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PREDMLUVA

Vazené kolegyné, vazeni kolegové, pratelé, rad bych vas vSechny privital na 22.
vyro¢ni konferenci Ceské aerosolové spole¢nosti, tentokrat v lokalité krasnych Beskyd -
Celadné. Dovoluji si vas privitat z pozice predsedy Ceské aerosolové spole¢nosti. Jak jisté
mnozi z vas zaznamenali, byl jsem nominovan na tuto pozici béhem lonské vyrocni
konferenci v Kutné hore. Mnozi z vds mé znaji delsi ¢i kratSi dobu a s témi, kdo mé neznaji
se velmi rad sezndmim. Rad bych vam vSem slibil, Ze se budu snazit byt dlstojnym
nastupcem dvou piedchozich predsed CAS - Jirky Smolika a V1adi Zdimala. Pfi této
prileZzitosti mi dovolte par slov k obéma vazenym panim.

Jirku Smolika zajisté mnozi z vas znaji jako velmi pratelskou, vstficnou a
spolecenskou osobnost, s hlubokymi odbornymi znalostmi nejen v rdmci aerosolt. Jirkovi
vdétime za mnohé - zaloZeni Ceské aerosolové spolec¢nosti, zaClenéni ceské aerosolové
védecké obce do Sirsiho povédomi kolegli z oboru nejen v rdmci evropskych pracovist,
ale i po celém svéte, a mnohem vice (bohuZel prostor je velmi omezeny, abych vyjmenoval
vSe). Jirka v letoSnim roce oslavil skvélé Zivotnim jubileum a ja bych mu timto rad popral,
i jménem Ceské aerosolové spole¢nosti, hodné zdravi, spokojenosti, a piedev$im
neutuchajici radosti ze Zivota. Jirko, na zdravi!

JirkGiv nastupce, Vlada Zdimal, byl vice neZz déstojnym nasledovnikem Jirky
Smolika a to nejen na pozici predsedy Ceské aerosolové spole¢nosti, ale zdravotni situace
mu bohuZel nedovolila v této pozici dale pokracovat. Chtél bych tedy Vlad'ovi touto cestou
podékovat, opét i jménem celé Ceské aerosolové spole¢nosti, za viechno usili, (C)¢as,
trpélivost, odbornou erudici a dobrou naladu (i zde je prostor priliS omezeny na zminku
vSech nemalych zasluh), které vénoval své funkci predsedy CAS. V1ad'o, diky moc a slunce
v dusi!

V ramci Ceské aerosolové spole¢nosti, krom& zmény predsedy, probéhlo v
uplynulém roce nékolik zajimavych udalosti, o kterych bych vas rad kratce informoval.
Jak mnozi jisté vite z minulého shromazdéni ¢leni CAS, Ceska aerosolova spole¢nost se
podilela (i finan¢né) na vzniku nového aerosolového casopisu - Aerosol research. Rad
bych vas o tomto ¢asopisu vice informoval béhem leto$ni ¢lenské schiize CAS v ramci
kratké prezentace. Dale jsem v souladu s predchozim planem, také diskutovanym v ramci
¢lenské schiize CAS, vyjadril zamér CAS potadat Evropskou aerosolovou konferenci v CR
v roce 2028 (oznameno vyboru European Aerosol Assembly v pribéhu shromazdéni
vyboru EAA, EAC2023, Malaga). Clenové vyboru se budou touto zaleZitosti v dal$ich letech
intenzivné zabyvat a o vSem budete samozi'ejmé priibézné informovani. V soucasné dobé
také probihaji jednani ohledné moZného spojeni VK CAS s konferenci Ovzdusi, ktera
byvala tradicné porddana v Brné kolegy z RECETOXu a kterd v podstaté jiZ zanikla.
Myslim, Ze by nam to v§em mohlo prinést rozsifeni obzort a moznost setkani s kolegy, se
kterymi se bézné béhem VK CAS nepotkavame. V ptistim roce tomu také bude 25 let od
zaloZeni Ceské aerosolové spole¢nosti a myslim, Ze toto vyznamné vyro¢i bychom méli
spolecné nalezité oslavit. V neposledni radé bych vas také rad upozornil na plenarni
prednasku letosni VK CAS, kterou prednese nas vzacny host prof. Philip Hopke. Phil je
jednim ze zakladateld receptorového modelovani zdrojt znecisténi (PMF) a celosvétové
velmi uznavanou kapacitou v aerosolové komunité.
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Samoziejmé bych zde také rad podékoval vSem tradi¢nim i novym sponzorim VK
CAS - ECM ECO MONITORING (TSI), Biowell (Dekati), Envitech Bohemia (Palas). Zastupci
téchto firem budou béhem konference pritomni a nékteri budou mit i prispévky béhem
konferen¢niho programu, takZe budete mit vice prilezitosti se s nimi osobné setkat a
probrat nejnovéjsi trendy a vyvoj piistrojové techniky.

Velky dik za veSkerou praci s editaci sborniku, ktera neni vzdy zavidénihodnj,
patii Lence Suchankové.

Doufam, Ze jsem na nic dilezitého nezapomnél (preci jen jsem novy ;o) a budu se
tésit na osobni setkani v Celadné. Viechny naméty, podnéty, vytky a pochvaly jsou vitany.

Vas
Jakub Ondracek
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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
- Celadna. I would like to welcome you from my position as the president of the Czech
Aerosol Society. As many of you may know, [ was nominated for this position during last
year's annual conference in Kutna Hora. Many of you have known me for a longer or
shorter time, and I would be very happy to meet those who do not know me yet. I would
like to promise you that I will try to be a worthy successor to the two previous presidents
of CAS - Jirka Smolik and Vladia Zdimal. Allow me to take this opportunity to say a few
words about these honorable gentlemen.

Many of you would know Jirka Smolik as a very friendly, accommodating and
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
Czech 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 life
anniversary and I 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!

Jirka's successor, Vladia Zdimal, was a more than worthy follower of Jirka Smolik,
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. I would like to take 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 devoted to 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
during this year's CAS members’ meeting in a short presentation. Furthermore, in
accordance with the previous plan, which was also discussed at the CAS members'
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
connection of VK CAS with the Ovzdusi conference, which was traditionally organized in
Brno by colleagues from RECETOX, and which has now essentially disappeared. I think it
could bring all of us a broadening of our horizons and the possibility of meeting colleagues
that we wouldn’t usually meet during VK CAS. Next year will also be the 25th anniversary
of the founding of the Czech Aerosol Society, and I think we should properly celebrate this
important anniversary together. Last but not least, I would also like to 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, [ would also like to thank all the traditional and new sponsors of VK CAS
- ECM ECO MONITORING (TSI), Biowell (Dekati), Envitech Bohemia (Palas).
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 I haven't forgotten anything important (I'm new after all ;0) and I'm looking
forward to meet you all in person in Celadna. All ideas, suggestions, criticisms, and praises
are welcome.

Yours,
Jakub Ondracek
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INTRODUCTION

The United States has made substantial progress in reducing ambient air pollution
since the passage of the Clean Air Act Amendments of 1970. Thus, by 2005, there had been
decrease from an approximate national mean PM2s concentration of 23.28 pg/m3
measured between April 1, 1979 and June 30, 1980 in the Inhalable Particulate Network
(USEPA, 1981) to a 2005 national mean value of 12.865 pg/m3 (USEPA, 2023). However,
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 light-duty,
spark-ignition vehicles, put controls on heavy-duty diesel and non-road vehicle emissions,
and reduced emissions from electricity generating units (EGUs) particularly coal-fired
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 the low cost 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. 2018a), identify the major sources and their trends
(Squizzato et al.,, 2018b; Masiol et al.,, 2019). These results were used to examine the
changes in the associations of PM2s and source specific PM2s hospitalizations and
emergency department visits for cardiovascular disease (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://aqgs.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%Z2fDefault.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 Department 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 and the health data that supported the
epidemiological studies. Data on PM25 measured using Federal Equivalence Method
(FEM) technology and PM2.s compositional data obtained from the Chemical Speciation
Network (Solomon et al., 2014) were used in the original 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 of reduction strategies have been implemented to reduce emissions from
electricity generating units (EGUs) including the 1998 NOx SIP (State Implementation
Plan) Call and the 2003 NOx Budget Trading Program. The SIP Call required states to
undertake programs to reduce NOx emissions during the ozone season. The trading
program established a cap-and-trade program to be able to meet their emission reduction
goals. To further reduce interstate transport of NOx and SOz, USEPA promulgated the
Clean Air Interstate Rule (CAIR) in 2005. EPA was required to replace CAIR with the Cross
State Air Pollution Rule (CSAPR).

The recession of 2007-2009 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 operate
new combined cycle gas turbines than to restart the coal-fired power plants after the
demand for electricity returned to the prerecession level.

A second major contributor to urban PMz.s chemistry are the emissions from vehicles and
transportation. In the US, the monthly production of vehicles added 750 thousand to
1.5 million 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 heavy-duty on-road vehicles were set as

well as limits on sulfur in on-road vehicular fuels. Light-duty vehicles (max 8500 lb Gross
Vehicle Weight Rating (GVWR)) include passenger vehicles, light-duty 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 LLDTs, Tier 2 standards
phase-in 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 heavy-duty 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 NOx standard was phased-in for diesel
engines between 2007 and 2010. The phase-in was defined on a percent-of-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 in on-road diesel fuel to ultralow sulfur (<15
ppm S). As of October 1, 2006, 80% of all on-road diesel fuel was to be ultralow S with
100% attained by January 1, 2010. In 2004, emission standards were promulgated to
control air pollution from nonroad diesel engines and fuel phased-in 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 space heatings in New York City were typically heated by burning
residual (No. 6) oil. Typically, No. 2 oil was mixed 50/50 with No. 6 to produce No. 4 oil.
Beginning in 2011, New York City started a phase-out of No. 6 so 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 PM2sbetween 2008 and 2014 was attributed to reductions in emissions from
building heating because of the switch to cleaner fuels [Kheirbek 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 regulations;
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 SO2, NOx VOCs, and PM
(including composition) emissions.

RESULTS AND CONCLUSIONS

Squizzato et al. (2018a) examined the monotonic trends in PMz2.s concentrations from
2005 to 2016 using Thiel-Sen slopes. The slope and related confidence intervals for the
whole year and seasonal trends demonstrated substantial reductions in PMzs at 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, Rochester, 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). In Buffalo, an unknown
“industrial” source was found. The temporal patterns (seasonal, monthly, and day of
week) were discussed in detail by Squizzato et al. (2018b).
To examine the differences among the 3 defined periods (Before, During, and After), the
distributions of the source contributions were compared among them. Fig. 1 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.
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
: ﬁ; -& %- ; ! relatively smaller

i 1 decline in diesel means

B e Mo W s that vehicular
Fig. 1: Box and whisker plots for SS, SN, GAS, and DIE for each emissions-related
of the 3 periods. PM2s represented an

increasing fraction of
the remaining PMzs concentrations.
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 infarctions,
and pulmonary embolisms) were estimated for the whole 12-year 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
[172%0000 ' whole period results for lag
i days from 0 to 0-6 are
' presented in Fig. 2. There
are statistically significant
associations for Total CVD,
Clmes T o arrhythmias, ischemic
stroke, congestive heart
failure, ischemic heart
disease, and myocardial

0%, ' infarctions.
2 —olLLlT Ll seo?%e, '
’ _ . The excess rates (%)
- e 11 & 2 J/ia—— [ et g associated with

interquartile range (IQR)
increases in PM2s for the
cardiovascular diseases

Baws TR among the three periods
Fig. 2: Excess rates (%) for cardiovascular hospitalizations are shown in Fig. 3 for the
per interquartile range of PMzs over the whole study outcomes that had
period. significant values over the

whole period. There are
several significant shifts in the lag-day 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 infarctions. To further explore the changes in inferred toxicity
per IQR PM2s mass among the periods, source specific PM2s associations with
hospitalizations for the various cardiovascular outcomes were determined. Because
samples are collected on only every 3rd or every 6th day, lag days here can only represent
the average of day 0 and day 3 (0-3) or days 0, 3, and 6 (0-6). 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 and RD 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 reason for such 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 PM2s closely followed the
reductions in emissions of SOz and NOx, respectively. The precursor gases react more
quickly with hydroxyl radicals than with organic species so the reductions in SO2 and NOx
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 period. 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 al. (2007). Li et al. (2019) found
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significant water-soluble and humic-like organic carbon (HULIS) emitted from wood
combustion in Chinese residential stoves particularly in the start-up and burn-out phases
of the burn cycle. Thus, SOA-like materials can be directly emitted or formed through the
reaction of oxidants with the primary organic aerosol constituents. These substances
e i, e e wdeme Wewid would include reactive oxygen
species such as peroxy and alkoxy

radicals and peroxides [Hopke,
2015].
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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 cardiovascular diseases. 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 benzene content.
This combination may have increased the potential emission of IVOCs which with the
increased availability of oxidants that were not used to oxidize NOx and SO2z led to
increases in SOA and related atmospheric ROS. The higher content of exogenous and
endogenous ROS associated with the PMzs in the most recent period could be the cause
of the increased per unit mass toxicity of the remaining PMzs.
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Fig. 4: Excess rates for various cardiovascular diseases associated with the IQR increases
in source speific PM2.5 concentrations. “*” indicates statistical significance at p< 0.016.
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INTRODUCTION

Prague Aerosol Calibration Center (PACC) is a node of Central Facility for Aerosol In-
Situ measurements CAIS-ECAC (Centre for Aerosol In-Situ - European Centre for Aerosol
Calibration and Characterisation) of a pan-European research infrastructure called
ACTRIS ERIC (Aerosols, Clouds and Trace gases Research Infrastructure). ACTRIS ERIC is
associating research performing organizations all over Europe, concentrating on high-
quality observations of different atmospheric variables and processes. Main goal of
ACTRIS large research infrastructure is to provide high-quality open-access data on
aerosols, clouds and trace gases. ACTRIS also creates a 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 research performing institutions and organisations from 22
European countries.

The ACTRIS data are measured and provided to central database by ACTRIS National
Facilities (NF), which are in other words the observational (ground-based measurement
stations) or exploratory platforms (mobile labs, UAVs, experimental chambers) operated
by the research performing organizations. ACTRIS NFs are supported by ACTRIS Central
Facilities (CF), which provide the operational support to the NFs, QA/QC measures, SOPs,
calibration services, as well as services to ACTRIS and non-ACTRIS users (including
instrument manufacturers and authorities on national and international levels).

The PACC is a newly built calibration laboratory within ACTRIS CAIS-ECAC CF. The
PACC is equipped with state-of-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. Futhermore, the PACC is
capable of performing characterization of size-resolved penetration of aerosol particles
through various parts of aerosol sampling lines (such as membrane dryers, flow 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/verification services. The PACC is offering also hands-on training for ACTRIS
NF operators and technicians, consultancy and knowledge transfer to ACTRIS and non-
ACTRIS users from academic and commercial sector.

CALIBRATION SET-UPS

The state-of-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 set-up for characterization of size-resolved 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 two-furnace 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 monodisperse fraction 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 set-up complies with the ISO 27891

standard.
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Fig. 1: CPC calibration set-up.

The MPSS validation set-up (see Fig. 2) enables the sampling of atmospheric
aerosols or well-defined standard aerosol particles (such as NIST polystyrene Latex
spheres), assures smooth size distribution in well-mixed homogenization volume and
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Fig. 2: MPSS calibration set-up.

distributes them correctly to MPSS validation candidates as well as to the ACTRIS
reference MPSS. The validation set-up follows CEN/TS 17434 standard.
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The APSS verification set-up (see Fig. 3) includes aerosol generators for the
production of well-defined supermicron aerosol particles, followed by an electrostatic
classifier with “large” DMA. The distribution of the representative sample to the APSS
verification candidates and the reference instrument is secured by means of mixing
volume and proper isokinetic subsampling.
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® BKr
size
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pressurized, i . =
clean, dry air mixing
flow volume
control T, RH, P

</

B e
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Fig. 3: APSS calibration set-up.

The set-up for characterization of size resolved aerosol particle loses (see Fig. 4)
allows to select any flowrate in the range 2-100 1/min and the size of challenging aerosol
particles in the size range 20-400 nm. The challenging aerosol is generated by aerosol
generator, then i tis dried in the diffusion drier containing silica-gel and after that the
Boltzmann charge distribution on aerosol particles is achieved by passing through a
neutralizer with 85Kr and then the treated aerosol continues into 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 tested part is reached. The number concentration of aerosol particles of given size is
determined at the same time upstream and downstream the tested part of sampling line
by two CPCs.

The position of the two CPCS is 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 the tested part of the aerosol sampling line is monitored during the
whole measurement.
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Fig. 4: Set-up for characterization of size-resolved particle losses.
RESULTS AND CONCLUSIONS

In general, the PACC offers a range of services, 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 in-line with the state-
of-the-art aerosol instrumentation (starting from various aerosol generators for well-
defined nanoparticles, reference instruments, and newly designed calibration lines) and
the laboratory space is flexible for 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 stations (rural, suburban, urban) in the Czech Republic. The data used
covers a 10-year period from 2010 through 2019, looking only at data from the vegetation
season (Apr-Sep). Correlation between dry/wet days and PM concentrations, the effect of other
meteorological variables such as wind speed, air and soil temperature and soil moisture were
studied.

UvoD

Zvysena frekvence vyskytl vin veder a sucha jsou v poslednich letech spojovany se
zménou Klimatu. Narlst poctu téchto udalosti mliZe ovlinit i kvalitu ovzdsi napiiklad
zvySenim koncentraci prachu v ovzdusi ¢i zvySenim koncentraci troposférického ozonu.
Tato prace se zaméfuje na vliv sucha na koncentrace ¢astic PM1oa PMz2;s v Ceské republice,
pro odstranéni vlivu vytapéni bylo hodnoceno pouze vegetacni obdobi.

Obr. 1: Poloha vybranych stanic s mérenim koncentraci PMio Statni sité imisniho
monitoringu. Zelené body oznacuji venkovské stanice, modré predméstské a Cervené
méstské stanice. Stanice, kde probiha sledovani i koncentraci PMzs jsou oznaceny Cernym
stredovym bodem.

METODY MERENI

V Ceské republice je provozovana sit’ stanic métici kvalitu ovzdu$i v rdmci Statni sité
imisniho monitoringu Ceského hydrometeorologického tstavu. Pro tcely této studie byly
vybrany stanice, které disponuji asovou radou koncentraci PM1o a PM2;5 v letech 2010-
2019. Vybér stanic byl ziZen na stanice, které maji ve svém okoli maximalné 200 m
vzdalenou meteorologickou stanici s mérenim srazek. Tyto kritéria spliiovalo 21 stanic
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(Obr. 1). Mérené obdobi bylo rozdéleno na epizody sucha a epizody s desStém, kdy
kritériem pro epizodu sucha bylo 5 po sobé jdoucich dni, kdy nebyl pirekrocen thrn srazek
v jednotlivych dnech 0,2 mm.

VYSLEDKY, DISKUSE, ZAVERY

Vysledky prokazaly nartst koncentraci PM1o v rozmezi od 26,7 do 46,7 % béhem
suché periody v porovnani s koncentracemi mérenymi v obdobich se srazkou. DalSim
faktorem piisobici na koncentrace PM je vegetacni kryt, ktery caste¢né kompenzoval vliv
v Cervenci oproti nejvy$Sim hodnotam v srpnu, kdy vrcholi sklizen (Tab. 1).

Potvrdil se vliv teploty a vlhkosti piidy na koncentrace PM. Hodnotnym vysledkem je
zjiSténi, Ze nepriznivé podminky pro erozi ¢i respuspenzi plisobi piida s vlhkosti nad
36 % i v pripadech, Ze jeji teplota presahuje 20 °C.

Tab.1: Medianové koncentrace PM1o v Cervenci a srpnu na venkovskych, predméstskych
a méstskych stanicich v letech 2010-2019.

Koncentrace PM1o Cervenec Koncentrace PM1o srpen
[png-m3] [ng-m3]
Typ stanice sucha perioda vlhka perioda  sucha perioda  vlhka perioda
venkovska 18,9 15,5 23,9 15,2
piredméstska 20,5 16,4 27,2 16,6
méstska 20,7 17,8 25,5 18,2
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SUMMARY

Five in situ campaigns focused on aerosol-cloud interactions were conducted at
Mount MileSovka in the Czech Republic 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 measured behind the whole air inlet and the PMzs 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 found 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 actual value.

UvoD

V Sesté hodnotici zpravé IPCC byla nejvyssi hodnota aerosolového forcingu pripsana
interakci mezi atmosférickym aerosolem (AA) a oblac¢nosti (Arias et al., 2021). Pro jeho
lepsi popis a budouci odhad byla zkoumdana zavislost aktivace AA na meteorologickych
veli€inach a jevech.

METODY

Pét in situ kampani zamérenych na velikostné rozdélenou aktivaci aerosolu pfi mlze,
mrznouci mlze a deSti s mlhou a jeji zavislost na vertikalni rychlosti vzduchu a poloze
v oblaku probéhlo na hote MileSovka (50,55 N, 13,93 E, 830 m n. m.) vjarnich
a podzimnich mésicich let 2018 az 2020. Aktivovany AA byl vypocitan z rozdilu
koncentraci namérenych spektrometry SMPS a APS za whole air inletem (WAI) a PM2s
hlavou (Zikova a kol., 2020, 2021). Obsah kapalné vody (LWC) byl vypocitan z dohlednosti
(Fisak a kol., 2006), poloha zakladny oblakt byla odhadnuta z ceilometru (CL51, Vaisala,
Finsko). Byla pouzita data z ceilometrii na MileSovce a v Kopistech (50,54 N, 13,62 E,
240 m n. m.), které se nachazi 20 km zapadné a 590 vyskovych metrii niZe od MileSovky.
Ceilometr v Kopistech byl pouZit k odhadu vysky zakladny oblaku v pripadé, kdy byla
MileSovka zahalena do oblac¢nosti a data ceilometru z MileSovky nebyla pouZitelna.

Vertikalni rychlost vzduchu byla odvozena z vertikalné orientovaného obla¢ného
radaru (MIRA35C, METEK, Némecko) umisténého na vrcholu MileSovky. Nejnizsi
dostupny radarovy gate vsak byl 200 m nad vrcholem MileSovky, takzZe jde jen o odhad
podminek pfimo v misté méreni.
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VYSLEDKY, DISKUSE, ZAVERY

Jak dohlednost, tak LWC se silné liSi v zavislosti na poloze nad zakladnou oblac¢nosti,
prestoze se nezvysuji "témér linedrné s vyskou nad zakladnou oblaku, dosahujice maxima
priblizné ve 80-90 % tlouStky oblaku" (Acker a kol, 2002), jak tomu je u oblacnosti
vzniklé adiabatickym ochlazovanim. Nejvy$si hodnoty LWC i dohlednosti byly
pozorovany, kdyz byla stanice mezi 100 a 400 m nad zakladnou oblaku (Obr. 1), nezavisle
na aktudlni vySce nad zadkladnou. Aktivace je tedy zptlisobena izobarickym ochlazovanim,
nikoli adiabatickym.

Nebyla zjiSténa zavislost mezi dohlednosti a vertikalni rychlosti, coZ potvrzuje, Ze
oblaCnost na stanici je prevazné ptivodu advekéniho nebo inverzniho, a naopak neni
spojena s orografickymi pohyby. Pokud updraft dosadhne rychlosti pres 1 m/s, je
dohlednost na stanici ¢asto vétsi nez 1000 m.
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Obr. 1: Zavislost dohlednosti na poloze nad zakladnou obla¢nosti.
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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 short-lived clouds and to greater
convective overturning and more precipitation in deep convective clouds, Rose et 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). Long-term CCN measurements are performed at aerosol monitoring sites
such as those forming ACTRIS (Aerosols, Clouds, and Trace Gases Research
Infrastructure) network. Measured data are then submitted to the 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 submission to the
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 (CCN-200) 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 by diffusion of water vapor from the warm, moist column wall
toward the centerline, at faster rate than heat. The CCN-200 counter allows making two
simultaneous measurements of CCN concentrations, which offers interesting possibilities:

e measurement at different combinations of supersaturations (SSs) in each column,
so that data for more SSs can be collected during one measurement cycle,
¢ polydisperse measurement of CCN in one column and monodisperse measurement
in the other,
¢ 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 submission as level zero (EBAS Data Submission Manual). 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 submission. CCN-200 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 in Fig. 1 for three hours of measurement, 60 minutes long measuring cycle and
5 SSs per cycle.
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Fig. 1: Time dependencies of CCN concentrations and SSs during three measuring cycles,
10.9.2020.

Tab. 1: SS settings of measurement cycles in 2020. No 1 - period from 1.1. to 26. 2. 2020,
No. 2 - period from 24. 6. to 21.9. 2020, No. 3 - period 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
SSa [%] 0.15 0.2 0.25 0.5 0.7
No. 3 SSs [%] 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 was reduced to 15.

30



RESULTS AND CONCLUSIONS

In 2020, measurements were carried out using three variants of measuring cycle with
parameters specified in Tab. 1. In the first period from 1.1. to 25.2.2020, we 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, predominantly by COVID-19

restrictions.
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Fig. 2: Averaged values of CCN concentrations for 6 SSs and time period 1 in Tab. 1.
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Fig. 3: Averaged values of CCN concentrations for 5 SSs and time periods 2 and 3 in Tab.
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Missing data from the end of the year were caused by sending CCN-200 to DMT for
Win10 System Upgrade. During the workshop at TROPOS, we found that longer time
periods are more suitable for measurements at individual SSs, especially for SS = 0.1%.
Therefore, in the following measurements we applied 60 min measuring cycle with only
5 SSs, see Tab. 1 for details. CCN concentrations from time periods 2 and 3 are shown in
Fig. 3. Nevertheless, the data collected during the 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 by Mishra
et al. (2022). However, for data collected after CCN-200 - WIN10 System Upgrade, the
procedure for submission to the EBAS database needs to be worked out and approved by
NILU, because SS settings are somehow different in the new software.
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INTRODUCTION

Reactive compounds of nitrogen belong to significant pollutants presented in the
atmosphere. Their interconnected reactions form a large ratio of atmospheric processes
(Warneck, 1988). Gaseous nitric acid (HNO3) and particulate nitrates (NO3-) are important
in several aspects of tropospheric chemistry, especially in photochemistry of nitrogen
oxides and ozone. HNO3 is one of the main components of acidic deposition. Adhering to
surfaces gets to equilibrium with NOs-, which has been associated with incidents of
decreased visibility in some areas (Tanner et al., 1989).

Low concentration of HNO3 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 measurement can in principle be performed accurately, the
sampling leads to several problems, resulting in artefacts in both gas and particle phases
(Forrestetal., 1982). The lack of information about fast concentration changes is the other
disadvantage followed from this type of measurement.

The presented paper 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 HNO3 with analyser on the principle of continuous flow system (CFS) with
chemiluminescent detection (CLD), and sampling unit for NO3- with other CFS-CLD.

The sampling unit for HNOs consists of cylindrical wet effluent diffusion denuder
(CWEDD) where HNOs3 from analysed air (1 L min‘1) is continuously collected into
deionized water (450 pL min-1). Subsequently the collected HNO3 is detected via CLD
(Mikuska et al., 2014) based on the photoconversion of NO3- to peroxynitrite by UV
convertor with subsequent chemiluminescence reaction with luminol detected by
photomultiplier. The sampling unit for NOs- consists of cyclone inlet (2.5 pm cut-off
diameter, 10 L min1), annular diffusion denuder for removing gaseous pollutants,
continuous aerosol sampler (CGU-ACT]JU) for collecting the aerosol particles into
deionized water (1.3 mL min-1) and the second CFS-FLD.

The measurement of HNO3/NOs- in ambient air in Brno using the developed method
carried out during two campaigns. The winter campaign was going on 6-17t February
2023 and the summer campaign 14-28t July 2023 (Fig. 1). Both campaigns were
performed on a terrace on the first floor of the Institute of Analytical Chemistry (UIACH)
at Veveri Street. The concentrations of analytes were measured in 1s intervals. The
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particulate number concentration and size distribution of PM in the size range 6.73-294
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 HNO3/NOs3- 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 filters and dry
denuders (DD) covered by 0.5% NaF with subsequent analysis by ion chromatography
(model ICS-2100, Dionex, USA) and capillary electrophoresis (model Agilent 7100, Agilent
Technologies, USA).
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Fig. 1: Variations of HNO3/NOs3- concentration in ambient air during July 2023.
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INTRODUCTION

For the study of the mass concentration of particulate matter and its 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 demonstrated (EC 2000).

In addition to the AAS technique, non-destructive techniques are applicable and are
generally referred to as X-Ray Fluorescence (XRF) (Bilo et al, 2018). The detailed
characterisation and application of AAS and XRF were presented in a paper by Galvao et
al. (2018).

This study presents and analyses data on PMio concentrations 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 PM1o are identical regardless of the method of sampling and
analysis;

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

3. Concentration levels of PM1o and PM1o-bound elements are identical regardless of
the season (winter—spring relation).

EXPERIMENTAL SETUP

As the receptor, the measurement point in the northern part of the village was
selected, which is situated near a moderately inhabited rural area (Kot6rz Maty, Opolskie
Voivodeship) surrounded by meadows, farmlands low shrubs and trees (50°973’66.02”
N;189205’06.80” E, 162 m. a. s. 1., 968 inhabitants). A reference gravimetric method (GM)
with LVS aspirator (Atmoservice PNS-15) + AAS and continuous particle monitor + energy
dispersive X-ray fluorescence (CPM+EDXRF; PX-375 Horiba®, Japan) technique were
used to examine PM1o concentrations and their chemical composition (nine elements Cu,
Zn, Cr, Ni, Fe, Mn, K, Ca and Pb were selected for analysis). All samples grabbed by GM
were analysed by AAS in the laboratory. Because of the need to meet technical conditions,
apparatuses were located at 18 metres from each other. Both methods were applied at
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the same time, that is, for 49 consecutive days during the winter period (January-
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 Shapiro-Wilk test indicated that none of the recorded cases
were found to correspond to a normal distribution of data; therefore, non-parametric
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, EDXRF-ASS relation in the selected
season, the Wilcoxon test was used. The relationships between variables were examined
using Spearman's rank correlation coefficient. The significance level of 0.05 was adopted.

RESULTS AND CONCLUSIONS

Fig. 1 shows the distribution of PM1o mass concentrations determined using both
methods. The average concentration of PM1o for the whole measurement period in
January-February was below the daily PM1o limit value determined by the European
Commission (50 pg/m3), which must not be exceeded on more than 35 days a year. Days
which exceeded the daily limit value were also observed, that is, days 1-6, 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 24-hrs PM10 mass concentration obtained by two methods in winter (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 PM1o 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 PMio concentration—values of meteorological parameters (Ws, T, P) - was
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 PM10 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. The p-values of 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 season-to-season
comparison (U Mann-Whitney test, p<0.05), no statistically significant differences were
found. In the winter—spring relationship for PM1o concentrations determined by CPM, the
test probability was 0.40 and by GM 0.86.

Fig. 2 shows the full measurement data for PMio-bound elements. The mean
concentrations of selected elements associated with PMio ranged 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 Cu (more than 3 times the median value for AAS).
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Fig. 2: PM1o-bound elements data for winter (on the left) and spring (on the right) period.
Boxes show the range between the 25t and 75t percentiles. The whiskers extend from
the edge of the box to the 5t and 95t 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 PM1io and determined by two techniques also ranged widely. Also, Ca, K
and Fe were the most abundant among the determining elements. The mean
concentrations of Ni and Pb in Kotdrz Maty did not exceed the permissible values of
annual concentrations established by the European Commission (20 ng/m3, and
0.5 pg/ms3, respectively). The position of the median may suggest that for both methods,
the Fe and Zn concentrations can be taken as equivalent. Very significant discrepancies
were observed between the results of the two techniques, especially in the mass
concentrations of Cu (more than 20-fold higher median value for AAS), Ni (more than 13-
fold higher median value for AAS), Cr (more than 8-fold higher median value for AAS), Ca
(more than 5-fold higher median value for AAS) and Pb (more than 5-fold higher median
value for EDXRF).

Fig. 3 presents 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 Euclidean distances between the compositional points with clr-transformed
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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 plants (Jandacka
and Durc¢anska, 2014). Elements in the second group are associated with anthropogenic
sources, mainly from coal and biomass burning (Brani$ et al, 2007) and from the
exploitation of motor vehicles (Kulshrestha et al., 2009).
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Fig. 3: Dendrograms of the elemental composition of PM1o in relation to the analytical
method EDXRF and AAS (winter on the left, spring on the right).

For spring observations, three main clusters were found. At first glance, two of them
would be known as winter 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 to enrich the soil.

Tab. 1 summarises the results of the Wilcoxon test, Tab. 2 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 PM1o are
equivalent for both techniques. Thus, hypothesis #2 can be considered true only to a very

limited range.
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Tab. 1: EDXRF-AAS p-values of 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

PM1o
Winter session

EDXRF-AAS Cr 0.000 0.000
EDXRF-AAS Mn 0.001 0.368
EDXRF-AAS Fe 0.000 0.000
EDXRF-AAS Ni 0.000 0.250
EDXRF-AAS Cu 0.000 0.000
EDXRF-AAS Zn 0.000 0.082
EDXRF-AAS Pb 0.000 0.000
EDXRF-AAS K 0.000 0.000

EDXRF-AAS Ca 0.238 0.001

Spring session

EDXRF-AAS Cr 0.000 0.001
EDXRF-AAS Mn 0.001 0.035
EDXRF-AAS Fe 0.099 0.609
EDXRF-AAS Ni 0.000 0.001
EDXRF-AAS Cu 0.000 0.001
EDXRF-AAS Zn 0.820 0.023
EDXRF-AAS Pb 0.001 0.001
EDXRF-AAS K 0.005 0.035

EDXRF-AAS Ca 0.000 0.003

Tab. 2: EDXRF-AAS p-values of U Mann-Whitney test for season-to-season data. Bold
values indicate that the results are significant with p>0.05.

1(3:15[1\1/{) P(l;\/[lvio Cr Mn Fe Ni Cu Zn Pb K Ca

CPM- 0.40 0.00 0.00 0.00 0.82 0.26 0.17 0.28 0.78 0.01
EDXRF

GM-AAS 0.86 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.05 0.00

Hypothesis #3 (Tab. 2) may be considered true to a much larger range. The levels of
PMio concentrations determined by the compared methods for the winter-spring
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, the hypothesis is true
only for one element.

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

- Hypothesis 1 is only true for the winter campaign period.

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

- Hypothesis 3 may be considered true for PM1o and PM1io-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 the suitability of the Bacharach method as a fast and cost-
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 Bacharach 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 non-compliant with
legal limits in 80 % of cases. The method shows higher accuracy for fossil fuels (83 %)
compared to biomass (74 %).

UvoD

Znecisténi ovzdusi je kazdoroc¢né pal¢ivym a velmi akcentovanym tématem napric
spolecenskym spektrem, a to predevSim vobdobi zimy zdivodu zhorSenych
rozptylovych podminek a priibéhu topné sezény. Zdroje zneciStovani podilejici se na
zhorsené kvalité ovzdusi je moZné rozdélit na tfi zdkladni kategorie: priimysl, doprava a
lokalni vytapéni. U prvnich dvou zdroji je béZzna pravidelna kontrola stavu zdroje spojena
s analyzou spalin, pricemZ délka periody mezi kontrolami se v ndvaznosti na radé
parametru lisi. V pripadé spalovacich stacionarnich zdroja spalujicich pevna paliva do
tepelného prikonu 300kW (urcenda predevSim pro vytapéni domacnosti; dale jen
spalovaci zdroje) nejsou zadné periodické kontroly sloZeni spalin narizeny. Jedinou
kontrolou zdroje pred jeho vpusténim na trh je certifikacni proces probihajici v idealnich
podminkach akreditované zkuSebny (Horak, 2016). Zakonem natizené pravidelné
kontroly spalovacich zdrojii pfimo v misté instalace (interval maximalné 3 roky)
nezahrnuji provedeni analyzy spalin, ale jen vizualni zhodnoceni stavu spalovaciho zdroje
a souvisejicich prvkid (PCR, 2012). 0dli$né je tomu napt. v Némecku (zakon o ochrané
ovzdusi; interval dle vykonu 2 - 4 roky), Rakousku (zadkon o ovzdusi; interval dle vykonu
2 - 3 roky), Velké Britanii (regionalni predpisy; interval 1 - 2 roky), USA (regionalni
predpisy; interval 1 - 3 roky; a Svycarsku (zakon o ochrané Zivotniho prostfedi; interval
1 - 2 roky). Zakony a predpisy jsou pak zpravidla doplnény o dal$i dokumenty zahrnujici
detaily jako napt. metodiku provadéni odbért atd.

Jednou z kontrolovanych sloZek spalin vznikajicich pti provozu spalovacich zdrojt je
prach. Jeho hmotnostni koncentrace je béhem certifikace stanovovana tzv.
gravimetrickou metodou porovnavajici stanovenou hmotnost filtru pred a po expozici,
vztazenou Kk mérenému objemu prosatych spalin. Pri testu spalovacich zdroju
v domacnostech je zvykem pouzivat jednodussi (kuftikové) pristroje mnohdy umoziujici
analyzu vice slozek spalin najednou napt. SM500 (Wohler; Némecko) nebo STM 225
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(Afriso, Némecko). Prvni zminény stanovuje hmotnostni koncentraci prachu na zakladé
gravimetrické metody rovnou v zafizeni, pfriCemZz druhy stanovuje hmotnostni
koncentraci prachu pomoci optické metody. Komplexnost pristrojli, pozadavek na nizky
objem i hmotnost pristroji v kombinaci s typem pouzitych ¢idel, a ndrokem na okamzité
vyhodnoceni vyznamné ovlivituji porizovaci i servisni naklady. Mezi dal$i nevyhody
téchto pristrojl patfi omezena odolnost vii¢i vyznamné znecisténym spalindim a omezena
presnost méreni.

Protipdlem kuftikovych pristroji z pohledu presnosti analyzy a narokii na vybaveni
je tzv. Ringelmannova metoda porovnavajici tmavosti spalin odchazejicich z komina
s odpovidajicim stupném Ringelmannovy stupnice tmavosti lidskym zrakem. Tato
metoda je uvedena ve Sdéleni ministerstva zZivotniho prostredi, odboru ochrany ovzdusi
jako metoda pro kontrolu provozu spalovacich zdroji. Tuto metodu lze povaZovat za
velmi nepresnou vlivem vneseni lidského faktoru a zaroverii za velmi nerobustni z divodu
nutnosti dodrZeni stanovenych svételnych podminek a pozice pozorovatele. Naopak
naklady na potizeni stupnice jsou zanedbatelné.

Cilem této studie je uprava a zhodnoceni miry vhodnosti pouZiti tzv. Bacharachovy
metody pro stanoveni pripustné tmavosti koute, jako orientacni, rychlé a levné
alternativy ke kuffikovym pristrojim s moZnosti zatrazeni zdroje do kategorie
vyhovujici/nevyhovujici dle limitni hodnoty hmotnostni koncentrace prachu ve spalinach
stanoveného zdkonem.

Bacharachova metoda v souvislosti s spalovacimi zdroji spalujicimi kapalna paliva
byla zminéna ve studii Learyho a kol. (1987), kdy byla pozorovana souvislost mezi
sazovym ¢islem a hmotnostni koncentraci organickych plynnych sloucenin, ktera nebyla
prokdzana. McDow a kol. (1990) popsal zavislost mezi hmotnostni koncentraci
polycyklickych aromatickych uhlovodikt ve spalinach ze spalovaciho zdroje spalujicitho
kapalnd paliva jako linedrni, pficemz primka charakterizovala dany trend velmi
spolehlivé (RZ = 0.96). Jiménez a kol. (2016) popsal silnou korelaci mezi hmotnostni
koncentraci sazi a sazovym ¢islem pii spalovani plynnych a kapalnych paliv
v experimentdlné navrzeném zdroji. Vysledky v uvedenych studiich, byt ziskanych
analyzou spalin vzniklych pti spalovani kapalnych a plynnych paliv potvrzuji hypotézu
vhodnosti pouZiti této metody pro spalovaci zdroje spalujici pevna paliva.

METODY MEREN{

Bacharachova metoda stanoveni tmavosti koure

Bacharachova metoda stanoveni tmavosti koure je zaloZena na obdobném principu
jako Ringelmannova metoda, avSak s tim rozdilem, Ze neni porovnavana tmavost koute
nad kominem, nybrz v kourovodu za zdrojem prostiednictvim tmavosti oblasti filtru, pres
ktery byl prosat zndmy objem vzorku spalin. Nevyhoda vizualni kontroly, a tedy vneseni
lidského faktoru do vyhodnoceni (dle standartniho provedeni odecteni vysledné
hodnoty) zlistava. Pro tuto metodu je pouZzivana specialni pumpicka se zndmym objemem
(0,163 dm?3) umoziujici uchyceni filtru. V sadé je rovnéz Bacharachova stupnice tvorena
desiti barevnymi mezikruzimi s odstiny Sedi ocislovanymi 0 az 9 (dale oznacovano jako
sazové Cislo), pricemz sazové Cislo 0 je Cista bila. V pripadé spalovacich zdroji na kapalna
paliva znamena sazové ¢islo 0 az 1 standartni spalovaci podminky, pificemz sazové cislo 2
a vice reprezentuje Spatné podminky spalovaciho procesu (Steiner and Burtscher, 1993).

Postup méfeni C¢astecné odpovidal standartnimu postupu, pricemZ béhem
15minutové periody bylo odebrano vzdy 7 vzorki spalin (s rozestupem 2 minut). BEhem
této periody byl rovnéz provadén odbér referenCnim zarizenim SM 96 (Wodhler,
Némecko), které je pouzivano pri certifikaci spalovacich zdroji v akreditované zkusebné.
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Zachyt prachu u tohoto pristroje probiha na filtr ve tvaru puncosky umisténého ve
vyhtivané sondé v bezprostiedni blizkosti kourovodu. Dale je pristroj vybaven chladicim
zalizenim, cerpadlem a priitokomérem pro stanoveni objemu odebraného vzorku.
Vyhodnoceni vysledkl pristroje SM 96 probihalo ex post pomoci gravimetrické metody.
Objemovy zlomek kysliku ve spalindch byl méren pomoci analyzatoru A0O2020 (ABB,
Némecko) paramagnetickou metodou.

Sazové cislo a hmotnostni koncentrace prachu

Metoda vyhodnoceni byla navrzena tak, aby byl eliminovan lidsky faktor a zaroven,

aby bylo mozné vysledky nasledné porovnat s referencnimi hodnotami hmotnostni
koncentrace prachu ve spalinach. VSech 7 exponovanych filtri z kazdého méreni bylo
umisténo na urcené pozice (vidy stejné) a vloZeno do foto studia o rozmeérech
240 x 240 x 240 mm vybaveného dvéma led pasy umisténymi na stropé emitujici denni
svétlo (5 700 K). Strop studia byl vybaven otvorem pro foceni shora, kterym probihalo
foceni pomoci mobilniho telefonu Iphone XR (Apple, USA), ktery byl vZidy umistén
v totozZné poloze. Fotografie byly porizovany s bleskem a v rezimu odstint Sedi.

Vysledné fotografie byly prevedeny do pocitace a otevieny v programu Malovani, kde
byla vybrana plocha alespont 30 x 30 px z exponované oblasti kazdého filtru. Vybrana
plocha byla vzdy vyinata a byl stanoven jeji priimérny jas (rozsah 0-240; 0 - ¢ernd, 240 -
bil4). Jas se zde nevyjadfuje v jednotkach jako kandela na metr ¢tverecni (cd/m?), jako je
tomu u profesionalnich Kkalibrovanych monitorii nebo v technickych specifikacich
obrazovych zarizeni, ale je to bezrozmérna veli¢ina reprezentujici intenzitu barvy na
pixelové Urovni. Dle jasu bylo prifazeno sazové cislo pomoci funkce (1) ziskané pri
kalibraci vyhodnocovaci metody. Ta byla provedena tak, Ze Bacharachova stupnice byla
umisténa do foto studia ve ctyrech rtznych polohach (vidy pootocenda o 90°). Z
jednotlivych mezikruZzi stupni Sedi charakterizujicich sazové cislo byly vyriznuty vzdy
Ctyri plochy o rozmérech alespon 30 x 30 px, kterym byl vySe uvedenym zpiisobem
prifazen primérny jas. Takto bylo vZdy k jedné hodnoté sazového ¢isla prifazeno 16
hodnot jasti viz Tab. 1.

Tab. 1: hodnoty ziskané pfi kalibraci vyhodnocovaci metody sazového ¢isla

Sazové Jas Jas Jas Smérodatna
dislo (pramér) (minimum) (maximum) odchylka
0 211.1 206 215 34
1 200.5 197 206 34
2 174.8 168 183 6.1
3 143.6 134 153 7.2
4 120.4 119 123 1.2
5 104.5 99 109 3.3
6 86.1 81 90 2.8
7 65.7 63 68 1.8
8 42.0 40 43 1.4
9 22.2 20 24 1.5

ProloZenim ziskanych dat pfimkou byla ziskana funkce (R% = 0.995) (1), ktera byla
dale vyuZivana jako prepocet mezi jasem a sazovym cislem.
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SC = —0.0463] + 9.9239 (1)

SC - sazové Cislo [-1,

J-Jas [-].

Sazové cislo bylo vySe uvedenou metodou urc¢ovano pro kazdy jednotlivy filtr zvlast
a dale pak jako primeér vSech sedmi filtrti. Sazové ¢islo bylo na hmotnostni koncentraci
prachu piepocitdvano pomoci rovnice (2)

Pe o2m = 20 - SC (2)

pB_o2M — hmotnostni koncentrace prachu dle metody Bacharach pfi méreném objemovém
zlomku kysliku [mg-m3]

Pri navrhu vypoctu byly zhodnoceny rovnéz i experimentalné stanovené rovnice
predchozimi studiemi, jako napft. ve studii Jiméneze a kol. (2016), které vSak prezentovaly
nizsi presnost, a to predevsim z divodu jejich omezené oblasti plisobnosti na spalovani
kapalnych a pevnych paliv.

Hmotnostni koncentrace prachu dle metody Bacharach pii méreném objemovém
zlomku kysliku byla pifepocitana na referen¢ni objemovy zlomek kysliku ve spalinach dle
rovnice (3).

_ 21-@oz_ ref
PB = PBo2M " 5 _— (3)
P0o2_mér

ps - hmotnostni koncentrace prachu dle metody Bacharach pfi referen¢nim objemovém
zlomku kysliku ve spalinach [mg-m-3],

@o2_ref - referencni objemovy zlomek kysliku ve spalinach; pro danou kategorii dle
spalovacich zdroji dle CSN EN 303-5 (CEN, 2021) qoz_rer = 10 %,

o2_m¢t - méreny objemovy zlomek kysliku ve spalinach [%].

Rovnice (3) byla pouzivana pro shodny prepocet i pro referentni metodu analyzy
hmotnostni koncentrace prachu ve spalinich, pricemz pro oba vypocty bylo @oz met
stanoveno jako primér z 15 minut odbéru.

Sazové Cislo a hmotnostni koncentrace prachu

Celkem bylo pro vyhodnoceni vhodnosti pouZiti vySe uvedené metody vybrano 111
spalovacich zdroja vSech zakladnich typt konstrukei (prohotivaci, odhotivaci, zplynovaci
a automaticky), pri spalovani Sirokého spektra paliv, jak z pohledu jejich sloZeni, tak
z pohledu jejich charakteristického rozméru (kusové drivi, hnédé uhli, Cerné uhli, drevni
pelety, drevni brikety), priCemzZ tyto zdroje byly témér vyhradné obsluhovany jejich
provozovateli, nikoliv Skolenymi techniky, coZ zajistilo obdrZeni Sirokého spektra dat
s velmi rliznorodymi vysledky (330 jednotlivych odbérti) interpretovanymi v nasledujici
kapitole.

VYSLEDKY A DISKUZE

Porovnani ziskanych vysledku namérenych pomoci Bacharachovy a referencni
(gravimetrické) metody je uvedeno na Obr. 1.
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Z vysledki vyplyva Ze ve vétsiné pripada (74 %) Bacharachova metoda prezentuje
hmotnostni koncentraci prachu v niZsi nez referen¢ni metoda. Linearni kiivka popisujici
vztah mezi hodnotami stanovenymi obéma metodami prochazejici nulou disponuje
koeficientem korelace R? = 0.5532, coZ znamena Ze predstaveny model v urcité mire
vysvétluje variabilitu v datech, ale ne zcela. StéZejnim vysledkem vSak je rozdéleni
jednotlivych méreni do kvadranti dle limitnich hodnot hmotnostni koncentrace prachu
ve spalinach stanovené Zakonem o ochrané ovzdusi (PCR, 2012), tedy 125 mg:m-3 pro
biogenni paliva a 150 mg-m-3 pro fosilni paliva. Cilem orienta¢ni zkousky je jednoduse
rozhodnout, zdali spalovaci zdroj spliuje pozZadavky zakona, ¢i nikoliv. Celkové
vyhodnoceni Bacharachovy metody z pohledu limitnich hodnot urcenych legislativou je
uvedeno v Tab. 2.
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Obr. 1: Porovnani vysledki hmotnostni koncentrace prachu stanovenych Bacharachovou
a referen¢ni metodou.

Tab. 2: Celkové vyhodnoceni vysledkti Bacharachovy metody z pohledu limitnich hodnot
urcenych legislativou.

Vyhovuje Nevyhovuje Suma

Colkern KS] 182 19 82 47 330
[%] 55.2 5.8 24.8 14.2 80.0 20.0

Fosiln LKS] 144 10 41 28 233
[%] 64.6 4.5 18.4 12.5 83.0 17.0

_ [ks] 38 9 41 19 107
slomasa 1o 355 84 383 178 738 262

Pozn.: C¢erné - spravné urcena kategorie hmotnostni koncentrace Bacharachovou
metodou (pod limit, nad limit), Cervené - nespravné urcend kategorie hmotnostni
koncentrace Bacharachovou metodou (pod limit, nad limit)

Z pohledu legislativy bylo z 330 provedenych méfeni metodou Bacharach 182

spravné urceno jako ,vyhovujici“ a 82 bylo spravné urceno jako ,nevyhovujici“. Naopak
nespravné urceno bylo 19 méreni, které byly metodou Bacharach oznaceny jako
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vyhovujici, pricemz referencni metoda prokazala prekroceni zakonem stanovenych
limitd. Posledni kategorii jsou testy metodou Bacharach oznacené jako nevyhovujici, ale
referen¢ni metodou oznacené jako vyhovujici. Jedna se celkem o 47 testli, které by
znamenaly v realném provozu opakovani méreni. Celkem tedy bylo spravné stanoveno
80 % vSech méreni.

Pri bliz$im pohledu na kategorizaci jednotlivych métreni dle ptivodu pouZzivaného
paliva, je zfejmé, Ze piresnost méreni byla vyssi u fosilnich paliv, kdy bylo spravné urc¢eno
83 %, zatimco u biogennich paliv pouze 74 %.

Vysledky je mozné rovnéZ interpretovat dle jednotlivych konstrukcnich typt
spalovaci zdroji (prohorivaci, odhotivaci, zplyfiovaci a automaticky), pricemzZ nejlépe
Bacharachova metoda fungovala u zplynovacich kotl{i, kde bylo spravné kategorizovano
87.7 % odbéri. Méreni uskutecnéné u odhofivacich a automatickych kotl byly
kategorizovany spravné s témér 81 % uspésnosti, zatimco u prohortivacich kotlii byla

ZAVER

Bacharachova metoda spojena s nezavislym vyhodnocenim dat predstavuje moZnou
alternativu kbézné pouzZivanym Kkuffikovym analyzatorim spalin se zlomkem
porizovacich i provoznich nakladl. Celkové dosaZena presnost urceni kategorie dle
uvedeného zpusobu vyhodnoceni byla cca 80 %, pricemz dle typu paliva, nebo dle typu
zdroje se pohybovala v rozmezi 73.6 a 87.7 %.

Dalsi vyzkum by mél byt zaméren na zvySeni mnoZstvi zdrojovych dat a zlepSeni
prepoctu sazového ¢isla na hmotnostni koncentraci prachu.
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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 Anastasio,
2012).

UvoD

Znecisténi ovzdus$i je jednim zvaznych globalnich ekologickych problémi.
Atmosféricky aerosol je znamy jako zdroj fady zdravotnich nasledkt. Prvky predstavuji
dtlezitou kategorii znecistujicich latek, kterym je vénovana pozornost. Maji velky
potencial byt vazany na atmosférické Castice a nasledné se vdechnutim aerosolii dostavat
do lidského téla, coZ ma za nasledek mnoho zdravotnich komplikaci (respira¢ni
onemocnéni, rakovina plic, astma, kardiovaskularni potiZe). Prvky se do ovzdusi uvoliuji
z ptirodnich i antropogennich zdroji (doprava, primysl). Pro pochopeni vlivu prvkid na
Zivotni prostredi a na lidské zdravi je nezbytné studium jejich koncentrace v ovzdusi (Li
a kol,, 2013).

METODY MERENI

Aerosolové ¢astice frakce PM1a PM1o byly soubéZné vzorkovany na velkoobjemové
vzorkovace DHA-80 a DHA-77 (Digitel, priitok vzduchu 30 m3/h). Vzorky byly odebirany
ve 48 hodinovych intervalech po dobu 4 tydnti v zimnim obdobi (6.2.-6.3.2023) a v letnim
obdobi (12.7.-9.8.2023) v Brné. Vzorkovani probihalo na nitrocelulézové filtry (primér
150 mm, porozita 3 um, Sartorius).

Hmotnostni koncentrace aerosolu byla stanovena gravimetrickou metodou
rozdilt hmotnosti filtri pied a po odbéru aerosolu.

Navzorkované filtry s aerosolem byly pak rozstrihany na Ctvrtiny. Prvni ¢tvrtina
filtru byla rozloZena v kyseliné dusicné pomoci mikrovinného rozkladu (UltraWAVE,
Milestone). Rozlozeny filtr byl pouzit na analyzu celkového obsahu jednotlivych prvki
vyuZitim ICP-MS s trojitym kvadrupdélem (ICP-MS 8800, Agilent).
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Pomoci standardnich roztok prvka byl promeéfen vliv prvki na oxidativni
potencial, ktery byl méren oxidaci kyseliny askorbové (AA). Standard vybraného prvku
byl inkubovan pti 37 °C s kyselinou askorbovou o koncentraci 10 mM v ¢asovém rozmez{
5-35 min. V predem stanoveny ¢as byl vzorek spektrofotometricky proméren vyuZzitim
UV-VIS spektrofotometru (DU 520, Beckman) pii vinové délce 265 nm.

VYSLEDKY A ZAVER

Priimérné hodnoty hmotnostnich koncentraci pro frakci PM1 16,38 pg/ms3 a pro
frakci PM10 28,33 pg/m3 v zimnim obdobi byly dvakrat vyssi neZ v obdobi letnim. V letnim
obdobi byly priimérné hmotnostni koncentrace frakce PM1 8,04 pg/m3 a pro frakci PM1o
14,16 pg/m3.

Frakce PM1a PM1o méstského aerosolu byly podrobeny analyze na obsah 21 prvki
(Na, K, Ca, Sr, Ba, Ti, V, Cr, Mo, Mn, Fe, Co, Ni, Cu, Cd, Al, Sn, Pb, As, Sb, Se). VétSinou byla
koncentrace prvkl v zimnim obdobi vy$si nez v letnim obdobi. Chemické sloZeni aerosolt
je zavislé na meteorologickych podminkach a na zdrojich znecistujicich ovzdusi, proto je
jeho sloZeni proménlivé.

Ubytek kyseliny askorbové byl zméfen v simulované tekutiné plicnich sklipki
(Simulated alveoli fluid, SAF) pro standardy kationtti 8 kovt (Cu, Ni, Fe, Pb, Zn, Sr, V, Cr).
Z vyse uvedenych proméienych kovi zplsobuji nejvyssi ubytek kyseliny askorbové Cu,
Pb a Fe a nejnizsi ubytek kyseliny askorbové byl u Cra V.
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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 alters
the radiation budget of the Earth(Bond et al., 2013). The radiative properties of BC heavily
depend on its vertical profiles(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 modeling-based studies on BC vertical distribution are particularly poor (Chen
etal,, 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 long-range transport(Ramana et al., 2010). Among all the other methods,
drones have recently gained popularity because of their high-cost efficiency, flexibility,
and mobility. Besides comparing BC aerosol vertical distribution at an urban and a
regional background site, 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
locations: 1. NAOK (National Atmospheric Observatory KoSetice), which represents
aregional background site, and 2. MFF (Faculty of Mathematics and Physics in Prague),
which represents an urban location. At NAOK, a 250-meter 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 (D]JI Mavic 3). The micro-
Aethalometer AE51 (AethLabs San Francisco, CA) provides real-time 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 a constant speed of 1 m s-1 along the tower at NAOK
and the MFF building, respectively. The drone hovered at different heights for at least 5
minutes and then ascended in the same vertical direction at the same speed. The
descended flights were not considered due to the 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 profiles of black carbon aerosols were measured from July 31 - Aug 4, 2023
at NAOK and Aug 14 - Aug 20, 2023 at MFF. The weather conditions during the campaigns
were rainy and gusty at NAOK, while at MFF temperatures were high. The vertical profile
exhibits very little change from 4m to 100m at MFF, suggesting a well-mixed layer, while
a slight concentration decrease above 100m elevation can be observed at NAOK (Fig. 1).
The comparison of eBC concentrations from micro-Aethalometer AE51 on the drone and
Aethalometer AE33 at the top of the tower (230m) can also be seen, establishing the
comparability of the data.

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 leaving
early from the office during the summertime).
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Fig. 1: Left: boxplot of eBC concentration from AE51 on the drone and from the reference
device AE33 on the NAOK tower, right: boxplot of eBC concentration from AE51 on the
drone at MFF.
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INTRODUCTION

Atmospheric aerosols (AA) belong to short-lived climate forcers with high spatial
and temporal variability. Although the radiative effects of AA are greatest on regional
scales, changes in aerosol emissions can induce long-term global climate effects (Szopa et
al, 2021). Thus, the measurement of aerosol properties is essential for better
understanding of aerosol’s impact on health and climate. Although several international
projects and platforms have been monitoring AA properties worldwide (GAW, WMO,
ACTRIS, EMEP, EUCAAR], etc., Pandolfi et al., 2018), only PM10 or PMzs cutoff sizes have
been used for measurements, and information about PM1 particles is missing.

The aim of this study is to present aerosol scattering properties with supporting data
of absorption and particle number size distribution in PM1 in years 2018-2022 at peri-
urban atmospheric site “Atmospheric Observations in LiLLE” (ATOLL) in Lille, France.
This study is the first to present results dedicated to aerosol scattering properties at this
site.

EXPERIMENTAL SETUP

ATOLL is a peri-urban atmospheric station located in Villeneuve d’Ascq, Northern
France (50.6114 N, 3.1406 E, 60 m a.s.l.), 6 km away from the city center of Lille. The
station is part of the Aerosols, Clouds, and Trace gases Research InfraStructure (ACTRIS,
http://www.actris.net), providing high-quality long-term atmospheric data in northern
France. Measurements used for the present study were performed between January 1,
2018, and December 31, 2022.

Measurements of the dry total scattering (osp) and backscattering (obsp)
coefficients are performed using Aurora 3000 nephelometer (ECOTECH) operating at
450, 525, and 635 nm at 5 L min-1 with a Nafion dryer upstream of the instrument (<40%
RH) and a PM1 cyclone. The nephelometer is adjusted daily using particle free air and
calibrated monthly using CO2. Both scattering coefficients have been corrected from
angular truncation errors and illumination intensity non-idealities based on Miiller et al.
(2009). Climate relevant variables such as the scattering Angstrém exponents (SAE),
hemispheric backscattering ratio b and the asymmetry factor g were calculated.
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Dry absorption coefficients (oabs) were continuously measured with a seven-
wavelength aethalometer (AE33, Magee Scientific Inc., (Cuesta-Mosquera et al., 2021)) at
a sampling flow rate of 5 L. min-1 downstream of a PM1 cyclone (BGI SCC1.197, Mesa Labs).
The spectral dependency of oabs was used to determine the contributions of traffic (fossil
fuel - BCi) and biomass burning (BCbb) 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 15.7-800 nm (divided into more than 100 bins) at an
aerosol flow rate 1 L min! 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 by Villani et al. (2007) and a Nickel aerosol
neutralizer (Ni-63 95MBq). The sheath flow rate 4.8 L min-! was controlled with a critical
orifice in a closed-loop arrangement (Jokinen and Makeld, 1997). The scan time was 300
seconds, and the particle concentrations were corrected by considering multiple charge
effects and diffusion losses calculated 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 2022) were run (Stein
et al., 2015).

RESULTS AND CONCLUSIONS

The overall data coverage of the aerosol light scattering data was 81 % (2018-
2022). The medians of osp over the entire observed period were 31.5 Mm-1, 24.8 Mm-! and
19.3 Mm1, while obsp medians were around 4.0 Mm1, 3.3 Mm-1, and 2.8 Mmat 450, 525
and 635 nm, respectively. The Mann-Kendall seasonal test showed a significant decrease
of osp at 525 (Fig. 2) and 635 nm over the observed time, both of 2.0 Mm year-,
respectively. No significant decrease was observed for obsp at any wavelength, suggesting
a relative increase in the backscattering fraction relative to total scattering. This
observation is supported by a significant increase in b and significant decrease in g at all
wavelengths.

The median of capat 525 nm was 5.1 Mm-1, the median concentration of eBC at 880
nm was 330 ng.m-3 and median concentration of BrC at 370 nm was 100 ng.m-3 throughout
the whole period. Analysis of the contribution of fossil fuel (oap_ff) and biomass burning
(oap _bb) to absorption showed an overall cap_ff median of 4.0 Mm-! and cap_bb median of
2.0 Mm-1L. Although no significant interannual change was found for cap, éBC or BrC, oap_ff
showed a significant decrease in all seasons in total light absorption by aerosols in Lille
(Tab. 1).

The size distribution was divided into two modes: particles 20-300 nm and 300-
800 nm. A closer look has also been taken at the particles in sizes 20-30 and 30-60 nm.
All size modes except 300-800 nm showed a statistically significant increase in
concentration over time (p<0.05, a=0.05) with the steepest increase observed for the 20-
30 nm size fraction (Tab. 1). The median concentrations of 20-30 nm, 30-60 nm, 20-300
nm and 300-800 nm were 1216, 2012, 5736 and 43 # cm3, 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 of osp at 525 nm. The widths of boxplots are
proportional to the square roots of number of observations in separate seasons and
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 Mann-Kendall Seasonal test results (tau and p-value)
of selected optical properties and particle number size distribution modes. Significant

trends are highlighted.
Mann-Kendall Seasonal test
Slopes
tau p-value
osp at 450 nm -2.1 Mm-1/year -0.16 0.08
Osp at 525 nm -2.0 Mm-1/year -0.18 0.05
osp at 635 nm -2.0 Mm1/year -0.16 0.03
obsp at 450 nm -0.3 Mm-/year -0.15 0.08
obspat 525 nm -0.2 Mm-1/year -0.15 0.10
obspat 635 nm -0.2 Mm-1/year -0.16 0.07
oapat 250 nm -0.3 Mm-/year -0.14 0.14
oap ff -0.3 Mm-1/year -0.20 0.03
Oap_bb -0.1 Mm-/year -0.05 0.59
eBC -23 ng m3/year -0.17 0.07
BrC -4 ng m3/year -0.09 0.35
Mode 20-30 nm 239 # ccm3 /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 size mode over time. The observed median PM1 mass
concentration was 8.3 pg m-3 (assuming a constant over size distribution and over time
density of 1.8 g cm-3) with no significant interannual change due to the small contribution
of particles in the 20-300 nm size mode to the overall mass concentration of aerosols.
Regarding the data COVID-19 pandemic, the analysis did not show a significant
influence on any of the aerosol properties. Concerning the European oil and gas crisis, it
has been noticed that December 2022 influenced the trend of winter and annual
variations of all observed variables: The war in Ukraine caused restrictions on Russia’s
gas supply to Europe. The resulting gas and oil prices led to the European oil and gas crisis,
which was noticeable mainly in December 2022 due to the need for residential heating.
As aresult, 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 Kingdom (gov.uk, 2023), resulting in
increased levels of osp, obsp, 0ap at all wavelengths, SAE, eBC, BrC, particle effective radius,
mass concentration and number concentration of particles from 300-800 nm in
December 2022.
Alongside of local residential sources, analysis of ten-day backward trajectories from
HYSPLIT model in December 2022 (
Fig. 3) showed the significant air mass transport coming from southwest of France
(Cordemais power plant) and northwest of United Kingdom (Ratcliffe-on-Soar power
station). Each of the two suspected coal-fired power plants are one of only two
remaining active coal power plants in France and the United Kingdom.
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Fig. 3: 10-day hourly back-trajectories arriving at ATOLL in December 2022. Back-
trajectories were calculated for each hour at ATOLL arriving at half the boundary layer
height using GDAS 1°x 1° meteorological data. The color contour represents the number
of back-trajectory crossing counts in each grid cell (resolution 0.2°x0.2°). The locations of
coal-supplied power plants in France and the United Kingdom are indicated with red
circles.
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Metal content in traffic emissions is often overlooked during regulation and
policymaking. Exhaust and non-exhaust traffic emissions, including tire and brake wear
and resuspended dust, contribute significantly to particulate matter and pose significant
health effects to humans in urban areas (Johansson et al., 2009). The 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 (PMzs). This project signifies
the first high-time resolution elemental analysis of Prague aerosols.

EXPERIMENTAL METHODS

A one-month-long measurement campaign was conducted from February to March
2020 at an urban traffic site in Prague (16,500 vehicles and 700 trams per day). Elemental
data were obtained from an Xact625i Ambient Metals Monitor (nondestructive energy
dispersive X-ray fluorescence, EDXRF) and elemental/organic carbon from a Sunset
Laboratory EC/OC analyzer, both equipped with a PM2s head at a two-hour 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
sulfate and v) Traffic (Fig. 1). Dust was 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. The Marine factor was associated with
marine salts originating from the Atlantic alongside road salts. Secondary sulfate was
characterized by S, As and EC, representing regional transport of coal-fired power plant
emissions. Traffic consisted of exhaust (Mn, Cr and EC) and non-exhaust (Zn, Fe)
emissions from vehicles, with a lower contribution than expected for a traffic site.
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Fig. 1: PMF source profile. Bars represent mass concentrations (ng/ms3), open bars
represent mean DISP (distributed source pathway) values, and error bars represent
confidence intervals.

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 long-distance transported
coal emissions was found, with significant implications for air quality in Prague.
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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 al.,, 2011). 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 but also holds significant commercial
promise. Addressing this challenge, partly due to the limitations of our existing
mathematical and computational models, which struggle to accurately predict the
delivered dose for individual patients and advancing 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 focuses on
orientations of fibres upstream and downstream of the first airway bifurcation.

EXPERIMENTAL SETUP

The experiment involved the use of fibers prepared from Supafil® Loft glass wool
(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 fluidized-bed-
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 3D-printing from the realistic geometry originating from CT scans.

The fibers had a diameter ranging from 4 to 6 um and a length ranging from 30 to
50 um. Recording of the fiber flow was carried out using a high-speed camera, the
FASTCAM SA-Z (Photron, Japan), equipped with a long-distance microscope with a 12X
Zoom lens from NAVITAR (New York, USA), which included a 2X F-mount adapter (type
1-62922) and a 12 mm F.F zoom lens (type 1-50486). The images were captured at a
spatial resolution of 1.5 um per pixel, with maximum image dimensions of 1.5x1.5 mm for
aresolution of 1024x1024 pixels. The flow was illuminated by background lighting, which
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was provided by a pulse LED light model HPLS-36DD18B (Lightspeed Technologies, USA),
with a light pulse duration of 400-800 ns.

RESULTS

The recorded data were processed using in-house image-processing 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 ﬂlpS
measured point
cross-section H \% H Vv V-oH H>V
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) B 5.35 mm 13 17 12 18 0 1
1.5 mm 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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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) (Vichrow et 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 the inhaler to the human respiratory tract. The aim of
this study was to determine the influence of RH 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 Tab. 1. To measure
particle number size distribution an on-line spectrometer APS 3321 (TSI) was 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 lpm and the size distributions were measured
in 52 size channels in the range of 0.5 - 20 pm. All measurements were performed under
laboratory conditions t = 25 + 0.5 °C and RH = 35 * 5%, that were measured by using of
datalogger View2 (Tinytag). The influence of increased RH was measured under
conditions t =25 + 0.5 °C, RH =90 * 1% and flow rate 30 Ipm. For these measurements, a
humidifier connected to the cryostat and T/RH sensor were installed between the elbow
and the isokinetic sampling for the APS spectrometer.

Tab. 1: List of inhalers with manufacturer information.

Inhaler Type Active substance (ng/dose) 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 AND CONCLUSIONS

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 position of
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.

a) b)
8 - 8 -
030 Ipm lab.
A & 030 Ipm d;% condition
2 <60 Ipm a® 030 Ipm 90% RH
290 Ipm @
| % | o & @
% T8
% A
2 a 2 4 a
4 @
0 b 0 . W

0.1 1 dp(um) 10 100 0.1 1 dp(um) 10 100

dN/dLogDp (%)
=

dN/dLogDp (%)
=

Fig. 1: Number particle size distributions of the Fulhale inhaler under different a)
inspiration flow rates and b) RH
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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 use them 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 was to
determine the physical parameters and chemical and bacteriological composition of
water in selected forest springs around Brno.

EXPERIMENTAL SETUP

Samples were collected in spring and autumn 2023. 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 samples included measurement of anions by ion
chromatography (ICS 2100, Dionex), cations by capillary electrophoresis (Agilent 7100,
Agilent Technologies), NH4* by continuous flow method with fluorescence detection
(Alexa and Mikuska, 2020), elements by ICP-MS (model Agilent 7700x, Agilent
Technologies), total organic carbon (TOC) and dissolved organic carbon by TOC-VCPH
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 water, guided in the database of
estudanky.eu as a source of drinking water, have been selected for monitoring. Quality of
spring water was evaluated according to the requirements for drinking water.

Conductivity and pH of most samples satisfied the required limit. The
concentrations of NH4*, anions and elements in none of the samples exceeded 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 contaminated with 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 was mostly 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 use this testing
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 measured, 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 303-5 and the legislative requirements of the Air Protection Act
201/2012 Coll.

UvoD

Na zakladé zkuSenosti s testovanim stacionarnich spalovacich zdrojti na pevna paliva
(dale jen spalovaci zdroje) pri vyzkumnych a certifikacnich ¢innostech ve zkuSebné byl
vypracovan postup testovani téchto zdrojli v redlném provozu v domacnostech. Cilem
bylo pomoci tohoto postupu testovani zjistit provozni parametry spalovacich zdroji
v realnych podminkach. Celkem bylo zméfeno 111 redlné provozovanych spalovacich
zdrojl riznych konstrukci spalujici rizné typy pevnych paliv. Pro kazdy méreny spalovaci
zdroj byly stanoveny hmotnostni koncentrace CO, OGC a prachu a také byla stanovena
energetickd ucinnost. Vysledky jsou statisticky vyhodnoceny a srovnany s poZadavky
normy CSN EN 303-5 (UNMZ, 2023) a s legislativnimi poZadavky zakona o ochrané
ovzdusi 201/2012 Sb. (Parlament Ceské Republiky, 2012).

METODY MEREN{

Metodika testovani spalovacich zdroji

Kontinualné byly méreny objemové zlomky CO (NDIR, ABB URAS 26), OGC (FID, ABB
FIDAS 24), Oz (paramagneticky, ABB MAGNOS 206). Dale byla kontinualné mérena teplota
spalin v blizkosti vystupu spalin ze spalovaciho zdroje. Diskontinualné byla gravimetricky
stanovovana hmotnostni koncentrace prachu. Pri kazdém méreni byly provedeny tri
patnactiminutové odbéry (viz. Obr. 1). Po kaZzdém méreni byl odebran popel a v ném
stanoven nedopal uhliku. Pro kazdé pevné palivo byl proveden zakladni technologicky
rozbor a prvkové sloZeni (Cr, Hr, Nr, Or, S, hmotnostni podil vody wr, popele Ar
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a vyhrevnost paliva Qr). Byl vypocitdn mérny vyvin spalin, ktery spolu s objemovym
zlomkem Oz, teplotou spalin na vystupu spalovaciho zdroje a nedopalem v popelu slouZil
pro stanoveni energetické ucinnosti spalovaciho zdroje nepfimou metodou. Kazdy
spalovaci zdroj byl pred mérenim vyciStén, osazen mérici technikou a nasledné bylo
provedeno jeho zapaleni, které obvykle trvalo v rozmezi ptil aZ jedné hodiny, béhem této
doby jiz byly kontinualné sledované veli¢iny zaznamenavany, ale jejich hodnoty nejsou
soucasti nize diskutovanych hodnot. Po dosazeni obvyklého provozniho vykonu zdroje,
byl zapocat trihodinovy testovaci ¢asovy usek (viz Obr. 1), ktery je cely soucasti nize
diskutovanych primérnych hodnot. V kazdé hodiné testovani byl proveden jeden odbér
pro stanoveni hmotnostni koncentrace prachu. Po 180 minutach od pocatku testovani
bylo méteni ukonceno a spalovaci zdroj byl, bud’ dale provozovan, nebo odstaven z
provozu v zavislosti na aktualni potiebé tepla provozovatele. Spalovaci zdroje byly témér
vyhradné obsluhovany provozovatelem.

3 hodinovy test

Zatop kotle
1. odbér prachu 2. odbér prachu 3. odbér prachu
:............"."..............’...0.‘......"'.:.....:

12:15 12:45 13:15 13:45 14:15 14:45 15:15
Obr. 1: Ptiklad pribéhu testovani jednoho spalovaciho zdroje (barevnymi obdélniky jsou
oznaceny jednotlivé hodiny testovani, priCemz v kazdé znich vidy probéhl jeden
15minutovy odbér vzorku prachu).

Testovani spalovacich zdroja

Celkem bylo provedeno 111 testli redlnych spalovacich zdroji v domdacnostech.
Tab. 1 shrnuje poéty prométrenych spalovacich zdrojii podle tf{dy kotle dle CSN EN 303-
5, podle konstrukce a podle pouZitého paliva.

Tab. 1: Souhrn poétii proméfenych spalovacich zdroji podle tiidy kotle dle CSN EN 303-
5, podle konstrukce a podle pouZitého paliva.

Trida kotle dle Konstrukce kotle Biologické palivo Fosilni palivo Celkovy
CSN EN 303-5 soucet
bez tridy prohofivaci 8 2 10
odhoftivaci 3 2 5
zplynovaci 1 1
1 prohofiivaci 3 4 7
2 odhoftivaci 1 1
3 odhoftivaci 3 4 7
zplynovaci 5 1 6
automaticky 1 6 7
4 odhoftivaci 3 4 7
zplynovaci 1 1
automaticky 1 2 3
5 odhoftivaci 7 6 13
zplyfiovaci 26 26
automaticky 10 7 17
Celkovy soucet 73 38 111
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Mezni hodnoty hmotnostnich koncentraci CO, OGC, prachu a energetické ucinnosti

Stanovené hodnoty hmotnostnich koncentraci CO, OGC, prachu a energetické
ti¢innosti byly porovnavany s limitnimi hodnotami uvedenymi v CSN EN 303-5 (UNMZ,
2023). V normé& CSN EN 303-5 jsou uvedeny limitni hodnoty hmotnostnich koncentraci
CO, OGC a prachu pro kotle do vykonu 50 kW (viz Tab. 2), v této vykonové hladiné byly
vSechny vySe uvedené spalovaci zdroje. Tyto limity hmotnostnich koncentraci CO, OGC a
prachu pro tiidu kotle 3 jsou totozné s minimalnimi emisnimi poZadavky pro teplovodni
kotle s jmenovitym tepelnym prikonem do 65 kW vcetné, uvedenymi v priloze ¢. 11
zakona 201/2012 Sb. ,0 ochrané ovzdusi“ (Parlament Ceské Republiky, 2012). Od za¥i
2024 musi kazdy provozovany stacionarni spalovaci zdroj na pevna paliva o jmenovitém
tepelném prikonu do 65 kW vcetné, ktery slouZi jako zdroj tepla pro teplovodni soustavu
ustiedniho vytapéni, tyto limity plnit. Od roku 2020 je mozZno uvadét na trh jen kotle
spliiujici smérnice o Ekodesignu (Evropska komise, 2015), to v praxi v podstaté znamena
moZnost zakoupit pouze kotle tiidy 5.

V normé CSN EN 303-5 (UNMZ, 2023) je také definovan minimalni poZadavek na
energetickou uc¢innost viz Tab. 3.

Tab. 2: Limitni hodnoty parametrt dle CSN EN 303-5 pro teplovodni kotle se jmenovitym
vykonem do 50 kW.

tirida rucnia rucnia samoc¢inna® samocinna?
parametr Kotle biologickéP) fosilniP) biologické b) fosilnib)
CO* mg/m3 3 5,000 5,000 3,000 3,000

4 1,200 1,200 1,000 1000

5 700 700 500 500
0GC* mg/m3 3 150 150 100 100

4 50 50 30 30

5 30 30 20 20
prach® mg/m3 3 150 125 150 125

4 75 75 60 60

5 60 60 40 40

* Suché spaliny; 0 °C; 101.3 kPa; 10 % O
a) Zpiisob dodavky paliva
b) Typ paliva

Tab. 3: Limitni hodnoty energetické Gi¢innosti dle CSN EN 303-5 pro teplovodni kotle se
jmenovitym vykonem do 50 kW (stanoveno pro jmenovité vykony kotli 15, 20, 25

a 30 kwW).

parametr trida 15 20 25 30

ucinnost % 1 54.1 54.8 55.4 55.9
2 64.1 64.8 65.4 65.9
3 74.1 74.8 75.4 75.9
4 82.4 82.6 82.8 83.0
5 88.2 88.3 88.4 88.5

VYSLEDKY, DISKUSE

Statistické vyhodnoceni stanovenych trihodinovych primérnych hodnot
a jejich porovnani s vybranymi meznimi limitnimi hodnotami

Hodnoceni je provedeno: a) podle konstrukce métenych kotld, b) podle tiidy kotli
dosazené pri certifikaci.
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a) Vysledky méieni seskupené podle konstrukce mérenych kotli

CO @10 % O, mg/m3N OGC @10 % O, mg/m3N
12 000 2000
10 000
1
8000 >00
6 000 1000
X X
4000
2000 T 200
0 1 === 0 m e
prach @10 % O, mg/m3N ucinnost %
400 100
90 L
300 T
80 - x
200 T
> 70 l 1
100 o ?
L
0 50

M prohofivaci B odhofivaci B zplynovaci [ automaticky

Obr. 2: Statistické vyhodnoceni CO, OGC, prachu a tcinnosti dle konstrukce kotl.

Srovnanim zakonnych limiti CO (pro tfidu kotle 3 jsou uvedeny hodnoty 5 000 nebo
3 000 mg/m3, viz Tab. 2) s namérenymi priimérnymi hmotnostnimi koncentracemi CO
(viz Obr. 2 vlevo nahofe) je mozZno Kkonstatovat, Ze zakonny limit s vysokou
pravdépodobnosti plni pouze automatické kotle. Dale je moZno konstatovat, Ze
prohofivaci kotle tento zdkonny limit mohou splnit jen ve vyjimecnych ptipadech.
Odhorivaci a zplyniovaci kotle maji median leZici blizko hranice zakonného limitu, a tedy
priblizné polovina dosazenych vysledki je nad limitem a polovina pod limitem.

Srovnanim zakonnych limit OGC (pro tiidu kotle 3 jsou uvedeny hodnoty 150 nebo
100 mg/m3, viz Tab. 2) s naméfenymi primérnymi hmotnostnimi koncentracemi OGC
(viz Obr. 2 vpravo nahofe) je mozZno Kkonstatovat, Ze zakonny limit s vysokou
pravdépodobnosti plni pouze automatické kotle. Dale je moZno konstatovat, Ze vSechny
ostatni kotle tento zakonny limit plni jen ve vyjimecnych pripadech.

Srovnanim zakonnych limitd prachu (pro tridu kotle 3 jsou uvedeny hodnoty 150
nebo 125 mg/m3, viz Tab. 2) s naméfenymi primérnymi hmotnostnimi koncentracemi
CO (viz Obr. 2 vlevo dole) je mozno konstatovat, Ze zakonny limit s vysokou
pravdépodobnosti nedosahuji prohotivaci a odhotivaci kotle. Zplytiovaci a automatické
kotle maji median leZici blizko hranice zadkonného limitu, a tedy priblizné polovina
dosazenych vysledkii je nad limitem a polovina pod limitem.

Srovnanim limitu energetické ué¢innosti dle CSN EN 303-5 (pro t¥idu kotle 3 je
hodnota cca 75 % pro kotle s vykonem cca 25 kW, viz Tab. 2) se stanovenou energetickou
ucinnosti (viz Obr. 2 vpravo dole) je moZno konstatovat, Ze jej pomérné bezpecné splituji
automatické a zplynovaci kotle, tedy moderni konstrukce kotlt. Starsi konstrukce kotlg,
prohotivaci a odhotivaci s vysokou pravdépodobnosti limitni energetické uUcinnosti
nedosahuji.
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b) Vysledky méi‘eni seskupené podle tiridy kotli dosazené pii certifikaci

CO @10 % O, mg/m3N OGC @10 % O, mg/m3N
12 000 2 000
10 000 L s00
8 000 X T .
6 000 1000
4000
X
2 000 . 200 i
0 0 -
prach @10 % O, mg/m3N ucinnost %
500 100
400 } 90 T
300 9 80
200 X 70 + ¢
100 l ! 60 + =7
0 50

Mbeztridy 1 H2 @3 W4 B5

Obr. 3: Statistické vyhodnoceni CO, OGC, prachu a G¢innosti podle t¥idy kotli dle CSN EN
303-5 dosazené pri certifikaci.

Srovnanim zakonnych limit CO (pro tiidu kotle 3 jsou uvedeny hodnoty 5 000 nebo
3 000 mg/m3, viz Tab. 2) s naméfenymi primérnymi hmotnostnimi koncentracemi CO
(viz Obr. 3 vlevo nahofe) je mozZno konstatovat, Ze zakonny limit s vysokou
pravdépodobnosti plni pouze kotle paté tridy. Dale je moZno konstatovat, Ze kotle tieti
a Ctvrté tridy maji median leZici blizko hranice zakonného limitu, a tedy pribliZné polovina
dosazenych vysledkt je nad limitem a polovina pod limitem. Kotle bez certifikace a kotle
prvni a druhé tridy tento zakonny limit mohou splnit jen ve vyjimecnych pripadech.

Srovnanim zadkonnych limitl OGC (pro tfidu kotle 3 jsou uvedeny hodnoty 150 nebo
100 mg/m3, viz Tab. 2) s naméfenymi primérnymi hmotnostnimi koncentracemi OGC
(viz Obr. 3 vpravo nahore) je mozno konstatovat, Ze kotle paté tfidy maji median leZici
blizko hranice zakonného limitu, a tedy ptiblizné polovina dosaZenych vysledkt je nad
limitem a polovina pod limitem. Kotle tieti a ¢tvrté tridy plni zdkonny limit jen ve
vyjimecnych pripadech. Kotle bez certifikace a kotle prvni a druhé tridy dosahuji vysledki
nad stanovenym zakonnym limitem.

Srovnanim zakonnych limitd prachu (pro tiidu kotle 3 jsou uvedeny hodnoty 150
nebo 125 mg/m3, viz Tab. 2) s namérenymi primérnymi hmotnostnimi koncentracemi
prachu (viz Obr. 3 vlevo dole) je mozno konstatovat, Ze zakonny limit s vysokou
pravdépodobnosti plni pouze kotle paté tridy. Kotle bez certifikace a kotle prvni, druhé,
treti a ¢tvrté tfidy maji median lezici blizko hranice zdkonného limitu, a tedy ptiblizné
polovina dosaZenych vysledkt je nad limitem a polovina pod limitem.

Srovnanim limitu energetické Gc¢innosti dle CSN EN 303-5 (pro tiidu kotle 3 je
hodnota cca 75 % pro kotle s vykonem cca 25 kW, viz Tab. 3) se stanovenou energetickou
ucinnosti (viz Obr. 3 vpravo dole) je mozZno konstatovat, Ze jej pomérné bezpecné dosahuji
kotle paté tridy. Kotle treti a ¢tvrté tiidy dosahuji medianu kolem 70 % a ziidka dosdhnou
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limitu dle CSN EN 303-5. Kotle bez certifikace a kotle prvni druhé tidy pozadovaného
limitu v béZné provozu nedosahuji.

ZAVERY

Jen vyjimecné bylo pozorovano, Ze kotel v realnych podminkach dosahoval stejné
parametry jako pri certifikaci na zkuSebné. Drtiva vétSina spalovacich zdroji (kotli)
v béZném provozu dosahuje horsich parametr.

Zakonné limity v béZném provozu dosahuji jen nékteré moderni kotle (tridy 3,4 a 5
dle CSN EN 303-5).

Nejcastéji zakonné poZadavky plni automatické kotle. Pokud automatické kotle
montazni firmy nebo nedostate¢nym servisem Kkotle.

Moderni kotle srucni prikladkou paliva splnuji zdkonné poZadavky pouze za
piredpokladu, Ze jsou obsluhovany zkuSenym operatorem, ktery dany typ kotle pomérné
dobie zna. V opa¢ném pripadé jsou tyto kotle nevhodné nastaveny nebo béZné spalované
palivo nema idealni velikost a vlhkost nebo kotel neni spravné servisovan. Obecné je
mozno konstatovat, Ze kotle s rucni prikladkou paliva jsou velmi citlivé na zasahy ze
strany obsluhy.

Dosahovani zakonnych limiti v béZné praxi je podminéno pouzivanim modernich
spalovacich zdroji v kombinaci s dostatecné znalou obsluhou.

PODEKOVANI

Prace vznikla vramci feSeni projektu TACR, Program prostfedi pro Zivot,
SS01010121 s nazvem Analyza skutecného provozu zarizeni pro vytapéni domacnosti
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SUMMARY

The potential of corona discharge to regulate PM and NOx emissions from small-scale
biomass combustion was examined. The electrostatic precipitator was designed and
applied to control these emissions from a 15-kW heating unit. The ESP was tested in
different power modes at both polarities and demonstrated 100-% efficiency for particle
precipitation and a reduction in NOx 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, Nt-product, and specific input energy. The
results of this work may contribute to reducing the labour intensity associated with the
design of ESP.

UvoD

Spalovanim tuhych paliv v malych zdrojich o tepelném vykonu mens$im nez 500 kW
emituji do atmosféry zneciSt'ujici latky, ¢imz prispiva ke kardiovaskularnim a respira¢nim
onemocnénim a zptisobuje pred¢asnou umrtnost srovnatelnou s imrtnosti valek a nasili
pred rokem 2015 (Landrigan et al., 2018). Nejvice prispivajicimi k tomu emisemi jsou
pevné castice (PM) a oxidy dusiku (NOx).

PrestoZe se velikost ¢astic z modernich malych kotlti 1isi podle typu kotle a zaviseji na
jeho provoznim rezimu, PM emise se vétSinou skladaji z ultrajemnych €astic, mensSich nez
200 nm. Lze tyto emise efektivné reSit elektrostatickym odluovanim - procesem
zaloZenym na nabijeni a odstrafiovani ¢astic elektrické pole. Nabijeni tak jemnych ¢astic
se nejcastéji popisuje difiznim mechanismem, ktery predpoklada, Ze Castice ziskavaji
naboj kvili srdzkdm s ionty pochybujicimi podle gradientli koncentraci ionti a teplot.
Naboj na ¢asticich je tedy vysoce zavisly na koncentraci iontf.

Odstranovani NOx se obvykle provadi ze spalin predbézné podrobenych ¢isténi od
prachu pomoci elektrostatického odlucovani nebo filtracii NOx mohou byt spalin
eliminovany pomoci selektivni/neselektivni katalyzy. Tyto technologie jsou Siroce
rozsifeny v priamyslu, ale zkuSenosti s jejich provozem ukazaly znacnou zavislost jejich
ucinnosti na stabilité objemu, sloZeni a vysoké teploté spalin. Nékteré aplikace SCR na
spalovani v malém méritku jsou znamy. Priklady aplikace téchto technologie na malé
spalovani jsou znamy a prokazali Spatnou pouzitelnost katalyzy vzhledem k
technologickym aspektiim (Ozgen et al., 2021).

Alternativné, NOx lze eliminovat v netepelném plazmatu (NTP), vznikajicim
elektrickymi vyboji. NTP je ionizovany plyn s nizkou objemovou teplotou a obsahuje
vysoce energetizované elektrony a ionty. Tyto prvky mohou i pfi pokojové teploté
iniciovat riizné chemické reakce, vedouci k rychlému a i¢innému odstranéni plynnych
znecCisStujicich latek, a to bez silné zavislosti na parametrech spalin.

71



Koronovy vyboj generuje NTP jen v omezeném aktivnimu objemu elektrostatického
odlucovace (EO). Presto se elektrostatické odlucovani jevi jako slibna technologie pro
dekontaminaci nebezpecénych plynt v kombinaci s t¢innym odstranénim tuhych castic.

Tento ¢lanek se vénuje procestim odlu¢ovani PM a NOx v EO s povazovanim béznych
technologickych parametri elektrického vyboje. Prvni je mérna spotieba energie (MSE)
[J/L], ktera predstavuje elektricky vykon vyboje [W] ptiloZeny ke pritoku plynu [L/s].
U¢innost odstrafiovani pro riizné znecist'ujici latky obvykle souvisi s timto parametrem.
Druhym je Nt-produkt - soucin koncentrace ionti a doby setrvani v elektrickém poli (t) -
charakterizuje dobu stravenou kontaminantem v médiu se specifickou koncentraci iontd.
Nt-produkt tak predstavuje rovnovahu mezi konstrukénimi a provoznimi parametry
aparatu.

METODY MERENT{

Experimentalni sestava zarizeni je znazornéno na Obr. 1.

NOx
N o 'f:'";j‘ ‘ ‘ —» —»> T _»4@
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Obr. 1: Experimentalni sestava zafizeni.

Spaliny vznikaly v béZném komercné dostupném automatickém kotli na spalovani
pelet o tepelném vykonu 15 kW. Plyny ze spalovani byly odstraniovany ventilatorem, ktery
byla provozovan automaticky s udrZzenim stalého podtlaku.

Emise PM a NOx kotle byly redukovany EO s voStinovymi usazovacimi elektrodami s
aktivni délkou 1000 mm tvoirenymi 20 Sestithelniky se stranou o 25 mm. Celkova
usazovaci plocha EO (A) byla pies 3 m. Srsici elektrody z nerezového dratu (priamér 0,35
mm) byly instalovany podél osy kazdé vostiny.

EO byl napajen na vysokonapétovou jednotku XP Glassmann model PS/030R040-22
s maximalnim vystupnim napétim 30 kV a proudem 40 mA. Gi¢innost ESP byla testovana
s napétimi obou polarit stoupala z napéti iniciace vyboje na hodnotu elektrického
prarazu, pritom elektricky proud EO se postupné nartistal od 0,1 do 40 mA. Timto rtzné
podminky pro usazeni ¢astic a dekontaminaci NOx byly simulovany. VSechny testy byly
opakovany pétkrat a experimentalni podminky pro kazdy test byly udrZovany témeér
konstantni.

SloZeni spalin bylo detekovano infraervenym detektorem spole¢nosti ABB (NDIR).
Pocetni koncentrace (PN) a velikostni distribuce ¢astic byly definovany elektrickym
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nizkotlakym impaktorem (ELPI) Dekati. K ptizptisobeni vzorkili provoznim schopnostem
ELPI byla pouZita fedici jednotka FPS-4000. Redici pomér byl nastaven na 1:80 a
kontrolovan porovnanim koncentraci COz ve spalinach a ve vzorku. VSechny namérené
koncentrace byly normalizovany na suchy plyn pri 101,325 kPa, 0 °C a referen¢nimu
02=10 %.

Priamérna koncentrace iontti byla ziskana takto:

I

- Au;eE,y

pritom bylo vyhodnoceni primérné intenzity elektrického pole E,, zjednoduseno na
pomeér hodnoty pouzitého napéti U ke vzdalenosti mezi elektrodami R a pohyblivost iontl
y; byla 2.1x10-4 m%/Vxs pro zdpornou a 1.4x10-4 m2/Vxs pro kladnou polaritu vyboje.
Mérna spotieba energie byla vyhodnocena nasledovné:

IxU
SIE = = (2)

U¢innost odstrafiovani NOx (¢astic) byla hodnocena pomoci hodnot koncentraci NOx
(¢astic) mérenych pri vypnutém/zapnutém EO:

[NOx]go zap
[NOx]go vyp

VYSLEDKY, DISKUSE A ZAVERY

Informace o experimentalnich podminkach je uvedena v tabulce 1 a volt-ampérova
charakteristika EO je vyobrazena na Obr. 2.

Tab. 1: Informace o podminkach experimentd.

Parametr Hodnota
Teplota spalin, °C 110
Pritok spalin, L/s 10
Obsah N2 ve spalinach, vol % 63.48
Obsah CO:2 ve spalinach, vol % 14.06
Obsah 02 ve spalinach, vol % 14.15
Vlhkost spalin, vol % 8.31
Koncentrace CO, mg/m3 200/(500%)
Koncentrace NOx, mg/m3 200/(200%)
Koncentrace PM, mg/m3 48/(40%)

* Pozadavky Ekodesignu

Minimalni méritelna hodnota proudu v EQ, 0,1 mA, byla ziskana pri zaporném napéti
5,0 kV a 7,7 kV pri kladné polarité (viz Obr.2). Kladna koréna byla omezena priirazy v ESP
pfi napéti 11,9 kV a proudu 30 mA. Negativni koréna byla stabilni, ale maximalnim
moZnym proudem, 40 mA, omezena na 12 kV.
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Obr. 2: volt-ampérova charakteristika EO.

Zmény koncentraci obou znecistujicich latek v zavislosti na priloZeném napéti jsou
pro kazdy provozni rezim EO uvedeny na Obr.3. Pocatecni koncentrace NOx 200 mg/m3 s
naristem elektrického pole vyznamné klesala a byla pfi maximalnim napéti na EO o 12
kV sniZena na minimalni hodnotu 44/46 mg/m3 pri pozitivni/negativni koréné. Celkova
pocetni koncentrace ¢astic se sniZila z 8x10° #/cm® na hodnotu spadajici pod detekéni limit
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Obr. 3: Vliv priloZeného napéti na koncentraci ¢astic a NOx.

Elektrické pole selektivné predava energii nabitym prvkim, predevsim elektronim.
Energetizované elektrony se srazeji ve spalinach s neutralnimi molekulami. Pri¢emZ
energie predana elektrontim ovliviiuje vysledky takovych srazek: vysoce energetizované
elektrony zajiStuji disociaci molekul na volné radikaly, kationty a dalsi elektrony, zatimco
slabsi elektrony mohou zpiisobit metastabilni stav molekul.

Disociace molekuly se uskutecni, pokud energie prenesena elektronem na tuto
molekulu prevysi hodnotu energetické disociacni bariery této molekuly. Disociace H20 a
02 tedy prevlada kvili nizkym energetickym barieram. Hlavnimi produkty disociace jsou
OH-radikaly a excitované atomy O(1D) nebo atomy kysliku v zakladnim stavu O(3P)
kysliku. Posledni z nich reaguji s molekularnim kyslikem se vznikem ozonu.
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VySe uvedené produkty iniciuji preménu NO na vySsi oxidy a uroven ozonu hraje v
tom klicovou roli: nizkd koncentrace ozonu déla z NO:z hlavni oxida¢ni produkt NO,
zatimco vys$si obsah ozonu zptlisobuje tvorbu vyssich oxidl dusiku, vétsSinou N20s (Sun et
al., 2014). VSechny produkty oxidace NO reaguji s OH radikaly a vodni parou za vzniku
kyseliny dusi¢né (HNOs) a dusité (HNO2) v plynném stavu. Prostiedi korénového vyboje
stimuluje nukleaci, ktera preménuje plynné polutanty na kapalné aerosoly. Nové vzniklé
Castice se nasledné vysrazely spolecné s pivodnimi ¢asticemi popilku (Skalska et al.,
2010).

Zvyseni napéti v EO mélo za nasledek vétsi energetizaci elektronii a zvyseni jejich
koncentrace. Proto disociace probihala svétsi intenzitou, coZ zplisobovalo vetsi
produktivitu aktivnich radikalti a atomi a naslednou intensifikaci chemickych reakci
dekontaminaci NOx.

Podminky nabijeni ¢astic difuznim nabojem se urcuji koncentraci ionti a dobou
setrvani ¢astic v iontovém prostiedi, a proto dostavaji ¢astice stejny naboj pii hodnoté Nt-
produktu stejné pri kladné a zaporné a koroné. Generace Nt-produkt vyzaduje priloZzeni
relativné vyssiho napéti pri kladné polarité, ¢imZ je definovana vyssi driftova rychlost
nabitych castic. Proto se €innost odluc¢ovani pri stejném NT produktu vyssi pro kladnou
polaritu vyboje (viz Obr. 4).

K inicializace redukce NOx dochazelo pti zaporné a kladné koroné uz pti hodnoté Nt-
produktu o 0,8x10°s/cm3 a 1x10? s/cm3 resp.; nartist Nt-produktu vedl k dosazeni 78-%
ucinnosti dekontaminaci NOx u obou polarit.
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Obr. 4: Vliv Nt-produktu na ucinnost EO.

Vliv spotieby energie na t¢innost odlu¢ovani (Obr. 5) byl v souladu s nasi predchozi
studii (Molchanov et al., 2021) a v pracimi jinych vyzkumniki, v¢etné (Cid et al., 2022), a
(Fischer etal., 2012).

Obé polarity vykazovaly inicializace odstranovani NOx, kdyz SIE presahla 1 J/L.
Maximalni dosazZend ucinnost odstraiiovdni NOx byla 77,60/78,41 % pro
zapornou/kladnou polaritu vyboje. Této uc¢innosti odpovidala stejna hodnota pouZitého
napéti o 12 kV. Proud pro negativni korénu vsSak byl 40 mA a prevySoval proud pro
pozitivni korénu 30 mA, coZ zajistilo SIE 48,4/35,7 ] /L pro zdpornou/kladnou korénu.

Dopad spotrebné energie na ucinnosti odstranovani NOx je pro kladnou a zapornou
polaritu vyboje odliSny. To lze vysvétlit reakcemi generace ozonu. Pozitivni vyboj
generoval 0zdn v nepatrné koncentraci, takze jen O(3P) a OH definuji dekontaminaci NOx.
Nicméné reakce generace ozonu byly pro negativni korénu prinosnéjsi, coz si vynutilo
vyssi koncentrace ozonu.
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Generace ozonu vSak je doprovazena jeho degradaci, které pfi intensifikaci
elektrickych parametra EO se intenzifikovalo vic nez tvorba ozonu. ZvySena aktivace ESP
si navic vynutila dllezitou zpétnou reakci NO2+03 -NO+02 kterd se zintenziviiuje s
rostouci koncentraci ozonu a se vice projevuje pri negativni koroné (Jogi et al., 2016). To
kdyz ucinnost odstranovani NOx piesahla 30 %.

Tento vyzkum prokédzal moznost sniZovani emisi NOx a PM malych kotlli pomoci
elektrostatického odluc¢ovani. EO byl provozovan pfi riznych rezimech a byl vyhodnocen
vliv Nt-produktu a spotieby energie na jeho Gc¢innost EO. Studovany EO prokazal sniZeni
NOx z 200 mg/m?3 na 44/46 mg/m?3 pro zapornou/kladnou korénu, coz odpovida 78%
ucinnosti odstranovani NOx. V tomto byla MSE fixovana na 48,4/35,7 ]/l pro
zapornou/kladnou korénu. Koncentrace suspendovanych ¢astic byly v emisich kotle
sniZeny na hodnotu odpovidajici jejich koncentraci v okolnim vzduchu.
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SUMMARY

The Czech Institute for Accreditation (CIA, www.cai.cz) has issued the Association 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: ALME-OR-
06: Determination of particulate matter (TSP) mass flow in flowing air mass.

The proficiency testing programme for the ALME-OR-06 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 criteria through
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 organisations
that specify laboratory requirements.

UvoD

Cesky institut pro akreditaci (CIA, www.cai.cz) v souvislosti se zkou$enim
zpUsobilosti laboratoii (Proficiency testing - PT) prostrednictvim programu zkouseni
zptisobilosti (PZZ) v souladu s CSN EN ISO/IEC 17043 a v souladu s MPA 30-03-12 bod 4
vydal Asociaci laboratofi pro méteni emisi (CEET VSB TUO, 2023) Osvédéeni o akreditaci
¢. 376/2015 pro programy zkouSeni zplisobilosti v oblasti méfeni emisi (odpadniho
plynu) a vzorkovani mimo jiné také pro metodu: ALME-OR-06: Stanoveni hmotnostniho
toku tuhych znecistujicich latek (TZL) v proudici vzduSiné.

Program zkouseni zptlisobilosti pro metodu ALME-OR-06 je kaZdoroc¢né realizovan na
Testovaci trati instalované na zkuSebné Vyzkumného energetického centra (ALME,
2023). ZkouSeni zplisobilosti je vyhodnoceni vykonnosti ucastnika viici predem
stanovenym Kritériim pomoci mezilaboratorniho porovnani. Potreba trvalé divéry ve
vykonnost laboratoie neni podstatna jen pro laboratore a jejich zakazniky, ale téZ pro
dalSi zainteresované strany, jako jsou regulacni organy, akreditaCni organy akreditujici
laboratore a dalsi organizace, které specifikuji poZadavky laboratore.

METODY MERENI
Technicky popis Testovaci traté
Testovaci trat umoznuje ve vertikalnim potrubi pripravu referencni (,pravdivé”)
hodnoty téchto velicin:
e hmotnostni tok TZL (25-2500 g/h)
e stredni koncentrace TZL v méricim profilu (5 az 500 mg/m3 @ O °C,
101 325 Pa)
e stredni rychlost vzduSiny v méricim profilu (5 azZ 20 m/s)
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Byla ovérena moznost provozu prasné trati s extrémnim tokem uhelného prachu.
Kratkodobé reZimy (cca 5 min) byly provozovany na hodnotach cca 135 kg/h pro
kalibraci prachomért sledujicich nebezpec¢né mezni koncentrace prachu.
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Obr. 1: Schéma trati pro pripravu aerodisperzni smési.

Princip funkce

Priprava koncentrované aerodisperzni smési je zajiSténa vibra¢nim davkovacem,
ktery sype zndmé mnoZstvi prachu (TZL) do trychtyte, ze kterého je smés vzduchu a
prachu dopravovana k ejektoru. Ejektor nasava davkovany prach se vzduchem a v
difuzoru dochazi k smichani této smési se vzduchem trysky ejektoru. Nasledné je tato
smés dopravovana potrubim 20 mm pres kénicky sméSovaci kus (perforovany plech) na
vstup do odbérového useku testovaci traté, ktery je tvoren vertikalnim potrubim 315 mm
o délce cca 7 m. Na vertikdlnim odbérovém useku jsou dvé stanovisté umoznujici realizaci
reprezentativniho odbéru vzorku plynu pro stanoveni stfedni koncentrace TZL a jejich
hmotnostniho toku. Dale je vzdusina vedena do filtra¢niho zatizeni, kde dojde k zachytu
podstatné casti nadavkovaného prachu. Filtracni zarizeni je nasledné spojeno
s ventilatorem, ktery predstavuje zdroj sani pro mérici trat. Referen¢ni hodnota
hmotnostniho toku TZL je stanovena na zakladé zvaZeného mnoZstvi nadavkovaného
prachu a délky doby davkovani. Koncentrace je stanovena z hmotnostniho toku TZL a z
objemového priitoku vzdusiny v testovaci trati (Prandtlova sonda).
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Princip a vyhodnoceni zkousek

Na uvedené testovaci trati je pripravovan referen¢ni aerosol po dobu piibliZné jedné
hodiny. Ovérovana mérici laborator (ucastnik) ma v méricim profilu ¢.1 nebo €. 2 (viz
Obr.1) nainstalovanou svou aparaturu pro gravimetrické stanoveni koncentrace
celkového prachu v uzavireném profilu a pro méreni priatoku plynu v méricim profilu. Na
zakladé mérenych udaji laborator stanovuje hmotnostni tok TZL v méficim profilu.
Kazda mérici laborator provadi tfi samostatnd stanoveni, kterd jsou porovnavana
s referen¢nimi hodnotami. Pro vyhodnoceni PZZ bylo vyhodnocovano dosaZeni absolutni
hodnoty Z-skore <2. Je hodnoceno stanoveni stredni rychlosti proudéni vzduSiny
v méficim profilu, stfedni hmotnostni koncentrace TZL v méricim profilu a hmotnostni
tok TZL. Z-skore (Z) je pocitano dle vzorce (1).

it
z= |2 e

kde (x;) je hodnota namérené veliCiny, (¢;) oznacuje nezavislou referenc¢ni hodnotu
na prislusné urovni velic¢iny a (o) je variabilita méfené veli¢iny v intervalu <0;1>.

Hodnota variability o byla pro stfedni rychlost proudéni vzdusiny stanovena obvykle
na hodnoté 0,08, pouze v letech 2009 a 2010 na hodnoté 0.10. Hodnota variability ¢ byla
pro koncentraci TZL a pro hmotovy tok byla obvykle stanovena na hodnoté 0.2, pouze
vletech 2009 aZz 2013 na hodnoté 0.15. Vletech 2009 a 2010 stacilo pro dspésné
absolvovani PZZ dosahnout pouze jedné hodnoty Z-skore s absolutni hodnotou <2 ze ti{
provedenych stanoveni. V dalSich letech bylo poZadovano dosaZeni vSech tii Z-skore s
absolutni hodnotou <2.

VYSLEDKY, DISKUSE A ZAVERY

Zkousky jsou na VEC kaZdoro¢né poradany jiZ od roku 2009. V roce 2023 probéhl jiz
15. ro¢nik zkousSeni zplisobilosti. Celkem se tuto dobu PZZ TZL zucastnilo 370 méricich
laboratoft, z toho poctu je 77 jedine¢nych meficich laboratoii z CR, SR, Polska, Némecka,
Srbska a Recka. T¥i laboratoie se ztic¢astnily PZZ vice nez deset krat. Dvacet laboratof{ se
zUcCastnilo PZZ pét az deset krat. Tricet laboratofi se zucastnilo PZZ dva az Ctyti krat.
Dvacet Ctyti laboratofi se ztcastnilo PZZ pouze jednou.

Uéast v programech zkou$eni zptisobilosti je povinna pro tisp&$né ziskani a udrzeni
akreditace. Uspé$nost je vyhodnocovana pomoci Z-skore, jehoZ absolutni hodnota musi
byt pro vSechny tri zkousky <2 (vyjimky jsou uvedeny vyse). V praxi z toho vyplyva (pri
hodnoté variability nastavené na 0.2), Ze je tolerovana odchylka od referen¢ni hodnoty
o velikosti 40 % obéma sméry. Tohoto relativné benevolentné zvoleného kritéria
kazdorocné nedosdhne pomérné vysoky podil ucastniki (viz Obr. 2).
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Obr. 2: Podil netspésnych ucastnikili v jednotlivych letech PZZ.
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PocCty a procentudlni dspésnost dcastniki pro 3 ovéfované parametry jsou uvedeny
v Tab. 1. Vletech 2009 az 2012 byla pripravovana referen¢ni hmotnostni koncentrace
TZL na vyssich urovnich (40 az 100 mg/m?3), v nasledujicich letech byla tato referenc¢ni
hodnota pripravovana na urovnich kolem 20 aZz 30 mg/m3. Také byla postupné
v jednotlivych letech sniZovana stfedni rychlost vzduSiny v méricim profilu a s tim souvisi
také postupné snizovani hmotnostniho toku TZL.

Tab. 1: Prehled poctu ucastniki, jejich uspéSnosti a pripravenych strednich hodnot
v uplynulych letech.

Tan & * Tan s * Tan i *

Rok  Pofet* a) UspésSnost b) UspéSnost c) UspéSnost
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

Legenda k tabulce: * ucastniki

a) Hmotnostni tok TZL - primérna hodnota

b) Stredni koncentrace TZL v méticim profilu - primérna hodnota
c) Stredni rychlost vzduSiny v méricim profilu - primérna hodnota

Z uvedeného je zrejmé, Ze spravné stanovovani hmotnostni koncentrace celkovych
¢astic a nasledné hmotnostniho toku celkovych castic je zna¢né naro¢nou disciplinou
méreni. JeSté ndrocnéjsi je hmotnostni (¢i pocetni) stanovovani jednotlivych velikostnich
frakci cCastic. Toto je realizovdno pomoci riiznych separatori Castic (impaktor,
cyklon, differencial mobility analyzer, ...) a chyby stanoveni budou jisté na vysSSich
urovnich.
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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 carbon monoxide, ozone, PM2.s and PM1o 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. in the “State of the Air 2009” report (ALA, 2009) issued by
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 standards that
must be at least as stringent as those introduced 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 requirements on passenger
cars, medium-duty passenger vehicles, and light-trucks and introduced the 10 ppm sulfur
limit for gasoline fuel in 2015. Along with many other programs directed toward a
substantial reduction of VOCs, NOx and SOz emissions including the California’s Low-
Emission Vehicle (LEV) regulations and zero-emission vehicle (ZEV) regulation
introduced in 2017 as part of the Advanced Clean Cars package, the North American
Emissions Control Area required that ocean vessels must switch to fuel with 1,000 ppm
of sulfur after January 1, 2015. For comparison, the sulfur fuel standard for ocean-going
vessels after 2015 was 5,000 ppm, worldwide.

The goals of this study were: i) to identify the pollution sources and their
contributions to the ambient PM2s concentrations at two sampling sites located in the
South Coast Air Basin (Los Angeles and Rubidoux) in California from 2005 to 2019, and
ii) 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, DN-PMF (Dai et al., 2020), was
employed for data apportionment of the ambient PM2s composition data for LA and
Rubidoux. Both datasets were downloaded from the EPA (AQS, www.epa.gov/ags). DN-
PMF was the method of choice here to correct 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 (Solomon et al.,, 2014) for the determination of organic carbon (0C)
and elemental carbon (EC) fractions have changed in 2007 at both sampling sites, the
source apportionment was performed separately for the pre- and post-OC/EC data from
each sampling site. The long-term trends of the resolved pollution source contributions
were analyzed further using the seasonal-trend decomposition (STL) method with the
loess smoothing operator, Theil-Sen non-parametric estimator of slope with the Mann-
Kendall trend statistics and piecewise regression. To identify the local major sources of pollution
depending on the wind speed and direction, the conditional bivariate probability function
(CBPF) estimates and back trajectory analysis were used. The methodology for the
analysis of data from a given sampling site is schematically presented in Fig. 1.
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Fig. 1: A scheme for data analysis.
RESULTS AND CONCLUSIONS

Among the pollution sources resolved at LA and Rubidoux using DN-PMF (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, and road dust (Soil/RD), and OP-rich. The OP-rich 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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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 increased short-term residual wood burning caused by the strong winter storms and
unusually low atmospheric temperatures.

The long-term drought in California and many wildfires in the surrounding area led
to an increasing trend in dust in Rubidoux and LA. The elevated OP-rich emissions in
December 2017 were observed most likely as the result of the devastating Ventura
wildfire and severe storms.

The “residual oil” (RO) and “traffic” sources were identified only in LA. Residual oil
emissions dropped after April 2017 after the implementation of the cleaner on-going
vessels fuel and electrification of the LA Port Piers for container ships. The major reason
for lower “traffic” emissions observed after 2010 may be the implementation of the ZEV
program and introduction of the Low Carbon Fuel Standard for gasoline and diesel fuels.

The “gasoline” (GAS) and “diesel” vehicles were characteristic sources only for
Rubidoux. Emissions from both region-specific sources decreased over time. The decline
in the “diesel” emissions between 2007 and 2011 was probably related to the U.S.
economic recession period from late 2007 to in early 2009, while the overall decreasing
trend in “gasoline” vehicle emissions after 2017 was linked to the implementation of the
ultra-low sulfur standard of 10 ppm in 2015.

The concentrations of PMzs decreased over the study period at both sampling sites,
while not all of the identified source emissions decreased proportionally.
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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 fact that the
number of vehicles and the number of kilometers driven increases every year (OECD,
2020; EEA, 2020). Road transport is a source of exhaust and non-exhaust emissions of
particulate matter (PM). Non-exhaust PM emissions include road surface wear, tires,
brakes and road dust resuspension. This study focused on the analysis of the
physicochemical properties of road dust and PMio, PM2s and PM1 in the air (size,
concentration, distribution, content of chemical elements), the properties of urban
aerosol (number, mass and area distribution), and at the same time, the interconnection
between the detected chemical elements in road dust and individual PM fractions in the
air in order to reveal the sources of PM in the Zilina City, Slovakia.

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,, 2022). The chemical profile of road dust for the fraction below 10 pm strongly depends
on the sources of these particles, but in general, it is composed of different minerals
containing silicon, aluminum, calcium, titanium, strontium (road wear and crustal
material), antimony, tin, barium, iron, copper and manganese (brake wear), zinc (tire
wear) and carbon (elemental and organic) (Harrison 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

The measurement was carried out in the city of Zilina in the Vl¢ince housing estate,
Vysokoskolakov Street, during the measurement period 9 April 2019-16 April 2019.

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 (Fig. 1).

Spectrometers from TSI SMPS 3080 (scanning mobility particle sizer) and CPC 3772
(a condensation particle counter) and APS 3321 (an aerodynamic particle sizer) (Fig. 1)
were used to determine the characteristics of the aerosol in the air in the range of 12 nm-
20 pum.
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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 sites (RDS1 - 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 LVSS—X nd ds 200S (left) and SMPS and
APS (right).

Inorganic elements in the collected road dust samples were detected using an ARL™
QUANT’X EDXRF spectrometer. The elemental chemical analysis 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 AND CONCLUSIONS

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 sieves. Overflows through a standard sieve with 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 PM2srepresented an average of 67% of the total fraction of PM1o
during weekdays. On average, PM1 accounted for 51% of the total PM1o fraction during
weekdays. The PMz2s-10 fraction represented, on average, 33% of the PM1o fraction during
weekdays. During the weekend, the share of PM25 and PM1 fractions increased to values
of 85% and 60%, respectively, and the share of PM25-10 decreased to 15%.

The mass concentration Am, surface AS and number AN for the three size groups of
urban aerosol particles are shown in the following table (Tab. 1).

Tab. 1: Number, surface area and mass of particles of urban aerosol divided into three
size groups taken at the PMS using SMPS and APS devices.

Particle Size Interval (um)
Lower Bound Upper Bound

Number AN (#/cm3) Surface AS (um2/cm3) Mass Am (pg/m3)

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
passed through a control sieve with a hole size of 125 pm. According to the analysis, the
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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 samples (Fig. 2).

mCa mSi WAl mMg mFe mK ®5 mTi @5 mMn mZn m7r mCr mCu

Fig. 2: Percentage representation of chemical elements in road dust samples from
sampling sites RDS1-RDS4.

Chemical analyses of PM were performed using ICP-MS. Using this method, the
concentrations of the elements Mg, Al, Si, K, Ca, S, Cr, Cu, Fe, Cd, Sb, Ba, Pb, Ni and Zn in the
PM fractions were determined. Different representations of elements in the total PM1o
fraction were demonstrated, with some elements being more represented in the fine PM2.5
fraction and some in the coarse PMzs-10 fraction. While in the PM25s-10 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 the PM2s fraction, the
predominant elements (>60%) were S 92.0%, K 70.5%, Cd 98.1%, Sb 68.3%, Pb 96.6%,

Ni 63.8% and Zn 86.3% (Fig. 3).
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Fig. 3: Percentage representation of chemical elements in PM fractions from the
total PM1o 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 PMz2s-10. It follows from the
above that resuspended road dust had a significant effect on increased concentrations,
especially the PM25-10 fraction. In the PMz.s-10 fraction, the most important elements were
calcium, silicon, magnesium and iron (most represented in terms of quantity). Based 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
formation of PM in the air were interpreted: material of the Earth’s crust (Al, Si, K); brake
lining wear (Fe, Cu, Ba, Zn, Al, Cr, K); road surface wear (Si, Ca, K, Fe); 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).

ACKNOWLEDGEMENT

This paper was supported by a VEGA 1/0337/22 grant entitled "Analysis of the
influence of the pavement surface texture on skid friction, road safety, and the potential
of road dust resuspension”.

REFERENCES

OECD. Non-Exhaust Particulate Emissions from Road Transport, OECD: Paris, France,
(2020).

European Environment Agency (EEA). Air Quality in Europe—2020 Report, EEA:
Copenhagen, Denmark, (2020).

Amato, F., Pandolfi, M., Moreno, T., Furger, M., Pey, ], Alastuey, A., Bukowiecki, N., Prevot,
A.S.H., Baltensperger, U., Querol, X., Sources and variability of inhalable road dust
particles in three European cities, Atmos. Environ., 45, 6777-6787, (2011).

Casotti Rienda, 1., Alves, C.A., Nunes, T., Soares, M., Amato, F., Sdnchez de la Campa, A,
Kovats, N., Hubai, K., Teke, G. PM1o0 Resuspension of Road Dust in Different Types of
Parking Lots: Emissions, Chemical Characterisation and Ecotoxicity, Atmosphere, 14,
305, (2023).

Fussell, J.C., Franklin, M., Green, D.C., Gustafsson, M., Harrison, R.M., Hicks, W., Kelly, F.].,
Kishta, F., Miller, M.R., Mudway, LS., et al., A Review of Road Traffic-Derived Non-
Exhaust Particles: Emissions, Physicochemical Characteristics, Health Risks, and
Mitigation Measures, Environ. Sci. Technol, 56, 6813-6835, (2022).

Hong, S., Yoo, H., Cho, ]., Yeon, G., Kim, L., Characteristics of Resuspended Road Dust with
Trafficand Atmospheric Environment in South Korea, Atmosphere, 13,1215, (2022).

Harrison, R.M., Allan, J., Carruthers, D., Heal, M.R,, Lewis, A.C., Marner, B., Murrells, T.,
Williams, A., Non-exhaust vehicle emissions of particulate matter and VOC from road
traffic: A review, Atmos. Environ., 262, 118592, (2021).

Casotti Rienda, 1., Alves, C.A., Nunes, T., Soares, M., Amato, F., Sdnchez de la Campa, A,
Kovats, N., Hubai, K., Teke, G., PM1o Resuspension of Road Dust in Different Types of
Parking Lots: Emissions, Chemical Characterisation and Ecotoxicity, Atmosphere, 14,
305, (2023).

Jandacka, D., Durcanska, D., Seasonal Variation, Chemical Composition, and PMF-Derived
Sources Identification of Traffic-Related PM1, PMz2s, and PMzs-10 in the Air Quality
Management Region of Zilina, Slovakia, Int. J. Environ. Res. Public Health, 18, 10191,
(2021).

Alves, C.A., Evtyugina, M., Vicente, A.M.P., Vicente, E.D., Nunes, T.V,, Silva, P.M.A., Duarte,
M.A.C, Pio, C.A., Amato, F., Querol, X., Chemical profiling of PM1o from urban road
dust, Sci. Total Environ., 634, 41-51, (2018).

Gustafsson, M., Review of Road Wear Emissions. In Non-Exhaust Emissions, Elsevier:
Amsterdam, The Netherlands, pp. 161-181, (2018).

Jandacka, D., Brna, M., Durcanska, D., Kovac, M., Characterization of Road Dust, PMx and
Aerosol in a Shopping-Recreational Urban Area: Physicochemical Properties,
Concentration, Distribution and Sources Estimation, Sustainability, 15, 12674,
(2023).

88



SUBMIKRONOVY AEROSOL NA DVOU MESTSKYCH STANICICH V PRAZE

Petra POKORNAL, NadéZda ZIKOVA?L, Petr VODICKA?, Radek LHOTKAY, Jakub
ONDRACEKY, Jaroslav SCHWARZ1, Vladimir ZDIMAL?, Philip HOPKE?2

1Jstav chemickych procesti, AV CR, Praha, Ceska republika, pokornap@icpf.cas.cz
2University of Rochester School of Medicine and Dentistry, Rochester, USA

Klicova slova: Velikostni distribuce pocCtu ¢astic, PM1, Chemické sloZeni, Identifikace
zdroji

SUMMARY

The aim of this work was to determine the submicron aerosol dynamics, chemical
compositions, and origins at two sites in Prague based on the particle number size
distribution (PNSD) and chemical composition of 2/12/24h atmospheric aerosol samples
(PM1) collected in parallel for half-year/within two seasons at two urban sites (suburban
- Suchdol and traffic - VrSovice). Chemical analysis of PM1 for carbon (elemental,
equivalent black - eBC and organic) by thermo-optical method and for water-soluble
inorganic ions by IC was performed. For most months, both number and mass median
concentrations based on the SMPS data differed. Higher eBC concentrations were
measured in VrSovice however eBC concentrations showed good correlation (r=0.80, y-
intercept=0) at the two stations. Higher average PM1 at the traffic site in summer and at
the suburban site in winter, and seasonal differences in ionic PM1 composition reflected
the seasonality of the local sources. Nevertheless, there were no statistically significant
differences in PM1 concentration and ionic composition between the sites.

UvoD

ZlepSeni kvality ovzdusi ve méstech je moZné za predpokladu pochopeni zadkladnich
mechanismii predevsim pokud se jedna o atmosféricky aerosol (AA) a jeho koncentrace,
zdroje a ptvod (Viana et al., 2008). Prace se zabyva studiem dynamiky, chemického
sloZeni a zdroji submikronového aerosolu na dvou méstskych stanicich v Praze.

METODY MERENI

Méreni velikostnich distribuci poctu ¢astic a odbér vzorki PM1(2/12/24 h) probihaly
na pozad'ové stanici Praha-Suchdol (SUCH) a dopravni stanici Praha-VrSovice (VRS) od
Cervna do prosince 2020, respektive vramci intenzivni odbérové kampané béhem
Cervence a srpna (letni) alistopadu (podzimni) 2020. Vzorky PM1 byly analyzovany na
elementarni, ekvivalentni cerny (eBC) a organicky uhlik (teplotné-optickd metoda) a na
ve vodé rozpustné ionty a cukry (IC). Statistické a grafické pracovani dat bylo provedeno
v programech R a Igor 8. Pro vypocet zpétnych trajektorii byl vyuZzit model HYSPLIT.
K ziskani profilti zdroji a jejich prispévku k celkovému poctu ¢astic (N15-500) a PM1 byl
pouzit model Positive Matrix Factorization (EPA PMF).
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VYSLEDKY A DISKUSE

Pro obdobi cerven az prosinec 2020 byl zjiStén mezimésicni statisticky rozdil
medianli poctli i hmoty castic mérenych SMPS pro obé stanice. Mezimésicni rozdil
mediant koncentraci eBC byly také statisticky vyznamny (vys$si koncentrace nameéreny
na stanici VRS) nicméné koncentrace eBC vykazovaly dobrou korelaci (Obr. 1).
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Obr. 1: Vztah koncentraci eBC v PM1 mezi stanicemi Suchdol a VrSovice.

Vysledkem receptorového modelovani velikostnich distribuci poctu aerosolovych
¢astic za sledované obdobi bylo Sest faktort. Jednalo se o ¢astice nuklea¢niho modu (15
nm), Aitkenova modu (SUCH - 33 a 57 nm, VRS - 30 a 51 nm), dolniho akumula¢niho
modu (SUCH - 136 nm, VRS - 109 nm) a horniho akumula¢niho modu (SUCH - 260 a 461
nm, VRS - 233 a 461 nm).

Béhem letni a podzimni intenzivni odbérové kampané byly primérné PMi
koncentrace v Suchdole 25,9+8,9 pg.m=3 a 29,2+7,0 pg.m-3, ve VrSovicich 28,4+6,8 pg.m-3
a 22,1+6,8 pg.m-3. Byly naméteny vyssi primérné koncentrace PM1 na stanici VRS v zimé
a vyssi primérné koncentrace PM1 na stanici SUCH v 1été. Prekvapivé nebyl zjistén
statisticky vyznamny rozdil mezi PM1 a ve vodé rozpustnymi ionty a cukry s ohledem na
lokalitu.

ZAVERY

Ackoli byly béhem sledovaného obdobi zjistény statistické rozdily u nékterych
mérenych proménnych, nebyly tyto rozdily tak vyrazné, jak jsme ocekavali vzhledem
k zdanlivé rozdilné charakteristice stanic. Dlivodem bylo velmi dobré promichani AA
v ramci celého Uuzemi Prahy, a i pres rozdilnou klasifikaci podobnost stanic ve smyslu
zdroji AA.
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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 60-70 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 sealevel,
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 5-5000 nm
reached 10° cm-3, one and half order of magnitude higher than at the height of 70 m.
Interestingly, boat measurements revealed fast decrease of nanoparticle concentrations
in a plume when increasing the distance between the boat and chased ships. The decrease
was 3-4 times faster than appropriate plume dilution traced by COz. Self-coagulation or
coagulation of nanoparticles on accumulation mode sea aerosol were too slow to explain
such a fast decrease. Therefore, a plausible explanation could be that nanoparticles were
scavenged and fast deposited to sea level with sea water mist, generated by the ship
propellers. The suggested mechanism would explain low counts of nanoparticles at higher
heights and also predict nanoparticle limited dispersal from the ships with large
environmental consequences.

UvoD

Lodni preprava patri globalné mezi nejvyznaméjsi antropogenni zdroje aerosolovych
Castic. Kolem 15% svétové lodni prepravy probiha v Baltském mofti Eyring a spol.
(2005). Kvalifikovany odhad disperze castic primarniho aerosolu z lodnich emisi
vyZaduje podrobnou znalost procest a vysledkl fedéni emisi a jejich miseni s motskym
aerosolem, neboli kratkodobé starnuti aerosolu v oblaku lodnich emisi.
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METODY MERENI

Méreni aerosolovych castic v lodnich emisich probéhla v obdobi od 30. bfezna do 12.
dubna 2023 blizko Kadetrinner, vyznamné trasy lodi v Baltském mori. K méreni byla
vyuzita témér identickd instrumentace (Tab.1) umisténa na dalkové fizené vzducholodi
Leoni a spol. (2016) a nafukovacim Clunu. Leteckd méreni probihala ve vysSce 25/70m nad
hladinou ocednu ve vzdalenosti mezi 60/750-830 m od sledovanych lodi. Pfi méreni s
nafukovacim ¢lunem byly vzorkovaci hlavice stabilné ve vysSce zhruba 1,5 m nad hladinou
a ve vzdalenosti 100-600 m od sledovanych lodi. Ty byly pohanény dieselovymi motory
spalujici Marine diesel (MD), Marine gas oil (MGO) nebo LNG. Pouze jedna sledovana lod’
byla vybavena scrubrem emisi.

Tab. 1: Instrumentace méreni na vzducholodi a na ¢lunu. Instrumentace oznacena * byla
vyuZita pouze na ¢lunu.

Parameter Instrument Integracni doba
5-320 nm mSEMS 9403 + mCPC 9404 (Brechtel) 60-sec

300 - 5000 nm OPS 3300 (TSI) 1-sec

*523 - 5000 nm APS 3321 (TSI) 1-sec

*PNC, 20 - 1000 nm P-Trak 8525 (TSI) 1-sec

CO2, GPS IR monitor, GPS 1-sec

PNC = Celkovy pocet ¢astic dané velikosti
VYSLEDKY A DISKUSE

Pti letovych méreni, ve vybranych letovych hladinach a vzdalenostech od lodi, se
median velikostnich distribuci po¢tu (CMD) aerosolovych castic pohyboval obvykle
kolem 65 nm bez ohledu na palivo (Obr.1, vlevo a uprostied) ale v piipadé lodé vybavené
scruberem kolem 120 nm (Obr.1, vpravo).
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Obr. 1: Dynamika velikostnich distribuci poc¢tu aerosolovych ¢astic vySce 25 m pro lod’ s
motorem na MGO (vlevo), a ve vySce 70 m s motorem na MD (uprostred) nebo na MD
vybaveny scruberem (vpravo).

Po odecteni pozadi byly distribuce poctu aerosolovych castic v emisich z lodi bez
scruberu bimodalni, s hlavnim modem kolem 65 nm a vedlejsim kolem 20-30 nm (Obr. 2,
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krivky 1., 2, 3). Naopak, emise z lod{ se scruberem byly vyrazné monomodalni, CMD kolem
120 nm (Obr.2., kiivka 4).
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Obr. 2: Velikostni distribuce poctu aerosolovych ¢astic korigované na pozadi pro lodé
bez scruberu (krivky 1., 2 a 3) a vybavené scruberem (kiivka 4.).

Pfi méreni v ¢lunu pti hladiné mofte, byly distribuce vyrazné monomodalni s CMD
kolem 23 nm, ktery se v podstaté neménil v ¢ase s rostouci vzdalenosti mezi ¢clunem a lodi
(Obr.3).

Obr. 3: Dynamika velikostnich distribuci potu aerosolovych ¢astic ve vzdalenostech

120-600 m, nebo 100-330 m v ¢asech od 8:55 nebo 9:16 pri hladiné mote pro lodé s
motorem na MD nevybavené scruberem.

Po odecteni pozadi byly distribuce poc¢tu aerosolovych castic v emisich z lodi pfti
moftské hladiné bez scruberu vyrazné monomodalni, CMD kolem 23 nm (Obr.4. vlevo).
Nameéiené charakteristiky velikostnich distribuci obecné odpovidaji terénnim mérenim
Petzolt a kol (2008) i globalnim modelovym feSenim Moreno- Gutierrez and Duran-

Grados (2021). Zjisténi, které naopak dopliiuje obé uvedené studie a vyZaduje vysvétleni,
je témér 3 krat rychlejsi pokles koncentraci ¢4

i ¢astic CMD 23 nm, nez by odpovidalo fedéni
oblaku spalin sledované koncentraci COz, (Obr.4. vpravo). Koagulace téchto nanocastic

sama se sebou nebo nebo s ¢asticemi morského aerosolu je totiz priliS pomald. Naopak,
koagulace/zachyt téchto nanocastic na mikrokapic¢ky motské vody o velikosti 50-300 pm,
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které vznikaji rotaci vrtuli sledované lodi, s naslednou rychlou depozici nanocastic na
moi'skou hladinu by mohl vysvétlit jejich maly pocet ve vétsich vyskach. Uvazovani
takového mechanismus zachytu primarnich nanocastic zahy po jejich emisi do volného
ovzdusi by vedl ke zpresnéni modelovych reSeni jejich disperze a lokalizaci depozice na
moiskou hladinu.
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Obr. 4: Velikostni distribuce poctu aerosolovych ¢astic korigované na pozadi pii motské
hladiné pro lodé bez scruberu (vlevo) ve vzdalenosti 330 m (Cervena krivka) a 600 m
(zelena krivka) a pokles normalizovanych hodnot poctu ¢astic CMD 23 nm a CO-.
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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.
Especially combination of different methods mainly as PIXE (Particle induced X-ray
emission), PIGE (Particle induced gamma-ray 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.

EXPERIMENTAL EQUIPMENT IN NPI REZ

Now we have more than thirty years’ experience in using nuclear analytical
techniques in aerosol research in our institute. First we started on 5MV Van de Graff
accelerator and continued on a new 3MV TANDETRON 4130 MC accelerator 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 with the beam resolution
of about 1um and lateral scan 1 x 1 mm.

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 comments on
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 in the 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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Fig. 1: Sample holder in the microbeam target chamber with precise um full adjustment
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
geophysical observatory in Racibérz (Ratiboi) since 1929. While the station was
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 in-situ aerosol instruments were installed earlier this year in a designated
measurement container positioned at the station.

REGIONAL CONTEXT

The vicinity of the station is interesting for pollution studies as the region
demonstrates an industrial-urban aerosol mixture with episodes of very high near-
ground concentrations. Racib6rz is situated near Odra river’s break through the
mountains from Czechia to Poland (the so called Moravian Gate) that results in strong
pollution advection between the two countries.

.........
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Fig. 1: Localization of the Racibérz (Ratibor) station in close proximity to both Katovice
and Ostrava industrial regions.

STATION SETUP

The current instrumentation setup includes a sub-micrometre scanning mobility
particle sizer (TSI 3082 SMPS) that measures number concentration of aerosol particles
with Stokes diameters in 10-800 nm range, an aerosol particle size spectrometer TSI 3321
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APS capable of measuring coarse fraction with aerodynamic diameters from
approximately 500 nm up to 10 um, Ecotech Aurora 4000 polar integrating nephelometer
measuring light’s side scattering at three wavelengths at different angular sectors, and
Magee AE33 aethalometer for optical measurements of absorption on aerosols. All
instruments have ACTRIS compliant sampling and drying setups and are placed in a
measurement container. These new instruments are an addition to the already
continuously operating Cimel sunphotometer (federated in AERONET) with moon
capabilities and a CHM15k “Nimbus” ceilometer. Finally, there is a set of trace gas
analysers (NOx, O3 and SO2) maintained on the station.

CHALLENGES

e 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
lifespan of Nafion membranes in our drying solutions. The Magee’s ‘sample stream dryer’
became clogged after less than two years of operation, and is currently capable of
lowering of the dew point temperature (DPT) by no more than 6°C, compared to the
manufacturer’s claim of no less than 14°C.

e Extreme DPT episodes

During the instrumentation’s test run through the summer season, we encountered a
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
23°C on a few occasions.

FUTURE PLANS

In the very near future, the station will undergo ACTRIS labelling process of the
aerosol in-situ component. Even after initial acceptance a two-year 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 multi-wavelength LIDAR system with
Raman and depolarization channels that, together with the on-site photometer, will
constitute ACTRIS compliant aerosol remote sensing component. Concurrently, the in-situ
component will be complemented with filter based aerosol sampler that will enable
chemical analysis in our ACTRIS partner’s (IPIS PAN in Zabrze) chemical laboratory.
Moreover, we are currently investigating special representativeness of such a multi-
component station. A series of field experiments with mobile in-situ and remote detectors
will be performed in the vicinity (2 sites at ~10km away with the Racibérz station serving
as a ‘supersite’.
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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 into the
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 eDiluter Pro 1200C at two points. Sampling point
1 ~200 -400°C and Sampling point 2 ~600 - 900°C.
Measurements were performed at three boiler load levels: 30%, 60% and 100% using a
Dekati HR-ELPI+.
It was a part of a larger, joint measurement campaign and the sample from eDiluter Pro
1200C was provided also for several CPC’s, Aethalometer, DGI impactor and filter
collections.

99


mailto:oskari.vainio@dekati.fi
mailto:ludovit.balco@biowell.sk

dn/dlogDp (1/em?)

100

RESULTS AND CONCLUSIONS

Almost two weeks installed, flush was used when not sampling. 6 full measurement
days.
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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 and quantitatively measured.
Effect of process changes on corrosive species can be seen in real-time and
detection of corrosive species is not limited by chemical composition.

— Fuel quality

— Temperature
Additive or co-combustion corrosion mitigation can be quickly optimized for
different power outputs and fuels.
The aim is to achieve higher combustion temperature without corrosion, this
increases power plant efficiency and profit directly.
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Fig. 2: Normalized HR-ELPI®+ intensity graph over
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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
processes. Especially, OFR’s are useful tools in studying the photochemical aging of
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.
Despite the 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 Dekati Oxidation 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 OH-radical that is
formed by UV-C (254 nm) photolysis of externally injected O3 and H20. 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 precursor. 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 CO-trace
gas method. The toluene ageing in DOFR was also modelled with the modified PAM-
chemistry model (Brune, W.)

RESULTS AND CONCLUSIONS

The photochemical age was determined for several relative humidities (RH) and
UV-light intensities as a function of O3 concentration. The ageing range was found to be in
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1 - 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 0.1 - 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 OH-exposure and the photochemical age as a function of active UV
lamps of the 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 Unit - Generation 1, developed by DLR (Deutsche Zentrum fiir Luft- und Raumfahrt)
and the automotive company HWA. The ZEDU-1 was 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 were published
with respect of non-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 like 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 non-exhaust particle
emissions from cars and vans. With the upcoming EURO 7 standard, which will determine
related emission ceilings, this new brake emission guideline on Laboratory Measurement
of Brake Emissions for Light-Duty Vehicles is to be applied to practise. The Working Party
on Pollution and Energy (GRPE) is also already working on a procedure to measure tyre
abrasion, where a draft regulation is expected in 2025.

ek
-

Fig. 1: Prototype Zero Emission Drive Unit - Generation 1, (Niissle et al., 2022).
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PARTICLE NUMBER CALIBRATION IN PMP MEASUREMENT 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, and concentration.
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
400 °C.
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Fig. 2: DNP digital 3000 “Golden Standard” for CVS Tunnel Calibration.

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
be considered as a “golden standard” for the calibration of CVS tunnels. DNP digital 3000
can produce any Metallic, Carbon and Metal-Alloy 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 3000 Stability 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. Palas® supported
several break wear emission studies and research projects during the last decade, where
several key Palas® instruments were used.
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Fig. 4: Brake Wear Emission Testing Setup (UN GTR/GRPE/2023/4).

The PN concentration 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 Total-PN (TPN10) and Solid-PN (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

Nozzle PN Sampling Probe

h 4 \'4
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Fig. 5: Setup of the PN Sampling and Measurement Unit (UN GTR/GRPE/2023/4).

The PM mass quantification 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 PM10 and PMz.s emissions gravimetrically using separate
sampling systems for each cut-off diameter (2.5 pm and 10 pm). The PM measurement is
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 Unit (UN 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 testing around the globe. Palas® components are also used in GTR
compliant brake wear emission testing systems these days. A globally well-known
supplier of break emission test systems, the Link Engineering Company (LINK) with their
Headquarters in Plymouth, Michigan, USA, has chosen Palas® products as a part of their
new M4222 Brake Emissions Measuring System, which is already well established on the
market.
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1. M4222 Brake Emissions Measurement System
(TPN, SPN, PM2.5, and PM10)
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4. Size distribution & Real time PM

measurement (Optional) @

Fig. 7: Brake Emissions Measuring System by LINK (LINK, 2023).
Measuring the brake emissions under known conditions in a laboratory-like 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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GTR/GRPE/2023/4. LINK’s M4222 Brake Emissions Particle Measuring System is
designed to accurately measure and report particle mass (PM10 and PM2.5) and particle
number (Solid and Total), and it is equipped with everything needed for EURO 7
compliance. Additional instruments can measure particle size distribution and real-time
mass measurement to support future R&D needs to understand better the factors
influencing the emissions, i.e. by Palas® high resolution aerosol spectrometers to measure
the emitted large particle fraction, and to provide an overall size distribution together
with real time readings of PM values.

Model 4222 Brake Emissions
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Fig. 7: Model 4222 Brake Emissions Particle Measuring System (LINK, 2023).
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INTRODUCTION

Open biomass burning (OBB) is a major source releasing large quantities of gaseous
and particulate pollutants into the atmosphere, with global, regional and local impacts on
air quality, public health and climate (Andreae, 2019; Chen et al.,, 2017). OBB aerosols
mainly consist of carbonaceous matter, and a considerable amount of inorganic salts,
which present distinctly different optical properties (Chen et al., 2017; Reid et al., 2005).
In this study, we investigate the influence of OBB during the traditional Burning of the
Witches (BoW), referred to in Czech as “Paleni Carodéjnic”, on the physico-chemical
properties of atmospheric aerosols collected at the National Atmospheric Observatory
KoSetice (NAOK). The BoW is a centuries-old pagan tradition very popular in the Czech
Republic. Today, it is celebrated during the night from April 30 to May 1 by lighting
bonfires made of woodpiles with fake witches.

EXPERIMENTAL SETUP

The NAOK (49°35'N, 15°05'E) is an ACTRIS ERIC (Aerosol, Clouds, and Trace Gases
Research Infrastructure) and ICOS ERIC (Integrated Carbon Observation System)
Supersite designed for long-term continuous measurements of greenhouse gases, and
various gaseous and particulate atmospheric components. In this study, we take
advantage of different collocated measurements conducted at the NAOK by the Global
Change Research Institute (Czechglobe), the Institute of Chemical Process Fundamentals
(ICPF) and the Czech Hydrometeorological Institute (CHMI). Several chemical (elemental
and organic carbon, inorganic species, and elemental composition) and physical (particle
size distribution, light absorption and scattering) properties of atmospheric aerosol, as
well as gaseous pollutants were investigated during the period of 25t April to 5th May
2023, covering the BoW night (Tab. 1).

The aethalometer model has been used to estimate the contribution from biomass
burning (eBCbb) to the total eBC (Sandradewi et al., 2008). The chemical ageing of the OBB
aerosols has been investigated using the AMS technique (organic fragments f44 and f60,
Cubison et al.,, 2011).
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Tab. 3: Measurements of aerosols and gaseous pollutants during April 25 - May 5 2023.

Measured Time Sampling
Methods / Instruments . height Operator
parameters resolution
(a.gl)
Carbonaceous
aerosols / elemental Thermal-optical analyzer, Sunset 4h 4m
(EC) and organic Laboratory Inc., USA
carbon (0C)
Equivalent black
carbon (eBC) and 7i1wi';1velengths (3710 -950 nm) . 4m,
light absorption aethalometer, Mo .e. AE33, Magee 1 min 230 m*
Scientific Czechglobe
(Sab)
'(F(SO tilalrll%ht scattering 3-wavelength (450 - 635 nm)
bascckscatterin (B0s0) Integrating Nephelometer, Aurora 1 min 4m
>C & (Obsc 3000, Ecotech
coefficients
Automated Hg Analyzer, Model .
Gaseous Hg 2537X Tekran 5 min 4m
Size-resolved NR- ) .
PM1 chemical Compact time-of-flight
composition aerosol mass spectrometer 5 min 4m
(organics, S04, NO3’, (C-ToF-AMS), Aerodyne
NH4* CI- and PAHs) [CPF*
Particle number size Scanning mobility particle sizer 5 min 4m
distribution (MPSS), TROPOS-Leipzig
Elemental X-ray fluorescence, Xact® 625i,
" . 4h 4m
composition Cooper Environmental
Beta-ray absorption, MP101M,

PM d PM

2541 10 1SS Environnement SA 1h 4m
NO, and NO_ Chemiluminescence, T200, TAPI 1h 4m CHMI
SO, UV Fluorescence, T100, TAPI 1h 4m
Co IR abs. spectrometry, T300, TAPI 1h 4m

*Measured by ICPF.

RESULTS AND CONCLUSIONS

The concentration of the different aerosol chemical components, gaseous pollutants
(except SOz), aerosol absorption and scattering coefficients there sharply increased
during the BoW event (Fig. 1). The observed increases began around 18:00 UTC on April
30 to reach their maximum levels around midnight, and dropped again to a background
level (before the BoW) during the early morning after 5:00 on May 1. To explore the
impact of the BoW event, the mean values obtained during the Bow (18:00 to 5:00 UTC)
are compared with those obtained during the same time for the preBoW (25.04. - 29.04.)
and postBoW (01.05. - 05.05) periods. Higher concentrations were found during the Bow
for most of the measured parameters.

The concentrations of OC (11.22 + 5.50 pg.m-3), EC (1.73 * 0.64 pg.m-3) and eBC (2.15
+1.07 pg.m3) obtained during the BoW were significantly higher (4 to 6 times) than those
observed during the pre- and postBoW, respectively. The organic fraction (Org.) was the
dominant particle component of the AMS especies, and its concentration was 8 and 6
times higher during the BoW compared to pre- and postBoW, respectively. This could be
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attributed to the large amounts of carbonaceous aerosols emitted by the combustion of
biomass. During the BoW, eBC consisted mainly of eBCbb (>90%) which showed a higher
ground/top ratio suggesting a larger influence of BB sources around the sampling site. K
is known to be a common tracer of BB emissions, and its concentration strongly increased
during the BoW with other elements such as Zn, Cl, Pb, Cu, As, Sr, Br, Rb, Cd and Pb.
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Fig. 4: Time series of the concentrations of carbonaceous aerosols (OC, EC, eBC), AMS main
species (Org, NOs, NHs, SO4, Cl and PAHs), PM1o, gaseous pollutants (SO2, NOx, NO2, CO,
Hg), elements K, Cu, Pb and Zn, and aerosol absorption and scattering coefficients (5ab_sso,
AAE370_880, 8sc_525 and Obsc_525) measured during 25.04. - 05.05.2023 at the NAOK.

The higher eBC concentration during the BoW leads to enhanced light absorption
(8ab_8s0), and a higher Absorption Angstrém exponent (AAE370.8s0 = 2.13 + 0.26) due to the
enrichment of the smoke in UV-absorbing components (like humic species, PAHs, and
lignin etc.). Besides the organic fraction, inorganic salts, such as sulfate and nitrate, have
specific light scattering properties and their higher cocentrations during the BoW are
consistent with the enhanced scattering coefficients (8sc_s2s and Sbsc_525) observed during
this period.

Fig. 2 suggests an enhanced concentration of freshly emitted particles (increased
particle number concentration) during the BoW, with a rapid growth in size during the
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night (shift toward larger sizes). The AMS method identifies the freshest BB emissions
around 19:00 on 30.4.2023. A comparison of the mass size distributions of the main AMS
species shows that organics are the dominant contributors to fresh BB emissions,
accompanied by NO3 and Cl (shift towards smaller size). Unlike these species, SO4 shifted
toward a larger size, suggesting a condensation of fresh emissions on pre-existing
particles represented here by sulphate.
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Fig. 2: Particle number size distribution measured by the MPSS during the BoW in
comparison with pre- and postBoW.
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SUMMARY

In this study, we have examined in detail the seasonal changes in the concentration
of sugars, dicarboxylic acids and their oxidation precursors in fine aerosol at a rural
Central European background site. The aim of the study was to identify typical tracers for
different sources of organic aerosol and to determine their contributions to organic PMu.
We found a clear difference between winter and summer PM1 aerosol composition at the
molecular level. Subsequently, we identified two biogenic factors (dominant in summer),
two anthropogenic factors (major contribution in winter) and one background factor.
More details could be found in Vodicka et. al (2023).

UvoD

Dikarboxylové kyseliny (dale jen dikyseliny) a sacharidy jsou dtleZitou soucasti
atmosférického organického aerosolu. V této praci jsme detailné zkoumali sezonni zmény
v koncentraci cukri, dikyselin a jejich oxidac¢nich prekurzorili v jemném aerosolu na ¢eské
pozad'ové stanici. Cilem studie bylo urcit, jednak typické tracery pro ritzné zdroje
organického aerosolu a dale stanovit prispévky téchto zdroji k organické slozce PM1.

METODY MERENI

Vzorky byly odebirany na Narodni atmosférické stanici KoSetice (NAOK)
(49°34'24.13" N, 15°4'49.67" E, 534 m n. m.). Vzorkovani probihalo kazdy 2. den po dobu
24 hodin od 27.9. 2013 do 9. 8. 2014 na kiemenné filtry. Vzorky byly nasledné zvazeny a
analyzovany na obsah organického uhliku (OC), dikyselin a jejich oxidacnich prekurzort
(derivatizace a analyza pomoci GC-FID, urc¢enych 28 sloucenin), sacharidii (extrakce ve
vodé a analyza pomoci HPAE-PAD, urCenych 11 sloucenin). Ziskana data byla nasledné
vyhodnocena v zavislosti na sezénnich a meteorologickych zménach. Detaily jsou
uvedeny v praci Vodicka a kol. (2023).

VYSLEDKY

Studie ukazala na jasny rozdil ve sloZeni zimniho a letniho aerosolu na molekularni
urovni. Na zakladé stanovenych dikyselin a cukrii byla provedena PMF analyza (Positive
matrix factorization) pomoci niz jsme identifikovali 5 faktorli (zdroji) prispivajicich
k organické sloZce aerosolu. VI1été byly dominantni dva biogenni faktory
charakterizované zejména kyselinami se tfremi a sedmi atomy uhliku. Druhy biogenni
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faktor byl dominantni i v jarnim obdobi a zahrnoval i kyseliny Stavelovou, jantarovou
a dale cukry charakteristické pro pylovou sezénu, jako je sacharéza a fruktéza. V zimé
tvorily hlavni prispévek emise identifikované v podobé dvou antropogennich faktori. Pro
prvni antropogenni faktor tvoreny zejména emisemi ze spalovani biomasy (BB) byly
typické anhydrosacharidy (levoglukosan, mannosan a galaktosan), a kyseliny maleinovj,
2-methylmaleinova a  2-methyljantarova. Druhy antropogenni faktor byl
charakterizovany aromatickymi kyselinami (ftalovd a tereftalovd). Patym
identifikovanym faktorem, zastoupeny podobné ve vSech sezonach, byl pozad'ovy faktor
tvoreny méné oxidovanymi slouceninami, jako je napr. glyoxal. Prehled o relativnim
sezonnim prispévku jednotlivych faktort a typickych tracert ukazuje Obr. 1. Vice detailt
pak uvadi Vodicka et al. (2023).
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Obr. 1: Relativni prispévky faktori (zdrojui) k organické hmoté (OM) v jemném aerosolu
(PM1) béhem ro¢nich obdobi na pozad'ové stanici KoSetice.
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SUMMARY

Ion chromatography (IC) was used to characterize water soluble compounds in
PMz5 during winter and summer campaigns at three rural sites in Central Europe in 12-
hour (day/night) time resolution. Concentrations of biomass combustion aerosols
doubled from Melpitz to KoSetice in winter, sea salt exhibited opposite behaviour.
Summer exhibited higher sulphates and methane sulphonic acid in Melpitz. Day to night
ratios showed higher day concentrations for phosphates and compounds connected to
fungal spores and bacteria, while higher night concentrations were connected to wood
combustion. Ventilation index was used as an approximate measure to distinguish local
and long range transported aerosols. Biomass combustion products were identified as the
majority of local aerosols, while sea salt as long range transported one.

UvoD

Ve vodé rozpustné slouceniny, organické i anorganické, tvoii velkou ¢ast aerosolové
hmoty frakce PM2s. K charakterizaci téchto slouc¢enin v PM2s na trech venkovskych
lokalitach ve stifedni Evropé byly analyzovany vzorky odebrané ve 12-ti hodinovém
(den/noc) ¢asovém rozliSeni metodami iontové chromatografie (IC).

METODY MERENI

Vzorky byly ziskany velkoobjemovymi vzorkovaci Digitel DHA-80, a to paralelné na
venkovskych lokalitach KoSetice, Frydlant (CZ) a Melpitz (D) (obr. 1) od Unora do bfezna
a od cervence do srpna 2021. Kromé anorganickych kationtl a aniontl byly pomoci IC
analyzovany kyselina methansulfonova (MSA) a karboxylové kyseliny. Vedle toho byly
analyzovany riazné sacharidy pomoci metody HPAE-PAD (High-Performance Anion-
Exchange chromatography with Pulsed Amperometric Detection). Celkem bylo stanoveno
37 chemickych sloucenin. Ventila¢ni index (VI =ws*PBL, kde ws je rychlost vétru a PBL je
vyska mezni vrstvy) byl pouZit k rozliSeni lokalnich a transportovanych aerosolti.

VYSLEDKY, DISKUSE, ZAVERY

Obecné byly priimérné koncentrace vétSiny chemickych sloucenin na zkoumanych
trech lokalitdch v chladném i teplém obdobi podobné. Nicméné u nékolika latek byl
pozorovan vyznamny gradient mezi témito tremi lokalitami. Napriklad vzimé se
koncentrace sloucenin souvisejicich se spalovanim dieva (levoglukosan, mannosan a
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galaktosan) od Melpitz po KoSetice zdvojnasobily. Opacné chovani bylo ve stejné sezéné
pozorovano u fosfatli a chloridovych, sodnych a hore¢natych iontf, které jsou spojovany
s morskou soli. Sirany v zimé mirné pribyvaly od severozapadu k jihovychodu, zatimco
dusi¢nany ubyvaly stejnym smérem a podobnym zptisobem.

aaaaaaaaa

;
o

Bmo

Obr. 1: Mapa s umisténim méricich stanic.

MenSi rozdily byly pozorovany béhem léta. Presto byl na nejzapadnéjSim misté
(Melpitz) spolecné s MSA nalezen vyssi obsah sodiku a ponékud piekvapivé také sirany
byly vyssi neZ na dvou dalSich, vychodnéji poloZenych mistech (Frydlant, KoSetice). To je
asi zplisobeno sirany biogenniho ptivodu z mote nebo vyssim spalovanim uhli v Némecku.

Vyssi koncentrace sloucenin v 1été ve dne ukazuji, Ze takové slouceniny jsou ziejmé
spojené s resuspenzi, vznikem béhem dne ¢i vertikalnim transportem. NejvyraznéjSimi
priklady takovych sloucenin na vSech tiech mistech v 1été byly fosfaty a vapenaté ionty,
zfejmé spojené s resuspenzi; kationty spojené s morskou soli; arabitol, mannitol a
trehaléza, spojené s resuspenzi plisnovych spor a bakterii; a sachardza a glukéza v 1été
spojené s pyly a jinymi fragmenty rostlinného pivodu. Slouceniny s vy$simi no¢nimi
koncentracemi byly dusi¢nany, levoglukosan, mannosan a erythritol.

Béhem zimy byly rozdily mezi dnem a noci mensi a téméf Zadna sloucenina
nevykazovala stejné chovani na vSech mistech s vyjimkou mirné vys$sich bromidi a siranti
béhem dne.

Spearmanovy korelac¢ni koeficienty mezi 12-ti hodinovym primérnym ventilacnim
indexem a koncentracemi jednotlivych latek byly vypocteny pro vSechny vzorky.
Negativni korelace znamend, Ze sloucenina je emitovdna lokalné, zatimco pozitivni
korelace naznacuje, Ze sloucenina je transportovana na dalku.

V 1été byly nejvice negativni korela¢ni koeficienty zjiStény u levoglukosanu (M/F/K:
-0,63/-0,71/-0,69), coZ naznacuje mistni plivod na vSech lokalitach. Nejvyssi pozitivni
korelace byly nalezeny pro Na: 0,53/0,25/0,36 podporujici tezi jeho hlavniho plivodu
v dalkovém transportu z mote. V zimé byly vysoké negativni korelace opét nalezeny
u levoglukosanu (-0,56/-0,45/-0,75) a ostatnich produktii spalovani biomasy (mannosan,
galaktosan). Podobné hodnoty byly zjiStény pro trimethylamin (-0,63/-0,32/-0,67).
Positivni korelace byla opét nalezena u Na (0,37/0,08/0,25) a ClI (0,18/0,28/0,07). Nizsi
pozitivni korelace pro tyto prvky v zimé naznacuje urcity vliv solenti silnic v zimé.
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INTRODUCTION

New particle formation (NPF) is increasingly gaining attention since it emerged
roughly twenty years ago as a field of interest within the aerosol science. It studies the
transition process between gas phase molecules, forming clusters and eventually
becoming aerosol particles. Thus, this field is a multidisciplinary one, ranging from
meteorology, atmospheric chemistry and physics, all the way through physical chemistry
towards chemistry and physics of aerosols.

Recent development of instrumentation techniques allows measuring of sub-5 nm
particles and molecule clusters, neutral and also charged ones. Therefore, modern
analytical methods based on these measurements are often used for NPF studies.

EXPERIMENTAL SETUP

For this kind of studies we deployed a Neutral cluster and Air Ion Spectrometer (NAIS,
manufacturer: Airel - Tartu, Estonia, type: 5_28) measuring the size and mobility of
aerosol particles and ions in the atmosphere.

NAIS is a parallel multichannel aerosol spectrometer measuring the mobility
distribution of ions (from 3.2 to 0.0014 cm?/V/s, from 0.8 to 40 nm size equivalent) and
size distribution of aerosol particles (from 2 to 40 nm) with a maximum time resolution
of 1 second (Fig. 1).

NAIS is based on the principle of parallel differential mobility analysis. The
instrument is easy to deploy, operate and maintain. It can measure for long periods
without requiring human attention and works well in a wide range of environmental
conditions: from polluted downtowns to clean forests, on mountaintops, and onboard
aircraft.

We deployed the NAIS at National Atmospheric Observatory in KoSetice (NAOK) for
a trial run between April 3rd and May 12th this year and then again after an
intercomparison workshop in Finland within ACTRIS. Since June, NAIS is operated
continuously.

There are only about 10 to 20 NAIS devices currently deployed in the whole Europe
so our group has a possibility to be amongst the pioneers in this recently growing field of
interest within the aerosol science.
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Fig. 1: NAIS primary component and airflow scheme.
RESULTS AND CONCLUSIONS

Results obtained using above mentioned analytical method will be evaluated with
regard to meteorological parameters, mainly atmospheric conditions like temperature,
atmospheric pressure, relative humidity, intensity of solar irradiation and gradient of
wind speed and direction. NPF will be also evaluated with regard to daily cycles.

We hope that in the near future, we will obtain more instruments to expand the
amount of measureable variables. We would like to deploy another NAIS at 230 metres
on atmospheric tower’s measurement platform. At higher altitude above the Earth's
surface, aerosol constitution and thus also NPF is significantly influenced by long-range
transport.
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