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UVOD - INTRODUCTION

Vazené kolegyné, vazeni kolegové,

Stalo se jiz tradici, Ze se vpodzimnich mésicich kona Vyro¢ni konference Ceské
aerosolové spolecnosti. Letos se kona jiZ patnacty rocnik, diky iniciativé naSich
moravskych kolegli tentokrat ve Valticich. LetosSni rocnik se od toho loniského prece jen
bude trochu lisSit. Dlouholety predseda a zakladatel spolecnosti Jifi Smolik se loni
rozhodl znovu na post predsedy nekandidovat a v zimnich volbach byl zvolen novy
vybor spolecnosti. Na ustavujici schlizi vyboru, konané v Praze, si vybor zvolil toto
rozloZeni prace (bez tituli):

Predseda: Vladimir Zdimal
Mistopredseda: Zbynék Vecera

Védecky tajemnik: Jan Hovorka
Hospodar: Jakub Ondracek

Revizofti: Pavel Mikuska, Jaroslav Schwarz
Pokladnik: Pavel Moravec (kooptovan)

Rad bych chtél timto podékovat Jifimu Smolikovi za jeho dlouholetou praci ve prospéch
Ceské aerosolové spole¢nosti doma i vzahrani¢i. RAd bych také podékoval ¢lentim
minulého vyboru za jejich praci, a ¢asti z nich i za ochotu znovu kandidovat. Rad bych
podékoval také vdm vSem za ucast ve volbach nového vyboru, a aktivni ucast jak na
konferencich poradanych spolecnosti, tak na radé dalSich konferenci, workshopi a
dalSich akci, spojenych s aerosolovou tématikou, kde jako ¢lenové tuto spolecnost, byt
nepiimo, reprezentujete. Clenim vyboru dékuji za déivéru, kterou jste ve mne, jako
nového predsedu, vlozili.

Také bych chtél podékovat i naSemu vérnému sponzorovi, firmé ECM ECO Monitoring,
spol s.r.o.

Ve chvili, kdy pisSi tento uvodnik, je na konferenci zaregistrovano 28 prispévki.
Vzhledem k vasemu nartstajicimu zajmu o aktivni ticast na konferenci a snaze skoncit
v patek kolem poledne bylo rozhodnuto o zkraceni casu jednotlivych prezentaci

vvvvvv

konference jsem si tentokrat dovolil zaradit i kratkou Clenskou schiizi, pri které vam
bude predstaven novy vybor a jeho ramcové plany do budoucna.

Tésim se na setkani s vami ve Valticich ©

V Praze dne 15.10.2014 Vladimir Zdimal

Predseda CAS
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ORGANICKE SLOUCENINY V PM1 AEROSOLU V MLADE BOLESLAVI 2013 A
OSTRAVE 2014 V ZIMNIM OBDOBI

Kamil KROUMAL, Pavel MIKUSKA, Zbynék VECERA

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

Klicova slova: atmosféricky aerosol, PM1, organické markery

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 Mlada Boleslav in 2013 and
Ostrava in 2014. Monosaccharide anhydrides and resin acids were the most abundant
organic compounds which resulted from combustion of biomass.

UvoD

V atmosféie se nachazi mnoho organickych sloucenin vazanych na aerosolové
Castice, které jsou produkovany nejriznéjsimi zdroji: primarni (prirodni, antropogenni)
a sekundarni (reakce v atmosfére). Antropogennimi zdroji aerosolu jsou napf. spalovani
ropy, plynu, fosilnich paliv, dfeva nebo odpadi, dale automobilova doprava, pramysl,
skladky odpadii a dal$i (Kitimal a kol.,, 2012). Atmosférické aerosoly ptlisobi 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 aerosolli na lidské zdravi je dana nejen velikosti jejich ¢astic, ale i jejich
chemickym slozenim (Kitimal a kol., 2012).

Bylo sledovano chemické slozeni frakce PM1 v Mladé Boleslavi a v Ostravé se
zamérenim na analyzu molekulovych markert, které se vyuzivaji pro identifikaci
emisnich zdroji aerosold.

EXPERIMENTALNI CAST

Organické slouceniny byly analyzovany v méstském aerosolu v Mladé Boleslavi (15.
2.-28.2.2013) av Ostravé (6. 2. - 6. 3. 2014) ve frakci PM1. PM1 aerosol byl odebiran
pomoci velkoobjemového vzorkovace DHA-80 (Digitel) na kiemenné filtry o primeéru
150 mm (pritok vzduchu 30 m3.h'1).
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Filtry byly rozstfihany na 2 Casti. Prvni Cast byla pouZita pro spolecnou extrakci
anhydridii monosacharidli, pryskyri¢nych Kkyselin, monosacharidl, disacharidid a
alditoli (cukernych alkoholli) pomoci smési dichlormethan/methanol (1:1 v/v) v
ultrazvukové vodni lazni. Extrakty byly odpareny pod proudem dusiku do sucha a
derivatizovany smési MSTFA + 1% TMCS (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 casti 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

Hmotnostni koncentrace PM1 v Mladé Boleslavi se pohybovaly mezi 11 - 45 pg.m-3
(Obr. 1 a 2) a vOstravé 13 - 56 ug.m=3 (Obr. 3 a 4). Nejvyssi koncentrace byly nalezeny
pro anhydridy monosacharida a pryskyri¢né Kkyseliny, coz souvisi s vy$sim spalovanim
biomasy (dreva) v zimnim obdobi. Emisnim zdrojem PAU miZe byt spalovani
jakéhokoliv organického materialu (spalovani biomasy, fosilnich paliv, odpadi, emise z
automobilové dopravy a priimyslu a dalsi). Mezi organické markery dopravy a spalovani
uhli patii hopany a sterany. Sterany se do ovzdusi emituji pouze z motorovych olej{,
zatimco hopany z dopravy (motorové oleje) a ze spalovani uhli. Pro identifikaci
spalovani raznych typd uhli se uzivaji diagnostické pomeéry R- a S- isomeri
17a(H),21B(H)-homohopanu. Emisni zdroje miizeme od sebe rozliSit také pomoci
diagnostickych pomért PAU, avsak jejich vyuziti je problematické, protoze hodnoty
téchto pomeért se vzajemné prekryvaji. Dalsi nevyhodou pouziti diagnostickych pomért
je reaktivita PAU v atmosfére v pritomnosti NO2, O3 a OH radikali (Kitimal a kol., 2010;
Kitiimal a kol, 2012; Kitimal a kol, 2013).
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Obr. 1: Hmotnostni koncentrace PM1 v Mladé Boleslavi (15. 2. - 28. 2. 2013).
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Obr. 2: Suma hmotnostnich koncentraci analyzovanych organickych sloucenin béhem
jednotlivych dni (15. 2. - 28. 2. 2013) v aerosolové frakci PM1 v Mladé Boleslavi.
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Obr. 3: Hmotnostni koncentrace PM1 v Ostravé (6. 2. - 6. 3. 2014).
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Obr. 4: Suma hmotnostnich koncentraci analyzovanych organickych sloucenin béhem
jednotlivych dni (6. 2. - 6. 3. 2014) v aerosolové frakci PM1 v Ostravé.

ZAVER
Sledované organické markery pochazeji ze spalovani organického materialu (biomasa,
fosilni paliva) a koreluji s hmotnostnimi koncentracemi PM1. Nejvy$si koncentrace byly
nalezeny pro anhydridy monosacharidli 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).

PODEKOVANI

Tato prace byla podporovana Grantovou agenturou Ceské republiky P503/12/G147
a vyzkumnym zamérem Ustavu analytické chemie AV CR, v. v. i., RV0:68081715.
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IDENTIFIKACE ZDROJU JEMNEHO (PMo,15-1,15) A HRUBEHO AEROSOLU V MLADE
BOLESLAVIV ZIME 2013

Petra POKORNA!, Jan HOVORKA!, Pavel MIKUSKA2, Kamil KROUMALZ, Martina PISOVA!

1Ustav pro Zivotni prostiedi, P¥irodovédecka fakulta UK v Praze, pokorna@natur.cuni.cz
2 Ustav analytické chemie AV CR, v.v.i,, Brno

Klicova slova: hruby a jemny aerosol, Positive Matrix Factorization, hodinové
koncentrace prvki, 3DRUM, organické markery spalovani biomasy a hnédého uhli

SUMMARY

The bilinear receptor model Positive Matrix Factorization - PMF was used to apportion
sources of fine (PMo.s - 1.15) and coarse (PM1.1s - 10) aerosol in residential district of
Mlada Boleslav. The PMF analyzed datamatrix of hourly values of mass and aerosol
elemental composition for 27 elements for fine and coarse aerosol and OC/EC for fine
aerosol. The sampling campaign was conducted from 14th to 27t February 2013 at a
single site. Also, the parallel small-scale network measurement of PM1o was conducted
and assured representativeness of the datasets recorded at the site. The PMF was
optimized for four factors for fine and three for coarse aerosol. They were: combustion
of biomass (49 %) and fossil fuels (34 %), traffic (16 %) and industry (1 %) for fine
aerosol and combustion of biomass and coal (80 %), road dust resuspension (14 %) and
abrasion (6 %) for coarse aerosol. Nevertheless, high correlation between temporal
variation of combustion sources and concentrations of levoglucosan, mannosan and
picene, tracers of biomass/coal combustion, confirmed source apportionment of fine
aerosol particles.

UvoD

Zhorseni kvality ovzdusi zplisobené predevSim atmosférickym aerosolem je
celosvétovy problém meést v blizkosti primyslovych oblasti (Sun a kol., 2004; Karar a
Gupta, 2006; Querol a kol., 2007; Vechi a kol.,, 2008; Juda-Rezler a kol., 2011). Severni
sidlisté v Mladé Boleslavi, situované v bezprostiedni blizkosti automobilového zavodu
Skoda Auto a. s., je nejosidlenéjsi oblasti mésta (pocet obyvatel 19 000 z celkového poctu
45 000). Mezi lety 2008 - 2013 doslo k prekroceni 24 hodinovych limiti pro PMio
stanovené smérnici EU 2008/50/CE dvakrat, a 44 respektive 55 krat v letech 2010 a
2011 (CHMU, 2012). Vypracovani a¢inné strategie kontroly emisi suspendovanych
¢astice PMx zavisi na znalosti prispévku jednotlivych zdroji k celkovym koncentracim
PMx (Taiwo a kol., 2014). Proto se receptorového modelovanti jevi jako vhodny nastroj k
identifikaci a kvantifikaci zdrojli emisi prispivajicich k urovni znecisténi ovzdusi
(Watson a kol., 2002; Viana a kol.,, 2008; Belis a kol., 2013). Pro precizni identifikaci
zdrojl je bezpodminecny odbér velikostné segregovaného aerosolu s vysokym ¢asovym
rozliSenim (Zhou a kol., 2004; Ogulei a kol., 2005; Han a kol., 2006; Peré-Trepart a akol.,
2007; Vecchi a kol,, 2009; Bernardoni a kol., 2011; Richard a kol., 2011, Pokorn4 a kol,,
2013, 2015). Positive Matrix Factorization - PMF, receptorovy model vyvinuty Paaterem
(1997), je ucinny nastroj k identifikaci zdrojii na receptoru. Prispévek se zabyva
odhadem zdroji jemného a hrubého aerosolu metodou PMF aplikovanou na hodinova
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data hmotnostnich koncentraci a elementarniho slozeni PMois - 1,15 a PM1,15 - 10 v
pribéhu zimni kampané na Severnim sidlisti v Mladé Boleslavi.

MERENI

Po dobu méreni na mobilni stanici byly kontinudlné odebirany tii velikostni
frakce aerosolu A (1,15 - 10 pm), B (0,34 - 1,15 pm) a C (0,15 - 0,34 pm) s integracni
dobou 60 minut rota¢nim impaktorem 3DRUM (Davis Rotating Unit for Monitoring, UC
Davis - DRUM). Soucasné byly zaznamenavany s integra¢ni dobou 5 minut velikostni
distribuce pocCtu castic v rozmezi 523 - 19 810 nm pomoci aerodynamického
spektrometru castic (Aerodynamic Particle Sizer — APS 3321, TSI) a v rozmezi 14,6 -
736,5 nm pomoci skenovaciho tridi¢e ¢astic (Scanning Mobility Particle Sizer - SMPS
3936L25, TSI) a méreny 5 minutové koncentrace PM1o Beta prachomérem (FH 62 I-R,
Thermo ESM Andersen). Dale byly odebirany 24 hodinové vzorky PM1: velkobjemovym
vzorkovacem (DHA-80, Digitel) a méreny hodinové koncentrace organického uhliku
(Organic Carbon - OC) a elementarniho uhliku (Elemental Carbon - EC) semi-
kontinudlnim analyzatorem (Sunset Laboratory) V neposledni radé byla mérena
5minutova data rychlosti a sméru vétru (WindSonic M, Gill), teploty, vlhkosti (Comet
200-80/E), a 1 minutova data srazkového uhrnu (Laser Precipitatio Monitor, Thies).

Vzorky tii velikostnich frakci z 3DRUM byly nasledné analyzovany rentgenové

fluorescencni spektrometrii (Synchrotron X-ray Fluorescence - S-XRF) v Lawrence
Berkeley National Laboratory, USA pro 28 prvki (Na, Mg, Al Si, P, S, Cl, K, Ca, Ti, V, Cr,
Mn, Fe, Co, Ni, Cu, Zn, Ga, As, Se, Br, Rb, Sr, Y, Zr,Mo and Pb).
Kfemenné filtry pouZzité pro odbér PM1 byly pred pouZitim vypdaleny pii 500 °C za
ucelem odstranéni organickych latek a pred a po expozici vaZeny na mikrovahach (M5P,
Sartorius). Vzorky byly analyzovany plynovou chromatografii a hmotnostni
spektrometrii (Kiimal a kol., 2010; Kitimal a kol. 2013) na levoglukosan, mannosan a
picen.

Datova matice pro model EPA PMF 4.2.0.0 byly pripraveny z dat elementarni
analyzy PMo,s - 1,15 (suma B a C frakce z 3DRUM) a PM1,15 - 10 (A frakce z 3DRUM),
hmotnostnich koncentraci PMo,1s - 1,15 @ PM1,15 - 10 s integra¢ni dobou 60 minut a PM2,5
OC/EC pro PMo,15 - 1,15. Hmotnostni koncentrace ~ PMo,15 - 1,15 a PM1,15 - 10 byly spocitany
5 minutovych distribuci stanovenych APS a SMPS o hustoté ¢astic 1,5 g.cm-3 (Shen a kol,,
2002). Linearni regrese mezi hodinovymi koncentracemi PM1o ziskanymi SMPS-APS a
Beta prachomérem (R? = 0,87) potvrdila spravnost volby hustoty Castic pouzitou k
prepoctu velikostni distribuce poctu €astic na velikostni distribuci hmoty.

Paralelné s mérenim na mobilni stanici probihalo méreni PMio prenosnymi
laserovymi nefelometry DustTrak - DT (model 8520, TSI) s integra¢ni dobou 5 minut v
sitovém usporadani. DT byly umistény ve vySce od 3,5 do 24 m nad terénem a ve
vzajemné vzdalenosti od 650 do 5000 m. Hodnoty PM1o namérené DT byly korigovany
na chybu nefelometrické detekce porovnanim s 5minutovymi hodnotami PM10 z méreni
SMPS a APS. Rovnice linearni regrese mezi PM1o mérenymi DT13 a APS a SMPS s
prisecikem v nule méla sklon o hodnoté 0,32 a R% = 0,83. Hodnoty PM1o mérené vSemi
DT pak byly nasledné vynasobeny korek¢nim faktorem 0,32. Korigované hodnoty PM1o
namérené DT5-13 byly nasledné statisticky testovany na koeficient divergence - COD
(Kim a kol., 2005) o kritické hodnoté 0,2 (Pinto a kol., 2004).
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VYSLEDKY

Odbérova kampan probihajici od 14. do 27. Unora charakterizovaly mirné zimni
teploty (median = -2,2 °C), prevladajici SV aZ SZ proudéni s nizkou rychlosti proudéni
vétru (median = 1,3 m.sl) a hmotnostni koncentrace PMio pod stanovenymi
24hodinovymi imisnimi limity pro PM1o (medidn = 28,7 pg.m-3) Obr. 1. Jemna frakce
aerosolu na PM1o tvorila béhem celé odbérové kampané v priméru 89 % a hruba frakce
v priuméru 11 % Tab. 1.
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Obr. 1: Pribéh rychlosti a sméru vétru, srazkového thrnu, teploty ovzdusi a koncentrace
PM1o0 mérené na Severnim sidlisti v Mladé Boleslavi za obdobi 14. - 27.2. 2013.

&

Velikostni frakce Median (pg,m-3) Prameér SD
(ng,m-3)

A 1,15-10 pm 2,5 4,2 4,2
B 0,34 -1,15 um 17,3 21,2 14,8
C 0,15-0,34 um 8,4 8,5 4,0

Tab. 1: Median, primér a smérodatna odchylka (SD) hmotnostni koncentrace tii
velikostnich frakci za obdobi 14. - 27.2. 2013.

Po dobu odbérové kampané nebyly rozdily koncentraci PM10 mezi monitory DT5
- DT13 statisticky vyznamné (COD pro vSechny kombinace DT byl < 0.2). Méstské
ovzdusi lze proto hodnotit z hlediska koncentraci PM1ojako velmi dobtf'e smichané.

Pro odhad optimdalniho poctu faktori byl model testovan pro dva az sedm
faktord. Pocet faktord byl vybran na zakladé vyhodnoceni parametri poskytnutych
modelem s prihlédnutim k uvazovanym mistnim zdrojim. Vysledkem modelu byly Ctyii
faktory pro jemny a tti faktory pro hruby aerosol.

Prvni faktor jemné frakce byl urCen jako spalovdni biomasy na zakladé vysokych
koncentraci Cl, K, Zn, OC a EC. Prispévek faktoru byl vyznamny predevsim v pribéhu
vikendd 16. - 17. a 23. - 24. Gnora. Prispévek rostl v odpolednich hodinach a dosahoval
maxim okolo ptlnoci. Tento denni poukazuje na spalovani biomasy v lokalnich
topenisStich na predmésti Mladé Boleslavi. Faktor za sledované obdobi prispival 49 % k
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celkové hmoté¢ PMois - 115. Casovy priibéhu spalovani biomasy Kkoreluje s
levoglukosanem a mannosanem (Obr. 2a), latkami indikujicimi spalovani biomasy.

Druhy faktor s vysokym obsahem S, K, OC a EC odpovida spalovdni uhli. Prispévek
faktoru byl znacny na zacatku odbérové kampané, ktery charakterizovala primeérna
rychlost vétru do 1 m.sl a primérna teplota -2 °C. Prispévek faktoru k celkové
koncentraci PMo,is - 115 byl 34 %. Casovy priibéhu faktoru velmi dobie Kkoreluje s
picenem (Obr. 2b), slouceninou indikujici spalovani hnédého uhli.

Faktor doprava byl urCen predevSim na zdkladé vysoké koncentrace prvki
zemské kiiry, OC/EC a piitomnosti Cu prvku typického pro abrazi brzdovych desticek.
Faktor zahrnuje emise vyfukovych plynt automobilt a abrazi. Pfispévek faktoru byl po
celou odbérovou kampan konstantni a tvotil 16 % z hmoty PMo,15 - 1,15.

Faktor s vysokym obsahem kovili predev§sim Mn, Fe, Cu a Zn odpovida priimyslu.
Vyrazny prispévek faktoru dne 15. a 25. inora jsou zplisobeny zménou sméru vétru s
prevladajicim smérem proudéni z vychodu. Celkovy prispévek faktoru k PMo,15 - 1,15 byl 1
%.

a) b)

uhli [ug m?]

[ng m™]
[ngm~]
ovan biomasy [ug m*]
Picen [ng m”]

Levoglukosan [,

Spalovan

Spal

Obr. 2: Casovy priibéhu faktoru a) spalovani biomasy a 24hodinovych koncentraci
levoglukosanu a mannosanu, b) spalovani uhli a 24hodinovych koncentraci picenu.

Spalovdni biomasy a uhli, faktor s vysokych obsahem S, K a kovil, byl
dominantnim zdrojem hrubé frakce aerosolu s prispévkem 80 % k celkové koncentraci
PM1,15 - 10.

Druhy faktor byl urcen na zakladé vysokych koncentraci prvki zemské kiry jako
resuspenze silni¢niho prachu. Prispévek faktoru k PM1,15 - 10 byl 14 %.

Faktor s vysokym obsahem Cu a Zn odpovida abrazi brzdovych desticek a pneumatik.
Piispévek faktoru k celkové hmoté PM1,15 - 10 tvoril 6 %.

ZAVERY

Po dobu zimni odbérové kampané 2013 byla na Severnim sidlisti v Mladé
Boleslavi ziskdna data s vysokym casovym rozliSenim umoZziujici identifikace zdrojl
jemné a hrubé aerosolové frakce pomoci receptorového modelu PMF. Na zakladé
modelovanych dat hmotnostni koncentrace, elementarni analyzy a koncentraci OC/EC s
integracni dobou odbéru 60 minut byly ziskany casové prispévky zdroji a prispévek
zdrojt k PMo,15 - 1,15a PMo,15 - 10. Spalovani a doprava byly spole¢né zdroje pro obé frakce,
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avSak pramysl prispival pouze k frakci jemné. Vysoké casové rozliSeni dat umoznilo
postihnout denni chod spalovani biomasy predevsim o vikendech. Oproti naSemu
ocekavani, spalovani biomasy bylo dominantnim zdrojem PMo,1s - 1,15, které nasledovalo
spalovani uhli. Vysledky modelovani byly podpofeny analyzou markeri spalovani
biomasy a uhli v PM1. Ze sitového méreni PM1o vyplyva, Ze poloha monitorovaci stanice
byla reprezentativni a tudiZ modelové vysledky zdroji atmosférického aerosolu byly
validni pro danou oblast.
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INTRODUCTION
The development of metallurgic industry and coke ovens leads to heavy air
pollution in the Moravian-Silesian region. In Ostrava Radvanice and Bartovice district
The PMio annual limits are exceeded in 2002-2013, particularly in winter (87
exceedings in 2013) and B[a]P is 10 times higher than the EU limits (Sram et al, 2011).
Because of the alarming situation, a complete air pollution investigation is needed.
This study reports field campaign results on: (1) aerosol particle number and mass
concentrations, and (2) aerosol particle size distributions in the airshed of the
residential district of Ostrava Radvanice and Bartovice.

EXPERIMENTAL SETUP

A sampling campaign was carried out from the 5% of February to the 7t of March
2014, with an isothermal mobile station. Five minute integrates of particulate and
gaseous components and meteorological parameters were recorded. Fine and coarse
particle concentrations and size distributions were measured using a SMPS model
3936L25 (TSI Inc., size range: 14-723 nm) and an APS model 3321 (TSI Inc.,, size range
0.54-20 um). Gaseous components CO, SO2 NOx, O3, CH4 were measured with Horiba 360
series analyzers. The meteorological parameters were wind speed/direction (WindSonic
M, Gill), global radiation (Thies), ambient air temperature (Rotronic) and humidity
(Commeter).

RESULTS AND CONCLUSION
We recorded peaks of particle number and mass concentrations associated with
peaks of SOz and CO, indicated as pollution events. The concentrations of particle
number, mass, SO2 and CO were respectively 2.8, 4, 7, and 4 times higher during the
pollution events than the off events (Tab. 1).

Tab. 1: Frequency % and total averages of pollution and off-pollution events on the
entire sampling.

Pollution Events Off-pollution Events
Cco SO: PNC PMC Cco SO: PNC PMC
ppm  pgm3  #cm3  pgm3 | ppm  pgm3  #cm3 pgm3
Frequency %  22.7 10.5 13.1 26 77.3 88.5 86.8 74.1
Average 2 50 3.6:104 53 0.5 7 1.3-10+  13.5
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The pollution events are characterized by a monomodal particle number size
distribution at 30 nm within the SMPS size range and a bimodal particle mass size
distribution at 0.7 and 8 pm for the APS size range (Fig. 1).
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Fig. 1: Average aerosol particle size distributions during/off the pollution events.

The pollution events were clearly registered when the station was downwind of the
steelworks, i.e. the wind was blowing from the SW with speed > 1 ms-1. With calm air
condition, the influence of the steelworks was visible also during the off-pollution events
as a result of the turbulent pollution dispersal from the presumptive source. The source
influence disappeared with the NNE wind and speed > 1 ms-! (Fig.1).

High concentrations of particles of 30-40 nm size were found near iron foundries in

previous studies (Cheng et al., 2008, Marris et al., 2012). Sintering process and raw iron
production were found as the major sources of coarse PM1.15-10 (Pokorna et al, 2015).
SOz and CO are emitted by the coke oven and the blast furnace (US EPA, 1986).
Based on the experimental data and in accordance with the literature, we may conclude
that the higher particle number and mass concentrations and the higher gases
concentrations may be attributed to the plume originating at the steelworks and passing
above the station.
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INTRODUCTION

Fine (PM1) and coarse (PMio-25) aerosols differ not only in size but also in the
chemical composition, health effects, type of sources, and others. A dividing line between
fine and coarse aerosol is not clearly defined. These fractions overlap in the
aerodynamic particle size range 1-2.5 pm, also called the intermodal fraction. Sources of
both coarse and fine aerosols contribute to the intermodal fraction to a different extent
relating to different meteorological conditions and types of locations. According to
several studies, the intermodal fraction highly correlated with coarse aerosol in dry
areas during high wind speed episodes (Kegler et al.,, 2001, Claiborn et al, 2011). In
contrast, other studies have shown higher or comparable correlation with fine aerosol
(Geller et al., 2012, Jalava et al., 2006).

The aim of this study is to characterize the intermodal fraction in urban and
suburban localities and estimate to what extent fine/coarse aerosol sources contribute
to this fraction.

EXPERIMENTAL SETUP

The measuring campaign took place from 5.2.-7.3.2014 at an urban site (Ostrava
Radvanice) and a suburban site (Plesna), Czech Republic. The urban site Radvanice is
the residential area near a large industrial zone (southwest of the site) and traffic roads.
The suburban site Plesna is the residential area situated on the northwestern outskirts
of the Ostrava city. At both sites, we measured with various online and offline
instruments. The results obtained daily using Personal Cascade Impactor Sampler (PCIS)
are presented in this abstract.

RESULTS AND CONCLUSIONS

The results from PCIS showed that the intermodal fraction represented 3 - 26% of
the total PM1o in both sites. In contrast, PM1 represented 64 - 93% and PM1o-2.5 3 - 29%
of the total PM1o. The Table 1 summarizes the statistic characterization of 24 - hours
concentrations from PCIS.
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Table 1. The statistic characterization of 24 h - concentrations from PCIS.

Radvanic Plesna

PM1 PM2s5.1 PMio2s5 PM:1 PMz2s.1 PMio-2s

Average (ng/m3) 40.4 3.5 5.1 31.9 2.9 2.4
Median (pg/m3) 38.5 3.0 4.1 27.7 2.7 2.1
Min (pg/m3) 14.3 1.7 2.2 9.1 0.7 0.6
Max (pug/ms3) 89.6 10.8 12.2 61.1 7.2 11.3
Standard deviation  16.6 2.1 2.7 15.8 1.9 2.2

24 h - concentrations of all three fractions, daily average wind speed and prevailing
wind direction during the whole campaign in Radvanice and Plesna is shown in the
Figures 1 and 2.
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Figure 1. 24-h concentrations of PM1, PM25.1 and PM1o-25, daily average wind speed and
prevailing wind direction in Radvanice during the whole measuring campaign.
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Figure 2. 24-h concentrations of PM1, PM25.1 and PM1o-25, daily average wind speed and
prevailing wind direction in Plesna during the whole measuring campaign (wind speed
data used from Radvanice).

Statistical dependence between the intermodal fraction and other monitored
variables can be determined with Spearman correlation coefficients (Fig. 3.).
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Figure 3. Spearman correlation coefficients between PM2s.1 and other monitored

variables.
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The higher average concentrations of all three fractions were observed in Radvanice
how we expected due to the large industrial source. PM2s.1 was associated with the
coarse fraction in Radvanice and with fine and coarse fractions in Plesna.

A certain positive association was observed between PM2s5.1 and wind speed in
Radvanice despite of the result of the test - not statistically significant dependence (p-
value 0.06). During days with SW prevailing wind direction (from the industrial source)
in Radvanice we observed higher wind speed (1.7 times) and lower PM1 concentrations
(1.6 times) than for days with other prevailing wind direction. It did not apply to the
intermodal and coarse fraction (SW prevailing wind direction and higher wind speed -
higher concentrations).

In-depth aerosol source identification of the intermodal fraction will be conducted
with the help of ion chromatography (IC), inductively coupled plasma mass
spectrometry (ICP-MS) and transmission electron microscopy (TEM) applied to aerosol
samples.
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SUMMARY

Unmanned airship, remotely controlled with GPS 1Hz position tracking,
electrically powered with propulsion vectoring and average cruising speed of 4 ms-1,
was used. The airship maneuverability allows vertical/horizontal data localization
within 8m but depends on wind speed and strength of thermal vertical motion.
Therefore, the airship measurements were conducted from early morning to about
midday for two days in June 2014 above the D1 highway SE of Prague. There was a
traffic flow from 4500 up to 7500 cars per hour at the D1 during the measurements.
The airship carried temperature sensor and a TSI’s NanoScan SMPS and an Optical
Particle Counter. Each monitor was connected to the separate heated inlets. First,
longitudinal flights aloft the highway and nearby field situated up-wind were
conducted with 60s integration time at heights 40 - 200m. There were three modal
(15, 40 and 100nm) number size distributions recorded, with PNC in the range of 10-
6200cm3. 15 nm particles exhibited diurnal rather than vertical variability contrary
to particles in other two modes. Second, transversal flights aloft the highway were
conducted to record 1Hz PNC of 15nm particles at heights 40-200m. Vertical profile
revels remarkable 15nm particle enrichment at heights about 100m aloft the
highway, which cannot be predicted from earthbound measurements.

UvoD

Disperze aerosolovych nanocastic do mezni vrstvy atmosféry nad dalnici je dnes
prevazné stanovena na zakladé pozemnich méreni (Zhu a kol, 2002). Za ucelem
experimentalné stanovit prostorovou variabilitu pocCtu a velikostnich distribuci
nanocastic atmosférického aerosolu nad dalnici jsme provedli letova méreni.

METODY MERENI

Pro letova méreni byla vyuZita vzducholod’ s uZite¢nym vztlakem 15kg, 1Hz GPS
lokalizaci, pohanéna elektromotory s vrtulemi s proménnou osou rotace na cestovni
rychlost kolem 4 ms1l LetovA méfeni probihala ve vySkdch 40-200m
s vertikalni/horizontalni lokalizaci kolem 8m, v blizkosti a nad dsekem dalnice D1
nedaleko obce Nupaky, (GPS: 49°59'23.1"N, 14°35'32.9"E). V rozmezi velikosti 10-
420 nm byly méreny 1s koncentrace pocCtu castic a 60s velikostni distribuce poctu
¢astic aerosolu spektrometrem NanoScan (SMPS Nanoparticle Sizer 3910, TSI).
Pozemni méfreni zahrnovala stanoveni meteorologickych parametrli, pocetnich

27



koncentraci submikronového aerosolu (P-trak 8525, TSI) a hmotnostnich koncentraci
frakci PMx (DustTrak DRX-8533, TSI).

VYSLEDKY A DISKUSE

Pii méteni vertikdlniho profilu podél dalnice byly zmétené velikostni distribuce
trimodalni (15, 40 a 100nm), ve shodé s literaturou (Zhu a spol., 2002), ale bez ohledu
na to, zda vzducholod' letéla nad dalnici (Obr.1a). nebo blizkym polem (Obr 1b).
Oproti ocCekavani, pocty castic ve vertikdlnim profilu mezni vrstvy atmosféry
pravidelné neklesaly. Naopak, pocty 15 nm castic se spiSe ménily s dennim chodem,
nezli ve vertikalnim profilu. Pocty Castic ostatnich dvou modt vykazovaly podstatné
méné vyrazny denni chod.
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Obrazek 1. vlevo: Vertikalni profil velikostnich distribuci aerosolu nad dalnici.
Vpravo: Nad polem v blizkosti dalnice

Pii méreni vertikalnich profild kolmo na dalnici, byly nejvyssi koncentrace 15nm
¢astic naméreny ve vyskach nad 100m nad dalnici. Takové zjisteni se da jen obtiZné
vysvétlit jako diisledek primarni emise pti provozu aut na dalnici, ale spiSe jako vznik
sekundarniho aerosolu z primarné plynnych emisi.

ZAVERY
Detekce zvySenych koncentraci nanocastic ve vyskach nad 100m spojenych s
provozem dalnice dovoluje odhadnout Sifeni téchto castic na podstatné veétsi
vzdalenosti od dalnice, neZ je vSeobecné piijimana predstava zaloZena na pozemnich
mérenich.
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SUMMARY

Monitoring the status of air quality is the set of activities leading to the discovery
of the environment, to his guiding and monitoring the evolution in time. Knowledge of
the environment is not the primary objective of monitoring, but a means of predictions
its further developing and designing measures its sustainability. A clear statement of the
objectives of monitoring is a vital precondition for the correctness of the decision about
monitoring pollutants, how and where should be monitor and how the accuracy and
precision should be required. Many factors impact on an air quality that determines its
development and changes. Air pollution is subject to the especially primary source of
pollution and consequently secondary influences which have different impact on current
concentrations of pollutants in the air. This contribution deals with problems of the
monitoring of air pollution from road traffic and the influence of the location of the
monitoring station from the primary source of pollution on detected concentrations of
selected pollutants.

UvoD

Sirenie znedistujucich latok v ovzdusi je zloZity proces, ktory nie je podriadeny len
vydatnosti jednotlivych zdrojov produkujicich toto znecistenie. Samozrejme, samotny
zdroj jednotlivych polutantov je urcujici pre mnozZstvo latok, ktoré sa dostanu do
okolitého ovzdusia. Pri Sireni vyprodukovanych emisii zo zdroja nastupuju dalSie
fyzikidlne faktory, ktoré determinuju rozptyl zneclistujicich latok do okolitého
prostredia. Su to predovsetkym meteorologické parametre, stabilita atmosféry, ¢lenitost
okolitého terénu. K $ireniu znecistenia v okoli cestnych komunikacii bolo spracovanych
niekol'ko studii, ktoré do istej miery potvrdili rozne Urovne koncentracii znecistenia
vzhl'adom na vzdialenost monitorovacieho miesta od predpokladaného zdroja (Sharma
et al,, 2009, Jung et al.,, 2011). Vo vSeobecnosti je potvrdeny vztah vacsia vzdialenost od
cestnej komunikacie = nizsie koncentracie znecistujucich latok. Toto vSak méze byt
odliSné pri réznych fragmentaciach priestoru okolo komunikacie prirodnymi alebo
umelymi prekazkami alebo Specifickym procesom rozptylu znecistujucich latok. Nie
menej dolezity charakter ma vrstvenie znecistenia vo vertikalnom smere, ktoré vykazuje
pokles s vySSou vySkou nad terénom (Adamec et al., 2006, Wu et al,, 2002, Morawska et
al., 1999, Hitchnins et al., 2000, Roorda-Knape et al., 1998).

Experimentdlne merania prezentované vtomto prispevku sa uskutoc¢nili pocas
dvoch meracich cyklov od 11. 1. 2014 do 16. 1. 2014 na monitorovacom stanovisti pri
dial'nici D1 vareali byvalej SSUD Predmier aod 18. 3. 2014 do 23. 3. 2014 na
monitorovacom stanovisti pri dial'ni¢nom privadzaci na D3 Zilina, Strazov.

Na monitorovacom stanovisti pri dialnici D1 boli experimentalne merania
realizované za ucelom zistenia vplyvu vzdialenosti umiestnenia monitorovacej stanice
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od cestnej komunikacie na zmenu koncentracii znecistujucich latok v ovzdusi. Vyber
monitorovacieho stanovista pri dialni¢nom privadzaéi Zilina, StraZov bol orientovany
na zistenie vplyvu protihlukovej steny (PHS) na Sirenie znecistenia ovzdusSia od cestnej
dopravy.

Mobilnd meracia stanica kvality ovzdusia Zilinskej univerzity (MMSKO ZU) bola
umiestnend vo vzdialenosti cca 7,0 m od Krajnice dial'nice. Meracia stanica Envitech
(MMSKO ENV) bola umiestnena od MMSKO ZU cca 30 m smerom od dial'nice D1 k obci
Predmier (37 m od Krajnice cestnej komunikacie) (Obr. 1). VzhI'adom na tvar okolitého
terénu (rovinaty terén obklopeny pahorkovitym reliéfom tvoriaci Udolie rieky Vah
v smere juhozapad < severovychod) sa prejavuje aj prudenie vetra v danom uzemi (Obr.
1). Prevladajuce vetry su v smere orientacie udolia rieky Vah a zaroven je v tomto smere
orientovana aj dial'nica D1.

e ) i':- : 0
JMeracieistanovisteld

A

Obr. 1: Umiestnenie monitorovacieho stanovista pri dial'nici D1, ruZica prevladajicich
smerov vetra (modra), ruzica rychlosti vetra (Cervend) a koncentra¢na ruzica PM10
(zelend), (zdroj podklad: Google earth)

Monitorovacie stanoviste pri dialni¢nom privadza¢i na D3 Zilina, StraZov bolo
umiestnené po pravej strane v smere do Ziliny. MMSKO ZU bola umiestnena pri firme
KABE, ako monitorovacie stanoviSte bez protihlukovej steny (PHS) cca 35 m od krajnice
cestnej komunikacie. MMSKO ENV bola umiestnena v aredli firmy TECHPLASTY s.r.o.,
ako monitorovacie stanovisSte za protihlukovou stenou (PHS) s vySkou cca 4,5 m vo
vzdialenosti od krajnice cestnej komunikicie cca 15 m. Vzdialenost medzi
monitorovacimi stanicami bola priblizne 100 m (Obr. 2).

Cestnd komunikacia je vdanej lokalite orientovand vsmere severozdpad -
juhovychod. Zo severnej strany je cestna komunikacia obklopena niekol'’kymi rodinnymi
domami, Zelezni¢nou tratou ariekou Vah. Zo zapadnej strany vystupuje mierny
pahorkovity terén, pricom tvori bariéru pridenia vetra z tejto strany. Zo svetovych stran
juhozapad, juh, juhovychod a vychod sa otvara mesto Zilina.

Prevladajtice vetry v danej oblasti prudili od mesta Zilina - z juhu, juhozapadu,
juhovychodu. Boli smerované prevazne od monitorovacich stanic (Obr. 2). Dana lokalita
je vel'mi cClenitd nielen z hl'adiska terénu, ale tieZ vzhl'adom na vyskyt réznorodych
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umelych prekazok a bariér, ktoré ovplyviiuju predovSetkym prudenie vetra a prirodzené
prevetravanie Uzemia.

'- , % . i : §‘_ : A ! ,..__ & )
Obr. 2: Umiestnenie monitorovacieho stanovi$ta pri dial'ni¢nom privadzaci Zilina,
Strazov na D3, veterna ruZica (modra), ruzica rychlosti vetra (Cervena) a koncentra¢na
ruzica PMio (zelend) (zdroj podklad: Google earth)

Merané boli znecistujuce latky NO, NOz, NOx a PMio aboli pouZité nasledovné
metody merania:
- NOx, NO2 STN EN 14211:2013 Ochrana ovzduSia. VonkajSie ovzdusie.
Standardna chemiluminiscenéna metéda merania koncentracie oxidu dusi¢itého
a oxidu dusnatého,

- PMio STN ISO 10473:2002 Ochrana ovzduSia. VonkajSie ovzdusie.
Meranie hmotnosti tuhych castic zachytenych na filtri. Met6da absorpcie Ziarenia
beta.

Dalej boli zistované meteorologické parametre (teplota, vlhkost, rychlost a smer
vetra, tlak) a intenzita dopravy.

VYSLEDKY MERAN{

Jednym zcielov danej rozborovej ulohy bolo zistenie vplyvu vzdialenosti
monitorovacej stanice od CK na koncentracie znecistujucich latok. Pre tento ucel boli
zrealizované experimentalne merania pri dial'nici D1 v areali byvalej SSUD Predmier.

Z realizovanych experimentalnych merani vyplynuli niektoré skutocnosti, ktoré
zasadne vplyvaju na primerané hodnotenie kvality ovzduSia vo vybranych lokalitach
suvisiacich so zistovanim urovne zneCistenia. Priemerna koncentracia PMio za
sledované obdobie zistend na MMSKO ENV (32 pg/m3 ) bola 08 pg/m3 nizSia nez
priemernd koncentrdcia PMio na MMSKO ZU (40 ug/m3). ZniZenie priemernej
koncentracie PM1o za sledované obdobie na vzdialenejSom mieste od D1 tak predstavuje
20 %. Prekrocenie dennej limitnej hodnoty pre PM1o 50 pg/m?3 bolo zaznamenané len
v jednom pripade, a to 14.1.2014, kedy bola namerana koncentracia PM1o 75 pg/m3 na
MMSKO ZU a 58 pg/m3 na stanici MMSKO ENV (Obr. 4).
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Aj napriek poveternostnym podmienkam v sledovanom obdobi, pri ktorych
prevladali vetry orientované v smere pozdiZ dialnice resp. v smere od monitorovacich
stanic ku dial'nici, bol zisteny pokles koncentracie PM1o so zva¢sujlcou sa vzdialenostou
od primarneho zdroja znecistenia (cestna doprava). TaktieZ pri oxidoch dusika sa vplyv
vacsej vzdialenosti od CK na ich koncentracie prejavil. Pri koncentraciach NO pg/m3 bol
badatel'ny pokles koncentracii na MMSKO ENV, ¢o predstavovalo v priemere za meracie
obdobie 13,8 pg/m3 t. j. 29 % pokles koncentracie vo vacSej vzdialenosti od CK.
Najvacsia priemerna 24-hodinova koncentracia NO bola zaznamena 14.1.2014 102
ng/m3 na MMSKO ZU a 80,4 ug/m3 na MMSKO ENV. Tak ako koncentracie NO aj
koncentracie NO2 a NOx boli namerané niZSie na vzdialenejSej meracej stanici MMSKO
ENV. Pri NO2 to predstavuje v priemere za meracie obdobie pokles o hodnotu 4,9 pug/m3
t.j. 13 % a pri NOx 25,8 ug/m3 t.j. 23 %. NajvacSie priemerné 24-hodinové koncentracie
NO2 boli zistené 14.1.2014 49,3 pg/m3 na MMSKO ZU a 43,8 pg/m3 na MMSKO ENV
avten isty denl boli najvacsie koncentracie aj pre NOx 205,3 pg/m3 na MMSKO ZU
a 166,8 ug/m3 na MMSKO ENV (Obr. 3). Limitna hodnota stanovena pre NO2 200 pg/m3
nebola prekroc¢ena ani v jednom pripade pocas monitorovacieho obdobia.
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Obr. 3: Porovnanie priemernych dennych Obr. 4: Porovnanie priemernych dennych
koncentracii NOx na meracom stanovisti koncentracii PM1gna meracom stanovisti pri
pri dialnici D1 vo vzdialenosti 7 m (ZU) diafnici D1 vo vzdialenosti 7 m (ZU) a 37 m
a 37 m (ENV) od krajnice CK (ENV) od krajnice CK

Druhym cielom rozborovej ulohy vzhladom na uskutofnené experimentalne
merania bolo zistenie vplyvu protihlukovej steny na Sirenie znecistenia ovzduSia od
cestnej dopravy. Monitorovacie stanoviSte bolo umiestnené pri dialnicnom privadzaci
Zilina, StraZov po pravej strane CK v smere do Ziliny.

Predpokladany vplyv protihlukovej steny na zniZenie koncentracii znecistujucich
latok sa badatel'ne prejavil iba pri PM1o. Priemerna koncentracia PM1o za sledované
obdobie zistendA na MMSKO ENV (18 pg/m3) bola o5 pg/m3 niZSia neZ priemerna
koncentracia PM1o na MMSKO ZU (23 pg/m3). ZniZenie priemernej koncentracie PM1o za
sledované obdobie za protihlukovou stenou oproti miestu bez steny tak predstavuje 22
%. Pocas sledovaného obdobia nebolo na monitorovacom stanovisti zistené Ziadne
prekrocenie dennej limitnej hodnoty pre PMio 50 pg/m3 (Obr. 6). Najvyssia zistena
dennd priemerna hodnota koncentracie PM1o v sledovanom obdobi bola na MMSKO ZU
27 pug/m3 ana MMSKO ENV 20 pg/m3. V pripade koncentracii NO, NO2 a NOx na mieste
za PHS ana mieste bez PHS boli zistené iba minimalne rozdiely, takZe pri tychto
plynnych znecistujucich latkach prakticky nebol zisteny vplyv PHS na namerané
koncentracie (Obr. 5).
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Obr. 5: Porovnanie priemernych dennych
koncentracii NOx na meracom stanovisti
pri dialni¢nom privadzaci Zilina, Strazov

Obr. 6: Porovnanie priemernych dennych
koncentracii PM1o na meracom stanovisti
pri dialhi¢nom privadzadi Zilina, Strazov

bez PHS (ZU) a s PHS (ENV) bez PHS (ZU) a s PHS (ENV)

ZAVERY

Experimentalne merania prebiehali na diametralne dvoch odliSnych stanovistiach.
Pri dial'nici D1 sa jedna o otvoreny priestor, rovinaté izemie bez akychkol'vek umelych
prekazok, ktoré by ovplyviiovali a narusali prirodzené Sirenie zneclistenia ovzdusSia
podriadené len produkcii samotného zdroja znecistenia a meteorologickym faktorom.
Pri dialni¢nom privadzad¢i Zilina, StraZov sa jedna o lokalitu svelkou ¢lenitostou
okolitého terénu, vyraznd zastavbu rodinnych aj firemnych budov a samozrejme islo
ousek CK srozsiahlymi  protihlukovymi stenami, kde tieto zlozky prostredia
predstavuju vyznamné bariéry prirodzeného Sirenia znecistenia ovzdusia. Vysledky
realizovanych merani preukazali odliSnost Sirenia znecistujucich latok, predovsetkym
¢o sa tyka rozloZenia priestoru v okoli cestnej komunikacie. Pri dial'nici D1 sa potvrdil
vyrazny pokles koncentracii meranych znecistujicich latok vzhladom na réznu
vzdialenost monitorovacej stanice od cestnej komunikacie. Pri cestnej komunikacii
Zilina, StraZov sa zistil vplyv protihlukovej steny na koncentracie tuhych ¢astic, a to
zniZenim koncentracii tuhych castic za protihlukovou stenou. Pri oxidoch dusika nebol
zisteny vyrazny vplyv protihlukovej steny na zniZenie ich koncentracii. DéleZzita ilohu
mohol zohrat fakt, Ze MMSKO ENV (s PHS) bola umiestnené blizsie k CK ako MMSKO ZU
(bez PHS), ¢o mohlo zniZit' prejavenie efektu vplyvu PHS na koncentracie oxidov dusika.
Vzhl'adom na zistené skutoCnosti je délezitou udlohou pripravy monitorovania kvality
ovzdusSia citlivo a precizne volit miesto a obdobie monitorovania, kedZe aj nepatrna
odchylka okolitych podmienok monitorovania moéze vyrazne ovplyvnit vysledky.
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SUMMARY

Presently, traffic represents one of the most significant sources of PM air pollution in
urban areas. Road tunnel environment is a suitable site for characterization of traffic
related emissions. However, very week correlation between PM concentration and
traffic intensity was found for both fine and coarse fraction. Two different types of PM2s
particles were distinguished based on the metals concentrations.

UvoD

Pevné castice (PM) jsou vyznamnou Skodlivinou v ovzdusi zejména z divodu jejich
negativnich dopadli na zdravi clovéka, jako jsou onemocnéni dychacich cest a
kardiovaskularniho systému (Pope et al, 2002). VsoucCasné dobé je za jeden
z nejvyznamnéjsich zdroji znecisténi ovzdusi PM v méstskych oblastech povazovana
doprava. Castice produkované dopravou vznikaji pii spalovani paliva v moteorech
automobild, obrusem rdznych mechanicky namahanych ¢asti vozidel (pneumatiky,
brzdové a spojkové oblozeni atd.), korozi karoserie nebo podpirné infrastruktury
(svodidla, dopravni znacky) nebo resuspenzi (Caplain et al., 2006). Vhodnym prostiedim
pro charahterizaci ¢astic produkovanych dopravou je silni¢ni tunel (Sanchez-Ccoyllo et
al., 2009), pricemz k identifikaci zdroji castic je dllezita znalost chemického slozeni
(Salma et al.,, 2002).

METODY MERENI

Odbéry vzorkii PM byly realizovany v ramci 8 tydennich kampani v obdobi od
prosince 2011 do prosince 2013 v tunelu Mrazovka, ktery je soucasti méstského okruhu
v Praze. Tunel je 1,260 m dlouhy s jizdnimi sméry v oddélenych tunelovych troubach. Za
ucCelem stanoveni koncentraci PM2s a PMio bylo vzorkovani realizovano na
nitratcelulézové filtry pristroji Leckel MVS6 (Sven Leckel Ingenierbiiro GmbH,
Némecko) v intervalu vymény filtri po 24 hodinach. Koncentrace uvedenych frakci byly
nasledné stanoveny gravimetrickou analyzou na vahach MX-5 (Mettler-Toledo GmbH,
Svycarsko). Za ucelem obrazové a chemické analyzy individualnich ¢astic bylo
vzorkovani realizovano s vyuZitim stejnych pristroji, ale pouze po dobu 15 minut se
zachytem PM na specidlni filtry z polykarbonatové membrany s velikosti pért 0,6 um,
které jsou urceny pravé pro elektronovou mikroskopii vzhledem k dokonale hladkému
povrchu. Velikostni distribuce byla méfena pristrojem Environcheck 107 (Grimm
Aerosol Technik GmbH & Co. KG, Némecko).

Nitratcelulézové exponované filtry byly rozloZeny mikrovinnym rozkladnym
systémem Speed Wave four (Berghof, Germany) v uzavirenych teflonovych nddobkach za
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vysokych teplot a tlakii ve smési ultracistych kyselin dusi¢né a chlorovodikové.
Koncentrace kovl byly nasledné stanoveny metodou ICP - MS (ICP - MS Triple Quad
8800, Agilent Technologies, Japonsko).

Polykarbonatové exponované filtry, resp. vysece z nich, byly umistény na terciky
s obostrané lepici uhlikovou paskou a nasledné pokoveny cca. 20 nm vrstvou zlata (SCD
050, Bal-Tec, Lichtenstein). Takto pripravené vzorky byly pozorovany a analyzovany
skenovacim elektronovym mikroskopem VEGA TS 5136 LSU (Tescan, Ceska republika) s
energiové - disperznim rentgenovym detektorem (Quantax X - Flash 6/10, Bruker nano,
Némecko) ve vysokém vakuu (0.02 Pa) s vyskokym napétim katody (30 kV). K obrazové
analyze byly vyuZivany nizkoenergetické sekundarni elektrony emitované z k-orbitalti
atomi prvkd pri interakci vzorku s proudem elektronti. Chemické sloZeni bylo
stanoveno na zakladé emitovaného charakteristického rentgenového zarenti.

VYSLEDKY, DISKUSE, ZAVERY

Stanovené 24 hodinové koncentrace pevnych castic, zejména pak hrubé frakce
PM2s.10 vykazuji velkou variabilitu a to jak v porovnani jednotlivych kampani, tak
vramci jednotlivych dnl. Nejvétsi podil hrubé frakce byl stanoven béhem dopoledni
dopravni Spicky a naopak nejménsi podle ocekavani v no¢nich hodinach. Vysoky podil
hrubé frakce v obdobi dopravni Spicky miize byt zplisobeny resuspenzi pouli¢niho
prachu resp. prachu deponovaného pii okraji komunikace v tunelu z diivodu vétsiho
mnoZstvi projizdéjicich vozidel. Nicméné korelace mezi koncentracemi PM a intensitou
dopravy je velmi mala a to pro obé sledované frakce, ale presto je statisticky vyznamna
(obr. 1). To je pomérné pirekvapujici vzhledem k faktu, Ze silni¢ni tunel je povazovan za
prostfedi, kde je doprava povaZovana za dominantni aZ vyhradni zdroj zneciSténi
ovzdusi.

PM21.150 N Regression curve - PM

1004
904
80+
704
60
50

40

Traffic inten
30 T T T T T T T T T T ] >
0.60E00.80E01.00E01.20E01.40E01.60E01.80E02.00EQ2.20E02. 40E02. 60E02.80E04

Obr. 1: Vztah mezi intensitou dopravy a koncentraci PM2.s

Na zakladé stanovenych koncentraci vybranych kovl byly identifikovany dva typy
PM2zs, vyskytujici se vrlGznych obdobich realizovanych odbérd. Prvni typ je
reprezentovan Casticemi odebranymi v obdobi zimni sezény 2012 (prosinec) - 2013
(Unor) a v grafech jsou znazornény zelenymi teckami, zatimco druhy typ predstavovaly
catice odebrané ve vSech dalSich realizovanych odbérovych kampanich v¢. zimniho
obdobi 2011 (prosinec). Tyto typy jsou charakterizovany riznym pomeérem nékterych
prvki, napi. Ca/Si, Si/Al nebo Mo/V (viz. obr. 2 a 3). Zejména korelace Si a Al, tedy prvki
zemské kiiry prokazuje riizny ptivod Castic v téchto obdobich, jelikoZ se jedna o prvky,
které se vzdjemné zastupuji v béZnych horninotvornych mineralech resp. reuspenzi
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riznych castic vriznych obdobich. Naopak rozdil v koncentracich vanadu je mozné
zdlvodnit pouZivanim palive o jiném sloZeni. Vanad je obsaZen ve stopovych mnoZsvich
v ropé, ale koncentrace se pomérné vyznamné lii v zavislosti na jejim ptivodu. Ceska
republika nakupuje tuto komoditu ze dvou zdroji, a sice z Norska nebo Ruska. Rozdil
koncentraci vanadu je v tomto pripadé 1,6 resp 38 mg.kg1 (Blazek - Rabl, 2006).
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Obr. 2: Ptiklad korelace mezi prvky zemské kiiry.
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Obr. 3: Priklad korelace mezi vybranymi kovy.

Vzhledem k vySe uvedenym zjisténim byla provedena analyza jednotlivych ¢astic
odebranych v jednotlivych obdobich, a to jak morfologicka, tak chemicka. Pozorovany
byly kulovité ¢astice s rozméry cca. 50 nm spojené do retézcli nebo nepravidelnych
agregati rlznych velikosti, tvofené vyhradné uhlikem, jejichz vznik je spojen se
spalovanim paliva v motorech automobild. V nékterych pripadech byly tyto castice
absorbovany na povrchu ostrohrannych castic (fotografie na obr. 4 vlevo). Ostrohranné
¢astice maji svlij ptivod v mechanickych procesech spojenych s obrusem pneumatik,
povrchu vozovky, brzdového obloZeni, korozi karoserie ¢i jinych ¢asti automobilu nebo
také vresuspenzi prachu deponovaného pii okrajich komunikace. Detailnéjsi
identifikaci ptivodu umoziiuje stanoveni chemického sloZeni jednotlivych ¢astic. Velmi
Casto byly pozorovany na exponovanych filtrech castice z riiznych zdroji (fotografie
vpravo na obr. 4). Nicméné na zakladé analyzy jednotlivych c¢astic se nepodarilo
prokazat rozdil v morfologie mezi typy PM2zs identifikovanymi na zakladé celkové
chemické analyzy.
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Obr. 4: Fotografie PM v elektronovém mikroskopu.
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SUMMARY

The determination of total contents and bioavailable proportions of selected
metals in street dust, urban aerosol and emissions from biofuel combustion was
performed in this research. Extraction solutions simulating body fluids evinced
significantly different extraction ability.

UvoD

ZatiZeni méstského prostiredi prachovymi c¢asticemi o velikosti mensi nez 10 pm
miiZze zvySovat denni prijem toxickych latek populaci. Na Castice aerosolu a
resuspendovaného prachu je vazdno mnoZstvi organickych sloucenin, anorganickych
ionti a kovd, které mohou zpisobovat zavazné zdravotni komplikace. Pro posouzeni
biodostupnosti kovili v organismu bylo navrzeno nékolik postupti in vitro (Oomen et al.,
2012; Stopford et al., 2003). Jedna se o extrakcni postupy simulujici uvolnéni v plicnich
kapalinach nebo v Zaludecnich stavach. Cilem této prace bylo porovnani pouZivanych
extrakci pro urceni biodostupného podilu kovl v c¢asticovém materidlu méstské
aglomerace a v emisich ze spalovani biopaliv.

METODY MERENI

Na uzemi mésta Brna byl proveden sezénni odbér poulicniho prachu na dvaceti
mistech. Celkem bylo odebrano 80 vzorki. Dale bylo provedeno vzorkovani aerosolu
(PM1) vBrné (vzorek Brno 1 a Brno 2) pro testovaci studii k pripravované kampani
cilené na sezoénni variabilitu slozeni aerosolu. Extrak¢ni ti¢innost plicnich simulantt byla
dale testovana na vzorcich emisi (PM1) ze spalovani bionafty (vzorky WHTC1 a
WHTC 2).

Vzorky pouli¢niho prachu byly podrobeny extrakcim v deionizované vodé,
extrakci SBET (Oomen et al, 2002) a extrakci v emulzi fosfatidylcholinu z vajecného
Zloutku. Vzorky PM1 (aerosol i emise) byly extrahovany v nasledujicich plicnich
simulantech: Gambletv roztok (A), Gamblelv roztok s dipalmitoyl fosfatidylcholinem -
DPPC (B), uméla lysosomalni kapalina (C) (Stopford et al., 2003), fyziologicky roztok (E),
deionizovana voda (F) a nové navrzeny simulant extrakce v plicnich sklipcich (D)
obsahujici DPPC. Koncentrace kovi v extraktech byly stanoveny pomoci ICP-MS Agilent
7700; rtut byla stanovena na AA spektrometru AMA-254.

39


mailto:coufalik@iach.cz

VYSLEDKY A DISKUZE

Celkové obsahy rtuti v pouli¢cnim prachu na Uzemi mésta Brna se pohybovaly
mezi 0,03 a 2,67 mg/kg v zavislosti na ro¢nim obdobi, dopravé a meteorologickych
podminkach. Rtut’ v pouli¢cnim prachu ovSem vykazovala velmi nizkou biodostupnost.
Hlavni vysledky byly shrnuty v publikaci Coufalik et al. (2014).

Ve vzorcich PM1 byly stanoveny celkové koncentrace Al, Ce, Cr, Cu, Mn, Ni, Pb, V,
Zn i jejich biodostupné podily. Extrakéné definovany biodostupny podil je zna¢né zavisly
na extrakéni sile roztoku. Prikladem mitZe byt urceni biodostupného podilu médi
(obr. 1). Nejvyssi biodostupnost byla zaznamenana pro vanad. Nejvyssi extrakcni silu
méla uméla lysosomalni kapalina, zatimco tradi¢né pouzivany Gambleliv roztok byl
znacné slabsi extraktant. Nové navrZeny simulant extrakce v plicnich sklipcich
(modelovy plicni surfaktant) mél prekvapivé nizsi extrakeni silu neZ deionizovana voda
navzdory niz§imu povrchovému napéti.
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Obr. 1: Relativni vytézky extrakce médi v roztocich simulujici plicni kapaliny

ZAVERY

Testované extrakcni roztoky pouzivané pro urceni biodostupného podilu kovii in
vitro vykazuji znac¢nou variabilitu v extrak¢ni ucinnosti. Postup urceni biodostupného
podilu kovi v aerosolech by tak mél byt predmétem Sirsi védecké diskuse.

PODEKOVANI

Tato prace byla podporovana grantem GA CR ¢. P503/13/1438S a ¢. P503/14/25558S
a vyzkumnym zamérem Ustavu analytické chemie AV CR, v.v.i,, &. RVO: 68081715.

LITERATURA

Coufalik, P., Zvérina, 0., Mikuska, P., Komarek, ]., Seasonal variability of mercury contents
in street dust in Brno, Czech Republic, Bull. Environ. Contam. Toxicol., 93, 503-508,
(2014).

Oomen, A.G., Hack, A., Minekus, M, et al., Comparison of five in vitro digestion models to
study the bioaccessibility of soil contaminants, Environ. Sci. Technol.,, 36, 3326-
3334, (2002).

Stopford, W., Turner, J.,, Cappellini, D., Brock, T. Bioaccessibility testing of cobalt
compounds, J. Environ. Monit., 5, 675-680, (2003).

40



SMPS SPECTRA DEPENDENCE ON AIR MASSES ORIGIN AT KOSETICE STATION

Nadézda ZIKOVAL2 and Vladimir ZDIMAL!

1Laboratory of Aerosol Chemistry and Physics, Institute of Chemical Process
Fundamentals, Czech Academy of Sciences, zikova@icpf.cas.cz
ZDepartment of Meteorology and Environment Protection, Charles University in Prague

Keywords: air mass, HYSPLIT, atmospheric aerosol, SMPS, background station

INTRODUCTION

The varibility in atmospheric aerosol (AA) concentrations is considerable even at
rural background stations with suppressed direct anthropogenic influence (Zikova &
Zdimal, 2013), and strongly depends, among other meteorological parameters, on wind
speed and direction. The wind direction, however, gives only limited information on the
air masses origin, so the more detailed analysis of air mass trajectories was done to
describe the variability of the AA at the KoSetice station.

METHODS

Backward trajectories coming to the KoSetice observatory at 06:00 between
1.5.2008 and 30.4.2013 were computed and analysed, using HYSPLIT (HYbrid Single-
Particle Lagrangian Integrated Trajectory) model (Draxler & Rolph, 2013). The
trajectories were computed 4 days back, i.e. -96 hours, based on the NOAA-NCEP/NCAR
Reanalysis. According to the total spatial variance analysis, the trajectories were than
clustered into 9 clusters.

For the description of the individual clusters, mainly in the means of synoptic origin,
the clusters were compared with the synoptic types recorded for every day in the CHMI
(Racko, 2014) according to the Catalog of 23 synoptic types for the Czech Republic
(HMU, 1986).

The data were compared with the SMPS (Scanning Mobility Particle Sizer)
measurements of particle number size distributions (PNSD) in the size range from 10 to
800 nm. For each of the clusters, the median of total number concentration was
computed, as well as the median of concentrations in cumulative size classes. Typical
PNSD for individual clusters were also computed, separately for night- and day-time, to
separate the influence of New Particle Formation (NPF) events.

RESULTS

The lowest total concentrations were recorded during air masses from clusters
8 and 9 (Fig. 1 left), attributed to the clean marine air from Atlantic ocean not remaining
too long time over continent, and thus not being strongly influenced by anthropogenic
emissions. The highest concentrations were measured in the air masses from clusters 3,
4, and 7, consisting of trajectories coming from east to north, mainly over the land.
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Figure 1. Left: Cumulative concentrations in the individual clusters. Right: Ratio of
cumulative concentrations to total concentration in the cluster.

Considering the concentrations of the nucleation mode particles, the cluster 9 shows
the highest numbers, and also the highest ratio of the nucleation mode concentrations to
total concentration (Fig. 1 right). It is the consequence of high number of NPF events in
the air masses of this cluster. The lowest concentrations of nucleation mode particles
were found in the cluster No.5; the nucleation mode is responsible only for 6 % of total
concentrations. The highest concentrations of particles of Aitken mode were measured
in the air masses from clusters 2 and 9. Both of the clusters are connected with anti-
cyclonic situations, bringing air masses from southeast. The air masses contain aged
aerosol, with main share of aerosol particles in accumulation and droplet modes.
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INTRODUCTION

Aerosol particles are proven to affect climate change, visibility, and human health.
To gain a better understanding of their origin and behavior, it is necessary to describe
their chemical composition and number size distribution with a high time resolution. In
the Czech Republic or any of its neighboring countries except Germany, no results have
been published from such measurement yet.

This abstract summarizes the results of two measurement campaigns conducted
at a Prague background station Suchdol with focus on data from the compact-Time of
Flight-Aerosol Mass Spectrometer (c-ToF-AMS). The data were collected during summer
2012 and winter 2013.

EXPERIMENTAL SETUP

The measurements were done at Prague Suchdol suburban site, which is located
approximately six kilometers north west from the Prague city center. During the two
measurement campaigns, we deployed the c-ToF-AMS, field Organic Carbon/Elemental
Carbon (OC/EC) analyser and PM1 filter sampling analysed by lon Chromatography (IC).
The c-ToF-AMS provides us with highly time resolved chemical composition and size
distribution of aerosol particles (Drewnick, 2005). The aerosol was analyzed with one
minute time resolution and the vaporization and ionization occurred at 600°C and 70eV,
respectively.

RESULTS AND CONCLUSIONS

To obtain correct mass concentration using the AMS, it is necessary to set correct
Collection Efficiency (CE), i.e. the fraction of particles that are detected by the
instrument from all particles introduced to the system. In order to determine an
appropriate value of CE for our measurement we compared AMS data with results from
Ion Chromatography (IC). We found that for our summer and winter campaign the
appropriate CEs were 0.29 and 0.35, respectively. This result was justified by further
comparison of AMS data with measurement from Scanning Mobility Particle Sizer
(SMPS) and field OC/EC analyzer.

By comparison of the c-ToF-AMS data with the results of the HYSPLIT model
(Draxler and Hess,1998), we found a clear inverse relation between the boundary layer
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thickness and the level of pollution. Further, we selected episodes of significantly higher
and lower pollution level from the whole measurement campaign and compared them
with the air mass trajectories. Episodes of higher pollution were connected with arrival
of continental air masses whereas episodes of lower pollution with arrival of marine air
masses.

Further, we calculated the diurnal cycles and wind roses using the OpenAir
Software. The diurnal cycles of compounds measured by the c-ToF-AMS were influenced
by the daily traffic, boundary level height, mixing with upper atmospheric layers, and
winter heating.

We also carried out the analysis of organic fragments f43, f44, and f60, i.e. the
ratio of particular mass to charge fragment versus the total organic mass. The values of
f43 and f44 point to the oxidation state of the aerosol, whereas the value of f60 indicates
the influence of biomass burning. We found that winter organic aerosol was influenced
by biomass burning (unlike the summer one) and it was of more local origin.
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INTRODUCTION

Organic aerosol (OA) is the most abundant but still poorly characterized
component of airborne particulate matter. This situation is even more complicated in
large cities where many anthropogenic sources of primary organic aerosol (POA) are
situated. In recent years, aerosol mass spectrometry has been increasingly applied to
obtain highly time-resolved chemical composition of ambient aerosol. This is
considerably important for clarification of organic aerosol life cycles and sources. Two
measuring campaigns, which lasted about six weeks in summer 2012 and in winter
2013, were performed at suburban site Prague - Suchdol. Aerosol data were measured
by Aerodyne compact time-of-flight aerosol mass spectrometer (AMS) which is able to
characterize the size resolved chemical composition of non-refractory submicron (PM1)
fraction.

DATA PROCESSING

Organic aerosol data were averaged to 30 min. intervals and analyzed by receptor
modelling based on positive matrix factorization. Firstly, a set of factors is identified by
unconstrained technique using Multi-linear engine (ME-2) (Paatero, 1999). Mass spectra
of these factors correspond both to primary organic aerosol (POA) sources and
secondary organic aerosol (SOA) sources. We distinguished various primary sources
depending on season. In summer season we identified hydrocarbon-like organic aerosol
(HOA) from traffic and OA emitted by and biomass burning (BBOA). In winter season we
found two types of POA both connected with local heating. Wood burning (WBOA) and
Coal burning (COAL) aerosols. POA portion was ranging from 10% to 20% of total
organic aerosol in summer and from 10% to 40% in winter season. In both parts of the
year SOA consists of two types of oxygenated organic aerosol varying in volatility and
degree of oxidation. Semi-volatile oxygenated organic aerosol (SV-OOA) shows maximal
concentration during the night and minima in the afternoon. Low-volatile oxygenated
organic aerosol (LV-OOA) has an opposite daily pattern and is more oxidized then SV-
OOA. Mass spectra of all detected POA factors were then put more precisely by ME-2
partially constrained technique: a-value approach (Canonaco, 2013).
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Fig. 1: Comparison of summer and winter LVOA mass spectra
RESULTS AND CONCLUSIONS

In both seasons ME-2 analysis resolves two POA sources and two SOA sources. The
same SOA sources were identified in summer and winter. Pearson’s correlation
coefficient R showed high degree of similarity (RLvoasummer, Lvoawinter = 0.99, Rsvoa summer,
svoa winter = 0.79). During winter season we were not able to resolve HOA factor clearly.
We may assume that the low amount of HOA was included in COAL factor due to high
similarity of HOA to COAL factor (RuoacoaL = 0.81). Summer BBOA factor showed high
similarity to WBOA factor (Resoawsoa = 0.81).
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INTRODUCTION

Carbonaceous aerosols form a major part of particulate matter suspended in the
atmosphere. The organic part of aerosol represents a diverse group of substances that
can be analyzed in different ways. In this work, the possible linkages between organic
fractions measured by Compact Time-of-Flight Aerosol Mass Spectrometer (AMS; from
Aerodyne) and a semi-online EC/OC analyzer (from Sunset Laboratories) were search.
Each of these instruments provides a different kind of information. Organic fractions
from EC/OC analyzer provide knowledges about a diferent volatility of organic carbon
(OC) while AMS provide informations about a chemical composition of characteristic
mass fragments. Thus, the main objective of this work was to determine whether the
organic fractions from EC/OC analyzer can indirectly provide also information on the
chemical composition or somehow more characterize type of aerosol.
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Fig. 1: Comparison of organic mass concentration (Org) measured by the AMS and
organic carbon (OC) measured by EC/OC analyzer during winter and summer.
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EXPERIMENTAL SETUP

We compared two sets of data from urban backgroun site - the first measured in
summer (22.-26.6.a 13.-31.7.2012) and the second in winter (8.1.-4.2.2013).

In addition to elemental and organic carbon (EC and OC), measured in PM1 fraction,
the EC/OC analyzer provided also concentrations of OC fractions in the following
temperature ranges - OC1: <200°C, 0C2: 200-300°C, OC3: 300-450°C and 0C4: 450-
650°C. Pyrolytic carbon (PC=0C-0C1-0C2-0C-0C4) was also quantify and OC data were
corrected on a dynamic blank.

Total organic mass (Org) and following organic fragments were taken from AMS
measurements. The peak m/z 44 represent higly oxidized CO2* fragment which can be
atributed to organic acids. The peak m/z 43 consists from fragments C2H30* and CsH7*.
The m/z 57 is comprised of two fragments (C3HsO* and C4H9*) which are considered as
tracers for primary organic emissions of fossil fuel combustion. Finally, the m/z 60 is
generaly linked to the presence of biomass burning organic aerosol. Several corrections
were applied on the AMS data - baseline setting, m/z and airbeam corrections,
recalculations based on right ionization and collection efficiency.

Furthermore, meteorology, trace gases concentrations and resulting factors from
ME-2 (multilinear engine) analyses on organic aerosol data from AMS were taken to this
comparison.

RESULTS AND CONCLUSIONS

Figure 1 shows different slope between Org and OC in winter and summer which
points to the probable changes on the oxidation states of organic aerosols during
seasons (e.g. Chan et al,, 2010). However, contrary to other works (e.g. Poulain et al,,
2011), analysis of diurnal variations of Org/OC ratios did not show any significant daily
pattern.

Other possible links between all the measured data were compared by using of
correlation matrices. Details from all these analyses will be presented during the lecture.
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INTRODUCTION

The mechanism of nanoparticle formation in condensation of a supersaturated vapor
is of interest for different kinds of atmospheric phenomena and processes of
nanotechnology (e.g. manufacture of nanoparticles). Homogeneous nucleation is the
initial stage of nanoparticle formation. The critical cluster size is one from the main
parameters in the classical nucleation theory. The value of the critical cluster size is
usually found from the Kelvin equation which does not depend on the condensation
coefficient. In the general case the size dependence of the condensation coefficient can
influence the critical cluster size (Levdansky, 2002). The size dependence of the
cohesive energy in the nanoparticle can also affect the size of the critical cluster. Below
we consider the joint influence of above-mentioned size effects on the critical cluster
size, the rate of nucleation and the growth rate of arising nanoparticles.

RESULTS AND DISCUSSION
The rate of homogeneous nucleation can be written in the form (Schmelzer, 2003)
W*
J, =Aexp| ——|. 1
(- enf ) o

Here k is the Boltzmann constant, T is the temperature, A is the pre-exponential factor
characterizing the kinetics of incorporation of monomers (atoms or molecules) into the
critical cluster and including also the Zeldovich correction factor, W* is the work of the
critical cluster formation that can be written as W* = ond*2/3, where ¢ is the surface
tension, d” is the diameter of the critical cluster.

Taking into account (Levdansky, 2002; Levdansky et al., 2014), we can write the
following equations for the growth rate of the nanoparticle in the free-molecular regime
vp and the critical diameter of nanoparticles (clusters) d* in view of the size dependence
of the condensation coefficient and the cohesive energy (for simplicity, we further
assume that the surface tension is constant and the condensation coefficient for the flat
surface is equal to unity):

Vv —ﬂ e (_Gﬂ)_lex (—46‘9“\/) (2)
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Here d is the diameter of the nanoparticle, n is the number density of vapor atoms near

the nanoparticle, nc is the number density of atoms in the nanoparticle, v is the mean

thermal velocity of vapor atoms, S = n/new, nex is the number density of the saturated

vapor for the flat surface, Ec is the cohesive energy for bulk matter, V is the volume per

atom in the nanoparticle (cluster), geff = 6[1 + Ecxd/(0V)], where 6 is the Tolman length.

4

Figure 1 shows the dependence of the dimensionless critical diameter of the
nanoparticle (cluster) do = d*kT/(40V) on the saturation ratio S at Ec6/(0V) = 7 (that is
close to the value for silver nanoparticles).

100

80+

Fig. 1: Dependence of do on S; 1: d" is calculated according to Eq. (3), 2: d" is calculated
according to the Kelvin equation.

It is seen from Egs. (1) - (3) and Fig. 1 that the above-mentioned size effects lead to
an increase in the critical size of particles and to a decrease in the rate of nucleation and
the nanoparticle growth rate.

CONCLUSIONS

Thus, it is shown that the size dependence of the condensation coefficient and the
cohesive energy for nanoparticles decreases the rate of homogeneous nucleation in a gas
phase as well as the growth rate of nanoparticles.
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INTRODUCTION

It is known that impurity atoms (molecules) in the main substance can affect its
physicochemical properties. Semiconductor doping is paramount in micro- and
nanoelectronics. In some cases nanoparticle doping is needed (Erwin et al., 2005).
Nanoparticle doping in the general case depends on the size of nanoparticles. Below we
consider theoretically size effects in the uptake of impurity (dopant) atoms by the
aerosol nanoparticle that grows in the supersaturated vapor.

RESULTS AND DISCUSSION

Let us consider the influence of size effects on the uptake of impurity atoms
(molecules) by the growing aerosol nanoparticle in condensation of the supersaturated
vapor of the main component. We assume further that the free-molecular regime of gas
flow takes place and the concentration of impurity atoms in the nanoparticle is
sufficiently small. The uptake coefficient y for impurity atoms under above-mentioned
assumptions according to (Levdansky et al., 2000) is given by:

, (1)

where s is the sticking coefficient of impurity atoms on the particle surface, I is the
resultant flux density of vapor atoms into the growing aerosol particle, the value of F is
related to evaporation of impurity atoms from the particle.

Taking into account the relation between s and the rate constant for adsorption of
impurity atoms kads, as well as the size dependence of kads (Murzin, 2009) and the
surface tension (Rekhviashvili and Kishtikova, 2006), the sticking coefficient for the
nanoscale particle sp in the case of 46/d << 1, where d is the nanoparticle diameter, 6 is
the Tolman length, can be written as

daoc NV 46
S. =S_exps— c11-—|¢. 2
P xp{ dkT ( d j} (2)

Here ow is the surface tension for bulk matter, S = 4Kkads,«0/V, kads» is the value of kads for
bulk matter, v is the mean thermal velocity of impurity atoms in a gas phase, k is the
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Boltzmann constant, T is the temperature, V is the volume per atom in the nanoparticle,
a is the Polanyi parameter.
The value of F in view of (Levdansky et al., 2000) is given by

F =Y exp{— 5}, 3)

4 KT

where nc is the total number density of atoms in the nanoparticle that is assumed to be
constant, Ep is the activation energy needed to remove the impurity atom from the
nanoparticle which decreases with a reduction in the nanoparticle size similarly to the
one-component nanoparticle. The last case was examined in (Levdansky et al.,, 2014).

Let us consider the value of y for the nanoparticle (yp) in the limiting cases when F/I
<< 1 and F/I >> 1. In the first case yp = sp and the uptake coefficient can be described by
the equation similar to Eq. (2). The value of yp in F/I >> 1 can be written as

E
- 4ls, exp{_ 4ac N [1_@j+_p}_ @

n.v dkT d KT

c

It is worth noting that the value of I will decrease with a reduction in the nanoparticle
size due to a decrease in the condensation coefficient of vapor atoms of the main
condensing component and the evaporation energy of these atoms. It is seen from Egs.
(2) and (4) that in both above-mentioned cases the uptake coefficient yp for impurity
atoms and their concentration in the nanoparticle (which is related to the uptake
coefficient) will be less for the smaller nanoparticle.

CONCLUSIONS

Thus, it is shown that the size dependence of the sticking coefficient of impurity
atoms on the nanoparticle surface and the cohesive energy in the nanoparticle can
decrease the uptake coefficient of impurity atoms and their concentration in the
nanoparticle growing by vapor condensation.
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INTRODUCTION

Nanoparticles (NP's) have attracted considerable attention, because they show a
quantum size effect, for which the physical and chemical properties are strongly
dependent on particle size (Nakaso et al., 2003). This change of properties can also affect
the toxicity and therefore NP's cannot be treated the same way as bulk material. In spite
of that, inhalation studies of NP's are still rather rare, Vecera et al, 2011. Recently, an
exposure system for inhalation experiments was constructed in the Institute of
Analytical Chemistry AS CR (Vecera et al, 2011) and the first experience with this
system were reported by Vecera et al, 2012. For these studies, a method of continual
long-term generation of NP's in the gas phase is necessary. Methods for long-term
generation of MnOx (Moravec et al, 2013a) and Pb/PbOx (Moravec et al, 2013b) NP's
have recently been reported. The next task was to test the method for long-term
generation of TiO2 NP's suitable for subsequent inhalation experiments.

Titania NP's are of interest for their unique properties and applications as pigments,
cosmetics, catalyst and also photocatalyst for waste water treatments. Recently, titania
NP's were used for exposure experiments, Koivisto et al.,, 2011. However, in different
reactors NP's synthesis proceeds in different ways. So, the aim of this study was to
perform the long-term generation of TiO2 NP's in the current high temperature ceramic
tube reactor and to compare the results with our previous experiments performed in
moderate temperature glass reactor (Moravec et al,, 2001)

EXPERIMENTAL SETUP

The current reactor is an externally heated work tube with i. d. 25 mm and the
length of heated zone 1 m. Total length of the work tube made from impervious
aluminous porcelain (IAP) was 1.5 m. Titanium tetraisopropoxide (TTIP) was used as a
precursor. Vapors of TTIP were decomposed in an inert atmosphere (pyrolysis) or/and
in the mixture of nitrogen and air with oxygen concentration 10 vol. % (oxidation).
Vapor pressure of TTIP was calculated from the equation (Okuyama et al. 1986):

7130
P(Pa) =133.32xexp(21.2———). (1).
T(K)
Current experimental setup was described in more detail by Moravec et al. (2014). Glass
reactor consisted of the tube 55 cm long with ID 2.7 cm. Detailed description of the

experimental setup with glass reactor was described by Moravec et al., 2001.
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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, cellulose and Sterlitech Ag filters. Particle characteristics were studied by
transmission/scanning electron microscopy (TEM, JEOL Z2000FX/SEM, TESCAN
INDUSEM), energy dispersive spectroscopy (EDS, Bruker Quantax), inductively coupled
plasma - optical emission spectrometry (ICP-OES, IRIS Intrepid Il XDL), elemental and
organic carbon analyzer (EC/OC, Model 4, Sunset Laboratory), X-ray diffraction (XRD,
Philips X'Pert diffractometer PW3020) and X-ray photoelectron spectrometry (XPS,
ADES-400, VG Scientific). Four experimental campaigns were performed in total duration
of 264 hours with one batch of precursor. NP's production and their characteristics were
studied in dependence on TTIP vapor pressure (Prrie, 1.6 — 2.8 Pa, controlled both by
saturator temperature Ts and by saturator flow rate Qs), reactor temperature (7r, 500 -
900 °C), reactor flow rate (Qr, 800 - 1400 cm3/min) and oxygen concentration (co; 0 or
10 vol. %).

Particle production in the glass reactor was monitored using Differential mobility
particle sizer (DMPS, TSI model 3932C), and particle characteristics were analyzed by
SEM/TEM, JEOL 2000FX) and by EDS (Philips JXA 50A). In the glass reactor 12 one day
(8-10 hours) experiments were performed. One of those was in an oxidizing atmosphere
(co ~ 20 vol. %). The particle production was investigated as a function of Prrip (0.3 - 2.8
Pa), Tr (300 - 500 °C) and @Qr (300 - 700 cm3/min).

RESULTS AND CONCLUSIONS

IAP reactor

The requirement for inhalation experiments is to produce 3 liters of aerosol per
minute with number concentration (Nt) above 1 x 107 #/cm3 and geometric mean
diameter (GMD) below 50 nm. Experiments have shown that particle production can be
controlled by T, Prrip and Qr. Generally, with increasing Tr and Qr the number
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Fig. 1 Time dependence of Nt and GMD at given experimental conditions, one scan = 10
minutes.
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concentration increases and the geometric mean diameter decreases, while the
influence of the precursor vapor pressure has the opposite direction. At low precursor
concentration Nt is high, often higher than 2.0 x 107 #/cm3, but the size distribution is on
the left edge of the measuring range of SMPS. With increasing precursor concentration
the size distribution shifts to the right (mass concentration increases) but number
concentration decreases. Desired Nt and GMD can be achieved in most of experimental
conditions tested, which can be seen in Fig. 1.

Fig. 2 TEM images and SAED patterns of the samples synthesized at 600 (Ti20G) and
800 °C (Ti15G), respectively. Size of both images is 343x343 nm.

Morphology of NP's was examined mainly by TEM. NP's are typically agglomerated
into clusters and chains, see Fig. 2. Typical size of primary particles is increasing from 5
-8 nm at Tr=500°C to 12 - 20 nm at Tr=900 °C. However, the maximum NP's size has a
minimum at Tr=800 °C, see Table 1. Part of the NP's synthesized at Tr=900 °C is facetted.
NP's are monomodal with narrow dispersity in most cases. We did not observe any
particles greater than 50 nm. Comparing TEM images with SMPS data it is obvious that
SMPS detects already partially agglomerated particles.

Table 1 Morphology and SAED characteristics of NP's synthesized in IAP reactor,
a estimated values from TEM images

Sample Description M2X Size? typicalsizer  SAED

[nm] [nm] [rings]
Ti33G 500 °C, air 16 - 26 5-8 4
Ti20G 600 °C, air 24 -32 8-16 8
Ti10G 750 °C, air 16 - 24 8-10 8
Til5G 800 °C, air 16 -20 8-12 7
Ti18G 800 °C, N2 25 10-12 10
Ti23G 900 °C, air 24 - 28 12-16 11
Ti25G 900 °C, N2 24 -32 12-20 11
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EDS connected to TEM and/or SEM confirmed presence of Ti and O in the samples
and also some other elements as C, Cu, Ag and Au, originating either from TEM grids or
filters. The content of Ti on the cellulose filters was determined using ICP-OES method
and it was, recalculated on TiO2, between 74 and 85 weight %. Samples deposited on
quartz fiber filters were analyzed on a content of EC and OC using the Eusaar2 thermo-
optical protocol for EC/OC analysis (Cavalli et al, 2010). All samples were free of EC and
the content of OC was typically between 3 and 6 weight %, extreme values were 1.7 and
11 %. XPS analyses were performed from the surface layers cca 3 and 6 nm (two
detection angles) and confirmed presence of Ti in bonds Ti-O (TiO2) and C in bonds C-C,
C-H and also C-O and C=0. That indicates that surface of NP's is contaminated by
products of precursor decomposition and also by atmospheric humidity (shift of O1s
spectrum to the right) and CO2.

XRD analysis identified tetragonal anatase crystalline pattern (PDF ICDD 86-1156)
in NP's and also cubic silver (87-0717) and cubic chlorargyrite (AgCl; 31-1238) from the
filter. The portion of crystalline phase in NP's increases with increasing Tr. In the
samples synthesized at Tr=900 °C besides anatase also traces of tetragonal rutile (89-
0553) crystalline pattern were detected. In the samples synthesized by oxidation and
pyrolysis no visible difference in crystalline patterns was observed. Results obtained by
XRD were confirmed by selected area electron diffraction (SAED) patterns. Number (and
intensity) of visible rings in electron diffraction patterns is increasing with increasing T,
see Table 1, and all of them belong to anatase electron diffraction pattern. At Tr=900 °C
there were also some visible dots corresponding with rutile electron diffraction pattern.

Fig. 3 SEM photos of the samples synthesized in glass reactor 3 at Tr=300 °C, Prmip=0.3
Pa (TTIP3G) and Tr=500 °C, Prrir=1.7 Pa (TTIP12G), respectively. Size of both images is
3.8x3.8 pm.

Moderate temperature glass reactor

NP's production occurred already at Tr below 300 °C and at Prrip=0.3 Pa. Above 350
°C, the number concentration of NP's decreased and instead of NP's a generation of
submicron sized particles occurred. To increase the production of NP's it was necessary
to increase the Prrip several times. However, the particle size distribution changed from
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almost monomodal with GMD < 40 nm to bimodal with a lot of submicron sized
particles, see Fig. 3. The maximum of particle production occurred at reactor flow rates
500 - 600 cm3/min. It could be due to the deposition of NP's in the end section of the
reactor and in the diluter by thermophoresis at higher flow rates.

EDS analysis confirmed presence of Ti and O in the particles. Dark field TEM images
revealed that NP's synthesized by pyrolysis are mostly amorphous and crystalline nuclei
are predominantly in submicron sized particles. Even though the SAED patterns are
rather weak, they can be identified as a rutile electron diffraction pattern. Somehow
different crystallinity was observed in the NP's prepared by oxidation. Dark field TEM
image showed abundant occurrence of crystalline nuclei even in NP's. The SAED pattern
differs from those in NP's synthesized by pyrolysis. However, the SAED pattern is rather
weak and it is difficult to identify it correctly, but it looks like a combination of anatase
and rutile electron diffraction patterns.

A comparison of the two reactors

In both reactors we observed an initial period necessary for development of full
particle production. While in the glass reactor it usually did not exceed one hour, in the
IAP reactor it took several times longer. Kirkbir and Komiyama (1987), who also
reported formation of a great part of coarse particles in the quartz reactor in the
temperature range from 300 to 700 °C, attributed this phenomenon to a competition of
two simultaneous reaction mechanisms; heterogeneous reactions on the reaction wall
catalyzed by the layer of TiO2 deposit and the homogeneous reactions in the gas phase
initiated by the intermediate products of heterogeneous reactions such as H20 and free
radicals from partial TTIP decomposition. However, a difference in the particle
production and morphology in both reactors at the same Tr (500 °C) suggests that also
material itself plays some role in initializing the process of TTIP decomposition and that
heterogeneous reaction plays greater role in the glass reactor.

When a full rate of the particle production was achieved, several times higher Nt was
generated in the IAP reactor and/because there were not generated any submicron
sized particles. Also crystalline structures were different; mostly anatase in IAP reactor
and predominantly rutile in the glass reactor. And finally, desired parameters of
generated aerosol (Nt >1 x 107 #/cm3, GMD<50 nm) for inhalation experiments could
not be achieved in the glass reactor.
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INTRODUCTION

Sulphate aerosols play an important role in atmospheric chemistry. They have
indispensable impact on climate, radiation balance, and human health. In the
atmosphere sulphate aerosols are formed due to secondary particle production (gas to
particle conversion) from sulphuric acid and water, and participation of trace species
like ammonia, amines or other condensable organics. The sulphuric acid diffusion
coefficient data have wide application in atmospheric and aerosol mass transfer models.

METHODS

The diffusion coefficient was estimated from the first-order rate coefficients for
the wall loss of H2SO4. The wall losses were measured as a function of relative humidity
(RH) in the range from 2 to 70 % in a laminar flow tube. The chemical ionization mass
spectrometer (CIMS) was used to detect the H2S04 concentration in gas phase (Petdja et
al. 2009). The H2S04 loss measurements were carried out at three temperatures 5, 15
and 25°C and atmospheric pressure in a vertically positioned thermostated cylindrical
tube with .D. = 6 cm and length of 200 cm. The sulphuric acid vapour was generated by
passing purified dry air through a temperature controlled saturator filled with 95-97 %
w. t. H2SO04 (Baker) and subsequently mixed with humidified air in a mixer. The vapour
gas mixture was then introduced to a laminar flow tube where the H2S04 concentration
was measured with CIMS at six different positions along the reactor, see Fig. 1. The wall
losses were determined from the slopes of the fits to experimental data in the plot H2S04
concentration as a function of position in the tube, see Fig 2 and 3. To ensure the
independence of wall losses on H2S04 concentration the measurements were carried out
at different initial H2SO4 concentrations (from 106 to 108 molec cm-3) and different total
flow rates (8 - 11 I min-1).

RESULTS AND CONCLUSIONS
In this study the first-order wall losses of sulfuric acid in the laminar flow tube

were assumed. To test this presumption we applied the computational fluid dynamics
(FLUENTInc., version 6.2) model (Herrmann et al., 2010) . The model is using the infinite
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sink boundary condition on the wall together with all other parameters (initial [H2S04],
T, RH, total flow) used in our experiment. No particle production was assumed in the
model. The modelled sulphuric acid losses in the flow tube are compared with
experimental values for two relative humidities (RH = 5% and 44%) in Fig 2 and 3. The
linear fits to experimental data represent the loss rate coefficients (kw, cm1). In both
cases the model describes behaviour of sulfuric acid in the flow tube very well. The
model predicts in average about 5 % lower values of loss rate coeficient (kw) than the
experiment. Figure 4 shows the measured diffusion coefficients of H2S04 in air as a
function of RH and at three temperatures 5, 15 and 25 °C. The measured points are
accompanied with the fit to H2SO4 - N2 data at 25 °C published by Hanson and Eisele
(2000). The diffusion coefficient values decreased as the RH was increased and the
diffusion coefficient dependency on RH flattens in the range of RH = 20-70 %. These
results show lower wall losses and slower diffusion to the wall due to strong hydration
of H2SO4 molecules (Jaecker-Voirol and Mirabel, 1988). The temperature dependency
was found to be the power of 5.8 (from theory this should be 1.5) to measured diffusion
coefficient when data for the whole range of RH are considered. This discrepancy is
possibly due to higher order losses of H2S04 to bigger clusters at lower temperatures
and/or presence of impurities like ammonia with subsequent ammoniu-sulfate or -
bisulfate creation. The calculated values of diffusion coefficient of H2SOs and
ammonium-sulfate in dry air at 25 °C using the Fuller method (Reid et al, 1987) are 0.11
and 0.091 cm? s-1, respectively.
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Fig. 1: Schematic figure of the FMI flow tube
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SUMMARY

Urban aerosol particles in the size fraction PM1 collected in Brno and Slapanice in
winter and summer campaigns in 2009 and 2010 were analysed for ions and metals.
Statistical analysis of chemical composition of PM1 aerosols by using a factor analysis
was applied to identify emission sources of urban aerosols in Brno and Slapanice.

UvoD

Epidemiologické studie poukazuji na vyznamnou korelaci mezi koncentraci aerosoli
a Skodlivymi dopady na lidské zdravi (Brunekreef a Holgate, 2002). Dlouhodoba
expozice vysokym koncentracim atmosférického aerosolu se projevuje zvysSenim
umrtnosti, poc¢tu nadorovych onemocnéni plic a kardiovaskularnich onemocnéni.
V posledni dobé se hodné studii soustied’uje na velikostni frakci PM1, ktera je schopna
proniknout azZ do alveolarni oblasti plic. Toxicita atmosférickych aerosoli je ddna nejen
velikosti Castic, ale i jejich chemickym sloZzenim. Znalost chemického sloZeni
atmosférickych arosoll je nezbytna jak pro urceni potencidlniho dopadu aerosolii na
lidské zdravi a Zivotni prostredi, tak pti identifikaci emisnich zdrojt aerosold.

EXPERIMENTALNI CAST

Aerosolové Castice ve frakci PM1 byly vzorkovany v zimnim a letnim obdobi 2009
a 2010 v Brné a ve Slapanicich po dobu 1 tydne. Vzorky aerosoli byly odebirany 24 hod
pomoci velkoobjemového vzorkovace (DHA-80, 30 m3/h, Digitel) na nitratcelul6zové
filtry (porozita 3 wm, primér 150 mm, Sartorius). Exponované nitratcelulézové filtry
byly rozloZeny vkonc. HNO3 vmikrovinném rozkladném zarizeni UniClever
(Plazmatronika) a analyzovany metodou ICP-MS (Agilent) na obsah 15 toxickych kovi
(AL, K, Ca, Fe, Mn, Zn, Cu, Pd, Cd, Ba, As, Pb, V, Ni a Sb). Paralelné byly aerosoly
vzorkovany na teflonové filtry (porozita 1 pum, primér 47 mm, typ Zefluor, PALL)
pomoci nizkoobjemového vzorkovace (pritok 1 m3/hod). Exponované teflonové filtry
byly extrahovany v deionizované vodé v ultrazvukové lazni a extrakt byl analyzovan na
obsah 11 iontl (dusi¢nan, siran, dusitan, fluorid, chlorid, Stavelan, Na*, K*, NH4*, Ca2* a
Mg?2+) pomoci iontové chromatografie (ICS-2100, Dionex).
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VYSLEDKY

Analyzované kovy a ionty tvoifi v zimnim obdobi vyznamny podil hmotnosti
atmosférickych aerosolti frakce PM1, kovy 4,5-4,9% a ionty 37,1-40,7%, zatimco
v letnim obdobi jejich prispévek k PM1 byl mnohem mensi, kovy 1,4-1,8% a ionty 24,6-
18,7%. Koncentrace kovi i iontd v zimnim obdobi byly obecné vyssi nezZ béhem letni
kampané. Primeérné prispévky analyzovanych kovi k celkovému obsahu kovi v
pribéhu vsech kampani jsou ukazany na Obr. 1.

Pro identifikaci emisnich zdroji byla na datovy soubor obsahujici 28 méreni ve
Slapanicich a 24 méfeni v Brné aplikovana faktorova analyza. Data ze Slapanic a Brna
byla analyzovana individudlné. Spole¢né faktory, reprezentujici emisni zdroje aerosoli
ve studovanych lokalitach, byly extrahovany metodou hlavnich komponent (Johnson
and Wichern, 1992). Faktory byly dale rotovany uZitim Varimax kritéria (Uberla, 1971)
s cilem dosazeni jednodussi struktury modelu a lépe interpretovatelnych faktori. Ve
Slapanicich bylo extrahovano 6 faktort, které vysvétluji 74% celkové variability dat, a
v Brné bylo extrahovano 5 faktori, které vysvétluji 72% celkové variability dat.

ZAVERY

Atmosférické aerosoly frakce PM1 odebrané v priibéhu 1-tydennich zimnich a
letnich kampani v roce 2009 a 2010 v Brné a Slapanicich byly analyzovany na obsah
kovi a iontli. Faktorova analyza pouzitd pro urceni emisnich zdroji PM1 aerosold v
Brné a Slapanicich identifikovala 5 hlavnich emisnich zdroji v Brné a 6 hlavnich
emisnich zdrojii ve Slapanicich.
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Obr.1 Podil analyzovanych kovii na celkovém obsahu kovii vPM1 aerosolu
ve Slapanicich a Brné.
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INTRODUCTION

Indoor air pollution in cultural heritage buildings such as museums, libraries and
archives can be harmful for materials stored there. Adverse effects of most of gaseous
pollutants are well described (Thomson, 1965), but less is known about airborne
particles. Particles cover a wide range of sizes and have a variable composition. These
characteristics determine their transport to the surfaces and also possible negative
effects (Nazaroff and Cass, 1989).

EXPERIMENTAL SETUP

The measurements were carried out in four archives in the Czech Republic,
representing different outdoor environments: (1) Zlatd Koruna (rural), (2) Trebon
(small town), (3) Teplice (industrial area), and (4) Prague (large city with traffic). The
measurements were performed during four intensive campaigns in different seasons of
the year at every location. Indoor PM1 and PM10 fractions were sampled in parallel on
Teflon and Quartz filters and analysed gravimetrically, by ion chromatography, particle-
induced X-ray emission spectrometry and thermal-optical transmission method, giving
mass, ionic, elemental and organic and elemental carbon concentration. In order to
evaluate indoor and outdoor mass, ionic and elemental size distribution particulate
matter (PM) was sampled by two Berner type Low Pressure Impactors (10 size
fractions, size range 0.025 - 10 pm). For reconstituting indoor PM, nine aerosol
components were considered (Maenhaut et al., 2002).

RESULTS AND CONCLUSIONS

The indoor/outdoor concentration ratio was for all PM compounds lower than 1 for
every location. It indicates that particles detected inside have their source outside the
archive. In all cases the submicron fraction dominated. The average percentage
attributions to the indoor fine and coarse PM for the six major aerosol types are for
every archive given in Table 1. The dominating component of the both fine and coarse
PM was organic matter. In the fine fraction the next most abundant components were EC
and sulphate and in the coarse fraction crustal matter and sulphate. The included
components explained 83.7(£12.3)% and 98.7(+£28.9)% of the gravimetric indoor PM in
the fine and coarse size fractions, respectively.
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Table 1: Average percentage attribution and associated standard deviation of aerosol
mass to six major aerosol components for the PM1 and PM1-10 fractions measured in
the indoor environment of archives.

Fine (PM1)
Trebon Zlata Koruna Teplice Prague

Organic matter 49(+18.4)% 53.2(¥8.8)% 42.2(x15.5)% 59.5(¢17)%
EC 11(x4.3)% 8.5(x2.5)% 11.5(2x7)% 19.1(£16.5)%

Sulphate 11.2(£8.1)% 8.2(x4.1)%  14.2(+10.8)%  6.3(x4.7)%

Nitrate 1.3(x1.4)% 0.6(x0.4)% 0.4(+0.4)% 0.4(£2.1)%

Ammonium 4.9(%£3.2)% 3.4(x1.5)% 5.2(x3.9)% 3.3(x1.8)%

Crustal matter 3.2(¥4.3)% 2.4(x1.2)% 1.8(£1.7)% 7.5(+£5.7)%
Total 80.6(x12.1)%  76.3(¥6.9)%  75.3(¥6.4)%  96.1(x9.2)%

Coarse (PM1-10)

Trebon Zlata Koruna Teplice Prague
Organic matter 45.3(£28.9)% 51(229)% 50(£23.6)%  56.1(%x33.7)%
EC 4(£2.9)% 1.7(x2.1)% 1.7(x1.7)% 1.8(x2.2)%
Sulphate 9.1(#8.1)% 8.9(+8.3)% 4.6(£3.7)%  12.4(x12.1)%
Nitrate 3.3(¥2.7)% 6(x8)% 1.1(x1.2)% 7.9(x16)%
Ammonium 2.5(£3.2)% 2.8(x2.8)% 1(21.2)% 4.4(x5.2)%
Crustal matter 34.8(£17.2)%  41.9(£35.9)% 15.1(¥12.1)% 10.8(*¥13.1)%
Total 99(+¥21.5)%  112.3(#43.2)% 73.5(¢x18.9)% 93.4(x29.3)%
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SUMMARY

Internal project of Methodical conservation centre involved research, monitoring,
evaluation and strategy definition about the current pollution level. The complex
evaluation of IAQ in our institution was performed to protect collections (evaluation of
aerosol concetration, gas pollutants concetration) with the consider to find cost-effective
and simplified methods for pollution control in museum.

UvoD

Interni projekt Stanoveni kvality vnitiniho prostiredi, ktery zahrnuje vyzkum,
monitorovani, hodnoceni a vymezeni strategie v souvislosti s chemickou zatéz{ v
expozicich a depozitarich. V ramci studii bylo provedeno komplexni hodnoceni kvality
ovzdusi pro ochranu stavajicich technickych sbirek. Cilem hodnoceni kvality ovzdusi a
jeho vlivu na sbirkové predméty by pak mélo byt vyreSeni akutnich i dlouhodobych
problémi zatiZeni prostiedi polutanty za pomoci vyuziti jak modernich sofistikovanych
metod, tak i metod ekonomicky a uzivatelsky nenaroc¢nych.

METODY MEREN{

Studie neni zamérena vzhledem ke svém komplexnosti pouze na hodnoceni urovné
zatiZeni aerosolovymi casticemi, ale i na méreni koncentraci ostatnich plynnych
polutantli. Série méreni byly provadény soucasné na Kkonkrétnich vytipovanych
lokalitach, které byly vybrany na zakladé vybranych parametri (ocekavany vyskyt
polutantd, specificka zatéz, urychlena degradace materialu, nevhodné klima). V priibéhu
jednodenniho méreni v TM v Brné byly sledovany Urovné znecisténi aerosolovymi
¢asticemi ve vnitfnim prostredi, mozné vnitini zdroje a interakce vnitiniho prostredi s
vnéjSim (kondenzacni citac ¢astic P-TRAK 8525). Toto méreni bylo v pribéhu dalsiho
roku doplnéno i hodnocenim vybrané lokality za vyuZiti spektrometru BASAMATIKUM
(jedno mésicni kampan méreni koncentrace aerosolli). Provéreny byly také drovné
koncentraci nasledujicich polutantti: NO2, 03, SOz, HNO3, HCOOH, CH3COOH, NH3, HCI,
aldehydy, tékavé organické latky, téZké kovy a castice PM10.

VYSLEDKY, DISKUSE, ZAVERY

V pribéhu méreni v TM v Brné byly sledovany trovné znecisténi aerosolovymi
Casticemi ve vnitfnim prostfedi, moZné vnitini zdroje a interakce vnitfniho prostredi s
vnéjsim. Z vysledkid vyplyva, zZe koncentrace Castic ve vnitinim prostredi muzea uzce
souvisi s urovni znecisténi ve vnéjsSim prostredi, kde je dominantnim zdrojem doprava.
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Castice pronikaji do vnitfnich prostor otvory v obalce budovy. Prokazalo se, Ze v
pribéhu dopravni Spicky se koncentrace ve vnéjsSim prostredi zdvojnasobily oproti
ptivodnimu stavu a v disledku toho ve vnitfnim prostredi stouply témér o polovinu.
Jedinou vyjimkou byla mistnost €. 111 (obr. 1, bod 2), ktera je uzaviena a vybavena
ventilatnim systémem s filtrem. V této mistnosti se po celou dobu méreni koncentrace
drzely na nizké drovni. Dle o¢ekavani v mistech, kde byla oteviena okna, se koncentrace
ve vnitinim prostredi bliZily vnéjSim koncentracim. Dale se ukazalo, Ze jasnym vnitfnim
zdrojem castic je kovolitecka dilna, resp. prace v ni probihajici. V dilné byly naméreny
dokonce vyssi koncentrace Castic, nez ve vnéjSim prostiedi (obr. 2, bod 9).

2400
2200
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Obr. 1: Hodnoceni expozice 1.patro, dopravni Spicka.
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Obr. 2: Hodnoceni expozice 2. Patro, mimo dopravni Spicku.

Zavérem lze dodat, Ze vysledky méreni odpovidaji oCekavani. V téch prostorach, kde
je instalovan vykonny ventila¢nim systémem s filtraci byla kvalita ovzdusi vyssi, nez v
ostatnich ¢astech muzea, kde koncentrace Castic silné ovliviiuje vliv vnéjSiho prostredi
(predevSim emise z dopravy). Vysledky méreni a zejména vzijemné porovnani
jednotlivych lokalit umozZnuji zejména vytvorit strategii pro umisténi jednotlivych
sbirkovych materialti dle stupné jejich citlivosti nebo aktualniho stavu. Dilezitym
vystupem studie je i potvrzeni zdroji Skodlivin a s tim souvisejici realizace napravnych
opatieni - zejména odstranéni zdroji Skodlivin, zamezeni uvolniovani Skodlivin, ¢i
instalace vhodnych filtrii do filtra¢nich jednotek a podobné.
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Vladimir MICKA?, Sarka BERNATIKOVA 2, Hana TOMASKOVA 13, Zdetika KALICAKOVA 2,
Eduard JEZO!, Karel LACH!?

1Zdravotni astav se sidlem v Ostravé, vladimir.micka@zuova.cz,
2Vysoka Skola banska - Technicka Univerzita Ostrava,
30stravska Univerzita,

Klicova slova: Airborne aerosol particles, metal oxides, lung-deposited surface area

INTRODUCTION

The engineered nanoparticles are an object of interest of scientists for their
unique physicochemical properties, in many cases totally different from bulk material.
However, as for all novel materials, it is necessary to pay the attention also to their
possible adverse effects. Nanosafety, the new specialized discipline, has been formed as
an integral part of health and safety management, focused also in working environment,
as the number of workers handling NMs represent a numerous and increasing
population primarily exposed in higher rate. As the mass concentration has been
employed as probably the most appropriate characterization of the industrial aerosols
in micrometer size range, and similarly for the noxas associated with professional
exposure to dusts(e.g. metals) for several decades, the importance of number
concentration and also the specific surface of the airborne aerosol particles increases
proportionally with decrease in particle dimense. The monitoring techniques utilised
for ENMs exposure monitoring, can be successfuly used for screening of ultrafine
fractions of urban aerosols or accidentaly produced emisions in working environment.
In Silesian region, the metalurgy, metal-working and welding operations are industrial
processes of big significance, unfortunately accompanied by numerous work population
working in hazard conditions. Taking into account results of the study of the cytotoxicity
of the nanoparticles (Puzyn et al.,, 2011), iron oxide cytotoxicity, expressed in terms of
the logarithmic values of molar 1/ECso (the effective concentration of a given oxide that
reduces bacterial viability by 50%), shows just “average“ result for Fe203, compared to
other metal oxides, predicted by the quantitative structure-activity relationship
(QSAR) method. Consideration the previous study results of redox state of nanoparticles
(Auffan et al., 2008), concluding the release of Fe 3*cations from the metal surface was
accompanied by ROS formation, (according to the Fenton reaction, Fe + Oz + 2H+ —Fe?*
+ H202 ,Fe2* + H202 —Fe3* + OH' + OH~), the issue of nano or ultrafine particle surface
monitoring might contribute to better understanding of such workplace hazardous
material properties and further risk assessment.
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EXPERIMENTAL

The lung-deposited surface area online measurements were performed at six
industrial workplaces, police shooting range training workplace, one office post and
two outdoor urban residence locations in Ostrava city, considered to be a heavily
polluted suburban area. The total (inhalable) concentration of dusts or welding fumes,
metal content of particulate matter in case of industrial workplaces were determined,
PMi1o, PM25 concentrations and elements in PM in case of urban posts were
determined, particle number concentration and particle size distribution based on
electrical mobility and fractionated sampling of 12 fractions ranging from ~ 2 nm to 35
um followed by off-line ICP -MS analyses of samples were performed only in locations,
where the saturation limit of particle counters electrometers allowed online
measurement, and SEM - EDAX was exploited for particulate matter imaging and metal
content particular particles analysis.

RESULTS

Table 1. List of locations where the measurements of lung-deposited surface area
were performed,

Number
of Start Finish
Mode location | Date time time Operation, location
A 1 August 27,2014 10:00:21| 10:05:20 | Office
TB p|  AuBustZT20M 00005 | 104014 | O
A 3| AuBuSLZT 20100038 103847 | O
TB 4| August27,2014 10:40:19| 10:45:18 | OTice
A 5 September 2,2014 9:18:46 |  9:23:45 | Stainless steel welding
TB 6 September 2, 2014 9:30:45|  9:35:44 | Stainless steel welding
A 7| September2, 2014 9:43:29 |  9:48:28 | Black steel welding
TB 8 September 2,2014 9:49:01|  9:54:00 | Black steel welding
A 9 September 2, 2014 10:36:55| 10:41:54 | Backgroud site - workshop (lunch breal
B 10 September 2, 2014 10:42:47 | 10:47:46 Backgroud site workshop (working tim
A 1 September 2,2014 105224| 10:57:23 Backgroud site workshop (working tim
A 1p| September2,2004 1y 5096| 11:14:25 | Flame cutting machine
TB 13| September2. 2014y el 11:20:14 | Flame cutting machine
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Table II. Particle lung deposited area for alveolar and tracheobronchial region:
statistics of particular measurements (GM, GSD, max, min values, pm2/cc )

Location Mean Median GM SD MIN Max
1 1062,76 1058,62 1061,82 45,24 97,73  1254,39
2 251,46 240,37 250,20 26,06 2166 361,39
3 356,12 356,30 355,53 20,58 31061 383,48
4 63,58 63,35 63,49 3,48 57,40 70,82
5 546,03 471,19 491,26 345,36 22573 3160,50
6 105,55 72,65 85,21 73,69 2578 42916
7 1539,86 634,47 768,69 3937,89 290,31  38499,86
8 90,53 82,17 81,91 61,89 47,77 612,41
9 56,33 52,03 55,36 11,20 42,40 110,69
10 198,15 103,71 71,15 318,37 1047 241821
1 1332,17 434,81 683,98 2520,94 183,93  17313,12
12 10242,58 1471,89 3031,93 18384,26 405,15 101355,42
13 962,59 560,10 730,28 864,36 316,65  5682,68
Office, alveolar deposition surface area
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time (hh:mm)

Stainless steel welding, alveolar deposition surface area
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Figure 1a, 1b. Examples of lung deposited surface concentrations for office and
welding, alveolar deposition
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Figure 2a, 2b. Box-plots of 25th, 50th. 75th percentile of LDSA monitoring of lung-
deposited surface area, 2a alveolar, 2b tracheobronchial lung depositon.

CONCLUSION

Assessment of working air parameters with respect to aerosol properties can be
supplemented by online monitoring of specific surface area of selected aerosol particle
fractions and also by their proportion deposited in selected part of respiratory tract
(ICRP, 1994).
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INTRODUCTION

One of the principal measures employed by developed countries to combat traffic
congestion and emissions in urbanised areas is through the promotion of public
transport. Of the various modes of public transport available in many urban areas,
underground trains are considered one of the cleanest from an environmental
perspective. This is due to a number of factors, including the metro system’s capability
of carrying a large number of passengers who may otherwise use automobiles, reducing
traffic congestion and emissions at surface level. Furthermore, the trains are powered
electrically with subsequent lower local emissions compared to traffic.c However,
numerous studies have highlighted the poor air quality on underground platforms and
inside the trains themselves (Aarnio et al., 2005). Considering the routine use of many
passengers on metro systems (during commuting for example), it is important to
understand and characterise the air quality in these specific microenvironments in
order to determine what type of aerosols passengers are regularly exposed to. The aim
of this study is to describe aerosol concentrations and variability, and chemically
characterise PM sampled during a 24 hour period on a platform of the Prague
underground metro system. To this end, PM and particle number concentration and size
distribution are described, and the chemical composition of PM in various size fractions
is discussed, both for periods when the metro was out of operation and operational.

EXPERIMENTAL SETUP

Measurements were performed at the city centre metro station Museum (platform of
line A, direction Dejvicka), which is at the intersection of line A and line C. The platform
is at a depth of 34 metres below ground and is separated from the train moving in the
opposite direction by two walls and a central tunnel. Trains commence at 4:40 h and the
last train leaves the terminus station at 00:00 h, with a frequency between three to ten
minutes depending on the time of day. Both on-line and off-line sampling were
performed during hours when the metro was shut down and closed to the public (for
background sampling), and when the metro was in operation and open to the public.
Real-time measurements of particle mass concentrations and particle number
concentration and size distribution were performed on site. Total particle number
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concentrations were measured using a Condensation Particle Counter (CPC 3025 TSI)
for particles of diameter 3 nm and above. The particle number size distribution of sub-
micron particles was measured using a Scanning Mobility Particle Size (SMPS 3936 TSI),
comprised of a Differential Mobility Analyser (DMA 3081 TSI) coupled with a CPC (3775
TSI), which provided the size distribution of particles of diameter 14-640 nm. Number
size distribution of particles in a size range of 0.5-20 p was measured in real-time by an
Aerodynamic Particle Sizer (APS 3321 TSI). A range of meteorological parameters were
measured alongside all the instrumentation employed. Gravimetric sampling of PMio,
PM:25 and PM1 was performed using low volume samplers (2.3 m3 h-1, LECKEL) equipped
with quartz fibre filters. Samples were collected when the metro was out of operation
and closed to the public in order to sample background aerosol (3:03 to 4:35 a.m.), and
during operational hours (5:03 to 0:08 (+1 day) a.m.). Different analytical techniques
were employed for the chemical characterisation of PM collected on each filter,
providing concentrations of secondary inorganic aerosols (SO4%, NH4*, NOs-, Total
Carbon, Fe and major and trace components). Size segregated elemental composition
was determined using a 12 stage BLPI impactor.

RESULTS AND CONCLUSIONS

Fig. 1 shows the variation of the particle number size distribution, and total mass
concentration (PMos-20, measured by APS) and number concentration (Ni4-637)
measured on the metro platform for 24 hours. The results show that concentrations
during background hours (period A in Fig.1) are at their lowest as a result of no passing
trains and no passengers on the platform.
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Fig. 1: Particle number (CPC) and mass concentration (APS), and size distribution

(SMPS) measured for 24 hr on the metro platform. Periods of note highlighted (A, B, C)

Mass concentrations increase instantly with the arrival of the first train at 4:47 hr,
with PM1o (estimated gravimetrically from LECKEL samples) increasing to 214.8 ug m-3
during metro operational hours. PM levels are at their highest during rush hour (B in
Fig. 1), when trains were most frequent (every 2-3 min. until 9:30 hr) and passenger
numbers were at their highest. Number concentrations did not increase as abruptly,
with a gradual steady increase during period B. Both mass and number concentrations
reach a relatively steady state following rush hour, when trains run with a frequency of
4-5 min. until 20 hr. During the final part of the day (period C in Fig. 1) a significant
change in the variation of mass and number concentrations occurs. PM commences a
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decreasing trend with a well-defined oscillating profile. This is not reflected in the
particle number concentration, but number concentrations increase to their highest
recorded for the entire day (1.4x10% cm-3). The opposing trend for particle mass and
concentration may be related to the removal of sub-micrometre particles through
coagulation by high concentrations of coarse particles throughout the day. When the
mass concentration decreases, the sub-micrometre particles are not scavenged as
efficiently and can accumulate within the metro tunnel later in the evening. This
decoupling of variations in PM and sub-micrometre particle concentrations has been
described previously in Milan (Colombi et al., 2013), indicating that sub-micrometre
particles are of an alternative source to that of PM.
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Fig. 2: Variation of PM and wind speed measured for 24 hr on the metro platform.

Fig. 2 highlights a specific period towards the end of the day (Period C in Fig. 1) for
wind speed and PM concentrations. Fig. 2 shows that as trains become less frequent
later in the day (every 7-10 min.) a clear correlation between PM and wind speed
emerges. Concentrations peak with maximum wind speed as a result of train arrivals,
indicating that the incoming and outgoing trains directly affects PM within the tunnel,
and when the air settles again (when velocity is at 0 m s'1) PM levels reduce in the tunnel
once more. It is noteworthy that when trains are more frequent (when there is constant
movement of air within the tunnel), the overall net effect on PM is a direct increase.
However, when trains are less frequent, PM concentrations reduce, but are also subject
to short-lived increases in concentrations. This indicates a two-fold effect of the passage
of trains: production of particles by mechanical processes and resuspension by
turbulence. This is further evidenced by the differences in PM chemical composition
measured during background hours and metro operational hours, as shown in fig. 3.

As evidenced in Fig 3, the majority of PM is in the coarse fraction during operational
hours. During this period PM1o reached 214.8 pg m3, followed by 93.9 pg m-3 for PMzs
and 44.8 ug m3 for PM1. Background levels were significantly lower for PM1o (96.3 ug m-
3) and PM2s (69.4 pg m-3). However background PM1 concentrations were actually
higher at 58.2 ug m-3. Fe203 is the dominant species in the coarse fraction by a significant
margin, comprising 66% of PM1o (141.4 ug m-3) and 40% of PMzs (37.1 ug m-3). This
percentage composition reduces to 13% (5.8 pg m=3) for PMi1. For the background
samples, Fe203 becomes a much less significant species, indicating that the source of
Fe203 is dominant during metro operational hours only. The abundance of iron
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compounds in underground metro tunnels has been documented previously (Aarnio et
al, 2005; Querol et al., 2012) and is directly related to emissions from wheel-rail
mechanical abrasion. Total Carbon and Secondary Inorganic Aerosols are the second
most abundant compounds, the sources of which are mostly likely found at ground level
and are entrained to the metro tunnel from the surface.
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Fig. 3: Chemical composition of PM1o, PM2s5 and PM1 for operational and background
hours on the metro platform

Certain trace elements exhibit significantly higher concentrations than others, and
are specifically enriched in the coarse fraction during operational hours. Ba, CuO, MnO,
ZnO0, Cr203, Mo, Sb, Sn, Ni, Co, Li and Cd are all enriched during the hours when trains are
passing the platform. The probable sources of these elements are emissions from
wheel/rail friction, sparking from electrical cables, wheel-rail abrasion and brake pads.
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SUMMARY

During the handling of bulk materials a dust aerosol can generate in industrial areas.
The aerosol under appropriate conditions can explode and thus endanger the lives and
health of employees and property. It is important to evaluate fire technical
characteristics of processed substances and to limit risk. Important values for this
evaluation are eg. the expected value of size of the dust grains and the lower explosion
limit (LEL) and minimum ignition energy (MIE) and the ignition temperature of the
deposit dust and the ignition temperature of dust clouds

UvoD

Obecné lze konstatovat, Ze horlavy prach diky fyzikalnim a chemickym vlastnostem
v kombinaci sriznymi zdroji iniciace ztechnologii vede ke zvySenému nebezpeci
vybuchi. Jemny prach, ktery vznika pii manipulaci sypkého materidlu (to znamena napf.
pri mleti, transportu, suSeni, plnéni atd.) mulZze vytvaret se vzduchem vybusné
prachovzdusné smési.
Jakykoliv prach organického plivodu miize byt vybusny. Jedna se napiiklad o mouku,
cukr, kavu, slad, dfevéné piliny, uhelny prach nebo prach ze syntetickych latek - napft.
z plastii, hnojiv atd. Rovnéz i prach z anorganickych materiald, ktery podléha oxidaci, je
vybusny. Zde miZeme jmenovat napf. hlinik, hoi¢ik nebo Zelezo

METODY MERENI

Hodnoty, které jsou diilezité pro hodnoceni vybusnosti prachu, se nazyvaji
poZarnétechnické charakteristiky (PTCH).

Zakladnim faktorem pro hodnoceni nebezpeci vybuchu je zrnitost prachu. Kriticka
velikost prachové castice je 0,5 mm a mensSi. Tyto Castice, které maji velky povrch a
snadno disperguji ve vzduchu, mohou vytvaret nebezpetné koncentrace hotlavych
prachovzdusnych smési. Tyto vybusné atmosféry, jsou-li v kontaktu s vhodnou inicia¢ni
energii, mohou podlehnout prudkému oxidacnimu procesu s vyvojem tepla, coZ je
fakticky vybuch (explozivni horeni).

Méreni velikosti Castic se provadi sitovou analyzou, ze které se pak stanovi hodnota
stredni velikosti zrna. Na této hodnoté velmi zavisi vybuchové parametry pro konkrétni
prach. Bohuzel je tato hodnota velmi opomijena a Casto se pracuje s hodnotami, které
nemaji s danou technologii souvislost. Tim miiZe dojit k podhodnoceni nebo piecenéni
rizika s dalekosahlymi nasledky. Vysledkem je nedostatecna nebo naopak financné
nakladna protivybuchova ochrana. Typickym prikladem zpraxe mize byt proces
hoblovani surového dreva, kdy velké castice drevného prachu neni mozné privést
k vybuchu, pritom odsavaci zarizeni je navrhovano s protivybuchovou ochranou.
Naopak pfi procesu brousSeni dieva vznikd velmi jemny prach, ktery vyZaduje
protivybuchovou ochranu a ochrana miize byt poddimenzovana.
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koncentrace smeési horlavého prachu se vzduchem, pri které je tato smeés jiZ vybusna.
Tato hodnota je dilezitd pro kategorizace prostor vsouladu s pozadavky NV ¢.
406/2004 Sb. - stanovovani nebezpecnych zon.

Dalsi dtleZitou charakteristikou je Minimalni inicia¢ni energie (MIE), coZ je energie
jiskry, ktera je nutna pro zapdaleni prachové smési se vzduchem. Znalost této veliciny je
dalezitd pro posuzovani potencidlniho nebezpeci iniciace prachovych smési
elektrostatickymi a indukovanymi vyboji.

DileZitymi hodnotami jsou Teplota vzniceni usazeného prachu a Teplota vzniceni
rozvireného prachu. Tyto hodnoty umoznuji posoudit moznost vzniceni usazené vrstvy
prachu resp. prachovzdusnych smési od horkych povrchii téles.

Je nutné zminit, Ze dostatecna vrstva prachu pro vytvoreni nebezpecné vybusné
atmosféry je 1 mm. Toto je pomocna hodnota, ktera se casto objevuje i v legislativé,
nicméné kriticka vrstva konkrétniho prachu se da zpresnit na zakladé znalosti spodni
meze vybusnosti a tzv. sypné hmotnosti prachu. Pro ziskani kvalifikovaného odhadu
vzniku nebezpecnych vrstev a odstranéni rizika vybuSné atmosféry provést meéreni
rychlosti usazovani prachu na konkrétnich pracovnich mistech, ¢astech technologie.

Hlavnim cilem méreni je stanoveni interval(i Uklidu prachu. Kromé jiného je to také
podklad pro rozhodnuti, zda pri vhodné cetnosti Uklidu mohou byt dané prostory
zaklasifikovany jako prostory bez nebezpeci vybuchu, na které pak nejsou kladeny dalsi
pozadavky na odstratniovani iniciacnich zdrojii v souladu s pozadavky NV ¢. 406/2004 Sb.
Soucasné se vysledky daji vyuzit k optimalizaci naklad na uklid. Oboje muze vést k
uspoie nemalych nakladd. Tato méfeni jsou vhodna zejména pro zauhlovaci trasy
elektraren a teplaren nebo pro mlynice atd.

Nebezpeci vybuchu prachovzdu$né smési je nékdy podcetniovano, ale je to zavazny
problém. Dilezitym pristupem je primarni prevence pied timto prostiedim. To znamena
vramci moznosti ndhrada vybusnych latek, pripadné mnoZstvi. Dale je to omezeni
zdroji.

Samostatnou kapitolou je odstranovani sedimentujictho prachu vhodnymi prostiedky
¢ili uklid. Je potieba zdtiraznit, Ze klid ma sniZovat nebezpeéi vybuchu. Uklid pomoci
smetakl nebo tlakovym vzduchem naopak vede k vétSimu rozptyleni prachovych castic,
a tudiz zvySuje nebezpeci vybuchu. Vhodnym feSenim jsou napftiklad primyslové
centralni odsavaci systémy. Vyhodné jsou zejména pro snadnou manipulaci
obsluhujicim personalem. Nevyhoda je vyssi porizovaci nadklady. Levnéjsi variantou jsou
mobilni priimyslové vysavace, které jsou konstruované pro vybusny prach.

V ramci zavéru je treba zopakovat, Ze problematice vybuchii prachovzdusnych smési
zvlasté v menSich firmach neni vénovana patficnd pozornost. Pritom jsou znamé
parametry prachi, které urcuji redlna nebezpeci a také jsou zndmé postupy, jak tato
nebezpeé¢i odstrafiovat nebo omezovat. V Ceské republice také dlouhodobé ptisobi
pracovisté, které se vyhodnocovanim tohoto nebezpeci a prevenci zabyvaji.
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INTRODUCTION

Secondary inorganic aerosol makes up a sizable fraction of total aerosol loading in
the northern hemisphere, where ammonium nitrate is found to contribute upto 30% of
the fine fraction (Dassios and Pandis, 1998).

Previous studies show that once indoors, ammonium nitrate concentrations are
much lower than would be predicted based solely on deposition and penetration losses
(Lunden et al, 2003). Other papers have noted the strong association between the
dissociation rates of ammonium nitrate and temperature (Stelson and Seinfeld, 1982,
Wexler and Seinfeld, 1990).

Previous research have used thermodynamic models to obtain dissociation rates.
However modeled predictions are generally much faster than those experimentally
observed, implying the existence of some form of kinetic restraint. (Hightower and
Richardson, 1988, Lawson and Taylor, 1983). Moreover, very few research groups have
coupled both experimental observations and theoretical modelling to try to gain a
greater understanding of the processes governing the dissociation rate.

This paper seeks to address this imbalance by deploying both experimental
observations with a kinetics driven model to further investigate dissociation rates and
offer greater insight into ammonium nitrate dissociation behaviour.

EXPERIMENTAL SETUP

The dissociation kinetics of ammonium nitrate was investigated experimentally
utilizing a tandem differential mobility analyzer/scanning mobility particle sizer system
(Dassios and Pandis, 1998). Monodisperse aerosol of ammonium nitrate has been
produced by nebulizing 1 g/l ammonium nitrate solution, drying the polydisperse
particles, bringing them to Boltzmann charge equilibrium using a Kr85 aerosol
neutralizer, and selecting one mobility fraction in the Vienna type DMA.

The aerosol generation system was located in a thermally insulated box kept at
controlled temperature below 10 °C. The monodisperse aerosol was then diluted by
mixing it with a dry, particle-free air and fed into a laminar flow reactor in which
temperature, relative humidity and flow rates were controlled.
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Particle size distributions both upstream and downstream of the reactor were
determined by an SMPS, consisting of a TSI EC 3080 provided with a long DMA, and a
TSI CPC 3775. The stability of the aerosol generating system was further checked by the
UCPC 3025A monitoring continuously the total particle concentrations

In the series of dissociation experiments, we studied the size changes of the
ammonium nitrate aerosol for three selected particle sizes (50, 100 and 200
nanometres), at four reactor temperatures (15, 20, 25, and 30 °C), and several flow rates
(between 0.6 to 1.6 1/min in 0.2 litre increments).

Dryer

1 Nebulizer

Dryer  Nebulizer
Ammonia
detector

er=te|lc e = || e | o]

CPC2 CPC1 ¢

Fig 1: Experimental design

THEORETICAL MODELLING

The observed changes of particle size were compared to the predictions of a
mathematical model taking into account the ammonium nitrate dissociation kinetics,
Kelvin effect and diffusion of ammonia and nitric acid from the particle to the bulk phase
taking into account the measured concentration of ammonia gas in the bulk phase
(equation 1).

d(dp) 4DvM (Peo Pd
= w1 ~7) ®

dt  RPpdp \Teo Td

(1)
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Shrinking rate (m/s)

Shrinking rate (m/s)

Where change in particle size over time takes into account diffusivity of the
species (Dv) and molar mass (M) over gas constant (R), particle density (Pp) and size
(dp). The driving force controlling the growth or shrinking of the particle is the partial
pressure of the species well away from the particle surface, Pe2, minus the partial
pressure of the species directly surrounding the particle Pd. The model assumed
evaporation in the continuum regime using the Fuchs-Sutugin correction term, ¢ (Hinds,
1999).

RESULTS AND CONCLUSIONS

Experimental results indicate a strong association between increasing temperature
and accelerated dissociation, tilting the reversible reactions shown in equation 2 below
to the right hand side.

NH4NOs(s) = HNOs3(g) + NHs3(g) (2)
NH] (aq) NO; (aq) = HNOs(g) + NHs(g). (Wexler and Seinfeld, 1990).

The shrinking rate shown in Figure 2(a) are indicative of the rate of evaporation
of the precursor gases off the particle surface into the bulk phase. Adjusting the flow
rates changes the residence times within the reactor allowing for observations of
equilibrium stability through timescales of interest. To allow for the possibility of
further drying of the particle once leaving the cutting DMA, samples were taken for each
profile in-front of the reactor.

The changes in size recorded during these samples were then subtracted from
the final size distribution, thus using the unevaporated sample as a calibration.
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Fig: 2(a) (top): Evaporation rates of ammonium nitrate as a product of residence time
and temperature. 2(b) shows boxplots and whiskers for the same data, showing the
spread of data considering all residence times as a product of the temperature profile
investigated.
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The boxplots in figure 2(b) illustrates the distribution of data for each
temperature profile considering all residence times. It is evident that for 15°C there is
minimal spread in the shrinking rates throughout the residence time profiles. This
indicates that the mass transfer within the reactor reached equilibrium. For 25°C and
30°C the spread in shrinking rate is far greater, indicating mass transfer processes had
not yet reached the equilibrium.

Modeled results show the expected rates of dissociation to be more rapid than
observed experimentally. This indicates the possible presence of a chemical or kinetic
restraint. Whilst this is in line with findings from previous literature, the driving forces
behind this are not fully understood. This presentation will further discuss these
findings highlighting possible processes governing observed dissociation on ammonium
nitrate.
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INTRODUCTION

The estimated resuspension rate found to depend on different factors such as the
amount of people present inside the room, the type of the floor, the walking style or
even the type of the shoes (Qian and Ferro, 2008; Rosati et al., 2008; Shaughnessy and
Vu, 2012). The aim of this work was to evaluate the particle resuspension rate induced
by walking inside an indoor microenvironment using continuous measurements of
indoor particle mass/number concentration. The main objectives were to determine the
impact of different dust loadings on the floor, the indoor particle concentration and the
resuspension rate and to investigate the impact of different walking patterns, style and
walking speed to the resuspension rate.
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Figure 1: Mass concentration of indoor PM during walking experiment and comparison
with model for dust loads 25, 15, 5 and 1 g/m? (line pattern).

EXPERIMENTAL SETUP
The measurements were carried out in the period between June to September

2013 in a laboratory at the Technical University of Crete. The area of the laboratory is
18.5 m? of rectangle shape and its volume is 53.7 m3 with one door and one window
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placed opposite of the door. The resuspension measurements were performed in a
“paper pool” (4.3 m x 1.4 m and 1.1 m high) built in the laboratory. During the
resuspension measurements, the instruments were placed at the farther end of the
paper pool with inlets 1.38 + 0.03 m above the ground. The selected height of the
instruments (1.38 m) corresponds to the breathing zone of the person performing the
walking activity. Mass and number concentration of particulate matter (PM1o) was
measured during walking experiments inside a laboratory. In total 20 walking
experiments were conducted in a period of 3 months. Particle number concentration
was measured in the size range of 0.02 - 1 pm, while mass concentration was measured
in the range 0.1 - 10 pm. Human induced resuspension rates were examined under
different dust loadings. The different dust loadings were used (25, 15, 5, 1 g/m2) in
order to evaluate the impact of surface loading on indoor PM10 mass concentration and
on resuspension rate. Walking style was the same for all the experiments. Moreover, the
experiments involved two different walking patterns inside the laboratory (rectangular
and line). The impact of different speed was also examined.
:
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Figure 2: Scheme of the laboratory and the instrumentation around the paper pool

(1 - DustTrakIl, 2 - P-Trak, 3 - DustTrak, 4 - SMPS+C (with L-DMA), 5 - NanoScan,
6 - OPS, T - Tiny Tag data logger).

MODEL DESCRIPTION

During the resuspension experiments, the total surface area of the laboratory was
used. The equation (1) describes the change in mass concentration indoors. The
resuspension rate r is estimated by equation (1) using a forward difference
approximation.

©Cy _pave

Vv
dt out

+rAL-(a+k)VC, )

Thus, the resuspension rate and the particle surface load for each time step are
given by:
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r(t+dt) = A\L’(t) [Ci“ (t+ d;z “%® , kra)c, m)-a PCM} @
L(t) = %(14—”) FLO)e™ (3)

The requirements for solving the above system are the initial values of mass
loading L(0) and the change in concentration C(t) with time. Given the initial mass
loading L(0) and the change of aerosol concentration, r can be estimated for time step
one. Since r is known, equation (3) is used to estimate the surface loading at the first
time step, L(1). The same procedure is followed for every time step. Moreover, the
particle concentration in the indoor air can be predicted from equation (1):

C, (t+dt)=r \—i\ L(t)dt+ C,, (t)[1 —(a+k)dt [+aPC,, (t)dt (4

The first term on the right hand side of the equation (4) is the resuspension
contribution to indoor air concentration, the second term refers to the reduction of
indoor concentration by deposition and air exchange rate and finally the third term is
the penetration of outdoors origin particles indoors. The results of resuspension rates
are shown above in table 1.

RESULTS AND CONCLUSIONS
The current study focused on the estimation of resuspension rate by human
walking inside an experimental laboratory. Different dust loadings used to cover the

floor while the walking style was the same for all the experiments.

Table 1: Resuspension rate for different dust loadings (*Different walking speed)

25 g/m? 15 g/m? 5g/m? 1 g/m?

Date Rateh'! Date Rateh'! Date Rateh'! Date Rate h1

04/07 7.15103% 21/06 446103 02/07 4.05103 12/07 7.81 103
10/07 6.64 103 26/06 5.0510-3 28/06 4,63 103 24/07 2.06 102
26/07 7.3110% 08/08 5.28103 12/08 6.65103 15/08 1.10 102
30/07 8.6010-3 10/08 6.19 103 13/08 6.48 103 14/08 1.3510-2
10/09* 556103 12/09*  2.3910-%
11/09* 8.38103 13/09* 9.60103

Average 7.43103 5.251073 5.96 103 1.44102

The resuspension rate for PMio induced by human walking estimated in the
range of 10-2-10-3 hr-l. Different dust loadings on the floor contribute directly to the
indoor mass concentration of particles but have no effect on the resuspension rate.
Although, higher dust loading resulted in higher emission rates and is associated with
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higher potential of dust particles than can detach from the surface, the fraction of
particles leaving the surface is related to the magnitude of the removal forces. Further
investigation on this is needed in order to illustrate the nature of removal forces induced
by human walking.
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Figure 3: Observed mass concentration and modeled one after the end of the
activity. Walking in rectangle shape inside the paper pool with dust loading 25 g/m? (R5
on12/07/2013).

The indoor mass balance model used in this study well-predicted the indoor
particle concentration in both activity and post-activity period. However, resuspension
of indoor particles is a complicated physical process dealing with the adhesion forces of
particles on the floor and the removal forces acting upon them, thus a simultaneous
investigation on particle dynamics both on the floor and the ambient air is necessary.
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SUMMARY

The generation, capture and measurement of aerosol particles in a controlled
laboratory environment are very important for determining the emission potentials of
different sources of dust and for defining the physical characteristics, chemical
composition and toxicological risk connected with the emission of particles into the
atmosphere from specific locations or source materials. Therefore, we constructed
metallic cylindrical resuspension chamber to disperse solid samples under well-defined
temperature and humidity. The chamber allows on-line measurements of particle
number size distribution of aerosolized samples and subsequent sampling of size
segregated particles on filter media. Repeatability of the resuspension experiments
strongly depends on the way of introduction of a solid sample into the chamber. For this
purpose a pneumatic sampler was optimised.

UvoD

Rovnomérné rozptyleni vzorkl pevného skupenstvi v definovaném laboratornim
prostfedi umoznuje stanoveni fyzikalné-chemickych vlastnosti vzniklych aerosolovych
Castic, které je nezbytné pro vypocet emisnich potencialu povrchti bez vegetacniho
krytu, jako jsou zemédélska piida, silnice, chodniky apod. Vysledky téchto métreni mohou
lépe objasnit riziko spojené s vnaSenim castic PMio do venkovniho ovzdusi z
konkrétnich mist a zdroji zneciStovani ovzdus$i. Za timto ucelem byla postavena
uzaviena resuspenzni komora ve tvaru kovového valce (V = 0,437 m3, s = 0,35 m?),
umoznujici rozptyleni praskového vzorku za definované teploty a vlhkosti. Komora
umoziuje on-line sledovat dynamiku velikostnich distribuci poctu Castic
aerosolizovaného vzorku a vsadkovy odbér vybranych velikostnich frakci na filtracni
média. Kritickym parametrem experimentu v komote je opakovatelnost rozptyleni
vzorku v komore. Ta je vyznamné zavisla na zpisobu rozptyleni pevného vzorku do
komory. Pro tento ucel byl zkonstruovan a optimalizovan pneumaticky rozprasSovac,
ktery umoznuje automaticky rozptylit az pét vzork bez manipulace s komorou nebo
preruSeni experimentu.

EXPERIMENT
Pneumaticky automaticky rozpraSovaC je umistén v horni pétiné v ose
resuspenzni komory. Sklada se z elektronicky rizené tlakové trysky, zasobniku

tlakového vzduchu a rotujictho zasobniku na pét vzorkd (Obr.1). Na zarizeni lze
nastavovat Cas a periodu automatického startu (v hodinach), dobu otevreni trysky (2 -
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Obr 1: Schéma resuspenzni komory

200 milisekund), tlak (2 az 20 barti) a vzdalenost trysky od vzorku (5 az 50 mm).
Dynamika velikostnich distribuci poctu c¢astic aerosolizovaného vzorku se méri
aerodynamickym spektrometrem castic APS (APS-3321, TSI) vrozsahu 0.54-20 Bm
sintegra¢ni dobou 10s (Obr.1). Dal$i priruby ve dné komory umoZnuji pripojeni
kaskadnich impaktort pro vsadkovy odbér aerosolu. Pro optimalizaci rozprasovace byl
pouzit vzorek ve formé suchého jemného prasku cistého SiO2, presitovaného pres
Tyllerovo sito o velikosti ok 38 mikrometri.

VYSLEDKY A DISKUSE

Ze schématu komory (Obr.1.) je zfejma poloha trysky v horni ¢asti komory a
misto pripojeni APS pripadné impaktord.

Pneumatickd disperze vzorku je pomérné rychld. Béhem 100ms po otevieni
trysky je pevnych vzorek kompletné dispergovan (Obr.2). Optimalizace disperze vzorku
byla sledovana jak opticky (Obr.2), tak mérenim dynamiky velikostnich distribuci
vzniklého aerosolu za definovanych podminek teploty a vlhkosti vzduchu v komore
(Obr.3.), kde ve spodni casti grafu barevna mapa zobrazuje dynamiku velikostnich
distribuci hmotnosti aerosolu v komote pro hustotu Castic p= 2.6gcm3. SniZovani
koncentrace hmoty castic o definovaném aerodynamickém primeéru s modem - MMD
distribu¢ni kfivky mezi 2-3 pm.
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Presnéji lze dynamiku MMD odecist z horni Casti grafu, kde modra krivka
zobrazuje Casovou zavislost MMD a jeji smérodatnou odchylku. Velmi mald hodnota
smérodatné odchylky péti po sobé mérenych disperzi referencniho vzorku SiO2 svédci o
velmi dobré reprodukovatelnosti experimentu. Hnéda kiivka zobrazuje ¢asovy priibéh
hmotnosti ¢astic normalizovany hmotnosti navazky. Linearni pokles v logaritmické Skale
ukazuje na jeden prevladajici mechanismus, kterym se mizi aerosolové ¢astice z objemu
komory.
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Obr. 3: Casovy priibéh velikostni distribuce hmotnostni ¢astic rozptyleného vzorku,
MMD a normalizované hmotnosti a v resuspenzni komore.
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ZAVER

Po optimalizaci je automaticky pneumaticky rozpraSova¢ schopen opakované
rovnomérné rozptylit referencni vzorek do prostoru komory tak, aby castice nebyly
proudem vzduchu strZzeny ke sténdm komory. Z namérenych distribuci rozptyleného
vzorku vyplyva, Ze jednotlivdA méreni referenc¢niho vzorku jsou srovnatelna a lze
konstatovat, Ze zarizeni vykazuje dobrou opakovatelnost experimentu. Tato méfeni
budou doplnény o elementadrni analyzu a o snimky z elektronového mikroskopu
vsadkové odebranych vzorkil velikostné segregovaného aerosolu. Experimentdlni
vysledky ndm umoZzni vypocet emisniho potencidlu daného vzorku, napt. poulicniho
prachu a odhad jeho moZného podilu na PM1o v méstském ovzdusi.

PODEKOVANI
GA-CR P503/12/G147
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