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Vazené kolegyné, vazeni kolegové,

takZe letos zase v Cejkovicich! Vypada to, Ze se na Moravé dafi nejen dobrému vinku,
ale i konferenci Ceské aerosolové spole¢nosti, kterd je s dvaceti prispévky zatim druha
nejvétsi. A to i ze zahrani¢ni Ucasti. Témata zahrnuji jak chovani aerosold ve vnitfnim
a vnéjsim ovzdusi, jejich sloZeni a identifikaci zdroja, tak i stale popularné;jsi nanocastice.

Tradi¢ni byla ucast nasich ¢lenl na Evropské aerosolové konferenci v Manchesteru,
které se sedmnacti prispévky ucastnilo patnact clenl. Letos jsme bohuzel trochu zapomnéli
na skupinové foto nasich Ucastnikdl, které byvd nedilnou soucasti naseho sborniku. Snad to
bylo zpUsobeno i vétrnym a desStivym pocasim v Anglii. Urcité to napravime pfisti rok
v Granadé!

Tradi¢ni je také sponzoring nasi konference firmou ECM ECO Monitoring spol. sr.o.,
které timto upfimné dékujeme.

Praha, 19. 10. 2011 Jiti Smolik
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IDENTIFIKACE ZDROJU AEROSOLU V OVZDUSi MESTSKEHO BYTU
Martin BRANIS, Jan HOVORKA

Univerzita Karlova, Pfirodovédeckd fakulta, Ustav pro Zivotni prostiedi, Albertov 6, 128 43 Praha 2
email: branis@natur.cuni.cz

Klicova slova: Vnitfni prostfedi, kvalita ovzdusi, PM,, PCA

SUMMARY

We studied indoor 24-hour concentrations of particulate matter below 1um in aerodynamic
diameter. The measurements were carried out in a residence situated in central Prague during one
summer and two winter campaigns. Harvard impactors (HI) with air flow of 10 and 23 |/min were
deployed and the aerosol concentrations were assessed by gravimetry. Chemical analysis of samples
included black carbon, water soluble organic carbon, anions (Cl, S0.%, NOys’), cations (NH,, Ca”, K,
Na®) and metals (Cr, Cd, Pb and Ni). Besides, indoor temperature, humidity, NO, NO,, NOy, O; were
measured as well. Human activity was registered in a diary. Supportive data on outdoor variables
were collected as well: PMy, (from the nearest fixed site monitor), PM, s (HI), SO,, NO, NO,, Os, Black
smoke (detected from PM, HI filters), ambient temperature, humidity, wind speed and selected
metals (Cr, Cd, Pb and Ni) were measured. Principal component analysis (PCA) with varimax rotation
was deployed to apportion the sources of indoor aerosol. The PCA revealed 5, 6 and 7 factors for the
first winter, second winter and summer campaigns respectively. The results showed that in most of
the days measured the outdoor PM concentrations influenced the indoor ones. Exceptionally short
excursions of higher PM concentrations were notice also indoors. Interestingly, besides the main
factor — traffic, one of the most pronounced factors was related to chloride ions linked to Na, K and
Ca cations. This effect was episodic and suggested a long range transport of sea salt aerosol. Mass
closure showed that the largest part of the mass was attributed to unidentified fraction, presumably
organic matter. From the analyzed fraction, black carbon, sulfate, amonium and water soluble
organic carbon were the most abundant compounds. We conclude that under natural ventilation
conditions, road traffic this the e predominant contributor to fine indoor PM. Cooking, which was
expected to be the main source of indoor aerosol was found to be one of the least important factors.

UvoD

Znecisténi ovzdusi aerosolem je vénovana pozornost jiz nékolik desetileti, zejména pro
prokazané ucinky na lidské zdravi (Pope a Dockery 2006). V souvislosti s tim je obvykle rutinné
sledovana frakce PMyy nebo PM, 5. O charakteristikdch (sloZeni, variabilité) jemnéjsich frakci, stejné
jako o jejich zdravotnich Ucincich je pomérné malo informaci a dosavadni studie neptrinaseji
konzistentni vysledky (Samet et al. (2007). V souvislosti s témito fakty i s tim, Ze moderni ¢lovék travi
az 90% svého casu ve vnitfnich prostorach budov (Echols et al., 1999), sledovali jsme béhem tfi
kampani sezéonni a denni variabilitu PM; (aerosol s aerodynamickym primérem d¢astic 1um a
mensim) v ovzdusi standardniho bytu umisténého v rezidencni oblasti Prahy.

METODIKA

Méfeni probihalo v rezidencni oblasti Prahy 6 — méstské ¢asti Bubenec v tfipokojovém byté
v némz sidlila péticlennd rodina. Byt byl vytdpén etdaZovym topenim na zemni plyn. Hmotnostni
koncentrace aerosolu byly zjistovany pomoci nizkoobjemového Harvard impaktoru. Sledovali jsme
24-hod. koncentrace PMy, PM,s a PM; uvnitf a PM,s venku. PrOtok impaktory byl méren
elektronickym bublinkovym priatokomérem Gilian. Ke srovnani byla pouZita data PMy z nejblizsiho
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monitoru AIM (¢. 776). Z mikroklimatickych podminek jsme dale méfili teplotu a relativni vihkost
a poutzili Udaje o rychlosti vétru (CHMU Karlov). Hmotnostni koncentrace viech sledovanych frakei
aerosolu na filtrech byla uréena gravimetricky (Sartorious, presnost 10 pg),. Filtry byly 24 hodin pred
vazenim ekvilibrovany na teplotu cca 20°C a konstantni relativni vihkost (43 %) v exsikatoru (K,COs).
Ke zjisténi aktivity osob v byté bylo vyuzito Udaja z dotaznikd.

Na filtrech s ¢asticemi PM; byla nejprve provedena analyza obsahu BC pouZiti nedestruktivni
optické metody (soot photometer). Poté byly rozplleny keramickymi nlzkami. Jedna ¢ast byla
urena k analyze anorganickych iontd (Cl, SO,>, NO;, NH,, Ca*, K', Na') pomoci iontové
chromatografie (Metrohm IC 690) a WSOC (analyzdtor TOC s katalytickou oxidaci, TOC-VCPH
Shimadzu) a druha ke stanoveni vybranych kovi (Ni, Cr, Cd a Pb) za pouZiti atomového absorpcniho
spektrometru s elektrotermickou atomizaci v uhlikové kyveté (GFETA-AAS, 4100 ZL Perkin Elmer).
Ziskana data byla statisticky analyzovana pomoci programu SPSS.

VYSLEDKY A ZAVERY

Koncentrace aerosolu vykazovaly ve vSech kampanich vyraznou denni variabilitu. Vnitini
hodnoty byla v pfevainé ovlivnény hodnotami vnéjSimi. Zimni koncentrace byly vyssi, nez letni,
pricemz nejvyssi hodnoty byly naméreny béhem epizod ve druhé zimé. Dobry soulad ndmi mérenych
hodnot s hodnotami M10 AIM ukazovaly na dobrou reprezentativnhost naseho méreni a minimalni
ovlivnéni pfipadnymi mistnimi zdroji (Obr. 1).
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Hmotnostni bilan¢ni analyzy (mass closure) ukdzala, Ze nejvétsi sloZzkou aerosolu na filtrech
byla tzv. neidentifikovand ¢ast. Podle soucasnych znalosti se jednalo nejspise o organickou hmotu.
Vzhledem k malé navaice na filtrech nebylo moZno analyzu organickych sloZek zpracovat. vedle
neidentifikované frakce byl zjistén vysoky obsah uhliku (forma ,black carbon®), déle siranovych
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a amonnych iontl. Z dalSich sloZek stoji za zminku WSOC a v letnim obdobi i nezanedbatelné
mnoizstvi dusi¢nanovych iontl. Analyzy ukazuji, Ze sekundarni aerosol hraje v bilanci hmotnosti
aerosolu (po uhlikatych frakcich) vyznamnou roli. Obsah kovl byl téméf na hranici stanoveni a jeho
hmotnostni obsah je témér zanedbatelny (Obr. 2).

BC
17.41%

1éto

zima 1
wsocC
3.05%
Na
UNIDENT 0.24%
42.48%
NH4
9.25%
K
0.85%
Ca
0.29% UNIDENT
59.0%
Cl
0.29%
tal
o
: 25.62% sS04
01% 10.1%
Obr. 2:

zima 2

Hmotnostni bilance (mass closure) obsahu
hlavnich komponent (forem uhliku, iontd,
prvka) v navazkach aerosolu na filtrech.

UNIDENT
56.66%

(Poznamka: obsah sloZek se lisi nejen meazi
|étem a zimou, ale také mezi obéma zimami.
UNIDENT — je neidentifikovana frakce, patrné
metals organickych latek, které nebyly analyzovany
vzhledem k relativné nizké navazce na filtrech)

Pokus o identifikaci zdroja, které ovliviiuji koncentraci PM; v byté ukazal dominantni vliv
vnéjsiho prostredi. PCA odhalila pro kazdou kampan nékolik faktor(, které se v nékterych aspektech
liSi, nicméné vykazuji celou fadu podobnych ryst. V letni kampani (Obr. 3) bylo zjisténo 7 faktorq,
z nichz prvni dva jednoznacné ukazuji na dopravni zdroj. Jednak jsem patrné o hmotnostné vyznamny
prispévek ,starého” aerosolu (1. faktor) a o prispévek cerstvého aerosolu vazaného na NO, obsah sazi
(black carbon) a sekundarni slozky (siranové a amonné) ionty. Obé zimni kampané (Obr. 4 a Obr. 5)
jsou charakteristické vysokym vlivem dopravnich zdroj(. Prvni faktor vysvétluje pres 35% variability
souboru u prvni a pres 40% u druh( zimy. Zajimavym zjisténim je, Ze ve vsech pfipadech je ve
vhitfnim ovzdusi nalezen nezanedbatelny faktor (13,7%; 11,9% a 9,1%) ukazujici na vliv Cl iontd
ve spojeni sK, Cl a Ca. jde patrné o prlnik aerosolu, ktery ma svilij pGvod v epizodach dalkového
pfenosu morské soli. Pro tuto hypotézu bude treba provést jesté dopliikové Setfeni zpétnych
trajektorii ve dnes se zvysenou koncentraci téchto iontl. Oproti ocekavani jsme zaznamenali pouze
maly vliv lidské cinnosti — zejména vareni. Vyznamnost tohoto faktoru je dokumentovan poradim
dulleZitosti faktoru (a podilu vysvétleni variability souboru. V 1été bylo vafeni az 5. (7,7%) v prvni zimé
6. (4,8) a ve druhé zimé 4. (9,7%) faktorem v poradi vyznamnosti. PCA také ukazala, Ze zdroj kov( ve
vhitfnim prostiedi je patrné téZ vazano na prinik z vnéjsku. Vyjimkou je mozna Ni, zejména v zimé.
Nicméné vysoky podil stanoveni pod mezi detekce nedovoluje ucinit zdsadni zavéry.
Ni je identifikovan jako prvek souvisejici s vafenim. | kdyZ s vysokou mirou pochybnosti je mozno
odhadnout, Ze urcité mnoiZstvi tohoto prvku se dostava do ovzdusi pfi uzivani nerezového nadobi
zahfivaného na plynu.

PODEKOVANI

Projekt byl podpofen grantem MSMT NPVII INAIR (¢. 2B2B08077) a z&asti i grantem (URBAN-
AEROSOL (€. EK EVK4-CT-2000-00018).

11



1.0

[J ONI%00J
[] iN3aiNn ONI¥O0J
] Nrao ] 1N3aINn|
| NI"ad [INrao
ONdd [ NP
[m—
[ NI #OS
] NI'eON
I N0
[N w2
] N
[RBHN o U
NN k| 3
[ NI20s, s 2
| NITog B s
| NITON i
] NI"TAd
| LnO"ON 4
[ 1no ad
] 1nO"IN
Eo 1N0"HD
| Ltno"ao FIno a0
| 1no"s8 [T tnosa
[ Lno send i N0 sznd
| WS 0TINd 0 wssotd
s s E E 2 s 8 3
peoj 10j1oe- < peoj Joye- ' !
] ©NI¥0oOg
| LN3AINN [] onpood
| NTao [JIN3aINn
| NI"ad | NITad
[NId0 [ NITad
[ NN [ M40
Nz [NIIN
| NI"eON [ NIvos
N1 [] NI"eoN
_Hw NIV H‘ Z_\._U
] N [E—— ]
| NITBHN 2 Hm n__Jw_:z
N g ] N
NIT00s s i
— oo ] oo
| NTON [NIoN
L NI TId 0 NI
[ In® ON fInoon
[ 1noad Flno ad
] 1no'IN | LnO"IN
[ 1no"ud | Ltno 8o
] tno ad { Lno-ad
] tno'sa [] Lnoss
:H_H‘ 1N0O s2Nd ] Lno sznd
WS 0TWd ] wsd otwd
S 0 = © S e e o e
peoj Jojoey o0 peoj Jojoey

Variable

NI"@o
[N ad

NI"d0
CNITIN

e}
| NI'VO
| NI

ONIN

| NITog
NI"ON

mmHﬂH el B B e N ﬂ N mr=11

[ oNIIoo
| IN3aINn

| NITvOS
[NI"EON

NI"VHN

NI"00S

NI"TINd
| Lno ON
[1I0o ad
| LnOTIN
| LnO"¥0
| Lno"ad
| Lno"sg
| Lnosz
Wsd 0T

oo

1.0

=3
o

peoj JojoeS

0.5

]
<

-1.0

Variable

o100

I NI

[

IS

| oNpI00g
LN3QINN
NI"ad
NI"ad
NI"8D
[T IN
NI"7OS
| NI"eON
] N2
[N vO

NI"VHN
NI"UN
NI"00S
NI"og
NI"ON
NI"Td
[ LnO"ON
| lno"ad
[ING IN
[INO HO
| Lno"ao
| lno"sq
| Lno szl
WS4 0T

1.0

0.5
.0

(=]
peoj J0joe

05 E

-1.0

Variable

Obr. 3

dentifikace sedmi hlavnich

Vystup z PCA

itfFnim

zdroju (sedm hlavnich faktord) ve vn
prostiedi bytu v priibéhu letni kampané.

(Pozn.: Faktor 1 vysvétluje 28,5% variability

;oS-

-7,8%

2-14,9%; 3-13,7%;

7

souboru
7.7

7-5,4).

6—-5,6;

’

r—\ﬂ o Wi H HH |

o

[

1.0

0.5

peo| Jojoey

-1.0

Variable

12



M

| oNPood]
[ LN3AINN
ONI"ao
] Nad
[INI"d0
NITIN
NI"vOS
] NI"€EON
NIT12
NI"VD

[ — N

[ NITVHN
NI"VN
] NITo0s.
NIT0g
NI"ON

| NI'TWd
[ Lno"oN
| Lno 8ad
[1no7IN
[ImO 40
0 Lno"ao
[1no sg
g Lno sz
] wsd 20§
WSS 0TWd

a

1.0

<
o
peoj Jo:

0.5

w0
4
o

-1.0

Variables

i

NI 0l

[—]
[
1

il

ONINOOD
IN3AINN
NI"ad
NI"8d
NI"40
NITIN
NI"vOS
NI"EON
NIT1D

[Nrvo

NI
NITVHN
NITWN
NI"OOSM
NI"o8
NI"ON
NITTWd
1NO ON
1no ad
1NOTIN
1N0 ¥o
1no-ao
1no sg
1N0O SeWd
WS4 z0Ss
WS 0TWd

1.0

0.5

o
=}

peo] Joioe-

-1.0

Variable

SNOO0D]
AN3AINN|
NI"ao

NI"&d

| NIT™0

ONIIN

| NITvos
| NI"EON
CNT10

| NITvO
NI

| NITWN
| NIToos
| NITog
[N ON
| NICTWd
[Inc ON

| 1no"ad
| LNOTIN
| Lno"u0
| Lno"as
[lLno'sg
| LnO"szd

| wsd 209

Variable

1.0

L’ﬂ

O

[ —

]

O
[ NITYHN

]

O

i

1

0

0

O

| [

peoj Jo1oe4

[ONBIobD
IN3AINN

1.0

peoj o1

-1.0

Variable

-1.0

o [ 9NIOOg

1.0

peoj Jo1oeS

[ ONI¥OOD
| IN3AINN
| NCao

| NI"ad
N30
[NIIN

| NITvOs

| NI"EON
ONIT10
[NI"v0

-1.0

1.0

0.5
0.
0.

peo| J0j0e

-1.0

Variables

Variables

tredi
2-9,1%

z

itFnim pros

v

(hlavnich faktort) ve vn
(Pozn.: Faktor 1 vysvétluje 41,3% variability souboru

ju

ti hlavnich zdro

— identifikace Ses

tup z PCA

ys

bytu v prabéhu 1
-8,8%;4—-8,8%;5-8,2

Vv

Obr. 4

3

’

’

i kampané.
6- 4,8).

.Zimni

7’

13



1 2
1.0 10
05 - P ? 054
Rl =]
g 0.0 HHHH ﬂ 0 %o,o WH H H, H MHHHH HHEQH ‘ UHHHH
5 00 (R A, HEC S, IS A~ S A I
3 %%55S555SEZ\Z|Z\Z_|Z|Z|Z\E|Z|Z\Z\Z\_|zELZD £ 5&8888888E:'a'i';'f‘;‘f‘;'f’g‘;':‘m‘i'a'ﬁ2
i L0 000000F o0 g <_|m<r§n:mog2 v noadsa =2802I 000923520258
E‘S‘QQIQS%EE‘ Engz% 0028 01028 _Osﬂowmgouzg o n <z Z0 29
051= 0 = s 20 Tl e
1.0 Lo
- Variable
Variables
3 4
1.0 10
05 051 H{
3 . - g i HHH umpmmﬂﬂﬁﬂuﬂ _ HHH il
5 0.0 = = 2
P Y UUTU rzoHez2-Hzz TP § (3333353353555 525555552225
- $|LL|O|O|O\O\O\O\O\ E‘OIU‘OI<‘§¥‘<Id‘glgilm‘mlo‘g§ S‘NIQIU’IO‘D‘“‘E‘@‘ gzm%z% ooggzoao%é
gyggogE=zy °°g%2 ©°23 °%°Y30 05{Epze=00"¢8 2 58
05 =2 =G
1.0
-1.0 Variable
Variable
5
1.0 Obr. 5:
05 | Vystup z PCA - identifikace péti hlavnich zdrojt
- H H HH i H (hlavnich faktor) ve vnitinim prostredi bytu
©
5 00 ﬂ‘ﬂﬂ‘ﬂﬂw‘ . U L ‘Q‘ﬂ‘ m‘u’_‘ 4, ﬂ‘ = v prﬁbéhu 2. zimni kampané'
5] SSkEkbEEEEERDZZZZEZZZEZZZZZZEO
i 3&88888885.-4'0‘_' ) g g =
oo S28851¥308328880¥
gNQuwoQxXso 0z zZ0n 28 3 i 0, i ili
0s{Spz®20078 z 58 (Pozn.: Faktor 1 vysvétluje 35,8% variability
souboru; 2 -18,7%; 3—-11,9%;4-9,7%; 5-
10 7,8
Variable ’ ).
LITERATURA

Echols, S.L., Macintosh, D.L., Haommerstrom, K.A., Ryan, P.B., 1999. Temporal variability of
microenvironment time budgets in Maryland. J. Exp. Anal. Environ. Epidemiol. 9, 502-512.

Pope lll, C.A. and Dockery, D.W., 2006. Health Effects of Fine Particulate Air Pollution: Lines that
Connect. J. Air Waste Manage. Assoc. 56, 709-742.

Samet, J.M., Graff, D., Bernsten, J., Ghio, A.J., Huang, Y.-C.T., Devlin, R.B., 2007 A Comparison of
Studies on the Effects of Controlled Exposure to Fine, Coarse and Ultrafine Ambient
Particulate Matter from a Single Location. Inhal Toxicol, 19 (Suppl. 1), 29-32.

14
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SUMMARY

Cleanroom air-conditioning is a highly energy demanding system. In some cases it is possible to
reduce high air exchange rate in the room and to reduce the overall energy consumption. The article
analyzes the effect of airflow reduction, setting differential supply velocity in a cleanroom ceiling,
ratio between left and right side air exhaust and other boundary conditions. The results show how
these changes impact the transport of contamination to a workplace and to a person’s breathing
zone.

UvoD

Cisté prostory patii mezi aplikace klimatizace s velkymi naroky na provoz. Dle normy 1SO 1644-
4 je zavedena klasifikace 1SO 2 aZ 8. Jednosmérny pfivod vzduchu je poZadovan u prostorl nizsich
tfidy 1SO 2 az I1SO 5, s vystupni rychlosti mezi 0,3 a 0,5 m/s. Intenzita vymény vzduchu tak dosahuje
stonasobky objem® mistnosti, co? vede ke znaénym ndakladdim na provoz vzduchotechniky. Redéni
a vytésnovani znedistujici latky vysoce Cistym vzduchem vsak zaruduji bezpecnost vyrobku a ochranu
pracovnika.

V nékterych pripadech je moZné a i doporucené optimalizovat naklady snizenim pratoku
vzduchu v komunikacnich zénach ¢i vhodnou volbou usporadani pfivodu a odvodu vzduchu.
Problematika Sifeni znedistujicich latek je v tomto pfispévku zlGzZena na prostory s nejednosmérnym
proudénim se zénou ochrany pracovnika, tj. prostory s vyvinem znedistujicich latek, jako napf. ve
farmaceutickém primyslu. Skokova zména rychlosti ve stropnim privodu vzduchu (mezi pracovni
a komunikacni zénou) vedouci k Uspore provoznich nakladli vsak mlze v nékterych pfipadech pusobit
negativné na Sifeni znecistujici latky. Pfispévek je proto zaméfen na numerickou analyzu vlivu
usporadani pfivodu a odvodu vzduchu v Cistém prostoru s ohledem na Sifeni Skodliviny v oblasti
pracovnika a v jeho dychaci zéné.

Jedna se o jedno z témat rfeseni Vyzkumného zaméru Technika Zivotniho prostiedi, jehoz SirSim
cilem je navrh takového usporadani privodu a odvodu vzduchu, kde Ize s respektovanim Siteni
znecistujicich latek dosahnout snizeni intenzity vymény vzduchu a tim i sniZzeni provoznich nakladd.

METODA A VYSLEDKY

Numericky 3D model Cistého prostoru, popsany v (Hemerka a kol. 2010, Forejt a Hemerka
2011), je 3-z6novy model Cistého prostoru s jednosmérnym privodem vzduchu stropem, odvodem
vzduchu pracovnim stolem a $térbinou u podlahy v komunika¢ni zoné a zdrojem znecistujici latky
umisténém na pracovnim stole. Model byl vytvofen v programu Fluent/Gambit a ovéren fyzikalnimi
méfenim v laboratofich UTP FS CVUT v Praze. Vypoctova oblast byla zasitovdna Etyfsténnymi
bunikami, jejichz celkovy pocet byl 2 633 897. Nejmensi burika méla velikost pfepoctenou na hranu
krychle 1,5 mm a nejvétsi 36 mm.

Sledovany byly nasledujici pfipady, které mapuji: a) vliv snizeni objemového pritoku vzduchu
0 25 % (vstupni rychlost vzduchu byla zmensena z0,4 m/s na 0,3 m/s); b) vliv skokové zmény
rychlosti ve stropé; c) vliv zmény nastaveni poméru odvodu vzduchu; d) a vliv mohutnosti zdroje

15



Skodliviny; a e) vliv polohy zdroje znedistujici latky. Na Obr. 1 vlevo je napfiklad dokumentovan vliv
zmény polohy zdroje znedistujici latky, kdy je posunuty blize k pracovnikovi pfi dvou nastavenich
poméru odsavani vzduchu mezi levou a pravou stranou (40:60 a 60:40). Na Obr. 1 vpravo je
zobrazeno vektorové pole rychlosti v pracovni oblasti a koncentracni pole v dychaci zéné osoby.
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i 10% 60% L 95 600 W 4.7e-01
2 1E-01 I__| © 40% 60% no W 60% 40% no A 40% 60% yes | 45s-01
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Obr. 1: vlevo - Vliv polohy zdroje znecistujici latky na jeji koncentraci v dychaci oblasti pracovnika.
Vpravo — Pole koncentrace v obdlce okolo hlavy pracovnika a vektory rychlosti proudéni vzduchu
v dané oblasti.

Dalsi vysledky ukazaly, Ze skokové zmény rychlosti v privdadéném proudu vzduchu ze stropu
maiji spiSe negativni vliv na Siteni znecistujici latky (zhorseni podminek). Pomér odsavani mezi levou
a pravou stranou ma vyznamny vliv na ochranu pracovnika pred znecistujici latkou. P¥i homogennim
pfivodu vzduchu ze stropu nema pokles pratoku vzduchu vliv na koncentracni pole v pracovni oblasti.
V pripadé, Ze se ve stropé rychlosti vzduchu skokové ménily, nedochazi ke zhorseni podminek jen
v nékterych pripadech, kdy se pfivadi znedistujici latka nizkou rychlosti 0,01 m/s. Snizeni pritoku pfi
mohutném zdroji, tj. 0,2 m/s, ma vidy za nasledek zvy$eny dosah znedcistujici latky a tedy zhorseni
ochrany pracovnika.

ZAVERY

Nastaveni okrajovych podminek proudéni vzduchu vyznamné ovliviiuje ochranu pracovnika
z hlediska Cistoty prostifedi v jeho dychaci zéné. Skokovd zména rychlosti ve stropé ma za nasledek
spiSe zhorseni podminek. Naopak vhodnym nastavenim odsavani vzduchu lze zachovat ¢i zlepsit
ochranu dychaci zény pracovnika a to pti sou¢asném snizeni celkového pratoku vzduchu.

PODEKOVANI
Prispévek vzniknul jako soucast rfesSeni vyzkumného zaméru Technika Zivotniho prostredi ¢.
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SUMMARY

Particulate matter (PM) can be harmful for works of art by causing soiling and chemical
damage, depending on particle size and chemical composition. The aim of this study was to
investigate concentrations and sources of airborne PM in the indoor environment of the National
Museum in the centre of Prague and in a small town Terezin, and to establish the relationship
between the indoor and outdoor environment. The measurements have been done during two
intensive campaigns and included particle number concentrations and size distributions. Time
variation of fine particles concentration in Prague indicated outdoor origin with traffic as the most
probable source. The concentration of coarse particles revealed periodic increase and decrease,
corresponding to beginning and end of visiting hours, indicating visitors as a source of these particles.

UvoD

Aerosolové Castice predstavuji zavainé riziko pro predméty uloZzené v muzeich
a depozitafich. Castice primarné zne&idtuji povrchy, ale hrubdi &astice byvaji abrasivni a pfi
manipulaci mohou napomahat mechanickym poskozenim. Jemné ¢astice pak mohou byt acidické
nebo alkalické povahy a byvaji téZ hygroskopické, z toho plyne, Ze vedle chemické degradace mohou
zpUsobovat i navlhani pfi zméndach relativni vihkosti (Hatchfield, 2002, Nazaroff a kol., 1990).

Cilem této prace bylo zjistit jaké jsou koncentrace ¢astic ve dvou rliznych typech vnitiniho
prostiedi Narodniho muzea (NM), a to v historické budové v Praze a depozitafi v Tereziné. Dale pak
definovat vztah mezi vnitfnim a vnéjSim ovzdusim a na zakladé téchto udajd stanovit mozné zdroje
¢astic ve vnitfnim prostredi.

MERENI

V NM probéhly dvé intenzivni osmidenni méfici kampané. Prvni na jafe 2010 v expozici
pravéku v historické budové NM v Praze a druha na podzim 2011 v depozitafi historického textilu
v budové byvalych Magdeburskych kasaren v Tereziné. Béhem téchto kampani byly sledovany
pocetni koncentrace a velikostni distribuce c¢astic ve rozmezi od 14 nm do 20 um. Koncentrace a
distribuce castic byly méreny pfistroji Scanning Mobility Particle Sizer (SMPS 3936, TSI, USA)
a Aerodynamic Particle Sizer (APS 3321, TSI, USA). Ve vnitfnim prostfedi byla dale pomoci pfistroje
PS32 (Sensotron, Polsko) kontinualné mérena teplota, relativni vlhkost a koncentrace oxidu
uhli¢itého. VNM v Praze probihaly ndavstévni hodiny kazdy den od 10 do 18 hod. Na zacatku
navstévnich hodin byla okna v expozici oteviena a na jejich konci zaviena. Depozitdi NM v Tereziné
neni pfistupny verejnosti a mimo navstév restauratord a konzervator( je uzavieny.

VYSLEDKY

Ze srovnani ¢asovych prabéhl koncentraci jemnych ¢astic ve vnitfnim a vnéjsim ovzdusi NM
v Praze bylo zjisténo, Ze jemné Castice pochazeji ptrevainé z venkovniho ovzdusi a jejich zdrojem je
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s nejvétsi pravdépodobnosti doprava. Vnitini koncentrace hrubych castic vykazovaly periodicky rist
zacinajici na pocatku navstévnich hodin, s maximem na konci navstévni doby a naslednym poklesem
v pribéhu noci k pocatecnim hodnotam. Ze zminéného priabéhu je zfejmé, Ze zdrojem téchto castic
byli navstévnici. Toto zjisténi je podporeno faktem, Ze se stejnou periodicitou dochazelo i k narlstu
a poklesu koncentraci oxidu uhli¢itého, vydechovaného navstévniky.

Vliv penetrace a depozice ¢astic je pro jednotlivé velikostni frakce uveden na obrazku 1, kde
jsou za celou kampan porovnany priimérné koncentrace ¢astic ve vnitfnim a vnéjSim ovzdusi pro
navstévni hodiny (10:00-18:00) a dobu mimo né (18:00-10:00). Z obrazku je patrné, ze v dobé, kdy
expozice byla zaviena, nejsnaze do vnitfniho prostredi pronikaly ¢astice o prdméru zhruba 0,1 az 1
pum, naopak ultrajemné a hrubé castice byly silné ovlivnény depozici. Situace v pribéhu navstévnich
hodin byla odli§na. Castice pronikaly otevienymi okny do vnitiniho ovzdudi mnohem snadnéji
a koncentrace hrubych ¢astic ve vnitfnim prostiedi prevySovaly koncentrace ve vnéjsim ovzdusi. To
potvrzuje navstévniky jako zdroj téchto ¢astic.

25 7 [ Nav&tévni hodiny (10:00 —
% - 18:00)
g 2 1 | = Mimo navatdvni hodiny
& (18:00 - 10:00) —
S 15 -
O —
2
2 14 —
B _—
3 —_—
2 05- - -
O T T T = T 1
0001 001 0.1 1 10 100

Dp [mm]
Obr. 1: Srovnani primérnych vnitfnich/vnéjSich koncentraci pro jednotlivé velikostni frakce
v navstévnich hodinach a mimo né.

ZAVERY

Cilem kampané v NM v Praze bylo zjistit koncentrace aerosolovych castic ve vnitfnim ovzdusi
a identifikovat zdroje castic, které pak mohou byt deponovany na uloZenych exponatech. Vysledky
ukazaly, Ze zdrojem jemnych castic byla predevsim doprava a hrubych ¢astic navstévnici. Z dlivodu
zhodnoceni vlivu jiného typu prostfedi probéhla v neddvné dobé dalsi méfici kampan v NM
v Tereziné, kde se nachazeji rozsahlé depozitare. Srovnani vysledkd bude slouZit k optimalizaci péce
o historické predméty.
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INTRODUCTION

Airborne particles deposited on cultural heritage artefacts have many negative effects.
Beside soiling and abrasion of surfaces particles can also cause material deterioration by chemical
reactions. Ultrafine atmospheric particles, penetrating indoors from the outdoor environment,
contain soot and organic matter from traffic that are hygroscopic and effective for transport of acids.
Fine particles consist of secondary organic matter, ammonium sulphate and ammonium nitrate, and
sometimes sulphuric acid. Coarse particles, formed predominantly by resuspended dust, contain
crustal elements and in the indoor environment also alkaline particles emitted from concrete
structures (Nazaroff et al., 1993, Hatchfield, 2005). Dry deposition is considered to occur by
a combination of Brownian and eddy diffusion and gravitational settling (Nazaroff and Cass, 1989, Lai
and Nazaroff, 2000) where prevailing deposition mechanism depends on the particle size. Coarse
particles are deposited on upward-facing surfaces by gravitational settling and fine particles
predominantly by diffusion on surfaces of any orientation. In principle the submicron particles can
penetrate by diffusion also between books and even into the gaps between pages and thus can be
deposited on the inner surfaces of books. To test this hypothesis we examined deposition of particles
on Whatman filters located on the free shelf of the library.

MODELLING AND MEASUREMENTS

In order to characterize indoor particulate matter (PM) in the Baroque Hall of the National
Library in Prague and determine penetration of outdoor PM into the indoor environment, we
measured size resolved particle number concentrations and mass size distributions of indoor and
outdoor PM using Scanning Mobility Particle Sizer (SMPS 3936L, TSI, USA), Aerodynamic Particle Sizer
(APS, 3321, TSI, USA), and two Berner type Low Pressure Impactors (BLPI, 25/0.018/2, Hauke
Austria). The collected samples were analysed gravimetrically, by lon Chromatography (IC) and
Particle Induced X-Ray Emission (PIXE), giving mass, ionic, and elemental size distributions. The
results showed that the average concentrations of size fractions 10 — 100 nm and 100 nm - 1um of
the indoor PM were of the order 10° particles/cm?®. The IC analyses revealed that the major water-
soluble inorganic component of submicron indoor PM was ammonium sulphate with maximum
concentration centred at about 300 nm (Andélova et al., 2010). During the measurement we also
performed a simple experiment in which we investigated deposition and possible penetration of
submicron particles into gaps between books and even between pages of books. To test it we placed
twelve bunches of ten Whatman filters No. 542 (circles, 70 mm), fixed in open Petri dishes on a free
shelf of the library. Bunches were exposed for three, six, nine, and twelve months (VII.-1X.2009, VII.-
X11.2009,VI1.2009-111.2010, and VI1.2009-VI.2010). Each bunch contained ten filters, which were gently
loosed to increase the distance between them (Fig.1). Exposed filters were examined by Scanning
Electron Microscopy (SEM) and lon Chromatography (IC).
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Fig. 1: Whatman filters fixed in Petri dishes

To estimate penetration of particles between filters and subsequent deposition on inner
surfaces we modelled transport of particles by Brownian diffusion between two parallel discs (Fig. 2)
put into environment with constant particle number concentration n,. The particle concentration
was described by the equation

(1)

on _ _(1on 0°n  a°n
—=D| T+ —+— |,
ot ror 0°r 0°z

where n is the particle number concentration, t is the time, r and z are the radial and axial distances,
respectively, and D is the particle diffusion coefficient (Hinds, 1999)

5 - KTC,

= ) 2
gy )

where k is the Boltzmann’s constant, T is the temperature, C. is the slip correction factor, n is the air
viscosity, and d, is the particle diameter. The slip correction factor C is given by

A d,
C. =1+--| 234+ 105exg - 0392 ||, 3)
d, )

where mean free path A for air at standard conditions is 0.066 um. The solution of the equation (1)
with boundary conditions

n=np for r=R, z20 and t>0,
n=0 for r>0, z=0 and t>0,
n=0 for r>0, z=7Z and t>0, (4)
on
0__0 for r=0, z>20 and t>0,
r
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Fig. 2: Diagram of two parallel discs

gives the concentration gradient dn/dz at filter surfaces z = 0, z = Z and using Fick’s law the rate of
particle deposition per unit area of surface

on

E z=0,2=2 *

J=-D (5)

The equation (1) was solved numerically for particle sizes d, = 10, 100, and 1000 nm, gap
width Z = 1 and 5 mm with disc radius R = 3.5 cm and constant particle number concentration
no=1.10° particles/cm>. An example of steady state concentration profile of 1000 nm particles
in 5 mm gap is shown in Fig 3.

5

Gap size [mm]
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Fig. 3: Concentration profiles of 1000 nm particles in 5 mm gap between filters

From Fig 3 it can be seen that concentration gradient at both surfaces decreases with the distance
from the edge of discs. Thus the rate of particle deposition on surfaces and hence also amount of
deposited particles decrease with increasing distance from the edge (see Eq. 5). To estimate the
deposition of particles and their distribution on discs we calculated the amount of particles deposited
on inner surfaces during one year of exposition (i. e. J.t), assuming again constant particle
concentration ny= 1.10° particles/cm?® during the whole period. The results are shown for individual
cases in Fig 4. As can be seen, smaller particle penetrate faster and deeper between filters by
diffusion resulting in higher number concentrations of deposited particles.
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Fig. 4: Number of particles deposited per unit area of surface

But the situation is quite different if we consider mass of deposited particles. Mass of deposited
particles, calculated assuming for simplicity spherical particles of unit density, is shown in Fig. 5.
In this case more material is transported by larger particles.
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Fig. 5: Mass of particles deposited per unit area of surface

To summarize the results: simple model showed that submicron particles can pentrate by
diffusion between two paralell sheets of filter followed by deposition on filter surfaces. The particle
penetration and deposition depends on particle size and width of the gap, with the depth of the
penetration limited by parallel diffusional deposition on filter surfaces. Smaller particles penetrate
faster and deeper resulting in higher particle number concentration of deposited particles but higher
mass is transported by larger particles.

Exposed filters were analysed by lon Chromatography (IC). Since the bunches were not
exactly planar but slightly convex the downward-facing surface of the last filter could be exposed as
well. Thus, we analysed the top (first), internal (second) and bottom (tenth) filter from two bunches
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after each period. Results from the parallel study (Andélova et al., 2010) showed that ammonium
sulphate formed up to 60% of mass of water-soluble part of indoor submicron PM. Since the
ammonium sulphate is stable compound, sulphate was used as a marker for deposited particles.
Results of analyses, corrected for the blank values, are shown in Fig. 6. As can be seen, sulphate
concentration on all filters increased with time. Substantially higher sulphate concentrations were
found on the top predominantly due to larger exposed area. This results were confirmed by
statistical analysis (Wilcoxon test, p<0.05), which showed significant differences only between the
top and other two filters. The results clearly show that submicron particles penetrated between
filters with transport governed at least to the downward-facing surface of the bottom filter
by diffusion.
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W 1st filter M 2nd filter W 10th filter
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Fig. 6: Concentration of sulphate ion deposited on the top (first), internal (second) and bottom
(tenth) filters during three, six, nine, and twelve months long exposition. Average values obtained
from two parallel bunches, the bars represent the standard deviations.

CONCLUSIONS

To test if the indoor submicron particles can penetrate by diffusion into gaps between books
or even between pages of books, we exposed twelve bunches of Whatman filters to the indoor air
fixed in open Petri dishes on a free shelf of the library. Bunches were exposed for three, six, nine, and
twelve months and analysed after each period by Scanning Electron Microscopy (SEM) and lon
Chromatography (IC). The penetration and deposition of particles has been modelled assuming
Brownian diffusion between two parallel discs. The simple model showed that the particle
penetration and deposition depend on particle size and width of the gap, with the depth of the
penetration limited by parallel diffusional deposition on filter surfaces. Smaller particles penetrate
faster and deeper resulting in higher particle number concentration of deposited particles but higher
mass is transported by larger particles. The results of modelling have been qualitatively confirmed by
lon Chromatography using sulphate as marker for deposited particles.
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KONCENTRACIE KOVOV SLEDOVANYCH V TUHYCH CASTICIACH PRODUKOVANYCH
CESTNOU DOPRAVOU

Daniela DURCANSKA, Dusan JANDACKA

Katedra cestného stavitelstva, Stavebna fakulta Zilinskej univerzity v Ziline, Slovensko
email: Daniela.Durcanska@fstav.uniza.sk

Kltcové slova: pevné Castice, cesta, cestna doprava, znecistenie ovzdusia, PMy,, tazké kovy

SUMMARY

Dustiness represents a big problem in department of air pollution in the surrounding of
highways. Dust air pollution is marked mainly in cities with heavy street pattern and heavy traffic.
A mass of dust particles includes particles from different sources, with different dimensions, and
different chemical composition in the air. Each characteristic of particulate matter — PM predestines
their time of abidance in ambient air, their ability of long-distance transport and especially their
toxicity for environment — health of population. Chemical composition of particulate matter is
determining factor of pollution for human organism. Primary source of particulate matter could be
estimate following chemical composition. First of all, the need for protection health of population is
determining for urgency detect quantity of particulate matter in the air. Realized measurements are
basis of set limiting steps for decrease pollution.

UvoD

Emisie z jednotlivych zdrojov v ovzdusi vytvaraju velmi zlozZiti zmes z hladiska kvalitativneho
aj kvantitativneho. Ich zloZenie je vysledkom Casovej a priestorove] distribucie zdrojov, ich velkosti
a vlastnosti danych polutantov na jednej strane a meteorologickych a klimatickych podmienok danej
oblasti na strane druhe;j.

Katedra cestného stavitelstva Stavebnej fakulty Zilinskej univerzity dlhodobo riesi
problematiku sledovania tvorby tuhych Castic z cestnej dopravy a ich chemického zloZenia v zavislosti
od druhu povrchu vozoviek a intenzity dopravy (Heider a kol., 2009, Decky, Duréanskd, 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 réznymi ndzormi odbornej verejnosti
na ich pésobenie na zdravotny stav obyvatelstva.

Predmetom eurdpskeho monitoringu su najma prvky: As, Cd, Hg a Pb. Tieto sa vSeobecne
povazuju za nepriaznivé pre ludi. Nebezpeéné mdzu byt aj niektoré dalsie prvky, ktoré si v malom
mnozstve v pbédach a rastlinach potrebné, ked sa vSak nahromadia vo velkom mnoZstve, mozu
pdsobit este toxickejsie nez skér uvedené prvky. Takto sa mozu prejavit mnohé dalsie: Cr, Co, Sn, Sb,
Cu, Ni, Ag, Au, Zn, Mo, W, Mn, Fe a dalsie (Durza, 2003).

Tieto prvky sa viazu na jemné Castice aerosélov. Tazké kovy sa dostavaju do Zivotného
prostredia cestou prirodnych a antropogénnych procesov. Prirodné zdroje zahriuju in situ
zvetradvacie procesy a atmosféricki depoziciu kovov, ocednické procesy a vulkanické erupcie.
Antropogénne zdroje zahriuju spalovanie fosilnych paliv na vyrobu elektrickej energie, tazbu
a spracovanie rud, priemyselné procesy, polnohospodarske aktivity aneustale sa zvySujucu
prevadzku motorovych vozidiel.

Vysledky aktudlneho celostatneho scitania dopravy z roku 2010 ukazuju, Ze doslo ku narastu
dopravy oproti roku 2005 na dialniciach a rychlostnych cestach o 25 %, a na cestach I. all. triedy
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0 10 az 11 % a na cestach lll. triedy sa doprava zvysila v priemere 0 18 % s medziro¢nym ndrastom
3,5 %. To je narast, ktory je 0 10 % vyssi, ako boli progndzy (Mastena, 2011).

MERANIE

Merania pevnych ¢astic sa uskutoéfiuju pri mestskej komunikécii v centre Ziliny. Tieto
merania su sucastou doktorandského vyskumu, ktory je zamerany na vplyv cestnej dopravy na vyskyt
tuhych castic. Ciefom je dlhodobé sledovanie pomerného zastupenia tuhych castic v ovzdusi PMy,,
PM,s a PM;q aich spravanie vzhlfadom na okolité podmienky. V druhej faze sledovania sa realizuje
chemicky rozbor tuhych castic a stanovenie ich mozného zdroja.

Meracie stanoviste je umiestnené na ulici Vojtecha Spanyola pri Regionalnom urade
verejného zdravotnictva (RUVZ). Pre zistovanie mnoistva tuhych castic v ovzdusi je pouZivana
referen¢nd metdda podla STN EN 12341 a STN EN 14907.

Na meranie su pouzivané nizko objemové vzorkovace LECKEL LVS3 v pocte 3 kusy. SubezZne su
merané tri frakcie tuhych castic PMyo, PM,sa PM; . Tuhé €astice su zachytdvané na nitrocelulézové
filtre priemeru 47 mm a gravimetricky vyhodnocované.

Intenzita dopravy sa zaznamenava kontinudlne automatickym detektorom pre séitanie
dopravy SIERZEGA SR4. Poc¢as merani sa kontinudlne sleduju aj klimatické podmietky (teplota, vlhkost
ovzdusia, intenzita a smer vetra) meteostanicou WS888 (obr. 1).

Monitorovanie ovzdusia pozdi? komunikacii prebieha v tyzdennych meracich cykloch.

Obr. 1: Meracie stanoviste — Zilina, mesto (vzorkovace Leckel LVS3 vlavo, séitacie zariadenie dopravy
SIERZEGA SR4 v strede a meteostanica WS 888 vpravo)

Zdroj Druhy produkovanych kovov
Doprava - obrus krytu vozovky Al, Ca, Mg,Na, K, C, Si

- obrus sucasti karosérie Cu, Cr, Pb, Cd, As, Sb, Sn

- obrus brzdového obloZenia Cu, Sb, Ba

- spalovanie pohonnych hmét Mo, V

- namdhanie katalyzdtora Pt, Pa, Rh (platinové kovy)
Spalovne uhlia a odpadov As, Al, Zn, Sb, Cu, Cd, Hg, Se, Cr, Co
Priemysel As, Sb, V, Ni, Cu, Mn, Pb, Ag, Ce, Co, Cr, In
Spalovanie biomasy K
Pédny a mestsky prach Al,Fe, Mn, Cu, Cr, Th, Ti

Tab. 1: Zdroje kovov obsiahnutych v pevnych casticiach - vSeobecne (Adamec a kol., 2008,
Weinbruch, Ebert, 2004, McCullum, Kindzierski, 2001, Gatari a kol., 2006)
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Tuhé castice vznikajuce pri spafovacom procese v doprave sa vyskytuju v zhlukoch agregatov
gulovitych castic, ale urcovanie povodu Castic len na zaklade ich tvaru je malo preukazné. Preto sme
sa pri rieSeni tohto problému zamerali na sledovanie PM odoberanych na lokalitach, kde dokazeme
pomerne presne definovat pdsobiace zdroje stym, Ze sa podrobne sleduji vybrané chemické
charakteristiky tuhych castic.

Na identifikaciu alebo stanovenie pritomnej chemickej formy sledovaného prvku vo vzorke
tuhych castic vyuZivame spektroskopickl metédu. Spolupracujeme s Geologickym Ustavom
Prirodovedeckej fakulty Univerzity Komenského v Bratislave.

Pred stanovenim anorganickych skodlivin su filtre so zachytenymi tuhymi casticami PMy,
rozloZzené zmesou kyselin (HNO; a HF) a oxidac¢nych Cinidiel s ndslednym stanovenim mnoZstva kovov
metddou hmotnostnej spektrometrie sindukéne viazanou plazmou ICP MS (Perkin-Elmer ELAN
6000,USA).

V radmci rieSenia vyskumného projektu bolo vybratych 14 kovov (su zvyraznené v tab.1), ktoré
su sledované v ramci odobranych vzoriek ovzdusia pozdi? cestnych komunikacii za G¢elom sledovania
ich mnoZstva a pomeru vo frakcii PMyg.

Zatial mame k dispozicii vysledky obsahov kovov vo frakcii PMyq z obdobia august a oktdber
2010 a marec a april 2011.

VYSLEDKY

Na nasledujucich obrazkoch (Obr. 2 — Obr. 3) st zndzornené koncentracie jednotlivych frakcii
tuhych castic a intenzita dopravy pocas dvoch meracich cyklov — oktéber 2010 a marec 2011.
V kolacovych grafoch je znazornené priemerné percentualne zastupenie sledovanych kovov v PMyq
v rovhakom obdobi.
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Obr. 2: Pomer koncentracii PMyg a intenzity Obr. 3: Pomer koncentracii PMy, a intenzity

dopravy — oktéber 2010 dopravy —marec 2011

Sledované kovy predstavuju priblizne 5,09 % (oktéber 2010) aZz 6,98 % (marec 2011)
z celkovej hmotnosti pevnych castic PMy, Najvacsie zastupenie maju predpokladané prvky
pochadzajuce z obrusu krytu vozovky (Al, Ca, Mg, Na). Napriklad koncentracia Ca sa pohybuje
v mnoZstvach 16255 < Ca < 62000 pg/g PMy,. Predstavuju az 98 % zo skupiny sledovanych kovov pre
identifikovanie posobenia cestnej dopravy, ako mozného zdroja pevnych castic.
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Priemerné percentualne zasttpenie kovov za obdobie 10.8. - 22.8.2010 Priemerné percentudlne zastupenie kovov za obdobie 19.10. - 25.10.2010
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Obr. 4: Priemerné percentualne zastupenie Obr. 5: Priemerné percentudlne zastipenie
kovov - august 2010 kovov - oktéber 2010

Priemerné percentuélne zastipenie kovov za obdobie 8.3. - 14.3.2011  Priemerné percentudlne zastipenie kovov za obdobie 11.4. - 17.4.2011
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Obr.6: Priemerné percentudlne zastupenie Obr.7: Priemerné percentudlne zastupenie
kovov - marec 2011 kovov - april 2011

Z pohladu skodlivosti na zdravie obyvatelstva su dolezité hlavne prvky skarcinogénnymi
uéinkami ako As, Cd, Cr, Ni, ktoré mozu pochadzat z r6znych sucasti karosérie automobilov. Tieto
prvky predstavuju priblizne 0,15 - 0,27 % z celkové mnoZstva skiimanych prvkov vo frakcii PM.q. Tieto
prvky ani zdaleka nedosahuju stanovené limitné hodnoty na ochranu zdravia ludi, ale mézu prispiet
k identifikovaniu vplyvu automobilovej dopravy na mnoZstvo pevnych castic v ovzdusi.
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Obr. 8: Prvky prezentujuce spalovanie pohonnych hmot — oktéber 2010 (19.10.-25.10.2010)/marec
2011 (8.3.-14.3.2011)/april 2011 (11.4.-17.4.2011)

ZAVERY

Vysledky obsahov vybranych kovov vo frakcii PMy, si vyhodnotené zatial len z piatich
meracich cyklov z obdobia august 2010 aZz april 2011. Preto vtejto faze vyskumu mame len
priebezné vysledky o prispevku automobilovej dopravy k tvorbe pevnych castic. Zvolené kovové
prvky, ktoré sledujeme, sa skuto€ne nachddzaju v skiimanej frakcii pevnych castic v pomeroch, ktoré
sme predpokladali. Vplyv intenzity dopravy na obsahy jednotlivych prvkov nie je zatial az taky
jednoznacény. Merania sledujeme ako celodenné aj rozdelené na noc¢nu a dennu prevadzku. Napriek
tomu, Ze pokles dopravy v noci je mnoho nasobny, neprejavil sa na pomere koncentracii sledovanych
frakcii PM ani na pomere a zloZeni sledovanych kovov.

Dany fakt mdze byt spbdsobeny réznymi vedlajSimi vplyvmi, ktoré pdsobia pocas merani.
Hlavne meteorologickymi podmienkami, p6sobenim vetra, zrdzkami a taktiez polohou meracieho
stanovista — jedna sa o karnon ulice. Nezanedbatelny vplyv na koncentracie pevnych castic a tym
padom aj koncentracie sledovanych prvkov moézu mat aj iné zdroje produkujice tuhé Castice. Su to
hlavne stacionarne zdroje, ktoré moZu pocas vykurovacej sezény produkovat pevné castice
a nemusia sa nachadzat v bezprostrednej blizkosti meracieho stanovista (dialkovy prenos). V mieste
merania nepredpokladame velky prispevok lokalneho vykurovania, ¢o vyplynulo z vykonaného
anketového prieskumu.

V meraniach sa nadalej pokracuje, aby bolo kdispozicii relevantné mnoZstvo vysledkov
a mohli byt realizované statistické analyzy (faktorova analyza).

Dolezité merania budd hlavne zletnych obdobi, kde si minimalizované pozadové vplyvy
a prenosy (vykurovanie a zimna udrzba ciest v meste). Dufame, Ze vysledky z tychto dalSich merani
prispeju k dosiahnutiu nasich cielov.
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SUMMARY

This study deals with the determination of metal in energetic waste, such as fly ash, dross, loge
ash and product of desulphurization, etc., coming from four Moravian heating plants. Extraction of
metals was performed according to Tessier. Magnesium chloride, sodium acetate, hydroxylamin
hydrochloride in acetic acid, hydrogen peroxide in nitric acid and hydrofluoric acid were used as
extraction agents. Extraction proceeded at temperatures of 25°C and 40 °C. Lead, copper and
cadmium were determined using an atomic absorption spectrometer (F AAS and ET AAS).

UuvoD

Teplarny jsou ve méstech nejrozsifenéjsim zdrojem vytopového tepla. Dochazi zde ke spalovanim
uhli a biomasy, pripadné dalsich paliv, ¢imz vznikaji rizné pevné energetické odpady (popel, popilek,
Skvara,...), které ve vétsiné pripadd obsahuji i tézké kovy plvodné obsazené v palivu. Tyto kovy
mohou byt nebezpecné pro zdravi lidi i Zivotni prostredi. Jedna se o latky karcinogenni a toxické.

Prace se zabyva stanovenim vybranych kovl (olovo, méd, kadmium) v pevnych energetickych
odpadech, jako je uletovy popilek, skvara, loZzovy popel, produkt odsifeni apod. pomoci Tessierovy
extrakce.

MERENI

Méreni vybranych kovl (olova, médi, kadmia) bylo provedeno na vzorcich popilku, popele, smési
Skvary a popele a produktu desulfurizace (Ramos a kol., 1997; Fuentes a kol., 2004). Tyto vzorky
pochdzely ze étyf moravskych teplaren a vznikly ve dvou typech spalovacich kotld pfi spalovani
hnédého uhli, ¢erného uhli a biomasy, pfipadné smési vySe uvedenych paliv. Prvnim typem
spalovaciho kotle byl atmosféricky fluidni kotel, jehoZ podstatou je spalovani nahrubo umletého
paliva v proudu vzduchu, které se chova jako kapalina. Proces hofeni vtomto typu kotle je velmi
rychly a snadno regulovatelny. Druhym typem spalovaciho kotle byl praskovy kotel, kde se rozemleté
palivo spaluje v letu v prostoru ohnisté. Nosnym médiem paliva do ohnisté je vzduch, spaliny nebo
jejich smés.

Vzorky (navazka 2 g) byly extrahovany Tessierovou extrakci (Tessier a kol., 1979). Nejprve byl
vzorek s 20 ml extrakéniho Cinidla 24 hodin extrahovan pfi zvolené teploté (25 °C nebo 40 °C), poté
byl zfiltrovan a dosusen v exsikatoru do konstantni hmotnosti. V kapalné fazi po filtraci byly méreny
vybrané kovy (Pb, Cu, Cd) a pevna faze slouZila jako vzorek pro dalsi extrakéni Cinidlo. Posledni krok
extrakce byl odlisSny a po 24hodinové extrakci bylo nutno smés odpafrit a vzorek rozpustit v kyseliné
dusicné, ve které byly posléze méreny kovy.
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Jako extrak¢ni cCinidla byl pouZit chlorid horfecnaty (1M MgCl,), ze kterého byla vyextrahovana
vyménitelna frakce, pro druhy krok byl pouZit octan sodny (1M CH;COONa), ktery poskytl frakci
vazanou na uhliCitany a tretim extrakénim Cinidlem byl hydroxylamin hydrochlorid v kyseliné octové
(1M NH,0H.HCI v 25%CH;COOH), z néhoz byla méfena frakce vdzand na oxidy a hydroxidy Zeleza
a manganu. Pro Ctvrty krok byl pouzit peroxid vodiku v kyseliné dusi¢né (H,0, v HNO3), ktery poskytl
frakci vdzanou na organickou hmotu a sulfidy a poslednim extrakénim cinidlem byla kyselina
fluorovodikova (HF), ve které byla méfena rezidualni frakce.

Méreni koncentraci probéhlo pro olovo a méd na atomovém absorpénim spektrometru
s plamenovym atomizatorem (F AAS) a pro kadmium s vyuZitim atomové absorpcni spektrometrie
s elektrotermickym atomizatorem (ET AAS). (Komarek, 2000)

VYSLEDKY

Celkové koncentrace analyzovanych kovl pti teplotach 25 °C a 40 °C jsou na Obr. 1 (olovo) a Obr.
2 (méd). Celkové koncentrace zavisely na jednotlivych teplarnach, ale tyto rozdily nebyly vyrazné.
Obrazek 3 znazornuje koncentrace olova ve studovanych vzorcich (popilek, lozovy popel,...)
a v zavislosti na teploté extrakce. Olovo i méd méla velmi podobné koncentrace ve vSech vzorcich,
u kadmia doslo k vétsim rozdilim, ale také nebyly pfilis vyrazné.

Koncentrace olova v loZovém popelu byla u prvni teplarny nejvyssi pfi 25°C. Treti a Ctvrta teplarna
méla témér stejné koncentrace. Koncentrace vsech tfi kov( byly ve vzorcich vSech 4 teplaren vétsi
v Uletovém popilku nezZ v loZzovém popelu.

Popisky v grafech:

A, B, C, D —jednotlivé teplarny
1 —loZovy popel

1* - hydrosmés popele a sSkvary
2 — Uletovy popilek

3 — produkt desulfurizace
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Obr. 1: Celkové koncentrace olova v jednotlivych teplarnach pfi 25 °C a 40 °C
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Obr. 2: Celkové koncentrace médi v jednotlivych teplarnach pfi 25 °C a 40 °C
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Obr. 3: Suma koncentrace olova ve vSech extrakénich frakcich u jednotlivych vzork( pfi teplotach
25°Cad0°C.

ZAVER

Koncentrace vSech tfi vybranych prvk( (olova, médi, kadmia) byly v Uletovém popilku vys$si nez
v loZovém popelu.

Olovo bylo nejvice vazano ve vymeénitelné frakci. Méd' se nejvice nachazela ve frakci vazané na
oxidy Zeleza a manganu a frakci vazané na organickou hmotu a sulfidy. Kadmium bylo vazané
predevsim na organickou hmotu a sulfidy.

Celkové koncentrace kov( byly ve vSech cCtyfech teplarnach velmi podobné, tzn. Ze tyto
koncentrace pfilis nezavisi na spalovaném palivu.
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SUMMARY

Urban aerosol particles in the size fraction PM1 were collected in Brno and Slapanice in winter
and summer of 2009 and 2010. Aerosols were analysed for ions and metals.

Local traffic in summer and coal and wood combustion during household heating in winter were
identified as the main emission sources of aerosols in both towns. Secondary aerosol components
formed a significant part of aerosol during the whole year.

UuvoD

Atmosférické arosoly ovliviiuji zemské klima zménou radiacni rovnovahy v atmosfére, ucastni
se na snizeni viditelnosti, pfispivaji k okyselovani a eutrofizaci plid a vodnich zdrojl a podili se na
produkci smogu (Seinfeld a Pandis, 1998). Vedle negativnich vlivli na Zivotni prostiedi plsobi
aerosoly Skodlivé také na lidské zdravi (Brunekreef a Holgate, 2002). Dlouhodobd expozice vysokym
koncentracim atmosférického aerosolu se projevuje zvySenim Umrtnosti, poctu nadorovych
onemocnéni plic a kardiovaskularnich onemocnéni. Skodlivost atmosférickych aerosoll na lidské
zdravi je dana nejen velikosti jejich castic, ale i jejich chemickym slozenim. Znalost chemického
sloZzeni atmosférickych arosoll je nezbytna jak pro uréeni potencidlniho zdravotniho rizika aerosol(,
tak pfi identifikaci emisnich zdrojl aerosol(.

EXPERIMENTALNI CAST

Aerosolové castice ve frakci PM1 byly vzorkovany v zimnim a letnim obdobi 2009 a 2010 v Brné
a ve Slapanicich po dobu 1 tydne. Vzorky aerosold pro naslednou analyzu kov@ byly odebirany 24 hod
pomoci velkoobjemového vzorkovace (DHA-80, 30 m?/h, Digitel) na nitratceluldzové filtry (porozita
3 pum, pramér 150 mm, Sartorius). Vzorkovani aerosolu pro analyzu iont( probihalo paralelné na
teflonové filtry (porozita 1 um, primér 47 mm, typ Zefluor, PALL) pomoci nizkoobjemového
vzorkovade (pritok 1 m3/hod). Interference plynnych polutantl (NHs;, NO,, HNOs;, HONO, SO,, Os,
HCI, V OC, ...) byly béhem vzorkovani eliminovany pouzitim anularniho difuzniho denuderu, ktery byl
zafazen mezi cyklonovy inlet (1 um, URG) a teflonovy filtr. Denuder odstranil z analyzovaného
vzduchu plynné polutanty, zatimco aerosoly prochazely denuderem beze zmény a byly zachyceny na
teflonovém filtru. Exponované nitratcelulézové filtry byly rozlozeny v konc. HNO;3; v mikrovinném
rozkladném zafizeni UniClever (Plazmatronika) a analyzovany metodou ICP-MS (Agilent) na obsah
15 toxickych kova (Al, K, Ca, Fe, Mn, Zn, Cu, Pd, Cd, Ba, As, Pb, V, Ni a Sb). Exponované teflonové filtry
byly extrahovany v deionizované vodé v ultrazvukové lazni a extrakt byl analyzovadn na obsah ve vodé
rozpustnych iontl pomoci iontové chromatografie (ICS-2100, Dionex) na obsah 11 iontd (dusi¢nan,
siran, dusitan, fluorid, chlorid, $tavelan, Na*, K*, NH,*, Ca** a Mg™").

VYSLEDKY

Analyzované kovy a predevsim analyzované ionty tvofi v zimnim obdobi vyznamny podil
hmotnosti atmosférickych aerosol(i frakce PM1, kovy 4,5-4,9% (Slapanice-Brno) a ionty 37,1-40,7%

35



(Slapanice-Brno), zatimco v letnim obdobi jejich pfispévek k PM1 byl mnohem mensi, kovy 1,4-1,8%
(Slapanice-Brno) a ionty 24,6-18,7% (Slapanice-Brno).

Koncentrace kov( v zimnim obdobi byly obecné vyssi nez béhem letni kampané. Béhem zimni
kampané byly koncentrace kov( ve Slapanicich vy$si nez v Brné, zatimco béhem letni kampané byly
koncentrace kov(l na obou lokalitdch zhruba srovnatelné. Nejvyssi priimérné koncentrace v zimni
kampani byly zjistény pro olovo a draslik (Obr. 1), pochdzejici ze spalovani dieva a uhli, zatimco v letni
kampani byly vysoké koncentrace nalezeny pro olovo, draslik, vapnik, hlinik a zinek.

Mezi analyzovanymi ionty byly v zimnim obdobi zjistény nejvyssi koncentrace pro dusi¢nany,
sirany a amonné ionty. Vysoky podil dusi¢nanG (12-20%, Slapanice-Brno), sirani (12-10%)
a amonnych iontl (8-9%) na celkové hmotnosti zachycenych aerosolll indikuje vyznamny pfispévek
sekundarnich aerosoll k celkové koncentraci PM1 na obou odbérovych lokalitach. V pribéhu letni
kampané podil siranll (11-12 %) na celkové hmotnosti aerosol ve frakci PM1 se pfilis nezménil,
zatimco u amonnych iontl byl zjistén pokles na cca 4-6% a podil dusi¢nanll na celkové hmotnosti
aerosolll frakce PM1 klesl na 1-2%.

ZAVERY

Vyssi koncentrace aerosoll, kov( i iontll v pribéhu zimnich kampani nez béhem letnich kampani
vroce 2009 i 2010 svédci o vétsim znecisténi ovzdusi v zimnim obdobi. Koncentrace aerosol(l a
sledovanych kov( a iontd v Brné a Slapanicich byly v daném obdobi zhruba srovnatelné. Na znecisténi
se podili jak mistni, tak regionalni emisni zdroje, zanedbat nelze ani pfispévek dalkového transportu
aerosolu. Jako hlavni emisni zdroje znecisténi byly identifikovany v zimnim obdobi spalovani dreva a
uhli predevsim v ramci vytapéni domacnosti, v zimé i |été pak jesté doprava. Vyznamny prispévek
sekundarnich reakci ke sloZeni aerosolll je pozorovatelny v priibéhu celého roku.
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Obr.1: Podil analyzovanych kovl na celkovém obsahu kovl v PM1 aerosolu béhem zimni kampané
2009 a 2010 ve Slapanicich.
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INTRODUCTION

PM2.5 generally represents fine fraction of atmospheric aerosol. Fine particles may remain in
the atmosphere for days or even weeks and therefore they may be transported over long distances.
Moreover, they may increase the background levels of atmospheric aerosol mass far from their
origin. They have important adverse health effects and in the same time, they influence climate due
to their direct and indirect effects on Earth radiative balance. To know the origin of PM2.5 aerosol, its
chemical composition can serve as the diary of contacts with aerosol sources and transformations.
Therefore it is necessary to study PM2.5 chemical composition if the fine aerosol sources should be
revealed. A rural background site study can serve as a basis enabling to determine the real influence
of larger sources like cities or an industry.

EXPERIMENTAL

PM2.5 mass and its chemical composition was studied daily from October 2009 till October
2010 at the rural background site KoSetice. A Leckel sequential sampler equipped with a PM2.5
sampling head was used. TEFLO (Pall, USA) 47 mm membrane filters were used to collect airborne
particles. The samples were analyzed gravimetrically, then the 16 mm circle was cut out and analyzed
by an ion chromatography (IC). The rest was analyzed for elemental composition by Particle induced
X-ray Emmission analysis (PIXE), Rutheford Back Scattering analysis, and Proton Elastic Scatter
Analysis (PESA). The preliminary results obtained by IC and PIXE are presented in this paper.

RESULTS

The averages, medians and percentiles of individual species concentrations during the whole
one year sampling period at rural background site KoSetice are shown in Fig. 1. The species are
sorted by their average content in PM2.5 aerosol. The ratio between the averages and medians
shows the influence of the highest values on total averages. It can be seen that some elements and
ions (e.g. S0.%, S, K, Mg2+, Br, Cu) has this ratio small while others (Ba, Si, CI') larger.

The main species among analyzed ones in PM2.5 mass are sulphates (or sulphur), nitrates
and ammonium as can be expected. The next most abundant element was potassium, but its
concentrations were about one order of magnitute lower comparing to the main species. Silicon,
chloride anion, sodium cation, iron, aluminum, zinc and calcium have their concentrations about 5 to
10 times lower in comparison with potassium. Lead, magnesium cation, bromine, titanium,
manganese, and copper have the average concentrations between 1 to 10 ng/m°. The rest of
depicted elements arsenic, selenium, and vanadium were the real trace elements having even lower
concentrations bellow 1 ng/m>. The relatively low concentrations of crustal elements like Si, Al, Fe
and Ca that are usually the main species in the aerosol coarse mode show that coarse particles are
quite well separated by PM2.5 inlet or that the coarse mode at Kosetice site has only a limited
importance.

37



- perc85 =average =median - perc15

100000

10000 %
1000 % i % %

SE

10 ! T

, T+ %3z
i

ng/m?3

HHH
FH
i

%ii;
0.1 T

0.01

mass SO4 NO3 NH4 S K Si CIl Na Fe Al Zn Ca Pb Mg Br Ti Mn Cu Ba As Se V

Fig. 1: The averages, medians and percentiles of PM2.5 and individual species concentrations during
the whole one year sampling period at rural background site Kosetice.

The elements or ions having more than 50% of values bellow detection limits and element
having comparable values and their uncertainties were not included into Fig. 1. It is clear just by
looking at ion and total average mass that large part of the mass was not determined by PIXE and IC
analysis. However, we supposed that additional analysis (PESA and RBS) results (not shown here)
close this gap by determination of lighter elements. This enable us to get also an idea about PM2.5
carbonaceous aerosol mass.

CONCLUSIONS
The PM2.5 mass and its chemical composition was studied on daily basis at rural background
site KoSetice. The preliminary data on average, median and low and high percentiles were presented.
The further data analysis will continue and the results will be compared with similar data from 1994
by Krejci R. (unpublished results).

ACKNOWLEDGEMENTS

The support of Czech science foundation by grants No. 205/09/2055 and P209/11/1342 is
greatly acknowledged.

38



SIZE-DEPENDENT RATE CONSTANT OF CHEMICAL REACTIONS IN NANOSCALE PARTICLES
Valeri LEVDANSKYY?, Jiti SMOLIK?, Vladimir ZDIMAL?, Pavel MORAVEC?

'Heat and Mass Transfer Institute NASB, Minsk, Belarus, email: vlev5@yahoo.com
?|nstitute of Chemical Process Fundamentals AS CR, v.v.i., Prague, Czech Republic

Keywords: Size effect, Nanoparticles, Chemical reactions

INTRODUCTION

It is known that many processes occurring in heterogeneous systems with nanoscale objects
are characterized by some specific features due to size dependence of parameters describing
processes in question. This can in particular affect nanoparticle formation. Some problems related to
the trapping of impurity molecules by nanoparticles were considered in (Levdansky et al., 2009).
Here we study the influence of the size effect on chemical reactions inside nanoparticles.

RESULTS AND DISCUSSION

Let us consider the size dependence of chemical reaction occurring in the nanoscale particle.
The rate of bimolecular chemical reaction j can be written as (Keizer, 1987)

j=kn,ng, (1)

where n, and ng are the number densities of reactants A and B, k" is the effective rate constant for
bimolecular chemical reaction that is given by

kake | 2)
Ky +k,

K=

where kg=41tDR,, D is the sum of the diffusion coefficients D, and D; for the components A and B,
R, is the effective radius at which the reaction can occur, k. is the rate constant for intrinsic
bimolecular chemical reaction (without the diffusion effect).

The values of D and k, for nanoparticle D, and k,, are given by

D, = Dj, exp{—Edﬁ—pT(d)J +Dg, ex;{—E"E—"T(d)J, (3)
Ko =Ky ex;{—Erk”—_I(_d)J. (4)

Here k is the Boltzmann constant, T is the temperature, Eqa, and Egg, are the activation energies for
diffusion of components A and B in the nanoscale particle, E,, is the activation energy for intrinsic
bimolecular chemical reaction in the nanoparticle. Pre-exponential factors D's,, D'sp and k', are
assumed further for simplicity to be constant and equal to the values for a bulk matter.

The influence of the size effect on the value of D, is related to a decrease in the activation
energy for diffusion of reactants with a reduction in the particle size due to size dependence of the
cohesive energy (Vanithakumari and Nanda, 2008). It leads to an increase in the value of k.
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A decrease in the cohesive energy in the nanoscale particle with a reduction in its size can lead also
to an increase in ki,.

Taking into account the relation between the activation energy for diffusion of components in
small particles and their melting temperature by analogy with (Vanithakumari and Nanda, 2008) and
allowing for size dependence of the melting temperature according to (Rekhviashvili and Kishtikova,
2006), we can obtain equation for the size-dependent rate constant of chemical reaction in the
nanoscale particle. Figure 1 shows the dependence of the dimensionless rate constant of chemical
reaction for the diffusion controlled regime k*=kdp/kdm, were ky.. is the value of kg without
considering the size effect, on the dimensionless particle diameter d*=d/6, were d is the particle
diameter, & is the Tolman length. For simplicity we assume that Ega,=Egg, (€.8., such condition takes
place in recombination of atoms inside the nanoparticle). It is seen from Fig. 1 that k" increases with
a decrease in the particle size.
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Fig. 1: Dependence of k'on d" in the diffusion controlled regime of chemical reaction; 1: Eq./kT=17,
2: E4./kT=7, E4..is the activation energy for diffusion of reactant molecules in a bulk matter.

CONCLUSIONS
Thus, it is shown that the influence of the size effect on chemical reactions in nanoscale
particles can be related to a dependence of the activation energies for diffusion of atoms (molecules)
in the nanoparticle and for intrinsic chemical reaction on the particle size.
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INTRODUCTION

Nuclei of a new phase are formed due to fluctuation within parent phase. At this process it is
necessary to overcome some energy barrier (so-called nucleation barrier), which depends on the
conditions (temperature, supersaturation, etc.) of phase transition process. Nuclei of a new phase are
created by homogeneous nucleation (nuclei are formed at arbitrary site within volume of a parent
phase; any molecule serves as nucleation site, where new nucleus can be formed) or by
heterogeneous nucleation (nuclei are formed on walls of the vessel, on substrate, heterogeneities,
impurities etc.). Nucleation on active centers is a special case of heterogeneous nucleation. Active
centers are sites on surface or within volume of supersaturated (or supercooled) parent phase, where
nucleation process occurs preferentially. Nucleation barrier on these centers is lower in comparison
with homogeneous nucleation and thus the probability of formation of nuclei is higher.
At atmospheric conditions, nuclei are usually formed at various impurities, which serve as active
centers. In many cases we do not know the origin of active centers. On the other hand in some cases
nucleation agent is added to the parent phase [e. g. polymer crystallization (Okada et al., 2007;
KozZisek et al., 2011)] or on the substrate (Kumomi et al., 1999) to initialize formation of nuclei. In this
work we focus on formation of crystalline nuclei on active centers placed on substrate, but our model
can be applied also to vapor-liquid or liquid-solid phase transition.

KINETIC MODELS OF NUCLEATION ON ACTIVE CENTERS

Nuclei of a new phase are formed after some time delay needed to form critical size.
In standard nucleation theory after some time delay nucleation rate (i.e. the number of nuclei formed
on unit surface per unit time) increases to a steady state value. The total number of nuclei then
increases linearly with time and at the final stage mean distance of nuclei decreases and thus
coalescence occurs. In this case the non-steady state analytical approach to nucleation rate is known
(Kashchiev, 2000).

It is known that at nucleation on active centers the total number of nuclei increases with time
to reach the number of active centers, N,. Standard theory of nucleation on active centers uses the
solution of kinetic equation describing homogeneous nucleation kinetics and moreover introduces
one additional equation to incorporate the decrease of active centers during nucleation (Kashchiey,

2000): o
(t)

29 LN, — 262, (1

where Z(t) denotes the number of supercritical nuclei at time t and J; is the number of critical nuclei
formed on unit surface per active centrum. Avrami (1939, 1940) derived analytical solution of the
total number of nuclei:

20 = Ny (1 = exp (= 3 JaleNar')) )
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Behavior of Z(t) determined by Egs. (2) quite well describes the total number of nuclei known from
experimental data. In this work we use Kashchiev (2000) analytical approach to non-steady nucleation
rate, J,.

We have shown that one does not need additional equation (1) to describe nucleation kinetics on
active centers well — for details see Kozisek et al. (1998). Formation of nuclei is described within
standard nucleation theory by Zeldovich-Frenkel kinetic equation:

dFf
= = Ci-fi1 ~ [ci+ &lF + ep1Fis1 =Ji-1 — s (3)

where the attachment (c¢;) and detachment (e;) frequencies are determined by standard way, J; is the
nucleation rate for the nucleus formed by i molecules and F; denotes the number of nuclei of size i.
Decrease of active centers during phase transition process is taken into account using the following
boundary condition:

F(t) =Ny —XiqF (1), (4)

where F;is the number of nuclei formed by i molecules. Moreover, in this work we consider that the
parent phase is encapsulated and that is why we included also the following condition:

N:L(t} = Nr - E:‘::liﬂ (t}; (5)

where N7 is the total number of molecules within system and N; is the number of molecules within
supersaturated vapor. At higher supersaturations nucleation rate is high and one could include the
decrease of supersaturation.

RESULTS AND DISCUSSION

We have solved kinetic equations (3) numerically to determine the size distribution of nuclei,
F.(t). The total number of supercritical nuclei is given by:

ZA(t) =X F(2). (6)

where iis the critical size of nucleus. The total number of nuclei increases with time (after time
delay) and reaches the number of active centers, N,, at sufficiently long time. Numerical (full line) and
analytical (dashed line) solutions of the total number of supercritical nuclei are similar — see Fig. 1.
This behavior corresponds very well to known experimental data.

The total number of nuclei increases with time (after time delay) and reaches the number of active
centers, N,, at sufficiently long time. Numerical (full line) and analytical (dashed line) solutions of the
total number of supercritical nuclei are similar — see Fig. 1. This behavior corresponds very well to
known experimental data.

As the total number of nuclei reaches N4, no new nuclei are formed (all active centers are depleted)
and thus nucleation rate would go to zero. In our model nucleation rate has such behavior, but

analytical solution used in Eq. (2) (Kashchiev, 2000) goes to the steady-state, Js — see Fig. 2.

In difference of standard model, our model describes nucleation rate well.
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Fig. 1: Total number of nuclei as a function of dimensionless time determined by numerical solution
of kinetic equations (full line) and by analytical solution (dashed line).
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Fig. 2: Nucleation rate as a function of dimennnsonles time determined by numerical solution
of kinetic equations (full line) and by analytical solution (dashed line).

The number density of nuclei, F, at shorter times decreases with the nucleus size, i, and with
increasing time some extremum in the size distribution appears — see Fig. 3. This extremum
qualitatively corresponds to the experimental measurement of the size distribution of crystalline
nuclei on substrate formed on active centers — for details see Kumomi et al. (1999).

CONCLUSION

Standard model of nucleation on active centers introduced one additional equation to
include the depletion of active centers. In our model depletion of active centers is taken into account
through boundary condition and thus no additional equation is needed. Both models describe well
the total number of nuclei. Our model also describes well nucleation rate and the size distribution

of nuclei.
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Fig. 3: The number of nuclei normalized by the number of active centers N, as a function of their
radius r at dimensionless times 20, 60, 100, 140, 200, 240, 280, and 320.
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INTRODUCTION

It is known that many physicochemical processes in aerosol systems with nanoscale particles
and in nanoparticles themselves depend on the particle size. The influence of size dependence of the
condensation coefficient on gas-phase nucleation was discussed in (Levdansky et al., 2010). Some
problems related to nucleation in confined space, in particular the depletion effect of the ambient
phase, were considered in (Kozisek et al., 2011; Schmelzer and Abyzov, 2011). Here we study the size
effects in homogeneous nucleation inside nanoparticles related to size dependence of the effective
rate constant for the attachment of monomers to the critical cluster.

RESULTS AND DISCUSSION

Let us consider the situation when supersaturation of one component in the two-component
nanoparticle takes place that can lead to nucleation of this component. The nucleation rate J, by
analogy with (Ring, 2001) can be written as

J, =k kg NN, =k, k0’ ex;{—zv—_l_j, (1)

where k is the Boltzmann constant, T is the temperature, k. is the effective rate constant for the
attachment of monomers to the critical cluster allowing for both diffusion of monomers to the
critical cluster and their incorporation into the cluster, k; is the Zeldovich factor, n is the number
density of monomers, N. is the number density of critical clusters, W is the work of critical cluster
formation.

Taking into account both the diffusion and kinetic resistance in respect to the attachment
of monomers to the critical cluster, the value of k. in view of (Vorob'ev, 2003) can be written as

2 D

o =500 @
1+5m
k.d

sTC

where d, is the diameter of the critical cluster, D,, is the diffusion coefficient of monomers in the
nanoparticle (further for simplicity diffusion of clusters is neglected), k; is the rate constant
of the heterogeneous process related to the incorporation of monomers located in the vicinity of the
critical cluster into the cluster. The value of ks and D,, are given by

K, =Ky exp{—%}, (3)
D,, =D, ex;{—%} (4)
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Here Q. and Q, are the activation energies accordingly for the incorporation of monomers into the
critical cluster and for diffusion of monomers in the nanoparticle, the pre-exponencial factors ks, and
D, are assumed further to be constant for simplicity.
Taking into account Eqgs. (2)-(4), in view of (Vanithakumari and Nanda, 2008; Rekhviashvili
and Kishtikova, 2006) we can write for the value of k. the following equation:
BQue
T

2D exp{— J
K

1+ st_oldc_leo exp{ ,Bchw l;rﬂdeoo ]

keff =

where 8,=exp[-4/(1+d)], B=exp[-4/(1+dc)], deo = do/6¢, dyo = do/b,, dp is the nanoparticle diameter,
6. is the Tolman length for the critical cluster, &, is the Tolman length for the nanoparticle, Q... and
Q- are the values of Q. and Q, for a bulk matter.

In the case when the second term in the denominator of Eq. (5) is much less than unity the
diffusion controlled regime for nucleation takes place. In the opposite case, the kinetic controlled
regime of nucleation is realized. The size dependence of the activation energies for diffusion of
monomers in the nanoparticle and their incorporation into the critical cluster leads to the size
dependence of the effective rate constant for the attachment of monomers to the critical cluster.

CONCLUSIONS
Thus, it is shown that the influence of the size effect on the rate of homogeneous nucleation
in nanoscale particles can be related to size dependence of activation energies for diffusion
of monomers in the nanoparticle and their incorporation into the critical cluster.
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SUMMARY

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

Aerosols were sampled in two seasons (winter and summer) in two towns in 2009. Higher
concentrations of aerosols and organic compounds were found in winter season, which resulted
from increased combustion of biomass, coal and other organic material while traffic was the most
significant source of aerosols in summer.

UvoD

V atmosfére se nachdzi mnoho organickych sloucenin vazanych na aerosolové ¢astice, které
jsou produkovany nejrGznéjSimi zdroji: primarni (pfirodni, antropogenni) a sekundarni (reakce
v atmosfére). Antropogennimi zdroji aerosolu jsou napf. spalovani ropy, plynu, fosilnich paliv, dfeva
nebo odpad(, dale automobilova doprava, pramysl, skladky odpadt a dalsi. Abychom uvedené zdroje
aerosolt mohli od sebe odlisit a zcela jasné je identifikovat, musime z velkého mnoZstvi organickych
latek pfitomnych v ¢asticich aerosolu vybrat organické slouceniny, tzv. molekulové markery, které
jednoznaéné dany zdroj urcuji (Alves, 2008; Kramal a kol., 2010; Simoneit, 2002).

Byly sledovany predevsim anhydridy monosacharidi (emise ze spalovani biomasy)
a polyaromatické uhlovodiky (emise z dopravy a z nedokonalého spalovani). Dalsi skupinou
sledovanych organickych markera byly hopany a sterany (doprava, spalovani uhli) a mastné kyseliny
(Uprava masnych vyrobkt). Markery byly sledovany ve velikostni frakci PM1, protoZe z hlediska
zdravotniho plsobeni aerosolu na ¢lovéka je tato frakce nejskodlivéjsi.

EXPERIMENTY

Anhydridy monosacharidd, polyaromatické uhlovodiky (PAU), hopany a sterany
a monokarboxylové kyseliny byly analyzovany v méstském aerosolu ve frakci PM1 na dvou lokalitach
(Brno a Slapanice) v zimé a lété 2009. PM1 aerosol byl odebirdn pomoci velkoobjemového
vzorkovace DHA-80 (Digitel) na kiemenné filtry o priméru 150 mm (prétok vzduchu 30 m*.h™).

Anhydridy monosacharidl byly z ¢asti filtrG extrahovany dichlormethanem v ultrazvukové
lazni, extrakty byly odpateny pod proudem dusiku do sucha a derivatizovany smési
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(N-methyl-N-trimethylsilyltrifluoroacetamid + 1% trimethylchlorosilan) obsahujici pyridin. Takto
derivatizované vzorky byly odpareny do sucha, rozpustény v hexanu a analyzovany pomoci GC-MS.
Extrakce PAU, hopand a sterand probihaly smési hexan/dichlormethan (2:1 v/v). Extrakty byly
frakcionovany na koloné se silikagelem. Hexanova frakce obsahovala hopany a sterany
a hexan/dichlormethanova frakce obsahovala PAU. Po zkoncentrovani frakci nasledovala analyza na
GC-MS. Monokarboxylové kyseliny byly zc¢asti filtrd extrahovany methanolem, esterifikovany
(BF3/methanol) a analyzovany na GC-MS (Kfamal a kol., 2010; Kfimal, 2011).

VYSLEDKY A DISKUSE

Byly analyzovany:

e anhydridy monosacharidi: levoglukosan, mannosan a galaktosan

e hopany a sterany: 17a(H),218(H)-hopan, 22R-17a(H),216(H)-homohopan,
225-17a(H),218(H)-homohopan, 17a(H),216(H)-norhopan a aaa (20R)-cholestan

e polyaromatické uhlovodiky: fluoren, fenanthren, anthracen, reten, fluoranthen, pyren,
benzo[alanthracen, chrysen, benzo[b]fluoranthen, benzo[k]fluoranthen, benzo[a]pyren,
benzo[e]pyren, dibenzo[a,h]anthracen, perylen, indeno([1,2,3-c,d]pyren a benzolg,h,ilperylen

¢ monokarboxylové kyseliny: C7 — C20 monokarboxylové kyseliny, kyselina palmitolejova
(cis-hexadec-9-enovd) a kyselina olejova (cis-oktadec-9-enova).

Anhydridy monosacharidl slouZi jako hlavni marker spalovani biomasy (dfeva). Vyssi
koncentrace byly nalezeny vzimé (vytdpéni domdcnosti) hlavné ve Slapanicich. VIété byly
koncentrace mnohem nizsi, coz svéd¢i o mensi intenzité spalovani biomasy, ale také o mozné
degradaci anhydridd monosacharid(l vlivem reakce s OH radikaly, jejichZz koncentrace jsou v letnim
obdobi naopak vyssi nez v zimnim obdobi.

Mezi organické markery dopravy a spalovani uhli patfi hopany a sterany. Sterany se do
ovzdusi emituji pouze z motorovych olejd, zatimco hopany jak z dopravy (motorové oleje), tak ze
spalovani uhli. Vy3si koncentrace hopan(i byly nalezeny vzimé& vBrné i ve Slapanicich, zatimco
koncentrace aaa (20R)-cholestanu byly v zimé i v Iété obdobné. Obé lokality byly emisemi z dopravy
zatiZzeny v obou rocnich obdobich stejné. V zimé byly navic zatizeny emisemi ze spalovani uhli.

Pro identifikaci spalovani rliznych typ( uhli se uZivaji diagnostické poméry R- a S- isomeru
17a(H),216(H)-homohopanu. Hodnoty homohopanového indexu [S/(S+R)] byly podobné na obou
lokalitach. V zimé byl index niZsi neZ v |été, protoZe koncentrace R- isomeru byly mnohem vyssi.
MnoZstvi R- isomeru ve spalindch je zavislé na typu spalovaného uhli. Rozpoznat presny typ uhli,
ktery byl béhem zimniho obdobi spalovan, je obtizné. Hodnota indexu se nejvice blizi emisim
ze spalovani smési hnédého a ¢erného uhli.

Dalsi sledovanou skupinou organickych sloucenin byly polyaromatické uhlovodiky (PAU).
Emise PAU pochazeji predevsim z nedokonalého spalovani a zdopravy. Emise PAU byly vyssi
v zimnim obdobi, kde pfevazovaly hlavné PAU se 4 benzenovymi jadry. V Iété byly v mirné prevaze
PAU s 5 jadry. Mezi PAU miZeme nalézt jednotlivé markery pro emise z automobil(i s naftovymi (nizsi
PAU) nebo benzinovymi (vy$si PAU) motory, spalovani jehlicnatého dieva (reten) atd. Je vSak velmi
obtiZné od sebe tyto zdroje emisi PAU rozlisit.

Nejvyssi koncentrace monokarboxylovych kyselin byly nalezeny pro kyseliny hexadekanovou,
tetradekanovou, cis-oktadec-9-enovou, ikosanovou a oktadekanovou. Naopak nejnizsi koncentrace
byly zjistény pro kyselinu heptanovou, undekanovou a tridekanovou. Koncentrace mastnych kyselin
(markery pro Upravu masnych vyrobkd) byly vy$si pfedevsim v 1été ve Slapanicich.

Sumy pramérnych hmotnostnich koncentraci béhem jednotlivych dni znazorfiuje Obr. 1.
Na Obr. 1 vlevo je vidét souvislost mezi rlistem a poklesem hmotnostnich koncentraci PM1, OC, PAU
a hopant v zimé ve Slapanicich.
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Analyzované organické slouéeniny v aerosolové frakci PM1 v Brné a Slapanicich v zimé

avlété 2010.

ZAVER

Z dosazenych vysledk( Ize konstatovat, Ze spalovani dreva, uhli a jinych materiall bylo
hlavnim zdrojem aerosoll v zimé. Vyplyva to z vyssich koncentraci anhydridd monosacharidd, ale
také PAU a 22R-17a(H),2168(H)-homohopanu. Koncentrace PAU byly sice v zimnim obdobi podstatné
nizsi nez koncentrace anhydrid monosacharidi, ovSem ve vzorcich aerosol( byla analyzovana pouze
mald ¢ast téchto PAU sloucenin. V l1été byla nejvyznamnéjSim zdrojem organického aerosolu doprava,
coz potvrzuji i vypolty nékdy zavadéjicich diagnostickych pomérl pro PAU a vyssi hodnoty
homohopanového indexu.
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INTRODUCTION

Carbonaceous aerosol usually create the major part of particulate matter and thus
represents an important fraction of the atmospheric aerosol with an impact on the effects associated
with environmental air pollution and climate changes, lower visibility as well as health. As aerosols
contain a complex mixture of organic compounds, their analyses are simplified by the measuring of
two main parts of carbonaceous aerosol — the organic and elemental carbon (OC and EC). This
simplification is useful especially in the case when we want to study daily trends of carbonaceous
aerosols. This work offers insight into diurnal oscillations of EC and OC at Prague suburban site
(Central Europe) during different seasons. The observed seasonal trends were compared with
correlations for gaseous pollutants and meteorological variables and used to characterize the origin
of these aerosols.

EXPERIMENTAL

Measurements were done at a suburban site located in the typical residential area in the
northwest suburbs of Prague-Suchdol (50°7'36.473" N, 14°23'5.513" E, 285 m ASL), on the edge of
the plateau above Prague. The sampling head was installed 4 m above ground on the roof of the
building in the campus of the Institute of Chemical Process Fundamentals (ICPF). The distance from
the nearest road (10,000-15,000 cars daily) is about 250 m. Nearest residential houses are located
30 m south and are heated by gas with the optional fireplaces working occasionally in the evenings.
In the same direction is the center of Prague with about 1 million population. Nearest residential
houses with coal and biomass local heating are located in north and northwest direction in the old
part of Prague-Suchdol. The site is classified as an urban background station. The automatic
immission monitoring station (AIM, owner Czech Hydrometeorological Institute) is located within
ICPF campus 50 m from the sampling point and data from this station (PMy,, trace gases (SO,, NO,
NO,, NO,, 0s), temperature, humidity, wind speed, wind direction and global radiation) are available.

The monitoring of EC and OC aerosol concentrations was made by field semi-online OC/EC
analyzer from Sunset Laboratory Inc. (www.sunlab.com) equipped with PM,s cyclone.
Measurements were taken in two-hour intervals which well represents daily cycle. The thermal-
optical analysis was made by modified EUSAAR_2 protocol (Cavalli et al., 2010) that takes about
15 minutes and instrument makes the automatic optical corrections for charring during each
measurement.

For this study, one year data from September 2009 to August 2010 were taken and more
than 3468 measurements covered 79% of the period. From this, it is covered 90% of spring (March —
May; 989 samples), 77% of summer (Jun — Aug; 848 samples), 62% of autumn (Sep — Nov; 677
samples) and 88% of winter (Dec — Feb; 954 samples). Such data volume is a good base both for
establishing representative diurnal trends and to find the dependence on meteorological
parameters.
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Fig. 1: Average diurnal variation of EC/ECyear avg) (A), OC/OC(year avg) (B) and EC/TC (C) ratios during
different seasons.
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RESULTS AND DISCUSSION

Diurnal trends of OC/OC year avg) @and EC/EC(year avg) ratios are depicted on the Fig.1. OCyear avg)
and ECyearavg) are average year concentrations of OC and EC. EC/ECyear avg) diurnal trends shows typical
morning rush peak during all seasons except winter where there is the broad maximum from the
morning till the afternoon (Fig. 1A). The highest concentrations of both EC/ECjear avg) and OC/OC year
avg are during the winter evening and night time when there is the highest need for the home
heating. However, the lower boundary layer has also an influence on higher aerosol concentrations
at night, despite higher and better mixing during daylight hours when the temperature is higher
(Stull, 1988). Therefore, regardless of the season, the concentration minimum is during the afternoon
when the highest temperature occurs. During the summer the mixing of boundary layer is more
intensive and therefore this effect is not apparent. Nevertheless, the combination of the influence of
the boundary layer and mostly anthropogenic sources thus probably form the typical shape of the
diurnal OC curves in other seasons (Fig. 1B). The average level of concentrations depends both on the
strength of air pollution sources and the average mixing during the period. Combination of both
factors results in the lowest concentrations in summer and highest during winter.

The contribution of other sources (not only traffic) to EC concentrations can be much better
seen on the diurnal variations of EC/TC ratio (Fig. 1C) (TC=OC+EC). The value of EC/TC ratio generally
depends on many factors such as analytical method, inlet cut points, artifact corrections, the method
of determining of the split point between EC and OC and measurement location (Holler et al., 2002).
But approximately, the higher EC/TC ratio means the higher contribution of traffic, the lower EC/TC
ratio represents the higher contributions from biomass burning or biogenic aerosols. The morning
rush peak in the spring, summer and autumn from 8:00 to 10:00 o’clock is well visible in Fig. 1C.
On the contrary there is the broad maximum across the afternoon and EC/TC ratio is the lowest of all
seasons during the winter. It suggests the significant contribution to the EC from other source than
traffic in the winter. During the summer the morning traffic maximum is evident but EC/TC ratio
rapidly decreases in the afternoon probably due to the contribution of biogenic aerosols produced
in hours with the highest photochemical activity. EC/TC ratio maxima are the highest and together
with their diurnal pattern are almost same in autumn and spring. This is owing to similar weather
conditions and also the absence of the dominant source of heating or biogenic aerosols like in winter
or summer.

To confirm the assumption that the daily trends in different seasons are the result of
different particles formation processes we performed comparisons of time series using correlation
analysis. Possible relations of EC and OC with meteorological variables and gaseous pollutants in
different seasons reflect Spearman correlation coefficients listed in Tab. 1. During all seasons a stable
negative correlation between EC, OC and wind speed can be expected.

Wind Temp RH Rad. SO, 0; NO, NO;+

EC

Speed 0;

Annual | EC 037 048 029 021 042 062 087 019

oC -042 -042 028 -027 043 -052 074 -0.12 0.89
Sorin EC 043 -015 si -0.14 032 -039 077 007 —
pring oC -049  si.  si. -024 032 -032 067 010 084
summey | EC 045 022 009 007 si 019 08 009 -

ocC -047 047 -021 -008 si. 009 061 033 073

EC 052 -034 048 si 016 -072 087 -036 —
Autumn

oC -048 -038 050 -0.17 020 -064 073 -035 0091
. EC 058 -037 022 si 056 -055 082 015 —
Winter

oC -0.59 -048 0.26 -0.10 0.59 -0.55 0.74 0.08 0.94
Tab. 1: Seasonal Spearman correlation coefficients of EC respectively OC with meteorological
variables (wind speed, temperature, relative humidity (RH), total radiation (Rad)), gaseous pollutants
and photochemical activity (NO,+0;). s.i. = statistically insignificant.
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Temperature has negative correlations in winter and autumn, while the summer correlation is
positive. Contrary, winter and autumn correlations are positive and summer negative for humidity.
Spring values for both temperature and humidity are weak and insignificant as well as total radiation
correlations for all seasons. Very strong correlation of both EC and OC can be seen with NO, and NO,
during all seasons. EC has always higher correlation then OC with all nitrogen oxides confirming
known relationship (Nienow and Roberts, 2006) and the common source in high temperature
processes. Correlation with SO, is variable during the seasons — the strongest in winter while it is
statistically insignificant in summer. These seasonal variations of SO, roughly follow the heating
season during which it is often used the brown coal with high content of volatile matter and sulfur
(Smolik et at., 1999) for household heating. The above-described correlations of different variables
with EC and OC might indicate probably the different mechanism of OC particle formation in summer
and winter. Concentrations of OC in winter are increasing with higher humidity (corr. 0.26), lower
temperature (corr. -0.48) and in addition to nitrogen oxides may be related with a higher
concentration of sulfur dioxide (corr. 0.59). Contrary, summer OC concentrations are increasing with
lower humidity (corr. -0.21), higher temperature (corr. 0.47) while there is positive correlation with
NO,+0; (corr. 0.33) as an indicator of photochemical activity.

CONCLUSIONS

EC and OC diurnal trends are strongly influenced by the diurnal change of boundary layer
that is lower at night than during the day and poorly mixed in winter in comparison with summer.
Differences between summer and winter are also caused by various mechanisms of the particles
formation that affects the current meteorology and prevailing sources of EC and OC. During the
winter there is a significant impact household heating associated with low temperature. Conversely,
the influence of secondary OC of both anthropogenic and biogenic origin is important in summer in
the period of the highest temperature and photochemical activity. Spring and autumn are
transitional periods when both of above mentioned mechanisms of particles formations are applied
and their diurnal trends are therefore very similar.
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SUMMARY

Present study deals with the analysis of saccharides and markers of biomass and wood
combustion in atmospheric aerosol of size fraction PM2.5. The experimental part of this study
is focussed on the optimization of method for the simultaneous analysis of saccharides and markers
of biomass and wood combustion. Optimization of method includes selection of solvent for the
extraction of compounds and optimization of derivatization process and GC/MS analysis.
The optimized method was then applied for the analysis of selected compounds in real aerosol
samples in the size fraction PM2.5. The concentrations of analysed compounds were compared
in term of sampling seasons.

UvoD

Atmosféricky aerosol je tvorfen velkym mnoZstvim organickych latek (Kfmal a kol., 2010).
Jeho soucdsti jsou i sacharidy a markery spalovani dreva. Zatimco sacharidy jsou biogenni latky,
dllezité pro vsechny Zivé organizmy (Ek a kol., 2009), markery spalovani difeva jsou latky mutagenni,
karcinogenni, drdzdici pokozku a zrak (Hakkinen, 2000). V Zivych organizmech mohou byt
metabolickymi procesy preménény na latky mnohem nebezpecnéjsi. Do atmosféry jsou sacharidy
emitovany zejména z pfirodnich zdroj napf. pylova zrna, vytrusy, pfirodni pozary (Wan a kol., 2007,
Jia a kol., 2010). Hlavnim zdrojem anhydridi monosacharid( je spalovani biomasy (Pashynska a kol.,
2002, Zdrdhal a kol., 2002). Pro markery spalovani dfeva je zdrojem spalovani dfevin zejména v rdmci
vytapéni domdcnosti (Simoneit 2002).

Studie se zabyvd analyzou sacharid (monosacharidy, disacharidy a alditoly), anhydridd
monosacharidd a markerl spalovani dfeva v atmosférickém aerosolu a porovnanim jejich
koncentraci v prlibéhu jednotlivych roc¢nich obdobi.

METODY MERENI

Vzorky aerosolu PM2,5 byly odebirany na kfemenné filtry vzorkovacem typu HVS DHA-80
(DIGITEL), umisténym v 1. p. na balkéné Ustavu analytické chemie, Akademie véd CR, Vevefi, ¢. 97,
Brno. Koncentrace vybranych sloucenin byly méfeny ve vzorcich odebiranych na jare, v létg,
na podzim a v zimé roku 2010 a v zimé roku 2011. V jednotlivych ro¢nich obdobich byla provedena
tydenni kampan, kazdy ze sedmi filtra byl exponovan po dobu 24 hodin.

Analyzované slouceniny byly extrahovany smési MeOH a DCM 1:1 (v/v), derivatizace byla
provedena za pouziti derivatizacni smési MSTFA + 1% TMCS s pyridinem 2:1 (v/v). K derivatizaéni
smési bylo navic ptfidano 100 pl pyridinu pro zajisténi dostate¢ného rozpusténi analyzovanych latek.
Derivatizace probihala po dobu 3 hodin, za teploty 70 °C. Cilové latky byly identifikovany technikou
GC/MS (Agilent, 7890-A, 5975C) dle jejich vybranych m/z.
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VYSLEDKY A DISKUZE

V ramci stanoveni vybranych sloucenin v aerosolech byly optimalizovany podminky extrakce
a derivatizace.

Anhydridy monosacharidl byly naméreny v nejvyssich koncentracich na podzim a v obdobi
zimnich mésicl, coZ odpovida zvysenému mnozstvi spalovaného dfeva v ramci vytapéni domacnosti.
Hlavni marker spalovani biomasy, levoglukosan, dosahoval v obdobi zimnich mésict koncentrace az
1340 ng/m>. Suma anhydridd monosacharidd pak tvofila v zimnich mésicich 2,31 % hmotnostni
koncentrace aerosolu frakce PM2,5. Stejny trend byl pozorovan i u marker( spalovani dreva,
uvolnujicich se do ovzdusi pfi spalovani dieva. Maximalni koncentrace byly naméreny v pribéhu
zimnich mésica, kdy hlavni marker spalovani dfeva, kyselina dehydroabietova, nabyvala koncentrace
284 ng/m®. Suma analyzovanych marker(l spalovani dieva tvofila vzimnich mésicich 0,56 %
hmotnostni koncentrace aerosolu frakce PM2,5 Monosacharidy a disacharidy dosahovaly nejvyssich
koncentraci v obdobi jara a léta, tedy vobdobi kvétenstvi a produkce pylu. Glukosa nabyvala
nejvyssich koncentraci v letnich mésicich, az 16 ng/m>. Suma monosacharid( pak v lété tvofila 0,16 %
hmotnostni koncentrace aerosolu frakce PM2,5 Z analyzovanych disacharidli byly nejvyssi
koncentrace naméfeny u sacharosy, a to 161 ng/m?>. Suma disacharidd tvofila v jarnich mésicich 0,66
% hmotnostni koncentrace aerosolu frakce PM2,5 Nejvyssi koncentrace alditolt byly detekovany
v letnich mésicich a na podzim, kdy je ptda zdsobovana velkym mnoZstvim organické hmoty a je tak
zvySena Cinnost mikroorganizmd, jejichZ biochemickymi pochody alditoly prevazné vznikaji. Nejvyssi
koncentrace byly naméfeny pro inositol, az 110 ng/m?, vyskytujici se v rostlinnych télech ve formé
kyseliny fytové (Wu, 2010). Suma alditol( tvofila na podzim 0,19 % hmotnostni koncentrace aerosolu
frakce PM2,5.

S vyjimkou lyxosy, arabinosy a syringolu, jejichz koncentrace se ve vSech analyzovanych
vzorcich nachdzely pod hodnotou detekéniho limitu pouzZité metody, byly vredlnych vzorcich
atmosférickych aerosoll frakce PM2,5 Uspésné kvantifikovany vsechny ostatni analyzované organické
slouceniny.
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Obr 1: Tydenni priamérné koncentrace anhydridd monosacharidi
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Obr 2: Tydenni primérné koncentrace monosacharidi

ZAVER

Vramci této studie byly analyzovany sacharidy, anhydridy monosacharidd a markery
spalovani drfeva v atmosférickém aerosolu velikostni frakce PM2,5. Koncentrace analyzovanych
sloucenin byly porovnany v pribéhu jednotlivych rocnich obdobi. Nejvyssi koncentrace
monosacharid( a disacharidd byly naméreny v obdobi jara a léta, alditoly na podzim, anhydridy
monosacharid na podzim a v zimé a markery spalovani dfeva v obdobi zimy.

Samotné analyze vzork( predchdazela optimalizace metody, zahrnujici vybér vhodného
rozpoustédla pro extrakci sloucenin, vybér derivatizacni smési, optimalizaci ¢asu a mnozstvi
pfidaného rozpoustédla pro derivatizaci analyzovanych sloucenin.
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SUMMARY

In summer 2008 sampling campaign was conducted in small settlement Bfezno nearby
Chomutov. Datamatrix of 90 minute integrates of PM;.;0) mass concentrations, derived from size
distributions (0,5-20 um) recorded by an APS, and elemental composition of size fraction
(1,15-10 pum) for 27 elements, by XRF sampled by 3DRUM, were analysed by positive matrix
factorization (PMF) to resolve the possible sources of PMy.,, in this area. PMF was optimized for
seven factors. They were: factor with high gypsum concentration, factor with high carbon content,
three industrial sources of high concentration of Pb, Cu, Zn, Co, C and factor related to crustal
elements. From the expanded modelling 70 % of total PM,_;o can be attributed to fugitive coal dust or
fly ash. The conditional probability function (CPF) was then used to resolve identify of the sources.
Four of them were identified; organisms — source of bioaerosol, mining activity — source of fugitive
coal dust/power plant — source of fly ash, steel industry - traced by high Cr concentration and soil —
source of mineral aerosol.

UuvoD

Z dlvodu kratké doby setrvani castic hrubého aerosolu (aerodynamicky primér >1 pm)
v atmosfére, jeZ se pohybuje od hodiny po jeden aZ dva dny, lze zdroje hrubého aerosolu nalézt
vmisté ¢i blizkém okoli sledované lokality — receptoru. Receptorové modelovani zdrojd
atmosférického aerosolu metodou faktorové analyzy (FA) umoZnuje odhadnout pocet a slozeni
zdroju, stejné jako jejich podil na receptoru. V soucasnosti mnoho studii vénujicich se kvalité ovzdusi
vyuziva nového pristupu ve FA, kterym je Positive Matrix Factorization ((PMF), Begun a kol., 2005;
Reff a kol, 2007, Thimmaiah a kol., 2009, Raja a kol., 2010).

Pfispévek se zabyvda odhadem zdroji PMj;; metodou PMF aplikovanou na data
hmotnostnich koncentraci a elementarniho sloZzeni PMy.y s integrac¢ni dobou 90 minut ziskanych
v pribéhu letni kampané v roce 2008 v obci Bfezno u Chomutova.

MERENI

Méreni byla provadéna v centru obce Bfezno u Chomutova (50°24° S5, 13°25° VD) poloZené
nedaleko povrchové dolu Nastup (vzddlenost 3 km od hranice obce) v obdobi 11. — 27.07. 2008.
Hmotnostni koncentrace PM.o s integracni dobou 90 minut byly spocitany z velikostnich distribuci
vrozsahu 1,17-10 um stanovenych aerodynamickym spektrometrem c¢dstic - APS (APS-3321, TSI)
s integracni dobou 5 minut. Koncentrace 27 prvkl byly stanovené metodou XRF spektrometrie (ALS
Berkeley) v aerosolu velikostni frakce A (1,15-10 um) odebirané s integraéni dobou 90 minut 3 DRUM
impaktorem (California University- Davis). Soucasné byla zaznamendvana 5 minutova
meteorologickd data (rychlost a smér vétru, teplota, relativni vlhkost a globalni radiace). Vzhledem
k chybéjicimu méreni elementarniho uhliku (EC) a organického uhliku (OC) byla matice koncentraci
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doplnéna o tzv. chybéjici hmotu (missing mass - MM) vypocitanou jako rozdil celkové hmoty PM,_4,
a hmotnosti oxid( prislusnych elementl dle rovnice [Soil] = 2.20[A1] + 2.49[Si] + 1.63[Ca] + 2.42[Fe] +
1.94[Ti] (Malm a kol, 1994). Pro vypocet nejistot do matice nejistot byla pouZita rovnice uU-k + dif*/3;
u,-,-k — analyticka nejistota a d,f — analyticky detekéni limit pro vzorek i, prvek j a odbérovou lokality k
(Pollisar a kol., 1998). Pripravené matice byly analyzovany receptorovym modelem EPA PMF 4.1.0.1
a Cast vystupl z modelu spolu s hodnotami sméru a rychlosti vétru byla pouZita pro urceni polohy
zdroji metodou PCF (conditional probability function).

VYSLEDKY

Mezi mediany koncentrace PMi;, a hmotnostni koncentrace velikostni frakce A neni
statisticky vyznamny rozdil, 7,8 pg/m?’ respektive 7,7 pg/m>. Vysledek potvrzuje spravnost méreni
a umoziuje kombinaci ziskanych dat tvorbu matic pro receptorové modelovani.

Pomoci PMF bylo ziskano sedm faktord: bioaerosol, sadrovec, uhli/popilek, Pb s vysokym
obsahem Co, Cu s vysokym obsahem Zn a Cr, vyroba a zpracovani oceli a plida. Na Obr. 1 aZ 7 jsou
zndzornény koncentrace a podily prvkd na jednotlivych faktorech PM,.1o. Nejvyssi prispévek, 70 %, na
celkové koncentraci PMy.; tvofil faktor oznaceny jako uhli/popilek z divodu nizkého podilu vSech
analyzovanych prvk( na strané jedné a vysokému podilu chybéjici hmoty (MM) a hmoty PMy. ;4 na
strané druhé Obr. 3. Druhy nejvyssi prispévkem k celkové koncentraci PMy. ;5 na sledované lokalité
tvofily aerosoly organického plvodu — bioaerosol (13 %) z dlvodu vysokého podilu P, Ka vyssiho
podilu chybéjici hmoty neZz celkové hmoty PMi.1. Vysoky podil 78 % chybéjici hmoty na celkové
hmoté byl rozdélen vyhradné mezi uhli/popilek (82 %), bioaerosol (15 %) a pidu (3 %). Industridlni
faktory Obr. 4 — 6 byly uréeny na zakladé vysokého podilu kov(i Pb, Cu, Zn, Co, Cr a pfispivaly 7 % na
celkové koncentraci PMy.,o. Faktor plda urceny na zakladé vysokého podilu Al, Si, Ti, V, Co a Zn
Obr. 7. tvofil 6 % na celkové koncentraci PM.;o. Chemicky profil s vysokym obsahem Ca byl uréen
jako sadrovec Obr. 2 s pfispévkem 4 % k celkové koncentraci PMy.;0. Pomoci metody PCF byla
nasledné stanovena poloha a identifikace zdrojli PM_y0.

ZAVERY

Pomoci receptorového modelovani bylo uréeno sedm faktorli PMij, z nichZz nasledné
metodou PCF byly identifikovany ¢tyfi zdroje. Zivé organismy jako zdroj bioaerosolu, téZebni &innost
jako zdroj polétavého uhelného prachu ¢i vyroba elektrické energie jako zdroj popilku, vyroba
a zpracovani oceli jako zdroj aerosolu s vysoky obsahem Cr a plda jako zdroj aerosolu s vysokym
podilem minerélnich prvk(. Pouziti prvku chybéjici hmoty v PMF se ukdzalo jako spravné, nebot
usnadnilo urceni dvou zdroja s vysokym podilem EC a OC, ktery nebyl méren.

PODEKOVANI
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Obr. 1: Chemicky profil PM,_,o faktoru aerosolli organického plivodu — bioaerosol analyzovany PMF.
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Obr. 2: Chemicky profil PM,_;o faktoru s vysokym obsahem sadrovce analyzovany PMF.
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. 3: Chemicky profil PMy.,o faktoru uhliku/popilku analyzovany PMF.
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Obr. 4: Chemicky profil PMy 14 faktoru Pb s vysokym obsahem Co analyzovany PMF.
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Obr. 5: Chemicky profil PMy_;, faktoru Cu s vysokym obsahem Zn a Cr analyzovany PMF.
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Obr. 6:
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INTRODUCTION

It is generally accepted that genotoxic effects of the combustion generated particles are
mainly connected with carcinogenic polycyclic hydrocarbons (c-PAHs) and their derivatives,
constituents of the organic fraction of the particulate matter (PM) emissions. These compounds are
present in exhaust gases of internal combustion engines and originate from the combustion of fuel
and engine lubricating oil. Last decades are characterized by massive use of alternative fuels,
including biofuels. Since the reports on the toxic effects of exhaust from engines powered by biofuels
are often contradictory, it might be of great interest to compare genotoxicity of standard diesel
particulate emissions with that of the most frequently used biofuels.

METHODS, MEASUREMENTS AND RESULTS

For this purpose we performed the pilot study with the aim to identify possible genotoxicity
induced by organic extracts from the particulate emissions collected from two typical modern, direct
injection turbocharged diesel engines: Cummins ISBe4 (on-road, Common Rail fuel injection system)
and Zetor 1505 (off-road, mechanical fuel injection pump) using ESC, WHSC (Cummins) and NRSC
(Zetor) test cycles operated on diesel fuel, heated rapeseed oil and biodiesel. Exhaust gases
(80-600 m*/h, 100-550° C) were diluted by ambient air in an improvised full-flow tunnel (9000 m?/h),
from which samples are collected by Digitel high-volume samplers (30-60 m?/h). DNA adducts were
analyzed by **P-postlabelling method (Fig.1) in cell free assay consisting of calf-thymus DNA.
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Fig. 1 Scheme of the analysis of DNA adducts by *’P-postlabelling
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Chemical analysis of 13 priority PAHs in extractable organic matter (EOMs), including B[a]P
was performed in authorized laboratory of ALS Czech Republic by HPLC with fluorimetric detection
(Table 1).

: Collected PM BaP cPAHs* PAHs**
Engine (fuel volume [m?]
injection)  Testfuel  Test cycle [mg/m®] [ng/m’] [ng/m’] [ng/m’]
Diesel Cummins 2XWHSC 62.7 38.8 0.16 0.72 7,72
ISBe4d
Rapeseed oil Cummins 2xWHSC 61.7 40.5 0.23 1.13 8,54
ISBed
Diesel Cummins 4xESC-1 325 277.2 <0.12 0.74 84.2
ISBed
Rapeseed oil Cummins 4xESC-1 58.,7 214.5 0.36 2.98 43.4
ISBe4d
Biodiesel Cummins 2xESC-1 31.9 192.8 0.75 4.29 31.1
(FAME, ISBe4d
B100)
Biodiesel Cummins 2xESC-1 32.8 230.8 0.30 2.13 70.0
ISBed
Rapeseed oil Zetor 1505 in  1xNRSC 17.3 1131 0.81 6.30 242.6
line pump
Diesel Zetor 1505in  1xNRSC 16.3 1035 <0.24 7.91 256.9
line pump

Tablel: Sampling and chemical analysis of PAHs in extractable organic matter (EOM)

Samples of particulate emissions collected on filters were extracted by dichlormethane, evaporated
to propandiol a dissolved in dimethylsufoxide

*BaA, chrysene, BbF, BkF, BaP, DBahA, lcdPy

**fenanthren, anthracene, fluoranthene, pyrene, BaA, chrysene, BbF, BkF, BaP,

DBahA, IcdPy, BghiPe, coronene

As a marker of the genotoxic potential, DNA adduct levels induced by extractable organic matter
(EOMs) in an acellular assay of calf thymus DNA coupled with **P-postlabeling in the presence and
absence of microsomal S9 fraction were employed.

The results (Fig.2) that Cummins ISB engine; cycle ESC-1; 3 m*/sample; ctDNA (1 mg/ml +S9 + cof.)
100 pg/ml of the organic extract from standard diesel particulate emissions induces highest DNA
adduct levels (15.5 adducts/10® nucleotides), while rapeseed oil and methyl esters of rapeseed oil
induce 10.8 and 12.4 adducts/10® nucleotides, respectively. These results correlate with the content
of c-PAHs and B[a]P in the corresponding EOMs. Interestingly, strong effect of the test cycle
on genotoxicity was observed (Fig. 3). The emissions of total particulate mass, B[a]P, and DNA adducts
per kWh of engine output, and the levels of DNA adducts per mg of particulate mass collected, are
shown in Table 2.
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Diesel Rapeseed oil Biodiesel {FAME) BaP

15.5ad./10%n. 10.8 ad./10%n. 12.4 a.d.flo" n. | 35.4ad./10%n.
4.Oad./103n. 4.2 ad /108 4.1ad /108

-S9

LLL__L

Fig.2: Autoradiographs of DNA adducts induced by various extracts from particulate emissions —
effect of metabolic activation

Diesel Rapeseed oil
3.7ad./10%n. 2.7 ad./108 n.

WHSC _
15.5ad./108 n. 10.8ad./10%n

Fig.3: Autoradiographs of DNA adducts induced by various extracts from particulate emissions —
effect of test cycle activation
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Diesel 2 x WHSC
Rapeseed 4.9
oil 2 x WHSC 7.2 159 13 22.1 1.8
Diesel 4XESCmod* 14.1 <2.5 541 140 38.2 9.9
Rapeseed 11.1
oil 4xESCmod* 23.8 378 145 15.9 6.1
C .
ummins - g 100 2xESCmod 20.2 7.3 433 145 214 7.2
ISBed
Common
Rail Diesel 2xESCmod 30.7 25 517 228 168 7.4
Zetor Rapeseed 1.36
1505 oil 1 x NRSC 202 2351 874 11.7 4.3
inline
pump Diesel 1 x NRSC 185 <037 2032 828 159 45

Table 2: Genotoxicity of the organic extracts from particulate emissions of selected fuels

CONCLUSIONS

The emissions of classic diesel contain more of total PAHs, but much less B[a]P and other
carcinogenic PAHs than biofuels. Genotoxicity of particulate emissions of selected biofuels
is comparable with a classic diesel. Metabolic activation (+59) resulted in several fold higher
genotoxicity suggesting major contribution of PAHs to the DNA adduct levels. However, directly acting
genotoxicants (-S9) are also significant. Genotoxicity is highly dependent on the test cycle
(ESC vs. WHSC). Genotoxicity of the emissions is dose/dependent (data not shown). These results
should be taken as preliminary and more detailed study is going on to verify these findings.
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SUMMARY

Characterization of particulate matter properties and chemical composition emitted from
separate sources is questionable both in terms of their identification before measurement and
availability of information about emission composition from their producers. Therefore it is
advantageous to perform measurements on the selected localities and identify PM sources including
their contribution to overall PM concentration by using receptor modelling methods. Methodology
for coarse particles PM, ..o sources identification that is described in this paper was elaborated
on the basis of measured data and applied receptor modelling.

UvoD

Hlavnim zdrojem emisi pevnych castic ve frakci PMyy, v méstském prostredi je silnicni
doprava. Castice produkované automobilovou dopravou vznikaji jak pfimo pfi spalovacich procesech
v automobilovych motorech (tj. ¢astice obsazené pfimo ve vyfukovych plynech; Pierson and
Brachaczek, 1983), tak mechanickym obrusem rlznych ¢asti vozidel (pneumatiky, brzdové a spojkové
obloZeni apod.), korozi karosérie nebo doprovodného zatizeni (svodidla, dopravni znacky) nebo
resuspenzi (Colvile et al., 2001; Caplain et al., 2006). Na emisich ¢astic z dopravy se podili i posypové
materidly a Castice, které sedimentuji na povrchu silnice z rGznych blizkych ¢&i vzdalenych zdroja,
a jsou nasledné resuspendovany provozem automobilll nebo vétrem. PM obsazené ve vyfukovych
plynech (tj. vzniklé spalovanim paliva) se nachazi prevainé v jemné frakci aerosoll (PM,s), zatimco
abrazni a resuspenzni procesy produkuji vétSinou castice v rozmezi velikosti 2.5-10 um (PM;s.10).
Resuspenze je proces, pfi némz se prachové castice plvodné deponované na zemském ¢i jiném
povrchu (napf. pada, chodniky, silnice, stfechy budov, okenni parapety atd.) dostavaji zpét
do vzduchu vlivem turbulence zpUsobené automobilovou dopravou nebo plsobenim vétru.
Resuspenze prachovych ¢astic prispiva vyznamné k obsahu TSP a PMy, ve vzduchu (Braaten et al.,
1990), kde mohou resuspendované ¢astice tvofit az 60 % frakce PM,,. Resuspenze prostiednictvim
automobilové dopravy zavisi na specifickych lokalnich podminkach, tj. povrchu silnice, rychlosti jizdy,
hmotnosti automobilll a vlhkosti vzduchu (Thorpe et al., 2007). Za predpokladu, Ze emise PM ve
vyfukovych plynech se nachazi prevazné v jemné frakci PM, 5 a dalsi procesy emituji ¢astice ve frakci
PM, .10, Ize srovnat relativni pfispévky z riznych dopravnich zdrojli k emisi hrubych ¢astic. Ve vztahu
k celkové emisi ¢astic PM; .10, abrazni procesy jsou zodpovédné za 44-57 % celkovych emisi hrubych
Castic, zatimco resuspenze je zodpovédna za emisi zbylych 43-56 % hrubych c¢astic. Prispévek
k celkové emisi castic ve frakci PM, sy vyplyvajici z kombinace resuspenze a otéru povrchu silnic
je 59-67 % (Thorpe et al., 2007). Navzdory vzristajicimu poctu studii zamérenych na kvantifikaci
emisi Castic resuspenzi, publikované odhady jsou velmi proménlivé v dlsledku obtiZnosti pfimého
méreni. Nebezpecnost resuspendovaného prachu je zplsobena jeho obohacenim mnoha rizikovymi
prvky, které jsou emitovany jinymi antropogennimi zdroji (Lough et al., 2005).

EXPERIMENTY

Pouzivani metodiky predpoklada znalosti vicerozmérnych statistickych metod analyzy dat,
jako jsou napf. metoda hlavnich komponent (PCA), faktorova analyza (FA), vicerozmérnd regrese
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(Meloun, Militky, 2004). Dale je vyhodné, kdyZ uZivatel metodiky disponuje zakladnimi znalostmi
vektorové algebry. Kaplikaci metodiky je rovnéz nutné vybaveni odpovidajicimi softwarovymi
nastroji. V této metodice byla zvolena ke kvantifikaci prispévk( jednotlivych zdrojd znecisténi ovzdusi
pevnymi ¢asticemi metodou receptorového modelovani faktorova analyza ve spojeni s metodami
absolutnich komponentnich skére a vicerozmérné regrese. K tomuto ucelu byl vytvoren odpovidajici
skript v jazyce R (R Development Core Team, 2010). Jako vstup pro vypocty slouzi datova matice, jejiz
radky odpovidaji jednotlivym méfenim (vzorkim) a sloupce proménnym, tj. mérenym polutantim.
Za tyto proménné je nutné zvolit ty polutanty, které charakterizuji predpokladané zdroje znecisténi.
s tomu odpovidajicim velkym mnoZstvim méreni (vzorkd). Zakladni princip FA spociva v tom, Ze kazda
z méfenych (ndhodnych) veli¢in Y; (j = 1, ..., p) mGZe byt vyjadfena jako soucet linedrni kombinace
mensiho poctu m nepozorovatelnych (hypotetickych) veli¢in F;, ..., F, - tzv. spoleénych faktor(
a dal3iho zdroje variability E; (j = 1, ..., p) - tzv. specifické (rezidualni) sloZky. Tj. pfepokladame, Ze plati
model

m
Y, =) AF +E, j=1..p, (1)
k=1
kde /],-k faktorova vaha (zatéz) k-tého spolecného faktoru pfislusna k j-té veli¢iné a
k-téemu faktoru, k=1, .., m
F. k-ty spoleény faktor
E. je nahodna odchylka od pfesného modelu pfislusna k j-té veli¢ing, j =1, ..., p.

i
Veli¢iny Y, ..., Y, jsou standardizované, tj. maji nulovou stfedni hodnotu a jednotkovy rozptyl. Toho
se dosahne odectenim od kazdé hodnoty obsaZené v datové matici sloupcového priméru (tim se
zajisti nulova stfedni hodnota) a vydélenim tohoto rozdilu odpovidajici sloupcovou vybérovou
smérodatnou odchylkou (tim se zajisti jednotkovy rozptyl). Vétsina softwarovych nastroji pro
aplikaci FA ma standardizaci bud' pfimo zabudovanou v algoritmu vypoctu, nebo nabizi jeji volbu.
V maticové formé dostdvame model FA ve tvaru

Y =AIF+E, (2)
Pro faktorovou analyzu se doporucuje minimalné 5, optimalné az 20 vzorkd na jednu proménnou
(Meloun, Militky 2004).
Pro odhad pfispévku jednotlivych zdrojli PM se pouzZivd metody absolutnich komponentnich skére
(Absolute Principal Component Scores — APCS, Song et al. 2006) ve spojeni s vicerozmérnou regresni
analyzou — MRA. Nejprve se odhadnou hodnoty faktorového skére. V nasem pripadé byla pouZita
Bartlettova metoda vazenych nejmensich ¢tverct, kterd spociva v minimalizaci vyrazu

(Y -ACF) DF (Y - A F), 3)
kde
A Ay o Ay F, E,
Y=varE), Y=|! |, A=| ... ... .|, F=|: |, E=|i |, (4)
Y, Ay A F. E,

vzhledem k nezndmému faktoru F s tim, Ze misto neznamych zatézi a specifickych rozptyll se pouZije
jejich odhad. Potom vaZenou metodou nejmensich ¢tvercl dostavame odhad i-tého fadku F jako

N 0y — N T N 1
F=(A ) ooy, (5)
Vzhledem k tomu, Ze odhady F vychazeji z rotovaného feseni, je i-ty odhad faktorového skore ziskan
ze soutinu U[F' a matice U f¥4du m spliiuje podminku U.U' = 1. Pro ziskani faktorovych skére

s fyzikalnim smyslem se po&ita matice APCS tak, e nejprve se spocte vztaina hodnota Fy',

! Symbol X znamena odhad matide
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F, = (” p D&)’l A P DYy, (6)

kde
X
Y,) =—— (7)
( O)] Sj
a )7]- vybérovy primér j-té veliciny
S vybérova smérodatna odchylka j-té veli¢iny

ktera se odecte od vypoctené matice F podle vztahu

APCS=F -F,. (8)
PouZitim linedrni regresni analyzy APCS, kde PM je zdvisle proménnd a APCS jsou nezavisle
proménné, lze ziskat pfispévky jednotlivych identifikovanych zdroji. Ty se spoctou ze ziskanych
regresnich koeficientd jejich vynasobenim prdmérnou hodnotou ACPS pro kazdy spolecny faktor jako
absolutni prispévek, ktery se z celkové koncentrace PM prepocte na procentudlni pfispévky zdrojd.
Podobnym zplsobem lze ziskat vyndsobenim regresnich koeficientll primérnou hodnotou pro
pfislusnou lokalitu a sledované obdobi, pfipadné pfimo vyndsobenim vypoctenych jednotlivych APCS
regresnimi koeficienty prispévky faktor( pro jednotlivda méreni. Vicerozmérna regresni analyza (MRA)
je soucasti vétsiny statistickych program.

VYSLEDKY A DISKUSE

V ramci ovéreni metodiky probéhly ¢tyri odbérové kampané v pribéhu dvou let v rlznych
rocnich obdobich (zima, Iéto). Byl proveden odbér vybranych frakci pevnych castic (PM) na dvou
zatiZzenych lokalitach. Nejvyssi koncentrace PMyq i PM, 5 byly stanoveny v zimni kampani v roce 2009
na lokalité Ostrava Bartovice, kdy byly o 48,2 resp. 35,6 pg.m™ vys$si ne# na lokalité Brno Kotla¥ska.
Podobné vyznamny rozdil mezi lokalitami byl stanoven rovnéz v zimni kampani v roce 2010. V ramci
letnich odbérovych kampani pak byly stanovené koncentrace témér shodné na obou lokalitach, ale
pfitom vyznamné nizsi v porovndni se zimnimi kampanémi. Vysledky kontinualniho méreni velikostni
distribuce PM prokazaly vyssi zastoupeni jemnéjsi frakce ¢dastic s rozméry pod 2,5 um na lokalité
v Ostravé Bartovicich v porovndni s lokalitou Brno Kotlafska vramci realizovanych odbérovych
kampani, zejména v zimnim obdobi. Podil jemnéjsi frakce castic na celkovych PMy, byl v letnim
obdobi vyznamné nizsi v prdméru o 29,3 % a to v rdmci obou realizovanych odbérovych kampanich.

4.-11.1.2009 17.-24.1.2009 14.-21.6.2009 29.5. -5.6.2009

Prvek Brno-Kotlarska Ostrava-Bartovice Brno-Kotlarska Ostrava-Bartovice

PM; 5 PMy PM;s PMyo PM;s PMy PM;s PMyo
Mg 28,0 84,6 66,0 251,3 34,8 242,7 51,7 189,6
Al 64,4 255,6 76,8 427,4 145,5 903,1 88,5 359,5
Ca 60,8 249,4 74,8 409,8 77,0 542,0 66,1 297,8
Cr 4,0 7,1 4,9 8,4 1,0 8,3 1,9 4,0
Mn 11,1 22,0 93,4 139,5 7,0 26,0 27,9 46,4

Fe 191,9 785,0 1128,4 3527,7 235,9 1371,0 660,7 1518,4
Ni 2,5 7,4 4,1 5,2 1,0 2,9 2,0 2,3
Cu 37,5 106,4 50,1 60,4 42,3 153,0 425,5 503,5
Zn 94,1 95,4 341,9 356,8 31,6 76,9 175,7 207,4
As 2,5 7,2 6,5 6,7 0,3 0,6 1,1 1,4
Mo 0,001 0,28 0,4 0,5 0,0 0,3 0,1 0,1
Pd 0,02 0,13 0,0 0,07 ND ND ND ND
Sb 3,04 6,2 2,9 3,0 1,4 4,3 4,6 4,9
Pb 118,5 124,5 684,4 728,3 22,3 31,4 185,9 207,0
Cd 0,5 1,5 3,4 3,7 0,2 0,2 1,2 1,2

Tab. 1 Koncentrace prvkl v aerosolu béhem kampani v roce 2009. Legenda: ND = pod hodnotou LOD
metody ICP
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16.-23.1.2010 5.-12.1.2010 29.5.-5.6.2010 10.-17.6.2010
Prvek Brno-Kotlarska Ostrava-Bartovice Brno-Kotlarska Ostrava-Bartovice
PM; 5 PMyo PM, 5 PMyo PM;s PMy, PM; 5 PMyo
Mg 11,7 61,0 10,0 35,5 27,3 156,1 39,3 198,0
Al 46,5 361,5 62,0 228,1 60,6 333,8 88,0 397,0
Ca 64,7 228,1 10,9 150,0 81,2 512,2 115,9 621,3
Cr 0,71 3,85 1,39 2,67 1,0 6,2 1,0 3,1
Mn 7,7 13,5 17,1 26,3 6,1 16,2 15,4 27,0
Fe 113,3 423,2 220,3 440,4 246,9 829,3 377,7 1027,9
Ni 1,64 2,50 1,95 2,58 1,0 1,1 ND 1,2
Cu 12,0 31,4 14,6 16,4 21,9 69,3 52,5 44,3
Zn 74,4 98,2 266,4 283,5 23,3 55,0 121,4 156,6
As 1,12 1,15 3,06 3,19 0,2 0,3 1,0 1,4
Mo 0,36 1,14 0,82 1,00 ND ND ND ND
Pd 0,004 0,006 0,013 0,017 0,020 0,022 ND 0,016
Sb 2,12 5,17 4,64 4,70 3,7 9,2 1,5 2,0
Pb 114,8 127,0 310,1 320,6 6,5 7,6 34,9 42,7
cd 1,03 1,15 2,02 2,28 0,19 0,23 1,0 1,5

Tab. 2 Koncentrace prvk(l v aerosolu béhem kampani v roce 2010. Legenda: ND = pod hodnotou LOD
metody ICP

Tento fakt ma za nasledek i nerovnomérnou zatéz zdravi obyvatelstva v pribéhu roku, jelikoz
velikost C¢astic je dominantnim faktorem urcujicim moziné pulsobeni c¢astic v dychacim systému
¢lovéka. Zatimco v letnim obdobi mlzZe do plic vstupovat v priméru pouze 50,5 % Castic z PMy,
v zimnim obdobi pak v priméru 79,8 % castic z PMy,, coZz mize vyznamné ovlivnit negativni plsobeni
PM na zdravi ¢lovéka.

Vzorky aerosolll frakce PM,s a PM, odebrané v ramci jednotlivych realizovanych kampani
v ramci rfeSeni projektu na lokalitdch Brno-Kotlafska a Ostrava-Bartovice byly analyzovdny na obsah
15 prvki (tab. 1, 2). Koncentrace Fe v aerosolové frakci PM, 5 i PMy, byly v Ostravé obecné mnohem
vysSi neZz vBrné v prabéhu vsech kampani, coz identifikuje oceldrny v blizkosti Bartovic jako
dominantni zdroj emisi Fe na této lokalité. Podobné byly zjistény vyssi koncentrace Pb (v obou
frakcich) v Ostravé neZ v Brné a zaroven byly stanoveny vyssi koncentrace tohoto prvku v obou
zimnich kampanich v letnich kampanich, jak v Brné, tak v Ostravé. Tento fakt indikuje spalovani uhli
v domdcnostech, pfipadné tepldrnach, jako vyznamny zdroj emisi Pb na obou lokalitdch béhem
zimniho obdobi. V Brné na lokalité Kotlarska byly nalezeny vyssi koncentrace Sb ve srovnani
s vysledky z Bartovic, coZ potvrzuje predpoklad, Ze doprava je hlavnim zdrojem znecisténi na lokalité
Kotlarskda. Poslednim vyznamnym mistnim zdrojem jsou emise ze spalovani dfeva v domacnostech,
coz dokladaly vysoké koncentrace anhydrid(i monosacharidd v zimnich vzorcich aerosolli (Adamec et
al.,, 2010). Vedle téchto mistnich zdrojl vSak nelze opominout ani regiondlni transport aerosoll
z dalSich zdrojl v blizkosti Bartovic nebo ze vzdalenéjsiho okoli a také dalkovy transport aerosoll
z dalSich zdrojd, napt. z primyslové oblasti v nedalekém Polsku. Zvysené koncentrace Sb, Cu, Zn,
pfipadné Pd ve vzorcich aerosolu odebranych béhem kampani 2009 a 2010 na lokalité Brno-Kotlarska
identifikuje jako hlavni zdroj emisi téchto kov( mistni dopravu. Podobné jako v Ostravé, tak i v Brné-
Kotlarskd byly jako dal$i zdroje emisi identifikovany spalovani uhli a dfeva v domdacnostech pro
vytdpéni domi béhem zimni sezény. Dikazem jsou opét vysoké koncentrace Pb ve vzorcich aerosolt
ze zimni kampané ve srovnani s koncentracemi Pb v letnich vzorcich (identifikace uhli). Vedle téchto
mistnich zdrojl opét nelze opominout regionalni transport aerosoll z dalSich zdroja v blizkosti Brna
nebo ze vzdalenéjsiho okoli a také dalkovy transport aerosoll z dalsich zdroja.

Koncentrace PAH vazanych na PMy, a na PM, s vztazené na objem vzduchu byly srovnatelné
na vsech lokalitach. To znamena, Ze prakticky vSechny PAH jsou vazany na frakci PM,s. To potvrzuje
i prepocet na koncentraci PAH na jednotku hmotnosti ¢astic. K receptorovému modelovani plvodu
resuspenze proto nebylo pouZiti koncentraci PAH na PM,g., s vhodné, protoze jejich koncentrace na
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této frakci jsou statisticky nevyznamné. Bylo tedy vyuZito koncentraci kov(, konkrétné Al, Ca, Cr, Mn,
Fe, Ni, Cu, Zn, Sb a Pb. Findlni model byl pak zaloZzen na koncentracich Al, Ca, Mn, Fe, a Pb, které
davaji relevantni vysledky na dvou faktorech (obr. 1 a 2). Z vysledkdi modelovani vyplyva, Ze na
lokalité Brno-Kotlarska pfispivaji ke koncentraci PMyy,5 219 % obrusy z dopravy (Factorl), z33 %
resuspenze (Factor2) a ze 48 % modelem neidentifikované zdroje (Unresolved). Na lokalité Ostrava-
Bartovice prispiva ke koncentraci PMyg, 5 2 38 % hutni priimysl (Factorl), z 19 % resuspenze (Factor2)
a ze 43 % modelem neidentifikované zdroje (Unresolved) (tab. 3).

Vysledky statistickych testU:
KMO kritérium: KMO =0.670087
BartlettQv test sféricity: Kritérium=41.18407, Stupné volnosti = 15, Pravdépodobnost = 0.0002997669

Vysledky ACPS:

Relativni prispévky faktort k PM za jednotlivé lokality [%]:
Unresolved Factorl Factor2

Brno 47.32363 19.34657 33.32981

Ostrava 42.78909 38.20526 19.00565
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Obr. 1Graf Upati vlastnich Cisel z PCA Obr. 2: Graf faktorovych zatézi pro lokality Brno-

Kotlarska a Ostrava-Bartovice.

Lokalita Rok Obdobi Unresolved Factorl Factor2
Brno - Kotlarska ulice 2009 zima 45.1 27.7 27.1
Brno - Kotlarska ulice 2009 léto 37.5 23.3 39.2
Brno - Kotlarska ulice 2010 zima 68.0 15.3 16.7
Brno - Kotlarska ulice 2010 léto 45.4 10.4 44.2
Ostrava - Bartovice 2009 zima 27.8 57.7 14.6
Ostrava - Bartovice 2009 léto 34.2 49.4 16.3
Ostrava - Bartovice 2010 zima 71.9 20.2 7.9
Ostrava - Bartovice 2010 léto 50.8 11.7 37.5

Tab. 3 Relativni pfispévky faktord k PM pro jednotliva pozorovani [%]
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ZAVER

Resuspenze prispivala na dopravné zatizené lokalité 33 procenty k celkové koncentraci PMyg.,5, ha
pramyslové zatiZzené lokalité 19 procenty. Modelem nerozlisSené zdroje zahrnuji mimo jiné pfispévky
ze spalovani uhli a drfeva. Pokud predpokladame, Ze pfispévek k PM ze spalovani v zimnim obdobi
odpovida priimérnému rozdilu mezi nerozliSenymi zdroji v zimé a v Iété, byl tento podil na lokalité
Brno-Kotlarska 15 % a na lokalité Ostrava-Bartovice 7%. Jak ukazuji vysledky statistickych test(, FA je
mozné v tomto pripadé pouZit. Vzhledem k omezenym finanénim prostfedklim vsak nebylo mozné
pfi ovérovani metodiky dodrzet podminku poctu vzorkll pripadajicich na jeden méreny polutant.
Pfesto dava metodika smysluplné vysledky, i kdyZ je tfeba k nim pfistupovat s urcitou opatrnosti.
PFi vy$sim poctu odebranych vzorkd a mérenych polutantl by vysledky byly pfesnéjsi i podrobnéjsi.
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SUMMARY

Particle size distributions (PSD) of 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). Strong
feedback mechanisms of the atmosphere acting on PSD have been found as well (Mikkonen et al,
2011). To evaluate these feedbacks, it is necessary to describe a connection between individual
meteorological phenomena and atmospheric aerosol.

The variety of measured meteorological variables able to alter or adapt aerosol PSD in its
shape or amplitude is wide. Their contributions vary a lot, however. The most important
characteristics, besides temperature, radiation and wind speed, are relative humidity (RH) and
precipitation amount (Zikova et al, 2010). This work describes first results of categorization of aerosol
PSD according to the various meteorological conditions connected to atmospheric humidity.

The data were collected during the first 22 months of measurements from 05/2008 to
02/2010 at Observatory Kosetice located in Ceskomoravska vrchovina (49°35’N, 15°05’E, altitude 534
m). This background station, operated by the Czech Hydrometeorological Institute, specializes on
environmental quality monitoring, but it is also a part of the national professional meteorological
measurement network. Recently, the observatory became a part of the EUSAAR network and was
equipped with the IfT-SMPS (Scanning Mobility Particle Sizer) run by ICPF. SMPS was sampling every
5 minutes over mobility size range from 9 to 900 nm. Data were averaged according to the EUSAAR
standards into one hour intervals. Cumulative concentrations up to 30 nm, from 30 to 50 nm, from
50 to 100 nm and above 100 nm were computed along with total concentrations. Results were
compared to the standard meteorological data (RH, precipitation amount and temperature) and
professional observer’s records taken simultaneously in one hour time resolution describing the
character of weather at the station and types of precipitation. Then, typical SMPS spectra were
derived. Bimodal distributions are typical for very dry conditions. With the growing RH, particles
under 50 nm in diameter are most effectively removed or grown into the accumulation mode. Above
60% RH, the accumulation mode particles’ concentrations increase, reach maxima around 80 % RH,
and then start to drop again. During foggy days, no bimodal distributions had been recorded with
concentrations being well below average.

UvoD

Studiu pocetnich rozdéleni velikosti Castic (PSD, particle size distribution) atmosférického
aerosolu byla v posledni dobé vénovana velka pozornost z divodu jeho vlivu na globalni klima, fyziku
oblakl a srazek, dohlednost a v neposledni radé také na lidské zdravi (Kerminen a kol. 2005; IPCC,
2007; Wichmann a kol., 2000). Ovsem PSD jsou atmosférou zpétné také ovliviiovany (Mikkonen
a kol., 2011), a abychom mohli tyto zpétné vazby dobre urcit, je nutné nejprve popsat vazby mezi
PSD atmosférického aerosolu a jednotlivymi meteorologickymi veli¢éinami. Téch, které jsou schopné
zménit tvar nebo amplitudu PSD existuje celd fada. Jak plyne napft. z prace Zikové a kol. 2010, mezi
nejdllezitéjsi patfi teplota, slunecni zareni, rychlost vétru, relativni vlhkost vzduchu (RH, relative
humidity) a mnozstvi srazek. V této praci jsme se zaméfili na kategorizaci PSD na zakladé rdznych
meteorologickych podminek spojenych s vihkosti vzduchu, podobné jako v praci Zikové a kol. 2011.
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DATA A METODY MERENI

Data byla ziskdna béhem prvnich 22 mésicli méreni, tj. od kvétna 2008 do uUnora 2010, na
stanici KoSetice v oblasti Ceskomoravské vysociny (49°35°S, 15°05°V, 534 m n. m.). Jde o pozadovou
stanici vramci Ceského hydrometeorologického Ustavu, kterd ma vedle béiného vybaveni
profesiondlni meteorologické stanice jesté i monitoring kvality Zivotniho prostfedi. Navic byla stanice
vroce 2008 zapojena do sité EUSAAR (European Supersites for Atmospheric Aerosol Research,
http://www.eusaar.org/) a vybavena spektrometrem SMPS (Scanning Mobility Particle Sizer,
Skenovaci tfidi¢ pohyblivosti ¢astic) vyrobenym v Leibnitz Institute for Tropospheric Research
a provozovanym Oddé&lenim aerosolovych a laserovych studii UCHP AV CR.

SMPS méfilo v pétiminutovych intervalech, pfi kterych byla ziskdna pocetni rozdéleni
velikosti ¢astic od 9 do 900 nm. Takto ziskana data byla dale prGimérovana do hodinovych intervall —
jednak kvuli protokolim méfeni v siti EUSAAR, jednak kv(li ¢asovému rozliseni dalSich mérenych
meteorologickych veli¢in (relativni vlhkost, mnoiZstvi srazek, teplota) a zaznamim profesionalniho
pozorovatele. Ten kaZzdou hodinu zapisuje pribéh pocasi na stanici, typ srazek a dalsi vyznacné
meteorologické jevy.

Vsechna data byla nejprve zkontrolovana a nasledné byla vyrazena ta obdobi, kdy chybély
udaje o relativni vlhkosti, velikosti srazek ¢i hodnoty z SMPS. Takto ziskany soubor byl rozdélen na
nékolik ¢asti. Prvnim stupném déleni bylo na obdobi se srazkami a bez srazek, nasledovalo rozliseni
podle dalSich parametrd jako je pfitomnost vyznaénych meteorologickych jevi. Na zakladé tohoto
detailnéjsiho déleni pak byla generovana priimérna SMPS spektra typicka pro jednotlivé typy pocasi.

VYSLEDKY

Nejprve byla zdat vybrana takovd obdobi, kdy ani automaticky stani¢ni pfistroj, ani
pozorovatel nezaznamenali Zddnou formu hydrometeort (tj. mlhu, destové &i snéhové prehariky,
dést...). Vtomto souboru byla provedena analyza SMPS spekter v zavislosti na relativni vlhkosti.
Vysledky viz Obr. 1.
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Obr. 1: Median, 5. a 95. percentil zprGmérovanych pocetni rozdéleni velikosti ¢astic (IfT-SMPS) pfi
rGznych hodnotach relativni vlhkosti v atmosféfe po odstranéni epizod se zaznamenanymi
hydrometeory.

Jako dalsi krok byly udalosti s hydrometeory rozdéleny podle typl hydrometeoru. Z téch byly
zvlast vyhodnoceny ¢asové Useky s destém nebo se snéhem, se zanedbanim prehanék nebo mrholeni
(toto rozdéleni bylo postaveno predevsim na udajich od stalych pozorovatel(, udaje ze srazkoméru
a teploméru slouZily pouze pro kontrolu). Na zakladé téchto dat pak byly vytvoreny hypotetické
zpriimérované denni chody koncentraci atmosférického aerosolu. Na obr. 2 jsou grafy koncentraci
pro den, kdy by po cely den pouze prselo (Obr. 2 nahote), a pro den, kdy by bylo zaznamenano pouze
snézeni (Obr. 2 dole).
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Obr. 2: Odvozena PSD pro den pouze s destém (nahore) Ci pouze se snéhem (dole). Zpriimérovano

z realnych dat (IfT-SMPS).

Zvlastni pozornost byla vénovana tzv. horizontdlnim srazkam, vtomto pripadé mlham. Béhem
zkoumaného obdobi byly zaznemanany jak epizody ,jenom“ s mlhou, tak epizody mlhy s dalSimi
hydrometeory. Ukazalo se, Ze rGzné kombinace mlhy a kapalnych ¢i tuhych srazek maji rlizny vliv
na PSD, a to jak na celkovou koncentraci ¢astic, tak na tvar velikostniho rozdéleni, viz Obr. 3.
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Obr. 3: Median a 5. a 95. percentil primernych PSD namérenych béhem epizod mlhy s riznymi druhy
tuhych i kapalnych srazek.
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ZAVER

Pocetni velikostni rozdéleni castic namérend SMPS byla rozdélena podle hodnot nékolika
meteorologickych parametrid spojenych s vihkosti vzduchu.

Nejprve byla posuzovana ta spektra, kterd byla namérena bez pfitomnosti hydrometeor( — v tomto
souboru byla nalezena silna zavislost tvaru spektra na relatvni vlihkosti okolniho vzduchu. S rostouci
RH se vyrazné snizuje pocet ¢astiv v nuklea¢nim a Aitkenové mddu PSD. Naopak pfi velmi nizké RH
(tj. pod 35 %) Casto dochazi k epizodam vzniku novych ¢astic, tzv. nukleacim.

Pokud se v atmosfére vyskytuji hydrometeory, je nutné je déle rozlisit — rGzné hydrometeory maji na
SMPS spektra rlzny vliv. Lisi se napfiklad ucinnost zachytu aerosolovych ¢astic na destovych kapkach
a na snéhovych vlockach - porovnani spekter primérovanych z destovych a snéhovych epizod
ukdazalo, Ze pti snéZeni se v atmosfére nachazi vice ¢astic nez pri desti.

Podobny efekt jako dést ma na PSD i mlha, ale vtomto pfipadé dal zélezi na doprovodnych jevech,
které mohou mlhu provazet. UvaZovana byla jak samotna mlha, tak mlha s mrholenim, preharikami,
snéhem ¢i destém. Ukazalo se, Ze nejvice Castic aerosolu je z atmosféry vymyto béhem mihy
s destovymi preharikami. V takovém pfipadé dojde i kvyraznému snizeni koncentraci ¢astic
v akumulaénim maédu.
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INTRODUCTION

The ability of submicron aerosol particles to absorb water can, to a large extent, influence
their physical and chemical properties. On the other hand, these particles serve as condensation
nuclei for cloud formation and thus also the resulting cloud properties depend on the chemical
composition as well as on the size distribution of aerosol particles. Furthermore, the deposition
pattern of aerosol particles in the human respiratory tract may significantly change with changing
size of aerosol particles, and therefore depends also on hygroscopic properties of aerosol particles.
Moreover, the hygroscopicity of aerosol particles affects the amount of light scattered by the aerosol
particles and changes their chemical reactivity. Thus the hygroscopic properties of atmospheric
aerosols are of major importance affecting the life cycle of the aerosol and the direct and indirect
effects of aerosols on climate (Swietlicki et al., 2008).

The hygroscopic growth of aerosol particles can be studied in a great detail using the HTDMA
systems (Hygroscopic Tandem Differential Mobility Analyser), a system used for a long time
(Sekigawa, 1983). Generally, these on-line spectrometers are suitable mainly for long time
measurements at background sites or at sites with slow and/or small changes in chemical
composition and size distribution of the atmospheric aerosol (Fors et al., 2011).

This work describes the design of the LACP HTDMA and some of the results obtained during
long time measurement at KoSetice background station (Czech Republic), where it was deployed
within the frame of two EU projects (EUSAAR and EUCAARI). The measurement campaign lasted from
May 2008 until September 2009 with smaller or larger gaps in the data coverage.

EXPERIMENTAL SETUP

Generally, the HTDMA system measures the growth factor of aerosol particles or in other
words the ratio between the diameter of particle under certain humidity and the ,dry”“ diameter of
the same particle, so called growth factor. In order to perform such a measurement, the HTDMA first
lowers the RH of sampled ambient aerosol down to about <20%. The particles having low RH then
pass through the first DMA, where the selected monodisperse fraction of the aerosol sample is cut.
This narrow fraction of aerosol then undergoes humidification (usually at 90% RH) and continues to
the second DMA (connected to CPC), where the resulting particle size distribution of humidified
sample is measured.

The HTDMA system described here was built in the Laboratory of Aerosol Chemistry and
Physics (LACP), ICPF, AS CR (Ondracek et al., 2008). This system is the first and the only one HTDMA
system in the Czech Republic.

The LACP HTDMA is based on two Vienna type DMAs built in the workshop of ICPF (see
Fig. 1). The temperature in both compartments of the two DMAs was kept constant by using PID
controlled Peltier elements. CPC 3772 (Condensation Particle Counter, TSI) was used to count the
number of aerosol particles coming from second DMA and thus giving the information about
resulting particle number size distribution.
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The most important component of HTDMA system is the part, which allows the particles to
reach the desired humidity. The RH conditioning system as well as the drying system in the LACP
HTDMA is based on the set of Nafion driers and humidifiers. The aerosol sample reaches the desired
humidity using the Nafion humidity exchanger. The conditioning (purge) clean air of the Nafion
humidity exchanger comes up from the automatic valve system controlled with PID controller. The
valve system controls and combines the amount of the dried and the humidified clean air coming
from the lines equipped with Nafion dryer and Nafion humidifier, respectively.

The whole HTDMA system was controlled by a LabVIEW program developed in LACP (based
on SMPS code from Lund’s University).
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Fig. 1: LACP HTDMA setup.
RESULTS AND DISCUSSION

The LACP HTDMA was deployed at KoSetice background station from beginning of May 2008
till the end of September 2009 within the frame of EUSAAR project. The instrument was in operation
during the whole period with some gaps measuring 7 different dry particle size diameters between
22 nm and 225 nm. One scan for each particle size takes 10 minutes (up and down scan) and 20
seconds (changing the particle size), thus the time resolution for the whole size range is 1 hour,
12 minutes and 20 seconds. The resulting data from the LACP HTDMA system were analyzed using
the HTDMA inversion toolkit provided by M. Gysel (Gysel et al., 2009).

During the long time measurement campaign of HTDMA at KoSetice background station
several hardware and software problems occurred causing the gaps in the data coverage (see Fig. 2).
Nevertheless, the data coverage during the whole period was high enough to allow the evaluation of
the hygroscopic properties of background aerosol particles in the Czech Republic. The issues with the
HTDMA system included damages of several electrical components as well as broken pumps, etc.
The LACP HTDMA system did not follow the EUSAAR recommended sizes of aerosol particles selected
in the first DMA (25, 35, 50, 75, 110, 165, 265 nm). The deviation was caused by incorrect effective
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lengths of both DMAs implemented in the measurement code, resulting in the sizes of dry particles
as follows: 22, 31, 44, 66, 96, 142, 225 nm. Nevertheless, the sizing was recalculated to account for
these wrong settings, so the resulting data has just shifted the size of selected monodisperse fraction
and did not change the resulting hygroscopic properties of aerosol particles. Another challenging task
arrised during the long time operation of the HTDMA system. The low RH (<20%) of sampled aerosol
was not met in majority of the cases due to issues accompanying the inlet drying system. However,
for most of the measured data it does not change the resulting growth factors dramatically.
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Fig. 2: Data coverage for measured period.

The resulting data are presented as a growth factor calculated for individual dry sizes
of sampled ambient atmospheric aerosol particles. Fig. 3 shows the probability density function
of the growth factor of the individual dry sizes averaged for the whole measurement period. It can be
seen that the amount of water uptaken by particles is increasing with increasing size of the dry
aerosol particles. Such behavior corresponds most probably to the higher content of inorganic salts
in larger particles. Moreover, the particles in the size range above 100 nm represent usually aged
aerosol having more oxidized surface, which leads to higher hygroscopicity of these particles.
The smaller particles have the average growth factors close to 1, which means that they don’t absorb
so much water vapors.

The averaged diurnal variation of growth factor does not exhibit any significant trend
(see Fig. 4). The growth factor depends again only on the particle size, having increasing trend with
increasing size of the particles.

The monthly averaged growth facors for individual dry particle sizes (see Fig. 5) show the gap
in the data during the early spring of 2009, caused by the malfunctioning HTDMA system.
The seasonal variation for all the particle sizes display increasing hygroscopicity of aerosol particles
during the spring season. Even though the increase is discontinued because of the malfunctioning
HTDMA, the content of inorganic salts (mainly sulphates and nitrates) was increased during
the spring season, resulting in higher hygroscopicity of aerosol particles. The chemical composition
of aerosol particles was based on the chemical analysis of PM2.5 samples taken on filters, parallel
to HTDMA system, during the same sampling period (Schwarz, 2011).
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CONCLUSIONS

This work shows the results of the first measurement campaign dealing with measurements
of atmospheric aerosol hygroscopicity using the HTDMA system in the Czech Republic.
The instrument presented within this work represents the first generation of LACP HTDMA, thus
some issues and unexpected failures occured during the measurement period. The second
generation of LACP HTDMA is now being built.

The dry sizes measured by the LACP HTDMA don't correspond to values recommended by
the EUSAAR project. This deviation was caused by incorrect length of both DMAs applied in the
measurement and control LabVIEW code. Nevertheless, all the sizes were recalculated to reflect the
real measured values. The EUSAAR recommendation regarding the maximum acceptable RH in DMA1
(20%) was unfortunately not met in our case in majority of the measurement period. The data were
evaluated with RH limitations set to <30% for DMA1 and in the range of 88-92% for DMA2.

Generally, the results show the increasing water uptake with increasing size of aerosol
particles. This is most probably caused by increasing content of hydrophilic inorganic salts in larger
particles. Furthermore, the particles in accumulation mode are more aged and thus their surface is
more oxidized. The higher level of oxidation leads to higher hygroscopicity of aerosol particles.
Seasonal variation of growth factors show the increasing hygroscopicity of aerosol particles during
the spring season. Chemical analysis of PM2.5 samples showed the increased relative content of
inorganic salts in PM2.5 (mainly nitrates and sulphates) during spring season, which results in higher
hygroscopicity of aerosol particles.
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INTRODUCTION

In recent years cobalt and cobalt oxide nanoparticles have attracted substantial research
effort because of their potential applications such as protective materials, catalysts, magnetic data
recorders, batteries and gas sensors (Jang et al., 2004). To improve their functionality and
biocompatibility nanoparticles are frequently coated with SiO, (Teleki et al., 2008). In this work, we
studied Co0,-SiO, binary nanoparticles synthesis by metal organics chemical vapor deposition
(MOCVD) using organo-compound precursors cobalt acetylacetonate (CoAA) and tetraethyl
orthosilicate (TEOS).

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 10 vol. % of oxygen in the reaction
mixture (oxidation), see Fig. 1.
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Fig. 1 Scheme of inlet section arrangements for pyrolysis and oxidation of CoAA.
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Particle production and their characteristics were studied in dependence on reactor
temperature (T: 600 — 900 °C), concentrations (vapor pressures) of precursors (Pcopa: 0.32 — 2.06 Pa;
Preos: 0 — 5.67 Pa), oxygen concentration (co: 0 or 10 %), and reactor flow rate (Qg). Precursor
concentrations in the reaction mixture were controlled by the variation of the saturator temperature
(CoAA) or by carrier gas flow rate through the saturator (TEQOS), and they were calculated
on the basis of experimental data of Gotze et al. (1970) from the equation:

(95909 429731)
P (Pa)=133322x10  =®) .
and from the equation presented at Okuyama et al. (1986):
(93-_5%%5
P.s(Pa)=133322xe () . o

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, TS/ 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) and X-ray diffraction (XRD, PANalytical X'PertPRO), and chemical
composition was analyzed by energy dispersive spectrometry (EDS, INCA/Oxford) connected
to HRTEM and X-ray photoelectron spectroscopy (XPS, ADES-400, VG Scientific).

RESULTS

Particle production

The particle production was affected by all investigated parameters including the chemistry
of precursor decomposition, in particular by concentrations of precursors (Pcoaa, Preos). The examples
of the influence of Tz and Prgos on particle size distributions (PSD's) are shown in Fig. 2 and Fig. 3.
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Fig. 2: Influence offg on PSD's aPcopsa=0.32 Fig. 3: Influence oPrgoson PSD's alz=900
Pa,Pre0s=1.89 Paco=10 vol. %, °C, Pcoan=0.32 Paco=10 vol. %,
Qr=1000 cn¥min, OXIDATION. Qr=1000 cn¥min, OXIDATION.

Particle characteristics

Particle characteristics were predominantly a function of the chemistry of precursor
decomposition, but they were also affected by reactor temperature and concentration of precursors.
Experimental conditions of the samples chosen for particle characterization are shown in Table 1.
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Table 1 Process parameters of the CoAA samples and crystalline structures detected by SAED [#],
XRD [*] and/or HRTEM [&].

Sal:lnoF?Ie [‘.’rCR] ’;;o;]A F[,II’ZO]S [cmg:nin] [vocl?%] gasc/?';r:;;nt Crystalline phases
CoAA9 700  0.32 1.89 1000 10 N,/O, CoO*
CoAAl5 700  0.61 1.89 800 0 N, Co;0,**
CoAA18 900  0.61 5.67 800 0 N, n.a.
CoAA22 900  2.06 1.89 800 0 N, Co*
CoAA23 900  2.06 5.67 800 0 N, Co*, Co;0,%
CoAA24 900  2.06 5.67 800 10 N,/O, CoO’, Co;0,™
Morphology

Particle morphology can be seen on TEM images in Fig. 4 and Fig. 5. At lower Ty, particles had
broader size distribution, typically from 5 to 25 nm (Fig. 4), at Tz 900 °C, the typical particle size
varied between 5 and 10 nm (Fig. 5).

20 nm B . LN ey Va dees

.

Fig. 4: HRTEM images of the sample CoAA9. Tz=700 °C, Qz=1000 crﬁ3/min, Pcoan=0.32 Pa,
Preos=1.89 Pa, co=10 vol. %.

Crystallinity
Crystalline structure can be seen on TEM images in Fig. 4 and Fig. 5, and it is summarized

in Table 1. Particles produced by pyrolysis were XRD amorphous and selected area electron
diffraction (SAED) patterns were usually rather week. HRTEM images revealed lattice fringes in the
cores of particles, which were typically indexed as hexagonal Co or, in some cases, cubic Co;0,.
Samples prepared by oxidation showed much better developed SAED patterns and also XRD
confirmed cubic CoO and cubic Co;0, crystalline structures.

Composition
XPS analysis showed Si in the oxide state in the surface layer of particles prepared both

in an inert and oxidizing atmosphere. Co-O bonds were identified in the samples prepared by
oxidation and mixture of Co-Co (metallic clusters) and Co-O as well as C-CH,, C-O and C=0 bonds
were detected in particles prepared by pyrolysis.
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Fig. 5: HRTEM images of the sample CoAA22. Tx=900 °C, Qz=800 cm>/min, Peoas=2.06 Pa,
PTEOS=5-67 Pa, Co=0.

CONCLUSIONS

Binary Co0O,-SiO, nanoparticles were synthesized in an externally heated tube reactor by
simultaneous decomposition of CoAA and TEOS in both inert and oxidative atmosphere. Size of
primary particles varied between 5 and 25 nm. Crystalline structure corresponds to hexagonal Co or,
in some cases, cubic Co;0, in the case of pyrolysis and to cubic CoO and Cos;0, in the particles
prepared by oxidation. We can assume that Co nanoparticles encapsulated in SiO, and partially
decomposed CoAA were synthesized in an inert carrier gas, and mixture of CoO and Co;0, covered
by SiO, were prepared in an oxidizing atmosphere.
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