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Abstrakt

Efektivni fizeni kvality ovzdusi v oblastech zatizenych nadmérnym znecisténim je mozné za
predpokladu kvalitniho kontinudlniho monitoringu se spravné navrzenou monitorovaci siti a
cileného méteni, které poskytuje informace potfebné k identifikaci zdroji znecisténi.

Cilem disertacni prace bylo ziskat a vyuzit data hmotnostni koncentrace, ¢asové a prostoroveé
variability, elementarniho slozeni, OC/EC a velikostni distribuce karcinogennich
polycyklickych aromatickych uhlovodikii vybranych velikostnich frakci atmosférického
aerosolu s vysokym ¢asovym rozliSenim pro stanoveni jeho zdroju.

Odbéry vzork a méfeni byly provedeny v ramci kratkodobych zimnich a letnich kampani
V obci Bfezno u Chomutova, v méstském obvodu Ostrava — Radvanice a Bartovice a v Mladé
Boleslavi v letech 2008 — 2010, 2012 a 2013.

Stanovili jsme hmotnostni koncentraci velikostnich frakci PMjg, PMi.jg, PM115.0 @
PMo1s115 @ jejich vzajemny podil. Z podilu jednotlivych velikostnich frakei vyplyva
dulezitost identifikace zdroji jemné frakce atmosférického aerosolu (PMgis.115) Se
zaméfenim na frakci PMg34.1 15.

Vysetfili jsme sezonni a prostorovou variabilitu velikostnich frakci PMjo, PM3s, PM; a
PMji.10. Na zdklad¢ Setfeni jsme ziskali data podrobné charakteristiky aerosolu s vysokym
casovym rozliSenim, reprezentativni pro danou ¢ast ro¢niho obdobi, ro¢ni obdobi a misto
odbérové lokality.

Hodnotili jsme dynamiku velikostni distribuce osmi karcinogennich polycyklickych
aromatickych uhlovodiki. Z vysledki vyplyva dilezitost identifikace zdroja velikostni frakce
PMo 34-1.15.

Identifikovali jsme zdroje velikostnich frakeci PM1.19 PM1 15.10 @8 PMg 15.1.15. Spalovéni uhli a
biomasy v zim¢ byly dominantni zdroje PMg 15.115 v Mladé Boleslavi a Ostravé — Radvanicich
a Bartovicich, PM;.19 v Biezn¢ u Chomutova a PMy 1510 v Mladé Boleslavi. Resuspenze
silni¢niho prachu byla v zimnich mésicich dominantnim zdrojem v Ostravé — Radvanicich a
Bartovicich pro frakci PMy 15.10. V 1ét€ byly hlavnimi zdroji velikostni frakce PMj.19 v Biezné
u Chomutova resuspenze ptudy a bioaerosol. Z vysledkd vyplyva potieba piisnéjsi regulace
nakladani se skryvkou. V méstském obvodu Ostrava — Radvanice a Bartovice bude ptesné
rozliSeni podilu technologii spalujicich fosilni paliva pfedmétem dal§iho zkoumani, jez bude

vyzadovat komplexné&jsi pfistup k méteni.



V praci uvedeny postup identifikace velikostné segregovaného atmosférického aerosolu
s vysokym cCasovym rozliSenim je soucasti nové metodiky 34840/ENV/14 schvalené

Ministerstvem Zivotniho prosttedi Ceské republiky.



Abstract

The effective air quality management in the heavy polluted areas has to be based on
high-quality monitoring with properly designed monitoring network and targeted
measurements, which provided information required to source apportionment.

The thesis aim was to apportion sources of atmospheric aerosol based on highly time resolved
data of mass concentration of size segregated aerosol, its temporal and spatial variability,
elemental composition, OC/EC and size distribution of carcinogenic polyaromatic
hydrocarbons.

Sampling campaigns went during winter and summer in small settlement Biezno by
Chomutov, residential area Ostrava — Radvanice a Bartovice and Mlada Boleslav in the years
2008 — 2010, 2012, 2013.

We determined mass concentrations of PM1g, PM1.19, PM1 15.10 and PMg 15.15 and their size
fraction ratios. Based on the size ratios, the source apportionment of fine fraction (PMg 15.1.15)
with focus on PMg 34.1 15 IS crucial.

We examined seasonal and spatial variability of PMyo, PM 55, PM; and PM;.1. Based on the
examination, we obtained representative highly-time resolved data with regards to season and
sampling locality.

We analysed dynamic of size distribution of particle-bond eight carcinogenic polycyclic
hydrocarbons. Based on the results the source apportionment of PMg 34.1.15 IS crucial.

We identified PMj.10 PMj15.10 @ PMg 15115 sources. Coal combustion and biomas burning
were in winter dominant sources of PMgs.115 in Mlada Boleslav and Ostrava — Radvanice
Bartovice, of PM1.1o in Biezno by Chomutov, and of PM; 15190 in Mlada Boleslav. Road dust
re-suspension was a dominant source during winter season of PMj 1510 Ostrava — Radvanice
Bartovice. In summer the main PMj.;5 sources in Bfezno by Chomutov were soil re-supension
and primary biological aerosol — bioaerosol. Based on previous results, we conclude that
stringent regulation of all type combustion sources and consistent landfill technology
application may help to improve air quality in the region.

The resolving different sources of fossil combustion ratio in Ostrava — Radvanice a Bartovice
require a comprehensive measurement approach.

The source apportionment method cited in the PhD thesis is part of the methodology
34840/ENV/14 authorized by Ministry of Environment of Czech Republic.



Piehled pouzitych anglickych zkratek

APS Aerodynamic Particle Sizer (aecrodynamicky spektrometr ¢astic)

DRUM Davis Rotating Uniform-size-cut Monitor (rota¢ni impaktor

vyrobeny v Davis, Kalifornie)

DT Laser Nephelometer DustTrak (laserovych nefelometr
DustTrak)
c-PAH carcinogenic Polycyclic Aromatic Hydrocarbons

(karcinogennich polycyklickych aromatickych
uhlovodikd — k-PAU)

EC Elemental Carbon (elementarni uhlik)

GC-MS Gas chromatography—mass spectrometry (Plynnova
chromatografie a hmotnostni spektrometrie)

HI Harvad impactor (Harvard impaktor)
oC Organic Carbon (organicky uhlik)
PCIS Personal Cascade Impactor Sioutas (osobni kaskadnim

impaktorem Sioutas)

PMx Particulate Matter, particles with 50 % cut points at
aerodynamic diametrs of x um (vzorek piedstavuje soubor
castic, kde ¢astice o aerodynamickém priméru x um jsou
piedfazenym odb&rovym zafizenim separovany s uc¢innosti

praveé 50 %)

PMF Positive Matrix Factorization

S - XRF Synchotron X-ray Fluorescence (synchotronni rentgenova

fluorescencni spektrometrie)

SMPS Scanning Mobility Particle Sizer (skenovaciho tfidi¢e ¢astic)

US EPA United States of America Environment Protection Agency

(Agentura pro ochranu Zivotniho prostfedi Spojenych statl

americkych)




1. Uvod

Atmosféricky aerosol je polyfazovy koloid, obvykle v dynamické rovnovaze se svoji plynnou
slozkou a multimodalni distribuci velikosti castic (Jaenicke, 2008). Velikost ¢astic
atmosférického aerosolu je v rozmezi od 1nm do 100 um (Hinds, 1999; Baron a Willeke,
2005). Pramé&rna koncentrace &astic aerosolu se v troposféie pohybuje kolem 10°cm™. Z vyse
uvedenych duvodu je praktické pouzivat pro charakterizaci velikosti ¢astic misto
geometrického priméru primér aerodynamicky. Aerodynamicky primér sledované
aerosolové Castice (dqe) je prumér hypotetické kulové Castice o hustoté lg.cm'g, kterd ma ve
stagnantni vzduchové vrstvé stejnou sedimentacni rychlost jako ¢astice sledovana. Velikostni
distribuce castic a jejich chemické slozeni jsou dany zdrojem a jsou, S ohledem na rtiznorody
puvod, proménlivé (Harrison a kol., 1999; Morawska a kol., 1999).

Chemické sloZeni atmosférického aerosolu se méni s velikosti ¢astic, mistem a aktualnimi
meteorologickymi podminkami (US EPA, 2009; Putaud a kol.,, 2010). Hlavni slozky
atmosférického aerosolu bez rozliSeni velikosti Castic spolu s jejich hlavnimi zdroji jsou
uvedeny v tabulce 1. Stopovymi slozkami jsou zejména kovy Pb, Cd, Hg, Ni, Cr, Zn, Mn, Cu
emitované hutnickym pramyslem (Zhou a kol., 2004; Querol a kol., 2007; Mazzei a kol.,
2008, Cohen et al., 2010), automobilovymi motory, brzdami, pti otéru pneumatik (Thorpe a
kol., 2008; Gielt a kol., 2010; Cheung a kol., 2012) a spalovanim pohonnych latek a aditiv
lubrika¢nich oleji (Saint’Pierre a kol., 2002). Dalsimi slozkami jsou As, Se, indikatory
spalovani uhli (Swietlicki a Krejci, 1996; Almeida a kol., 2005; Han a kol., 2005,
Rogula-Koztlowska a kol., 2012), K, indikator spalovani biomasy (Kleeman a kol. 1999;
Watson a kol., 2001; Kim a kol., 2003) a Ni, V, indikatory spalovani ropy (Kim a kol., 2004;
Almedia a kol., 2005).

Doba setrvani aerosolu v atmosféfe se pohybuje v fadech vtefin az tydnt dle dge Castic. U
jemného aerosolu (dge < 1 pum) se doba setrvani v atmosféie pro ¢astice nukleaéniho modu
(dae < 20 nm) pohybuje od vtefin po desitky minut, pro cCastice akumula¢niho modu
(dae ~ 300 nm) v tadech dnii az tydnid a u hrubého aerosolu (dze > 1 pm) od hodiny po jeden az
dva dny pro niz$i troposféru (Hovorka, 2009). Z tohoto diivodu se zdroje hrubé frakce
aerosolu nachazeji zejména v blizkém okoli receptoru (Monn a kol., 1997,
Turnbull a kol., 2000; Harrison a kol., 2001; Harrison a kol., 2004). Naopak jemny aerosol
miZe putovat 1 na vzdalenosti desitek 1 stovek kilometri (Kim a Hopke, 2004;
Wimolwattanapun a kol., 2011). Predpokladem efektivniho fizeni kvality ovzdusi, piedevsim
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Vv oblastech zatizenych nadmérnou koncentraci atmosférického aerosolu, jsou kromé
kvalitniho kontinualniho monitoringu se spravné navrzenou monitorovaci siti S vyvazenou
hustotou méficich stanic nezbytna cilena méteni poskytujici informace potiebné k identifikaci
zdrojii znecisténi. Vzhledem k Casové a prostorové variabilit¢ koncentraci atmosférického
aerosolu v méstském prostiedi (Levy a Hanna, 2011, Lagudu a kol., 2011) je pfi cilenych
méfenich kliCovy vybér ¢asti roéniho obdobi a odbérového mista (Wilson a kol., 2005).
Uréeni reprezentativnosti odbérového mista neni mozné bez méteni v jeho blizkém okoli

(Chow a kol., 2002).

Tabulka 1. Hlavni slozky atmosférického aerosolu bez rozliSeni velikosti ¢astic a jejich hlavni
zdroje (Integrated Science Assessment for Particulate Matter, US EPA, 2009).

Slozka Popis a zdroj

Sirany (SO4) Vyskytuji se predevsim jako sekundarni aerosol v podobé¢ siranu
amonného (NH4),SO,4, ktery vznikd oxidaci atmosférického
oxidu siti¢itého SO, a nasledné reakce s amoniakem NHs, ktery
je emitovan predev§im zeméd¢lskou produkci. V malé mife jsou
S0~ pfitomny v primarnich emisich motské soli a mineralech
napf. v sadrovci.

Dusi¢nany (NO3) Vyskytuji se jako sekundarni aerosol v podobé dusi¢nanu
amonného NHyNO3, jenz je produktem neutralizace par kyseliny
dusiéné HNOsj, vzniklé oxidaci emisi NOy, SNHs, nebo
dusi¢nanu sodného (NaNOj) nahrazenim chlorovodiku HCI
z NaCl parami HNO3.

Amonny kationt (NH4") | Obvykle se vyskytuje ve form& (NH4),SO4 a NH4NO3 z emisi

NHs.

Sodny kationt (Na*) a Jsou soucasti primarnich emisi motské soli.

chloridovy aniont (CI")

Elementarni uhlik Cerny grafiticky uhlik je emitovan pfi vysokoteplotnim spalovéni
fosilnich paliv a biomasy.

Organicky uhlik Uhlik ve formé€ organickych slouCenin primarné emitovany
dopravou a primyslem nebo sekundarné vznikajici oxidaci
organickych tékavych latek.

Mineralni latky Jedna se predevsim o prvky zemské kury Al, Si, Fe a Ca, které
jsou pfitomny v prachu, vnikajicim primarné vétrnou erozi a re-
suspenzi.

Voda Ve vodé rozpustné slouéeniny, piedevsim (NH4),SO4, NH4NO3 a

NaCl, sorbuji pii relativné¢ vysoké vlhkosti vodu z atmosféry a
méni Se Z pevného na kapalné skupenstvi.

Pro wvysvétleni casovych a prostorovych zmén kvality ovzduSi je vhodna aplikace
receptorovych modeld vyuzivajici dat chemického slozeni aerosolu v misté méfeni, receptoru,

v kombinaci s daty meteorologickych a jinych vhodnych ukazatelti (Polissar a kol., 2001).
12




Zakladem receptorovych modelii je pfedpoklad, ze data atmosférického aerosolu v misté
odbéru  (chemické slozeni) jsou vysledkem linedrni kombinace jeho zdroji
(Yakovleva a kol., 1999; Kim a kol., 2004; Ogulei a kol., 2005). Stejn¢ jako Ize chemické
sloZzeni aerosolu povazovat za konzervativni charakteristiku zdroje, mizeme rovnéz do jisté
miry prepokladat i velikostni distribuci c¢astic aerosolu emitovanych zdrojem za
konzervativni. Proto se jevi jako vyhodné kombinovat jak chemické (prvkové slozeni), tak
fyzikalni (velikostni distribuce hmoty a poctu) charakteristiky aerosolu do jedné databaze
uréené k modelovani (Hopke, 1991; Hopke a kol., 1999; Watson a kol.,, 2002;
Paatero a kol., 2003; Hopke a kol., 2004; Zhou a kol., 2004). Receptorové modelovani zdroju
atmosférického aerosolu metodou faktorové analyzy (FA) umoznuje odhadnout pocet a
slozeni zdroju, stejn¢ jako jejich podil na receptoru. Z diivodu promeénlivosti velikostni
distribuce hmoty atmosférického aerosolu a jeho chemickému sloZeni, ktery je dan zdrojem,
je vhodné sledovat velikostné rozliSeny aerosol. Méfeni hmotnostnich koncentraci PMy a
stanoveni jejich chemického slozeni s vysokym ¢asovym rozliSenim v fadech nékolika minut
az hodin se jevi, vzhledem k fyzikalné-chemickym procesim probihajicim v atmosféte a
casové promenlivosti nékterych zdrojl, jako vhodné. Z tohoto diivodu odbér PMy S vysokym
Casovym rozliSenim umoZiuje preciznéjsi identifikaci zdroji pomoci receptorového
modelovani metodou PMF a zkraceni doby potiebné k ziskani dat (Watson et al., 2001; Viana
a kol., 2008; Belis a kol., 2013). V soucasnosti mnoho studii vénujicich se kvalité ovzdusi
vyuziva ptistupu ve FA, kterym je Positive Matrix Factorization (PMF) (Paatero, 1997).
Preciznéjsi identifikace zdrojii pomoci PMF vyzaduje sbér velikostné separovaného aerosolu
s vysokym ¢asovym rozliSenim (Zhou a kol., 2004; Han a kol., 2005; Ogulei a kol., 2005;
Peré-Trepart a kol., 2007; Bernardoni a kol., 2011; Richard a kol., 2011; Li a kol., 2013).

V Ceské Republice bylo receptorové modelovani poprvé pouzito ve studii, ktera se zabyvala
monitorovanim kvality ovzdusi v Teplicich v roce 1992 (Pinto a kol., 1998). Dalsi prace,
modeluji  data  elementarniho  slozeni PMjs z Bilého  Kiize v Beskydech
(Swietlicki a Krej¢i, 1996) a data elementarniho a izotopického slozeni PMyy z Prahy a
Benesova (Hovorka a kol., 1996; Hovorka a kol., 2001). Novou aplikaci pokrocilych
receptorovych modelt kombinovanych dat prezentuji studie o submikronovém aerosolu v
centru Prahy (Thimmaiah a kol., 2009) a polycyklickych aromatickych uhlovodicich na
pozad'ové stanici v Koseticich (Dvorska a kol., 2012).

Studie piedkladané v disertadni praci se jako prvni v Ceské republice zabyvaji identifikaci
zdrojii velikostné rozliSeného atmosférického aerosolu na zakladé dat hmotnostnich
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koncentraci, Casové a prostorové variability, elementarniho slozeni a OC/EC ziskanych

s vysokym ¢asovym rozlisenim a odebranych na tiech lokalitach v Ceské republice v letech
2008 — 2010, 2012, 2013.

Disertacni prace sestava z ivodniho autorského textu, stanoveni cilii prace a hypotézy

vvvvvv

v ptiloze. Kapitola 7 shrnuje disertacni praci.
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2. Cile prace

Cilem disertacni prace bylo ziskat a vyuzit pro stanoveni zdroji atmosférického aerosolu data
hmotnostnich koncentraci, elementarniho slozeni a koncentraci OC/EC velikostné
segregovaného aerosolu S vysokym c¢asovym rozliSenim a 24 hodinova data velikostnich

distribuci karcinogennich polycyklickych aromatickych uhlovodikd.

Hypotézy
Poloha méfici stanice a tudiz i analyza zdrojt atmosférického aerosolu je reprezentativni pro

danou lokalitu 1 kratkodoba meéfeni vV uvazované sezoné za piedpokladu ziskavani dat s

vysokym ¢asovym rozliSenim.
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3. Hmotnostni koncentrace velikostné rozliSeného atmosférického aerosolu

Ziskani dat hmotnostni koncentrace velikostné rozliSeného aerosolu umoziuje vyhodnoceni
kvality ovzduSi ve vztahu ke stanovenym imisnim limitim a identifikaci zdroji dle
velikostnich frakci. V obci Bfezno u Chomutova nedaleko povrchového dolu na hnédé uhli,
byla priméma 24 hodinova koncentrace PMjp; a PMj.jo pocitana z hmotnosti vzorka
odebranych PCIS (PCIS, SKC) po dobu dvou zimnich (2009, 2010) a tii letnich (2008, 2009,
2010) kratkodobych kampani. Priméma zimni koncentrace PMiq byla 28,9 ng.m™ a letni
18,9 pg.m'g. V zimnim obdobi podil PMj.1g vyrazné klesal. V letnich mésicich podil PM1.19 S
rostouci koncentraci PMjg zdanliveé rostl, ale nebyl statisticky vyznamny. V priméru tvofil
podil PMj.10na PM3p Vv zimnim obdobi 12 % a v letnim 36 % (Ptiloha 1).

V méstském obvodu Ostrava — Radvanice a Bartovice byly v prubéhu kratkodobé kampané
v zim& 2012 ziskany 5 minutové koncentrace PMig, PMy 15.10 8 PMo 15115 pomoci APS (APS
3321, TSI) a SMPS (SMPS 3963, TSI). Primérna koncentrace PMjp byla béhem smogu
121,9 pgm™ a mimo smog 40,6 pg.m> (v pribéhu celé kampand 99,5 pg.m™). Frakce
PMo5.115 tvofila v PMjo béhem smogu v praméru 80 % a mimo smog 65 % (po celou
kampan 77 %) a frakce PMy 15.10 V priméru 20 % a 35 % (po celou kampan 23 %) (Pfiloha 6).
V Mladé Boleslavi, na uzemi méstské casti Severni sidlisté (pocet obyvatel Zijicich na sidlisti
tvoti 42 % z celkového poctu obyvatel mésta), byly po dobu kratkodobé zimni kampané 2013
ziskdny primérné 5 minutové koncentrace PMig, PMj15.10 PMg15.115 pomoci APS (APS
3321, TSI) a SMPS (SMPS 3963, TSI). Praimérna koncentrace PMyq byla 33.9 ug.m™. Frakce
PMo 15.1,15 tvofila v PMyg v priméru 89 % a PM; 1510 11 % (Ptiloha 7).

Z vySe wuvedenych vysledkii vyplyva duleZitost identifikace zdrojit jemné frakce
atmosférického aerosolu (PMq15.115) se zaméienim na frakci PMy34.115 nebot’ priimérny

podil PMy 15115 ha PMyg tvorFil na sledovanych lokalitach, predevsim v zimnich mésicich,

85%.
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4. Sezonni a prostorova variabilita velikostné rozliSeného atmosférického aerosolu

Stanoveni sezonni a prostorové variability atmosférického aerosolu velikostné rozliSené¢ho
vzhledem k méfitku sledované lokality a integra¢ni dob¢é odbéru je vhodné i pro vyhodnoceni
reprezentativnosti zvolené Casti rocniho obdobi, ro¢niho obdobi a mista odbérové lokality pro
identifikace zdroji atmosférického aerosolu s vysokym casovym rozliSenim.

V obci Biezno u Chomutova byla na zaklad¢ 24 hodinovych dat ziskanych pomoci PCIS po
dobu dvou zimnich (2009, 2010) a tii letnich (2008, 2009, 2010) kratkodobych kampani
vySetfovana mezi sezonni a sezonni variabilita PMig a PMj.10. Mezi sezonni variabilita byla
statisticky vyznamna pro PMjg, ne vSak pro PMj.j9. Zimni a letni kampané se od sebe v obou
ptipadech (PMjo a hruba frakce) statisticky 1i$i; hodnota medidnu PMjg je vyznamné vyssi
V zimé& nez v 1ét¢ (28,2 ug.m'3 a 18,3 ug.m'3) a hodnota medianu hrubé frakce je nizsi v zimé
nez v 16t& (1,8 pg.m™ a 4,7 ng.m™) (Piiloha 1).

V obci Biezno byly k vySetfeni prostorové variability testovany 24 hodinové koncentrace
PMjo a PM1.19 odebrané HI (Marple et al., 1987) respektive PCIS po dobu zimnich a letnich
kampani na ¢tyfech lokalitach rovnomérmné rozmisténych okolo povrchového dolu na hnédé
uhli Nastup (Tabulka 2). Prostorova variabilita v ramci obce byla hodnocena na zakladé 5
minutovych dat PM; a PMjy naméfenych pomoci Sesti DT (8520, TSI) v Iét¢ 2009 a zimé
2010. Mezi zimnimi/letnimi koncentracemi PMjg a PMj.1p nebyl zjistén statisticky rozdil
(Ptiloha 3). V Iét¢ nebyly rozdily mezi koncentracemi PM; a PMjp naméfenymi na
jednotlivych stanovistich v obci statisticky vyznamné. V zimé byl zaznamenan statisticky
rozdil v koncentracich PM; mezi stanovisti Stard Skola a Okaly, ktery vSak byl zanedbatelny
vzhledem k chybé méteni. Statisticky vyznamny rozdil v koncentracich PMjg byl nalezen
mezi stanovisti Stanice a VE&z kostela. Hodnoty medidnu koncentraci PMj se vSak lisily o

méné nez 1 % (Ptiloha 2).

Tabulka 2. Ptehled lokalit a pouzitych odbérovych metod k vySetifeni sezonni a prostorové
variability.

Lokalita Odbérova metoda Umisténi lokality

vzhledem k dolu
Bfezno — mobilni stanice HI, PCIS, DT JV
Bfezno — upravna vody HI JV
Vysypka HI, PCIS JZ
Malkov HI SZ
Spofice HI SZ
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Lze predpokladat, Ze statisticky nevyznamna prostorova variabilita hodnot PMj.3o implikuje i
statisticky nevyznamnou prostorovou variabilitu zdroji na dané lokalité. Proto Ize identifikaci
zdroji PMj.1p ziskané na zakladé dat podrobné charakteristiky aerosolu s vysokym casovym
rozliSenim z 1éta 2008 a zimy 2010 povaZovat za reprezentativni pro obec Biezno a okoli v
dané ¢asti roku.

Na tzemi méstského obvodu Ostrava — Radvanice a Bartovice byla vysetfovana prostorova
variabilita na zdkladé Sminutovych dat PM; 5 naméfenych pomoci Sesti DT v zimé 2012. Pro
obdobi béhem a mimo smog nebyly rozdily koncentraci PM,s mezi stanovisti statisticky
vyznamné. Méstské ovzdusi 1ze proto hodnotit z hlediska koncentraci PMj; 5 jako velmi dobie
smichané, bez zasadnich vlivii bodovych zdrojd, jako jsou lokalni topenisté, a lokalnich
zdroji mobilnich (Ptiloha 5).

Vyse uvedené vysledky potvrzuji reprezentativnost umisténi méfici stanice, z ¢ehoz vyplyva,
ze ziskana data podrobné charakteristiky aerosolu s vysokym c¢asovym rozliSenim pro
identifikaci zdroji PM jsou pro danou lokalitu validni.

Na uzemi mésta Mlada Boleslav a v nedaleké obci Plazy byla pod dobu zimni kampané 2013
vySetfovana prostorova variabilita PMjo na zékladé¢ 5 minutovych koncentraci namétfenych
pomoci deviti DT. Rozdily mezi naméfenymi hodnotami nebyly statisticky vyznamné
(Ptiloha 7).

Z vysledkli vyplyvd vhodnost pouziti dat podrobné charakteristiky aerosolu s vysokym

casovym rozliSenim pro identifikaci zdrojl.
Na zakladé uvedenych vysledkit byl zpiisob vybéru céasti roéniho obdobi, ro¢niho obdobi a

misto odbérové lokality reprezentativni pro identifikace zdrojit atmosférického aerosolu

S vysokym Casovym rozliSenim.
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5. Velikostni distribuce karcinogennich polycyklickych aromatickych uhlovodikii

Stanoveni velikostni distribuce koncentraci karcinogennich polycyklickych aromatickych
uhlovodiku je dulezité z divodu nejvyssi miry Skodlivosti latek navazanych na atmosféricky
aerosol, koncentraci piekraCujicich stanovené limity a identifikaci velikostné rozliSeného
aerosolu.

Pribéh velikostnich distribuci koncentraci karcinogennich polycyklickych aromatickych
uhlovodikt (k-PAU) 23 hodinovych vzorkid ¢&tyf  velikostnich frakci odebranych
velkoobjemovym kaskadnim impaktorem (BGI-900, BGI) byl sledovan v zim& 2012 na
lokalit¢ Ostravé - Radvanice a Bartovice. Pribéh celkovych koncentraci k-PAU
V jednotlivych velikostnich frakcich v m*® odebraného vzduchu vykazoval znagnou variabilitu,
avSak prib¢h koncentraci k-PAU v gramech aerosolu piislusné velikostni frakce vykazoval
podstatné mensi variabilitu. Horni (0.5 < dae < 1 um) a dolni (0.17 < dge < 0.5 um) akumulaéni
aerosol vazal vzdy vice nez 60 % celkové koncentrace k-PAU. Moznym vysvétlenim nizké
variability distribuci k-PAU je dominantni zdroj k-PAU situovany v blizkosti odbérové
lokality. Nizky podil k-PAU v ultrajemném aerosolu (11 — 15 %) svéd¢i o malé dulezitosti
lokalnich mobilnich zdroji, pro které je typicka vazba na k-PAU na ultrajemny aerosol
(Ptiloha 4).

Z vySe uvedenych vysledkit vyplyva dileZitost identifikace zdrojit velikostni frakce PM 34115
vzhledem Kk vysokému podilu koncentraci k-PAU na Casticich horniho a dolniho

akumulaéniho modu.
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6. Aplikace receptorového modelu PMF (US EPA PMF)

Modelovani dat hmotnostni koncentrace, clementarniho slozeni a OC/EC velikostné
separovan¢ho aerosolu s vysokym c¢asovym rozliSenim umoznuje identifikovat zdroje,
zachytit jejich ¢asovou proménlivost a zkratit dobu potfebnou K ziskani dat.
Vysledkem receptorového modelovani dat 60 minutovych a 90 minutovych koncentraci 27
prvki (DRUM, S- XRF) a hmotnostni koncentrace PMj.1p (APS) ziskanych v obci Bfezno u
Chomutova v zimnim a letnim obdobi bylo sedm faktord — chemickych profild moznych
zdroji: vysokoteplotni spalovani uhli, spalovani v lokdlnich topenistich, morsky aerosol,
resuspendovand puda, primarni biologicky aerosol/spalovani biomasy, silnicni prach a
sadrovec. Dominantnim zdrojem v zimni obdobi byly spalovaci zdroje s podilem 80 % na
celkové hmoté PMj.jo. Lokalni spalovaci zdroje byly identifikovany jako teplarna ve 13 km
vzdaleném mésté Zatec a lokédlni topenisté v rodinnych domech v obci. Hlavnimi zdroji
PMi.10 V letnim obdobi byla re-suspendovana puda a bioaerosol, které tvorily 71 % (38 %
respektive 33 %) z celkové hmoty PMj.1o. Odstranovani skryvky pfi tézebni ¢innosti bylo
identifikovano jako hlavni zdroj re-suspendované pidy. Po dobu zimni a letni kampané
tvotily spalovaci zdroje, re-suspendovana puda a bioaerosol 43 %, 24 % a 20 % z celkové
hmoty PM1.1 (Ptiloha 3).
V méstském obvodu Ostrava — Radvanice a Bartovice bylo vysledkem receptorového
modelovani dat 60 minutovych koncentraci 28 prvkt (DRUM, S- XRF), OC/EC (Sunset
Laboratory) pro PMjys a hmotnostni koncentrace PMgis.115, @ PMiyis.10, pét a Ctyfi
faktory — chemické profily moznych zdroji pro: PMo 15.1.15 spalovani uhli, spékani-horka faze,
doprava (exhalace, resuspenze a abraze), produkce surového Zeleza a odsireni struzky, pro
PMy 1510 silnicni prach (resuspenze a abraze), spékani-studend fize, spalovani uhli a
surového Zeleza. Dominantnim zdrojem PMg 15.1,15 bylo spalovani uhli, které se podilelo na
celkové hmoté dané velikostni frakce 70 %. Konkrétni zdroj spalovani nebylo mozné
identifikovat. S ohledem na chemicky profil faktoru a velikost aerosolové frakce mohou byt
potencialnimi zdroji spalovani koksarny, teplarny, elektrarny, primyslové provozy a lokalni
topenisteé. Silni¢ni prach se podilel nejveétsi mérou na celkové hmoté PMj 519 (63 %)
(Ptiloha 6).
V Mladé Boleslavi bylo vysledkem receptorového modelovani dat 60 minutovych koncentraci
27 prvka (DRUM, S- XRF), OC/EC (Sunset Laboratory) pro PM; s a hmotnostni koncentrace
PMo 151,15 @ PM115.10 Ctyfi a tii faktory — chemické profily moznych zdroji: pro PMg 1s.1.15
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spalovani biomasy, spalovani uhli, doprava a primysl, pro PMi1s.10 spalovani biomasy a
uhli, silnicni prach a abraze. Dominatnim zdrojem obou velikostnich frakci bylo spalovani
fosilnich paliv. Spalovani biomasy piekvapivé prispivalo nejveétsi mérou k PMo 15.1.15 (49 %)
nasledovalo spalovani uhli (34 %). Modelové vysledky byly podpofeny pribéhy hodnot
koncentraci vybranych organickych latek, analyzovanych na vzorcich PM; odebiranych
vysokoobjemovym impaktorem (DHA-80, Digitel, GC-MS). Konkrétn¢ se jednalo o
levoglukosan a manosan, latky produkované spalovanim dieva, picen, latku produkovanou pii
spalovanni hnédého uhli, a R+S-homohopan, kdy tzv. homohopanovy index [S/(S+R)]
indikuje spalovani uhli ¢i dopravu. V Mladé Boleslavi se homohopanovy index pohyboval v
rozmezi 0,012 — 0,074, coz odpovida spalovani lignitu, tedy nejmlad$imu a nejméné

karbonizovanému hnédému uhli (Pfiloha 7).

Z vysledkii vyplyva potieba piisnéjsi regulace provozu vsech typii spalovacich zdrojii na
v§ech sledovanych lokalitich, CcCastéjsi Cisténi komunikaci V méstském obvodu
Ostrava — Radvanice a Bartovice a obezietnéjsi zpiisob naklidini se skryvkou
V povrchovém dole Nastup, nachdazejicim se nedaleko obce Biezno u Chomutova. V
méstském obvodu Ostrava — Radvanice a Bartovice bude piesné rozliSeni podilu technologii
spalujici fosilnich paliva piedmétem dalSiho zkoumani, které bude vyZadovat komplexnéjsi

pristup k mérent.
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7. Zavér

Prace se zabyvala ziskanim a vyuzitim dat hmotnostni koncentrace, ¢asovou a prostorovou

variabilitou, elementarnim slozenim a koncentracemi OC/EC vybranych velikostnich frakci

atmosférického aerosolu s vysokym casovym rozliSenim pro stanoveni jeho zdroji. V ramci

prace byly v letech 2008 — 2010, 2012 a 2013 provedeny odbéry vzorki a méfeni na tiech

vybranych lokalitach v Ceské republice.

Cil byl spInén nasledovné:

1.

Stanovili jsme hmotnostni koncentraci velikostnich frakci PMjyg, PMi.19, PM115.10 @
PMo 15.115 @ Jejich vzajemny podil. Z podilu jednotlivych velikostnich frakci vyplyva
dulezitost identifikace zdroju PM; vzhledem k primérnému podilu PMg 35.1.15 Na PMjy,
ktery na sledovanych lokalitach pfedev§im v zimnich mésicich tvofil 85 %.

Vysettili jsme sezonni a prostorovou variabilitu velikostnich frakci PMyg, PM3 s, PM;
a PM1.10. Na zakladé¢ Setieni jsme ziskali podrobné charakteristiky aerosolu s vysokym
casovym rozliSenim reprezentativni pro danou ¢ast ro¢niho obdobi, ro¢ni obdobi a
misto odbérové lokality.

Hodnotili jsme dynamiku velikostnich distribuci osmi karcinogennich polycyklickych
aromatickych uhlovodikut. Z vysledkt vyplyva dulezitost identifikace zdrojti velikostni
frakce PMo 34-1.15, ktera v zimnich mésicich v praméru tvofila polovinu PMjg
Identifikovali jsme zdroje hrubé frakce PMi.10 @ PMy 1510, Zdroji hrubé frakce
dominujicich v zimnich mésicich bylo spalovani uhli a biomasy v obci Bfezno u
Chomutova a Mladé Boleslavi a resuspenze silni¢ni prachu v méstském obvodu
Ostrava — Radvanice a Bartovice. V 1ét¢ byly hlavnimi zdroji hrubé frakce v obci
Biezno u Chomutova resuspenze pidy a bioaerosol.

Identifikovali jsme zdroje jemné frakce PMg 15.1 15, Dominantnim zdrojem jemné frakce
zimnich mésici bylo spalovani uhli v méstském obvodu Ostrava — Radvanice a

Bartovice a spalovani biomasy v Mladé Boleslavi.

Z vyse uvedenych vysledkt vyplyva, ze data s vysokym ¢asovym rozliSenim jsou vhodna k

identifikaci zdroju velikostné segregovaného aerosolu a potvrzuji reprezentativnost lokalizace

mefici stanice 1 délku méfici kampané Vv uvazované sezéone. Na zakladeé téchto zjisténi je

pracovni hypotéza potvrzena.
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V praci uvedeny postup identifikace velikostné segregovaného atmosférického aerosolu
s vysokym ¢asovym rozliSenim je soucasti metodiky s nazvem Metodika pro identifikaci a
odhad podilu zdrojii znecisténi ovzdusi na zaklade kratkodobych odbérovych kampani urcend
védeckym a odbornym pracovistim 34840/ENV/14, certifikovand Ministerstvem zivotniho
prostiedi Ceské republiky.

23



8. Literatura

Almeida, A. M., Pio, C. A., Freitas, M. C., Reis, M. A., Trancoso, M. A., 2005. Source
apportionment of fine and coarse particulate matter in sub-urban area at the Western
European Coast. Atmospheric Environment 39, 3127 — 3138.

Baron, P.A., Willeke, K., 2005. Aerosol measurement: principles, techniques, and
applications. New Jersey, Wiley, 2. vydani. ISBN 978-0-471-78492-0.

Belis, C.A., Karagulian, F., Larsen, B.R., Hopke, P.K., 2013. Critical review and meta-
analysis of ambient particulate matter source apportionment using receptor models in
Europe. Atmospheric Environment 69, 94-108.

Bernardoni, V., Vecchi, R., Valli, G., Piazzalunga, A., Fermo, P., 2011. PM10 source
apportionment in Milan (ltaly) using time-resolved data. Science of The Total
Environment 409, 4788-4795.

Brani§, M., Hiinova, L.( eds.), 2009. Atmosféra a klima. Aktudlni otdzky ochrany ovzdusi,
Praha, Karolinum, str. 75-77. ISBN 978-80-246-1598-1.

CHMU, Cesky hydrometeorologicky ustav, 2012. Zne&isténi ovzdusi na tzemi Ceské republi-
Ky v roce 2012.
http://portal.chmi.cz/files/portal/docs/uoco/isko/grafroc/groc/grl2cz/obsah.html

Cohen, D. D., Crawford, J., Stelcer, E., Bac, V.T., 2010. Characterisation and source
apportionment of fine particulate matter at Hanoi 2001 to 2008. Atmospheric
Environment 44, 230 — 328.

Dvorska, A., Komprdova, K., Lammel, G., Klanova, J., Placha, H., 2012. Polycyclic aromatic
hydrocarbons in background air in central Europe - Seasonal levels and limitations for
source apportionment. Atmospheric Environment 46, 147-154.

Gietl, J.K., Lawrence, R., Thorpe, A.J., Harrison, R.M., 2010. Identification of brake wear
particles and derivation of a quantitative tracer for brake dust at a major road.
Atmospheric Environment 44, pp. 141 — 146.

Han, J. S., Moon, K. J., Ryu, S. Y., Kim, Y. J.,, Perry, K. D., 2005. Source estimation of
anthropogenic aerosols collected by a DRUM sampler during spring 2002 at Gosan,
Korea. Atmospheric Environment 39, 3113 — 3125.

Harrison, R.M., Shi, J.P., Jones, M.R., 1999. Continuous measurements of aerosol physical
properties in the urban atmosphere. Atmospheric Environment 33, 1037-1047.

Harrison, R. M., Yin, J., Mark, D., Stendma, J., Appleby, R. S., Booker, J. and Moorcroft, S.,
2001. Studies of the coarse particle (2.5 - 10 pm) component in UK urban atmospheres.
Atmospheric Environment 35, 3667-3679.

Harrison, R. M., Jones, A. M. and Lawrence, R.G., 2004. Major component composition of
PM10 and PM2.5 from roadside and urban background sites. Atmospheric Environment
38, 4531-4538.

Hinds, W.C., 1999. Aerosol technology: properties, behavior, and measurement of airborne

particle. New York, Wiley, 2. vydani. ISBN 0-471-19410-7.

Hopke P.K., 1991. An introduction in receptor modeling. Chemometrics and Intelligent
Laboratory Systems 10, 21-43.

Hopke P.K., Xie, Y., Paatero, P., 1999. Mixed multiway analysis of airborne particle
composition data. Journal of Chemometrics 13, 343-352.

Hopke P.K., 2003. Recent developments in receptor modeling. Journal of Chemometrics 17,
255-265.

24



Hovorka, J., Keohane, B., Marshall, G.B., 1996. Elemental and Stable Lead Isotopic
Composition of PM10  Aerosols by ICP-MS. Acta  Universitaria
Carolinae — Environmentalica 10, 63-70.

Hovorka J., Brani§, M., Ptibil, R., 2001. Wintertime PM10 elemental composition and source
apportionment in Prague and Benesov, Czech Republic, Journal of Aerosol Science 32,
S783-784.

Hovorka J., 2009. Atmosféricky aerosol v Atmosféra a klima. Aktualni otazky ochrany
ovzdusi, Brani§, Hinova eds., Praha, Karolinum. ISBN 978-80-246-1598-1.

Cheung, K., Schafer, M., Schauer, J. J., Sioutas, C., 2012. Historical trends in the mass and
chemical species concentrations of coarse particulate matter in the Los Angeles Basin
and relation to sources and air quality regulations. Journal of the Air & Waste
Management Association 62, 541 — 556.

Chow J.C., Engelbrecht, J.P., Watson, J.G., Wilson, W.E., Frank, N.H., Zhou, T., 2002.
Designing monitoring network to represent outdoor human exposure. Chemosphere 49,
961-978.

Jaenicke, R., 2008. | tis atmospheric aeosol an aerosol? — A look at source and variability.
Faraday Discussions 137, 235-243.

Kim, E., Hopke, P.K., Edgerton, E.S., 2003. Source identification of Atlanta aerosol by
positive matrix factorization. Journal of the Air & Waste Management Association 53,
731-739.

Kim, E., Hopke P.K., Larson, T.V., Covert, D.S., 2004. Analysis of ambient particle size
distributions using Unmix and Positive Matrix Factorization. Environmental Science &
Technology 38, 202-209.

Kim, E., Hopke P.K., Larson, T.V., Maykut, N.N., Lewtas, J., 2004. Factor Analysis of
Seattle fine particles. Aerosol Science & Technology 38, 724-738.

Kim, E., Hopke, P.K., 2004. Improving source identification of fine particles in rural
northeastern U.S. area utilizing temperature-resolved carbon fraction. Journal of
Geophysical Research 109, D09204, 1-13.

Kim, E., Hopke, P.K., 2004. Source apportionment of fine particles in Washington, DC,
utilizing temperature-resolved carbon fractions. Journal of the Air & Waste
Management Association 54, 773-785.

Kleeman, MJ., Schauer, J., Cass, G.R., 1999. Size and composition distribution of fine
particulate matter emitted from wood burning, meat charbroiling and cigarettes.

Lagudu, U.R.K., Raja, S., Hopke, P.K., Chalupa, D.C., Utell, J., Casuccio, G., Lersch, T.L.,
West, R.R., 2011. Heterogeneity of coarse particles in an urban area. Environmental
Science and Technology 45, 3288-3296.

Levy, J.1., Hanna, S.R., 2011. Spatial and temporal variability in urban fine particulate matter
concentrations. Environmental Pollution 169, 2009-2015.

Li, N., Hopke, P.K., Kumar, P., Cliff, S.S., Zhao, Y.J., 2013. Source apportionment of time
and size resolved ambient particulate matter. Chemometrics and Intelligent Laboratory
Systems 129, 15-20.

Marple,V.A., Rubow, K.L., Turner, W., Spengler, J.D., 1987. Lowflowrate sharp cut
impactors for indoor air sampling: Design and calibration. Journal of Air Pollution
Control Association 37, 1303-307.

Mazzei, F., D'Alessandro, A. D., Lucarelli, F., Nava, S., Prati, P., Valli, G., Vecci, R., 2008.
Characterization of particulate matter sources in an urban environment. Science of the
Total Environment 401, 81 — 89.

25



Monn, Ch., Carabias V., Junker, M., Waeber, R. Karrer, M. and Wanner, H.U., 1997. Small-
scale spatial variability of particulate matter < 10 um (PMj) and nitrogen dioxid.
Atmospheric Environment 31, 2243-2247.

Morawska, L., Stephen, T.H.., Jamriska, M., Johnson, G., 1999. The modality of particle size
distribution of environmental aerosols. Atmospheric Environment 33, 4401-4411.

Ogulei, D., Hopke, P. K., Zhou, L., Paatero, P., Park, S. S., Ondov, J. M., 2005. Receptor
modeling for multiple time resolved species: The Baltimore supersite. Atmospheric
Environment 39, 3751-3762.

Paatero, P., 1997. Least squares formulation of robust nonnegative factor analysis.
Chemometrics and Intelligent Laboratory System 37, 23-35.

Peré-Trepart, E., Kim, E., Paatero, P., Hopke, P.K., 2007. Source apportionment of time and
sizeresolved ambient particulate matter with rotating DRUM impactor. Atmospheric
Environment 41, 5921-5933.

Pinto, J.P., Stevens, R.K., Willis, R.D., Kellong, R., Mamane, Y, Novik, J., Santroch, J.,
Benes, 1., Lenicek, J., Bures, V.. 1998. Czech air quality monitoring receptor modeling
study. Environmental Science & Technology 32,843-854.

Putaud, J., Van Dingenen, R., Alastuey, A., Bauer, H., Birmili, W., Cyrys, J., Flentje, H.,
Fuzzi, S., Gehrig, R., Hansson, H., Harrison, R., Herrmann, H., Hitzenberger, R.,
Hueglin, C., Jones, A., Kasper-Giebl, A., Kiss, G., Kousa, A., Kuhlbusch, T., Loeschau,
G., Maenhaut, W. Molnar, A., Moreno, T., Pekkanen, J., Perrino, C., Pitz, M.,
Puxbaum, H., Querol, X., Rodriguez, S., Salma, I., Schwarz, J., Smolik, J., Schneider,
J., Spindler, G., ten Brink, H., Tursic, J., Viana, M., Wiedensohler, A., Raes, F., 2010.
Atmospheric Environment 44, 1308-1320.

Polissar A.V., Hopke, P.K., Poirot, R.L., 2001. Atmospheric aerosol over Vermont: Chemical
composition and sources. Environmental Science & Technology 35, 4604-4621.

Querol, X., Viana, M., Alastuey, A., Amato, F., Moreno, T., Castillo, S., Pey, J., Rosa, J.,
Sanchez de la Campa, A., Artinano, B., Salvador, P., Garcia Dos Santos, S., Fernandez-
Patier, R., Moreno-Grau, S., Negral., L., Minguillon, M.C., Monfort, E., Gil, J. 1., Inza,
A., Ortega, L.A., Santamaria, J.M., Zabalza, J., 2007. Source origin of trace elements in
PM from regional background, urban and industrial sites of Spain. Atmospheric
Environment 41, 7219 — 7231.

Richard, A., Gianini, M. F. D., Mohr, C., Furger, M., Bukowiecki, N., Minguillon, M. C.,
Lienemann, P., Flechsig, U., Appel, K., DeCarlo, P. F., Heringa, M. F., Chirico, R,
Baltensperger, U., Prevot, A. S. H., 2011. Source apportionment of size and time
resolved trace elements and organic aerosols from an urban courtyard site in
Switzerland. Atmospheric Chemistry and Physics 17, 8945-8963.

Rogula-Koztovska, W., Klejnowski, K., Rogula-Kopiec, P., Mathews, B., Szopa, S., 2012. A
study of the seasonal Mass Closure of ambient fine and coarse Dust in Zabrze, Poland.
Bulletin of Environmental Contamination and Toxicology 88, 722-729.

Saint’Pierre, T.D., Dias, L.F., Pozebon, D., Aucelio, R.Q., Curtius, A.J., Welz, B., 2002.
Determination of Cu, Mn, Ni and Sn in gasoline by electrothermal vaporization
inductively coupled plasma mass spectrometry, and emulsion sample introduction.
Spectrochimica Acta Part B 57, 1991-2001.

Swietlicki, E., Krejci, R., 1996. Source characterisation of the Central European atmospheric
aerosol using multivariate statistical methods. Nuclear Instruments and Methods in
Physics Research B 109/110, 519 — 525.

Thimmaiah, D., Hovorka, J., Hopke P.K., 2009. Source apportionment of winter submicron
Prague aerosols from combined particle number size distribution and gaseous
composition data. Aerosol Air Quality Research 9, 209-236.

26



Thorpe, A., Harrison, R.M., 2008. Source and properties of non-exhaust particulate matter
from road traffic: A review. Science of the Total Environment 400, 270 — 282.

Turnbull, A. B. and Harrison, R. M., 2000. Major component contributions to PMjg
composition in the UK atmosphere. Atmospheric Environment 34, 3129-3137.

US EPA, Integrated Science Assessment for Particulate Matter, 2009. EPA/600/R-08/139F,
United States Environmental Protection Agency.
http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=216546 .

Viana M., Kuhlbusch, T.A.J., Querol, X., Alastuey, A., Harrison, R.M., Hopke, P.K.,
Winiwarter, W., Vallius, M., Szidat, S., Prévot, A.S.H., Hueglin, C., Bloemen, H.,
Wihlin, P., Vecchi, R., Miranda, A.l., Kasper-Giebl, A., Maenhaut, W., Hitzberger, R.,
2008. Source apportionment of particulate matter in Europe: A review of methods and
results. Journal of Aerosol Science 39, 827-849.

Watson, J.G., Chow, J.C., Houck, J.E., 2001. PM2,5 chemical source profiles for vehicle
exhaust, vegetative burning, geological material, and coal burning in northwestern
Colorado during 1995. Chemosphere 43, 1141 — 1151.

Watson, J.G. Zhu, T., Chow, J.C., Engelbrecht, J., Fujita, E.M., Wilson, W.E., 2002.
Receptor modeling application framework for particle source apportionment.
Chemosphere 49, 1093-113.

Wilson, J.G., Kingham, S., Pearce, J., Sturman, A.M., 2005. A review of intraurban variation
in particulate air pollution: implications for epidemiological research. Atmospheric
Environment 39, 6444-6462.

Wimolwattanapun, W., Hopke, P.K., Pongkiatkul, P., 2011. Source apportionment and
potential source locations of PM,s and PMys 10 at residential sites in metropolitan
Bangkok. Atmospheric Pollution Research 2, 172-181.

Yakovleva, E.., Hopke P.K., Wallace, L., 1999. Receptor modeling Aasessment of particle
total exposure assessment methodology data. Environmental Science & Technology 33,
3645-3652.

Zhou, L., Kim, E., Hopke P.K., Stanier, Ch.O., Pandis, S., 2004. Advanced Factor Analysis
on Pittsburgh particle size-distribution data. Aerosol Science & Technology 38(S1), 118-
132.

Zhou, L., Hopke, P. K., Paatero, P., Ondov, J. M., Pancras, J. P., Pekney N. J., Davidson, C.
I., 2004. Advanced factor analysis for multiple time resolution aerosol composition
data. Atmospheric Environment 38, 4909-4920.

27



9. Pilohy

1. Pokorna, P., Hovorka, J., Grégr, M., Krouzek, J., 2011. SeZOnni, Variab,ilita hrubého
aerosolu (> 1 pm) v obci Biezno u Chomutova, Zpravodaj HNEDE UHLI, 4:49-55.

2. Grégr, M., Hovorka, J., Pokorna, P., 2012. Sitovd méfeni variability PM; a PMyg
v mikroméfitku a mezi sezénami, Ochrana ovzdusi, 3:26-31.

3. Pokorna, P., Hovorka, J., Krouzek, J., Hopke, P.K., 2013. Particulate matter source
apportionment in a village situated in industrial region of Central Europe, Journal of
the Air & Waste Management Association, 63(12):1412-1421.

4. Hovorka, J., Topinka, J., Bendl, J., Baranova, A., Pokorna, P., Brani§, M., 2012.
Podrobnd charakterizace atmosférického aerosolu na lokalit¢ Ostrava-Radvanice
v zimeé 2012: velikostni distribuce k-PAU, Ochrana ovzdusi, 5:40-43.

5. Hovorka, J., Pokorna, P., Bendl, J., Baranova, A., Grégr, M., Brani§, M., 2013.
Podrobna  charakterizace  atmosférického aerosolu na lokalité  Ostrava
Radvanice-Bartovice v zimé& 2012: Prostorova variabilita PM,s, Ochrana Ovzdusi
2:6-8.

6. Pokorna, P., Hovorka, J., Klan, M. Hopke, P.K., 20014. Source apportionment of size
resolved particulate matter at a European air pollution hot spot. Prijaro k publikaci v
Science of Total Environment.

7. Hovorka, J., Pokorna, P., Mikuska, P., Hopke, P.K., 2014. Identification of coarse and

fine aerosol sources in airshed of residential district in proximity to large automobile
factory. Manuskript.

28



Zpravodaj HNEDE UHLI 4/2011

Ekologie
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Abstrakt

V obci Biezno u Chomutova byla vyhodnocovana sezonni variabilita 24hodinové koncentrace hrubé frakce aerosolu o velikosti
¢astic 1-10 pm (PM, ) odebirané osobnim kaskddovym impaktorem Sioutas po dobu t¥i letnich kampani (2008, 2009 a 2010)
a dvou zimnich kampani (2009 a 2010). Zimni a letni kampané se od sebe statisticky liSi. Median PM, byl pro zimni obdobi vy3si
(28,2 pg/m’) nez pro obdobi letni (18,3 pg/m’). Naopak median PM, byl v zimé nizsi (1,8 pg/m’) nez v 1été (4,7 pg/m’). V 1été,
pri pievladajicim Z az SZ vétru, ¢inil podil PM, ,; v priméru 36 % PM,  a nezivisel na koncentraci PM, . Naopak v zimé, pri
prevladajicim V az JV vétru, se podil PM, | pohyboval v rozsahu 2-25 % PM, , pfi€emZ s rostouci koncentraci PM, klesal.

Seasonal variability of coarse aerosol (> 1um) in Bfezno near Chomutov

Seasonal variability of the 24 hour concentration of coarse aerosol including particle sizes 1 to 10 um (PM, ) was assessed in Biezno,
a village near Chomutov. Aerosol particles were taken by use of a Personal Cascade Impactor Sioutas during three summer sampling
campaigns (in the years 2008, 2009, and 2010) and two winter campaigns (2009 and 2010). Statistically, the summer and winter campaigns
were different. PM, ) median was higher in winter campaigns (28.2 pg/m’) compared to summer periods (18.3 pg/m’). In contrast, PM
median was lower in winter (1.8 ug/m’) than in summer (4.7 pg/m’). In summer with prevailing W to NW wind, the ratio of PM, , formed
36 % of PM,  in average and was not dependant on PM, levels. Compared to winter with prevailing E to SE wind, the ratio of PM_,
reached 2 to 25 % of PM, , while decreased with increasing PM, levels.

1-10

0
10°

Saisonvariabilitit des Aerosols mit groBen Kernen (> 1um) in der Gemeinde Biezno bei Chomutov

Die Saisonvariabilitét der 24-Stunden-Konzentration mit der Partikelgréfe 1-10 um (PM , ) wurde in der Gemeinde Bfezno bei Chomutov
bewertet. Sie wurde mit dem personlichen Kaskade-Impaktor Sioutas im Zeitraum von drei Sommerkampagnen (2008, 2009 und 2010)
und zwei Winterkampagnen (2009 und 2010) abgenommen. Die Winter und die Sommerkampagnen unterscheiden sich statistisch
voneinander. Der Median PM,  war in der Winterperiode hoher (28,2 ug/m’®) als in der Sommerperiode (18,3 pug/m?). Im Gegenteil
war der Median PM_ - im Winter niedriger (1,8 ug/m’) als im Sommer (4,7 pg/m’). Im Sommer, bei vorherrschendem westlichem bis

nordwestlichen Wind, betrug der PM | —

Umgekehrt war es im Winter, wenn sich der PM, |

Anteil am PM, | Durchschnitt 36 % von und war von der Konzentration PM  nicht abhingig.
-Anteil bei vorherrschendem 6stlichem bis siidostlichem Wind im Bereich von 2-25 %

des PM,  bewegte, wobei er mit der steigenden PM, -Konzentration sank.

Kli¢ova slova: PM_ _, PM

10° 1-10°
Keywords: PM, , PM

osobni kaskadovy impaktor Sioutas, poletavy prach, kvalita ovzdusi venkova.
Sioutas personal cascade impactor, airborne dust, rural ambient air quality.

1 Uvod

Atmosféricky aerosol je soubor tuhych, kapalnych nebo smés-
nych ¢astic suspendovanych v atmosféie o velikosti pohybujici se
v rozmezi od 1 nm do 100 um. Jejich velikostni distribuce je dana
zdrojem a je, s ohledem na rtiznorody ptivod, proménliva [1,2].

Doba setrvani aerosolu v atmosféfe se pohybuje v tfadech
vtefin az tydnt dle velikosti ¢astic. U hrubého aerosolu (¢as-
tice > 1 um) se doba setrvani v atmosféfe pocita od hodiny po
jeden az dva dny a je dana rovnovahou mezi sedimentaci a tur-
bulentnim promichavanim v mezni vrstvé atmosféry (do vysky
2 km) [3]. Z tohoto divodu se zdroje hrubé frakce aerosolu,
ovliviyjici kvalitu ovzdusi lokality, nachazeji v misté ¢i blizkém
okoli [4,5,6,7]. Diky védeckym poznatkiim doslo za poslednich
Ctyficet let nejen v americké legislativé k vyvoji standardi
regulujicich kvality vnéjstho ovzdusi od stanovovani celkové
koncentrace prasného aerosolu bez velikostniho rozliseni cas-
tic TSP (Total Suspended Particles) k méfeni velikostnich sku-
pin aerosolu PM, a PM, , (vzorek aerosolu pfedstavuje soubor
Castic, kde castice o acrodynamickém priméru 10 nebo 2,5 pm
jsou predfazenym odbérovym zafizenim separovany s ucin-

nosti pravé 50 % [8]). V soucasnosti americkda Agentura pro
ochranu prostiedi (U.S. Environmental Protection Agency,
EPA) zvazuje vyhlaseni narodniho standardu kvality vnéjsiho
ovzdusi (National Ambient Air Quality Standards, NAAQS)
pro vdechovatelné (inhalable) hrubé Castice PM, , . (Castice
10 - 2,5 mikrometra v priméru), jez by v dusledku vedlo ke zmé-
néni definice standardu PM, na PM,, , [9-11]. Tato planovana
zména uznava vyznam méteni hrubych ¢astic a dilezitost iden-
tifikace jejich zdroju.

V obci Biezno, kterd se nachazi v blizkosti povrchového
dolu Nastup, lze predpokladat, ze hruba frakce aerosolu je
emitovana pii tézebni ¢innosti (tézba hnédého uhli), vyrobé
elektrické energie, doprave, stavebni a zemédélské aktivite a re-
suspenzi.

Tézebni Cinnost zahrnujici odstrafiovani nadlozni zeminy,
dobyvani a transport vytézeného materialu ma negativni dopady
na zivotni prostfedi. Zavaznost a vyznam zneciSténi zivotniho
prostiedi zpiisobené tézbou zavisi na druhu tézeného materidlu,
pouzivanych metodach té€zby a mnoha jinych faktorech [12,13,14].
Hlavni tézebni aktivity, zvlasté povrchova tézba uhli, prispivaji
primo ¢i nepiimo k problémim znecisténi ovzdusi [15].

© 2011, VUHU a.s. 49



Zpravodaj HNEDE UHLI 4/2011

-~
o oy SR
I:I {Grunéfovi

Datum snimku: 1. Led 2004

.“ Swlusimice

Ekologie

S
--" ,

:..-.-.f:(,OL)gle

Vyska pohledu = 1528 km

Obr. 1: Mapa sledovaného vizemi.

Vyznamnym zdrojem c¢astic hrubé frakce je také vyroba
elektrické energie, nebot’ pti skladkovani energosadrovce a po-
pilku na ulozistich a pfi tuletech elektrarenskych popilka
dochazi k uvolnovani acrosolovych ¢astic do okolniho ovzdusi
[16,17].

Hrubé frakci aerosolu emitované dopravou, pochazejici
z otéru pneumatik, brzdovych desti¢ek a povrchu vozovky, je
v soucasné dob¢ vénovana zvysena pozornost, nebot’ Castice
emitované otérem prispivaji v oblastech zatizenych dopravou
témef stejnou mérou ke koncentracim PM | jako ¢astice produ-
kované spalovacimi motory [18].

Stavebni aktivita pfedstavuje jeden z hlavnich zdrojii hrubé
frakce aerosolu méstskych aglomeraci obtizné¢ odlisitelny od
resuspenze pudy vhledem k velmi podobnému chemickému
slozeni [19].

Zemedélska aktivita, predevsim Cinnost spojend s obd¢la-
vanim poli (orba, setba a sklizen), produkuje aerosolové Cas-
tice hrubé frakce o vysokych koncentracich v bezprostfedni
blizkosti a nizsich koncentracich ve vétsich vzdalenostech od
obdélavaného pole (> 1 km) s ohledem na smér a rychlost prou-
déni vétru. Ve vétsing piipadt se jedna o pohyblivy zdroj cas-
tic vzhledem k nepfetrzitému pohybu zemédélské techniky pii
obdélavani poli [20].

Resuspenze je velmi dilezity zdroj hrubé frakce aerosolu
oznacované jako prach [21].

Odhadovanymi zdroji jemné frakce aerosolu na sledované
lokalité jsou tepelné elektrarny (vysokoteplotni spalovaci pro-
cesy), lokalni topenisté a doprava.

Ceska republika, jako ¢len Evropské unie, je zavazana
dodrzovanim imisnich limitd pro PM, a PM, ; vyplyvajicich ze
smérnice 1999/30/EC [22].

V predkladané praci jsme hledali odpovédi na tyto otazky:

1. Jak se lisi 24hodinové koncentrace PM, a PM,  méfené

v letnich kampanich od zimnich, pfipadné zda dochazi ke
statisticky vyznamné mezirocni zmeéng?

%. Jaky je podil PM, , na 24hodinové koncentraci PM,; pro
jednotlivé sezony?

2 Experiment

2.1 Odbérova lokalita

M¢fteni byla provadéna v centru obce Bifezno u Chomutova
(50°24" SS, 13°25” VD, obr. & 1) nedaleko povrchového dolu
Nastup (ve vzdalenosti 3 km od hranice obce) béhem tii let-
nich kampani v letech 2008 (11.-27.07.), 2009 (05.-19.08.) a 2010
(12.-24.08.) a dvou zimnich v letech 2009 (21.01.-09.02.)
a 2010 (13.-27.01.).

2.2 Sbér dat

Po dobu kampani byl provadén 24hodinovy odbér péti velikost-
nich frakei: < 0,25; 0,25-0,5; 0,5-1,0; 1,0-2,5 a 2,5-10 pm osob-
nim kaskddovym impaktorem ,,Sioutas* (Personal Cascade
Impactor Sampler, PCIS; SKC Inc.) [23]. Soucet vSech velikost-
nich frakci odpovida PM, a PM,_ je bran jako soucet velikost-
nich frakei 1,0 -2,522,5 - 10 pum.

Soucasné byla zaznamenavana Sminutova meteorologicka
data: rychlost a smér vétru, teplota, relativni vlhkost a globalni
radiace.

Kaskadni impaktor byl umistén uvnitf izotermické stanice
a pfipojen na vertikalni nerezové potrubi o délce 2 m a priméru
0,5 cm umoznujici odbér venkovniho vzduchu ve vysce cca
4,5 m nad zemi. Konec odbérového potrubi byl opatten sitkou
proti hmyzu a krytem proti desti.

Filtry do impaktoru o priméru 25 mm (4 vnitini stupné)
a 37 mm (posledni ,,backup* stupeir) byly vzdy pied a po expo-
zici ekvilibrovany pfi 50% relativni vlhkosti (RH) a vazeny
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v klimatizované vahovné (20 °C, 50% RH) na mikrovahach
(Mettler Toledo MX5). Elektricky naboj byl odstranén vysoko-
napétovym ramem (Hauck).

Nasledné byly pocitany 24hodinové koncentrace PM a de-
tekeni limity (tabulka ¢. 1). Detekéni mez byla stanovena jako
30 rozdilu hmotnosti slepych vzorkt (filtry, se kterymi jsou
provedeny shodné tikony jako s filtry ur¢enymi k odbéru vzorku,
s Svtefinovou expozici) pfed a po expozici (vztazeno k objemu
vzduchu prefiltrovanému za 24 hodin), pfi celkovém poctu
7 sad slepych vzorkd.

3 Vysledky

3.1 24hodinové koncentrace a sezénni variabilita PM, a PM,

Po dobu letnich kampani v letech 2008, 2009 a 2010 ¢inily primérné
24hodinové koncentrace PM, 23,2 ug/m’, 17,1 pg/m’* a 16,4 pg/m’
(grafy ¢&. 1-3). Primérna hodnota pro letni obdobi byla 19,3 pg/m?.

Po dobu zimnich kampani v letech 2009 a 2010 ¢inily pri-
mérné 24hodinové koncentrace PM,, 22,9 pg/m® a 40,7 pg/m’
(grafy ¢&. 4-5). Primérna hodnota pro zimni obdobi byla 30,8 pug/m?.

Zpravodaj HNEDE UHLI 4/2011

Tab. 1: Detekcni limit PCIS.

Osobni kaskadovy impaktor Sioutas (PCIS)

Velikostni frakce Detekéni limit
> 2,5 um 0,8 ug/m?
2,5-1,0 um 0,7 pg/md
1,0-0,5 um 1,4 pg/m?
0,5-0,25 um 0,4 ug/md
< 0,25 um 8 ug/m?

OdliSnost hodnot 24hodinové koncentrace PM,; naméfenych
meziro¢né v ramei letnich kampani je statisticky nevyznamna: hod-
nota mediant 22,6 pg/m® (2008), 16,7 pg/m* (2009) a 15,3 pg/m?
(2010). Odlisnost v ramei kampani zimnich je statisticky vyznamna:
hodnota mediant 20,4 pg/m? (2009) a 36,4 pug/m? (2010).

K vysetieni sezonni variability primérnych hodnot 24hodino-
vych koncentraci PM,; s ohledem na PM, byl pouZit Kruskal-
Wallistv test.

V pouzitych krabicovych grafech je umisténi dvou protileh-
Iych stran krabicového diagramu urceno hodnotami prvniho
a tfetiho kvartilu (kvantily 25 % a 75 %), stfedni pficka je na tirov-
ni medianu. Tykadla, ktera vybihaji ven z obdélniku, predstavuji
rozsifeni kvantilového rozpéti o 1,5nasobek hodnot prvniho a tie-
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tiho kvartilu. Pokud jsou vysledky mimo uvedené rozsifené kvan-
tilové rozpéti, jsou vyznaceny zvlast jako odlehla pozorovani.

Zimni a letni kampan¢ se od sebe v obou piipadech (PM,,
a PM, ) statisticky lisi: median PM,; je vyznamné vyssi v zimé
(28,2 pg/m’) nez v 1éte (18,3 pg/m’) amedian PM | je nizsi v zime
(1,8 pg/m*) nez v 1ét€ (4,7 ug/m?). Podil PM, | na celkové 24hodino-

52

vé koncentraci PM, | byl vyznamné vyssi v obdobi letnich kam-
pani ve srovnani s kampanémi zimnimi (7,1 ug/m?® respektive
3,0 ug/m?) jak znazortji grafy ¢&. 6-7.

Hodnoty 24hodinové PM, , se mezirotn€ v ramci letnich
1 zimnich kampani od sebe statisticky nelisi. V letnich mésicich
podil PM, ;s rostouci koncentraci PM,; zdanlivé roste, ale neni

©2011, VUHU as.
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statisticky signifikantni (graf ¢. 8). Naopak v zimnim obdobi
podil PM, ,; vyrazn€ klesd. V piipadé 24hodinového limitu PM, -
50 pg/m?® - by podil PM, , pro zimni obdobi Cinil pfiblizné 5 %
(graf¢.9).

Podil PM, ,, po dobu letnich kampani tvofil v letech 2008
33 %, 2009 43 % a 2010 32 % a po dobu kampani zimnich v le-
tech 2009 19 % a 2010 4 %, coz v priméru odpovida podilu 36 %
respektive 12 %.

Zpravodaj HNEDE UHLI 4/2011

3.2 Vliv meteorologie

Z vétrnych ruzic je zfejmé prevladajici Z az SZ proudéni vétru
po dobu letnich méticich kampani, tedy smérem od povrchového
dolu (obr. €. 2). V pribéhu zimnich méficich kampani byl pii pre-
vladajicim V aZ JV proudéni vétru naméfen maly podil PM,
(obr. €. 3).

PR VIALEE . Rychlost vétru m/s

I>5

= N W A

Bw : 'BE

Bfezno léto

Rychlost vétru m/s

»5
i
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1-
0

L L ]

Bfezno zima

Obr. 2: Vétrna rizice pro letni obdobi.

Obr. 3: Vétrna rizice pro zimni obdobi.
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Backward trajectories ending at 0000 UTC 30 Jan 09
GDAS Meteorological Data
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Backward trajectories ending at 0000 UTC 09 Feb 09
GDAS Meteorological Data
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This is not a NOAA product. It was produced by a web user.

Job |D: 338063 Job Start; Wed Jul 20 16:21:00 UTC 2011
Source 1 lat:50.24 lon.:13.25 height: 300 m AGL

Trajectory Direction: Backward ~ Duration: 24 hrs

Vertical Motion Calculation Method: |sentropic

Meteorology: 0000Z 29 Jan 2009 - GDAS1

This is not a NOAA product. It was produced by a web user.

Job |D: 398062 Job Start: Wed Jul 20 15:18:02 UTC 2011
Source 1 lat.:50.24 lon.: 13.25  height: 300 m AGL

Trajectory Direction: Backward ~ Duration: 24 hrs

Vertical Motion Calculation Method: Isentropic

Meteorology: 0000Z 08 Feb 2008 - GDAS1

Obr. 4-5: Proudeni vzdusnych mas po dobu zimni mérici kampanée v roce 2009 [24].
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NOAA HYSPLIT MODEL
Backward trajectories ending at 0000 UTC 19 Jan 10
GDAS Meteorological Data
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GDAS Meteorological Data
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Obr. 6-7: Proudeni vzdusnych mas po dobu zimni mérici kampané v roce 2010 [24].

K ovéfeni shody globalniho proudéni vzdusnych mas s name-
fenym proudénim vétru v obcei Biezno byl pouzit model zpétnych
trajektorii vzdusnych mas Hysplit (obr. €. 4-7).

Zavislost 24hodinové koncentrace hrubé frakce na relativni
vlhkosti vzduchu testovana linedrni regresi pro obé ro¢ni obdobi
nebyla prokazana.

4 Zavér

Odlisnost zimnich a letnich kampani pro 24hodinové koncentrace
PM, iPM  byla statisticky vyznamna, coz doklada median PM,
pro 1éto 18,3 pg/m’ a zimu 28,2 ug/m* a medidn PM,  pro léto
47 pg/m® a pro zimu 1,8 pg/m?. Primérné vyssi koncentrace

PM, , v letnich mésicich jsou dany vétsi prasnosti béznou pro toto

ro¢ni obdobi.

Hodnoty 24hodinove PM, , se mezironé v ramci letnich
i zimnich kampani od sebe statisticky nelisi. V letnich mésicich
podil PM, ; s rostouci koncentraci PM, zdanlivé roste, ale neni
statisticky signifikantni. Naopak v zimnim obdobi podil PM,
vyrazné klesa.

V letnim obdobi tvofily ¢astice PM, v priiméru 36 % z PM, |
pfi prevladajicim Z az SZ proudéni ze sméru od povrchového dolu.
V zimé pak tvofily ¢astice PM, v priiméru pouhych 12 % pfi
prevladajicim V az JV proudéni ze sméru od dopravni komuni-
kace. Vzhledem k této skutecnosti neni mozné v zimnich mési-
cich povazovat t€zebni ¢innost za hlavni zdroj PM, | ve sledované
lokalité. Naopak, vyrazny pokles podilu hrubé frakce pfi rostouci
koncentraci PM,, ukazuje, zejména béhem epizod inverzniho
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teplotniho zvrstveni mezni vrstvy atmosféry, ze kvalitu ovzdusi
béhem téchto epizod zasadné ovliviiuji zdroje emitujici jemnou
frakci aerosolu. Takovymi zdroji jsou vysokoteplotni procesy
vyuzivané napriklad pfi vyrobé elektiiny.

Pro detailn€jsi odhad zdroji PM, ; v ovzdusi obce Biezno,
zejména jedna-li se o rozliseni uletového popilku od surového uhli,
je nezbytna chemicka analyza odebranych vzork® doplnénd o ana-
Iyzu mikroskopickou.

Podékovani

Prace vznikla v ramci projektu VaV SP/1a3/149/08 MZP , Sta-
noveni koncentraci atmosférického aerosolu s vysokym casovym
rozlisenim za ucelem odhadu jeho zdroju a toxicity™.
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ABSTRAKT

Studie hodnoti, zda jsou rozdily mezi DustTraky s impaktory na PM,, re-
spektive PM,, v mikroméfitku aZ strednim mé¥itku statisticky vyznam-
né. Statisticky vyznamné rozdily v hodnotach PM mohou byt rozhoduji-
ci pro reprezentativni umisténi mérici stanice na dané lokalité.

K méfeni byla pouzita sada 7 prenosnych laserovych nefelometrti Du-
stTrak (8520, TSI). Koncentrace PM, a PM,, byly kontinualné mete-
ny v pétiminutovych intervalech. Kazd4 frakce byla na kazdé lokalité
meéfena minimalné po dobu tif dnd. Méreni probihalo na 4 lokalitach
s riznymi zdroji aerosolu. Vzdalenosti mezi DustTraky se na jednotli-
vych lokalitach pohybovaly mezi 80—220m, 30—500 m, 70— 150 m,
30 m a méfeni probihalo na Gzemi o rozloze 57 000 m2, 290 000 m?,
29 000 m?, 240 m? ve velkém mésté (Praha), malém mésté (Bfezno
u Chomutova), na pozadové lokalité (Laz) a dalnici (Dobré Stésti).
Ke statistickému posouzeni byl pouzit neparametricky Wilcoxontv zna-
ménkovy test rozdilu pro 2 zavislé vybéry, rozliSujici fazeni. Podle oceka-
vani nebyl prokézan statisticky vyznamny rozdil (o. = 0,05) v PM; mezi
jednotlivymi DustTraky na jednotlivych lokalitach v pribehu letni i zim-
ni sezony. Na rozdil od PM, byly u PM,,zaznamenany Wilcoxonovym
testem statisticky vyznamné rozdily na pozadové lokalité a na malém
meéste. Tyto rozdily ovsem byly prokazany u 3 z 50 moznych piipadd pro
zimni méfeni PM,,. Porovnani medianti v téchto ptipadech ale 1k, Ze
ani mezi témito stanovisti statisticky vyznamny rozdil neni.

Kli¢ova slova: atmosféricky aerosol, DustTrak, mésto, dalnice, pozadi

uvob

V ochrané a zlepSovani kvality ovzdusi hraje klicovou roli
monitoring, ktery je definovan jako specializované zacilené
méfeni s uréitym zamérem aktivniho ovliviiovani, regulovani
¢i omezovani jevl pricinné souvisejicich se sledovanymi veli-
¢inami [1]. Nejedna se tedy o pouhé sbirani dat a jejich gra-
fické prezentovani, ale je zdkladem pro formulovani celé poli-
tiky ochrany ovzdusi a jeho diileZitost je tak zfejma. Soucasti
kvalitniho monitoringu je spravn¢ navrzend monitorovaci sit
s vyvazenou hustotou méricich stanic tak, aby poskytovala ob-
jektivni pohled na znecisténi ovzdusi v dané oblasti.

Reprezentativni umisténi méfici stanice hraje v monitorovani
a nasledném hodnoceni kvality ovzdusi klicovou roli. Uréeni
reprezentativniho stanovisté neni evidentni bez méreni v jeho

Tab. 1: Seznam lokalit

SEASONAL AND MICROSCALE VARIABILITY
OF PM, AND PM;,

The study evaluates the middle scale spatial/seasonal variability of
PM, and PM , at four sampling localities. Statistical significant dif-
Sferences in PM values could be crucial for a representative placement
of a measuring station at the locality.

A set of 7 portable laser nephelometers DustTrak — DT (8520, TSI)
was used to record 5 minute integrates of PM; and PM,, consecu-
tively for each size for 3 days at 4 localities. The localities were rural,
urban, background and freeway and contrasted as far as the main
aerosol sources are concerned. At each locality, inter-DT distances
ranged from 30-500m, 80-220m, 70— 150 m, and 30 m and total
area covered 290 000 m?, 57 000 m?, 29 000 m?, 240 m? in rural,
urban, background and freeway locality, respectively.

Wilcoxon signed-ranks test for 2 dependent samples was used to
evaluate the variability. As expected, PM, did not vary statistically
significantly (o = 0.05) among DT's at all localities in both winter
and summer. Contrary to PM, inter-DT PM ,, values varied signifi-
cantly at background and rural localities, according to the Wilcoxon
test. These differences occurred in 3 out of 50 possibilities for winter
measurements. However, there is no statistically significant differ-
ence for PM,, median values.

Keywords: atmospheric aerosol, DustTrak, urban, freeway, background

blizkém okoli [2]. MéFici stanice se umistuji na rGizné typy lo-
kalit dle u¢elu méreni. Obecné zasady a doporuceni na rozmis-
tovani monitorovacich stanic, jejich klasifikaci, volbu metod
mereni a dalsi pozadavky uvadi zejména dokument WHO [3]
a dale dokument vydany Evropskou agenturou zivotniho pro-
stiedi Criteria for EUROAIRNET [4].

V této praci byla provadéna méteni PM; a PM;, v mikroméfitku
az strednim meéritku na lokalitach charakterizujici velké mésto,
malé mésto s blizkymi vyznamnymi zdroji atmosférického ae-
rosolu (tepelné elektrarny a hnédouhelny dul se skladkami po-
pilku), dalnici a pozadovou lokalitu. Prostorova variabilita PM
byla vyhodnocovana pro ovéreni reprezentativniho umisténi
mobilni stanice Laboratofe pro méreni kvality ovzdust, ktera je
soucasti Ustavu pro Zivotni prostiedi na Pfirodovédecké fakulté
Univerzity Karlovy v Praze. Mobilni stanice slouZila pro zevrub-

. . e o . . . Doba méreni
Lokalita Typ lokality Geografické souradnice | Plocha méfené lokality | Vzdalenosti DT L2t0 2009 Zima 2010
Praha velké mésto 50°4'N-14°25'E 57 000 m? 80-220m 3.6.-19.6. |12.3.-19.3.
Biezno malé mésto 50°24'N-13°25'E 290 000 m? 90-500m 6.8.-12.8. | 7.1.-13.1.
Laz pozadi 49°39'N-13°54'E 29 000 m? 70-150m |23.8.-28.8. |19.2.-26.2.
Dobré Stésti dalnice — zed 49°41'N-13°18'E 240 m? 30m  [10.9.-29.9. [28.1.-4.2.

—26 —



3/2012

OCHRANA OVZDUSI

nou charakterizaci lokalniho atmosférického aerosolu. Mikro-
méritko o rozsahu 10— 100 m se nej¢astéji pouziva k hodnoceni
osobni expozice nebo ke kratkodobym meérenim k definovani
reprezentativnich zon pro jina stanovisté [2]. RovnéZ stredni
meéfritko o rozsahu 100—500 m je vhodné k hodnoceni reprezen-
tativnich zon pro standardizovana stanovisté [S].

EXPERIMENT
Pristroje

Koncentrace aerosolu méfily prenosné laserové nefelometry
DustTrak — DT (model 8520, TSI). DT stanovi hmotnostni
koncentrace PM; a PM;, na zéklad¢ rozptylu koherentniho in-
fracerveného zareni na proudu aerosolu pti pratoku 1,7 Imin.
Nejmensi aerodynamicky primeér efektivné detekované ¢asti-
ce DT je dan vinovou délkou laseru 780 nm a ¢ini 0,2 pm. Nej-
vetsi aerodynamicky primér je dan meznim primérem c¢as-
tic impaktoru osazenym na vstupu DT a mé hodnotu 1 nebo
10 pm. PM; tak predstavuje soubor ¢astic o velikosti v rozsahu
0,2—1 pm a PM,, v rozsahu 0,2—10 pm. Obé velikostni frak-
ce byly méfeny s integra¢ni dobou 5 minut. DT byly uloZeny
v ochrannych kufticich na stativech. Vzduch nasavala viesmé-
rové odberova hlavice s ustim ve vy$ce 1,5 m nad terénem. De-
tailni popis rozmisténi DT viz kapitola Lokality.

Pro prepocet dat z DT na skute¢né hodnoty byly vypocteny
prevodni koeficienty. Za timto i¢elem byla vyuZita data z osob-
niho kaskadového impaktory ,,Sioutas“ (Personal Cascade
Impactor Sampler, PCIS; SKC Inc.). PCIS vzorkoval pét ve-
likostnich frakci o aerodynamickém primeéru ¢astice > 0,25;
0,25-0,5; 0,5-1,0; 1,0-2,5 a 2,5—-10 pm po 24 hodin pfi
pritoku 9 Imin. Soucet viech péti velikostnich frakei odpo-
vida PM,,, pticemz soucet frakci o aerodynamickém priiméru
Castice > 0,25; 0,25-0,5; 0,5—1,0 je uvazovan jako PM,.

Sbér dat (viz obrazky 2-5 na 3. strané obalky)

Meéteni probihala béhem 2 kampani: letni (3. 6.—29. 9. 2009)
azimni (7. 1.-19. 3. 2010). Kazda frakce byla métena po dobu
minimalné 3 dnd. 4 niZe popsané lokality predstavuji mikro-
méfitka (10—100m, Laz, Dobré Stésti), respektive stiedni
mefitka (100—500m, Praha, Brezno), na jejichz ploSe byly
DT rozmistény (pokud mozno ve stejné vysce a mimo bezpro-
stredni blizkost zjevnych zdrojli aerosolu).

Zpracovani dat

Kolokace
Na méfenych lokalitach probéhla 4 koloka¢ni méreni — v 1été
a zimé pro PM; i PM,,. Pfi kazdé kolokaci bylo ziskano v pri-

Tab. 2: Prevodni koeficienty pro 24h PM,,
PM, mezi DT a PCIS

meru 93 hodnot. DT s nejnovéjsi kalibraci byl zvolen jako re-
feren¢ni. K jeho namérenym dattm byla vztazena data ostat-
nich pristrojii. K prepo¢tim byla pouZita mocninné regrese
(y=a *x " b), podle které je koncentrace namérena referenc-
nim DT y rovna koncentraci x naméfené druhym piistrojem,
upravené pomoci koeficientli a a b. Hodnota spolehlivosti se

pohybovala v rozmezi R?=0,670-0,999.

Po dosazeni koeficientt a a b do rovnice

y=a*x"b
bylo tfeba vyjadrit x:
x=0O/a)"”
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Tab. 4: Z-skére, PM;, Praha,
zima

s|A|B|c]|D s|A|B|cCc]|D
S 30,7]34,5(32,1 9,3|[s 17,8]10,7[17,8] 17,7
A 30,7 34,5(22,2]28,3|[A] 17,8 17,8] 2,9/15,3
B|[34,5]34,5 34,0] 34,5||B| 10,7] 17,8 17,8]17,5
C|32,1]22,2[34,0 27,5|[c|17,8] 2,9[17,8 15,7
D| 9,3]28,3[34,5(27,5 D|17,7]15,3]17,5] 15,7

Tab. 5: Z-skére, PM,,, Praha,
léto

Tab. 6: Z-skore, PM,,, Praha,
zima

Lokalita LETO 2009 ZIMA 2010 s|A|lB|c]|D s|A|lB|c]|D
PM, PM,, PM, PM,, S 15,5(34,6] 26,7] 10,2|[S 14,3(20,9( 15,8] 7,5
Praha 1,7 2,5 4,0 3,1 A[15,5 31,5] 8,7/13,7|[a] 14,3 20,9] 5,0[17,5
Biezno 2,9 2,7 41 3,6 B|34,6]31,5 29,7]34,2|[B ] 20,9] 20,9 20,9] 20,1
Laz 2,1 1,9 43 3,5 Cl26,7] 8,7[29,7 19,2||c|15,8] 5,0]20,9 19,1
Dobré Stésti | 3,8 2,9 5,2 45 D|[10,2|13,7]34,2] 19,2 p| 7,5[17,5[20,1] 19,1




OCHRANA OVZDUSI

3/2012

Graf 5: Krabicovy graf

Graf 6: Krabicovy graf

pro PM, na sedmi stanovistich pro PM, na sedmi stanovistich

v Bfezné, léto

v Brezné, zima

Graf 9: Vliv rychlosti a sméru vétru na koncentraci PM;,
v Brezné 7. 8. 2009
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Tab. 7: Z-skére, PM,, Bfezno, léto Tab. 8: Z-skoére, PM;, Bfezno, zima kde n je pocet dvojic, S,, je standard-
SITAIBlclIDIETF S A B C D E ni chyba regresni zavislosti (standard
S 870192] 9,8[23.9[21,1 21,4[s 59| 122] 21,4] 17,9] 21,1 g”“g of the f?s"(;”“f‘f)agxi]e;’dhadffa“j
Al 87 57| 50[12,0[208] 184|[A] 5,9 76| 23,7] 142] 174 h"c")zn‘;‘t Smrelgg rrf‘ztgﬁ 8323%&;?3‘;
B|19,2] 57 172|135(251] 129|[B] 12.2] 7.6 86| 84| 115 108, pricemz chy® PN
ktery méii s presnosti na £ 1 pg * m?,
c| 98] 5,0[17,2 22,8]21,3] 21,2]|c| 21,4] 23,7] 23,6 232] 233| e 1 a, Relativni chyba méFeni se v Iété
D[23,9[12,0]13,5/22,8 254] 45||p| 179] 142] 84] 232 18| pohybovala v rozmezi 49 % pro PM,
E|[21,1]20,8]25,1(21,3|25,4 2431|E| 21,1 | 174 11,5] 23,3| 1,8 a6-—11 % pro PM,,, v zimé pak 1-3 %
F|21,418,4]12,9(21,2] 4,5/24,3 F| 21,4] 18,4] 129] 21,2| 45| 243| proPM,a1-5%v ptipadé PM,,.
. . ) . 5 ) Statistika
Tab. 9: Z-skére, PM,,, Brezno, léto Tab. 10: Z-skére, PM,,, Bfezno, zima Aby bylo mozno pouivat bodovou cha-
S|A|/B|C|D|E]|F S| A|B | C|D]J|E rakteristiku dat, byl nejprve proveden
S 11,5| 5,5/25,4|18,9(21,6 | 24,6]|S 95| 0,6| 17,8| 4,0 18,0 test normality. Kolmogorov-Smirnoviv
A|11)5 99(23,4/17,4|121,8| 24,7(|A| 9,5 132| 11,3| 6,5| 18,4 test prokazal nenormalni rozd¢leni dat.
B| 55| 99 24,4(149(13,5| 20,7|[B| 0,6 13,2 20,1 4,4] 148| Ke statistickému posouzeni rozdilt me-
C|254]23,4|244 25.2[21,1] 134]|c| 17,8] 11,3] 20,1 133 22,3| 2 jednotlivymi DT byl proto pouZit ne-
D|18,9]17,4]14,9]252 39 [ 19,1|[p] 40] 65| 44] 133 16,5 i’:‘srtarrgze;ﬂﬁkyn‘)"gl;:";‘s’ﬂuvggamreo“;l‘l‘;‘l’ly
E|[21,6]21,8]|13,5(21,1| 3,9 16,2||E| 18,0 | 18,4 | 14,8 | 22,3| 16,5 ooy . b . Vybery,
jict tazeni (Wilcoxon sign-ranks test for
F |(24,6]24,7|20,7|13,4|19,1|16,2 F| 21,4 184 129]| 21,2| 45| 24,3 2 dependent samples). Pro hladinu testu

0,05 je kriticka hodnota z-skore 1,96. Je-

Vypocet chyby méieni

Pred analyzou dat poradkovou statistikou byla uréena cel-
kova standardni chyba Ch kolokovanych dat dle niZe uvede-
nych rovnic:

So =8 %11 *Jn/n-2

Ch= s, +1

-li z-skore nizsi nez kriticka hodnota, znamena to, Ze rozdil mezi
méricimi body je statisticky vyznamny (viz tab. 2—-19, statisticky
vyznamné rozdily jsou zvyraznény).

Vypocet spravnych hodnot

Vzhledem k tomu, Ze jsou DT kalibrovany na tzv. Arizona
Road Dust (ISO 12103-1, A1 test dust), jehoz ¢astice maji
jinou hustotu, jiny refrakéni index a jinou velikostni distri-
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Graf 10: Krabicovy graf
pro PM;, na 3esti stanovistich
na Lazu, léto

Graf 11: Krabicovy graf
pro PM;, na Sesti stanovistich
na Lazu, zima
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Graf 12: Krabicovy graf
pro PM,, na Sesti stanovistich
na Lazu, léto

Graf 13: Krabicovy graf
pro PM;, na 3Sesti stanovistich
na Lazu, léto
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buci ¢astic nezli aerosol v naSich pod-  Tab. 11: Z-skére, PM,, L4z, léto Tab. 12: Z-skore, PM,, Laz, zima
minkach, méri DT vy$si hodnoty PM, S A B C D E S A B C D E
nezjsou spravné. Béhem méteni s DT g 07| 141] 12,3] 15,7 14,8][s 131] 159] 11,2] 100] 3,8
méfil na stanovisti S (stanice) i PCIS,
jehoz data byla vyuzita pro vypocet Al 9,7 9,21 16,6 11,3| 17,2[|A| 13,1 15,81 159| 8,2 5,1
prevodnich koeficientd. 24hodinové B| 14,1 9,2 17,01 10,1| 17,2||B| 15,9 15,8 15,9 15,9 15,7
koncentrace ziskané PCIS byly porov- |C| 12,3| 16,6| 17,0 16,7 11,3||C| 11,2| 15,9 15,9 13,9| 6,8
nany s dennimi mediany PM, a PM,,  |p| 15,7] 11,3] 10,1 16,7 172||p| 10,0 8,2] 159] 13,9 2,4
z DT. Vypoctené prevodni koeficienty g | 148] 17,2| 17,2] 11,3] 17,2 E| 38| 51|157] 68| 24
jsou pfehledné shrnuty v tabulce 2. F| 214] 184] 12,9] 212] 45| 243|[F| 21,4] 184 129 21,2| 4,5] 24,3
VYSLEDKY A DISKUSE
Tab. 13: Z-skore, PM,,, Laz, |éto Tab. 14: Z-skére, PM,,, Laz, zima
Pro znazornéni rozlozeni hodnot PM, S A B C D E S A B C D E
i PMy, pro vSechny stanice byly pouzity g 80| 02| 13| 11,5 144|s 05| 154] 88| 14,7] 10,2
krabicové grafy 1-8 a 10-17. Polo- N o5l s0l 116l illal o G ool 106 5
ha horni ¢i spodni hrany krabice je 1. J > J J J o) 7 J > >
respektive 3. kvartil rozdéleni dat, po-  [B] 02| 9.8 1,21 10,2| 14,5|B| 15,4] 13,7 156| 841133
loha stiedni pticky a ¢iselna hodnota [C| 1,3| 8,0| 1,2 71| 143]|1C| 8,8| 6,0| 15,6 14,4 13,1
oznacuji median a horni a dolni pficky  |D| 11,5| 11,6| 10,2| 7,1 14,6(|D| 14,7| 10,6| 84| 144 11,1
znati maximum a minimum po vylou- g [ 144 12,1] 14,5] 14,3] 14,6 E| 10,2| 59 13,3] 13,1 11,1
¢eni odlehljch hodnot. F|214] 184] 129 212] 45| 243||F| 21,4] 184 129] 21,2] 4,5] 24,3

Praha

V Praze v okoli botanické zahrady nebyly rozdily v namére-
nych hodnotach na jednotlivych stanovistich statisticky vy-
znamné jak béhem letniho, tak béhem zimniho méteni (tabul-
ky €. 3-6). PM, i PM, z letniho méfeni mezi sebou vykazuji
analogické rozlozeni mediant (grafy ¢. 1 a 3), kdy nejvyssi
hodnoty mediand nalezi stanovistim S (stanice) a D (sklenik).
Krabicové grafy 1 — Obé stanovisté jsou, oproti ostatnim sta-
novi§tim DT, umisténa nejblize rusné kriZovatce. Na druhé
strané stanovisté B (botanicka zahrada) vykazuje v obou se-
s nejvétsi pravdépodobnosti zplisobeny blizkosti vegetace.
Béhem zimni kampané byly naméteny vy$si hodnoty PM; nez
PM,, (grafy €. 2 a 4). Pric¢inou jsou rzné obdobi méreni jed-
notlivych frakci, kdy PM, byla méfena za zhorSenych rozptylo-
vych podminek. Témi byla niZsi rychlost vétru a vznik inverz-
niho teplotniho zvrstveni mezni vrstvy atmosféry.

Bfezno

Vysledky méreni z Brezna u Chomutova nejsou tak jedno-
znacéné jako v pripadé Prahy. V porovnani s Prahou ale bylo

méfeni provadéno na pétindsobné vétsi rozloze (stiedni me-
fitko). Variabilita koncentraci zde tudiz byla vyssi, stejné
jako byly vy$si namérené hodnoty, jejichz ptic¢inou je blizkost
vyznamnych zdrojii aerosolu. Presto v 1été rozdily mezi jed-
notlivymi stanovisti nebyly statisticky vyznamné (tabulky
¢.7a9).V zimé u PM, by nastal statisticky vyznamny rozdil
mezi stanovisti E (stara §kola) a F (okaly), jen pokud bychom
nepocitali s chybou méfeni, kterd v tomto pripadé cinila
3,4 % (tabulka ¢. 8). Jediny statisticky vyznamny rozdil na-
lezneme pouze v zim¢ u PM,, (tabulka ¢. 10) mezi stanovisti
S (stanice) a B (véz kostela). Hodnoty mediant téchto dvou
stanovist se vSak li$i 0 méné nez 1 %.

S vyjimkou letniho méreni PM, nejvyssi median vykazuje vzdy
stanovisté C (trad). DGvodem jsou blizké zdroje atmosfé-
rického aerosolu (parkovisté traktoru, dilna a v zimé lokalni
topenisté na dievo a uhli). K vy$§im hodnotdm namérenym
na stanovi$ti E (stara Skola) béhem letni kampané prispéla
stavba na sousedni parcele.

V Brezné byl ze vSech lokalit zaznamenan nejvétsi rozdil
mezi koncentracemi namérenymi v 1été a v zimé. V zimé byly
koncentrace PM; 5x az 6x vyssi oproti létu, v pripadé PM,,
3x az4x.
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Graf 14: Krabicovy graf
pro PM, na péti stanovistich
v Dobrém Stésti, léto

Graf 15: Krabicovy graf
pro PM; na péti stanovistich
v Dobrém Stésti, zima
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Tab. 15: Z-skore, PM,, Dobré Tab. 16: Z-skére, PM,, Dobré

Graf 16: Krabicovy graf
pro PM,, na péti stanovistich
v Dobrém Stésti, léto

Graf 17: Krabicovy graf
pro PM;, na péti stanovistich
v Dobrém Stésti, zima
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Tab. 17: Z-skore, PM,,, Dobré Tab. 18: Z-skére, PM,,, Dobré

Stésti, léto Stésti, zima Stésti, léto Stésti, zima

S| A|B|C|D S| A|B|C]|D S| A|B|C|D S| A|[B|C|D
S 8,0122,6122,0(21,3(|S 7,1113,2121,9] 10,2 S 25,4 3,9111,7{21,5]|S 12,91 11,3] 23,2| 22,2
Al 8,0 21,9 9,0{18,7(|A| 7,1 13,6|21,5| 7,7 A| 254 21,5121,2|15,711A | 12,9 16,2|23,3] 23,0
B|22,6/21,9 17,6 59|[B|13,2]13,6 154119 [B| 3,9(21,5 3,4]14,8(|B|11,3] 16,2 19,0( 14,0
C|(22,0| 9,0|17,6 10,7[{C | 21,9{21,5|15,4 22,0 C|(11,7|121,2| 34 14,41(C|23,2{23,3|19,0 13,7
D|21,3| 18,7 5,9(10,7 D|10,2| 7,7{11,9|22,0 D|21,5|15,7{14,8| 14,4 D|22,2123,0|14,0( 13,7
P¥iklad denniho chodu koncentraci PM, naméfenych DTavli-  ZAVER

vu sméru a rychlosti vétru ilustruje graf €. 9. Okolo 9. hodi-
ny ranni se za¢ina rychlost vétru zvySovat a zaroven se méni
smér vétru — prestava vat zapadni vitr prinasejici znecisténi
z nedalekého dolu a elektraren. V disledku toho koncentrace
na vSech méficich stanovistich klesaji. Okolo 21. hodiny vitr
opét ustdva — emise nejsou tak dobie odvétravany a zaroven
zaciné vat lehky vitr od zdrojt znecisténi. Vysledkem je opé-
tovny nariist koncentraci. Takovyto efekt v daném méritku
ovliviiuje vSechna mérici stanovisté zaroven.

Laz

Vysledky z pozadové lokality Laz potvrzuji, Ze mezi jednotlivy-
mi stanovisti na nami vybranych lokalitach neni, na 95 % hla-
diné spolehlivosti, statisticky vyznamny rozdil pii méteni PM,
(tabulky ¢. 11 a 12). U PM,, byly zjistény statisticky vyznam-
né rozdily (tabulky €. 13 a 14). Po zahrnuti chyby mérenti,
ktera se pohybovala mezi 8 a 11%, existuje statisticky vyznam-
ny rozdil mezi stanovisti S a B v 1ét€ a stanovisti S a A v zimé.
V obou pripadech se mediany z uvedenych stanovist li§i pouze
o1pg.m?

V pribéhu celého méfeni, s vyjimkou méreni PM,, v 1été, vyka-
zovalo nejvyssi hodnoty mediand stanovisté C. Tento fakt Ize
vysvétlit umisténim pristroje blizko lesni cesty, po které jezdil
traktor a motorky.

Dobré Stésti

Z vysledk méfeni podél dalnice vyplyva, Ze na zvolené hladiné
spolehlivosti mezi méticimi stanovisti nebyl statisticky vyznam-
ny rozdil (tabulky €. 15 az 18). V 1été byly hodnoty PM,, 0 30 %
vyssi nez v zime. V zimé byla pravdépodobné v ovzdusi piitom-
na hlavné jemna frakce aerosolu, zatimco v 1été prevazoval hru-
by aerosol. Pri¢inou mize byt rozdilna vihkost, srazky a pritom-
nost bioaerosolu v letnich mésicich (lesy okolo dalnice).

V mikroméritku az sttednim méritku jsme, za pouziti Wil-
coxonova testu pii a = 0,05, nezjistili statisticky vyznamné
rozdily mezi DT s impaktory na PM,. U PM,, byly zjistény
statisticky vyznamné rozdily pouze ve 3 z 50 mozZnych pfi-
padd. V jednom piipadé na malém mésté v zimé a ve dvou
ptipadech na pozadové lokalité (1x 1éto, 1x zima). Rozdily
v medianech ¢inily v téchto piipadech maximalné 1 pg.m3.
Lze konstatovat, Ze prostorova variabilita PM je v ramci stu-
dovanych lokalitach mal4 a reprezentativni umisténi stanice
pro podrobnéjsi charakterizaci lokalniho aerosolu neni pro-
blematické.

Podékovdni

Prdce vznikla v rdmci projektu VaV SP/1a3/149/08 Minister-
stva Zivotniho prostiedi CR ,,Stanoveni koncentraci atmosféric-
kého aerosolu s vysokym casovym rozliSenim za ticelem odhadu
Jeho zdrojii a toxicity “.
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TECHNICAL PAPER

Particulate matter source apportionment in a village situated in industrial
region of Central Europe
P. Pokorna,' J. Hovorka,"* J. Krouzek,' and PK. Hopke2

nstitute for Environmental Studies, Charles University in Prague, Prague, Czech Republic

2Center for Air Resources Engineering and Science, Clarkson University, Potsdam, NY, USA

*Please address correspondence to: J. Hovorka, Institute for Environmental Studies, Charles University in Prague, Bendtska 2, 128 01 Prague 2,
Czech Republic; e-mail: jan.hovorka@natur.cuni.cz

The bilinear receptor model positive matrix factorization (PMF) was used to apportion particulate matter with an aerodynamic
diameter of 1-10 pm (PM,_;,) sources in a village, Brezno, situated in an industrial region of northern Bohemia in Central Europe.
The receptor model analyzed the data sets of 90- and 60-min integrations of PM_;o mass concentrations and elemental composition
for 27 elements. The 14-day sampling campaigns were conducted in the village in summer 2008 and winter 2010. Also, to ensure
seasonal and regional representativeness of the data sets recorded in the village, the spatial-temporal variability of the 24-hr PM
and PM;_;y within 2008-2010 in winter and summer across the multiple sites was evaluated. There were statistically significant
interseasonal differences of the 24-hr PM data, but not intrasummer or intrawinter differences of the 24-hr PM;_;o data across the
multiple sites. PMF resolved seven sources of PM;_;y. They were high-temperature coal combustion, combustion in local heating
boilers, marine aerosol; mineral dust, primary biological/wood burning; road dust, car brakes; and gypsum. The main summer
factors were assigned to mineral dust (38.2%) and primary biological/wood burning (33.1%). In winter, combustion factors
dominated (80%) contribution to PM, ;9. The conditional probability function (CPF) helped to identified local sources of PM;_
10- The source of marine aerosol from the North Sea and English Channel was indicated by the Hybrid Single Particle Lagrangian
Integrated Trajectory Model (HYSPLIT).

Implications: This is the first application of PMF to highly time/size resolved PM data in Czech Republic. The coarse aerosol
fraction, PM,_;, was chosen with regard to industrial character of the region, sampling site near the coal strip mine and coal power
stations. Contrary to expectation, source apportionment did not show dominance of emissions from the coal strip mine. The results
will enable local authorities and state bodies responsible for air quality assessment to focus on sources most responsible for air
pollution in this industrial region.

Supplemental Materials: Supplemental materials are available for this paper. Go to the publisher’s online edition of the Journal
of the Air & Waste Management Association for (1) details of measurement campaigns; (2) CPF for each of the sources contributing
to PM;_;0; (3) factors contribution to PM;_; resolved by PMF; (4) diurnal pattern of road dust, car brake factor in summer and
winter; (5) trajectories during the marine aerosol episode in winter 2010; and (6) temporal temperature, concentration, and wind
speed relationships during the summer 2008 campaign and winter 2010 campaign.

Introduction

Atmospheric aerosol residence times differ from seconds to
weeks depending on the particle aerodynamic diameter. The
residence time for the fraction of coarse particles (particles
with aerodynamic diameter >1 wm) ranges from hours to a few
days and is given by equilibrium between sedimentation and
turbulent mixing in the atmospheric boundary layer (Baron and
Willeke, 2001). Thus, coarse particle sources significantly influ-
ence local air quality (Monn et al., 1997; Turnbull et al., 2000;
Harrison et al., 2001, 2004) with high spatially heterogeneity
(Wilson and Suh, 1997; Monn et al., 2001; Lagudu et al., 2011;
Kumar et al., 2012). Because of this local variability of the coarse

particle fraction, multiple sampling sites are needed to monitor
neighborhoods on an urban spatial scale (Chow et al., 2002).
Despite the imposition of European Union limit values for
particulate matter (PM), a flat trend in PM;, concentrations has
been observed widely across Western Europe, particularly in
Switzerland, Belgium, Czech Republic, Germany, Italy, and
Norway (Harrison et al., 2008). To develop effective emission
control strategies, PM, source apportionments based on recep-
tor models have proved to be a useful tool (Watson et al., 2002;
Viana et al., 2008, Belis et al., 2013). Many recent air quality
studies (Chan et al., 2008; Hwang et al., 2008; Begum et al.,
2010; Cohen et al., 2010 Raja et al., 2010; Seneviratne et al.,
2011) used positive matrix factorization (PMF) developed by
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Paatero (1997). PMF is especially applicable to working with
environmental data because it incorporates the variable uncer-
tainties associated with measurements of environmental samples
and forces the values in the solution profiles and contributions to
be nonnegative (Reff et al., 2007).

The first Czech receptor modeling study was conducted by
Pinto et al. (1998) using data from the Teplice air quality mon-
itoring program from 1992. Hovorka and coworkers (Hovorka
et al., 1996, 2001; Hovorka, 2002) performed source apportion-
ment of PM; with multielemental and isotope particle composi-
tion data measured in Prague and BeneSov. PMF analysis has
been performed on particle size distributions measured in Prague
(Thimmaiah et al., 2009).

The present study has two objectives: to examine spatial-
temporal variability of PM;, and PM;_;o using multiple-site
PM measurements and then to identify sources of PM;_j in a
village in the Czech Republic using highly time resolved data
measured in the summer and the winter.

Experimental
Sampling for spatial-temporal PM variability

Measurements were conducted at five sampling sites situated
near the large coal strip mine Néstup with an area of 45 km? and

adjacent two coal-fired power stations in northern Bohemia
(Figure 1). The primary sampling site was centrally placed in
Brezno. Four additional sampling sites were located around the
perimeter of the strip mine at the air quality monitoring stations of
Brown Coal Research Institute, j.s.c. (joint-stock company)
(Table 1). Fourteen-day campaigns were conducted in the summers
0f2008, 2009, and 2010 at the end of July and beginning of August
and in winter 2009 and 2010 in late January and early February.

Twenty-four-hour PM;, samples were collected using
Harvard impactors (HIs) (Marple et al., 1987) on 37-mm poly-
tetrafluoroethylene (PTFE) filters at a flow rate of 10 L/min and
samples of five size ranges, >0.25, 0.25-0.5, 0.5-1.0, 1.0-2.5,
and 2.5-10 wm aerodynamic diameter, by a personal cascade
impactor sampler (PCIS; SKC, Inc., PA, USA) on PTFE 25-mm
and 37-mm (backup) filters at a flow rate of 9 L/min. The 1.0-2.5
and 2.5-10 pm size fractions were evaluated as PM;_; and sum
of all five stages as PM;, (Misra et al., 2002).

A Davis rotating-drum uniform-size-cut monitor (3DRUM;
Delta Group, University of California, Davis) was used to obtain
90- and 60-min samples (summer 2008 and winter 2010, respec-
tively) in three size ranges, >1.15, 1.15-0.34, and 0.34—0.10 pm,
on lightly greased Mylar substrates at a flow rate of 21.5 L/min.
The data from the first stage of 3DRUM, >1.15 pum, was eval-
uated in this study.
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Figure 1. Outline map of Central Europe and Czech Republic with sampling site Brezno and detailed map of the sampling site.

Table 1. The five sampling sites chosen around the perimeter of the strip mine, their placement with respect to the mine, and sampling methods employed

Sampling Sites Location Sampling Methods Direction to the Mine
Brezno Village HI, PCIS, 3DRUM, APS* SE
Brezno—waste water treatment factory Village HI SE
Vysypka Mine dump HI, PCIS SW

Malkov Village HI NW
Sporice Village HI NE

Notes: *Meteorological parameters WS, WD, T, RH, and GR were recorded at the Brezno site.
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Five-minute average PM,;_;, mass concentration values of
size fraction 1.11-10.37 wm were determined using an aerody-
namic particle sizer (APS-3321; TSI, Inc., Shoreview, MN).
Complete meteorology including wind speed (WS) wind direc-
tion (WD), temperature (T), relative humidity (RH), and global
radiation (GR) were recorded concurrently.

Gravimetric analysis

Before sampling, the filters were preconditioned (T =20+ 1°C,
RH = 50 £+ 2%) for at least 24 hr and then weighted with a
microbalance (Mettler Toledo MS5; Mettler-Toledo, LLC.,
Columbus, OH) in an air-conditioned weighing room. Each filter
was passed through a Haug U-electrode ionizer (PRX U 27x 18 x27
200 radia; Haugh, GmbH & Co. KG, Germany) just before weigh-
ing to reduce the effects of static charge. Loaded filters were treated
identically before being weighted for the gravimetric determination
of PM;, mass by HI and PCIS (sum of five fractions)and PM;_q
mass by PCIS (sum of 1.0-2.5 and 2.5-10 pm size fractions).

Chemical analysis

The DRUM samples were analyzed for 27 elements (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) using synchrotron X-ray fluorescence
(S-XRF) at Lawrence Berkeley National Laboratory (Cahill, 2002).

Data analysis

PM, spatiotemporal variability

The nonparametric Kruskal-Wallis (K-W) test with o = 0.05
was used to analyze spatiotemporal variability of the 24-hr con-
centrations of PM; and PM,_,.

Positive matrix factorization

Positive matrix factorization model version (U.S. Environ-men-
tal Protection Agency [EPA] PMF 4.2.0.0.) was applied to obtain
source profiles and their contributions. The below-detection-limit
(below-DL) values were replaced with the value DL/2 and (5/6) x
DL was used as corresponding uncertainty values (Polissar et al.,
1998). The matrix of uncertainties corresponding to each species
concentration in the measurement matrix was calculated according
to the recommendations of Polissar et al. (1998).

Data matrices of the 90/60-min PM,_;, mass concentrations
were calculated from the 5-min APS data and elemental compo-
sition of 27 elements. The final number of elements was reduced
by model iteration. The “missing mass” (MM) were calculated
and included in PMF analysis because of missing data for
organic/elemental carbon (EC/OC).

MM = PM,_, total mass — ([Soil] 4 [Sulfate form (NHy4),SO4]
+ [Seasalt])

[Soil] = 2.20[A1] + 2.49]Si] + 1.63[Ca] + 2.42[Fe]
+ 1.94[Ti] (Malmetal., 1994)

[Sulfate form (NHy4),SO4] = 4.125[S] (Malmetal., 1994)
[Seasalt] = 0.041[Mg] (Goldberg, 1976)

Pokorna et al. / Journal of the Air & Waste Management Association 63 (2013) 1412—1421

The final matrix had 564 rows (samples) and 29 columns
(species/elements).

Conditional probability function

To determine directionality of local sources, the conditional
probability function (CPF) (Ashbaugh et al., 1985; Kim et al.,
2003) was calculated using source contribution estimates
resolved by the PMF analyses and the wind speed and direction
values measured at the site. Here, the 90- and 60-min factor mass
contributions were combined with 5-min meteorological data.
CPF is defined as:

CPF = mAB/nAp

where mA® is the number of occurrences from wind sector A6
that are upper the 25th percentile of the fractional contributions
and nA# is the total number of observations from the same wind
sector. In this study, A9 was set at 30°. Wind speeds <1 m/sec were
excluded from this analysis. The sources are likely to be located in
the directions that have high conditional probability value.

Results and Discussion

PM,, and PM_,, interseasonal/spatial/seasonal
variability

Interwinter and intersummer variability of the 24-hr PM; and
PM,_;o by PCIS were evaluated for three summers and two winters
at the Brezno site. Whereas PM;, concentrations were signifi-
cantly higher in summer 2008 than in 2009 and 2010, PM;_;,
concentrations were just slightly higher in summer 2010 than in the
other two summer periods (Table 2). There were significant inter-
summer or interwinter differences (P = 0.013 or P = 0.001) for
PM;, but not significant (P = 0.075 or P = 0.071) for PM;_y,.

Regarding the spatial variability, there were no significant
differences in PM;, (by HI)concentration among the five sam-
pling sites mine in either the summer (P = 0.644) or the winter
(P =0.602) (Table 3). Also there was no significant difference in
PM,_;, mass concentrations between the Brezno and Vysypka
sampling sites in summer and winter (P = 0.239 and P = 0.494,
respectively) (Figure 2).

At Brezno, there were significant seasonal differences for
24-hr PM,, (P = 0.003) and PM,_;o (P = 0.001) by PCIS. The
median PM,_;, was higher in summer (3.2 g/m3 ) than in winter
(1.6 wg/m’) (Figure 3). In summer, PM;_;, forms 36% of PM;,
mass on average and varies incidentally with PM;, values
(Figure 4a), whereas in winter PM_;, decreases with increasing
PM, (Figure 4b) and represents an average of only 12% of PM;
mass. Such a low PM,_;, percentage is caused by snow cover
and gradual decrease of PM_;(, may be caused by temperature
inversions in the pit thus reducing emissions from the mine pit
(effective depth of 150—180 m).

Calm winds (<1 m/sec) prevailed for 61% of the summer
period and 59% during the winter campaign.

Because the PM;_;( mass seasonal variation was statistically
significant, but the intersummer variation in the PM,_;o mass
was not statistically significant, we also presume there was no
statistically significant variation in PM;_j, sources. Source
apportionment of PM;_;, at Brezno was conducted for the
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Table 2. Intersummer and -winter comparison of PM;, and PM;_o by PCIS for the Brezno sampling station (o« = 0.05)

Median/Mean (ug/m?)

PM 2008 2009 2010
Summer

PM;, (P =0.013) 22.6/23.2 (n = 14) 16.7/17.1 (n = 14) 15.3/16.4 (n = 12)

PM;_io (P =0.075) 4.6/5.4 (n = 14) 4.2/52 (n=14) 5159 (n=12)
Winter

PM;, (P = 0.001) 20.4/22.9 (n = 15) 31.9/34.8 (n = 15)

PM;_o (P =0.071) 2.1/3.1 (n = 15) 1.8/1.9 (n = 15)

Table 3. The HI PM;, median (p.g/m>), mean (ug/m>), p value, and n number of samples for the five sampling sites in summer 2008 (S) and winter 2010 (W) (o = 0.05)

Median/Mean (ug/m?)
Site S (P = 0.644) W (P = 0.602) n (S/W)
Brezno (K) 17.8/18.2 20.4/22.4 16/17
Biezno—Cisticka (C) 19.6/20.1 18.5/24.5 16/14
Vysypka (V) 15.9/16.3 22.9/25.6 16/14
Mallkov (M) 17.3/19.2 14.2/18.6 16/14
Sporice (S) 19.8/21.3 16.2/20.8 16/14
o _
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Figure 2. Box-and-whisker plots for PM; ;o mass concentration at sampling sites Brezno and Vysypka in summer and winter seasons.

summer 2008 and winter 2010 as being representative of this residuals were studied. The optimum number of factors was
area in each season. chosen based on the most physically reasonable result and ade-
quate fit of the model to original data. The optimal factor number
was 7. The FPEAK parameter (—0.2, —0.1, 0, 0.1, 0.2) was used
to refine the source profiles (Santoso et al., 2011). The optimum

To estimate the optimal number of sources, 410 factors were ~ solution was chosen to be that with FPEAK = —0.2 based on the
tested. The Q values, the resulting source profiles, and the scaled ~ G-space plots of marine aerosol versus gypsum and combustion

PM,_;¢ sources and their contributions—PMF
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Figure 3. Box-and-whisker plots for PM,_;, mass concentration at sampling site
Brezno in summer and winter.

in local heating boilers versus marine aerosol, mass distribution
into all seven factors, and MM ratio in the factors.

The seven resolved factors were assigned as high-temperature
coal combustion; combustion in local heating boilers; marine
aerosol; mineral dust; primary biological/wood burning; road
dust, car brakes; and a gypsum. The factor profiles are shown
in Figure 5. Figure 6 presents the time-series plots of the esti-
mated daily contributions from each factor to the PM;_;, mass.

The first factor was ascribed to the high-temperature coal
combustionin power and heating plants. The factor was asso-
ciated with high concentrations of S, Ca, Pb, and As. Ca indi-
cates flue gas desulfurization units of the plants. The absence of
MM is expected because of the effective combustion of the coal’s
carbon. The time-series plot shows seasonal variability of this
source, with summer peaks and a concentration increase in the

()
70

y = 29,620-008
R%?=0,03

60 o

50 .

40 -

30

PM;_qq ratio (%)

20 -

10

0 10 20 30 40 50 60

24 hour PM, concentration (ug/m?)

Pokorna et al. / Journal of the Air & Waste Management Association 63 (2013) 1412—1421

second half of the winter season. The summer peaks corre-
sponded to days with higher wind speeds. The winter concentra-
tion growth corresponded to a period of decreased temperatures
during the second half of measurement period. High-temperature
coal combustion contributed the most mass in these periods
(25.7%), it was dominant in winter (46.8%) but minor in summer
(6.4%) (Figure 7). However, such distinct seasonal decrease in
proportionality is not reflected in aerosol mass, because there
was also a distinct decrease of coarse aerosol mass in PM ;. The
mean of coarse aerosol mass in winter (0.9 p,g/m3) was nearly
equal to 1 in summer (0.4 pg/m?). In summer, this factor is
probably dominated by power plants and in winter by a district
heating plant. The summer high-temperature coal combustion
CPF plot indicated contributions from the northwest—southwest,
consistent with the direction of the power plants Prunérov and
Tusimice at distances of 11 and 6 km, respectively, from Brezno.
The winter plot identified the heating plant in atec at a distance
of 13 km to the southeast (Figure S1 in Supplemental Materials).

The second factor was dominated by high contributions of S,
K (Han et al., 2005), As, Zn, Pb, and MM. The factor profile and
the concentration time series, seasonal variability, and higher
concentrations in winter were assigned to thecombustion in
local heating boilers. In the village, access to natural gas had
been installed in the past, but coal and wood combustion are still
used. In summer, the source contribution was related to space
heating because of relatively low temperatures (daily mean
15 °C) during most of the measurement period. The peak on
the weekend of July 12 and 13,2008, was attributed to campfires,
which are very traditional and popular in the country. Winter
concentrations patterns showed a regular daily pattern of morn-
ing and late afternoon maxima. The combustion in local heating
boilers contributed 21.4% to the total PM;_, and was the second
most significant factor in winter (33.2%). The winter combus-
tion CPF plots point to family houses very near to the measure-
ment station.

Marine aerosol was represented by the dominance of Cl in the
profile (Watson et al., 1994; Hien et al., 2001; Querol et al.,
2002; Alastuey et al., 2006) as well as the high concentration of
Mg. The time-series plot shows relatively constant contributions
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Figure 4. The PM,_,, to PM, ratio at Brezno in (a) summer 2008 and (b) winter 2010.
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Figure 5. Factor profiles for the resolved factors by PMF.

during the summer and a large peak on January 18 and 19, 2010.
This factor contributed about 4% to the total PM;_;, in both
seasons. Marine aerosol did not show clear directionality in the
CPF plots because of its regional character. Support for this

assignment was obtained using the back trajectories (Draxler
and Rolph, 2010). The trajectories from the region of the
English Channel and North Sea confirmed recurring contribu-
tions of marine aerosol in the summer and the winter episodes.

Mineral dust contained the typical soil components Al, Si, Fe,
and other elements such as Ti, K, trace metals, and MM (Querol
et al, 2002; Kim et al., 2003; Mazzei et al., 2008;
Wimolwattanapun et al., 2011). The time-series plot shows sea-
sonal variability with summer peaks. Winter concentrations were
strongly influenced by intermittent snow cover. Peaks in summer
matched periods with higher wind speeds. The mineral dust CPF
plots points to the strip mine area, where the topsoil and over-
burdened removal produce dust. Mineral dust was the second
major factor of the measurement periods (23.8%) and dominated
in the summer (38.2%).

Factor 5 was assigned as combination of primary biological
and biomass burning depending on the season. Its profile shows
high concentrations of K, S, and MM (Hien et al., 2001; Samara,
2005). The high concentration of S resulted from combined
combustion of wood and brown coal in local heating boilers.
Lower temperature combustion in these boilers leads to increased
emissions of S as SOz (EPA, 1974). The summer peak on the
weekend of July 12 and 13 was ascribed to campfires. The peak on
July 14 and 25 matched times of higher wind speeds. The factor
contributed 19.9% to the total PM,_, during the whole measured
period and was the second-most significant in the summer 33.1%.

Factor 6 was characterized by nonferrous elements, Cu, Zn,
and Pb (Peré-Trepart et al., 2007; Querol et al., 2007; Thorpe and
Harrison, 2008; Cheung et al., 2012) and MM. It was ascribed to
the road dust, car brakes. The seasonal variability and peaks
showed in the time-series plots were assigned to intermittent
snow cover in winter and wind speeds of 2—4 m/sec in summer.
Daily concentration course was matched to the traffic intensity
pattern in the village. The mean factor contribution to the total
PM,_;o was 3.5%.

Gypsum was represented by dominance of Ca, high concen-
tration of crustal elements (Minguillén et al., 2012), S, and
MM. The time-series shows the seasonality and peaks assigned
to the meteorological condition. The gypsum CPF plot points to
the west and southwest sectors, indicating the disposal of gyp-
sum produced by flue gas desulfurization units of the power
plants. Appearance of crustal elements in the profile is probably
the disturbed soil from the movement of the gypsum being
aerosolized by the wind at the mine disposal. The mean factor
contribution to the total PM;_;( was 1.5%.

Conclusion

Deterioration of air quality in a village in the industrial region
in northern Bohemia was expected to be due to coarse aerosol
emissions from the coal strip mine in the proximity of the village.
However, contrary to expectations, bioaerosol/mineral dust and
coal combustion were the main contributors to PM,_;q in this
village in summer and winter, respectively. In winter, when
frequent temperature inversion in the region results in elevated
PM,, values, a temperature inversion is also gradually formed in
the coal mine pit, reducing the coal mine-associated coarse
particles from being emitted. Based on previous results, we
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conclude that stringent regulation of coal combustion sources
and consistent landfill technology application may help to
improve air quality in the region.
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Figure 1. Wind directional indices for each of the sources contributing to PM1.10 in Biezno,

Czech Republic.
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Table 1. Terms/period of measurement campaigns.
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Figure 1. Wind directional indices for each of the sources contributing to PM1.10 in Bfezno,

Czech Republic.
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Figure 2. Diurnal pattern of road dust, car brake factor in (a) summer and (b) winter
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GDAS Meteorological Data

1325 E

Source * at 50.24 N

Meters AGL

12 00 12 00 12 00
01/19 01/18 0117

This is not a NOAA product. It was produced by a web user.
Job 1D: 395291 Job Start: Mon Mar 26 13:43:42 UTC 2012
Source 1 lat.: 50.24 lon.: 13.25 height: 500 m AGL
Trajectory Direction: Backward ~ Duration: 44 hrs
Wertical Motion Calculation Method: Isentropic
Meteorology: 00007 15 Jan 2010 - GDAS1

Figure 3. HYSPLIT for marine aerosol episode in winter 2010.
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2008 and (b) winter campaign 2010.



OCHRANA OVZDUSI

5/2012

ZNECISTENI ovzDuSi

PODROBN,{\ CHARAKTERIZACE ATMOSFI'EISICKI'EHO AEROSOLU
V LOKALITE OSTRAVA-RADVANICE V ZIME 2012: VELIKOSTNI

DISTRIBUCE k-PAU

Jan Hovorka, ?Jan Topinka, 'Jan Bendl, 'Alexandra Baranova, 'Petra Pokornd, 'Martin Branis

'Prirodovédecka fakulta UK v Praze, jan.hovorka@natur.cuni.cz

2(Jstav experimentélni mediciny AV CR, v.v.i., Praha
ABSTRAKT

Studie hodnoti dynamiku koncentraci 8 karcinogennich polycyk-
lickych aromatickych uhlovodiki (k-PAU) béhem ledna a tnora
2012 v Ostravé-Radvanicich v extraktu atmosférického aerosolu,
utfidéného dle aerodynamického priméru (d,) Castic na hruby
(1<d,. <10 pm), horni (0,5 <d,. <1 pm) adolni (0,17 <d,. <0,5 pm)
akumulacni a ultrajemny (d,. < 0,17 pm). Pro v§echny k-PAU plati, ze
horni a dolni akumulacni aerosol vaZe vice nez 60 %, hruby 25—-30 %
a ultrajemny aerosol 10—15 % hmoty jednotlivych k-PAU. Velikostni
distribuce koncentrace k-PAU je vZdy monomodalni s modem v ob-
lasti 0,5-1,0 pm. Podil jednotlivych k-PAU v dané velikostni frakci
kles4 s rostouct relativni molekulovou hmotnosti jednotlivych k-PAU
a vyznamné se nelisi mezi jednotlivymi velikostnimi frakcemi. Mala
Casova variabilita velikostnich distribuci a nizk4 koncentrace jednot-
livych k-PAU v ultrajemném aerosolu poukazuji na dominantni zdroj
jednoho typu a na velmi maly podil mobilnich zdrojii na koncentraci
k-PAU ve sledované lokalité.

Klicova slova: méstské ovzdusi, smog, velikostni distribuce hmoty
aerosolu, k-PAU

uvob

Znecisténi méstského ovzdusi je nejcastéj$im lokalnim nebo
regionalnim problémem kvality ovzdusi zplisobenym prevazné
lidskou ¢innosti. Ta je ve méstech velmi rtiznoroda a diisledkem
jsou emise Skodlivin s rozdilnym zdravotnim tGcinkem. Mezi
Skodliviny s vyraznym zdravotnim Uc¢inkem patii polycyklické
aromatické uhlovodiky (PAU) a zejména PAU s vys§i relativni
molekulovou hmotnosti—karcinogennik-PAU. V atmosféte jsou
PAU obsazeny v plynné fazi nebo vazany na atmosféricky aero-
sol. Aktudlni distribuce jednotlivych PAU mezi plynnou a aeroso-
lovou slozkou atmosféry je vysledkem komplikované rovnovahy
parametry Ize povazovat tenzi nasycenych par (p°) jednotlivych
PAU, teplotu vzduchu (T) a celkové mnozstvi atmosférického
aerosolu. Nizkomolekularni PAU s maximalné tfemi aromatic-
kymi kruhy maji p° > 10 Pa a jsou v atmosfére obsazeny zejména
vplynné fazi. PAU svice neZ ttemi kruhy maji 10°Pa<p°<103Pa
a jsou v atmosfére jak v plynné fazi, tak vazané na aerosol. PAU
s p° <10 Pa jsou pievazné vazany na ¢astice atmosférického ae-
rosolu [1]. Teplota vzduchu T, v rozsahu béznych hodnot, ovliviiu-
je zejména tenzi nasycenych par u PAU s hodnotami p°> 10 Pa,
kdy se p? zhruba Fidi rovnici log p° =-A/T + B, kde A, B jsou em-
pirické konstanty [2]. Na rozdil od zavislosti na teploté€ vzduchu
pro vétSinu PAU plati, ze s rostouci koncentraci aerosolu se podil
PAU vazanych na aerosol jednoznacné zvysuje [3].

COMPREHENSIVE AEROSOL CHARACTERIZATION
IN OSTRAVA-RADVANICE, WINTER 2012: c-PAH
SIZE DISTRIBUTION

Concentration dynamics of eight types of carcinogenic polycyclic aro-
matic hydrocarbons (c-PAHSs) in the organic extracts from coarse
(1<d,.<10um),upper (0.5<d,,<1um)andlower (0.17<d,<0.5um)
accumulation, and ultrafine (d,, < 0.17 um) size fractions of ambi-
ent aerosols were studied. Aerosol samples were collected in Ostrava-
Radbvanice locality from the 25" January to 21 February 2012. Upper
and lower accumulation aerosols bond about 60 %, coarse 25-30 %,
and ultrafine 10— 15 % of c-PAHs total mass. c-PAH size distribution
is always monomodal (mode between 0.5—1 um). Percentage of each
c-PAH in specified size fraction increases with its molecular weight and
differences among particle sizes are not significant. Both low temporal
size distribution variability and low concentration of c-PAH in ultrafine
aerosol point to single, dominating c-PAH source in the locality and low
importance of mobile sources as a source of c-PAH.

Key words: urban air, smog, aerosol mass size distribution, c-PAH

Z hlediska pronikani a efektivity zachyceni PAU v lidském or-
ganismu je klicovym parametrem velikostni distribuce ¢astic
aerosolu, na ktery je PAU vazan.

Studie se zabyva dynamikou velikostnich distribuci koncent-
raci k-PAU vazanych na aerosol, hodnoti koncentra¢ni hladi-
nu a odhaduje mozné zdroje k-PAU.

MATERIAL A METODY

Aerosol byl odebiran velkoobjemovym kaskadnim impakto-
rem (BGI-900, USA), ktery tfidi aerosol podle aerodynamic-
kého praméru ¢astic (d,). Aerosol hruby (1 <d,. < 10 pm),
horni akumulaéni (0,5 < d,. < 1 pm) a dolni akumulaéni
(0,17 <d,. < 0,5 pm) byl zachytavan na polyuretanovou pénu
(PUF), ultrajemny aerosol (d,. < 0,17 pm) na sklenéné mikro-
vlaknové filtry potazené PTFE (Pallflex TX40). Usti impakto-
ru bylo ve vySce kolem 3 m nad terénem (obrazek 1a). Vzor-
ky aerosolu s integrac¢ni dobou 23 h byly odebirany v obdobi
od 25. ledna do 21. anora ve vilové ¢tvrti Ostrava-Radvanice,
49°48'40.4"N, 18°20'15.8"E (obrazek 1b).

Koncentrace PAU v aerosolu byly stanoveny v certifikovanych la-
boratotich ALS Czech Republic s.r.0., Praha (EN ISO CSN IEC
17025). Nejprve byl aerosol z PUF extrahovan dichlormetanem
avextraktu nasledné stanoveny PAU metodou HPLC s fluorime-
trickou detekci podle standardniho postupu ISO11338-2. Byly
stanoveny koncentrace 8 PAU, které jsou dle Mezinarodni agen-
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Obr. 1a: Pohled od vychodu na stanici v lokalité
Ostrava-Radvanice v lednu 2012. Kaskadni impaktor
je objemny ocelovy valec vlevo nahore na strese stanice

tury pro vyzkum rakoviny (IARC) povazovany za karcinogenni —
k-PAU [7]. Jedna se o benz[a]antracen (B[a]A), benzo[a]pyren
(B[a]P), chrysen (CHRY), benzo[k]fluoranten (B[k]F), benzo[b]
fluoranten (B[b]F), benzo[ghi]perylen (B[ghi]P) dibenzo[a,h]
antracen (DB[ah]A) aindeno[1,2,3-cd]pyren (I[cd]P).

VYSLEDKY A DISKUZE

Meéfici kampan Ize, se zretelem k odliSnym meteorologickym
podminkam a rozdilnym koncentracim PM, s, rozdélit na dvé
obdobi. Prvni obdobi — smog — charakterizuji velmi nizké teploty
ovzdusi (median T = -14,8 °C) a nizka rychlost vétru — WS (me-
dian WS =0,7 m/s), dochazi k inverznimu zvrstveni mezni vrstvy
atmosféry a diisledkem jsou vysoké koncentrace PM, s (median
PM,5=104 pg/m?). Smog trval od 25. ledna do 14. inora, pak se
nad tzemi lokality presunula tepla fronta. Druhé obdobi, trvajici
od 15. tinora do konce kampané, bylo zasadné ovlivnéno pricho-
dem teplé fronty. Zvysila se teplota ovzdusi (median T=-1,7 °C),
rychlost vétru (median WS =1,1 m/s) a zejména v prvnich dnech
prichodu teplé fronty, srazkovy Ghrn. Disledkem byl prudky po-
kles koncentraci PM, s (median PM, s =38 pg/m®) viz obrazek 2.
Vzhledem k podstatnym odli§nostem dvou ¢asovych tisekd kam-
pané uvedenych vyse jsou hodnoty koncentraci k-PAU, jejich vza-
jemny pomér a dynamika distribuci mezi frakcemi aerosolu o rtiz-
né velikosti ¢astic uvadény a diskutovany v téchto dvou ¢asovych
usecich. Opravnénost postupu hodnoceni dat potvrzuje vysoka
hodnota koeficientu determinace linearni regrese R?= 0,86 mezi
PM, 5 a celkovymi koncentracemi k-PAU a rozdily v hodnotach
mediant koncentraci k-PAU béhem/mimo smogové epizody
(123/39 ng/m?®). Koncentrace k-PAU béhem smogu jsou velmi
vysoké a vice nez o dva rady presahuji limit Svétové zdravotnické
organizace (WHO) pro B[a]P (1 ng/m®).

Dynamika celkovych koncentraci k-PAU v jednotlivych velikost-
nich frakcich v m? odebraného vzduchu béhem smogu vykazuje
znacnou variabilitu dat zejména pro k-PAU vazanych na horni
akumulacni a hruby aerosol (obrazek 3a). Ve srovnani s obdo-
bim po smogové situaci je v obdobi smogu na jednotlivé veli-
kostni frakce aerosolu navazan zhruba ¢tyinasobek k-PAU, s vy-
jimkou hrubého aerosolu. Nejvyssi podil k-PAU béhem/mimo
smogu vaze aerosol horni akumula¢ni (median 50/17 ng/m?),
poté spodni akumula¢ni (median 26/6 ng/m?) a hruby (median

Obr. 1b: Mapa lokality Ostrava-Radvanice s vyzna¢enim
polohy mobilni stanice a polohy monitorG PM, s

Obr. 2: Casovy priibéh koncentrace PM, s, teploty ovzdusi
a srazkového uhrnu v lokalité Ostrava-Radvanice

stazkovy Ghm [ mm hod"

26/14 ng/m?®) a nejméné ultrajemny (median 12/3 ng/m?). Dis-
tribuce k-PAU je v souladu s velikostni distribuci hmoty aeroso-
lu, kdy horni akumulacni aerosol tvoii nejvétsi podil z celkové
hmoty aerosolu.

Na rozdil od koncentraci k-PAU udavanych v m* vzduchu, dy-
namika koncentraci k-PAU v gramech aerosolu prislusné ve-
likostni frakce vykazuje podstatné mensi variabilitu (obrazek
3b). Hodnoty mediant koncentraci k-PAU pro horni akumu-
la¢ni (1,5/1,3 mg/g), spodni akumulacni (1,3/1,7 mg/g), ultra-
jemny (1,2/0,8 mg/g) a hruby (1,1/0,9 mg/g) aerosol v obdobi
smog/mimo smogu se od sebe vyznamné nelisi a vykazuji po-
dobnou variabilitu. Vyjimkou jsou vyznamné vys$si koncentrace
(> 4 mg/g) pro horni a dolni akumula¢ni aerosol ve dnech 16.
a 17.nora (obrazek 3b), které souviseji se smeérem vétru v roz-
mezi 180°—270°, kdy vitr vanul od arealu ocelarny k mérici sta-
nici (obrazek 1b).

Podobn¢ jako velikostni distribuce celkovych koncentraci k-PAU
i velikostni distribuce a procentudlni podily jednotlivych k-PAU
jsou prekvapivé monoténni. Rozdily v podilu jednotlivych k-PAU
béhem nebo mimo smogové situace nebyly statisticky vyznamné
u zadné velikostni skupiny ¢astic, s vyjimkou ultrajemné frakce
v obdobi mimo smogu. Pro celé sledované obdobi plati, ze s ros-
touci molekulovou hmotnosti jednotlivych k-PAU kles4 jejich
podil na celkovych koncentracich k-PAU (obrazek 4a). Pouze
v pfipadé ultrajemného aerosolu v obdobi mimo smogu vyznam-
né klesl podil B[a]A a soucasné vrostl podil méné tékavych a téz-
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Sich k-PAU, jako jsou B[P]E I[cd]P, B[ghi]P (obrazek 4b). Zmé-
nu podild Ize vysvétlit tim, Ze v dGsledku zakFiveni povrchu ¢astic
ultrajemného aerosolu roste rovnovazna tenze nasycenych par
k-PAU. V obdobi bez smogu tenze tekavejsiho B[a]A nedosahuje
rovnovaznych hodnot, na rozdil od méné tékavych k-PAU, a podil
B[a]A na koncentraci k-PAU v ultrajemném aerosolu klesa.

Obr. 3a: Casovy priibéh celkovych koncentraci k-PAU v m?
vzduchu vazanych na jednotlivé velikostni frakce aerosolu
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Obr. 4a: Pramérna distribuce podilu jednotlivych k-PAU
platna pro obdobi smogu a mimo smogu pro vsechny
velikostni skupiny aerosolu kromé ultrajemného aerosolu

v obdobi mimo smogu
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Obr. 5a: Velikostni distribuce koncentraci a mediany Bla]A
a CHRY ve sledovaném obdobi
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Podobné jako podily ani velikostni distribuce mediant kon-
centraci jednotlivych k-PAU se od sebe vyznamné nelisi, maji
témeér identicky priibéh s vyraznym maximem pro ¢astice o ae-
rodynamickém priméru mezi 0,17 -1,0 pm (obrazky 5 a 6).
Barevna konturovd mapa dynamiky velikostnich distribuci
koncentrace pro B[a]P (obrazek 7) je proto reprezentativ-

Obr. 3b: Casovy prabéh celkovych koncentraci k-PAU
v gramech aerosolu pro jednotlivé velikostni frakce aerosolu
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Obr. 4b: Distribuce podilu jednotlivych k-PAU
pro ultrajemny aerosol v obdobi mimo smogu
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Obr. 5b: Velikostni distribuce koncentraci a mediany Bla]P
a DB[ah]A ve sledovaném obdobi
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Obr. 6a: Velikostni distribuce koncentraci a mediany B[b]F
a B[K]F ve sledovaném obdobi
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ni i pro ostatni k-PAU. Nejvyssi podil B[a]P je vZdy navazéan
na horni akumulacni aerosol. Podobné obecnou platnost ma
obohaceni hrubého aerosolu B[a]P béhem vyraznych maxim
PM, ;s a k-PAU, ptipadné obohaceni dolniho akumula¢niho
aerosolu po odeznéni téchto maxim. Nicmén¢, velmi podobny
prabéh velikostnich distribuci kontrastuje s rozdilnou reakti-
vitou jednotlivych k-PAU vzhledem k nitrifikaci nebo oxidaci
[5], protoze doba setrvani jednotlivych velikostnich skupin
¢astic aerosolu se od sebe podstatné li§i. Skutecnost, Ze rozdily
v reaktivit¢ jednotlivych PAU se neprojevi zménami jejich ve-
likostnich distribuci, Ize vysvétlit existenci majoritniho zdroje
k-PAU v kratké vzdalenosti od odbérové lokality. Také velmi
maly podil k-PAU v ultrajemném aerosolu ve sledované lokalité
sv&dci o malé dileZitosti mobilnich zdrojd, pro které je typicka
vazba k-PAU na ultrajemny aerosol [6].

ZAVER

Vysoké koncentrace k-PAU, presahujici o vice neZ dva rady
limit WHO pro B[a]P, navazané na jemny aerosol, predsta-
vuji v zimnim obdobi ve sledované lokalité vazné zdravotni
riziko. Horni a dolni akumula¢ni aerosol vaze vzdy vice nez
60 % celkové koncentrace jednotlivych k-PAU, hruby aerosol
25-29 % a 11-15 % k-PAU je navazano na ultrajemny aero-
sol. Nizky podil PAU vazany na ultrajemny aerosol poukazuje
na maly vliv mobilnich zdrojt na koncentraci k-PAU ve sledo-
vané lokalité. Naopak nizka variabilita velikostnich distribuci
podild jednotlivych k-PAU svéd¢i o dominanci jednoho typu
zdroje k-PAU v blizkosti odbérové lokality.
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Studie byla provedena s financni podporou Grantové agentury
CR (P503/12/G147).

LITERATURA

[1] Finlayson-Pitts, B.J., Pitts,J. N., Jr.: Chemistry of the Upperand
Lower Atmosphere: Theory, Experiments, and Applications.
Academic Press, 1999. 436-547. ISBN-9780122570605.

[2] Sonnefeld, W. J., Zoller, W. H., May, W. E.: Dynamic coupled
column liquid chromatographic determination of ambient

Obr. 6b: Velikostni distribuce koncentraci a mediany B[ghi]P
a l[cd]P ve sledovaném obdobi
15

~----- B[ghi]P, C=7.6 ngm-3

Ifcd]P, C=8.9 ngm-3

-

(dC(c-PAH)IC)! dlogDp

=
n

Dp/um

Obr. 7: Casovy pribéh PM, s, celkové koncentrace k-PAU
a konturova barevna mapa zmén velikostnich distribuci
B[a]P béhem kampané v lokalité Ostrava-Radvanice

28/01/2012
2710172012

r
|
3

|
2.4 | —— kAAU 1 a5
ERRv4 ‘

/

]
L

P\'.d;s!u.grl1 -
b)Y
g
e
N

Bla)PidiogDp
ngm?

=

0.1

—
04

05

04/02/20

=
g
o
[=3
=
(=1

temperature vapor pressures of polynuclear aromatic hydro-
carbons. Anal.Chem. 55, 1983, s. 275—-280.

[3] Kamens R. M., Odum, R. J., Fa, Z. H.: Some observation on
times to equilibrium for semi-volatile polycyclic aromatic hy-
drocarbons. Environ. Sci.Technol. 29, 1995, s. 43 -50.

[4] International Agency for Research on Cancer and World
Health Organization: IARC Monographs on the Evaluation of
Carcinogenic Risks to Humans, Volume 92: Some Non-heter-
ocyclic Polycyclic Aromatic Hydrocarbons and Some Related
Exposures, Lyon, 2010.

[5] Nielsen T.: Reactivity of PAH towards nitrating species. Envi-
ron. Sci.Technol. 18, 1984, s. 157-163.

[6] Venkatamaran C. J. M, Friedlander, S. K.: Size distribution of
PAH and elemental carbon. Environ. Sci.Technol. 28, 1994,
s.563-572.

—43—



OCHRANA OVZDUSI

2/2013

ZNECISTENI ovzDuSi

PODROBNA CHARAKTERIZACE ATMOSFERICKEHO AEROSOLU
NA LOKALITE OSTRAVA RADVANICE-BARTOVICE V ZIME 2012:
PROSTOROVA VARIABILITA PM,

Jan Hovorka, Petra Pokornd, Jan Bendl, Alexandra Baranova, Michal Grégr, Martin Branis
Ustav pro Zivotni prostredi, Prirodovédecka fakulta UK v Praze, jan.hovorka@natur.cuni.cz

ABSTRAKT

Studie hodnoti vyznamnost rozdilli pétiminutovych koncentraci
PM, s méfenych soucasné Sesti monitory v sitovém usporadani po-
kryvajici plochu zhruba 4 km? v rezidenéni &tvrti Ostrava Bartovice-
-Radvanice. Dobu méreni 26. 1.—21. 2. 2012 Ize rozdélit dle hodnot
koncentraci PM, s na obdobi smog 26. 1.—15. 2. 2012 a mimo smog
15. 2.-21. 2. 2012. Pro obé obdobi, dle Wilcoxon znaménkového
testu pro 2 zavislé vybéry rozliSujici fazeni pti a = 0,05, nebyly roz-
dily koncentraci PM, s mezi monitory statisticky vyznamné. M¢stské
ovzdusi Ize proto hodnotit z hlediska koncentraci PM, s jako velmi
dobfte smichané. Malé bodové emisni zdroje, jako jsou lokalni tope-
nisté, a stejné tak doprava, vzhledem k jeji malé hustoté, neprispivaji
na sledované lokalit¢ vyznamné k hladiné PM, 5. Za hlavni pri¢inou
zvy$enych koncentraci PM, 5 v rezidencni ¢tvrti tedy je nutné pova-
zovat emisni zdroje lezici mimo ¢tvrt, napiiklad emise z primyslové
oblasti priléhajici ke sledované lokalité. Dale z méteni vyplyva, Ze po-
loha monitorovaci stanice je reprezentativni a stanovena podrobna
charakteristika atmosférického aerosolu validni pro danou lokalitu.
Klicova slova: PM, 5, DustTrak, smog, méstské ovzdusi

uvob

Uvedena studie vyuziva vysledki stanoveni podrobné charak-
terizace atmosférického aerosolu v Ostravé Radvanicich-Bar-
tovicich béhem zimniho obdobi 2012 a navazuje na ¢lanek
pojednavajici o velikostni distribuci PAH vazanych na atmo-
sféricky aerosol [1]. Podrobna charakteristika atmosférického
aerosolu je klicem k moznému urceni jeho zdrojt na lokalité
[2]. Nicméné protoze z principu neni mozné podrobnou cha-
rakteristiku aerosolu provadét na lokalité na nékolika mistech
soucasné, je klicovou vlastnosti mérici stanice reprezentativ-
nost jeji polohy na lokalité [3, 4]. Ovéreni reprezentativnosti
1ze provést s vyuZitim sitovych méteni sledovaného parametru
[5], v tomto piipadé koncentraci PM, s.

Prostorova variabilita PM, 5 byla vyhodnocovana pro ovéfeni
reprezentativniho umisténi mobilni stanice Laboratore pro
méfeni kvality ovzdusi, ktera je soucasti Ustavu pro Zivotni pro-
stiedi na Prirodovédecké fakulté Univerzity Karlovy v Praze.

EXPERIMENT
Stanoveni PM, s
Pro stanoveni hmotnostni koncentrace aerosolu frakce PM, s

v sitovém usporadani byly vyuZity prenosné laserové nefelome-
try DustTrak — DT (model 8520, TSI). DT stanovi hmotnostni

COMPREHENSIVE AEROSOL CHARACTERIZATION
IN OSTRAVA RADVANICE-BARTOVICE, WINTER
2012: PM, s SPATIAL VARIABILITY

The study evaluates inter-site PM, s differences measured by six moni-
tors positioned within network arrangement covering about 4 km? in
residential area of Ostrava Radvanice-Bartovice. According to level
of PM, s, two periods were distinguished: smog (26. 1.—15. 2. 2012)
and after smog (15. 2.-21. 2. 2012). There were no statistically sig-
nificant differences for PM, s within both the periods as tested by Wil-
coxon signed-ranks test for 2 dependent samples. We may conclude,
that urban airshed was well mixed during the whole measurement
campaign which has several important implications: point sources of
PM, s, like local heating, did not contribute significantly to PM,; at
urban area, monitoring station position is eligible and air monitoring
data representative for the urban environment and transportation,
with regards to low traffic density, also did not contribute significantly
to PM,; levels. Main cause of such a high PM, 5 concentrations is in-
dustrial emissions.

Keywords: PM, 5, DustTrak, smog, urban airshed

koncentrace aerosolu na zakladé rozptylu koherentniho infra-
Cerveného zareni na proudu aerosolu. Nejmensi aerodynamicky
prameér efektivné detekované ¢astice DT je dan vinovou délkou
laseru 780 nm a ¢ini 0,2 pm. Nejvétsi aerodynamicky pramer
Castice 2,5 pm je dan meznim primérem ¢astic prochazejicich
impaktorem na vstupu DT. PM, s tak predstavuje soubor ¢astic
o velikosti v rozsahu 0,2—-2,5 pm. Koncentrace PM, 5 byly mé-
feny s integra¢ni dobou 5 minut. DT byly uloZeny v ochrannych
kufficich, vzduch nasavala vSesmérova odbérova hlavice s Us-
tim ve vySce kolem 3 m pro DT1, 2 ,6,7 nebo 1,8 m pro DT 4, 5.
Vzhledem k nepiesnosti nefelometrické detekce bylo nutné hod-
noty méfeni DT prepocitat na spravné hodnoty PM, 5. Spravné
hodnoty hmotnostni koncentrace PM, 5 s integra¢ni dobou 5 mi-
nut byly pocitany z kumulativnich spekter velikostni distribuce
hmotnosti aerosolu v rozsahu velikosti 14,5—734 nm stanovené
skenovacim tfidicem ¢astic — SMPS (3936125, TSI) a v rozsa-
hu 0,53-10,0 um stanovené aerodynamickym spektrometrem
¢astic — APS (3321, TSI) se zadanou hustotou ¢astic 1,5g cm.
Meéteni SMPS a APS probihala na méfici stanici, kde byl umistén
DT6 (obr. 1). Korigované hodnoty PM, s méfené DT6 byly poté
povazovany vzhledem k méfeni ostatnich DT za referencni.

Ostatni mérené veliciny

Pro vysetieni fyzikalniho stavu atmosféry byly méfeny s integ-
ra¢ni dobou 5 minut rychlost — WS a smér — WD vétru (Wind-
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Tab. 1: Tabulka soufadnic jednotlivych
monitord DustTrak — DT na lokalité
Ostrava Radvanice-Bartovice pfi méreni

v obdobi 26. 1.-21. 2. 2012 26.1.-15.2. 2012

Tab. 2: Tabulka z- skore Wilcoxon
znaménkového parového testu
pro hodnoty PM, s v obdobi smogu

Tab. 3: Tabulka z- skore Wilcoxon
znaménkového parového testu
pro hodnoty PM, 5 v obdobi mimo
smog 15. 2.-21. 2.2012

sonic) teplota — T a vlhkost — RH ovzdusi (Commeter) globalni
radiace — GR (Thies). S integra¢ni dobou jedna minuta pak byly
mereny disdrometrem (Thies) velikostni distribuce destovych
kapicek a jejich padova rychlost a po¢itan srazkovy thrn.

Lokalita a doba méreni

Me¢reni probihala na tizemi reziden¢nich ¢tvrtich Radvanice
a Bartovice mésta Ostravy (obrazek 1).

Zobrazeni polohy méfici stanice a monitord DT je uvedeno
na obrazku 2. GPS soutadnice jednotlivych DT jsou shrnuty
v tab. 1. Méreni probihala v terminu 26. 1.—21. 2. 2012.

VYSLEDKY A DISKUZE

V ¢asovém priibéhu koncentraci PM, s v jednotlivych bodech
meétici sité a meteorologickych parametrd (obr. 3) Ize jedno-
znacné rozlidit dvé obdobi.

Prvni obdobi, smog, trvajici od 21. 1. do 5. 2. 2012, charakterizuji
nizké teploty ovzdusi (median -14,8 °C), prevlada V az SV prou-
déni, nicméné z divodi nizké rychlosti vétru (median 0,7 m s™)
bude prevladat zejména turbuletni $ifeni aerosolu z emisnich
zdrojd. Priivodnim jevem této meteorologické situace je inverzni
zvrstveni mezni vrstvy atmosféry a akumulace atmosférického
aerosolu. Maximalni koncentrace PM, s ve vSech méficich bo-
dech soucasné presahuji 400 pg m? (median PM, s =106 pg m™)
(obrazek 3). Statistické rozd€leni dat v jednotlivych bodech neni
normalni (test Kolmogorov-Smirnov), a protojevhodné pro urce-
ni reprezentativnich hodnot vyuZit neparametrickou poradkovou
statistiku [5]. Z tabulky z-skor pro Wilcoxon znaménkovy parovy
test (tab. 2) je ztejmé, Ze rozdily hodnot PM, s mezi jednotlivymi
body méreni nejsou statisticky vyznamné. Podobny zavér Ize udé-
lat i z krabicového grafu koncentraci PM, s (obrazek 3). V krabi-
covém grafu krajni polohy vyznacuji 5 % a 95 % kvantily, spodni
respektive horni okraj krabice prvni a ¢tvrty kvartil a centralni
hodnota je median. Relativné nejmensi hodnota medidnu a 95 %
kvantilu byla zméfena DT5. Jedna se o méFici bod sité umistény
na zahradé rodinného domku, postaveného na vyvySeném misté
na Z okraji sledované lokality (obrazek 2).

Pro druhé obdobi, mimo smog, trvajiciod 15. 2. do 21. 2. 2012,
je charakteristicky nastup teplé fronty. Priimérna teplota ovzdu-
§i vzroste o vice nezli 13 °C (median -1,7 °C), prevlada Z az JZ
proudéni s vyssi rychlost vétru (median 1,4 ms™). S piichodem
teplé fronty vypadavaji hojné snéhové srazky (max. srazko-
vy Ghrn = 5 mm h'', median 0,8 mm h™') a dochazi k rozpadu
inverzniho teplotniho zvrstveni atmosféry. Aerosol, na tkor
turbuletniho Sifenti, je unaSen z emisnich zdroj zejména kon-
vekel. Privodnim jevem je pokles koncentrace PM, s na mén¢

Monitor Souradnice DT2 | DT4 | DTS | DT6 | DT7 DT2 | DT4 | DT5 | DT6 | DT7
DT1 49°48'17"N - 18°20'44"E DT1 | 8,4 |351 |480 | 149 | 85 ||DT1 | 11,5 [ 133 | 126 | 6,8 | 8,0
DT2 49°48'58"N —18°20'47"E DT2 40,1 | 43,6 | 348 | 7,4 ||DT2 16,4 | 34,2 | 12,6 | 31,6
DT4 49°48'52"N - 18°20'16"E DT4 49,0 | 23,8 1 29,4 | |DT4 351 | 8,3 199
DTS5 49°49'4"N - 18°20'17"E DTS 40,3 | 46,7 | [ DTS 19,9 | 29,6
DT6 49°48'40"N — 18°20'16"E DT6 | Z.,=1,96 17,7 [ |DT6 | Z..=1,96 9,6
DT7 49°47'59"N — 18°21'25"E

nezli 1/3 hodnoty namérené béhem smogu (median PM,s =
35 pg m®).Nicméné rozdily koncentraci PM, s mezi jednotlivy-
mi body méfici sit€ opét nejsou statisticky vyznamné, jak vyply-
va z hodnot prislu$nych z-skore (tab. 3). Priibéh krabicového
grafu (obr. 4) opét ilustruje malé rozdily v priibéhu koncentraci
PM, 5. Podobné jako béhem smogu, Ize i v obdobi mimo smog
v mérficim bod¢ DT6, ktera se ale na hladiné o = 0,5 od hodnot
PM, s naméfenych v ostatnich bodech nelisi.

Obr. 1: Fotografie méfici stanice na lokalité
Radvanice-Bartovice. DT6 je ulozeny v kufriku pfipevnéném
ke stativu stojicim zhruba na prostfedku stanice. Na stozaru
vpravo od DT6 je pfipevnény anemometr, ¢idla na méreni
teploty a relativni vihkosti vzduchu a globalni radiace
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Obr. 2: Letecky snimek lokality Ostrava Radvanice-Bartovice
a blizkého okoli s vyznacenim polohy stanice a monitor
PM, s DustTrak — DT
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of the fine aerosol particles were coal combustion (58.6%), sinter production-hot phase (22.9%), traffic (15%), raw
iron production (3.5%), and desulfurization slag processing (<0.5%) whilst road dust (47.3%), sinter production—
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an airship aloft presumed air pollution sources helped to interpret the PMF solution.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Despite the imposition of European Union limit values for particulate
matter (PM), frequent exeedances of the limit for PM;q concentrations
have been observed widely across Western Europe, particularly in
Switzerland, Belgium, Germany, Italy, Norway and the Czech Republic
(Harrison et al., 2008). To develop effective emission control strategies,
receptor models have proven to be a useful tool to apportion PM sources
(Watson et al., 2002; Viana et al., 2008; Belis et al., 2013). The size
distribution and chemical composition of the emitted PM are source
dependent (Dodd et al., 1991). Therefore, to improve the accuracy of
aerosol source apportionment, size segregated aerosol measurements

* Corresponding author at: Institute for Environmental Studies, Charles, University in
Prague, Benadtska 2, 128 01 Prague 2, Czech Republic.
E-mail address: pokorna@natur.cuni.cz (P. Pokornd).

http://dx.doi.org/10.1016/j.scitotenv.2014.09.021
0048-9697/© 2014 Elsevier B.V. All rights reserved.

with high time resolution are valuable (Zhou et al., 2004; Han et al.,
2005; Ogulei et al., 2005; Peré-Trepart et al., 2007; Bernardoni et al.,
2011; Richard et al., 2011). Positive Matrix Factorization (PMF) devel-
oped by Paatero (1997) is a powerful method to apportion the sources
of ambient PM at the receptor site.

The first Czech receptor modelling study was conducted by Pinto
et al. (1998) using data from the Teplice air quality-monitoring
programme of 1992. More recent PMF analyses have been performed
on particle size distributions recorded in Prague (Thimmaiah et al.,
2009), polycyclic aromatic hydrocarbons measured at a background
station KoSetice (Dvorska et al., 2012) and PM;_;o sampled in a village
situated in an industrial region of northern Bohemia (Pokorna et al.,
2013).

The Moravian-Silesian Region with it principal city, Ostrava, is one
of the most polluted regions not only in the Czech Republic (CR), but
in Europe as shown by long term observations (Houthuijs et al., 2001;
CENIA, 2012). Ostrava with a population of 312 000 (3rd in CR) and
an urban area of 214 km? (2nd in CR) has historically been affected
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by the exploitation and use of the high quality black coal deposits
and extensive heavy industry development which lead to high air
pollution. Presently, many of the heavy industries are being closed
or transformed. However, the collection of steel industry and coke
plants has caused some of the worst air quality in the EU with an
health impact to human population, particularly to children
(Dostal et al., 2013; Sram et al., 2013). In 2012 the daily EU PM;q
limit was exceeded at 50 stations in Czech Republic, of which 74%
were in the Moravian-Silesian Region. The exceedances were most
commonly recorded at Ostrava—Radvanice ZU station (GPS: 49°48’
25.403"N, 18°20'20.897"E, http://portal.chmi.cz/files/portal/docs/
uoco/web_generator/locality/pollution_locality/loc_TORE_GB.html)
situated in residential district of Ostrava—Radvanice and Bartovice
(116 days). The annual EU PM¢ limit was exceeded at 15 stations
in the Czech Republic and all of them were located in Moravian-
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Silesian Region. Additionally, the annual average of PM;o-bond
benzo(a)pyrene-B[a]P in Ostrava—Radvanice and Bartovice
was almost eleven times higher than annual EU limit (1 ng m™3,
2004/107/EC) (CHMI, 2012). Such high B[a]P of particle-bond
concentrations induce remarkable genotoxic effect which increases
with particle mass and vary with aerosol particle sizes (Topinka
et al., 2010). The dominant source of B[a]P, or polycyclic aromatic
hydrocarbons in general, is an incomplete fuel combustion more
frequent during cold period of year when there are also less
favourable conditions for pollutant dispersal. Therefore, the study
was conducted in winter period.

The objective of the presented study is to apportion sources of
PMg 15-1.15 and PM;  5_10 at residential district of Ostrava—
Radvanice and Bartovice in the Czech Republic during January and
February 2012.
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Fig. 1. Outline map of Czech Republic, the city of Ostrava and detailed map of the district Ostrava—Radvanice and Bartovice with location of the monitoring station, the PM, 5 monitoring
network sites, highlighting the metallurgy complex and marked with a star position of the airship during the sampling sequence.
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Fig. 2. Comparison of hourly PM;, mass concentrations between SMPS-APS and Beta for
the period of 26.1-4.2.2014.

2. Material and methods
2.1. PM measurements

2.1.1. Monitoring station

To resolve causes of the air quality worsening, the measurement was
conducted from the 26th January to the 21st February 2014. A mobile
isothermal station was placed at a single site in the open space of a
family house garden in a residential district of Ostrava—Radvanice and
Bartovice (GPS: 49°48'17.413"N, 18°20'40.767"E) (Fig. 1). A Davis
Rotating-drum Uniform-size-cut Monitor—3DRUM (DELTA Group
UC-Davis) was used to collect particles in three size ranges (Cahill,
2003). The 3DRUM sampler is a modified version of the original
8DRUM instrument described by Cahill et al., 1985. There were three
stages instead of eight, circular jets replaced with slits and flow rate
increase in the 3DRUM sampler. Particles of aerodynamic diameter of
1.15-10 pm (PM; 15_10) Were considered as the coarse aerosol, whilst
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other two size ranges 0.34-1.15 um (denoted as B fraction), and
0.15-0.34 um (denoted as C fraction) were summed to provide a
0.15-1.15 pum fraction designated as the fine aerosol (PMg 15_1.15)-
Particles were collected on Mylar substrates lightly greased with
Apiezon™ at a flow rate of 21.5 Lmin~! and the strips were analysed
with an integration time of 1 h. Hourly aerosol mass concentrations
were calculated from 5 minute integrates of the number size distribu-
tions with a particle density of 1.5 g cm™> (Shen et al., 2002) recorded
by an Aerodynamic Particle Sizer (APS-3321, TSI) and a Scanning
Mobility Particle Sizer (SMPS 3963 L25, TSI). Five minute integrates of
PM; o mass concentrations were conducted by Beta attenuation monitor
(FH 62 I-R, Thermo ESM Andersen). The geometric mean (ug; = 1.09),
standard deviation (0g = 1.10) of ratios for hourly PM;, of SMPS-APS
to the Beta monitor and tight linear regression (R*> = 0.94) (Fig. 2)
between SMPS-APS and Beta hourly PM;q concentrations confirmed
correctness of aerosol particle density used for number-to-mass size
spectra conversion. Hourly concentrations of organic and elemental
carbon—OC/EC PM, 5 (Sunset) were measured in a semi continuous
regime (45 minute collection and 15 minute analysis) using the
NIOSH protocol (Birch and Cary, 1996). Complete meteorology includ-
ing wind speed—WS and wind direction—WD (WindSonic M, Gill),
temperature—T (Comet 200-80/E), and precipitation by Thies Laser
Precipitation Monitor (Thies) were recorded concurrently.

2.1.2. Airship PM sampling

An unmanned, radio-controlled airship, with 1 Hz GPS position
tracking, carried monitors for on-line measurements of mass and
number of size segregated aerosol particles and a lightweight (750 g)
aerosol sampler. The sampler was composed of Personal Cascade
Impactor Sampler—PCIS (Misra et al., 2002) filled with PTFE substrates
at four stages excluding the back-up filter to avoid high pressure-drop.
The PCIS was connected to a microprocessor-controlled mini blower
sustaining an air flow rate 9 Lmin~"' for about 10 min at a desired
time sequence according to the airship position. There were two
sampling sequences conducted during early morning flights in
post-smog period. About 10 minute sampling of each sequence
occurred when the airship was tracked to fly at height 200-230 m
above sinter/foundry situated south-east of the metallurgy complex
(Fig. 1). The precision of the airship positioning is related to its cruising
speed, which was about 4-6 ms~!, and wind speed/direction. During
the sampling sequences the precision of position tracking was 5-10 m
vertically and about 5-8 m horizontally. The airship positioning was
precise enough considering the north-south 1500 m and west-east
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Fig. 3. Temporal variation of PM;o and meteorological data recorded during the measurement campaign (WD/WS—grey dots, T/precipitation—black line).
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Table 1
Mass medians for three aerosol size fraction for smog and post-smog periods at district
Ostrava—Radvanice and Bartovice for 26th Jan-21st Feb 2012.

Median (ug/m?)

Size fraction Smog Post-smog Whole campaign
A 1.15-10 um 20.0 9.4 18.6
B 0.34-1.15 um 49.8 13.7 41.1
C€0.15-0.34 um 289 9.8 244

500 m dimensions of sinter/foundry technology. Also, full HD movie
was recorded at the airship during the flight documenting the appropri-
ate timing of sampling sequence. Results of on-line measurements are,
due to data complexity, subject of a separate report.

2.1.3. PM, s monitoring network

In parallel with the measurements at the station, a small-scale
(Chow et al., 2002) network of laser photometers, DustTrak—DT
(8520, TSI) were deployed to measure 5 minute integrates of PM; 5
concentrations. Initially these units were collocated at the central site
to permit intercomparison of their performance and calibration of the
individual monitors. Six instruments (DT1,2,4,5,6,7) were distributed
in the residential area Ostrava—Radvanice and Bartovice (Fig. 1) The
DTs were always placed in family house back gardens, with sampling
heads at heights about 1.8-2.3 m. The DTs were placed in the back
gardens because of several reasons; it avoids to record short-time
peaks from local transportation, the back gardens are characteristics of
the residential district, and placement of DTs was possible thanks to
volunteer cooperation from the NGO Vzduch. Nevertheless, none of
the sites can be verified according to EU classification guidelines as an
urban background site, since the close proximity of the industrial
complex. The DT 6 was placed on the roof of the station. Inter-DT
distances range from 500 to 2500 m, and the network covers approxi-
mately an area of 4 km?. To correct for an error of photometric PM, 5
detection, values recorded by the DTs were linearly regressed with
5 minute integrates of PM; 5 calculated from SMPS and APS number
size spectra with a particle density of 1.5 g.cm™>. The regression, with
intercept set for zero, had a slope value of 0.252 and was rather tight
(r* = 0.831). Therefore, the DT values were multiplied by a single
correction coefficient 0.252 to get real PM, s values for the whole
campaign.

2.2. Chemical analyses

The DRUM samples were analyzed for 28 elements (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) using synchrotron X-ray fluorescence (S-XRF) at Lawrence
Berkeley National Laboratory (DELTA Group, 2008; Cahill et al., 2011).

Table 2

A Pearson correlation coefficient a) and coefficient of divergence COD b) for 5 minute
PM, 5 values determined by DustTrak—DT monitors for the whole campaign of 26th
Jan-21st Feb 2014.

DT2 DT4 DT5 DT6 DT7
a)

DT1 0.900 0.928 0.926 0.930 0.932
DT2 0.907 0.893 0.946 0.880
DT4 0.942 0.952 0.920
DT5 0.927 0.932
DT6 0.922
b)

DT1 0.102 0.097 0.175 0.090 0.133
DT2 0.106 0.169 0.085 0.143
DT4 0.207 0.078 0.155
DT5 0.188 0.149
DT6 CODgi¢ = 0.2 0.147

The PCIS samples were analysed by SEM (TESCAN-Vega) with EDX
(X-MAX 50, Oxford Instruments) detector.

2.3. Data analysis

2.3.1. PM; 5 spatial variability

The spatial variability of PM,s concentrations was evaluated
pairwise by Wilcoxon signed-rank test for 2 dependent samples at
« = 0.05 with critical z score = 1.96, Pearson correlation coefficients
(r), and coefficients of divergence (COD) (Kim et al., 2005). The COD
approaches zero or unity if there is large similarity or discrepancy
between the sites. The critical value of the COD is 0.2. (Pinto et al., 2004)

2.3.2. Positive matrix factorization

Positive Matrix Factorization (EPA PMF 4.2.0.0.) was applied to the
data to obtain source profiles and their contributions. The data matrix
was prepared in compliance with the procedure described in Polissar
et al., 1998. The below detection limit (DL) values were replaced with
the value DL/ 2 and (5/6) x DL was used as corresponding uncertainty
values. The number of DL values ranged up to 40% according to species
and the size fraction. The missing data were replaced by arithmetic
mean species values and uncertainty values by triple of the arithmetic
mean. The number of missing values ranged up to 30% according to
species and the size fraction. The species elimination was used in A
fraction for Ga, As, and Se because of large percentage of missing data
(>60%). The matrix of uncertainties corresponding to each species con-
centration in the measurement matrix was calculated according to the
recommendations of Polissar et al. (1998) based on analytical protocol
provided by Lawrence Berkeley National Laboratory. The analytical
uncertainties of OC/EC were multiplied by 4. In the PMF model, there
were the species classified according to the signal to noise ratio as
strong, weak and bad variable (Paatero and Hopke, 2003). Rb, Sr, Y, Zr,
and Mo were bad in all size fractions and excluded from the fit. Na, Al,
Cl, V, and Cr were classified as weak in the A fraction and Na, Si, Cl, Ca,

WD: 17.11 mm L
Det: SE 10 ym
Date(m/dly): 04/29/14

SEM HV: 15.00 kV
View field: 32.65 pm
SEM MAG: 8.85 kx

Performance in nanospacen

Fig. 4. SEM of aerosol particles collected at the second stage (1.0 < Dp < 2.5 um) of the PCIS
and airborne-sampled at height 200 m aloft the sinter/foundry plants of the metallurgy
complex.
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Fig. 5. EDX analysis of spherical particles 5a, aggregate 5b, and Fe,05 chips 5c, of the aerosol particles collected at the second stage (1.0 < Dp < 2.5 um) of the PCIS and airborne-sampled at

height 200 m aloft the sinter/foundry plants of the metallurgy complex.

Ti, V, Ni, As, Br, OC, and ECin B + C fraction. PMX, as a total variable, was
set weak.

The data matrices for the model consisted hourly PM mass as an
independent variable and elemental concentrations for PMg 15_0.34,
PMy34-1.15, PMg 15-1.15 and PM; 15_10. The mass concentrations were
calculated from the 5 min APS and SMPS data. The PM, 5 OC/EC data

were included in the fine aerosol matrix. The final matrices had 620
rows (samples) for all size fractions and 29 columns (species/elements)
for B and C fraction, 31 for fine and 26 coarse fraction.

First, the three aerosol size fractions were modelled separately
and then as fine and coarse fractions. The PMF results are presented
for fine and coarse fraction but all three aerosol size fractions PMF
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Fig. 6. Factor profiles for the resolved factors of fine fraction by PMF.

modelling results will be discussed. The PMF results for separate B
and C fractions are presented in Supplemental Materials
(Figures S1-6 in Supplement material).

2.3.3. Conditional probability function

To determine directionality of local sources, the conditional proba-
bility function (CPF) (Ashbaugh et al.,, 1985; Kim et al., 2003) was calcu-
lated using source contribution estimates resolved by the PMF analyses
and the wind speed and direction values measured at the site. Here, the
60 minute factor mass contributions were combined with 5 min mete-
orological data. CPF is defined as:CPF = mpg/npgWhere myg is the num-
ber of occurrences from wind sector A9 that are in the upper 25
percentile of the fractional contributions and ng is the total number
of observations from the same wind sector. In this study, A6 was set at
30° and about 60% of observations of wind speeds <1 m s~ ' were
excluded from this analysis. The sources are likely to be located in the
directions that have high conditional probability value.

3. Results and discussions
3.1. Atmospheric conditions

According to the different meteorological conditions and PM;,
concentrations, the measuring campaign was separated into two

periods, smog and post-smog. The smog period characterized by low T
(median = — 14.8 °C), low WS (median = 0.7 m s~ '), WD prevailing

from NE and high PM;, (median = 108 pug m™>) lasted from January
26th to February 14th. Low air temperatures and low wind speed led
to formation of temperature inversion within the boundary layer.
PM;, values were permanently above admissible EU daily limit for
PM, o and reached in several cases 300 ug m~> .The post-smog period
(15th-21st Feb) was characterized by increase in T (median
—1.7 °C) and WS (median = 1.1 m s~ '), prevailing WD from NW to
SW and snow precipitation. The precipitation aerosol scavenging
caused fast drop of PM;o concentration and, because of higher wind
speed and breakage of inversion layer, post-smog period median of
PM;, (40.1 pg m~3) was recorded (Fig. 3). On average, the fine and
coarse fractions constituted 80% and 20% of PM;o during the smog
period and 65% and 35% in the post-smog period. For the whole
campaign, the average contributions to PM;q were 77% for fine and
23% for the coarse fraction (Table 1).

3.2. Spatial PM, 5 variability

The primary purpose for the setup of provisional small-scale
network for the PM, 5 was to evaluate conceivable influence of home
heating to the air quality in the residential district. We hypothesized,
the closer PM; 5 monitor to the presumptive source the higher PM, 5
values are being recorded whilst this should be more recognizable
under lower ambient PM, 5 concentrations. Though, the significant
drop of PM; 5 concentrations during the post-smog period (Figure S7),
values of the zs.re > 1.96 indicated (Table S1) there were not statistically
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Fig. 7. Temporal variations of hourly contributions of five factors resolved by PMF to mass of fine aerosol particles.

significant differences amongst the DTs within the small-scale monitor-
ing data for 5-min integrates of PM, 5 for both the period. Also the Pearson
correlation coefficients (Table 2a) and the COD (Table 2b), calculated for
the whole campaign for 5-min PM, 5, were both indicating not statistical
significant differences in the network. Therefore, we may evaluate the
influence of local home heating to PM; 5 level as negligible and also
consider the measurements at the station being representative for the
Ostrava—Radvanice and Bartovice district over the measurement period.

3.3. Shape and composition of airborne-sampled aerosol particles above a
metallurgy complex

The position of the airship during the sampling sequences was
discussed in the chapter 2.1.2. The sampling went at a height about

Table 3

200 m above a sinter/foundry plant of the metallurgy complex during
the post-smog period. Chimneys of the sinter/foundry plant are about
80 m high and the airhip was scanning the air for 10 min. The majority
of aerosol particles sampled aloft the sinter/foundry plants of the metal-
lurgy complex are spherical particles, aggregates of primary ultrafine
particles and rarely chips of melted oxides (Fig. 4). Whilst the majority
of the spherical particles and agglomerates were melted Na and KCI
salts, some chips were observed to be composed of Fe,03 (Fig. 5).

3.4. PMF results

To estimate the optimal number of sources, 3 to 7 factors were tested
for each data set. The Q values, the resulting source profiles, and
the scaled residuals were examined. The Q values are examined as a

Factor contributions to PMg 15_1.15 as resolved by PMF for the whole campaign, smog and post-smog periods.

Coal combustion Sinter production—hot phase Traffic Raw iron production Desulfurization slag processing
Smog 68.7% 13.4% 17.6% 0.2% 0.1%
Post-smog 28.1% 51.2% 7% 13.4% 0.3%
Whole campaign 58.6% 22.9% 15.0% 3.5% <0.05%
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function of the number of factors to identify any possible sharp de-
creases in values indicating the correct choice. The distributions of the
scaled residuals should be symmetric and largely fall between — 2 and
+ 2 indicating a good fit to the data. At the same time the profiles
have to be interpretable in terms of the nature of the sources in the
area and their known or estimated physical/chemical characteristics.
For each data set, the optimum number of factors was chosen based
on an adequate fit of the model to the data and the physically interpret-
able results. The optimal factor number was 5 for the fine fraction (C
fraction 5 and B fraction 6) and 4 for the coarse fraction. Multiple values
of the FPEAK parameter (—0.4, —0.3, —0.2, —0.1, 0, 0.1, 0.2, 0.3, 0.4)
were used to refine the source profiles (Santoso et al., 2011). The opti-
mum solution for both the fine and coarse fractions was chosen to be
no rotation (FPEAK = 0) given that the rotations did not improve the in-
terpretability of the factors and there were no g-space edges that sug-
gested a need for rotation (Paatero et al., 2005). For only the C fraction
data, the optimal solution used FPEAK = — 0.2. This solution produced
more reasonable mass values for each of the four factors. For the B frac-
tion, the optimal solution was FPEAK = — 0.4 based on G-space plots of
traffic versus metallurgical industry and the mass distribution into all
five factors.

3.4.1. Sources of fine aerosol

The five resolved factors in the fine fraction data were assigned as
coal combustion, sinter production—hot phase, traffic, raw iron produc-
tion and desulfurization slag processing. The factor elemental profiles
and the time-series plots of the estimated hourly contributions from
each factor to the PMg 5-1.15 mass are shown in Figs. 6 and 7.

The first factor, coal combustion, was associated with high concentra-
tions of Na, S, As, Br, Cl, OC, and EC (Swietlicki and Krejci, 1996; Almeida
etal., 2005; Han et al., 2005; Rogula-Kozllowska et al., 2012). Neverthe-
less, it is not possible to resolve the coke plant from the other coal com-
bustion sources as district heating plant, the power plant, or from local
home heating given the similarity of their characteristic elemental and
particle size fraction profiles. This factor dominated during the smog
episode when it accounted for 68.7% of PMg 15_1.15 mass. Its contribution
dropped to 28.2% in post-smog period whilst the campaign average
factor contribution was 58.6% (Table 3). Also, this coal combustion
factor correlates well with coal combustion factor for the B and C
fractions separately (r = 0.82 and r = 0.65, respectively) and with the
steel production factor for C fraction (r = 0.71). The CPF plots (Fig. 8)
indicated contributions from the north-northeast-east where the
Czech-Polish border is situated. Given the source directionality and
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Fig. 9. PM; hourly averages measured at two chosen sampling stations of Silesian monitoring network and monitoring station in Ostrava—Radvanice and Bartovice.

multiple high PM;o concentrations, especially at the end of smog
episode recorded in the Silesian measurement network stations, it is
not possible to exclude a contribution due to the cross border transport
from Poland (Lofstedt, 1998; Mira-Salama et al., 2008) (Fig. 9, Figure S8
in Supplemental Materials). The time series plots for hourly PM;q
measured at Ostrava monitoring station at two nearest Polish stations
Cieszyn (24 km to the SE) and Wodzistav (22 km to the NE) show
good correlation r = 0.70 and r = 0.62 respectively. The Polish Silesian
province, area of Rybnik city (Fig. 1) is heavily industrialized with
metallurgical industries along with black coal mining and coke produc-
tion. The by-product of the coal processing, coal-dust, is frequently
burnt by local heating plants that, given their low emission heights,
significantly saturate the inverted layer during the smog period.

The second factor was dominated by high contributions of Na, K, Ca,
and metals, and was ascribed as sinter production—hot phase (Hleis et al.,
2013). The sintering process converts fine-grained raw materials,
including iron ore, coke breeze, limestone, mill scale, and flue dust,
into an agglomerated product, sinter, of suitable size for charging into
the blast furnace. The hot phase is at the beginning of the sinter produc-
tion, where the coke in the sinter mixture ignites. The combustion is
self-supporting and it provides sufficient heat, 1300 to 1480 °C, to
cause surface melting and agglomeration of the sinter mix (US EPA,
1986). The campaign average contribution of the factor to the
PMo.15-1.15 mass was 22.9%. During the smog the factor contributes
evenly (13.4%) to the PMg5_1.15 mass whilst rises near to 51.0%
(Table 3) in the post-smog period, when several peaks were recorded
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Fig. 10. Factor profiles for the resolved factors of coarse fraction by PMF.
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Fig. 11. Temporal variations of hourly contributions of five factors resolved by PMF to mass of coarse aerosol particles.

in association with wind speed increased and blown from the metallur-
gy industrial complex to the station (Fig. 3). The time series plots for fine
fraction show very good correlation r = 0.91 and r = 0.73, with Band C
fractions respectively. The CPF plots (Fig. 8) again pointed to south-
southwest, where the largest metallurgical complex in Czech Republic
is situated.

The third factor, assigned as traffic contained Si, Ti, Cr, OC and EC
with an OC/EC ratio of 1.1 indication of primary aerosol from diesel
engine (Kleeman et al., 2000) Zn, which derives from the combustion
of lubricating oil and Cu from metal brake wear particles (Santoso
et al., 2008; Minguillon et al., 2012). This factor contributes 15.0% to
the mean PMy 5_1.15 mass concentration for the whole campaign,
17.6% for smog and about 7% for post-smog periods, respectively
(Table 3). More than a two-fold decrease in the factor contribution
can be explained by better dispersion within the airshed due to in-
creased wind speeds during the post-smog period. The factor showed
a regular daily pattern (Figure S9 in Supplement material). The traffic

Table 4
Factor contributions to PM; 15_1¢ as resolved by PMF for the whole campaign, smog and
post-smog periods.

Road Sinter production— Coal Raw iron

dust cold phase combustion  production
Smog 62.3% 18.2% 17.5% 2.0%
Post-smog 2.2% 56.3% 14.9% 26.7%
Whole campaign ~ 47.3% 27.7% 16.8% 8.2%

CPF plots (Fig. 8) pointed to the north-northeast-east, to a nearby traffic
circle and road number 59 to Petfvald and Karvina.

The fourth factor was ascribed to raw iron production. Its profile
shows high concentration of metals especially Mn, Fe and Co (Querol
et al.,, 2007; Zhou et al., 2004; Cohen et al., 2010). The factor was
resolved during the post-smog period when, contrary to the smog
period, the mobile station was frequently down-wind of the metallurgy
complex (Fig. 3). In addition, due to the height of the foundry chimney,
its emissions were generally above the inverted layer during the smog
period whilst the plume could mix to the ground during the post-
smog period. As a result, the raw iron production factor was estimated
to contribute 13.4% during the post smog whilst less than 6 fold (0.2%)
to the PMg 15_1.15 mass during the smog period. The campaign average
of the raw iron factor contributions was 3.5% (Table 3). The time series
plots of raw iron production factor with the comparable factors of the B
and C fractions having identical factor profiles show very good correla-
tions with r = 0.98 and r = 0.94 for the B and C fractions, respectively.
The CPF plots (Fig. 8) indicated contributions from the south-southwest,
where the metallurgical complex is situated.

The fifth factor, desulfurization slag processing, was represented by
Na, Ca, V and Ti (Hleis et al., 2013). Titanium enrichment pointed to
use of ferrotitanium, low temperature ferroalloy highly reactive with
sulphur, as cleansing agent for steel. The factor contribution to
the PMg.15-1.15 mass is 0.1% for smog and 0.3% for post-smog
period (Table 3). The desulfurization slag processing CPF plots pointed
to south-southwest, where the metallurgical complex is situated
(Fig. 8).

Concerning source proportionality from the smog to post-smog
period, it should be bear in mind, there were just small increases
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in the contributions to mass and those increases then represented
a larger fraction of the PM mass.

3.4.2. Sources of coarse aerosol

The four resolved factors of coarse fraction were assigned as road
dust; sinter production—cold phase; coal combustion; and raw iron
production. The factor profiles shown in Figs. 10 and 11 present the
time-series plots of the estimated daily contributions from each factor
to the PM; 15_10 mass.

The first factor road dust from re-suspension and abrasion was asso-
ciated with soil components and Cu (Han et al., 2005; Cheung et al.,
2012), and was the dominant source of the coarse aerosol fraction
mass with 62.3% of the campaign mean contribution. A nearly 30
times decrease in the contribution of the road emissions to the coarse
aerosol mass (Table 4) in the post-smog period can be mostly attributed
to the fresh snow cover (Fig. 3). The factor showed a regular daily
pattern of morning and afternoon maxima (Figure S9 in Supplemental
Materials). The time series plots of this road dust and the traffic factor
from fractions B + C show a good correlation (r = 0.59). The CPF
plots correspond with each other (Fig. 8).

The second factor assigned as sinter production—cold phase was
represented by high contributions of Na, Cl and metals (Hleis et al.,
2013). The cold phase follows the hot phase of the sinter production.
The fused sinter is cooled and at the end of the sinter strand is
discharged, crushed, and screened. The factor contributed by 27.7% to
the PM; 1510 mass during the whole campaign. Its contribution is
more or less constant during the smog (13.4%) but significantly
increased (51.3%) during the post-smog period (Table 4). Such increase
can be attributed to higher wind speed and change in direction to the
south-southwest (Fig. 3), where the sinter production facility is located
The CPF plot also indicated contributions from the south-southwest,
where the metallurgical complex is situated (Fig. 8).

The third factor was associated with high concentrations of Na, S, Cu,
and K. The factor was ascribed to the coal combustion (Almeda et al.,
2005). Combustion in the local heating sources with low emission
heights frequently burn coal dust that produces coarse particle fly ash
emissions. The coal combustion contributed by 16.8% to the PM; 15_10
mass during the whole campaign. There was not significant change in
this source contribution during smog or post-smog periods. The time
series plots show a reasonable correlation r = 0.50 with B 4 C factor
ascribed as coal combustion. The CPF plots match the corresponding
fine fraction factor (Fig. 8).

The fourth factor, raw iron production, was characterized by Co, Fe,
Mn, Pb, and Ca (Han et al., 2006; Mazzei et al., 2008). The factor contrib-
uted to the PM 1510 mass by 8.2% during the whole campaign. Similarly
to raw iron production factor contribution to fine aerosol mass, the
factor was distinct during the post-smog (26.7%) when the wind
speed increased and blew from the south-southwest where the steel
mill is situated. The B 4+ C and A time series plots of raw iron production
show good correlation (r = 0.68).

4. Conclusion

The PMF analysis of hourly size-resolved elemental composition of
aerosol particles reveals four sources of coarse and five of fine aerosol
particles in Ostrava—Radvanice and Bartovice district during the
campaign in January and February 2012. Coal combustion, sinter and
raw iron production, and motor vehicular emissions were common
sources for both the PM size fractions whilst desulfurization slag
processing was found to contribute for fine aerosol fraction only. The
high Na content was common to all the metallurgy-associated aerosol
sources. Such a source composition agrees with spherical salt particles
sampled aloft at about 200 m height above the large metallurgy
complex near the receptor site. Contrary to expectation, road salt was
not resolved during this study probably due to effective scavenging
by the snow. The contributions of the apportioned sources varied

significantly with meteorology conditions. During the smog period,
when low air temperatures and low wind speed led to formation of
temperature inversion within the boundary layer, coal combustion
and road dust contributed the most to fine and coarse aerosol masses,
respectively. Since a long-time temperature inversion results in well-
mixed air masses below the inversion layer, it was not possible to
resolve the specific sources of coal combustion. However, during the
post-smog period, when ambient air temperature and wind speed
raised and changed direction so as the station was frequently in the
down-wind direction from the nearby metallurgy complex, the cold
and hot phases of sinter production were found to contribute about
50% to both airborne particle size fractions. Also raw iron production
was well resolved and found to contribute about 30% to coarse and
15% to fine aerosol mass during the post-smog period. The size segregat-
ed aerosol source apportionment revealed the importance of fugitive
and coal combusting low-height aerosol sources during the inversion
period and industrial aerosol emissions during post-smog period to
the urban air quality of the Ostrava—Radvanice and Bartovice district
during the winter period.
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Table 1. The table for Wilcoxon signed-rank test for 2 dependent samples z score for PM2.5
values from smog period 26.1. — 14.2. 2012 (a) and form post-smog period 15.2. —
21.2. 2012 (b).

a)

DT2 | DT4 | DTS5 | DT6 | DT7

DT1 8.4 35.1 | 48.0 14.9 8.5

DT2 40.1 | 436 | 34.8 7.4

DT4 49.0 | 23.8 29.4

DT5 40.3 | 46.7

DT6 Zeit = 1.96 17.7
b)

DT2 | DT4 | DTS5 | DT6 | DT7

DT1 | 115 | 133 | 126 6.8 8.0

DT2 164 | 342 | 126 | 316
DT4 35.1 8.3 19.9
DTS5 199 | 29.6

DT6 Zeit = 1.96 9.6
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ABSTRACT

Positive Matrix Factorization — PMF was used to apportion sources of fine (PMg 15.1.15)
and coarse (PMy.15.10) aerosol particles in a residential district of Mlada Boleslav for the
period of the 14" — 27" February 2013. The PMF was applied to hourly concentrations of
organic/elemental carbon in fine aerosol and 27 elements in fine and coarse aerosol
particles. Multiple-site measurement by PMjq monitors complements the source
apportionment. Since there were not statistical significant differences among the
monitors, the source identification derived for the central site data is expected to apply to
whole residential district. A biomass (49 %) and coal (34 %) combustion, traffic (16 %)
and industry (1 %) were being identified sources of fine aerosol while biomass and coal
combustion (80 %), road dust (14 %), and abrasion (6 %) were revealed sources of coarse
aerosol particles. Substantial influence of biomass and coal combustion is rather
surprising for the residential district composed mainly of block of flats with district
heating. Nevertheless, high correlation between temporal variation of combustion sources
and concentrations of levoglukosan, mannosan, hopan, R+S-homohopan and picene,
tracers of biomass/coal combustion, confirmed source apportionment of fine aerosol

particles.

Keywords: PMogs.1.15; PM115.10; Positive Matrix Factorization, Highly time resolved

elemental composition; Rotating drum impactor



1. Introduction

The deterioration of air quality primarily caused by elevated concentrations of airborne
particulate matter (PM) is worldwide problem of cities situated in proximity to industrial
areas (Sivacoumar et al. 2001; Sun et al., 2004; Karar and Gupta 2006; Querol et al.,
2007; Vecchi et al., 2008; Fang et al., 2009; Juda-Rezler et al., 20011; Taiwo et al.,
2014).

City of Mlada Boleslav, Czech Republic, PM monitored in the most populated residential
district (population of 19000 of 45000) of Mlada Boleslav situated in immediate
proximity to automobile factory exceed the 24 hours limit values for PMyo set by
European directive 2008/50/CE between 2008-2013 twice (2010 and 2011 with 44 and 55
exceedances respectively; CHMI, 2012).

The development of cost-effective strategies depends critically upon a quantitative
knowledge of the contribution of different sources to PM concentrations
(Taiwo et al., 2014). The receptor models have proven to be a useful tool to apportion
PM sources (Watson et al., 2002; Viana et al., 2008, Belis et al., 2013). To obtain most
accurate results in apportionment studies for the identification of ambient pollution
sources, size segregated aerosol measurement with high time resolution is required
(Zhou et al., 2004; Ogulei et al., 2005; Han et al., 2006; Peré-Trepart et al., 2007; Vecchi
et al, 2009; Bernardoni et al, 2011, Richard et al, 2011).
Positive Matrix Factorization — PMF, developed by Paatero (1997), is a powerful tool to
apportion the sources of ambient PM at the receptor site.

The objective of presented study is to apportion sources of PMg 15.1.15 and PMy 15.19 at the

residential district of Mlada Boleslav during February 2013.

2. Material and methods

2.1. PM measurements

2.1.1. Monitoring station

The campaign was conducted within the period of the 14™ — 28" February 2013. A
mobile isothermal station was placed at single site at the sports field in a residential
district of Mlada Boleslav (GPS: 50°25'32.50"N — 14°54'54.42"E) (Figure 1). A Davis



Rotating-drum Uniform-size-cut Monitor — 3DRUM (Delta Group UC Davis) was used
to collect particles in three size ranges. The 3DRUM sampler is a modified version of the
original 8DRUM instrument described by Cahill et al., 1985. There were three stages
instead of eight, circular jets replaced with slits and flow rate increased in the 3DRUM
sampler. Particles of aerodynamic diameter of 1.15 — 10 um (PMy.15.10) Were considered
as the coarse aerosol, while other two size ranges 0.34 — 1.15 um (denoted as B fraction),
and 0.15 — 0.34 um (denoted as C fraction) were summed to provide a 0.15 — 1.15 um
fraction designated as the fine aerosol (PMg1s.1.15). Particles were collected on Mylar
substrates lightly greased with Apiezon™ at a flow rate of 21.5 L.min™ and the strips
were analysed for 27 elements with an integration time of 1 hour. Hourly aerosol mass
concentrations were calculated from five minute integrates of the number size
distributions recorded by an Aerodynamic Particle Sizer (APS-3321, TSI) and a Scanning
Mobility Particle Sizer (SMPS 3963L25, TSI) with particle density set at 1.5 g.cm™
(Shen et al., 2002). Five minute integrates of PMio mass concentrations were conducted
by a Beta attenuation monitor (FH 62 I-R, Thermo ESM Andersen). A linear regression
between SMPS-APS and Beta hourly PMyo concentrations was rather tight (R? = 0.87,
Figure 2) and confirmed correctness of aerosol particle density used for number-to-mass
size spectra conversion. Hourly concentrations of organic and elemental
carbon — OC/EC in PM;5 (Sunset) were measured in semi continuous regime (45 minute
collection and 15 minute analysis) using the NIOSH protocol (Birch and Cary, 1996).
Size-integrates samples of 24 hours PM; were collected on quartz fibre filters (150 mm
diameter, Whatman QM-A) using a high-volume (30 m*.h™) sampler (DHA-80, Digitel,)
equipped with a PM; size selective inlet. Complete meteorology including wind
speed — WS and wind direction — WD (WindSonic M, Gill), temperature — T (Comet
200-80/E), and precipitation by disdrometer (Laser Precipitation Monitor, Thies) were
recorded concurrently.

2.1.3. PM3p monitoring network

In parallel with the measurements at the station, a small-scale (Chow et al, 2002) network
of 9 laser photometers, DustTrak — DT (8520, TSI), was deployed to measure 5 minute
PMjo concentrations. Initially, these units were collocated at the central site to permit



intercomparison of their performance and calibration of the individual monitors. Eight
instruments (DT6 — 13) were distributed in the residential area of Mlada Boleslav and
DTS5 in the nearby village Plazy (Figure 1). DT13 was placed on the roof of monitoring
station of the Czech Hydrometeorological Institute. Inter-DT distances range from 650 to
5000 m (Table 1).
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Figure 1. Outline map of Czech Republic showing city Mlada Boleslav and detailed map
of the sampling site with location of the monitoring station, network of PMjg
monitors — DT5-13.

To correct for an error of photometric PM, s detection, values recorded by the DTs were
linearly regressed with 5 minute integrates of PMjo calculated from SMPS and APS
number size spectra with particle density of 1.5 g.cm™. The regression, with intercept set

for zero, had a slope value of 0.32 and R® = 0.83. Therefore, the DT values were



multiplied by a single correction coefficient 0.32 to get real PM, values for the whole

campaign.
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Figure 2. Comparison of hourly PM;o mass concentrations between SMPS-APS and Beta
for the period of the 17— 27" Feb 2013.

2.2. Gravimetric and chemical analyses
The quartz filters of the high-volume sampler were burned at 500°C for 24 hour prior-to

sampling to remove organic contaminants. The PM; mass was determined by weighing
filters at a microbalance (M5P, Sartorius) equipped with a special large plate to allow
weighing of 150 mm quartz filters. Collected aerosols were analysed for Polycyclic
Aromatic Hydrocarbons — PAHs, hopanes and cholestane, alkanes, acyclic isoprenoids,
monosaccharide anhydrides, sacharides, resin acids, picene and methoxyphenols. More
details on the GC-MS analysis can be found in our recent papers (Kitimal et al., 2010;

Kitmal et al., 2013). In this paper results for levoglukosan, mannosan, hopan,

R+S-homohopan and picene are presented.



The DRUM samples were analyzed for 27 elements (Mg, Al, Si, P, S, CI, K, Ca, Ti, V,
Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, As, Se, Br, Rb, Sr, Y, Zr, Mo and Pb) using synchrotron
X-ray fluorescence (S-XRF) at Lawrence Berkeley National Laboratory
(DELTA Group, 2008; Cahill, 2011).

Table 1. Summarizing of DustTrak - DT PM3o monitors, GPS positions and height of the
DT’s placement.

DustTrak Coordinates ;Zicge?rt] eo:tD(Is
DT5 50°24'52"N - 14°58'25"E 16
DT6 50°24'40"N - 14°54'11"E 135
DT7 50°25'34"N - 14°54'18"E 145
DT8 50°26"23"N - 14°55'37"E 34
DT9 50°26"2"N - 14°54'38"E 17
DT10 50°25'53"N - 14°55'15"E 24
DT11 50°24'54"N - 14°552"E 104
DT12 50°24'43"N - 14°55'45"E 17.5
DT13 50°25'43"N - 14°54'50"E 35

2.3. Data analysis

2.3.1 PMyg spatial variability

Inter-DT variability of PMj, data was evaluated by coefficients of divergence (COD)
(Kim et al, 2005). The COD approaches zero or unity if there is large similarity or
discrepancy between the sites. The critical value of the COD is 0.2. (Pinto et al, 2004).

2.3.2 Positive Matrix Factorization
Positive Matrix Factorization (EPA PMF 4.2.0.0.) was applied to the data to obtain

source profiles and their contributions. The data matrix was prepared in compliance with



the procedure described in Polissar et al., 1998. The below detection limit (DL) values
were replaced with the value DL/2 and (5/6)*DL was used as corresponding uncertainty
values. The number of DL values ranged up to 29 % according to species and the size
fraction. The missing data were replaced by arithmetic mean species values and
uncertainty values by triple of the arithmetic mean. The number of missing values ranged
up to 14 % according to species and the size fraction. The species elimination was used
for Ga (in all fractions) and As (in fraction A and C) because of large percentage of
missing data (> 40 %). The matrix of uncertainties corresponding to each species
concentration in the measurement matrix was calculated according to the
recommendations of Polissar et al. (1998) based on analytical protocol provided by
Lawrence Berkeley National Laboratory. The analytical uncertainties of OC/EC were
multiplied by 4. In the PMF model, there were the species classified according to the
signal to noise ratio as strong, weak and bad variable (Paatero and Hopke, 2003). Mg, P,
Se, Br, Rb, Sr, Y, Zr, Mo, Pb were bad in all size fractions and excluded from the fit. Al,
S, Cl, K, Mn, Co were classified as weak in the A fraction and Al, Si, Cl, OC, EC in B+C
fraction. PMy, as a total variable, was set weak.

The data matrices for the model consisted hourly PM mass as an independent variable
and elemental concentrations for PMo.15.0.34, PMo34-1.15, PMo15.115 and PM115.10. The
mass concentrations were calculated from the 5 min APS and SMPS data. The PMy5
OC/EC data were included in the fine aerosol matrix. The final matrices had 320 rows
(samples) and 28/26 columns (species/elements) for fine and coarse matrix respectively.
First, all the three aerosol size fractions were modelled separately and then as fine and
coarse fractions. The PMF results are presented for fine and coarse fraction but also all
three aerosol size fractions PMF modelling results will be discussed. The PMF results for

separate B and C fractions are presented in the Supplement material (Figures S1-S6).

2.3.3 Conditional Probability function
To determine directionality of local sources, the conditional probability function (CPF)
(Ashbaugh et al., 1985; Kim et al., 2003) was calculated using source contribution

estimates resolved by the PMF analyses and the wind speed and direction values



measured at the site. Here, the 60 minutes factor mass contributions were combined with

5 min meteorological data. CPF is defined as:
CPF = mAelnAg

where myg is the number of occurrences from wind sector A6 that are in the upper 25
percentile of the fractional contributions and n,g is the total number of observations from
the same wind sector. In this study, AB was set at 30° and about 62 % of observations of
wind speeds < 1 m.s™ were excluded from this analysis. The sources are likely to be

located in the directions that have high conditional probability value.

3. Results and discussion

3.1 Atmospheric conditions

The measurement campaign was conducted from 14™ to 27" January 2013. The campaign
was characterized by mild winter T (median = -2.2°C), low WS (median = 1.3 m.s™),
WD prevailing from NE (NW) and PMyo values below admissible EU daily limit for
PMyo (median = 28.7 ug.m™) (Figure 3). On average, fine and coarse aerosol particles
constituted 89 % and 11 % of PMy (Table 2).

Table 2. Campaign averages of mass concentration of the three aerosol size fraction.

Size fraction Median (ng.m™) Mean (pg.m) SD
A 1.15- 10 pm 25 42 4.2
B 0.34—1.15 um 17.3 21.2 14.8

C 0.15-0.34 pm 8.4 8.5 4.0
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Figure 3. Temporal variation of PMjo and meteorological data recorded during the
measurement campaign (WD/WS — grey dots, T/Precipitation — black line).

3.2 Spatial PM, s variability

Since there were not statistically significant differences among the DTs within the
small-scale monitoring data for PM;o (Table 3) we consider the measurements at the

station being representative for the residential district over the measurement period.

Table 3. COD for 5 minute PMy, values determined by DustTrak — DT monitors for the
whole campaign 14" — 27* Feb 2013.

DT6 | DT7 | DT8 | DT9 | DT10 | DT11 | DT12

DTS5
0.157 | 0.137 | 0.134 | 0.144 | 0.128 | 0.141 | 0.127

DT6
0.141 | 0.125| 0.161 | 0.121 | 0.089 | 0.117

DT7
0.094 | 0.077 | 0.085 | 0.114 | 0.098

DT8
0.107 | 0.077 | 0.109 | 0.104

DT9
0.081 | 0.129 | 0.117

DT10
0.087 | 0.087

DT11
0.089




3.3 PMF results

To estimate the optimal number of sources, 2 to 7 factors were tested. The Q values, the
resulting source profiles, and the scaled residuals were examined. The optimum number
of factors was chosen based on the most physically reasonable results and an adequate fit
of the model to the data. The optimal factor number was 4 for fine fraction (C fraction 3
and B fraction 5) and 3 for coarse fraction. The FPEAK parameter (-0.5, -0.4, -0.3, -0.2,
-0.1, 0, 0.1, 0.2, 0.3, 0.4, 0.5) was used to refine the source profiles. The optimum
solution was chosen to be for all fractions with no rotation (FPEAK = 0).

3.3.1. Sources of fine aerosol

The four resolved factors of fine fraction were assigned as biomass combustion, coal
combustion, traffic and industry. The factor elemental profiles and the time-series plots of
the estimated hourly contributions from each factor to the PMg 15.1.15 mass are shown in
Figure 4 and 5.

The first factor, biomass combustion, was associated with high concentrations of Cl, K,
Zn, OC and EC (Kleeman et al. 1999; Watson et al., 2001; Kim et al., 2003). Factor
contribution was significant primarily during the weekends 16™ — 17" and on the
23" — 24™ February. The contribution increased in the afternoon with midnight maxima,
which adverts to biomass burning in the local heating boilers in the suburb area of the
city and on average contributes by 49 % to mass of fine aerosol particles. Also, this
biomass combustion factor correlates well with biomass combustion factor for assigned
solely for B fraction (r = 0.84) and with biomass and coal combustion assigned for C
fraction (r = 0.84). The biomass combustion factor time series correlated well with
concentrations of levoglucosan and manosan, specific tracer for wood burning (Simoneit
et al., 1999; Bernadoni et al., 2011; Qadir et al., 2014) (Figure 6). Levoglucosan was the
most abundant organic compound determined in all the 24 hour PM; samples collected
during the campaign. The CPF plots pointed to northeast-east (Figure 7). The second
factor was dominated by high contributions of S, K, EC and OC (Swietlicki and Krejci,
1996; Almeida et al., 2005; Han et al., 2005, Rogula-Koztlowska et al., 2012) was
ascribed as coal combustion. Factor contribution to PMg1s.1.15 was significant in the

beginning of the campaign, characterised by calm wind up to 1 m.s™ and mild cold
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average -2°C. The campaign average contribution of the factor to the PMjy 5.1 15 mass was

34 %. The time series plots for fine fraction correlates well with coal combustion factor

for solely B fractions (r = 0.91) and with biomass and coal combustion for C fraction

(r = 0.54). The factor time series correlated well with concentrations course of picene

specific tracer for brow coal combustion (Oros and Simoneit, 2000; Zhang et al., 2008;

Qadir et al. 2013) (Figure 8). Disproportion between the concentration of R- and

S-isomer of 17a(H),215(H)-homohopane indicates different emission sources of aerosols.
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Figure 6. Temporal variation of contribution of biomass burning and 24-hours
concentration of levoglucosan and manosan for fine aerosol particles.

Higher concentration of R isomer than the concentration of S isomer indicates that the
studied location was influenced mainly by emissions from coal combustion while the
contribution of traffic emissions was small. The so-called homohopane index [S/(S+R)],
the ratio of the concentration of R- and S-isomer of the 17a(H), 215(H)-homohopan, was
in the range 0.012 — 0.074 (mean 0.05), which indicates emissions from combustion of
lignite as main representative of combusted coal and brown coal combusted in minor
range too. The CPF plots indicated contributions from south-southwest (Figure 7).

The third factor, assigned as traffic contained soil elements, OC and EC. In addition, Cu,
which derives from metal brake wear particles (Vecchi et al., 2008; Richard et al., 2011,
Minguillon et al.,, 2012). This factor includes tailpipe and non-tailpipe vehicular

emissions. Factor contribution to PMg 15.1.15 Was constant during the whole campaign and
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Figure 7. Wind directional indices for biomass and coal combustion, traffic and industry
contributing to fine aerosol and road dust and abrasion contributing to coarse aerosol
particles in Mlada Boleslav.

it contributes 16 % to the mean PMy15.1.15 mass concentration. The time series plots of
raw traffic factor with the comparable factors of the B and C fractions having identical
factor profiles show good correlations with r = 0.75 and r = 0.54 for the B and C
fractions respectively. The CPF plots pointed to south-northeast to the nearby streets
(Figure 7).
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Figure 8. Temporal variation of contribution of coal burning factor and 24-hours

concentration of picene for fine aerosol particles.

The fourth factor was ascribed to industry. Its profile shows high concentration of Mn,

Fe, Cu nad Zn (Querol et al., 2007; Zhou et al

; Cohen et al., 2010). The significant

., 2004

factor peaks on 15" and 25" February were caused by wind-direction shift with

prevailing wind from east. The factor contribution to the PMg5.1.15 mass was 1 % on

average. The time series plots for fine fraction show correlation r = 0.46 and r = 0.94,

indicated contributions from

with B and C fractions respectively. The CPF plots

east-northeast, where the nearby automobile factory is situated (Figure 7).

3.3.2 Sources of coarse aerosol

The three resolved factors of coarse fraction were assigned as biomass and coal

combustion, road dust; abrasion. The factor profiles are shown in Figure 9 and 10



presents the time-series plots of the estimated daily contributions from each factor to the
PM 15.10 mass.

The first factor biomass and coal combustion was associated with S, K and metals
(Almeida et al., 2005; Hahn et al., 2005; Hien et al., 2001), and was the dominant source
of the coarse aerosol fraction mass with 80 % of the campaign mean contribution. The
time series plots of this factor and the factors biomass and coal combustion from fractions
B+C show a good correlation (r = 0.41 and r = 0.89). The CPF plot points to
southwest-northeast and matches plots of the corresponding fine fraction factors
(Figure 7).

The second factor assigned as road dust was represented by high contributions of soil
components (Han et al., 2005; Cheung et al., 2012). The factor contributed by 14 % to the
PM; 15.10 mass during the whole campaign. The CPF plot primarily points south-southeast
to car park of the sports field and shopping centre (Figure 7).

The third factor, abrasion of car brakes and tyres, was characterized by Cu and Zn
(Peré-Trepart et al., 2007; Thorpe and Harrison, 2008). The factor contributed to the
PMj 15.10 mass by 6 %. The CPF plots points to the nearby streets (Figure 7).

3.3.3 Sources of PMyg
Coal and biomass combustion was dominant source of PM; (82 %) followed by traffic
(17 %) and industry (1 %).
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Figure 10. Temporal variations of hourly contributions of five factors resolved by PMF to

mass of coarse aerosol particle.



4. Conclusion

The PMF analysis of hourly size-resolved elemental composition of aerosol particles
reveals three sources of coarse and four of fine aerosol particles in residential district of
Mlada Boleslav in February 2013. Combustion and traffic were common sources for the
both PM size fractions while industry was found to contribute for fine aerosol fraction
only. The high time resolved sampling allowed capture daily trends of biomass
combustion especially during the weekends. Contrary to expectations, biomass
combustion was the main contributors to PMg1s.115 followed by coal combustion. The

PMF results were supported with PM; analysis for biomass and coal combustion tracer.
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SUPPLEMENTAL MATERIALS

Figure Captions

Figure 1. Factor profiles for the resolved factors of C fraction (PMg1s.034) fraction by
PMF.

Figure 2. Temporal variations in the estimated contributions from the three factors of C
fraction resolved by PMF.

Figure 3. Contribution of factors to PMg 15.0.34 as resolved by PMF.

Figure 4. Factor profiles for the resolved factors of B fraction (PMg34-1.15) fraction by
PMF.

Figure 5. Temporal variations in the estimated contributions from the five factors of B
fraction resolved by PMF.

Figure 6. Contribution of factors to PMg 34115 as resolved by PMF.



Concentration of species ng m™

104

Biomass and coal combustion

ot

s

>

A m

20

Traffic

Il

A

[

e

ol

1 80
1 60
1 40
1 20

~  Industry
A

B A
i A,

A A
e m
T 5 05 x §F &5 5 &8 3 8§

Element

100

80
60
40

0
100

% of species

100

1 80
! 60
1 40
1 20

Figure 1. Factor profiles for the resolved factors of C fraction (PMg.15.034) fraction by

PMF.
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Figure 2. Temporal variations in the estimated contributions from the three factors of C

fraction resolved by PMF.
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Figure 3. Contribution of factors to PMg 15.0.34 as resolved by PMF.
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Figure 5. Temporal variations in the estimated contributions from the five factors of B

fraction resolved by PMF.
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Figure 6. Contribution of factors to PMg 34115 as resolved by PMF.



