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Vazené kolegyné, vazeni kolegové,

vyro¢ni konference Ceské aerosolové spole¢nosti, kterou letos poradaji nasi slovensti
kolegové, se poprvé kona v zahranic¢i, a to v Novém Smokovci. Néktefi sice reptaji, Ze je to
daleko, ale mame také jednu ¢lenku v Australii. TakZe pristé misto snéhu v Tatrach slunicko na
plazich v Brisbane?

Nasi nejvétsi letosni akci byla bezesporu Evropska aerosolova konference EAC 2013,
které se ucastnilo témér 1000 zajemcl z padesati zemi (www.eac2013.cz). Podle mého nazoru
to byla zatim nejvétSi evropskd konference. PoCetna byla i Ceska delegace, ktera se s53
ucastniky umistila na 8 misté. Bohuzel Martin Brani$ se poprvé nezuicastnil.

Zavérem bych rad podékoval pani docentce Duréanské ze Stavebni fakulty Zilinské

univerzity vZiliné za perfektni organizaci nas$i konference a také nasemu tradi¢nimu
sponzorovi, firmé ECM ECO Monitoring, spol. s.r.o.

Praha 23.9.2013 Jirf Smolik

piedseda CAS

€AC 2013 PRAGUE
16 September 203 L85 s



ZILINSKA UNIVERZITA
V ZILINE

Vazené kolegyne, vaZeni kolegovia,

dovol'te mi, aby som sa Vam z poverenia pana predsedu CAS, Jitiho Smolika, tento rok
prihovorila ja. Som zo Zilinskej univerzity v Ziline a minuly rok sme sa s pAnom predsedom
dohodli, Ze vyro¢nu konferenciu posunieme na Slovensko. V Prahe tento rok Ceska aerosolova
spolo¢nost’ zorganizovala Eur6psku aerosolovi konferenciu EAC 2013. Musim vzdat poklonu
kolegom, Ze pripravili taku skvelu akciu.

Doteraz sa Vyrocna konferencia CAS konala striedavo v Prahe a v Brne, v minulom roku
v Treboni, aby to bolo pestrejSie. Teraz sme sa presunuli na Slovensko do Vysokych Tatier.
Tradi¢nd navStevu vinnej pivnice alebo pivovaru by sme chceli nahradit 'ahkou turistikou -
vyletom na Hrebienok. Aby som vSak nikoho vopred neodradila, méZeme sa odviezt zubackou.

Na tohtoro¢nu konferenciu sme dostali 24 prispevkov. Je to rovnaké ako minuly rok, ¢o
ma potesilo, preto dafam, Ze konferencia bude opat zaujimava a v novom prostredi sa vam bude
pacit. Zilinska univerzita oslavuje v tomto roku 60. vyrotie svojho zaloZenia, preto bolo pre nas
vyzvou pripravit na Slovensku novd vedecky zaujimavu akciu. Zo Slovenska je zatial' ucast
nizsia, ale prvych sedem slovenskych ucastnikov sme zaznamenali.

Zilina, 25.9.2013 Daniela Dur¢anska
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Navecer dne 27. zari zemrel profesor Martin BraniS. Béhem necelych 14 let se profesor Branis
stal vyraznym odbornikem v nauce o aerosolu, a pro svi{j kriticky tUsudek a erudici
i vyhledavanym recenzentem svétové vyznamnych odbornych periodik. Odesel skvély kamarad,
spolehlivy kolega, nadSeny badatel, vynikajici a inspirujici ucitel, noblesni ¢lovék. Vzpomenme
na Martina s lehkosti v srdci a usmifenou mysli.

Jan Hovorka
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MASS SIZE DISTRIBUTION OF ATMOSPHERIC AEROSOLS AND WATER SOLUBLE
IONS AT MLADA BOLESLAV IN WINTER

Jaroslav SCHWARZ!, Nad'a ZIKOVA1, Petr VODICKA!, Jan HOVORKA?, Pavel MORAVEC?,
Vladimir ZDIMAL!

1Department of Aerosol and Laser Studies, Institute of Chemical Process Fundamentals AS CR,
v.v.i, Prague, schwarz@icpf.cas.cz
2[nstitute of Environmental Studies, Charles University, Prague

Keywords: Atmospheric aerosols, mass size distribution, water soluble ions

INTRODUCTION

The importance of the knowledge of aerosol mass size distribution for understanding aerosol
behavior is well known for at least few decades. The water soluble ions represent a driving
factor controlling hygroscopicity of aerosol particles that determines how the ambient relative
humidity influences aerosol particle size. Therefore, hygroscopicity is a substantial parameter in
phenomena like particle deposition in the human respiratory tract, particle - cloud interactions,
aerosol optical effects etc. For these reasons, the mass size distribution of atmospheric aerosols
and water soluble ions was studied at a Czech medium-size-town Mlada Boleslav in winter.

EXPERIMENTAL

The measurement was performed next to a sport stadium in the distance of about 60m
from the closest road southward from the site. The distance from other roads in other directions
was at least 200 m. Therefore, the site could be classified as an urban background site. The
samples were taken using a 10 stage Berner low pressure cascade impactor (BLPI) and a 12
stage Small deposite area cascade impactor (SDI). Both impactors were equipped with PM15
sampling inlets. BLPI samples were analyzed for mass and water soluble ions, and SDI impactors
for elemental composition using PIXE. Here we will report the results obtained using BLPI. The
sampling point was placed about 4 m above the ground, on the roof of a sampling container. The
impactors were kept at ambient conditions. The sampling period was from 14th to 28th February
2013, 10 samplings were carried out in total. Each sampling took 23 hours except for the two
weekend samplings that took 71 hours.

RESULTS

The average mass concentration of atmospheric aerosol during the whole measurement
campaign was 36 ug/ms3 as determined by gravimetric analysis of BLPI samples. The sampling
period was split into three categories based on the ambient aerosol levels. The first period
(February 14-18) exhibited high aerosol mass concentrations exceeding the PM10 limit of 50
ug/ms3, except for the last day partially influenced by the next period. The second, clean period
between February 19 - 20 with concentrations around 10 pg/m3 was followed by the third
period when concentrations were in a range from 23 to 32 pg/m3. The average mass size
distributions for each of these three periods are shown in Fig. 1. The slight shift in the position of
the fine mode maxima to larger particle sizes can be seen with increasing concentration. Almost
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no coarse mode can be identified in the average mass size distributions. The average mass size
distributions of sulphates and nitrates per each period are depicted in Fig. 2. The equivalent
concentrations of sulphates were aproximately three times higher than those of nitrates. A slight
shift of nitrate mass size distribution to smaller particle sizes can be seen in comparison with
sulphates. The effect is more pronounced for the period with the highest concentrations. This
suggests that nitrates are more related to local or regional aerosol and that they condense or are
formed on the surface of preexisting particles with higher content of sulphates. The last
possibility might be an externally mixed aerosols of a different origin. It seems that differences
in atmospheric transport and mixing were the major factors causing large differences in aerosol
mass and ionic concentrations in the three selected periods.

Average mass size distributions per period
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Fig. 1: The average mass size distributions for each identified period during the measurement in
Mlada Boleslav.
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Fig. 2: Average mass size distributions of sulphates (left axes) and nitrates (right axes)
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PREDPOKLADY A PROBLEMY PRI ZiSKANI SPOLEHLIVYCH VYSLEDKU
PRI INHALACNICH EXPERIMENTECH MYSI S NANOCASTICEMI CdO, PbO A MnxOy

Zbynék VECERA, Pavel MIKUSKA

Ustav analytické chemie, Akademie véd Ceské republiky, v.v.i,, Veveri 97, 602 00 Brno
vecera@iach.cz

Klicova slova: nanocastice, inhalace, mala zvirata, in vivo experiment

SUMMARY

The conditions and problems within long-term exposure studies of small animals (mice) to
nanoparticles in the frame of projects ,Study of transport of inhalated nano-sized particles (Pb,
Cd) and their allocation in organs” and “Centre for studies on toxicity of nanoparticles are
presented.

The inhalation experiments with small animals are performed under strictly controlled
conditions in a specialized inhalation chamber containing four stainless steel inhalation cages.
The inhalation chamber allows long-term whole body inhalation procedures with up to four
discrete groups of small animals (mice or rats) under controlled illumination, temperature,
relative humidity, pressure and concentration and size of nanoparticles.

The function of exposure system for whole body inhalation experiments was verified
under real conditions in the frame of 3-month inhalation experiments of mice to nanoparticles
PbO, CdO and Mn,0,.

UvoD

Negativni vliv nanocastic na zdravi je zfejmy a je nezpochybnitelné, Ze nanocastice,
zejména ty, jejichz velikost je mensi nez 30 nm, jsou schopny prechazet po inhalaci do krevniho
reciSté. Kromé velikosti nanocastic hraje dilezitou roli pfi vzniku zdravotnich rizik jejich
chemické sloZeni a zejména kvalita jejich povrchu. Pti translokaci do krevniho obéhu mohou
nanocastic vyvolavat alveolarni zanétlivé procesy nasledné provazené kardiovaskularnimi
problémy. Nanocastice, které se dostanou do organismu, mohou byt v disledku jejich vysoké
povrchové energie zdrojem volnych radikalti generujicich oxidacni stres, pri kterém dochazi
k akumulaci ROS, pripadné ke snizeni hladiny antioxidanti vlidském téle. Nékterym
nanocasticim, pokud jsou dostate¢né malé, se podaii proniknout i do bunék, kde mohou piisobit
neurotoxicky, pripadné mohou vyvolavat zménu stavby genti v pribéhu prepisu DNA.

Existuje velké mnoZstvi informaci z in vitro experimentd, které popisuji interakce
v systému nanocastice-buiika. V prevazné vétSiné experimentd byl pomeér poctu nanocastic
k po¢tu bunék vyssi nez 1000:1. Takovy pocet nanocastic v poméru k mnozstvi bunék je mimo
jakoukoliv realitu. Navic in vitro experimenty se provadéji v prostiedi a za podminek které jsou
diametralné odliSné od skuteCnosti. VsouCasné dobé neni dostateCné znama “toxicita”
nanocastic, neexistuji regulacni opatieni ani normy omezujici pouZziti nanocastic.

Prestoze je zirejmé nad jakoukoliv pochybnost, Ze pouze in vivo experimenty, a zejména
inhala¢ni pokusy s malymi zvifaty, ndAm mohou vyznamnym zplsobem pomoci, je nutné,
abychom i pri inhalacnich pokusech postupovali obezietné, tak aby nase usili, ¢as a vynalozené
financni prostredky byly pouzity smysluplné, tak aby ziskané vysledky bylo mozné spolehlivé
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pouzit pii vypracovani metodiky hodnoceni zdravotnich rizik pro lidskou populaci, které jsou
spojeny s pritomnosti nanocastic v Zivotnim prostiedi.

V nasem pripadé se inhala¢ni experimenty se provadéji ve specidlnich inhalac¢nich
klecich, ve kterych je udrZovan podtlak 20-70 Pa, aby se zajistila podminka piedbézné
opatrnosti pro obsluzny personal. Klece se nachazeji v inhala¢ni komore, ktera je hermetickou
bariérou oddélena od laboratorniho prostiredi, a vzduch ptivadény do kleci a vzduch odvadény
z kleci je filtrovan, v poslednim stupni filtry UHEPA 16. Relativni vlhkost vzduchu vstupujiciho
do inhalacnich kleci je udrzovana v rozmezi 65 + 5 % pri teploté 21,5 = 0,5 °C. Vzduchotechnika
je navrzena tak, aby v pripadé vypadku elektrické energie podporovala Zivotni podminky
v inhala¢nich klecich po dobu nejméne 6 hodin. Prostor komor je nepretrzité monitorovan
kamerami. Udaje o koncentraci a velikosti nanocastic, teploté a vlhkosti vzduchu, intenzité
osvétleni, podtlaku, ventilaci a pohybové aktivité mysi jsou zaznamenavany a uklddany na
pocitacich, které 1ze dalkové monitorovat.

Inhala¢ni zarizeni je konstruovano tak, aby v nich mohly probihat dlouhodobé inhalaéni
pokusy s malymi zviraty (mysSi, krysy). Uvnitt inhala¢ni komory jsou ¢tyti klece, kazda klec ma
objem 0,384 m3 (80 x 40 x 120 cm), vzduch v klecich je obmétiovan rychlosti 20 1/min. V klecich
se nachazi populace mysi, jejich mnoZstvi se ridi prislusSnymi piedpisy. Inhala¢ni komora je
konstruovana tak, ze umoznuje provadét pokusy na vzorku az 240 mysi, piipadné 80 krysach. Ve
trech klecich se mohou nachdzet mald zvifata, kterd l1ze exponovat rtznym koncentracim
nanocastic. Ve ¢tvrté kleci je kontrolni skupina zvirat bez expozice nanocasticim.

UdrZovani vhodné volenych podminek pfi generovani nanocastic a jejich nasledném
fedéni je, jak se ukazalo, kritickym bodem inhala¢niho experimentu. Konstatni podminky
generovani nanocastic (konstantni distribuce, koncentrace a morfologické vlastnosti) bylo
mozné zajistit i v pitipadé, kdy probihaly dlouhodobé inhala¢ni experimenty s nanocasticemi
PbO, CdO i Mn,0y.

Napriklad pri generovani nanocastic PbO, které vznikaji vyparovanim olova pti 840 °C
v proudu dusiku (2,5 1/min) obsahujiciho maximalné 5 ppb (v/v) kysliku a naslednou oxidaci
nanocastic vzduchem (3,0 1/min), lze generovat dlouhodobé polydisperzni aerosol nanocastic
PbO o koncentraci 7,0 + 0,5 x 106 ¢astic/cm3. Tento ,primarni“ aerosol se pro potieby
inhala¢niho experimentu délil do dvou vétvi v poméru 1 (1 litr/min) : 4,5 (4,5 I/min) a v dal$im
stupni se fedil 22 1/min ¢istého vzduchu o konstantni teploté a vlhkosti. Namérena koncentracni
stabilita aerosolu nanocastic PbO (v pribéhu 90-denniho experimentu): 1,80 + 0,20 x 106
Castic/cm3 a 0,40 = 0,07 x 106 ¢astic/cm3. Obdobné vysledky jsme ziskali i pro generované
polydisperzni aerosoly nanoc¢astic CdO a MnyOy.

Potvrdilo se, Ze nanocastice, které jsou zavadény do inhala¢nich kleci, koaguluji, coz se
projevuje zejména u nanocastic, jejichZ koncentrace je vyssi nez 1 x106 ¢astic/cms.
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INTRODUCTION

Therapeutic interventions using inhaled pharmaceutical aerosols have increased sharply over
the past decade. Today research activities suggest that the trend of inhalation treatment of
systemic diseases will gain popularity in the near future due to the simplicity and the patient
comfort when delivering drugs into the systemic circulation through the respiratory tract.

As a promising trend in the field of drugs administration into the respiratory tract
appears application of porous spherical particles of a larger size (tens of microns), as they resist
natural clearance mechanisms in lungs and therefore can increase bioavailability of the drug.
This hypothesis was supported by both mathematical and in vivo studies (Musante et al.,, 2002,
Edwards et al, 1997). Low density of large porous particles leads to relatively small
aerodynamic diameter, suitable for deposition in the deep lungs, which can ensure the supply of
drug for both local and systemic therapy.

Solid particles manufactured by methods such as mechanical milling, precipitation, spray
drying, rapid expansion of supercritical fluids, or emulsion-based solvent evaporation methods
represent the modern trend in pulmonary application of drugs. However, fine powders prepared
using those methods exhibit strong interparticulate cohesion, leading to poor flow properties
and aerosolization. Recently, the most discussed field is the preparation of large solid highly
porous spherical particles with small aerodynamic diameter from biodegradable polymers e.g.
PLGA, chitosan, alginates, albumin, polyvinyl alcohol, etc. This innovative dosage form could be
manufactured by spray-freeze-drying method, producing particles of superior aerodynamic
properties suitable for long-term drug release, and increased systemic bioavailability of
incorporated drugs.

Substantial proof of large porous particles efficiency for inhalation therapy was
published by (Edwards et al., 1997), who compared bioavailability of inhaled porous particles
with nonporous particles. They encapsulated two model drugs, insulin and testosterone, into
porous particles prepared from poly(lactic acid-co-glycolic acid) (PLGA) and poly(lactic acid-co-
lysine-graft-lysine) (PLAL-Lys). They registered that systemic glucose levels were suppressed
for 96 hours due to inhalation of large porous insulin particles, in comparison to nonporous
particles with only four-hour effect. Using large porous particles (20 pm) with encapsulated
testosterone they achieved approximately 10 times higher systemic bioavailability than with
conventional inhaled therapeutic particles.

For efficient targeted delivery of drug particles an appropriate shape and density of
particles are required to provide the deposition in the desired target regions of the respiratory
tract. Our task is to choose a suitable biocompatible material, to adjust a method for generation
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of particles from that material and to investigate its transport characteristics in human lungs. As
a first step, liquid spherical particles were generated and their deposition was measured to
allow the comparison of transport of particles with standard density and porous particles or
fibers on the identical lung geometry.

METHODS

Measurement of deposition of liquid spherical particles was performed using Positron
Emission Tomography (PET) on a realistic model of human tracheobronchial airways consisting
of 22 segments. The method is based on a detection of a pair of simultaneously emitted
annihilation photons moving in opposite directions as a result of positron - electron interaction
after the positron emission decay of a suitable radioisotope. In our case liquid aerosol particles
from di(2-ethylhexy)l sebacate were tagged with fluorine-18. Measurement was performed for
steady inhalation flowrates 15, 30 and 60 Liter/min with particles in sizes 2.5 and 4.3 pum.
Hybrid PET/CT scanner Siemens Biograph 64 was used for data acquisition. The radioactivities
encompassed in individual segments of the realistic lung model were evaluated using Carimas
2.4 software from Turku PET centre, Finland and local deposition characteristics were
calculated.

RESULTS AND DISCUSSION 1E+00
Deposition efficiency in individual ";_ 1E-01 e
segments was found to be a function of § . :‘:. :
parameter  Stk-Re04  (Fig.1), however g 1E-02 . o R 30 L/min 2.5
P . [x * i‘. * min 2.5 um
segments containing the oral cavity, trachea @ @ RS
) . . . < R = feym = R15 L/min 4.3 um
and first bifurcation defy the trend, which .g 1E-03 Lt
suggests that different deposition mechanisms '@ R 60 L/min 4.3 um
take place in that part of the model. Due to the §' 1E-04
presence of laryngeal jet and turbulent flow, 6E-05 0.0006 0.006 0.06
turbulent dispersion is considered to be Stk.Re04
significant in the mentioned region and will be Fig. 1: Deposition efficiency as a function of
therefore included in the forthcoming analysis. parameter Stk.Re-0+,
CONCLUSIONS

The measurement of deposition of standard-density liquid particles produced the
fundamental data set, which is being used for comparison of deposition characteristics of
particles having different physical and chemical properties, such as fibrous or porous particles.
Our next aim is to produce and measure the deposition of large porous biodegradable particles,
as they have a great potential to increase the bioavailability of the inhaled medication.
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INTRODUCTION

Nanoparticles (NP's) in the environment may have a significant effect on the living beings. When
inhaled these particles enters to the respiratory system and may cause adverse health effects.
However, the real data of the impact of NP's inhalation are still rather rare. Recently, an
inhalation chamber for study of allocation of nanoparticles in organs of laboratory animals was
constructed in the Institute of analytical Chemistry AS CR (Vecera et al., 2012) and a preliminary
study of allocation of MnOx nanoparticles in organs of laboratory animals in inhalation chamber
was presented by Vecetfa and MikuSka, 2012. For such experiments a continual generation of
nanoparticles in duration of days or even weeks and in sufficiently high number concentration
and appropriate particle size distribution is necessary. As far as we know, generation of Pb/PbO
nanoparticles in the gas phase has not been presented yet. Pb nanoparticles were synthesized
using a surfactant-assisted solution dispersion method by Zhao et al, 2004, or by a rapid
injection of aqueous solution of lead acetate into an aqueous solution of sodium borohydride
(Lee at al.,, 2009). Synthesis of lead oxide particles by wet-chemistry method was presented by
e.g. Karami et al., 2008. In the gas phase the lead bis(2,2,6,6,-tetramethyl-3,5-heptanedionate)
(PbTHD2) precursor was used together with other precursors to metal organic chemical vapor
deposition (MOCVD) of thin films of lead zirconate titanate (Pb(ZrTi)Os3, Jones et al, 1999, Chen
at al., 1999), or thin films of (PbLa)TiO3 (Shin et al., 1998). Therefore we decided to use this
precursor for generation of nanoparticles of Pb or PbOx by thermal decomposition and/or
oxidation in a hot wall reactor. As an alternative route there was a possibility to generate the
lead NP's from metallic Pb by evaporation/condensation (E/C) method.

EXPERIMENTAL

NP’s were synthesized in an externally heated tube flow reactor with i. d. 25 mm and
length of heated zone 1 m. Three methods of NP’s generation were tested: i) thermal
decomposition of lead (PbTHD2) in inert atmosphere (pyrolysis), ii) thermal decomposition of
PbTHD2 in oxidizing atmosphere (cca 10 vol. % O, oxidation), iii) E/C of metallic Pb. Vapour
pressure of PbTHD2 (Prurhp2) was calculated on the basis of experimental data of Krisyuk et al.,
1998, vapour pressure of metallic Pb (Ppy) from data presented by Lund. Particle production was
studied in dependence on reactor temperature (Tr), precursor concentration (Ppprup2 Or Ppy), and
reactor flow rate (Qr). The particle production was monitored by scanning mobility particle sizer
(SMPS, TSI model 3936L75) and samples for particle characterization were deposited onto TEM
grids using nanometer aerosol sampler (NAS, TSI model 3089) and on PTFE, Zefluor, Quartz and
Sterlitech Ag filters. Particle characteristics were studied by transmission/scanning electron
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microscopy (TEM, JEOL 2000FX/SEM, TESCAN INDUSEM), energy dispersive spectroscopy (EDS,
Bruker Quantax), atomic absorption spectroscopy (AAS, Avanta Sigma), elemental and organic
carbon analyzer (ECOC, Model 4, Sunset Laboratory), X-ray diffraction (XRD, Philips X'Pert
diffractometer PW3020) and X-ray photoelectron spectrometry (XPS, ADES-400, VG Scientific).

RESULTS

Particle production Generation of particles by thermal decomposition of PbTHD2 is
stable at Tr in the range from 500 to 600 °C, see Fig. 1. Above 600 °C the NP's concentration
decreases most probably due to deposition on the reactor wall. In oxidizing atmosphere higher
precursor concentration (Ts, s) was necessary than in inert one and number concentration of
generated particles was still lower, cca on the level 1-:107 #/cm3. NP's production is in progress
at Tr up to 500 °C and increases with reactor flow rate and saturator temperature, see Fig. 2. At
Tr higher than 500 °C particle production comes to a standstill. By evaporation/condensation
method the particle production runs stably and with sufficiently high number concentration
greater than 1.5-107 #/cm3 in the whole investigated range of Tz from 830 to 860 °C, which can
be seen in Fig 3. NP's production increases with Qr and temperature of precursor evaporation
(Tw).
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Fig. 1: Time dependence of number concentration (N;) and geometric mean diameter (GMD) of
NP's generated by pyrolysis of PbTHD2 at given experimental conditions, 1 scan = 5 minutes.

Particle characteristics PbTHD2 - Pyrolysis: Particles were typically spherical and
agglomerated into clusters and chains with primary particle size between 5 and 10 nm at Tz 500
°C. At Tr 650 °C, NP's were larger and they were more polydisperse with particle size varying
between 6 and 17 nm. EDS analysis proved presence of Pb and oxygen in the samples. The
content of Pb determined by AAS varied between 46 and 61 mass % and ECOC analysis detected
no EC and 22 mass % of OC. XRD pattern was amorphous.
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PbTHD2 - Oxidation: Particles were agglomerated into chains and EDS analysis detected
besides components from filter (Ag, Cl) also Pb and O. AAS showed 84 mass % of Pb and almost
zero content of both EC and OC.
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Fig. 2: Time dependence of N; and GMD of NP's generated by oxidation of PbTHD2 at given
experimental conditions, 1 scan = 5 minutes.
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Fig. 3: Time dependence of N and GMD of particles generated by evaporation/condensation of
Pb at given Ty, and Qr, 1 scan = 5 minutes.
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Pb - E/C: Particles were agglomerated into clusters and chains, too. The content of Pb
was slightly above 80 mass % (AAS). XRD analysis (performed with the time-lag of about three
weeks) showed rhomboedric diffraction pattern of hydrocerussite (Pb3(C03)2(OH),, (PDF 0131),
which indicates that lead NP’s are not long-term stable in the atmosphere and react with oxygen,
CO2 and air humidity. XPS analysis showed that lead in the surface layer of NP's is present in
bonds Pb-0.

CONCLUSIONS

From the three tested methods of NP's generation the evaporation/condensation of
metallic Pb seems to be the most suitable for long lasting inhalation experiments due to its
simplicity, unambiguous mechanism of NP’s formation and well defined composition.
Nevertheless, NP’s can change their composition, at least on the surface layer, during the time-
lag between their formation and inhalation. Thermal decomposition of PbTHD2 can produce
sufficiently high concentration of NP's but there is some uncertainty about their composition
due to presence of OC in NP's. Oxidation of PbTHD2 produces carbon free NP's, but the number
concentration of NP's is somewhat low.
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INTRODUCTION

Evaporation of nanoscale particles plays a significant role in many branches of nanotechnology
and also in the atmospheric physics and chemistry. The classical approach to the description of
evaporation of small (nanoscale) aerosol particles is usually based on the Kelvin equation. The
mentioned equation was used in (Nanda et al., 2003) to interpret the results of experiments
related to evaporation of free Ag nanoparticles. The authors of the above-mentioned paper
assume that the surface tension of free Ag nanoparticles can be significant greater than the
mentioned value for bulk matter. It is worth noting that this assumption is in contradiction with
the Tolman theory (Tolman, 1949). Below we consider the influence of the size dependence of
the cohesive energy in the nanoparticle on its evaporation.

RESULTS AND DISCUSSION

Nanoparticle evaporation depends on the activation energy E, needed to remove the
atom from the nanoparticle. The value of E, for the spherical nanoparticle is given by (Nanda et
al,, 2003)

Ep(d)zgc_%, (1)
where d is the diameter of the nanoparticle, E. is the cohesive energy per atom in the
nanoparticle, o is the surface energy, V is the volume per atom in the nanoparticle.

The value of E. for the free Ag nanoparticle in (Nanda et al., 2003) is assumed to be equal
to 2.95 eV (this is the value for bulk silver). It is worth noting that the value of E. in the case of
the nanoscale particle depends on its size. The size-dependent cohesive energy for the
nanoparticle E¢, can be found from the equation (Yang and Li, 2007)

E T

< __me 2
E T (2)

Here Ecw, Tme are the cohesive energy and the melting temperature for bulk matter, Tnp is the
size-dependent melting temperature of the nanoparticle. Let us consider the case when §/d << 1,
where § is the Tolman length. Taking into account the size dependence of the melting
temperature and the surface energy for the nanoparticle (Rekhviashvili and Kishtikova, 2006),
we can write the following equation for E,(d):

Ep(d):E _AdoumV

o = 3)

where Oeff = Ow[1+Ecwl/(0V)-46/d], 0 is the surface energy for bulk matter (oer is some
effective value that has a dimension of o).
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According to (Nanda et al., 2003) the value of o, for Ag is in the range 1.065-1.54 ]J/m?.
In accordance with the results of (Calvo, 2012) the Tolman length for the composite Ag-Au
nanoparticles (for arbitrary concentrations of components) is in the range 2-2.8 A. Let us
estimate the value of o. at following values of parameters: 0. = 1.065 J/m2, § = 2.3'A, Eco = 2.95
eV, §/d = 0.01. We obtain for these parameters the value of oer ® 7.4 J/m? that is close to the
value 7.2 J]/m2? used in (Nanda et al., 2003) as the surface tension of the free Ag nanoparticle.

The critical diameter of the nanoscale particle (cluster) d.., neglecting the last term in the

equation for o, can be written as
_ o, (1+ EJ} @

“ KTIhS|" oV

where S is the saturation ratio.

The equation (4) shows that d.- in the size dependence of the cohesive energy in the
nanoparticle is greater than d. calculated on the basis of the Kelvin equation without
considering the above-mentioned size effect. An increase in d.. decreases the rate of
homogeneous nucleation. It is also shown that the size dependence of the cohesive energy can
affect the production of nanoparticles doped with different chemical elements.

CONCLUSIONS
Thus, it is shown that the experimental results on evaporation of free Ag nanoparticles
can be interpreted on the basis of the size-dependent cohesive energy in the nanoscale particles.
The influence of the size dependence of the cohesive energy in the nanoparticles on their critical
size and on nanoparticle doping is discussed.
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INTRODUCTION

Adsorption of molecules of a foreign gas on the surface of nanoscale objects can influence phase
transitions in the heterogeneous systems with nanoobjects. Some problems related to
adsorption of foreign molecules on the surface of nanoscale particles (clusters) were considered
in (Luijten et al.,, 1997; Levdansky et al., 2006). Here we discuss the effect of the adsorbable
foreign gas on water evaporation from porous aerosol particles with nanoscale pores.

RESULTS AND DISCUSSION

It is known that in a number of cases micro- and nanoscale pores can be inside solid
aerosol particles (Fukuta, 1966). The aerosol particle in this case can be considered as the solid
skeleton with fine (nanoscale) pores that are often filled with water (e.g. due to capillary
condensation of the water vapor). The removal of water from the porous aerosol particles can be
realized by water evaporation from pores, e.g. with increasing the particle temperature under
the effect of solar radiation. Let us consider the influence of the adsorbable foreign gas on water
evaporation from the fine cylindrical capillary in the free-molecular flow regime. Adsorption of
molecules of a foreign gas on the water meniscus in the capillary can affect the surface tension of
water as well as can block phase transitions on the meniscus surface. We consider for simplicity
evaporation from the capillary with the fully wettable wall. The resulting flux of vapor molecules
J passing through the capillary in water evaporation from the concave hemispherical meniscus
can be written as

2
S ow W
(ank T}
Here d is the diameter of the capillary that is assumed to be equal to the diameter of the
meniscus, P. is the saturated vapor pressure of water over the pure meniscus (without adsorbed
foreign molecules), m is the mass of the water molecule, k is the Boltzmann constant, T is the
temperature, W is the transmission probability of vapor molecules passing through the capillary,
the value of Q in view of (Luijten et al.,, 1997) is given by

1 1 \°
O Tkp Ku KamPa] _H}’ )

where G = 4Vno/d, H = P1/Pe, no is the number density of molecules of the adsorbable foreign gas
in the fully filled monolayer, P; is the partial pressure of the water vapor at the exit end of the

capillary, K.m is the Langmuir adsorption constant in adsorption of foreign molecules on the
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meniscus, P, is the partial pressure of the adsorbable foreign gas, V is the volume per molecule in
the water.

Figure 1 shows the dependence of Q on @n = KamPa. It is seen from Fig. 1 that depending
on H the value of Q in some range of ¢m can both decrease and increase with a rise in @m.
Moreover, the introduction of the adsorbable foreign gas into the equilibrium at P, = 0 system
can induce the resulting flux of water molecules (the line 3 in Fig. 1). It is also shown that
adsorption of foreign molecules on the meniscus surface can affect the critical (equilibrium)
diameter of the meniscus at which the resulting flux of water molecules on the meniscus surface

is equal to zero.
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Fig. 1.: Dependence of Q on ¢ in water evaporation from the cylindrical capillary atd = 108 m, T
=293 K, no = 61018 m-2 and different values of H; 1: H=0.93,2: H=0.97,3: H=1.

It is worth noting that the value of W in the general case can also depend on the pressure
of the adsorbable foreign gas due to the effect of adsorbed foreign molecules on scattering of
vapor molecules by the channel wall.

CONCLUSIONS

It is shown that the influence of the adsorbable foreign gas on water evaporation from
the porous aerosol particle with fine pores (capillaries) is related to a change in the flux of water
molecules evaporating from the meniscus in the capillary as well as to a change in the
transmission probability of water vapor molecules passing through the capillary due to the
influence of adsorbed foreign molecules on scattering of water vapor molecules by the capillary
wall.
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INTRODUCTION

Aqueous atmospheric aerosols and other types of atmospheric moisture dispersed in air as
liquid droplets or ice particles are systems characterized by large air - water interface area. This
plays a crucial role in uptake and heterogeneous chemical processing of a broad range of
atmospheric species. In such systems, the surface has to be taken into account, as surface
adsorption can affect the uptake of gas-phase species by the aerosol, and reactions at the
interface between the two phases may become significant. Previous studies have shown that
many atmospheric compounds (including oxidants such as OH, HO,, and ozone) prefer the air-
water interface(Roeselova et al. 2004; Vacha et al. 2004), and that the partial hydration of the
molecules at the aqueous or ice surface (together with the interfacial presence of the oxidizing
agent) can affect the mechanisms and reaction rates of photochemical and oxidation reactions in
contrast to the reactions occurring in the gas or bulk liquid phases.(Nissenson et al. 2006) These
processes are further influenced by surface-active organics coating the surface of aqueous
aerosol and cloud droplets.(Donaldson and Vaida 2006)

We used computer simulations of molecular dynamics to investigate - with atomistic
resolution - of several atmospherically relevant species in interfacial environments. These
include (I) a series of alkyl halides (CyHzn+1X, n = 1-5, X = Cl, Br, or [) at the air - water interface,
(II) nitrate ion (NO3-) at the air - ice interface, and (III) benzoic acid (CcHsCOOH) at the air -
water interface with and without a palmitic acid (CHz(CH2)14COOH) surfactant film.

METHODOLOGY

Molecular dynamics (MD) simulations were carried out employing a slab geometry, with
the simulation cell containing a liquid water or ice slab with two open interfaces sandwiched
between two layers of vacuum/gas phase. Periodic boundary conditions were applied in all
three dimensions. The simulated systems consisted of (I) 863 water molecules and 2 (identical)
alkyl halide molecules of the above list in a 3.0 x 3.0 x 10.0 nm cell, (II) one NO3- ion, one Na* ion,
and either 1568 water molecules in a 3.15 x 3.12 x 20.0 nm cell or 2880 water molecules in a 3.6
x 3.9 x 20.0 nm cell, and (III) 30 benzoic acid molecules and about 6400 water molecules in a 52
x 52 x 300 nm cell, with or without a palmitic acid (PA) monolayer at the water - vapor interface
comprised of 232 PA molecules (116 per interface). Examples of the systems are shown in Fig. 1.
Simulations were performed with both polarizable and non-polarizable interaction potentials
using either Gromacs or Amber program package.

27



M (In (111

Fig. 1: Examples of the systems studied: (I) Liquid water slab with two methyl chloride (CH3Cl)
molecules, (II) ice slab with one NO3- and one Na* ion at opposite interfaces, and (III) liquid
water slab with dissolved benzoic acid (CsHsCOOH) molecules and palmitic acid
(CH3(CH2)14COOH) monolayer on both water - vapor interfaces.

RESULTS

(I) Alkyl halides at the air-water interface. For all of the alkyl halides investigated, the
present simulations confirm a strong tendency to reside at the water-vapor interface, in accord
with our earlier study which showed an interfacial free energy minimum of ~ 12 - 15 kJ/mol
relative to relative to full hydration in the bulk liquid for halomethanes.(Habartova et al. 2013)
The present MD study reveals the details of the molecular orientation and the corresponding
hydration at the water-vapor interface for the alkyl halide series. In particular, it shows that all
methyl halide molecules have their (incomplete) hydration shell centered on the methyl end of
the molecule, while the halogen atom is facing the gas phase essentially unsolvated. The
hydration shell of the 2- to 5-carbon chain molecules is localized around the a-CH; group next to
the halogen, in accord with ab initio results for pentyl chloride.(Pasalic et al. 2011) However,
ethyl and, to a large degree, also propyl halides, with their relatively short alkyl chain, still have
the halogen atom rather exposed, pointing almost freely into the gas phase. The behavior of
butyl and pentyl halides on the water surface begins to resemble that of alcohols, with the polar
region of the CH»X group interacting with water and the rest of the increasingly nonpolar
hydrocarbon chain pointing on average away from water. Consequently, the halogen atom
becomes more, albeit not fully, hydrated. The identity of the halogen substituent plays only
a minor role in this general trend.

Cidw

Fig. 2: Partial hydration of methyl through butyl bromide at the air-water interface. Color
coding: C (cyan), H (gray), Br (brown). Spacial distributions of oxygen of the nearest water
molecules are plotted in red as the density isovalue corresponding to 1.5 times the density of
bulk water.
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(II) Nitrate anion at the air-ice interface. Using several interaction potentials, both simple
non-polarizable ones as well as those that explicitely treat the electronic polarization of the
molecules, we investigated the preferred location of the nitrate anion within the quasi-liquid
layer (QLL) on ice surface 5 degrees (K) below the melting point. With the non-polarizable
models, nitrate samples a broad range of configurations within the QLL (full as well as partial
solvation), whereas with the polarizable models, nitrate remains within the topmost region of
QLL, to a large degree only partially solvated. MD simulations employing non-polarizable and
polarizable models represent two limiting cases of the solvation behavior of NO3- at the ice-
vapor interface. The MD trajectories were analyzed in terms of the preferential orientation of
nitrate at the interface and the structure of its hydration shell. As a result, representative
configurations of solvated nitrate anion for future quantum chemical modeling of nitrate
photolysis on ice were obtained.

ice. Color coding: O (red), H (gray), N (blue).

(IIT) Benzoic acid at the air-water interface with and without palmitic acid surfactant film.
The benzoic acid (CéHsCOOH) molecules, distributed throughout the bulk liquid water at the
beginning of the simulation, partition to the liquid-vapor interface on the time scale of
nanoseconds. While in solution, benzoic acid molecules exhibit propensity to form aggregates
via m-stacking of the aromatic rings. At the interface, the molecules tend to form irregular
agglomerates, combining both stacking interaction and hydrogen-bonding of the carboxyl
groups to the interfacial water molecules. In the aqueous slab coated with the palmitic acid (PA,
CH3(CH2)14COOH) monolayer, benzoic acid intercalates into the PA film. In contrast to the m-
stacking in the aqueous environment, benzoic acid within the monolayer forms dimers via
hydrogen bonding of the carboxylic acid groups. The intercalation of benzoic acid into the
monolayer causes perturbation to the ordered PA film, at the same time “stiffening” the film
through further compression of the PA chains and opening “pores” in the monolayer.

Fig. 4: Snapshot from MD simulation showing benzoic acid aggregates at the water-vapor
interface. Color coding: O (red), H (gray), C (cyan).
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CONCLUSIONS

The results of the present study, showing interfacial enhancement for a large set of alkyl
halides, indicate that partitioning to the interface - in addition to the partitioning between the
air and the droplet (bulk liquid) phase - may need to be included in atmospheric models to
correctly describe the uptake of gas-phase alkyl halides into aqueous droplets dispersed in air.
At the same time, the specific character of the partial hydration of the surface-adsorbed alkyl
halides is likely to affect the reactivity of these species when adsorbed on the surface of aqueous
or ice particles in the atmosphere. The distinct difference in preferred alignment and solvation
structures at the aqueous surface between the short-chain alkyl halides and their longer-chain
counterparts is of potential importance particularly for heterogeneous photochemistry of alkyl
halides on atmospheric aqueous and/or ice interfaces.

The nitrate study provides a unique level of molecular detail regarding the structural
organization and dynamics of nitrate anion at the surface of ice governed by the the unique
solute-solute and solute-solvent interactions in the pre-melted interfacial layer, and will
contribute to enhancing our knowledge of the photochemical processes involving nitrate in
snow by providing representative configurations of solvated nitrate anion for future quantum
chemical modeling of nitrate photolysis on ice.

The MD simulations of benzoic acid interaction with palmitic acid surfactant film reveal
structural changes of the fatty acid monolayer due to partitioning of benzoic acid from the
aqueous phase into the monolayer. The intercalation of benzoic acid results in ,pores“ being
formed in the monolayer. Through these regions without surfactant coverage,
evaporation/condensation of water may be facilitated even if the aqueous surface is coated by
a surfactant layer.

ACKNOWLEDGEMENTS

The authors wish to acknowledge the support from the Czech Science Foundation via
grants P208/10/1724 ,Molecular simulation studies of structure and dynamics of ice surfaces in
the presence of impurities and atmospheric pollutants“ and 13-06181S ,Investigation of lipid
Langmuir monolayers interacting with atmospheric oxidants and pollutants by molecular
simulations®.

REFERENCES

Donaldson, D. J.; Vaida, V., "The Influence of Organic Films at the Air-Aqueous Boundary on
Atmospheric Processes," Chem. Rev. 106, 1445-1461, (2006).

Habartova, A.; Valsaraj, K. T.; Roeselovia, M. "Molecular Dynamics Simulations of Small
Halogenated Organics at the Air-Water Interface: Implications in Water Treatment and
Atmospheric Chemistry," J. Phys. Chem. A, (2013).

Nissenson, P.; Knox, C. ]. H.; Finlayson-Pitts, B. ].; Phillips, L. F.; Dabdub, D., "Enhanced Photolysis
in Aerosols: Evidence for Important Surface Effects," Phys. Chem. Chem. Phys. 8,
4700-4710, (2006).

Pasalic, H.; Roeselova, M.; Lischka, H. "Methyl and Pentyl Chloride in a Microhydrated
Environment and at the Liquid Water-Vapor Interface: A Theoretical Study,” J. Phys.
Chem. B115,1807-1816, (2011).

Roeselova, M.; Vieceli, ].; Dang, L. X.; Garrett, B. C.; Tobias, D. ]., "Hydroxyl Radical at the Air-
Water Interface," J. Am. Chem. Soc. 126, 16308-16309, (2004).

Vacha, R, Slavicek, P.; Mucha, M., Finlayson-Pitts, B. ].; Jungwirth, P., "Adsorption of
Atmospherically Relevant Gases at the Air/Water Interface: Free Energy Profiles of Aqueous
Solvation of N3, 02, 03, OH, H20, HO2, and H20,," J. Phys. Chem. A 108, 11573-11579, (2004).

30



AN EXPERIMENTAL ASSESMENT OF CHANGES TO THE SIZE DISTRIBUTION
OF AMMONIUM NITRATE UNDER ISOTHERMAL CONDITIONING

Nick TALBOT, Jakub ONDRACEK, Vladimir ZDIMAL

Ustav chemickych procesti AV CR, v.v.i., Praha, talbot@icpf.cas.cz

Keywords: Ammonium nitrate, Nitric acid, Ammonia, dissociation, Isothermal.

SUMMARY

The volatility of ammonium nitrate was assessed under laboratory conditions in terms of size
distribution changes once subjected to isothermal conditoning. Three temperature regimes were
chosen to coincide with what is preceived to be representative of normal indoor temperatures,
whilst three particle sizes in aitkin and accumulation modes were investigated. The size
distribution for each regime was then measured before and after transportation through an
evaporater and these changes assessed.

Results show that for 50nm ammonium nitrate particles, 70-80% losses were recorded
through the evaporation chamber. The least volatile was found to be 200nm particulate at 15°C.
Generally, at 25°C the greatest reactions were found as was expected from prior research,
however an overall increase in particulate concentration at 100nm for all temperature regimes
was surprising. Possible multiple physiochemical transformations during transportation
through the evaporator, along with activation of impurities within the water could explain these
particle gains. The lack of humidity data, inter- transportation temperature profiling and lateral
gas measurements limit the effectiveness of this study.

INTRODUCTION

Secondary inorganic aerosol makes up a sizable fraction of total aerosol loading in the
northern hemisphere, with ammonium nitrate (here-forth NH4sNO3) contributing upto 30% of
this (Ansari and Pandis, 1998). NH4NOs3 is usually found in the accumulation mode of 100-300nm
in diameter (Bergin et al,, 1997), however they are volatile under normal atmospheric conditons
and can deliquesce producing NHz and HNOs in the following reversable process

NHsNO3(s/aq) <> HNOs(g) + NHs(g)

The balance of this process is known to be dependent on atmospheric pressure,
temperature and relative humidity, factors that often differ from an outdoor to indoor
environment. It is this volatility at what is considered normal ambient condtions which makes
NH4NO3 challenging yet important to understand.

NH4NO3 originates from outdoor sources, mixing anthroprogenically formed NO and NO»,
prodominantly from combustion sources which then oxidises to form nitric acid, which in the
prescence of ammonium is neutralised to form ammonium nitrate, (Lightstone et al, 2000).
NH4NO3; is a major constituant of atmospheric aerosol, usually found over continental
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landmasses and usually in the fine size range (Bergin et al 1997, lightstone et al, 2000, Nowak et
al, 2010). Over the past decade there have been many attempts to model NH4NO3 over larger
continental land masses to help complete emission inventories and to aid understanding of
visual and radiative forcing effects (Schaap et al 2004, Adams et al., 1999). However awareness
of NH4NOs and its gas phase components of nitric acid and ammonia have been largely neglected

as a contributing dynamic in indoor air pollution studies.

MEASUREMENTS

Three sizes of ammonium nitrate aerosol were chosen for analysis, 50nm, 100nm, and
200nm. These were then subjected to three temperature profiles 15°C, 20°C, and 25°C as they
passed through a 2m evaporator. The reduction of aerosol size is indicative of the rate and
degree of dissociation.

The volatility of NH4sNO3z at 100nm is demonstrated in Figure 1. The dissociation rate is
seen to be similar for both 15°C and 20°C where-as for 25°C the rate and extent of the size
distribution change is observed to be more significant. Small loses were found between the time
the NH4NO3 aerosol was created and the first DMA size selector (shown above labeled DFC).

100nm: All temp profiles before and after inlet.
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Fig. 1: Log Size distributions for monodisperse ammonium nitrate aerosol of 100nm is shown
(hatched line) in relation to the original aerosol size distribution taken directly from the first
DMA (DFC). Isothermal temperatures are represented by the red, green and blue lines.
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DISCUSSION

The changes in the size regime of NH4NO3 are closely aligned to temperature. This is in
accordance with prior research (Seinfeld and Pandis 1998, Dassion and Pandis 1999, Lunden et
al,, 2003). Between 70-80% of 50nm NH4NO3 disappeared during transportation through the
evaporation chamber. It is probable that due to residence time through the experimental set-up,
most of the particles deliquesced into their gaseous precursors. It is theorized by Dassios and
Pandis (1999) that NH4NO3 particles smaller than 100nm can equilibrate between phases in just
a few seconds under “typical” temperatures. This could explain the large losses seen here with
transportation rate through the entire sampling set-up estimated to be between 3 and 4
minutes.

NH4NOj; volatility is evident once 100nm particles were produced. At 25°C reaction rates
were at their greatest with a large transition of size distribution from 93nm measured directly
from the first DMA down to 22nm after undergoing transportation through the evaporator.

For 200 nm, the most volatility was again recorded at the highest temperature. The
modal peak at 25°C was very similar to that of 20°C however much greater losses occurred at
25°C, whilst at 20°C a net gain in concentration was recorded during transportation through the
evaporator. At 15°C the NH4NOs; particles contracted by 28nm, thus displaying the least volatility
of each size and temperate regime. This indicates that the larger the NH4NO3 particle the less
prone to volatility it becomes, even at temperatures where deliquescence is expected.

CONCLUSION

Because of its volatility at ambient temperatures NH4NO; is challenging, yet of
importance to indoor air research, Particle size changes and transitional changes from solid-
liquid-gas phases in a reversible mechanism make NH4+NO3 and its component species ammonia
and nitric acid a dynamic part of overall air mix within the indoor environment, both in terms of
particulate residence time in the accumulation mode and the potential material damage caused
by nitric acid sorption.

The evident overall reduction in particle sizes demonstrated here indicates either the
removal or deliquescence of NH4NO3 to its gas phase precursors, a stripping of the nitrate off the
particulate, or aqueous phase particulate undergoing evaporation. It is shown here that the
smaller the particle and the higher the temperature, the greater the reduction in size and thus
indicating increased volatility. However it is wrong to presume that the reaction is greater for
the smaller size fractions as it is possible that the larger particles undergo various
physiochemical transitions during the transportation through the evaporator.
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SUMMARY

Since 2002, there were repeatedly found high levels of respirable asbestos fibres of an
amfibolous mineral actinolit in the open air of the town of Pilsen and near surroundings. The
discovered values were exceeding 1000 fibres per cubic meter. When seeking their source, we
focused on an important source of actinolit near the town of Pilsen. From the present research
there is apparent that the actinolit respirable fibres are released into the ambient air mainly by
mining, treatment and using of ground stone (building activities, winter sidewalk sprinkling,
burying of paving stones, dusty roads etc.) and by natural disintegrating of spliting minerals.

UvoD

Na uzemi mésta Plzné a v blizkém okoli byly od roku 2002 opakované zjiStény ve
venkovnim ovzdusi prili§ vysoké koncentrace respirabilnich azbestovych vlaken amfibolového
mineralu aktinolitu presahujici hodnotu 1000 vladken/m3 (Cervenka, 2005). Piivod tohoto
znediSténi ovzdu$i nebyl znam. Kidentifikaci vlaken aktinolitu doSlo zcela nahodné pfi
ovérovani, zda se azbestova vlakna nedostala do venkovniho ovzdusi ze sanacnich praci azbestu
ve vagénech prazského metra v aredlu Skoda Plzeri v hale dopravni techniky. Sanace ve
vagdénech spocivala v odstranovani azbestového nastriku ze stén a stropu ocelové konstrukce
vagénu. Nastrik obsahoval ovSem pouze azbestova vlakna chryzotilu. Pritomnost amfibolovych
azbestovych vlaken aktinolitu v ovzdusi byla potvrzena opakovanym Kkontrolnim mérenim
vriznych terminech. Na vSech exponovanych filtrech byla zjiSténa piitomnost azbestovych
vlaken aktinolitu (Cervenka, 2005). V blizkosti méfeni probihala v ramci rozsahlych stavebnich
¢innosti manipulace s kamenivem s obsahem jemné frakce.

EXPERIMENT

Pro ovéreni vyskytu azbestového minerdlu aktinolitu a stanoveni jeho priblizného
hmotnostniho obsahu v horniné pouzivané na Plzensku ke stavebnim ucellim, jsme provedli
srovnavaci analyzu vzorki kameniva z dobyvaciho prostoru kamenolomu na Plzenskuy,
kameniva ze staveni$té v Bozkové, kameniva odebraném pfi frekventované komunikaci Plzeni -
Klatovska (kamenivo z posypl pouzivané k zimni drzbé), Vzorky kameniva jsme analyzovali
pomoci rentgenové praskové difrakce. Kromé udaji z databaze (PDF-2, Release 2011) jsme
k porovnani odebranych vzorki pouzili referencni vzorek ¢istého vlaknitého aktinolitu (obr. 3)
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z dobyvaciho prostoru kamenolomu na Plzenisku. Tento vzorek byl rovnéZz analyzovan na
elektronovém mikroskopu (obr. 4). Difrakéni RTG zaznam (graf 1) byl proveden na
difraktometru X"Pert PRO MPD (PANalytical) vybaveném Cu lampou. Méreni probihalo v Bragg-
Brentanové usporadani vrozsahu 5 - 60° 26. Difrak¢ni thel u nejintenzivnéjsi difrakce byl
10.485° 26. Tato difrakce je pro aktinolit typickd aukazuje na jeho pritomnost v dalSich
smésnych vzorcich, napt. ve vzorku jemné frakce kameniva ze stavenisté v Plzni BoZkové (graf
2).
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Graf 1: Difraktogram azbestové vlaknité formy Graf 2: Difraktogram vzorku kameniva ze
aktinolitu Caz(Mg,Fe2+)5Sig022(OH); Plzen. stavenisté v Plzni - Bozkové - smésny vzorek.

VYSLEDKY A DISKUSE

Pii zjiStovani plvodu znecisténi jsme se zamérili na vyznamny zdroj aktinolitu
v blizkosti meésta Plzné. Aktinolit Ca(Mg,Fe2+)sSig022(0OH), spada do skupiny vapenatych
amfibolli zarazenych mezi azbestové mineraly. Na Plzenisku se vyskytuje v proterozoickych
metamorfovanych alterovanych bazaltech (tradi¢né nazyvanych ,spility). Tézba tohoto
kameniva na Plzetisku predstavuje, v zavislosti na poptavce, vice jak miliéon tun kameniva za rok.
Vyznamnou ¢ast tvoii jemna frakce, pouzivana c¢asto ve smésich.

Pro identifikaci aktinolitu v horniné bylo v Plzni v roce 2009 odebrano nékolik vzorki
urcenych pro stavebni Ucely, zejména k rekonstrukci zpevnénych povrchi. Jednotlivé mineralni
soucastky nejsou okem rozliSitelné (obr. ¢. 1, 2) (Zacharias, 2009). Odhad procentudlniho
zastoupeni fazi: aktinolit (5-10 obj. %), chlorit (5-10 obj. %.), epidot (5-10 obj. %.), zbytek tvoii
albit, kifemen, titanit, pripadné jemnozrnny chlorit. Pivodni mineralni asociace bazaltu byla
kompletné nahrazena novotvorenymi fazemi. Priimérna hodnota poméru délka/sirka zrn
(¢astic) aktinolitu je 7.23 + 2.02. Aktinolit se v horniné reprezentuje jako jediny mineral
s vyraznou vlaknitou stavbou danou Stépnosti mineralu (Zacharias, 2009). Azbestovy mineral
aktinolit se ve spilitech na Plzenisku vyskytuje ve dvou riznych formach. A to jako
makroskopické azbestové agregaty (obr. 3, 4) v trhlinach, nebo mikroskopicky v kompaktni
neporusené horniné (obr. 1, 2). Prvni forma se pouhym okem zpravidla lehce pozna. Druha
forma neni béZzné rozpoznana a vyZaduje bliz$i zkoumani na elektronovém mikroskopu nebo
RTG difrakci. Azbestova vlakna druhé jmenované formy (obr. 5) casto vznikaji teprve
mechanickym namahanim horniny uvolnénim z azbestového mineralu nevlaknité formy.
Distribuce azbestovych vlaken aktinolitu a jejich pocetni koncentrace v ovzdusi na Plzenisku neni
doposud dostatecné objasnéna a popsana. Z dosavadnich jednorazovych meéteni na Plzensku
vyplyva, Ze pocetni koncentrace Kkritickych azbestovych vlaken ve venkovnim ovzdusi se podle
miry prasnosti a blizkosti zdroje ¢asto pohybuje nad hranici 1000 vlaken/ma3.
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Stanoveni hmotnostniho podilu aktinolitu ve vzorcich bylo provedeno metodou RIR
porovnanim zmeérenych intenzit difrakci s prirazenymi referen¢nimi konstantami (Davis, 1988)
ve vzorku s mullitem. Ve vzorcich, zejména v zelenych btidlicich (obr. ¢. 7), bylo zjisténo vice jak
10 procent aktinolitu. Ojedinéle kolem 23 procent aktinolitu. Naopak v tmavych bridlicich (obr.
¢. 8) aktinolit identifikovan nebyl (Chlupacova, 2012). Ve vzorku kameniva ze stavenisté v Plzni
BoZkové bylo stanoveno 4,2 procent aktinolitu. Ve vzorku z Klatovské ul. 14,7 procent aktinolitu

(Chlupacova, 2012).

fotografii z optického mikroskopu ve
zktiZenych nikolech (polarizované svétlo). Zrno
aktinolitu predstavuje svétla barva, patrna je
jeho vlaknita stavba. Zakladni hmota je znac¢né
jemnozrnna.
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Obr. 2: Metabazalt z lomu na Plzensku ve
zpétné rozptylenych elektronech (BSE). Zrna
s vyraznou stébelnatou stavbou na snimku je
aktinolit (amf). Bila zrna odpovidaji titanitu
(ti), tmavé Seda kiremeni a albitu. Stredni
odstin Sedi je chlorit.

1000 pm

sObr. 3: Makroskopicka vlakna aktinolitu z
mikroskopu.
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Obr. 5: Vlakna aktinolitu - Stépné fragmenty
v optickém mikroskopu, Plzen.

BES 25kV
Aktinolit std

Obr. 4: Totozna vlakna aktinolitu z Plzné viz
obr. 3 v elektronovém mikroskopu.

WD10mm SS50 30Pa x1,000 10pm
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Obr. 6: Vlakno aktinolitu (uprostied)
zachycené na filtru v Plzni, el. mikroskop.
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Obr. 7: Vzorek kameniva s hmotnostnim Obr. 8: Vzorek kameniva bez obsahu
obsahem aktinolitu vice jak 10 %, Plzen aktinolitu, Plzeni

ZAVER

Z dosavadniho vyzkumu je patrné, Ze respirabilni vldkna aktinolitu se do venkovniho
ovzdus$i uvolnuji zejména zpracovanim a pouzivanim drceného kameniva (stavebni ¢innost,
zimni posypy, zasyp dlaZebnich kostek, prasné cesty apod.) a ptirozenym zvétravanim
spilitovych hornin. Jemna frakce tvoii vyznamnou slozku pti zpracovani a pouzivani kameniva.
Aktinolit je v horniné vazan vétSinou pevné, pricemz se do ovzdusi uvoliuji Stépné fragmenty.
Nebo vzacnéji v Cisté volné vlaknité formé (vyrostlé v dutinach ¢i trhlindch). Nejcastéji se
aktinolit rozpada v poméru 1/7- 1/8. Ve venkovnim ovzdusi se ¢asto vyskytuji vlakna dlouha 7 -
14 mikrometri tenka cca 1 - 2 mikrometry. Vlakna kratsi jak 5 mikrometrt se v souc¢asné dobé v
souladu s normou nezapocitavaji a nepovazuji se za kriticka. Jejich zdravotni zavadnost neni
ovsem zcela vyloucena. V soucasné dobé je zdroj kontaminace volného ovzdusi azbestovymi
vlakny aktinolitu jednozna¢né prokazan a oficidlné potvrzen. Pro ptesnéjsi definovani pocetni
a velikostni distribuce azbestovych vldken v ovzdusi mésta Plzné probiha na jihozdpadnim okraji
mésta v Plzni - Liticich kontinualni odbér a vyhodnoceni aerosolu pomoci kaskadniho impaktoru
s rotujicim substratem - DRUM. Kontinualni odbér a vysledky analyz predstavuji cenny material
pro dalsi vyzkum a mohou byt vhodnym podkladem pro odpovédné rozhodovaci procesy
vefejné a statni spravy.

PODEKOVAN{

Autori prace dékuji vSem spolupracovnikiim, ktefi se podileli na objasnéni a prokazani
zdroje vyznamného znecisténi venkovniho ovzdusi respirabilnimi azbestovymi vlakny aktinolitu
na Plzenisku.
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SUMMARY

In winter 2010 sampling campaign was conducted in center of Prague. Datamatrix of 60 minute
integrates of PMg1s.1.15s and PMyis.10 mass concentrations, derived from correspond size
distributions recorded by an APS (3321, TSI) and a SMPS (3963, TSI), and elemental
composition for 27 elements sampled by 3DRUM and analyzed by SXRF, were evaluated by
positive matrix factorization (PMF) to resolve the possible sources of fine and coarse aerosol
fraction in this area. PMF was optimized for five factors for both fractions. They were: for fine
fraction - combustion of fossil fuels and biomass, two traffic factors (exhaust and non-exhaust
emissions), factor with high S and factor with high Cl and metals; for coarse fraction - re-
suspended mineral and road dust, factor with high Zn and Pb, combustion of fossil fuels and
biomass. The conditional probability function (CPF) was then used to identify the local sources
and HYSPLIT long distance transport.

UvoD

Receptorové modelovani je jednim z nejbéznéjsich nastroji k identifikaci a kvantifikaci
zdroju emisi prispivajicich k tirovni znecisténi ovzdusi (Querol et al., 2007; Viana et al.,, 2008;
Belis et al, 2013). Modelovani zdroji atmosférického aerosolu metodou Positive Matrix
Factorization (PMF) umoziuje odhadnout pocet a sloZeni zdrojti, stejné jako jejich podil na
receptoru (Paatero, 1997). Prispévek se zabyva odhadem zdrojli jemné a hrubé frakce aerosolu
metodou PMF aplikovanou na data hmotnostnich koncentraci a elementarniho slozeni PMg 1s.1.15
a PM1.15.10 s vysokym ¢asovym rozliSenim ziskanych v pribéhu zimni kampané v centru Prahy.

MERENI

Méreni byla provadéna na stie$e Ustavu pro Zivotniho prostfedi P¥F UK na Praze 2
v obdobi 4. - 17.03. 2010. Koncentrace 27 prvki byly stanovené metodou SXRF spektrometrie
(ALS Berkeley) v aerosolu velikostni frakce A (1.15 - 10 pm), B (1.15 - 0.34 pm) a C (0.34 - 0.15
um) odebirané s integracni dobou 60 minut 3 DRUM impaktorem (Davis Rotating Unit for
Monitoring, California University - Davis). Hmotnostni koncentrace PMgis.1.15 (suma B a C
frakce) a PMiis10 sintegracni dobou 60 minut byly spocitdny z prisluSnych velikostnich
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distribuci stanovenych APS (APS-3321, TSI) a SMPS (3963, TSI) s integra¢ni dobou 5 minut.
Soucasné byla zaznamenavana 5 minutova meteorologicka data (rychlost a smér vétru, teplota,
relativni vlhkost a globdalni radiace). Matice elementarniho sloZeni a hmotnostni koncentrace
PMo.15-1.15 @ PM11s.10 aerosolové frakce byly analyzovany receptorovym modelem EPA PMF
4.2.0.0 a ¢ast vystupli z modelu spolu s hodnotami sméru a rychlosti vétru byly pouzity k urceni
polohy lokalnich zdroji metodou PCF (Conditional Probability Function). Pro identifikaci
dalkového prenosu byl pouzit model zpétnych trajektorii vzdusnych mas HYSPLIT.

VYSLEDKY

Dle meteorologickych podminek a hmotnostni koncentrace PMio je moZné odbérovou
kampan rozdélit na dvé obdobi. Prvni od 4. do 12.3. 2010 s prevladajicim vychodnim proudénim
s pramérnou rychlosti vétru 1.0 m.s-1, teplotou -2.9 °C a hmotnostni koncentraci PM1o 31.8 pg.m-
3, Druhé obdobi od 13. do 17.3. 2010 s prevladajicim vychodnim proudénim, primeérnou
rychlosti vétru 2.1 m.s’, teplotou 2.7 °C a hmotnostni koncentraci PMio 15.3 pg.m=3. Po dobu
méreni byly zaznamenany dvé vyraznéjsi srazkové epizody, dne 6.3. 2010 a 15. - 16.3. 2010.
Podil jemné frakce aerosolu na PMyo tvoril v priiméru 78.9 % (medidn hmotnostni koncentrace
16.6 pg.m-=3) a hrubé frakce 21.1 % (median hmotnostni koncentrace 4.2 pg.m-3).

Pomoci PMF bylo ziskano pro obé aerosolové frakce 5 faktori: jemnd frakce - faktor
spalovani fosilnich paliv a biomasy, dva faktory souvisejici s dopravou, faktor s vysokym
obsahem S a faktor s vysokym obsahem Cl a kovii; hrubd frakce — faktor s vysokym obsahem
prvka zemské kiry, faktor svysokym obsahem Zn a Pb, faktor spalovani fosilnich paliv
a biomasy, moisky aerosol a faktor dopravni.

Spalovani fosilnich paliv a biomasy, faktor svysokym obsahem S, K, As, OC a EC,
ptispivalo nejvétsi mérou k celkové koncentraci PMg1s.1.15 (59.0 %). Faktor s vysokym obsahem
kovii predevsim Cu byl stanoven jako emise vznikajici abrazi brzdovych desticek automobilt
(14.9 %). Faktor s vysokym obsahem S tvoril 12.9 %. Re-suspendovany silni¢ni prach a plida
prispivaly 9.2 % a faktor s Cl a kovli 4 % (Obr. 1).
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Obr. 1: Procentualni zastoupeni jednotlivych prvki u 5 faktort a podil jednotlivych faktort na
PMo 15-1.15 ziskanych PMF.
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Re-suspendovany silni¢ni prach a ptida tvorily nejvétsi podil 38.0 % na celkové
koncentraci PM1.15.10 nasledovany faktorem s vysokym obsahem Zn a Pb s ptispévkem 37.2 %.
Faktor spalovani fosilnich paliv a biomasy byl stanoven na zakladé vysokého podilu Sa K (12.5
%). Chemicky profil s vysokym obsahem Cl a Mg byl urcen jako motsky aerosol (8.6 %). Faktor
s vysokym obsahem kovi predevSim Cu, urceny jako abraze brzdovych desticek automobild,
tvoril 3.6 % (Obr. 2).

Factor Fingerprints - Run 5
100 100

Factor Legend
£ £ W -Faclor |
M -Factor2

- Factor 3
B -ractors
- Factor &

80

-
=

— o
= =

@
=
@
=

% Species Concentration
= o
= =
= o
= =
uoneuUasuo salmads %,

a =
= =]
a m
= =

=

10 ' I - -
o £ M. : : : : : : : : : : : =y

57 ¢ : ¢ " % ? % L & £ 4 %

Obr. 2: Procentualni zastoupeni jednotlivych prvki u 5 faktort a podil jednotlivych faktort na
PM1,15.10 ZiSkal’l}'ICh PMF.

Jak je patrno zkorelacni matice prispévkl faktor jemné a hrubé frakce k prislusné
hmotnostni koncentraci PM, neni shoda faktort v nékterych pripadech zcela jednoznacna
(Tab. 1). Jedna se predevsim o faktory F1 (A) ve srovnani s F4 (B+C) a F5 (B+C); a F3 (A) ve
srovnani s F2 (B+C) a F4 (B+C). Naopak dobte koreluje faktor re-suspenze F5 (A) s F3 (B+C)
a faktor s vysokym obsahem Cu F2 (A), a to jak se stejné urcenym faktorem F1 (B+C), tak i s re-
suspenzi F3 (B+C). Morsky aerosol F4 (A) se zcela neshoduje s F 5 (B+C) s vysokym obsahem CI
a kovti.

F1Cu F2S F3 Re-suspenze | F4 Spalovani F5 Cl+kovy

(B+C) (B+Q) (B+C) (B+C) (B+C)
F1ZnaPb (A) 0.13121 0.01244 0.15937 0.67085 0.77501
F2 Cu (A) 0.53893 -0.05965 0.48831 0.20167 0.28687
F3 Spalovani (A) 0.09527 0.78331 -0.06544 0.44156 0.01482
F 4 Moftsky a. (A) -0.14850 -0.24213 0.06991 -0.38342 -0.03719
F5 Re-suspenze (A) 0.35766 -0.22894 0.68045 0.10258 0.22357

Tab. 1: Korela¢ni matice prispévku faktort jemné a hrubé frakce k piislusné hmotnostni
koncentraci PM ziskanych PMF.

Na zakladé modelovych vystupi s vysokym ¢asovym rozliSenim a pomoci metody PCF
byl identifikovan zdroj doprava (abraze a re-suspenze). Model HYPLIT potvrdil dalkovy ptrenos
vzdusSnych mas z oblasti Severniho moie a Biskajského zalivu, tedy zdroj morského aerosolu.
Identifikace zbylych zdroji bude vyZadovat detailnéjsi analyzu.
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ZAVERY

Na zakladé receptorového modelovani bylo urceno pét faktord jemné a hrubé frakce.
Poloha a identifikace zdroji obou frakci byla nasledné stanovena pomoci metody PCF a modelu
HYSPLIT. Uziti dat s vysokou integra¢ni dobou v PMF umoZznilo postihnout ¢asovou variability
zdrojii prispivajicich k hmotnostni koncentraci PMois.1.15 @ PMiis.10, coZ usnadnilo jejich
néaslednou identifikaci.

PODEKOVANI

Price vznikla vramci projektu VaV SP/1a3/149/08 MZP ,Stanoveni koncentraci
atmosférického aerosolu svysokym casovym rozliSenim za ucelem odhadu jeho zdrojt
a toxicity".
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INTRODUCTION

The increasing interest in the role of aerosols in the atmosphere leads to a growing need to their
measurements in the environment. For this reasons, the detailed studies of aerosols were also
included into the existing European project ACTRIS (www.actris.net). One of the ACTRIS part is
the coordinated long-term measurement of aerosol chemistry both with Aerosol Chemical
Speciation Monitors (ACSM) (Ng et al.,, 2011) and by other types of Aerosol Mass Spectrometers
(AMS) (Canagaratna et al, 2007). The measurement network includes many background
stations (including urban background sites) all over Europe (http://www.psi.ch/acsm-
stations/acsm-and-emep-stations). One of the participating stations was also an urban
background site in Prague. This paper presents preliminary results characterizing the fine
aerosol at this site during two intensive (summer and winter) measurement campaigns.

EXPERIMENTAL SETUP

Two measurements campaigns were carried out at the Prague suburban site
(50°7'36.473" N, 14°23'5.513" E, 277m ASL) for ca 6-weeks in summer (20.6.-31.7.2012) and
winter (8.1.-19.2.2013). The site is located on the edge of the plateau above Prague (ca 1.2
million population) and it is officially classified as an urban background station.

The main instrument, measuring during the above mentioned campaigns, was the
Compact Time-of-Flight Aerosol Mass Spectrometer (C-ToF-AMS; Drewnick et al.,, 2005). This
instrument measures the size and the composition of submicron aerosol particles in a real time
and is able to produce complete mass spectral data for single particles. But the C-ToF-AMS can
detect only non-refractory (NR) materials, that is, species that evaporate sufficiently fast at the
AMS vaporizer temperature (ca 600 °C) and high vacuum conditions (ca 10-> Pa) (Canagaratna et
al, 2007). The main NR species that are successfully analyzed are organic aerosols together
with major inorganic species like NH4sNO3, (NH4)2S04, and NH4Cl. The main refractory materials
that are not detected by the AMS are dust, soot (elemental carbon), fly ash, metal oxides, and sea
salt.

The sampled aerosol was dried by a Nafion dryer before analysis by AMS with a 1-min
time resolution. Additional instruments were running continuously in parallel with the AMS to
obtain both data for collocation comparisons and informations about refractory parts of
measured aerosol. A scanning mobility particle sizer (SMPS) provided information about particle
number size distributions in the size range from 10 to 510 nm. A semi-online EC/OC analyzer
(from Sunset Laboratory) was used to measure an organic and elemental carbon (OC and EC) in
2-hour time resolution and PM1 filter samples were collected on quartz fiber filters with a 24-
hour time resolution in order to determine water soluble ions by ion chromatography.
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Fig. 1: An average relative composition of non-refractory aerosol measured by AMS during
summer (20.6.-31.7.2012) and winter (8.1.-19.2.2013) campaigns at a Prague suburban site.

RESULTS AND PRELIMINARY CONCLUSIONS

Figure 1 shows an average relative composition of NR fine aerosol at a Prague suburban
site. The major part is formed by organic aerosol in both seasons. Its contribution is more than
50% in summer and its main source is probably secondary organic aerosol. More than 2-times
higher contribution of nitrates in winter compared to summer is caused mainly by thermal
instability of ammonium nitrate in summer. Higher amount of non-sea salt chloride in winter
may refer to a higher biomass combustion in this season. The relative share of ammonia and
sulfates remains roughly the same during both seasons.

The ability of the AMS to quantify aerosol mass accurately depends on different factors.
In addition to the right assignment of mass fragments for each chemical species it is necessary to
correctly identify such parameters like the ionization efficiency (IE) and particle collection
efficiency (CE) (e.g. Canagaratna et al.,, 2007). IE was determined by calibration with NH4sNO3
particles (BFSP mode; e.g. Drewnick et al, 2005), which was properly performed at weekly
intervals. The values of CE were assessed by intercomparison with collocated aerosol
instruments (EC/0C, SMPS and ion chromatography). Details from these comparisons as well as
a detailed study of individual fragments will be presented during the lecture.
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SUMMARY

In this work the organic compounds and organic markers used for the identification of sources
of aerosols were measured. Monosaccharide anhydrides and resin acids (emissions from
biomass combustion) and polyaromatic hydrocarbons (emissions from traffic and incomplete
combustion) were observed especially. Hopanes, steranes (traffic, coal combustion) and alkanes
were next groups of analysed organic compounds. Markers were studied in the size fraction PM1
because this fraction of aerosols is the most harmful to human health.

Aerosols were sampled in winter season in the city Mladd Boleslav in 2013.
Monosaccharide anhydrides and resin acids were the most abundant organic compounds which
resulted from combustion of biomass.

UvoD

V atmosfére se nachazi mnoho organickych sloucenin vazanych na aerosolové castice,
které jsou produkovany nejriznéj$imi zdroji: primarni (pfirodni, antropogenni) a sekundarni
(reakce v atmosfére). Antropogennimi zdroji aerosolu jsou napft. spalovani ropy, plynu, fosilnich
paliv, deva nebo odpadt, dale automobilova doprava, primysl, skladky odpadi a dalsi (Kitimal
a kol,, 2012). Atmosférické aerosoly ptsobi Skodlivé také na lidské zdravi. Dlouhodoba expozice
vysokych koncentraci atmosférického aerosolu se projevuje zvySenim umrtnosti, poctu
nadorovych onemocnéni plic a kardiovaskularnich onemocnéni (Brunekreef a Holgate, 2002).
Skodlivost atmosférickych aerosolii na lidské zdravi je dana nejen velikosti jejich ¢astic, ale
i jejich chemickym slozenim (Kitmal a kol., 2012).

Bylo sledovano chemické slozeni frakce PM1 v Mladé Boleslavi se zaméfenim na analyzu
molekulovych markerd, které se vyuzivaji pro identifikaci emisnich zdroji aerosold.

EXPERIMENTY

Organické slouCeniny byly analyzovany v méstském aerosolu v primyslové oblasti
v Ostravé ve frakci PM1 v zimé v roce 2013 (15. 2. - 28. 2.). PM1 aerosol byl odebiran pomoci
velkoobjemového vzorkovace DHA-80 (Digitel) na kfemenné filtry o priiméru 150 mm (priitok
vzduchu 30 m3.h1).

Filtry byly rozstfihany na 2 casti. Prvni ¢ast byla pouzita pro spolecnou extrakci
anhydridd monosacharidd, pryskyricnych Kkyselin, monosacharidi, disacharidi a alditoli
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(cukernych alkohold) pomoci smési dichlormethan/methanol (1:1 v/v) v ultrazvukové vodni
lazni. Extrakty byly odpateny pod proudem dusiku do sucha a derivatizovany smési (N-methyl-
N-trimethylsilyltrifluoroacetamid + 1% trimethylchlorosilan) obsahujici pyridin. Takto
derivatizované vzorky byly odpareny do sucha, rozpustény v hexanu a analyzovany pomoci GC-
MS. Ve druhé ¢asti byly analyzovany alkany, hopany, sterany a polycyklické aromatické
uhlovodiky (PAU). Extrakce probihaly smési hexan/dichlormethan (1:1 v/v). Extrakty byly
frakcionovany na koloné se silikagelem do dvou frakci. Hexanova frakce obsahovala alkany,
hopany a sterany a hexan/dichlormethanova frakce obsahovala PAU. Po zkoncentrovani frakci
nasledovala analyza pomoci GC-MS.

VYSLEDKY A DISKUSE

Byly analyzovany:

¢ anhydridy monosacharidi: levoglukosan, mannosan a galaktosan

e pryskytic¢né kyseliny: kyselina abietova a dehydroabietova

¢ monosacharidy: xylosa, fruktosa, galaktosa a glukosa

e disacharidy: sacharosa a trehalosa

¢ alditoly: arabitol, manitol, sorbitol a inositol

¢ alkany: C8 - C40

¢ hopany a sterany: 17a(H),213(H)-hopan, 22R-17a(H),213(H)-homohopan, 22S-
17a(H),21B(H)-homohopan, 17a(H),213(H)-norhopan a aaa (20R)-cholestan

¢ polyaromatické uhlovodiky: fluoren, fenanthren, anthracen, reten, fluoranthen, pyren,
benzo[a]anthracen, chrysen, benzo[b]fluoranthen, benzo[k]fluoranthen,
benzo[e]pyren, benzo[a]pyren, perylen, picen, indeno[1,2,3-c,d]pyren,
dibenzo[a,h]anthracen a benzo[gh,i]perylen

Hmotnostni koncentrace PM1 v Mladé Boleslavi se pohybovaly mezi 11 - 45 pg.m3.
Nejvyssi koncentrace byly nalezeny pro anhydridy monosacharida a pryskyri¢né kyseliny, coz
souvisi s vy$sim spalovanim biomasy (dieva) v zimnim obdobi. Emisnim zdrojem PAU mze byt
spalovani jakéhokoliv organického materialu (spalovani biomasy, fosilnich paliv, odpadd, emise
z automobilové dopravy a primyslu a dalsi). Mezi organické markery dopravy a spalovani uhli
patii hopany a sterany. Sterany se do ovzdusi emituji pouze z motorovych olejii, zatimco hopany
z dopravy (motorové oleje) a ze spalovani uhli. Pro identifikaci spalovani riznych typt uhli se
uzivaji diagnostické poméry R- a S- isomert 17a(H),21B(H)-homohopanu. Emisni zdroje
miZeme od sebe rozliSit také pomoci diagnostickych poméri PAU, avSak jejich vyuziti je
problematické, protoze hodnoty téchto pomért se vzajemné prekryvaji. Dalsi nevyhodou pouZziti
diagnostickych poméra je reaktivita PAU v atmosfére v pritomnosti NO;, O3 a OH radikali
(Krtimal a kol., 2010; Kitimal a kol, 2012; Kitimal a kol, 2013).

Soucet primérnych hmotnostnich koncentraci sloucenin a markert béhem jednotlivych
dni znazoriiuje Obr. 1. Z obrazku je patrné, Ze priibéh souctu primérnych hmotnostnich
koncentraci analyzovanych organickych sloucenin a PM1 vzajemné koreluji. Detailni vysledky
koncentraci jednotlivych skupin organickych sloucenin budou prezentovany.
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Obr.1: Suma hmotnostnich koncentraci analyzovanych organickych sloucenin béhem
jednotlivych dni (15. 2. - 28. 2.) v aerosolové frakci PM1 v Mladé Boleslavi.
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ZAVER
Sledované organické markery pochazeji ze spalovani organického materidlu (biomasa,
fosilni paliva) a koreluji s hmotnostnimi koncentracemi PM1. Nejvyssi koncentrace byly
nalezeny pro anhydridy monosacharidii a pryskyricné kyseliny, které pochazeji ze spalovani
biomasy. Dal$imi identifikovanymi emisnimi zdroji byla doprava (hopany, sterany, alkany
a PAU) a spalovani uhli (hopany, PAU).
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TRENDY SUSPENSOVANYCH CASTIC V OVZDUSI V CESKE REPUBLICE

Adéla HOLUBOVA SMEJKALOVA?® Milan VANA?2

1 Cesky hydrometeorologicky tistav, Observatof KoSetice
2 Centrum vyzkumu globalni zmény AV CR

Kli¢ova slova: jemné ¢astice, dlouhodobé trendy, Ceska republika

SUMMARY

The aim of this study is the assessment of 1996-2012 PM data from the Czech air quality
monitoring network. Gradual decline in emissions of PM after 1989 in the Czech Republic was
caused by general decrease of industrial production and reduction in electricity generation in
conventional thermal power stations. In the beginning of new millennium the decreasing trend
was interrupted and the emissions slightly increased. Decreasing trend of PM;o concentration
was registered in the period 1996-1999 at all types of stations (traffic, urban, suburban, rural
and regional), but this trend was temporarily stopped in the beginning of this century and the
concentrations slightly increased and the differences between types of stations became smaller.
This tendency was registered to 2006 (with the highest values in 2003). After 2007 the mean
annual concentrations dropped to the level of 2000. The most serious situation is in the
Moravian-Silesian region. This is caused by the fact that in this area, in addition to transport and
local sources, significant contribution is made by further emission sources (metallurgy, fuel
processing). Regional transfer from Poland (heavily industrialized Katowice region) is also very
significant. In 2005 measurements of fine fraction PM,5 began. The results show significant
contribution of fine fractions to air pollution situation in the Czech Republic. The period 2005-
2007 is characterized by downward tendency of mean annual PM;5 concentrations, no trend
after 2007 was found. The regional increment to PM5 pollution is approximately 15 pg.m=3. The
ratio between PM;s and PM1o shows certain seasonal course that is connected with the seasonal
character of several emission sources.

UvoD

Vliv pevnych Castic vovzdusi na lidské zdravi je povazovan za nejvaznéjsi
environmentalni problém posledniho desetileti. Aerosoly rovnéz ovliviiuji radia¢ni bilanci
planety a jsou tak jednim z faktort prispivajicich ke zméné klimatu. PfedbéZné hodnoceni WMO-
EMEP indikovalo vyznamnou zavislost mezi koncentracemi frakce PMio a Skodami na zdravi
populace. Soucasné vyzkumy pak ukazuji, Ze jeSté vétSi zdravotni rizika jsou spojena
s koncentracemi frakce PM,s (imrti na kardiovaskularni a respira¢ni choroby). Castice obsazené
ve vzduchu Ize rozdélit na primarni a sekundarni. Primarni ¢astice jsou emitovany piimo do
atmosféry z prirodnich ¢i antropogennich zdroji. Sekundarni castice jsou pak prevazné
antropogenniho plvodu a vznikaji oxidaci a naslednymi reakcemi plynnych sloucenin
v atmosfére. Stejné jako v celé Evropé i v Ceské republice tvofi vét$inu emise z antropogennich
zdrojl. Mezi hlavni antropogenni zdroje Ize adit dopravu, elektrarny, spalovaci zdroje, fugitivni
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emise z primyslu, banskou cinnost a stavebnictvi. Cilem predkladané studie je hodnoceni
dlouhodobych trendd hrubé (PMio) a jemné (PM;s) frakce na stanicich SIS (Statni imisni sit)
provozované Cesky hydrometeorologickym tstavem - CHMU (1) na jednotlivych typech stanic
dle Kklasifikace vychazejici z Rozhodnuti Rady 97/101/EC o vyméné informaci (2).

MONITOROVACI SIT A METODY MEREN{

Statni imisni sit v Ceské republice, provozovdna Ceskym hydrometeorologickym
Gistavem, je priibézné aktualizovana podle poZadavk® smérnic EU a legislativy CR (zékon ¢.
86/2002). Vroce 1996 bylo zahajeno monitorovani frakce PMjo. Stav monitorovaci sité pro
PMio je uveden na Obr.la. V roce 2005 bylo, v souladu s doporucenimi EU, vyplyvajicimi ze
smeérnice 1999/30/EC, zahdjeno monitorovani jemné frakce PM;5 (Obr. 1b).

®  automatické
®  manuéini 4 - ® automatickd

méfici TK v PM10

®  manudini

a)

Obr. 1: Monitorovaci sité SIS CHMU - stav k roku 2011.

Vsiti IM (imisni monitoring) jsou pouzivany dva zptlisoby zjisStovani obsahu prachu
vovzdusi - automatickym a manualnim zplisobem. Principem automatického méreni je
absorpce beta zareni v hlavici proslych prachovych c¢asticich naprasenych na filtracni pasce
(filtru). Zeslabeni signdlu beta zareni je imérné mnozstvi zachyceného prachu, tedy i jeho
koncentraci ve vzduchu. Toto méfeni je tzv. on-line, hodnoty jsou pofizovany automaticky,
prenasSeny telekomunika¢nimi sitémi do centra v Praze-Libu$i, tak Ze je moZna okamZita
interpretace.

Principem méreni ptistroji MIM (manudlni imisni monitoring) je manualni vaZeni
prachu zachyceného na filtru za 24 hodin. Laboratote poboéek CHMU, kde je vaZeni realizovano,
disponuji specialnimi vahami s presnosti 10-6 g. Vadhovny jsou klimatizované na teplotu 20 = 1 °C
a vlhkost 50 5 % RH, v souladu s normou CSN EN 12341. Tyto parametry jsou automaticky
zaznamenavany a archivovany. Pro zajisténi kvality vazeni jsou vedeny regulacni diagramy
a pouzivany certifikované etalony. Vysledky jsou pribézné zasilany do Informacniho systému
kvality ovzdusi (ISKO) CHMU, kde jsou piepoctend na standardni teplotu a tlak 20 °C
a 101,325 kPa.

Emise pevnych c¢astic

ovzdusi v poslednich dekddach minulého stoleti. Postupny pokles v nasledujicich 1étech byl
zplsoben sniZovanim vyroby elektrické energie v klasickych tepelnych elektrarnach a nartistem
vyroby elektfiny v jadernych elektrarnach, pozdéji také snizovanim mnozstvi spalovanych
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tézkych topnych olejii a nartistem mnozstvi spotreby zemniho plynu. V letech 1991 az 1993 se
na snizeni emisi projevil také pokles priimyslové vyroby. VSechny tyto vlivy se pak se promitly
do celkového sniZeni emise tuhych znecistujicich latek v obdobi 1980-2004 o 88 %. Zdanlivy
narist emisi po roce 2001 je zplsoben doplnénim emisni inventury o nespalovaci emise
z dopravy. Ty jsou zavislé na intenzité dopravy, a proto stale mirné naristaji, zatimco vyrobni
emise klesaji (Obr. 2). Podil jemnéjsich frakci prachovych ¢astic v celkovém mnozZstvi prachu je
stanoven vypoctem, pii kterém je bran v tvahu typ odlucovaci techniky a kategorie zdroje.
Zastoupeni frakce PM1o v TSP je priblizné 63% a PM2s 47%.

1990
1994
1996
1998
2000
2002
2004
2006
2007
2008
2009

565

Obr. 2: Trend emisi TSP v Ceské republice 1990-2011 (1).
Trendy koncentraci PM v Ceské republice

V obdobi 1996-2000 byl registrovan pokles koncentraci PM1o na vSech typech stanic
(Obr. 3). Tento trend byl ale doc¢asné zastaven na zacatku nového tisicileti, koncentrace mirné
stoupaly a rozdily mezi jednotlivymi typy stanic se snizovaly. Tato tendence kulminovala v roce
2003, ale az do roku 2006 jsme byly registrovany vyssi ro¢ni priimérné hodnoty nez v roce 1998
(4). Nartst koncentraci PM1o v obdobi 2000-2006 na venkovskych stanicich v blizkosti malych
sidel byl zptisoben piredevsim zménami v chovani obyvatel mensich mést a vesnic pti topeni.
Ceny zemniho plynu kontinualné rostly a lidé se postupné vraceli k tradicnim paliviim jako
drevo ¢i uhli (3). Po roce 2007 priimérné ro¢ni koncentrace PMi na vSech typech stanic poklesly
a vratily se na drovei prelomu tisicileti.
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Obr 3: Trend priimérnych koncentraci PMiona riznych typech stanic (1996-2012).

Nejvice zatiZzenou oblasti suspendovanymi ¢asticemi je ostravsko-karvinska aglomerace.
K emisim z dopravy a lokdlnim zdrojtim, které jsou hlavnimi emisnimi zdroji suspendovanych
Castic i v ostatnich regionech, zde pristupuji i dalS$i vyznamné zdroje jako hutni primysl
a prumysl paliv. K zatiZeni této oblasti rovnéz vyznamnou mérou prispiva regionalni prenos ze
zdroja v Polsku, predevsim ze silné industrializované oblasti Katovic. Moravskoslezska oblast na
obou stranach cesko - polské hranice patfi z pohledu suspendovanych ¢astic mezi nejvice
zatizené oblasti v Evropé (5). ZObr. 4 vyplyva rozdilny trend mezi Moravskoslezskou
aglomeraci (SV oblast) a dal$imi industrializovanymi oblastmi Ceské republiky.
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Obr 4: Trend primérnych koncentraci PMo v aglomeracich (1996-2012).
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Koncentrace PMyo v zimé jsou v priméru o 20 pg.m3 vy

Vv v

SS1 nez

1été. Nejvyraznéjsi sezénni

variabilita je na méstskych stanicich, naopak na regionalnich stanicich je ro¢ni chod nevyrazny

(Obr. 5).
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Obr. 5: Primérny ro¢ni chod koncentraci PM1o na rtiznych typech stanic (1996-2012).

Uroven zne¢isténi ovzdusi ¢asticemi frakce PM1o v hlavnich aglomeracich je srovnatelna
vteplé casti roku, naopak vzimnim obdobi je zretelny rozdil mezi moravsko-slezskou
aglomeraci (SV oblast), kde jsou vchladném obdobi casto prekracovany kritické hodnoty,

a ostatnimi aglomeracemi (Obr. 6).
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Obr. 6: Primérny ro¢ni chod koncentraci PM1o v aglomeracich (1996-2012).
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Koncentrace PM1p na méstskych stanicich vykazuji zretelny denni chod s maximalnimi
hodnotami v dopravnich Spickach rano a veCer. Denni variabilita je kromé denniho chodu emisi
(doprava, lokalni topenisté) urcovana i rozptylovymi podminkami. Situace na predméstskych
stanicich je podobnd méstskym podminkam s tim, Zze denni chod zde neni tak vyrazny. Pouze
minimalni denni rozdily jsou na regionalni Grovni (Obr. 7). Obr. 8 jasné ukazuje vyrazny rozdil
koncentraci PMo v rannich a veCernich $pickdch mezi ostravsko-karvinskou oblasti a ostatnimi
aglomeracemi.

50

=m=dopravni =ae=méstskd =+=piedméstskd =e=zemédélskd -—regionalni

40

30

ZO.W

10

koncentrace [pug.m?]

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
hodiny

Obr. 7: Primérny denni chod koncentraci PM1o na rznych typech stanic (1996-2012).
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Obr. 8: Primérny denni chod koncentraci PM1o (1996-2012) v aglomeracich (ug.m3).

Vroce 2005 byl vsouladu s doporuc¢enimi direktivy EU 1999/30 zahdjen monitoring
frakce PM;;s. Prevladajicim zdrojem emisi frakce PM,s jsou spalovaci procesy, produkujici jak
primarni Castice, které vznikaji kondenzaci horkych plynt a par, tak sekundarni Castice,
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vznikajici v disledku chemickych reakci mezi plynnymi slozkami a kondenzaci horkych plynt
a par. Trendy primérnych ro¢nich koncentraci na jednotlivych typech stanic jsou prezentovany
na Obr. 9. Je znéj patrny pokles koncentraci do roku 2007 na vSech typech stanic. V dalSich
letech az do konce sledovaného obdobi se ro¢ni priméry pohybovaly mezi 15-20 pg.m-3 na
dopravnich stanicich, na méstskych a predméstskych stanicich mezi 20-25 pg.m-3 bez ziretelného
trendu. Koncentrace na pozadové stanici byly v priméru o 5 pg.m-3 nizsi nez na piiméstskych
stanicich a trend zde byl po celé obdobi 2005-2012 nejméné vyrazny. Regiondlni inkrement
znecisténi jemnou frakci PMz s byl po celé sledované obdobi priblizné 15 pg.m-3.
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Obr. 9: Trend primérnych koncentraci PMzs na rtznych typech stanic (2005-2012).
Roc¢ni chod na riiznych typech stanic je jeSté vyraznéjsi nez v pripadé PMio (Obr. 10) s tim, Ze
v letnim obdobi nejsou patrné rozdily mezi jednotlivymi typy stanic.
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Obr. 10: Primérny roc¢ni chod koncentraci PM;s na riznych typech stanic (2005-2012).
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Obr. 11: Primérny denni chod koncentraci PM;s na rtiznych typech stanic (2005-2012).

Dennf variabilita koncentraci PM;s vykazuje stejné rysy jako v pripadé PMio (Obr. 11). Rozdily
mezi situaci v ostravsko-karvinském regionu a dal$imi aglomeracemi jsou v tomto pripadé jesté
vyssi (Obr. 12).
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Obr. 12: Primérny denni chod koncentraci PM;s v aglomeracich (2005-2012).
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Obr.13: Priimérny ro¢ni chod podilu PMzs na PM1o na riiznych typech stanic (2005-2012).

Podil frakce PM;s na PMjo (Obr. 13) vykazuje ro¢ni chod s maximy v zimnich mésicich,
vyjimku tvoii stanice KoSetice, kterd zde reprezentuje pozadovy typ stanic. V tomto pripadé
priimérna hodnota podilu frakci PMzs a PMio dosahuje maxim v ¢ervnu a cervenci, vysoké
hodnoty jsou registrovany také v listopadu a prosinci.

ZAVER

Ve sledovaném obdobi byl registrovan pokles koncentraci PM1o na vSech typech stanic.
Tento trend byl ale doCasné zastaven na zacatku nového tisicileti, koncentrace mirné stoupaly
arozdily mezi jednotlivymi typy stanic se snizovaly. Tato tendence kulminovala v roce 2003, ale
az do roku 2006 jsme byly registrovany vyssi ro¢ni primérné hodnoty nez v roce 1998. Po roce
2007 pramérné roc¢ni koncentrace PM1o na vSech typech stanic poklesly a vratily se na uroven
prelomu tisicileti.

Nejvaznéjsi situace zplsobend suspendovanymi Casticemi je v Moravskoslezském
regionu kde k emisim z dopravy a lokalnim zdrojim, které jsou hlavnimi emisnimi zdroji
suspendovanych ¢astic i v ostatnich regionech, ptistupuji i dal$i vyznamné zdroje jako hutni
primysl a primysl paliv. Vyznamnym faktorem je zde regionalni transport znecisténi ze zdrojt
v Polsku, predevsim ze silné industrializované oblasti Katovic.

Uroveii znecisténi ovzdusi ¢asticemi frakce PMyo v hlavnich aglomeracich je srovnatelna
vteplé casti roku, naopak vzimnim obdobi je zretelny rozdil mezi moravsko-slezskou
aglomeraci, kde jsou vchladném obdobi Casto prekracovany kritické hodnoty, a ostatnimi
aglomeracemi.

Koncentrace PMio na méstskych stanicich vykazuji zretelny denni chod s maximalnimi
hodnotami v dopravnich $pickach rano a vecCer. Denni variabilita je kromé denniho chodu emisi
(doprava, lokalni topenisté) urcovana i rozptylovymi podminkami. Situace na piredméstskych
stanicich je podobnd méstskym podminkam s tim, Ze denni chod zde neni tak vyrazny. Pouze
minimalni denni rozdily jsou registrovany na regionaln{ trovni.
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Monitoring frakce jemné PM,s byl zahajen vroce 2005 vsouladu s doporucenimi
direktivy EU 1999/30. Sestupna tendence primeérnych rocnich koncentraci charakterizuje
obdobi do roku 2007, poté se udroven stabilizovala na hodnotdch mezi 15-20 pg.m3 na
dopravnich stanicich, na méstskych a predmeéstskych stanicich mezi 20-25 pg.m-3 bez zretelného
trendu. Regiondlni inkrement zneciSténi jemnou frakci PM,s byl po celé sledované obdobi
ptiblizné 15 pg.m-=3.

Rocni chod na riznych typech stanic je jeSté vyraznéjsi nez v piipadé PMio s tim, Ze
v letnim obdobi nejsou patrné rozdily mezi jednotlivymi typy stanic.

Pomér frakce PM2s na PMio vykazuje ro¢ni chod s maximy v zimnim obdobi, vyjimku
tvori stanice reprezentujici pozad'ovy typ stanic, kde je ro¢ni chod opac¢ného charakteru nez
u ostatnich typu stanic.
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SUMMARY

This experimental work aims to professional exposure assessment - cadmium and nickel dose
estimation by means of determination of chemical composition of welding fumes particles in
occupational atmosphere, fractionated into 12 fractions ranging from ~ 2 nm to 35 pm, with
respect to different welding methods and materials used. Battery of monitoring and sampling
methods utilizing ICP -MS analyses of samples, nephelometry, gravimetry, particle counting
based on electrical mobility and SEM - EDAX method has been exploited for workplace
monitoring of three welding posts.

UvoD

Prace se zabyva srovnanim obsahu toxickych kovi vemisich svarecskych dymi
v pracovnim ovzdu$i tf{ vybranych pracovist. Vzhledem k variabilité svarecskych metod
a vstupnich materiald do procesu svaifovani je produkce nezdmérné emitovanych aerosoll
znacné rozdilnd jak zhlediska velikostni distribuce castic aerosolu, tak jejich chemického
sloZzeni. Cilem experimentu je odhadnout zdravotni riziko vyplyvajici z profesionalni expozice
dymim na vybranych pracovistich na zakladé expozi¢ni davky jednotlivych kovi, ziskané
frakcionaci aerosolu do 12 velikostnich skupin vrozmezi ~ 2 nm az 35 pum, pricemz zajem je
soustiedén zejména na Castice ultrajemné frakce dymi vzhledem k toxicité (v ptripadé kadmia
rovnéZ karcinogenité) téchto kovli a uvazované odlisné distribuci kovli vlidském organizmu
souvisejici s velikosti ¢astic pronikajicich inhala¢ni cestou do organizmu.

MERENI

Méreni bylo provedeno na trech vybranych pracovnich mistech vyrobce Ni-Cd
akumulatorti, a to pri vyrobé kladnych a zapornych desek akumulatorti a v misté svairovani
ocelovych oballi akumulatort z uslechtilé oceli. Vzorky ovzdusi pro nasledny odhad expozi¢ni
davky byly odebrany z hlediska prostorového uspoiadani standardnim zplsobem v dychaci
zoné sedicich pracovnikli, zaroven byla monitorovana celkova koncentrace aerosolu
nefelometrem, proveden odbér respirabilni frakce aerosolu pro gravimetrické zhodnoceni,
odbér vzorku ovzdusi pro mikroskopickou analyzu zachycenych objektti metodou SEM - EDAX
a monitoring pocetni koncentrace €astic a velikostni distribuce €astic v rozmezi 5 - 500 nm
spektrometrem - pocitacem ¢astic se sekundovou odezvou. Soucasti méreni byl monitoring
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pozadi vyrobnich hal, ve kterych méreni probihala, s ohledem na sled dil¢ich vyrobnich krokt
amoznost ovlivnéni vysledkli a nasledné inhala¢ni expozice hrubymi prachovymi ¢asticemi
z pripravnych operaci vyroby.

Minimal Maximal
Stage No.l diameter = diameter Substrate

IJr|'|ir| (um) Dmu (um)

glass slide
glass slide
glass slide
glass slide
glass slide
glass slide
0,5 glassslide

Tab. 1: Prehled velikostnich frakci aerosolu 0,25  FFfilter
vzorkovanych  impaktorem/difzni  celou LRI GrEm e

. vers v 0,015 nylon net
(NanolID, PMS, UK) a medii pouzitych pro odbér 0,005 nylon net
jednotlivych frakci 0,0015  nylonnet

Element Weight % Atomic & Net Int. Net Int. Error
CK 24.75 62.27 153.95 0.02
oK 10.32 19.49 23.28 0.07

CdL 62.29 16.75 594.85 0.01

fivaliig KK 0.52 0.4 9.44 0.49

NiK 213 1.09 11.42 0.34

Obr. 1: Priklad hrubych castic vyskytujich se v pracovnim ovzdusi haly (SEM-EDAX, zvétseni
20000 x)
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Obr. 2: Priklad prtbéhu celkové koncentrace aerosolu (5.6 - 560 nm) s typickou pocetni
distribuci (60 sek primérovani) podle velikosti Castic na pracovisti svarovani oceli

(v souhrnnych vysledcich jsou priibéhy koncentraci dil¢ich frakci vyhlazeny a upraveny pomoci
modulu ARIMA).
VYSLEDKY A DISKUZE

Pracovni ovzdusi, kde byly v ramci experimentu odebirany vzorky, je provozovatelem
dlouhodobé monitorovano s ohledem na pozadavky organu dozoru verejného zdravi a platné
legislativy. Tato stanovuje limitni hodnoty poletavych aerosolt a kovti, pficemz analyzy na obsah
zachyceného vzorku prachu jsou smérovany k inhalabilni (celkové) frakci prachu. Na zakladé
pozadavku na postupnou Upravu méficich postupti a hodnoceni namérenych koncentraci kovii
soustiredénych do respirabilni frakce prachu byl monitoring v ramci méreni obdobné zaméten
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na pribéh respirabilni frakce prachu predrazenim cyklonového odlucovace vzorkovaci hlavici
nefelometru a gravimetrickd vySetfeni byla také provedena na vzorcich respirabilni frakce
prachu. Pribéh optického méreni je na piikladu dokumentovan na obr. 3, u méteni se potvrdil
predpoklad velmi nizkych koncentraci castic poletavého aerosolu zastoupenych v respirabilni
frakci oscilujicich kolem nuly, coZz ve svém dusledku vede k obtizné kalibraci nefelometru
gravimetrickym méfenim a v podstaté tuto metodu pro dal$i hodnoceni vylucuje. Hodnoty
koncentraci inhalabilni frakce a respirabilni frakce z vazkovych méreni jsou rovnéz velmi nizké
(provozovatel pracovist uplatiiuje jako preventivni opatreni intenzivni vétrani a odsavani emisi
jednotlivych vyrobnich operaci), rozsah naméfenych hodnot je vrozmezi 0,18 - 0,27 mg.m-3
s nejistotou pridruzenou vysledku * 20%. Obsah jednotlivych prvka (Cd, Ni) ve vzorcich
poletavého prachu se v posledni dekadé€ pohybuje na drovni 0,0000x az 0,0x mg.m -3+ 20 %., tzn.
v Sirokém rozpéti od hodnot o 3 rady nizsich, neZ jsou stanovené pripustné expozicni limity
anejvyssi pripustné koncentrace, do koncentraci na drovni limitnich hodnot. Frakcionace
aerosolu s presnym stanoveni kovii metodou ICP - MS ve 12 velikostnich frakcich aerosolu
(uvedenych vtab. 1) odebranych samplerem NanolD je podkladem pro zpiesnéni odhadu
majoritniho podilu kovi v jednotlivych frakcich pro nasledny vypocet expozicni davky (ICRP,
1994). Prozatim nevyreSenou otazkou zatim zlstava kvantifikace chemického slozeni hmoty
tvorici prevaznou cast celkového prachu, pri uvazeni obsahu kovii a znamém slozeni chemikalii
vstupujicich do vyroby. Vzhledem Kk vstiebavani a metabolismu obou kovl je dominantnim
predmétem zajmu ultrajemna frakce aerosolu velikosti ¢astic do 100 nm a stanoveni hmotnostni
koncentrace Cd a Ni ve CtyCech dil¢ich frakcich do 60 nm. Dale pak frakce velikosti ¢astic 0,5 - 1
um a frakce velikosti 2 - 4 a 4 - 8 um, kde pti udavané relativné nizké teploté v misté svaru cca
1500°C pti odporovém svarovani a bodovani lze oCekavat rovnéz vyrazné zastoupeni emisi
Castic kondenzovanych z par odpareného kovu a podilu pevnych ¢astic vzniklych ochlazenim
kapek roztaveného kovu emitovanych od mista svaru. Podrobné srovnani slozeni frakci vzorkt
ovzdusi jednotlivych svarovacich technologii je predmétem sdéleni na konferenci. Jak vyplyva
z upravenych vysledki méfeni poctu a distribuce Castic spektrometrem elektrické mobility
castic (FMPS 3091, TSI), lze ocekavat majoritni zastoupeni (vyjadiené poctem) Castic v oblasti
10 az 30 nm, na obr. 4 je priklad zmén priibéhu celkové pocetni koncentrace ¢astic v rozsahu 5,6
do 560 nm, upraveno pomoci modulu ARIMA s ohledem na vyskyt autokorelace ¢asovych rad
mérenych spektrometrem FMPS.
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Obr. 3: Pribéh koncentrace respirabilni frakce aerosolu, vzorek 25.7. 2013, svarovani desek Cd
(-), (nefelometr Microdust L.S., Casella)
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Obr. 4: Pribéh koncentrace vybranych frakci (stfedy velikostnich trid 9, 29, 340nm), upraveno
s pouZzitim autoregrese a plovoucich priméra (ARIMA) u casovych rad pocetnich koncentraci,
kde se testovanim potvrdila autokorelace), ptivodni pribéh hrubych dat cervené, vyhlazeny
priibéh zelené

ZAVERY

Byly provedeny odbéry vzorkid ovzdusi s naslednou analyzou kovd, jako podklad pro
odhad rizika svarec¢skych dyml v pracovnim ovzdu$i u vybranych svarovacich technologii.
Vzorkovani bylo doplnéno monitoringem vybranych frakci poletavého aerosolu s vyuZitim
metod zaloZenych na gravimetrii, rozptylu svétla a elektrické mobilité ¢astic aerosolu pro
kvantifikaci parametri aerosolu vcCase, a dale metody SEM-EDAX pro zobrazeni castic
a stanoveni chemického sloZeni vzorkovaného materialu pred vlastni analyzou metodou ICP-MS.
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SUMMARY

This work summarizes some cases of measure and evaluation of fraction PMj, in indoor
environment and workpalce. Dust was analyzed by laser analyzer Grimm. Sampling was done by
filter PTFE with flow rate 1,2 1.min-1. To evaluate was selected mode for environment.

UvoD

Prasnost predstavuje vyznamné riziko kvality vnitorného ovzdusia. Su to drobné castice
pevnych materidlov rozptylené v ovzdusi alebo usadené na predmetoch, pricom za skodlivy sa
povaZzuje kazdy prach, ktorého koncentracia v dychacej zéne prekro¢i adaptatné moznosti
organizmu (Agova, 1993). Vznikajt pri vitani, mleti, opracovani réznych pevnych materialov, pri
spal'ovani v energetike, vykurovani v domacnostiach a z dopravy - ta sposobuje aj virenie uz
usadenych castic na zemskom povrchu do ovzduSia - sekundarna prasnost. V tejto praci je
zhrnutych niekol'ko pripadov merania a hodnotenia frakcie PMjp vo vndtornom a pracovnom
prostredi.

MERANIE

Na objektivizaciu prasnosti vo vnitornom a pracovnom prostredi bol pouzity laserovy
prachomer a analyzator Castic od fy Grimm typ 1.108, ktory automaticky registruje zmeny
pocetnosti prachovych castic i rozdelenie prachu do jednotlivych frakcii. Odber bol realizovany
na filter PTFE prietokovou rychlostou 1,2 L min-t. K vyhodnoteniu bol zvoleny méd pre Zivotné
prostredie, ktory rozdel'uje vzorku do 4 hmotnostnych kanalov podl'a vel'kosti ¢astic — TSP, PMy,
PM;s5 aPMi. Meranie bolo zaznamenané do pamaite pristroja a vyhodnotené pomocou
zabudovaného softwaru. Na hodnotenie vysledkov merani sme pouzili Vyhlasku MZ SR ¢.
259/2008 Z.z.

VYSLEDKY
A. PoZiadavka na meranie prasnosti - frakcie PMo v divadle bola na zaklade staZnosti
pracovnikov na nevhodné pracovné podmienky pri vykone povolania. Meranie sa vykonalo na

javiskach: opernej scény, Cinohry, Stidia pocCas predstavenia a na skiSobnom javisku pocas
skasky. Vysledky su uvedené v tab.1
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TSP PM 10 Con
VIL] odberové miesto
[ngm3 ] [ng.m3 ] [ngm3]
51 | opermascenas 198,38 61,6 22,9
pocas predstavenia
P
243,6 | MoTe _ 1912 98,2 36,8
pocas predstavenia
151, | opernascena= 4642 2082 52
pocas predstavenia
i
285, |JaVISKOstuda= 140,5 65,9 24,7
pocas predstavenia
82.8 skl'iéobné, iavisko opery 1380 1380 518
pocas skusky

Tab.1: Namerané vysledky frakcie prasnosti PMo - divadlo
Cm = celozmenova koncentracia vo vztahu na 8 hodinovy referencny interval

B. Na zaklade objednavky spolo¢nosti obchodnych retazcov sa uskutolnilo meranie
prasnosti ako dopad prasnosti a vyfukovych splodin na objekte Skoly, nakol'’ko parkovisko tejto
spoloCnosti je umiestnené asi 2 m od fasady Skoly. Merania sa uskutocnili na troch odberovych
miestach

e prifasade Skoly naproti parkovisku,

e na prizemi ZS v triede &. 8 - okna situované na parkovisko

e naprvom poschodi SS v triede &. 18 - okna situované na parkovisko.
Pocas merania boli otvorené vSetky oknad vobidvoch miestnostiach. Merania sa vykonali
v ¢asovom rozmedzi od 7.30 do 13.30 h. Pocas tejto doby bol maximalny pocet dut na parkovisku
25.

Lo TSP PM1o
odberové miesto
pg.m3 pgm3
m.C.1- fasa
E)db m.¢ p_red asadou 393 1838
Skoly (pozadie) -0 7.30 h
Odb.m.c.2- prizemie trieda C.
VIII-8.30 h 668 21,9
0db.m.c.3 - poschodie trieda
45,3 19,2
¢.18-9.30h ’ ’
.m.¢.1 - fasa
E)db m.¢ p'red asadou 683 247
Skoly (pozadie) - 010.30 h
Odb.m.c.2- prizemie trieda C.
55,7 19,0
VIII-11.30 h ’ ’
0db.m.c.3 - poschodie trieda
¢.18-1230h 408 14,6

Tab.2: Namerané vysledky frakcie prasnosti PMo - Skola

Namerané vysledky frakcie PM1o su v sulade s NPH pre vntitorné ovzdusie.
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Namerané vysledky (uvedené vtab.2) sa porovnavali so stiCasne meranym pozadim.
Koncentracia PMip merana pred fasddou budovy (pozadie) v druhej vzorke stupla 1,3 krat
(z 18,8 na 24,7 pug.m=3). Koncentracie PMyo v miestnosti na prizemi ZS boli v oboch meraniach
priblizne na rovnakej koncentra¢nej arovni (19,0 az 21,9 pg.m3), v porovnani s pozadim boli
mierne zniZené. Koncentracie PMio v miestnosti na poschodi (Stredna $kola) boli v porovnani
s pozadim niZSie (14,6 - 19,2 ug.m3).

C. Vramci projektu ,Meranie a hodnotenie expozicie deti vystavenych Skodlivinam vo
vnutornom ovzdusi materskych $ko6l“ sa uskutocnilo aj meranie frakcie PMjo. (Kolenova, 2013).
Vyber materskych $kol na objektivizaciu Skodlivin zabezpelil odbor hygieny deti a mladeZe
(HDM) na na$om turade. Jednu skupinu tvorili MS umiestnené v hor$om prostredi - v blizkosti
rusnych komunikdcii alebo kriZovatiek. Budovy boli postavené v 60 - rokoch. Druht skupinu
tvorili materské skoly umiestnené na sidliskach, mimo rusnych komunikacii s dostatkom zelene.
Tieto materské Skoly boli postavené v rokoch 1972 - 2010. ISlo 0 2 aZ 5 triedne materské Skoly
s poc¢tom detf od 38 do 122. Meranie sa uskutocnilo vo vybranej triede v herni a v spalni.

Namerané vysledky frakcie prasnosti PMio si uvedené v Tabulke ¢. 3 av grafickom
prevedeni v Grafe ¢. 1. Frakcie prasnosti PM1o v herniach nie su v sulade s limitnou hodnotou
(LH) pre vnatorné ovzdusie ( jedna vyhovujica) a frakcie PMio v spalilach st v salade s LH pre
vnutorné ovzdusie v spaliiach (2 nevyhoveli).

skolka pra§vnost' [ug:rr1-3]

herna spalia
29. augusta 124,6 41,1
Beskydska 368 73,4
Groslingova 72,7 28,2
Feriencikova 127,1 21,9
Spitalska 97,9 77,3
Pivonkova 81,7 48,4
Bradacova 32,1 34,7
Ladislava Saru 75,2 27,5
Peknikova 90,7 28,3
Pod Rovnicami 132,7 28,1
Koniarkova 85,1 42,8

Tab ¢. 3: Prasnost vo vnutornom prostredi - materské Skoly
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Graf ¢. 1: Prasnost - frakcia PM1g

D. Meranie prasnosti sa vykonalo na zaklade objednavky firmy v objekte staZovatela asi
3 m od objektu $rotovne. Srotoviia je v ¢innosti od 7.00 do 15.00 h. Pracovna ¢innost $rotovanie,
mieSanie krmnych zmesi a vrecovanie sa vykonava striedavo nakol'ko pracu vykonavaju iba
2 pracovnici. Pracovna cinnost pri obsluhe Srotovnika je asi 4 h. PoCas merania bol Srotovaci
stroj v ¢innosti. Vetranie Srotovne je zabezpecené 2 ventilatormi, ktoré si umiestnené v stene
objektu zo strany stazZovatela.

odberové miesto TSP PM 10
odber v objekte staZovatela 33,7 ug.m-3 8,4 ng.m-3

odber v objekte stazovatel'a

75,8 ng.m-3 13,0 ug.m-3
(pocas merania Srotovnik v ¢innosti) Hg-m Hg-m

Tab ¢. 4: Prasnost v objekte Srotovne
ZAVER

Na zaklade vysledkov naSich merani boli navrhnuté preventivne opatrenia na zlepSenie
vnitorného prostredia. VMS napriklad: preferovat lokality s minimalnymi zdrojmi
znecCistovania, pri vybere interiérovych materialov zvazit vyber podlahovych krytin, zabezpecit
vhodny rezim upratovania a primerany rezim vetrania pocas celého dna. Niektoré poziadavky zo
strany stazovatel'a sa ukazali ako neopodstatnené.
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SUMMARY

Particulate matter (PM) and gaseous pollutants in libraries and archives can be harmful for
materials stored there. The study includes indoor/outdoor monitoring of air quality in
4 archives, which representing different outdoor environments: Zlata Koruna (rural), Trebon
(small city), Teplice (industrial area), and Prague (large city with traffic). The aim of this study is
to investigate concentrations and sources of airborne PM and gaseous pollutants in the indoor
environment of the archives, and to establish the relationship between the indoor and outdoor
environment. The results indicated outdoor air as the most probable source of particles in the
indoor environment of naturally ventilated archives at Zlata Koruna, Tfebon and Teplice. The
concentrations in the indoor environment in Prague are relatively constant and low, because the
archive is equipped with a sophisticated filtration system.

UvoD

Znecisténi vnitiniho ovzdusi vystavnich salli predstavuje zavazné riziko pro zde ulozené
predméty. Castice primarné znecistuji povrchy predmétd, ale hrubsi ¢astice byvaji abrasivni
a pri manipulaci mohou napomahat mechanickym poskozenim. Jemné castice pak mohou byt
acidické nebo alkalické povahy a byvaji téZ hygroskopické. Vzhledem ke své velikosti mohou
pronikat mezi stranky knih, kde jsou dale deponovany a vedle chemické degradace mohou

zplsobovat také navlhani pii zménach relativni vlhkosti (Hatchfield, 2005).
MEREN]

Tento projekt zahrnuje monitoring kvality ovzdusi ve vnitfnim a vnéjSim prostiredi ve
Ctyrech vybranych lokalitach, kterymi jsou depozitar Jihoc¢eské knihovny na Zlaté Koruné, Statni
oblastni archiv Trebon, knihovna v Regionalnim muzeu v Teplicich a Narodni archiv v Praze.
Tyto lokality reprezentuji jednotlivd venkovni prostfedi: mala obec, malé mésto s turistickou
sezonou, primyslova oblast a velké mésto s dopravnim zatizenim. Ve vSech lokalitach probihaji
vzdy C¢tyri intenzivni mérici kampané v riznych roc¢nich obdobich, v pribéhu kterych jsou
sledovany distribuce pocetni a hmotnostni koncentrace ¢astic ve vnitinim a vnéjSim prostiredi
ajejich chemické slozeni. Zaroven zde probiha dlouhodobé méfeni koncentraci plynnych
polutantd (NOz, SO, 03, NHs, HNOs, kyseliny mravenci a octova) a celkové korozivity prostiedi.
Archiv v Treboni nema Zadnym topnym ani ventila¢nim systémem a okna jsou pouze
jednoduchd. Depozitare na Zlaté Koruné a v Teplicich jsou vybaveny topenim a dvojitymi okny.
Archiv Praze je vybaven filtra¢nim systémem s uzavienym okruhem cirkulace a je snaha o jeho
hermetické uzavieni vii¢i okolnimu prostredi. Z tohoto diivodu zde bylo mozné sledovat pouze
vnitini koncentrace ¢astic.
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VYSLEDKY

Vysledky ukazaly ve vSech sledovanych lokalitach absenci vyznamnéjsiho vnitiniho
zdroje Castic. V Treboni, Teplicich a na Zlaté Koruné byly koncentrace ve vnitinim prostredi
urcovany predevsim penetraci ¢astic z vnéjSiho ovzdusi a koncentrace ve vnitfnim prostredi se
pohybovaly radové okolo 103 ¢astic/cm3. Z obrazku 1 je patrné, Ze nejsnadnéji z vnéjsitho do
vnitiniho prostiedi pronikaly Castice o velikosti 0,1-1 BIm. V Treboni byla penetrace nejvyssi
Ta se ukazala v Tieboni v priméru tiikrat vys$si nez na Zlaté Koruné a Ctyrikrat vyssi nez
v Teplicich. Vnitfni koncentrace ¢astic v Praze byly pomérné konstantni a predstavovaly radové

vV

venkovniho prostiedi.
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Obr. 1: Pomér primérnych vnitinich a vnéjSich pocetnich koncentraci Castic v zavislosti na
velikosti ¢astice v Ttreboni, Teplicich a na Zlaté Koruné v pribéhu jarni kampané.

ZAVERY

Vysledky ukazaly, Ze v archivech s ptirozenou ventilaci vzduchu, kterych je v Ceské
republice prevazna vétSina, ma velky vliv na zneci$téni vnitiniho prostifedi troven kvality
vnéjSiho ovzdusi. I zde je vSak patrné, Ze alespon dobfie tésnici dvojita okna a topny systém ma
vyznamny vliv na zneci$téni vnitiniho prostiredi c¢asticemi. AvSak nizka ventilace vnitiniho
prostiedi zpiisobuje navySeni koncentraci polutantli emitovanych ve vnitfnim prostredi.
V knihovnach jsou typickym piikladem plynné kyseliny mravenc¢i a octova, produkované
rozkladem celul6zy, jejichz koncentrace byly v archivu Teplicich primérné témér desetkrat
vys$S$i nez v Tieboni. NejlepSim zptsobem uloZeni archivalii se dle predpokladu jevi depozitar se
sofistikovanym filtra¢cnim systémem, jaky ma archiv v Praze. Takové opatieni si vSak vyZaduje
znacné financni prostiedky a i zde neni zcela vyreSen problém s produkci vnitinich polutantt.
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SUMMARY

The dust in the vicinity of roads is a major problem in air pollution. There is a problem especially
in cities with a dense network of urban roads and heavy traffic's intensity. The mass of
particulates in the atmosphere include particulate matter of different origins, different sizes,
with different chemical composition. Characteristics of particulate predetermine their residence
time in the air, their long-range capability and especially their harmfulness to the environment
and human health. Chemical composition of solid particles is a determining factor in the harm to
the human body. Based on the chemical composition it is possible to estimate the primary
source of particulate matter. The subject of monitoring by law in Slovakia are the following
elements: As, Cd, Hg, Pb and Ni. Particulate matter, however, bind a wide variety of chemical
compounds and elements. These can help us to determinate their origin. Departure of Highway
Engineering of the Faculty of Civil Engineering by the University of Zilina has taken a part in an
project, that aims the monitoring of formation of dust particles from road transport depending
on road surface and traffic intensity. During the project the monitoring was focused to
measurement various fractions of particulate matter and 17 heavy metals.

UvoD

Tazké kovy patria medzi zakladné skupiny kontaminujicich latok, ktoré sa sleduji
vréznych zlozkdch Zivotného prostredia. Ide o pomerne rozsiahlu skupinu kontaminantov,
ktoré sa vyznacuju variabilnymi zdrojmi svojho pévodu a v mnohych pripadoch aj réznymi
nazormi odbornej verejnosti na ich pésobenie na zdravotny stav obyvatel'stva.

Predmetom monitoringu podl'a zdkona [Zakon ¢. 137/2010 Z. z.] sa prvky: As, Cd, Hg, Pb
a Ni. Tieto sa vSeobecne povazuju za najSkodlivejsie pre I'udi a zvierata. Ich limity stanovuje
vyhlaSka [Vyhlaska ¢. 360/2010 Z. z.]. Nebezpecné moézu byt aj niektoré d’alSie prvky, ktoré su
vmalom mnoZstve v pddach a rastlinich potrebné, ked sa vSak nahromadia vo velkom
mnozstve, mozZu posobit eSte toxickejSie nez skor uvedené prvky. Takto sa mozu prejavit: Cr, Co,
Sn, Sb, Cu, Ni, Ag, Au, Zn, Mo, V, Mn, Fe a d'alSie [Duria, 2003].

Tieto prvky sa viaZzu na jemné astice aerosélov. Tazké kovy sa dostavajii do Zivotného
prostredia cestou prirodnych a antropogénnych procesov. Prirodné zdroje zahriiuju in situ
zvetravacie procesy a atmosféricka depoziciu kovov, oceanické procesy a vulkanické erupcie.
Antropogénne zdroje zahriiuju spal'ovanie fosilnych paliv na vyrobu elektrickej energie, tazbu
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a spracovanie rud, priemyselné procesy, polnohospodarske aktivity a neustdle sa zvySujicu
prevadzku motorovych vozidiel.

Obsahy a zastupenie vybranych tazkych kovov v jednotlivych frakciach pevnych castic
moZu byt rozdielne. Suvisi to predovSetkym s po6vodom vzniku pevnych Castic, pricCom z ré6znych
zdrojov tychto Castic mézu byt produkované rdézne velkosti Castic. Kazdy z tychto moznych
zdrojov je producentom niektorych, pre neho majoritnych chemickych prvkov - kovov, ktoré
moZe obsahovat. Prislusné chemické latky (prvky - kovy) predstavuju markery daného zdroja
a suvisia spolu.

Pohl'ad na rozbor zastipenia vybranych tazkych kovov v jednotlivych frakciach PM nam
moze priblizit profil skladby chemického zloZenia vySetrovanych frakcii PM s mozZnostou
priblizného urcenia ich pévodu.

MERANIE

Merania pevnych castic boli uskutociiované vrokoch 2010 aZz 2013 pri mestskej
komunikécii v Ziline, ktora je jednou z hlavnych mestskych radial, pravidelne 4-krat do roka
(Obr. 1). Cielom bolo dlhodobé sledovanie pomerného zastipenia tuhych castic v ovzdusi a ich
spravanie sa vzhl'adom na okolité podmienky. V druhej faze projektu sa realizoval chemicky
rozbor tuhych ¢astic a ur€enie ich moZného zdroja.

Obr. 1: Meracie stanoviste, ulica V. Spanyola (RUVZ - Regionalny ustav verejného zdravotnictva)

Pre zistovanie mnozZstva pevnych Castic v ovzdusi bola pouzivana referencna metdéda
podla [STN EN 12341] a [STN EN 14907]. Na meranie boli pouzivané nizko objemové
prietokové vzorkovace LECKEL LVS3 v pocte 3 kusy (Obr. 1.). Sibezne boli merané tri frakcie
tuhych castic PM1o, PM25 a PM1o. Boli zachytavané na nitrocelulézové filtre priemeru 47 mm
a gravimetricky vyhodnocované.

Monitorovanie ovzdusia pozdiZ cestnej komunikacie prebiehalo v tyZdennych meracich
cykloch.

Chemické analyzy na zistenie obsahu vybranych tazkych kovov boli vykonané na
frakciach pevnych castic PM1o, PMy5, PM1. Zistovana bola pritomnost nasledovnych 15 tazkych
kovov: Na, Mg, Al, V, Fe, Mn, Ni, Cu, Zn, As, Mo, Sb, Cd, Ba, Pb.

Na identifikaciu alebo stanovenie pritomnej chemickej formy sledovaného prvku vo
vzorke tuhych ¢astic boli vyuzité spektroskopické metddy. Rozbory filtrov a stanovenie kovov vo
frakciach PM sa realizovali podl'a normy [STN EN 14902].
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Pred stanovenim anorganickych Skodlivin boli exponované filtre rozloZené zmesou
kyselin (HNOs; a HF) a oxida¢nych cCinidiel s naslednym stanovenim metédou hmotnostnej
spektrometrie sinduk¢ne viazanou plazmou ICP MS (Perkin-Elmer ELAN 6000 -USA)
v spolupraci s Prirodovedeckou fakultou Univerzity Komenského v Bratislave [Bujdos a kol,,
2012].

VYSLEDKY

K analyze previazanosti vybranych tazkych kovov sjednotlivymi frakciami PM
avzajomnej previazanosti, boli pouZité vstupné matice prislusné kdanym frakciam PM
pozostavajice zo 16 premennych a 54 pripadov (meranf). Data predstavovali koncentracie
tazkych kovov v ng/m3 v prislusnej frakcii PM a koncentracie PM v pg/m3 (Tab. 1).

Na Mg Al \% Fe Mn | Ni Cu Zn As Mo |Sb Ccd Ba Pb PM1

107,94 | 536,94 | 32,39 | 0,06 [ 96,29 |7,41 (0,30 |18,40|142,14|0,92 {0,27 |1,55 |0,71 | 2,30 | 16,46 |43,34

61,07 |423,21|22,44|0,06 |54,33(3,88 |0,06 |16,42|85,72 (0,32 |0,20 1,01 0,23 |1,65 |507 |23,58

68,53 |498,62(29,86|0,06 |51,53|3,12 | 0,54 |16,22|85,58 (0,16 |0,16 |0,77 (0,19 |2,13 | 3,58 |25,49

68,62 | 43591 |34,55|0,06 {9844 |7,56 |0,95 |19,57|169,58 7,23 |0,32 |2,01 (0,83 |7,35 |16,28|47,64

69,07 |545,69|34,57(0,39 | 7541|324 |0,47 |13,42|148,25|6,88 |0,26 |1,71 [0,62 |3,15 |11,63|42,15

22,15 |8,74 6,41 |0,10 | 66,94|2,90 (0,06 |555 |30,68 |046 0,24 |0,60 |0,23 |0,65 |10,89]|13,35

13,94 |5,04 6,27 (0,20 |29,44|2,19 (0,06 [399 |10,90 |0,75 |0,11 |092 |0,10 | 0,45 |554 |14,78

19,05 |4,28 6,98 [0,06 |30,43|2,46 (0,06 [1,53 |9,21 0,18 (0,07 (0,77 [0,04 |0,38 |2,08 |975

Tab. 1: Ukazka casti datovej matice pre korelacnu analyzu - koncentracie kovov (ng/ms3) vo
frakcii PM; a koncentracia (nug/m3 ) PM; za 24 hod. (54 24-hodinovych odberovych merani za
obdobie 2010 - 2013)

Vyhodnotenie chemickych analyz sa realizovalo jednak z pohl'adu obsahu vybranych kovov
v jednotlivych frakciach PM, s cielom zistit zastupenie tychto kovov v separovanych frakciach
PM. Na druhej strane sa realizovala analyza korelacii medzi jednotlivymi premennymi
(vybranymi kovmi obsiahnutymi v danej vybranej frakcii PM) aseparovanou frakciou PM.
Korelacia bola vyhodnocovana aj pre jednotlivé kovy navzajom. Korelacné koeficienty su
pocitané podl'a nasledovného vztahu [PYTELA, 2003]:

Th (e~ (-5

Jo a5 5]

I'ij =

(1)

kde:
1;; — Korelacny koeficient medzi i-tou a j-tou premennou
xXik — k-ta hodnota i-tej premennej x;
xjk — k-ta hodnota j-tej premenne;j x;

Z pohladu zastipenia jednotlivych tazkych kovov vo frakciach PM vyplynuli niektoré

predbezné zavery (Obr.2). Vychadzalo sa zpriemernych koncentracii kovov zo vSetkych
nameranych tdajov.
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Obr. 2: Zastipenie vybranych kovov v jednotlivych zvolenych frakciach PM

Pokial' by sme vychadzali z predpokladu rozdelenia PM na hrubua frakciu PM2,5-10
ajemnu frakciu PM2,5, mozno k nim priradit jednotlivé tazké kovy z pohl'adu ich zastipenia
v tychto frakciach (zoskupeniach).

V hrubej frakcii sa nachadzaju predovsetkym kovy (>60%): Na, Al, Fe, Mn, Cu, Mo, Ba,
v jemnej frakcii st to kovy (>60%): Zn, As, Cd, Pb. Kovy, ktoré predstavuju priblizne rovnaké
zastipenie v obidvoch frakciach sa: Mg, V, Ni, Sb.

Korelacia vybranych tazkych kovov s jednotlivymi frakciami PM (PM1, PM1-2,5, PM2,5-
10) je znazornend na nasledujtcich obrazkoch (Obr. 3, Obr. 4, Obr. 5). Zvyraznené su korelacie
jednotlivych premennych s korelatnym koeficientom =0,7.

@uuuu@¢g
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Obr. 3. Korela¢ni matica kovov a PMy
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Obr. 5. Korela¢na matica kovov a PMzs5.10

Z vysetrovania korelacii medzi jednotlivymi premennymi vyplynulo vytvorenie dvoch
skupin, ktoré charakterizujui konkrétne premenné - kovy. Skupiny kovov prisliuchaju
k separovanym frakcidm PM - PM; a PM1.;5 ako jemna frakcia a PMz5.10 ako hruba frakcia. S PM;
koreluju kovy: Na, Mn, Ni, Zn, Sb, Cd, Pb, s PM1.;5 koreluju kovy: Na, Mn, Cd, Pb a s PM35.10 st to
kovy: Mg, Al, V, Fe, Mn, Ni, Mo, Sb, Ba, Pb. Co sa tyka previazanosti Struktiry rozdelenia kovov
podla ich zastipenia vjednotlivych frakciach PM a Struktiry rozdelenia podla korelacii
s jednotlivymi frakciami, nebola najdenda 100% zhoda, ¢o vSak nenaznacuje ni¢ neobvyklé.
Niektoré prvky prevladali vjednotlivych frakciach zhodne, ako pri zastipeni prvku vo frakcii,
tak aj pri korelacii tohto prvku s danou frakciou.
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ZAVER

Skimanim teérie skladby vybranych separovanych frakcii PM vzhl'adom na zastipenie
tazkych kovov akorelacii tychto kovov snimi na danom meracom stanovisti sa dospelo
k niektorym zaverom. Hruba frakcia PM;5.10 obsahuje predovSetkym kovy Na, Al, Fe, Mn, Cu, Mo,
Ba ajemna frakcia PM;s kovy Zn, As, Cd, Pb. NajvacsSie korelacie s frakciou PMys.10 dosahovali
prvky Mg, Al, V, Fe, Mn, Ni, Mo, Sb, Ba, Pb a s frakciami PM; a PM1.,5 prvky Na, Mn, Ni, Zn, Sb, Cd,
Pb. Zhoda zo strany obsahu prvku v danej frakcii a korelacie daného prvku s vySetrovanou
frakciou bola pre PM; .10 v prvkoch Ba, Mo, Al, Cu, Fe a pre PM;5 (PM1 a PM1.25) v prvkoch Pb, Cd,
Zn.

Korelacia prvkov - kovov navzdjom mala tieZ urcité pravidl, a to taktiez vzhl'adom na
prislusnd skimanu frakciu PM. Pre jemnu frakciu bola priznacna vzajomna korelacia hlavne
prvkov Pb, Cd, Zn a pre hrubu frakciu to boli prvky Ba, Mo, V, Mg, Al, Ni ktoré boli previazané
s najvacsim poctom prvkov korelujlcich sdanou frakciou PM. Z tohto pohladu by sa dalo
hovorit o dvoch moZnych zdrojoch produkcie PM vzhl'adom na velkost aerosélu. Pre jemnu
frakciu PM;s ako moZny zdroj by sa dalo predpokladat’ spal'ovanie a pre hrubt frakciu PMzs.10 by
sa dal predpokladat ako mozny zdroj obrusy a resuspenzia poulicného prachu.
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SUMMARY

While particle emissions from small gasoline engines used in scooters and garden equipment are
becoming an emerging air quality issue, virtually no data exists on their emissions under real-
world operation. In this work, a small scooter has been fitted with an on-board emissions
monitoring system and operated along hilly rural and urban test routes. The emissions of
gaseous pollutants, total particle length and indicative particle mass emissions were measured
online by a miniature portable, on-board emissions monitoring system mounted on the luggage
rack. Insights and preliminary data are reported.

INTRODUCTION

Internal combustion engines are one of the principal sources of harmful particles in
urban areas. While automobile and heavy vehicle engines have been subjected to a considerable
scrutiny and their emissions have been substantially reduced, many technological advances
cannot be easily implemented on low-cost, lightweight small engines in scooters, small
motorcycles, yard equipment, and similar applications. Replacement of two-cycle engines with
four-cycle ones, and introduction of oxidation catalysts on some models has brought
improvements in particle emissions, which, however, still remain a concern. Experience with
field measurements of cars, trucks, buses, locomotives, and various mobile equipment has
shown that the emissions in everyday operation can differ from emissions measured in
alaboratory. Often, the emissions tend to be higher during real-world operation than in
alaboratory, due to higher degree of optimization for conditions experienced during well
understood laboratory operating conditions. For this reason, on-board monitoring systems are
employed to measure real-world emissions as a complement to laboratory testing, or where
laboratory testing is not possible for technological or economical reasons. Small engine
emissions have been, to date, virtually entirely measured in a laboratory, using engine and
chassis dynamometers, with observations that operating conditions can have an influence on
emissions [1,2]. This work represents the first attempt to use a compact portable, on-board
emissions monitoring system to measure emissions from a small motorcycle during actual on-
road operation.
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EXPERIMENTAL

The experiments were performed on a Coliber Fartt RHON LH50QT-6 scooter, model
year 2009, empty weight 81 kg, with a single cylinder, four cycle, 0.049-liter, carbureted, forced
air cooled engine (139QMB, Qingqi Group Ningbo Rhon Motorcycle Co., Ltd.) with a rated power
of 2.0 kW at 7500 rpm and maximum torque 2.8 Nm at 6000 rpm, coupled with an automatic
transmission, with a maximum speed of 45 km/h. This motorcycle has been registered first in
the Czech Republic and was purchased used by the second author with approximately seven
thousands km accumulated. The scooter was tested as-is, with no adjustments.

For this work, portable, on-board monitoring system developed by the first author was
used. This system samples undiluted raw exhaust and uses a non-dispersive infra-red
spectrometer to measure the concentrations of hydrocarbons, carbon monoxide and carbon
dioxide, an electrochemical cell to measure the concentrations of nitrogen monoxide (which, on
engines without an oxidation catalyst, reasonably represents the emissions of nitrogen oxides),
a semi-condensing forward scattering integrating nephelometer tuned to provide reading
approximately proportional to particle mass concentrations, and two heated ionization
chambers which have been shown to correlate to total particle length [3]. The intake air mass
flow has been estimated from engine rpm measured by an optical tachometer, intake air
temperature, measured intake manifold absolute pressure, engine displacement and
compression ratio, and assumed engine volumetric efficiency of 0.9. Exhaust flow has been
calculated based on intake air flow and air-fuel ratio derived from exhaust gas composition.
Instantaneous position, speed and altitude were obtained from a Global positioning system. The
system weighs approximately 14 kg and operates on 9-14 Volts. The monitoring system was
strapped to the luggage rack of the scooter. The system was powered by a sealed gel cell lead-
acid battery (17 kg), allowing for
approximately six hours of autonomy,
strapped to the scooter "floor" (footpad).
The motorcycle load, comprised of the
rider with gear and helmet (95 kg),
monitoring system (14 kg) and battery (17
kg), a total of 126 kg, was within the 151

5 Hz GPS

kg maximum load, and was considered not ";;:ie":" - Wi,
unreasonable for realistic operation. The pos_itior’n, \ \\ 1 I
installation is shown in Fig. 1. It has been altitude 1§ i i \ Qs Ao 009
found that outside air penetrates well into ‘€~ Intake air Coliber
; ; .| manifold

the muffler, notably at idle, and for this ?, e Fartt
reason, a special sampling adapter was |/ | pressure scooter
fabricated out of aluminum and inserted 0.049 liter
between the muffler inlet and the manifold ‘ B

etween the muffler inlet and the manifo E  Row exhaust engine

sampling point

of the exhaust pipe mating the mulffler.
(no dilution)

The motorcycle was tested eight
times on a 1.9 km local loop on principal

Special adapter

and local streets of Liberec, and twice on fabricated and inserted
. . . before muffler (outside
ald km winding semi-rural loop air penetrates well into

tailpipe)

Engine speed
measured with

ascending from the university campus
optical tachometer

(440 m above sea level) to Rudolfov (640

m above sea level). The data was Fig. 1: Monitoring system installation
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synchronized by adjusting for delay in the individual analyzers, after which exhaust flow and
mass emissions were computed in a spreadsheet program for each second of the trip. GPS data
was found to be missing on large part of the uphill trip due to shading of the signal by the terrain
(travel in deep hollows). All experiments reported here were run with a warmed-up engine and
do not include a cold start. The cold start at 15-25 2C has been unstable and problematic, with
engine failing to start or stalling shortly after the start on some attempts, and exhibiting
unsteady run following a cold start during some other attempts. Exceptionally high
concentrations of particulate matter were recorded during and following some cold starts.

RESULTS AND DISCUSSION
Tablel: Summary results
Route HC Cco NOx PM laser | PMionl | PMion2 | CO:
[g/km] | [g/km] | [g/km] | [mg/km] | [km/km] | [km/km] | [g/km]
Urban 2.72 11.2 0.50 3.3 0.41 0.39 53
Rural 1.30 8.4 0.41 2.7 0.32 0.26 39

Summary data for the city and rural hilly runs is given in Table 1. Second-by-second data
are plotted in Fig. 2 as a function of engine rpm and intake manifold absolute pressure, which
was taken as a surrogate of the engine torque. Each point represents one second of the test, with
the area proportional to the value of the displayed quantity. Examination of the data reveals four
major groups of operating conditions: (1) idle at around 2000 rpm, (2) operation at full throttle
mostly in the 5000-7000 rpm range, (3) engine braking at 4500-7500 rpm range, and (4)
transitions among the above regimes and to/from a standstill. This corresponds to the typical
way of operating a scooter with an automatic transmission: The rider typically alternates
between zero and full power, using full power at cruise, and addressing any "partial load" needs
by short bursts of full power. The decision whether and when to decouple the engine during
deceleration is done automatically. The HC, CO and NO concentrations were typical for those of
a carbureted automobile gasoline engine without aftertreatment, with absolute values
commensurate to the engine power. The indicative total particle mass emissions were highest
during transitions, and were also significant during decelerations. The particle length
concentration values were more uniformly distributed and have shown a positive correlation to
engine rpm and CO and NO concentrations. The total particle length values were correlated to
CO (R2 = 0.84-0.85) and NO (R2 = 0.87-0.92) emissions, although large part of this correlation is
due to the exhaust flow factor.

Gaseous and particulate exhaust emissions from a scooter have been successfully
measured with a highly compact portable on-board emissions monitoring system during
real-world operation in Liberec region.

This work represents one of the first insights into the real-world, on-road emissions of
scooters and small motorcycles, and should be viewed as work in progress, with data reported
being preliminary.
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Fig. 2: Instantaneous emission values for each second of the test as a function of engine rpm and
intake manifold pressure (a surrogate of engine load).
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SUMMARY

In this work we investigated rapid changes in chemical composition of PM1 fraction during the
celebrations of New Year 2013. The measurements were carried out at the urban background
site Prague-Suchdol. The compact Time-of-Flight Aerosol Mass Spectrometer (c-ToF-AMS,
Aerodyne), Drewnick et al. (2005), was used to analyze highly time-resolved samples of non-
refractory aerosol components. We focused on four episodes with significantly elevated total
aerosol mass concentration. We assume that the increased concentrations are due to: smoke
plume from wood burning in Episode 1, fireworks in Episode 2, arrival of another air mass in
Episode 3, and an uncategorized source of poly-aromatic hydrocarbons in Episode 4. The highest
attention was given to the time interval between 00:20 and 2:20 a.m. on the New Year (marked
in Figure 1 as Episode 2) as the aerosol composition was significantly affected by the occurring
annual celebrations. In this period, the most significant increase in mass concentration was
observed by sulfate, chlorides, and potassium (involved in the mass spectra for fragment 39). At
the same time, nitrate and ammonium were unaffected. Those trends were compared to other
measurements with c-ToF-AMS during annual celebrations, Drewnick et al. (2006).

UvoD

Ohnostroje negativné ovliviiuji kvalitu vzduchu a za urcitych podminek vedou ke
dlouhodobému zhorsSeni viditelnosti (Drewnick et al, 2006). Soucasti ohiostroji jsou latky
pusobici jako barviva a oxidacni ¢inidla napt. KNO3;, NaNOs, NaClO. (Wang et al., 2007; Russell,
2000) a také stopové prvky jako napft. Sr, Pb, Ba, Mg, Cu a Al (Liu et al, 1997). Uvedené prvky
plisobi negativné na lidské zdravi a Zivotni prostredi (Barman et al., 2008). Z tohoto dGvodu je
dtlezité popsat vyvoj koncentrace a chemického sloZeni aerosolu v dobé ohnostroje.

Zatim neexistuje mnoho studii zabyvajicich se popisem aerosolu béhem ohnostroje
(Drewnick et al, 2005). Novoro¢ni ohnostroj se pritom velmi hodi k otestovani pristroji
s vysokym ¢asovym rozliSenim, nebot piedstavuje relativné silny zdroj aerosoll s vcelku jasné
definovanym c¢asem emise. Béhem ohnostroje také neni pritomno slunec¢ni zareni, a tudiz
nedochazi k fotochemickym reakcim pozménujicim charakteristiku emitovaného aerosolu
(Drewnick et al, 2005).

79



88~ =—0fg 7

—— NO3 Episode 1 | Episode 2 Episode 3 Episode 4
o S S04 e e =
NH4
—— Chl
25+~ —— fragment 39 =

20 — =

15— 1

10 —

Mass concentration [ug/m3]

0
0:00 12:00 0:00 12:00 0:00
31.12.2012 1.1.2013 2.1.2013

Date and Time

Obr. 1: Casovy pritbéh hmotnostni koncentrace vybranych slozek submikronové frakce aerosolu
v obdobi: 31.12.2012 00:00 - 1.1.2013 23:59.

MERENI

Méteni probéhlo na méstské pozad'ové stanici Praha-Suchdol v obdobi 31.12.2012 00:01
- 1.1.2013 23:59. Mérici stanice je vzdalena nékolik kilometri severozapadnim smérem od
centra Prahy a nachazi se zhruba 200m od zastavby rodinnych domi, kde také mohly probihat
novorocni oslavy spouZzitim ohnostroje. Kmeéreni byl pouzit Aerosolovy Hmotnostni
Spektrometr c-ToF-AMS (Compact Time-of-Flight Aerosol Mass Spectrometer) od spolecnosti
Aerodyne. Pristroj c-ToF-AMS umoZiiuje on-line analyzu velikostni distribuce a chemického
slozeni submikronové frakce aerosolu. Uvedené 48hodinové meéreni bylo provedeno
s dvouminutovym ¢asovym rozliSenim, vypatovani probihalo pri 600°C a ionizace p¥i 70eV. Pro

vyhodnoceni byla dale vyuzita meteorologicka data z prilehlé méfici stanice Praha-Suchdol.
VYSLEDKY

Z dat ziskanych béhem 48hodinového méreni byly vybrany 4 epizody vyznacujici se
zvySenou hmotnostni koncentraci submikronové frakce atmosférického aerosolu (Obr.1). Na
epizody byly pri zpracovani dat dale aplikovany korekce zohlednujici jejich specifické
charakteristiky.

Epizoda 1 se vyznacuje vyrazné zvySenou koncentraci organické slozky. Predpokladame,
Ze zdrojem zvySené Kkoncentrace je spalovani biomasy v okolni zastavbé, ¢emuZ odpovida
i zména sloZeni aerosolu v porovnani se stejnym casovym obdobi nasledujiciho dne.

Za pticinu zvySené koncentrace aerosolu v Epizodé 2 lze pokladat probihajici novoro¢ni
oslavy doprovazené ohtostrojem. Ackoli novoro¢ni oslavy probihaji ve vSech osidlenych
oblastech na uzemi Prahy, da se centrum meésta pokladat i za centrum oslav. Prevazujici
jihovychodni vitr tedy jesté podporil trend zvysSené koncentrace aerosolu béhem novorocnich
oslav.
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Obr. 2: Porovnani slozeni aerosolu v Epizodé 2 ((a) 00:20-2:20 1.1.2013) a ve stejném casovém
obdobi predchozi den ((b) 00:20-2:20 31.12.2012, neovlivnéno ohiiostrojem).
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Obr. 3: Porovnani ¢asového pribéhu m/z 39 (pravdépodobné tvoireného hlavné K) a m/z 113

(pravdépodobné K3Cl - fragment vznikly ionizaci sloZzek vytvorenych v diisledku ohnostroje)
béhem Epizody 2.

Béhem Epizody 2 doslo k vyraznému nartlistu podilu sirand, chloridi a frakce m/z 39
odpovidajici pravdépodobné prevazné drasliku (Obr. 2).

Ohnostroj Ize povazovat za dominujici zdroj drasliku v Epizodé 2. Jelikoz fragmenty 39
a 113 vykazuji shodny casovy pribéh (Obr. 2), di se predpokladat, ze fragment 113 odpovida
iontu K,Cl+vzniklého ionizaci jedné ze slozek vzniklych béhem ohnostroje.

Epizoda 3 je charakteristicka vyrazné zvySenou koncentraci dusi¢nantd (Obr. 1), coz
prisuzujeme piichodu nové vzduchové hmoty se zvysenym obsahem dusi¢nanii.

Epizoda 4 se vyznacuje vysokou koncentraci organické slozky. Prestoze koncentrace
organické slozky je zhruba trikrat mensi nez béhem Epizody 1 (13 pg/m3 a 38 ug/m3, resp.),
koncentrace polyaromatickych uhlovodiki dosahuje srovnatelnych hodnot (42 ng/ms3). Zdroj
polyaromatickych uhlovodiki se nepodarilo bliZe urcit.
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ZAVERY

Tato prace se zabyvala popisem rychlych zmén chemického sloZeni a koncentrace
submikronové frakce atmosférického aerosolu béhem novoroc¢nich oslav pomoci aerosolového
hmotnostniho spektrometru c-ToF-AMS. Béhem 48hodinového méfreni byly pozorovany
4 epizody vyznacujici se zvySenou hmotnostni koncentraci aerosolu. Ptedpokladanymi
pricinami zvySené koncentrace pro jednotlivé epizody jsou spalovani biomasy v okolni zastavbé
pro Epizodu 1, novoroc¢ni ohnostroj pro Epizodu 2, prichod nové vzduchové hmoty pro
Epizodu 3 aneurceny zdroj polyaromatickych uhlovodiki pro Epizodu 4. Spektrometr AMS
umoznil identifikovat fragmenty pochazejici ze sloZek ohtiostroje na zakladé porovnani ¢asovych
pribéht s fragmentem 39 a prokazal se tedy jako vhodny i pro detailni popis neobvyklych
udalosti.

PODEKOVANI

Autofi prace dékuji za podporu grantu GA CR P209/11/1342 ,Studium fyzikalné
chemickych vlastnosti atmosférickych aerosoli a jejich ptivodu s velkym ¢asovym rozliSenim”

LITERATURA

Drewnick, F., Hings, S, DeCarlo, P.F., Jayne, ].T., Gonin, M. Fuhrer, K, Weimer, S., Jimenez,
]J.L,Demerjian, K.L.,, Borrman, S., Wornsnop, D.R,, A new time-of-flight aerosol mass
spectrometer (TOF-AMS) - Instrument description and first field deployment, Aerosol Sci.
Techno., 39, 637-658, (2005).

Drewnick, F., Hings, S., Curtius, J., Eerdekens, G., Williams, Measurement of fine particulate and
gas-phase species during the New Year's fireworks 2005 in Mainz, Germany, J. Atmos.
Enviro., 40, 4316-4327, (2006).

Wang, Y., Zhuang, G., Chang, X., Zhishen, A., The air pollution caused by the burning of fireworks
during the lantern festival in Beijing, Atmos. Environ., 41,417-431, (2007).

Barman, S., Singh, R, Negi., M., Bhargava, S., Fine particles (PM2.5) in ambient air of Lucknow
city due to fireworks on Diwali festival, J. Environ. Biol., 30, 625-632, (2009).

Liu, D., Rutherford, D., Kinsey, M., Prather, K., Real-time monitoring of pyrotechnically derived
aerosol particles in the troposphere, Anal. Chem., 69, 1808-1814, (1997).

Russell, M., The Chemistry of Fireworks, Cambridge, The Royal Society of Chemistry, Cambridge,
(2000).

82



TRENDS OF PMz.s AND CHEMICAL COMPOSITION IN AT A REGIONAL BACKGROUND
SITE IN THE WESTERN MEDITERANEAN OVER THE PAST NINE YEARS

Michael CUSACK, Andres ALASTUEY, Noemi PEREZ, Jorge PEY, Xavier QUEROL

Institute of Environmental Assessment and Water Research, IDAA, CSIC, C/ Jordi Girona, 18-26,
08034, Barcelona, Spain, michael.cusack@idaea.csic.es

Klicova slova: Atmospheric aerosol, PM2.5, chemical composition, trends: seasonal, annual

INTRODUCTION

The directive 2008/50/EC establishes limit and target values (annual average of 25 pg m-3) for
ambient air PM;s in all member states of the European Union (EU). Although the target values
for PM2s did not come into force until 2010 (with limit values being enforced in 2015), levels of
PM; 5 have been decreasing throughout Europe for a number of years, as outlined in this paper.
Thus, it can be reasonably assumed that this Europe-wide reduction is a result of the
implementation of emission abatement strategies enforced within the EU and the introduction of
the Integrated Pollution Prevention and Control (IPPC) directive. Other factors appear to have
had some influence on PM concentrations observed over the past decade. Since mid-2008,
Europe and much of the developed world has been in the grips of a severe economic recession
which, at the time of writing this article, appears to show no sign of abating. Indeed, this
economic crisis has been most severely felt in the peripheral economic states of Europe such as
Spain and Portugal, and Europe’s fourth largest economy, Italy. Anthropogenic activities have
long been associated with air pollution, through fuel oil combustion, industrial activities, traffic
emissions and construction, to name a few. The economic recession has severely impacted these
activities, and the possible resulting effect is a net reduction in pollution. Furthermore, large
scale meteorology can also influence regional ambient concentrations of aerosols, such as the
influence of the North Atlantic Oscillation. The PM; s trends for many stations across Europe, and
to a greater extent Spain, are analysed and compared to those of MSY. These trends are analysed
for statistical significance, in order to determine if the decreases observed are gradual and
uniform. Special focus is then given to the in-depth investigation into the temporal trends
observed, not only for PM2s, but also to the various chemical components of PM;s at MSY
measured between 2002 and 2010.

METHODS

The Montseny station (MSY) is located in the Montseny natural park 40km to the NNE of
the Barcelona urban area, and 25 km from the Mediterranean coast. The station is located on the
upper walls of a valley extending perpendicularly from the Catalan Pre-Coastal ranges, in
a densely forested area known as La Castanya. The station is situated relatively far from urban
and industrial zones, but the region is generally densely populated and heavily industrialised,
and local anthropogenic emissions can affect this site under specific meteorological conditions.
Samples of PM5 were collected on quartz fibre filters (Schleicher and Schuell, QF20 until 2009,
Munktell thereafter) for 24 hour periods roughly once a week until 2007, and consecutively
every four days from 2008, with high volume samplers (30 m3/h) DIGITEL-DH80 and MCV-CAYV,
equipped with a PMzs cut off inlet (manufactured by DIGITEL). Filters were analysed using
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different instrumental techniques to determine concentrations of a range of elements and
components.

Data from various regional background stations across Europe were obtained from
internet databases or through personal correspondence with the responsible bodies for the
station. Temporal trend analysis was performed for all the stations where sufficient data was
available by means of the nonparametric Mann-Kendall test for the trend and the nonparametric
Sen’s method for the magnitude of the trend.

RESULTS

Mean PM;;s levels recorded at MSY (determined gravimetrically) from 2002 to 2010
were 12.6 pg m3. PM; levels were elevated when compared with Spanish EMEP stations. The
average PM;s concentration for 10 EMEP RB sites across the Iberian Peninsula (IP) for the same
time period was 8.6 pg m3, and the average value for two other RB stations in the NE IP (namely
Els Torms and Cabo de Creus) was 10.5 pg m-3. Thus, the MSY station registered higher levels of
PM compared to average concentrations across Spain (+37%) and those registered from stations
in the NE of Spain (+18%). This surplus may be attributed to anthropogenic influences. The
greater area surrounding MSY, especially the valleys in the pre-coastal depression, is densely
populated and highly industrialised, being a significant source of pollution reaching the MSY site.
Comparing these values with other RB sites across Europe, concentrations measured at MSY
were considerably higher (+34%) than those in Portugal (9.4 pg m-3), Germany (10 pg m-3) and
Scandinavia (6.6 ug m-3). They were slightly lower than levels recorded in Switzerland (14.5 pg
m-3) and significantly lower than levels recorded in Austria (19.7 pg m-3). Ispra recorded the
highest levels of all the stations included in this work, with PM;s of 26.2 pg m-3. Climate
conditions are likely to influence PMzs levels at each of the RB stations mentioned, whereby
differences in precipitation levels and prevailing wind systems could account for the differing
concentrations observed, especially for Atlantic and Scandinavian countries. Anthropogenic
influences are likely to be most prevalent in Ispra in Northern Italy, as it is subjected to intense
episodes of pollution owing to thermal inversions in winter and emissions from nearby heavy
industry in the Po valley. High pressure weather systems over Eastern Europe in winter can lead
to stagnant conditions across Austria and Switzerland, causing the accumulation of pollutants.
Furthermore, the regions can be affected by long range transport of pollution from central and
Eastern Europe, and biomass burning emissions in winter.

All the stations chosen for the trend analysis underwent decreases in ambient PM;s
concentrations to varying degrees. MSY recorded a drop of 35 % in ambient PMg;s
concentrations over the measurement period of 2002-2010. This trend was followed more or
less all across Europe. On average, a reduction of 32% has been observed in PM;s levels since
2002 throughout Spain, 31% at Illmitz, 36% at Payerne, 34% at Ispra, 35% in Sweden, 32%
across Germany, 32% in Finland, 41% in Norway and 38% in Portugal. What was most striking
of these statistics were the similarities in reductions shown across Europe, indicating that the
forces responsible must be similar across the continent. It can be reasonably assumed that this
continuous and, in most cases, gradual reduction is a reflection on the efficacy of pollution
abatement strategies employed by member states of the E.U. The E.U. Directive 2008/50/EC
specifically controls ambient concentrations of PMio and PM»5 and targets industrial emissions
(IPPC Directive, 2008/1/EC), and these measures clearly had a direct effect on pollutant levels in
Europe. As mentioned previously, all the stations included underwent a steady and gradual
decrease for most of the duration of the study.
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Figure 1. PM; s concentrations measured at RB sites across Spain from 2002-2010.

As illustrated in Fig. 1, a marked decrease was observed for each area of Spain through
the decade, with minimum concentrations occurring from 2008 onwards. Stations are
categorised according to their location in Spain and values are mean PM; 5 concentrations of the
stations for that location for each year: Niembro and O Savifiao are categorised as North; Viznar
and Barcarrota are South; Pefiausende, Campisabolos and Risco Llano are considered Central;
Zarra is East; Cabo de Creus and Els Torms are North East. For many regions levels reached
aminimum in 2008, followed by a slight increase in 2009 (for all except central Spain), and
areduction once again in 2010. MSY followed a similar trend to that observed for the other
stations in the NE peninsula, albeit with slightly higher levels measured in comparison. The fact
that the PM levels here follow a similar trend verifies that the trend is real and observed across
the region. In fact, this decreasing trend is observed for many stations across Europe (Fig. 2).

For some stations in Germany, Austria, Switzerland, Finland and Sweden, levels of PM;5
experienced noticeable decreases from 2007 onwards. For example, in Vavihill, Sweden and
Waldhof in Germany, a sharp decrease was recorded of 4 ug m- and 5 pg m-3 between 2006 and
2007, respectively (Fig. 2). A similar reduction, although not quite as pronounced, was observed
for stations Illmitz, Payerne, Uto, Aspverten, Virolahti, Schwartenberg and Schauinsland. This
gradual reduction observed across Europe is possibly a direct result of the implementation of
the aforementioned pollution abatement strategies. Indeed, the countries in which these stations
are located have to a large extent avoided economic recession compared to the peripheral
European states such as Spain, Portugal and Italy. Thus, reductions there have not been quite as
pronounced as those recorded for the last two years in the IP and Ispra. However, it should be
highlighted that PM levels in many of the stations, especially in Norway (mean PM;s of 4.3 pg m-
3) and Finland (6.0 pg m=3) for example, were comparatively low even at the beginning of the
measurement period. Thus, even though a decreasing trend has been observed in these regions,
it cannot be decisively ascertained that the economic recession and pollution abatement
strategies have not impacted PM levels here, considering the low initial concentrations.
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Figure 2. PM;;s levels measured for various RB stations across Europe according to AIRBASE and

EMEP data.

The North Atlantic Oscillation (NAO) is a large scale oscillation in atmospheric mass,
which is believed to be one of the most influential climate modes especially in winter in the

North Atlantic region, influencing temperature, precipitation and wind speed across the
European continent. The NAO index (NAOi) is a means of quantifying the fluctuations in the
dominant pressure systems (the Azores high pressure system and the Icelandic low) over the
Atlantic. When the NAO index is in a positive phase, strong winds, precipitation and mild
temperatures from the Atlantic move across Northern Europe, and warm, dry weather is

experienced in Southern Europe. However, when the NAO index is negative, the Atlantic weather
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fronts are directed toward a more southerly trajectory giving rise to wetter, windier weather
across the Iberian Peninsula and colder weather across Northern Europe. During the warm
winter of 2007, the NAOi was in a distinctly positive phase, whereas during winter 08/09 and
winter 09/10, the NAOi was in a negative phase. These opposing phases of the NAO might have
different implications for different areas of Europe. Whereas warmer conditions in winter for
Northern Europe might equate to less domestic heating emissions, the same NAO conditions in
Spain give rise to more frequent and more intense winter pollution episodes and stagnation of
air masses. However, under negative phases of NAO the impact of these pollution episodes is
diminished through dispersion and higher precipitation associated with Atlantic weather fronts.
Indeed, winter 2010 was notable for two reasons; unusually high precipitation over the IP which
coincided with one of the most negative NAOi since measurements began (Vincente-Serrano et
al. (2011), and one of the coldest winters in decades across northern Europe. Incidentally,
winter 2010 also registered the lowest PM levels recorded at MSY since 2002. Thus, the extreme
negative phase of the NAO possibly had two important effects on ambient PM levels that winter
at MSY: increased Atlantic advection and precipitation, and possibly less Saharan dust
intrusions. As mentioned previously, the occurrence of Saharan dust intrusions over the IP can
affect PM levels significantly. A linear relationship was observed between the frequency of NAF
episodes (in days) and the corresponding NAO index for the winter months across the Iberian
Peninsula (Fig. 3). This indicated that when NAO is more intensely positive, the probability of air
masses from North Africa reaching the Iberian Peninsula is much higher. Conversely, when NAO
is negative, intense Atlantic Advection directed over the Peninsula can block North African air
masses and prevent these air masses moving northward.
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Figure 3. Correlation plot of NAO index and the frequency of Saharan dust intrusions (NAF) in
days during winter for 2002-2010 for different regions of Spain.

Finally, one further influential factor may explain the decline in PM;s concentrations
observed. As outlined above, a declining trend was discernible throughout Europe, and
variations around this trend are likely a result of meteorology. However, in some cases the
annual variation in concentrations appeared to fluctuate less intensely relative to previous
years. Furthermore, this appeared to be preceded by a drop in concentrations, specifically
between 2007 and 2008. PM;s levels thereafter fluctuate much less and in most cases do not
exceed the linear decreasing trend. What the countries have in common where this occurred,
such as in Spain, Portugal and Italy, is the on-going economic crisis. The countries which have
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been largely unaffected by the economic recession, such as Germany, Austria, Switzerland,
Finland, Sweden and Norway, did not display any discernible larger decrease other than that
which was observed for the previous years. For example, PMs concentrations at Ispra in the
heavily industrialised Po valley in Northern Italy dropped 6 pg m-3 between 2007 and 2008, and
this decrease was maintained for the year after, removing the likelihood that the decrease was
anomalous. An even more dramatic decrease was observed across Portugal, especially for one
station (Lamas de Olo). At MSY, reductions in concentrations of typically anthropogenic aerosols
sulphate, nitrate and organic carbon accounted for the majority of the reduction observed in
PM; s concentrations.

CONCLUSIONS

The findings in this article provide good evidence that the implementation of pollution
abatement strategies in Europe is having a direct effect on the levels of PM;s and its various
components. It is also hypothesised that the current economic climate, in recession since mid
2008 in Spain and many countries in Europe, is also affecting atmospheric pollutants through
areduction in activities associated with a healthy economy (increased road traffic, industrial
processes, construction etc.). A reduction in PM;s concentrations has been observed in Spain
and across Europe, and, in most cases, this reduction has been gradual and consistent over time,
implying the success of cleaner anthropogenic activities. Additional to this progressive trend, in
some cases and especially for RB stations in the IP and Ispra in northern Italy, a marked
decrease has been recorded since 2008, coinciding with the beginning of the economic crisis.
Finally, large scale meteorology has been shown to be an important influential factor on ambient
aerosol concentrations across the Iberian Peninsula, with the North Atlantic Oscillation
controlling the frequency of Saharan dust intrusions across the Iberian Peninsula in winter.
Specifically at MSY, organic matter and secondary inorganic aerosol accounted for the majority
of the reduction observed.
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INTRODUCTION

Atmospheric aerosols have been studied extensively due to the confirmed influence of aerosols
on global climate, aerosol - clouds interactions, atmospheric visibility, human health etc.
(Kerminen et al, 2005; IPCC, 2007; Wichmann et al, 2000). However, the uncertainties
connected to the effects of aerosols on phenomena in the atmosphere are considerable - there
are various sources of aerosol particles, having different chemical compositions and particle size
distributions (PSD). Moreover, the atmospheric aerosol is exposed to both dry and wet
deposition, which further inflences the PSD. In this work, we have focused on cloud and fog
processing of aerosol PSD.

METHODS

The evaluated data were twofold. Firstly, data from a measurement campaign at
MileSovka observatory (station of Institute of Atmospheric Physics of the ASCR) were
considered. At the observatory, particle number size distributions (PNSD) in the size range from
10 nm to 20 um were collected and compared to the detailed meteorological observations,
together with chemical composition of the water content of fog. The PNSD were measured with
collocated SMPS (Scanning Mobility Particle Sizer) and APS (Aerodynamic Particle Sizer),
sampling from a common whole air inlet. Secondly, data collected during five years of
continuous measurements (2008 - 2013) at KoSetice observatory were evaluated. PNSD data
from SMPS in size ranges 10 - 800 nm were considered, and compared to the contiuous
meteorological observations.

The meteorological records consist of the exact times of starts and ends of individual
meteorological phenomena (with one minute precision). The records longer than 90 minutes
were considered, and corresponding SMPS spectra were evaluated.

RESULTS
Evaluation of total number concentrations showed considerably lower concentration
during fog periods compared to the period when no meteorological phenomenon was recorded.

It was even lower than average concentration during presence of hydrometeors (not only fog,
but rain, drizzle, snow etc.).
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Typical PNSD computed from all the data recorded during fog events in the five years is
in Figurel. Not only median and 1st and 3rd quartiles are depicted, but also 5th and 95th
percentiles are plotted, to see the variability of the concentrations in individual size bins. The
most prevailing feature is the accumulation mode, which seems to be least influenced by the fog
presence. On the contrary, the smallest aerosol particles (diameter under 40 nm) are effectively
removed, as well as the largest particles (diameter over 500 nm).
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Figure 1. 5th, 25th, 50th, 75th and 95th percentile of aerosol particle number size distributions
recorded during fog events.
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SUMMARY

Combined wide size range aerosol spectrometer Basamatikum allows to measure particle
number size distribution in a range between 20 nm - 20 pm. The instrument separates the
measured aerosol particles into 58 size bins. The instrument can automatically switch the
scanning between two sampling points (e.g. indoors and outdoors). It consists basically from
two aerosol spectrometers (UFPM and APS), electrically actuated ball valve, sampling tubing
with isokinetic subsampling to both of the two spectrometers and two sampling lines. The
overall control, data logging and saving to file, the switching between sampling lines and the
user interface is provided by the means of the LACP-made (Laboratory of Aerosol Chemistry and
Physics) software in LabVIEW programming environment.

INTRODUCTION

Big part of the research studies in the field of aerosol science is focused on the
measurements of indoor environment, because people spend most of their daily time indoors
(e.g. Kousa et al., 2002). The indoor aerosol particles are of major importance not only because
of the inverse health effects (e.g. Pope and Dockery, 1999), but also because of the negative
effects on indoor environment itself and eventually also on cultural heritage (e.g. Hatchfield
2002). Indoor air is generally affected by both indoor and outdoor sources (e.g. Raunemaa et al,,
1989). The outdoor aerosol concentration depends on numerous factors like source emissions,
ambient weather conditions, various removal processes, etc. (Hussein et al., 2006; Narumi et al.,
2009). On the other hand, the indoor aerosol concentration is affected by outdoor concentration,
factors influencing the indoor-to-outdoor relationship (such as ventilation rate, penetration
factor, etc.), indoor emissions and removal processes (deposition of particles on inner surfaces)
(e.g- Nazaroft, 2004).

Therefore, there is an increasing need to measure the aerosol concentration both
indoors and outdoors at once (or at least with reasonable time gap between indoor and outdoor
measurement). The other demand, especially when such an instrument is placed indoors, where
the inhabitants or employees reside, is often a limitation for the instrument to not bring any
additional discomfort to indoor air (alcohol odors, radioactive source, etc.). At the same time we
usually need to obtain information in quite a wide range of particle sizes. All these circumstances
brought us to idea to combine the two commercially available aerosol spectrometers and
a switching valve to form one measurement instrument allowing easy measurements of
indoor/outdoor environments.
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INSTRUMENT SET-UP

As mentioned earlier, the Basamatikum spectrometer (see Fig. 1) consists of two
commercially available aerosol spectrometers UFPM 3031 and APS 3321 (both TSI). More
detailed description of the operating principle of both instruments is given in following
paragraphs.

Sampling
point 1
Sampling
point 2

APS 3321

UFPM 3031

Fig. 1: Schematics of Basamatikum spectrometer.

The UFPM spectrometer (UltraFine Particle Monitor, TSI, model 3031) measures the size
distribution of aerosol particles in the size range 20 - 1000 nm, where the upper limit depends
on the type of the inlet (using cyclone it is 450 nm, using the special environmental sampling
system it is 850 nm and without any inlet it reaches about 1000 nm). The size distribution is
measured in 6 size bins (20-30 nm, 30-50 nm, 50-70 nm, 70-100 nm, 100-200 nm and > 200
nm). The resulting quantity is then the number of particles measured in these individual size
bins. The spectrometer itself consists of three basic parts: diffusion charger, DMA (Differential
Mobility Analyzer) and very sensitive electrometer. The aerosol sample travels first through the
cyclone or other inlet, where the large particles are deposited to prevent the contamination of
the instrument and make the data evaluation easier. The aerosol particles, which passed through
the inlet, continue to the equalization tank, where the short term fluctuations in the aerosol
concentration can be smoothed out. From the equalization tank the particles flow across the
diffusion charger (unipolar corona charger), where they are positively charged. The charged
particles are then selected in the electrostatic field of the DMA (the inner rod has negative
charge) based on their mobility in the electrostatic field. The particles selected in the DMA are at
the end collected by a conductive filter. The current imparted by the particles is then measured
and is proportional to the particle concentration (based on calibration). Scanning among
individual size bins is performed by changing the voltage applied on the inner rod of the DMA.
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After going through all the size bins, the resulting data are displayed as a number concentration
in individual size bins. (Detailed description is available in the manual of UltraFine Particle
Monitor 3031, TSI).

The APS spectrometer (Aerodynamic Particle Sizer, TSI, model 3321) is able to measure
the size distribution of the aerosol particles in the range 0.5 — 20 microns. The resolution of the
APS spectrometer is 32 size bins per decade, in other words it means 52 size bins in total. This
spectrometer measures the size of the particles based on their inertia. The stream of the air
containing aerosol particles is first accelerated in a nozzle (acceleration higher than 10¢ m/s2).
The aerosol particles are separated in such a way based on their aerodynamic properties (the
smaller is the aerodynamic diameter of the particle the higher is the final speed). Two parallel
laser beams are positioned (about 100 Em apart) just below the accelerating nozzle and
consequently the time of flight of the particle between these two laser beams is measured. The
measured time is then directly proportional to the particle aerodynamic diameter. The particles
are continuously sized in this way and also the number of particles in individual size bins is
counted. The results are again being evaluated as a number of particles in individual size bins.
(Detailed description is available in the manual of Aerodynamic Particle Sizer 3321, TSI).

The electrically actuated ball valve switches between two sampling points in defined
time intervals (usually correlating with sampling time of the two spectrometers). The control
system of the valve takes care of the timing and is able to monitor the current position of the
valve.

The sampling tubing is made out of stainless steel, having inner diameter of 1” and
appropriate length (depending on the sampling conditions). Both sampling lines have the same
length in order to have the same losses of particles. This assumption makes the final evaluation
easier - resulting in neglecting the losses in sampling tubing, when evaluating the
indoor/outdoor ratio. The subsampling to both aerosol spectrometers was designed to fulfill
isokinetic conditions.

The LabVIEW code controls the whole measurement system, logs the measured data into
files and controls the valve switching and the overall timing of the measurement. Regarding the
control of the two spectrometers, only the APS spectrometer is fully controlled. The internal
software of the UFPM spectrometer does not allow the control of the instrument in the current
version. So the controlling software monitors only the measured values from the UFPM and logs
them into the file. The controlling code recalculates automatically (based on user settings)
between various available concentration units (raw counts, concentration and dN/dlog(dp)) and
also between the APS diameter units (aerodynamic to mobility).

All the parts of the Basamatikum spectrometer are mounted into the wheel rack to allow
easier manipulation with the whole instrument.

RESULTS

The combined spectrometer Basamatikum was utilized during indoor/outdoor
measurement campaigns focused on the monitoring of the air quality in four archives in the
Czech Republic, which are representing four different outdoor environments: Zlatd Koruna
(rural), Treboii (small city with seasonal tourism), Teplice (industrial area), and Prague (large
city with traffic). This project was aimed mainly to investigate the concentration and sources of
PM and gaseous pollutants in the indoor environment of the archives. The presented instrument
was used in part of the measurement campaigns to monitor the indoor/outdoor particle number
concentration and to evaluate the indoor-to-outdoor relationship. Because this contribution is
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not aimed to evaluate the measured data, but to present a new instrument, there are no data
results shown here. More detailed presentation of the measured data can be seen for example in
Maskova and Smolik, 2013.

CONCLUSIONS

A new combined wide size range aerosol spectrometer was developed. The instrument
was thoroughly tested during several intensive campaigns (almost one year of continuous
measurement in Zlata koruna, 4 two-week campaigns in Teplice and 4 two-week campaigns in
Prague). Small issue connected with the charging in the UFPM spectrometers can be easily
neglected, when we take into account that the primary purpose of the combined instrument is to
evaluate the ratio between the two measurement places. Generally, the overall performance of
the instrument was satisfactory and the whole instrument is suitable for deployment for a long
term unattended operation. In the near future, some small improvements will be made in
regards to control software as well as to solve the overall control of the UFPM.
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INTRODUCTION

Aerosol particles influence global radiative balance and climate directly through scattering and
absorbing solar radiation and indirectly by acting as condensation cloud nuclei. The atmospheric
nucleation is often followed by a rapid growth of freshly formed particles. The initial growth of
aerosol is the crucial process determining the fraction of nucleated particles growing into cloud
condensation nuclei sizes (~ 50 nm and larger). The subject of this study is modelling of growth
behaviour of sulfuric acid nanoparticles produced by nucleation of water and sulfuric acid under
wet and dry conditions.

METHODS

The nucleation experiments were carried out in a laminar flow tube at the Finnish
Meteorological Institute, Helsinki. The sulfuric acid nanoparticles were produced by nucleation
of sulfuric acid and water under different conditions: RH 1% and 30%, T 283, 293 and 303 K, 4
residence times - 30, 45, 60 and 90 s and at initial [H2SO4] from 2x108 to 1.4x101° molecule cm-3
. The particle number concentrations were measured by UCPC and particle size distributions by
DMPS. The obtained number size distributions were fitted with the log-normal distribution and
the geometric mean diameter of the nucleation mode was determined. The particle growth rates
were obtained from the change of the modal geometric mean as a function of time. The
experimental observations were then compared with predictions made using a numerical model.
The particle growth was modelled dynamically by calculating the mass transfer rate of sulfuric
acid onto the particles using the Fuchs-sutugin equation:

Isa = 21'tdpDSAFS(0(,Kn) (CSA - Csa ,sat)

1+Kn
FS(a,Kn) = 133
1+0.337Kn + ['J(u Kn)Kn
(24
Kn = GD_SA
Csadp

Here d, is the particle diameter (m), Dsa is the diffusion coefficient (m? s1), a is the mass
accommodation coefficient of sulphuric acid, Csa is the gas phase concentration of sulphuric acid
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(molecule cm3) and Csasacis the number concentration of sulphuric acid at the saturation vapour
pressure (molecule cm3). Moreover, FS(a, Kn) is the so-called Fuchs-Sutugin correction factor
which accounts for non-continuum effects in the mass transfer and csa (m s1) is the mean
molecular speed of sulphuric acid molecules in the gas phase. Here the value of Csa was taken
from the measurements, and Csas.c Was set as equal to zero corresponding to the assumption that
sulphuric acid behaves as a non-volatile vapour. Finally, the value of a was set as equal to unity
based on the measurements conducted by Hanson (2005). The difusional wall losses of sulfuric
acid were calculated accordind Hanson and Eisele (2005). Due to anticipated presence of
ammonia in the system, the freshly formed particles were partially neutralized. Therefore the
model considered 3 different ammonium to sulphate ratios: 1) pure H,SOs — H>O particles 2)
particles formed by ammonium bisuplhate (NH4)HSO4 3) particles formed by ammonium
sulphate (NH4)2SO4. the “effective” growth rate of particles over the experiment, GR, was
calculated as follows:

GR = dp _dinit )

texp

where d, is the particle diameter at the end of the experiment, and t.x, is the residence time in
the laminar flow tube. The applied time step was 0.1 seconds in all of the performed calculations.

RESULTS

When using the calculated H,SO4 concentrations corrected for wall losses as an input
parameter into our model, the experimental values did not agree with the theoretical
predictions (Fig. 1). The model fails to capture the observed growth rates in all cases since it
predicts significantly lower particle growth than that observed in experiments and the
deviations are more profound at a RH of ~1% and at high H.SO4 concentrations. By including the
initial H,SOs4 concentration into the model, we gained much better agreement with the
experimental data as compared to the results based on the H,SO4 concentrations corrected for
wall losses. The calculations agree very well with the experimental data (Fig. 2). Fig. 3 depicts
the experimental growth rates under wet conditions, at a residence time of 90 s and at
nucleation temperatures 283, 293 and 303 K and the atmospheric growth rates, obtained in
Heidelberg and Hyytidla during the QUEST project (Fiedler et al., 2005), data obtained in Atlanta
during the ANARChE study (Stolzenburg et al., 2005), data from Beijing the CAREBeijing-2008
campaign (Yue et al.,, 2010), data from Mace Head during the PARFORCE campaign (O‘Dowd et
al,, 2002) and data from Kent, Ohio (Erupe et al., 2010) are depicted for comparison. A trend line
which presents the theoretical predictions of the growth of ammonium sulfate particles under
wet conditions (RH=30%) is also depicted. Most observed atmospheric growth rates correspond
to substantially lower H,SOs concentrations and our results thus show, that in most cases
sulfuric acid alone cannot explain the growth rates observed in the atmosphere. H,SO, is the
main condensing vapour responsible for particle growth only in large urban areas, where it can
contribute up to 60 % to the growth (Stolzenburg et al.,, 2005, Yue et al, 2010). In order to
explain the atmospheric growth rates, the condensation of additional chemical species is
assumed, mainly organic compounds (Erupe et al,, 2010, Fiedler et al.,, 2010) and iodine species
(O’'Dowd et al., 2002). There are only a few previously reported values of particle growth rates
from nucleation experiments. Young et al. (2008) have studied the binary nucleation of H2S0.
and water at T=288 K, RH from 11% to 23% and at initial H.SO+ concentrations from 108to 1010
molecule cm-3. The observed particle growth rates in their experiment ranged from 95 nm h-! to
500 nm h-L. Benson et al. (2008) measured the binary nucleation of H,S0, and water at T=288 K,
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at RH from 10% to 55% and at H2SO4 concentrations from 108to 10° molecule cm-3. The particle
growth rates estimated from their measurements were roughly from 160 to 490 nm h-l. The
results of these studies are in good agreement with the growth rates determined from our
experiments, as can be seen in Fig. 4.
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Fig. 4: The experimental growth rates determined at RH=30%, a residence time of 90 s and T
283, 293 and 303 K are compared with the particle growth rates measured in the nucleation
experiments made by Benson et al. (2008) at T=288 K and Young et al. (2008) at T=288 K
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CONCLUSIONS

The results of an experimental study of sulphuric acid nanoparticle growth under
different conditions and subsequent modelling of particle growth is presented here. The wall
losses of H,SO4 derived from experimental growth rates were found to be substantially lower
than the diffusion limited values calculated according to Hanson and Eisele (2000). Our results
indicate that the wall losses of H2SO4 are not as high as is commonly presumed. Due to long
lasting experiments, the measurements are believed to be performed under wall-equilibrium
conditions. We therefore speculate that the wall of the flow tube is not an infinite sink for H,SO4
molecules, but that there is also a flux of H,SO4 from the wall into the tube, being more profound
under dry conditions. The correct determination of the sulphuric acid concentration in
nucleation measurements is a crucial factor for subsequent analysis and data interpretation. Our
results show that neglecting the flux of H,SOs from the wall may cause a significant
underestimation of the residual H;SOs4 concentration. A comparison of our data with
atmospheric measurements shows that growth rates based solely on the condensation of H,SO4
significantly underestimate the growth rates observed in the atmosphere. A satisfactory
agreement of our data with the growth rates determined from previous laboratory experimental
studies was found.
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ROZPOZNAVANi ZDROJU ORGANICKEHO AEROSOLU POMOCI ROZSIRENE
FAKTOROVE ANALYZY
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SUMMARY

Real-time measurement of submicron aerosol was performed at Prague - Suchdol site (Czech
Republic) during six weeks in June and July 2012. Organic aerosol data obtained from
measurement by C-ToF AMS were deconvoluted using the Multilinear Engine (ME-2) algorithm
(Paatero, 1999) and analyzed with the newly developed GUI provided by Paul Scherrer Institute
(Canonaco et al. in prep.). During the analysis, we obtained four factor solution which explains
more than 95% of the variance. These four factors, related to four aerosol sources, were fixed by
the ME-2 model: Hydrocarbon-like organic aerosol (HOA) factor related to the road traffic,
biomass burning organic aerosol (BBOA) factor, and two kinds of oxygenated organic aerosol
factors (LV-OOA and SV-00A). LV-OOA factor is the most frequently interpreted as an aged
aerosol with low volatility. On the contrary, diurnal patterns of SV-OOA factor exhibit maxima at
night and high anti-correlation with temperature. Therefore it can be assumed that SV-O0A
factor represents a volatile fraction of O0OA.

UvoD

Organicky aerosol (OA) patfi mezi hlavni typy aerosolu bézné se v atmosfére
vyskytujicich. OA miiZe mit v Case i v prostoru velmi rozdilné sloZeni a miiZe pochazet z mnoha
riznych zdrojl prirozeného i antropogenniho ptivodu. Proto se v soucasné dobé rada védeckych
skupin soustted’uje na déleni OA do sloZek podle zpisobu jejich vzniku. V ramci téchto slozek lze
pak piredpokladat podobné chemické sloZeni.

V priibéhu Sesti tydnt Cervna a Cervence 2012 probéhla v Praze v Suchdole mérici
kampan zaméfend na charakterizaci atmosférického aerosolu vredlném case. Pomoci
aerosolového hmotnostniho spektrometru (C-ToF AMS, Aerodyne) byla ziskana data s vysokym
Casovym rozliSenim (1 min) obsahujici informace o velikostnim i chemickém sloZeni
aerosolovych ¢astic mensich nez 1 um. Ziskana data popisujici organickou slozku aerosolu byla
zpracovana pomoci Multilinear Engine (ME-2) algoritmu (Paatero, 1999) a analyzovana nové
vyvinutym rozhranim poskytovanym Paul Scherrer Institutem (PSI) (Canonaco et al., In prep.).
V tomto abstraktu jsou prezentovany predbézné vysledky této analyzy.
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VYSLEDKY

Prvnim krokem, po standardnim vycisténi a pripravé vstupnich datovych matic, bylo
provedeni faktorové analyzy metodou PMF (positive matrix factorization) na datech
organického aerosolu (OA) ziskanych z AMS. Zvysledkl této analyzy vyplynulo, Ze mezi
pravdépodobné hlavni zdroje OA patii neoxidované organické aerosoly (HOA), oxidované
organické aerosoly (0O0A) a aerosoly vznikajici pti paleni biomasy (BBOA). Identifikované PMF
faktory (faktorové profily) byly porovnavany s aerosolovymi i plynnymi tracery (napt: NO, O3,
CO) z ostatnich pristroji zapojenych do mérici kampané.

Ve druhém kroku byly PMF faktory porovnany s referentnimi hmotovymi spektry
typickymi pro jednotlivé typy aerosolu a analyzovany pomoci Chemical Mass Balance (CMB)
metody. Z CMB analyzy bylo zjiSténo, Ze ¢tyrfaktorové reSeni ziskané z PMF vysvétluje vice nez
95% rozptylu analyzovanych dat.

V dal$im kroku lze uplatnit na feSeni ziskané pomoci PMF a CMB pristuptli techniky,
které omezuji rotaci feseni. V tomto piipadé byla na c¢tyrfaktorové reSeni pouzita metoda a-
value (Lanz et al. 2007), ktera mize byt povaZzovana za kombinaci pristupi PMF a CMB.
Kazdému ze ctyr faktorl byla pfirazena hodnota (a-value) a externi faktorovy profil (referencni
spektrum typické pro urcity zptsob vzniku aerosolu). Hodnota a-value urcuje rozsah, ve kterém
se smi faktorovy profil feseni (vstupni) liSit od zadaného externiho faktorového profilu
(vystupni). ME-2 modelem byly identifikovany tyto ¢tyfi faktory: HOA faktor (a-val = 0,3)
souvisejici prevazné s emisemi z automobilové dopravy, BBOA faktor (a-val = 0,5) a dva typy
oxidovanych organickych aerosolti (LV-O0A a SV-00A). LV-0O0A (low-volatile, a-val = 0,9) byva
nejcastéji interpretovan jako aerosol se stafim minimalné v fadu hodin s nizkou tékavosti.
Naproti tomu denni trendy SV-OOA (semi-volatile, a-val = 0,9) vykazuji maxima v nocnich
hodinach a vysokou zapornou korelaci s teplotou. Proto mizeme predpokladat, Ze SV-O0A
faktor reprezentuje tékavou slozku OOA.
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Obr. 1: Hmotnostni spektra nalezenych faktorovych profila
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DISKUSE, ZAVER

Béhem letni mérici kampané na prazské pozadové stanici na Suchdole byly pomoci C-
ToF AMS zméreny hmotnostni koncentrace organického aerosolu. Tato data byla poté
analyzovana metodou ME-2. Pfedbézné vysledky analyzy naznacuji, Ze jsou pritomny oba typy
oxidovanych atmosférickych aerosolti (LV-O0A, SV-O0A), které byly zjiStény i dalS$imi
védeckymi skupinami v ramci Evropé. Prekvapivé nizka je koncentrace HOA, ktera neodpovida
velkoméstské automobilové dopravé. Vysvétlenim muze byt, Ze skrze Suchdol ani v jeho blizkém
okoli nevede Zadna silnice s hustym provozem a aerosol ze vzdalenéjsich zdrojl cestou ¢astecné
zoxiduje. Tyto predbéZné vysledky budou dale ovérovany, zejména porovnanim s dal$imi
plynnymi tracery. Také bude podrobné zkoumano feseni s péti faktory.
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