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Vazené kolegyné, vazeni kolegové,

klani mezi Cechy a Moravany, & spise mezi Prazaky a Briiany dopadlo smirné, a tak se letosni
konference Ceské aerosolové spole¢nosti kond na neutrdlni pQdé v Treboni. Tradiéni navitévu
vinného sklipku tak nahradi exkurze do mistniho pivovaru. Utéchou pro milovniky dobrého vina m@ze
byt Miillerova vinotéka v Novohradské brané, pfimo u vchodu do pivovaru. Mozna diky této
kombinaci a dvéma pFilehlym vyhlasenym rybim restauracim Supina a Supinka je letosni konference
s 25 prispévky nejvétsi.

Letosni Evropské aerosolové konference v Granadé se Ucastnilo 18 ceskych reprezentantd.
Jak jsem loni slibil, skupinové foto ¢asti naseho tymu prikladam.

Na této konferenci také skoncilo naSe predsednictvi v Evropské aerosolové asociaci
(European Aerosol Assembly, EAA), béhem kterého jsme vytvofili oficidlni slozku Gplnych dokumentd
EAA a iniciovali vznik nové pracovni skupiny ,Indoor and Working Place Aerosols“. Z nasich dalSich
aktivit je potfeba také pfipomenout Evropskou aerosolovou konferenci, Praha 2013, jejiz poradani se
nam podafilo prosadit na loriském zasedani vyboru EAA.

Zavérem bych rdd upfimné podékoval nasemu tradiénimu sponzorovi, firmé ECM ECO
Monitoring spol. s.r.o.

Praha, 8. 10. 2012 Jiri Smolik
predseda CAS
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IDENTIFIKACE ZDROJU PM;.10 V MESTSKEM OVZDUSI
Petra POKORNA?, Jan HOVORKA?, Philip K. HOPKE?

!Ustav pro Zivotni prostiedi, Pfirodovédecka fakulta UK v Praze,
petra.karkulin@post.cz

2 Center for Air Resources Engineering and Science and Department of Chemical Engineering,
Clarkson University, Potsdam, USA

Klicova slova: data s vysokym ¢asovym rozliSenim, PM1.;, 3DRUM impaktor, receptorové
modelovani, Pozitiv Matrix Factorization

SUMMARY

In summer 2008 and winter 2010 sampling campaigns were conducted in center of Prague.
Datamatrix of 90 and 60 minute (summer and winter data respectively) integrates of PM;.;; mass
concentrations, derived from size distributions (0.5 — 20 um) recorded by an APS, and elemental
composition of size fraction (1.15-10 um) for 27 elements sampled by 3DRUM and analyzed by SXRF,
were evaluated by positive matrix factorization (PMF) to resolve the possible sources of PM,_, in this
area. PMF was optimized for six factors. They were: road dust, factor with high Ca, bioaerosol in
summer/combustion in winter, two industrial factors of high concentration of ferrous and non-
ferrous metals and marine aerosol. The factor ratio to the PMj,; mass concentration varied
seasonally. The conditional probability function (CPF) was then used to resolve identify of the
sources; traffic (abrasion and resuspension) — source of road dust, construction work — source traced
by Ca, organism — source of bioaerosol in summer/local heating — source traced by S and K in winter
and industry. The source of marine aerosol from the North Sea and the Biscay Bay was also indicated
by HYSPLIT.

UuvoD

Diky védeckym poznatkim doslo za poslednich ctyficet let k vyvoji standardl regulujicich
kvality vnéjSiho ovzdusi od stanovovani TSP k méfeni velikostnich skupin aerosolu PMj, a PM,s.
V soucasnosti zvazuje U.S. EPA vyhlaseni narodniho standardu kvality vnéjsiho ovzdusi (National
Ambient Air Quality Standards, NAAQS) pro hrubé c&astice PMyg,s jmenovité v méstskych a
venkovskych oblastech, jez by v dlsledku vedlo ke zménéni definici standardu PMg na PMyg.,5 (U.S.
EPA, 2006). Tato planovana zména uznava vyznam meéreni hrubych ¢astic a daleZitost identifikace
jejich zdrojli. Z dvodu kratké doby setrvani ¢astic hrubého aerosolu (aerodynamicky pramér >1um)
v atmosfére, jeZz se pohybuje od hodiny po jeden az dva dny, lze zdroje hrubého aerosolu nalézt
vmisté C¢i blizkém okoli sledované lokality — receptoru. Receptorové modelovani zdrojl
atmosférického aerosolu metodou Positive Matrix Factorization (PMF) umoziiuje odhadnout pocet a
sloZeni zdroju, stejné jako jejich podil na receptoru (Paatero, 1997).

Pfispévek se zabyva odhadem zdroji hrubého aerosolu o velikostni frakci PMy.,o metodou PMF
aplikovanou na data hmotnostnich koncentraci a elementarniho slozeni PMy_;5 s vysokym c¢asovym
rozlisenim ziskanych v pribéhu letni a zimni kampané v centru Prahy.

MERENI

Mé&reni byla provadéna na stfede Ustavu pro Zivotniho prostiedi PfF UK na Praze 2 v obdobi
09. — 31.08. 2008 a 04. — 18.03. 2010. Koncentrace 27 prvkd byly stanovené metodou SXRF



spektrometrie (ALS Berkeley) v aerosolu velikostni frakce A (1,15-10 um) odebirané s integracni
dobou 90 a 60 minut (letni respektive zimni data) 3 DRUM impaktorem (Davis Rotating Unit for
Monitoring, California University - Davis). Hmotnostni koncentrace PM,_, s integrac¢ni dobou 90 a 60
minut byly spocitany z velikostnich distribuci v rozsahu 1,17-10 um stanovenych aerodynamickym
spektrometrem castic - APS (APS-3321, TSI) s integracni dobou 5 minut. Soucasné byla
zaznamendvana 5 minutova meteorologicka data (rychlost a smér vétru, teplota, relativni vihkost a
globdlni radiace). Pro vypocet nejistot do matice nejistot byla pouZita rovnice uijk + dif*/3; u,-,-k -
analyticka nejistota a d,jk — analyticky detekcni limit pro vzorek i, prvek j a odbérovou lokality k
(Pollisar a kol., 1998). Pripravené matice byly analyzovany receptorovym modelem EPA PMF 4.2.0.0 a
Cast vystupl z modelu spolu s hodnotami sméru a rychlosti vétru byla pouZita pro urceni polohy
zdrojli metodou PCF (conditional probability function). Pro identifikaci dalkového pfenosu byl pouZit
model zpétnych trajektorii vzdusnych mas HYSPLIT.

VYSLEDKY

Hodnoty koncentraci PM;.4o v prabéhu zimni kampané byly v prdméru vyssi, nez kampané
letni, pFicemZ koncentrace prvk( zemské kary (Mg, Al, Si, Fe) a S byly v 1été Fadové vyssi (Obr. 1).
Podil hrubé frakce aerosolu na PMy, tvofil v letnim obdobi v priméru 24.5 % a obdobi zimnim 17.8 %.
Pomoci PMF bylo ziskdno pro obé sledovana obdobi 6 faktor(: silnicni prach, faktor svysokym
obsahem Ca, faktor s vysokym obsahem Zn, mofsky aerosol, bioaerosol v |été/spalovani fosilnich
paliv ¢i biomasy v zimé a faktor s vysokym obsahem kovi. Podil faktor( se na celkové koncentraci
PMj.10 se sezénné lisil.

H1Ato2008 EZima2010

Koncentrace [ng/m?]

é& ?\“ 5N g o + &4 S 2 o} ,Qg\“ <‘vz,“i P (4 AL Qe **

Prvky a PM, 5.1y pouZité v modelu

Obr. 1: Hmotnostni koncentrace prvkl a PM,.4y pouZita pri identifikaci zdrojl pomoci PMF.
* Letni hodnoty hmotnostnich koncentraci byly vydéleny faktorem 10.
** Hmotnostni koncentrace PMy.1o je uvedena v pg/m°.

letnim obdobi nejvyssi podil, 25.7%, na celkové koncentraci PMy., tvotil morsky aerosol obohaceny o
prvky zemské kury, které prispivaly velkou c¢asti k faktoru s vysokym obsahem Ca stanovenym jako
stavebni aktivita (19.5 %) a silni¢nimu prachu (18.8 %). Faktor bioaerosol byl uréen na zakladé vysoké
koncentrace S, Ka s ohledem na roc¢ni obdobi tvofil 16.5 %. Dva industridlni faktory byly stanoveny
na zakladé vysokého podilu kovl a tvofily 19.4 % (Obr. 2).
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Obr. 2: Procentudlni zastoupeni jednotlivych prvk( u Sesti faktord a podil jednotlivych faktorl na

PMy 4o ziskanych PMF u dat namérenych v pribéhu letni kampané.

V zimnim obdobi nejvyssi podil 31.5 % na celkové koncentraci PMy.;o na sledované lokalité tvofil
silni¢ni prach. Industridlni faktor s vysokym obsahem Zn pfispival 27.5 % a Ca faktor tvofil 15.6 %.
Faktor spalovani fosilnich paliv ¢i biomasy byl stanoven na zakladé vysokého podilu S a K. Chemicky
profil s vysokym obsahem Cl a Mg byl ur¢en jako morsky aerosol (8.1 %). Faktor s vysokym obsahem
kov( tvofil 7 % (Obr. 3).
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Obr. 3: Procentualni zastoupeni jednotlivych prvk( u Sesti faktor( a podil jednotlivych faktor( na
PMy.4o ziskanych PMF u dat namérenych v pribéhu zimni kampané.

Na zakladé modelovych vystupli svysokou c¢asovym rozliSenim a pomoci metody PCF byly
identifikovany tyto zdroje: doprava (abraze a resuspenze) zdroj silni¢niho prachu, stavebni aktivita
zdroj aerosolu s vysokym obsahem Ca, Zivé organismy jako zdroj bioaerosolu v letnich mésicich/ v
zimnich mésicich lokalni topenisté zdroj aerosolu s vysokym obsahem Sa K a primysl jako zdroj
aerosoll s vysokym obsahem kovi. Model HYSPLIT potvrdil dalkovy pfenos vzdusnych mas z oblasti
Severniho mofre a Biskajského zdlivu, tedy zdroj mof¥ského aerosolu
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ZAVERY
Na zakladé receptorového modelovani bylo uréeno Sest faktord PM;,,. Poloha a
identifikace zdrojli PM,.;; byla nasledné stanovena pomoci metody PCF a modelu HYSPLIT. UzZiti dat

s vysokou integracni dobou v PMF umoZnilo postihnout ¢asovou variability zdrojl pfispivajicich
k hmotnostni koncentraci PM,.,y, coZ usnadnilo jejich naslednou identifikaci.

PODEKOVANI

Prace wvznikla vramci projektu VaV SP/1a3/149/08 MZP ,Stanoveni koncentraci
atmosférického aerosolu s vysokym ¢asovym rozlisenim za uc¢elem odhadu jeho zdrojd a toxicity”.
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SUMMARY

Emissions from different sources create a very complex mixture in the air both in qualitative
and quantitative terms. Their composition is the result of distribution of the sources in space and
time, their size and characteristics of the pollutants on one side, and meteorological and climatic
conditions on the other.

Departure of Highway Engineering of the Faculty of Civil Engineering by the University of Zilina has
taken a part in an project, that aims the monitoring of formation of dust particles from road
transport depending on road surface and traffic intensity. During the project the monitoring was
focused to measurement various fractions of particulate matter and 17 heavy metals in the PMy,
fraction. The aim was to identify sources of particulate matter by statistical methods.

The problem solving assumes knowledge of multivariate statistical data analysis methods as principal
components analysis (PCA), factor analysis (FA) and multivariate regression and vector algebra. For
the methodology application is also appropriate software needed.

The STATISTICA program software and the method of PCA and FA were used to quantify the
contributions of individual sources of air pollution to solid particles. Data matrix with rows
corresponding to individual measurements (samples) and columns corresponding to variables
(measured pollutants) served as input for calculations. Pollutants characterizing the sources of
pollutions were selected as variables.

UvoD

Katedra cestného stavitelstva Stavebnej fakulty Zilinskej univerzity riesi projekt, ktorého cielom je
sledovanie tvorby prachovitych castic z cestnej dopravy a ich kontaminacie kovmi v zavislosti od
druhu povrchu vozoviek a intenzity dopravy [Duréanskd, 2011; Decky, Duréanska, 2008].

Tazké kovy patria medzi zakladné skupiny kontaminujucich Iatok, ktoré sa sleduju v réznych zlozkach
Zivotného prostredia. Ide o pomerne rozsiahlu skupinu kontaminantov, ktoré sa vyznacuju
variabilnymi zdrojmi svojho pévodu a v mnohych pripadoch aj r6znymi ndzormi odbornej verejnosti
na ich posobenie na zdravotny stav obyvatelstva.

Predmetom monitoringu podla zdkona [Zdkon ¢. 137/2010 Z. z.] st prvky: As, Cd, Hg, Pb a Ni. Tieto sa
vSeobecne povazuju za najskodlivejsie pre ludi a zvieratd. Ich limity stanovuje vyhlaska [Vyhlaska €.
360/2010 Z. z.]. Nebezpetné mbzu byt aj niektoré dalsie prvky, ktoré st v malom mnozstve v pédach
a rastlinach potrebné, ked sa vsak nahromadia vo velkom mnozstve, m6zu pbsobit este toxickejsie
nez skor uvedené prvky. Takto sa mézu prejavit: Cr, Co, Sn, Sb, Cu, Ni, Ag, Au, Zn, Mo, V, Mn, Fe
a dalsie [Durza, 2003].

Tieto prvky sa viaiu na jemné astice aerosélov. Tazké kovy sa dostdvaju do Zivotného prostredia
cestou prirodnych a antropogénnych procesov. Prirodné zdroje zahriiuju in situ zvetravacie procesy a
atmosférickl depoziciu kovov, oceanické procesy a vulkanické erupcie. Antropogénne zdroje
zahriuju spalovanie fosilnych paliv na vyrobu elektrickej energie, tazbu a spracovanie rud,
priemyselné procesy, polnohospodarske aktivity a neustdle sa zvySujucu prevadzku motorovych
vozidiel.
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STANOVENIE MNOZSTVA TUHYCH CASTIC A KOVOV

Merania pevnych &astic si uskutoériované pri mestskej komunikéacii v Ziline pravidelne 4-krat do
roka. Cielom je dlhodobé sledovanie pomerného zastupenia tuhych c¢astic v ovzdusi a ich spravanie
sa vzhfadom na okolité podmienky. V druhej faze projektu sa realizuje chemicky rozbor tuhych ¢astic
a urcenie ich mozného zdroja.

Pre zistovanie mnoizstva pevnych castic v ovzdusi je pouzivana referenénd metdda podla [STN EN
12341] a [STN EN 14907]. Na meranie su pouZivané nizko objemové prietokové vzorkovace LECKEL
LVS3 v pocte 3 kusy. Subeine su merané tri frakcie tuhych ¢astic PMy,, PMys a PM; 4. SU zachytavané
na nitrocelulézové filtre priemeru 47 mm a gravimetricky vyhodnocované.

Monitorovanie ovzdusia pozdi? cestnej komunikacie prebieha v tyzdennych meracich cykloch.

Pevné Castice viazu na seba rozne prvky a zlG¢eniny. Skimat vietky chemické stéasti pevnych Castic,
by bolo zloZité a finanéne naroc¢né. V prvej etape sme sa zamerali na sledovanie obsahu vybranych
tazkych kovov vo frakcii PMy,. Kazdy z tychto kovov mébze pochadzat z konkrétneho zdroja (Tab. 1).
Na zaklade dostatocne Sirokej databazy udajov je mozZné s vyuZitim viacrozmernych Statistickych
metdd (analyza hlavnych komponentov, faktorova analyza) blizsie Specifikovat mozny zdroj tychto
pevnych Castic.

Zdroj Vybrané kovy
Cestnd doprava Obrus povrchu vozovky Al, Si, Ca, Mg, C, Na, K
Obrus sucasti automobilov Cu, Sn, Cr, Pb, Cd, As, Sb, Fe, Al
Obrus sucasti brzd Cu, Sb, Ba
Obrus pneumatik Zn, Cd, Pb, Cu
Spalovanie pohonnych hmét Mo, V
Katalyzator Pt, Pa, Rh (Platinum metals)
Spalovanie uhlia a odpadu Zn, Sb, Cu, Cd, Hg, Se, As, Cr, Co, Al
Priemysel Sb, Ag, V, Ni, As, In, Cu, Mn, Ce, Co, Cr, Pb
Spalovanie biomasy K
Pé6dny a mestsky prach Ti, Al, Fe, Mn, Cr, Cu, Th

Tab. 1: Zdroje kovov obsiahnutych v pevnych casticiach — vSeobecne [Adamec, 2008], [Weinbruch,
Ebert, 2004],[Gatari a kol., 2006],[Vojtesek, Mikuska, Vecera, 2009],[Harrison, Thorpe, 2008]

Na identifikaciu alebo stanovenie pritomnej chemickej formy sledovaného prvku vo vzorke tuhych
Castic sa vyuZivaju spektroskopické metédy. Rozbory filtrov a stanovenie kovov vo frakcii PMy, sa
realizuje podla normy [STN EN 14902].

Pred stanovenim anorganickych Skodlivin boli exponované filtre rozlozené zmesou kyselin (HNO3
a HF) a oxidacnych Cinidiel s ndslednym stanovenim metdédou hmotnostnej spektrometrie s indukéne
viazanou plazmou ICP MS (Perkin-EImer ELAN 6000 -USA) v spolupraci s Prirodovedeckou fakultou
Univerzity Komenského v Bratislave [Bujdos a kol., 2012].

POUZITE STATISTICKE METODY

Pre Statistické spracovanie boli vybrané viacrozmerné Statistické analyzy PCA — Principal component
analysis (analyza hlavnych komponentov) a FA — Faktor analysis (faktorova analyza).

Zakladnym cielom PCA je transformdcia pévodnych znakov x; j=1, .., m, do men3ieho poctu
latentnych premennych vy;. Tieto latentné premenné maju vhodnejsie vlastnosti: je ich vyrazne
menej, vystihuju skoro celt premenlivost pévodnych znakov a st vzajomne nekorelované.

X=TxP +E (1)

Zdrojovd matica X je rozlozend na sudin TP' a na maticu rezidui E, kde matica T je matica
komponentnych skére, P" je transponovana matica komponentnych vah.
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V procese faktorovej analyzy (FA) sa odhaduju tzv. faktorové zataze jednotlivych premennych
(polutantov) pre ten-ktory vygenerovany faktor. Faktorové zataze su vyjadrenim korelacii medzi
jednotlivymi premennymi a ziskanymi faktormi. Na zaklade hodnot faktorovych zatazi mozno teda
pre kazdy faktor urcit skupinu premennych, ktoré s nim najtesnejSie koreluju. Naopak -
prostrednictvom faktorovych zatazi sa priradi identifikovanému faktoru miera vplyvu na kazdu z
jednotlivych premennych. Premenné s najvyssimi faktorovymi zatazami pre ten-ktory faktor su
smerodajné aj pri interpretacii tohto faktora.

V maticovej forme dostdvame model FA v tvare:

X=AxF+E (2)

X je pbvodna zdrojova matica dat, A je matica faktorovych zatazi, F sa nazyva faktorova matica
amatica E je matica chybovych ¢lenov. Dalej predpokladdme, 7e nahodné vektory F aE su
nekorelované. Pre FA sa odporuca minimalne 5, optimalne aZ 20 vzoriek na jednu premennd.
Vhodnost pouzitia faktorovej analyzy sa overuje testom KMO - Kaiser-Meyer-Olkin a MSA — mierou
stupna vnutornej korelacie [Meloun, Militky, 2004], [Meloun, Militky, Hill, 2005], [Meloun, Militky,
Hill, 2012].

Pre odhad prispevku jednotlivych zdrojov PM sa pouZiva metdda absolutnych komponentnych skdre
(Absolute Principal Component Scores) — APCS v spojeni s viacrozmernou regresnou analyzou — MRA.
Pre ziskanie faktorovych skdre s fyzikdlnym zmyslom sa pocita matica APCS tak, Ze najprv sa spocita
vztazna hodnota Fy, ktora sa odéita od vypocitanej matice F podla vztahu

APCS = F - F,. (3)
F je matica faktorovych skére.
-1
F=(AKD 'xA) xAXD " xx5 (4)
-1
Fo=(AKD ' xA) xAKD %X, (5)

Pouzitim linedrnej regresnej analyzy MRA, kde PM je zavisla premenna a APCS su nezavislé
premenné, mozno ziskat prispevky jednotlivych identifikovanych zdrojov. Tie sa spoditaju zo
ziskanych regresnych koeficientov ich vynasobenim priemernou hodnotou APCS pre kazdy spolo¢ny
faktor ako absolutny prispevok, ktory sa z celkovej koncentracie PM prepocita na percentudlny
prispevok zdrojov [Huzlik, Li¢binsky, Mikuska, 2011].

STATISTICKA ANALYZA NAMERANYCH VYSLEDKOV

K analyze zdrojov tuhych Castic boli pouzité koncentracie 17 kovov a PMy,. Prvotny model bol
skonstruovany zo vsetkych premennych (18 premennych a 62 objektov). Premenné sa rozdelili do
Styroch faktorov, ktoré vysvetlovali 86,3 % povodného rozptylu dat, ale neboli dostatocne Cisté.
Finalny model bol vsak zaloZeny na koncentracidach mensieho poctu kovov (Al, Cr, Cu, Sb, Ba, Pb, Cd,
Mo, Mn, Fe, Zn) a PMy,, ktoré davaju relevantné vysledky na dvoch faktoroch (12 premennych a 62
objektov). Po vyluceni prvkov Na, As, Ni, V, Mg, a Ca boli faktory CistejSie a vysvetleny bol o nieco
vacsi rozptyl znakov.

K zisteniu vhodnosti pouzitia faktorovej analyzy boli vypocitané kritéria KMO = 0.92 a MSA > 0,8 (pri
véetkych premennych). Bartlettov test sféricity: kritérium = 1060,056, stupne volnosti = 66, P =
3,946244¢e"”°, Podla nich je poufitie faktorovej analyzy opodstatnené.

KedZe pri faktorovej analyze je potrebné zvolit najskér pocet faktorov, a az potom mdze prebehndt
samotny vypocet, v prvom kroku bola uskuto¢nend analyza hlavnych komponentov. Z nej vyplynul

mozny pocet hlavnych komponentov, ktoré dostatocne charakterizuju rozptyl znakov. Podla Obr. 1
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mbzeme zvolit pocet hlavnych komponentov 2. Dva hlavné komponenty charakterizuju 86,91 %
celkového rozptylu pévodnych znakov.

Vlastné ¢isla korelaénej matice Faktor. zataze, faktor 1 ku faktoru 2
11 1,0
| "y
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Obr. 1: Graf vlastnych Cisiel korela¢nej matice Obr. 2: Graf faktorovych zatazi — FA

Pre faktorovu analyzu boli zvolené 2 faktory. PouZita bola rotacia faktorov Varimax. Na Obr. 2 MoZno
vidiet rozmiestnenie premennych v grafe faktorovych zatazi a k nim prislusné faktorové zataze pre
faktor 1 afaktor 2. Faktorové zadtaze moino vysvetlit ako koreldcie medzi faktormi aznakmi.
Predstavuju najdolezitejsiu informaciu, na ktorej je zaloZenad interpretdcia faktorov.

Ku kazdému faktoru prispievaju niektoré prvky (znaky). Za rozhodujuce faktorové zataze sa zvolili
hodnoty blizke alebo vacsie ako 0,7. Na zaklade zastupenia prvkov v jednotlivych faktoroch, faktory
mozno pomenovat.

Faktor 1: Cu, Pb, Cd, Cr, Zn, PM,. Faktor 2: Al, Sb, Ba, Mo, Mn, Fe.
Vysledky APCS:

Vystupy z viacrozmernej regresnej analyzy

Estimate Std. Error t value Pr(>|t])
(Nerozligené) 7,499 3,338 2,246 0.0284 *
APCSFactorl 29,997 1,320 22,730 <2e™® ok
APCSFactor2 12,924 1,313 9,841 4,67¢* ok

Vsetky premenné (faktory) su v modeli vyznamné (***) avo velkej miere prispievaju ku
koncentraciam PMp.

Koeficient determindcie popisuje podiel celkového rozptylu, ktory mozno objasnit linedrnym
vztahom. Vtomto pripade ma hodnotu R? = 0.906, ¢o znamend, 7e linedrny vzfah objasfiuje
dostatoéne velku ¢ast celkového rozptylu. Hladina vyznamnosti P < 2.2e™® je velmi mala, poufitie
daného modelu je teda dostatocne vyznamné.

Priemerné absolutne prispevky faktorov k PMy, [pg/m?>]:
NerozliSené  APCS1  APCS2
APCS 7,50 16,05 28,87

Priemerné percentudlne prispevky faktorov (%) k PMy:

NerozlisSené APCS1 APCS2
APCS 14,31 30,61 55,10
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ZAVERY

K identifikacii povodu tuhych castic na spominanom meracom stanovisti sa vyuzitie faktorovej
analyzy ukazalo ako vhodné. Z faktorovej analyzy vyplynulo, Ze pévodny subor dat (znakov) mozno
vysvetlit niekolkymi faktormi. Dva faktory vysvetluju 86,91 % celkového rozptylu pévodnych znakov.
Pomenovanie jednotlivych faktorov je moziné na zaklade znakov (prvkov), ktoré charakterizuju
konkrétny faktor. To je tiez podmienené predpokladom, z akych zdrojov mézZu jednotlivé prvky -
tazké kovy, pochadzat. Prehlad o povode mozno Cerpat z predoslych vyskumov inych autorov. Na
sledovanom stanovisti sa predpokladd ako dominantny zdroj tuhych castic automobilova doprava.
Vychadzame z predpokladu, Ze sledované kovy pochdadzaju zroznych sucasti automobilov a
komunikacie (tab. 1). Na zaklade vysledkov faktorovej analyzy a predpokladanych zdrojov boli
pomenované faktory 1 a 2 nasledovne: faktor 1 — predovsetkym obrus pneumatik , faktor 2 —
predovsetkym obrus brzd a sucasti automobilov.

Vysledky Statistickej analyzy uvddzanej vtomto prispevku reprezentuju data ziskané pocas dvoch
rokov merani. Tie boli uskutocnované 4-krat do roka, v kazdom rocnom obdobi. Z modelovania
metddou APCS a s pouzitim uvedenych vstupnych dat vyplynulo, Ze obrus pneumatik prispieva
k tvorbe PM,, 30,61 %, obrus bfzd a sticasti automobilov 55,08 % a neidentifikovana ¢ast 14,31 %.
Uréenie prispevku jednotlivych zdrojov ktvorbe PMy, je moiné spresnit pocétom vybranych
chemickych prvkov a zlucenim, na zdklade ktorych su Statistické analyzy uskutocriované. V naSom
pripade bola analyza realizovand na zaklade vybranych 11 tazkych kovov aPMy, ktoré su
charakteristické pre cestni dopravu.
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POROVNANI CHARAKTERISTIK ORGANICKYCH AEROSOLU V ZIMNI A LETNi SEZONE
V PRAZE

Otakar MAKES, Petr VODICKA, Jaroslav SCHWARZ
Oddéleni aerosolovych studii, Ustav chemickych procest AV CR, v.v.i., Praha, makes@icpf.cas.cz

Klicova slova: Atmosférické aerosoly, AMS, tracer, priméstska stanice

SUMARRY

This study provides aerosol characteristics of two campaigns. The first one took place in July
2010 at Prague suburban site Suchdol and the second one took place in December 2010 at the same
place. The objective of this study is to compare the results and find out differences between summer
and winter aerosols.

UuvoD

V priibéhu roku 2010 byla na pfiméstské stanici v Praze na Suchdole provadéna méreni
pomoci aerosolového hmotnostniho spektrometru (AMS). ToF-AMS je vykonnym meéficim
instrumentem, ktery je schopen poskytnout v redlném case zaroven informace o velikostnim i
chemickém sloZeni atmosférického aerosolu pro ¢astice do praméru 1um.

MERENI

Pfedstavend data byla ziskdana béhem 2 meéficich kampani probihajicich po dobu 1 mésice
v Cervenci a srpnu 2010 v aredlu UCHP (Praha — Suchdol). MéFici stanovisté se nachazi ve vzdalenosti
cca 200 m od silnice s hustotou dopravy kolem 15 tisic aut za den, cca 30 m od zastavby rodinnych
doma. V zimnim obdobi lze predpokladat znaény nardst emisi z topenist, nejblizsi zastavba je ale
vybavena plynovym vytapénim. Na stanici byla zaroven provadéna zakladni meteorologicka méreni
(smér a rychlost vétru, teplota, vlihkost) a méreni koncentraci vybranych plynt a frakce PM10
v atmosfére. Diky tomu se nabizi porovnani koncentraci jednotlivych sloZzek aerosoll s koncentracemi
plyn(.

Jako zastupci organickych frakci byly vybrany fragmenty m/z 43, m/z 44 a m/z 57, kde m/z
predstavuje pomér hmoty fragmentu ku jeho naboji. Tyto fragmenty byvaji pfi AMS analyzach bézné
vyuzivany jako tracery. Hmotu m/z 43 (C3H7+, C2H30+) predstavuji pfevainé neoxidované nebo
malo oxidované fragmenty, zatimco hmota m/z 44 (COO+) je naopak zdstupcem oxidovanych
fragment(. Hmota m/z 57 (C4H9+, C3H50+) byva vyraznéji pfitomna pfi procesech spalovani. (L.-Y.
He et al., 2010).

VYSLEDKY

Na Obr. 1 jsou znazornény denni trendy koncentraci vybranych sloZek aerosolu v jednotkach
ug.m>, které byly naméfeny bé&hem mésict &ervence a prosince 2010. Z obrazk(l je ziejmé, Ze
koncentrace vsech slozek aerosolu je vzimnim obdobi nékolikandsobné wvyssi. Zaroven také
koncentrace jednotlivych sloZek v letnim obdobi méné osciluji v prilbéhu dne. Na Obr. 1 je vidét, Ze
v prosinci dosahuji jednotlivé frakce organiky svych maxim mezi 16. — 18. hodinou, zatimco v ¢ervenci
koncentrace dosahuje nejvyssich hodnot mezi pulnoci a 2. hodinou. Déle je patrné, Ze se v zavislosti
na rocni dobé méni velikost podilu, které jednotlivé frakce zaujimaji z celkového mnozstvi aerosolu.
Vice tento rozdil vynikne na Obr. 2.
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Obr. 1: Koncentrace vybranych sloZek organiky a celkového mnoZstvi organiky v lednu a cervenci

July December

Obr. 2: Relativni zastoupeni vybranych sloZzek organického aerosolu

ZAVER

conc. Org [Ug m]

Béhem zakladniho vyhodnoceni bylo zjisténo, Ze koncentrace aerosolu byla v zimnim mésici
na mérici stanici na Suchdole nékolikandsobné vyssi, nez v letnim. Rovnéz byly zaznamendny
odlisnosti ve sloZeni aerosolu a dobé kulminace dennich primérl. Zvyse zminénych zmén lze
usoudit, Ze vyrazny vliv na sloZzeni aerosolu v okoli méfici stanice budou mit faktory sezénniho
charakteru. Prvnim faktorem bude zfejmé provoz lokélnich topenist rodinnych domu. To nepfimo
potvrzuje i narlstu podilu objemu frakce org57. Druhym faktorem pak bude nizka teplota mezni
vrstvy atmosféry, diky niz dochdzi k utlumeni konvektivniho pohybu vzdusnych hmot, tedy

vertikdlniho promichavani atmosféry.
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SUMMARY

Urban aerosol particles in the size fraction PM2.5 were collected in Ostrava in winter 2012.
Aerosols were analysed for molecular markers of selected emission sources, especially combustion of
coal and wood, traffic etc.

UuvoD

Atmosférické aerosoly vedle nepfiznivych vlivl na Zivotni prostfedi plsobi skodlivé také na
lidské zdravi (Brunekreef a Holgate, 2002). Dlouhodobd expozice vysokym koncentracim
atmosférického aerosolu se projevuje zvySenim uUmrtnosti, poctu nadorovych onemocnéni plic
a kardiovaskularnich onemocnéni. Skodlivost atmosférickych aerosold na lidské zdravi je dana nejen
velikosti jejich ¢astic, ale i jejich chemickym sloZenim. Znalost chemického sloZzeni atmosférickych
arosoll je nezbytna jak pro urceni potencidlniho zdravotniho rizika aerosoll, tak pfi identifikaci
emisnich zdrojd aerosolu.

Prispévek se zabyva studiem chemického sloZeni atmosférickych aerosolll frakce PM2.5
v Ostravé-Radvanicich se zamérenim na analyzu vybranych organickych sloucenin, tzv. molekulovych
markerl, které jsou pouZivany pfi identifikaci emisnich zdroji aerosolld (Simoneit, 2002; Kramal
a kol., 2012).

EXPERIMENTY

Vzorkovani aerosolll probihalo v Ostravé — Radvanicich v zimnim obdobi v terminu 26.1. —
21.2.2012. Aerosolové castice ve velikostni frakci PM2.5 byly vzorkovany po dobu 24 hodin pomoci
velkoobjemového vzorkovace (DHA-80, Digitel, 30 m3/h) na kifemenné filtry.

Exponované kiemenné filtry byly po zvaZeni rozstfihdny na nékolik kusd pro analyzu
organickych slouéenin a toxikologickou analyzu aerosol@l. Casti filtru uréené pro analyzu organickych
sloucenin byly extrahovany rlznymi rozpoustédly v zavislosti na typu analyzovanych sloucenin.
Studované slouceniny byly po separaci na koloné se silikagelem (tj., PAHs, hopany, alkany) nebo po
derivatizaci s MSTFA/TMCS v pfitomnosti pyridinu (tj.,, anhydridy monosacharid(i, sacharidy
a markery spalovani dfeva) analyzovany metodou GC-MS

VYSLEDKY A DISKUSE

Hmotnostni koncentrace aerosold PM2.5 v priibéhu celé vzorkovaci kampané se pohybovaly
v rozmezi 32-288 pg/m3 (Obr. 1). S ohledem na smér vétru lze rozdélit odebrané vzorky aerosol( na
2 zékladni skupiny. 1. skupinu tvofi vzorky odebrané v obdobi 26.1. — 12.2.2012, kdy foukal prevainé
severovychodni vitr, zatimco u vzork( z 13.2. — 21.2.2012 prevazoval jihozapadni smér vétru (2.
skupina).

V aerosolech odebranych v Ostravé byly analyzovany anhydridy monosacharidd (indikator
spalovani biomasy), polyaromatické uhlovodiky (doprava a nedokonalé spalovani), sacharidy
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(spalovani dreva, rostlinné metabolity, pldni mikroorganismy), markery spalovani dreva, hopany
a sterany (doprava, spalovani uhli) a dalsi alifatické uhlovodiky (picen, phytan, pristan, ...), které
slouzi jako indikatory emisi ze spalovani uhli ¢i emisi z dopravy.

Detailni vysledky budou prezentovany béhem konference.

Obr.1 Hmotnostni koncentrace aerosoll v pribéhu kampané v Ostravé
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ZAVER
Koncentrace aerosold PM2.5 odebrané v Ostravé-Radvanicich ve studovaném obdobi
vétSinou vyrazné prevysovaly limitni hodnoty aerosol(l frakce PM10. Aerosoly byly analyzovany na
obsah vybranych organickych sloucenin, tzv. molekulovych markert, které slouZi jako indikatory
hlavnich emisnich zdrojl aerosold, predevsim spalovani fosilnich paliv, biomasy, dfeva, dopravy atd.
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INTRODUCTION

Aerosol mass size distribution is a key factor that influences aerosol behavior both on local
(health effects, visibility) and global (global warming) level. The content of water soluble ions is the
most important factor controlling hygroscopic behavior of aerosol particles. Hygroscopicity is
a substantial parameter for particle deposition in lungs, particle — cloud interactions, aerosol optical
effects etc. Therefore we studied size distribution of water soluble ions in two Central European
capitals — Prague and Vienna. In this work, the results from summer campaigns are presented.

EXPERIMENTAL

The measurements were done at an urban background sampling site Suchdol located in the
NW suburbs of Prague on the campus of the Institute of Chemical Process Fundamentals (ICPF) at
277 m a.s.l. The closest road with traffic density 10-15 thousands car per day is located about 200 m
from the site. The area can be characterized as residential with the closest house being placed about
30 m from the site. The sampling point was about 4 m above ground, on the roof of sampling
container. The sampling period was from 27" June to 7" July 2012, 11 samplings were done in total.
Each sampling took 23 hours.
The Vienna urban site was located on the roof of Faculty of Physics about35 m above ground, close
to the inner court of the building. The building is located in downtown Vienna but there is only little
traffic on the roads next to the building. The sampling period in Vienna was from 17" to 30" July
2012, with 9 samplings done in total. Each sample in Vienna took 23 hours with exception of the
samples taken over the weekends. Those two samples took 71 hour each.
The instrument used for size selective sampling was a small deposit area cascade impactor (SDI) with
12 stages and operating at flow rate of 11 I|/min. The cut diameters of the stages were 0.041, 0.087,
0.15, 0.23, 0.34, 0.52, 0.73, 0.99, 1.50, 2.38, 4.21, and 7.98 um (Maenhaut et al. 1996). The samples
were extracted with ultrapure water using 30 min ultrasonic bath and 1 hour shaking. The extracts
were analyzed using Dionex 5000 system both for cations and anions in parallel.

RESULTS

The obtained results on mass size distributions of water soluble ions exhibit common basic
features usual for ambient atmospheric aerosols. Sulfates and ammonium were almost exclusively
present in fine mode. Fine nitrates were mostly low due to high summer temperatures, but they had
always distinct coarse mode, sometimes dominating their size distribution. Normal size distribution
of ammonium and sulfates were often almost identical being therefore in equilibrium and showing
their crucial influence on hygroscopicity in fine fractions in summer. Calcium had a common size
distribution dominated by coarse mode and showing prevailing influence of local dust resuspension.
Magnesium was maybe the only one species where it is possible to suggest different levels on both
sites despite the different periods of sampling. Two sources were apparently present — a sea salt
having modal maximum around 2 um and a resuspension dust with modal maximum at 6 um. The
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sea salt mode identification was based on sodium concentration having its maximum at 2 um in all
sampling days at both sites and with sodium to magnesium ratio in some cases. However, this ratio is
always at least partially influenced by magnesium from resuspended dust. Similarly as in Schwarz et
al. (2012) most of chloride in sea salt was replaced by nitrates. The size distribution of chlorides was
highly variable, often having two modes but with maxima at different sizes. The size distribution of
potassium suggests non-negligible influence of biomass burning especially during some sampling
days. During our measurement periods, the biomass burning influence was better visible in Prague
than in Vienna. The examples of measured mass size distributions of Nano equivalents of water
soluble ions in Prague and Vienna are shown in fig. 1.
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Fig. 1: Examples of mass size distributions of water soluble ions measured at Prague Suchdol on 1%
July 2012 and in the center of Vienna on 19" July 2012. Concentrations are in neq/m>. The Prague
example shows aerosol influenced by sea salt together with probable influence of biomass burning,
Vienna size distribution shows the relatively important influence of resuspended dust, but in both
cases the absolute aerosol concentrations were very low.
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SUMMARY

Determination of chloride, fluoride, nitrate, sulfate, oxalate and ammonium bounded to
aerosol by sampling on nitratecellulose filters is influenced by positive and negative interferences of
gaseous pollutants. Interferences of gaseous pollutants during sampling of aerosols on teflon filters
were eliminated by including of annular diffusion denuder in front of the filter.

UuvoD

Atmosférickym aerosollim je vénovana zvysena pozornost predevsim kvuli jejich vlivu na
zemské klima a lidské zdravi (Novakov a kol.,, 1996; Seinfeld a kol., 1998). Pro zjisténi zdroja
atmosférickych aerosoll a miry jejich zdravotniho rizika je nutné znat koncentraci a chemické sloZeni
aerosold. Aerosoly jsou vétsinou vzorkovany na filtry, materidl a typ filtr( se voli dle analyzovanych
sloucenin.

Prispévek se zabyva porovnanim koncentraci aniont(l a kationtl v atmosférickém aerosolu
frakce PM1 vzorkovaného paralelné na nitratceluldzové a teflonové filtry.

EXPERIMENTY

Atmosférické aerosoly frakce PM1 byly vzorkovany ve Slapanicich a v Brné v letech 2009
a 2010 po dobu jednoho tydne (24-hod vzorky) v letnim a zimnim obdobi. Aerosoly byly vzorkovany
na nitratcelulézové filtry (porozita 3 um, prdmér 150 mm, Sartorius) pomoci velkoobjemového
vzorkovace (DHA-80, 30 m?/h, Digitel). Cast nitratcelulézového filtru byla extrahovéna deionizovanou
vodou v ultrazvukové lazni a nasledné bylo stanoveno 6 vybranych aniont( (fluoridy, chloridy,
dusitany, dusi¢nany, sirany a $tavelany) a 4 kationty (Na*, K', NH," a Ca**) pomoci iontové
chromatografie (ICS-2100, Dionex).

K paralelnimu vzorkovani aerosolt na teflonové filtry (porozita 1 um, primér 47 mm, typ
Zefluor, PALL) byl pouZit nizkoobjemovy vzorkova¢ (pratok 1 m3/h). Mezi cyklonovy inlet (1 um, URG)
a teflonovy filtr byl zafazen anularni difizni denuder (Mikuska a kol., 2012), kterym byly eliminovany
interference plynnych polutantd (NHs;, NO,, HNO;, HONO, SO,, O;, HCI, VOC, apod.). Exponované
teflonové filtry byly extrahovany v deionizované vodé v ultrazvukové lazni a nasledné byly
analyzovany stejné anionty a kationty jako u nitratcelulézovych filtrQ.
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VYSLEDKY A DISKUSE

Ze srovnani koncentraci jednotlivych aniontl na teflonovych (ZF) a nitratceluldzovych filtrech
(NC) v rlznych rocnich obdobich (zima a léto) je patrné, Ze vyssi koncentrace byly zjistény na
nitratcelulézovych filtrech pro fluoridy (s vyjimkou zimy 2009), chloridy, dusi¢nany (s vyjimkou zimy
2009) a Stavelany. Koncentrace sirand byly vyssi na NC filtrech pouze v roce 2010. Dusitany mély
vySsi koncentrace na NC filtrech pouze v 1été 2009 a nizsi v zimé 2009 a lété 2010. V zimé 2010
nebyly dusitany na NC filtrech detekovany.

Vyssi koncentrace vySe uvedenych aniontl na nitratcelulézovych filtrech jsou zplsobeny
pozitivnimi interferencemi plynnych polutantd v dGsledku jejich zachytu na aerosolech jiz
zachycenych na NC filtrech, zatimco v pfipadé vzorkovani aerosolll na teflonové filtry byly tyto
interference odstranény predrazenim anularniho difuzniho denuderu pred filtr nizkoobjemového
vzorkovace. Nizké koncentrace dusitand na NC filtrech v letnim obdobi jsou pravdépodobné
disledkem oxidace dusitand na dusi¢nany plsobenim ozénu a jinych oxidacnich ¢inidel pfitomnych
v analyzovaném vzduchu béhem jejich prosavani pres NC filtry (negativni interference).

Amonné kationty (Obr. 1, Obr. 2) maji vzdy vyssi koncentrace na nitratcelulézovych filtrech,
protoZe zde opét dochazi k pozitivnim interferencim v disledku zachytu plynného amoniaku. Tyto
pozitivni interference jsou u teflonovych filtr potlaceny predrazenim anuldrniho difuzniho denuderu
pred vzorkovaé. Sodné a draselné kationty mély srovnatelné koncentrace na obou typech filtru
(nitratceluldzovém i teflonovém) v 1été i zimé po oba roky, kdy probihalo vzorkovani (2009, 2010).
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Obr. 1: Porovnani koncentraci amonnych iontd ve Slapanicich v zimé a été 2009 na teflonovych (ZF)
a nitratcelulézovych (NC) filtrech.
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Obr. 2: Korelace koncentraci amonnych iontd v zimé a |été 2009 na teflonovych (ZF)
a nitratcelulézovych (NC) filtrech.



ZAVER

Stanoveni chlorid(, fluoridd, dusiénand, $tavelan( a amonnych iontl v aerosolech na zakladé
jejich vzorkovani na filtry je zatiZzeno pozitivnimi interferencemi, pfipadné negativnimi interferencemi
(v pripadé dusitan() plynnych polutant(, které se vyskytuji soucasné s aerosoly v analyzovaném
vzduchu. Interference plynnych polutant( Ize snadno eliminovat predrazenim anuldrniho difazniho
denuderu pred filtr, na ktery jsou aerosoly vzorkovany.

PODEKOVANI
Tato prace byla podporovana grantem GA CR €. P503/12/G147 a vyzkumnym zamérem
Ustavu analytické chemie AV CR, v.v.i., €&. RVO: 68081715.

LITERATURA

Novakov T., Corrigan C. E., Cloud condensation nucleus activity of the organic component of biomass
smoke particles, Geophys. Res. Lett., 23, 2141-2144, (1996).

Seinfeld J. H., Pandis S. N., Atmospheric chemistry and physics, John Willey and Sons, New York,
(1998).

Mikuska P., Vecera Z., Bartosikova A., Maenhaut W., Annular diffusion denuder for simultaneous

removal of gaseous organic compounds and air oxidants during sampling of carbonaceous
aerosols, Anal. Chim. Acta, 714, 68-75, (2012).

28



25 LET MONITORINGU ATMOSFERICKYCH AEROSOLU NA OBSERVATORI CHMU KOSETICE
Milan VANA
Cesky hydrometeorologicky Ustav, observatof Kosetice, milan.vana@chmi.cz
SUMMARY

KoSetice Observatory (OBK), operated by the Czech Hydrometeorological Institute (CHMI) was
established in 1988. The observatory is located in free area outside of settlement (49°35" N, 15°05°E,
534 m above sea level) and represents the Czech Republic in several international monitoring
programmes under the Convention of Long-Range Transport of Air Pollution (CLRTAP) as EMEP and
ICP-IM. OBK is currently involved in F7 project ACTRIS (Aerosols, Clouds, and Trace gases Research
Infrastructure Network). The priorities in the field of environmental monitoring and research
changed several times in the last quarter of the century. The most important problem in the first
stage was sulphur. Political and economic changes after the fall of the iron curtain brought a general
drop in industrial production and later significant changes in the structure of the industry. These
changes were reflected in reduction of sulphur emissions in the Czech Republic by almost 90%.
Negative effect of surface ozone on human health and vegetation was considered to be one of the
most serious environmental problems in last two decades. Currently the most serious environmental
problem is the negative effect of atmospheric aerosols on human health. Monitoring of atmospheric
aerosols is the main topic of the presented contribution.

UVOD A HISTORICKE SHRNUTI

Observatof Ko3etice (OBK) byla zaloZena vroce 1988 jako specializované pracovisté Ceského
hydrometeorologického ustavu (CHMU), zabyvajici se monitoringem kvality ovzdusi (a v $ir§im pojeti
kvality pfirodni slozky Zivotniho prostiedi) v regiondlnim méfitku. Zabezpeceni ucasti byvalého
Ceskoslovenska a nasledné Ceské republiky bylo rozhodujicim impulsem pro vznik observatofe
a ucast v nich pak celou dobu existence vyznamnou mérou urcovala jeji vyvoj. Plvodni program
GEMS (Global Environment Monitoring System - Globalni systém monitorovani prirodniho
prostiedi), v jehoZ vychodoevropském subsystému nasSe observatof byla zafazena, byl koncipovan
velmi Siroce. Jeho hlavni cilem bylo detekovat trendy a zpracovat realistické progndzy zmeén
v prirodnim prostredi na globalni a regionalni Urovni. V tomto pojeti monitoringu méla vedle méreni
kvality ovzdusi a srazek své rovnocenné misto i méreni hydrologicka (kvantita i kvalita), pedologicka a
biologicky monitoring. Vroce 1990 vychodoevropsky subsystém programu GEMS ukondil svou
¢innost v souvislosti se zanikem RVHP a dominujici dlohu v mezindrodnich aktivitach observatore
prevzaly aktivity pod Konvenci o dalkovém prenosu skodlivin pfes hranice statld v Evropé (CLRTAP)
a zavazka vyplyvajicich z ¢lenstvi ve Svétové meteorologické organizaci (SMO).

Pod zastitou CLRTAP je realizovan Program EMEP (Co-operative Programme for Monitoring and
Evaluation of the Long Range Transmission of Pollutants in Europe — Kooperativni program
monitorovani a hodnoceni dadlkového pfenosu znecisténi ovzdusi v Evropé, prechazejiciho hranice
stattl). Jeho hlavnim cilem je predkladat spolehlivé védecké dlkazy k podpore, rozvoji a hodnoceni
politik ochrany Zivotniho prostredi. Pod konvenci CLRTAP spada i program tzv. integrovaného
monitoringu ICP-IM (International Cooperative Programme on Integrated Monitoring of Air
Pollution Effects on Ecosystems), realizovany na OBK od roku 1990. Jedna se o viceslozkovy
monitorovaci program, jehoz cilem je poznani latkové bilance a vymény latek v malych zalesnénych
povodich v neimpaktni oblasti.
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GAW (Global Atmosphere Watch — Globalni sledovani atmosféry) fizeny SMO, integruje
a zastresuje jeji aktivity na poli vyzkumu a monitoringu atmosféry s cilem rozsitit poznani vlivu lidské
¢innosti na globalni zmény v ovzdusi a zmény klimatu.

V poslednich letech je Observator KoSetice, zejména diky své poloze a dlouhé homogenni radé
méreni, zapojovana i do evropskych projektd monitoringu a vyzkumu. Vyznamné jsou predevsim
aktivity EUSAAR a nasledné ACTRIS. Projekt EUSAAR (European Supersites for Atmospheric Aerosol
Research — Sit evropskych ,superstanic” pro vyzkum atmosférickych aerosolti), realizovany v ramci
vyzkumného projektu technologického rozvoje "Structuring the European Research Area-Support
for Research Infrastructures” nam diky spolupraci s UVCHP AV CR umoinil vybaveni moderni
pristrojovou technikou pro monitoring atmosférickych aerosol(l a integroval nds od prestizni sité,
ktera po ukonceni projektu EUSAAR v roce 2011 pokracuje v ramci Sifeji koncipovaného projektu
(ACTRIS Aerosols, Clouds, and Trace gases Research Infrastructure Network).

Observatofr je lokalizovana ve volné prirodé v kraji Vysocina (okres Pelhfimov), v oblasti, ktera patti
mezi nejéist$i oblasti CR (49°35° N, 15°05E, 534 m n. m.). Vybéru lokality observatore byla vénovéna
mimoradnda pozornost. Prioritni bylo dodrZeni kritérii danych dlouhodobymi cili mezinarodnich
programt, zohlednéna byla vyuZitelnost dil¢ich méFeni v systému monitorovacich siti CHMU i pro
navazné prace jinych organizaci. 25 let monitoringu jednoznacné prokazalo spravnost vybéru
observatofe Kogetice jako reprezentativni lokality pro zabezpeéeni u&asti Ceské republiky
v mezindrodnich programech monitoringu kvality ptirodniho prostfedi na regionalni Urovni.

Které faktory uréovaly smérovani Observatore KosSetice? Predevsim to byly zdsadni politické zmény
ve stfedni a vychodni Evropé na prelomu osmdesatych a devadesatych, které prinesly vyrazné
prohloubeni mezinarodni spoluprace v oblasti monitoringu a vyzkumu kvality ovzdusi vcetné
dalkového prenosu. Zasadné se zménila emisni situace v Ceské republice i v $ir§im stfedoevropském
prostoru, a to jak diky mezindrodnim Umluvdam, tak technickému, ekonomickému i politickému
vyvoji. Meteorologické podminky transportu v Evropé se také ménily, na vyznamu nabyla
problematika globalni zmény klimatu. V uplynulém ctvrtstoleti prosly techniky méreni vyraznym
vyvojem stejné, jako nasSe znalosti o chovani sledovanych polutantd v ovzdusi. Doslo také ke
zménam priorit v monitoringu a vyzkumu kvality ovzdusi. V dobé zaloZeni observatore byla chapana
jako nejzavazinéjsi skodlivina sira, ale v pribéhu let doslo k vyznamnému sniZzeni emisi v evropském
regionu, coz se kontinudlné projevuje ve snizovani koncentraci sloucenin siry. V devadesatych letech
minulého stoleti se zacaly ve vyzkumu dalkového prenosu Skodlivin objevovat nové stimuly, které
byly postupné implementovany do strategie monitoringu (pfizemni ozén, VOCs, POPs, atmosféricka
rtut). Vsoucasné dobé je za nejvainéjsi environmentalni problém povazovan negativni vliv
aerosolovych castic v ovzdusi na lidské zdravi. Vyvoji a hodnoceni monitoringu v této oblasti bude
vénovana moje predndska.

PRAVIDELNA MERENi AEROSOLU V RAMCI STATNI IMISNI SITE

PM znamenaly spolu s oxidem sifi¢itym nejzavaznéjsi Skodlivé emise v 80 letech minulého stoleti.
Postupny pokles v nasledujicich létech byl zplsoben snizovanim vyroby elektrické energie v
klasickych tepelnych elektrarnach a narlstem vyroby elektfiny v jadernych elektrarnach, pozdéji také
snizovanim mnoizstvi spalovanych tézkych topnych oleji a narlstem mnoZstvi spotfeby zemniho
plynu. V létech 1991 az 1993 se na sniZzeni emisi projevil také pokles primyslové vyroby. Vsechny tyto
vlivy se pak se promitly do celkového snizeni emise tuhych znedistujicich latek v obdobi 1980-2010
0 88 %.

Také terminologie v oblasti méreni atmosférickych aerosoll prosla jistym vyvojem. Hovofilo se o
»polétavém prachu“ nebo o ,pevnych Casticich v ovzdusi“. Prvni méreni byla realizovdna v systému
monitoringu kvality ovzdu$i CHMU v zdjmovém Gzemi OBK je$té pred vybudovanim observatore
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v soucasné podobé od roku 1986, tedy jesté v dobé socialismu. Byly méfeny veskeré pevné Castice,
vysledky méreni pak byly prezentovany jako TSP (total suspended particles). Vyzkum v 90. letech
minulého stoleti pfinesl jednoznacné dikazy o tom, Ze je nutno vénovat pozornost mensim Casticim
pod 10 pm, a to zejména diky negativnim vlivim na lidské zdravi. Od roku 1996 je sit CHMU
postupné osazovdna automatickymi analyzatory PMy,. Daldi posun k jemnéjsi frakci PM,s probéhl

v roce 2004, kdy bylo zahdjeno manuadlni gravimetrické méreni, které bylo v roce 2010 doplnéno i
automatickym kontinudlnim.

PM10, PM2,5, TSP KoZetice (1986 - 2011)
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Obr. 1: Dlouhodobé trendy koncentraci TSP, PM;, a PM, s na Observatofi Kosetice

Z Obr. 1. vyplyva, Ze redukce emisi v 90 letech se projevila v poklesu pramérnych ro¢nich koncentraci
TSP a nasledné i PM,,. Tento trend byl ale zastaven na zacatku nového tisicileti a primérné rocni
koncentrace se v obdobi 2002-2006 pohybovaly mezi 25-30 pg.m>. Narast koncentraci PM;, na
venkovskych stanicich v tomto obdobi byl pfisuzovan pfedevsim zméndm v chovani obyvatel mensich
mést a vesnic pfi topeni. Ceny zemniho plynu kontinudlné rostly a lidé se postupné vraceji k

tradi¢nim palivim jako dfevo ¢i uhli. Po roce 2007 registrujeme pokles roc¢nich primérnych
koncentraci k hodnotdm tésné pod 20 pg.m™.

SPECIALNI MERENI

Kromé pravidelnych méreni v ramci SIS byla v historii OBK realizovana cela fada specidlnich méreni
a kampani. Prvni vlastovkou byla doktorskd prace R. Krejciho, kterou vedl svétozndmy odbornik
E. Swietlicky. Vzorky jemného aerosolu byly odebirany od prosince 1993 do ledna 1995 na
polykarbonatové filtry, analyzy PIXIE byly realizovany na Univerzité v Lundu.

V rdmci programu EMEP se OBK ucastnila na radé intenzivnich monitorovacich kampani, zaméfenych
na atmosférické aerosoly. V obdobi zafi 2002 — ¢erven 2003 byl vidy jeden tyden v mésic vzorkovan
EC a OC s tim, Ze analyzy byly realizovany v laboratofich NILU v Kjelleru (Norsko). Obdobna kampan
probéhla i v obdobi 2006-2007 s tim, Ze vzorky byly odebirany denné v letni (Cerven 2006) i zimni
(leden 2007) c¢asti. Nejrozsahlejsi pak byla ucast OBK v kampani, jejiz letni ¢ast probéhla v zari 2008
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a zimni v bfeznu 2009. Zarazena v ni jiZz byla méreni z ramci EUSAAR (velikostni distribuce, EC-OC),
v laboratofich NILU byly analyzovany vzorky 14C a levoglukosanu a 21.3.2009 bylo provedeno letové
méreni vertikalniho profilu PM nad stanicemi EMEP KoSetice a Svratouch. Vysledky byly publikovany
v (Vana a kol., 2011).

V ramci projektu EUSAAR bylo v roce 2008 zahajeno méreni velikostni distribuce ¢astic, které je
odborné i prakticky ¥izeno UVCHP AV CR, nicméné cenné vysledky reprezentuji OBK v programu
EMEP.

Pravidelné méreni EC-OC v ramci projektu EUSAAR a nasledné ACTRIS je na OBK realizovano od
unora 2009. Odbéry jsou realizovany kazdy Sesty den ve frakci PM,s na 2 quartz-fibre filtrech. Od
fijna 2011 (ACTRIS) je vzorkovani provadéno za denuderem, ktery zachycuje organické pary. Vzorky
jsou analyzovany v Centralnich laboratofich CHMU v Praze-Libudi za pouZiti EC-OC Sunset Lab Dual
Analyzer.

Tabulka 1. ukazuje, Ze primérnd ro¢ni koncentrace celkového uhliku v PM, s v obdobi 2009-2011 byla
3,73 pg.m? a pricemz odpovidajici hodnota pro elementarni uhlik byla 0,51 ug.m?, co? predstavuje
pramérny roéni podil 14% na TC. Rocni chod koncentraci EC-OC reflektuje ro¢ni chod jejich emisi,
tedy maxima v zimé& a minima v lété. Ro¢ni variabilita podilu EC/TC neni vyznamna a pohybuje se
mezi 12 to 15%.

Tabulka 1. Prlmeérné mésicni a sezonni koncentrace EC, OC a TC na Observatoti Kosetice v letech
2009-2011.

EC oc TC EC/TC
(Wg/m’) (Hg/m’) (ug/m’)
Jaro 053 327  3.80 0.14
Léto 027 186  2.13 0.13
podzim 058  3.22  3.80 0.15
zima 076 544  6.20 0.12
celek 051 322  3.73 0.14

VYHLEDY DO BUDOUCNA

V ramci projektu CzechGlobe byly v roce 2012 potizeny pfistroje na méfeni optickych vlastnosti
atmosférickych aerosoll. Méfeni rozptylu a absorpce slune¢niho zareni na atmosférickych
aerosolech je prvni svého druhu v Ceské republice a pFinese nové poznatky do vyzkumu vlivu
aerosoll na zménu klimatu. Rozsiti spektrum méreni na OBK, poZadované na stanici EMEP LEVEL 2 a
umozni se zapojit od ¢asti projektu ACTRIS, specializované na tuto problematiku.
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INTRODUCTION

Atmospheric aerosols have been studied extensively due to the confirmed influence of
aerosols on global climate, aerosol — clouds interactions, atmospheric visibility, human health etc.
(Kerminen et al., 2005; IPCC, 2007; Wichmann et al., 2000). However, the uncertainties connected to
the effects of aerosols on phenomena in the atmosphere are considerable — there are various
sources of aerosol particles, having different chemical compositions and particle size distributions
(PSD). Concerning changes of PSD, the most important processes are new particle formation events
(NPF).

A NPF event, sometimes called a nucleation event, is characterized by a formation of
ultrafine particles in the size range between 3 and 25 nm. The result of the NPF event is a new mode
in the PSD. The formation of particles and their further growth by condensation and/or coagulation
are key processes influencing the dynamics of the atmospheric aerosol PSD (Kulmala et al. 2001).

In this work, we present a basic statistical evaluation of NPF at KoSetice background station
in the region of middle Europe.

METHODS

The evaluated data were collected during the first two years of measurements (2008 - 2010)
at KoSetice observatory, located in the Czech Highlands (49°35’N, 15°05’E, altitude 534 m a.s.l.). The
observatory is a rural background meteorological station operated by the Czech Hydrometeorological
Institute, and is a part of the national professional meteorological measurement network, specialized
in the environmental quality monitoring. In 2008, the observatory became a part of the EUSAAR
network and was equipped by an IfT-SMPS (Scanning Mobility Particle Sizer) provided by the Leibnitz
Institute for Tropospheric Research (IfT) in Leipzig.

The SMPS samples every 5 minutes over the mobility size range from about 10 nm to 900
nm. Data in 5 minutes time resolution have been processed according to the EUSAAR standards into
one-hour arithmetic means of particle number concentration.

The evaluation is based on the NPF classification according to Dal Masso et al. (2005). The
decision path is shown in Fig. 1.
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Fig. 1 Decision path used in NPF event characterization. Derived from Dal Masso et al., 2005. Thick
lines denote “Yes”, dashed lines “No

RESULTS

The contribution of accumulation mode changes only between 40 and 70 % of the total
particle number, with quite well expressed maximum between October and March (Fig. 2). Similar
maximum can be observed in the largest particles’ concentrations. Greater variability has been found
in the contribution of the nucleation mode particles. During the colder half of the year, the
nucleation mode represents only about 20 % of the total number, whereas during the warmer half of
the year, the ratio reaches up to 70%. It is an influence of NPF events that take place only rarely in
winter.
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Fig. 2 Cumulative concentrations for particles smaller than 40 nm, between 50 nm and 300 nm, and
particles larger than 300 nm in diameter, compared to the total particle number concentrations. The
hourly means were replaced with daily medians for a better readibility.

The average annual cycle of NPF events (Fig. 3) has two maxima, the first in April and the second

between July and September. The main minimum is located in the colder part of the year. The Non-
event days follow an inverse annual cycle; Undefined days are spread more evenly over the year.
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days

The results were compared to the results of Hyytiala station, background station with long-term NPF
definition time series (Dal Masso et al., 2005). Results of the two stations are surprisingly similar
(Tab. 1), although geographical position of the measurement sites and also measurement period
(1996 to 2003 in Hyytiala, 2008 to 2010 in Kosetice) differ within the stations.

Event Non-event Undefined
Kosetice 31.0 344 34.7
Hyytiala 24.2 29.3 37.3

Tab. 1 Comparison of NPF event frequencies at KoSetice observatory and Hyytiala station. Hyytiala
data derived from Dal Masso et al., 2005.

CONCLUSIONS

Analysis of NPF event frequencies according to Dal Masso et al., 2005 was done on SMPS
data from Kosetice observatory, collected between 5/2008 and 4/2010. Clear annual cycle of NPF
events was found. The annual cycle has two maxima, in April and between July and September. Main
minimum is located in the colder part of the year. Non-event days follow an inverse annual cycle
(maximum in winter, minimum from spring to summer). Undefined days are approximately evenly
spread over the year.

Variability between the two years is not high, especially ratio of NPF events to all classifiable
days varies only by several percents between the two years.

Results from Kosetice station are very similar to those from Hyytiala station (Finland), despite
different geographical location and different time periods.
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SUMMARY

Particulate matter (PM) and gaseous pollutants in museums, libraries and archives can be
harmful for materials stored there. The study includes indoor/outdoor monitoring of air quality in 4
archives, which representing different outdoor environments: Zlata Koruna (rural), Tfebon (small city
with seasonal tourism), Osek (industrial area), and Prague (large city with traffic). The aim of this
study is to investigate concentrations and sources of airborne PM and gaseous pollutants in the
indoor environment of the archives, and to establish the relationship between the indoor and
outdoor environment. In 2012 the measurements take place at Zlata Koruna and Tfebon and in 2013
at Osek and Prague. The results indicated outdoor air as the most probable source of particles in the
indoor environment of archives at Zlatd Koruna and Trebon. The penetration of particles at Trebon
was higher than at Zlata Koruna. These results were confirmed by measurements of ventilation rate,
which was at Tfebon almost ten times higher than at Zlata Koruna.

UuvoD

Znecisténi vnitfniho ovzdusi vystavnich salll predstavuje zavainé riziko pro zde uloZené
umélecké predméty. Castice primarné znelidtuji povrchy predmétl, ale hrubgi Eastice byvaji
abrasivni a pfi manipulaci mohou napomahat mechanickym poskozenim. Jemné ¢astice pak mohou
byt acidické nebo alkalické povahy a byvaji téZz hygroskopické. Vzhledem ke své velikosti mohou
pronikat mezi stranky knih, kde jsou dale deponovany a vedle chemické degradace mohou
zpUsobovat také navlhani pfi zménach relativni vihkosti (Hatchfield, 2005).

MERENI

Tento projekt zahrnuje monitoring kvality ovzdusi ve vnitfnim a vnéjsSim prostiedi ve ¢tyrech
vybranych lokalitach, kterymi jsou depozitai JihoCeské knihovny na Zlaté Koruné, Statni oblastni
archiv Trebon, knihovna v klasteru Osek a Narodni archiv v Praze. Tyto lokality reprezentuji jednotliva
venkovni prostfedi: mala obec, malé mésto s turistickou sezonou, pridmyslova oblast a velké mésto s
dopravnim zatizenim. V roce 2012 probihd méreni v archivech na Zlaté Koruné a v Tfeboni a v roce
2013 v Oseku a Praze. Vtomto roce probéhly tfi intenzivni mérici kampané v rlznych rocnich
obdobich v archivech na Zlaté Koruné a v Treboni, v prlibéhu kterych byly sledovany distribuce
pocetni a hmotnostni koncentrace castic ve vnitfnim a vnéjSim prostfedi a jejich chemické sloZeni.
Zaroven zde probiha dlouhodobé méreni koncentraci plynnych polutantli (NO,, SO,, Os, NH;, HNO3,
kyseliny mravenci a octova) a celkové korozivity prostfedi. Archiv v Tfeboni se nachazi pfimo u rusné
silnice, neni vybaven Zadnym topnym ani ventilatnim systémem a okna jsou pouze jednoducha.
Depozitar na Zlaté Koruné se nachazi v malé obci, je vybaven topenim a dvojitymi okny.
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VYSLEDKY

Vysledky ukazaly na obou sledovanych mistech absenci vyznamnéjsiho vnitfniho zdroje
Castic. Koncentrace ve vnitfnim prostredi tak byly uréovany predevsim penetraci castic z vnéjsiho
ovzdusi. Z obrazku 1 je patrné, Ze nejsnadnéji z vnéjsiho do vnitiniho prostredi pronikaly castice o
velikosti 0,1-1 uUm. Mensi c¢astice byly silné ovlivnény depozici pomoci difize, vétsi pomoci
sedimentace. Z obrdzku je ddle zfejmé, Ze dle ocekavani v Tfreboni byla penetrace vyssi nez na Zlaté
Koruné. Tyto vysledky byly potvrzeny i pomoci méreni ventilacni rychlosti. Ta se ukazala v Treboni
témeér desetkrat vyssi nez na Zlaté Koruné.
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Obr. 1: Pomér pramérnych vnitfnich a vnéjsich pocetnich koncentraci ¢astic v zavislosti na velikosti
Castice v Treboni a na Zlaté Koruné.

ZAVERY

Cilem projektu je vytvorit metodiku hodnoceni vlivu kvality ovzdusi na archivni fondy za
ucelem snizeni skod, které jsou zplsobeny neptiznivymi vlivy prostfedi. Projekt zahrnuje monitoring
Castic a plynnych polutant ve vnitfnim a vnéjSim prostredi ve ctyfech vybranych archivech, které
reprezentuji rlzna venkovni prostfedi. Kromé charakterizace vnitfniho ovzdusi jsou zkoumdany
negativni vlivy znecisténého prostfedi na archivni materidly, a to prostfednictvim porovnani stavu
totoznych inkundbuli z vybranych lokalit a zaroven studiem vlivu ¢astic deponovanych na papir. Na
zakladé vysledk( budou vypracovana opatieni a doporuceni ke sniZzeni negativnich vlivli prostredi na
archivalie.
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INTRODUCTION

Over the last decade, Mn and MnO, nanoparticles has been extensively investigated due to
their great importance in catalysis, electrochemistry, ion exchange materials, batteries and other
areas (Si et al., 2005; Han et al., 2006). This work describes preliminary experiments producing
manganese nanoparticles by metal organic chemical vapor deposition (MOCVD) using manganese(ll)
acetylacetonate (MnAA) as a precursor.

EXPERIMENTAL

Particles were synthesized in an externally heated tube flow reactor with i. d. 25 mm and the
length of heated zone 1 m. Experiments were performed in an inert atmosphere using nitrogen as
a carrier gas (pyrolysis) as well as in oxidizing atmosphere at 2 and 10 vol. % of oxygen in the reaction
mixture (oxidation) see Fig. 1.
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Fig. 1: Scheme of the inlet section arrangements for pyrolysis and oxidation of MnAA.
Particle production and their characteristics were studied in dependence on reactor temperature (Tx:
500 — 1000 °C), precursor vapor pressure (Pynaa: 0.82 — 5.47 Pa), oxygen concentration (cy: 0, 2 a 10

vol. %), and reactor flow rate (Qg: 600 — 1000 cm3/min). Pyinaa Was controlled by the variation of the
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saturator temperature (Ts) and it was calculated on the basis of experimental data of Gotze et al.
(1970) from the equation:

1- 26126,

[89
Paaa(Pa) =133322x10 () a0

The particle production was monitored by scanning mobility particle sizer (SMPS, TSI model 3936)
and samples for particle characterization were deposited onto TEM grids using nanometer aerosol
sampler (NAS, TSI model 3089) and on Sterlitech Ag filters. Particle morphology was studied by high
resolution transmission electron microscopy (HRTEM, JEOL 3010), crystallinity by selected area
electron diffraction (SAED), X-ray diffraction (XRD, PANalytical X'PertPRO) and by HRTEM, and
chemical composition by energy dispersive spectrometry (EDS, INCA/Oxford) connected to HRTEM
and X-ray photoelectron spectroscopy (XPS, ADES-400, VG Scientific).

RESULTS

Particle production

The SMPS monitoring showed that generation of particles depends in particular on precursor
concentration and also on the chemistry of precursor decomposition. Number concentration and
mean particle size increase with increasing Pynaa (Ts), see Fig. 2, and more and larger
particles/clusters are generated by pyrolysis than by oxidation (Fig. 3). Number concentration also
slightly increases with Tz and Qg, while mean particle size decreases. Examples of the influence of T,
Tr and ¢ are shown in Fig. 2 and Fig. 3.
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T.=180°C —4—Tg=800°C, c,=2 vol. %
1.2E+8 s -+ T.=800°C, c,=10 vol. %
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Fig. 2 Influence of Ts on PSD's at Tz=900 °C, Fig. 3Influence of Tz and ¢c; on PSD's at
Qz=800 cm*/min, c,=0, PYROLYSIS. Pumnaa=3.50 Pa, Qz=800 cm>®/min, OXIDATION.

Particle characterization

Experimental conditions of the samples for particle characterization are shown in Table 1.

Table 1 Process parameters of the MnAA samples and crystalline structures detected by SAED [#],
and/or HRTEM [&].
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Sample No. [Z-é] FEIc;;]A [Cmao/r:nin] [vo?.)%] gasC/ar(rerz:lZ;nt Crz:;'!: )
MnAA6 900  0.82 800 0 N, n.i.%
MnAA9 1000  2.20 800 0 N, Mn®, Mn,05*
MnAA11l 600 2.20 800 10 N,/O, n.a."
MnAA13 800 2.20 800 10 N,/O, n.a."®
MnAA15 800 3.05 800 2 N,/O, n.a."®
MnAA17 900  5.47 800 10 N,/O, n.a. "%
Morphology
Pyrolysis: Particles were typically agglomerated into clusters with primary particle size

between 5 and 10 nm, and with clusters size increasing with increasing Py.aa. An example of
generated particles is shown in Fig. 4.

Fig. 4 HRTEM images and SAED pattern of the sample MnAA9, Tz=1000 °C, Qz=800 cm®/min,
PMnAA=2-20 Pa, C0=0.

Oxidation:

Mixture of spherical and facetted particles. Size of spherical particles varied between

10 and 30 nm, facetted particles were larger, 20 — 50 nm. Both spherical and facetted particles were
partially agglomerated. Portion of facetted particles increases with increasing Tz and co. An example
of particles is shown in Fig. 5.

Crystallinity and composition

Particles prepared by pyrolysis were XRD amorphous and SAED patterns were rather week.
HRTEM images detected lattice fringes in the cores of particles, which were mostly indexed as cubic

Mn (an example is shown in Fig. 4).
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Fig. 5 HRTEM images and SAED pattern of the sample MnAA17. Tz=900 °C, Qz=800 cm>/min,
Pumnan=5.47 Pa, c¢o=10 vol. %.

Particles produced by oxidation, were much more crystalline. Electron diffraction patterns
consist of spots, which are difficult to index, and lattice fringes were visible through the whole size of
particles (Fig. 5). EDS analysis discovered Mn, O and C in the samples with much higher oxygen
concentration in the particles prepared by oxidation. XPS analysis of the 5 nm thick surface layer of
the samples showed carbon present in bonds C-C, C-H and C-O and manganese in bonds Mn-O.

CONCLUSIONS

Mn/MnO, nanoparticles were synthesized in an externally heated tube reactor by
decomposition of MnAA in both inert and oxidative atmosphere. Size of primary particles varied in
dependence on experimental conditions between 5 and 50 nm. We can suppose formation of Mn
nanoparticles encapsulated in partially decomposed MnAA by pyrolysis and MnO, nanoparticles by
oxidation.
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SUMMARY

The first experiences with an inhalation chamber constructed for chronic exposure
studies of small animals to nanoparticles under strictly controlled conditions in frames of the projects
»Study of transport of inhalated nano-sized particles (Pb, Cd) and their allocation in organs” and
“Centre for studies on toxicity of nanoparticles” are presented.

The inhalation chamber was build from a glass and stainless steel and makes possible
long-term inhalation procedures with up to four discrete groups of mice (up to 40 individuals each)
or rats population under controlled illumination, temperature, relative humidity and pressure. Doses
up to 1x10° particles/cm® and size (7.32-60 nm) of nano-sized particles were synthesized via aerosol
route in a hot wall tube flow reactor using metal organic precursors.

The function of exposure system for whole body inhalation experiments was studied
under real condition in period May to September 2012. No animals were used within this
experiment.

UvoD

Cilena vyroba nanomaterial( je skutecnosti a objekty, které maji nano velikost, jsou
pouzivany v béZném Zivoté pri mnoha aplikacich jako jsou napftiklad biomedicina, kosmetika, vyroba
potravin, vyroba energie nebo elektronika. Ze zdravotniho hlediska jsou nanocastice nebezpecné tim,
Ze na rozdil od ¢astic vétsich nez 100 nm mohou snaze pfi dychani pronikat do plicnich tkani a mohou
tak zpUsobit jejich poskozeni, které muiZe vyustit vchronické dychaci problémy. Je jiz
nezpochybnitelné, Ze nanocastice, na rozdil od castic které maji vétsi rozmér, zejména téch jejichz
velikost je mensi nez 30 nm, jsou schopny pfechazet po inhalaci do krevniho fecisté. Pfi translokaci
nanocastic do krevniho obéhu mohou nanocdstice vyvolavat alveolarni zanétlivé procesy nasledné
provazené kardiovaskularnimi problémy.

V soucasné dobé existuje velké mnozstvi informaci, které popisuji interakce v systému
nanocastice-burika, které pochazeji vétsinou z in vitro experimentd. V privazné vétsiné experimentd
byl pomér poctu nanocastic k poctu bunék vyssi nez 1000:1. Tento pomér mnohondsobné prevysuje
jakékoliv redlné podminky, do kterych se dana burika miZe dostat, a tak predvidani zdravotnich rizik
spojenych s pfitomnosti nanocastic v Zivotnim prostfedi mlze byt v nejlepsim pripadé znacné
zkreslené. PrestoZe je zfejmé, Ze pouze in vivo experimenty nam mohou vyznamnym zplisobem
pomoci pri vypracovani metodiky hodnoceni zdravotnich rizik spojenych s pfitomnosti nanocastic
v ovzdusi, stale se nevénuje in vivo experimentlim naleZita pozornost.

Na pracoviéti UIACH AV CR v.v.i. jsou v této souvislosti feseny projekty s nazvy ,Studie
transportu inhalovanych nanocastic olova a kadmia a jejich alokace v organech”, a “Centrum pro
studie toxicity nanocastic” podporované Grantovou agenturou CR, ktery souvisle navazuje na
projekty Ministerstva pro Zivotni prostfedi CR, ,Stanoveni chemickych a toxikologickych vlastnosti
prachovych castic a vyzkum jejich vzniku“ a ,,Morfologie, chemicka a toxikologicka charakterizace
pouliéniho prachu a suspendovanych prachovych ¢astic, véetné uréeni zdrojd plvodu®, které jsme
v neddvné dobé resili s partnery z akademické a privatni sféry.
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EXPERIMENTY

V rdmci projektu ,Studie transportu inhalovanych nanocéstic olova a kadmia a jejich alokace
v organech” byla zkonstruovana specielni inhala¢ni komora (Obr. 1a, b), ktera je zhotovena ze skla a
nerezového materidlu, umozZnujici provadét dlouhodobé inhalacni pokusy s nanocasticemi na malych
experimentalnich zvitatech (mysi a krysy). Uvnitf inhalacni komory jsou ctyfi klece, ve kterych se
nachazeji populace malych zvitat. Inhalac¢ni komora je konstruovana tak, Ze umoziuje provadét
pokusy na vzorku az 240 mysi, pfipadné 80 krysach. Ve tfech klecich se nachazeji zvifata, ktera jsou
exponovana riznymi koncentracemi nano&astic, a to v rozmezi 1 - 50 x 10° &astic/cm?. Ve ¢tvrté kleci
je kontrolni skupina zvifat bez expozice ¢asticemi. Vhodnymi podminkami pfi generovani nanocastic
je moZné ménit jak velikost castic, tak také jejich sloZeni, koncentraci a morfologické vlastnosti
nanocastic. Koncentrace nanocastic je kontinuelné kontrolovdna. Pokusy jsou provadény za
svételnych a teplotnich podminek, které jsou optimalni pro dana zvifata. Prostor kleci je nepfetrzité
monitorovan kamerovym systémem a v klecich je udrZovana optimalni vlhkost, teplota (Obr. 2)
a optimalni proudéni vzduchu. VSechna data (koncentrace a velikost nanocastic, teplota, vihkost,
intenzita osvétleni, ventilace a pohybova aktivita inhalovanych objektl) jsou zaznamendavana
a ukladdna. Inhala¢ni komora je konstruovana tak, Ze umoziuje provadét dlouhodobé az 90 denni
inhalacni pokusy. Cely experiment probiha za podminek predbézné opatrnosti, tzn. Ze cely systém je
vzduchotésny a s okolim je spojen pres specielni HEPA filtry, které zamezuji pronikani nanocastic
mimo inhalaéni komoru.

Komora byla testovana nanocdasticemi oxidli Mn. Pri testovani byly pouZity nanodastice
o koncentraci 1 x 10° &astic /cm® a velikosti (10-60 nm) (Obr. 3), které byly ptipraveny rozkladem par
organického prekurzoru (acetylacetonatu manganatého) v reaktoru pfi teploté 750 °C v pfitomnosti
30 obj.% kysliku. Pary acetylacetondtu manganatého byly generovany z jeho praskové formy pred
reaktorem pfi teploté 160 °C v proudu dusiku (Cistota 5.0, 0.5 |/min). Celkovy pritok plynd reaktorem
byl 2 |/min. Za reaktorem se do proudu takto pfipravenych nanocastic pridaval vzduch (1 I/min).
Produkované nanocastice o koncentraci cca 2 x 10’ &astic/cm? byly dodateéne fedény filtrovanym
vzduchem (60 I/min) pfi teploté 21 °C s relativni vikosti 55-65% na koncentraci 1 x 10° ¢astic/cm” .

Koncentrace nanocastic a jejich velikostni distribuce byly mefeny pomoci SMPS (model 3936172,
TSI). Pfi experimentu, ktery probihal od kvétna do zafi 2012, nebyla pouzita zvirata.

VYSLEDKY A DISKUSE

Detailni vysledky experimentu budou prezentovany béhem konference.

ZAVER
Cely projekt probihal v t&sné spolupréci tfi Ustavi Akademie véd Ceské republiky: Ustavu
analytické chemie Brno, Ustavu chemickych proces(i Praha a Ustavu Zivoci$né fysiologie a genetiky
Brno. Bylo potvrzeno Ze inhala¢ni aparatura je vhodna pro ,whole body” dlouhodobé experimenty
s malymi zvifaty.
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Obrazek 2. Zmény teploty a relativni vihkosti v inhalacéni kleci v prlibéhu ¢tyfmésic¢niho experimentu
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Obrazek 3. Velikostni distribuce pfipravenych nanocastic
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INTRODUCTION

Harmful effects of asbestos inhalation are known since 1930s. The use of asbestos was
phased out since 1980s and definitely banned in 2005. Asbestos were substituted by man-made
vitreous fibers (MMVFs). However, potential toxicity of
MMVFs is the object of research in recent years (Cavallo,
et al. 2004). Glass wool fibers were used in this study for
in vitro measurement of deposition in a model of human
lungs.

EXPERIMENTS AND METHODS

Standard insulating glass wool was crushed using
hydraulic press and thus produced wool fragments
(polydisperse fibers) were mixed with glass beads. A fiber
classification system described in (Wang, et al. 2005) was
used to select monodisperse fibers with diameter of 1 um
and length 10 um from the mixture. The density of glass
fibers was 2.56 g/cm®. A scheme of the experimental
setup is in figure 2. The classified fibrous aerosol was
mixed with air in a dilutor to achieve desired inspiratory
flowrates (15, 30 and 50 L/min). The model of lungs  Fi8: 1 The realistic segmented model
(figure 1) was exposed to fibers for 4 hours. Non- of human lungs
depositing fibers were collected on output filters.

Air
N
1
=
. Dilutor ¥
Fiber ] 10 xFilt
generator and gl g~ - e
lassifi i ey A
classiier = -\51Ox Flowmeters
N
_____ Vacuum
pump

Fig. 2: A scheme of the experimental setup.

The model was disassembled into segments after the exposure. Subsequently each segment was put
into a beaker with isopropanol and sonicated for 1 minute to release the fibers. Isopropanol was
then filtrated through Millipore AA membrane filters, which were rendered transparent using
acetone vapors. Output filters were processed identically.
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Numbers of deposited fibers on output filters were counted automatically using novel in-house
software. Filters created by rinsing of model segments had to be counted manually due to presence
of non-fibrous objects which made automatic counting impossible.

RESULTS

Fiber counts were converted to a deposition fraction (figure 3), which is defined as a ratio of
the number of fibers deposited in a given segment to the number of fibers entering the model.
Deposition fraction in a model is low, as the low momentum fibers orient themselves in the direction
of the flow, and therefore fibers can easily penetrate through the upper and tracheobronchial
airways.
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Fig. 3: Deposition efficiency of the model segments.

CONCLUSIONS

Low deposition fraction of glass fibers in a model of lungs confirmed concerns that glass
fibers can deposit in lower airways and hence potentially cause health problems. However actual
toxicity of MMVFs depends on various factors, such as fissility, chemical reactivity, or body immune
reaction and therefore is a subject of continuing research.
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SUMMARY

Mathematical and computer modeling of aerosols is used in a wide range of applications
including atmospheric physics and chemistry, environmental protection, nuclear safety and industrial
applications such as the production of nanomaterials. The aim of this work is twofold. We present
a closer look at some aspects of mathematical modeling of aerosols as sub-discipline of continuum
mechanics. We provide an overview of common methods and we discuss limitations on their
applicability. The long-term goal of authors is to create a new solver of aerosol dynamics based on
OpenFOAM platform. A mathematical formulation of the problem is given in terms of Navier-Stokes-
Fourier system coupled with evolutionary equation governing aerosol size distribution. Trial
numerical simulations in a 2D channel were performed under physically simplified conditions.

UvoD

Matematické a pocitacové modelovani aerosoll nachazi uplatnéni v Sirokém spektru aplikaci
od atmosférické fyziky a chemie, ochranu Zivotniho prostfedi pres jadernou bezpecnost po
pramyslové aplikace jako je napf. produkce nanomaterial(l. Nasledujici prispévek sleduje dva cile.
Prezentovat aerosolové verejnosti blizSi aspekty matematického modelovani aerosoll jako
subdiscipliny mechaniky kontinua. Uvadime prehled uZivanych metod a diskutujeme jejich
pouzitelnost vzhledem k oblasti vyuziti, vypocetni naro€nosti a moznosti dalSich modifikaci.
Dlouhodobéjsim cilem autorli je wvytvofeni nového fesSice dynamiky aerosolu na platformé
OpenFOAM. OpenFOAM je volné Sifitelny (ve smyslu vSeobecné verejné licence GNU ) soubor CFD
knihoven napsanych v jazyce C++. Toto feSeni plné implementuje myslenky objektové orientovaného
programovani a umoznuje pracovat s vysokouroviovou syntaxi kdédu, kterd je velmi blizko konvenéni
notaci parcidlnich diferencidlnich rovnic (Weller a kol., 1998).

FORMULACE ULOHY

Vlychozim bodem na$eho popisu jsou bilance hmoty, energie a hybnosti. Ustfedni roli v
matematickém popisu chovani dispergované faze hraje obecna dynamicka rovnice (General Dynamic
Equation, GDE) (Friedlander, 1997). Matematickd formulace kompletni dlohy uvaZzuje nestlacitelny
Navier(iv-Stokestv-FourierQv systém svazany s evolu¢ni rovnici (1) fidici vyvoj velikostniho rozdéleni
aerosoll a zahrnuje popis fyzikdlné chemickych procesti koagulace, kondenzace, vyparovani
a nukleace.

V poslednich ctyficeti letech byla vyvinuta a ddle rozvijena fada pfistupl k reseni (1). Mezi
nejrozsirenéjsi patfi metoda Gelbardova a Seinfeldova (Gelbard a kol., 1980) spolu s Metodou
moment( (Hulburt, 1964). Velmi popularni se stala také Modalni metoda (Whitby, 1997). Nékteré
omezujici predpoklady predchozich metod odstrafiuje metoda QMOM (Quadrature Method of
Moments) (McGraw, 1997). Tento pfistup byl autory Marchisiem a Foxem modifikovdn na DQMOM
(Direct Quadrature Method of Moments) (Marchisio, 2005).
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Vyznam pouZzitych symbolQ: n - funkce popisujici rozdéleni velikosti ¢astic, x — kartézské souradnice,

t - ¢as, v - parametr odpovidajici velikosti ¢astice, u - rychlost disperzni faze, ¢ — externi silové pole,
D - difuzni koeficient, G - koeficient rlstu ¢astic, K — koagulacni kernel, s — zdroje, r — ztraty.

VYSLEDKY — NUMERICKE RESENI
Obecna dynamicka rovnice byla pro potifeby numerického feseni (v duchu DQMOM metody)
preformulovana na ulohu obsahujici pouze transportni rovnice pro vahy a uzly kvadraturni formule.
V soucasnosti je naprogramovan resi¢ pro pfipad, kdy se v Obecné dynamické rovnici (a tedy
i v transportnich rovnicich pro vahy a uzly kvadraturni formule) omezime jen na nékteré cleny.
Vyvijeny fesic je vyuZzit k realizaci numerického feseni pro konkrétni ilohu na omezené oblasti — 2D
kanal.
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INTRODUCTION

Organic compounds are ubiquitous in atmospheric aerosols. The morphology and structure
of the organic phase affect the optical properties of the aerosols, their heterogeneous reactivity as
well as their ability to nucleate cloud droplets and ice particles. It is commonly assumed that
atmospheric oxidative ageing of the organic material, leading to the formation of polar groups such
as carbonyl (=0), hydroxyl (-OH) and carboxylic acid (-COOH), will render the aerosol particle surfaces
increasingly more hydrophilic, hence, able to take up more water. Field measurements have shown
that a large fraction of the organic material found in aerosols are surface active compounds, such as
fatty acids and lipids(Tervahattu, 2002 and 2005). An inverted micelle structure, with an aqueous
core surrounded by an organic surfactant layer, has thus been proposed for aqueous aerosols, both
marine and continental (Donaldson, 2006). While recent experiments suggest the existence of more
complex structures, such as organic inclusions and surfactant lenses (Dennis-Smither, 2012), a
monolayer (ML) of surface active organics on an aqueous subphase (the so called Langmuir
monolayers) represents the basic model system used in laboratory studies aimed at elucidating the
effect of oxidative processes on structural properties of organic coatings on aerosol particles. In our
previous work, we used molecular dynamics computer simulations to study the structure and
stability of oxidized phospholipid MLs (Khabiri, 2012). In this contribution, we employed the
molecular dynamics simulation technique to investigate — with atomistic resolution — structural
changes occuring in a fatty acid ML upon moderate degree of oxidation.

METHODOLOGY

Molecular dynamics (MD) simulations were carried out employing the slab geometry, in
which two monolayers, each containing 116 palmitic acid (PA) molecules (Fig. 1a), were placed at the
two air/liquid interfaces of a water slab, with the COOH headgroups immersed in water. The water
slab, built of 6770 water molecules, was placed in the center of a prismatic simulation box, elongated
along the interface normal in order to create a vacuum layer over both MLs. Standard 3D periodic
boundary conditions were applied. First, a pure PA system was simulated to obtain an equlibrated
ML at three different lateral compressions, characterized by the average area per molecule, Ay, of
0.20, 0.23, and 0.31 nm? This was achieved by NVT simulations with the lateral box dimensions of
4.8,5.2, and 6.0 nm, respectively. System 1 (Ay=0.20 nm?) corresponds to a highly compressed ML of
the untilted condensed phase on the verge of collapse, System 2 (Ay=0.23nm?) is a well-ordered ML
of the tilted condensed phase, and System 3 (Ay=0.31 nm®) represents a fairly relaxed ML with some
degree of lateral disorder. Then, three "oxidized" systems were constructed by replacing 11
randomly selected PA molecules (approx. 10%) in each ML by a pair of oxidation products, 10-oxo-
decanoic acid (oxoDec) and hexanal (Hex), according to the scheme presented in Fig. 1. Such species
are typical products of ozonolysis of unsaturated fatty acids (such as the hexadec-10-enoic acid
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shown in Fig. 1b) which are found in abundance together with saturated fatty acids in the organic
surface layer of marine aerosols (Tervahattu et al., 2002, 2005). Each of the systems was then
simulated for 20 ns, of which the last 10 ns were used for analysis. MD simulations were performed
employing the empirical OPLS all-atom force field for the organic molecules and the SPC/E model of
water. The lengths of bonds were constrained using the SETTLE/LINCS algorithms. The short-range
interaction cutoff of 10 A was employed, while the long-range electrostatic energy was accounted for
using the PME scheme. Temperature in all simulations was set to 310 K and controlled using the
Nosé—Hoover thermostat with the coupling constant of 1 ps. Each simulation was carried out at a
constant volume and a constant lateral cross-section of the simulation box. Equations of motion
were integrated using the leap-frog algorithm with the timestep of 2 fs. MD simulations were
performed using the GROMACS program package, the VMD program was used for visualisation of the
simulated molecular systems.

palmitic (hexadecanoic) acid

“ac\/\/\/\/\/\/\/ﬁ]ﬂ“
(a) ’

CH,
hexadec-10-enoic acid 10-oxo-decanoic acid hexanal

— "OM k/\/\CHS
(c)

(b)

Fig. 1: (a) Saturated palmitic (hexadecanoic) acid, (b) unsaturated hexadec-10-enoic acid with the
oxidation site highlighted, and (c) schematic representation of the considered oxidation reaction
leading to 10-oxo-decanoic acid and hexanal as oxidation products.

RESULTS

The results of MD simulations are summarized in Fig. 2. Typical snapshots of the PA ML with
10% of the oxidation products (oxoDec and Hex) at the three different compressions are depicted in
the left column, while the corresponding partial density profiles showing the composition of the
systems along the normal to the interface are presented in the right column. Both localization and tilt
of PA molecules are qualitatively unchanged with respect to the non-oxidized PA monolayer.
However, oxoDec and Hex molecules undergo substantial changes in terms of their position within
the ML with respect to their original localization. Importantly, these changes depend on the
compression (area per molecule) of the ML. In the highly compressed System 1 (Ay=0.20 nm?), there
is a tendency for the oxidation products to be "sqeezed out" of the ML: Hex molecules adsorb at the
ML/vapor interface, while oxoDec molecules tend to solubilize in the aqueous subphase. In the tilted
condensed phase of System 2 (Au=0.23nm?), the shorter-chain oxodecanoic acid molecules remain
embedded within the longer-chain palmitic acid molecules, and also the Hex molecules tend to
accumulate within the ML more then in System 1 and even to solubilize in the aqueous subphase,
rather than adsorb on the outside of the ML. In the most disordered System 3 (Ay=0.31 nm?), both
oxidation products accumulate in the ML, with a minor propensity for solubilization. In an open
system, unlike in the present MD simulations, we expect that evaporation of the volatile Hex
molecules would lead to their removal from the ML in the long-timescales, provided that the rate of
removal exceeds the rate of oxidation.
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Fig. 2: Snapshots (left column) and the respective partial density profiles along the normal to the
interface (right column) from MD simulations at three different compressions of the ML,
corresponding to a mean area per molecule Ay=0.20 nm? (a,b), Au=0.23nm? (c,d), and Ay=0.31 nm’
(e,f). The density profiles were averaged over the two equivalent interfaces. Color coding in MD
snapshots: water — light blue, palmitic acid (PA) — gray, 10-oxo-decanoic acid (oxoDec) — dark blue,
hexanal (Hex) — green. Oxygen atoms of 10-oxo-decanoic acid and hexanal are highlighted in red.
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The density profiles in Fig. 2 demonstrate that, in all three systems, the COOH headgroups of
oxoDec molecules are vertically more spread and, on average, shifted somewhat toward the interior
of the ML compared to the PA headgroups. In addition, the Hex molecules, which originated from the
end parts of oxidized chains, move increasingly toward the water phase with growing Ay, as can be
seen from the increasing overlap between the density profiles of Hex and PA headgroups. The
density profiles also show that in the moderately oxidized ML, as in the non-oxidized PA monolayer,
water penetrates only into the region of polar COOH headgroups, and the space occupied by
hydrocarbon tails remains dehydrated. Nevertheless, the above described structural changes due to
the presence of oxidation products result in increased water penetration into the headgroup region
of the ML compared to the non-oxidized PA monolayer.

Finally, we note that while the presence of the oxidation products introduces oxygen-
containing (hydrophilic) functional groups into the otherwise hydrophobic region of the hydrocarbon
tails, it may not necessarily lead to increased gas phase water uptake by the ML. For example, in
System 1, the hydrophilic terminal groups of oxoDec are located the closest to the ML/vapor
interface, however, gas phase water molecules will not be likely to reach them due to the tight
packing of the ML chains. In the more relaxed and disordered MLs, such as in System 3, the
hydrophilic groups are, on average, burried deeper inside the ML, on the other hand, gas phase
water will be able to penetrate between the hydrocarbon chains more easily.

CONCLUSIONS

Structural changes of the fatty acid monolayer following moderate degree of oxidation,
revealed by MD simulations, were found to depend on the lateral compression of the ML. Rejection
of the oxidation products from the ML is observed for highly compressed ML, either to the aqueous
subphase (oxo-decanoic acid) or to the ML/vapor interface (hexanal), whereas accumulation of both
oxidation products occurs in less compressed ML. Removal of the volatile aldehyde is expected at
long timescales. The structural changes occurring due to the presence of oxidation products lead to
increased penetration of water from the aqueous subphase into the headgroup region, however,
their effect in terms of increased hygroscopicity of the ML for the gas phase water is uncertain. More
researchis needed to clarify this important issue.
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INTRODUCTION

Aerosol particles influence global radiative balance and climate directly through scattering
and absorbing solar radiation and indirectly by acting as condensation cloud nuclei. The atmospheric
nucleation is often followed by a rapid growth of freshly formed particles. The initial growth of
aerosol is the crucial process determining the fraction of nucleated particles growing into cloud
condensation nuclei sizes (~ 50 nm and larger). Many recent studies have suggested that the sulfuric
acid plays a key role in the atmospheric nucleation and subsequent growth of newly formed
particles. (Sipila et al., 2010). The subject of this experimental study is growth behaviour of sulfuric
acid nanoparticles produced by homogenous nucleation at wet and dry conditions.

EXPERIMENTAL SETUP

The nucleation experiments were carried out in a laminar flow tube at the Finnish
Meteorological Institute. The measurements were performed at relative humidities ~1% and ~30%.
The flow tube was kept at constant temperature and the nucleation temperatures investigated were
283, 293 and 303 K. The total gas flow inside the tube was maintained to provide 4 residence times in
the tube - 30, 45, 60 and 90 s. Sulfuric acid was taken from a liquid reservoir by passing a stream of
carrier gas through an acid saturator with high purity H,SO, (97% w. t.) and the temperature of the
acid saturator was increased stepwise in 7 consecutive increments of 5 K during each measurement
resulting in gradually growing concentration of sulfuric acid in the flow tube. Due to presence of
traces of NH; in the system, the nucleated sulfuric acid nanoparticles were partially neutralized to
(NH,),S0,. At the outlet of the flow tube number concentration of produced particles was measured
using an ultrafine condensation particle counter (UCPC TSI 3776) and particle size distributions using
a differential mobility particle sizer (DMPS with a short HAUKE type DMA and UCPC TSI 3025A). The
raw DMPS data were inverted to yield number size distributions of the formed particles. Obtained
number size distributions were then fitted with log-normal distribution and median diameter of the
nucleation mode was determined.

RESULTS

The increasing total particle concentrations and particle median diameters correspond with
increasing H,SO, concentration in the gaseous mixture due to gradually growing temperature of the
acid saturator during the experiment (Fig. 1). The values of total number concentrations during all
measurements ranged from 1,1x10% + 0,17x10° to 47,3x10% + 1,2x10° and were generally higher
during experiments performed at relative humidity ~¥30% and higher temperatures. The values of
median particle diameter ranged from 14,42 £ 0,08 nm to 39,84 £ 1,55 nm and particles grew bigger
at relative humidity ~30% and at high H,SO,; concentrations. The repeatability of the performed
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measurements is illustrated in Fig. 2, which shows the results of experiments at temperature 283
K and relative humidity ~1% taken 1 day apart. At the same temperature, H,SO, concentrations,
relative humidity and residence time, the maximum variance for the single median particle diameters
determined from both experiments was 0,6 nm indicating that the measurements of the particle
diameters were extremely reproducible. The determined curves of particle number concentration as
a function of H,SO, concentration measured by both DMPS and UCPC (Fig. 3) were found to be
strongly dependent on the residence time of the gaseous mixture in the flow tube. The results clearly
show that the observed total number concentration is influenced by the growth process and the
longer the residence time, the larger fraction of nucleated particles is allowed to grow beyond the
detection limit of the instruments. Absolutely no particles were detected during experiments
performed at residence time of 30 s indicating that the nucleated particles were not able to grow to
detectable sizes during the first 30 seconds of the experiments. Hygroscopic growth behaviour can
be described using growth factors GF:

B Dp(wet)
- D,(dry)

In this study, dry diameter D,(dry) corresponds to median particle diameters obtained from
measurements performed at relative humidity ~1% and wet diameters D,(wet) to median particle
diameters obtained from measurements at relative humidity ~30%. Growth factors as a function of
H,SO, concentration obtained from measurements performed at T = 293 and 3 residence times is
presented in Fig. 4. Our findings are compared with results from Biskos et al. (2010), who measured
hygroscopic growth of acidic sulfate nanoparticles in a wide range of relative humidities. Biskos et al.
(2010) report at relative humidity ~30% for dry diameters from 14,1 to 36,1 nm, which are
comparable with this study, growth factors from 1,25 to 1,3. In this study, the growth factors for
residence time 45s range from 1,06 to 1,22, for residence time 60s from 1,06 to 1,2 and for residence
time 90s from 1,11 to 1,49. The best agreement for all residence times was found for H,SO,
concentrations from 2x10®to 8x10® corresponding to dry diameters from 21,3 nm to 26,1 nm.
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Fig. 1: The observed variation in particle size distribution and particle number concentration with
time obtained from inversion process of raw DMPS data from a single experiment

56



35

= experiment 1
e experiment 2 ¢
30
EZS— '
=)
o
a
20
]
. 8
15 $
1E7 | " 1iEs
HoS04f#cm]

Fig. 2: The median particle diameters determined from measurements performed at the same
conditions taken 1 day apart

m residence time 45s DMPS
® residence time 45s UCPC
5x10° - A residence time 60s DMPS
v residence time 60s UCPC
5 & residence time 90s DMPS <
= « residence time 90s UCPC 1 1
&) 4| |
. 4x10 < p <
c < P
9o < .
ES‘ 4 L 2
= 3x10* o ¢
o
L 2 v
o v
c
S . vV v X i i v X
= 2x10 A A
o P
£
=} 4
€ 1x10
Q
[S)
% e 0 s e L] e ‘
o 0 T — T — T
1E7 1E8 1E9
3
H2804[#/Cm ]

Fig. 3: The observed particle number concentration as a function of residence time at T = 293K and
relative humidity ~30%



154 | —=—residence time 45s
—e— residence time 60s
—a— residence time 90s
1,4
S
E 1,3
e
=
0 1,2
(@)]
1,1
1,0 T T T T T LI B | T T T T T LI B |
1E7 1E8 1E9

HoSO 4[#cm]

Fig.4: The growth factors as a function of H,SO, concentration at T = 293K and 3 residence times
CONCLUSIONS

In this work the growth behaviour of sulfuric acid nanoparticles at wet and dry conditions
was studied. The increasing total particle concentration and particle median diameters during
experiments correspond with increasing H,SO, concentration in the gaseous mixture. The
comparison of median particle diameters obtained from measurements performed at the same
conditions shows that the experiments were well reproducible. The determined curves of particle
number concentration as a function of H,SO, concentration were found to be strongly dependent on
the residence time and the longer the residence time, the higher the total particle concentration. The
hygroscopic growth behaviour, described using growth factors, was found to be in a good agreement
with previously published results (Biskos et al., 2009).
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INTRODUCTION

The instrument for analysis of elemental and organic carbon (EC and OC) allows additional
information about OC fractions that depends on their volatility. Based on the used temperature
protocol, it is possible to distinguish and quantify pyrolitic carbon (PC) and OC1 - OC4 fractions (OC1 -
the most volatile, OC4 - least volatile). This work characterizes diurnal trends of OC fractions at
Prague suburban site during different seasons over the whole year. Moreover, owing to the parallel
measurements at suburban site together with Czech background station KoSetice during heating and
non-heating season we found which OC fractions are typical for urban and rural environments and
their diurnal trends.

EXPERIMENTAL SETUP

Measurements of OC fractions were made by the semi-online OC/EC analyzer from Sunset
Laboratory (www.sunlab.com) equipped with PM2.5 cyclone as an inlet and were taken in two-hour
intervals. Thermal-optical analyses were made by modified EUSAAR2 protocol (Vodicka and Schwarz,
2010) that takes about 15 minutes. Fractions of organic carbon for this work were taken in the
following temperature ranges - OC1: <200°C, OC2: 200-300°C, OC3: 300-450°C and OC4: 450-650°C.

One vyear measurements were done at Prague-Suchdol urban background station
(50°7'36.473" N, 14°23'5.513" E, 277m ASL) for the seasonal study of OC fractions from September
2009 to August 2010. For this study over 3400 measurements were taken for each OC fraction.
Parallel measurements were made at central European background site KoSetice (49°35’N, 15°05’E,
534m ASL). Two campaigns were conducted in heating (15 Feb — 1 Apr 2010) and non-heating (27
May — 30 Jul 2010) seasons and during these periods over 1200 samples were collected.

RESULTS AND PRELIMINARY CONCLUSIONS

Results from this work extend previous studies (Vodi¢ka and Schwarz, 2010 and 2011)
dealing with characterization of the total OC and EC. As it was mentioned in many studies there are
different sources of the particles during the summer and winter. While in winter there is a significant
impact of household heating, the influence of secondary OC of both anthropogenic and biogenic
origin prevails in summer. This is also reflected in our results. For example, after looking at diurnal
variations of OC1/0C ratios during all seasons (Fig. 1) there is well visible the largest proportion of
OC1 fraction overall the total OC formed during the summer afternoon. In accordance with previous
work (Vodicka and Schwarz, 2011) it corresponds with formation of secondary organic aerosols
(SOA). Therefore, it can be assumed the important part of the suburban afternoon SOA consists
mainly from the most volatile components of OC. Other OC fractions were studied by a similar way as
OC1 fraction and preliminary conclusions from one year measurements of OC fractions at Prague-
Suchdol site show following:
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Fig. 1: Seasonal diurnal cycles of OC1/0Cq, ratio at Prague-Suchdol site.

The suburban environment is the primary source of the most volatile OC1 fraction (especially
during the night). It implies the OC1 fraction is main part of anthropogenic emissions in
wintertime and also is most affected by the lower boundary layer in contrast to the less
volatile fractions (OC2, OC3).

Summer source of OC1 fraction (mainly during afternoon) are probably secondary organic
aerosols.

The comparison of OC fractions from measurements at urban backround Prague-Suchdol site

in parallel with rural background Kosetice site implies following:

Levels of the less volatile organic compounds (OC2 and OC3) were similar at both sites during
both campaigns. It suggests they are present longer time in the atmosphere and therefore
they are not of local origin.

There is the hypothesis that the most volatile and less oxidized OC1 aerosols are generated
mainly in the city and they are gradually oxidized to less volatile (0C2, OC3, OC4) which are
transported over longer distances.

ACKNOWLEDGEMENT

This work was supported by the Grant Agency of the Czech Republic under grant P209/11/1342.

REFERENCES

Vodic¢ka P., Schwarz J., Porovnani organického a elementdrniho uhliku v aerosolech: mésto vs.

pozadova stanice. Sbornik konference Ceské aerosolové spole¢nosti, ISBN 978-80-86186-25-2,
str. 11, 18.-19.11.2010, Praha.

Vodicka P., Schwarz J., Diurnal Trends of carbonaceous aerosols at Prague suburban station during

60

different seasons. Shornik XII. vyroéni konference Ceské aerosolové spolecnosti, ISBN 978-80-
86186-31-3. p. 51, 3.-4.11.2011, Cejkovice.



MOLECULAR SIMULATIONS UNRAVEL PREFERENCE OF HALOALKANES FOR THE AIR/WATER
INTERFACE

Alena HABARTOVA!, Babak MINOFAR?, Anthony OBISESAN®, Martina ROESELOVA'!

YInstitute of Organic Chemistry and Biochemistry ASCR, v.v.i., Prague,
email: martina.roeselova@uochb.cas.cz
?Institute of Nanobiology and Structural Biology GCRC ASCR, v.v.i., Nové Hrady
*Department of Chemistry and Biochemistry, California State University, Los Angeles

Keywords: Haloalkanes, Aqueous solvation, Molecular dynamics simulations

INTRODUCTION

Halogenated organics are emitted into the atmosphere from a variety of sources of both natural and
anthropogenic origin (Finlayson-Pitts et al., 2000). Their uptake at the surface of aerosols can affect
their reactivity, for example in processes which take part in ozone destruction due to production of
reactive chlorine, bromine and iodine radicals. This study presents results of molecular dynamic (MD)
simulations carried out to investigate the interaction of short-chain haloalkanes with aqueous
surfaces. We report on a free energy minimum that the haloalkanes exhibit at the air/water
interface.

METHODS

The simulated systems consisted of 1 up to 20 identical haloalkane molecules (C,Hn:1X,
n=1-3, X=Cl, Br, |, and CH,Cl,, CHCl;, CH,Br,, CHBr;, CH,ICl) and 863 water molecules forming a slab of
liquid in the center of the simulation box, with two air/water interfaces (Fig. 1). The simulation box
was elongated along the z axis, with the dimensions of 30 A, 30 A and 100 A. 3D-periodic boundary
conditions were applied. Simulations were performed at 300 K with the Amber 8 program package
for the polarizable molecular interaction potentials, and the Gromacs package for the non-
polarizable molecular models. For water the POL3 and TIP4P-2005 models were used, while for the
alkyl halides the general Amber force field (GAFF) and the OPLS-AA model were employed,
respectively. Atomic partial charges for the haloalkane molecules were evaluated using the MP2/cc-
pVDZ method and the RESP procedure. Free energy profiles of the haloalkanes across the air/water
interface were calculated with the Umbrella Sampling method and WHAM analysis.

RESULTS

Typical trajectories of alkyl halide molecules interacting with the water slab are shown in Fig. 2,
where the z-coordinate of the chlorine atom of methyl chloride (a) and propyl chloride (b) molecules
is plotted versus time. While methyl and, to a lesser extent, also ethyl halides do occassionally
immerse into the bulk liquid in the course of 20ns simulations, no such events were observed for
longer alkyl chain species, nor for the multisubstituted ones. Calculated average residence times
(with 95 % confidence intervals) increase from 140 (124, 158) ps for CHs;Cl to 535 (437, 690) ps for
C3H,Cl. Similar trend was observed also for alkyl bromides and iodides. For the same chain length,
the average residence times increase from chloride to bromide to iodide (for example, 140 (124,
158) ps for CH;Cl, 161 (144, 183) ps for CH;Br, and 178 (157, 205) ps for CH;l).

An example of typical density profiles of haloalkanes (averaged over both equivalent surfaces) is
shown in Fig. 3 for a series of alkyl chlorides, C,H,..1Cl, n=1-3. As can be seen, haloalkane species
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prefer to reside at the air/water interface, for their concentration is significantly enhanced in the
interfacial region as compared to the gas as well as the bulk liquid phase.

a b

Fig.1. Two examples of the simulated systems, consisting of a water slab (grey color) in the center of
the box, and (a) 2 methyl iodide (CHsl) molecules, (b) 20 chloroiodomethane (CH,ICl) molecules.
Carbon atoms are depicted in light blue, chlorine in orange and iodine in purple.
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Fig. 2. Trajectories of two methyl chloride (a) and two propyl chloride molecules (b) interacting with
the water slab are shown as the time dependent position of the Cl atom along the interface normal
using 2 ns of simulation data. In both panels, the trajectory of one molecule is depicted in red and
the other one in green color. Two air/water interfaces, defined as the regions between 90% and 10%
of bulk water density value, are indicated by two pairs of dashed horizontal lines, z=0 corresponds to
the middle of the slab.
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Fig. 3. Density profiles of methyl chloride (a), ethyl chloride (b), and propyl chloride (c) along the z-
coordinate normal to the interface (z=0 is the center of the water slab). Density of water (grey)
gradually decreases over the water/air interfacial region from its constant bulk liquid value to zero in
the vapor phase. The dashed line represents the Gibbs dividing surface (GDS). The (normalized)
density of the alkyl chloride molecules is represented by the density profiles of the last carbon (blue)
of the alkyl chain (the methyl carbon) and of the chlorine atom (orange).

Schematic free energy profile of a haloalkane molecule across the water slab is depicted in
Fig. 4 (a). As the molecule moves from the gas phase to the bulk liquid water, its free energy reaches
minimum at the air/water interface. AGs represents the free energy of the transition from the air to
the bulk liquid water, and AGsl is the free energy of the transition from the water surface into the
bulk. We calculated the free energy profiles for the following haloalkanes: CH;Cl CH,Cl,, CHCl;,
CH3Br CH,Br,, CHBr;. The results, plotted in Fig. 4 (b), reveal that all of the above haloalkanes exhibit
free energy minima in the interfacial region corresponding to AGsl of 10 — 15 kJ/mol . Based on the
results of the aforementioned simulations (Figs. 2 and 3), similar behavior is expected also for the
monosubstituted ethyl and propyl halides, for which the free energy profiles have not been
computed.
As AGs can be calculated from the experimentally measured Henry’s law constant (Sander, 1999),
reproducing the AGs value in MD simulations helps to properly set the parameters of the molecular
model. For the haloalkanes under study, the values of AGs were reproduced within + 2 kJ/mol.At the
same time, however, we note that AGsl is experimentally very hard to access. MD simulations thus
provide an invaluable insight into the interfacial behavior of haloalkane species.

CONCLUSIONS

Haloalkanes, interracting with the surface of liquid water, were found to reside primarily in
the outermost region of the air/water interface. They diffuse at the surface of water and can
accumulate there. Monosubstituted haloalkanes interact rather weekly with the water surface, and
undergo frequent desorption into the gas phase. Average surface residence times of haloalkanes
systematically increase as the alkyl chain gets longer, and as the halide atom gets heavier; as
a consequence, the volatility of the species drops down. Multisubstituted haloalkanes, such as
CH,Cl,, CHCl3;, CH,Br,, CHBr3;, and CH,ICI, stay adsorbed on the water surface. All haloalkanes have
a pronounced free energy minimum at the air/water interface of about 10 — 15 kJ/mol. Therefore,
they are likely to exhibit enhanced concentrations at surfaces of aqueous aerosols. This has
important implications for understanding heterogeneous chemical processes in the atmosphere.
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Fig. 4. Schematic (a) and computed (b) free energy profiles for haloalkanes at the air/water interface
along the z coordinate (z=0 corresponds to the center of the water slab). The computed free energy
profiles were averaged over the two equivalent interfaces.
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SUMMARY
Exhaust emissions of a diesel passenger rail car during regular operation

Exhaust emissions from a 854 series diesel-hydraulic passenger rail car, with up to three non-
motorized cars, were measured using a portable, on-board monitoring system during its regular
operation on scheduled passenger runs along the Prague-Turnov corridor. Preliminary results suggest
that such measurement is feasible and that particle emissions divided by declared maximum
occupancy are very low, on the order of 1 mg/km.

UuvoD

Prispévek se zabyva mérenim emisi draznich vozidel pohanénych spalovacimi motory béhem
realného provozu na trati.

Spalovaci motory jsou nejen hlavni hnaci silou velké ¢asti pojizdnych stroj, zatizeni a dopravnich
prostredk(, ale téZ jednim z nejvyznamnéjsich zdroji velmi jemnych ¢astic v ovzdusi, zejména pak
umeéle vytvorenych nanodastic, tj. nanocastic vzniklych v dlsledku lidské ¢innosti. Tyto Castice maji
schopnost se zachycovat s relativné vysokou ucinnosti v plicnich sklipcich, pronikat pres bunécéné
membrany do krevniho obéhu a pUlsobit, pfispivat ke vzniku, nebo zhorsovat priibéh riznych,
zpravidla chronickych onemocnéni.

Zatimco vyfukové emise silni¢nich vozidel byly a jsou studovany, modelovany, méreny, a zejména
snizovany a stale prisnéji limitovany, relativné mensi Usili je zaméreno na spalovaci motory

v nesilni¢nich aplikacich. Odhady emisi nesilniénich motord pochazeji zpravidla z hodnot ziskanych pfi
homologacnich zkouskach novych motor(l v laboratofi. Mensi mnoZstvi dat je téZ k dispozici ze
zahranicnich zkousek dieselelektrickych lokomotiv béhem provozu v ustalenych rezimech na zvlastni
zkusebné, kdy vyrobena elektricka energie, béhem normalniho provozu odebirand trakénimi motory
lokomotivy, je marena v sadé vodou chlazenych odpornikd.

Je vSak znamo, Ze vyfukové emise c¢astic se mohou béhem Zivotnosti motoru postupné ¢i skokové
zhorSovat se zvysujicim se opotfebenim motoru a s pribyvajicim vyskytem poruch a anomalii. Je téz
znamo, Ze vyfukové emise béhem realného provozu mohou byt vyssi nez béhem jeho zjednodusené
simulace v laboratornich podminkach.

Prakticky Zadna data nejsou k dispozici pro motorové vozy s hydromechanickym nebo
hydrodynamickym prenosem vykonu, nebot tyto prakticky nelze zkouset stacionarné. Takova data
jsou vSak pottebnd pro podporu uvazenych rozhodnuti o opatfenich tykajicich se emisi z dopravy,
napfiklad rozvahy zda podpofit nebo omezit urcity mod prepravy, jakym smérem smérovat
prostfedky na aplikaci pokrocilych paliv a technologii pro snizovani emisi, pfipadné rozvahy o
budoucich emisnich limitech.
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Cilem usili, jeho? je tato prace soucasti, bylo charakterizovat provozni podminky draznich vozidel a
jejich vyfukové emise béhem realného provozu. Tento prispévek se zabyva metodikou méreni
vyfukovych emisi na motorovych vozech s jinym nez elektrickym prenosem vykonu a pfinasi
predbézné vysledky z pilotni série méreni na jednom osobnim motorovém voze fady 854 [1].

MERENI

K méfeni byl vybran stroj 854 029-6, prezdivany téz , Kristynka”, deponovany v Depu kolejovych
vozidel Ceskych drah v Praze Vr3ovicich, vyuzivany pro provoz na regionalnich tratich. Pocet najetych
km s timto motorem byl odhadovan na jeden milion. Vozy této fady jsou pohanény vznétovym
motorem Caterpillar 3412 E DI-TA, vidlicovym dvanactivalcem o zdvihovém objemu 29,2 litru a
deklarovaném maximalnim vykonu 588 kW. Méreni bylo provedeno v sobotu 17.6.2012 béhem
béZného provozu vozu s proménnym poctem pripojnych (0 aZ 3) vleénych voz( fady 054 na trati 070
Praha-Vrsovice — Mlada Boleslav hlavni nadrazi — Turnov [2].

Méreni byla provedena pfenosnym systémem pro méreni emisi, vyvinutym prvnim autorem. Tento
systém byl instalovan ve strojovné na opacné strané motoru, nez se nachazela prichozi ulicka do
kabiny strojvedouciho.

Motor byl osazen optickym snimacem otacek, snimacem teploty nasavaného vzduchu a snimacem
tlaku v sacim potrubi motoru. Z téchto velicin, ze zdvihového objemu motoru a z dopravni Ucinnosti
zjisténé kvalifikovanym odhadem a ovérené experimentalné na obdobném motoru Caterpillar 3406,
byl vypocten priatok nasdvaného vzduchu. Z tohoto pritoku a z méfenych koncentraci CO, byl
nasledné vypocten tok vyfukovych plynt. Rychlost jizdy byla zatizenim pro uréeni polohy (GPS), jehoz
anténa byla umisténa na stfese vozu.

Do vyfukového potrubi byly zavedeny dvé sondy o priméru 6 mm a délce cca 1 m. Jednou sondou
byly odebirany nefedéné vyfukové plyny, které byly pfivadény elektricky vodivou hadici do
kondenzacni nadoby, kde byly oddéleny vétsi ¢astice a kondenzat. Vzorek byl poté nasat pres filtry do

NDIR analyzatoru, ktery méril koncentrace HC, CO a CO,, a do elektrochemického ¢lanku, ktery méfil
koncentrace NO,

semikondenzacniho integrujiciho nefelometru, ktery méfil intenzitu doptedného rozptylu laserového
paprsku ¢asticemi ve vzorku a jehoZ vystup byl empiricky kalibrovan tak, aby byl Umérny hmotnostni
koncentraci, a

méfici ioniza¢ni komory, kterd métila celkovou délku ¢astic vztaZzenou na objem vzorku.

Castice byly také méteny gravimetrickou metodou s vyuZitim pfenosného odbérového zafizeni.
Okolni vzduch filtrovany HEPA filtrem byl pfivddén membrdanovym cerpadlem pres prvni reguldtor
hmotnostniho toku vzduchu do miniaturniho tunelu pfipojenému ke konci druhé sondy zavedené do
vyfukového potrubi. Z tohoto tunelu byl vzorek fedenych vyfukovych plyn(i nasavan pres vzorkovaci
filtry z borosilikatového skla povlakované fluorokarbonem o prdméru 47 mm (T60A20, Pall Life
Sciences) a druhy regulator hmotnostniho toku, ktery zajistoval konstantni priatok 24 slpm (litr( za
minutu vztaZenych na standardni podminky 293 K a 101 kPa). Prvni regulator byl nastavovan
napétovym signalem v zavislosti na vypocteném toku nasavaného vzduchu tak, aby tok nefedénych
vyfukovych plynt, dany rozdilem pritokd fediciho vzduchu a fedéného vzorku, byl imérny
hmotnostnimu toku vzduchu nasdvaného motorem, ktery je u vznétového motoru jen o jednotky
procent odliSny od hmotnostniho toku vyfukovych plyn(.
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VYSLEDKY (PREDBEZNE)

Souhrnné vysledky pro celé méreni a pro jeho vybrané uUseky jsou uvedeny v Tab. 1 pro celou
soupravu, kterd sestavala vidy z jednoho motorového vozu bud samostatného (1+0) nebo az s tfremi
pfipojnymi vozy (1+3). Jako Udaj o emisich castic byly vybrany hodnoty ziskané mérenim metodou
rozptylu laserového paprsku. Tato méreni byla korelovana s gravimetrickou metodou v celkem deviti
Usecich. Na péti Usecich byla méfeni zatizena neodstranitelnymi chybami (poskozeni nebo znecisténi
filtru pfi vyméné béhem jizdy, chybné nastaveni méficiho zafizeni, absence kterychkoli z potfebnych
dat, nizké napéti akumulatoru). Méreni na zbylych ¢tyfech Usecich gravimetrickou metodou vykazuji
hodnoty emisi Castic 0 19 %, 87 %, 95 % a 143 % vyssi. Na dalSich péti Usecich byla gravimetricka
méreni zatiZena neodstranitelnymi chybami (poskozeni nebo znecisténi filtru pfi vyméné béhem
jizdy, chybné nastaveni méficiho zafizeni).

V Tab. 2 jsou tyto hodnoty prepocteny na obsaditelné misto dle deklarované kapacity vozu (véetné
mist pro stani). Skuteéna obsazenost na dané trati nebyla zjistovana.

Tab. 1: Souhrnné vysledky méfeni pro vybrané Useky

Palivo PM co, co NO HC
Trat vozy km /100 km  [g/km] [g/km] [g/km] [g/km]  [g/km]
Celé méreni 303.9 107 0.14 2835 8.2 43 2.0
Start, posunovani 1.7 212 0.53 5625 22.4 77 3.2
Praha-VrSovice — Ml. Boleslav (os) 1+1  71.6 94 0.15 2483 8.9 31 0.8
Mlada Boleslav — Turnov (pfevoz) 1+0  32.8 85 0.11 2248 9.7 33 1.6
Turnov — Praha-VrSovice (rychlik)  1+3 103.6 125 0.14 3321 5.9 55 2.5
Praha-VrSovice — MI. Boleslav (os)  1+2 74.9 107 0.14 2836 9.5 42 2.4

* Dle rozptylu laserového paprsku, dle gravimetrické metody jsou PM 1,2-2,4x vyssi

Tab. 2: Souhrnné vysledky méreni pfepoctené na obsaditelné misto

Palivo PM co, co NO HC
emise na deklarované misto mist  1/100 km [g/km] [g/km] [g/km] [g/km]  [g/km]
Praha-VrSovice — Ml. Boleslav (Os 9504) 221 0.42 0.0007 11 0.04 0.14 0.00
Mlada Boleslav — Turnov (pfevoz) 98 0.87 0.0012 23 0.10 0.33 0.02
Turnov — Praha-Vr3ovice (rychlik R 1145) 467  0.27 0.0003 7 0.01 0.12 0.01
Praha-VrSovice — M. Boleslav (Os 9514) 344 0.31 0.0004 8 0.03 0.12 0.01

* Dle rozptylu laserového paprsku, dle gravimetrické metody jsou PM 1,2 aZ 2,4x vyssi

ROZPRAVA A ZAVER

Je zfejmé, Ze uvedend data jsou orientacéni, nebot byla provedena pouze na jednom exemplafi dané
vozové fady, navic se jedna o prvni sadu realizovanych méreni, zatizenych nejistotami. Nejistota
méreni hmotnostni koncentrace metodou laserového paprsku je odhadovana faktorem 2 — 3, tj.
skute¢nd hodnota mize byt polovi¢ni az dvojnasobna, pripadné tfetinova aZz trojndsobnd. Nejistota
vypoctu pratoku vyfukovych plynd mize byt v fadu jednotek procent, pfipadné az 20 %.

Nejistota stanoveni emisi gravimetrickou metodou s vyuzitim ¢astecného ztedéni je odhadovana na
20 % v laboratornich podminkach s pouZzitim laboratorniho zafizeni. V podminkach redlného provozu
s pouZitim prenosného zafizeni tato nejistota dosud nebyla spolehlivé kvantifikovana, avsak lze
predpokladat, Ze mlZe dosahovat aZ faktoru 2. Porovnavaci méreni prenosného vzorkovaciho
zafizeni v soucasné dobé probihaji a z tohoto dlivodu, zaroven i vzhledem k rGiznorodosti poméru
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mezi gravimetrickym a optickym mérenim, nebyla provedena korekce optického méreni na
gravimetrickd data.

Nejistota generalizace na danou fadu sestdva z nejistoty vyplyvajici z generalizace provozu v dany
den na primérny a obecny provoz a z nejistoty vyplyvajici z generalizace emisi daného vozu na
vSechny exemplare této rady.

| pfes zminéné nejistoty je vSak zifejmé, Ze emise Castic prepoctené na obsaditelné misto jsou v rfadu
miligramu na km (0,3 — 1,2 mg/km dle rozptylu svétla), v pfipadé nashromazdéni nejistot smérem
k podhodnoceni emisi pak maximalné v radu jednotek mg/km. Takové hodnoty jsou srovnatelné
s limitem 5 mg/km (tj. 1 mg/km na sedadlo) pro automobilové motory dosud nejpfisnéjsi platné
emisni kategorie Euro 5, pficemz primérné emise starsich automobill se vznétovymi motory jsou
v fadu desetin g/km na automobil.

Z prizkumu motoru méreného vozu pred mérfenim a dotazl na historii jeho provozu nebylo zjisténo,
Ze by byly provedeny néjaké vyznamné Upravy na palivovém nebo vstfikovacim systému motoru, a
nelze proto predpokladat, Ze by emise ostatnich voz( byly vyrazné jiné.

RozloZzeni emisi béhem jizdy, vliv provoznich podminek, stylu jizdy a hmotnosti soupravy je
predmétem pfipadnych dalSich studii, béhem kterych bude nutné shromazdit dostatecné mnozstvi
dat z vice stroju.

Poznatky ztohoto méreni lze shrnout do zavér(, Ze (a) méfeni vyfukovych emisi drazniho
motorového vozu béhem jeho redlného provozu je proveditelné a (b) emise Castic v pfepoctu na
obsaditelné misto se zdaji byt, v porovnani s automobilovou dopravou, velmi malé.

PODEKOVANI

Provozni naklady méreni byly financovany projektem MEDETOX — Inovativni metody méreni toxicity
vyfukovych plynl naftovych motord v podminkach redlného méstského provozu, ktery je
spolufinancovan evropskym finanénim nastrojem LIFE+ (LIFEIO ENV/CZ/651) a Ministerstvem
Fivotniho prostfedi CR. Autofi dékuji pracovnikiim Ceskych drah, a. s., Depa kolejovych vozidel Praha
za laskavé umoznéni méreni a podporu a spoluprdci pfi jeho realizaci.
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SUMMARY

Some studies suggest that genotoxic effects of the combustion related aerosol are induced by
carcinogenic polycyclic aromatic hydrocarbons (c-PAHs) and their derivatives forming organic
fraction of the ambient air particulate matter (PM). The proportion of the organic fraction in PM is
known to vary with particle size. Among all aerosol size fractions the ultrafine particles are
hypothesized to be the most important carrier of c-PAHs, since they possess the highest specific
surface. To test this hypothesis, concentrations of c-PAHs in the organic extracts (EOMs) from coarse
(1<d,e<10 pm), upper (0.5< d,e<1 Um), and lower (0.17< d.<0.5 Um) accumulation, and ultrafine
(d2e<0.17 pum) size fractions of ambient aerosols were compared. High-volume aerosol samples were
collected consecutively in 4 localities differing in the extent of environmental pollution. The
genotoxicity of EOMs was measured by the analysis of DNA adducts induced in the acellular assay
consisting of calf thymus DNA with/without rat liver microsomal S9 fraction coupled with 32P-
postlabelling. The upper accumulation fraction was the major size fraction in all 4 localities forming
37-46 % of the total PM mass. As per m> of sampled air, this fraction also binds the highest amount
of c-PAHs. Correspondingly, the upper accumulation fraction induced highest DNA adduct levels. As
per PM mass itself, the lower accumulation fraction is seen to be the most efficient at binding DNA-
reactive organic compounds, Interestingly, the results suggest that the fraction of ultrafine particles
of various ambient air samples is neither a major carrier of c-PAHs nor a major inducer of their
genotoxicity, which is an important finding for the extensively discussed toxicity and health effects of
ultrafine particles.

uvoD

Cilem této studie bylo kvantifikovat karcinogenni PAU a genotoxicitu v organickych
extraktech z rliznych velikostnich frakci aerosolu, véetné frakce o aerodynamickém priméru ¢astic
pod 0,17 um, kterd prevazné obsahuje ultrajemné &astice (<0,1 pPm). Tuto frakci jsme porovnali se
tfemi dalsimi frakcemi v rozmezi 0,17 pum — 10 pum. Vzorky byly odebréany v rdznych lokalitach CR s
odlisSnym stupném a zdroji znecisténi ovzdusi.

MEREN{
Vzorkovdni, organickd extrakce a chemickd analyza: Na lokalitdch byl aerosol utfidén dle
aerodynamickém priméru d,. C¢astic do 4 velikostni frakci. Frakce hrubd (1<d.,.<10 pm), horni

akumulaéni (0,5<d,.<1 pum) dolni akumulaéni (0,17<d,.<0,5 um) byly zachyceny na polyuretanovou
pénu (PUF). Ultrajemna frakce (<0,17um) PM na sklenénné mikrovlaknové filtry potazené PTFE
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(Pallflex TX40). Vzorkovani probéhlo postupné ve 4 lokalitach s pomoci velkoobjemového kaskadniho
impaktoru (BGI 900, USA.) 24 h denné v obdobi leden 2010 — bfezen 2010. Testovanymi lokalitami
byly: Bfezno (okres Chomutov), v blizkosti povrchového lignitového dolu a hnédouhelnych
elektraren; Dobré Stésti (Plzerisko), v blizkosti délnice D5; Praha 2, Benatska ulice, kde bylo odbérové
zafizeni umisténo na stfesSe budovy v prostoru universitni botanické zahrady; pozadova lokalita, Laz,
kterou byla hraz rybnika na pitnou vodu v zalesnéné oblasti jihozdpadné od Pribrami. Impaktor byl
umistén na stfeSe mobilni stanice ve vysce 4 m. V Praze byl impaktor ve vysce 25 m nad Urovni
silnice. Jak PUFy tak i absolutni filry byly extrahovany dichlormetanem. Chemicka analyza byla
provedena v certifikovanych laboratofich ALS Czech Republic s.r.o., Praha (EN ISO CSN IEC 17025)
metodou HPLC s fluorimetrickou detekci podle standardniho postupu 1SO11338-2. Byly stanoveny
koncentrace 7 polycyklickych aromatickych uhlovodik( (PAU), které jsou dle Mezinarodni agentury
pro vyzkum rakoviny IARC povazovdany za karcinogenni PAU (k-PAU) [IARC 2010]. Konkrétné se jedna
o benz[a]antracen (B[a]A), chryzen (CHRY), benzo[b]fluoranten (B[b]F), benzo[k]fluoranten (B[k]F),
benzo[a]pyren (B[a]P), dibenzo[a,h]antracen (DB[ah]A), and indeno[1,2,3-cd]pyren (I[cd]P), které
byly analyzovany v kazdém vzorku. Pro provedeni experimentl byly extrakty odpafeny pod dusikem
do 1,2-propandiolu (100 pl) Zbytek byl rozpustén v dimetylsulfoxidu (DMSO). Zasobni roztok kazdého
extraktu (EOM) obsahoval 50 mg EOM/m| DMSO. Vzorky byly uloZeny do mraziciho boxu na -80°C aZ
do provedeni naslednych analyz.

In vitro aceluldrni test s analyzou DNA adukti: Test byl proveden metodou popsanou v literature
[Smith et al., 1998; Binkova et al., 2007]. Nativni DNA z teleciho brzliku (1 mg/ml) byla inkubovéna
s extrakty (100 pig EOM/mI) po dobu 24 h pfi 37°C s a bez metabolické aktivace s pouZitim S9-frakce
(1 mg protein/ml). S9-frakce z jater potkana pochazela z Toxily (Pardubice). DNA inkubovand s B[a]P a
DMSO byla poufZita jako pozitivni, respektive negativni, kontrola. DNA byla izolovana extrakci smési
fenol/chloroform/isoamylalkohol a naslednym vysrazenim etanolem [Gupta, 1985]. Stanoveni DNA
aduktd bylo provedeno metodou **P-postlabelling [Reddy and Randerath, 1986; Phillips and
Castegnaro, 1999]. Radioaktivita jednotlivych aduktl nebo jejich smési (diagonalni radioaktivni zony)
byla zméfena na kapalném scintilaénim poéitaci jako adukty na 10% nukleotidd.

VYSLEDKY

Ackoli se rozdéleni celkové hmoty PM mezi jednotlivé velikostni frakce pro jednotlivé lokality
podstatné [isi, na vSech 4 lokalitdch je nejvice zastoupena horni akumulacni frakce (37-46%).
Ultrajemna frakce byla nejvyraznéji zastoupena na pozadové stanici (~27%), zatimco v blizkosti
hmotnostnich koncentracich a zcela jiny obrazek by poskytlo porovnani poctu ¢astic v jednotlivych
frakcich. Soucet koncentraci sedmi k-PAU v extraktech z jednotlivych lokalit je relativné vysoky.
Vysledky ukazuji, Ze frakce horni akumulacni vaze nejvétsi mnozstvi téchto latek ve vsech lokalitach
(Obr. 1A), coZz muizZe byt dano jejim vysokym podilem na celkové hmoté aerosolu. Naproti tomu,
zdravotnické organizace (WHO) pro B[a]P (nejtoxi¢téjsi k-PAU analyzovany v této studii) ve vnéjsim
ovzdudi (1 ng/m?), nase vysledky ukazuiji, ze tento limit byl piekroéen pro véechny lokality s vyjimkou
pozadi (Laz).

Pro odpovéd na otazku, ktera velikostni frakce je nejucinnéjsim nosi¢em k-PAU je vhodnéjsi
koncentrace k-PAU normovat na hmotnost dané frakce nez na m* vzduchu. (Obr. 1B). V takovém
pfipadé jsou akumulacni i ultrajemna frakce pfiblizné stejné ucinné ve své schopnosti vazat k-PAU
s na vSech lokalitach vyjimkou pozadi. Nase vysledky pro vzorky z blizkosti dalnice D5 jsou v souladu s
pfedchozimi studiemi provedenymi v zadpadni Evropé [Putaud et al., 2004], kde hlavnim zdrojem
znecisténi je doprava a hlavnimi nosic¢i organického uhliku jsou ¢astice pod 0,15 um. Naproti tomu
hladiny k-PAU v ostatnich lokalitach vykazuji vyssi hodnoty na hrubsich frakcich, coz ukazuje na dalsi
zdroje k-PAU. Pozorované vysoké koncentrace B[a]P mohou byt tézko vysvétleny jen dopravou, ktera
je dominantnim zdrojem znecisténi ovzdusi v zapadni Evropé [Putaud et al., 2004; Lonati et al., 2011].
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Ceskd republika je pramyslovd zemé s vysokou koncentraci téikého primyslu, koksaren a
povrchovych dold.
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Obr. 1. Suma koncentraci 7 karcinogennich PAU (k-PAU) v organickych extraktech (EOM)
pFipravenych z rtiznych velikostnich frakci aerosol odebranych ve vybranych lokalitach: (A) na 1 m?
vzduchu; (B) na mg PM. K-PAU zahrnuji benz[a]antracen (B[a]A), chryzen (CHRY), benzo[b]fluoranten
(B[b]F), benzo[klfluoranten (B[k]F), benzo[a]pyren (B[a]P), dibenzo[a,h]antracen (DB[ah]A), and
indeno([1,2,3-cd]pyren (I[cd]P).
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Obr.2. Celkové hladiny DNA aduktl indukované organickymi extrakty z velikostné segregovanych
aerosold v aceluldarnim modelu (nativni DNA + mikrosomalni $9-frakce): (A) na 1 m® vzduchu; (B) na
mg PM. Hodnoty pfedstavuji primér ze 2 nezavislych méreni lisicich se o <+10%.

Primyslové emise spolu s dopravou a lokdlnimi topenisti na bazi fosilnich paliv jsou zde hlavnimi
zdroji PM a k-PAU.

Na rozdil od celkovych koncentraci k-PAU, poméry koncentraci individudlnich k-PAU se
vyznamné nelisi. Vyjimkou je chryzen, ktery je vyraznéji zastoupen v hrubé frakci pozadové lokality.
Nejtoxictéjsi k-PAU, B[a]P, se pohybuje mezi 10 aZz 18% celkovych k-PAU ve vsech lokalitach a
velikostnich frakcich. Pozorované rozdily mezi jednotlivymi k-PAU nejsou tak vyrazné, aby umoznily
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pouziti diagnostickych pomérd [Yunker et al., 2002; Ding et al., 2007] k identifikaci prevazujicich
zdroja k-PAU v jednotlivych lokalitach. Ackoli se vzorkované lokality lisi hlavnimi zdroji znecisténi je
prekvapivé distribuce k-PAU mezi velikostni frakce PM podobna. Jedinym podstatnym rozdilem je
relativné vysoka koncentrace k-PAU v ultrajemné frakci odebrané v blizkosti dalnice, kde prevazZuje
primarni a sekundarni PM o velikosti d,.< 0,15 um [Putaud et al., 2004].

Bylo opakované prokdzdno, Ze metabollity k-PAU tvofi po aktivaci enzymy cytochromu P-450
stabilni DNA aduklty, které jsou detekovatelné metodou **P-postlabelling [Sevastyanova et al., 2007].
Stejny aktivacni system pouZivajici nativni DNA jako substrat v pfitomnosti ¢i nepfitomnosti jaterni
mikrosomalni frakce potkana obsahujici smés enzymU nutnou k bioaktivaci k-PAU byl pouzit v této
studii. ProtoZze k-PAU potrebuji S9-frakci k aktivaci svych genotoxickych ucink(i je mozné z rozdilu
hladin aduktd v pfitomnosti (+S9) a nepritomnosti (-S9) usuzovat na vyznamny prispévek k-PAU k
celkové geenotoxicité. Celkové hladiny DNA aduktd indukované extrakty z PM po metabolické
aktivaci S9-frakci a vyjadiené na m?® prosatého vzduchu jsou na Obr. 2A. Vysledky ukazuji nejvy3si
prispévek horniho akumulaéniho médu k celkové genotoxicité PM. Hladiny DNA aduktl pro vzorky s
metabolickou aktivaci byly 3—5-krat vyssi neZ pro vzorky bez metabolické aktivace. Prispévek pfimo
plsobicich genotoxickych latek je vSak téZ vyznamny a mlzZe byt dan pritomnosti sloucenin typu
nitro- a hydroxyl-derivatli PAU, které jsou sice v extraktech zastoupeny v podstatné mensich
koncentracich nez PAU [Claxton et al., 2004], ale jsou vétSinou mnohem vice genotoxické nez k-PAU
[Topinka et al., 2000].
aduktl (genotoxicitu). Pro odpovéd na otdzku, kterd velikostni frakce aerosolu je nejucingjsim
nosicem genotoxickych latek je lepsi normovat hladiny DNA aduktl na hmotnost dané frakce (Obr.
2B). V takovém pfipadé je pro vsechny lokality nejucinnéjsim nosicem genotoxicity frakce dolni
akumulaéni  (0,17-0,5 pum). Ultrajemna frakce (d,.<0,17 um) predstavuje vyznamnou, avsak nizsi
genotoxicitu.

ZAVERY

Zavérem lze konstatovat, Ze ve vnéjsim ovzdusi jsou Castice ve velikostnim rozmezi 0,5<d,.<1 PUm
hlavnimi nosici karcinogennich PAU a predstavuji nejvyssi podil genotoxicity vazané na PM pokud je
koncentrace k-PAU vztaZena na objem vzduchu. UvaZujeme-li koncentraci k-PAU vztaZenou na
hmotnost aerosolu, pak jsou k-PAU nakoncentrovdny nejvice v €asticich 0,17<d,.<0,5 um, které té7
indukuji nejvyssi genotoxicitu. Naproti tomu frakce ¢astic o d,.<0,17 um, obsahujici zejména
ultrajemné castice, neni ani nejuc¢innéjsim nosicem k-PAU ani nepredstavuje nejvyssi genotoxicky
potencidl. Celkové nase vysledky prokazuji, Zze submikronové Castice vazou 80-90% k-PAU a 70-80%
celkové genotoxicity, avSak ¢astice pod 0,17 pm, tvofici ultrajemnou frakci, nesou pouze 7-10% k-
PAU/m? a reprezentuji pouze 4—-20% of jejich genotoxicity.
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INTRODUCTION

The influence of size effects on physicochemical transformations and transfer processes in the
heterogeneous systems with nanoobjects attracts increasing attention of researchers. These
problems are of interest for nanotechnology and atmospheric physics. Size effects can influence the
cohesive energy as well as the activation energies of vacancy formation and diffusion of atoms in the
nanoscale particles (Vanithakumari and Nanda, 2008). Phase transitions (including nucleation) in
aerosol systems with nanoscale particles (clusters) also depend on the nanoparticle size (Levdansky
et al., 2010). Hear we discuss the size dependence of the mass accommodation coefficient y in the
gas—nanoparticle system.

RESULTS AND DISCUSSION

The value of y depends on the rate constants for adsorption (k.q), desorption (kgs) and
absorption (k,,,) of gas molecules. Taking into account the relation between the sticking coefficient
o and the value of kg (s = 4k,.qs/v, where v is the mean thermal velocity of gas molecules) and the
equation for the mass accommodation coefficient (Crowley et al., 2010), the value of y can be
written as

4k
y= adskabs . (1)
V(kabs + kdes)

In view of the size dependence of kg, kqes (Murzin, 2009) and k., (Levdansky et al., 2009) in the case
of nanoscale particles we can write following equations for mentioned rate constants:

4q
Kads = kadsw eXF{— S(ézs_orvm j , (2)
41-a,.)oV,
kdes = kdesw EX[{ ( dI;?F) m j ’ (3)

Qups 40
K=Ky € p{—‘” 1-e ;:{—— , 4
abs abseo X RT { X 5+ dj}} ( )

where d is the particle diameter, Kags «, Kdes,, Kabs,- are respectively the rate constants for adsorption,
desorption and absorption for bulk matter, o is surface tension for the nanoparticle (it is assumed for
simplicity to be size-independent), a.qs is the Polanyi parameter for the adsorption rate constant, V,,
is the molar volume of the substance forming the condensed phase, R is the gas constant, T is the
temperature, & is the Tolman length, Q.ps . is the activation energy for transition of molecules from
the adsorption to absorption state for bulk matter.
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First, let us consider the limiting case when ky.s >> k,,s and d >> 6. Under the above-mentioned
assumptions, the following equation for the value of y can be written:

IQabsqo oV
= = Vie GX% " 1- m y 5
Yy yl yl RTd Qabswd ( )

Where Vie. = 4Ksds wokabs oo/ (VKses,), d = d/8.
It is seen that in the case of the positive exponent in Eq. 5 the value of y increases with a decrease in
d’. In the case when Kges << kaps and d >> § the value of y can be presented as

_ 4aadsavm j (6)
RTd"0 )

Y=Y2 =V eXF{

where Ve = 4Ky oof V.
It is seen from Eq. (6) that in the considered case the value of y decreases with a reduction in d". It is
worth noting that the size dependence of surface tension can also affect the value of y.

CONCLUSIONS
Thus, it is shown that the size dependence of the rate constants for adsorption, desorption and
absorption of gas molecules in the gas—nanoparticle system can affect the mass accommodation
coefficient. The value of the mass accommodation coefficient depending on the system parameters
can both increase and decrease with a reduction in the nanoparticle size.
ACKNOWLEDGEMENTS
This work was supported by GAAVCR project IAA200760905 and GACR project 101/09/1633.
REFERENCES
Crowley J.N., Ammann M., Cox R.A., Hynes R.G., Jenkin M.E., Mellouki A., Rossi M.J., Troe J.,
Wallington T.J., Evaluated kinetic and photochemical data for atmospheric chemistry: Volume V —

heterogeneous reactions on solid substrates, Atmos. Chem. Phys., 10, 9059-9223 (2010).

Levdansky V.V., Smolik J., Moravec P., Impurity trapping by aerosol particles, Aerosol Air Qual. Res.,
9, 257-265 (2009).

Levdansky V.V., Smolik J., Moravec P., Size effects in physicochemical transformations in aerosol
systems with nanoparticles, Int. Commun. Heat Mass Transfer, 37, 593—-595 (2010).

Murzin D.Yu., Thermodynamic analysis of nanoparticle size effect on catalytic kinetics, Chem. Eng.
Sci., 64, 1046—-1052 (2009).

Vanithakumari S.C., Nanda K.K., A universal relation for the cohesive energy of nanoparticles, Phys.
Lett. A, 372, 6930-6934 (2008).

76
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INTRODUCTION

Chemical reactions in aerosol systems play a significant role in formation of new aerosol particles and
their growth in the atmosphere and in various areas of nanotechnology. In the case of nanoscale
aerosol particle the size effects can sufficiently affect the rate of chemical reactions both inside the
particle and on its surface. The size dependence of a chemical reaction occurring on the nanoparticle
surface can be related to the size dependence of the intrinsic activation energy for a chemical
reaction and the adsorption kinetics of reactant molecules. Here we consider some aspects of the
possible influence of the mentioned effects on the reactive uptake coefficient in the Eley-Rideal
mechanism of a chemical reaction.

RESULTS AND DISCUSSION

The reactive uptake coefficient y, in the Eley-Rideal mechanism of a chemical reaction can be
written as (Crowley et al., 2010)

yr =ar581 (1)

where a, is the elementary reaction probability in collision of a gas phase molecule A with the
adsorbed molecule B, & is the surface coverage by adsorbed molecules of the component B.

The value of & in the Langmuir adsorption model is given by

KaPB

= (2)
1+K,P;

B

where K, is the Langmuir adsorption equilibrium constant, Pg is the partial pressure of molecules of
the component B in a gas phase (for simplicity we neglect here adsorption of molecules of the
component A and the reaction product).

The reactive uptake coefficient depends on the nanoparticle size due to the size dependence
of K, (Murzin, 2009) and the size dependence of a,. Taking into account the dependence of a, for the
nanoparticle on the activation energy of a chemical reaction for the nanoparticle E,,, assuming that
E., is related to the activation energy for a heterogeneous chemical reaction for bulk matter E...
analogously to the equation for the activation energies for different processes that is given by
Vanithakumari and Nanda (2008) and using the size dependence of the nanoparticle melting
temperature according to Rekhviashvili and Kishtikova (2006), the value of y, for nanoparticle (y;) in
K,Pg <<1 and d/é >>1, where d is the diameter of the nanoparticle and & is the Tolman length, can be
written as
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Vio = 01K o P ex;{ 4Er°‘: (1— Ny H , (3)
RTd E..0
where a,.. and K,.. are respectively the reaction probability and Langmuir adsorption constant for
bulk matter, R is the gas constant, T is the temperature, V,, is the molar volume for the substance
forming the nanoparticle, g is surface tension (it is assumed to be size-independent), d’=d/é.
Figure 1 shows the dependence of y* = Vip/(0reK20sPg) ON d at different values of parameters

¢ = 0Vi/(Erb) and ¢ = E.o/(RT).

Fig. 1. Dependence of y ond’; 1,2: ¢ =0.3;3,4: ¢ =0.7; 1, 3: ) =20; 2, 4: ¢y = 15.
CONCLUSIONS

Thus, it is shown that the value of y* for the aerosol nanoparticle is affected by the size
dependence of the Langmuir adsorption constant and the activation energy of a chemical reaction.
The value of y* increases with a decrease in the nanoparticle size.
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uvoD

Diftzni baterie byly plvodné vyvinuty k ur¢ovani difuznich koeficientl aerosolovych ¢astic o priiméru
mensim nez 0.1 um [1], k uréeni rozdéleni velikosti ¢astic se zacaly vyuZivat aZ pozdéji. Nejrozsirenéjsi
verzi se stala difuzni baterie s nerezovymi sitkami stejného prdméru ulozenymi v sérii podle navrhu
Sinclaira a Hoopese[2]. Jejich konstrukce byla komercionalizovana firmou TSI ke stavbé modelu 3040,
ktery byl pouZit vtéto praci. Po nastupu aerosolovych spektrometrl typu SMPS, zaloZenych na
principu elektrické pohyblivosti ¢astic, se v poslednich dvou dekadach difuzni baterie témér prestaly
pouzivat. Pro nékteré aplikace vsak jejich nasazeni mize byt vyhodné, napf. pro méreni velikostnich
spekter dcefinnych produktl rozpadu Rn, nebo nové v aplikacich, kde je tfeba méfit rozdéleni
velikosti aerosolovych nanocastic.

V obdobi od podzimu 2011 do léta 2012 se v Oddéleni aerosolovych a laserovych studii UCHP AV CR
uskutecnilo v nékolika tydennich kampanich srovndvaci méreni mezi difuzni baterii (DB 3040, TSI),
skenovacim tfidicem pohyblivosti ¢astic (SMPS 3936L, TSI) a kondenzaénim citaéem ultrajemnych
¢astic (UCPC 3025A, TSI). Cilem porovnani bylo ovéreni spravnosti méreni difuzni baterii a nasledny
vyvoj nového meéficiho programu umoznujiciho lepsi nastaveni jejich klicovych provoznich
parametrd.

METODIKA

Aparatura, na které jsme provadéli srovnavaci experimenty, je schematicky znazornéna na obr. 1.
Filtrovany a suseny tlakovy vzduch byl pfivadén do generatoru polydisperzniho aerosolu (AGK 2000,
Palas), kde dochazelo ke zmliovani roztoku (NH,),SO, o koncentraci 1g/l. Cast vlhkého
polydisperzniho aerosolu siranu amonného byla vedena do difuzniho susi¢e naplnéného silikagelem.
Takto vysuseny vzorek pak po neutralizaci naboje (¥Kr) vstupoval do elektrostatického klasifikatoru.
Vhodnou volbou napéti na elektrodé diferencidlniho tridice pohyblivosti ¢astic (typ Wienna DMA,
s kratkou elektrodou) byla v tfidi¢i vybrana pozadovana velikostni frakce monodisperzniho aerosolu,
kterd byla po prichodu druhym neutralizitorem naboje (¥Kr) ve statickém smé3ovaéi dobie
promichana s potfebnym mnozstvim filtrovaného vzduchu z laboratofe (HEPA Capsule, 99.97 % pfi
300 nm). Vdéli¢ci aerosolového proudu byl vzorek rozdélen do jednotlivych aerosolovych
spektrometr(l a ¢itacl. Pfi experimentech provadénych v této praci byla vidy jednim z analyzatort
difuzni baterie s prepinacim 12-cestnym ventilem (DB 3040, TSI) opatifend kondenzacnim citacem
¢astic (UCPC 3025A, TSI) jako detektorem. Analyzatorem, se kterym byla DB srovnavana, byl zpravidla
skenovaci tfidi¢ pohyblivosti ¢astic (SMPS 3936L, TSI), a v nékterych pfipadech navic i druhy
kondenzacni ¢itac ¢astic (UCPC 3025A, TSI).
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Obrazek 1. Schéma aparatury

Experimenty byly provadény pro ctyfi velikostni tfidy: 20, 50, 100 a 200 nm, které byly vybrany tak,
aby pokryly pokud mozno cely méfrici rozsah difuzni baterie. Pro kazdou vybranou velikost ¢astic bylo
po ustaleni experimentalnich podminek zméreno nékolik velikostnich spekter, abychom si ovéfili
miru reprodukovatelnosti vysledkd. Vyhodnocenim spekter byly uréeny jak stfedni hodnoty poloh
detekovanych modd, tak jejich smérodatné odchylky.

VYSLEDKY A DISKUZE

PFi pocatecnich experimentech jsme testovali presnost méreni difuzni baterii ovladanou origindlnim
softwarem od firmy TSI. Na zakladé vysledkl téchto experimentl jsme dosli k zavéru, Ze dodavany
software neumoziiuje korektni rekonstrukci pocetniho rozdéleni velikosti Castic v pfipadech, kdy
koncentrace na nékolika poslednich patrech jsou pfFilis nizké na to, aby doslo k ustalenému cteni
jejich hodnot kondenzacnim citaem. Tehdy totiZ ani nastaveni maximalnich ¢asovych prodlev mezi
méfenim na jednotlivych kandlech difuzni baterie nestaéi k prepsani pamétovych bafrd
v kondenzacénim Citaci 3025 a v takové situaci ¢itac méfi de facto v neustadleném stavu.

Proto jsme se rozhodli nahradit plvodni fidici a vyvhodnocovaci software novou verzi postavenou na
programovém nastroji LabView. Tento novy software ma uZivateli dat pristup k vétSimu mnozstvi
volitelnych parametr( difuzni baterie, a tak umozZnit optimalizaci jejiho fizeni. Jak jiz bylo naznaceno,
plGvodni program ovladajici baterii neposkytuje moznost nastaveni riznych c¢asl prodlevy mezi jejimi
jednotlivymi kanaly. Dostatecna doba prodlevy mezi kandly je pritom potiebna nejen pro dosazeni
ustaleného stavu méreni ¢itacem ale i k promyti trasy mezi baterii a ¢itacem. Proto byla provedena
série méreni vedouci ke zjisténi této dostatecné doby prodlevy, a to pro dva rlzné pratoky diftzni
baterii, 4 l.min™ (v reZimu nizkého pratoku UCPC) a 5,2 I.min™ (v reZimu vysokého priitoku UCPC).
Vysledky téchto méreni jsou ukazany na obr. 2.
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Obrazek 2. Pocetni koncentrace castic na jednotlivych patrech DB normalizované hodnotou
koncentrace namérenou referencnim citacem ve stejném cCase. Kazda barevna kfivka odpovida jedné
konstantni dobé prodlevy mezi kanaly. Ve varianté a) byl pouZit nizky a pfi varianté b) vysoky pritok
UCPC.

V horni ¢asti obrazku oznacené pismenem a) jsou uvedeny vysledky pro nizky pritok citacem, ve
spodni ¢asti obrazku oznacené b) jsou vysledky pro rezim pritoku vysokého. Na svislé ose jsou
uvedeny pomérné koncentrace, tedy koncentrace namérené na ¢itaci po prichodu aerosolu danym
kandlem (patrem) difuzni baterie, normalizované hodnotou koncentrace stanovenou na ¢itadi
srovnavacim. Kazda barevna kfivka odpovida jedné konstantni dobé prodlevy mezi kandly. Z obr. 2 je
zfejmé, Ze s klesajici koncentraci detekovanou kondenzacnim citaCem se prodluZuje doba prodlevy
po prepnuti mezi jednotlivymi kandly potfebnd k tomu, aby se kondenzacni cita¢ dostal do rezimu
ustaleného stavu. Potvrdilo se také, Ze pro rezim vysokého pritoku jsou tyto nutné doby prodlevy
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obecné nizsi nez pro rezim pratoku nizkého. To je logické uvazime-li, Ze s vyssim prltokem roste
umérné i pocet Castic detekovanych c¢itacem; ustaleného stavu Citace je tedy dosazeno vzdy dfive nez
pfi pritoku nizkém.

Tabulka 1 ukazuje nezbytné hodnoty dob prodlevy po prepnuti mezi jednotlivymi kandly difazni
baterie. Takto nastavené hodnoty by mély stacit k tomu, Ze i v situacich, kdy na vyssich patrech
difuzni baterie jsou naméreny limitné nizké hodnoty koncentraci ¢astic, bude difuzni baterie mérit
spravné a sada hodnot koncentraci namérenych na jednotlivych kanalech umozni korektni
dekonvoluci a rekonstrukci pocetniho rozdéleni velikosti ¢astic.

Tabulka 1. Nalezené hodnoty dob prodlevy potfebné pro ustdleni hodnot koncentraci mérenych
kondenzacnim citacem.

¢islo Doba prodlevy mezi kandly [s]
kanalu Nizky pratok Vysoky pratok
0 20 10

1-6 15 10

7-10 30 15

11 60 60

S novym programem na fizeni difuzni baterie a po nalezeni optimalnich hodnot doby prodlevy mezi
jednotlivymi kandly byly provedeny srovnavaci experimenty. Nastaveni prltokd na pfistrojich
pouzitych pti téchto experimentech je uvedeno v tabulce 2.

Tabulka 2. Pfehled nastaveni pratok{ na pristrojich pti srovnavacich experimentech.

pristroj SMPS DMA CPC | DB
obalovy proud /proud aerosolu | obalovy proud /proud aerosolu
prétok (I*min™) yP P yP P 1,5 | 5.2
7,5/1,5 5/1

K vyhodnoceni polohy médl velikostnich rozdéleni urcenych difuzni baterii bylo pouZito nékolik
metod postavenych na plvodnim Knutsonové algoritmu na dekonvoluci dat z DB metodou simplexd.
Byly zkouSeny tfi varianty dekonvoluce, vidy za predpokladu lognormality rozdéleni velikosti ¢astic:
1) pro jednomodalni rozdéleni ¢astic s hledanim polohy mdédu a geometrické standardni odchylky
GSD; 2) pro bimodalni rozdéleni s hledanim dvou madd( a jedné spolecné GSD a 3) pro bimodalini
rozdéleni kde jsou dvé GSD na sobé nezavislé. Obé varianty pro bimodalni rozdéleni poskytuji velmi
podobné vysledky, nicméné je vhodné poznamenat, Ze varianta 3) s nezavislymi GSD je vyrazné
stabilnéjsi nez varianta 2) s hledanim spolecné GSD.

Na obr. 3 jsou ukazany vysledky se srovnani celkovych koncentraci stanovenych jednotlivymi pfistroji
pro vybrané velikosti monodisperzniho aerosolu. Na svislé ose je pomér koncentrace stanovené bud’
SMPS nebo CPC vici koncentraci stanovené difuzni baterii. Odchylky v méfenych koncentracich ve
vétsiné pripadd nepresahuji 20%, coz Ize v oboru aerosolové spektrometrie povazovat za velmi pékny
vysledek.
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Obrazek 3. Poméry primérnych koncentraci spektrometrd SMPS a CPC normalizované hodnotou
pramérné koncentrace ze spektrometru DB.
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Obrazek 4. Zavislost polohy mddu spektrometri DB a SMPS jako funkce hodnot méda (20, 50, 100
a 200nm) nastavenych na DMA.

Na obr. 4 jsou porovnany polohy mdédi stanovené SMPS a difuzni baterii vici velikosti castic
monodisperzniho aerosolu vybrané DMA. Porovnanim poloh maédu lze dojit k nékolika zavértim.
Polohy méda uréené spektrometrem SMPS se vramci nékolika procent shodovaly shodnotami
nastavenymi na DMA. U difuzni baterie byla shoda horsi, zpravidla vSak do deseti procent. Vzhledem
k osminasobné vyssimu velikostnimu rozliSeni SMPS ve srovnani s DB, a vzhledem k mnohem

vvs

plossimu prabéhu prenosovych funkci DB, povaZujeme takovouto shodu za velmi dobrou.
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ZAVER

Cilem provedenych experimentd bylo vyvinout novy fidici a vyhodnocovaci program pro difuzni
baterii DB 3040, ktery by optimalizoval méreni s timto pfistrojem. Program umoznuje vétsi variabilitu
parametrd méreni DB a vede k tomu, Ze zdanlivé zastaraly aerosolovy spektrometr se separaci ¢astic
zaloZzenou na jejich Brownové pohybu muiZe dobre poslouZit pfi méreni rozdéleni velikosti
nanocastic. Ve srovnani sdnes nejrozsitenéjsi spektrometrii SMPS zaloZzenou na elektrické
pohyblivosti ¢astic mlzZe jeho nasazeni byt vyhodnéjsi v situacich, kdy je tfeba méfit relativné nizké
koncentrace c¢astic s mody rozdéleni velikosti pod dvacet nanometr(.
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SUMMARY

The aim of the experiments was to develop new control software for the diffusion battery model DB
3040, in order to optimize measurements with this device. The software allows for larger variability
of key control parameters of the diffusion battery and re-opens its application beyond determination
of activity size distributions. In comparison with the most widely used method of aerosol
spectrometry based on electrical mobility of particles, the method of diffusion battery can be
advantageous in situations where we need to measure aerosols of relatively low concentrations with
size distributions peaking bellow 20 nanometers.
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INTRODUCTION

Aerosol filtration is the most widely used process to capture aerosol particles (Hinds, 1998). It
is used in such diverse applications as emissions cleaning, occupation safety and health, air-
conditioning, or vacuum cleaning. In aerosol science, filters are used either for aerosol sampling or
for production of particle-free air (HEPA filters), e.g. in clean rooms or laminar boxes. In most of
these applications, it is commendable to determine penetration, or filtration efficiency, of the chosen
filtration unit.

There are well-known standards describing how to perform the testing of filter efficiency, such
as EN 1822 for HEPA and ULPA filters; EN 143 and 149 for respirators. Nevertheless, all these tests
are performed using polydisperse aerosol with given Count Median Diameter (CMD) positioned close
to the Most Penetrating Particle Size (MPPS), assumed to be at 300 nm in diameter. Moreover, these
tests measure only overall penetration giving no information about the real MPPS that is often
shifted towards smaller diameters. It also means that the standard omits the fact that penetration is
a function of particle size. Thus, the results of such an analysis give only limited information about
penetration of tested filter material.

Another issue regarding the official filter testing methods is related to the choice of testing
particle material. Shape of these particles (cubical shape for NaCl) does not fully comply with the
commonly used theoretical assumption in aerosol science — spherical particles (e.g. when we select
monodisperse particles in the DMA). Therefore, precise and detailed filter testing requires size-
resolved measurement using well-defined aerosol particles having proper shape (e.g. (NH4)2504 —
ammonium sulphate (AS)).

EXPERIMENTAL SET-UP

Even though commercial filter testers exist on the market (e.g. Automated Filter Tester 3160,
TSI), we have developed our own filter testing instrument. The filter tester (see Fig. 1) is based on
a DMA (Vienna type, home-made at ICPF) built into a home-made electrostatic classifier, two CPCs
(TSI UCPC 3025A), #Kr neutralizers and a filter holder. A commercial nebulizer (AGK 2000, Palas) was
used to generate AS particles dried by passing through a diffusion dryer. Drying of aerosol particles
before entering the DMA is vital for proper particle size selection. For example, in the case of
ammonium sulphate, the over-sizing could make up to 20 % in diameter at 40% RH. The correction
for differences in counting of the two CPCs as well as for the different location of each CPC (upstream
or downstream of the filter) was taken into account in our calculations. The size range of size
resolved measurement was set from 20 nm to 450 nm. The flow rate was set to several tens of |pm
(typical flow rates through filters). The whole system is controlled by the means of home-made
LabVIEW code. The minimum penetration of such a filter testing system is limited by the accuracy of
CPCs used —in our case it corresponds to penetration of 0.001% (or filtration efficiency of 99.999%).
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Fig. 1: Schematics of the filter tester.

In order to check the consistency of tested filter material and the variability between individual
filtration sheets or pieces, we have usually repeated the measurement several times. The monitoring

of filter material loading was also included within this study.

TESTED FILTER MATERIALS

During the testing of filtration materials we have measured several commercial filter materials
including standard filters (Whatmann, Milipore) and personal respirators (e.g. 3M). List of the
standard filters is included in Tab. 1.

Filter No. Manufacturer Material Type Ap [ kPa]
1 Millipore cellulose acetate and nitrate RAWP04700 9.7-10.0
2 Millipore glass fiber APFA04700 4.9-5.0
3 Millipore quartz fiber AQFA04700 4.9-5.0
4 Whatman quartz fiber QM-A 1851-047 5.9-6.1
5 Whatman glass fiber GF/C 1822-047 8.0
6 Millipore cellulose acetate and nitrate SSWP04700 9.0-9.3
7 Whatman quartz fiber QM-A 1851-047 6.4-6.5
8 Millipore cellulose acetate and nitrate SSWP04700 8.5-8.8
9 Whatman glass fiber GF/C 1822-047 7.5-7.7
10 Millipore cellulose acetate and nitrate SSWP04700 3,55
11 Whatman glass fiber GF/A 1,72
12 Whatman glass fiber (cleaned) EPM 2000 2,43
13 Whatman quartz fiber QM-A 2,17

Tab. 1: Commercial filter materials used in this study.
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RESULTS

The measured penetration for various filter materials showed a large span (see Fig. 2), starting
from commercial filters having penetration about tenths of percents and ending up with medical PPE
having penetration in orders of tens of percents. Extremely low filtration efficiency was measured for
a sock, which is sometimes recommended as an emergency filtration material in a case of sudden
explosion or other unexpected event, having almost 100 % penetration, in other words very low
filtration efficiency in minimum.
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Fig. 2: Size resolved penetration of various filtration material types.
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Fig. 3: Size resolved penetration of standard commercial filter types

In the case of Personal Protective Equipment (PPE, respirators) the maxima of penetration
were ranging from units to the tens of percent, while the pressure drops were usually in hundreds of
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Pa. The measurements of PPE showed pronounced differences among the individual filter classes
such as FFP1, FFP2 and FFP3.

The most valuable information can be found in the results from the measurements of
standard commercial filter materials (see Fig. 3), which are usually used for aerosol sampling. The
figure shows that the penetration of different commercial filtration materials can differ in orders of
magnitude. The maximum penetrations were in orders of tenths to hundredths of percent having
pressure drops in orders of kPa units. The MPPS were in a vast majority of cases bellow 100 nm.
Furthermore, the pressure drop across the filtration material does not necessarily increase with
a decrease in penetration, as can be seen from comparison of Fig.3 with Tab.1.

The tests of reproducibility proved to be a very robust measurement routine giving only
minor deviations in results for the same filter types. In most of cases, long term exposition of the
filtration material to the challenging aerosol showed negligible filter loading.

Different pieces of the same type of PPE showed significant differences in measured
penetration. Also samples of filtration material taken from different parts of one piece of PPE
resulted in a significantly different penetration.

CONCLUSIONS

Testing of various filter materials proved the functionality, good precision and reproducibility
of a home-made filter tester. The measurements of penetration for standard commercial filter
materials might be useful for many scientists and other users working with these materials. The
comparison of penetration for different types of filtration materials showed wide variety of
penetration curves, MPPS and the maximum penetration. This study also confirmed our initial doubts
about the standard filter efficiency testing method, regarding the used testing material, setting of
MPPS and measuring only the total penetration of a polydisperse aerosol. Therefore, such a study
could serve also as a basis for improvements in the filter efficiency standard method, which seems to
give insufficient and in some perspectives limited or even misleading information.
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