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PREFACE

Dear colleagues, dear friends, | would like to welcome you all to the 22nd annual
conference of the Czech Aerosol Society, this time in the location of the beautiful Beskydy
zIl AT AAT U8 ) xT Ol A T EEA O xAl AT A UT éch £0OT i
Aerosol Society. As many of you may know, | was nominated for this position during last
UAAOo2 O AT 1T OAl AiIT ZAOAT AA ET +001T U (1 OA8s - A
shorter time, and | would be very happy to meet those who do not know me yet. | wial
like to promise you that | will try to be a worthy successor to the two previous presidents

of CAX* EOEA 3iT1pE AT A 61 AAEA wApi Al 8 1111 x |
words about these honorable gentlemen.
-ATU T &£ U0 xIOIA ETIx *EOEA 3iT1pE AO

sociable person, with deep professional knowledge, not only in the field of aerosols. We
owe Jirka greatly, from the founding of the Czech Aerosol Society, the inclusion of the
Czed aerosol scientific community in the rest of the field, not only within the European
space, but also throughout the world, and many more achievements (unfortunately, there
is little space to include everything). This year, Jirka celebrated a wonderful dif
anniversary and | would like to wish him, also on behalf of the Czech Aerosol Society, good
health, satisfaction and, above all, unceasing joy in life. Jirka, cheers!

*EOEA2 O OOAAAOOI Oh 61 AAEA wApi Al h xAO A
not only in the position of chairman of the Czech Aerosol Society, but unfortunately his
health situation did not allow him to continue in this position. | would like to tale this
opportunity to thank Vladia, again on behalf of the entire Czech Aerosol Society, for all the
effort, time, patience, professional dedicationand great attitude (again, the space is too
limited to mention all the considerable merits) that he devotedo his position as chairman
of CAS. Vladia, many thanks and sunshine in your soul!

In the framework of the Czech Aerosol Society, in addition to the change of
chairman, several interesting events took place in the past year, which | would like to
briefly inform you about. As many of you probably know from the last meeting of CAS
members,the Czech Aerosol Society participated (also financially) in the foundation of a
new aerosol journal- Aerosol Research. | would like to inform you more about this journal
AOOET ¢ OEEO UAAOoO #!3 1 AI AROOGS 1 AARAOET C E
acAl OAAT AA xEOE OEA DOAOGETI 6O DI AT h xEEAE x,
meeting, | expressed the intention of CAS to organize the European Aerosol Conference in
the Czech Republic in 2028 (announced to the European Aerosol Assembly committee
during the meeting of the EAA board, EAC2023, Malaga). The members of the CAS board
will deal intensively with this matter in the coming years, and you will of course be kept
fully informed. Negotiations are also currently taking place regarding the possible
comeAOETT T &£ 6+ #!3 xEOE OEA / OUAOHp AT 1 EAOA
Brno by colleagues from RECETOX, and which has now essentially disappeared. | think it
could bring all of us a broadening of our horizons and the possibility of meeting collgues
OEAO xA x1T O1 AT60 OOOAT T U I AAO AOOET C 6+ #! 3
of the founding of the Czech Aerosol Society, and I think we should properly celebrate this
important anniversary together. Last but not least, | would also likeo draw your
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attention to the plenary lecture of this year's VK CAS, which will be given by our special
guest Prof. Philip Hopke. Phil is one of the founders of receptor pollution source modeling
(PMF) and a highly respected expert in the aerosol community worldwide.

Of course, | wouldalso like to thank all the traditional and new sponsors of VK CAS
Z ECM ECOMONITORING (TSI), Biowell (Dekati) Envitech Bohemia (Palag.
Representatives of these companies will be present during the conference, and some will
also have contributions during the conference program, so you will have more
opportunities to meet them in person and discuss the latest trends and developments in
aerosol instrumentation.

A big thanks to Lenka Suchankova for all the work in the editing of the book of
abstracts, which is not an enviable task.

| hope | haven't forgotten anything important (I'm new after all ;0) and I'm looking
Al OxAOA O T AAO ui 6 Ail ET DPAOOIT ET 1 Al AATUS
are welcome.

Yours,
Jakub Ondracek
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CHANGING PMs COMPOSITIONS RESULT IN CHANGING TOXICITY: EVIDENCE
FROM NEW YORK STATE FROM 2005 TO 2016

Philip K. HOPKE

Institute for a Sustainable Environment, Clarkson University, Potsdam, NY USA
Department of Public Health Sciences&lniversity of Rochester, Rochester, NY USA
phopke@clarkson.edu
Keywords: PMes, Source specific Pk, Health effectsTrends
INTRODUCTION

The United States has made substantial progress in reducing ambient air pollution
since the passage of th€lean Air Act Amendments of 1970. Thus, by 2005, there had been

decrease from an approximate national mean PM AT 1T AAT OOAQEIT 1T 1T £ ¢
measured between April 11979 and June 30, 1980 in the Inhalable Particulate Network
(USEPA, 198101 A c¢mmu 1T AOET T Al [ 3AUSEPARAIR GHAweVerE p ¢ 8

there were many areas out of compliance with the National Ambient Air Quality Standard
for PMzs. Thus, additional policies were implemented in the period of 2005 to 2016 that
have specified improvement in liquid fuel quality, increase fuel economy for ligkduty,
spark-ignition vehicles, put controls on heavyduty diesel and nonrroad vehicle emissims,
and reduced emissions from electricity generating units (EGUSs) particularly codéired
power plants. During this same period, there have been significant economic drivers that
have resulted in a substantial change in fuel use in EGUs because of thedost of fracked
natural gas. To assess these changes in emissions, air quality, and health indicators in
New York State, several studies were conducted to assess trends in pollutant emissions
and concentrations(Squizzato et al. 2018g identify the major sources and their trends
(Squizzato et al., 2018b; Masiol et al., 200.9These results were used to examine the
changes in the associations of PM and source specific Pl¢s hospitalizations and
emergency department visits for cardiovascular diseas€Zhang et al., 2018, Rich et al.,
2019).

EXPERIMENTAL SETUP

The data utilized in the previously noted studies were all obtained from the U.S.
Environmental Protection Agency (USEPA). They are accessible directly from the USEPA
(https://ags.epa.gov/aqsweb/airdata/download_files.html#Raw) or the Federal Land
Manager Environmental Database
(http://views.cira.colostate.edu/fed/Auth/Login.aspx?ReturnUrl=%2ffed%2fQueryWiz
ard%2fDefault.aspx). During the period of 2005 to 2016, there were up to 63 monitoring
sites across New York State operated by the New York State Depant of Environmental
Conservation. The focus here will be on six urban sites (Buffalo, Rochester, Albany and 3
sites in New York City) since these urban areas represent the bulk of the population of the
state and provided both the PM monitoring data andhe health data that supported the
epidemiological studies. Data on Pl measured using Federal Equivalence Method
(FEM) technology and PMs compositional data obtained from the Chemical Speciation
Network (Solomon et al., 201%were used in the origind work. The health data for these
studies was obtained from the New York State Department of Health Statewide Planning
and Research Cooperative System (SPARCS) database.
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BACKGROUND

A number ofreduction strategies have been implemented to reduce emissions from
electricity generating units (EGUSs)including the 1998 NG SIP (State Implementation
Plan) Call and the 2003 NOBudget Trading Program The SIP Call required states to
undertake programs to reduce NG emissions during the ozone season. The trading
program established a capand-trade program to be able to meet their emission reduction
goals. To further reduce interstate transport of Nand SQ, USEPA promulgated the
Clean Air Interstate Rie (CAIR) in 2005. EPA was required to replace CAIR with the Cross
State Air Pollution Rule (CSAPR).

The recession of 20072009 reduced the demand for electricity at the same time that low
cost fracked natural gas was becoming plentiful. The low price of gas changed the
economics of electricity generation such that it was more effective to build and operat
new combined cycle gas turbines than to restart the codired power plants after the
demand for electricity returned to the prerecession level.

A second major contributor to urban PM.s chemistry are the emissions from vehicles and
transportation. In the US, the monthly production of vehicleadded 750 thousand to
1.5million to the existing fleet, most of which reside in an urban environment. Major
changes in these emissions have occurred in response to extensive regulations
implemented since the 1970s.

Emission limits for both light-duty and heavyduty on-road vehicles were set as
well as limits on sulfur in onroad vehicular fuels. Lightduty vehicles (max 8500 Ib Gross
Vehicle Weight Rating (GVWR)) include passenger vehicles, lightity trucks, and
medium-duty passenger vehicles (max. 10000 Ib GVWR). These regulations were to be
phased in from 2004 to 2009. For new passenger cars (LDVs) and LLDTSs, Tier 2 standards
phasein begins in 2004, with full implementation in the 2007 model year. For HLDTs and
MDPVs, the Tier 2 standards are phased in beginning in 2008, with full compliance in
20009.

For heavyduty engines and related fuel, PM emission standards took effect for all new
heavy-duty vehicles sold after July 1, 2007. To meet the PM emission limits required the
use of catalytic regenerative particulate traps. The N@tandard was phasedn for diesel
engines between 2007 and 2010. The phadga was defined on a percenbf-sales basis:
50% from 2007 to 2009 and 100% in 2010. To avoid poisoning the catalyst in the traps,
it was necessary to reduce the sulfur content inreroad diesel fuel to utralow sulfur (<15
ppm S). As of October 1, 2006, 80% of all enad diesel fuel was to be ultralow S with
100% attained by January 1, 2010ln 2004, emission standards were promulgated to
control air pollution from nonroad diesel engines and fuephasedin between 2008 and
2015. Beginning on July 1, 2012, New York required that all distillate oils including No. 2
oil sold within the state for any purpose be ultralow sulfur.

Large building ace heating in New York City were typically heated by burning
residual (No. 6) oil.Typically, Na 2 oil was mixed 50/50 with No. 6 to produce No. 4 oil.
Beginning in 2011, New York Citystarted a phaseout of No. 6so by 2015, only No. 4 or
cleaner oils could be used. However, No. 4 oil could still contain 1500 ppm S. A 16%
reduction in PMesbetween 2008 and 2014 was attributed to reductions in emissions from
building heating because of the switch to cleaner fuel&peirbek et al., 2018.

Based on the timing of the implementation of these regulations and economic drivers,
changes in the period of 2005 to 2016 were divided into three subperiods; Before (2005
2007) that represents time prior to or early in the implementation of the regulatiors;
During (2008 to 2013) when many of the regulations were being implemented; and After
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(2014 to 2016) when most of the required changes had been made. Differences in
concentrations, source contributions, and health effects were assessed for each
subperiod. The differences appeared in net reductions of SONQ, VOCs, and PM

(including composition) emissions.

RESULTS ANDONCLUSIONS

Squizzato et al(2018a) examined the monotonic trends in PMsconcentrations from
2005 to 2016 using ThielSen slops. The slope and relatedonfidence intervals for the
whole year and seasonal trenddemonstrated substantial reductions in PMsat all 6 New
York State sites in the range of 3 to 4% per year.
Squizzato et al.(2018b) found 6 sources at all the urban sites. These sources were:
secondary sulfate (SS), secondary nitrate (SN), gasoline emissions (GAS), diesel emissions
(DIE), biomass burning (BB), and road dust (RD). Road salt was found in each of the
upstate sites (Buffalo, Roleester, and Albany) where the roads need to be cleared of the
substantial winter snowfalls. In New York City (NYC), 3 additional sources were resolved:
fresh sea salt (FSS), aged sea salt (AGS), and residual oil (RO). InaBufan unknown
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week) were discussed in detail by Squizzato et R018b).
To examine the differences among the 3 defined periods (Before, During, and After), the
distributions of the source contributions were compared among them. Fid shows the
distributions for SS, SN, GAS, and DIE. A Kruskal Wallis ANOVA on ranks was used to
compare the distributions across the 3 periods and the results are provided in the figure.

é!ﬂﬁfl'é@-

ba

Al

any

3 ¥ ]

] i ]
Defore: 20052007

Rochester

H . - L
M Before 20052007 [l During 20082013 [l After 20142016
e

of the 3 periods.

the remaining PM.s concentrations.

SN

§LIo

,,,,,,

W Botore 2005-2007

I Duriog 20082013

L |
W Afier 20142016

Fig. 1. Box and whisker plots for SS, SN, GAS, and DIE for e

In general, the source
specific concentrations
for all of the sources
were the highest during
the Before period with
decreasing trends in
the following periods.
GAS is a notable
exception where there
is an increasing trend
across the 3 periods
with a substantial
increase in the After
period. Large decreases
in SS and SN with the
increases in GAS and a
relatively smaller
decline in diesel means
that vehicular
emissionsrelated
PMes represented an
increasing fraction of

The excess rates of hospitalizations for cardiovascular diseases (CVD) (Total CVD,
arrhythmias, cerebrovascular disease, ischemic stroke, chronic rheumatic heart disease,
congestive heart failure, hypertension, ischemic heart disease, myocardial infarctisn
and pulmonary embolisms) were estimated for the whole 12/ear period and for the three
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subperiods. These results
are based on a total of
1,922,918 cardiovascular
hospital admissions during
2 | Iy the study period. These
NSl | % ot [XXYyyeqiasiiziINnnun] whole period results for lag
; days from O to G6 are
presented in Fig 2. There
are statistically significant
associations for Total CVD,

o - arrhythmias, ischemic
e[ e[ ommerestosem || ssviom ][ o erio stroke, congestive heart
failure, ischemic heart
disease, and myocardial

leslelrT T infarctions.
: rel-LtL] o927 %
2 ’ ¢ ? The excess rates (%)
g oprereered P-4 L 2 1/ ek e g associated with

interquartile range (IQR)
increases in PMs for the
cardiovascular diseases
Ugams e . among the three periods
Fig. 2: Excess rates (%) for cardiovascular hospitalizatior are shown in Fig 3 for the
per interquartile range of PMs over the whole study outcomes that had
period. significant values over the
whole period. There are
several significant shifts in the lagday patterns as well as the magnitude of the effects.
There is a particular increase in the excess rates per IQR for Total CVD, ischemic heart
disease, and myocardial infarctionsTo further explore the changes in inferred toxicity
per IQR PMs mass among the periods, source specific BN associations with
hospitalizations for the various cardiovascular outcomes were determined. Because
samples are collected on only everyrd or every 6th day, lag days here can only represent
the average of day 0 and day 3 (8) or days 0, 3, and 6 (). Fig 4 shows the results for
selected source types where statistically significant excess rates have been observed.
GAS was the source type most strongly associated with arrythmias and less strongly with
ischemic stroke and myocardial infarctions and GAS was the only source that increased
significantly in the After period. DIE also was strongly associated as are RO &M and at
most sites did not change in concentration across the study period. There were no
observable associations with SS and SN was only associated with myocardial infarctions.
BB had a significant protective effect on ischemic heart disease. The reagonsuch an
association is unclear except that it may reflect personal behaviors that keep the
individuals away from exposure sources.
The reductions in sulfate and nitrate measured in the PM4 closely followed the
reductions in emissions of S®@and NQ, respectively. The precursor gases react more
quickly with hydroxyl radicals than with organic species so the reductions in S@Qnd NOXx
would allow more reactions with VOCs and IVOCs to produce additional SOA as was
observed between the During and After periods. Primary organic carbon declined across
the period, but SOA declined from Before to During and then rose in the After jaal. It is
likely that some of the SOA attributed to the Before period may have been oxidized
primary organic carbon (OPOC) as noted by Robinson et 2007). Li et al.(2019) found
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significant water-soluble and humiclike organic carbon (HULIS) emitted from wood
combustion in Chinese residential stoves patrticularly in the startip and burn-out phases
of the burn cycle. Thus, SOAke materials can be directly emitted or formed throudn the
reaction of oxidantswith the primary organic aerosol constituents. These substances
Py e e L LLUEs would include reactive oxygen
species such as peroxy and alkoxy
radicals and peroxides Hopke,
2015].
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duty engine technology from PFI to
GDI engines when coupled wit the
R e e sy reformulation of gasoline to reduce
Lag Days its benzene content.  This
Fig. 3: Plot of excess rates (%) for an increase ir combination may have increased
the IQR for each of the cardiovascular outcome the potential emission of IVOCs
in the Before (top), During (middle) and After which  with  the increased
(bottom) periods. availability of oxidants that were
not used to oxidize N@and SQ led
to increases in SOA and related atmospheric ROS. The higher content of exogenous and
endogenous ROS associated with the BMin the most recent period could be the cause
of the increased per unit mass toxicity of the remaining Ph&.

P — N C R T Y

The effects of the various Federal regulations along with the fuel shift in electricity
generation operations to natural gas driven by economic considerations has substantially
reduced PMzs concentrations across New York State with concomitant reductions in ED
visits and hospitalizations for cardiovasculardiseases However, there appear to be some
unintended consequences of the shift in light duty engine technology from PFI to GDI
engines when coupled with the reformulation of gasoline to reduce its benre content.
This combination may have increased the potential emission of IVOCs which with the
increased availability of oxidants that were not used to oxidize NOand SQ led to
increases in SOA and related atmospheric ROS. The higher content of exogenous and
endogenous ROS associated with the BMin the most recent period could be the cause
of the increased per unit mass toxicity of the remaining Ph4.
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INTRODUCTION

Prague Aerosol Calibration Center (PACC) is a node of Central FacflityAerosol In-
Situ measurements CAIECAQ Centre for Aerosol InrSitu - European Centre for Aerosol
Calibration and Characterisation) of a panEuropean research infrastructure called
ACTRIS ERIC (Aerosols, Clouds and Trace gases Research Infrastructtdn@Y RIS ERIS
associating research performing organizations all over Europe, concentrating on high
quality observations of different atmospheric variables and processes.Main goal of
ACTRISlarge research infrastructure is to provide high-quality open-access data on
aerosols, clouds and trace gasesACTRIS also creasea platform for researchers to
combine their efforts to tackle the most important challenges related to different fields of
science (e.g. air quality, health, climate change). The ACTRIS community currently
comprises over 100 researchperforming institutions and organisations from 22
European countries.

The ACTRIS data ammeasured andprovided to central databaseby ACTRIS National
Facilities (NF), which are in other words the observational (groundbased measurement
stations) or exploratory platforms (mobile labs, UAVs, experimental chambers) operated
by the research performing organizationsACTRISNFs are supported by ACTRISentral
Facilities (CF) which provide the operational supportto the NF§ QA/QC measures, SOPs,
calibration services, as well as services to ACTRIS and n&CTRIS users (including
instrument manufacturers and authorities on national and international levels).

The PACC is a newly built calibration laboratory within ACTRIS CAEECAC CFThe
PACC is equipped with stat®f-the-art aerosol instrumentation and currently offers
calibration/validation of Condensation Particle Counters (CPC), Mobility Particle Sizer
Spectrometers (MPSS) and Aerodynamic Particle Sizer Spectrometers (APSS). The
services of the PACC will be expanded in the near future to offer calibration/verification
of instruments measuring optical properties of aerosol particles-uthermore, the PACC is
capable of performing characterization of sizeesolved penetration of aerosol particles
through various parts of aerosol sampling lines (such as membrane dryersoW splitters,
etc.). The PACC is closely linked and harmonized with the World Calibration Centre for
Aerosol Physics (WCCAP, TROPOS, IfT, Leipzig). Regular intercomparisons between the
two calibration centers are performed in order to assure high quality
calibration/verificati on services.The PACC is offering also hanesn training for ACTRIS
NF operators and technicians, consultancy and knowledge transfer to ACTRIS and on
ACTRIS users from academic and commercial sector.

CALIBRATIONSETUPS

The stateof-the-art calibration set-up includes three separate calibration lines for
CPC, MPSS and APSS calibration/validation. On top of the calibration lines, the PACC is
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also equipped with flexible setup for characterization of sizeresolved aerosol particle
losses in various parts of sampling lines.

The calibration setup for CPC counting efficiency and concentration linearity
response (see Fig. 1)is based on a twefurnace design using silver as a source of well
defined spherical reference aerosol particles. The polydisperse aerosol is then
transported to the reference electrostatic classifier which enables the precise selection of
the monodispersefraction of the reference aerosol. The monodisperse aerosol is then
diluted and distributed to the reference CPC and reference aerosol electrometer (the
primary standard) and the candidate CPCs. The whole agi complies with the ISO 27891
standard.
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Fig. 1:CPC calibration seup.

The MPSS validation setip (see Fig. 2)enables the sampling of atmospheric
aerosols or welldefined standard aerosol particles (such as NIST polystyrene Latex
spheres), assures smooth size distribution in welinixed homogenization volume and
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Fig.2: MPSS calibration seup.

distributes them correctly to MPSS validation candidates as well as to the ACTRIS
reference MPSS. The validation setp follows CEN/TS 17434 standard.
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The APSS verification setip (see Fig. 3)includes aerosol generators for the
production of well-defined supermicron aerosol particles, followed by an electrostatic

Al AOGOEAZEAO xEOE O1 AOGAG $-!8 4EA AEOOOEAODO

verification candidates and the reference instrument is secured by means of mixing
volume and proper isokinetic subbsampling.
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Fig.3: APSS calibration setp.

The setup for characterization of size resolved aerosol particle loses (see Fig. 4)
allows to select any flowrate in the range 2.00 I/min and the size of challenging aerosol
particles in the size range 28400 nm. The challenging aerosols generated byaerosol
generator, then i tis driedin the diffusion drier containing silica-gel and after that the
Boltzmann charge distribution on aerosol particlesis achieved by passing through a
neutralizer with 85Kr and then thetreated aerosol continuesinto an electrostatic classifier
(Electrostatic Classifier, EC Goliath, Research Workshop of ICPF CAS). The monodisperse
fraction of the generated aerosol, selected in the classifier by corresponding voltage on
the inner electrode,is diluted in the mixing volume so, that the required flow rate through
the testedpart is reached. The number concentration of aerosol particles of given size
determined at the same time upstream and downstream the testeglrt of sampling line
by two CPCs.

The position of the two CPCI alternated for every selected size of the particles using
the pair of electromagnetic valves. The valve switching allows avoiding any errors in
measurement due to possible differences in the measurement of both counters. The
pressure drop across thdested part of the aerosol sampling line isnonitored during the
whole measurement.
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Fig.4: Setup for characterization of sizeresolved particle losses.
RESULTS ANDONCLUSIONS

In general, the PACC offers a range sérvices, from calibration and consulting to
methodology and technical development. Furthermore, the PACC has the capacity to
organize and perform training for microphysical (including optical in the near future)
aerosol in-situ instrumentation. The equipment at the PACC is fully #ine with the state-
of-the-art aerosol instrumentation (starting from various aerosol generators for weH
defined nanoparticles, reference instruments, and newly designed calibration lines) and
the laboratory space is flexible dér various types of instrument
calibration/verification/intercomparison or testing of newly developed, cutting-edge
equipment.
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SUMMARY

This work focuses on the effect of drought and PM concentrations at different types of
air quality monitoring stationgrural, suburban, urban) in the Czech Republic. The data used
covers a 1@ear period from 2010 through 2019, looking only at data from the vegetation
season (ApSep). Correlation between dry/wet days and PM concentrations, the effect of other

meteorologtal variables such as wind speed, air and soil temperature and soil moisture were
studied.
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SUMMARY

Five in situ campaigns focused on aerosaloud interactions were conducted at
-1 01 O - Eih tAeH0zedHERRepublic to gain more insight into aerosol activation and
its dependence on meteorological parameters, mainly vertical air velocity and position
within the cloud. The activated fraction was calculated from the difference of
concentrations meaured behind the whole air inlet and the PMs inlet. The liquid water
content (LWC) was calculated from visibility, cloud base position was estimated from
ceilometer data. Vertical air velocity was estimated from cloud radar. No strong
dependence was foud between visibility and vertical velocity, suggesting that the clouds
at the station are mostly of advection or inversion origin. Both visibility and LWC depend
on the position within the cloud, with the highest LWC values found when the station was
between 100 and 400 m above the cloud base, independently of the actualue.
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INTRODUCTION

Aerosol particles in the atmosphere that allow water vapor to condense and form
cloud droplets are called Cloud Condensation Nuclei (CCN). Elevated concentrations of
CCN tend to increase the concentration and decrease the size of cloud droplets. This can
lead to suppression of precipitation in shallow and shortived clouds and to greater
convective overturning and more precipitation in deep convective clouds, Roset al.
(2010). The response of cloud properties and precipitation processes to increasing
anthropogenic aerosol concentrations represents one of the largest uncertainties in the
current understanding of climate change. One of the fundamental challenges is to
determine the ability of aerosol particles to act as CCN under relevant atmospheric
conditions. Knowledge of the spatial and temporal distribution in the atmosphere is
essential to incorporate the effects of CCN into meteorological models of all scales, Huang
et al. (2007). Longterm CCN measurements are performed at aerosol monitoring sites
such as those forming ACTRIS (Aerosols, Cloydsnd Trace Gases Research
Infrastructure) network. Measured data are then submitted tahe EBAS database, where
they are available for the other ACTRIS researchers. In this paper, we present our
experience with the processing of the data measured with CCNC for submissionthe
EBAS database. The data prepared for submission to EBAS from year 2020 are also
presented.

EXPERIMENTAL SETUP

The instrument we are using for the CCN concentration measurements is a Dual
Column Cloud Condensation Nuclei Counter (C€00) purchased from Droplet
Measurements Technologies, USA. The DMT CCNC operates on the principle that heat
conduction in the air is slower than molecular diffusion of water vapor (Roberts and
Nenes, 2005). The CCNC operates by maintaining a positive temperature difference
between the bottom and top of the column. Inside the column, the supersaturated water
vapor condition is caused bydiffusion of water vapor from the warm, moist column wall
toward the centerline, at faster rate than heat. The CCRDO counter allows making two
simultaneous measurements of CCN concentrations, which offers interesting possibilities:

1 measurement at different combinations of supersaturations (SSs) in each column,
so that data for more SSs can be collected during one measurement cycle,
1 polydisperse measurement of CCN in one column and monodisperse measurement
in the other,
1 measurements of CCN concentrations from different locations in each column.
Until now, we mostly used the same SSs in both columns during the measurement cycle.
CCNC data are to be submitted to EBAS at three levels. In this work we processed the data
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for submissionaslevel zero (EBA®ata Submission Manugl However, the data collected

by CCNC contain a lot of ballast that is unusable for scientific purposes. Therefore, it is
necessary to cure the data before subrssion. CCN200 collects approximately a hundred
items of data each second. They consist of time, CCN concentration, particle size
distribution, and a number of parameters describing the state of the instrument:
temperatures, flow rates, voltages etc. One measuring cycle consists of 5 or 6 SSs.
Measurement at each SS consists of a transition period when parameters of the
instrument, mainly temperatures, stabilize which should be followed by a sufficiently
long period of measurement with stable parameters of the CCNC. The data from those
steady state periods have to be averaged. An example of processing of CCN concentration
is shown inFig. 1 for three hours of measurement, 60 minutes long measuring cycle and
5 SSs per cycle.

4000 s - o 1
. o CCN ConcA | ]
3500 T & CCN Conc B i
C Mean Conc A | T
3000 + © Current SS j_ 0.75
| . F
+ 05 &=
i [75]
i (75
1000 -t 0.25
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0 +— 0
6:00 6:30 7:00 7:30 8:00 8:30 9:00

Time [h]

Fig. I Time dependencies of CCN concentrations and SSs during three measuring cycles,
10.9.2020.

Tab. 1: SS settings of measurement cycles in 2020. No fieriod from 1.1. to 26. 2. 2020,
No. 2- period from 24. 6. to 21. 9. 2020, No. 3period from 21. 9. to 14. 10. 2020.

No. 1 SS [%] 0.1 0.15 0.2 0.3 0.5 1
Time [min] 10 6 6 7 8 8
No. 2 _SS [%] 0.1 0.2 0.3 0.5 1
Time [min] 20 10 10 10 10
SS [%] 0.15 0.2 0.25 0.5 0.7
No. 3 S [%] 0.1 0.2 0.3 0.5 1
Time [min] 20 10 10 10 10

For averaging we selected last three minutes of measurement for each SS. Resulting
average values of CCN Conc A show yellow points and we can see that this procedure
reduced 10800 values of Conc A on 15. Consequently, 10800 rows with 100 items of data
each wasreduced to 15.
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RESULTS ANDONCLUSIONS

In 2020, measurements were carried out usinghree variants of measuring cyclavith
parametersspecified in Tah 1. In the first period from 1.1. to 25.2.2020we used 45 min
measuring cycle with 6 SSs. The processed data from this period are shown in Fig. 2. Three
months long gap between time periods 1 and 2 was caused by taking part on Calibration
and comparison workshop at TROPOS, Leipzig and, predominantlyy bOOVID-19
restrictions.
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Fig. 2 Averaged values of CCN concentrations for 6 SSs and time period 1 in.Tab
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Fig. 3 Averaged values of CCN concentrations for 5 SSs and time periods 2 and 3 in Tab
1.
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Missing data from the end of the year were caused by sending G200 to DMT for
Winl10 System Upgrade. Duringhe workshop at TROPOSwe found that longer time
periods are more suitable for measurements at individual SSs, especially for $8.1%.
Therefore, in the following measurements we applied 60 min measuring cycle with only
5 SSs, see Tal for details. CCN concentrations from time periods 2 and 3 are shown in
Fig. 3. Nevertheless, the data collected durirte 1st period (Tab. 1) are still valid because
differences in temperatures were within allowed limits (Operator Manual, 2018). To date
we already submitted to EBAS the data from year 2020 and the data from year 2019 are
almost ready for submission. The data from year 2019 were already presented Mishra
et al. (2022). However, for cata collected after CCR00 - WIN10 System Upgrade, the
procedure for submission to the EBAS database needs to be worked out and approved by
NILU, because SS settingse somehow different in the new software.
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INTRODUCTION

Reactive compounds of nitrogen belong to significant pollutants presented ithe
atmosphere. Their interconnected reactions forma largeratio of atmospheric processes
(Warneck, 1988). Gaseous nitric acid (HN{pand particulate nitrates (NQ-) are important
in several aspects of tropospheric chemistry, especially in photochemistry of nitrogen
oxides and ozone. HN&is one of the main components of acidic deposition. Adhering to
surfaces gets toequilibrium with NOs-, which has been associated with incidents of
decreased visibility in some areas (Tanner et al., 1989).

Low concentration of HNQ in atmosphere is difficult to measure with requisite
precision and accuracy in the presence of the several other nitrogen species. Most
analytical procedures are based on filter sampling, with subsequent extraction and
detection. Although the measurementcan in principle be performed accurately, the
sampling leads to several problems, resulting in artefacts in both gas and particle phases
(Forrest et al., 1982). The lack of information about fast concentration changes is the other
disadvantage followed from this type of measurement.

The presentedpaper describes methods for continuous determination of gaseous
nitric acid and particulate nitrates in ambient air with small time resolution.

EXPERIMENTAL SETUP

The measurement apparatus is assembled from two independent parts: the sampling
unit for HNOs with analyser on the principle of continuous flow system (CFS) with
chemiluminescent detection (CLD), and sampling unit for NOwith other CFSCLD.

The sampling unit for HNQ consists of cylindrical wet effluent diffusion denuder
(CWEDD) where HN® from analysed air (1 L min?) is continuously collected into
AAET T EUAA x AONB.Gubpseguently tie, colldcted HNOis detected via CLD
j - EEOHEA AO Ai8h c¢mptqQ AAOA®H perokyniteEdy UDET O
convertor with subsequent chemiluminescence reaction with luminol detected by
photomultiplier. The sampling unit for NG AT T OEOOO 1T £ AUAI fof A ET
diameter, 10 L minl), annular diffusion denuder for removing gaseous pollutants,
continuous aerosol sampler (CGWACTJU) for collecting the aerosol particles into
deionized water (1.3 mL min!) and the second CFELD.

The measurement of HN@NO3- in ambient air in Brno using the developed method
carried out during two campaigns. The winter campaign was going org67t February
2023 and the summer campaign 1428% July 2023 (Fig. 1). Both campaigns were
performed on a terrace on the first floor of the Institute of Analytical Chemistry (UIACH)
AO 6AOAGp 300AAOG8 4EA AT T AAT OOAQCEIT O 1 £ AIi
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particulate number concentration and size distribution of PM in the size range 6.2294

nm was measured with the SMPS spectrometer (model 3936L72, TSI, USA). The
temperature, relative humidity, wind speed and direction, irradiation and precipitations
were measured using meteorological station (UIACH, roof).

RESULTS AND CONCLUSIONS

The innovated method for the simultaneous online determination of HN§INOs- in
ambient air was developed. Due to high sensitivity of CLD (LOD = 5.1 nM in water solution,
3 s/n) no preconcentration method is required. The online methods were compared with
the results obtained with the offline method based on sampling using filterand dry
denuders (DD) covered by 0.5% NaF with subsequent analysis by ion chromatography
(model ICS2100, Dionex, USA) and capillary electrophoresis (model Agilent 7100, Agilent
Technologies, USA).
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Fig. 1. Variations of HN@NO3- concentration in ambient air during July 2023.
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INTRODUCTION

For the study of the mass concentration of particulate matter anils constituents, the
reference methods should be the gravimetric method (GM) followed by an analysis by
atomic absorption spectrometry (AAS), while other methods may be used if their
equivalence to the reference method has been demonstrat¢gdC 2000)

In addition to the AAS technique, nofdestructive techniques are applicable and are
generally referred to as XRay Fluorescence (XRF]Bilo et al., 2018) The detailed
characterisation and application of AAS and XRF were presented in a paperbl Ob1 A C
al. (2018).

This study presents and analyses data on Pivlconcentrations and their chemical
composition. In addition to checking the air quality in the rural area, the main aim of the
study was to compare the aforementioned methods in terms of the possible compatibility
of the results. Simultaneously, potential differences in air quality over the two seasons
were checked

The scope, type, place, apparatus and conditions of observation enabled the
verification of the following hypotheses:

1. Concentration levels of P are identical regardless of the method of sampling and
analysis;

2. Concentration levels of PM-bound elements are identical regardless of the
method of analysis; and

3. Concentration levels of PM and PMo-bound elements are identical regardless of
the season (winter’spring relation).

EXPERIMENTAL SETUP

As the receptor, themeasurement point in the northern part of the village was
OA1l AAOAAh xEEAE EO OEOOAOCAA TAAO A 11 AAOAOQR
Voivodeship) surrounded by meadows, farmlands low shrubs and trees (S c 0 @ @ 8 T ¢ 0
N;18&omuv dme8Yymnmo %h poec [ 8A dfégrenGegyravingtiic metpapl (M) EAAE
with LVS aspirator Atmoservice PNSL5) + AAS andontinuous particle monitor + energy
dispersive Xray fluorescence (CPM+EDXRF; RXx v (1 OEAA" h * ApAT q C
used to examine Plb concentrations and their chemical composition ffine elements Cu,
Zn, Cr, Ni, Fe, Mn, K, Ca and Pb were selected for anglysik samples grabbed by GM
were analysed by AAS in the laboratorBecause of the need to meet technical conditions,

apparatuses were located at 18 metres from each otheBoth methods were applied at
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the same time, that is, for 49 consecutive days during the winter period (Janudry
February 2019) and 15 consecutive days during the spring period (April 2019).

TIBCO STATISTICA version 13.3 was used to prepare charts and perform statistical
analyses.The result of the ShapirdWilk test indicated that none of the recorded cases
were found to correspond to a normal distribution of data; therefore, nofparametric
tests were used to assess differences between the concentrations as determined by two
different methods (Wilcoxon). The winter”spring relation was checked by using the U
Mann"Whitney test. For comparison of elements, EDXRRSS relation in the selected
season, the Wilcoxon test was use@he relationships between variables were examined
using Spearman's rank correlation coefficient The significance level of 0.05 was adopted.

RESULTS ANOONCLUSIONS

Fig. 1 shows the distribution of PMo mass concentrations determined using both
methods. The average concentration of P for the whole measurement period in
January'February was below the daily PMb limit value determined by the European
#1 1 1 EOOET 183), ywhiclmmust @or he exceeded on more than 35 days a year. Days
which exceeded the daily limit value were also observed, that is, day§6, 9, 10, 12, 20,
21 and 1"6, 9”15 19”21 in the CPM and GM measurements, respectively. The coefficient
of variation was at a similar level, that is, 51% for CPM and 65% for GM.
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Fig.1: Average 24hrs PMwo mass concentration obtained by two methods invinter (on
the left) and spring (on the right) campaign

At the beginning of the second observation period (early April), the concentrations
determined by the two methods were clearly different. A significant difference was also
observed in the average values for the whole spring period. Despite the observed
fluctuations, it can be concluded that the PM concentrations measured with CPM and
GM were similar only during the winter period. In addition, only two days with
exceedances of CPM were recorded, while there were four such days in the case of GM.
For both CPM and GM, the coefficient of variation was at almost the same level as it was
during the winter period? 52% and 67%, respectively. Furthermore, in the case of GM,
the relation of PMwo concentration? values of meteorological parameters (Ws, T, Pwas
identical to that observed for winter. Such a relationship did not occur for concentrations
determined using CPM.

For both winter and spring periods, a statistically significant, high (spring) and almost
full (winter) correlation was obtained between PMuo concentrations determined by both
methods. The result of the Wilcoxon test (for p<0.05) confirmed the consistency of the
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results from both methods only for the winter period. Thep-valuesof the Wilcoxon test
for winter and spring sessions were 0.08 and 0.01, respectively. Thus, hypothesis #1 can
only be considered true for the winter campaign period. In the seaseto-season
comparison (U Manri'Whitney test, p<0.05), no statistically significant differences were
found. In thewinter "spring relationship for PMwo concentrations determined by CPM, the
test probability was 0.40 and by GM 0.86.

Fig. 2 shows the full measurement data for PM-bound elements. The mean
concentrations of selected elements associated with PMranged widely. For both
techniques, Ca, K and Fe were the most abundant among the determining elements. Toxic
trace elements were present in very low concentrations (Ni, Cr, Mn) not exceeding 10
ng/m3 (mean daily value) or low (Pb).When considering the position of the median, it
may appear that for both methods, the concentrations of Mn, Ni, Zn and Ca can be taken
as equivalent.There was much more variability in the elements determined by the AAS
method. Significant discrepancies were observed between the results of the two
techniques, particularly in the mass concentration of Cr (more than 4 times the median
value for AAS) and G (more than 3 times the median value for AAS).
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Fig. 2 PMio-bound elements data for winter(on the left) and spring (on the right) period.
Boxes show the range between the 2band 75" percentiles. The whiskers extend from
the edge of the box to the B and 95" percentiles of the data. The horizontal line inside
indicates the median value.

In the case of spring observations, the mean concentrations of selected elements
associated with PMo and determined by two techniques also ranged widely. Also, Ca, K
and Fe were the most abundant among the determining elements. The mean
Ai 1T AAT OOAOCETIT O T &2/ .E ATA 0A ET +1 080U - Ac¢L
annual concentrations established bythe European Commission (20 ng/m, and
0.5A C R,irespectively). The position of the median may suggest that for both methods,
the Fe and Zn concentratins can be taken as equivalénVery significant discrepancies
were observed between the results of the two techniques, especially in the mass
concentrations of Cu (more than 2€fold higher median value for AAS), Ni (more than 13
fold higher median value for AAS), Cr (more than-®ld higher median value for AAS), Ca
(more than 5-fold higher median value for AAS) and Pb (more than-told higher median
value for EDXRF).

Fig. 3presents the results of the cluster analysis in the form of dendrograms. The
clusters were separately created for winter and spring data. Dendrograms were
constructed to assess the multidimensional structure of the elemental concentration. The
assembled HEclidean distances between the compositional points with citransformed
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coordinates were used to create a dissimilarity matrix. For the winter campaign, there

were two clearly distinguished clusters in the dendrogram, with the structure
predominantly defined by groups of metals, namely Ca, Fe and K in the first group and Zn,

Pb, Cu, Mn, Cr and Ni in the second group. The elements in the first group come mainly

from natural sources, including form surface erosion of soils and from plantg AT AAé E A
andL O O ¢é A 2a4. Elements in the second group are associated with anthropogen

sources, mainly from coal and biomass burnind" OAT EA A O and froththe ¢ Tt x q

exploitation of motor vehicles(Kulshresthaet al., 2009.
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Fig. 3: Dendrograms of the elemental composition of PM in relation to the analytical
method EDXRF and AAS (winter on the left, spring on the right)
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For spring observations, three main clusters were found. At first glance, two of them
would be known aswinter clusters, but the situation with AAS Ca is interesting and
definitely stands out. This is most likely the result of human activity and represents an
isolated incident related to local gardening. As mentioned earlier, the GM sampler was
located close to domestic gardens where the inhabitants very often fertilised with ground
eggshells toenrich the soil.

Tab. 1 summarises the results of the Wilcoxon test, Tal2 results of the U Mann
Whitney test which aim to verify the hypotheses #2 and #3.

The results of the Wilcoxon test clearly indicate that these suggestions were true for
the observations from the second measurement campaign (in spring) and only for Ca in
winter. For the winter campaign, only the contributions of Mn, Ni and Zn to Pidare
equivalent for both techniques. Thus, hypothesis #2 can be considered true only to a very

limited range.
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Tab. 1:EDXRFAASp-valuesof Wilcoxon test for winter and spring sessions. Bold values
indicate that the results are significant with p>0.05.

Elements share in

Relation Mass concentration
PMzio
Winter session
EDXRFAAS Cr 0.000 0.000
EDXRFAAS Mn 0.001 0.368
EDXRFAAS Fe 0.000 0.000
EDXRFAAS Ni 0.000 0.250
EDXRFAAS Cu 0.000 0.000
EDXRFAAS Zn 0.000 0.082
EDXRFAAS Pb 0.000 0.000
EDXRFAAS K 0.000 0.000
EDXRFAAS Ca 0.238 0.001
Spring session

EDXRFAAS Cr 0.000 0.001
EDXRFAAS Mn 0.001 0.035
EDXRFAAS Fe 0.099 0.609
EDXRFAAS Ni 0.000 0.001
EDXRFAAS Cu 0.000 0.001
EDXRFAAS Zn 0.820 0.023
EDXRFAAS Pb 0.001 0.001
EDXRFAAS K 0.005 0.035
EDXRFAAS Ca 0.000 0.003

Tab. 2: EDXRFAAS p-valuesof U Manr'Whitney test for seasonto-season data. Bold
values indicate that the results are significant with p>0.05.

I(D:I\jl\: PGMl\l/Io Cr Mn Fe Ni Cu Zn Pb K Ca
CPM 540 0.00 0.00 0.00 0.82 026 017 028 0.78 0.01
e O, 00 0.00 000 082 026 017 028 0.78 O.
GMAAS 0.86 0.00 0.00 0.00 0.00 000 0.01 0.00 0.05 0.00

Hypothesis #3 (Tah 2) may be considered true to a much larger range. The levels of
PMwo concentrations determined by the compared methods for the wintéfspring
relationship are very similar. As far as elements are concerned, the comparison of winter
and spring results from the EDXRF technique did not provide different results except for
chromium and elements of mainly natural origin. In the case of AAS gthypothesis is true
only for one element

Finally, comparing the results using different methods (GM vs. CPM and AAS vs.
EDXRF) showed that:

- Hypothesis 1 isonly true for the winter campaign period.

- Hypothesis 2 can be considered true onlyor the second measurement
campaign in the case of spring measurements and only for Ca in the winter.

- Hypothesis 3may be considered true for PNb and PMo-bound elements
except for chromium and crustal elements for EDXRF. For AAS the hypothesis is
true only for potassium.
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In order to compare the results obtained with different methods, it is necessary to
ensure that both types of measuring and sampling equipment are located directly next to
each other.The conducted research indicated that even a small distance (18 m in this
study) may influence the variability of the results.
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SUMMARY

This study focuses on evaluating thsuitability of the Bacharach method as a fast and cest
effective alternative to portable devices for measuring particulate matter mass
concentrations in the flue gas originated from solid fuel combustion in small scale units
for household heating. The Badirach method's accuracy was evaluated based on the 330
separate measurements differs by type of sources and used fuel. Results indicate that the
Bacharach method correctly categorizes emissions as compliant or n@oempliant with
legal limits in 80 % of cags. The method shows higher accuracy for fossil fuels (83 %)
compared to biomass (740).

a6/ $

1T A6EAOAT p 1T OUAOHp EA EALATOT é1 A DAI éEOLI
ODPi 1 AénAspekidm, A OI DPGARADHAD MDEOUVAOU UET OHA’
Ol UPOUI T OLAE Di Aipil AE ZrojWiij Aé EDD IGIRBITAE hAAU &
UET OEDIAITI EORA T OUAOHAp EA T1TLTiT OTUAARTEO TA O
ITEUITp OUOUDPAT P8 5 DOOI pAE AOT O UAOI Eij EA
sATAT LUT O OPAITETh DBGEéAi L AilEA DAOET AU | £
DAOAlAOOppDEApSO@ADlOAApA OOAAET T UOTI pAE U
tepel T7T ET  DPGpEITO omnmmE7 j O00eAT U DGAAAOHDI
OPAI TUOMONPpEAQ TAEOI O LUATT DAOET AEAET EI
ET 1001110 UAOTEA PGAA EAEIT OPOHOAT pi 1
BT Al pT EUAE AEOAAFQIIGOAUER WEDEARRDU T AGp
kontroy OP AT T OAMDIAE] bppdihi BT OOAI AAA | ET O
T AUAEOT OEp B Odpadid AIAA pE ATl AOE WU 1OP AU & iQdkdpdp AA T
A O OOEOAB A RAES cetQEREHT i EAnR IOAABO 1 jADGEBI 10
I OUAOHpPN ET OAQOADT BUAh O2 £AET @®OEO j UUET I |
2zo OI EUQh 6AlET "OEOUTEE FQAQEEUQH T p3DGA
AL
A

G
B GAADEOUNZ3EkyOFEMAMAOOESO j UUETT T TAEOAT A
1z¢ Ol EUQg8s : UETTU A PGAAPEOU EOI O PAE UDPO
AAOAEI U EAET 1TADPG8 1 AOT AEEO POI OUAART p T AA
*AATT O U ETTOOITTOAT LAE Ol i DAA] DRAIDR KO E
DOAAES *AEI EIiT OTT 001 p ETTAAT OOAAA EA
QOAOElAOOEAETé AOT AT O b1 O1 OT UOGAEpAp OOAT I
OQUOALATT O E i ATi 16 TAEAI O OPAil O OBRARBE[OD
vATiUATTOOAA‘ UEAI DI OLpOAO EAATT AOHHD

E o
AT AT LUO OpAA OITLAE ODPAEEITAJANAEAMNITAAE TTCA BIGBA
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SUMMARY

Elements are important components of atmospheric aerosols. Heavy metals are
known environmental pollutants due to their toxicity and their ability to accumulate in
the human body (Mitra et al., 2022). Heavy metals can exhibit toxicological effects even in
trace amounts. Oxidative potential (OP) is defined as the potential of aerosol particles to
induce the production of reactive oxygen species (ROS). The oxidative potential is
influenced by heavy metals that are present in the environment (Charrier and Ant@sio,
2012).
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Kajal JULAHA%h . AAG L AAT A" 6/l AAEILP O ¥$ - |
lnstitute of Chemical Procesgundamentals CAS, Prague, Czech Republic
julaha@icpf.cas.cz
2Department of Atmospheric Physics, Faculty dflathematics and Physics, Charles
University, Prague Czech Republic

Keywords: Vertical profile, eBC,Drone, Rural background,Urban site
INTRODUCTION

Black Carbon (BC) aerosols are primary particles emitted into the atmosphere as
a by-product of incomplete combustion processes. BC absorbs solar radiation and aker
the radiation budget of theEarth(Bond et al., 2013) The radiative properties of BC heavily
depend on its vertical profile{Haywood and Ramaswamy, 1998)For example, BC in the
free troposphere can enhance its radiative forcing by trapping energy emitted from lower
cloud layers.

The modelingbased studies on BC vertical distribution are particularly poo(Chen
et al., 2022) creating a need to measure the vertical distribution of BC on a regional scale
from areas characterized by anthropogenic emissions from the ground to those
characterized by longrange transport(Ramana et al., 201Q)Among all the other methods,
drones have recently gained popularitypbecause of their highcost efficiency, flexibility,
and mobility. Besides comparingBC aerosol vertical distribution at an urban and a
regional backgroundsite, this study also calibrates drone measurements using a 230
meter tower.

EXPERIMENTAL SETUP

This study aims to measure the vertical profile of BC aerosols using a drone at two

1 TAAOET 1 O09g p8 .!'/+ j.AOEIT Al wnith repeé&n& OE A
aregional background site, and 2. MFF (Faculty of Mathematics and Physics in Prague),
which represents an urban location. At NAOK, a 25fheter measurement tower is also
available, serving as a way to calibrate the drone measurements. Aethalometer AE33
(Aerosol Magee Scientific) is operating on the ground as well as on top of the tower.

Two instruments have been deployed on the drone (DJI Mavic 3). The miero
Aethalometer AE51 (AethLabs San Francisco, CA) provides réiahe equivalent BC(eBC)
concentration, while meteorological data(temperature and relative humidity) were
sampled using a COMET data logger. The measurement interval is ten seconds to cover
the high temporal variability of eBC concentrations at the polluted site and to cover
changes in height during the flight. During the flights, the drone climbed vertically from
the ground to 230 m and 100m AGL at eonstant speed of 1 m"§ along the tower at NAOK
and the MFF building, respectively. The drone hovered at different heights for at least 5
minutes and then ascendedin the same vertical direction at the same speed. The
descended flights were not consideredlue tothe propellers' effect on aerosols' flow. All
inlets of the instruments were placed 30 cm above the drone to minimize the downwash
effect(Villa et al., 2016)
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RESULTS AND CONCLUSIONS

Vertical profilesof black carbon aerosols wre measuredfrom July31 - Aug4,2023
at NAOK and Aug 14Aug20,2023 at MFF. The weather conditions during the campaign
were rainy and gusty at NAOKwhile at MFFtemperatures were high.The vertical profile
exhibits very little change from4m to 100m at MFFsuggesting a welmixed layer, while
aslight concentration decrease above 100m elevation can be observed at NAOK (Fig. 1).
The comparison of eBC concentrations from micréethalometer AE51 on the drone and
Aethalometer AE33 at the top of the tower (230m) can also be seen, establishitige
comparability of the daa.

The morning, noon, and evening profiles were also computed for both sites. The
morning profiles were found to be the highest at both sites, while afternoon profiles were
higher compared to the evening profiles at MFF due to traffic emissions (people leagin
early from the officeduring the summertime).
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Fig. 1. Left: lmxplot of eBC concentration from AE51 orthe drone and fromthe reference
device AE33 onthe NAOK tower, right: boxplot of eBC concentration from AE51 orthe
drone at MFF.
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ATOLL
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INTRODUCTION

Atmospheric aerosols (AA) belong to shortived climate forcerswith high spatial
and temporal variability. Although the radiative effects of AA are greatest on regional
scales, changes inerosolemissions can induce longerm global climate effects(Szopa et
al.,, 2021) Thus, the measurement of aerosol properties is essential for better
O1 AAOOOAT AET C T £ ARAOT O 160 EIi PAAO 11 EAAI OI
projects and platforms have been monitoring AA properties worldwide (GAW, WMO,
ACTRIS, EMEP, EUCRA etc, Pandolfi et al., 2018) only PMo or PMz s cutoff sizes have
been used formeasurements,and information about PM particles is missing.

The aim of this study is to present aerosol scatteringroperties with supporting data
of absorption and particle number size distribution in PMu in years 20182022 at peri-
urban atmospheric site G\tmospheric Observations in LILLE AFOLL) in Lille, France.
This study is the first topresent results dedicated toaerosol scattering properties at this
site.

EXPERIMENTAL SETUP

ATOLLis a periurban atmosphericOOAOET 1T 11T AAOAA ET 6EI 1 Al
France (50.6114 N, 3.1406 E, 60 m a.s.l.), 6 km away from the city center of Lillde
station is part of the Aerosols, Clouds, and Trace gases Research InfraStructure (ACTRIS,
http://www.actris.net), providing high -quality long-term atmospheric data innorthern
France.Measurementsused for the present study were performed betweenahuary 1,
2018, and December 31, 2022

Measurements of the dry OT QA OAAQOARADET CAAIAE QHAODAC
coefficients are performed using Aurora3000 nephelometer (ECOTECH) operating at
450, 525, and 635 vm at 5 L mint with a Nafion dryer upstreamof the instrument (<40%
RH) and a PM cyclone. The nephelometer is adjusted daily using particle free air and
calibrated monthly using CQ. Both scattering coefficients have been corrected from
angular truncation errors and illumination intensity non-idealities basedon- i 1 1 AO AO
(200908 #1 Ei AOA OA1 AOGAT O OAOEAAI AO OOAE AO OE
hemispheric backscattering ratiob and the asymmetry factorg were calculated.
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Dry aAOT OPOET 1 Ad)lwEa&Edhtihdolsyy Gneapufed with a seven
wavelength aethalometer (AE33, Magee Scientific In(CuestaMosquera et al., 2021) at
a sampling flow rate of 5 L mirt downstream ofa PM cyclone (BGI SCC1.197, Mesa Labs)
4EA ODPAAOOAIT JAveddsédiokdetekmine thecortributions of traffic (fossil
fuel z BGr) and biomass burning (BG) to eBC via a source apportionment model
(Sandradewi et al., 2008)The concentration of Brown carbon (BrC) was also calculated.

The Scanning Mobility Particle Sizer (SMPS) measures every 5 minutes the particle
number size distribution between 15.7800 nm (divided into more than 100 bins) at an
aerosol flow rate 1 L minl downstream of a Nafion membrane The SMPS system
consisted of a condensation particle counter (TSI model 3775), a differential mobility
analyzer (DMA, TSI 3081A) as described byillani et al. (2007) and a Nickel aerosol
neutralizer (Ni-63 95MB(Q). The sheath flow ratel.8 L min-t was controlled with a critical
orifice in a closedloop arrangementj * T EET AT AT A. TheséaAtim@ tvas 00 wx
seconds,and the particle concentrations were corrected by consideringnultiple charge
effects and diffusionlossescalculated using the manufacturer software and algorithms
(AIM 10.2.0.11).

To identify origin of air masses coming to ATOLL, HYSPLIT air mass back
trajectories of 72 hours and exceptionally 10 days (for December 2022yere run (Stein
et al., 2015)

RESULTS ANOONCLUSIONS

The overalldata coverageof the aerosol light scattering data was 81 % (2018
2022).4 EA | A A kphveerGne éntite dbserved period were 31.9vim-1, 24.8Mm-1and
19.3 Mm-1, while Abspmedianswere around 4.0 Mm-1, 3.3 Mm-1, and 2.8Mm-at 450, 525
and 635nm, respectively. The ManfKendall seasonal test showed a significant decrease
| Ap at 525 (Fig. 2) and 635 nm over the observed time both of 2.0 Mm year?,
OAOPAAOGEOAT U8 .1 OECI EAEE&AtlarwakeleAghSuggedingc AO T AO
a relative increase in the backscatteringfraction relative to total scattering. This
observation is supported by a significant increase ib and significant decrease in g at all
wavelengths.
4 EA 1 AA%&aA325 imArasSl Mm-L, the median concentration of eBC at 880
nm was 330 ng.m-3and median concentration of BrC at 370 nm was Thg.m-3throughout
the whole period. Analysis of the contributioni &£ A& O QHf) anddb®@kdss burking
j 4 bb) to absorption showed anl O A OAff niediah of 4.0Mm1 AT Ap bk median of
2.0 MmL. Although nosignificant interannual changex A O Al Ob A" #El 1004 O# h X
showed asignificant decrease in all seasons total light absorption by aerosols in Lille
(Tab. 1).
The size distribution was divided into two modes: particles 20300 nm and 300
800 nm. A closer lookhas alsobeentaken at the particles in sizes 2630 and 30-60 nm.
All size modes except 306800 nm showed a statistically significant increase in
AT TAAT OOAOGETT 1T OAO OEI A jbrmsnuvh jfdEthek@rvq xEOE
30 nm size fraction (Tab.1). The median concentrations of 280 nm, 3060 nm, 20-300
nm and 300-800 nm were 1216, 2012, 5736 and 43f cm-3, respectively. Crumeyrolle et
al. (2023) observed strong influence of new particle formation events (NPF) on the
number concentration from 15.7 to 100 nm in summer and spring at ATOLL site.
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Fig. 2: Seasonal and annual variation ofksp at 525 nm. The widths of boxplots are
proportional to the square roots of number of observations in separateseasonsand
extend to the minimum and maximum values within a range defined by the 1.5 times the
interquartile range.

Tab.1: Slopes (variable/year) and ManaKendall Seasonal test results (tau and-palue)
of selected optical properties and particle number size distribution modes. Significant
trends are highlighted.

Mann-Kendall Seasonal test

Slopes
tau p-value
Asp at 450 nm -2.1 Mml/year -0.16 0.08
Asp at 525 nm -2.0 Mml/year -0.18 0.05
Asp at 635 nm -2.0 Mml/year -0.16 0.03
Kbsp at 450 nm -0.3 Mml/year -0.15 0.08
Kbspat 525 nm -0.2 Mml/year -0.15 0.10
Kbspat 635 nm -0.2 Mm?/year -0.16 0.07
Rapat 250 nm -0.3 Mml/year -0.14 0.14
Kap ff -0.3 Mmt/year -0.20 0.03
Kap bb -0.1 Mm/year -0.05 0.59
eBC -23 ng m-3/year -0.17 0.07
BrC -4 ng m-3/year -0.09 0.35
Mode 20-30 nm 239 # ccmr3/year 0.56 <0.001
Mode 30-60 nm 132 # ccm3/year 0.32 <0.001
Mode 20-300 nm 596 # ccm3/ year 0.35 <0.001
Mode 300-800 nm -1 # ccm3/year -0.03 0.76
Mass concentration 271 ng.m3/ year 0.03 0.76
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Further investigation must be performed to link NPF with the significant increase in
particle concentration in 20-30 nm sizemode over time. The observed median PMmass
AT T AAT OOAOET B (assuinidg ajc8nstanoRer size distribution and over time
density of 1.8 g cn®) with no significant interannual change due to the small contribution
of particles in the 20300 nm size mode to the overall mass concentration of aerosols.
Regarding the dataCOVID19 pandemic, theanalysis did not show asignificant
influence on any of the aerosol propertiesConcerning theEuropean oil and gas crisisit
has beennoticed that December 2022 influenced the trend of winterand annual
variations of all observed variables The war in Ukraine caused restrictionsl T 2 OOOEA3 O
gassupply to Europe.The resulting gas and oil prices led to the European oil and gassis,
which was noticeable mainly in December 2022 due to the neddr residential heating.
As a result, citizens and industry returned to a higher consumption of biomass, wood, and
coal. In addition, a significant increase in coal usage for electricity generation was
observed in December 2022 for the whole of United Kingdoifgov.uk, 2023), resulting in
increased levels offsp, Absp, Aap at all wavelengths, SAE, eBC, BrC, particle effective radius,
mass concentration and number concentration of particles from 30800 nm in
December 2022.
Alongside of local residential sources,ralysis of tenday backward trajectories from
HYSPLIT modein December 2022 (
Fig.3) showedthe significant air mass transport coming from southwest of France
(Cordemais power plan) and northwest of United Kingdom Ratcliffe-on-Soar power
station). Each of the two suspected codired power plants are one ofonly two
remaining active coal powerplants in France and the United Kingdom.
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Fig. 3: 10-day hourly backtrajectories arriving at ATOLLin December 2022. Back

trajectories were calculated for each hour at ATOLL arriving at half the boundary layer
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Metal content in traffic emissions is often overlooked during regulation and
policymaking. Exhaust and norexhaust traffic emissions, including tireand brake wear
and resuspended dust, contributesignificantly to particulate matter and pose significant
health effects to humans in urban areaglohansson et al., 2009)'he current lack of strict
regulations on these metal emissions draws attention to the need for controls and
monitoring, as reflected in the recent Euro 7 standards proposal on traffic emissions.

This work aims to quantify metal emissions from traffic at an urban traffic site in
Prague, Czech Republic, identify key tracers of emissions, and investigate exhaust and
non-exhaust emissions observable in fine particulate matter (Ph4). This project signifies
the first high-time resolution elementalanalysis of Prague aerosols.

EXPERIMENTAL METHODS

A one-month-long measurement campaigmwas conducted from February to March
2020 at an urban traffic site in Pragu¢16,500 vehicles and 700 trams per day)Elemental
data were obtained froman Xact625i Ambient Metals Monitor (nondestructive energy
dispersive Xray fluorescence EDXRF) and elemental/organic carbon from a Sunset
Laboratory EC/OC analyzer both equipped with a PMs head at a twehour time
resolution.

Source apportionment was used to identify individual sources using Positive Matrix
Factorization (US EPA PMF 5.0). HYSPLIT was used for air mass backtrajectory analysis
(Stein et al., 2015).

RESULTS AND CONCLUSIONS

Five factors were identified: i) Dust, ii) Local heating iii) Marine, iv) Secondary
sulfateand v) Traffic (Fig. 1).Dustwas characterized by crustal elements resuspended by
traffic activity. Local heating the dominant factor, was associated with K and OC, related
to heating through coal and biomass burning. Th&larine factor was associated with
marine salts originating from the Atlantic alongside road saltsSecondary sulfatevas
characterized by S, As and EC, representing regional transport of chiséd power plant
emissions. Traffic consisted of exhaust (Mn, Cr and EC) and na&xhaust (Zn, Fe)
emissions from vehicles, wh a lower contribution than expected for a traffic site.
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Fig. I PMF source profile. Bars represent mass concentrationsi@/m 3), open bars
represent mean DISP (distributed source pathway) values, and error bars represent
confidenceintervals.

Local heating dominated local emissions, while traffic had a low percentage
contribution to total emissions, contrary to expectations. Markers of both exhaust and
non-exhaust emissions from traffic were detected. Evidence of lordjstance transported
coalemissions was found, with significant implications for air quality in Prague.
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THE ORIENTATIONS OF RIGID GLASS FIBRES IN TURBULENT FLOWS INSIDE A
REPLICA OF HUMAN AIRWAYS
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INTRODUCTION

The inhalation of fibers has long been recognized for its potential to induce a range of
health-related concerns,primarily stemming from their ability to deeply penetrate the
lower regions of the human respiratory system (Aust et al2011). However, instead of
merely perceiving this behavior as a source of health risks, it presents an intriguing
opportunity for the targeted delivery of therapeutic agents to the alveoli. This prospect
not only captivates with its potential benefits butalso holds significant commercial
promise. Addressing this challenge, partly due to the limitations of our existing
mathematical and ©mputational models, which struggle to accurately predict the
delivered dose for individual patients andadvancing our understanding of fiber dynamics
in turbulent flows, this contribution introduces new data acquired within a replica of the
human trachea and the first airway bifurcation. The measurements were performed
under realistic inhalation conditions.

The critical parameter for any calculation of the fate of inhaled fibers and precise
predictions of deposited fractions in human airways is the orientation of fibers during
their flow through bifurcating channels. Therefore, the analysis primarily focuse®n
orientations of fibres upstream and downstream of the first airway bifurcation.

EXPERIMENTAL SETUP

AEA AoPAOEI AT O ET O1T1 OAA OEA OOA T &£ EEAAC
(Knauf Insulation GmbH, Simbach am Inn, Germany). The fibers were produced by
crushing the wool with a mechanical press. The fibres were dispersed by a fluidiz&ed-
type disperser and introduced into the replica of airways made of glass tubes with
diameters corresponding to that of the human trachea and main bronchi. The first airway
bifurcation, i.e. the piece connecting the trachea and left and right daughter branches was
produced by 3Dprinting from the realistic geometry originating from CT scans.

4EA EEAAOO EAA A AEAT AOAO ngihidngrgfiragm 3eEOT | 1
50A1 8 2AAT OAET ¢ 1T &£ OEA EEAAO -Apedd>camerd Ghe AAOC
FASTCAM S& (Photron, Japan), equipped with a longistance microscope with a 12X
Zoom lens from NAVITAR (New York, USA), which included a 2Xn6éunt adapter (type
1-62922) and a 12 mm F.F zoom lens (type-50486). The images were captured at a
OPAOEAI OAOI 1 OOEIT 1 & p8u ti DPAO mBE@hRioh xEO
aresolutionofp m¢gtppmncgt DEGAI 08 4EA &£l 1T x xAO EI 1l Ol E
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was provided by a pulse LED light model HPE®DD18B (Lightspeed Technologies, USA),
with a light pulse duration of 400z800 ns.

RESULTS

The recorded data were processed using thouse imageprocessing software to
recognize fiber orientations. Tab 1 displays the numbers of horizontally and vertically
oriented fibers at various measurement points. The coordinates are consistently provided
within the cross-section as distances from the right side of the specific airway, or from the
back of the airways, marked with the letter "B." Horizontal orientations indicate
alignment parallel to streamlines, and while this orientation was frequent, it was not
typically dominant.

Tab.1: Numbers of horizontally and vertically oriented fibers recorded at various
locations within the replica of the human airways under light breathing conditions.
(T=trachea, L/R=left/right bronchus, F/S=frontal/sagittal cross-section, R1=cross
section immediately downstream of the bifurcation, R3=3 mm below R1).

Breathing
regime and Measured Inlet Outlet Observed flips
measured point
cross-section H v H vV 6 ( ( 6
1.5 mm 16 14 16 14 0 0
3.1 mm 20 10 20 10 0 0
T-F 7.75 mm 14 16 14 16 0 0
12.4 mm 14 16 14 16 0 0
14.0 mm 17 13 17 13 0 0
1.5 mm 16 14 17 13 1 0
L-F (R1) 2.15 mm 18 12 19 11 1 0
5.35 mm 22 8 24 6 2 0
1.5 mm 16 14 17 13 1 0
3.1 mm 11 19 11 19 0 0
T-S 7.75 mm 14 16 14 16 0 0
12.4 mm 21 9 21 9 0 0
14.0 mm 25 5 25 5 0 0
R-S (R1) B 5.35 mm 17 13 19 11 2 0
L-S (R1) B535mm 13 17 12 18 0 1
1.5mm 15 15 15 15 0 0
L-F (R3) 2.15 mm 23 7 23 7 1 1
5.35 mm 20 10 24 6 4 0
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INFLUENCE OF RESPIRATORY TRACT CONDITIONS ON PARTICLE SIZE
DISTRIBUTIONS GENERATED BY COMMERCIALLY AVAILABLE INHALERS
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INTRODUCTION

Pressurized metered dose inhalers (MDI) and dry powder inhalers (DPI) are an
integral part of the treatment of lung diseases such as asthma and chronic obstructive
pulmonary disease (COPD) (Vichrowt al., 2008). An important characteristic of particles
dosed by MDI and DPI is particle size distribution (PSD) (Byron, 1990). This may vary
depending on the formulation, but also on the temperature and relative humidity (RH)
changes during the transport from he inhaler to the human respiratory tract. The aim b
this study was to determine the influence oRH and inspiratory flow rates on the PSD
characteristics and predict deposition efficiency of inhalable particles in the lungs.

EXPERIMENTAL SETUP

Four commercially available inhalers used to treat asthma and COPD were tested. The
list of inhalers together with manufacturer information is provided in Tah 1. To measure
particle number size distribution an online spectrometer APS 3321 (TSlwas used.
Aerosol samples from individual inhalers were led through a stainless steel tubing
simulating the geometry of the human respiratory tract with the first bend behind the oral
cavity. The flow rates were 30, 60 and 90 Ipm and the size distributions were mesaured
in 52 size channelsintherangeof 05¢cm t 18 111 [ AAOOOATI AT 6O x A
I AAT OAOT ou AT1TAEOEITO O E ¢u m m8u J# AT A
datalogger View2 (Tinytag). The influence of increasedRH was measured under
ATTAEOETTO O E ¢cuvu M m8u J#h 2( E wm M pb Al
humidifier connected to the cryostat and T/RH sensor were installed between the elbow
and the isokinetic sampling for the APS spectrometer.

Tab. I List of inhalers with manufacturer information.

Inhaler Type ! AOEOA OOAOOAI Excipient
Fluticasone propionate (50)
Flutiform MDI Formoterol Fumarate Ethanol, Apaflurane

Dihydrate (5)
Salmeterol xinafoate (25)

Fullhale MDI Fluticasone propionate (125) Norflurane
Ventolin MDI Sulbutamoli sulfas (120,5) Norflurane
Spiriva DPI Tiotropia (18) Lactose monohydrate
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RESULTS ANDONCLUSIONS

An example of PSDs measured at different inspiratory flow rates are shown in Fig. 1a
and under ambient condition and at higher relative humidity in Fig. 1b. The results
showed that the increasing inspiratory flow rate had a minimal effect on the positionfo
the modes of the individual distributions of all tested inhalers. The differences in PSD,
measured under ambient conditions and at RH of 90%, were minimal and did not affect

the assumed probability of inhalant deposition.
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Fig. 1. Number particle size distributions of the Fulhale inhaler under different a)
inspiration flow rates and b) RH
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FOREST SPRINGS, A SAFE SOURCE OF DRINKING WATER?
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INTRODUCTION

Springs are generally classified as underground water sources. Springs often serve
as a source of drinking water, either for random tourists or are specifically targeted by
local residents who usethem as an alternative to tap water. For most springs, no
information on the water quality is available, which in the case of potential pollution can
lead to very serious health consequences for consumers, and therefore regular
monitoring of the quality of these waters is very important. The aim of this study wato
determine the physical parameters and chemicabnd bacteriological composition of
water in selected forest springs around Brno.

EXPERIMENTAL SETUP

Samples were collected in spring and autum@023. During sample collection we
measured in situ water temperature and spring yield and in the laboratory pH,
conductivity, chemical oxygen demand, acid neutralizing capacity, chemical and
bacteriological composition.

Chemical analyses of amples included measurement ofanions by ion
chromatography (ICS 2100, Dionex), cations by capillary electrophoresis (Agilent 7100,
Agilent Technologie3, NH:* by continuous flow method with fluorescence detection
i 11 AgA AT A -EEOHEAR  evscogdl Agiheht A7i7obd, Aylent AU )
Technologieg, total organic carbon (TOC) and dissolved organic carbdoy TOGCVCPH
analyser (Shimadzu) Bacteriological analysis (Intestinal Enterococci, Escherichia coli and
Coliform bacteria) of water samples was provided by the Public Health Institute Ostrava.

RESULTS AND DISCUSSION

25 easily accessible forest springs with running waterguided in the database of
estudanky.eu as a source of drinking watehave been selected for monitoringQuality of
spring water was evaluated according to the requirements fodrinking water.

Conductivity and pH of most samples satisfied the required limit. The
concentrations of NH*, anions and elementsin none of the samplesxceecd the limit
value set for drinking water. Higher chemical oxygen demand and exceeded limit for TOC
show increased concentration of organic compounds in several spring samples.
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Water from 16 springs was contaminatedvith at least one of the studied bacteria
(mostly with Coliform bacteria), indicating faecal pollution of the source area of water.

A comparison of the overall results of spring and autumn samples will be
presented.

CONCLUSIONS
Water from 25 forest springs was characterized for basic physical parameters and
chemical and bacteriological composition. Chemical composition wasostly within limits

for drinking water, but bacteriological results indicate faecal pollution of water in
majority of studied springs.
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SUMMARY

Based on the experience with testing stationary combustion sources for solid fuels during
research and certification activities in the testing room, a procedure for testing these
sources in real operation in households was developed. The aim was to usesthesting
procedure to determine the operating parameters of the combustion sources under
realistic conditions. A total of 111 boilers of different designs burning different types of
solid fuels were measured in real operation. For each tested boiler measd, the mass
concentrations of CO, OGC and dust were determined as well as the energy efficiency was
also determined. The results are statistically evaluated and compared with the
requirements of EN 3035 and the legislative requirements of the Air Protetion Act
201/2012 Caoll.
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SUMMARY

The potential of corona discharge to regulate PM and M@missions from smaliscale
biomass combustion was examined. The electrostatic precipitator was designed and
applied to control these emissions from a 1&W heating unit. The ESP was tested in
different power modes at both polarities and demonstrated 100% efficiency for particle
precipitation and a reduction in N& emissions of 78 %. The removal efficiency in both
emissions reductions was evaluated in view of the usual technological parameters of ESP
operation, namely the reduced electric field, Nproduct, and specific input energyThe
results of this work may contribute to reducing the labour intensity associated with the
design of ESP.
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BDGEOIT I AUIT OUETATTAAT p DOIij kel OF AATET HAH AEIS
piian0 EIATTOU DI OLEOI EI TAPAOp 5 EA OUAUI Al

Obyla2.#10-4m7 6 p O POT UGEI4OITIE@OA pBITAAT T O DI 1 AOE
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6, 3, %UPIBKUSA: <6 Q29
YT A& O AAA T AZPAOEI AT QUITPpAE DT AMIipEHiEQIAR) E
charakteristika EO je vyobrazena n&br. 2.
Tab.1:) T £ Of AAA 1T Pl AiipTl EUAE A@DPAOEI /
Parametr Hodnota
Teplota spalinJ # 110
00ij O E,LU&P AT ET 10

ObsahNOA ODAVolEd U 63.48
Obsah COOA ODb AvolBd U 14.06
ObsahQOA OPAvolEd U 14.15

Vlhkost spalin, vol % 8.31
Koncentrace COmg/m3 200/(500%)
Koncentrace NOxmg/m?3 200/(200%)
Koncentrace PMmg/m3 48/(40%)

e 01 L AEkoddsignu
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SUMMARY
The Czech Institute for Accreditation (CIA, www.cai.cz) has issued thessociation of
Laboratories for Measurement of Emissions (ALME, www.alme.cz) Certificate of
Accreditation No. 376/2015 for Proficiency Testing Programmes in the field of emission
(waste gas) measurement and sampling, among other things, for the method: AEMR
06: Determination of particulate matter (TSP) mass flow in flowing air mass.
The proficiency testing programme for the ALMEORO6 method is carried out annually
on the Test Track installed at the Energy Research Centre test facility. Proficiency testing
is the evaluation of a participant's performance against predetermined criteridhrough
interlaboratory comparison. The need for continued confidence in laboratory
performance is not only essential for laboratories and their customers, but also for other
stakeholders such as regulators, laboratory accreditation bodies and other orgsations
that specify laboratory requirements.
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VEAATT OI EOLAE 1 ACGAAE OI EL i GUEEA bA O AHPAIT ApD Il CRUMEDE ¢
OAEiT D1 OO0OPTi OTELTOUTp EITOITT OOT pET OIEO 4:,
4AA8 pd OGAEI AA PI OO 1T eéAOOI pEijh EAEEAE 7T OB
vOPil UT O1 LLAE 1 AGAAE

a) a OPAAT b a OPbfAAHT o a OPAAI
Rok O é}/

g/h % mg/m3 % m/s %
2009 49 310 91.5 96 83.0 13.0 95.9
2010 37 93 86.5 30 86.5 12.9 100.0
2011 27 88 70.4 29 77.8 12.2 88.9
2012 26 104 80.8 40 76.9 10.7 92.3
2013 28 60 85.7 20 64.3 12.6 89.3
2014 30 64 86.7 21 80.0 12.7 96.7
2015 19 78 94.7 25 89.5 12.6 89.5
2016 17 77 70.6 25 70.6 12.6 100.0
2017 23 75 82.6 25 73.9 12.1 91.3
2018 17 51 94.1 24 94.1 10.4 88.2
2019 19 78 78.9 26 73.7 11.8 89.5
2020 16 59 56.3 21 56.3 11.3 93.8
2021 19 69 63.2 26 63.2 10.8 94.7
2022 21 53 81.0 23 76.2 9.7 95.2
2023 22 46 63.6 20 68.2 9.7 90.9
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INTRODUCTION

The concentrations in the South Coast Air Basin in California often exceed the national
ambient air quality standards (NAAQS) for carbomonoxide, ozone, Pl¥s and PMho due
to surrounding mountains and marine inversions which trap the air pollutants along with
the cooler air near the surface by a layer of warmer air. Los Angeles was pronounced the
most polluted city in the U.S. inth®3 OAOA 1T £ @pork (ALAF2009)sEuRdoy
the American Lung Association

To meet the NAAQS, California was granted by the U.S. Environmental Protection
Agency (EPA) the authority to implement independent mobile emission standardbat
must be at least as stringent as thosatroduced at national level Thus, the U.S. EPA, the
California Air Resources Board (CARB) and the South Coast Air Quality Management
District (SCAQMD) initiated an Air Quality Management Plan at the end of 2008. The AQM
plan included various programs putting reduced emissions requéments on passenger
cars,medium-duty passenger vehicles, and lightrucks and introduced the 10 ppm sulfur
limit for gasoline fuel in 2015. Along with many other programs directed toward a
substantial reduction of VOCs, NOand SQGAT EOOET T O ET Al OAET-C OEA
Emission Vehicle (LEV) regulations and zeremission vehicle (ZEV) regulation
introduced in 2017 as part of the Advanced Clean Cars package, the North American
Emissions Control Area required that ocean vessels mustvitch to fuel with 1,000 ppm
of sulfur after January 1, 2015. For comparison, the sulfur fuel standard for oceagoing
vessels after 2015 was 5,000 ppnworldwide.

The goals of this study were: i) to identify the pollution sources and their
contributions to the ambient PMes concentrations at two sampling sites located in the
South Coast Air Basin (Los Angeles and Rubidoux) in California from 2005 to 2019, and
i) to determine how the air quality control changes affected the temporal and spatial
variations of pollution source contributions.

METHODS FOR DATA ANALYSIS

Dispersion-normalized positive matrix factorization, DNPMF (Daiet al., 2020), was
employed for data apportionment of the ambient Pl¢s composition data for LA and
Rubidoux. Both datasets were downloaded from the EPAQSwww.epa.gov/aqgs). DN-
PMF was the method of choice here worrect for meteorological dilution effect improving
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the accuracy of the results and reducing the rotational ambiguity. Since the sampling and
analytical protocols (Solomonet al., 2014) for the determination of organic carbon (OC)
and elemental carbon (EC) fractions have changed in 2007 at both sampling sites, the
source apportionment was performed separately for the preand postOC/EC data from
each sampling site. The longerm trends of the resolved pollution source contributions
were analyzed further using the seasonairend decomposition (STL) method wih the
loess smoothing operator, Theil-Sen nonrparametric estimator of slope with the Mann-
Kendall trend statisticsand piecewise regressionTo identify the local major sources of pollution
depending on the wind speed and directiorthe conditional bivariate probability function
(CBPF) estimates and back trajectory analysis werased. The methodology for the
analysis of data from a given sampling site is schematically presented in Fig. 1.

Data froma given sampling site Secondary nitrate Trend analysis

Secondary sulfate

- DN.PME of Residual ol ] .
e . - RAdtit b bt i,
! Traffic ] CBPI-I plots

i LT I,

|

Source contribution [;g.m™
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DN-PMF
post-OC/EC change - —

Back trajectory analysis
TR
- | '

—",_ "y

3

Fig. 1: A scheme for datanalysis.
RESULTS AND CONCLUSIONS

Among the pollution sources resolved at LA and Rubidoux using ERMF (see Fig. 2),
seven of them were common. The common sources were secondary sulfate (SS),
secondary nitrate (SN), biomass burning (BB), aged sea salt (AGS), fresh sea salt (FSS),
soil, androad dust (Soil/RD), and OFRich. The OPrich factor was identified only using
the data after the OC/EC protocol change at both sampling sites. The concentrations of
secondary sulfate and secondary nitrate substantially decreased over the study period
and specifically, after 2008 most likely due to the implementation of California programs
for stricter NOx emission control from motor vehicles than at national level, the LEV
programs and the low carbon standard which were implemented to lower the SO
emissions.
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sources sources

Rubidoux

pre-OC/EC change post-OC/EC change
sources sources

Fig. 2: Pollution sources resolved at LA and Rubidoux.

An overall decreasing trend was also observed for the biomass burning
concentrations at both sampling sites except for one episode of higher concentrations in
December 2005 in LA. The elevated concentrations in December 2005 were probably due
to an increaged short-term residual wood burning caused by the strong winter storms and
unusually low atmospheric temperatures.

The longterm drought in California and many wildfires in the surrounding area led
to an increasing trend in dust in Rubidoux and LA. The elevated @ih emissions in
December 2017 were observed most likely as the result of the devastating Ventura
wildfir e and severe storms.

AEA OOAOEAOGAI TEI 6 j2/q ATA OOOAEELEEAG OI (
emissions dropped after April 2017 after the implementation of the cleaner oigoing
vessels fuel and electrification of the LA Port Piers for container ships. The majgason
Al O 11T xA0O OOOAZEELEAG AI EOOCEITO 1T ACGAOOGAA AEOD!
program and introduction of the Low Carbon Fuel Standard for gasoline and diesel fuels.

A4EA OCAOITET A6 j'13q AT A OAEAOGAI 6 OAEEAI
Rubidoux. Emissions from both regiorspecific sources decreased over time. The decline
ET OEA OAEAOAI &6 AIEOOGEI T O AAOxAAT c¢mnmnyx AT
economicrecession period from late 2007 to in early 2009, while the overall decreasing
OOAT A ET OCAOITET A6 OAEEAT A AT EOOEIT O AEOAC
ultra-low sulfur standard of 10 ppm in 2015.

The concentrations of PMs decreased over the study period at both sampling sites,
while not all of the identified source emissions decreased proportionally.
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PHYSICOCHEMICAL PROPERTIES OF ROAD DUST AND PM GENERATED BY ROAD
TRAFFIC IN THE URBAN ENVIRONMENT
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INTRODUCTION

The problem of environmental pollution from road transport (passenger and freight
transport, transport infrastructure, road pavement) is compounded by the facthat the
number of vehicles and the number of kilometers driven increases every ye¢©OECD,
2020; EEA, 2020)Road transport is a source of exhaust and neexhaust emissions of
particulate matter (PM). Nonexhaust PM emissions include road surfaceear, tires,
brakes and road dust resuspension. This study focused on the analysis of the
physicochemical properties of road dust and PM, PMsand PM in the air (size,
concentration, distribution, content of chemical elements), the properties of urban
aerosol (hnumber, mass and area distribution), and at the same time, the interconnection
between the detected chemical elements in road dust and individli PM fractions in the
AEO ET 1T OAAO Oi OAOGAAI OEA OiI OOAAOG 1T &£ o- EI

The physicochemical properties of road dust have been analyzed in different studies
using different approaches, which may introduce differences in the documented chemical
compositions (Amato et al., 2011; Casotti Rienda et al., 2023; Fussell et al., 2022; Hong et
al., 20228 4EA AEATI EAAI DPOT £ZET A T £ OT AA AOOGO A O
on the sources of these particles, but in general, it is composed of different minerals
containing silicon, aluminum, calcium, titanium, strontium (road wea and crustal
material), antimony, tin, barium, iron, copper and manganese (brake wear), zinc (tire
wear) and carbon (elemental and organicHarrison et al., 2021; Casotti Rienda et al.,
2023; Jandacka et al., 2021; Alves et al., 2019; Gustafsson, 2018)

This study provides a comprehensive view of the properties of road dust, airborne
PM and aerosol (up to the size of nanoparticles), which can contribute to the expansion of
knowledge in this field (Jandacka et al., 2023)

EXPERIMENTAL SETUP

4EA T AAOOOAI ATO xAO AAOOEAA 1T 00 ET OEA AE
6 UOCT ET HET 1 UET O 300AAOh AOQOEIT ¢ 7Bkl 201AAO0O0AT A

The measurement of PM was carried out using two measurement methods: the
accredited reference gravimetric method with 3x Leckel LVS3 devices (STN EN 12341)
and the optical method with a Fidas 200S device (Fid).

Spectrometers from TSI SMPS 3080 (scanning mobility particle sizer) and CPC 3772
(a condensation particle counter) and APS 3321 (an aerodynamic particle sizer) (FID
were used to determine the characteristics of the aerosol in the air in the range of 12 gm
¢m Al 8
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In order to determine the size distribution of the road dust, we took test samples of
the dust directly at the edge of the local road at four sampling sitdRDS1z7 RDS4) The
test to determine the granularity of road dust was carried out with the help of control
sieves, where the residuals and overflows through these control sieves were evaluated as
a percentage.

Fig.1: Measurement devices Leckel LV333x and id 200Sléft) and SMPS and
APS (ight ).

Inorganic elements in the collected road dust samples were detected using ARLA
15! . 488 %$82& TodefermddialicHerRicalfaassis of the PM collected from
the air using the gravimetric method on nitrocellulose filters was performed using mass
spectrometry with inductively coupled plasma(ICP-MS).

RESULTS ANOONCLUSIONS

The collected road dust samples were subjected to a sieving test to determine the
grain size line of the road dust, or for the determination of the share of individual size
fractions according to standard sievesOverflows through a standard sievewith an
opening of 2 mm represented the following values from individual sampling points: RDS1
54.3%, RDS2 39.9%, RDS3 52.6% and RDS4 47.1%

The fine fraction of PM.srepresented an average of 67% of the total fraction of Pl
during weekdays. On average, PMaccounted for 51% of the total PMb fraction during
weekdays. The PMsziofraction represented, on average, 33% of the Phifraction during
weekdays. During the weekend, the share of Pidand PM fractions increased to values
of 85% and 60%, respectively, and the share of RMi0decreased to 15%

AEA T AOO AT 1 AAT OOAOQCEIT 3ih OOOZAAA 33 ATA 1
urban aerosol particles are shown in the following table (Tall).

Tab. I Number, surface area and mass gfrticles of urban aerosol divided into three
size groups taken at the PMS using SMPS and APS devices.

Lower Bound _ Upper Bound . 0l AAO 33 3 00 £A A Ricra3} -AOO 3103
0.0129 0.104 5820 36 0.5
0.104 2.46 2510 519 37.9
2.46 10.4 0.2 7.9 7.1

_Chemical analysis using the EDXRF method was performed on road dust samples that o
DAOOAA OEOI OCE A Ai10011T OEAOGA xEOE A EITIT A OE
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chemical elements Ca, Si, Al, Mg, Fe, K, S, Ti, Sr, Mn, Zr, Zn, Cr and Cu were detected in the
road dust sampleqFig. 2).

50%
% element r ntation

mCa mSi WAl mMg mFe mK mTi m5r mMn mZn m7r oW

Fig.2: Percentage representation of chemlcal elements in road dust samples from
sampling sites RDSZRDS4.

Chemical analyses of PM were performed using IQ®WS. Using this method, the
concentrations of theelements Mg, Al, Si, K, Ca, S, Cr, Cu, Fe, Cd, Sb, Ba, Pb, Niand Zn in the
PM fractions were determined. Different representations of elements in the total PM
fraction were demonstrated, with some elements being more represented in the fine BM
fraction and some in the coarse Pbk;io fraction. While in the PM.sz10 fraction, mainly
chemical elements were represented (>60%), such as Ca 90.9%, Fe 74.8%, Al 82.5%, Si
79.5%, Mg 82.2%, Cu 67.5%, Cr 65.4% and Ba 80.7%, in the2PNraction, the
predominant elements (>60%) were S 92.0%, K 70.5%, Cd 98.1%, Sb 68.3%, Pb 96.6%,

- 111

Ni 63.8% and Zn 86.3%Fig. 3).
| |} EEREERERRER

| | i B N |

| 1 IH

Mg Al Si S Cc Cu Fe G S Ba Pb 1

BPM:sj0 ®PMi2s MPMy

Fig. 3: Percentage representation of chemical elements in PM fractions from the
total PMo fraction.

From the comparison of the chemical composition of road dust and PM, we observed the
connection of road dust primarily with the coarse fraction PMsz10. It follows from the

above that resuspended road dust had a significant effect on increased concentrations,
especially the PM ;10 fraction. In the PM.sziofraction, the most important elements were

calcium, silicon, magnesium and iron (most represented in terms of quantityBased on

the established characteristics and connections between the chemical composition of

road dust and PM and the performed correlation analysis, the possible sources of the

£l Of ACETT 1T &£ 0- ET OEA AEO xAOA ESiGAwae©AOAA
lining wear (Fe, Cu, Ba, Zn, Al, Cr, K); road surface wear (Si, C&elf tire wear (Zn, S, Si);
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and winter maintenance sprinkler material, winter sprinkler and inert materials (Mg, Ca)
(Jandacka et al., 2023)
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SUMMARY

The aim of this work was to determine the submicron aerosol dynamics, chemical
compositions, and origins at two sites in Pragudased on the particle number size
distribution (PNSD) and chemical composition of 2/12/24h atmospheric aerosol samples
(PMz) collected in parallel forhalf-year/ within two seasons at two urban sites (suburban
z Suchdol and trafficz 6 OHT OEhkdicdl analysis of PMfor carbon (elemental,
equivalent black z eBCand organic) by thermooptical method and for water-soluble
inorganic ions by IC was performedFor most months, both number and mass median
concentrations based on the SMPS datdiffered. Higher eBC concentrations were
i AAOOOAA ET 6O0HT OEAA ET xAOAO A"# AT 1T AAT OOA
intercept=0) at the two stations.Higher average PM at the traffic site in summer and at
the suburban site in winter, and seasonal differences in ionic PMcomposition reflected
the seasonality of the local sources. Nevertheless, thereere no statistically significant
differences in PM concentration and ionic composition between the sites.

26/ $

1 APAHAT p EOAIT EOU 1 OUAOHp OA 1T AOOAAE EA 11
i AAEAT EOI ij PGAAAOABLDI POEDAE DA LafeRdkbnbedtfate, j | | C
UAOT EA A DPijOIT A j6BUAA AD VBABLKOL MTGQOQBEAI Al
Ol TLATp A UAOT Eij OOAIT EEOQOITT1T Oi ET PhadeOl OTT1 O 1A

- %4/ $9 - Q~%. A

-AGAT p OAI EET OO1 pAE AEOOOE AGAmMp Pl 610 CE @ UBOAD
nabl UAI T 01 O &AchddIFSECH)AO AEIAD OA OT p -©OO@RAI EIR 0 OA E
eAOOT A Al  DOéspektveAOUE AET ET OAT UEOGT p T AAAOT O
eAOOAbPA} 1 AT BH@OTADAAD j BT AUET 1ApUG Ug migl mdal UalU 16A
AT AT AT OUOT ph AEEDRO A AG OEDHA EBLACORG®E ABDD il AOT AA
OA O Aid OT UPOOOTI BOEOEOOEAERAOEOUOANERARBTI DOAX
vbOl COAT AAE 2 A )YCi O w8 001 OCO0OEMBEAMDSPUDAR O L
KUp OEUT p DOT £EI ij UABREET A1 EAEMNARO®CVIRIODE O

Dl OLEO 11 A Aitrix Faciolx&tiOneEPA PMF.
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SUMMARY

Aerosol particle size distributions (PSDs) were determined in ship plumes from
diesel engines equipped/not equipped with scrubber, running on marine diesel, marine
gas oil or LNG. The PSDs were determined downwind of chased ships at heights/distances
70/750-830 m or 25/60 m by an airship while at 1.5/100-600 m on board of working
boat. At heights of 70 m, there were PSDs monomodal, with CMD at 120 nm for scrubbed
emissions, and at about 670 nm with a small shoulder at 20 nm for engines not equipped
with scrubber regardless fuel type. In contrast, measurments by boat close to the sea level,
there were PSDs monomodal with CMD at 23 nm for engines not equipped with scrubber,
running on marine diesel;total particle number concentrations for size range 5000 nm
reached 1 cm3, one and halforder of magnitude higher than atthe height of 70 m.
Interestingly, boat measurements revealed fast decrease of nanopartiab®ncentrations
in a plume whenincreasing the distancebetween the boat andchased ships The decrease
was 34 times faster than appropriate plume dilution traced by CQ. Slf-coagulation or
coagulationof nanoparticleson accumulation mode sea aerosol &re too slow to explain
such a fast decrease. Therefore, a plausible explanation could be that nanopatrticles were
scavengd and fast deposited to sea lewel with seawater mist, generated bythe ship
propellers. The suggested mechanism would explalow counts of nanoparticlesat higher
heights and also predict nanoparticle limited dispersal from the ships with large
environmental consequences.

a6/ $

, T AT p DPGAPOAOA DPAOGp CciiTAUITA T AUE T AEOLUT A
e UOOEAB%ODR AT Oi 11T AT p DPGAPOAOEyOPAPEU O " A
(2005). + OA1 EAEET OAT L T AEAA AEOPAOUA éUOOEA DPOE
OULAAOEA DT AOTATT O UIAIT OO POi AAO) A OLOI AA
AROT OT 1 Aih TAATTE EOUOET AT Ai OOUOT 6Op AAOT C
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- %4/ $9 - Q~%. A

-AGAT p AAOT OT 11T OLAE €UOOEA O 11TATpAE AIEOpA
AOAT A ¢ngo Al pUET +AAAOOETTAOR OLUTAITT OOAO
OUOLEOA Oii A EAAT OEAEU ET O000i AT OAAA j 4AA8pQ
Leoniaspol(2016)A 1 AZAOET OAApi ¢é1 01 68 , AOAAEU 1 aGAT p E
El AAETT O TAAUT O OA Owdwil ATT H0BI AAUGAToImAK vinl Af
T AEOET OAApi ¢é1 O1T Ai  Aul U OUT OET OAAp EI AGEAA 00O
aveOUAUI AdoleddaE A O1 AAT GATAAEAUITWADPDT EUT AT U AEAOA
OPAl OEpAp - AOET A AEAOGAT j-3$qh -AOET A CAO TEI

AUl A OUAAOGAT A OAOOAOAI Ai EOp 8
Tab.2) T OOOOI AT OAAA T AGAT p 1) A OOOHOD AR IOIAIARE T AT 1AR Ad
OUuOLEOA PIOUA TA éi01

O
Parameter Instrument INNACOAET p
5-320 nm MSEMS 9403 + mCPC 9404 (Brechtel) 60-sec
3007 5000 nm OPS 3300 (TSI) 1-sec
*523 75000 nm APS 3321 (TSI) 1-sec
*PNC,20 - 1000 nm P-Trak 8525 (TSI) 1-sec
CQ, GPS IR monitor, GPS 1-sec
0o.# E #Al EI OL DI éAO eéUOOEA AATi1 OAIlI EET OOQE
V, 3, %%$+9 ! $)3+53%

0GE 1 AOI OLAE inGATph OA OUAOATLAE 1AOI OLAE

i AKEUT OAl EET 6001 pAE Ak QIODIEIAIO@IA ED T & DO EjA# - B1QE U
ET1 AT ouv T1 AAU TEIAAO T A PAITEOI j/AO8ph O1AO
scruberem kolem 120 nm (Obr.1, vpravo).

— —— /'
‘,_M

=~

CMD=120nm

° o o o
S 3 S 3
s @ 3 k3
- - b 8
s s s s

AE AEOOOEAOAp b1 00O AA
h A OA OLHAA xm I O 11
OAOIT q

Obr.12$UT Al EEA oAlEEloo
i 1TO01 OAT T A -7 | 01 Ao}

s o~ N o~ A

b
i q
OUAAOAT L OAOOAAOAI 1 Ob

P2 Z A N L oA o~ o~

s o~ N o~ A

OAOOAAoo AEITAUITph O EIAOTpi ilmAm@EuJAl QU

92



EGEOEU p8h ¢h oqQ8 . AiPAEh AIEOA U 11T Ap OA O
pcm 11 j/A0O8¢8h EGEOEA 108
_ 1ﬂfu » 3ﬂ
[11 13 %
L] 1]
5 | |1 3 [
§ ) - fo
H] AJ 1 A \
2"10 If ;‘\ ﬂ \
,‘“ s \ | - “t/ \‘A
{221 1 e b
=l S L‘\L 2 I ' 1 !
. \/:—"{:rf A B o f - ;*A“:‘
RS S S s@o«\?.@ S S ® oA S - @n:&mf@«%e@ S S
obr.26 A1l EET 00 Ap AEOOOEAOAA Pi OO AAOT OT 11 OLAE
bezOAOOAAOD | EGEOEU p8h ¢ A oqQq A OUAAOATIT OA
0OGE I AGATp O ¢é101 06 BGE EI AAET A 11 GAh AUI
ET1 Al ¢co 11 h EOAOL OA O PiI AOOAOGA TAIiaAlTEI O
(Obr.3).

P
z
s

8

<

g g g g g g g g |

Obr.3q $UT Ai EEA OAlI EET 001 pAE ECAOCEAAADADI 60D
120-600 m, nebo 100330 mvé AOAAE T A ¢¢uu T AATprolod B9 DGE E
motoremnaMs 1T AOUAAOATT OAOOAAOAI 8

of TAAéeOAT p BT UAAp AUI U AEOOOCEAOAMDGEI ¢ O
iTGOE| ERAADADOAAOCO OL OAUIikdlemi23 fmi (Obir.4 Wdvy. p h #
. Al anGATi AEAOAEOAOEOOEEU OAlI EET OO1T pAE AEOO(
%wmakqunan E CITAUITpI 11 Aduiiefrre2lardd D@akHAT p i
Gradosj ¢mq¢p Q8 : EEHORT ph Evo| T AT PAE Al bl DbOEA
EA OilTAG o EOUO OUAE AEHp DT EIAO EITAAT OOA/

"""" TGOETET AAOT O1T 1 &6 EA

| ABAT 80ODPRPASHI 8 +1 ACOI
i
I TATT é6UOOEA -300&m,i EEOI

93



A o~

EOAOiI OUIT EEAEpP OT OAAp OOOOI p OI AAT OAT T 11T AER
| T GOET O EIAAET O AU ITTEI OUOOAOI EO EAEEAE | Al
OAEI 61 ET T AAEAT EOI OO UUAEUOO DPOEiI UOTpAE TATTE
ovzZAOHp AU OAAI EA UDPGAOTAalp 11T AAITOLAE GAHATD
i TGOET O EI AAET Os8
~ 21 . y=-0.0017x+1.64
6°10 f X R?=0.64
[3°] y = -0.0007xi+ 1.22
“a’ R’ =0.89
“_4*10 -c
-] o
g s
“ g ¥
PN ML,
» = | ‘ﬁm»ﬁ '
‘:f: 11 coz_ Regression ”\.\.
o - :} | A“ iﬂo Regression | \’
o oAD O D D P SO S S S 0le—e- : : d
D, nm 08:55:00 09:00:00 09:05:00 09:10:00 o
Obr.46 A1l EEI OOT p AEOOOEAOAA bPi é00 AADGHEIIT GQRE ¢é
El AAEQIA 11T Afd AAQI OAIOCABDOOUAUT AT 1T OOE oom | é
j UAT ATU EGEOEAQ A DPITEIAO 1101 Al EUITDAT LAE ET AT

0/ $Q+/ 6<. 7

I T AT

~ P U TN N s s o~

I 001 GE DPOUAA AREOEDp 22A3BILM®IE®R AOATADD | 'OAL I
b Al DPOAOUJd #EAOAEOAOEUAAAR OI AAT OUT p A Al

LITERATURA

%UOET Ch ,&HawhvanrMarEdnde.,and Lauer, A, Emissions from international
shipping: 1.: The last 50 years: art. no. D17305J.Geophys. Res. Atmp410(D17),
(2005).

,ATTE #8h (1 O1T OEA *8h $1 ¢ABAI| BSéunce ipatt # AEOE
determination using airborne and ground measurements of industrial plumes,
Environ. Sci.&Tec}b0, 9881, (2016).

Moreno-Gutierrez J.,and Duran-GradosV., Calculatingships' real emissions of pollutants
and greenhouse gases: Towards zero uncertainties Calculating ships' real emissions
of pollutants and greenhouse gases: Towards zero uncertaintigSci. Total Environ.,
750,141471,(2021).

Petzold, A., Hasselbach, Lauer, P, Baumann, R.Franke, K., Gurk, C., Schlager, H.,
Weingartner, E,Experimental studies on particle emissions from cruising ship, their
characteristic properties, transformation and atmospheric lifetime in the marine
boundary layer, Atmos. Chem. PhysS (9), 23872403, (2008).

94
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INTRODUCTION

Nuclear analytical techniques still play an important role in elemental
characterization of aerosol samples of different origin. It includes atmospheric aerosols,
combustion aerosols, dust deposits as well as artificially prepared aerosols samples.
Especally combination of different methods mainly asPIXE (Particle induced Xay
emission), PIGE (Particlanduced gammaray emission),RBS (Rutherford backscattering
spectrometry), PESA (Proton elastic scattering analysis) or NAA (Neutron activation
analysis) can provide rather comprehensive information about sample elemental
composition covering almost entire information of its main and trace elemental content.
If special sampling conditions are used (stretch teflon filters, thin backing foils, atc.), they
can also provide information about carbon, nitrogen, oxygen and hydrogen concentration.
When using focused ion beam (High energy ion microbeam) also an elemental
composition of individual aerosol particles can be determined.

%80 %2) - %. 41, %15)0-%. 4 ). .0) ~%;

I x xA EAOA 11 0A OEAT OEEOOU UAAOOG Agi
techniques in aerosol research in our institute. First we started on 5MV Van de Graff
accelerator and continued on a new 3MV TANDETRON 4130 lsi€Zelerator since 2005.
The analysis of aerosol samples on new Tandetron accelerator can be now performed at
two experimental lines. In the multipurpose chamber for simultaneous analysis by the
PIXE, RBS, PIGE and PESA methods and on the ion microbeam twétbeam resolution
I £ AAT OOlatgrahdcan A X JAmm.

In our contribution we will deal with the basic principles and utilization of ion beam
analysis of different kinds of aerosol samples. The examples of analysis of samples from
different sampling devices and evaluation of data will be presented. Some comntgion
the evaluation of uncertainty budget originated from sampling, spectra evaluation,
calibration of used experimental techniques and statistical evaluation of data on obtained
elemental concentrations will be discussed. This is of great importance imé further
processing of determined raw elemental data. Especially when they are used for
extraction of elemental mass size distribution or in use for multivariate techniques as
PCA, PMF or Monte Carlo PCA.

In some cases, the homogenity of aerosol deposit on filters or the lateral distribution
of elements on cascade impactor samples are important and ion beam techniques are a
nice tool to evaluate them.
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in X, Y, Z directions and full 360 deg. rotation.
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INTRODUCTION

Institute of Geophysics of the Polish Academy of Sciences has operated a
CAT DPEUOEAAI 1T AOGAOOAOI OU ET 2AAEA&OU j2A0E
established as a seismic observatory and operated as such for almost a century, its focus
has strongly shifted towards atmospheric observations in recent years with the
installation of remote aerosol detectors and a weather station in 2015. Furthermore, a
wide range of insitu aerosol instruments were installed earlier this year in a designated
measurementcontainer positioned at the station.

REGIONAL CONTEXT

The vicinity of the station is interesting for pollution studies as the region
demonstrates an industrialurban aerosol mixture with episodes of very high near
COoiT OT A AT 1T AAT OOAOEI T 08 2AAEAeOU EO OEOOAO
mountains from Czechia to Poland (the so called Moravian Gate) that results in strong
pollution advection between the two countries.

&EC8 pd , 1T AAIT EUAOGEIT 1T &£/ OEA 2AAEA&OU j 2A0E,
and Ostrava industrial regions

STATION SETUP

The current instrumentation setup includes a submicrometre scanning mobility
particle sizer (TSI 3082 SMPS) that measures number concentration of aerosol particles
with Stokes diameters in 16800 nm range, an aerosol particle size spectrometer TSI 3321
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APS capable of measuring coarse fraction with aerodynamic diameterffom
approximately500nmOb O1 pmn t 1 h %Adolériidating Geplieldoreter 1t 1t Tt

[ ARAOOOET C 1 ECEOB0O OEAA OAAOOAOETI C AO OEOAA x/
Magee AE33 aethalometer for optical measurements of absorption on aerosols. All
instruments have ACTRIS compliant sampling and drying setups and are pldcan a

measurement container. These new instruments are an addition to the already
continuously operating Cimel sunphotometer (federated in AERONET) with moon
AAPAAEI EOEAO AT A A #(-puvE O.EI ADOGe AAEITI1 AOA
analysers (NQ, @ and SQ) maintained on the station.

CHALLENGES

1 High pollution environment

High aerosol concentrations, predominantly observed during the winter season,
necessitate increased frequency of equipment maintenance, including filter exchange, and
manual cleaning of the sampling components. We have also identified a problem with the
iEFAODAT T &£ . AEETT 1 AT AOATAO ET 100 AOUEIT ¢ Ol
became clogged after less than two years of operation, and is currently capable of
1T xAOET ¢ 1T &£ OEA AAx DI ET O OAIi PAOAOOOA js3$04(Q
manufaA OOOA OGO Al AETI T &£ 11T 1 A0O OEAT ptJ#8

1 Extreme DPT episodes

$O0OETI ¢ OEA ET OOOO0OI AT OAOET 160 OAOO 001 OEOT Oc¢
few instances during heat waves where both temperatures and relative humilities were
uncharacteristically high. The result was that even almost brand new 90 cm long Nafion
membranes operating at 5 Ipm flows struggled to maintain sub 40% RH values (the
highest value registered topped at 40.6%). For context, the calculated DPT values exceed
cod# 11 A EAx T AAAOEIT O8

FUTURE PLANS

In the very near future, the station will undergo ACTRIS labelling process of the
aerosol insitu component. Even after initial acceptance a twgear test period of
continuous quality assured data delivery is required before the station can achieve full
ACTRIS component status.

Further plans include the installation of a multiwavelength LIDAR system with
Raman and depolarization channels that, together with the egite photometer, will
constitute ACTRIS compliant aerosol remote sensing compone@oncurrently, the insitu
component will be complemented with filter based aerosol sampler that will enable
AEAI EAAT AT AT UOEO ET 100 '#42)3 DPAOOT A0SO j)oO
Moreover, we are currently investigating special representativeness of such a multi
component station A series offield experimentswith mobile in-situ and remote detectors
will AA PAOA&AI Of AA ET OEA OEAETEOU j¢ OEOAO AO x pr
AO A OOOPAOOGEOAG S
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INTRODUCTION

Combustion of biomass, waste or some other inhomogeneous fuels has a potential
in the formation of aggressive species in the flue gas. These usually occur in the form of
nanoparticles or are attached to the particles and are carried by the flue gases irttee
heat exchanger. They can be very sticky (such as alkaline salts) and are virtually
undetectable after flue gas cleaning in a separator when discharged through a chimney.
Finding out the cause of the corrosion of the pipes in the heat exchanger after it has
already corroded is very expensive (costs for boiler shutdown, for replacement of pipes,
missing income from unproduced energy...)

Therefore, it may be appropriate to detect the presence of aggressive species during the
operation of the boiler, but this only makes sense if this detection occurs before the flue
gas enters the heat exchanger = at high temperature.

Such measurements were made at Salmisaari biomass power plant, Helsinki 2019
November-December.

EXPERIMENTAL SETUP

Used instrumental setup:
Sampling was performed using a Dekati eDilutdPro 1200C at two points. Sampling point
1~200ztind# AT A 3AI PIAINMQUIBHSET O ¢ *x omn
Measurements were performed at three boiler load levels: 30%, 60% and 100% using a
Dekati HRELPI+.
It was a part of a larger, joint measurement campaign and the sample from eDiluter Pro

pcnm# xAO DBOI OEAAA AI O & O OAOAOAI #o0#j O

collections.
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RESULTS ANDONCLUSIONS
Almost two weeks installed, flush was used when not sampling. 6 full measurement
days.
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three load points. the load changes

Tab.2: The results of experiment

Power (%) | HR-ELPI®+ (#/cm3) Ai"“°d;';,f|:§)“ Onm)
100 1.04E+09 6.20E+08
60 3.78E+08 3.68E+08
30 9.54E+07 9.31E+07

The root cause of corrosion is directly andjuantitatively measured.
Effect of process changes on corrosive species can be seen in-teaé and
detection of corrosive species is not limited by chemical composition.
T Fuel quality
T Temperature
A Additive or co-combustion corrosion mitigation can bequickly optimized for
different power outputs and fuels.
A The aim is to achieve higher combustion temperature without corrosion, this
increases power plantefficiency and profit directly.

To o
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INTRODUCTION

Since their introduction, the oxidation flow reactors (OFR, Kang et al., 2007) have
become increasingly important tools for investigating secondary aerosol formation
PDOi AAOOAO8 wOPAAEAI T Uh /&280 AOA OOAAEOI
transient emissions sources due their high time resolution compared to environmental
chambers and compact size (see e.g. Kuittinen 2021; Karjalainen, 2016). The high time
resolution stems from the short aerosol physical residence time (~1 min) compared to
environmental chambers (~hours). Despite of the short physical residence time of the
OFRs, the equivalent photochemical aging time can be in the order of several days
accomplished by the high concentration of oxidants compared to atmospheric conditions.
Despitethe fact, that accelerated photochemistry of OFRs have some limitations on how
accurately they simulate atmospheric aging (Peng, 2020), OFRs provide properly used a
joint metrics that can be used to compare the potential of different emission sources to
produce secondary aerosols.

EXPERIMENTAL SETUP

In this study, we present characterization results of a new commercially available
OFR called DekatDxidation Flow Reactor (DOFR) and its sampling unit. The DOFR design
is similar with the previously introduced Tampere University Secondary Aerosol Reactor
(TSAR) by Simonen et al. (2017). The main oxidizer in the DOFR is-@idical that is
formed by UVC (254 nm) photolysis of externally injected Q@ and HO. The
characterizations performed for the DOFR include the determination of the
photochemical ageing range, the gas and the particle residence time distributions (RTD),
and the SOA yield from toluene pcursor. In addition, the DOFR was used to measure
secondary aerosol formed by several passenger cars (gasoline and diesel) running in idle,
and the results were compared with previous studies.

Particle size distribution measurements were conducted using the ELPI+ (Dekati
Ltd.) and SMPS (TSI Inc.) instruments. The particle RTD were measured using two CPCs
with polydisperse solid particles. The photochemical age was determined with Ci¢ace
gas mehod. The toluene ageing in DOFR was also modelled with the modified PAM
chemistry model (Brune, W.)

RESULTS ANDONCLUSIONS

The photochemical age was determined for several relative humidities (RH) and
UV-light intensities as a function of @concentration. The ageing range was found to be in
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1 z 17 days with the CO tracer and was varied by switching the no. of UV lamps on (the
ozone was 50 ppm and RH 50%). The toluene precursor oxidation experiments showed
comparable results to previous studies showing 0.k 0.3 yields for tested toluene
concentrations. The emission measurements showed that tested gasoline vehicles could
produce 1 to 4 orders of magnitude more SA mass compared to primary mass with a cold
engine.

0, 50 ppm, RH 50%

1 8 10 12 14

Number of UVC lamps active

Fig. 1: The determined Okexposure and the photochemical age as a function of active UV
lamps ofthe DOFR.
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INTRODUCTION

Zero emission cars are to play one of key roles in application of Clean Air Strategies
till 2050. First zero emission cars are already on horizon, like Prototype Zero Emission
Drive Unitz' AT AOAQETT ph AAOGAT T PAA AUungiRa2nfghr AOOOA
and the automotive company HWA. The ZEBUwas first introduced to public on the 28th
of September 2022 on the Karlsplatz in Stuttgart, Germany. However up to now it's still a
long way to reach zero emission level. Many studies and research works negublished
with respect of hon-exhaust emissions like break wear emissions, tyre abrasion and road
abrasion during last years. The goal was to get a full footprint of the car emissions to
provide scientific background for new standards and guidelines l& new UN
GTR/GRPE/2023/4 (Global Technical Regulation (GTR)), which was adopted in early
2023. This is the first regulatory tool in the world to look at nomexhaust particle
emissions from cars and vans. With the upcoming EURO 7 standard, which will detenen
related emission ceilings, this new brake emission guideline on Laboratory Measurement
of Brake Emissions for LightDuty Vehicles is to be applied to practise. The Working Party
on Pollution and Energy (GRPE) is also already working on a procedure t@asure tyre
abrasion, where a draft regulation is expected in 2025.

’

S o e S e

Fig. 1:Prototype Zero Emission Drive Unik Generation 1 (. | O étlalf2022).
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PARTICLE NUMBER CALIBRATION IN PMPASUREMENT CHAIN

The Particle Measurement Programme (PMP) was driving car exhaust emission
testing during last years, advancing the particle measurement technique for particulate
vehicle exhaust gases, and lead us to the mandatory use of DPF filters in the automotive
industry. It is prescribed the calibration of test systems under PMP should be done with a
test aerosol like the aerosol used in practice, e. g. an car exhaust, the test aerosol should
resemble the aerosol to be tested in terms of size, structure, material, andncentration.
During the measurement, even at temperature and pressure changes, the test aerosol
should be stable regarding the size, concentration, and charge characteristics.

For this application, Palas has optimized the well known GFG 1000 soot generator
into the DNP digital 3000 Spark Discharge Aerosol Generator (SDAG). Due to its great
reproducibility, repeatability, stability and easy handling, is the DNP digital 3000,
together with the REF 3000 reference exhaust, one of the mostly used solutions for
calibration of single components and the complete PMP measurement chains in the
Particle Measurement Program, e.g. CVS tunnels, at corresponding temperatures of up to
T J#8

Polydispers aerosol
from spark generator, ¢ «=

e.g. Palas DNP 3000 % ==
] /
wl | f
— . .;1 (]
P T R R e s e % R
0 = =
L] 2 . i -8

Monodispers aerosol
size (+/- 5-10%) can be selected at DEMC
Control unit

DEMC
spark frequency flow rate gas type
12000 : T T 6000 e e e LI e 5000 : : T v T
;8 :g A [—— 6/min 45004 ——Argon 40 Hz | ]
10000 30 Hz 50004 —— 8U/min | A Stickstoff 40 Hz|
\ —— 10Umin| o il
—— 40 H: [
ol i f 15Umin s [\ ]
E |—— 60 Hz g 40007 —— 20Umin| E |
E | 30004 | |\
% ! fT ——70Hz S | Vinert T = | I
< e000 / —— 80 Hz % 2000 { & 204 [ /] it
§ / 7?3:; § § ol |1 nitrogen
|
4000 - J — 2000 \ 1 1s00] [ |
/ \ | 1
2 \ 10004 | \
2000 1 / A i | i | |argon
500
SN | \
R : ; — ol / . 0-H—r : : T
0 50 100 150 & 0 50 100 150 200 250 300

T 1 T
0 10 20 30 40 S0 60 70 80 90 100
X [nm]

Fig. 2:DNP digital 3000@olden SO AT A A O A dTunAgl Galibratierd

X [nm] X [nm]

A Round Robin test at various CVS tunnels around European Union, has proven the
usage of the DNP digital 3000 for the PMP application several years ago. The device could
AA AT 1T OEAAOAA AOG A OcCcii1 AAT OOAT NAdghkad3008] O OEA
can produce any Metallic, Carbon and Metdllloy Nanoparticles. Due to its high level of
functional reliability, the DNP digital 3000 is as well suitable for the calibration of particle
measurement devices in the nano particle size range, e. g. SMPS (Scanning Mobility
Particle Sizer) or CPC (Condensation Particle Counter) also used in the Break Wear
Emission testing systems.
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Fig.3: DNP Digital 3000Stability Evaluation (Terres et al., 2020)
EU LEGISTLATION ON BRAKE WEAR EMISSIONS

The New UN GTR/GRPE/2023/4 guideline requires the particle counts PN
concentration sampling and measurement together with PM mass quantification of the
particulate matter - gravimetric measurement of PM2.5 and PM10. Palassupported
several break wear emission studies and research projects during the last decade, where
several key Palas instruments were used.

105



! 0 H, 8 4 !I.
| 10 | 7 e~

— = _________q=- = ;
i| sen10 {/ [/ | ., L. _ L | o 9 |
/ — ' e IPN10 1
! P | ey [ ; |
S >=‘
I = | 7| | SPN1O ff
S¢S ’ T 3
o PM,s | PM,, [
10 v

Fig.4: Brake Wear Emission Testing SetugUN GTR/GRPE/2023/4.

The PNconcentration sampling and measurement to quantify the number of particles
generated by the brake during the test provide the emissions factors for the brake under
testing in #/km capable of measuring TotalPN (TPN10) and SoliePN (SPN10) at a
nominal particle size of approximately 10 nm electrical mobility diameter and larger. For

the SPN10 measurement a volatile particle remover has to be used, for example a catalytic
stripper.

Flow Splitting & Particle Transfer Tubing
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h 4 \'4
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Fig.5: Setup of the PN Sampling and Measurement Uniiil GTR/GRPE/2023/4).

The PM massquantification of the particulate matter mass generated by the brake
during the test provide the emissions factors for the brake under testing in mg/km. The
test system shall measure brake PM and PM.semissions gravimetrically using separate
sampling systems foreachcut ££2 AEAI AOAO j ¢8uv t1 AT A pm
defined in a lot of different steps to provide a good gravimetric result, including a mass
loss measurement section.
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Fig.6: Setup of the PM Sampling and Measurement UiiiN GTR/GRPE/2023/4)
BRAKE EMISSIONS MEASURING SYSTEM

The Palas instruments like nano particle measurement systems (Condensation
Particle Counters, Scanning Mobility Particle Sizers, electrometers, dilution units and
discharge units) are used in several testing setups related to both exhaust and non
exhaust emission ésting around the globe. Palas components are also used in GTR
compliant brake wear emission testing systemshese days. A globally welknown
supplier of break emission test systems, the Link Engineering Company (LINK) with their
Headquarters in Plymouth Michigan, USA, has chosen Palgsroducts as a part of their
new M4222 Brake Emissions Measuring System, which is already well established on the
market.

Fig.7: Brake Emissions Measuring System by LINK (LINK, 2023)
Measuring the brake emissions under known conditions in a laboratorike LINK,
which is meeting industry standards and replicating the vehicle behaviour, is an integral
part of developing cleaner and better braking systems, fully in compliance to new UN
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