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Abstrakt

Tato prace se zabyva fyzikdlnimi a chemickymi vlastnostmi atmosférického aerosolu
studovanych s vysokym Gasovym rozlienim na méficich stanicich v Ceské republice.
Velikostni distribuce, chemické slozeni a tékavost submikronovych aerosolovych ¢astic byly
studovany ve vztahu k meteorologickym podminkdm a dalSim okolnostem. Pro dosazeni vétsi
proménlivosti okolnich podminek byl zkouméan atmosféricky aerosol béhem dvou roc¢nich
obdobi (léto a zima) a na dvou lokalitaich (méstskd pozad’ova stanice Praha Suchdol a
pozadova stanice Kosetice). Diky tomu bylo mozné 1épe rozlisit vliv sezonnich zdroju
napiiklad domacich topenist v zim¢é a biogennich emisi béhem Iéta. Dale byly vlastnosti
aerosolovych ¢astic ovlivnény sezonnimi rozdily v meteorologickych podminkach (piedevsim
teplota, vlhkost a slune¢ni zéafeni). Porovnani vlastnosti aerosolu na dvou riznych lokalitach,
konkrétné na méstské pozad'ové a pozad’'ové stanici, umoznilo 1épe popsat vyznam pozad’ového
aerosolu a vlivu mésta. Tato prace se také zabyva pfeménou aerosolovych ¢astic piechazejicich
z vn¢j$iho do vnitiniho prostiedi, konkrétné naptiklad vlivem gradientu teploty a vlhkosti na
tento proces. Méfeni s vysokym ¢asovym rozliSenim umoznilo odhalit mechanismy dynamiky
aerosolt, které nebyly popsany v ptedchozich studiich s niz§im ¢asovym rozliSenim.



Abstract

This thesis focuses on physical and chemical characteristics of atmospheric aerosol
measured with high time resolution. Size distribution, chemical composition, and volatility of
submicron particles were studied in relation to meteorological conditions and other factors. To
reach higher variability in ambient conditions, we considered atmospheric aerosol during two
seasons of the year (summer and winter) and at two different locations (suburban site Prague
Suchdol and rural site KosSetice). Measurement during two different seasons enabled us to
better distinguish the influence of seasonal sources such as domestic heating in winter and
increased biogenic emissions in summer. Also, seasonal differences in meteorological
conditions mainly in case of temperature, humidity, and solar radiation were shown to play a
role in aerosol characteristics. A comparison of aerosol properties at two different measurement
sites, namely a rural and suburban, enabled us to better characterize the role of background
aerosol and the influence of the city. Furthermore, a transformation of aerosol particles entering
indoors from outdoors was also studied within this thesis. The influence of indoor/outdoor
temperature and humidity gradient as well as presence of new particle formation events on the
indoor/outdoor ratio was described. The high time resolution measurement of chemical
composition and size distribution enabled us to reveal mechanisms of aerosol dynamics that
remained hidden for previous studies with lower time resolution at the same locations.



1. Uvod

Atmosféricky aerosol ovliviiuje fadu procest jako je zména klimatu, Ubytek stratosférického
ozonu, snizovani viditelnosti, a také muze negativné ptisobit na lidské zdravi (Turner et al.,
2008). Uginky atmosférického aerosolu na Zivotni prostiedi a zdravi jsou dany zejména jeho
vlastnostmi, jako je chemické slozeni, velikostni distribuce a t€kavost (Poschl, 2005). I pfes to,
ze dulezitost presného popisu aerosolovych Céstic je znama, existuje stale pomérné maly pocet
studii tykajicich se chemického sloZeni a rozlozeni velikosti atmosférického aerosolu métenych
s vysokym ¢asovym rozliSenim v nékterych oblastech stiedni a vychodni Evropy.

Se zvysSujici se dobou pobytu ve vnitinich prostorach roste také dulezitost kvality vnitiniho
ovzdusi (Klepeis et al., 2001). Pii nepiitomnosti vnitinich zdroji se vlastnosti aerosolovych
castic ve vnitinim prosttedi siln€ podobaji vlastnostem castic venku, nicméné vngjsi
meteorologické podminky jako je teplota, vlhkost, rychlost a smér vétru také hraji roli. Stale
existuji otazky v oblasti vlivu meteorologickych podminek na prinik ¢astic raznych velikosti a
chemického slozeni. Studie zabyvajici se pfechodem c¢astic rizného chemického sloZeni
z vn¢jSitho do vnitfniho prostfedi navic obvykle nejsou provadény s vysokym casovym
rozliSenim.

2. Cile prace

Studie mela tfi hlavni cile. Za prvé, prozkoumat fyzikadlni a chemické vlastnosti
atmosférického aerosolu na méstské pozad'ové stanici Praha Suchdol. Na rozdil od ptfedchozich
studii na daném mist¢ méelo byt provedeno meétfeni nejen rozdéleni velikosti, ale také
chemického slozeni s vysokym casovym rozliSenim. Diky meéfeni s vysokym cCasovym
rozliSenim bylo mozné pochopeni zdrojti a pfemény latek podilejicich se na znecisténi ovzdusi.
Dalsim krokem bylo srovnani vysledki z pfiméstské lokality Praha Suchdol s vysledky
z venkovské stanice KoSetice (viz tfeti cil) a vyhodnoceni vlivu Prahy na kvalitu ovzdusi. Nase
hypotéza byla, ze chemické slozeni submikronové frakce nerefrakéniho aerosolu bylo
na pfiméstskeé stanici Praha Suchdol rozdilné od venkovské stanici KoSetice.

Druhym cilem bylo studium pfemény aerosolovych ¢astic pii prechodu z venkovniho do
vnitinitho prosttedi v riznych obdobich. Bylo provedeno meétfeni s vysokym c¢asovym
rozliSenim a diskutovan vliv meteorologickych podminek na pfeménu ¢astic riizné velikosti a
chemického sloZeni. Zabyvali jsme se také sezonnimi rozdily. NaSe hypotéza byla, Ze pomér
vnitini k venkovni koncentraci byl niz8i v zimé nezZ v 1été.

Ttetim zdmérem bylo méfeni tékavosti atmosférického aerosolu na venkovské méfici stanici
Kosetice. T¢kavost je dulezitou vlastnosti atmosférického aerosolu, nebot’ ovliviiuje vznik,
pfemény 1 zanik aerosolovych Castic. Znalost tékavosti atmosférického aerosolu je také dilezita
pro vypocet ztrat v méficich pfistrojich, klimatickych modelech a také hodnoceni zakonnych
limit znecisténi v riznych sezonach. Méfeni méla byt provedena v letni a zimni sezoné. Nasi
hypotézou bylo, Ze volatilita ¢astic atmosférického aerosolu byla v 1ét€ nizsi nez v zimé.

3. Material a metodika

Meéfici kampané byly provadény na dvou méficich stanicich: na méstské pozad’ové stanici
Praha Suchdol a na venkovské pozad’ové stanici KoSetice. Stanice Praha Suchdol se nachézi v
arealu Akademie véd CR, asi 6 km severozapadné od centra mésta. V arelu se nachazi také
méfici stanice Ceského hydrometeorologického ustavu (CHMU), ktery sleduje koncentrace
plynnych zneciStujicich latek (SO,, CO, NOx, O3) a aerosolovych ¢astic (PMio, PMys).



Monitoruji se také meteorologické podminky (rychlost a smér vétru, teplota, tlak, slunecni
zafeni, relativni vlhkost vzduchu). Stanice (CHMU) je umisténa pfiblizné 20 metrti od mista
méteni (Kubelova et al., 2015).

Venkovska pozad’'ova stanice Kosetice se nachazi cca 100 km jihovychodné od Prahy a je
obklopena zemé&d&lskymi pozemky a lesy. Méfici piistroje byly umistény v arealu Ceského
hydrometeorologického ustavu, kde se také nachazi meteorologicka stanice pro standardni
méfeni kvality ovzdusi (viz vy3e) a odborna meteorologické méfeni (Zikové a Zdimal, 2013).

Hlavnim nastrojem pouzitym v méficich kampanich popsanych v této praci byl aerosolovy
hmotnostni spektrometr (c-ToF-AMS, Aerodyne, USA) (Drewnick et al., 2005). C-ToF-AMS
umoznuje méieni chemického slozeni a rozdé€leni velikosti submikronovych aerosolovych
¢astic s vysokym Casovym rozliSenim (1 min). Déle je piistroj také schopen pfifadit detekovany
signal nasledujicim latkam: dusi¢naniim, siranim, amonnym kationtim, organickym latkam a
chloridim. Dale jsme pouzili skenovaci tfidi¢ pohyblivosti ¢astic (Scanning Mobility Particle
Sizer (SMPS), TSI, USA), ktery umoziuje online méteni velikostni distribuce aerosolovych
castic. SMPS se sklada ze dvou ¢asti: diferencialniho analyzatoru pohyblivosti ¢astic (DMA) a
kondenzacniho Ccitace castic (CPC). DMA vybird frakci ¢astic, jejichz velikost se nachazi
v relativné uzkém rozmezi. Nasledné se méfi pocetni koncentrace vybrané frakce pomoci CPC.
Déle jsme vzorkovali pomoci impaktoru typu BLPI a shromazdéné vzorky na filtrech jsme
pozdé¢ji analyzovali pomoci iontové chromatografie (IC, Dionex ICS 5000 (Thermo Scientific,
USA)). Diky dvéma detektoriim jsme paralelng analyzovali jak kationty (Na, NH4*, K*, Ca*",
Mg?*, Zn?"), tak anionty (SO4*, NOs", CI', NO2", Br', H.POy).

Pro studium tékavosti jsme pouzili termodenudér vyvinuty na univerzité¢ v Kalifornii, USA
ve spolupraci se spole¢nosti Aerodyne Research Inc. (Huffman et al., 2008). Termodenudér je
trubka o délce 55 cm, ve které je prvni Cast zahfivana na urcitou teplotu (v naSem piipad¢
140 °C) a druha ¢ast ma vnitini stény pokryté aktivnim uhlim, na které se adsorbuji odpatené
slouceniny. Pfistroj AMS méfil stfidavé vzdy 10 minut termodenudovany a 10 minut
netermodenudovany vzorek.

Pro studium piemény ¢astic mezi vnitinim a venkovnim prostfedim jsme méfili vlastnosti
aerosolovych castic uvniti a vné. Diky pouziti jedine¢ného piepinaciho ventilu jsme tato
méteni mohli provadét témet soubézné. ProtoZe nebyly pfitomny zadné vnitini zdroje, bylo
mozné pozorovat odezvu vnitiniho prostfedi na zménu meteorologickych podminek a zménu
vlastnosti vnéjSiho prostiedi obecné.

4. Vysledky a diskuse

Vysledky této prace jsou prezentovany ve formé Ctyf ¢lanki piijatych nebo zaslanych do
Casopisti s impakt faktorem. Clanek I ("A study of summer and winter highly time-resolved
submicron aerosol composition measured at a suburban site in Prague”, publikovano v
Atmospheric Environment v roce 2015) se zabyva chemickym sloZenim a velikostni distribuci
AA studovaného s vysokym €asovym rozliSenim na méstské pozad’ové stanici Praha Suchdol.
Tato studie pfedstavuje prvni zvefejnéné vysledky na zékladé méfeni s C-ToF-AMS v Ceské
republice. Hlavni nélezy proto souvisi s analyzou dennich chodii rtiznych chemickych
sloucenin, jelikoz je dfive vzhledem k nizkému c¢asovému rozliSeni pouzitému béhem
predchozich studii (zpravidla 24 h) nebylo mozné popsat. U vSech sledovanych slozek kromé
sirani jsme pozorovali pokles hmotnostni koncentrace v odpolednich hodinach, coz bylo
zpusobeno zvySenim vysky mezni vrstvy, a tudiZ nafedénim celkového znecisténi. V piipadé
siranu byl denni chod ovlivnén jejich fotochemickym plivodem a pronikani znecisténi z vyssich
vrstev atmosféry.

Clanky II ("Outdoor and indoor aerosol size, number, mass and compositional dynamics at
an urban background site during warm season®, publikovany v Atmospheric Environment v
roce 2016) predstavuje téméf simultanni méfeni chemického sloZeni a velikostni distribuce ve



vnitinim a venkovnim prostiedi. Méteni probihalo bez zndmych vnitinich zdroji, a proto
vnitini velikostni distribuce reflektovala zmény ve venkovnim prosttedi. Pro vnitini i venkovni
prostfedi byla pozorovéana nejvyssi celkova pocetni koncentrace ¢astic v odpolednich hodinach,
kdy byla zaroven zaznamenana nejnizs$i celkovd hmotnostni koncentrace, tj. doslo k narstu
poc¢tu malych Castic. Pomér vnitini / venkovni hmotnostni koncentrace byl vyssi pro ¢astice u
horni hranice Aitkenova modu a pro ¢astice akumula¢niho médu nez pro nuklea¢ni maéd.

Clanky III ("Transformations of Aerosol Particles from an Outdoor to Indoor
Environment®, published in 2017 in Aerosol and Air Quality Research) navazuje na ¢lanek II,
protoze predstavuje vysledky z obdobné studie v zimnim obdobi a srovnéava letni a zimni data.
V letnim 1 zimnim obdobi jsme pozorovali podobnou celkovou uroven koncentraci. V Iété
dochéazelo k nariistu pocetni koncentrace v odpolednich hodinach ptredev§im kvili vzniku
novych ¢astic a vzniku sekundarniho organického aerosolu. Naproti tomu v zimé doslo k
nartstu pocetni koncentrace ve vecernich hodinach vlivem domacich topenist’ a nizs§i Grovné
hrani¢ni vrstvy. Diskutovan byl také vliv meteorologickych podminek na vlastnosti Castic.
Rychlost vétru byla negativné korelovana s hmotnostni koncentraci ve vnitinim i vnéjSim
prostiedi, ale mezi rychlosti vétru a pomérem vnitini a vnéj$i koncentrace, tj. penetraci do
vnitiniho prostfedi, nebyla zadna korelace.

Clanek IV ("Seasonal differences in atmospheric aerosol volatility at a rural site in
Central Europe®, odeslano do Atmospheric Environment v roce 2017) pfedstavuje prvni
vysledky méfeni piistrojem C-ToF-AMS v kombinaci s termodenudérem v Ceské republice.
Publikace se vénuje sezénnim rozdilim v chemickém slozeni, velikostni distribuci a t€kavosti
pozorovanym na pozad’ové stanici v KoSeticich. V zimé¢ byla zaznamenédna vy$$i hmotnostni
koncentrace a te¢kavost dusi¢nant a amoniaku nez v 1été. To bylo zplisobeno hlavné mistnimi
sezonnimi zdroji napf. domécim vytdpénim, a také rozdilnymi meteorologickymi podminkami,
zejména niz§imi teplotami, béhem kterych dochazi ke kondenzaci polo t€kavych slozek (napf.
dusi¢nanu amonného) v zim&. Naproti tomu v 1ét¢ byl zfetelny efekt ,,zfedéni® (). vyssi vyska
mezni vrstvy umoziujici rozptyl znecist'ujicich latek ve vétSim objemu) a disledek vyssich
pramérnych teplot zptsobujicich odpatrovani vice t€kavych slozek. Béhem nukleacnich udalosti
se zvysil pomér pocetni koncentrace v netermodenudovaném a termodenudovaném vzorku.
Vzhledem k tomu, Ze obdobné zvySeni nebylo pozorovano u poméru hmotnostnich
koncentraci, jednalo se zjevné o hlavné malé nové vzniklé Castice, které vymizely z velikostni
distribuce. Nelze vSak fici, zda doslo k vypafeni ¢astic v celém objemu nebo pouze zmenSeni
velikosti pod detek¢ni limit piistroje.

5. Zavéry

PredloZené studie ukazaly, Ze mcfeni vlastnosti atmosférického aerosolu s vysokym
casovym rozliSenim muZe odhalit nové mechanismy zmén koncentrace aerosolu, které
zustavaly skryty, kdyZ bylo métfeni provadéno s niz§im ¢asovym rozliSenim. Naptiklad bylo
zjisténo, ze na méstské pozad’ové stanice Praha Suchdol je denni chod koncentrace sirant
ovlivnén fotochemickym piivodem siranu (tj. radia¢nim zafenim) a pronikanim zneci$t'ujicich
latek z vysSich atmosférickych vrstev. Pokud jde o transformaci mezi venkovnim a vnitfnim
prostiedim, v zimé dochéazelo k vyraznému zmenSeni velikosti ¢astic po pfechodu do vnitiniho
prostiedi. Dlivodem byl vyssi teplotni a vlhkostni gradient v zimé, cozZ také vedlo u amonnych
kationt a dusi¢nanti k niz§imu pomeéru vnitini a vnéjsi koncentrace v zim¢ v porovnani s
létem.

Pokud jde o vySe uvedené tfi hypotézy, nepodafilo se nam potvrdit, Zze by se chemické
sloZeni frakce NR-PM1 AA vyznamné liSilo mezi méstskou pozad’ovou stanici Praha Suchdol
a venkovskou stanici KoSetice. V ¢lancich I a IV lze vidét, Ze chemické sloZzeni méfené
piistrojem C-ToF-AMS bylo velmi podobné. To muze byt zplsobeno rozdilnymi



meteorologickymi podminkami béhem méficich kampani a / nebo relativné podobnymi zdroji
na obou mistech béhem Iéta (biogenni zdroje) a zimy (domaci vytapeni).

Druhé hypotéza, ze pomér hmotnostni koncentrace ve vnitinim a vnéj$im prostiedi bude
vyssi v 1ét€ nez v zimé, byla potvrzena. Za vysSim pomérem koncentraci v zimé je vyssi
teplotni a vlhkostni gradient mezi venkovnim a vnitinim prostiedi v porovnéni s létem. U
castic, které vstupovaly do vnitinich prostor, kde byla teplota vyssi a vlhkost nizsi, dochazelo
jak caste¢nému tak uplnému vypaieni, coz vedlo ke snizeni hmotnostni koncentrace po
prestupu do vnitiniho prostfedi. Vypatrovani ¢astic tak zptisobilo, ze pomér pocetni koncentrace
mezi vnitinim a vnéjSim prostfedim byl u akumulac¢niho médu v zimé vyrazné nizsi nez v 1été,
zatimco u Aitkenova a nuklea¢niho médu byl sezéonni rozdil v podilu pocetni koncentrace
nevyznamny.

Tteti hypotézu tykajici se vyssi tékavosti atmosférického aerosolu v 1ét€ nez v zim¢ se také
nepodafilo potvrdit. V ¢lanku IV je ukédzano, ze t€kavost NR-PM1 byla v zimé nizsi nez v 1été,
a to mimo jiné kvuali specifickym sezonnim zdrojim, mezi které patii mistni vytapéni
domacnosti v zim¢&. Naproti tomu vyssi t€kavost aerosolovych sloucenin v 1ét¢ byla ¢astecné
zpusobena zvysSenou emisi biogennich slou¢enin vedoucich k vzniku sekundarnich organickych
aerosolt v 1éte.
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1. Introduction

Atmospheric aerosol influence many areas such as visibility, climate change,
stratospheric ozone depletion, and also human health (Turner et al., 2008). The environmental
and health effect of atmospheric aerosol is determined by its physical and chemical
characteristics, such as chemical composition, size distribution, and volatility (P&schl, 2005).
However, there is still a relatively small number of studies of chemical composition and size
distribution of atmospheric aerosol measured with high time resolution in certain areas of
Central and Eastern Europe.

Furthermore, as people are spending more time indoors, the importance of indoor air
quality is on the rise (Klepeis et al., 2001). When indoor sources are absent, the indoor air
strongly resembles air quality outdoors with meteorological conditions such as temperature,
humidity, wind speed and wind direction also playing role. However, there are knowledge gaps
regarding effect of meteorological conditions on penetration of particles of various size and
chemical composition. Moreover, studies dealing with penetration particles of various chemical
composition did not usually possess high time resolution.

2. Aims of the study

There were three main aims of the study. Firstly, to investigate physical and chemical
properties of atmospheric aerosol at the urban background site Prague Suchdol. In contrast to
previous studies at the site, measurement of not only size distribution but also chemical
composition with high time resolution which enabled deeper understanding of sources and
transformations of air pollution was to be performed. After comparison of results from a
suburban site Prague Suchdol with results from site KoSetice, influence of the city of Prague on
ambient air quality was to be evaluated. Our hypothesis was that chemical composition of
submicron fraction of non-refractory aerosol differed between the suburban site Prague and
rural site KoSetice.

Second aim was to study transformation of aerosol particles from outdoor to indoor
environment during different seasons. High time resolution measurements was to be performed
to study the transformation and effect of meteorological conditions on penetration of particles
of various size and chemical composition. The seasonal differences were also to be discussed.
Our hypothesis was that indoor/outdoor ratio would be lower in winter than in summer.

Thirdly, measurement of volatility of atmospheric aerosol at a rural measurement site
Kosetice was to be performed. Volatility is an important characteristics of atmospheric aerosol
as it influences formation, life time, and removal of particles. Knowledge of aerosol volatility is
important for calculation of losses in measurement instrumentation, climate models, and also
assessment of legal limits of pollution during various seasons. As we planned to conduct
measurements during two different seasons, our hypothesis was that volatility of atmospheric
aerosol particles was lower in summer than in winter.



3. Material and methods

The measurement campaigns were conducted at two measurement sites: urban
background site Prague Suchdol and background site Kosetice.
The urban background site Prague Suchdol is located in a campus of the Czech Academy of
Sciences circa 6 km north west from the city centre. The campus serves also as a measurement
site of the Czech Hydrometeorological Institute, which monitors here the concentrations of
gaseous pollutants (SO, CO, NOx, O3) and particulate matter (PMio, PM25). It also monitors
meteorological conditions (wind speed and direction, temperature, pressure, solar radiation,
relative humidity). The station is placed approximately 20 meters from the measurement site
(Kubelova et al., 2015).

The Kosetice background measurement site is located cca 100 km south east from
Prague and it is surrounded by agricultural lands and forests. The measuring instruments were
located on the compounds of the Czech Hydrometeorological Institute, which runs there
a background meteorological station equipped for both standard air quality measurements (see
above) and professional meteorological measurements (Zikova and Zdimal, 2013).

The main instrument deployed in measurement campaigns discussed in this thesis was
the compact-Time of Flight-Aerosol Mass Spectrometer (c-ToF-AMS, Aerodyne, USA)
(Drewnick et al., 2005). The c-ToF-AMS enables measurement of chemical composition and
size distribution of submicron aerosol particles with high time resolution (1 min). The
c-ToF-AMS is able to assign the detected signal to the following species: nitrates, sulphates,
ammonium, organic matter, and chlorides.

Another instrument deployed during the campaigns was the Scanning Mobility Particle
Sizer (SMPS, TSI, USA) which enables online measurement of size distribution of aerosol
particles. The SMPS consist of two parts: the Differential Mobility Analyzer (DMA) and
Condensation Particle Counter (CPC). The DMA selects a fraction of particles with mobility
diameter within a narrow range. Subsequently, the number concentration of the selected
fraction is measured by the CPC.

We have also deployed the Berner type Low Pressure Impactor (BLPI) and collected
samples on filters which we later analysed using the Ion Chromatography (IC,Dionex ICS-5000
(Thermo Scientific, USA)). Thanks to two detectors, we analysed both cations (Na*, NH4", K*,
Cax", Mg,", Zn,") and anions (SO4*, NO3", CI', NO2", Br', H,POy') in the sample in parallel.

For the volatility measurement, we deployed a thermodenuder developed at the
University of California, USA in cooperation with Aerodyne Research Inc. (Huffman et al.,
2008). The thermodenuder was a 55 cm long tube, in which the first part was heated up to
140 °C and the second part had inner walls covered with active charcoal on which the
evaporated compounds adsorbed. Measurement of thermodenuded and non-thermodenuded
sample by the AMS alternated every 10 minutes.

To study transformation of particles between the indoor and outdoor environment, we
measured the indoor and outdoor properties of aerosol particles nearly concurrently using a
unique switching system. As no indoor sources were present, it was possible to observe the
response of indoor environment to the diurnal changes in outdoor air and also the influence of
meteorological condition on penetration of particles.



4. Results and discussion

The results of this thesis are presented in a form of four articles accepted or submitted
to impacted journals. The main results of each of the articles will be briefly presented here.

Articles I (,,A study of summer and winter highly time-resolved submicron aerosol
composition measured at a suburban site in Prague”, published in Atmospheric Environment in
2015) deals with chemical composition and size distribution of AA studied with high time
resolution at a suburban site Prague Suchdol. This study presents the first published results
from C-ToF-AMS measurement in the Czech Republic. Therefore, the main findings are
related to analyses of daily cycles of different chemical compounds as the daily cycles were not
part of previous local studies due to low time resolution of measurements. We observed
afternoon decrease by all species except sulphate caused by increase in boundary level height
leading to dilution. In case of sulphate, the daily cycle was governed by photochemical origin
and entrainment of species from higher atmospheric levels.

Articles II (,,Outdoor and indoor aerosol size, number, mass and compositional
dynamics at an urban background site during warm season®, published in Atmospheric
Environment in 2016) presents nearly simultaneous measurement of chemical composition and
size distribution in an indoor and outdoor environment in summer. Size distribution modes
were temporally responsive to changes in outdoors. For both indoors and outdoors, the highest
number concentrations were observed in the afternoon, when the lowest mass concentrations
occurred. The indoor/outdoor ratio of mass concentration was higher for the upper Aitken and
accumulation modes than for the nucleation mode.

Articles III (“Transformations of Aerosol Particles from an Outdoor to Indoor
Environment®, published in 2017 in Aerosol and Air Quality Research) follows on Article II as
it presents results from a similar study in winter and compares the summer and winter data. We
observed similar overall levels of number concentrations in summer and winter. However, in
summer we observed increase in number concentration in the afternoon mainly due to new
particle formation and origin of secondary organic aerosol. In contrast, in winter the increase in
number concentration took place in the evening because of an increase in domestic heating and
lower boundary layer height. We discussed also the influence of meteorological conditions.
Wind speed was negatively correlated with outdoor and indoor mass concentration, but there
has not been any correlation between wind speed and the 1/O ratio itself.

Article IV (“Seasonal differences in atmospheric aerosol volatility at a rural site in
Central Europe®, submitted to Atmospheric Environment in 2017) presents the first results of
C-ToF-AMS measurement with a thermodenuder in the Czech Republic. The seasonal
differences in chemical composition, size distribution, and volatility observed at a rural
measurement site KoSetice were discussed. In winter, mass concentration and volatility of
nitrates and ammonium were higher than in summer. This was caused mainly by season
specific local sources such as domestic heating and also by different meteorological conditions,
mainly lower temperatures promoting condensation of semi-volatile species (e.g. ammonium
nitrate) in winter. In contrast, in summer the dilution effect (i.e. higher boundary layer height
enabling dispersion of pollutants in higher volume) and higher temperatures causing
evaporation of more volatile species. During new particle formation events, the non-
thermodenuded to thermodenuded ratio of number concentrations has increased. As this was
not observed for mass concentration, the small and newly generated particles have disappeared
from the size distribution. However, it cannot be stated with certainty whether these particles
evaporated in an entire volume or shrank under the detection limit of the instrument.
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5. Conclusions

The presented studies have showed that measurements of atmospheric aerosol chemical
composition with high time resolution may reveal new mechanisms of changes in aerosol
concentration which were hidden when only instruments with low time resolution were used.
For instance, we found that at a measurement site in Prague sulphate diurnal cycle was
governed by photochemical origin of sulphate and entrainment of aged species from higher
atmospheric layers. Regarding the transformation between outdoor and indoor environment, by
sulphate in winter we observed significant shrinkage of particles size after penetration indoors.
The reason was high temperature and humidity gradient in winter, which have also caused a
lower I/O ratio in winter compared to summer by ammonium and nitrate.

Regarding the three hypotheses, we disapproved that chemical composition of NR-PM 1
fraction of AA would differ between the suburban site Prague Suchdol and rural site Kosetice.
It can be seen in Articles I and IV that the chemical composition measured by C-ToF-AMS was
very similar. This might be caused by specific meteorological conditions during the campaigns
and/or relatively similar sources at both sites during summer (biogenic sources) and winter
(domestic heating also by coal).

The second hypothesis that summer I/O ratio would be higher than the I/O ratio in
winter was confirmed. The winter I/O ratio was smaller due to higher temperature and humidity
gradient between outdoors and indoors than in summer. Particles entering indoors, where
temperature was higher and humidity lower, underwent partial and total evaporation leading to
decrease in mass concentration. The particle shrinkage caused that by particle number
concentration the I/O ratio was significantly lower in winter compared to summer by
accumulation mode, whereas by Aitken and nucleation mode the I/O seasonal difference was
insignificant.

The third hypothesis that volatility of atmospheric aerosol in summer would be lower
than in winter was disapproved. In Article IV we showed that volatility of NR-PM1 was lower
in winter also due to season specific sources such as local domestic heating. In contrast, higher
volatility of aerosol compounds in summer was partially caused by increased emissions of
biogenic compounds leading to origin of SOA in summer.
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