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UVOD - INTRODUCTION

Mili kolegové, ¢lenové Ceské aerosolové spolecnosti,

LetoSni vyro¢ni konference se bude konat v zdmeckém hotelu TreSt na Vysociné.
Lokalitu jsme vybirali tak, aby byla rozumné dostupnd pro kolegy z obou konci
republiky. Doufam Ze se vam toto konferenc¢ni centrum AV CR bude libit.

V letoSnim roce jsme dostali necekanou zaplavu prispévkd, dékuji vam za né. PrestoZe
konferen¢nim jazykem je ceStina, rdd bych vas pozadal, abyste zvazili moZnost
prezentovat vasSe prace anglicky, protoZe oCekdvame nékolik zahrani¢nich kolegd.
Podobné jako v loniském roce bude i letos zafazena soutéZ o nejlepsi prezentaci mladého
védce, ktera bude ocenéna firmou Dekati. Vyzyvam naSe mladsi kolegy, aby si dali s
pripravu prezentace praci, a nepropasli prileZitost umistit se v prvni trojici ocenénych.
Zaroven je moji milou povinnosti oznamit, Ze vybor spolecnosti podobné jako loni udélil
finan¢ni prispévek nékolika kolegiim, kteri v letoSnim roce prednesli anglicky prednasku

na vyznamné mezinarodni konferenci.

Na zavér bych vam chtél poprat dspésné konferencni jednani a prijemny pobyt na
zamku v Tresti.

Vlad'a Zdimal

Predseda CAS

V Praze dne 5.10.2016



TRANSFORMATION OF AEROSOL PARTICLES DURING TRANSPORT FROM
OUTDOOR TO INDOOR ENVIRONMENT

Jakub ONDRACEK?!, Nicholas TALBOT?, Lucie Kubelova?, Otakar MAKES2, Michael
CUSACK?, Jaroslav SCHWARZ?, Petr VODICKA!, Nadézda ZIKOVA?, Vladimir ZDIMAL!

1 Institute of Chemical Process Fundamentals of the CAS, Prague, Czech Republic,
ondracek@icpf.cas.cz
2Department of Environmental Studies, Faculty of Science, Charles University, Prague,
Czech Republic

Keywords: O/I, Aerosol Transformation, Size distribution, Chemical composition

INTRODUCTION

According to many studies, people spend over 80% of their day in the indoor
environment (Leung and Drakaki, 2015). It means that also adverse health effects are
following the exposure of people to aerosol in indoor environment (Hussein et al.,, 2005).
The indoor aerosol is produced mainly from common indoor sources such as cooking,
cleaning, smoking, candle burning, wood burning, etc. On the other hand, when no
indoor source is present, the indoor aerosol physical and chemical properties follow
those in the outdoor environment (Diapouli et al, 2013). The originally outdoor aerosol
undergoes several physical and chemical changes.

One summer (2014) and one winter (2015) campaign (both lasting three weeks)
were conducted to assess the indoor/outdoor physical and chemical properties of
aerosol in an unoccupied apartment. The main purpose of these campaigns was to
observe the changes in aerosol particles before and after their transport from outdoors
to indoors. The most important parameter - the [/O ratio was obtained from
indoor/outdoor measurements of aerosol number size distribution as well as chemical
composition. The I/0 ratios can reveal the changes in particle size and physicochemical
characteristics indoors in relation to the size distribution and chemical composition
outdoors, and physical parameters such as wind speed, temperature, and RH.

EXPERIMENTAL SETUP

Both measurement campaigns were conducted in a guesthouse of the Institute of
Chemical Process Fundamentals. The apartment was unoccupied during the whole
measurement campaign. The study included two seasons of the year - summer 2014
(from 16th August to 8th September) and during winter 2015 (from 5th to 24th February).
The kitchen was selected as an indoor sampling room, while the instruments were
placed in one of the bedrooms (Fig. 1). The tubing for indoor and outdoor sampling had
the same length in order to avoid different particle losses between indoor and outdoor
sampling point. Switching between indoor and outdoor was accomplished using
automated electromagnetic 3-way valve.

The extensive set of aerosol instruments was used during both campaign. For this
study, only several instruments were selected to assess the aerosol particle
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transformation. The online instruments used within this study include SMPS (3936, TSI),
c-TOF AMS (Aerodyne Research) and field EC/OC analyser (Sunset Laboratory).

Hallway Corridor £
. S
S =
— 3 [4+]
£ .Room with K itchen m
(@] instruments
Bedroom § SMPS
= Bedroom
: et
T LVS I:]
[]—SDI BLP!
----- Window
D oor Entrance LVS
T Samp“ng route Hall * BLPI
Sampling point SDI

Fig. 1: Schematics of measurement set-up

The offline instrumentation is represented by Berner Low Pressure Impactor
(Hauke) and Low Volume Samplers. Such combination of arosol instruments enables the
analysis of size distribution and chemical composition with relatively high time
resolution - sampling of the online instruments was set to 5 minutes, and at the same
time detailed chemical analysis using the integral samples from BLPI and LVS. The
meteorological data from monitoring station of Czech Hydrometeorological Institute
located inside the campus of ICPF complemented the whole data set. The data analysis
included only periods when no indoor sources were present. In addition, different
ventilation scenarios were included in this study (windows and door closed,
microventilation, windows and door closed with running offline instruments in the
sampling room).

RESULTS AND CONCLUSIONS

The daily patterns of overall particle number concentration (PNC) measured by
SMPS for summer and winter season were similar despite seasonal differences in
sources and sinks acting to increase and reduce PNC during specific periods of the day
(Fig. 2). Particle number size distribution showed these differences, exhibiting afternoon
increases during summer (secondary organic aerosol and new particle formation
events) and early evening increases (domestic heating and low boundary layer) during
winter.
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Fig. 2: Total particle number concentration in daily pattern (SMPS).

A substantial reduction in indoor mass concentration was observed for all aerosol
chemical species during the winter phase of the study, which could not be fully
accounted for particle drying (Fig. 3).
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Fig. 3: Seasonal differences in /0 ratio chemical species (AMS); red line= Median value;
edge of the boxes = 25/75 percentiles; whiskers = 95 percentiles.
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Tab. 1: Seasonal changes in I/0 ratio chemical composition.

/0 ratios %

Winter Summer Difference
Organics 0.48 0.72 67
SO42- 0.50 0.76 66
NH4* 0.32 0.48 67
NO3- 0.20 0.32 63

A decrease in /0 ratios between 34-38% for all of the species during the winter
was attributed to physical factors affecting all species rather than chemical processes
acting upon each chemical species individually (Tab. 1) The analysis of the data using
Spearman rank statistical tests identified negative correlation of wind speed with indoor
concentrations for all the species.

Generally, the aerosol particles were dehydrating during outdoor (lower
temperature, higher humidity) to indoor (higher temperature, lower humidity)
transport especially during winter season. This effect was not that much pronounced
during summer season due to lower difference in temperatures and RH between indoors
and outdoors. Moreover, lower indoor mass was observed during winter season
measurement, which can be attributed to rather physical than chemical processes
(deposition and shrinking). The combination of online (almost real-time
transformations and showed a NOs3- presence indoors) and offline (particle shrinking
and identification of coarse mode NOs3’) instrumentation proved to be suitable for
investigation of ammonium nitrate dissociation and [/0 relationships in general.
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A KITCHEN DEGREASER CONTAINING MONOETHANOLAMINE CAN ALTER INDOOR
AEROSOL COMPOSITION FOR DAYS

Jaroslav SCHWARZ, Otakar MAKES, Jakub ONDRACEK, Michael CUSACK, Nicholas
TALBOT, Petr VODICKA, Lucie KUBELOVA, Vladimir ZDIMAL

Institute of Chemical Process Fundamentals of the CAS, Prague, Czech Republic,
schwarz@icpf.cas.cz

Keywords: Indoor aerosols, Chemical transformation, Aminium salts

INTRODUCTION

Indoor aerosol is very important because people spend approximately 80% of their
lives indoors, and it can have negative health effects (Pope, C. A. & Dockery, 2006).

The chemical transformation of particles originating outside and transported to the
indoor environment is already well known and often seen in case of ammonium nitrates
(Smolik et al., 2008). Nevertheless, very little is published about transformations of
indoor aerosols under the effect of number of chemicals being used in our housholds.
One group of substances being present in the domestic environment is aminium salts,
used as surface active detergents. Moreover, free amines like monoethanolamine (MEA)
are used in the water solution of degreasing solutes.

Using of such degreaser and consequences related to indoor aerosol are described in
this study. Monoethanolamine, a part of a commercial degreaser being used in kitchens,
was able to replace ammonium in its sulfate and nitrate salts in the indoor environment,
while those salts usually form up to half of PMzs aerosol mass indoors.

EXPERIMENTAL SETUP

The offline sampling used quartz fiber filter downstream PM1 and PM1o sampling
heads with Leckel pumps and BLPI cascade impactors loaded with greased PET foils to
collect aerosol samples from both indoors and outdoors in parallel. Samples were
collected for 23 h. The filters and BLPI samples were analyzed using gravimetry and ion
chromatography. More details can be found in Talbot et al. (2016).

Online chemical composition was obtained by an aerosol mass spectrometer (AMS)
sampling in a cycle alternating 10 min indoor and 10 min outdoor sampling using
automated switching valve.

In addition to other sources, the influence of a W5 degreaser (Lidl Stiftung & Co. KG,
Neckarsulm, Germany) sprayed on kitchen furniture surfaces was studied. The IC
chromatography analysis showed more than 5% (w/w) of MEA in the solution.

RESULTS AND CONCLUSIONS
The results shown in Figure 1 demonstrate an abrupt change in PM1 aerosol

composition after the degreaser application. Actually, during the first day the
transformation proceeded not only in aerosol but also on particles already collected on
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the filter as the degreaser was used 8.5 hours after sampling started. Some influence of
MEA is seen also on two consecutive days despite ventilation of the room between 9:45
and 10:00 by opening windows and cleaning the surfaces. As paper towels were used
for cleaning surfaces, they were left in a basket and served probably as source for
continuation of the transformation. Evaporation from other surfaces is also possible.

100% — — — — —
90% | — — — — — MEA
80% | - S _— . -
70% | - S - - -

oo L | ] B | ~  NH4

50% -
40% - mNO3
30%
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1% | m 504
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30.8.2014 31.8.2014 1.9.2014 2.9.2014 3.9.2014

Fig. 1. Major ionic composition (in equivalent percentage) of indoor PM1 sampled before
(30.-31.8.) and after (1.-3.9.) using the degreaser.

Beside this effect, the transformation of ammonium nitrate to MEA nitrate increased
stability of nitrate aerosol in indoor environment and therefore exposure by nitrates
increased substantially as the result of ammonium to aminium nitrate transformation.
More can be found in Schwarz et al. (2017).

ACKNOWLEDGEMENT

This work was supported by the European Union Seventh Framework Programme
(FP7/2007e2013) under grant agreement No. 315760 HEXACOMM.

REFERENCES

Pope, C. A. & Dockery, D. W. Health effects of fine particulate air pollution: lines that
connect. J. Air Waste Manag. Assoc. 56, 709-42 (2006).

Smolik, J., Dohanyosova, P., Schwarz, ., Zdimal, V. & Lazaridis, M. Characterization of
Indoor and Outdoor Aerosols in a Suburban Area of Prague. Water, Air, Soil Pollut.
Focus 8, 35-47 (2008).

Talbot, N., Kubelova L., Makes 0., Cusack M., Ondracek J., Vodicka P., Schwarz J., Zdimal V.
Outdoor and indoor aerosol size, number, mass and compositional dynamics at an
urban background site during warm season. Atmos. Environ. 131, 171-184 (2016).

Schwarz J., Makes 0., Ondracek J., Cusack M., Talbot N., Vodicka P., Kubelova L., Zdimal V.:
A Single Usage of a Kitchen Degreaser Can Alter Indoor Aerosol Composition for
Days. (Eng) Environ. Sci. Technol. 51(11), 5907-5912 (2017).

15



HYGIENICKE MERANIA NANOCASTIC A MIKROCASTIC V PRACOVNOM OVZDUSI
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SUMMARY

Our article deals with analysis of particles in nanometres and micrometres in an
iron and steel processing organization. The aim of the hygienic measurements is to
analyze various size fractions of low-dimensional solid aerosols (particle analysis).

Measurements were made in four places. In particular, a gas burning machine that
cuts the steel by means of an oxy - acetylene welder, a laser cutting machine and a
welding machine. One place was selected outside the employee exposures (background).
Fractions were collected in a sample of air as: PMo,1, PMo,5, PM1,0, PM25, PM4,0, and PMjo.
The measurements showed a significant increase in the particle weight concentration
relative to the background. Highest concentrations of nanoparticles and PM particles
have been demonstrated for oxy - acetylene welder, lower concentrations were
analysed for a laser cutting machine and lowest at welding.

At all sites, high concentrations of PM particles were measured, especially in highly
respirable and respirable fractions.

UvoD

Cielom prispevku je analyza PM castic (z angl. prekladu particulate matter) v
pracovnom ovzdusi pri vykonavani réznych pracovnych tloh. NaSe merania analyzovali
Castice vo frakciach PMo,1, PMo,s, PM1,0, PM2,5, PM4,0 a PM1o na pracovnych miestach, kde
sa spracovavali kovy na paliacich strojoch a pri zvarani.

Pracovné ovzduSie sme vyhodnocovali na troch miestach merania: pri paliacom
stroji 1, paliacom stroji 2 a pri zvarani.

Zamestnanci pracujuci na pracoviskach s expoziciou aerosélom su dlhodobo
exponovani napriklad aj PM Casticami, o mdZe sposobit’ zhorSenie ich zdravotného
stavu. Sposobuju ochorenia srdca, ciev, chronicky kaSel, staZenie dychania, napriklad pri
astme (Kotlik at al., 2009; Kraj¢ova et al., 2014; Mikuska, 2013; Nohavica, 2016; Skiehot,
Rupova, 2011).

METODY MERANIA
Na meranie sa pouZzivali Casticové analyzdtory Nanoscan SMPS 3910 (Scanning

mobility particle sizer) a OPS (Optical particle sizer 3330), ktoré umoznuju skenovat
Castice v rozsahu od 10 nm do 10 um. Odc¢itanie nameranych hodnot bolo v minttovych
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intervaloch. PoCas merania sa monitorovali okolité mikroklimatické podmienky
prostredia a charakter prace a vyroby.

Meracie pristroje boli umiestnené na pracovhom mieste zamestnanca tak, aby o
najpresnejsie kvantifikovali expoziciu zamestnancov PM casticiam.

Vysledky boli spracované v programe Matlab v aplikacii Multi-Instrument Manager
2.0.
V nasledujucej tabulke sd uvedené technické charakteristiky meracich pristrojov. Na
vypocet hmotnostnej koncentracie sa pouZila denzita kovovych castic (metal dust) 1,922
(The Engeneering Tool Box, 2017; TSI manual, 2000; TSI manual, 2014).

Tabulka 1: PouZité meracie pristroje

T ristroia Meraci rozsah Prietok vzduchu * Pocet
ypp ) neistota-U kanalov
Nanoscan SMPS 10 nm - 420 nm 0,751/min. + 10 % 13
3910
OPS (Optical : 0
particle sizer 3330) 0,3 pm - 10 pm 1,01/min. 5 % 16

Na meranie mikroklimatickych podmienok (teplota vzduchu, relativna vlhkost,
rychlost prudenia vzduchu) sa pouzili okalibrované nasledovné meracie pristroje:

e teplota teplomerom Testo 610,
¢ relativna vlhkost vlhkomerom Testo 610,
e atmosféricky tlak v den merania tlakomerom Testo 611.

Na zaklade hygienického prieskumu sa vykonalo meranie vo vyrobnej hale zavodu,
kde sa spracovava Zelezo, ocel’ (typ 11 523) na vyrobu roznej tazkej techniky.

Merania sa uskutoc¢nili pri obsluhe paliacich strojov a pri zvarani. Na prvom
objektivizovanom pracovnom mieste (paliaci stroj 1) zamestnanci profesie palic¢
vykonavali obsluhu plynového paliaceho stroja typu Cortina DS. Na vyrezavanie utvarov
palenim do ocel'ovej platne sa pouZivalo zvaracie médium - acetylén kyslik. Pocas
merania sa spracovavali ocel'ové platne.

Dal$ia analyza sa uskuto¢nila pri laserovom paliacom stroji typu Trulaser 3060
(paliaci stroj 2). Stroj umoziiuje obrabanie ocel'ovych platni laserovym li¢om TrueDisk.

Zamestnanci pracuju v profesii pali¢ v osemhodinovom pracovnom case od 6.00 do
14.30 hod. s prestdvkou na obed - 30 minut. Pocas pracovného casu vykondavaju
pracovné ulohy: ako nastavenie paliaceho stroja, nakladanie a vykladanie vypalkov a
podobne.

Na poslednom mieste merania sme analyzovali mikrocastice a nanocastice pri
obsluhe zvaracieho agregatu Trueflow 4000, teda pri zvarani. Na mieste merania
pracuju zamestnanci profesie zvarac. Pracuju v pracovnom c¢ase od 6.00 do 15.30 hod. s
prestavkou na jedlo - 30 minut. Zamestnanci vykonavaju pracovné ulohy: ako zvaranie,
presun materialu a opracovavanie zvarencov.
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VYSLEDKY A DISKUSIA

V Tabulke 2 uvadzame mikroklimatické faktory pocas merania.

Tabul'ka 2: Mikroklimatické faktory prostredia

Relativna

Cinnost na pracovisku Te(lfg)’ta vlhkost A;‘rg(l){s?le:;:l){y
(%)
Pri paliacom stroji 1 21,1 41,3 101,2
Pri paliacom stroji 2 21,5 48,3 101,2
Pri zvarani 22,2 53,7 101,2

V nasledujucich tabulkach si uvedené vysledky merani PM castic (Tabul'ka 3,

Tabulka 4, Tabulka 5).

Tabul'ka 3: Vysledky analyzy PM castic pri obsluhe paliaceho stroja 1

Obsluha paliaceho stroja 1 Koncentracia Celkovy pocet castic
ng/ms3
Vel'kostné rozlozZenie castic
Miesto merania pri PMo1 4,9 101092426
paliacom stroji 1 PMos 6,2 2782467
: (72 % casticv
PM1, 9,2 nanorozmeroch z
PM, < 96,1 celkového poctu v
odobranej vzorke
PMao 2294 Vzduc]hu)
PMjio 7249

1) Celkovy pocet Castic pocas merania v pracovnom ovzdusi.
2)Celkovy pocet castic pocas merania v ovzdusi pre frakciu PMy,; (Castice do 100 nm).

Tabulka 4: Vysledky analyzy PM castic pri obsluhe paliaceho stroja 2

Obsluha paliaceho stroja 2 Koncentracia Celkovy pocet castic
. . PSS ug/ms3
Vel'’kostné rozloZenie castic
Miesto merania pri PMo.1 19 11011498
paliacom stroji 2 PMos 3,0 2595844
PMi, 97 (59% éasticl\l/
nanorozmeroch z
PMs 85,7 celkového poctu v
PMy, 208,1 odobranej vzorke
PM;o 674,3 vzduchu)

1) Celkovy pocet Castic po¢as merania v pracovnom ovzdusi.
2)Celkovy pocet castic pocas merania v ovzdusi pre frakciu PMy,; (¢astice do 100 nm).
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Tabulka 5: Vysledky analyzy PM castic pri zvarani

Obsluha zvaracieho agregatu Koncentracia Celkovy pocet castic
. . T ug/ms3
Vel'kostné rozloZenie castic
Miesto merania PMo.1 0,6 1539278
pri zvarani PMos 1,2 2183567
PM1o 58 (34 % cCasticv
nanorozmeroch z
PMzs 53,0 celkového poctu v
PM. 130,6 odobranej vzorke
PMio 432,4 vzduchu)

1) Celkovy pocet Castic pocas merania v pracovnom ovzdusi.
2)Celkovy pocet castic poc¢as merania v ovzdusi pre frakciu PMy; (astice do 100 nm).

Na Obrazkoch 1, 2, 3 su vysledky znazornené graficky. Modra farba grafov
znazornuje analyzu Castic pocas vyroby a cervena reprezentuje data mimo vyrobného
procesu (pozadie).
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7.8

VYSLEDKY, DISKUSIA, ZAVERY

Z vysledkov analyzy je zrejmé, Ze pri paliacom stroji 1 - palenie plynovym
plamenom sa zaznamenala najvysSia koncentracia PMo,1 (4,9 pg/m?3) castic mensich ako
100 nm. Z celkového poctu castic je to 72 %. Zaznamenali sa vysoké koncentracie
submikrometrickych ¢astic - PMzs (96,1 pg/m3), respirabilnych Castic - PMao (229,4
pg/m3) a inhalovatelnych Castic - PM10(729,4 pg/m3).

Na druhom mieste merania pri laserovom paliacom stroji (pdaliaci stroj 2) sa
zaznamenalo z celkového poctu Castic 59 % v nanorozmeroch. Vysoké koncentracie sa
zanalyzovali pri PMzs (85,7 pg/m3), PMso (208,9 pg/m3) a PMio (674,3 pg/m?d).
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Pri zvarani sa namerali najmenSie hmotnostné koncentracie castic. Z celkového
odobraného objemu vzduchu sa nameralo 34 % nanocastic. NajvyssSie koncentracie boli
pri frakciach PM25 (53,0 pg/m3), PM4,0 (130,6 pg/m3) a PM1o (432,4 ug/ms3).

Na vSetkych miestach merania vo vyrobe sa analyzoval signifikantny narast voci
nameranym koncentracidm na pozadi.

Na zaklade hygienickych merani sa preukazali koncentracie PM castic v
nizkorozmerovych frakciach, vysokorespirabilnych a respirabilnych frakciach.

O vysledkoch bol zamestnavatel informovany a bol pouceny v sulade s platnou

BV v

moznu uroven.
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SUMMARY

The aim of this study was to map dimensions and size distributions of particles
released during grinding of three typical dental composites (Filtek Ultimate, Estelite
Sigma Quick and Charisma) and unfilled resin using three rotational instruments under
conditions simulating grinding procedures in the dental office. We have found
nanoparticles in the aerosol released during grinding of all four materials with medium
diamond and tungsten carbide finishing burs at high speeds over 100 000 rpm.
Insignificant effect of ground material suggests that aerosol nanoparticles may originate
from thermal decomposition of composite polymeric matrix due to friction heat rather
than from filler nanoparticles.

UvoD

Moderni kompozitni materidly pouZivané pro opravy zubl sestdvaji z polymeru
plnéného anorganickymi ¢asticemi, které mimo jiné zajistuji mechanickou odolnost, ale i
lestitelnost téchto kompoziti. U kompoziti plnénych nanocasticemi tak vznika otazka
mozného zdravotniho rizika zplisobeného nanocasticemi plnidel, uvolnénymi pii
dokoncovani a lesténi nanokompozitovych vyplni v zubnich ordinacich. ProtoZe tidaje v
soucasné literatuie (Bogdan et al., 2014 a Van Landuyt et al., 2014) jsou protichidné,
byla naSe studie zaméfrena na detailni charakterizaci aerosolovych ¢astic uvoliiovanych
pii brouseni nanokompozita Filtek Ultimate a Estelite Sigma Quick diamantovanymi a
wolfram-karbidovymi rota¢nimi nastroji. Vysledky byly porovnany s distribucemi
aerosolovych ¢astic ziskanymi pri brouSeni kompozitu Charisma zpevnéného Casticemi
plniva velikosti mikrometru a neplnéné pryskyfice.

METODA MERENI

Experimenty byly provadény v malé uzaviené mistnosti (2x1,3x2,5 m), kde byl
umistén mikromotor pro pohon nastrojd, ridici jednotka a dva spektrometry pro méteni
velikostnich distribuci ¢astic (SMPS 3936 a APS 3321). Pro kaZzdy experiment byl pouzit
novy nastroj a brouseni bylo provddéno bez chlazeni vodou. Brouseni kaZdého
kompozitu trvalo 90 s, casové rozliSeni obou spektrometrii bylo 120 s. Po brouseni
zlstal operatér v mistnosti dalsi 3-5 skenti, v zavislosti na vyvoji velikostni distribuce
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Castic. Po kazdém experimentu bylo zapnuto odvétravani, aby se koncentrace castic
v experimentalni mistnosti dostala na pozad'ovou hodnotu.

VYSLEDKY, DISKUSE, ZAVERY

Velikostni distribuce pocetni koncentrace Castic mérené pomoci SMPS a APS po
brouseni tifi kompoziti a neplnéné pryskyrice pomoci diamantovaného brousku
tvrdokovového vrtacku jsou znazornény na obrazku 1. V pripadé€ nanocastic mérenych
pomoci SMPS se méd velikostni distribuce pohyboval v rozmezi 20-40 nm (Obr. 1 a),
v pripadé mikrometrovych ¢astic métrenych APS byl v rozmezi 0,9-2,1 pm (Obr. 1 b).
Celkové koncentrace nanocastic a mikrocastic byly zhruba 2-9,5 krat vyssi neZ pozad'ova
koncentrace v experimentdlni mistnosti (5x103 aZz 8x103). KnejvysSimu naristu
koncentraci nanocastic dochazelo pri brouseni materiala Filtek Ultimate a Charisma. K
uvolnovani nanocastic vSak dochazelo i pti brouSeni neplnéné pryskyfrice, coZ potvrzuje
vysledky studie Bogdana et al. (2014), ktera uvadi, Ze nanocastice nepochazeji z plniva,
ale jsou spise produkty tepelného rozkladu polymerni matrice zptisobeného teplem
vznikajicim tfenim pfi intenzivnim brousSenim pfti vysokych rychlostech nastroje bez
chlazeni vodou.

a, b,
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Obr. 1: Velikostni distribuce pocetni koncentrace ¢astic mérena a) SMPS a b) APS po
brouSeni kompozitl Filtek Ultimate, Estelite Sigma Quick, Charisma a neplnéné
pryskyrice pomoci diamantovaného brousku.
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SUMMARY

The aim of this project was to estimate the relative level of working exposure to
aerosols with the possible content of using nanofibre added to the composite mixture.
The measurement has been carried out at the selected workplace of composite materials
production. DustTrak DRX 8533 for mass concentration determination, Concentration
Particle Counter 3007 (CPC) for the determination of numerical concentration, and
NanoScan SMPS 3910 are used to monitor the working atmosphere, determining the
particle size distribution in the range of 10-350 nm with addition of particle distribution
results in the range 300 - 10,000 nm from Optical Particulate Cleaner 3330 (OPS). From
the analyzed and evaluated results, preventive measures were proposed under the
precautionary principle.

UvoD

Kompozity jsou sloZené materialy, skladajici se ze dvou ¢i vice sloZek, z nichz kazda
plni jinou specifickou funkci a ma materidlové vlastnosti, které jsou vétSinou znacné
rozdilné. (Vrbka et. al,, 2008). V dnesSni dobé patri vyuziti kompozitnich materialti mezi
nejpouzivanéjsi materialy napfi¢ priimyslovymi odvétvimi, napft. ve sportovnim odvétvi,
v automobilovém primyslu atd. Hojné vyuZivanou sloZkou pro vyrobu kompoziti jsou
v soucasnosti pouzivané nanomaterialy. S tim souvisi i zvySené mnozstvi pracovnikd,
které mohou byt témto specifickym materidlim exponovani.

Cilem projektu bylo zjistit skuteCnou pracovni expozici pracht pri formulaci
kompozitni smési, do které se pridava material s obsahem mikrocastic. Zakladnim
screeningovym mérenim byla zjiSténa pracovni expozice ovzdus$i s moZznym obsahem
rizikového materialuy, ktery se pouziva jako vyztuz pri vyrobé kompozitniho materialu.

Sledovany material byl Expancel Microspheres: 461 DET 40 d25, ktery je sloZeny z
isobutanu, kopolymeru a reakéniho produktu s oxidem kiremicitym. Nachazi se ve formé
jemného bilého prasku bez zapachu. Sledovany byly tyto parametry: hmotnostni a
pocetni koncentrace (viz tab. 1).

Ze zjisténych informaci (o pouZzivanych latkach, pracovnim prostredi, o vyrobé
kompozitniho materidlu atd.) byl vytvoren scénar expozice zahrnujici dvé pracovni
operace: nasypdvani jednotlivych slozek a nasledné jejich michdni. Cely vyrobni proces
probihal vjedné mistnosti snucenym vétranim (klimatizace, kterd se zapina
v intervalech podle podminek v mistnosti). Tato mistnost je v pripadé nutnosti doplnéna
i 0 prirozené vétrani (otevirani vrat).
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Tab. 1: Specifické vlastnosti EXPANCEL Microspheres: 461 DET 40 d25

Velicina Hodnota

Rozmeér Castice (primeér) 35-55um

Forma Duté kulicky

Hustota: 0,025 + 0,003 g/cm?

Amorfni SiO2 - prach s moZnym 4,0 mg/m3 (PELc) (NV 361/2007 Sb.)

fibrogennim uc¢inkem
SiOz2 - Pripustny expozi¢ni limit pro 40 000 ¢astic/ cm® (Broekhuizen et. al (2012)
pocetni koncentraci

METODY MEREN{

Vzorky ovzdusi byly odebirdany z hlediska prostorového usporadani standardnim
zplUsobem v blizkosti dychaci zény pracovnika. Monitoring ovzdusi byl provadén pomoci
zatrizeni DustTrak DRX 8533 pro stanoveni hmotnostni koncentrace, Condensation
Particle Counter 3007 (CPC) pro stanoveni pocetni koncentrace a NanoScan SMPS 3910,
kterym lze urcit velikostni distribuci ¢astic v rozmezi 10 - 350 nm s doplnénim vysledkt
o distribuci castic v rozmezi 300 - 10 000 nm z pristroje Optical Particle Sizer 3330
(OPS). Jejich naméfend data se poté spojila v softwaru Multi-instrument Manager™
(MIM)

Pred zahajenim pracovnich operaci byla zmérena pozadova charakteristika
pracovniho ovzdu$i - tzv. pozadi. Nasledné bylo provedeno méreni koncentrace
aerosolu v pracovnim ovzdusi v priibéhu obou pracovnich operaci - a to nasypavani i
michani. V dobé méreni byla vyrobena kompozitni smés o dvou raznych vyslednych
hmotnostech, pricemz sloZeni obou smési bylo shodné. Nejprve byly pripraveny 3 x 30
kg barely - oznaceno smés A. Druha zakazka byla na 2 x 10 kg (oznaceno jako smés B).
Oznaceni jednotlivych méricich vzorka a jejich nazvy se nachazi v Tab. 2. Odbéry vzorkad,
jak pri méreni pozadi, tak pti pracovnich operacich, probihaly v intervalu 15 minut, coz
dostatecné pokryvalo dobu jednotlivych pracovnich operaci.

Tab. 2: Popis jednotlivych odebranych vzorki
Oznaceni vzorku Mérené (odbérové) misto
Pozadi - uzavrena vrata
Pozadi - oteviend vrata
Nasypavani kompozitni smési A
Michani kompozitni smési A elektrickym ru¢nim michadlem
Michani kompozitni smési A a nasypavani kompozitni smési B
Michani kompozitni smési A a B
Venkovni prostredi pred skladem

NO UL WN -

VYSLEDKY A DISKUSE

Mérenim distribuce velikosti castic bylo zjiSténo, Ze nejvySSi pocet castic je
zastoupeno v patém kanalu (Dp = 36,5 nm), a velikostni rozloZeni je obdobné jak u
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pozad'ovych vzorki, tak u vzorkli odebranych béhem pracovni operace, jak je parné z
grafti na Obr. 1.
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Obr. 1: Distribuce velikosti ¢astic - nalevo pozadi, napravo Nasypavani kompozitni

smeési A

Monitoringem hmotnostni koncentrace aerosolu v realném case byl zjiStén rozdil
mezi koncentracemi pozadi a koncentracemi béhem pracovnich operaci nasypavani a
michani kompozitni smési. V grafu na Obr. 2 je prehled namérenych koncentraci vSech
velikostnich frakci pro jednotlivda odbérova mista. Vysledky hmotnostnich koncentraci

respirabilni frakce vSech vzorki v ¢ase je uveden v grafu na Obr. 3.
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Obr. 3: Hmotnostni koncentrace RESP v ¢ase.




Vysledky pocetni koncentrace ve srovnani jednotlivych vzorkl jsou odlisSné od
hmotnostni koncentrace, jelikoZ pozadi ma vyssi hodnoty neZ obé pracovni operace.
Jednim zdivodii mize byt zapnutd klimatizace pii pracovni operaci. Vysledky
pramérnych hodnot v¢. smérodatnych odchylek jsou zobrazené v grafu na Obr. 4.
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Obr. 2: Pocetni koncentrace mérenych vzorku

Pocetni koncentrace(#/cm?]

ZAVER

Z namérenych vysledki pocetni koncentrace bylo zjisténo, Ze zaméstnanci jsou pfri
pracovnich operacich vystaveni vysokym davkam rozvireného materialu s obsahem
mikrocastic. Presto hodnoty hmotnostni koncentrace neprekrocily pristupny expozi¢ni
limit. Vysledkem komplexniho posouzeni (kvantitativniho i kvalitativniho) bylo prijmuti
postoje predbézné opatrnosti a navrzeni specidlniho opatfeni pro sniZeni pracovni
expozice.
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SUMMARY

The first stage of a High Volumetric Cascade Impactor - HiVol (BGI-900), used for
sampling of aerosol particles larger than 10 micrometers in aerodynamic diameter, was
tested for bioaerosol sampling. Low air flow-rate and low pressure-drop at the jets of
the first stage and high air volume are advantageous parameters, which would favor the
use of the first stage for bioaerosol sampling. The sampling went in urban, rural and
background localities, Prague, Brezno and Laz respectively, in the Czech Republic in
summer and autumn. Method of pollen separation from the impaction substrate,
polyurethane foam, into homogeneous deposit on Nylon filter was optimized.
Representative portion of the deposit was analyzed by a scanning electron microscopy -
SEM. There were taken 485 SEM images from 12 samples in 3 localities in the Czech
Republic. Pollen grains were identified in 295 SEM images and determined into 9 genus
and 4 families. The grain deformities were quantified to be 24, 18, 50% for Prague,
Brezno and Laz localities. The polled grains of the Poaceae family were found with the
highest frequency. Number of pollen increased with total aerosol mass in Prague locality
only. There were also identified rather unique insect secretion products brochosomes in
the samples.

UvoD

Pyl je nedilnou soucasti atmosférického aerosolu a bioaerosolu. Vliv bioaerosolu na
atmosférické procesy je v posledni dobé studovan s rostouci intenzitou (Després et al.,
2012; Frohlich-Nowoisky, 2016). Bioaerosol hraje zasadni roli v interakcich mezi
atmosférou, biosférou a klimatem. Pylova zrna jsou nezbytna pro reprodukci a Sifent
organismi v riznych ekosystémech a mohou zpisobit choroby lidi, zvifat a rostlin.
Navic bioaerosol slouzi jako kondenzac¢ni jadra destovych kapek a ledovych krystalti a
ovliviiuje tak hydrologicky cyklus. Nicméné ucinky pylu nejsou dosud dobre
charakterizovany a predstavuji velké mezery ve védeckém poznani interakci v systému
Zemé. Podrobna analyza pylu je proto v dneSni dobé nepostradatelnou soucasti
komplexnich vyzkumii atmosférického aerosolu.

METODY MERENI

Vzorky aerosolu z ovzdusi byly odebrany pomoci vysokoobjemového kaskadniho
impaktoru - HiVol (BGI-900, USA) s pratokem 900 Imin! v méstské, venkovni a
pozad'ové lokalitach (Praha, Biezno a Laz), koncem léta a pocatkem podzimu 2009.
Vyhodnoceni byl podroben aerosol z prvni frakce HiVolu, na které se zachyti ¢astice o
aerodynamickém priiméru > 10 um na substratu z polyuretanové pény - PUF. Substraty
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PUF byly zvaZzeny (MC-210, Sartorius), obaleny hlinikovou félii a ukladany
ve dvojitych polyethylenovych zip saccich pri teploté -22° C. Odstranéni aerosolovych
castic z PUF se provadélo v Cistém boxu (HB2436, LaminAir, Holten). Substraty byly
nastrithany laboratornimi ntizkami na ¢asti priblizné 1 cm?, umistény do 150 ml kadinky,
navlh¢eny nékolika kapkami ethanolu, zality 100 ml deionizované vody a nechany
v ultrazvukové lazni pri 60 W po dobu 3 minut (Micro Ultrasonic Cleaner CT-400).
Vodny extrakt byl filtrovan ve filtracni aparature (Thermo Scientific ™ Nalgene ™) pres
membranovy nylonovy filtr (primeér 47 mm, primér pért 0,45 um, Cronus). Sonifikace a
filtrace se znovu opakovaly. Pak byly filtry vysuSeny a homogenita depozitu
vyhodnocena zméfenim odrazivosti depozitu reflektometrem (Smoke Stain
Reflectometer M43D, EED). Filtry byly uloZeny v petri-miskach, uloZeny
v polyethylenovych zip pytlicich a zabaleny do hlinikové fo6lie. Pro analyzu na
skenovacim elektronovém mikroskopu SEM byl z filtru vyriznut kus 1 x 2 cm, pripevnén
k hlinikovému terciku a byl naprasovan Au pfi teploté 23 ° C po dobu 5 minut (SCD 050,
Bal-Tec). Vzorky byly prohliZeny pomoci elektronového mikroskopu (JEOL JSM-6380LV)
pri maximalnim zvétSeni 11 000x.

VYSLEDKY, DISKUSE

Z celkového poctu 490 snimkli SEM pylova zrna byla identifikovdna na 295
snimcich.
Nejvyssi koncentrace a variabilita typt pylovych zrn byly zjiStény v Praze. Byla
identifikovana pylova zrna dubu, jilmu, laskavce, javoru, borovice, lipy, Poaceae a dalsich
(Obr. 1). Pyly celedi Poaceae se nachazely na vSech lokalitdch s nejvysSi pocetnosti.
Pritomnost pylovych zrn vétSinou odrazela obdobi kveteni. Deformity pylovych zrn
dosahovaly 24, 18, 50% v lokalitadch Praha, Bfezno a Laz (Obr. 2). Pocet pylovych zrn
vzristal s hmotnosti aerosolu jen ve vzorcich z Prahy (Tab. 1). Kromé pylovych zrn byly
ve vzorcich nalezeny spory hub a brochosomy (obr. 3), coZ jsou sekre¢ni produkty

hmyzu, které odpuzuji vodni kapky a nektary.

Tab. 1: Souhrn lokalit odbéru vzorki, ¢asu odbéru a objemu vzduchu, hmotnosi
aerosolu odebraného v prvni frakci vysoko-objemového kaskddniho impaktoru HiVol

Locality GPS Cislo Zacatek Konec Objem Hmotnost
vzorku odbéru odbéru m? aerosolu
mg
29A 5.6.09, 12:16 7.6.09, 10:23 2490.3 113
Praha 50°4'16.638"N 31A 96.09,11:10 11.6.09, 10:55 2578.5 10.7
14°25'15.305"E  32A 11.6.09, 11:35 13.6.09, 10:30 25335 74
33A 13.6.09, 11:07 15.6.09, 11:30 2612.7 12.6
38A 7.8.09, 13:25 9.8.09, 10:58 24597 32.8
Brezno 50°24'0.545"N,  39A 9.8.09, 11:45 11.8.09, 10:12 25083 371
13°25'19.909"E  40A 11.8.09 10:58 13.8.09, 9:40 25218 16.1
42A 15.8.09, 10:03 17.8.09, 9:30 25623 31.0
45A 24.8.09, 11:55 26.8.09, 10:55 2598 0.1
Laz 49°39'35206"N, 46A 26.8.09, 11:25 28.8.09, 10:40 25515 0.1
13°53'43 743"E =~ 47A 28.8.09, 11:06 30.8.09, 10:00 25326 0.1
48A 30.8.09. 10:30 1.9.09, 10:32 25938 9.7
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Obr. 3: SEM snimek spory houby Cladosporium (vlevo) a brochosomt (vpravo)

ZAVERY

Prvni frakce vysokoobjemového kaskadniho impaktoru BGI-900 miiZe byt pouzita
k odbéru a nasledné charakterizaci bioaerosolu. Na zakladé méreni reflektance byla
zjiSténa vysoka homogenita depozitu na filtrech (Obr. 4), coZ umozZnuje vyhodnoceni
koncentrace pylovych zrn ve vzduchu (Tab. 2). Priimérna odrazivost klesala s hmotnosti
aerosolu, pricemz relativni standardni odchylka se pohybovala kolem 5 % pro hodnoty
reflektance > 15, nicméné prudce stoupla na 25 % p¥i hodnotach reflektance nizsich nez
15. Pokles homogenity je zplisoben nadmeérnou zatézi filtru depositem a miiZe byt

zamezen rozdélenim aerosolu na dva filtry.
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Obr. 4: Hmotnost aerosol a relativni standardni odchylka méreni reflektance

Tab. 2: Souhrn lokalit odbéru vzork(, ¢asu odbéru a objemu vzduchu, hmotnosti aerosol
odebraného v prvni frakci kaskadniho impaktoru Hi-Vol

Lokalita Cislo

Pocet pylovych Plocha SEM

Pocet pylovych zrn  Koncentrace

vzorku zrn na SEM snimku ve vzorku aerosolu pylovych zm

snimku mm2 #m?3

29A 8 0.238 36175 14.53

Praha 31A 6 0.238 27132 10.52
mestské 32A 5 0.238 22610 8.92
33A 8 1.690 5087 195

38A 11 1.690 6995 2.84

Brezno 39A 4 0.608 7066 2.82
venkovni 40A 3 0.238 13566 5.38
42A 3 0.423 7631 298

45A 4 0.238 18088 7.13

46A 2 0.106 20349 7.98

Laz 47A 2 0.106 20349 8.03
pozadové 48A 2 0.238 9044 3.49
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SUMMARY

This innovative study shows how children in bicycle trailers are exposed by aerosol
particles in comparison to cyclist during typical rides across the city of Prague, Czech
Republic. We hypothesize, that resuspended coarse aerosol particles from dusty roads
and submicron/nanoparticles from vehicle engines efficiently penetrate into a bicycle
trailer due to low emission heights. The measurements were conducted by a laser
nephelometer and condensation nuclei counter connected to omnidirectional inlets and
sheltered in a box or trailer. Two identical instrumental sets were used. The box is
placed on handlebars holder at the cyclist breathing zone while the second set is placed
inside the bicycle trailer. Temperature and GPS position were also concurrently
measured. Overall data were recorded with integration time of 1 second. Approx. 20 km
long routes including cycling paths, roads with low and high traffic and city park trails
with different surfaces is being repeated several times at various time of day and
weather conditions. Hot-spots of child/cyclist concentration ratios for particle mass
and/or numbers at breathing zones were revealed, evaluated and displayed on the
colored map. Aerosol concentrations during the ride was confronted with the city
background and actual meteorological conditions and rider observations. Practical
recommendations for elimination child exposition to aerosol particles during cycling are
one part of results.

0voD

Cyklistika je povaZovana jako soucast zdravého Zivotniho stylu. Jedna se o fyzickou
aktivitu, kterd pri pravidelném a priméreném opakovani zvySuje celkovou fitness
jedince a muize tak redukovat vznik obezity, rakoviny, kardiovaskularnich a dalSich
onemocnéni. Dle pétileté populacni studie 263 540 ucastnikii bylo zjisténo, Ze
pravidelné jezdéni na kole do prace sniZuje riziko vzniku rakoviny o 45 % a srdecnich
onemocnéni o 46 % oproti neaktivni ¢asti populace. Celkové tak bylo pozorovano
sniZeni rizika pred¢asného umrti o 41 % (Celis-Morales, et al., 2017). Na druhou stranu
je ziejmé riziko expozice aerosolovymi Casticemi, predevsim ultrajemné frakce
z dopravy, jejiZ soucasti jsou i karcinogenni polycyklické aromatické uhlovodiky.

Dosud nereSenou otazkou je expozice ditéte aerosolovymi Casticemi v dnes velice
popularnim ptivésném voziku za jizdnim kolem. Vozik je za kolem umistén
v bezprostiedni vzdalenosti, a tak miZe dochazet kresuspenzi prachovych castic
z komunikace pfimo dovnittr otevieného voziku. Dale predpokladame, Ze expozice déti
v privésnych vozicich ultrajemnymi ¢asticemi z nizko umisténych vyfukt aut mohou byt
taktéz vyssi vzhledem ktomu, Ze dychaci zéna ditéte je vice nez dvakrat niZe neZz
cyklisty.
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Hlavnim cilem je vytvoreni map jizd s barevné znazornénymi poméry koncentraci
PM1, PMz:s, PM1o a poctem submikronovych ¢astic mezi cyklistou a ditétem. Tyto poméry
pomohou lokalizovat mista s nejnepriznivéjsSimi podminkami pro jizdu s vozikem (hot-
spots). Zaroven budou vyneseny i absolutni koncentrace s informacemi o pozad'ovych

hodnotach a meteorologii.
METODY MERENI

K méreni s rezoluci jedné vteriny byly pouzity dva sety pristroji totozné
konfigurace: laserovy nefelometr DustTrak DRX (TSI) pro zaznam PMi, PMzs, PM1o a
kondenzacni ¢ita¢ submikronovych ¢astic PTrak (TSI). Oba pristroje mély vyvedeny
vSesmérové inlety do dychaci zony cyklisty, resp. ditéte. Prvni dvojice pristroji byla
umisténa v uzavireném boxu vpiedu na riditkach na specidlni odpruzené konstrukci a
druha dvojice pristroji byla uvniti voziku, ktery byl kryt zptedu sitkou proti hmyzu.
Poloha GPS byla zaznamenavana taktéz s vterinovou rezoluci na riditkach piistrojem
Garmin 64s spolu s teplotou ve voziku (Garmin Tempe, 1s). POV kamerou Sony byl
kazdych 5 vtefin porizen snimek z pohledu cyklisty. Pro méreni byly pouZity dva typy
voziki: Chariot Cougar 1 a 2 (pro jedno, respektive dvé déti) a horské kolo Cube Acid s
pneumatikami Schwalbe Smart Sam (Obr. 1).

Obr. 1: Dvojice pristroja DustTra DRX a PTrak umisténa na ridikach a ve voziku

Obvykle 20 km dlouhé jizdy s primeérnou rychlosti 15 kmh-! zac¢inaly a koncily v
Ustavu pro Zivotni prostfedi UK (Botanickd zahrada Prahy 2) a né&kolikrat byly
opakovany v rizny cas a za riznych meteorologickych podminek. Ty byly spolu s
informacemi o kvalité ovzdusi zaznamenavany z webu CHMU. Jizdy vétsinou vedly po
cyklostezkach nebo znacenych cyklotrasach, v méstskych parcich, po rtiznych povrsich a
za rizného provozu.

Po kazdé vyjizd'ce byla provedena alespon hodinova kolokace dvojic pristrojti, aby
se mohly nasledné vypocitat poméry koncentraci stejnych veli¢in. Data byla zpracovana
v program MS Excell 2017 a vynesena do barevnych map pomoci programu ArcGIS 10.2.

VYSLEDKY, DISKUSE

Doposud bylo naméteno 8 vyjizdék o primérné délce kolem 20 km.

Pro ilustraci je na obrazku 2 ze dne 21. 6. 2017 zobrazen 2 km dlouhy usek z 18 km
dlouhé trasy, kde jsou vyznaceny poméry mezi koncentracemi PMio ve voziku a na
riditkach cyklisty. Cesta se méni z asfaltové na prasnou, kdy zvySené koncentrace ve
voziku oproti cyklistovi presné odpovidaji zméné povrchu stezky na prasny usek. V
téchto mistech byly aZ stonasobné vétsi koncentrace ve voziku, pricemZ koncentrace
PMio zde dosahovaly az stovek pg.m-3. V ostatnich usecich trasy, ktera vedla po
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asfaltovych povrsich, byly rozdily mensi az zanedbatelné. Tato vyjiZd'ka byla nékolikrat
opakovana se stejnym vysledkem. Podobna zjisténi byla pozorovana i v parku
Stromovka, kde jsou rovnéz useky s praSnym povrchem.

RIS

PM,opomérvozik/cyklista
21.6.2017,7-8:45PM |

| br. 2: Pomér PM1o koncentraci ve voziku/na Fiitkéch, cervené useky odopovidaji
prasnym komunikacim, Praha-Branik, 21. 6. 2017, 19:40-19:50
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Obr. 3: Absolutni pocetni koncentrace submikrnov;’rh ééstc uvnite voziku, Pra
2017,17.-19. hod.

ha, 6.9,

Na dalS$im ptikladu z podvecerni vyjizdky dne 6. 9. 2017 lze ilustrovat vyvoj
absolutnich pocetnich koncentraci submikronovych ¢astic (UFP PNC) uvniti voziku, kdy

nejvysSi z nich byly zaznamenany na silnici podél naplavky ve znacném provozu.
Koncentrace byly vysoké i u Karlova mostu, kde je vyznamny turisticky ruch a cyklisté
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nemaji dostupnou alternativu priijezdu. Pti stdni na krizovatkach byly zaznamenany
taktéz zvysSené koncentrace. Naopak nizké koncentrace UFP PNC bliZici se pozad'ovym
koncentracim byly v parku Stromovka. V jiny den zde byly pozorovany lokalné zvySené
koncentrace pfi nedalekém priijezdu parniku na Vltavé. Poméry mezi cyklistou a
vozikem zde nejsou zobrazeny, ale v ramci jizdy byly v priméru zanedbatelné, tzn.
expozice ditéte a cyklisty byla zhruba shodna. Vyjimky bylo moZné pozorovat na
kiizovatkach a nebo v mistech stani bezprostrendé u automobildi, kde byly koncentrace
2-10 krat vyssi ve voziku.

Ve vétSiné pripadt dochazelo na mapach k prekryvu poméru koncentraci PM ¢i UFP
PNC mezi cyklistou a ditétem a zvySenych absolutnich koncentraci, neboli v mistech, kde
byly vyssi koncentrace ve voziku byly vysoké i absolutni koncentrace.

Pfedmétem navazujictho vyzkumu se zapojenim studenti PfF UK je vzorkovani
aerosolu ve voziku pro zjisténi jeho chemického sloZeni a opakovani nékolik set metri
dlouhych useki za riznych konfiguraci voziku a podminek, jako na piiklad mokra vs.
sucha prasna komunikace, vliv meteorologie a dalsich nezndmych a nasledné statistické
vyhodnoceni vysledkd.

ZAVERY

Bylo prokazano, Ze pii jizdé po suchych prasnych komunikacich dochazi k
resuspenzi PM, kdy koncentrace ve voziku jsou epizodicky o jeden az dva rady vyssi, nez
koncentrace v dychaci zéné cyklisty. K takovym situacim dochazelo zejména v parku
Stromovka a v Kréském lese. Absolutni koncentrace piitom casto v téchto mistech
dosahovaly aZz nékolik set pg.m=3 PMio. Ackoliv k podobné vysokym koncentracim
dochazelo i z divodu dopravy, rozdily mezi cyklistou a ditétem byly vétSinou minimalni
a tedy pro dité platily zhruba koncentrace métené cyklistou.

Absolutni pocetni koncentrace submikronovych castic byly nejvyssi z dopravy u
rusnych komunikacich (Barrandovsky most) a na kfrizovatkach. V priiméru nebyl z jizd
znatelny vyrazny nartist UFP PNC ve voziku ditéte, ale na krizovatkach a vedle stojicich
automobild byly koncentrace vyjimecné az desetindsobné vyssi.

Na zakladé dosavadnich vysledki 1ze doporucit cyklistim planovat trasu vyletu tak,
aby se vyhnuli praSnym komunikacim, zejména za sucha a take bezprostiedni blizkosti
dopravy, véetné cyklopruht podél rusnych komunikaci.

V ramci izemniho rozvoje by bylo vhodné stavét cyklostezky s kvalitnim asfaltovym
povrchem bez Stérku a pokud moZno oddélené od dopravy. Vzhledem k expozici to plati
zejména pro trasy dennfho dojiZdéni obc¢anti do zaméstnani. Doporucujeme pravidelnou
udrzbu povrchi pomoci Ccisticich vozii a absenci zimniho posypu ¢i jeho disledné
zametani po zimni sez6né.
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SUMMARY

A roadside measurement of particulate matter concentrations with two fast-
response instruments, an electric mobility particle sizer and a photoacoustic sensor,
with parallel CO2 measurement used to calculate emissions per kg of fuel, was
conducted as a preliminary assessment of suitability of the method to identify high
particle emitters.

0voD

Znecisténi ovzdu$i je celosvétové i ve vétSiné jednotlivych zemi jednou
z nejcastéjsich pricin predcasnych imrti, zejména v dlisledku primarnich emisi ¢astic a
oxidi dusiku (NOx), a sekundarniho vzniku castic a troposférického ozonu. Ve vétsSiné
evropskych mést jsou hlavnim zdrojem znecisténi vyfukové emise ze spalovacich
motorl (nejen v silni¢nich vozidlech) a ostatni (nevyfukové) emise z dopravy.

Mezi emisemi ¢astic individualnich motorii jsou znac¢né, az nékolikarddové rozdily,
dané rozdilnou kvalitou konstrukce, vyroby, sefizeni, idrzby a obsluhy motort. Nejvyssi
emise C¢astic maji motory, které jsou v nevyhovujicim technickém stavu naptiklad
z divodu nadmérného opotiebeni, zanedbané nebo nespravné udrzby, nebo cileného
zasahu motoristy (v CR hojné inzerované odstratiovani katalyzatord a filtri ¢astic nebo
¢asto neschvalené nebo nedostatecné odborné provedené upravy motoru na vyssi
vykon).

Vyhledavani motorid s nadmérnymi emisemi s cilem dosazenti jejich nasledné opravy
¢i nahrady je, ¢i by alesponn mélo byt, cilem pravidelnych technickych kontrol a
souvisejicich méreni emisi. Stavajici metodika méteni koutivosti motoru metodou volné
akcelerace je vSak pro moderni vozidla nedostacujici, protoZe napriklad absence filtru
castic touto metodou nemusi byt detekovana. Lze proto predpokladat, Ze ucinnost
pravidelnych technickych kontrol je zrlznych divodi omezena, a na verejnych
komunikacich jsou provozovana vozidla s nadmérnymi emisemi, coZ bylo ostatné
zji§téno pri méreni koncentraci podél dopravnich taht (Stolcpartova et al., 2015) a na
parkovisti Skoly (Vojtisek, 2015).

Tato studie je jedna z pilotnich studii pro prvotni koncept alternativni metodiky pro
detekci vozidel snadmérnymi emisemi v provozu. Pro provozni méreni plynnych
zneciStujicich latek jsou jiz desetileti pouZzivany spektrometry s optickou drahou napric
vozovkou, zndmé jako Remote Sensing Device (Bishop, 1989). Timto zplisobem vsak
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prakticky nelze mérit malé castice, které jen velmi omezené utlumuji (pohlcuji a
rozptyluji) svételny paprsek. Velmi malé cCastice Ize naopak uUspésné detekovat
kondenzacnimi ¢itaci a elektrometry. Kondenza¢ni citaCe jsou jiz vyuzivany pro kontroly
motoril ve Svycarsku (Bischof 2015), pficemZ malé ru¢ni p¥istroje na bazi difizniho
nabfijeni Castic a ndsledné méreni naboje odevzdaného Casticemi elektrometrem (Fierz
et al, 2011 a 2014) jsou jiz béZné pouZivané pro atmosférické studie. Hallquist a kol.
(2013) sledovali castice z autobusti pohdnénych naftou a zemnim plynem pristroji
umisténymi podél drahy prijjezdu autobusu po zkusebnim okruhu. Bishop a kol. (2015)
mérili kondenza¢nim c¢itacem koncentrace ¢astic ve sbérném potrubi umisténém ve
stanu, kterym projizdély nakladni vozy.

V této studii je ovérovan koncept méreni pristroji s rychlou odezvou, které odebiraji
vzorek z bezprostiedni blizkosti projizdéjicich vozidel. Je uvaZovan vysledek v emisich
na kg paliva, ktery lze porovnat s emisnimi limity Euro (platnymi pro jizdni cyklus
NEDC), napriklad pti spotiebé paliva 50 g/km odpovida 1 g/km limitu Euro 3 (50
mg/km) a 0.1 g/km limitu Euro 5.

MEREN({

Pro tuto studii byly vybrany dva pristroje s rychlou (10 Hz) odezvou - klasifikator
na bazi mobility v elektrickém poli (Engine Exhaust Particle Sizer, TSI), ktery méri
pocetni koncentrace castic ve velikostnich kategoriich 5-560 nm, a fotoakustickym
pristrojem (MicroSoot Sensor, AVL), ktery detekuje zvukové viny vzniklé pohlcenim
laserového paprsku Casticemi, a to prevaziné cCasticemi elementarniho uhliku. Tyto
pristroje byly doplnény infracervenym spektrometrem s Fourierovou transformaci
(FTIR, IMatrix-MGX, Bruker Optik, Némecko), ktery méri absorb¢ni spektra v oblasti
4000-700 cm (2,5-14 um) se spektralnim rozliSenim 0.5 cm! a ¢asovym rozliSenim 5
Hz. Pristroje byly umistény za svodidly na sjezdu z prazského méstského okruhu ve
sméru od Barrandovského mostu na ulici 5. kvétna a vzorkovaly ve vySce 2-3 cm nad
okrajem vozovKky nerezovou trubici, ze které byl vzorek rozdélen do jednotlivych
pristroji. Pristroje byly napajeny sestavou akumulatorti a ménice. Fotografie sestavy je
na obr. 1. Casova odezva piistroji byla ovéiena a data synchronizovana piiblizenim
horici zapalky (Solo, Indie) v bodé odll)éru vzorku.

Rl T

MicroSo
| otSensor

Bod odbéru

Obr. 1: Mérici aparatura
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ZPRACOVANI DAT

FTIR spektra byla vyhodnocena pro koncentrace CO2. Kvalifikovanym odhadem byla
stanovena, a od namérenych koncentraci odectena, pozad'ova koncentrace COz 430 ppm.
Pro zjednoduSeni bylo predpokladano, Ze vyssi koncentrace CO:2 jsou vyhradné
disledkem spalovani paliv v projizdéjicich vozidlech, a Ze prlimérné motorové palivo
obsahuje 86 % (hmot.) uhliku, ktery je veSkery preménén na CO2. Podélenim
nameérenych koncentraci Ccastic ekvivalentnim mnoZstvim paliva vcm3 vzorku,
vypocteném na zakladé téchto predpokladii, byly vypocteny emisni faktory vyjadiené
jako emise ¢astic na kg paliva.

ProtoZe velikostni distribuce castic mérené EEPS lze vyjadrit dle poctu, povrchu,
objemu a hmotnosti Castic, a cilem bylo zejména ovéreni konceptu, jsou v této studii
vykazovana primdarni (surova) data, tj. proudy nameéiené jednotlivymi elektrometry, a to
jako primeérny proud na elektrometru, odpovidajici cm3 vzorku nebo kg paliva.

VYSLEDKY

Jako ukazka namérenych vysledki jsou na obr. 2 vyneseny namérené koncentrace a
vypoctené emisni faktory pro dvé minuty méreni. Koncentrace CO2 jsou jako jediné
vyjadireny na pravé linearni ose, vSechny ostatni veliCiny jsou na levé ose
v logaritmickém méfitku. Emisni faktory jsou pocitdny priibézné (vyjma period, kdy
prispévek CO2 byl niZ8i nez 20 ppm). Oblasti, kdy koncentrace CO:z dosahuji svého
vrcholu a zaroven jsou rozlisitelné od blizkych vrcholi COz, jsou vyneseny tlustou c¢arou,

a lze je povazovat za alesponi velmi orienta¢ni vyjadireni emisnich faktort pro 21 vozidel.
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Obr. 2: Namérené koncentrace CO:z (s odectem pozadi, prava osa, modre),
elementarniho uhliku (Zluté, vyjadiren v ug/m3) a priimérny proud elektrometru
detekovany EEPS (vyjadren ve stovkach pA), emisni faktory elementarniho uhliku (g/kg
paliva) a proudu EEPS (stovky A * kg paliva/cm3), s tu¢né zvyraznénymi body vypoctu
emisnich faktort pro jednotliva vozidla.
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DISKUZE

Zde predstavené zpracovani dat je velmi hrubé. Ve skutecnosti by mélo byt uvazeno,
Ze naméreny signal je konvoluci prispévkil jednotlivych vozidel, které by mély byt od
sebe oddéleny dekonvoluci. Emisni faktory by pak mély byt stanoveny na zakladé
prispévki jednotlivych vozidel ke koncentracim castic a COz, a s uvazenim okamzitych
hodnot pozadovych koncentraci. Je totiZ pravdépodobné, Ze vozidlo, které projelo
v 17:32:03, vyprodukovalo tak velké mnozstvi ¢astic, Ze jim miize byt ovlivnén vypocet
faktorti pro nékolik dalSich vozidel. Pro zaZehové motory by bylo vhodné spektra
namérena FTIR vyhodnotit i pro CO a pripadné, alespon orientacné, organické plyny. Na
druhou stranu je zvysledki zrejmé, Ze vozidla s vysokymi emisemi se od vozidel
v dobrém stavu nelisi o desitky procent, ale fadové. Proto je mozZné, Ze pro obdobna
méreni bude mozZné vyuzit i mensi a levnéjsi pristroje. Celkové je patrné, Ze zde popsany
piistup predstavuje urcity, i kdyz jeSté ne zcela uptresnény, potencial pro ,bezkontaktni“
detekci vozidel s nadmérnymi emisemi ¢astic.
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SUMMARY

Distribution of PM1 and PMo.1 was determined during combustion of different
solid fuels in widely used small-scale hot-water boilers. The effect of the fuel type and
mode of operation of the boilers (nominal a reduced heat output) were evaluated.

0voD

Ostrava lezici v Moravskoslezském kraji (MSK) patfi mezi mésta, ktera maji vysoce
znecisténé ovzdusi prachovymi ¢asticemi v Ceské republice, i v Evropé (EEA, 2014).
V Ostravé jsou vysoké koncentrace primyslu a lidskych sidel na malém prostoru.
Ostrava je taktéZ dopravnim uzlem regionu. Cast obyvatel Zije v rodinnych domech,
kde vyuzivaji lokalni topenisté (mald spalovaci zatizeni na tuha paliva, MSZ), coZ jsou
velmi vyznamné zdroje zneciSténi ovzdu$i. V topné sezoné je ovzduSi v oblastech
bez priimyslu podobné jako v priimyslovych lokalitadch (naptiklad Krnov) (CHMU, 2015;
PRK, 2015).

Tvorba PMx ze spalovani zavisi na radé faktord, tj. na podminkach spalovani (rezim
spalovani, prebytek vzduchu...), vlastnostech paliva a typu spalovaciho zatizeni.
Pri spalovani biomasy je ve spalinach nejvice zastoupena frakce mensi nez 1 pm (Boman
et al., 2005; Martinik et al,, 2013).

Studie (Boman et al, 2011; Lamberg et al, 2011) poukazuji na artefakt,
Ze pri efektivnim spalovani biomasy je sice produkovana mensi hmotnostni koncentrace
frakce PM1, nicméné frakce PMo,1 tvori vétsi cast této frakce nez pri spalovani na sniZeny
nastava pii neefektivnim spalovani - vétSi koncentrace c¢astic PM1 s mensSim
zastoupenim PMo,1(nizsi{ vykon, doutnani). Tento artifact se potvrdil prispalovacich
zkouskach, které byly provedeny na Vyzkumném energetickém centru v malych
spalovacich zafrizenich. MSZ byly provozovany na jmenovity a sniZeny vykon pfi
spalovani raznych druht paliv.

Prispévek navazuje na predchozi abstrakt publikovan v roce 2016 ve sborniku
Ceské aerosolové konference. Kde byly jednotlivé spalovaci zkousky podrobné popsany.
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METODY MEREN{

Pi spalovacich zkouskach bylo pouzito 6 riznych paliv - hnédé uhli (HU1, HU2),
mokré smrkové drevo, suché smrkové drevo, dievni pelety a palivo MIX. U kazdého
paliva bylo pfed mérenim stanoveno elementarni sloZeni paliva a vyhfevnost paliva
(Krpecetal, 2016)

Vsechny zkousky byly provedeny v akreditované zkuSebné spalovacich zarizeni.
Vyzkumného energetického centra.

Vzorek spalin, pro stanoveni velikostni distribuce c¢astic a pocetni koncentrace
Castic, byl odebiran v redicim tunelu izokinetickym zplsobem ve stfedu proudu spalin
(viz Obr. 1, odbérové misto 2).

Byl pouzit skenovaci tridic pohyblivosti c¢astic (SMPS). SMPS je sloZzen z
diferencidlniho analyzatoru pohyblivosti Castic a kondenzacniho citace castic, ktery
Castice spocitd. V ném se Castice po priletu nasycenymi parami alkoholu obali
kondenzatem, diky ¢emuZ je mozné Castice detekovat. Vzorek spalin byl pred vstupem
do SMPS naredén. Pristrojem SMPS byla mérena frekvencni spektra jednotlivych
velikosti ¢astic (PMo,1 aZ PM1) po celou spalovaci zkousku. Jedno frekvenc¢ni spektrum
bylo naméreno cca za dvé minuty.

Na zadkladé pouziti pristroje SMPS bylo moZno stanovit celkovy pocet Castic.
Avsak celé toto méreni je zaloZeno na fadé predpokladli (konstanty - tvar ¢astic, hustota
Castic...), timto zplisobem stanovend hmotnost ¢astic neni porovnatelna s vysledkem
nameérenym impak¢éni metodou (impaktorem DLPI).

fedicl tuned
oL

digestol - fedéni spatn

@olovany komin

odbérové misto 1
- 23 spalovacim zalizenim

Obr. 1: Schéma zkuSebni sestavy
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VYSLEDKY, DISKUSE, ZAVERY

Pochopeni vztahu mezi mnoZstvim emisi, jejich fyzikalné-chemickymi vlastnostmi
a biologickou aktivitou je nezbytné pri navrhovani a zavadéni efektivnich opatfeni
pro sniZeni rizik exponovaného obyvatelstva.

Cil prace byl zaméren na charakterizaci velikostni distribuce Castic a na stanoveni
pocetni koncentrace (PK) jednotlivych velikostnich frakci castic vyskytujicich se ve
spalinach, které produkuji mala spalovaci zarizeni. Koncentrace PM1 a ultrajemnych
¢astic (PMo,1) byly experimentalné stanoveny pfi spalovani riznych druhi tuhych paliv
v riznych typech malych spalovacich zarizeni (prohotivaci, odhotivaci, zplynovaci a
automaticky kotel), které predstavuji reprezentativni vzorek dnes pouZivanych
technologii. Pri experimentech byl bran ohled na negativni vliv neodborné obsluhy -
provoz spalovaciho zarizeni i pfi sniZeném vykonu a vliv spalovani nekvalitniho paliva
(domovni odpad).

Hlavni poznatky ziskané z provedenych spalovacich zkousSek jsou nasledujici:

e VsSechny typy kotlli produkovaly vyssi PK PMo,1 pfi jmenovitém vykonu nez
pri sniZeném vykonu (kromé automatického kotle).

e Novéjsi kotle, i pres nizsi hodnoty PK PMo,1 a PK PM1, mély vyssi procentudlni
zastoupeni velikostni frakce PMo,1 ve frakci PMi. U kotlG zplynovacich a
automatického bylo zastoupeni frakce PMo,1 v PM1 v priiméru cca 76 %poz. a u
kotli prohorivaciho a odhotivaciho bylo zastoupeni frakce PMO0,1 v PM1
v priméru cca 58 %pot.

e Zastoupeni PMo,1 ve frakci PM1 bylo v primeéru 65 %poz. u vSech kotl.

e Ze zdravotniho hlediska vySel nejhiif prohotivaci kotel pri jmenovitém
vykonu spalujici riizné druhy paliv.

e Obecné lze konstatovat, Ze novéjsi typy spalovacich zarizeni produkuji v
prameéru mensi PK PMo,1 a PM1 nez kotle starsiho typu.
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SUMMARY

In this work the organic compounds and organic markers used for the identification
of main aerosol sources were measured in PM1 aerosol in a rural (KoSetice) and an
urban (Brno) area. Monosaccharide anhydrides and resin acids (emissions from biomass
combustion) were found especially. Polycyclic aromatic hydrocarbons (emissions from
traffic and incomplete combustion), hopanes, steranes (traffic, coal combustion) and
alkanes were other groups of analysed organic compounds. Markers were studied in the
size fraction PM1 because this fraction of aerosols is more harmful to human health than
higher PM fractions.

UvoD

V atmosfére se nachazi mnoho organickych sloucenin vazanych na aerosolové
castice, které jsou produkovany nejriznéjsimi zdroji: primarni (ptirodni, antropogenni)
a sekundarni (reakce v atmosfére). Antropogennimi zdroji aerosolu jsou napf. spalovani
ropy, plynu, fosilnich paliv, dfeva nebo odpadi, dile automobilova doprava, primysl,
skladky odpadi a dalsi (Kitimal a kol.,, 2012). Atmosférické aerosoly pilisobi skodlivé
také na lidské zdravi. Dlouhodoba expozice vysokych koncentraci atmosférického
aerosolu se projevuje zvySenim umrtnosti, poc¢tu nadorovych onemocnéni plic a
kardiovaskularnich onemocnéni (Brunekreef a Holgate, 2002). Skodlivost
atmosférickych aerosolli na lidské zdravi je dana nejen velikosti jejich ¢astic, ale i jejich
chemickym sloZenim (Kitmal a kol., 2012).

Bylo sledovano chemické sloZeni frakce PM1 ve venkovské (KoSetice) a v méstské
(Brno) lokalité se zamérenim na analyzu molekulovych markert, které se vyuzivaji pro
identifikaci emisnich zdroja aerosoli.

METODY MEREN{

Organické slouceniny byly analyzovany ve frakci PM1 (vzorky odebirany 23. 1. - 1. 2.
2017). PM1 aerosol byl paralelné odebiran pomoci velkoobjemovych vzorkovaci DHA-
80 a DHA-77 (Digitel) na kifemenné filtry o prliméru 150 mm (pritok vzduchu 30 m3/h)
ve 24 hodinovych intervalech (zacatek vzdy v 10:00). Brno je druhym nejvétsim méstem
v CR a Kosetice jsou klasifikovany jako pozadova venkovska lokalita nachazejici se
mimo hlavni emisni zdroje.
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Filtry s navzorkovanymi aerosoly byly rozstrihany na 2 €asti. Prvni ¢ast byla pouZita
pro spolecnou extrakci anhydridiT monosacharidi, pryskyricnych Kkyselin,
methoxyfenolli, monosacharidili, disacharidi a polyoli (cukernych alkoholti) pomoci
smési dichlormethan/methanol (1:1 v/v) v ultrazvukové vodni lazni. Extrakty byly po
derivatizaci analyzovany pomoci GC-MS (Kitmal a kol., 2010). Ve druhé casti filtri byly
analyzovany alkany, hopany, sterany a polycyklické aromatické uhlovodiky (PAU).
Extrakce probihaly smési hexan/dichlormethan (1:1 v/v). Extrakty byly po frakcionaci
analyzovany pomoci GC-MS (Kitmal a kol., 2013; Mikuska a kol., 2015).

VYSLEDKY A DISKUSE

Primérné hmotnostni koncentrace PM1 aerosolu byly v KoSeticich (26,1 pg/m3)
nizsi nez v Brné (30,0 pg/m?3). Primérny procentudlni piispévek sumy analyzovanych
organickych slouc¢enin v PM1 byl v KoSeticich (1,90 %) naopak vyssi neZ v Brné (1,33 %),
piredevsim kviili vy$Simu prispévku koncentraci anhydridii monosacharidd.

Pribéhy koncentraci PMi1 a sumy analyzovanych organickych sloucenin jsou
uvedeny na Obr. 1. Nejvyssi koncentrace byly nalezeny pro anhydridy monosacharidi a
pryskyfi¢né Kkyseliny, coZ souvisi s vys$Sim spalovanim biomasy (dreva) v zimnim
obdobi. Priimérné hmotnostni Kkoncentrace anhydridi monosacharidii byly wvyssi
v KoSeticich (361 ng/m3) nez v Brné (275 ng/m3). Mezi organické markery dopravy a
spalovani uhli patfi hopany a sterany. Sterany se do ovzdusi emituji pouze z motorovych
olejli, zatimco hopany z dopravy (motorové oleje) a ze spalovani uhli. Pro identifikaci
spalovani raznych typd uhli se uzivaji diagnostické poméry R- a S- isomeri
17a(H),213(H)-homohopanu. Homohopanovy index S/(S+R) se pohyboval mezi
hodnotami 0,05 - 0,14 (Kosetice) a 0,07 - 0,22 (Brno), coz s pritomnosti picenu indikuje
spalovani uhli (hnédé, hnédé/Cerné) jako emisni zdroj aerosolu na obou lokalitach.
Emisni zdroje mlZeme od sebe rozlisit také pomoci diagnostickych pomért PAU, avSak
jejich vyuziti je problematické, protoze hodnoty téchto pomeéri se vzajemné piekryvaji.
Dal$i nevyhodou pouziti diagnostickych poméra je reaktivita PAU v atmosféie v
pritomnosti NO2, O3 a OH radikali (Kiimal a kol, 2012; Kiimal a kol, 2013).

Emisnim zdrojem PAU mize byt spalovani jakéhokoliv organického materialu
(spalovani biomasy, fosilnich paliv, odpadd, emise z automobilové dopravy a priamyslu a
dalsi). Priimérné hmotnostni koncentrace PAU byly na obou lokalitdich témér shodné
(11,0 - 11,9 ng/m3). Diagnosticky pomér mezi benzo(a)pyrenem a benzo(e)pyrenem
[BeP/(BeP+BaP)] byl nizsi nez 0,5, coZ indikuje emise aerosolu z mistnich zdrojt.

Aerosol PM1 silné koreloval se vSemi analyzovanymi organickymi slouc¢eninami
(predevsim s anhydridy monosacharidd a PAU) pievazné v Brné (R = 0,71 - 0,92), coz
dokazuje spalovani organického materialu a dopravu jako hlavni emisni zdroje v Brné.
Korela¢ni koeficienty mezi organickymi slou¢eninami a PM1 byly v KoSeticich nizsi (R =
0,22 - 0,66).
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Obr. 1: Priibéhy hmotnostnich koncentraci PM1 (pg/m3) a sum analyzovanych
organickych sloucenin (ng/m3) béhem méreni v KoSeticich a Brné.
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ZAVER

Nejvyssi koncentrace byly nalezeny pro anhydridy monosacharida a pryskyii¢né
kyseliny, které pochazeji ze spalovani biomasy (dreva). DalSimi identifikovanymi
emisnimi zdroji byla doprava (hopany, sterany, alkany a PAU) a spalovani uhli (hopany,
PAU). Prlimérné hmotnostni koncentrace PM1 byly v KoSeticich niZ$i nez v Brné,
zatimco primérné hmotnostni koncentrace organickych sloucenin byly na obou
lokalitach témér shodné (PAU, alkany, sterany, pryskyricné kyseliny) nebo naopak v
Koseticich vy3$si (hopany, sacharidy, anhydridy monosacharidii). Vzhledem k tomu, Ze
vSechny skupiny analyzovanych organickych slouc¢enin a markerd silné korelovaly s
hmotnostnimi koncentracemi PM1, je velmi obtiZzné specifikovat prevazujici emisni
zdroj v KoSeticich a v Brné.
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INTRODUCTION

During the cold months of the year, anthropogenic activity leads to a considerable
deterioration of air quality (Schwarz et al, 2016). This situation is particularly relevant
for geographical the area of the former Eastern Bloc, where household heating is based
on useful energy supply from outdated systems. This problem is however, not limited
only to urban areas (Krynicka and Drzeniecka-Osiadacz, 2013; Miji¢ et al., 2010). In the
areas of compact rural settlement, the ratio of solid fuels combustion in the total
production of thermal energy is in the range from 70 to 95% (Olszowski, 2014).
Unfortunately, papers discussing the results of research on air quality in rural areas are
scarce (Nam et al., 2010).

Among the air pollutants, particulate matter (PM) has the greatest impact on the
quality of the environment. This effect can be attributed to the large load and chemical
properties of the emitted particles. The group of the most hazardous includes fine
particles, formed by the particles of up to 2.5 micrometers in diameter (PMz:s).

Due to the scarcity of reports into the condition of troposphere in the areas of
Central and Eastern Europe (especially Poalnd) in the cold season, a study into the
variability of the concentrations of PM2s and PMio was undertaken. The main objective
of this study was to analyze the variability of the ambient particulates mass
concentration in an area occupied by rural development. The objective of this study was
to determine the ratio of the fine fraction in PM10 and a comparison between air quality
in the rural and urban areas.

The scope of a research project in this area involved the verification of a hypothesis
regarding the equal ratios of PMzs in PMi1o in the areas with different areas of urban
development. The hypothesis was verified for the conditions of high mass concentration
occurrence and during the periods when it was absent. In addition, the study led to the
substantiation of the hypothesis regarding the impact of meteorological parameters on
the air quality in the areas of rural development.

EXPERIMENTAL SETUP

The registration of meteorological parameters and concentration of PM2s and PM1o
in the rural area were realised in the centre of village Kot6rz Maty (Poland, 50° 43’ 50"
N; 18° 02’ 36" E; 1025 inhabitants). The measurement point was located in direct
neighborhood of compact rural building development area.

The objective of a comparison of two areas with different levels of urban
development, the work applied data from a city measurement station managed by The
Regional Inspectorate of Environmental Protection (REIP, 2017). The meteorological
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data representative of an urban area and concentration of PM’s were determined in
provincial city of Opole (Poland, 50° 40" 13" N; 17° 55’ 12" E, 122,000 inhabitants). The
monitoring station was situated in the centre of the city, near low and high residential
housing and commercial development. Measurement point was situated 12 km south-
west from the observation point in Kot6rz Maty.

Simultaneous 24-hour aspiration (for 35 consecutive days from 6t Jan to 10th Feb
2017) of the PM25sand PM1o was carried out with PNS3D15 low-volume dust meters. The
aspiration headers were installed 2 m above ground. The devices were located 5 meters
apart. The PM separators were applied with Whatman QMA air filters with a diameter of
47mm. The procedure for estimating the aerosol mass concentration was conducted in
accordance with guidelines of the European Standard (ES, 2014).

Hourly aspirations of aerosols in rural area were provided with using the DustTrak
DRX 8533 Aerosol Monitor TSI®. The measurement procedure was realized by
application of the guidelines given by the manufacturer (TSI, 2016). Hourly registrations
were conducted only in January 2017.

To assess the meteorological conditions, two portable weather stations were used
(Davis Vantage®). Values of main parameters (temperature (T), atmospheric pressure
(P), relative humidity (RH), wind speed (W), precipitation (R) and duration of sunshine
(S)) were collected with data-logger.

The relationships between variables were examined using Spearman correlation
[10]. Significance level of 0.05 was adopted. Finally, the study used Principal Component
Analysis (PCA).

RESULTS AND CONCLUSIONS

Table 1 contains a summary of data regarding selected meteorological parameters
registered during the measurement campaign in rural area (n=140). During the
examined period, the values of meteorological parameters registered in the weather
station located in the city were statistically almost identical to the ones registered in the
rural areas (p-values for the Mann-Whitey test: 0.11 (T); 0.09 (RH); 0.18 (W); 0.19 (P);
0.17 (R); and 0.44 (S)). The meteorological condition was determined by the occurrence
of the high-pressure area with a center located in Russia (considerable insolation,
windless weather, lack of precipitation - on average 23% of the winter period) and
western recirculation (area associated with occurrence of rainfall, higher temperature,
lack of insolation, low pressure, considerable movement of air masses).

Tab. 1: Meteorological parameters characterising the conditions during the

observations.

T RH R P Ws S PM2s PMu1o
[°C] [%] [mm/h] [WPal [m/s] [h] [ug/m3] [ng/m?]
MIN -122 591 000 278 000 000 goo 11.0
MAX 117 974 140 1041 141 903 44 195
AVG 075 800 139 1018 340 233 344 44.6
11.4 2.95 34.8

SD 422 965 2.63 9.71 29.8
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The mean value of the mass concentration of PM2sin the rural areas was at a similar
level to the concentration of PM2s determined not only in Opole (32.4 ug/ms3, p = 0.21),
but also in the cites with the highest level of pollution in Poland. At the same time, these
values considerably exceeded the mass concentrations measured in the rural areas in
Central and Northern Europe (Rogula-Koztowska et al, 2016). A statistically
insignificant difference (p = 0.38) was also noted during the comparison of mean mass
concentrations of PM1o (in Opole, it was 46.2 pg/ms3).

Figure 1 shows the values of the ratio of PMz:s in PM1o in the urban and rural areas
for the entire range of the daily data (above), which arbitrarily confirm the condition
involving smog occurrence (below), respectively.
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Fig 1. Contribution of PMzs to PM1o (graph above- all number of observation, graph
below - smog occurence). Boxes show the range between the 25t and 75t percentiles.
The whiskers extend from the edge of the box to the 5th and 95t percentiles of the data.
The squares inside indicate median values.

Since the study reported here deals with mass concentrations of particulate matter
in the air, the ratios registered in the two measurement spots are considered as very
high. From the point of view of human health, the ratio of PM25 in PM1o is unacceptable.
In both cases, the location of the median can suggest that the higher ratio of the fine
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fraction can be noted in the rural area. The value of the probability excluded this
hypothesis for comparison with the data in Fig. 1 (left) (p = 0.46).

The phenomenon of a local concentration of particulate matter in the ambient air is
very adverse. This fact is particularly attributable to the most hazardous smog
component formed by fine ambient particulate matter. The results demonstrate that the
human exposition in the ambient air to the most adverse aerosanitary conditions is
associated with the considerably greater hazard in the rural areas. In this case, the mean
ratio of PM25in PMio is nearly 10% greater and is statistically distinct from the ratio that
was measured for the urban air (p = 0.03).

The occurrence of the smog phenomenon is correlated with the increase of the
respirable aerosol fraction in the suspended PM. The analysis of the 24-hour
concentration of the fractions of the particulate matter demonstrates that during the
episodes of smog, the ratio of PM25/PM1o was above >0.85. For the mean daily mass
concentrations of PM1o smaller than 50 pg/m3, the mean value of this ratio was equal to
0.79.

The scope of the experiment also involved the verification of the variability of the
mass concentrations of the examined aerosol fractions over 60-minute intervals. The
test took two weeks, including 6 days accompanied by the occurrence of a permanent
temperature inversion accompanied by occurrence of smog phenomenon. Both
gravimetric tests (24 hours) as well as optical ones (1 hour) demonstrate that enhanced
by an anticyclone, the three-day period of temperature inversion occurrence caused a
situation in which local air immission levels did not meet the standards required for the
protection of human health. The results in Fig 3 illustrate the data derived from 36
subsequent hourly observations with regard to the parameters, which define the quality
of the troposphere in the rural areas. The selected period illustrates the impact of the
temperature inversion (accompanying smog, from hour 1 to 25-26 during the
observation) as well as the impact of the variability of the most relevant weather
parameters.
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Fig 2. Variability of selected parameters in time during and after the occurrence of
temperature inversion.
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The results of the Spearman correlation between the PM’s mass concentration
measured at village and the remaining registered meteorological data let to provide the
PCA. The results of the experiment reflect the relevance of the principal components in
the explanation of the relevance of the input factors (per cent in the variability in the
database). The Keiser criterion was used as the principal test of the selection of the
relevance parameters, which meant that the factors investigated had an eigenvalue of
>1. The selection of the factors was also supported by the Cattell scree test. The relations

between the primary and experimental principal components are presented in a
graphical form in Fig. 3.
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Fig. 3. The PCA results. Configuration of examined variables in the realm of factors
1-2 (above) and 1-3 (below).

The Principal Component Analysis has successfully extracted three principal
components which illustrate the influence of meteorological parameters on PM2s and
PM1o mass concentration. In the analyzed case, three of the principal components had a
decisive role. Cumulative percentage of variation explained by three components reach
almost 84%.

The conducted research demonstrated that throughout the winter season, the
ground-level troposphere in the rural areas is considerably enriched by particulate
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matter emission and the values of the mass concentration of PMs does not statistically
differ from the levels recorded in the urban areas. The values of the daily and hourly
mass concentration of PMz.s and PM1o are very improper. The ratio of the fine particles
in the particulate matter suspended in the air, whose hazard to human health is known
to be high, is greater in the rural areas than in the cites for the case of the occurrence of
smog which is boosted by the temperature inversion phenomenon. The analysis of the
main components revealed that the metrological factors play a critical role on the
ambient air quality. In the cold season, the control of air quality is performed by the
temperature, which determines the level of pollution (mainly due to human habits). An
increase of this parameter leads to the smaller utilization of the domestic boilers. The
occurrence of the advection and precipitation as a result of the changes in atmospheric
pressure leads to the local dilution of particulate matter in the ground-level zone even in
the areas characterized by the considerable emission of pollution of anthropogenic
origin.

It seems, that the results cannot be supra-local dimension. But they can find
confirmation of areas with similar characteristics of emission and climatic-
meteorological conditions. At the local scale, the results of the experiment show that it is
necessary to replace old heating systems with new ones that do not generate significant
amounts of dust.
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SUMMARY

Combination of original ACTJU sampler with water-based condensation growth unit
(CGU) located upstream of the ACTJU allows quantitative sampling of aerosol particles
down to a few nm in diameter. The ACTJU effluent is permanently sucked out from the
sampler and online analysed for particulate water-soluble species by ion
chromatography.

0voD

Atmosférické aerosoly patfi spolu s prizemnim ozénem a oxidem dusicitym
sloZeni aerosolli vyuzivan predevsim zachyt aerosoll na filtr a nasledna off-line analyza.
Nevyhodou tohoto postupuje ovsem pomérné dlouha doba vzorkovani a s tim souvisejici
integralni informace v dlouhém casovém tuseku. Tyto nedostatky resSi pouZiti on-line
analyzy s kontinualnim aerosolovym vzorkovacem (Aerosol Counterflow Two Jets Unit,
ACTJU). Nevyhodou aktudlni verze vzorkovace je postupné klesajici ucinnost zachytu
pro castice mensi nezZ 300 nm (Mikuska a Vecera, 2005). Cilem této prace byl vyvoj
analytické metody pro on-line stanoveni ve vodé rozpustnych slouc¢enin v aerosolu.

METODY MERENI

Méstsky aerosol (PMzs) byl kontinualné vzorkovan do vody ve vzorkovaci ACTJU
s predifazenou kondenzac¢ni jednotkou (CGU), anorganické anionty byly stanoveny
v ACTJU effluentu pomoci iontové chromatografie. Vzorkovani probihalo ve dnech 12. -
21. ¢ervence 2017 na balkénu Ustavu analytické chemie AVCR v Brné. Venkovni vzduch
byl nejprve nasavan pres cyklon odstranujici ¢astice vétsi nez 2,5 ym (URG) a nasledné
pres anularni difuzni denuder pro odstranéni plynnych slozek (Mikuska a kol., 2012) do
nové verze vzorkovace CGU/ACTJU (Mikuska a kol, 2017). Vystup ze vzorkovace
CGU/ACTJU byl pripojen k pistové pumpé (AXP, Dionex, USA) se dvéma paralelné
pripojenymi prekoncentra¢nimi kolonami (2 x 50 mm, Dionex IonPac™ AC15, Thermo
Scientific, USA) pres 10-cestny davkovaci ventil a nasledné k iontovému chromatografu
(ICS-2100, Dionex, USA) se separacni kolonou (2 x 250 mm, Dionex lonPac™ AS11-HC,
Thermo Scientific, USA) a predkolonou (2 x 50 mm, Dionex IonPac™ AG11-HC, Thermo
Scientific, USA). Vzorky ACTJU effluentu byly odebirdny v hodinovych intervalech na
prekoncentracni Kkolonu, priéemz ve stejném case probihala eluce z druhé
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prekoncentrac¢ni kolony s ndaslednou separaci a analyzou anionti na iontovém
chromatografu. Paralelné byly PMzs aerosoly vzorkovany v 24-hodinovém intervalu na
filtry (47 mm, porozita 1 um, Zefluor) pro porovnani uc¢innosti metody.

VYSLEDKY A DISKUSE

VylepSena verze vzorkovace CGU/ACTJU umoznuje kvantitativni zachyt ultrajemné
a jemné frakce atmosférického aerosolu az do velikosti ¢astic cca 10 nm. Funkcnost
systému byla ovérena pri 10 denni analyze anorganickych anionti v méstském aerosolu
v Brné. Mezi sledované analyty byly vybrany fluoridy, chloridy, dusitany, dusi¢nany,
sirany a fosfore¢nany. Pomoci vyvinuté on-line metody s iontovou chromatografii jako
analytickou koncovkou byly vjednohodinovych intervalech analyzovany vzorky
méstského aerosolu s limity detekce aniontii 0,12-24,2 ng/m3.

Kvantitativni tic¢innost zachytu ¢astic v CGU/ACT]JU vzorkovaci byla ovéifena pomoci
paralelniho vzorkovani standardniho aerosolu na filtry, pricemZ byl potvrzen
kvantitativni zachyt aerosoli v CGU/ACT]U.

ZAVERY

Nové vyvinuty vzorkova¢ CGU/ACTJU umoziiuje kvantitativné vzorkovat cCastice
aerosolu az do velikosti nékolika nanometrd. Vyvinuta on-line technika zaroven muze
slouzit jako vhodna monitorovaci metoda ke sledovani zmén koncentraci ve vodé
rozpustnych sloucenin pritomnych v aerosol.
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SUMMARY

The analytical method involving aerosol sampling into water, quantitative pre-
concentration of levoglucosan and dehydroabietic acid, and their determination by LC-
MS was developed in this work. The results were in agreement with an independent
determination of both analytes by GC-MS. The method was verified by the analysis of
generated standard aerosol and during eight-day campaign in winter season.

0voD

Reziden¢ni oblasti jsou Casto zatiZeny vysokymi Kkoncentracemi aerosolu
z lokdlnich zdrojl spalovani. Pro identifikaci zdroji aerosolu lze sledovat koncentrace
tzv. organickych markerd, pricemZ nejvyssich koncentraci dosahuji levoglukosan (LVG),
marker spalovani biomasy, a dehydroabietova kyselina (DAA), marker spalovani
mékkého dreva. Cilem této prace byl vyvoj analytické metody pro stanoveni téchto
markerii v aerosolu pomoci LC-MS s vyuzitim primého vzorkovani aerosolu do vody.

METODY MEREN{

Stanoveni LVG a DAA v aerosolu bylo provedeno po zachytu aerosolu (PMz:s) do
vody v kontinudlnim vzorkovaci aerosolli (Aerosol Counter-flow Two Jets Unit, ACT]JU).
Celd aparatura se sklada se z cyklonu (URG) odstranujici Castice s aerodynamickym
primérem vétSim nez 2,5 pm, anularniho difizniho denuderu (Mikuska a kol., 2012),
nové verze vzorkovace ACTJU (Mikuska a Vecera, 2005), pred nimZ je
piredirazena kondenzacni riistova trubice (Condensation Growth Unit, CGU) (Mikuska a
kol., 2017) a frakéniho kolektoru pro automaticky odbér vzorkid (Capka a kol., 2017).
Paralelni odbér aerosolu PM2.5 na kifemenné filtry (47 mm, Whatman) umoZnil
referen¢ni analyzu vzorki. Aerosol byl vzorkovan v Brné béhem zimni kampané (28. 11.
- 6. 12. 2016). Koncentrace obou analytd byly stanoveny z koncentratu, ktery byl
odebiran on-line z CGU/ACTJU a vzorkovan ve dvouhodinovych intervalech pomoci
frakéniho kolektoru, tj. 12 vzorkl denné. Vyvinuta metoda pro zakoncentrovani obou
analytli zahrnuje prekoncentraci DAA pomoci extrakce pevnou fazi (SPE, C18) a
nasledné zkoncentrovani LVG na vakuové odparce. Ke stanoveni analyti pomoci LC-MS
byl pouZit kapalinovy chromatograf (Agilent 1100 Series, USA) s hmotnostnim
spektrometrem (Bruker Daltonics Esquire, Némecko). Pro separaci LVG byla pouZita
kolona Prevail Carbohydrate ES (Grace, USA), ke stanoveni DAA kolona XTerra MS C18
(Waters, USA). Referencni analyza LVG a DAA v aerosolu vzorkovaném na kiemenné
filtry byla provedena pomoci GC-MS (Agilent 7890-A/5975C, USA) s kapilarni kolonou
HP5-MS (Agilent, USA) (Kitimal a kol., 2010; Mikuska a kol., 2015).
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VYSLEDKY A DISKUSE

Pro prekoncentraci obou analytli byla testovana SPE pomoci komerc¢nich i
pripravovanych kolonek. Prekoncentrace LVG pomoci SPE vykazovala relativné nizkou
ucinnost. Nejvyssi ucinnost zachytu byla prokdzana pro aktivni uhli Silcarbon K300
(Némecko), nicméné extrakéni vytéZek byl nedostate¢ny pro analyzu redlnych vzorkd.
Pro prekoncentraci LVG byla nakonec pouZita vakuova odparka. DAA méla nejvyssi
afinitu k sorbentu C18, nejvyssi ucinnost vykazovala kolona Discovery DSC-18 (Supelco).
Vyvinuta analytickd metoda zahrnujici vzorkovani aerosolu pomoci CGU/ACT]U,
prekoncentraci analytl a jejich stanoveni pomoci LC-MS meéla limit detekce pro LVG
28 ng m-3, limit detekce DAA ¢inil 5,5 ng m-3. Porovnani vysledkl vzorkovani LVG a DAA
pomoci vzorkovace CGU/ACTJU s referencni metodou odbéru na kiemenné filtry
potvrdilo kvantitativni zachyt aerosoli v CGU/ACT]JU. Vzorkovani aerosolu béhem
zimniho obdobi prokazalo trend nartistu koncentraci LVG i DAA v pozdnim odpoledni,
korelaci koncentraci LVG a DAA, jakoZz i denni vykyvy koncentraci obou analytl
v zavislosti na teploté vzduchu.

ZAVERY

Vzorkova¢ CGU/ACTJU umoziuje kvantitativni zachyt levoglukosanu a
dehydroabietové kyseliny v aerosolu do vody. Vyvinuta analytickd metoda zahrnujici
prekoncentraci sledovanych analyti a jejich stanoveni pomoci LC-MS piedstavuje
vhodnou alternativu ke vzorkovani aerosolu na filtry, zejména kviili moznosti sledovani
zmén Kkoncentraci latek vaerosolu svysSsim casovym rozliSenim, mensi spotrebé
chemikalii a minimalnim nakladtim na vzorkovani.
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SUMMARY

The objective of this study is to compare the PM2s chemical composition and
sources at a rural background site in Central Europe between the years
1993/1994/1995 and 2009/2010. Chemical analysis of PMzs for 29/26 elements by
PIXE and water-soluble inorganic ions by IC (2009/2010) was performed. The Positive
Matrix Factorization (PMF) was applied to the chemical composition of PMzs to identify
its sources. The results of chemical analysis and source apportionment have been
compared. The decrease in time of almost all elements concentrations especially the
metals regulated by the EU Directive are evident. The median ratios show significant
improvement in levels of analysed elements in PMzs. Slight increase of K levels points to
rise in the residential wood combustion. The apportioned sources in the years
1993/94/95 were brown coal combustion, oil combustion, dust - long-range transport,
re-suspended dust/soil and black coal combustion. The industrial combustion of
brown/black coal and oil of the regional origin dominated. The six factors in the years
2009/2010 were assigned as sulphate, nitrate, residential heating, industry, re-
suspended dust, sea salt + dust/soil - LRT. The secondary sulphate from coal
combustion and residential biomass burning of the local origin dominated.

0voD

V této praci prezentovana data chemického sloZzeni PM2s z prvni poloviny 90. let
jsou zakladem k hodnoceni legislativnich opatifeni a ekonomického vyvoje na kvalitu
ovzdusi v Ceské republice v priibéhu poslednich dvou dekad. Cilem prace je porovnani
chemického sloZeni a zdroji PM2.5 na venkovské pozad'ové stanici, stanovenych v letech
2009/2010, se situaci v letech 1993/1994/1995.

METODY MERENI
Odbér 24 hodinovych vzorki PMzs probihal na Narodni atmosferické observatori

KoSetice od prosince 1993 do ledna 1995 a od fijna 2009 do rijna 2010 pomoci
predimpaktoru a impaktoru (Swietlicki and Krejci 1996; nizkoobjemovy impaktor
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Leckel) na Nucleopore polycarbonatové filtry (25 mm v primeéru, 0.4 um velikost péri)
a TEFLO filtry (Pall, 47 mm v priiméru, 3 um velikost pori). Filtry z let 2009/2010 byly
pred a po expozici zvaZzeny na mikrovahach (Sartorius M5P) pri relativni vlhkosti
30% - 40% a teploté 20 °C - 25 °C. Vzorky PMzs byly analyzovany na prvkové sloZeni
(PIXE; Swietlicki and Krejci, 1996) a vzorky z let 2009/2010 také na iontové sloZeni (IC;
Schwarz et al, 2016). Paralelné sodbérovou kampani byly na stanici méreny
meteorologické parametry a sledovany koncentrace As, Pb, Cd, Ni v PM1o (od roku
1998).

Za ucelem vySetreni dalkového transportu zneciSténi byly pocitany zpétné
trajektorie vzdusnych mas pomoci modelu HYSPLIT 4 (Draxler a Hess, 2003).

K ziskani chemickych profila zdroji a jejich prispévku k PM2s byl pouzit model
Positive Matrix Factorization (EPA PMF 5.0). K ptipravé vstupnich matic byl nasledovan
postup popsany ve studii Polissar a kol. (1998). Vysledna vstupni matice méla 320 rad a
20 sloupci (1993/1994/1995), a 365 rad a 21 sloupci (2009/2010). K naslednému
zpracovani vystupli z modelu byl pouzit program R Openair Package (Carslaw a Ropkins,
2012) a metoda Potential Source Contribution Function (PSCF; Cheng a kol., 1993).

VYSLEDKY A DISKUSE

Méfici kampané (leden-leden 1994/1995 a fijen-fijen 2009/2010)
charakterizovala primérna rocni teplota 8.1°C (z 8.3°C), rychlost vétru 2.0 ms? (+ 2.4
ms-1) s prevladajicim zapadni proudénim a relativni vlhkosti 77.3% (+ 17.3%), a teplota
8.3°C (£ 8.5°C), rychlost vétru 3.0 ms? (+ 1.7 ms1) s prevladajicim zapadnim proudénim
a relativni vlhkosti 79.2% (£ 15.6%). Ro¢ni primérné koncentrace PM2s (13.6 + 8.8
ugm-3) namérené v rdmci kampané 2009/2010 byly ve shodé s koncentracemi (15.3
+ 3.6 ugm3) naméfenymi na stanici monitorovaci sit¢ CHMU. Vzhledem k podobnosti
mistnich meteorologickych podminek naméfenych po dobu obou kampani bylo
provedeno porovnani vysledkii chemického slozeni a zdroji PMzs.

Pokles koncentraci témér vSech prvkil za sledované obdobi je ziejmy. Pomér
mediant vykazuje sniZeni koncentraci prvki v PMz2s a to predevSim Pb, V, As and Ni
(Obr. 1). Navzdory sniZeni miry znecisténi diky opatienim k naplnéni emisnich limita
predevSsim u velkych stacionarnich zdroji (primysl a vyroba elektrické energie),
hodnoty koncentraci K naopak mirné vzrostly (Obr. 1).
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Obr. 1: Pomér mediani koncentraci analyzovanych prvki v PMzs odebrané na stanici
Kosetice vlet 1994/1995 and 2009/2010.
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Silna korelace mezi V a Ni (rs 0.72) vletech 1993/94/95 ukazuje na spalovani
topného oleje/ropy/nafty jako dominantniho zdroje V a Ni (Moreno a kol., 2010) ve
srovnani s lety 2009/2010 (rs 0.28). Vliv zdrojt spalujicich uhli na sledované lokalité je v
letech 1993/94 /95 zrejmy ze silné korelace mezi Se a As (rs 0.75) oproti slabé korelaci
(rs 0.32) v letech 2009/2010), a také stiedni korelaci Ga and Ge (rs 0.57), prvki
typickych pro spalovani ¢erného uhli (Clarke, 1993; Xu a kol., 2003; Nalbandian, 2012).
Slaba korelace mezi As a Zn (rs 0.20) v letech 1993/94/95 poukazuje na As emitovany
spiSe ze spalovani uhli neZ zpracovani polymetalickych rud (Camm a kol., 2003; Pirrie a
kol., 2003; Costagliola a kol., 2004). V obdobi 2009/2010 stredni korelace As a Zn (rs
0.49) spiS odpovida produkci As z tézkého primyslu. Vletech 1993/94/95 vykazuji
prvky produkované pri spalovani uhli (K/Se, K/Ga, K/Ge) slabou aZ stredni korelaci (rs
0.60, 0.45,a 0.21). Oproti tomu v letech 2009/2010 korelace mezi K a Se je zanedbatelna
(rs 0.09), ale korelace mezi K a K* tracery spalovani biomasy (Kleeman a kol., 1999;
Watson a kol., 2001) je silna (rs 0.96).

V analyzovanych vzorcich byly detekovany epizody vysokych koncentraci prvkd,
iontd a hmoty PMzs. Oba datové soubory, sa bez episod vysokych koncentraci, byly
modelovany pomoci PMF bez vyznamnych rozdili ve vysledku. Z tohoto diivodu a
k ziskani celkové predstavé o zdrojich PM2s na venkovské pozadové lokalité jsou
prezentovany vysledky bez epizody vysokych koncentraci. Z celkového poctu 320
vzorkl (1993/94/95) bylo z modelované matice vyiazeno 9 % vzorkl a z 365 vzorkil
(2009/2010) vyrazeno 4 % vzorki.

Pro odhad optimalniho poctu faktort byl model testovan pro 3 az 8 faktort. Pocet
faktorti byl vybran na zakladé vyhodnoceni parametri poskytnutych modelem s
piihlédnutim k uvaZovanym mistnim zdrojim. Vysledkem modelu bylo pét faktori pro
obdobi let 1993/94/95 a 6 faktort pro obdobi let 2009/2010. Pét faktori pro obdobi let
1993/94/95 bylo urCeno jako spalovani hnédého uhli, spalovani topného
oleje/ropy/nafty, prach zdalkového transportu, resuspendovany prach/plda a
spalovani ¢erného uhli. Pro obdobi let 2009/2010 bylo urceny faktory sirany, dusi¢nany,
domaci spalovani, priimysl, resuspendovany prach a smiSeny faktor moisky aerosol a
prach z dalkového transportu.

ZAVERY

Mirny nartst koncentraci K odpovida nariistu spotfeby biomasy k domacimu
vytapéni. Zména sezonnich trendli koncentraci K, Zn, Pb, Cu a ¢aste¢né S odrazi zménu
hlavnich zdroji emitujicich tyto prvky. Pouziti PMF na data prvkového a iontového
slozeni ukazuji na zménu podilu zdroji na PMzs. Hlavni zdroje, industridlni zdroje
regiondlniho ptvodu, spalujici uhli/olej/ropu/naftu v devadesatych letech byly
nahrazeny lokalnimi topeniSti spalujicimi uhli/biomasu. Klesajici trend koncentraci
prvki v PM2zs a podil zdroji na PMzs vpribéhu 25 let potvrdil pozitivni dopad
legislativnich regulaci predevSsim u velkych a strednich stacionarnich zdrojd, a
ekonomicky vyvoj jako zavedeni novych technologii, zména palivové zakladny a obména
vozového parku spolu se zakazem pouZzivani olovnatého benzinu.

PODEKOVANI

Studie byly podpofena MSMT z prostiedkli tcéelové podpory OP VVV v ramci
projektu ACTRIS-CZ RI (CZ.02.1.01/0.0/0.0/16_013/0001315).
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INTRODUCTION

Atmospheric organic (OC) and elemental (EC) carbon play an important role in
atmospheric chemistry, climate change and public health. There have been relatively
few studies dealing with EC and OC in rural background sites which are less influenced
by urban and industrial emissions. Nevertheless, measurements at background areas are
important for understanding the transport and transformation characteristics of
anthropogenic air pollutants, and their effects on various aspects of regional and global
environment changes. This work is one of the rare studies using a semi-continuous
measurement technique to focus on long-term (4 years) measurements of EC and OC at
regional background site in Europe. It focuses on the factors or phenomena influencing
both diurnal and weekly variability of EC and OC concentrations during various seasons
at rural background area.

EXPERIMENTAL SETUP

The EC and OC in fine aerosols (PM2zs: smaller than 2.5 um) were measured at
KoSetice National Atmospheric Observatory (49°35'N, 15°05'E), central Czech Republic.
Ground based measurements were performed from March 2013 to December 2016
using a field Semi-Continuous OCEC Aerosol Analyzer (Sunset Laboratory Inc., USA). A
total of about six thousand samples were collected for an interval time of 4 hours (2:00,
6:00, 10:00, 14:00, 18:00 and 22:00, UTC) including 20 min of OC/EC thermo-optical
analysis according to the shorten EUSAAR-2 protocol (Cavalli et al., 2010).

The OC/EC ratio has been examined for indication of possible sources and
contribution from SOC total carbon in the PMzs has been estimated using the EC tracer
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method. To investigate the influence of different air masses from distant sources on
aerosol composition, 96-h backward trajectories cluster analysis of air masses arriving
at 10 m above ground level (AGL) were calculated using the HYSPLIT_4 model (Rolph et

al, 2017).

RESULTS AND CONCLUSIONS

The variation of EC and OC concentrations and OC/EC ratio was compared for
different seasons and day of the week. During our observation, concentrations of EC and
OC were higher in winter (0.83 = 0.67 and 3.33 = 2.28 pg.m3, respectively) and lower in
summer (0.34 + 0.18 and 2.30 + 1.15 pg.m3, respectively). Inversely, OC/EC ratio, with
relatively high mean value (5.1 *+ 2.6) as expected for rural background area, was higher

in summer in comparison to the other seasons (Figure 2).
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Fig. 1: Monthly and seasonal variation of EC and OC means concentrations and OC/EC
ratio and their Pearson's correlation coefficient (r) for each season.
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Fig. 2: Mean weekly cycle and diurnal variation of OC and EC concentrations. Black dots:
morning (6:00 - 10:00): and evening (18:00 - 22:00) rush hour.

The diurnal variation of EC and OC is less pronounced in summer compared to other
seasons (winter, spring and autumn). During working days, a morning (between 6:00
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and 10:00) and an evening (between 18:00 and 22:00) peaks were observed for EC
while for OC, only the evening peak appeared (Figure 2). The EC and OC levels seem to
be relatively lower on Sunday compared to the rest of the week when concentrations are
14 £ 7% and 11 * 6% higher for EC and OC, respectively. This lower concentrations on
Sunday could be caused by the reduced emissions from human activity during
weekends. High concentrations of EC and OC on Saturday could be due to the influence
of emitted pollutants from the previous working days.

A weaker correlation were observed between EC and OC in summer (r = 0.56)
suggesting additional sources and/or transport processes different than those
controlling mainly their concentrations during other seasons (r > 0.80). During summer,
elevated OC/EC ratio and the higher correlation between OC and O3 formation confirm
an increasing contribution of OC from SOC (Zhang et al., 2012, Chen et al, 2017),
estimated at least to 49 + 16 % of total carbon in the PM2s collected during this season.

A total of 457 Backward trajectories analysis are calculated during periods of higher
EC and OC concentrations (2.21 * 1.11 and 8.44 * 2.20 ug.m3, respectively) and
classified into several groups according to their potential origin (Figure 3). The air mass
groups are divided into local and regional air masses (clusters 1,3 and 4) and long-range
transport (clusters 2, 5, 6 and 7). This cluster analysis shows that the background area is
mainly impacted by continental air masses recirculating over the Central Europe (about
60%). However, episodes of long-range transport may contribute to increased levels of
carbonaceous aerosols.
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Fig. 3: HYSPLIT 96 air mass back-trajectory clusters during episodes of high EC-OC
concentrations and their contributions (%) to the total spatial variance in percentage.
In summary, seasonal, diurnal and weekly variations of EC and OC concentrations
and OC/EC ratio were observed during our long term survey that could be related to the
variability in term of sources (residential heating, traffic), transport characteristic and
meteorological conditions. This study shows that emitted pollutants during workdays
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could be predominantly accumulated above the region. Interestingly, this phenomenon
could influence concentrations of carbonaceous aerosols of the rural background area
during some prolonged time of the weekend.
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SUMMARY

Training course STANCO held 26t of June to 4t of July in Cambridge offered
opportunity to participate in research flight on board aircraft BAe-146-301.
Atmospheric species were measured during three hours long flight over England. Main
object of flight was to detect London pollutant plume, and its spatial and temporal
distribution. This abstract is mainly focused on aerosol particles measurement. Total
aerosol number concentrations were measured by CPC and OPC. Highest aerosol
number concentrations over 30,000 #/ccm were recorded during run number 5 in
height 800 m a. s. 1.

0voD

Znecisténi ovzdusi je stale aktudlni problém, jeZ plisobi nejen na klima ale i na lidské
zdravi (EEA, 2016). V soucasnosti jsme schopni mérit latky zneciStujici atmosféru
mnoha zpisoby zahrnujicimi celou $kdlu méreni pii zemi, na véZzich, v letadlech ¢i
satelitech (O’Shea 2014). Jedna ze jmenovanych platforem, letovd méreni, umoZziuji
mérit Sifeni znecisténi od zdroje na velké horizontalni vzdalenosti a sledovat jeho
zavislost na nadmoi'ské vysce. Vzdélavaci kurz STANCO (School and Training on Aircraft
New techniques for Atmospheric Composition Observation) poraddany v rdmci projektu
EUFAR 2 (European Facility for Airborne Research in Environmental and Geo-sciences)
poskytuje moznost Ucastnit se vyzkumného letu ve specidlné upraveném letadle BAe -
146. Letadlo je vybaveno analyzatory pro méreni plynnych latek (napt. NOx, O3, CO, CHa,
CO2, VOC), aerosolovych ¢astic a meteorologickych parametrii. Tento prispévek se
soustfedi na vysledky méfeni charakteristik aerosolovych c¢astic zletu C016
realizovaného 3. ¢ervence 2017 v okoli Londyna.

PARAMETRY LETU

K letovému méteni bylo vyuZito specidlné upravené vyzkumné letadlo BAe-146-301
provozované skupinou FAAM (Facility for Airborne Atmospheric Measurements).
Letadlo slouZi pouze k védeckym tucelim a krom mériciho vybaveni pojme maximalné
18 osob. Letadlo muze letét ve vyskovém rozpéti 15-10668 m, rychlosti az 108 m/s.
Navrh letové trasy podléha mnoha omezenim, vyplivajicich jak z polohy letiSt v okoli
Londyna, tak i vojenskych objektd v regionu. Cil vyzkumného letu byl identifikovat
nejvyssi koncentrace znecistujicich latek a sméry jejich Sifeni od Londyna. Schéma trasy
je zobrazeno na obrazku C. 1. Let je rozdélen na nékolik ¢asti: a) let ve stejné letové
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hlading, b) let v profilu kdy se méri zména koncentraci s vySkou (zelené ovaly) a c) let v
nékolika usecich nad stejnou lokalitou (Zluty obdelnik), kazdy dsek ma jinou letovou
hladinu. Vychozim (i kone¢nym) bodem bylo letisté Cranfield (sidlo FAAM), dale byla
trasa vedena SZ smérem Kk pobreZi Severniho more. Nad morem bylo provedeno 6
usekovych méreni piiblizné v S] a opacném smeéru. Po ukonceni usekového méreni let
pokracoval podél jizniho pobtezi na zapad. Let C016 trval témér 3 a piil hodiny od 10:48
do 14:15 UTC.

SDOJE‘YKE‘ kralovstvi
Sleicester

" Anglie

5

< o
N T
Fin o O O
; {thdYn.(fJ\SgSouthend-on-Sea
el i

Obr. 1: Trasa letu C016, ¢ervena ¢ara znaci letovou trasu, zelené ovaly oznacuji ¢asti letu
ve vySkovém profiluy, Zluty obdelnik ohranicuje ¢ast isekového méreni v riiznych
letovych hladinach.

METODY MEREN{

Krom instrumentace urcené pro vzorkovani plynnych latek, byly k dispozici béhem
letu C016 i pristroje pro méreni vlastnosti aerosolovych ¢astic. Na palubé byl umistén
kondenzac¢ni cita¢ castic CPC (Condensation Particle Counter, TSI-3786) mérici
celkovou pocetni koncentraci ¢astic od velikosti 2,5 nm, s frekvenci méreni 1 s. Dale
opticky citac ¢astic OPC (Grimm 1.1090) s rozsahem méfeni 250 nm - 32 um, s frekvenci
méreni 6 s. Kontinudlni méreni koeficientu rozptylu svétla na ¢asticich bylo zajisténo
Integrujicim Nephelometrem (TSI 3563), méficim dopredny i zpétny rozptyl na 3
vinovych délkach (450, 550 a 700 nm) s frekvenci 1 s. Vzorkovani aerosolii probihalo
témér isokineticky, odbérovym zarizenim LTI (low turbulence inlet).

VYSLEDKY

Vzhledem k predpovédi zdpadniho sméru vétru byla pro sledovani rozptylu
znecistujicich latek z mésta Londyn zvolena trasa s isekovymi mérenimi nad pobieZim
Severniho mote (Obr. 2a). Obr. 2b detailné zobrazuje celkové pocty Castic mérené
pristrojem CPC v usecich ¢. 1-6. Vusecich ¢. 2, 3 a 6 (ve vySkdch pod 500 m) Ize
identifikovat oblast mezi 51,6° a 52,1° z. §., kde celkovy pocet castic kolisa kolem
hodnoty 10 000 castic na cm3. V této oblasti byly naméreny i zvySené koncentrace
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plynnych latek NOx a CO. Kromé zneciSténi roztylujiciho se smérem od Londyna, je
ptivodcem zvySenych koncentraci i lodni doprava. Nejvyssi pocet ¢astic byl zaznamenan
ve vySkach 600 a 800 m n. m. (Useky ¢. 4 a 5) v oblasti mezi 51,4° a 51,6° z. S. Nad
hladinou 500 m n. m. dochazi ke zméné sméru vétru z JZ a JJZ (pod 500 m n. m.) na Z
(Obr. 2b). Jelikoz se vysoké hodnoty celkového poctu castic mérené CPC neshoduji a
maximy mérenymi OPC (mérici rozsah 250 nm - 32 um), Ize tento zvySeny pocet Castic
prisuzovat ¢asticim s velikosti pod 250 nm.

CPC Mican

2500 —| B -y

inids N e [ s

vyska : | T

" 7 CPC [#/cm3]
2000 — D e -

30

- 25

20
x

au
15

1500 —

vétmé rizice pro jednotlivé iseky

10

5
1000

R .
Jmmm: ) 00 SRR <=
500 —
O D B W T s SRR <

} O g =>
6%‘
| I | I

514 516 518 52.0 52.2 524 526 528
zem §irka [°)

Obr. 2: Celkové koncentrace ¢astic méirené CPC v zavislosti na zemépisné Sifce a délce
v pribéhu celého letu C016(a), celkové koncentrace ¢astic v jednotlivych tsecich
v zéavislosti na zemépisné $ifce a nadmoi'ské vysce (b). Cervené a modré $ipky ukazuji
smér letu, ¢isla oznacuji jednotlivé letové Useky, pro kazdy tsek je v Sedém ramecku
uvedena vétrna riiZice.
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UvoD

Tékavost atmosférického aerosolu je dlilezitou veli¢inou, nebot ndm dava informace
o zdroji, zivotnosti a zplisobu odstranéni Castic z atmosféry. Presny popis tékavosti
aerosolu je také dulezity pro modelovani kondenzace ¢astecné tékavych sloucenin a také
umoziuje lepsi identifikaci zdroji aerosolu (Wu et al., 2009). Nicméné, nasSe znalosti
problematiky tékavosti atmosférickych organickych aerosoli a stim souvisejicich
procest jsou stale znacné omezené. (Han et al.,, 2016).

METODY MERENT{

V priibéhu léta (17.6.2014-11.8.2014) a zimy (9.1.2014-13.3.2014) jsme usporadali
mérici kampané na pozad'ové stanici KoSetice (49°34' N, 15°05' E). Vzorkovany aerosol
byl za inletem rozdélen do dvou vétvi, prvni termodenudovanda (TD) a druha
nedenudovana (NTD). Nasledoval Ctyi cestny ventil, ktery prepinal kazdych 10 minut
mezi skenovaci tfidi¢ pohyblivosti ¢astic (TSI SMPS 3936) a aerosolovym hmotnostnim
spektrometrem (c-ToF-AMS, Aerodyne). VSechny tfi komory termodenudéru
(Aerodyne) (Huffman et al., 2009) byly vyhiivany na 140°C. Toto byla prvni méfeni na
venkovské stanici v Ceské republice, ktera byla provedena s vyuzitim aerosolového
hmotnostniho spektrometru. Soucasné jsme také provadéli semi-online analyzu
organického a elementarniho uhliku (field OC/EC analyser, Sunset) a 24 hodinové
odbéry na filtry (sequential low volume sampler, Leckel).

VYSLEDKY, DISKUZE, ZAVER

V této praci jsme se zamérili primarné na rozdily mezi denudovanymi a
nedenudovanymi vzorky. Pomér hmoty TD ku NTD pro chemické slouCeniny je ukazan
na Obr 1 a Obr. 2. Nejvétsi sezédnni proménlivost byla pozorovana u organické hmoty
(pomér TD/NTD: léto 0.12; zima 0.3). To mize byt piekvapivé, nebot to naznacuje, ze
zimni vzorek ovlivnény domacim vytapénim byl méné tékavy nez letni vzorek, ktery byl
ovlivnén zvySenou biogenni aktivitou a vy$$im slune¢nim zarenim.

Data z obou kampani byla rozdélena do klastrii podle tvaru a plivodu zpétnych
trajektorii jejich vzdusnych mas. Pro kazdy klastr jsme provedli analyzu pomeért
koncentraci TD/NTD pro chemické slouceniny a také pro vybrané organické hmoty m/z.
Navic diky vysokému Casovému rozliSeni (1 min.) AMS dat miiZeme detailné studovat
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denni cykly a soustredit se na maxima koncentraci typickych markerd jednotlivych
zdroji znecisténi.
TD vs NTD ratio Kosetice Winter
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Obr. 1: Pomér denudovanych a nedenudovanych hmotnostnich koncentraci jednotlivych
chemickych sloucenin métrenych pomoci AMS béhem zimni kampané v Koseticich.
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Obr. 2: Pomér denudovanych a nedenudovanych hmotnostnich koncentraci jednotlivych
chemickych slou¢enin mérenych pomoci AMS béhem letni kampané v KoSeticich.
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INTRODUCTION

Upper Silesian Industrial Region (USIR) represents large area with enormous
concentration of industry and poor air quality. Dominant part of USIR is located in the
Polish Silesian Province and small part in Moravian-Silesian Region in the Czech
Republic where one of the European air pollution hotspots is the city Ostrava (Pokorna
et al., 2015). Elevated air pollution level has been associated with cardiovascular and
respiratory diseases in adults and children and other health consequences (WHO, 2013).

The aim of the study was to find out the local effect and the regional air pollution
transport effect on the air quality of the Ostrava Radvanice district, the problematic air
pollution hot spot.

EXPERIMENTAL SETUP

Sampling sites were located at urban industrial site Ostrava-Radvanice a Bartovice
and suburban site Ostrava-Plesna in the winter period 6.2.2014-6.3.2014.

24h mass concentrations of PM1o and PM1 were determined and size resolved mass
concentrations of atmospheric aerosol (AA) were measured by cascade impactors.
Chemical analyses of PM1o, PM31, and size resolved AA were performed. Meteorological
parameters from nearest monitoring stations were used to determine the association
between air pollution level and meteorological situation.

RESULTS AND CONCLUSIONS

Higher average mass concentrations of PM and chemical species were measured in
Radvanice than in Plesn4, except NO3-, SO42-, and NH4*, in both PM fractions. Na* and CaZ2+
in PM1 were four times higher and Ca?* and Mg2* in PM1o even fifth times higher in
Radvanice than in Plesna (Table 1). It suggests that Radvanice site was influenced by a
close industrial zone (IZ) located in the southwest (SW) direction from measurement
station.

To investigate the influence of the IZ in Radvanice, ratios between mass
concentrations measured in Plesnd and Radvanice were calculated (Figure 1) during SW
and northeast (NE) wind directions (WDs). During SW WD mass concentrations were
higher in Radvanice than in Plesna and thus the influence of the 1Z was evident. This
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finding was also confirmed by increased mass concentrations of specific chemical
species which are generally produce by the industrial sources. The effect of the regional
air pollution transport was evident in Plesna during NE WD when the mass
concentrations of the most of species were increased.

Tab. 1: Average 24h mass concentrations and STD for selected species.

Radvanice
(pg.m3) PM1 PM1o PM1 PM1o
PM 29.449.2 55.0+£18.0 28.8+15.5 39.6+£22.4
ocC 11.3+8.5 14.6+13.6 7.0£4.3 9.7+6.6
EC 2.1+1.8 3.313.6 2.3%+1.3 2.5t1.6
NOs3- 2.2+1.0 4.1+1.9 3.1+1.3 4.6+2.0
SO042 2.3+1.1 4.3+2.4 3.2+2.0 4.6+3.2
NH4* 1.5+0.7 2.1+1.4 2.3+1.2 3.0+£1.8
(ng.m3)
Caz* 66143 7801554 15+9 155+123
Na+ 2674222 468+180 61+66 212+118
Mgz+ 68 123+103 2+1 27+16
Fe 2614262 - 83195 -
2
o OSW: PI/Ra PM1 o
° ® SW: P/Ra PM10 °© o o
® 15 oNE: Pl/Ra PM1
Q e NE: PI/Ra PM10 ® (]
& (] o) L 8
-c':; 1 ° ¢ ° y o
@ o °
205 e e ° ©
o .
0 o § 8 o
PM oC EC Na+ Caz2+ Mg2+ NO3- S0O42- NH4+ Fe

Fig. 1: Ratios between mass concentrations at Plesna and Radvanice sites.
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SUMMARY

The study addresses the need for simple, low-cost detectors of excess
concentrations of nanoparticles in the air. A modified ionization-type smoke detector,
commonly used in fire protection, is evaluated and proposed as a candidate for practical,
low-cost detection of nanoparticles in both indoor and outdoor air. Published studies
suggest that instruments based on modified ionization-type detectors can have
achievable detection limits for nanoparticles on the order of 105 #/cm3 or 1 ug/m3, with
some improvement likely to be possible. These detection limits roughly correspond to
elevated concentrations due to proximity of motor vehicles, cooking, or similar common
sources.

UvoD

Nanomateriadly (o alesponl jednom rozméru mensSim nez 100 nm) a zejména
nanocastice (zpravidla volné definovany jako ¢astice o ,priméru“ mensim nez 100 nm,
bez jednoznacné definice o jaky primér se jednd) v ovzdus$i mohou piredstavovat
podstatné riziko pro lidské zdravi, mimo jiné i proto, Ze v casovém méritku evoluce jsou
problémem pomérné novym - jsou prevazné antropogenniho pivodu - a lidsky
organismus neni proti nim vybaven uU¢innymi obrannymi mechanismy. Vdechnuté
nanocastice, zejména o velikosti do nékolika desitek nm, maji pomérné vysokou
pravdépodobnost zachytu v plicnich sklipcich (Alféldy, 2009) a mohou pronikat do
krevniho obéhu (Nemmar et al, 2002; Pillay et al, 2015). Vyznamnym zdrojem
nanocastic jsou napriklad spalovaci motory, diky kterym jsou koncentrace nanocastic ve
venkovnim ovzdusi vyrazné vyssi zejména podél frekventovanych dopravnich tahd. V
posledni dobé ale nabyvaji na vyznamu i rdzné druhy primyslové vyrabénych
nanocastic, které se mohou vyskytovat v pracovnim i venkovnim prostredi (Kuhlbusch
etal, 2011).

PRAKTICKE METODY MERENI NANOCASTIC

Lidské smysly maji jen omezené schopnosti nanocastice detekovat - zejména ty
mensi jsou vyrazné mensi nez vinova délka viditelného svétla, a proto okem prakticky
neviditelné. Vznika proto potreba pokud ne primo kvantifikace, pak alespon
orientacniho zjisténi koncentraci nanocastic v ovzdusi. Dosud nejrozsirenéjsi méritko
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Castic, jejich celkova hmotnost, ma jen omezenou vypovidaci hodnotu, protoze v
pritomnosti vétSich ¢astic mohou nanocastice predstavovat jen zlomek celkové hmoty
Castic, jako je tomu napriklad u aerosolu v méstském prostredi. RovnéZ tak méreni
pomoci rozptylu svétla, vyuzivané v kourovych detektorech a nizkonakladovych ru¢nich
pristrojich, ma rozumnou odezvu teprve u castic o priméru nékolika set nanometrd, tj.
srovnatelném s délkou viditelného svétla.

Nepocitame-li pokrocilé spektrometry a Klasifikatory castic a dalsi vyzkumné
pristroje, pro ,bézné“ online méreni nanocastic prichazeji v ivahu dvé zakladni metody
detekce: kondeznacni CitaCe, zaloZené na zvétSeni castice na opticky detekovatelnou
velikost, a pristroje pracujici na principu elektrického naboje. Prenosné piistroje
pracujici na obou principech uspésné detekovaly, alespon za priznivych podminek,
pocetni koncentrace nanocastic s nejistotou cca 30% (Asbach et al, 2012). ProtoZe
primérna hustota elektrického naboje castice vzrista dmérné spiSe prvni nez jakékoli
jiné celé mocniné jejtho primeéru (Wiedensohler & Fissan, 1991), pristroje pracujici na
principu diftzniho nabijeni ¢astic a jejich nasledné detekce byly upraveny pro méreni
celkového povrchu castic zachyceného v plicich (LDSA, Lung Deposited Surface Area)
(Fissan et al,, 2007), ktery je maticovym souc¢inem pravdépodobnosti zachytu castice v
plicich, kterd je pro nanocastice nad 10 nm Umeérna velmi priblizné jejich priméru, a
koncentrace castic.

POTENCIAL IONIZACNIHO KOUROVEHO HLASICE

Tato studie se zabyva vyuZzitim kourového hlasice ioniza¢niho typu pro alespon
orientacni detekci nanocastic v ovzdusi. Tyto hlasi¢e obsahuji velmi maly radioaktivni
zdroj alfa ¢astic (241Am, zpravidla 3-30 kBq), ktery v nejbliZsim okoli (faAdové centimetr)
ionizuje vzduch v ioniza¢ni komore, ve které mezi elektrodami prochazi maly ionizacni
proud, jehoZ velikost je sledovana. Castice nachazejici se v ionizaéni komore tyto ionty
pohlcuji, a dochazi proto k poklesu ioniza¢niho proudu umérné naboji predaném
Casticim. Detektor je alespon v nékterych zemich béZné prodavan pro detekci malych
c¢astic vznikajicich spalovanim. Kromé toho byl upraveny ioniza¢ni detektor v kombinaci
s optickym snimacem jiz drive navrhovan k méreni kvality ovzduSi v rozvojovych
zemich. Litton a kol. (2004) navrhli, Ze kombinaci upravenych hlasi¢ii na principu
ioniza¢ni komory a rozptylu svétla je mozné urcit stiedni velikost Castice, a tim i mérit
hmotnostni koncentrace, coz ovérili experimentalné na riznych koncentracich castic o
primeéru 150-500 nm za konstantni teploty, vlhkosti a tlaku. Kalkulovany detekéni limit
se pro 150 nm c¢astice blizil 20 ug/m3.

ODEZVA IONIZACNi KOMORY

Odezva ioniza¢niho kourového hlasice, vloZzeného do plastové trubice, kterou
protékal vzorek vyfukovych plynt vznétového motoru, byla imérna sumé primeéri
Castic (celkové ,délce” Castic) dle mobility v elektrickém poli (VojtiSek 2011). Nékolik
ionizacnich hlasi¢ti upravenych pro priibézné vzorkovani a online méfeni dodanych
prvnim autorem bylo testovano v ramci Evropského metrologického vyzkumného
programu v ukolu zaméreném na nové metody méreni castic ve vyfukovych plynech
vznétovych motord, a bylo zjiSténo, Ze jak pristroje na bazi méreni elektrického naboje
Castic, tak ioniza¢ni komora jsou vhodné pro méreni castic menSich nez 100 nm ve
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vyfukovych plynech modernich naftovych motort (Spiegel et al., 2014). Ionizac¢ni
komory dosahovaly v této studii méritelné odezvy i na nanocastice v koncentracich 5 x
104 #/cm3 (Castic na cm?3), ve studii (VojtiSek 2013) byl experimentalné zjiStény
detekeni limit pro méreni ve vyfukovych plynech spalovacich motord v rozmezi 105-109
#/cm3, do tohoto limitu vSak byly zahrnuty vlivy teploty, vlhkosti, tlaku, a pifitomnosti
dalSich zneciStujicich latek. Stejné zarizeni v laboratornich podminkach (obr. 9 v Spiegel
et al, 2014) vykazovalo odezvu imeérnou koncentracim castic jiZ od méné nez 10>
#/cms3.

DISKUZE: JAKA KONCENTRACE JE RIZIKOVA?

Lze ocekavat, Ze odezva ionizacni komory v pracovnim prostredi ¢i venkovnim
ovzdusi bude obdobna nebo lepsi v porovnani se surovymi vyfukovymi plyny, které
predstavuji relativné extrémni podminky. Detekcéni limit 105 #/cm3 odpovida, pri
primeéru castice 30 nm a hustoté 1 g/cm3, koncentraci 0,7 ug/m3. Pii odezvé imérné
prameéru Castice detekénimu limitu 20 ug/m3 150 nm ¢astic (Litton 2004) odpovida
koncentrace 4 ug/m3 30 nm castic, pfi Sumu #12 mV, s novéjSim zarizenim (VojtisSek
2013) bylo dosazeno nejistoty v fadu nékolilka mV.

Koncentrace viadu 105 #/cm3 nebo 1 ug/m3 jsou srovnatelné s koncentracemi
v bezprostiredni blizkosti frekventovanych kriZovatek béhem dopravnich Spicek. Protoze
dlouhodoby pobyt v blizkosti frekventovanych komunikaci je spojen sakutnimi i
chronickymi priznaky, lze tyto koncentrace v pripadé vyfukovych plynii povazovat za
dlouhodobé rizikové. V pripadé primyslovych nanocastic se jejich rizikovost, a tim i
hranice, kterou je treba detekovat, rizni. V bézném prostiedi je vSak nutné uvazit, ze
koncentrace v fadu 10# #/cm3 jsou ve venkovnim prostredi typické, s vykyvy do vyrazné
vysSich koncentraci v pripadé napriklad pojezdu vozidel po parkovisti, ale i ve spojitosti
s uklidem, vyuzivanim plynovych spoti'ebicti, a dalsSimi béZnymi aktivitami.
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SUMMARY

The research of contribution is focused on the production of particulate matter
from the pavement surface abrasion. The aim of research is to confirm the abrasion of
pavement surface and to find out the potential difference between asphalt mixtures used
into the wearing courses.

UvoD

Cestna doprava je hospodarsky sektor, ktory rastie v celosvetovom meradle vo
vacSine ukazovatel'ov (spotreba paliv, resp. energie, pocet automobilov a prepravnych
vykonov) podstatne rychlejsie, ako rastie HDP (Durcanska, D. a kol,, 2014). Doprava je
oznacovana ako jeden z najvyznamnejsSich zdrojov znecistenia ovzdusia (Harrison, R.M,,
et al, 1997). Problematika emisii z dopravy je znasobena skutocCnostou, Ze pocty
vozidiel a pocet najazdenych kilometrov vo svete kazdy rok narasta a s nimi i emisie.
Hlavnou tulohou vyskumu predkladaného prispevku je postudenie vplyvu zloZenia
asfaltovych zmesi poZivanych do obrusnych vrstiev vozoviek na produkciu tuhych castic
a porovnanie jednotlivych typov zmesi z pohl'adu uvolfiovania tuhych c¢astic do ovzdusia
pocas obrusovania povrchu vzorky asfaltovej zmesi v laboratérnych podmienkach.

METODIKA MERAN{

Vzorky asfaltovych zmesi boli vyjazd'ované vo vyjazdovacom zariadeni DYNA-
TRACK. Na laboratérne merania boli pouzité rézne vzorky (platne vel'kosti 320 x 260
mm a hribky 40 mm) z dvoch typov asfaltovych zmesi, a to asfaltovy betén AC a
asfaltovy koberec mastixovy SMA. Zmesi boli vyjazd'ované typizovanym kolesom po
dobu 12 hodin pri ustadlenych pracovnych podmienkach. Poc¢as 12 hodin bolo
vykonanych 40 000 pojazdov. Pred vyjazd'ovanim skuSobnych vzoriek sa vykonali
zakladné skuSky chemického zloZenia materidlov zmesi rontgen-fluorescencnou
spektroskopiou. Z analyzy jednotlivych materidlov (kamenivo, asfaltové spojivo) sa
zistilo percentualne zastupenie sledovanych prvkov. PoCas vyjazd'ovania vzoriek boli
merané dve frakcie tuhych Castic PM2;s a PM1 vo vnutri vyjazd'ovacieho zariadenia, ktoré
boli zachytavané na nitrocelul6zové filtre prietokovymi ¢erpadlami Leckel. SibeZne sa
merali aj tuhé Castice PMz2s vo vonkajSom prostredi za ucelom potvrdenia
potencionalneho rozdielu medzi nimi. Chemicka analyza exponovanych filtrov tuhymi
Casticami bola realizovand hmotnostnou spektrometriou s induk¢éne viazanou plazmou
ICP-MS v laboratoriu Centra dopravniho vyzkumu CDV v Brne.
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VYSLEDKY LABORATORNYCH MERANI

Vo vyjazd'ovacom zariadeni sa vyjazdilo 12 druhov (24 vzoriek) asfaltovych zmesi. Z
kazdej zmesi boli vyjazdené 2 vzorky a kazda platiia sa vyjazd'ovala 2 krat, teda boli 4
vyjazdenia z jednej zmesi. Vykonalo sa spolu 48 vyjazd'ovani (576 hod. merani). Skisané
vzorky zmesi su bliZSie opisané v nasledujucej tab.1.

Tab. 1: Charakteristika a oznacenie vzoriek vyjazdenych asfaltovych zmesi

¢ Asfaltovd zmes Kamenivo Perce;nt. , Lom Asfalt Znacl_(a
zastiipenie zmesi
1 AC11050/70,11 kremicity vapenec 89,6 % Tunezice CA50/70 D-5
2 AC11050/70,1 dolomit 90,6 % E:)etlg’k CA50/70  R-9
melafyr 61,0 % SoloSnica
3 AC11050/70,11 dolomit 28.5 % Trstin CA50/70 S-9
4 AC110PMB45/80-  melafjr 64,0 % g[izlluzma PMB R_g
75,1 dolomit 25,3 % y 45/80-75
Potok
5 AC 11 0 PMB 45/80- melafyr 46,0 % SoloSnica PMB S_2
75,1 dolomit 43,5 % Trstin 45/80-75
AC110PMB 45/80- ~ dloritovy porfyrit 000 Maglovec ~ PMB
6 dolomiticky c-5
75,1 vApenec 44,0 % Olcnava 45/80-75
. Badin
andezit 46,6 % .
7 AC11050/70,11 dolomit 43.2 % Biely CA50/70 K-4
Potok
andezit
AC 11 0 PMB 45/80- N Vtacnik PMB
8 751 Sglljoerr‘:;tc“*y - Varin 45/80-75 SR
9 SMA 11 PMB 45/80- melafyr 71,0 % SoloSnica PMB S_4
75 dolomit 13,3 % Trstin 45/80-75
SMA 11 PMB 45/g0-  dioritovy porfyrit o, oo, Maglovec  PMB
10 dolomiticky c-4
75 vApenec 22,3 % Olcnava 45/80-75
11 SMA 11 PMB 45/80- bazalticky andezit 69,0 % Vechec PMB SKA-1
75 vapenec 15,9 % Hostovce  45/80-75
12 SMA 11 CRMB spilit 83,8 % Litice CRMB GU-1

Kamenivo bolo odobraté z jednotlivych lomov, podrvilo sa v bubne na praskové
vzorky, ktoré boli nasledne analyzované pomocou XRF spektroskopie. Odskusalo sa
kamenivo z 15 lomov a dva druhy asfaltového spojiva, a to cestny asfalt CA a polymérom
modifikovany asfalt PMB. Z chemickych analyz materidlov bolo urc¢enych 13 prvkov pre
nasledné analyzy zachytenych tuhych castic na potvrdenie obrusu povrchu asfaltovych
zmesi a overenie vplyvu zloZenia zmesi na produkciu castic: Ca, Si, Mg, Al Fe, P, S, Cl, K,
V, Cr, Mn, Na.

Koncentracie tuhych Castic z obrusu sa stanovili ako rozdiel medzi koncentraciami
PM2s vo vnutri vyjazdovacieho zariadenia pocas vyjazdovania zmesi a prostredim
laboratéria. Prostredie laboratéria je prezentované ako pozadie. NajvysSie hmotnostné
koncentracie obrusenych tuhych Castic frakcie PMzs boli namerané pri zmesi AC11 (S-9)
v hodnote 8,95 ug/m3 a najnizsie koncentracie boli namerané pri zmesi SMA11 (GU-1) v
hodnote 0,56 pg/ms3. Namerana hmotnostna koncentracia obrusenych castic pre vzorku
AC11 (S-9) je o 8,39 pg/m3 vysSia ako pri vzorke SMA11 (GU-1). Zmesi a ich obrus su v
grafe rozdelené do dvoch skupin, a to na zmesi asfaltovy betén AC11 a asfaltovy koberec
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mastixovy SMA11. V priemere siu hmotnostné koncentracie obrusu zmesi AC11 o 1,59
pg/ms3 vyssie ako pri zmesiach SMA11.

T . s brus
SMAT11 (C-4) - dioritovy porfyrit, dolomiticky — 3,41 —C
vapenec - PMB 45/80-75 S —
SMAT1 (SKA-1) - bazallcky andezi, vapenec - — G 45 e
- —_—
"PM2,5
— 2,55 y
SMA11 (S-4) - melafyr, dolomit - PMB 45/80-75 mn——
_
SMA11 (GU-1) - spilit - CRMB AL —
—_
AC11 (C-5) - dioritovy porfyrit, dolomiticky vapenec — 2,81
A——
- PMB 45/80-75 [ |

>
N
(]

AC11 (STR-1) - andezit, dolomiticky vapenec -
PMB 45/80-75

..", ‘[
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Obr. 1: Priemerné hmotnostné koncentracie tuhych ¢astic obrusu testovanych zmesi

Exponované filtre (spolu 152 filtrov) sa po gravimetrickom vyhodnoteni analyzovali
na pritomnost vybranych 13 prvkov. Z hmotnostnych koncentracii prvkov vo
vyjazd'ovacom zariadeni a v laboratdriu sa stanovil rozdiel priemernych hmotnostnych
koncentracii skimanych prvkov v PMzs predpokladanych castic z obrusu povrchu zmesi
a vysledky obrusu su prezentované na nasledujicom obr. 2.

Z grafu vyplyva, Ze najvysSie hmotnostné koncentracie v obruse zo vSetkych
skimanych zmesi predstavuje vapnik Ca. Hodnoty koncentracii vapnika sa pohybuja v
rozmedzi od 79 do 233 mg/g PMzs. Druhé najvysSie koncentracie v skiimanych
zmesiach predstavuje sira S, ktorej koncentracie sa pohybujd v rozmedzi od 4 do 73
mg/g PMzs. NajvysSSie hmotnostné koncentracie vapnika boli namerané vo vzorke, v
ktorom je pouZité kamenivo kremicity vapenec.

Chemickymi analyzami sa preukazalo, Ze uvol'nené Castice z obrusu povrchu vzoriek
zmesi pocas vyjazd'ovania maju podobné zloZenie ako je zloZenie zakladnych materialov
kostry tychto zmesi (kameniva, asfaltového spojiva). Z grafov je zrejmé, Ze vSetky
vybrané prvky sa vyskytuju v zachytenych tuhych casticiach.

Kamenivo bohaté na vapence je nachylné na vyhladitelnost a obrusovanie povrchu
a to je dévod, preco sa predpoklada, Ze sa analyzami preukazali najvyssie koncentracie
prave pre vapnik a kamenivo bohaté na kremen je pomerne odolné voci vyhladeniu,
preto sa analyzami zistili také nizke koncentracie kremika v obrusenych tuhych
Casticiach.
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Obr. 2: Priemerné hmotnostné koncentracie skimanych prvkov samotného obrusu

ZAVERY RIESENE] PROBLEMATIKY

Vysledkami sa zistilo, Ze v priemere si hmotnostné koncentracie obrusu zmesi AC11
0 1,59 pg/m3 vyssie ako pri zmesiach SMA11, ¢im je moZné konStatovat, Ze sa preukazal
potenciondlny rozdiel medzi zmesami. Potvrdila sa zavislost medzi pouZitym
kamenivom a tuhymi ¢asticami ur¢enymi ako obrus. Vysledkami sa tieZ preukazalo, Ze v
priemere najvysSie hodnoty obrusu vykazuju zmesi, v ktorych je pouzité kamenivo v
kombinacii melafyr a dolomit.
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INTRODUCTION

The exposure to nanoparticles (NPs) represents a severe problem to human health,
because they are becoming more widely used and their number of applications
continually increases. Particles containing copper are emitted from smelters, iron
foundries, power stations and municipal incinerators (WHO, 1998), as well as from
brake linings during braking, Kukutschova et al. (2011). Copper and copper oxide NPs
are frequently used as catalysts, heat transfer fluids in machine tools (Kim et al,, 2011),
inks, anode material in lithium-ion batteries (Guo et al.,, 2002) and many others. Even
though CuO NPs were found highly toxic, Karlsson et al. (2008) and it is likely that NPs
enter human body via respiratory tract, the inhalation exposure experiments of CuO NPs
with laboratory animals are still rather rare (Pettibone et al, 2008; Lebedova et al,
2016). The exposure chamber for long lasting inhalation experiments was constructed
at the Institute of Analytical Chemistry of the CAS (Vecera et al, 2011) and some
methods of NPs generation for these experiments were already tested in our laboratory
(Moravec et al., 2015; Moravec et al., 2016a). The generation of Cu/Cu20 NPs by thermal
decomposition of copper acetylacetonate (CuAA) was reported by Moravec et al
(2016b) and here we present the results of long lasting generation of NPs by oxidation
of CuAA.

EXPERIMENTAL SETUP

NPs generation was studied in an externally heated work tube with i. d. 25 mm and
the length of heated zone 1 m. Total length of the work tube made from impervious
aluminous porcelain (IAP) was 1.5 m. Experimental setup was described in more detail
at Moravec et al. (2015). A stream of nitrogen carrier gas, saturated by precursor
vapours in a saturator (Qs), was fed into the reactor, where it was mixed with a stream
of a mixture of nitrogen and air. A stream of particle laden gas (Qr) was diluted at the
outer part of the work tube by a diluting stream of air (Qbi1). The particle production was
studied in dependence on reactor (7r) and saturator temperature (7s) and on flow rates
Qr, Qs and Qpi. Precursor vapour pressure (Pcuaa) was controlled by saturator
temperature and/or saturator flowrate and its values in the reactor were calculated
from the equation (Teghil et al., 1981):
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valid in the temperature range from 43 to172 °C. NPs production was monitored using
scanning mobility particle sizer (SMPS, TSI model 3936L75). Samples for NPs
characterization were deposited onto TEM grids using a nanometer aerosol sampler
(NAS, TSI model 3089) and on cellulose, quartz, Zefluor and Sterlitech Ag filters. Filters
were weighted before and after sampling on scales Sartorius M5P-000V001 with
readability 1 pg. The particle characteristics were studied with high resolution
transmission electron microscopy HRTEM, JEOL 3010, samples on TEM grids), energy
dispersive spectroscopy (EDS, INCA/Oxford connected to JEOL 3010, TEM grids),
inductively coupled plasma - optical emission spectrometry (ICP-OES, Agilent 4200 MP-
AES, cellulose filters), elemental and organic carbon analysis (EC/OC, Model 4, Sunset
Laboratory, quartz filters) and X-ray diffraction (XRD, Bruker D8 Discover Diffractometer,
Ag filters). Interpretations of selected area electron diffraction (SAED) patterns were
performed using program ProcessDiffraction (Labar 2008; Labar 2009).
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Fig. 1: Nt and GMD of NPs generated by oxidation of CuAA at various experimental
conditions TR, Qr, Qbi, and Pcuaa. co=12 vol. %.

RESULTS AND CONCLUSIONS

NPs production was studied during an experimental campaign with total duration
104 h in dependence on experimental parameters Tr (500-700 °C), Ts (120-134 °C), Qr
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(1400-1500 cm3/min), Qs (150-300 cm3/min) and Qi (1500-1600 cm3/min). Oxygen
concentration (co) was kept on the value 12 vol. %. For this experimental campaign we
used the same batch of precursor we already used in the 102 h long campaign for NPs
generation by thermal decomposition of CuAA (Moravec et al, 2016b). An example of
NPs production in the form of total number concentration (Nt) and geometric mean
diameter (GMD) is shown in Figure 1, but we have also available NPs production in mass
total concentration M: (ug/m3) and surface total concentration St (nm?2/cm3). It is
obvious that NPs production is stable at steady state conditions and increases with
increasing Pcuaa. With increasing Tr, Nt increases while GMD decreases, see Figure 1.

Total mass concentrations and, subsequently, emission rates (ER) were calculated
both from SMPS data and also from filter measurements. The results are summarized in
Table 1. Maximum NPs production rate from filter measurements 2000 pg/m3, which
corresponds with emission rate 6 pg/min, was achieved at Tr=600 °C. The values
obtained from SMPS were several times lower. SMPS mass concentrations were
calculated for default value of particle density 1.2 g/cm3 in Aerosol Instrument manager
software. In our former studies (Moravec et al., 2016a, Moravec et al., 2016b), where
agglomerated very small primary particles were produced, the density 1.2 g/cm3 proved
to be quite good approximation, even though this value was far from bulk density of
synthesized NPs (titania or copper/copper oxide). In this study, NPs detected by SMPS
were larger and less agglomerated, see following paragraph, and therefore, default
particle density 1.2 g/cm3 was rather far from reality.

Fig. 2: TEM images of the sample of NPs synthesized at Trk=500 °C, Qr=1400 cm3/min,
Qpi=1600 cm3/min, Pcuaa=0.82 Pa and co=12 vol. %.

Morphology of NPs was studied by HRTEM and an example of NPs images,
synthesized at Tr=500 °C, is shown in Figure 2. As can be seen, NPs are often faceted
with typical size 10-30nm, but there is also some portion of larger particles with sizes up
to 100 nm. We did not observe significant differences in NPs morphology synthesized at
various Tr. From a comparison of GMD detected by SMPS (typically 20-25 nm, see Figure
1), with typical NPs size from TEM images, one can conclude that SMPS detected mostly
individual particles and agglomeration occurred mainly during deposition of NPs on
TEM grids. The true density of particles/agglomerates detected by SMPS was then close
to the bulk density of material the particles consist of.
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Table 1: NPs production and emission rates as a function of Tr.

Tr [°C] 500 600 700
Mz, SMPS [pg/m3] 420-510 330-380 370-540
M, Filters [pg/m3]  1220-1490  1500-2020  1400-1820
ER, SMPS [pg/min] 1.3-1.5 1.0-1.1 1.1-1.6
ER, SMPS [pg/min] 3.7-4.5 4.5-6.0 4.2-5.5

EDS analyses confirmed, besides nickel and carbon from TEM grids, presence of
copper and oxygen in the samples. Cu to O ratio was close to one in most of spectra.
Total concentration of Cu in the samples on cellulose filters was almost independent on
Tr, varied between 69.1 and 73.9 mass % with maximum value at TrR=600 °C, see Table 2.
Values of TC concentration, determined from the samples on quartz fibre filters by
EC/0C analysis, were independent on Tr, too, see Table 2. However, the values were
very low, varied between 1.0 and 1.5 mass %, so that NPs can be considered as carbon
free.
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Fig. 3: A comparison of electron diffraction pattern of NPs synthesized at Tr=500 °C,
Qr=1400 cm3/min, Qpi=1600 cm3/min, Pcuaa=0.82 Pa, co=12 vol. % (inset and red curve)
with model diffraction of monoclinic CuO.

XRD method identified CuO monoclinic crystalline phase (Tenorite) in the samples
of NPs synthesized at all three investigated Tr, see Table 2. Mean crystallite size,
calculated by Pawley method from integral breadth of peaks (LVol-IB) varied from 20.9
to 27.0 nm with maximum at Tr=600 °C, see Table 2. The results of XRD method were
confirmed by SAED analysis, see Table 2 and Figure 3. Crystallite sizes calculated by
Pawley method are in very good agreement with primary particle sizes identified from
TEM images, see Figure 2, and with GMD monitored by SMPS, see Figure 1.
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Table 2: NPs characteristics in dependence on Tr.

Tr [°C] 500 600 700

TC [%], EC/0C 1.5 1.0 1.1

Cu [%], ICP-OES 69.8 73.9 69.1
cryst. phase, SAED monoclinic CuO monoclinic CuO monoclinic CuO
cryst. phase, XRD monoclinic CuO monoclinic CuO monoclinic CuO

cryst. size, XRD [nm] 20.9 27.0 22.8

In conclusion, the study of long-term generation of NPs by oxidation of CuAA in
externally heated tube rector has shown that NPs generation at Tr=600 °C seems to be
the most suitable for follow-up inhalation exposure experiments. At this Tg, the
maximum emission rate 6 pg/min was achieved, NPs contained the highest content of Cu
(73.9 mass %, which corresponds with 92.5 % CuO) and the lowest content of TC. NPs
are very well defined in terms of composition, size and crystalline structure. The method
of NPs generation by CuAA oxidation suits well for follow-up long lasting inhalation
exposure experiments with laboratory animals.
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SUMMARY

This work aimed to determine filtration performance of polypropylene hollow-fibre
membranes (HFMs) for removing submicron particles from air. Experiments were
performed in a glass chamber supplied with an aerosol of submicrometric particles. Two
types of HFMs varying in packing density, active filtration area and pore-size
distribution were tested in an outside-in configuration. By measuring the number of
particles upstream and downstream of the HFM, the filtration efficiency was determined
at a permeate velocity of 5 cm/s. Particle counting was carried out using a TSI 3075
condensation particle counter connected to a TSI 3080 scanning mobility particle sizer
in 64 particle size channels from 16.8 to 572.5 nm. The results show high efficiency,
mostly higher than 99% for particles above 100 nm size. The most penetrating particle
sizes (MPPS) were between 22 and 30 nm with an efficiency of 95-97%.

INTRODUCTION

The main function of air filtration systems is to remove respirable particles such as
microorganisms, dust and allergens from the air to alleviate associated health concerns
(Bulejko et al., 2016a; Bulejko et al. 2017a). Hollow-fibre membranes (HFMs) have
scarcely been used in air filtration. Thus far, HFMs have mostly been used for water
treatment, mainly due to the compactness of HFM modules as they contain a high active
filtration area within a small volume. However, in air filtration, these membranes have
been used very scarcely. This work investigated the air filtration performance of HFMs
for separation of submicrometer-size particles generated from incense sticks burning.
Efficiency was determined at a permeate velocity of 5 cm/s and transmembrane
pressure (TMP) characteristics were evaluated.

MATERIALS AND METHODS
Two types of HFMs were tested (basic parameters shown in Table 1). These

membranes produce by ZENA Membranes s.r.o. are manufactured via dry stretching
with no waste. HFMs have narrow pore-size distributions (measured using a
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Quantachrome 3Gzh capillary flow porometer, pore size range 0.01-500 pm) with most
pores within a size range of 85-105 nm (Fig. 1). Filtration experiments were carried out
in a glass chamber with a volume of 260 dm3. Details about the experimental setup and
the measurement were described elsewhere (Bulejko et al. 2016b; Bulejko et al. 2017b).
The measurement of particle concentrations upstream and downstream of the
membrane was carried out in accordance with modified EN 779 (2012). The number of
particles was measured sequentially upstream and downstream while each upstream
and downstream concentration was measured three times and the average value gives
the overall filtration efficiency of the HFM.

Table 1: Parameters of tested HFMs

HFMs P60 P80
Fibre outer diameter, Do (um) 300 620
Fibre wall thickness, tw (um) 36 73
Number of fibres, n 1380 300
Membrane packing density, a (%) 46 43
HFM surface area (m?) 0.95 0.43
Average pore size (nm) 87 95
Porosity, € (%) 52 54

RESULTS AND DISCUSSION

Fig. 2 shows the fractional efficiency of tested HFMs. The characteristics are shown
in Table 2. The TMP of the tested HFMs was one order of magnitude lower than those
reported by Wang et al. (2017), who prepared HFMs of polyvinylidene-fluoride for air
purification. Compared to filters made of non-wovens, our HFMs had significantly higher
TMP than those reported by Hung and Leung (2011), who tested nanofiber filters with
TMP in the range of 5.4 to 74 Pa (at 5 cm/s) but comparable to HEPA filters tested by
Bortolassi et al. (2017), which had their TMP in the range from 269 to 418 Pa (at 5
cm/s).
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Table 2: Filtration performance characteristics of HFMs

HFM P60 P80
MPPS (nm) 22.5 30
Efficiency, n(MPPS) (%) 97.01 86.58
TMP (5 cm/s) (Pa) 558.6 + 3.6 284.6 + 2.7

filtration efficiency (-)
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Fig. 2: Filtration efficiency in relation to particle size for different HFMs
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CONCLUSION
Based on the results presented above, the following conclusions were made:

» The results show high efficiency for removal of submicron particles. The MPPS
were in the range of 30 nm with high efficiency at a velocity of 5cm/s and
decreased in the following order: P60 > P80.

= TMP is rather higher compared to fibrous air filters. TMP of P60 was around 560
Pa at 5 cm/s. P80, with double the fibre diameter though half the filtration area,
had TMP of 285 Pa at the same permeate velocity, which is comparable to fibrous
HEPA filters. TMP remains the main problem to practical applicability as this
parameter determines the energy consumption of the overall filtration process.
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INTRODUCTION

Laser ablation (LA), together with inductively coupled plasma mass spectrometry
(ICP-MS) as a detection system, has become a routine method for the direct analysis of
various solid samples. The product of laser ablation contains a mixture of vapour,
droplets and solid particles. All components are finally transported to a plasma by a
carrier gas in form of dry aerosol that includes mainly agglomerates of primary
nanoparticles. Dry aerosol can be studied by different offline or online techniques. In
general, characterisation of aerosols by their particle size distribution (PSD) represents
indispensable tool for fundamental studies of the interaction of laser radiation with
various materials. Many works have studied PSD of dry aerosol for different samples,
and different ablation conditions (Hola et al., 2010).

The laser ablation was performed with nanosecond laser (193 nm) on glass and
steel samples using various ablation conditions (spot size, ablation mode, repetition
rate, fluence). The aerosol characterization was made first by online PSD monitoring
using Engine Exhaust Particle Sizer (EEPS) simultaneously with laser ablation - ICP-MS
analysis. Second, the structure of the laser-generated particles was studied off-line using
scanning electron microscopy (SEM) and atomic force microscopy (AFM).

EXPERIMENTAL SETUP

The particles produced by laser ablation of standard materials (glass NIST 610 and
steel F4) were analysed by ICP-MS and various aerosol spectrometers (EEPS, APS and
OPS) giving information about the physical properties of generated particulates. The
arrangement of the experiment is shown in Figure 1.

The instrumentation of the LA-ICP-MS system consisted of an excimer laser ablation
system Analyte G2 (Photo Machines Inc, Redmond, WA, USA) and ICP-MS with a
quadrupole analyzer Agilent 7500ce and a collision-reaction cell (Agilent, Japan). The
laser operates at a wavelength of 193 nm with a pulse duration < 4 ns. Using helium as a
carrier gas with a flow rate of 0.65 1 min-1, the aerosol was washed out from the chamber
(HelEx) and transported through a polyurethane tube (i.d. 4 mm) to the aerosol
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spectrometers and ICP-MS. Two ablation modes - spot and line scan - were performed.
Spot ablation with different spot sizes and line scan ablation using 110 pm spot size and
different scan speed were compared. Selected isotopes were monitored with the total
integration time of 1 s which was similar to the EEPS scanning rate.

EEPS spectrometer is an aerosol instrument allowing to measure number size
distribution in fixed particle size range of 5.6 - 560 nm with a high time resolution
(down to 1 second per sample). The EEPS classifies the particles according to their
mobility in electrostatic field and counts their number using set of 22 electrometers.

Ar
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He ICP-MS

Neutralizer
85Kr

EEPS
3090

|
OPS 3330 o

APS 3321

Fig. 1: Schematics of measurement set-up

The post-situ off-line measurements were made by SEM/AFM method after their
collection on a polycarbonate membrane filter and Highly Oriented Pyrolytic Graphite
(HOPG) substrate. The mesurements were performed first using Bruker Icon AFM with
ScanAssyst-Air probe in PeakForce QNM mode. Later, simultaneous surface
characterization by SEM and SPM in the same coordination system (LiteScope SPM,
Nenovison) was performed. Collected data was evaluated using Gwyddion free SPM
analytical software (Necas and Klapetek, 2012).

RESULTS AND CONCLUSIONS

The average size distributions (measured by EEPS for 80 s laser ablation) show very
similar multimodal shape for both materials and both ablation modes (see Fig. 2). Spot
ablation mode of both materials produces higher concentration of primary particles and
lower concentration of largest particles compared to line ablation mode. The smaller
particles represent the primary particles produced by laser ablation, the larger particles
are most probably a product of coagulation/agglomeration of primary nanoparticles or
particles originated from the droplets’ solidification (Novakova et al.,, 2016).
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Fig. 2: Particle size distribution graphs (average of 80 s ablation).

The EEPS measurements can confirm different time resolved particle formation for
different ablation modes. While the line ablation mode provides stable particle
formation, the PSD is changing during ablation within one spot as shown in Fig. 3 for the
NIST 610.
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Fig. 3: Spot laser ablation (5 repetitions).
The structure of the agglomerated nanoparticles were visualised by SEM and AFM

method. As an example of AFM neasurement, particles from the spot laser ablation of the
steel sample are shown in Fig. 4.
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Fig. 4: AFM measurement of agglomerated nanoparticles.
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SUMMARY

The purpose of this research was to determine particle size distributions (PSDs)
generated by two MDI inhalers and four DPI inhalers. Two methods (BLPI and APS)
were compared and hygroscopicity of inhalants was evaluated. The results showed that
the main modes positions of mass PSDs obtained by both methods were comparable.
The differences of PSDs measured under ambient and respiratory tract conditions were
minimal and did not influence the predicted deposition probability of inhalants.

UvoD

Inhala¢ni aerosoly produkované inhalatory typu MDI (metered dose inhaler) a DPI
(dry powder inhaler) piedstavuji nedilnou a velmi rozsirenou soucast 1é¢by pacienti
s plicnimi chorobami, jako je astma a chronicka obstrukéni plicni nemoc (CHOPN).
Klicovym parametrem, jenZ urcuje misto a ucinnost depozice v dychacim ustroji je
velikostni distribuce castic aerosolu (Byron, 1990), ktera se mliZe ménit v zavislosti na
slozeni 1é¢iva a zméné teploty a relativni vlhkosti pri prechodu zinhalatoru do
dychaciho ustroji clovéka. Velikostni distribuce hmotnostni koncentrace c¢astic se
v pripadé inhalatorl nejcastéji méii pomoci kaskadnich impaktort (Weda et al, 2002).
Tato metoda je vSak Casové narocna a poskytuje malé rozliSeni velikostniho spektra.
Méreni velikostni distribuce pomoci spektrometri méricich dobu priletu castice
aerosolu je rychlejsi a poskytuje vysoké rozliSeni namérenych velikostnich distribuci.

METODY MERENI

V ramci této studie byly zméreny velikostni distribuce 2 inhalatort MDI (I-1I) a 4
inhalatort DPI (III-VI). Méreni probihalo dvéma zptsoby, v prvnim piipadé se velikostni
distribuce hmotnostni koncentrace mérila pomoci Bernerova nizkotlakého kaskadniho
impaktoru (BLPI), ve druhém pripadé€ jsme pouzili on-line spektrometr (APS). Vzorky
inhalacniho aerosolu z jednotlivych inhalatort byly k pristrojim vedeny trasou
simulujici zacatek dychaciho ustroji Clovéka - dutinu ustni a prvni zatacku za thorax.
BLPI délil ¢astice do 10 velikostnich tiid v rozmezi 25 nm - 10 um pfti priatoku 25 1/min.
V pripadé méreni pomoci APS byl pritok aparaturou 17.3 1/min a velikostni distribuce
byly naméreny v 52 velikostnich tfidach v rozmezi 0,5 - 20 pm. Soucasné byla mérena a
zaznamendavana intenzita bo¢niho rozptylu svétla na ¢asticich. VSechna vyse uvedena
méreni byla provadéna za laboratornich podminek (t: 25+1°C a RH: 45+5%). Vliv
zvySené teploty a vlhkosti na velikost ¢astic byl méfen za podminek bliZicich se vlhkosti
podminkam v dychacim tstroji (t: 27+£0,02°C a RH: 95+0,5%).
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VYSLEDKY, DISKUSE, ZAVERY

Porovnani velikostnich distribuci hmotnostnich koncentraci c¢astic namérenych
pomoci BLPI a APS pro dva inhalatory MDI (I a II) a dva inhalatory DPI (V a VI) za
laboratornich podminek je uvedeno na Obr. 1. VSechny namérené distribuce byly
monomodalni s koncentra¢nim maximem okolo 2-3 pm pro inhalatory MDI a 5-8 pm v
pripadé inhalatort DPI. Ziskané vysledky ukazaly, Ze polohy modi ziskané pomoci BLPI
a APS jsou srovnatelné. Pri méreni velikostnich distribuci za podminek bliZsich
podminkam v dychacim ustroji se ukazal pouze nepatrny posun velikostnich distribuci,
coz ukazuje, Ze neni ovlivnéno misto depozice 1éciva v plicich.

25 25
| 1]
? ? BLPI
a —_— o -
g BLPI 5
——APS
o —p—— o
=15 i =15
— —
= =
=} =]
R 2
= =
5 &
& &
05 05
0 0
0.01 10 0.01 0.1 1 10 100
Dp {um)
3 3
V Bl VI
25 25
s ——BLPI = ——BLPI
g ? ——APS s
__; _'§ — APS
Tl 215
2 g
T 1 E o1
& &
05 05
0 0
0.01 10 0.01 0.1 1 10 100
Dp (um) Dp (um)

Obr. 1: Velikostni distribuce hmotnostnich koncentraci namérenych pomoci BLPI a APS
pro 2 inhalatory MDI (I a II) a 2 inhalatory DPI (V a VI).

PODEKOVANI

Autori prace dékuji za podporu grantim MSMT LTC17010 ,Studie aé&innosti
dodavky 1ékti davkovanych aerosolovymi inhalatory na cilové misto v dychacim ustroji“
a COST Action MP1404 SimlInhale “Simulation and pharmaceutical technologies for
advanced patient-tailored inhaled medicines” (www.cost.eu).

LITERATURA
Byron P.R. (Ed.): Respiratory Drug Delivery, CRC Press, Boca-Raton, USA, (1990).
Weda M., Zanen P., De Boer A.H., Gjaltema D., Ajaoud A., Barends D.M., Equivalence

testing of salbutamol dry powder inhalers: In vitro impaction results versus in vivo
efficiency, Int ] Pharm. 249, 247-255, (2002).

97


http://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/pharmaceuticals
http://www.cost.eu/
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INTRODUCTION

3D printing is a practical, cost-effective and fast way to produce prototypes and
small-scale parts and these printers are becoming widely used both within industry and
in private homes. However, the 3D printing may cause particle emissions in workplaces
and homes and thereby increase health risk of workers and residents. Some studies of
3D printer particle emissions have already been made indicating significant ultrafine
particle emissions from 3D printers during the printing (Stephens et al. 2013, Yi et al
2016). Ultrafine particles have been found to enter human lungs and deposit to
bronchial and alveolar walls from where particles can penetrate tissue and absorb into
the bloodstream (Sturm 2016). Hence ultrafine particles may not only endanger lungs
but also heart, other organs and even brain by causing cardiovascular diseases, tumors
and cancer (Raaschou-Nielsen et al. 2015). In this study, we measured real-time particle
emissions in a workplace next to a 3D printer and workers’ desks and in lunch and
working areas. The aim of this research was to gather information on particle emissions
from 3D printing and workers’ exposure to these emissions during a workday.

EXPERIMENTAL SETUP

Measurements were made at a small electronics assembly company. The 3D printer
was used inside a 150 m2 room equipped with a normal office ventilation system placed
in the ceiling. No local ventilation system or purifying cabin was installed around the 3D
printer. Measurements were made with two High Resolution ELPI®+ (Dekati Ltd) and
eFilter™ (Dekati Ltd) instruments both operating at 1Hz sampling rate. Measurement
instruments were located in three different places: 1) 10-40 cm from the nozzle of the
3D printer 2) next to the workers’ desks and lunch area (background 1) and 3) in
working area next to the reflow oven (background 2). During the 1st day of
measurements, simultaneous measurements were made next to the printer and
workers’ desks and lunch area. During the 2nd measurement day, simultaneous
measurements were made next to the workers’ desks and the reflow oven. The reflow
oven was not used during these measurements.

RESULTS AND CONCLUSIONS

Background particle concentration level measurements were made during the night
and these levels were found to be very low with total particle number concentration
levels around 1.5 103 #/cm3. The 3D printer was found to produce a lot of very small
particles (~Dp 14 nm, see Fig. 1) with particle number concentration values varying due
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to moving printing nozzle and size of the print object. During normal workdays,
additional emissions in this workplace were produced by soldering and those particles
were mixed with the 3D printer emissions (see Fig. 1). However, particles from the
printer were found to dominate the overall emissions. More detailed results will be
presented in the conference.
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Fig. 1: Particle emissions during 3D printing. Measurement place is next to the reflow
oven. Left: only particles from 3D printer. Normal room ventilation system was off.
Right: 3D printer and other emissions such as soldering emissions
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SUMMARY

Project OdCom was started in 1st of April 2016 as responce of increasing number of
complaint of odor at germany part of KruSné hory. Main goal is to evaluate odor
episodes by measurement of ultrafine particles number, determinate ratio of volatile
compounds and to analyze toxicological risks. Only part of measurement (aerosol
number concentration with and without termodenuder) is discussed in this abstract.
Measurement of size distribution with thermodenuder at two stations in the Czech
Republic (Usti nad Labem, Lom) started in 2017.

UvoD

V Usteckém kraji se kumuluje fada zdroji tékavych latek ve venkovnim ovzdusi.
Zdrojem jsou napriklad hnédouhelné tepelné elektrarny, chemicky primysl a podobné.
Tyto latky jsou Casto nositeli zdpachu a to jak v prirozeném stavu, tak i po tadé
vzajemnych interakci. V navaznosti na tradu stiZnosti nazapach znémecké strany
Kru$nych hor vznikl v rdmci projektu preshrani¢ni spoluprace Cil 2 SN-CZ 2014-2020
Hallo Nachbar. Ahoj sousede. projekt ,0DCOM - Objektivizace stiZnosti na zapach v
Erzgebirgskreis a v Usteckém kraji.“ Realizaci a financovani tohoto projektu umoZziiuje
Saskd rozvojova banka (SAB), je fizen Saskym statnim ministerstvem Zivotniho
prostredi a zemédélstvi. Realizatnim obdobim projektu je 1. 4. 2016 - 31. 3. 2018, doba
udrzitelnosti projektu je 5 let po predani Zavérecné zpravy projektu. Cilem je objektivni
vyhodnoceni zapachovych epizod, méreni ultrajemnych castic, zjiStovani podilu
tékavych latek vjednotlivych velikostnich tfidach, analyzovani toxikologického rizika
zapachajicich latek a zjistovani jejich moznych zdroji. Tento prispévek je zaméfen na
cast projektu tykajici se méreni ultrajemnych ¢astic.

METODY MERENI{
0d roku 2012 je v kontejneru CHMU v Usti nad Labem a v Annaberku-Buchholzi
provozovano meéfeni velikostni distribuce castic spektrometrem SMPS (Scanning

Mobility Particle Sizer Spectrometer, IfT Tropos). V roce 2016 byly na obé strany hranic
(stanice Lom a Deutschneudorf) porizeny dalsi dva ptistroje SMPS. Pro pottreby projektu
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byly vSechny pristroje vybaveny termodesorbéry. Od zacatku roku 2017 je spuSténo
méreni v 5-minutovych intervalech méfeni s termodenuderem a bez néj. Termodenuder
(TD) s teplotou 300 °C slouzi k odstranéni tékavych latek navazanych na aeosolové
Castice ve vzorku, jeZ mohou byt zdrojem zadpachu. Kromé méreni velikostni distribuce
jsou kontinualné meéteny i koncentrace znecistujicich latek v ovzdusi (SO2, NO-NO2-NOX,
PM1o, PM2s, CO, 03) a meteorologické prvky. Data z SMPS jsou po verifikaci predavana
do spole¢né databaze projektu, do imisni databaze kvality ovzdusi (ISKO) a do databaze
ACTRIS.
VYSLEDKY

Prvnich osm mésici méreni celkova koncentrace na stanici Lom (pozadova
venkovska stanice v prirodni a primyslové z6né) dosahovala priimérné 9168 ¢astic na
cm3, méfeni s TD sniZilo celkovy pocet ¢astic na méné nez polovinu. Stanice Usti nad
Labem (pozadova venkovska stanice v obytné a obchodni z6né) ma primérné 9680
¢astic, s TD 4739 ¢&astic na cm3. Nejvyssi pocet ¢astic byl na stanici Usti nad Labem
méfen béhem ledna a Unora, na stanici Lom byli zaznamenany nejvys$si hodnoty v
Cervnu a Cervenci, kdy dominoval prispévek nukleacniho médu. Rozdily mezi méreni s
TD a bez v méreném spektru se projevuji na obou stanicich podobné. Po priichodu
vzorku telotou 300 °C dochdzi k sniZeni poctu zejména Castic nukleacniho a aitkenova
modu (Obr. 1).
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Obr. 1: Variabilita poctu ¢astic (10-20 nukleacni, 20-100 aitkeniiv, 100-900
akumula¢ni méd, 10-900 celkovy pocet ¢astic), leden-srpen 2017, stanice Lom a Usti nad
Labem, mereni s a bez TD. PIné Cary v obdelnicich oznacuji median, barevné obdelniky
mezikvartilové rozpéti, svislé ¢ary jsou maximalni nebo minimalni hodnoty bez
odlehlych hodnot, body odlehlé hodnoty.
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INTRODUCTION

This contribution will introduce a broad spectrum of activities concerning aerosol
particle(s) measurements at Czech Metrology Institute (CMI). The first part of the
presentation will describe current research topics on aerosols:

e Nanometrology instrumentation, especially Atomic Force Microscopy
(AFM) measurements of regular and non-regular aerosol particles, data
evaluation in Gwyddion software, modelling of particles, e.g. creation of
virtual images and simulations of AFM measurements;

e Research focused on light scattering experiments of individual particles
and outputs from software for modelling of light scattering on spherical
particles;

e Employment of 3D printed parts for aerosol measurements, introduction
of 3D printed enclosure for cheap particle sensor;

e Notes on ISO 21501 standard.

The second part of the presentation will introduce AEROMET project in general and
activities of CMI within this project, especially numerical support for X-ray standing
wave based measurements and development of GPU based geometrical optics solver for
X-ray standing wave calculations and preprocessor for creating complex and more
realistic particle geometries.

EXPERIMENTAL SETUP

Samples for AFM measurements were particles dispersed on microscope slide in water
that was later evaporated. Particles used are following: (i) polymer spherical particles,
(ii) gold nanorods, (iii) pollen particles. AFM measurements were performed using
Bruker Icon instrument, experiment mode: PeakForce QNM in Air, used probe:
ScanAssystAir. The measured data were evaluated using Gwyddion software
(http://gwyddion.net).

FDTD solver Gsvit (http://gsvit.net) was used for near-field optics phenomena
calculations.
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RESULTS AND CONCLUSIONS

. thresholding, low value thresholding, high value watershed, default operation watershed + height filtering

Fig. 1: Example of numerical simulation output and analysis of polydisperse
particles: various options for segmentation.

Results of measured AFM data of spherical and non-spherical particles evaluated in
Gwyddion software will be presented. Outputs of AFM data processing and their
evaluation will be presented for comparison with real AFM measurements as well (see
four images in Fig. 1 as an example of polydisperse particles modelling).
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