerosol formation, and clouds. Furthermore, cluster de-
tection helps to assess model performance against ob-
servations: does the model and observations show simi-
lar spatial clusters and do they behave consistently, or
are there spatial shifts in the model response?

We have developed a software package which
contains modules for 1) automatic cluster (node) detec-
tion from geospatial datasets and 2) network generation
from detected clusters. The Python software package
reads in NetCDF-files as input, and outputs data and
figures (maps) of detected clusters. The same software
can then be applied to detect networks between estab-
lished nodes or to analyze node correlation to sepa-
rately given time series (e.g. climate indices).

Here we present selected results of potential ap-
plications of network analysis of aerosol-climate con-
nection. For example model input, we use ECHAM-
HAM aerosol-climate model (Zhang et al., 2012). As
an example of observations, we show results on
MODIS Level 3 product PSML003 _Ocean (Terra, Col-
lection 6).
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In our example, we have chosen to cluster single
vertical level (atmospheric column integral) data ac-
quired from models and observations during the period
2001-2010. We deseasonalize the data throughout the
period and consider only monthly anomalies. Figure 1
shows an example of clustering based on simulated
cloud condensation nuclei (CCN) data (0.2% supersat-
uration) over oceans. In this case, the algorithm re-
quires a minimum correlation between any two gridcell
timeseries. The size of the domains is a direct conse-
quence of selected parameter values for required homo-
geneity (minimum correlation).

Figure 1: Example of detected clusters of monthly
CCN concentration anomalies simulated by ECHAM-
HAM during 2001-2010. An individual cluster would
show similar response to e.g. emission or climate
changes.

We have applied the algorithm to anomalies in
climate (temperature, precipitation) aerosol sources
(anthropogenic and biogenic emissions, sea spray,
dust), aerosol concentrations, and cloud properties.
This allows us to detect spatial responses to perturba-
tions and later, given a set of sensitivity simulations, at-
tributing the aerosol-climate responses to e.g. emission
sectors. Further, we have used the methodology to pin-
point certain issues in the model not being able to cap-
ture the observed anomalies.

This work has been supported by Nordic Centre
of Excellence eSTICC and the EU FP7 project
BACCHUS. RM. would like to thank Athanasios
Nenes for fruitful discussions.
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The role of surface active organic compounds in
hygroscopic responses of aerosol particles has been a
recurrent issue in the atmospheric sciences, as such re-
sponses modulate not only aerosol—cloud interactions,
but also effects of particulate matter on plant and animal
health (Brimblecombe and Latif, 2004). Over the years,
various schemes have been proposed for the treatment
of this issue in models describing aerosol microphysics,
including Gibbsian thermodynamic concept of surface
excess quantities (e.g. Sorjamaa et al., 2004; Prisle et
al., 2010) and physical surface layer (or film) models,
either with fixed surface thickness § (e.g. Ovadnevaite
et al., 2017) or composition (e.g. Ruehl et al., 2016).
While the Gibbsian model is in principle completely
general, in contrast to other proposed approaches, it can
be prone to numerical issues related to the functional
forms that are assumed for parameterisations of various
thermodynamic quantities. Here we propose an alter-
native partitioning scheme, which consists of a surface
monolayer with composition depending thickness and
mass-conserving partitioning between bulk and surface.

The pivotal relation for the partitioning scheme
is the equation relating surface tension o to the compo-
sition of the surface: we extend the so-called modified
Eberhart model for ternary mixtures,
Zle vioiTs

Zj:l ”ix?
Here xB = (28,28, 22) are the bulk mole fractions, v;
and o; the partial molecular volume and surface tension
of pure compound i, respectively, and x° the surface
mole fractions. This model has earlier been found to
give a good description of surface enrichment in binary
water—alcohol mixtures (Raina et al., 2001; Salonen et
al., 2005), and can naturally be extended to any number
of components (although obviously no analytic solution
for x¥ cannot be obtained in ternary or higher cases).
In spirit of Eq. (1), the thickness of the surface layer is

estimated as
1/3
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The partitioning of molecules between bulk and surface
is calculated using a mass-conserving approach, where
densities of bulk and surface phases are taken to be those
of macroscopic liquid with the same composition than
the given phase.

In initial calculations, this new partitioning
scheme has been found to agree reasonably well with
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direct measurements of surface enrichment in ternary
water—surfactant—salt/acid solution droplets (Bzdek and
Reid, unpublished data; cf. Bzdek et al., 2016), often
giving an improved description when compared to the
Gibbsian droplet model (Prisle et al., 2010). Successful
application of the partitioning scheme requires, how-
ever, thermodynamically consistent parameterisations
of the ternary and unary surface tensions and ternary,
binary and unary densities potentially extending beyond
stable liquid regime, as the composition of the surface
phase may differ from those accessible in equilibrium
samples. Further development of the model is aimed to
provide a better description of the cloud condensation
activity of aerosol particles containing surface active or-
ganic species.

This project has received funding from the European
Research Council (ERC) under the European Union’s
Horizon 2020 research and innovation programme
(grant agreement no. 717022).
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Background:

The industrial revolution has caused the transformation
of society, and atmospheric pollution and greenhouse
gases contribute to the warming of the earth.
Atmospheric aerosols are at the heart of scientific
concerns because of their proven but not yet controlled
impacts on global climate change, air quality and
human health. In addition, the African continent is
recognized as a major source of atmospheric aerosols
globally. Our study focuses on the impact of dust
particles from the Békoko mines in the South region of
Cameroon being absorbed by employees.

Objectives:

To identify the risk factors involved in the absorption
of dust particles in employees working on the Bekoko
mines, in southwest Cameroon

Method:

This is a descriptive quantitative study retrospective
during a period of 6 months (September to February
2017) in the Bekoko mines. We used SPSS and Excel
2007 software to analyze the data collected.
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Results:

484 cases were searched, of which 52 cases of illness
were identified. 20 women and 32 men. They suffered
heart palpitation, tuberculosis, pulmonary infection,
loss of eyesight and strong cough.

Conclusion:

These results demonstrate the severity and magnitude
of the situation. Occupational health and safety
measures must be put in place for good performance
and especially for the health of the employees.
However, the state through the ministry of labor and
public policies do not invest enough for the protection
of the worker. What are the government measures
implemented in these cases?

References:
Olivier Boucher (2015). Atmospheric Aerosols:
Properties and Climate Impacts. Pages

http://www.aerodrug.com/News-from-the-European-
Aerosol.html
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Black carbon (BC), or soot, requires high formation
temperatures and forms in most incomplete combustion
processes. Emissions of primary brown carbon (BrC) in
combustion processes are documented but relationships
between BrC emissions and combustion conditions are
missing, as well as knowledge about the chemical
composition of BrC emissions. We studied BrC
emissions and optical, physical and chemical properties
of soot from different combustion sources under varying
operating conditions.

Soot was generated by common combustion
sources: cook stoves, a wood stove, a heavy-duty diesel
engine, and a diffusion flame burner. Particle emissions
were collected on quartz filters for thermal-optical
organic and eclemental carbon analysis (OC/EC)
according to the EUSAAR 2 protocol. The soot was
probed by an aethalometer (AE33) to derive information
on the optical properties, and a soot particle aerosol mass
spectrometer (SP-AMS; Aerodyne Research Inc.) to
study the chemical composition. The SP-AMS detects
the chemical composition of non-refractory and
refractory soot particle components. In some
experiments semi-volatile particulate matter was
removed in a thermodenuder (250°C for 5-10s) prior to
sampling, allowing refractory particle components to be
studied separately from the major part of non-refractory
components.

BrC was identified in emissions during air-
starved flaming combustion at reduced temperatures
from the wood stove, several of the cook stoves, the
burner, and the diesel engine. For these combustion
conditions, particle emissions were commonly
characterized by large amounts of particle bound
polycyclic aromatic hydrocarbons (PAHs) and were for
selected cases linked to poorly graphitized soot with
short carbon lamellae and highly amorphous
nanostructures. Soot particles from these conditions
were all associated with high mass fractions of larger
polycyclic aromatic hydrocarbons (PAHs), with five or
more rings, and strong wavelength dependent light
absorption with absorption Angstrdm exponents larger
than 1.5.

The SP-AMS analysis showed that non-
refractory components were commonly shifted from
aliphatic-dominated for BC soot to aromatic-dominated
for the brown, amorphous soot. Thermal-optical OC to
EC analysis separates both OC and EC in four sub-
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groups of decreasing volatility (OC1-4, EC1-4). Some
OC may form pyrolysis products and a separate class
termed pyrolytic OC is also included. For the BC
dominated soot, EC emissions were high, while OC
emissions were low, and mainly of low volatility (OC1-
3). The BrC rich soot was associated with higher OC to
EC ratios, OC of lower volatility (OC4) and more
pyrolytic OC.

SP-AMS mass spectra of the BrC rich soot were
all associated with refractory carbon fragments of
fullerenes and other large refractory carbon clusters
(rCss; Malmborg et al. 2017). Figure 1 displays EC to
total carbon (TC) fractions of BC dominated soot (1, 3)
and BrC rich soot (5, 6, 7) derived from thermo-optical
and SP-AMS analysis from the burner. The large carbon
clusters (rC-s) are associated with pyrolytic OC and OC4
of the corresponding thermal-optical analysis

2 s
o Thermo-optical analysis
® 05— ~w- EC/TC
S (EC+PyrOC+0C4)/TC
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S 04— AMS and Thermo-optical analysis
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Figure 1: Relation between thermal optical analysis and
SP-AMS carbon classes for BC (1, 3) and BrC (5-7) rich

burner soot.

We found relationships between combustion conditions
and refractory BrC emissions. Associated changes in
emissions of genotoxic compounds such as PAHs will
be studied in detail. The primary hypothesis for further
investigation is that amorphous or fullerenic carbon
nanostructures are principal components of refractory
primary BrC causing increased light absorption at
shorter wavelengths. Future work should aim at
quantifying the importance of semi-volatile vs refractory
BrC emissions.

This work has received financial support from the
Swedish research councils VR and FORMAS.
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Particles close to 1 nm in diameter have been observed
in various environments from as pristine locations as
Antarctica and boreal forest zone in northern
hemisphere to highly polluted mega cities like Shanghai
(Kulmala et al., 2012; Kontkanen et al., 2017), from
cleanroom environments to vehicle emissions (Ahonen
etal., 2017; Ronkko et al. 2017). The same studies have
further shown that the processes forming the nano
cluster aerosol (NCA), with particle diameters close to 1
nm, are often different from the processes that grow the
clusters to 2 nm particles and larger. Atmospheric NCA
particles can be charged or neutral as they form, and
their charge state can change when growing to larger
sizes (Wagner et al., 2017).

To determine the sources and growth rates of
nucleation mode aerosol particles in different
environments and  applications, the  number
concentration and size information is needed starting
from the critical sizes of 1-2 nm in diameter (Sipild et al.,
2010). Nano Condensation Nucleus Counter (nCNC) is
already widely used to measure particles starting from
1.3 nm in size (Kontkanen et al., 2017). Sampling can
cause nearly 100% losses of such small particles or
distort measurement results in other ways. Also
neglecting basic maintenance of measurement
instruments can have an effect on the quality of the
results. This presentation will introduce the most
common challenges and ways to overcome them,
regarding measurement of sub-3 nm particles.

The first thing in measurements is getting the
sample to the instruments unaltered. Diffusion losses of
sub-3 nm particles in sampling lines can be significant,
and different to larger particles; this proposes a
challenge to sampling systems (Kumar et al., 2008).
Increased flow rate in the sampling line can help in
getting sub-3 nm particles to the instruments without
losing them on the way. In turn, overly increasing the
flow rate in the sampling line can result in diffusion
losses due to turbulence. The possible losses in sampling
lines need to be taken into account in data handling, to
avoid underestimating the number of the smallest
particles in the sampled aerosol.

It is also important to consider sample conditions
from the point of view of the technology in use. Sample
conditions such as relative humidity, pressure and
extreme temperatures, as well as particle composition
can affect the detection efficiencies of particle counter
systems (Kangasluoma et al., 2014 & 2016) and also
charger performance (Leppd et al., 2017). The sample
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concentration needs to be noted in relation to the
concentration range of the instrument in question. To
gain the most reliable results possible, the sample can
for example be diluted to reach the single particle
counting range of a CPC, where the instrument is
naturally the most accurate, with least corrections used
to obtain the concentration data.

Liquid handling and accuracy of flow rates are
key factors in ensuring stable operation of instruments
and accurate data. Contamination of operating liquids
and accumulation of the liquids in different parts of
instruments may cause reduced detection efficiencies.
As the CPC technology’s basic principle is condensation,
in addition to the operating fluid, also other substances
like water from the sampled air and fluids from other
instruments can condensate inside the instrument and
interfere with the operation. Proper liquid handling
procedures help minimize the issues. It is crucial to note
that a 5% error in CPC flow rate results in 5% error in
concentration. The actual flow rate must be measured
regularly and taken into account in data handling.

The behavior of the sample can affect the
selection of measurement method. To obtain good size
distribution data, the sample needs to be stable for the
duration of the scan, which is often a few minutes.
Transient data in turn calls for the type of measurement
capable of detecting concentration changes with higher
temporal resolution.
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Emission control measures have been frequently
implemented during large events in China in order to im-
prove air quality. This may result in changes in the le-
vels, composition, and temporal and spatial distribution
of the emissions. One such period took place during the
2014 Youth Olympic Games (YOG) in Nanjing, the se-
cond largest city in central east China with a population
over 8.2 million. More than 900 industrial plants account
for 97 % of the city’s coal consumption (Zhao et al.,
2015). In addition, other industry, such as chemical pro-
duction, and transportation increases emissions of air
pollutants in the city.

Here, concentration and chemical composition of
PMas (particulate matter with aerodynamic diameter <
2.5 um) in Nanjing were studied before, during, and af-
ter the 2014 YOG to find out possible changes arising
from emission control measures, meteorological para-
meters, or regional atmospheric transport. Fourteen po-
lycyclic aromatic hydrocarbons (PAH), eight oxygen-
ated PAHs (OPAH), ten hopanes, and twenty-one n-al-
kanes were analyzed with in-situ derivatization thermal
desorption followed by gas chromatography and time-
of-flight mass spectrometry (Orasche et al., 2011). Var-
ious metals and other elements were analyzed with in-
ductively coupled plasma mass spectrometry.

Total 112 PM_ filter samples were collected at
the Nanjing University Xianlin campus (N32°07.152,
E118°56.918") with an impactor (DPS PM2.5, SKC Inc.)
in six measurement campaigns between January 2014 —
August 2015 (Table 1). The YOG was held from 16 to
28 August 2014 (campaign 3). The samples were col-
lected separately during day and night.

Table 1: Dates of the measurement campaigns.

Date

5-14.1.2014
28.5-8.6.2014
16.-27.8.2014 (YOG)
25.-29.10.2014
8.-19.1.2015
16.-30.8.2015

Campaign

OO WNE

Mean PM.s mass concentration was the highest
(93+48 pg m®) during campaign 2 in May-June. Zhao
et al. (2015) have reported that over 90 % of biomass
open burning (BB) in Nanjing occurs in May-July. This
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results in high organic carbon and potassium emissions
that may explain the observation. PM;s concentration
decreased 31 % during the YOG compared to August
2015 (campaign 6). Iron and steel, and cement produc-
tion are the largest sources of particles in Nanjing (Zhou
et al., 2017). Restrictions during the YOG may have af-
fected the PM_s emissions from these sources. Further-
more, declined precursor emissions may have decreased
se-condary inorganic aerosol formation (Fu et al., 2016).

High concentration of lead (Pb) was observed es-
pecially during the winter campaigns 1 and 5. During the
YOG, Pb concentration decreased noticeably (55 %)
compared to August 2015 that is in line with the results
of Li et al. (2016). Concentrations of total PAHs and
OPAHSs were the highest in campaign 5 and decreased
63 % and 44 % during the YOG compared to August
2015, respectively. The PAHs were dominated by sum-
Benzo[b,k]fluoranthene and fluoranthene, and OPAHSs
by 1,8-Naphthalic anhydride and 9,10-Anthracenedione.
Concentration of total OPAHs was lower than concen-
tration of total PAHSs in all campaigns except campaign
2 that may be explained by BB emissions (Hays et al.,
2005). Hopanes are used as markers for fossil fuel com-
bustion. The most abundant hopanes were 30ab, 29ab
and 31abS. Hopane indexes pointed to vehicular
transport as the major fossil fuel source, while the con-
tribution of coal combustion to organic aerosols was ob-
viously minor. The main n-alkanes were tetracosane
(campaigns 1, 3, 5, 6) and nonacosane (campaigns 2, 4).
Carbon preference index (CPI) and the contribution of
wax n-alkanes from plants (WNA%) indicated that al-
kanes were mainly from biogenic sources in the cam-
paign 2, and from anthropogenic sources in the other
campaigns.

Emission control measures affected PMs con-
centration and composition during the YOG. Part of the
observed differences between the campaigns, however,
arose from regional atmospheric transport and/or mete-
orological parameters.
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We have investigated the molecular interaction between
sulfuric acid and various oxidized organic compounds at
atmospheric conditions. We have used state-of-the-art
quantum chemical methods, which details can be found
in each references listed here. We identified that multi-
carboxylic acids are the most prominent candidates to
enhance sulfuric acid driven new-particle formation
(Elm et al., 2017a). We have studied clustering of 3-
methyl-1,2,3-butanetricarboxylic acid (MBTCA) and
sulfuric acid molecules up to the cluster size of 2 nm (see
Figure 1).

Q

Figure 1: Molecular structures of (MBTCA)(sulfuric
acid) (left) and (MBTCA); (right) clusters.

Medium-sized clusters are particularly stable, but cluster
growth is limited by a weak formation of the largest
sulfuric acid-MBTCA clusters (Elm et al., 2017b). We
have investigated the ability of bisulfate, ammonium,
and ammonia to enhance cluster formation and growth
by decreasing the overall evaporation rates of the
clusters containing sulfuric acid and multi-carboxylic
acids. We showed that it is very unlikely that organic
multi-carboxylic acids and sulfuric acid, even together
with common stabilizing compounds, can drive new-
particle formation via clustering mechanisms (Myllys et
al., 2017).

We have demonstrated that non-basic organic
compounds are unlikely to have a strong enhancing role
in sulfuric acid driven new-particle formation at
atmospheric conditions. However, experimental studies
have shown that oxidized organic compounds
participate in the initial steps of new-particle formation
(Riccobono et al.,, 2014). Due to the disagreement
between theoretical and experimental findings, some
other mechanisms or compounds are needed to explain
the experiments.

One possible reason for the discrepancy between
experimental and theoretical results might be the
formation of covalently-bound dimers. The formed
dimer products very likely have a lower saturation vapor
pressure than the reacting monomers due to a higher
molecular mass and a larger number of functional
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groups. We have showed that these clusters would be
more stable against evaporation; therefore, cluster-phase
reactions might play a significant role in atmospheric
new-particle formation and growth (Hirvonen et al.,
2018).

Furthermore, we have demonstrated that not only
the atmospheric abundance but also the basicity and
ability to form hydrogen bonds are important when
estimating the ability of bases to form stable clusters
(Xie et al., 2017). For instance, guanidine (a normal
product of protein metabolism) binds with sulfuric acid
four times stronger than dimethylamine, and thus even
at low concentration it can enhance new-particle
formation (Myllys et al., 2018). Figure 2 presents the
mesh-like  structure of very stable (sulfuric
acid)4(guanidine)s cluster. Due to a high stability against
evaporation, sulfuric acid—guanidine clusters could act
as seeds for further growth via the uptake of other vapor
molecules such as oxidized organic compounds.

Figure 2: Molecular structure of cluster containing 4
sulfuric acid and 4 guanidine molecules.

We thank the Academy of Finland, AtMath, and ERC
project 692891-DAMOCLES for funding, and CSC for
computational resources.
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The role of atmospheric particles in phenom-
ena ranging from urban photochemical smog to poten-
tial climate change indicates that it is crucial to study
and model the processes of new particle formation and
growth in the atmosphere ?. Indeed, particles can re-
flect, scatter or absorb solar radiation to varying degrees
depending on their physical properties.

In the last years, mass spectrometers (e.g. APi-
TOF) have been developed to detect, at ambient low
concentration, molecules and clusters involved in new
particle formation. However the Atmospheric Pressure
interface Time Of Flight (APi-TOF) mass spectrome-
ter is a powerful instrument to detect clusters, it has
been shown that these clusters could undergo transfor-
mations (fragmentation and/or evaporation) inside the
instrument due to the low pressure and energetic colli-
sions ?. Therefore, in order to correctly interpret the
experimental data and retrieving the initial cluster dis-
tribution, we decided to carefully study the parameters
that influence the cluster fragmentation inside the APi
and build a model to predict it. In this particular study,
we focus the attention on the effect of the pressure on
the fragmentation.

Experiment have been carried on indicating that
the pressure of background gas has a substantial im-
pact on the fragmentation of molecular clusters inside
the APi-TOF. Specifically, experiments were conducted
using an Electrospray Ionization Differential Mobil-
ity Analyser Atmospheric Pressure interface Time Of
Flight (ESI-DMA-APi-TOF) system implemented with
an additional pump in order to regulate the pressure in-
side the APi. In particular, the results provided con-
vincing evidence that higher cluster fragmentation is ob-
served in the experiments conducted under the higher
pressure.

In order to carefully model the processes inside
the APi, that lead to cluster fragmentation, we modelled
the pressure gradient inside the APi-TOF using finite el-
ement based calculations implemented in the software
package Comsol Multiphysics ver. 5.3. The experimen-
tal setup consisted of three chambers (APi) and the mass
spectrometer (TOF) connected with the small orifices,
where each of the chambers is differentially pumped.
The process of pumping happens in two stages: switch-
ing on the sroll pump (Anest iwata oilfree scroll vac-
uum pump ISP-500C) and reaching the pressure levels
almost similar for two first chambers and a subsequent
pumping of the second and the third chambers using a
turbopump Pfeiffer SplitFlow 310.
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Particularly, in this study we are interested in
spatial variation of gas pressure and velocity inside of
the instrument. Based on reference pressure levels and
geometric dimensios, APi-TOF chambers feature differ-
ent gas flow regimes, characterized by a Knudsen num-
ber: aratio of the mean free path to characteristic length
scale. As a fluid flow model for solving Navier-Stokes
equations we consider a continuous flow based on cal-
culated Knudsen number, ?. Specifically, the flow in
Chamber I and Chamber 1II features continuous regime,
while the flow in third chamber is characterized by the
slip regime, with reduced number of collission between
the particles.

2mbar le-2mbar le-5mbar

Chl | Chll [ Chlll

Scroll

Anest iwata
oilfree scroll

P
I1SP-500C E
nalyzer
Turbomolecular drag pump |
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Figure 1: Schematic representation of the vacuum sys-
tem in the APi-TOF

-
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Atmospheric aerosols have a large impact on air qual-
ity, human health and even the global climate. Both the
aerosol number concentration and their size have influ-
ence on the climatic effects of aerosols. Formation and
growth of secondary aerosol particles is a major source
of atmospheric aerosols (Merikanto et al., 2009), and
has been a subject of active research during the past
two decades. However, only few long-term datasets
(over 10 years of measurements) of atmospheric
aerosol number size distributions exist (Hamed et al.,
2010; Asmi et al., 2011; Kyro et al., 2014; Nieminen et
al., 2014).

In this work, we characterize trends in aerosol
number size distributions and in new particle formation
(NPF) at San Pietro Capofiume in Po Valley, Northern
Italy. Number size distributions of 3—-630 nm particles
have been measured there continuously since March
2002 with a twin-DMPS setup. The site is influenced
by emissions of local anthropogenic pollutants (such as
SO,) as well as long-range transport from Central and
Eastern Europe (Sogacheva et al., 2007), and thus can
provide information on the impact of anthropogenic ac-
tivity on aerosol size-distributions and NPF.

The particle number size distribution data was
classified into NPF event, non-event and undefined
days (Kulmala et al. (2012). The formation and growth
rates of nucleation mode particles (defined here as par-
ticles of 3-25 nm in diameter) were calculated based on
the time-evolution of the measured number size-distri-
bution data. To quantify the trends in particle concen-
trations, we have used two methods. The first method
fits the concentration time series as a sum of constant
linear trend and seasonally varying component. The
statistical significance of the fitted trend is estimated by
performing the fitting multiple times with bootstrap
sampling. The second method is a Dynamic Linear
Model (DLM; see e.g. Durbin and Koopman, 2012),
where the particle number concentration timeseries is
decomposed into level, trend, seasonality, and noise.
These components are allowed to change as functions
of time, and the magnitude of this change is modelled
and estimated (Mikkonen et al., 2015).

There has been a longer break in the measure-
ments from November 2010 until June 2011, during
which time the twin-DMPS setup was repaired. Before
this break, statistically significant decreasing linear
trends are observed in nucleation, Aitken and accumu-
lation mode particle concentrations. The largest de-
crease (—10%/year) occurs in the nucleation mode par-
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ticle concentration. After the measurement break, only
the nucleation mode particle concentration shows a sta-
tistically significant trend (decreasing —4.9%/year). The
DLM method indicates that these changes occurred in
2008-2009. The particulate mass concentrations (PM,
and PM, ;) have also been reported to decrease through-
out the Po Valley region, and it is attributed to de-
creases both in primary emissions and in precursors of
secondary inorganic aerosol emissions mostly from ve-
hicular traffic (Bigi and Ghermandi, 2016). However,
unlike the change in the trends of the particle number
concentrations after 2007—2008 seen in our study, the
PM concentrations seem to have continued their de-
crease until at least 2014.

The annual frequency of NPF event occurrence
did not show any clear trend, varying between 20% and
40% of the days in a year. Both the formation and
growth rates of nucleation mode particles had a de-
creasing trend of —3%/year and —2%/year, respectively.
This would indicate that eventhough the sink for the
newly formed particles has decreased (due to decrease
in PM concentrations), a simultaneous decrease in pre-
cursor vapour emissions (sulphur dioxide, ammonia,
amines, organics) has also occurred.
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Aerosol particles are not distributed uniformly in the
atmosphere; their concentrations and properties vary
significantly in space and time. Therefore,
implementation of aerosol schemes in global climate
models remains a challenge (Glassmeier et al., 2017),
and aerosols continue to constitute one of the largest
sources of uncertainty in future climate estimates
(IPCC, 2013).

In this study, we explored aerosol layers aloft in
the rural environment, their evolution and origin as
well as atmospheric boundary layer (BL) dynamics. We
used combination of ground-based remote sensing,
airborne aerosol measurements, radiosonde
observations and back trajectories. The high spectral
resolution lidar (HSRL, Shipley et al., 1983) was
deployed at SMEAR |1 station (Hyytiéla, Finland) as a
part of the US DoE ARM (Atmospheric Radiation
Measurement) mobile facility during Biogenic
Aerosols — Effects on Cloud and Climate (BAECC)
campaign during 2014 (Petdja et al, 2016), and
radiosondes were launched every six hours during this
period. The airborne measurements utilizing a
Scanning Mobility Particle Sizer (SMPS) and Optical
Particle Counter (OPC) took place in April and August.
Two case studies were chosen for the analysis:
sequential three days of clear sky and one partly cloudy
day, with air masses for both cases arriving from the
North.

We observed several elevated aerosol layers
during both case studies. The highest particle
concentration in all size ranges was found
predominantly in the BL. The shape of the size
distribution in the upper layer often resembled the
shape of the distribution in the BL but with overall
lower concentrations due to dilution of particles into a
larger volume of air. Variability in the number
concentrations was the lowest in the BL due to
turbulent mixing, while there was more variability in
the elevated layers. 96-hours back trajectories for
every 50 m for the altitudes from 0 to 4 km showed
slight difference in the origin of the air masses. Origin
of the air masses, as well as mixing and deposition,
affect aerosol size distribution in different layers.
Compared to the clear sky case, the BL during the
cloudy case was not as well mixed, even though there
was a clear presence of a convective BL, which is
expected to stimulate mixing. Furthermore, we
compared particle size distribution in the aerosol layers
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during three days of the clear sky case and observed
that there was almost no mixing of particles between
the middle layer and neighboring layers, since particle
concentrations stayed similar during the days.
Therefore, we concluded that nucleation mode particles,
that were observed in the middle layer, could have been
formed there.

This work was supported by the Academy of Finland
Centre of Excellence program (grant no. 272041). We
also acknowledge the use of HSRL data in
collaboration with the U.S. Department of Energy as
part of the Atmospheric Radiation Measurement (ARM)
Climate Research Facility during BAECC (AMF
campaign in Hyytiala, Finland).
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Motivation Aerosols play a key role in the global ra-
diative balance of the earth. Their number concentra-
tion, size distribution (SD) and chemical composition
affect their ability to scatter and absorb solar radiation as
well as the formation, properties and lifetimes of clouds
Pachauri et al.|(2014). The same properties determine
how particles enter the human lung and cause various
public health problems|Guerreiro et al.|(2016). To quan-
tify these effects, we need to be able to determine the
rates of the key microphysical processes, aerosol for-
mation and growth, from measurements of aerosol SD
evolution.

Methods The estimation of nucleation rate and conden-
sation rates still typically relies on rather simple visual
analysis, regression methods or balance equations in-
volving crude approximations [Kulmala| (2012). So far,
e.g. determining both size and time dependence of con-
densation rates has been a challenge. In addition, the
methods have not considered measurement uncertainty
in a rigorous way. We propose an automated method
based on the Extended Kalman Filter (EKF) similar to
the one used in |Viskari et al.| (2012). However, in-
stead of using the EKF only for filtering the SD, it is
tweaked to also estimate the nucleation and condensa-
tion rates. This method requires no assumption of SD
shape as it relies only on a physical evolution model —
the aerosol General Dynamic Equation — and a mea-
surement model — DMPS — that are both combined in
the EKF framework.

Results As a proof of concept of our method and a test
of its performance we analyze synthetic data — SD —
that are generated by solving the GDE with a sectional
method. We simulate eight days with four having a new
particle formation event. The size spectrum ranges from
an arbitrary critical cluster size of 2nm to 2m. One sin-
gle vapor is responsible for condensational growth. The
simulated data are corrupted by additive and multiplica-
tive noise in order to resemble actual measured data. An
example of the estimation of the nucleation rate and the
vapor concentration is shown in Fig. 1 where the true
— input for the synthetic data generation — and the es-
timated parameters are compared. The results for both
nucleation rate and vapor concentration are promising,
even if not perfect. Negative values can be avoided by
further tuning of the method — variable change.
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Figure 1: The evolution of the nucleation rate (top) and
the overall vapor concentration: in green, the input feed
to the simulation (noiseless) and in blue and orange the
estimates given by the Kalman filter for the prediction
and filtering steps respectively.
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Aerosol particles play a key role in our lack of
understanding of the climate system, largely due to
uncertainties in aerosol-cloud interactions (Stocker et
al., 2013). In the lower troposphere, particles with
diameters (dp) larger than 50-100 nm are capable of
acting as cloud condensation nuclei (CCN). A major
fraction of CCN seems to be formed by condensational
growth of smaller aerosol particles (Paasonen et al.,
2013; Wang et al., 2017). The condensable vapours
typically originate from emissions of volatile organic
compounds from plants (Hallquist et al., 2009).

We developed an automatic method, which
searches for roughly monotonic growth periods of
particle modes in particle number size distributions and
calculates particle growth rates (GR) for these periods.
The method considers not only the nucleation mode (d,
< 25 nm), but also the Aitken (25 nm < d, < 100 nm)
and accumulation mode (d, > 100 nm) particles, and
the growth periods do not need to follow immediately
after a new particle formation event.

We determined GRs for a 21-year-long data set
recorded at the SMEAR 1I station in Hyytiéld, Finland
(Hari and Kulmala, 2005). GRs were compared with
other measured variables presumably related to the
formation and concentration of condensable vapours,
such as air temperature, concentrations of
monoterpenes and their oxidants, condensation sink
(CS), radiation and diameter of the growing particles.

The growth rates of particles in nucleation and
Aitken modes were observed to increase with
increasing temperature, whereas in accumulation mode
the relation was opposite. The dependencies were very
similar when GR was compared, instead of temperature,
with the oxidation rate of monoterpenes (OxRate, Fig.
1) or CS). The correlations were strongest with OxRate,
which was calculated using the monoterpene
concentration proxy and oxidation rates as presented in
Kontkanen et al. (2016).

The positive correlation between CS and GR in
nucleation and Aitken modes presumably stems from
the strong coupling between temperature, monoterpene
concentrations and CS. However, we find surprising
that even in narrow OxRate bins, the GR was not
observed to decrease with increasing CS. This would
be expected  because condensable vapour
concentrations are presumed to decrease with
increasing sink. Such relation was, however, observed
only in accumulation mode.
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Figure 1: Growth rate of nucleation and Aitken mode

particles as a function of monoterpene oxidation rate in

April-September. Blue dots show growth periods

longer than 2 h and red longer than 5 h.

Additionally, GR was observed to increase with
increasing particle diameter. For growth events starting
at dp = 10 nm, the highest GRs were around 10 nm/h,
whereas for the events that started at d, = ~100 nm
GRs reached 30 nm/h. The same was observed when
simultaneous growth periods in different sizes were
inspected. We also show using a single particle growth
model that this increase of GR with increasing d, can
be explained by aerosol phase dimer formation, where
originally semi-volatile vapours form practically non-
volatile compounds.
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Understanding the way in which ice forms is of great Results of simulations on pyramidal pits on Si (100)
importance to many fields of science. Pure water surfaces, for example, show a clear (AT > 10° C)
droplets in the atmosphere can remain in the liquid phase enhancement of ice nucleation compared to flat Si (100)
to nearly -40° C. Crystallization of ice in the atmosphere or Si (I11) surfaces. Understanding the enhanced
therefore typically occurs in the presence of aerosol activity in such confined geometry may lead to
particles, such as mineral dust, soot or organic particles. characterization of active sites on some ice nucleating
These ice nucleating particles (INPs) trigger materials, as well as to development of optimal cloud
heterogeneous ice nucleation at clearly higher seeding materials.

temperatures than possible through homogeneous ice
nucleation. Therefore, a better understanding of how the
various types of aerosol particles present in the
atmosphere affect ice nucleation (IN) in clouds would
improve our ability to measure, model and parameterize
the key processes related to ice- and mixed-phase cloud
formation, and would advance the field of atmospheric
science.

Experiments have shown in great detail what is
the IN activity of different types of compounds, and
recently also clarified the importance of small surface
features such as surface defects. The molecular-scale
processes responsible for ice nucleation are still not
well known, however, and difficulties in atomic-scale
characterization of complex and imperfect surfaces
means that a full understanding of these processes from
solely experimental evidence is still a distant goal. In
recent years, several computational studies have been
published on heterogeneous ice nucleation, advancing

our understanding of the details of ice nucleation in Figure 1: Experimentally realizable etched Si (001) pits
many materials. The role of defects has been studied increase ice nucleation activity due to geometric
less, but recently the importance of feldspar confinement.

microstructure and different crystallographic faces of
feldspar were shown to be responsible for IN activity of Kiselev, A. et al. (2017). Science 355, 367.

feldspars (Kiselev et al., 2017). Simulations also Bi, Y., Cao, B. and Li, T. (2017). Nat. Commun. 8,
showed enhanced ice nucleation efficiency in confined 15372.
geometry such as wedges or pits (Bi, Cao and Li, Molinero, V. and Moore, E. B. (2009). J. Phys. Chem. B
2017). 113, 4008.

We are studying these topics by utilizing the
monatomic water model (Molinero and Moore, 2009) This work was supported by the Academy of Finland
for unbiased molecular dynamics (MD) simulations, Center of Excellence programme (grant no. 307331) and

where a system including a defected surface, such as ARKTIKO project 285067 ICINA, by ERC Grant
pyramidal pits, steps or surface cracks, immersed in 692891-DAMOCLES, by University of Helsinki,

water, is cooled continuously below the melting point Faculty of Science ATMATH project, and by
over tens of nanoseconds of simulation time and supercomputing resources at CSC - IT Center for
crystallization is followed. Science Ltd.
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The distribution of air pollution over Finland was
computed with several spatial resolutions for the year of
2015, aiming at complex assessment of atmospheric
composition and air quality in Finland. The multi-scale
simulations for three nested domains were performed
with the SILAM atmospheric composition model
(Sofiev et al., 2015). Since Finland is largely a receptor
of pollution from Central Europe, the simulations started
from the European domain with 50 km zoomed towards
Fennoscandia (10km grid). The high-resolution domain
had grid spacing of 1 km covering the whole Finland.
For the computations the Copernicus European emission
database was expanded with the 250m emission
information from the Finnish Environment Institute
(SYKE) and the Ship Traffic Emission Assessment
Model (STEAM) (Jalkanen et al., 2014).

The SYKE database for Finland also contains the
exhaustive list of point sources with the sectoral
separation of emitted substances. The STEAM
inventory of ship emissions was based on bottom-up
compilation of individual vessels using anti-collision
(AIS) system reports and converted to time-resolving
emission fields with 1km grid spacing.

The SILAM analysis covered the entire year
2015 for all main reactive gases, primary and secondary
organic and inorganic aerosols. The seasonal variations
of concentrations are similar for all grid resolutions but
absolute levels differed substantially. In particular, even
small cities resolved by the fine-scale computations
were characterized by up to a factor of times higher
concentrations than over surrounding sub-urban/rural
regions. City-scale emissions, plumes from roads and
point sources were quite well expressed in both hourly
patterns and at annual averaging. Since most
observational stations are located in proximity of local
sources or inside populated areas, reproducing the local
rise of PM and trace gases concentrations was important
for low-biased model-measurement comparison.
Coarser-grid simulations showed noticeably higher
biases in small cities and near small local sources.

Possibilities for AQ improvement via emission
abatement was explored via a set of sensitivity runs. The
impact of 10% emission reduction in different sectors
was computed showing non-linear and season-
dependent response of air components concentrations.
Thus, the reduction of NOx emission results in increase
of ozone in cities in summer with simultaneous
reduction over rural areas. In winter, the O3 growth was
predicted over the whole country. For PM, different
components showed different behavior.
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In Paris, nations agreed to limit the increase in global
mean surface temperature relative to the preindustrial
era below 2 degrees Celsius and pursue efforts to a
more ambitious goal of 1.5 degrees Celsius. To achieve
these goals, it is necessary to estimate the amount of
cumulative carbon emissions compatible with these
temperature targets, i.e. so called carbon budgets (e.g.,
Matthews et al., 2017). Many previous estimates of
carbon budgets are based on arbitrary assumptions on
the strength of aerosol forcing. However, there is a
considerably uncertainty in present-day and future
aerosol forcing, and this uncertainty, together with
uncertainty in transient climate response to CO,
emissions, creates previously unquantified uncertainty
in carbon budgets.

In this work, we use the intermediate complexity
University of Victoria Earth System Climate Model
(UVic ESCM) (Eby et al, 2013) to assess how
uncertainty in aerosol forcing and transient climate
response transfers to uncertainty in the carbon budget
for keeping the global mean temperature increase
below 1.5 degrees. We create a perturbed parameter
ensemble of model simulations by scaling aerosol
forcing and transient climate response, and assess the
likelihood of each simulation by comparing the
simulated historical cumulative carbon emissions to
observations.

By weighting the results of each simulation with the
likelihood of the simulation, the preliminary results
give a carbon budget of 178 Pg C to reach 1.5 degree
Celsius temperature increase. The small weighted mean
is due to large fraction of simulations with strong
aerosol forcing and transient climate response giving
negative carbon budgets for this time period (Fig. 1).
The carbon budgets after temperature stabilization at
1.5 degrees are even smaller with a weighted mean of -
42 Pg C until the year 2200. The main reason for the
negative carbon budgets after temperature stabilization
is an assumed strong decrease in aerosol forcing in the
21st century. Conversely, simulations with weak
aerosol forcing and transient climate response give
positive carbon budgets after temperature stabilization.
Our results highlight both the importance of reducing
uncertainty in aerosol forcing and transient climate
response, and of and of taking the non-CO, forcers into
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account when estimating carbon budgets.
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Figure 1: Carbon budget (Pg C) from 2015 until
temperature stabilization at 1.5 °C above 1861-1880
global mean temperature as a function of transient
climate response and year-2011 aerosol forcing.

Eby et al. (2013). Clim. Past 9, 1111-1140.
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It is crucial to collect experimental data from field
campaigns and laboratory measurements in order to
understand and simulate atmospheric processes.
However, the analysis and the interpretation of the
experimental data should always be done very
carefully. Artefacts and phenomena such as wall loss
should be considered and taken into account in the data
analysis. A common problem that atmospheric
scientists face is to retrieve the correct composition and
concentration of atmospheric clusters measured by the
Atmospheric Pressure interface Time Of Flight (APi-
TOF) mass spectrometer. Indeed, clusters can undergo
transformations (fragmentation and/or evaporation)
inside the instrument, mainly in the APi, due to the low
pressure and energetic collisions (Kiirten et al., 2014;
Olenius et al., 2013). If not accounted for, this leads to
a systematic error in the observed cluster size
distribution.

We tested a new tandem instrument in order to
study the fragmentation and the stability of small
clusters inside the APi-TOF. We used a flat differential
mobility analyser (DMA) coupled with the APi-TOF
and we produced charged clusters by ElectroSpray
Ionization (ESI). This DMA has a high resolution for
small ions and clusters, making it ideal to measure the
mobility of small clusters involved in new particle
formation. Moreover, with this tandem system (DMA-
APi-TOF) we can obtain 2D mobility-mass spectra that
can allow us to account for the fragmentation of
clusters inside the APi-TOF. Using the DMA with a fast
scanning mode, we can analyse several clusters in a
short time and for each of them we can evaluate the
fragmentation inside the mass spectrometer. Another
advantage of this set-up is the presence of an
electrometer after the DMA and before the APi-TOF.
The electrometer provides the concentration of ions in
real time and these data can be compared with the mass
signal to easily calculate the transmission of the APi-
TOF.

We analysed sulfuric acid clusters, and sulfuric
acid-bases clusters in both negate and positive mode,
which are particularly relevant in the early stages of
atmospheric particle formation. The experiments
provided a set of data on the stability of charged
clusters and their fate inside the atmospheric pressure
interface. With an accurate analysis of the data it is
possible to define the fragmentation pathways of
clusters inside the APi. The data will be used to
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develop and validate different model approaches
(Monte Carlo and molecular dynamics simulations)
that can be used to describe the collisions between
charged clusters and neutral molecules (of the carrier
gas). Developing such accurate fragmentation models
will be useful to retrieve the correct composition and
concentration of the clusters measured with APi-TOF
mass spectrometers.

This work was supported by the European Research
Council (Grant 692891-DAMOCLES), the University
of Helsinki, Faculty of Science ATMATH project and
Academy of Finland (ARKTIKO project 285067
ICINA).
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More information on the complex interactions
between aerosol particles and the changing climate is
needed. To know how the particles will affect the cli-
mate in the future, we have to know the sources and pro-
cesses affecting the particle population. Here, we study
how well the global aerosol-climate model ECHAMS.5-
HAM2 predicts the concentrations of particles with di-
ameters above 50 or 100 nm (N50 and N100) by com-
paring the model results to ambient measurements done
in different environments around the world. These di-
ameters represent the minimum diameters of particles
that are able, under different conditions, to act as cloud
condensation nuclei (CCN) and thus affect the climate
indirectly. In order to determine what causes the ob-
served discrepancies between the model and the mea-
surements, we evaluate how different variables, such as
temperature and the sources and the composition of the
particles, affect the observed particle number biases.

Here, ECHAMS.5-HAM?2 (Zhang et al., |2012)
with nudged meteorology for year 2013 is used. The
model describes the particle size distribution with 7 log-
normal modes, including 4 soluble modes and 3 insol-
uble modes. The particles can be composed of black
carbon, organic carbon, sulphate, dust and sea salt.

Ambient particle size distributions have been
measured with a Differential/Scanning Mobility Parti-
cle Sizers (DMPS/SMPS) for several sites. Here, we
use as an example data measured at SMEAR II station
in Hyytidld, Finland (Hari and Kulmala, [2005). Figure/[T]
shows both the measured and modelled particle concen-
trations (N50) as a function of temperature for Hyytiala.
It can be seen that even though both concentrations cor-
relate positively with temperature, the effect is weaker
for the model and the model underestimates the concen-
trations systematically.

Temperature could be used to explain the differ-
ences between modelled and observed concentrations,
because many of the processes affecting the particle
population are temperature dependant. For example,
the amount of CCN produced by condensational growth
caused by biogenic vapours increases as a function of
temperature (Paasonen et al., 2013). As SMEAR 1II is
situated in a pine forest, underestimating the effects of
biogenic sources could be a potential explaining factor
for the observed difference. For Hyytidld, we are also
able to use other measured variables, such as concen-
trations of different gases and the composition of the
particles to better quantify what causes the biases.
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As the sources of the particles are very different
in different environments, in order to obtain the global
picture, we made a similar comparison for several other
stations around the world. For most stations, only parti-
cle and temperature measurements are available, which
is why the focus for those stations will be on the effects
of temperature and modelled emissions.

To estimate the contribution of different an-
thropogenic sources on the particle concentrations, we
utilise GAINS (Greenhouse gas - Air pollution Interac-
tions and Synergies) model (Amann et al.l 2011). For
example anthropogenic sulphur, nitrate and volatile or-
ganic compound emissions can affect the formation and
growth of the particles and thus their regional emissions
could be related to the observed particle number biases.
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Figure 1: The number of particles with diameters above
50 nm increases as function of temperature for both
model and measurements for Hyytidld. However, for
the modelled concentrations, the effect is weaker and
the concentrations are clearly underestimated.
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Abstract

Carbonaceous aerosol is a large fraction of
atmospheric aerosols, played a crucial role in air
pollution, adverse health, visibility reduction and
climate effects. They constitute a significant fraction in
fine particles (PM,s), and it could be accounted for up
to 40% of mass of PM, s in urban atmosphere (Seinfeld
and Pandis 1998). Agra, which is one of the oldest cities
“World Heritage site” and Delhi, is the capital city of
India; both are located in the border of Indo-Gangetic
Plains (IGP) and heavily loaded with atmospheric
aerosols due to tourist place, anthropogenic activities
and its topography respectively.

The present study was carried out at Agra
(AGR) as well as Delhi (DEL) during winter period
from Nov. 2011 to Feb. 2012 of fine particulate (PM;s:
d < 2.5 yg) and associated carbonaceous aerosols. PM; 5
was collected at both places using medium volume air
sampler and analyzed for organic carbon (OC), and
elemental carbon (EC). Average mass concentration of
PM, 5 was 165.42+119.46 ug m™ at AGR while at DEL,
it was 211.67+41.94 ug m™ which is ~ 27 % higher at
DEL than AGR. Concentrations of OC and EC were
69.96+34.42 and 9.53+7.27 pg m* at Agra and
50.11+11.93 and 10.67+3.56 pg m™respectively. The

OC/EC ratio was 13.75 at (AGR) and 5.45 at (DEL).
Significant correlation between PM,s and its
carbonaceous species were observed indicating
similarity in sources at both sites.
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Fig. 1: Day to day variability of mass PM, s and
carbonaceous species at DEL (A) and AGR (B)

In the case of POC,
observed at both places but in the case of SOC higher

similar concentrations were

over AGR by 24 in comparison to DEL, it is due to the
high concentration of OC over AGR. Secondary organic
aerosol (SOA) was 42% higher at AGR than DEL
which confirms the formation of secondary aerosol The
SOA contribution in PM,5 was also estimated and was
~32% and 12% at AGR and DEL respectively. Being
high loading of fine particles along with carbonaceous
aerosol, it is suggested to take necessary and immediate
action in mitigation of the emission of carbonaceous
aerosol in the northern part of India.
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Humidified aerosol particles and cloud droplets
provide the media for aqueous-phase chemistry in the
atmosphere. Solubility of organic and inorganic mix-
tures in aerosol water is therefore a key component in
atmospheric processing. In particular, aqueous-phase
molecular interactions, such as salting in and out, be-
tween different solute components impact aerosol com-
position via gas-particle partitioning and precipitation
processes. However, such aqueous-phase phenomena
are still very poorly constrained for complex atmo-
spheric mixtures. Our previous work has demonstrated
large impacts of interactions between organic and in-
organic aerosol components on their gas—particle parti-
tioning and water uptake properties (Kurten et al., 2014;
Hansen et al., 2015). In particular, we studied the
successive hydration equilibria of glyoxal in aqueous
sulfate solutions using quantum chemical methods and
found that the overall Henry’s law solubility of glyoxal
is greatly enhanced by strong, specific complex forma-
tion with sulfate ions stabilizing the hydrates in aqueous
solution (Kurten et al., 2014). This mechanism would
potentially greatly enhance availability of glyoxal for
aqueous SOA formation in regions dominated by sul-
fate rich aerosol.

We then used COSMO-RS, a method combining
quantum chemistry with statistical thermodynamics, to
compute aqueous salting interactions for a large array
of organic solutes and salts, including highly oxidized
organics glyoxal, methylglyoxal, and glycerol (Toivola
et al., 2017). While glycerol has no immediate atmo-
spheric relevance, it provides an autonomously charac-
terized analogue to the glyoxal hydrates. COSMOTh-
erm generally overpredicts salting out and/or underpre-
dicts salting in (overpredicts both positive and negative
Setschenow constants, respectively) and in particular
was unable to replicate the strong salting in of glyoxal
in sulfate solutions predicted in our previous work, and
observed experimentally by Kampf et al. (2008). For
methylglyoxal, experimentally observed salting out was
qualitatively predicted.

Subsequently, we used soft X-ray absorption
spectroscopy (XAS) to study aqueous interactions of
oxidized organics with sulfate in-situ. XAS experi-
ments were carried out using the liquid flow cell end-
station at the BL3U beamline at UVSOR synchrotron
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facilities, Okazaki, Japan. Synchrotron radiation pro-
vides very high sensitivity to the chemical environment
of absorbing atoms and enables us to probe molecular
structure and inter-molecular interactions in near real-
time. The highly oxidized organics were probed via
the carbon and oxygen K-edges at photon energies be-
tween 280 and 305 eV and 525 to 550 eV, respectively,
with a resolution of approximately 0.2-0.4 eV. The ab-
sorbance In(Iy/I), where I is the absorbed intensity of
empty cell without sample and I is the intensity of sam-
ple, is recorded over the entire energy region.

We measured SR-XAS spectra for binary aque-
ous glyoxal, methylglyoxal, and glycerol and their
ternary mixtures with NasSO4. We observe glyoxal en-
tirely in its tetrol dihydrate form, whereas methylgly-
oxal exists as both mono- and dihydrate. Glycerol only
shows features attributed to C-OH, as expected. Careful
analysis of spectral changes with addition of increasing
amounts of salt reveal features of organic-inorganic in-
teractions in the aqueous phase. For each of the studied
organics, the effect of sulfate is at best modest, in appar-
ent contrast to both quantum-chemical and COSMOTh-
erm calculations, and experimental observations. Our
adventures with glyoxal thus seem far from over yet.
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Atmospheric aerosols (particles and the surrounding
gas medium) in general have effect on human health
and on climate (Nel, 2005; IPCC, 2013). They can
scatter and absorb solar radiation, and act as cloud
condensation nuclei (CCN), and regulate cloud
properties (e.g. Rosenfeld et al., 2008; Clement et al.,
2009). Aerosol particles are also counted as pollution
deteriorating air quality (Nel, 2005). A large fraction
(up to 90%) of atmospheric sub-micrometre particle
mass consists of organic compounds (Jimenez et al.,
2009).

Due to the complexity of the biogenic volatile
organic compound (BVOC) mixtures emitted by trees
and other plants, a-pinene has often been used for
simplicity as a reference compound for boreal forest
emitted BVOCs. The aim of this study was to look at
some of the physical and chemical properties of
secondary organic aerosol (SOA) formed from
a-pinene, and compare them to SOA formed from a
BVOC mix taken from real plants, specifically Scots
pines. Main focus was on the chemical composition of
the particles, and their hygroscopicity.

All the experiments were conducted at the
facilities of University of Eastern Finland. The
experiment campaign consisted of two main parts:
BVOC collection, and chamber studies. The first phase
was conducted by selecting five healthy pines (Pinus
sylvestris), and bringing them into the laboratory space,
where BVOC were collected on Tenax tubes. To
analyse the actual sampled BVOC mix, three Tenax
tubes were analysed with a gas chromatography mass
spectrometer (GC-MS) immediately after collection.

The main part of the experiments was conducted
in a 10 m® Teflon chamber, which was operated as a
batch reactor. The chamber was filled with humidified
air (45% relative humidity at 22 °C). In the cases of
photochemical experiments, H,0, was added as OH

precursor, and butanol-D9 was added as a tracer for OH.

After target conditions were reached in the chamber,
selected VOC (a-pinene or real plant BVOC mix) was
added, and ozone injected to begin the reactions. In
photochemical experiments UV-lights were turned on
to signal the start of the experiments. Experiments
lasted on average six hours.

Five experiments were conducted in total, four
with a-pinene as a precursor, and one real plant
reference. With a-pinene both pure ozonolysis and low
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NOy photochemical conditions were probed, while the
real plant experiment was in ozone regime only.

The two main instruments used in this study
were the Filter Inlet for Gas and Aerosols, (FIGAERO-
CIMS, Aerodyne Research Inc., USA and Tofwerk AG,
Thun, Switzerland, see Lopez-Hilfiker ef al., 2014) for
analysing the chemical composition of the particles,
and hygroscopic tandem differential mobility analyser
(HTDMA, custom made, described in Viisédnen et al.,
2016) to measure the hygroscopicity of the particles.

Supporting instruments included a high
sensitivity proton-transfer-reaction time-of-flight mass
spectrometer (PTR-MS, Ionicon) to measure VOC
concentrations during chamber experiment, aerosol
mass spectrometer (AMS, Aerodyne Research Inc.,
USA) to get information on particle composition and
organic fraction, scanning mobility particle sizer
(SMPS, TSI Incorporated, USA) for particle size
distribution and number concentration, and ozone
monitor (TE49i, Thermo Fischer Scientific).
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Highly oxidized multifunctional organic molecules
(HOMs) are a group of organic molecules produced by
oxidation of VOC, and are generally considered to have
low to extremely low vapour pressures (Ehn et al.,
2014). These features make them potentially important
in particle formation and growth processes in the
atmosphere. Understanding the formation and loss
processes of these molecules is thus important for a
better understanding of particle formation.

It has been shown that HOM formation can be
explained by peroxy radical chemistry: first, a HOM
peroxy radical (HOM-RO,) is formed by autoxidation;
and second, termination occurs via classical peroxy
radical pathways (e.g. Mentel et al., 2015). The main
stable end product pathways are those leading to
formation of ketones or alcohols (RO,+R0O,’), and
hydroperoxides (RO,+HO,).

When studying the formation and loss processes
of HOMs in chamber experiments we discovered that
there were indications that the particles were
participating photochemistry, in that they provided a
condensation sink to both HO, and HOM-RO,. This
could be seen when analysing the data and calculating
the uptake coefficients of HOM molecules. At high
particle surface (> 1.0 - 10° m’m™), the loss rates of
hydroperoxides were increasing, but the loss rates for
ketones were decreasing. Our hypothesis is that the
apparent increase in loss rate of hydroperoxides is in
fact a decrease in production rate, and the decrease in
ketone loss rate comes from increased production rate.
As losses of HO, to particles cannot be excluded (e.g.
Brune et al., 1999; Carslaw et al., 2002) we suggest
that this loss explains our observations. Lower HO,
with higher particle loading would lead to fewer HOM-
RO, terminating with HO,, and more with other HOM-
RO,, leading to higher ketone formation and lower
hydroperoxide formation.

Dimer formation is another major termination
pathway for HOM-RO,. In dimers determining an
effective uptake coefficient lead to unrealistically high
values above 1, which is the upper limit from the
kinetic gas theory. We conclude that if the chemical
lifetime of peroxy radicals is in range of its lifetime
with respect to losses on particles, further increasing
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particle surface will decrease formation rates of dimers
and thus pretend a too high condensational sink of
dimers. This is then manifested as unrealistically high
uptake coefficient at high particle surface loading.

The loss of HOM peroxy radicals on existing
particle surface as found here might have implications
on atmospheric chemistry. Particle densities used in the
experiments mentioned here correspond to mass
loadings observed in the Troposphere. HOM-RO,
lifetimes in the atmosphere are also likely to be longer
than in our experiments, leading to proportionally
higher importance of condensational loss onto particles.
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Highly oxidized multifunctional organic
compounds (HOM) play key roles in new particle
formation (NPF) and thereby influence the climate and
air quality. HOM formation and NPF mechanism is well
studied at SMEAR 1I station, a boreal forest site.
However, as one of the most economically invigorating
and densely populated countries, China, the
measurements of HOM are rare. This study uses the
MALTE-BOX model (Boy et al., 2006) with newest
HOM formation mechanism described by Ehn et al.
(2016) to simulate the HOM and NPF at SMEAR II and
SORPES. By comparing the modeling results at two
sites, the differences of HOM concentrations and their
contributions to initial growth are investigated.

As tabulated in Table 1, although having high
condensation sink, the NPF events are frequently
observed in urban of China like SORPES (Qi et al.,
2015). The formation rate and growth rate at SORPES
are much higher than at SMEAR II. The environmental
condition during the NPF are substantially different,
with higher condensation sink, atmospheric oxident (O3)
and anthropogenic pollutants (SO, NOx).

SMEAR 11 SORPES
Jo[em3s!] 0.1 1.6
GR [nm/h] 2.8 8.0
CS [102s7!] 0.14 2.7
O3 [ppbv] 36.6 433
SO: [ppbv] 0.1 8
NOx [ppbv] 0.2 13.4
Table 1: The differences of NPF characters and

corresponding environmental conditions between

SMEAR II and SORPES

Five days (four NPF events days and one non-
event day) at each sites were chosen for simulations with
MALTE-BOX. As shown in Fig. 1, by comparing the
observed and simulated sulfuric acid and HOM at
SMEAR 11, the model provides an acceptable agreement
between simulated and measured gas vapors

110

SMEAR 1II station, SORPES station, MALTE-BOX model, HOM

concentrations. By comparing the simulated sulfuric
acid and HOM at two sites, one can see that higher
concentrations of sulfuric acid and HOM organonitrate
but much lower HOM monomer and dimer
concentrations are at SORPES.
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Figure 1: The observed and simulated H,SO4 and HOM
from monoterpene oxidation at SMEAR II and SORPES.

Different concentrations of gas vapor lead to the
discrepancy of their contributions to NPF and even NPF
mechanisms at SMEAR II and SORPES. In general,
sulfuric acid and HOM from aromatics (not shown in Fig
1) play a dominant role in NPF at SORPES.

Boy, M., O. Hellmuth, H. Korhonen, E. D. Nilsson, D.
ReVelle, A. Turnipseed, F. Arnold, and M. Kulmala
(2006), MALTE - model to predict new aerosol
formation in the lower troposphere, Atmos. Chem.
Phys., 6,4499-4517.

Ehn, M., et al. (2014), A large source of low-volatility
secondary organic aerosol, Nature, 506(7489), 476-
+.

Qi, X. M, et al. (2015), Aerosol size distribution and
new particle formation in the western Yangtze River
Delta of China: 2 years of measurements at the
SORPES station, Atmos. Chem. Phys., 15(21),
12445-12464.
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The oxidation of a-pinene by ozone and other
oxidants has been extensively studied as it a major
source of secondary organic aerosol (SOA) in the
atmosphere. Several studies have shown the existence of
highly oxygenated molecules (HOMs) produced by
autoxidation reactions from the same initiators (Ehn et
al, 2014), in chambers and in natural environments, such
as the boreal forest. These molecules are now considered
to greatly contribute to SOA butare also interesting for
their contribution to new particle formation processes.
Despite all the newly obtained knowledge on HOM
formation, we presently lack understanding of how
temperature impacts these processes. Herein, we present
the results of HOM measurements in the AURA (Aarhus
University Research on Aerosol) chamber during o-
pinene ozonolysis experiments performed at 20 °C, 0 °C
and -15 °C.

A description of the chamber can be found in Kristensen
etal. (2017). Briefly, it consists ofa5m? Teflon chamber
bag run in batch sampling mode where the temperature
was set within a range from 20 °C to -15 °C. Initialized
at a stable temperature, the chamber was fed with ozone
(100 ppb)dispersed in filtered air, exempt of particles,
then, a-pinene was injected reaching a concentration of
50 ppb. The gas phase HOMs were measured using the
high-resolution nitrate-based Chemical Ionization
Atmospheric Pressure interface Time-Of-Flight (CI-
APi-TOF) mass spectrometer (Tofwerk AG, Aerodyne
Research), extensively described in Jokinen et al. (2012).

With a high number of oxygen atoms, a-pinene derived
HOMs are usually seen in the mass range 300-600 Th
and typically have a chemical composition of CioHis-
1607-11 (monomers) and Ci920H2832010-18 (dimers).
Figure 1 shows the averaged time traces of the HOMs
monomers detected during a-pinene experiments at 3
different temperatures. It also includes the extremum
values obtained when the experiments were repeated.

Here the temperature is seen to mainly impact the
amount of HOMs formed, leading to higher signals, by
more than 2 orders of magnitude, from -15 to 20 °C.
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Figure 1: Time series of HOMs monomers for the 50 ppb o-
pinene experiments, averaged were done according
temperatures (at 20 °C, 0 °C and -15 ° C).

As the majority of HOMs are low or extremely low-
volatility species already at 20 °C, the loss rates will not
be greatly affected by the decrease in temperature, and
our results show that the temperature is mostly affecting
the formation of HOMs.

With this work investigating the variability of the HOMs
production at different temperatures, we clearly show
that colder temperatures drastically slow down the rate
of HOM production, presumably due to less efficient
autoxidation. More details and various aspects of this
study, also involving chemical composition analysis,
will be presented during the symposium.

This work was supported by the European Research
Council (Grant 638703-COALA), the Academy of
Finland Centre of Excellence program (project n°.
307331), and the Aarhus University Research
Foundation.
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Jokinen et al. (2012), Atmos. Chem. Phys. 12, 4117-
4125.

Kristensen etal. (2017), Environ. Sci. Processes Impacts.
19, 1220-1234.
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The first steps in atmospheric particle formation
involve small clusters, in particular sulfuric acid and
ammonia (or amine) clusters (Vehkamiki and Riipinen,
2012). The detection and quantification of these
clusters has recently been made possible due to the
development of the chemical ionization atmospheric
pressure interface mass spectrometers (CI-APi-TOF).
While this technique can detect clusters at
environmental low concentration (Jokinen et al., 2012),
the fate of atmospheric clusters inside the instrument is
unclear: clusters can undergo fragmentation due to
chemical ionization, low pressure and energetic
collisions with neutral molecules. All these processes
can lead to a misinterpretation of the data, in particular
the measurement of the concentration and composition
of clusters. Therefore modeling of cluster collision and
fragmentation is an essential prerequisite for
understanding the processes occurring inside the APi
during the measurement — as well as in nature.

Interactions between small molecular clusters
cannot accurately be modeled as hard sphere collisions:
first, the scattering cross-section is not well defined, as
clusters already interact through Coulomb or Van der
Waals interactions well before a collision takes place,
and second, because of the energy transfer to internal
rotational and vibrational degrees of freedom of the
clusters’ constituent molecules or ions during collision.

Ab initio molecular dynamics simulations could
reveal the atomistic details of the cluster collisions.
However, while the system size is small, a large
number of individual trajectories with different initial
conditions and parameters such as cluster composition,
conformer, velocity, and impact parameter, is required
to obtain statistically significant results. In practice, we
have to resort to classical force fields to describe
atomistic interactions, which need to be both accurate
and transferable, to enable studies of a wide range of
atmospherically relevant clusters, e.g. containing
sulfuric acid and water, amines, or other organic
molecules. The General AMBER and GROMOS force
fields (Wang et al., 2004; Schmid et al., 2011) are both
reasonable choices.

We present equilibrium configuration and
energy benchmarks for sulfuric acid clusters, using
GAFF and GROMOS force fields, against ab initio
calculations using PW91/aug-cc-pVQZ level of theory,
as well as initial results on the molecular dynamics
simulations of the cluster collision and fragmentation.
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In order to validate the theoretical model we
carried out laboratory experiments coupling an APi-
TOF mass spectrometer with a separation technique: a
high resolution Differential Mobility Analyser (DMA).
The DMA classifies charged particles (and clusters) as
a function of their electrical mobility, hence with this
instrument it is possible to measure the clusters’ size
and separate them based on their size. In our
experimental set-up, sulfuric acid clusters are produced
in negative mode with the ElectroSpray lonization
(ESI) source and injected into the DMA. The DMA
settings used allow only the negatively charged sulfuric
acid trimer ((SA)s, [(H2SO4)2HSO4]") to enter in the
APi-TOF, in this way, we are able to separate (SA)3
clusters from other sulfuric acid clusters and easily
study and quantify their fragmentation inside the
instrument. Inside the APi-TOF the sulfuric acid trimer
cluster is mainly fragmented in a neutral sulfuric acid
molecule (not detectable by the TOF) and a negatively
charged sulfuric acid dimer ((SA),, [H2SO4sHSO4]7).
We measured the ratio between the (SA); and its
fragmentation  product (SA), under different
experimental condition and compare the results with
the theoretical model.

This work was supported by the European
Research Council (Grant 692891-DAMOCLES), the
Academy of Finland (ARKTIKO project 285067
ICINA), and the University of Helsinki, Faculty of
Science ATMATH project. Computational resources
have been provided by CSC — IT Center for Science,
Ltd., Finland.
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Sea spray aerosols (SSA) are continuously emitted into
the Earth’s atmosphere and play a significant role in the
planetary energy budget, by interacting directly with
solar radiation and by affecting the formation and
lifetime of clouds. This has a major effect on climate
since 70% of the planet is covered by the ocean, which
thereby is the largest single source of aerosol mass in the
atmosphere (e.g. de Leeuw et al. 2011). The atmospheric
lifetime of SSA varies from seconds to weeks. During
this time, SSA is exposed to oxidants, condensable
vapours, light and changing conditions of relative
humidity and temperature, which in summary induce so-
called ageing effects. Hence, the properties of SSA may
be significantly altered, which leads to changes in their
role for climate.

The hygroscopic behaviour of SSA, at sub-
saturated relative humidities (RH), influences the type
and magnitude of the aerosol-radiation interactions by
changing the optical properties of the aerosol particles
due to water uptake. The hygroscopicity may also affect
the particles’ efficiency to act as cloud condensation
nuclei (CCN) at supersaturated conditions. Commonly,
the hygroscopicity and CCN-activity of SSA is assumed
to be comparable to that of sodium chloride (NaCl,
Lewis and Schwartz, 2004), which is the major
component of SSA particles overall (Lewis and
Schwartz, 2004). Previous laboratory studies have
investigated reactions of aqueous NaCl with ozone and
the presence of UV-light, hereby mimicking ageing
conditions occurring in the marine boundary layer
(Knipping et al., 2000, Laskin et al., 2003). These
experiments demonstrated changes in the chemical and
physical properties of the particles and hence the authors
hypothesize a possible effect on the hygroscopic and
cloud activation potential.

Previous studies have mainly addressed aspects
of nascent SSA or proxies like NaCl but changes in the
particles’ hygroscopic and cloud activation potential due
to ageing are still poorly characterized. Therefore, in this
study we examine atmospheric ageing processes of SSA.
To simulate different atmospheric conditions we use the
constrained conditions of the Aarhus University
Research on Aerosol (AURA) smog chamber, which
provides a temperature regulation between 257 and 299
K. In our experiments, the complex chemical
composition of SSA is first simplified by using pure
NaCl particles generated with a TSI atomizer. These
particles are then investigated with regard to their
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hygroscopic as well as cloud forming potential and
alterations occurring as a result of oxidation processes.
Hygroscopicity is measured with a humidified tandem
differential mobility analyser (Brechtel) while a cloud
condensation nucleus counter (DMT) is used to
investigate the cloud forming potential of the fresh and
aged particles. Additionally, the particle number size
distribution is monitored with a scanning mobility
particle sizer (SMPS; TSI) and an optical particle sizer
(OPS; TSI).

Oxidation

Hygroscopicity
and CCN-activity
change

Oxidized primary
sea spray particles

Primary sea spray
particles

G = -

‘7593 spray

’ ~ -
: &

Figure 1: Schematic figure of the ageing of sea spray
aerosols.

We will present first results of ageing experiments
carried out at the AURA chamber. As illustrated in
Figure 1, in this study primary SSA undergo oxidation
due to gases and UV-radiation as present in the
atmosphere while their hygroscopic and cloud forming
potential are constantly monitored.

This work is supported by the Austrian Science Fund
(FWF): J 3970-N36.
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Clouds play a substantial role in the modification of cli-
mate. Interaction with radiation, influence on wind pat-
terns, transportation of water and precipitation are some
of their roles. The formation of ice in clouds has a major
effect on their properties, especially in precipitation. Ice
crystal may form either homogeneously or heterogene-
ously. In the former process, ice does not nucleate until
-38 °C, whereas in the latter process, ice nucleates at
higher temperature with the aid of aerosol seed particles.
(Murray et al., 2012) Although, the impact of airborne
particles in ice nucleation is poorly understood.

Among these ice nucleating particles, the high
ability of mineral dust to nucleate ice has led this particle
type to be one of the most studied agents in cloud ice and
precipitation formation. There are several types of
mineral dusts such as feldspar, kaolinite and illite that
are revealed experimentally to be effective ice nuclei.
Kaolinite is an aerosol particle that helps water freeze
through heterogeneous ice nucleation, but understanding
the effect is limited regarding the microscopic level of
ice formation on the substrates of kaolinite. Molecular
dynamics simulations can help us discover the
underlying mechanism of ice formation in the presence
of kaolinite (Zielke et al., 2016). Our study focuses on
ice structures on the surface of kaolinite. Kaolinite has
both a flexible Al-surface and a rigid Si-surface. The
results showed that the structure of these surfaces have
an effect on the ice structures, and ice nucleation is
different between flexible and rigid surfaces. Figure 1
shows two kaolinite surfaces which mirror each other,
and TIP4P/Ice water model which is used in this system.

Studies have shown that ice nucleating efficacy
of mineral dusts is related to their specific
crystallographic features. Atmospheric aerosols have
different active sites and surface structures, so it is
important to identify which crystallographic features
and surface structures are most efficient in ice formation.
Therefore the role of imperfections on K-feldspar, for
instance, cracks and steps in ice nucleation is being
studied to investigate their effect on ice formation. This
study will help us identify which structural materials are
more efficient as ice nucleating particles, and
consequently we will be able to suggest designs of
artificial materials optimized for cloud seeding for the
rain enhancement application.

114

Figure 1: Mirrored kaolinite slabs are at the top and
bottom of the simulation cell, hydrogen, aluminum,
silicon and oxygen atoms are white, pink, yellow and
red, respectively.

Murray, B. J., Sullivan, D., Atkinson, J. D. and Webb, M.
E. (2012). Chem. Soc. Rev., 41:6519-6554.

Zielke, S. A., Bertram, A. K. and Patey, G. N. (2016). J.
Phys. Chem. B. 120:17266-1734.
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We are developing a new data management and
analysis system SMEARCORE. A challenge in data
management of SMEAR type stations is the comprehen-
siveness of the measurements. For example the SMEAR
IT station continuously measures over 1000 variables
and during 2014 this produced 8 TB of raw data. Man-
aging and refining this data takes a large amount of work
even if it is only one station. Thus the motivation behind
this development is to clearly document current prac-
tices, simplify setting up new measurement campaigns
and stations and make the system replicable in case of
failure.

We also aim to produce a high level interface
to the stored data, which would allow independent de-
velopment of further analysis and data transform tools,
similar to (Junninen et al., 2009). An example of such
a tool would be routine and automated processing of
complex instruments, such as DMPS measurement sys-
tems. Similarly one could also define software instru-
ments based on the data of one or more real ones. The
complete system will consist of three subcomponents
and configuration files, their connections are shown in

Figure

e A collection component that copies data from mea-
surement computers.

e A storage component that stores the data and in-
dexes it. Essentially an interface to the raw data
and metadata in a machine readable format.

e An analysis component which builds upon the in-
dex provided by storage. For example preprocess-
ing of instrument data or any other routine calcula-
tions.

The idea is that end users can use the sys-
tem through interfaces that represent their problem
domain. When setting up measurements the user
can input relevant info and metadata about measure-
ment into a configuration file through a web interface.
The configuration for that measurement then generates
the required database definitions & code to transport
the files between the measurement computer and the
SMEARCORE server. This reduces the all too common
duplication of information. For calibration and analy-
sis code, the user would define what data is needed and
would get it in a standardized format out from the stor-
age component. This allows the creation of generic rou-
tines that could be used at different stations for similar
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instruments. This also makes writing code for exporting
to various other data formats easier, since the code only
needs to be written once.
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Figure 1: Schematic representation of the responsibili-
ties of the different components of the system at a re-
search station.

The system is still in development. We aim
to have the first new deployment running this spring.
We also aim to start running it in parallel at a current
SMEAR station during this year to evaluate system per-
formance.

Work was supported by the Academy of Finland
Center of Excellence programme (grant no. 307331).
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Icing is an atmospheric process where ice accumulates
on surfaces of any kind. While couple of different icing
processes exists, the most interesting related to
atmospheric aerosol studies is in-cloud icing. This icing
process can be caused either by liquid rain drops or
cloud droplets. The most important differences between
the two are droplet concentration and size.

Icing can cause damage to structures or financial
losses. For example, wind energy power plants might
have unplanned shutdown or flights might get
delayed/cancelled. With well-structured forecasting
models these kinds of unplanned events could be
avoided.

Current forecasting models typically have
simplified representation of droplets due to the lack of
reliable measurement data for verifying the models
(Makkonen et al., 2010). The size distributions with
typical droplet size are the most important parameters
that are needed for reliable icing forecasts.

We have studied cloud droplet properties and
icing conditions (Figure 1) for several years at the
Puijo measurement station (306 m a.s.l. and 224 m
above the surrounding lake level)(Leskinen et al.,
2009). The main focus of the study is to investigate
connection between cloud microphysical properties,
meteorology and icing rate. The study includes several
icing detectors (on/off and accumulation speed), cloud
droplet probe (CDP) and meteorological instruments
for air temperature and wind speed/direction.

Icing observation statistics for Puijo, 2009-2017
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Figure 1: Occurance of icing events at Puijo
measurement station, measured with an icing detector.
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Preliminary results from 2009 icing events show
that average icing rate over all the occurred events was
1.4 mm/h. There was 65 days when icing occurred.
Some of the events were short, measured in minutes
while others lasted several hours.

In Figure 2 an icing event is shown as an
example. Cloud droplet number concentration and
mean diameter are presented with icing information.
Icing and non-icing events are marked with blue and
red, respectively. The temperature during this icing
event was almost constant -2.5°C. The data shows that
the icing starts after mean size of the droplets has
grown a bit, up to 8 um in this case. The size continues
growing even during the event, but begins to decrease
after concentration drops. During the event the icing
rate variates between 2 mm/h and 3 mm/h.

Similar cases of droplet growth and icing were
observed from the data set and the detailed analysis
will provide the statistics for the assumed relation
between the droplet population and in-cloud icing.
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Figure 2: Cloud droplet number concentration (CDNC)
and mean droplet diameter (D,,,) during an icing
event. The data during icing conditions is marked with
blue colour while the non-icing one is marked with red.
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In cities and on traffic lanes, the outdoor particulate
number concentration is typically dominated by small
nanoparticles, which can penetrate deep into human
lungs and cause various health problems. These particles
can penetrate into nearby buildings and affect the
exposure of humans indoors. There is lack of knowledge
how these ultrafine nanoparticles can penetrate through
different air filters and affect the indoor air and human
health.

In this study, we present an aerosol generation system
that mimics the aerosol generated in traffic having
typical nucleation and soot aerosol modes. The aerosol
generation system was used to determine the particle
filtration efficiency of five typical commercial

ventilation filters in the particle size range of 1.3-240 nm.

The full story of the study is reported in a paper by
Karjalainen et al. (2017).

The results showed that the two tested HEPA filters were
found to be effective in all particle sizes. The fiber filter
(F7) was effective for the traffic related nucleation
particles, but its efficiency decreased to 60 percent with
the larger particles. The filtration efficiency of the
electrostatic precipitator filter (ESP) increased as a
function of the particle size and was more effective for
traffic related soot particles than for nucleation particles.
The electret filter was relatively effective (filtering
efficiency > 85%) on all detected particle sizes. The
HEPA, F7, and electret filters were found to effectively
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remove nano-cluster particles smaller than 3 nm. Overall,
filtration efficiency was found to be heavily dependent
on particle size and significant differences were
observed between different filters.

This study recommend that traffic related nanoparticles
should be included in the quality criteria and testing
standards of wventilation filters. Information on
nanoparticle filtration is needed for manufacturers and
end users of filters and ventilation machines as well as
for designers of buildings and ventilation in new and
refurbishment construction.

Karjalainen, P., Saari, S., Kuuluvainen, H., Kalliohaka,
T., Taipale, A., Ronkkd, T. (2017). Performance of
ventilation filtration technologies on characteristic
traffic related aerosol down to nanocluster size.
Aerosol Science and Technology, 51(12), 1398-
1408.
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Natural gas (NG) is used world-wide as a fuel in
vehicle engines and energy production, and due to the
increased availability, competitive cost and lower CO;
emissions compared to conventional liquid fossil fuels,
its usage is expected to increase in the future. However,
similar to other fuels, also NG engines produce emis-
sions that can have impact on environment and human
health. Particle mass emissions from NG engines are
low compared to conventional diesel engines because
of lower soot particle formation in combustion but par-
ticle number emissions of NG engines, especially nano-
particle emissions, are not necessarily low (Alanen et
al., 2015). In addition to primary particulate emissions,
NG engines emit gaseous species that act as precursors
for secondary particulate emissions (Alanen et al.,
2017).

In some power generation applications, it is
more advantageous to use other gas compositions, like
ethane and propane, instead of NG that is composed
mostly of methane. Changing the gas composition is
likely to alter the emissions from gas combustion and
also the impact of emissions on environment and hu-
man health. Similar to other fuels, the emissions from
gas engines are reduced by using exhaust after-treat-
ment systems. The aim of this study was to examine the
influence of different catalyst systems (oxidation cata-
lysts and Selective Catalytic Reduction, SCR) in the gas
engine operating with NG and propane on exhaust par-
ticles. The special focus in this study was on secondary
particulate emissions.

The measurement campaign was conducted in
November 2017 at VTT engine test facility. The test en-
gine was a passenger car gasoline engine modified to
run with NG and propane (Murtonen et al., 2016). The
driving conditions were selected based on the emission
levels and two different engine driving modes were
used. Two catalyst setups were tested, the first one con-
sisting of a combination of an oxidation catalyst and a
SCR and the other setup having of only one oxidation
reactor. Exhaust gas temperature was varied from 350
to 500 °C and exhaust gas flow was 80 kg/h or 40 kg/h.

The chemical composition of emission particles
was studied by using a Soot Particle Aerosol Mass
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Spectrometer (SP-AMS, Aerodyne Research Inc,). In
addition to the particle chemistry, inorganic and organic
gases, particle number concentration and size distribu-
tion were measured by an extensive set of instruments.
The potential of emission to form secondary particles
was examined by Potential Aerosol Mass (PAM) cham-
ber. Two different dilution systems were tested. Ex-
haust was diluted by a factor from 100 to 1000 depend-
ing on the dilution system.

There was no clear difference in the secondary
aerosol mass concentrations produced by NG and pro-
pane. Additionally, the chemical composition of sec-
ondary particles was similar for both gases consisting
mostly of sulfate (60-70%), organic matter (25-30%),
ammonium (3-4%) and nitrate (1-4%). However, the
concentration and chemistry of secondary particles de-
pended on the engine and catalyst conditions. Also the
dilution system had an effect on secondary aerosol. It
was found that, even after the dilution ratio corrections,
the smaller dilution ratio caused larger concentrations
of organic matter in secondary particles. Compared to
secondary particles, the mass concentrations of primary
particles were very small being close to the detection
limits of the SP-AMS.

This work was funded by the Tekes — the Finnish Fund-
ing Agency for Innovation project no 770/31/2016
(NewGas), Wartsila Finland Oy, Dinex-Ecocat Oy,
Dekati Oy, Neste, Oilon Oy and Airmodus Oy.
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The eFilter, introduced in 2016 by Dekati, sim-
ultaneously collects particles onto a filter and measures
the current imparted by the particles. We used the eFil-
ter to measure atmospheric particle mass concentrations
in Beijing, China, in the spring of 2017. The results are
compared to a TEOM (Thermo Fisher Scientific).

The eFilter has a main flow through the filter and
a secondary flow through the electrical portion. The
electrical portion has a separate pump, which takes 0.5
Ipm from the main flow. The particles entering the elec-
trical portion are charged with a unipolar diffusion
charger, and their current is measured from a filter. This
two-pronged approach allows data to be obtained with
a high time-resolution (1 s), while average mass con-
centration is determined gravimetrically.

Calculations are necessary to obtain the mass
concentration for a specified time period t1 to t2. The
total mass m,,.,; is the mass obtained by weighing the
filter before and after collection. The corresponding
current I,.4; 1S the total current measured during the
mass collection. A is the ratio of the total mass to the
total current (equation 1). To calculate the mass col-
lected during any time period my, t,, the sum of the cur-
rent during the given time period I, ,is multiplied by
A (equation 2). Finally, mass is converted to mass con-
centration M by dividing by the corresponding sampled
volume V' (equation 3).

mtotal
1
Itotal [ ( )
Migt2 = Al [1g] (2)
my, 1U8
My =" [F 3

The instrument was setup on the third floor of an
office building, with a vertical PM_s inlet to remove
coarse particles from the outdoor air. The reference in-
strument, TEOM for PM_s, was located a few meters
away from the eFilter. The flow rate through the filter
stage was set to 30 Ipm, and the filter was changed ap-
proximately every 24 hours. Eleven filter samples were
taken in total. The filters were stored in a controlled en-
vironment for at least a full day before weighing.

Figure 1 shows the mass concentration results
for each of the eleven filter samples, along with values
measured with the reference TEOM and the eFilter rec-
orded current. We calculated the coefficient A for each
sample. The mean value was 3.2 X 10~*ug/m3 and
the standard deviation from the mean was 23 %. The
results in Figure 2 were calculated for 2 hour periods,
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using the mean value of A. The mass concentration
measured by TEOM is also shown for comparison.
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Figure 1: Mass concentration results from each filter for the
eFilter (grey bars) and corresponding TEOM results (white
bars), along with the eFilter current (black line).
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Figure 2: Mass concentration average for every 2 hours,
calculated from eFilter data (black line) and the correspond-
ing data from TEOM (grey dotted line) for reference.

The mass concentration measurement method
employed by the eFilter worked well. The results pre-
sented in Figure 2 had a good correlation with the ref-
erence  TEOM (correlation curve y = 0.65x +
17.9,R? = 0.71). Results may have been improved by
using the nearest measured A value for each point (in-
stead of the mean); however, even this simple method
gave valid results.
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The process where molecular clusters form from
atmospheric vapours by condensation and/or chemical
reactions is called new particle formation. In favourable
conditions the clusters can grow into larger particle sizes
and act as cloud condensation nuclei. The presence of
suitable low-volatility compounds is crucial for new
particle formation. New measurement techniques have
enabled the on-site measurements for low-volatility
compounds but due to the expenses and high
maintenance of the measurements, these low-volatile
compounds have not been comprehensively measured.
Here we present the combined results of three spring
campaign conducted in boreal forest site.

We have measured the vapour concentrations
during three subsequent spring campaigns at SMEAR 11
measurement station in Hyytidld, Finland. The
campaigns were conducted in March — April 2011,
March — May 2012 and April — June 2013. We used
Chemical Ionization Atmospheric Pressure interface
Time of Flight Mass Spectrometer (CI-APi-TOF,
Jokinen et al., 2012) to measure low-volatility vapours
and molecular clusters. In particular sulfuric acid (Sipild
et al., 2010) and highly oxygenated molecules (Ehn et
al., 2014; Kirkby et al., 2016) have been identified being
responsible of new particle formation. In addition of
those we studied the appearance of iodic acid and methyl
sulfonic acid. The ambient ions and ion-clusters were
measured with APi-TOF (Junninen et al., 2010). The
measured vapour and ion concentrations were studied
together with meteorological parameters and calculated
proxy concentrations (Fig. 1 and Fig. 2). More detailed
discussion of the results will be presented in the
conference.
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Figure 1. Example of time series of sulfuric acid and
sulfuric acid proxy during spring campaign 2013.
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Introduction

Isoprene (CsHs) is a major biogenic volatile
organic compound known to contribute up to 70% of
global secondary organic aerosol (SOA) concentration
(Li et al., 2018). In the atmosphere, isoprene reacts with
hydroxyl radicals (OH), ozone (O3) and nitrate radicals
(NO3) producing various SOA compounds. The
formation and chemical composition of these SOA
compounds depends on the temperature, relative
humidity (RH) and presence of other aerosol species
known as seed particles. Isoprene oxidation reactions at
high temperature and RH condition produces lower SOA
yield (Zhang et al., 2011). Preexisting sulfate aerosols
are known to increase the SOA yield depending on the
acidity. Highly acidic sulfate aerosols produce more
SOA compared to low acidic conditions (Surratt et al.,
2008). In this study, we report the formation and
chemical composition of SOA formed during the photo-
oxidation of isoprene using OH radicals at different
temperatures.

Methods

Experiments were conducted using AURA smog
chamber facility in Aarhus University (Kristensen et al.,
2017) at 3 different temperatures, 258, 278, and 293 K
respectively and a RH of 50%. Experiments were
conducted under low NOy conditions (conc. < 1 ppb)
with and without sulfate seeds of two pH values below
7. An Agilent gas chromatograph with flame ionization
detector (GC-FID-7820A) and High Resolution Time of
Flight Aerosol Mass Spectrometer (HR-ToF-AMS) were
used to measure gas phase and particle phase
concentrations respectively. Concentration of O3 was
measured using UV photometric (O3 42 Module,
Environment S.A). A scanning mobility particle sizer
(SMPS) system including electrostatic classifier (EC,
TSI-3082) coupled with a water-based condensation
particle counter (WCPC, TSI-3788) was used to record
particle size distributions between size range 10 to 420
nm. Two filter samples (fresh and aged) were collected
during the experiments which are then analyzed in an
ultrahigh performance liquid chromatography coupled
to electrospray ionization source of quadrupole time-to-
flight mass spectrometer (UHPLC/ESI-qTOF-MS,
microOTOF 1I, Bruker Daltonik) to identify the
chemical composition of the isoprene-derived SOA.
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Figure 1: Concentration of isoprene consumed and SOA

produced along with O:C ratio for an isoprene OH

oxidation experiment at 293 K and 50% RH.

Conclusions
Preliminary data and analysis shows change in
SOA formation and composition depending on the
experimental temperature and relative humidity. The
influence of aerosol seed acidity on organosulfate
production is also examined and will be discussed.
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Atmospheric new particle formation (NPF) is an
important source of aerosol particles globally.
Especially in polluted atmosphere, the efficient
nucleation and continuous growth of particles can
increase the number concentration of cloud
condensation nuclei (CCN), and even cause the
deterioration of air quality by elevating particle mass
(PM) concentration (Guo et al, 2014). In order to
achieving a better quantification of those climate and air
quality effects, detailed investigation of chemical
mechanism of new particle formation is needed.

Recent laboratory studies revealed that ammonia,
amine and highly oxygenated multifunctional organic
compounds could be participants in stabilization of
sulfuric acid clusters under the scale of ~1.7 nm, as well
as in the condensational growth of the particles.
However, these conclusions were hardly inspected in
polluted atmosphere of China, because of the technical
limitation in measuring those precursors. On the other
hand, anthropogenic VOCs including aromatics are
abundant in polluted atmosphere, but their contributions
in growth through OH oxidation and HOMs formation
were rarely studied.

This studied aimed at emphasizing anthropogenic
ammonia and VOCs’ contribution in the NPF process in
polluted atmosphere through a combination of in-situ
measurements and model simulation.

A comprehensive measurement was conducted at
Wangdu station, a regional site in North China Plain
(NCP). A twin-differential mobility particle sizer
(TDMPS) and an aerodynamic particle sizer (APS) were
employed in achieving particle (3nm-10pm) number
size distribution. OH, HO; radicals and NH; were
measured by a laser-induced fluorescence (LIF)
technique and an online ion-chromatography system,
respectively. VOCs data consisting of 70 compounds
was from a proton-transfer mass chromatography (PTR-
MS). SO,, NOx, CO and other gaseous pollutants were
also measured.

MALTE-box model developed by Boy et al (2006)
was employed and modified in this research. Atmos-
pheric cluster dynamics code (ACDC), including the
sulfuric acid and ammonia in clusters, was used to solve
the nucleation rate in the model. Biogenic HOMs was
simulated based on lab results of monoterpene and
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isoprene oxidation. Also, a simplified chemical
mechanism of HOMs formation from OH-oxidation of
aromatic VOCs was introduced. Three NPF days were
simulated in this study, as shown in Table 1.

Table 1 Parameters of simulated NPF events.
FR GR

Date  fom%Y  [mhy  CSET
June 12 7.8 8 0.017
June27 205 4.4 0.2
June28 10 5.7 0.014

The results showed that, the nucleation mode
particle concentration during NPF was well captured by
the model with ACDC considering the sulfuric-
ammonia clustering, and no artificially corrected
coefficient is needed. On the growth phase, the model
failed in reproducing the particle volume concentration
(Fig. 1) and CCN raising by NPF in NCP when
considering only the biogenic HOMs. While the model
set considering a 15% yield of first OH-oxidation
products of aromatics into HOMs showed a very
promising simulation results, in which HOMs-aromatics
contributed 40% of sub-10 nm particle growth.
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Fig. 1 Measured particle volume (PVy.1) concentration,
and the simulation results from different model sets.
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Long term measurement of Aerosol Optical Properties
(AOPs) includes Scattering coefficient (0y,),
Absorption coefficient (0,,), SingleOScattering Albedo
(SSA), backscattering fraction (b) Angstrom Exponent
for scattering (SAE) and absorption (AAE) were
conducted between June 2013 and May, 2015 at
SORPES, a regional background station located inside
Yangtze River Delta urban agglomeration.

The spatial and temporal variation of AOPs, the
relationship between AOPs and other parameter, the
potential effect on radiation forcing are analyzed for
the same period. The aerosol was highly scattering with
an average scattering coefficient of oy, = 410 + 320
Mm™ and an average SSA of 0.93 for the green light.
The scattering coefficient in study is comparable to
published values from several other sites in China,
while SSA appears to be slightly higher than published
values from those sites and elsewhere. The AOPs had
typical seasonal cycles with high o ,and o,, in winter
and lower in summer: the averages were 0y, = 545 *
425 Mm™ and 0,, = 36 = 24 Mm'' in winter and o, =
364 +294 Mm™ and 0,, =20 = 13 Mm' in summer.

The seasonal cycles for intensive AOPs are less
clear, the variations of them were more related to the
evolution of pollution episodes. The diurnal cycles of
the AOPs were clear and in agreement with the cycle of
boundary layer height, radiation, human activities the
particle number size distribution, however, is still
unable to compare with multi-day scale cycle. Synoptic
weather dominated the cycle of AOPs in a temporal
scale of 3-7 days, or defined as ‘pollution episode’.
During pollution episodes. PM2.5 and external AOPs
usually go through several days continuously
increasing and drops rapidly within several hours to
one day. The extend of the growth usually up to half
even one order of magnitude.

The continuous secondary formation process is
considered to be the cause of growth, during which,
particles grow larger, light-scattering increases and
hence SSA increases. Back scattering fraction as an
indicator of particle size, decreases significantly from
~1.6 to ~1 during some episodes, hence present
negative correlated with SSA. The aerosol radiative
forcing efficiency (RFE) is theoretically negatively
correlated with both SSA and b, in other words, darker
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aerosol and/or larger particles lead to higher RFE. The
negative correlation between SSA and b (i.e. the darker
aerosol usually smaller) consequential cancel out their
individual effect on REF. The RFE probability
distribution at SORPES was clearly more narrow than
at a clean background site which is in agreement with a
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Emission from shipping constitutes about 13%
of the global totals for Sulphur oxides, one of the major
precursors for secondary aerosols in the atmosphere.
New global standards of sulphur content in the ship
fuels come into force on 1 January 2020 reducing the
maximum permissible sulphur mass fraction in the fuel
7 times — from 3.5% down to 0.5%. In some areas
(Baltic and North Sea, zones near the US coast and
China), restrictions have already been implemented as
regional pollution abatement measures but still the
planned reduction will cut the global annual SOx
emission from ships from 11,5 Mt yr' to 2.5 Mt yr.

The impact of this reduction on global
distribution of aerosols and the related radiative forcing
was studied with coupled STEAM (ship emission) and
SILAM (atmospheric composition) models by Sofiev et
al. (2018). With this talk, we discuss the main
conclusions of that work.

The simulations were made with the interfaced
STEAM ship emission and SILAM atmospheric
composition models. STEAM provided the 3-hourly
emission fluxes from ships using their actual locations,
speed and physical characteristics as described in
(Jalkanen et al. 2016) and passed this information to
SILAM. Since ships, especially oceanic vessels, are
strong point sources moving over pristine areas but
sometimes passing by densely populated places, the
simulations were performed at the resolution of 0.1°
(~10km) over the whole globe for the full year of 2015.
Input meteorological fields were taken from ECMWF
with resolution of approximately 0.125°.

Owing to high spatial and temporal resolution,
the simulations produced very detailed patterns of the
pollution distribution. For instance, Figure 1 depicts
SO, concentrations predicted 16.12.2015 near South
Africa. One can distinguish dense routes near the
African coast, individual ships ceiling offshore, coastal
effects, and concentrations over populated areas.

It was shown that the MARPOL-VI regulations
result in substantial reduction of PM concentrations: up
to 50% of PM,5 can be shaved out in the vicinity of
busy ship routes (Figure 2). We estimated that it can
save up to 100,000 premature deaths, mainly in Africa
and Asia (Europe and America already control fuel
sulphur content).

124

From the other side, the measures will result in
50-100 mW m? of lost cooling due to diminishing
aerosol concentrations. The bulk of the effect comes
from reduction of the cloud droplet number
concentrations and associated reduction of cloud
albedo (the first acrosol indirect effect).

Figure 1: MARPOL VI effect: SO, concentrations [pug
S m™] on 16.12.2015 at 21:00 with current (left) and
reduced (right) sulphur content of the fuel.
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Figure 2: Relative reduction of PM,s; annual
concentrations due to MARPOL VI implementation.
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Traffic emissions are the most important con-
tributor to air pollution in Indian cities where the num-
ber of vehicles continues rapid increase (Ramanathan et
al., 2014). The main goal of TAQIITA (Traffic and Air
Quality In India: Technologies and Attitudes) project is
to improve Indian capabilities for air quality monitoring
and measurements, and to provide knowledge and tools
for vehicle emission reductions in order to improve the
air quality in cities.

Important part of this project is detailed charac-
terization of primary and secondary emissions from
heavy-duty vehicles and passenger cars. Laboratory
measurements in Finland were made on Metropolia
chassis dynamometer (AVL, Z6llner Gmbh, 48” -Com-
pact) and chasing measurements were conducted using
TUT’s mobile laboratory van and Metropolia’s Sniffer
van. Laboratory and chase measurements made in Fin-
land focused on the passenger car (diesel Toyota Co-
rolla, Euro 4 and gasoline Suzuki SX4, Euro 4) emis-
sions. The aim of the measurements was to get infor-
mation how lubricants and used fuels affect the chemi-
cal composition of particles. The used fuels were Finn-
ish 98E5 gasoline, regular Finnish diesel, regular Indian
diesel, and paraffinic renewable diesel fuel - commonly
known as Hydrogenated Vegetable Oil (HVO).

The driving cycles used on chassis dynamome-
ter were WLTC (Worldwide harmonized Light vehicles
Test Procedure), NEDC (New European Driving Cycle)
and on-road cycles (designed to simulate Indian driving
patterns). Measurements with these cycles were made
with both cold and hot engine. In the chase measure-
ments, exhaust emissions of a road cycle, including
steady driving, accelerations and engine motoring con-
ditions, were studied.

The concentrations of total organics, nitrate, sul-
phate, ammonium, chloride, black carbon and certain
metals of submicron particles of both fresh primary
emissions and aged exhaust were measured using a
high-resolution soot particle aerosol mass spectrometer
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(SP-AMS) (Onasch et al., 2012). SP-AMS gives also
the size distribution of these compounds. Concentration
of black carbon was also measured using a dual-spot
aethalometer (AE33, Magee Scientific) (Drinovec et
al., 2015). To gain information whether particle chemi-
cal composition affects particle density; the particle ef-
fective density was measured using CPMA-DMA-CPC
(Cambustion/TSI) system on the chassis dynamometer
studies.

The main chemical components of particulate
matter for diesel passenger car exhaust were organics
and black carbon. The black carbon emissions for gas-
oline were significantly lower compared to diesel. The
higher sulphate emissions observed for regular Indian
diesel were directly connected to its higher sulphur con-
tent. Used lubricant oil had also effect on the exhaust
chemical composition.

TAQIITA project was financially supported by TEKES
(2634/31/2015, 2763/31/2015 and 2840/31/2015) in
Finland and by Department of Biotechnology in India.
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The lifetime of atmospheric aerosols ranges from hours
to weeks. Oxidation processes during this long time
range can simulated using a flow tube reactor with a
wide degree of oxidant exposure times (e.g. Kang et al.,
2007). In a flow tube reactor the aging process is
continuous, which is beneficial for highly variable
sources, such as the combustion cycle of logwoods. In
this work, the most important combustion phases for
SOA formation are revealed by the time-resolved
analysis of both primary and aged emissions in the
photochemical emissions aging flow tube reactor
(PEAR).

The oxidant (hydroxyl radical, OH) exposure times were
estimated by measuring D9-butanol gas decay with an
HR-PTR-ToF-MS (Ionicon) during the experiments.
The ozone concentration and lamp intensities in PEAR
were adjusted to achieve the desired OH exposures of
(0.8-6) x 10" molec. cm™s which correspond to an
equivalent atmospheric aging time of 0.9—7 days at
typical boundary-layer OH concentrations of 1 x 10°
molec. cm™. A soot particle aerosol mass spectrometer
(SP-HR-ToF-AMS, Aerodyne Research, Inc.) was
applied to determine the changes in concentrations and
composition of submicron particles over the burning
cycle (ignition, flaming and residual char burning).

The SOA production ratio (OA/POA) during aging in
PEAR was between 2.1 — 2.7 for dry wood logs
(moisture content of 5%). In particular, insertion of a
new wood batch on the glowing embers leads to a very
high momentary SOA emission. Long aging, in turn, the
SOA mass decreased slightly compared to shorter aging
times, likely due to increasing fragmentation reactions.
The SOA chemical composition was found to change
remarkably with increasing OH exposure times, which
was pointed out by the oxidation state of OA spectra
(Figure 1).

Two AMS mass spectra can be compared by inspecting
the angle 8 between two corresponding vectors as
follows (Kostenidou et al., 2009)

MSAMSp

cosf = ———
[MS4lIMSB|

(1)
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where MSa and MSg are two AMS mass spectra. The
angle 0 is used in mass spectra comparison between
flow tube and chamber experiments together with OA
elemental analyses.
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Figure 1: Oxidation state of combustion-related OA over
three first combustion cycles (1-3) and glowing embers

(G).

The composition of the aged OA in PEAR agreed well
with the aged OA in the Ilmari smog chamber (Tiitta et
al., 2016) with the same wood combustion source and
comparable OH exposures. This was indicated by the
low angle 8 value of 5° (Eq. 1) of the two AMS OA
mass spectra. In general, values less than 15° indicate
good agreement between two mass spectra (Kostenidou
et al., 2009).

This work was supported by the Academy of Finland
(Grants: 304459 & 296645).
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A major fraction of organic aerosol in the
atmosphere is formed through a pathway where
gaseous volatile organic compounds transform
through chemical reactions to less volatile species
which can further partition into liquid or solid phases.
This secondary organic aerosol (SOA) consists of a
multitude of different chemical species, many of which
have not been identified (Hallquist et al. 2009).
Besides the distinct composition of SOA generated
from a known precursor, there also exists uncertainty
in the impact of many factors which are needed to
understand the dynamics of SOA in the atmosphere,
e.g. the condensed phase chemistry, viscosity and
temperature.

At the University of Eastern Finland we have
studied the evaporation of o-pinene derived SOA at
different relative humidities (RH) and temperatures.
Once the SOA was generated, particles with diameter
of 80 nm were selected with a nano-Differential
Mobility Analyzer and led either to the instruments via
a bypass or the Residence Time Chamber (RTC). The
particle size distribution was determined by sampling
the SOA in the RTC with ~1h intervals. The size
distribution of the particles led to bypass was also
measured to provide size information from the first
minutes of the evaporation.

Besides direct information obtained from the
measurement instruments we have also utilized
process-based models coupled with novel optimization
techniques to capture the properties which are not
directly measurable with current techniques, like the
volatility and viscosity of the particles at various
relative humidities (Yli-Juuti et al. 2017). This is done
by optimizing the input of process-based model to
match the output to the observed rate of evaporation.

Here we have studied evaparation experiments
performed in high relative humidity conditions to
further explore the uncertainty related to the method of
optimizing process model input. Utilizing the 1-D
volatility basis set (VBS; Donahue et al. 2006) to
describe the evaporating organic compouds, we
searched for a volatility distribution that reproduces
the measured particles' size change.

We tested two different schemes to optimize
the initial composition of the SOA particles. One
where the saturation concentrations of the compunds
were predefined and only the dry particle mole
fractions were optimized and an alternative scheme
where both the composition and the saturation
concentrations were the free parameters. With the first
scheme the optimization was done with the the Monte
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Carlo Genetic Algorithm (Berkemeier et al. 2017) and
with the latter scheme methods based on the Bayesian
inference and Markov Chain Monte Carlo were
applied. Both schemes yield similar results. Figure 1
shows an example saturation concentrations and
related dry particle mole fractions where the two
schemes were applied to the same experimental data.

BMCGAE T = T
Org 1 oMCMC l_[l] org 1 le
Org 2 4]” org 2 |-U:|~|-I'
Ll H-l Org 3 }l{l-m{
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3
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Figure 1: Distribution of saturation concentrations and
dry particle mole fractions which best describe the
measured particle size change in an experiment. Both
methods include several independent optimization
runs.

Our results show that using process-based
models and optimization techniques to constrain SOA
properties, like volatility, produce reliable estimates.
However, only the size change data might not be
adequate to constrain cases where multiple physical
quantities in addition to volatility are to be optimized.
In these studies additional constraints are needed.
These constraints can come, for example, from
coupling multiple models to simulate different parts of
the experiment or from the mass spectrometric
analysis of the particles.

This work was supported by the Academy of
Finland (no. 307331, 259005 and 299544), the
European Research Council (ERC Starting Grant
335478), the University of Eastern Finland Doctoral
Program in Environmental Physics, Health and
Biology.

Berkemeier, T., et al. (2017). Atmos. Chem. Phys.,
17:8021-8029

Hallquist, M., et al. (2009). Atmos. Chem. Phys.,
9:5155- 5236.

Donahue, N., et al. (2006). Environ. Sci. Technol.,
40:2635-2643.

Yli-Juuti, T., et al. (2017). Geophys. Res. Lett.,
44:2562- 2570.



COMPOSITION AND PROPERTIES OF PARTICULATE EMISSIONS FROM
MINING ACTIVITIES

H. TIMONEN?, M. BLOSS?, J. KUULA!, A, ARFFMAN?, J. ALANENZ, K. TEINILA!, M. AURELA!, L.
SALO? R. HILLAMO?, S. SAARIZ P. OYOLAS®, F. REYES?, Y. VASQUEZ3, R. SALONEN?#, J. KESKINEN?,
T. RONKKO?, E. ASMIY, S. SAARIKOSKI!

tAtmospheric Composition Research, Finnish Meteorological Institute, Helsinki, Finland
2 Aerosol Physics, Faculty of Natural Science, Tampere University of Technology, Tampere, Finland
3 Centro Mario Molina Chile Ltd, Santiago de Chile, Chile
4 National Institute for Health and Welfare, Department of Health Security, Kuopio, Finland

Keywords: mining emissions, particulate matter composition, aerosol mass spectrometry,

The mining industry has expanded in recent
years, especially in northern Finland. Mining and its
associated early refining processes release particulate
matter (PM) into the surrounding air. Previous studies
have shown, that the main sources of particulate matter
in mines are operations associated with deposit
extraction (drilling, crushing etc.), blasting and
vehicular engine emissions (used in mining machines,
ore hauling and for transportation of people) (e.g.
Saarikoski et al., 2017).

In this study, emissions from mining activities
were investigated at the Kemi Mine (Outokumpu Ltd,
Kemi underground mine) in 2014 and 2017, and at the
Kevitsa Boliden open pit mine during spring 2014. A
large variety of instruments was used to measure the
chemical composition and properties of PM near
actively operating mining environments. Key
instruments of this study include the Soot Particle
Aerosol Mass Spectrometer (SP-AMS, Aerodyne
Research Inc., Onasch et al. (2012), the Multiangle
absorption photometer (MAAP) and a scanning mobility
particle sizer (SMPS). In addition, a mobile laboratory
and low cost sensors were applied in the Kemi mine to
study the spatio-temporal variation of PM in the mine.

Large variations in PM mass concentration,
chemical composition and size distribution were
observed at different locations (maintenance level,
blasting, crushing, transfer belt and dumping site) at the
underground mine (Figure 1). Sensors were successfully
used to monitor the PM levels at different locations of
the mine.
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Figure 1. Average chemical composition of submicron
particulate matter measured with SP-AMS at different
locations in the underground Kemi mine.

In the boreal arctic environment, next to the actively
operating open pit mine area, three distinct PM sources

with different chemical composition were identified:
mining activities, long-range transported PM and clean
arctic air. On average, the PM levels next to the mine
were low, although higher concentrations were
occasionally observed when wind brought particulate
matter from mining area (Figure 2).
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Figure 2. Submicron PM concentrations observed in the
Kevitsa open pit mine compared to ambient PM
concentrations in urban and rural areas (Laakso et al.,
2003)

This project provides important information about the
composition of PM and sources in underground and
open pit mines, novel tools (e.g. sensors) for PM
monitoring in mining areas as well as information about
environmental impacts of mining. This information can
be used to assess environmental, health and climate
impacts of mining in future.

This work was supported by Academy of Finland,
(PARMAT, Grant nro 297804), Tekes (HIME project
2011-2014) and CONICYT, Chile. The great help of the
Kemi Mine and Kevitsa Boliden mine staff during
the measurement campaigns is highly appreciated.
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In recent years there has been strongly increasing inter-
est towards developing high-resolution models to study
aerosol-cloud interactions at cloud-scale. The Large-
Eddy Simulation (LES) approach provides a very at-
tractive modelling platform for aerosol-cloud studies,
where the turbulent flow is explicitly resolved for all
but the smallest eddies.

UCLALES-SALSA (Tonttila et al. 2017) is a
prominent example of such development, combining a
straightforward method for simulating the boundary
layer circulation with state-of-the-art spectral bin
model for aerosol, cloud droplets, precipitation and ice.
One of the unique aspects of the model is, that the bin
system allows tracking the dry aerosol size distribution
in both activated and non-activated particles with mini-
mal loss of information. While this comes with a cost
of losing some details of the water content for individ-
ual particles, experimenting with the model has shown
that the wet size distribution is nevertheless represented
with adequate accuracy for subsequent physical pro-
cesses. This permits a sophisticated representation of
many important processes, such as aerosol wet deposi-
tion, that have caused significant challenges in earlier
modelling work.

The composition of the aerosol is explicitly
modelled for all size bins in all particle categories. The
available aerosol species comprise sulfate, organic and
black carbon, sea salt, dust, and the recently added
semivolatile ammonium and nitrate aerosols. The
model includes a detailed representation for the key mi-
crophysical processes, i.e. coagulation and condensa-
tion. Collision processes are computed between all bins
and categories. The partitioning of water and the
semivolatile compounds is calculated dynamically by
solving the condensation equations. Cloud activation is
determined directly from the wet growth of aerosol par-
ticles and the resuspension of aerosol particles from
evaporating hydrometeors is inherently included in the
model processes.

These aspects and the direct coupling with at-
mospheric dynamics make UCLALES-SALSA a very
attractive tool to study many of the contemporary ques-
tions related to aerosol-cloud interactions. As a descrip-
tive example, the model has been applied in studying
the effects of semivolatile aerosol on aerosol-cloud in-
teractions and on the wet removal efficiency of differ-
ent aerosol species: Figure 1 shows model results with
a clear difference in the number of activated cloud
droplets between simulations with and without
semivolatile aerosol species. This difference subse-
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quently affects the wet removal of aerosol through pre-
cipitation as well. Related to this, other examples in-
clude investigations into aerosol effects on precipita-
tion formation. There, the skillful representation of
cloud processing as well as the resuspension and recir-
culation of aerosol particles back into the cloud layer
by UCLALES-SALSA offers a particular benefit. This
enables realistic simulation of the effects of e.g. giant
particle emissions, both from natural and artificial
sources, to precipitation and cloud lifetime.
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Figure 1: Domain mean time-height crossection of the
cloud droplet number concentration in UCLALES-
SALSA in an experiment a) without semivolatile
compounds and b) in another experiment initialized
with 1 ppb HNO3 and 5 ppb NH3 in the gas phase.
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Understanding the properties and formation of
secondary organic aerosol (SOA) is of great importance,
as there is still insufficient knowledge about them
(Hallquist et al., 2009). In order to investigate the role
of organic vapours in the production of atmospheric
nanoparticles, experiments were conducted using the
Gothenburg potential aerosol mass chamber (Go:PAM)
by oxidation of anthropogenic as well as biogenic SOA
precursors. The efficiency of the formation of highly
oxygenated molecules (HOMs) (Ehn et al., 2014) by
ozonolysis and reaction with the hydroxyl radical (OH)
was tested for all the precursor compounds. A chemical
ionization atmospheric pressure interface time-of-flight
mass spectrometer (CI-APi-TOF) coupled to a nitrate
inlet was used in order to identify HOMs.

1,3,5 trimethylbenzene (TMB), toluene, methyl
salicylate (MeSA) and a-pinene were used during the
experiments, but herein we focus on the TMB results.
Different ozone as well as different NO, conditions
were applied during the experiment, while the
concentration of TMB remained constant (see Table 1).
The oxidation products of TMB were identified and the
HOMs — containing only carbon, hydrogen and oxygen
— were classified into monomers and dimers.

The NO, to VOC ratio ranged from zero to
above two. It is noticed that with increasing NO, the
production of dimers was suppressed. This could be
that the production of nitrogen-containing HOMs or
organonitrates (ONs) (Bianchi et al., 2017) may be
favoured under these conditions.

TMB [ppb]  Ozone [ppb] NO,:VOC
~29 ~10 0, ~1, >1
~29 ~100 0, ~1, >1

Table 1: Ozone and NO, conditions during the
experiments.

The TMB ozonolysis/fOH oxidation generally
leads to the production of monomers and dimers with
the following molecular formulas: CgHi,.1605.11 and
C1gH24.30010.15, respectively. A typical mass spectrum
of the oxidation products of TMB, in absence of NO, is
depicted in Figure 1. Monomers range from m/Q about
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270 to 370, while dimers range between m/Q 450 to
550. The high peak at m/Q 426 is due to the cluster of
perfluoroheptanoic acid (PFHA) with NO3’, which was
used as a tracer during the mass calibration.

In total 41 compounds were identified as
monomers and 42 as dimers, in absence of NO,. The 10
dominant monomers contributed to about 69% of the
total monomer signal, while the 10 dominant dimers
contributed to about 46% of the total dimer signal.
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Figure 1: Typical mass spectrum of oxidation of TMB
under no NO, conditions.

The results of the measurements with the ToF-
CIMS are discussed in relation to the HOMs potential
to form particles and the mechanism in their formation.
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It has been suggested that the discrepancy between
global models and measurements could best be reduced
through the study of natural aerosols in environments
with negligible anthropogenic influence. Antarctica is
such an environment, anthropogenic emissions are
smaller there than on any other continent. Antarctica is
also a negligible contributor to global greenhouse gas
(GHG) emissions, due to the cold and dry climate with
year-round snow cover. However, open seas
surrounding Antarctica are actively exchanging CO2
with the atmosphere due to ocean circulation and
biological activity of the marine organisms.

The primary goal of the four-year (2013 —2016)
project Atmospheric Composition and Processes
relevant to climate change in ANTarctica (ACPANT),
funded by the Academy of Finland, was to provide new
scientific insight into atmospheric composition and
associated processes relevant to climate change in the
Antarctic atmosphere. The project was a consortium of
the University of Helsinki and the Finnish
Meteorological institute. ACPANT consisted of four
thematic issues: 1) atmospheric new-particle formation,
ii) properties and sources of cloud condensation nuclei,
iii) aerosol optical properties and iv) oceans and coastal
shelf areas around Antarctica as sources and sinks of
carbon dioxide and methane.

The work was based on continuous
measurements at three research stations located in
Antarctica: the joint Italian-French Concordia station at
Dome C in the upper plateau of East Antarctica, the
German station Neumayer in coastal Antarctica, and
the Argentinian station in Marambio — a small island at
the northern tip of the Antarctic Peninsula. The
continuous measurements were supported by intensive
field campaigns at Neumayer and at the Finnish station
Aboa, both in Queen Maud Land. Particle size
distributions, optical properties, and chemical
composition of aerosols well as greenhouse gas
concentrations were measured.

Recent results of the work conducted by the
consortium at the various measurement sites have been
presented, e.g., by Jarvinen et al. (2013), Kyro et al.
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(2013), Teinild et al. (2014), Chen et al. (2017), and
Asmi et al. (2018) In this presentation selected results
from all sites will be shown.
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The chemical composition of naturally
charged and neutral clusters can be determined using
high resolution mass spectrometry. Clusters with
masses up to roughly 1000 amu (=2 nm in mobility)
can be chemically analyzed with high resolution. When
studying new particle formation phenomena, the
chemical composition and the formation rates of
aerosol particles between 1.5 and 3 nm are crucial
(Kulmala et al., 2014). Even though smaller clusters
can exist, the relevance is determined by whether those
clusters grow to larger sizes or not. The instrument we
present here is aimed at bridging the size gap between
high resolution mass spectrometry and other mass
spectrometers.

We use three different CPCs, each using a
different working fluid. The liquids used are water,
butanol and DEG. The CPCs used in the CPC battery
are tuned to the smallest sizes possible without
generating homogeneous nucleation background in the
instrument itself following a similar procedure as in
Kuang et al., 2012. A previous study has shown that
the hygroscopicity of atmospheric aerosol particles can
be resolved (Kulmala et al., 2007) by using two CPCs
with different working fluids.

In this study, upstream of the CPC battery, a
Differential Mobility Analyzer (DMA) is used, which
has two advantages. First, the particle growth rates can
be determined. Second, as the diameters are fixed at
any given time during the measurement cycle, the
detected signal in each CPC can be attributed to the
interaction between the aerosol particle and the
condensing liquid.

Various studies have shown that the activation
efficiency of an ultrafine CPC strongly depends on the
interaction between the condensing liquid and the
chemistry of the aerosol particles that are measured
(Tida et al., 2009). The results in Kangasluoma et al.,
2014, showed that salt like aerosol particles are
activated easier with the water based CPC compared to
the butanol based CPC. The opposite was true for the
other aerosol particle types (e.g. limonene ozonolysis
products). By carefully characterizing the CPCs in the
laboratory using different aerosol particle types, their
response with respect to aerosol particle composition is
explored
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Figure 1 shows an example of a nucleation
event at the SMEAR II station in Hyytidld, Finland.
The ratio between water and butanol as a function as
size are shown. The ratio is higher during than
before/after the event, which shows that the particles
are more hygroscopic during the nucleation event.
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Figure 1: Concentration ratio vs aerosol diameter of
ultrafine water/butanol CPC before (red line), during
(blue line) and after (green line) nucleation event in
Hyytidld, Finland.
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Biogenic Volatile Organic Compounds (BVOCs)
are a significant source of Secondary Organic Aerosols
(SOA) but quantifying their aerosol forming potential
still remains an active and challenging task (Hao et al.,
2011). This work presents the results of SOA mass load-
ings derived from model simulations of BVOCs (iso-
prene, alpha-pinene, limonene and Beta-caryophyllene)
with the main atmospheric oxidants (OH, O3 and NO3)
using the zero-dimensional model MALTE-BOX (Boy
et al., 2006). We utilize the most common and widely
used Master Chemical Mechanism (MCM), an explicit
chemical mechanism detailing the gas phase processes
involved in the tropospheric degradation of volatile or-
ganic compounds (http://mcm.leeds.ac.uk/MCM). The
aim of this work is to parametrize the SOA mass
yields applied in Large scale models (e.g. EC-EARTH,
ECHAM etc.) as a function of precursor and oxidant
concentrations, temeperature, humidity and NO-levels.

The process is initiated by extracting the com-
plete mechanism subset for the interested VOC species
from the MCM website including the molecular weights
and SMILES (Simplified Molecular Input Line En-
try System), a chemical notation which facilitates the
chemical structure to be read by the computer. The
SMILES are used to derive the required molecular infor-
mation needed to derive the pure liquid staturation va-
por pressures by combining the boiling point method by
(Nannoolal et al, 2004) and the vapor pressure method
by (Nannoolal et al., [2008). To simulate SOA forma-
tion the MCM is coupled to an aerosol module as the
compounds partitioning to the condensed phase vary as
a function of vapour pressure.

The onset of semi or low volatile organic vapour
condensation onto the inorganic seed particles are deter-
mined inside the aerosol module, which is described e.g
in (Hermansson et al.| [2014)). The motivation is now to
quantify and evalute the SOA mass yields derived from
the oxidation of individual precursor BVOCs with an
aim to obtain temperature, relative humidity and NO-
level dependent function with respect to varying initial
precursor and oxidation concentrations.

Figure [T|shows the variation of mass yields with
different concentraions of reacted alpha-pinene. The
simulation was run for 12 hours with an initial VOC
concentration of 50 ppb and fixed oxidant concentration
that varied with each run. The table [I] shows the oxi-
dants concentrations used for the runs. The VOC was
added from the beginning of the run at every time step
up until 10 hours (50 ppb in total for the entire 10 hours)
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while the oxidant was added for the duration of the en-
tire run.

Oxidant Concentration [cm 2]
OH (x10°) 2, 5,10, 50, 100
03 (x1011) 1,5, 10, 50, 100
NO; (x107) 1,5, 10, 50, 100

Table 1: Concentrations of the oxidants.
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Figure 1: Reaction of alpha-pinene with the three ox-
idants OH, O3 and NOgs. The inset figure shows the
SOA mass change variaition with alpha-pinene concen-
tration. The progressive sizes for the markers indicates
the increasing oxidant concentrations.
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New particle formation (NPF) contributes a significant
fraction to the total atmospheric particle load and affects
the air quality. NPF proceeds via gas-to-particle
conversion, which is governed by the availability of
precursor vapors and existing particle surface area that

CI-API-TOF Low volatility vapors e.g. SA, HOMs
SPI-MS Volatile organic compounds

ACSM Aerosol chemical composition

Trace gases 50,,NO,, O, CO

the vapors can condense onto. In an urban environment,
they are strongly affected by the local sources and
micrometeorology. To obtain a comprehensive view on
the processes governing air quality and NPF, long-term
continuous measurements are needed (Kulmala 2018).
Continuous measurements allow monitoring of response
of the atmosphere to the various forcers, which the short-
term campaign-type measurements cannot observe.

Because of recent rapid urbanization of the
developing countries such as China and India, severe air
quality problems and haze episodes have taken place in
large cities, such as Beijing and Delhi. The exact
mechanisms responsible for the worst haze episodes still
remain unclear, but they are linked to at least increased
emissions from the industry, traffic and heating. To
monitor the air quality in urban Beijing area, a new
SMEAR Beijing station has been established close to the
western third ring road at the Beijing University of
Chemical Technology.

The current measurement capabilities of the
station include inorganic trace gases, volatile organic
compounds, low-volatility vapors, particle and ion size
distributions, particle chemical composition and
meteorological parameters (Table 1). At the beginning
of 2018, the first measurement was performed with
collaborations with Tsinghua University, Fudan
University, and several research centers of Chinese
Academy of Science.

Table 1. SMEAR Beijing instrumentation

From the brief existing data set we focused on
a NPF event on 17.1.2018. The beginning of the day was
characterized with a high concentration of existing
accumulation mode particles. During the time period
until 1pm, the concentration of accumulation mode v the
decreased sink a strong NPF event took place,
characterized with high concentrations of nucleation
mode particles and immediate particle growth.

Further analysis of the data set will be the
identification of the species contributing to the particle
formation and growth, and air mass analysis on the
micrometeorological conditions triggering the NPF
event. Similar events from the extending continuous
data set allows a deeper understanding on the processes
governing NPF in urban Beijing (Cai et al. 2017,
Kulmala et al. 2017).
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Figure 1. New particle formation event on Jan.17 2018.

Cai, R, et al.. Atmos. Chem. Phys. 17(20):12327-12340 (2017).

Instrument Measured variable References:
DMPS Particle size distribution 6 — 700 nm Kulmala, M. Nature 553, 21-23 (2018).
NAIS Particle size distribution 2 — 40 nm

Ion size distribution 1 — 40 nm
PSM Particle size distribution 1 — 3 nm
PSD Particle size distribution 3 — 10000 nm
DEG SMPS Particle size distribution 1 — 3 nm
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Growth of secondary aerosol particles towards
climatically relevant sizes is observed frequently in
various atmospheric environments (Kulmala et al.,
2004). However, the mechanisms related to the growth
and the identity of the participating species are not
known in detail. This reflects as uncertainty in aerosol-
cloud interactions in climate predictions. Here we
investigate the growth of secondary aerosol particles by
combining atmospheric measurements of organic
vapors, particle size distribution and volatility with a
particle growth model in order to identify compounds
that contribute to the particle growth.

We studied secondary aerosol particle growth in
the boreal forest at Hyytidld, Finland, during April-May
2014. We measured the gas phase concentrations of
oxidized organic species with a chemical ionization
high-resolution time-of-flight mass spectrometer with a
filter inlet for gases and aerosols (FIGAERO-CIMS)
using iodide as the reagent ion (Mohr et al., 2017). We
calculated saturation concentrations (Cs) of each
species with a parametrization based on the number of
carbon, oxygen and nitrogen atoms in the species, and
grouped the species in a 1-D volatility basis set (VBS).
We used the time series of the organic concentrations
grouped in the VBS together with measured gas
concentrations of sulfuric acid and ammonia, relative
humidity and temperature as inputs for the particle
growth model MABNAG (Yli-Juuti et al. 2013). With
the model, we simulated the change in size and
composition of a freshly formed particle given the
ambient conditions. We compared the predicted change
in particle size and composition with the time evolution
of particle size distribution measured with a differential
mobility particle sizer and the volatility of 30 nm
particles measured with a volatility tandem differential
mobility analyzer (Hong et al., 2017).

The simulated particle growth rate matched
within the uncertainties or overestimated the observed
growth rate for most of the growth events. The results
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therefore suggest that the detected gas phase
concentrations of the condensable vapors could explain
the observed particle growth. The majority of the
simulated growth was due to condensation of low- or
extremely low-volatile organic compounds (Fig. 1), and
nitrate containing organic compounds contributed
significantly. The simulated particle composition agreed
on average well with the volatility measurements. The
comparison of the model simulations to both the
observed particle growth and volatility allowed
investigating the sensitivities to the uncertainties in e.g.
measured gas concentrations and estimated Cia;.
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Figure 1: a) Simulated particle growth and measured
particle size distribution. b) Simulated particle
composition.

This work was supported by Academy of Finland
Center of Excellence programme (grant no. 307331) and
Academy of Finland grant no. 299544.

Hong, J. et al. (2017). Atmos. Chem. Phys., 17:4387-
4399.

Kulmala, M. et al. (2004). Aerosol Sci., 35:143-176.

Mohr, C. et al. (2017). Geophys. Res. Lett., 44:2958-
2966.

Yli-Juuti, T. et al. (2013). Atmos.
13:12507-12524.

Chem. Phys.,



TRACKING SOA COMPOSITION AND THERMAL DESORPTION BEHAVIOR WITH
OXIDATIVE AGING: a-PINENE VS. REAL PLANT EMISSIONS

A. YLISIRNIOY, A. BUCHHOLZ?, C. MOHR?3, A. LAMBE?, C. FAIOLA'® E. KARIY, T. YLI-JUUTI}, S.A.
NIZKORODOVS®, D. R. WORSNOP*, S. SCHOBESBERGER! and A. VIRTANEN?!

!Department of Applied Physics, University of Eastern Finland, Kuopio, Finland.
2Institute of Meteorology and Climate Research, Karlsruhe Institute of Technology, Karlsruhe, Germany.
3Department of Environmental Science and Analytical Chemistry, Stockholm University, Stockholm, Sweden.
“Center for Aerosol and Cloud Chemistry, Aerodyne Research, Inc., Billerica, MA, USA.
SDepartment of Ecology and Evolutionary Biology, University of California, Irvine, Irvine, CA 92697, USA.
5Department of Chemistry, University of California, Irvine, Irvine, CA 92697, USA.

Keywords: o-pinene oxidation, Scots pine emissions, secondary organic aerosol, Potential Aerosol Mass reactor,
FIGAERO

Chemical and physical properties of secondary organic
aerosol (SOA) particles forming from oxidation
products of volatile organic compounds (VOCs) are
determined by the initial chemical composition of said
VOCs and the oxidative conditions they experience
(Glasius and Goldstein, 2016, Hallquist, et al, 2009).
Important physical property of the oxidized compounds
is their volatility, which has impact on formation and life
time of SOA particles and thus their impact on climate.
In this study we set out to investigate differences
in chemical composition and volatility of SOA formed
from oxidation of a-pinene and Scots Pine emissions
using a Filter Inlet for Gases and AEROsols — Time of
Flight — Chemical Ionization Mass Spectrometer,
(FIGAERO-ToF-CIMS), (Lopez-Hilfiker, et al, 2014).
SOA particles were formed inside a Potential Aerosol
Mass reactor (PAM) (Kang, et al, 2007, Lambe, et al,
2011). Emissions from Scots Pine seedlings were
monitored using a Proton-Transfer-Reaction Time of
Flight Mass Spectrometer (PTR-ToF-MS) and Gas
Chromatography — Mass Spectrometry (GC-MS). A
representative emissions profile can be seen in Figure 1.
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Figure 1: Emission profile from Scots Pine seedlings.

Figure 2. shows total ion counts (TIC) versus
heating temperature and average chemical composition
of three different a-pinene experiments and one Scots
Pine experiment. a-Pinene experiments are termed
“low”, “medium” and “high” indicating oxidative
conditions inside PAM-reactor. Oxidative conditions in
Scots Pine experiment are similar to “medium” a-pinene
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experiment. The results clearly show how the peak value
of the TIC changes to higher temperature when
oxidative level increases in the a-pinene experiments.
Results also show a high peak value for the Scots Pine
experiment, even though oxidative conditions were
weaker.
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Figure 2. Total ion count vs. heating temperature of three
different a-pinene experiments and one Scots Pine
experiment.
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Autumnal moth (Epirrita autumnata) has mass
outbreaks in the Finnish Lapland in about ten years cy-
cles. The larvae of the moth feed on mountain birches
(Betula pubescens spp. czerepanovii) increasing bio-
genic volatile organic compound (BVOC) emissions
from the trees. Previous laboratory studies (Joutsen-
saari et al., 2015; Yli-Piril4 et al., 2016) showed that the
BVOCs emitted from the infested trees enhanced sec-
ondary organic aerosol (SOA) formation. In this study,
we investigate, whether the effect of the larvae induced
BVOCs increase the aerosol load observable in field cir-
cumstances.

The impact of biotic stresses on aerosol pro-
cesses have not been investigated before in the field,
but if the results are similar to laboratory experiments,
phenomenon is atmospherically important. Research of
aerosol particles has raised interest due to their effects
on Earth’s radiation balance, climate and human health.
One of the main processes influencing aerosol proper-
ties and composition is tropospheric SOA production
(Stocker, 2014).

Used measurement site is SMEAR I (Station for
Measuring Ecosystem-Atmosphere Relations) in east-
ern Lapland in Finland. There is long term measure-
ments of aerosol particles, meteorological variables and
autumnal moth density. The time interval extends from
1998 to 2016. The site is in a remote area where usually
the aerosol particle number concentration is low. This
eases the detection of the possible larvae caused effect.

Aerosol particles are measured with a differen-
tial mobility particle sizer (DMPS) (Aalto et al., 2001).
Both particle number concentration and derived aerosol
variables such as formation and growth rates are used
in the study. There is two different larval density mea-
surements. Once a year estimated larval index and daily
light trap measurements (Hunter et al., 2014).

The SMEAR I is located 390 m a.s.l. in 60-year-
old Scots pine (Pinus sylvestris) forest on top of Koto-
vaara hill. South of the station there is Virrio fell range
peaking up to 550 m a.s.l. There is old-growth Scots
pine forest on southern slope of the hill. Spruce domi-
nated mixed forest ravine separates hill from the moun-
tain birch covered slope of the first fell. The summits
are treeless.

Analysis of 18 years of continuous field ob-
servations indicate that autumnal moth infested moun-
tain birches do not enhance new particle formation and
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growth of atmospheric aerosol particles in a mixed bo-
real forest. This could possible be due to the relatively
small biomass of mountain birches. In addition, during
biotically stress free periods, we did also not observe a
clear correlation between enhancement in temperature,
and hence basal BVOC emissions, and SOA formation
or growth, nor between high sulfuric acid concentra-
tions and aerosol processes, which we would otherwise
have expected.

This work was supported by the Academy of
Finland Center of Excellence programme (grant no.
307331). Further, we thank the University of Turku for
providing the larval index data.
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New-Particle Formation (NPF) is very non-
linear process, involving atmospheric chemistry of pre-
cursors and clustering physics as well as subsequent
growth before NPF can be observed. In order to un-
derstand this process in depth, scientists have gath-
ered a tremendous amount of atmospheric data, ob-
tained through continuous measurements directly from
the atmosphere. This fact also makes the data analy-
sis more challenging, but on the other hand enables to
apply modern data science methods. One of the most
interesting research area is to understand the relation-
ship between NPF and atmospheric variables. Previ-
ously, Hyvonen et al.| (2005) carried out a comprehen-
sive study using data mining methods applied on atmo-
spheric data from Hyytiéld, Finland. Their results sup-
port some earlier conclusions, such as described in|Boy
and Kulmalal (2002). However, their methods might not
be very effective in dealing with large and complex data
sets. The first reason concerns the used features, such
as mean and standard deviations. This practice com-
presses the measurement data into a single quantity for
each day, that may potentially result in information loss
in the data. The second issue relates to the implementa-
tion procedure that is computationally demanding. This
requires the exploration of all possible models and vari-
able combination to find the best pairs. The models also
need to be run multiple times to ensure their stability.

In order to overcome these drawbacks, we pro-
pose here an alternative method - based on informa-
tion theory - named mutual information (MI). MI is a
method for measuring the degree of relatedness between
data sets, applicable for both detecting linear and non-
linear correlation (Cover and Thomas, [2006). In this
work, the MI method is applied on observed NPF events
(measured at Hyytidld, Finland) and a wide variety of
simultaneously monitored ambient variables, such as
trace gases, meteorology, radiation and a few derived
quantities. Figure 1| presents the MI correlation level
between NPF and gas concentration as well as aerosol.
In this group, the top three highest correlation variables
to NPF include water (H,O), condensation sink (CS)
and sulfuric acid (H,SOy4). These variables are known
to have impact in the NPF process as described in some
previous research, such as Boy and Kulmalal (2002);
Kulmala et al.| (2005); Nieminen et al.|(2014)
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Figure 1: The correlation level between NPF and gas
concentration as well as aerosol obtained via mutual in-
formation method.

In addition to the group of gases and aerosol,
the MI also finds that the formation events correlate
strongly with relative humidity, temperature, global
and ultraviolet radiation. Previously, these quantities
have been well-established to be important players in
the NPF phenomenon via dedicated field, laboratory
and theoretical research. The novelty of this work is
to demonstrate that the same results are now obtained
by a data analysis method which operates without
supervision and physical insight. This suggests that
the method is suitable to be implemented widely in
the atmospheric field to discover other interesting
phenomena and its relevant variables
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Highly Oxygenated Molecules, or HOMs, play
an important role in atmospheric physical and chemical
processes, contributing significantly to new particle
formation and secondary organic aerosols. Chemical
ionization high-resolution mass spectra, containing
large amounts of information, have increased our
capability of investigating the composition and
evolution of HOMs (Ehn et al., 2014). However, as the
mass-to-charge ratio (m/z) increases, the number of
possible ions also increases rapidly for one single peak
(Stark et al., 2015). The overlapping peaks will
sometimes lead to ambiguous peak fitting and ion
resolving, resulting in unreliable separation of signals.
Very limited research has been conducted to address
the problem and improve identification and separate
quantification in high-resolution mass spectra (Corbin
et al.,2015; Cubison et al., 2015 ; Stark et al., 2015).

In this study, we present a novel method, semi-
high-resolution positive matrix factorization (SHR-
PMF), to separate the key components for different
HOMs formation pathways. Instead of fitting peaks to
the high-resolution mass spectra, as is routinely done
in typical analyses, the mass spectra are here divided
into smaller m/z bins with a bin width of 0.02 Th. This
method is applied to HOMs measured in the boreal
forest in Hyytidld, southern Finland by a nitrate-ion-
based chemical ionization atmospheric pressure-
interface time-of-flight mass spectrometer (CI-APi-
TOF). With the new SHR-PMF method, we
successfully reveal seven plausible factors, consisting
of 1 nighttime factor, 5 daytime factors and a clear
contamination factor, even with only a small m/z range
(300-350 Th). The contamination factor is related to
instrument blank zeroing every three hours and the
diurnal trend for this factor accurately retrieves the 3-
hour sawtooth pattern of the zero measurements.

As a comparison, the result of SHR-PMF is
compared to that of PMF with unit mass resolution
(UMR), the method of which has been already applied
in Hyytidld (Yan et al., 2016). With the same mass
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range (300-350 Th), the SHR-PMF shows clear
superiority in providing more information out of the
dataset and separation of the contamination factor,
while with such small mass range, the UMR PMF fails
to extract the contamination information even though
stretched to 20 factors. This novel SHR-PMF method
will improve our understanding of HOMs formation
pathways, while saving much effort in high-resolution
peak fitting and lowering the uncertainty of
quantitative separation of overlapping peaks. In the
next step, we will apply SHR-PMF to aerosol mass
spectrometer data in order to test the improvement
achievable with this new technique.

Corbin, J., et al. (2015). "Peak-fitting and integration
imprecision in the Aerodyne aerosol mass
spectrometer: effects of mass accuracy on
location-constrained fits." Atmos. Meas. Tech.
8(11): 4615-4636.

Cubison, M. J. and J. L. Jimenez (2015). "Statistical
precision of the intensities retrieved from
constrained fitting of overlapping peaks in high-
resolution mass spectra." Atmos. Meas. Tech.
8(6): 2333-2345.

Ehn, M., et al. (2014). "A large source of low-volatility
secondary organic aerosol." Nature 506(7489):
476-479.

Stark, H., et al. (2015). "Methods to extract molecular
and bulk chemical information from series of
complex mass spectra with limited mass
resolution." International Journal of Mass
Spectrometry 389: 26-38.

Yan, C., et al. (2016). "Source characterization of
highly oxidized multifunctional compounds in a
boreal forest environment using positive matrix
factorization." Atmospheric Chemistry and
Physics 16(19): 12715-12731.



Boreal forest BVOC exchange: emissions versus in-canopy sinks

P. ZHOU, L. GANZEVELD?, D. TAIPALE?*, ULLAR RANNIK!, PEKKA RANTALA!, M. P. RISSANEN!, D.
CHEN! and M. BOY!

! Institute for Atmospheric and Earth System Research / Physics, Faculty of Science, University of Helsinki, Finland
2 Meteorology and Air Quality (MAQ), Department of Environmental Sciences, Wageningen University and
Research Centre, Wageningen, the Netherlands
3 Institute for Atmospheric and Earth System Research / Forest Sciences, Faculty of Agriculture and Forestry,
University of Helsinki, Finland
4 Estonian University of Life Sciences, Department of Plant Physiology, Kreutzwaldi 1, 51014, Estonia

Keywords: BVOC, dry deposition model, boreal canopy, emissions

Introduction

A multi-layer dry deposition model for biogenic
volatile organic compounds (BVOCs) was implemented
into a chemical transport column model SOSAA (model
to Simulate the concentrations of Organic vapours, Sul-
phuric Acid and Aerosols; Boy et al., 2011) to investi-
gate the sources and sinks of BVOCs within the canopy.
This newly implemented dry deposition model has pro-
vided a new insight on the BVOCs exchange of boreal
forest. The new parametrization method can also be ap-
plied in large-scale models in future.
Method

The gas dry deposition model was based on the
ozone dry deposition model described in Zhou et al.
(2017) and extended from Wesely (1989) and Nguyen
et al. (2015). The BVOC emissions were calcu-
lated using MEGAN (Model of Emissions of Gases
and Aerosols from Nature) with the standard emission
potentials (SEPs) derived from the measurement data
in previous studies. We selected twelve representative
compounds to ananlyse their sources and sinks within
the canopy. Monoterpenes, isoprene+MBO, methanol,
acetaldehyde, acetone and formaldehyde were chosen
to verify the model by comparing their modelled and
measured fluxes above the canopy. Acetol was se-
lected as a typical carbonyl compound, together with ac-
etaldehyde, acetone and formaldehyde. Four highly oxi-
dised organic compounds, including pinic acid oxidized
from alpha-pinene, BCSOZOH oxidized from beta-
caryophyllene, ISOP34NO3 and ISOP3400H oxidized
from isoprene, were selected due to their extremely low
volatility and thus prone to deposit onto surfaces and
condense onto aerosol particles. The model was applied
to investigate the BVOCs exchange over a boreal forest
canopy at SMEAR II (Station to Measure Ecosystem-
Atmosphere Relations II) in Hyytidld, Finland, in July
2010.
Conclusion

The model provided a possibility to analyse in-
dividual sources and sinks within the canopy instead
of only net fluxes at the canopy top for different com-
pounds. The relative contributions of emission (Qemis),
net chemical production and loss (Qchem), turbulent
transport into the canopy (Qturb) and deposition onto
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vegetation and soil surfaces (Qdepo) are shown in Fig.
[[] Here Qturb represents the in-canopy concentration
change of BVOCs due to turbulent transport, which
can be positive (downward) as a source term or neg-
ative (upward) as a sink term. For those compounds
emitted from vegetation, e.g. isoprene and monoter-
penes, Qemis is the dominant source. The chemical
process is significant for highly reactive compounds,
it can act as a net source for isoprene oxidation prod-
ucts ISOP3400H and ISOP34NO3, and as net re-
moval mechanism for sesquiterpenes. Deposition is the
main sink for most compounds except monoterpenes,
sesquiterpenes, isoprene+MBO. The emitted monoter-
penes, isoprene+MBO inside the canopy are mainly lost
via turbulent transport to the air above the canopy. The
bidirectional flux above the canopy for methanol result
from the competition between emission and deposition.
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Figure 1: Modelled relative contributions of sources and
sinks for different compounds within the canopy.

Boy, M,, et al. (2011). Atmos. Phys. Chem., 11:43-51.
Wesely, M. L. (1989). Atmos. Env., 23:1293-1304.
Nguyen, T. B., et al. (2015). PNAS, 112:E392-E401.
Zhou, P, et al. (2017). Atmos. Phys. Chem., 17:1361-
1379.



LINKING RECENT FINDINGS FROM THE STOCKHOLM SEA SPRAY
CHAMBER TO GLOBAL CLIMATE MODELS

P.ZIEGER'?, M.E. SALTER'?, B. ROSATL, E.D. NILSSON!'”?

! Department of Environmental Science and Analytical Chemistry, Stockholm University, Sweden
2Bolin Centre for Climate Research, Sweden
? Department of Chemistry, Aarhus University, Denmark

Keywords: sea spray, hygroscopicity, sea spray source function, global climate models

Sea spray is one of the largest natural aerosol
sources and plays an important role in the Earth’s
radiative budget. These particles are inherently
hygroscopic, that is, they take-up moisture from the air,
which affects the extent to which they interact with solar
radiation. Here, we will describe the most recent in a
series of laboratory systems built at Stockholm

University to simulate the process of sea spray aerosol
formation — the Stockholm sea spray aerosol simulation
chamber (Salter et al., 2014).
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Figure 1: Image of the sea spray simulation chamber at
ACES, Stockholm University.

We will present results from a series of
experiments that we have conducted in recent years with
the aim of improving our understanding of the physical
drivers of sea spray aerosol production and the physical
and chemical properties of nascent sea spray aerosol. We
will show our results linking seawater temperature,
bubbles at the seawater surface and the size and number
of aerosols produced. Further, we will discuss our
approach to parameterizing our laboratory results for use
in global climate models (Salter et al., 2015). We will
also present our recent findings on the chemical
composition of nascent sea spray aerosol — the
significant enrichment of calcium in submicrometer
nascent sea spray aerosols as well as a tendency for
increasing calcium enrichment with decreasing particle
size (Salter et al., 2016). Finally, we will describe our
recent work determining the hygroscopicity of inorganic
sea spray aerosol along with the implications of our

results within global climate models (Zieger at al.,2017).
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