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Vazené¢ kolegyné, vazeni kolegove,

listopad se pomalu stava tradiénim mésicem nadeho pravidelného setkani. V lofiském
roce jsme se pokusili tuto tradici rozsifit i o sbomifek konference Ceské aerosolové
spole¢nosti (CAS). ProtoZe se jeho vydéni setkalo s pfiznivym ohlasem, pfipravili jsme pro
Vis sbornik piispévki i z letoini konference CAS. Svou povahou je sbornitek neperiodickou
publikaci, kterda ma sviij ¢iselny kod (ISBN), pod nimz lze nalézt Va3 pfisp&vek tfeba na
internetu. Vytisky jsou déle posilany 1 Narodni knihovné v Praze, Klementinu, Moravské
zemské knihovné v Bmé a Statni v&decké knihovné v Kladn& a Olomouci.

Dalsi tradici se také stava program konference, kdy prvni €ast byva vénovana obecné
problematice aerosold a druha ¢ast nukleaci. Stejné tak je tomu i v letodnim roce.
Uvodni piispévky se tykaji sloZeni atmosférického aerosolu, zafizeni pro odbér
atmosférickych acrosolii a pfipravu nano ¢astic a méfeni koncentrace aerosolovych &astic ve
vngj#im a vnitinim prostfedi. Drubd ¢ast konference, vénovana nukleaci, bude zahdjena
plenami pfednaSkou prof. Katze, shmujici soudasny stav poznani problému a srovnani
teoretickych a experimentalnich vysledki, nasledovana pfispévky popisujicimi experimenty
v tepelné diftizn{ komofe a dale teoretickym studiem nukleace v uzavieném systému a tvorby
klastrii v pfesycen¢ pafe. Posledni prispévek se zabyva popisem nového zafizeni pro studium
binarni homogenni nukleace pomoci razové trubice.

Zavérem bych rad pFece jen zminil jednu novinku (ktera se doufam také stane tradici)
a to sponzorovani konference a &innosti CAS vyznamnymi spoleénostmi vyribé&jicimi a
prodavajicimi pfistrojovou techniku pro méfeni aerosolil. Jsou to firmy TSI, U.S.A., Pallas,
Némecko a deska pobocka fy. ECM ECO Monitoring, jejichZ loga naleznete na zadni strané
obalu sbomicku. Réd bych témto firmam za tento, v na%em piipadé pionyrsky, &in upfimné
podékoval.

Praha §. 11. 2004 Jifd Smov]ik
piedseda CAS






POLLUTANT CONCENTRATION IN CLOUD WATER IN RELATION
TO THE AIR FLOW DIRECTION AT 850 hPa LEVEL

1. FISAK', D. REZACOVA!, D. FOTTOVA?, K. POTUZNIKOVA'

'Institute of Atmospheric Physics ASCR, Boéni IT 1401, 141 31 Praguc 4, Czech Republic
? Czech Geological Survey, Klarov 3/131, 118 21 Prague 1, Czech Republic

INTRODUCTION

The negative impact c¢f pollutant concentration in fog water on the environment and
consequently on the health of population was proved by numerous studies. Recently, the
investigation has been focused on the pollutant concentration in fog water from several points
of view. The sampling devices were discussed in e.g., Daube et al., 1987 Gerber, 1998. The
pollutant concentration (PC) in fog water and its dependence on physical characteristics of
fog water were considered in e.g. Arends et al., 1994, Elbert et al., 2000; Tesaret al., 1995
and Pruppacher and Klert, 1997. Finally, the comparison of fog water chemistry among
various areas and regions were published e.g. by Wobrock el al., 1994, Wrzesinsky and
Klemm, 2000. In this paper we briefly summarize the results of clustering the fog water
samples according to the emrichment factor and establishing the link of clusters and the air
flow at 850 hPa level.

THE METHODOLOGY OF FOG WATER COLLECTION

The fog water was sampled at the meteorological observatory Milesovka (50°33°17” N,
13°55°57"" E, 837 m a.s.l.), which belongs to the Institute of Atmospheric Physics ASCR.

Fog water samples were collected continuously during the whole duration of a fog
event. The sampling bottles were changed after collecting the water volume of 100 mi. If the
last sample did not reach at least 75 ml it was added to the penultimate one.

At the analysis of PC in the fog water samples, collected at the observatory Milegovka,
we had to take into account the specific orographic conditions at the observatory. Fogs
reported at the MileSovka Mt. have to be primarily considered to be a low cloudiness. That 1s
the reason why the transfer of pollutants has to be taken into account.

During the analysis we posed following questions:

1. Were there any samples that corresponded to each other in the enrichment by some free
ions?

2. What was the enrichment of samples by free ions comparing to the seawater?

3. If there were the clusters of similarily enriched samples, could they be mnfluenced by the
air flow at the level of 850 hPa?

DATA PROCESSING

The dataset consisted of analysed samples of fog water from the Milesovka Mt. The
samples were collected in the time period 2000-2002. We excluded from the data set the
samples'with incomplete chemical analysis as well as the samples additionally polluted. The
final dataset consisted of 152 samples. According to aerological measurements at the
observatory Prague-Libug, the air flow at the level of 850 hPa was assigned to each sample.
The first categorization of data considered the enrichment factor EF(CI'), which is usually
defined by:

ER(X) = (X'Me)wer’ (X/Me),



where EF(X) is the enrichment factor, (X/Me),, is the weight ratio of the element X wiih
respect to the reference element Me in the sample, and (X/Me) is the reference weight ratio in
seawater,

In this study we used Na' as the reference Me element. We applied the reference ratio
values CIYNa" = 1.8, SO/Na” = 0.25, K'/Na" = 0.036, Ca’'/Na" = 0.038, and Mg’ /Na™ =
0.108 in the data processing. The values were adopted from Cini ef al (2002).

The cnrichment factors EF(CI), EF(SO.), EF(K"), EF(Mg™") and EF(Ca’") were
computed for each sample and the dataset was divided into three groups. The first group (ca
10.5 % of the dataset) consisted of samples with EF(CI') < 0.75. The second group comprised
the samples with the enrichment factor EF(CI') close to seawater, EF(CI) =0.75 — 1.25. This
group represented 33.6 % of samples. The last group (55.9 % samples of the dataset) included
the samples with EF(CI') = 1.25.

Cluster analysis, contained in the software package STATISTICA 6.1, was applied to
the three groups. Euclidean distance was selected as a measure of distance between two
objects in multidimensional space. In order to determine, whether two clusters were
sufficiently similar to be linked together, we applied a hierarchical clustering with the Ward's
minimum variance method. This technique attempts to minimize the sum of the squares of
any two (hypothetical) clusters that can be formed at each step. The method is regarded as
very efficient, however, it tends to create clusters of small size.

We chose 3 variables, EF(SO4%), EF(Mg>") and EF(Ca®"), for clustering. In the first
two groups we were able to distinguish two clusters. The group of samples, where EF(CI') =
1.25, created three distinctive clusters, In each cluster we studied the direction of air flow at
the 850 hPa level (Fig. 1). The obtained average valucs of EF(S04™), EF(Mg’"), and
EF(Ca®") are presented in Tab. 1.

Enrichment factor iCIuster Mean vaiue

EF{CI) EF(CI) EF(SO/) EF(K') EF(Mg™) EF(Ca™)

<075 T: | 0.48 59.68 24 52 2.30 18.67

2® | 050 23.43 9.03 1,37 8.00

1% 1.01 153.85 28.69 3.58 72.2T7

- 0.97 6111 16.48 2.16 24.20

i 2.74 189,91 41.58 4.18 87.21

>1.25 2™ 4.39 366.00 51.81 342 61.26

| ah 5.45 653.93 8212 3.85  101.05

from 0.75 t0 1.25

Table 1. Mean enrichment factor of selected pollutants in clusters.

THE RESULTS AND DISUSSION

The average values of the enrichment factors for the individual clusters are displayed in Tab.
1. Tt is clear that the enrichment factors are different in different clusters and groups.

About 56 % of samples were significantly enriched by selected pollutants. Generally,
with growing enrichment factor of CI', the enrichment factors of other elements grew as well.

It appears evident that we can find the groups of samples that are similar in enrichment
by sclected pollutants. We can assert that this enrichment is dependent on the direction of air
flow on the level of 850 hPa (Fig. 1). Particularly Fig. 1 shows that a different air flow at the
level of 850 hPa is characteristic for cach group.

Only 11 % of cases represent the enrichment factor of CI' lower than scawater. The
corresponding direction of air flow was northwest or southwest. Because in this case we could
not assume the decrease of Cl” ions we had to consider the possibility of fog enrichment by
Na~ during the transportation.



Fig. | The frequency of smilar samples in dependence on flow direction at the 850 hPa level
[2) EF(CL) < 0.75; b) EF(CI') = 0.75 — 1.25; ¢) EF(CI') > 1.25].

In the first group of samples, where the enrichment by CI” was similar to seawater, the
west direction of air flow prevailed mainly in the 2™ cluster. This cluster was also somewhat
enriched by Ca®" (24 times higher than seawater). In the 1% cluster we found a significant part
of south and southeast directions of air flow. These samples were considerably enriched by
Ca®" (72 times higher than seawater). The reason for this enrichment could be found in the
cement factories located in mentioned directions.

In the group of samples with a significant enrichment by C1', the south direction of air
flow prevailed. During this flow the air masses were transported to the MileSovka Mt from
industrialy loaded areas of central and southwest Bohemia and from coal basin of Most. There
are chemical industry and cement factories in those areas. The air flow from the direction,
where the large cement factories are located, can explain the high enrichment by Ca’" (61
times to 101 times higher than seawater).

CONCLUSION

The cluster analysis enabled us to find clusters of samples with the similar values of
enrichment factor. The clusters were put together with typical air flow direction on the level
of 850 hPa.

The lower enrichment values, EF(CD), EF(SO4Y), EF(K"), EF(Mg"") and EF(Ca®")
were found in the samples collected at the northwest and southwest directions of air flow at
the level of 850 hPa. This fact did not signify a low pollutant concentration of selected ions
but rather the higher enrichment by Na™.

The maximum average enrichment of selected pollutants was proved in the samples
with west and south directions of air flow at the level of 850 hPa. There are engineering and
chemical industries, cement factories, coalmines and power plants located in those air flow
directions. Despite a considerable number of 152 processed samples, we yet do not consider
the sample set to be extended enough to obtain sufficient cluster extend and to be able to
evaluate the conditions, which can causc different enrichment by Cl” at the same flow at the
850 hPa level.
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SLEDOVANI KONCENTRACI VYBRANYCH KOVU OBSAZENYCH
V PRASNEM AEROSOLU V MONITOROVACICH SITiCH CHMU

L BROZOVA, Z. BARTACKOVA, §. RYCHLIK, J. KOLENCIK
CHMU Praha, CLI

Prainy acrosol patfi pro svij charakter do fady nejdéle sledovanych komponent
zneditnjicich ovzdudf obecnd, a CHMU naleXi ktém&f historickym provozovateltim
pHislugnych monitorovacich siti, jak manualnich, tak automatizovanych, jejichz zafdtky
spadaji do Sedesatych lct minulého stoleti. Bshem této doby doSlo k nemalym zménam,
im&mym, mimo jiné, technickému rozvoji & hloubce poznini Skodlivych G€inkd
jednotlivych komponent a s tim souvisejicim poZadavkem na kvalitu i vypovidac schopnost
poskytovanych informaci. Recentni zmény, které jsou ovlivnény &dstedng i thlem pohledu
korespondujicim s pfistoupenim Ceské republiky k Evropské umii, sc pokusime struéng
charakterizovat v nékolika nasledujicich bodech.

Pfedmétem naSeho zdjmu je stile pra¥ny aerosol zachyceny filtraci vzduchu a jeho
nésledni analyza sméfujici ke stanoveni obsahu t&Zkych kovii vném obsaZenych, a to
modernimi analytickymi metodami. Pfi posledni rekonstrukei monitorovaci sité nastal posun
v pom&ru mezi automatickymi a manudlnimi metodami — co do poctu stanic; da se fici, Ze
doslo k rozsifeni sité manualni na ukor monitoringu automatického, kterému se v tuto chvili
dale jiZ vénovat nebudeme, nebot’ ten slouzi pfedevdim k operativni kontrole okamZitych
koncentraci prainého aerosolu bez daldiho analytického zpracovani.

Poéet manudlnich stanic pro sledovani koncentraci t&zkych kovil vzrostil na 26 a bylo
snahou zajistit odpovidajici monitorovani ve viech regionech, 1 kdyz hustola jejich rozmfsténi
je déna charakterem pi{slusnych oblasti. Velkého pokroku byle dosaZeno i v pouZiti odbérové
techniky. T kdyZ na péti stanicich v severnich Cechdch, které byly pivodné souésti projektu
,,Cemy trojihelnik™, jsou dale vyuZivana instalovani sekvenéni vysokoobjemova odbérova
zafizeni (HV) - ostatni stanice jsou vybaveny =zafizenimi nizkoobjemovymi (LV)
zaji¥tujicimi odbér kontinudlnim prosavanim (filtraci) vzduchu konstanini rychlosti 2,3 m’ za
hodinu, pfes membranovy filtr z denivatli celuldzy o priméru 47 resp.50 mm a velikosti pért
1,2 pm (zde Millipore). Viechny odblry jsou &tyfiadvacetihodinové. V siti jsou pouZita
vzorkovaci zafizeni dvou typ principidlng se konstrukéng lificich — jednak takova, kde kazdy
zadatek odbéru vyzaduje manudlni vyménu drzdku (krouzku) s filtrem a zaff{zeni sekvenéni,
jejichZ zasobnik je konstruovan pro maximaing 16 dr#&kd filtri. Rozmisténi na jednotlivych
stamicich bylo voleno pfedevsim podle persondlnich a provoznich moZnosti t€ které stanice.
Stejnymi typy odbérovych zafizeni jsou vybaveny i manudlni stanice slouZici pouze ke
gravimetrickym stanovenim. Nejpodstain€j$i zme&nou rekonstruované sit€ ovSem je, Ze
viechny odbéry jsou pedfizeny poZadavku na sledovani jednotlivych frakei prasného acrosolu
— ¢im mensi &astice, tim vétd riziko. S odbérem TSP jsme skoncovali. Na viech stanicich,
automatickych i manudlnich, je odbirana frakce PMg, na nékolika vybranych i PM3 .

Vzhledem k tomu, Ze atmosférické koncentrace jemnych &astic — vybranych frakei
(PMis, PM3 5) pragného aerosolu jsou obecn€ niZsi nez koncentrace aerosolu celkoveho (TSP)
— navarky se pohybuji tadové ve stovkach mikrogrami, je pro gravimetrické stanoveni
hmotnosti takto zachycenych jemnych ¢&astic prachu nutné specifické vybaveni vahovny
s odpovidajicim pfisnym rezimem. Nejen v Praze v CLI na Libusi, ale i na tfech pobolkéch
CHMU (Usti, Ostrava, Brno) byly vybudovény klimatizované vihovny sregulovancu
relativni vlhkosti a teplotou. Nastavené parametry odpovidaji norm& EN CSN 12341 -
relativni vlhkost (50+5)%, teplota (20=1)°C, jejich stélost je kontrolovdna elektronickym
tidlem, tidaje odeditané v desetiminutovych intervalech jsou uchovavany v poéitaci. Viechny
4 wvahovny jsou vybaveny analytickymi mikrovahami kategorie 10z (zde firmy Mettler
Toledo), podliéhajicimi nejen pravidelné firemni kontrole, ale ze zékona i periodickému
ovifovani Ceskym metrologickym institutem. Vahy jsou pfipojeny k poéitaéi tak, aby vaZeni
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bylo Hzeno origindlnim firemnim softwarem a persondlni vliv se tak minimalizoval. Pro
odstranéni elektrostatického naboje véZenych filirli jo vaham prediazeno ptisluiné zafizeni —
zde HAUG Multistat. Ke kontrole zajist¥n{ kvality méteni jsou pousivany jednak CMI
kalibrované etalony je? jsou jedinym certifikovanym referentnim materisdlem (pro nase
souCasné potfeby 50 a 100 mg), jednak jako ,sekundarni standardy” slou# vybrané,
periodicky obmé&nované vzorky filtri vybrané ze stejné série jako Ly, které jsou pouZity coby
vzorky recalné; po kaZdych 20 redlnych vzorcich je vklddan pro kontrolu jeden ze
»sekundarnich standardd“. Reélné vzorky i standardy jsou uchovavény ve shodnych
stabilizovanych podminkéach. V8echny filtry jsou pfed vaZenim ve vahovng stabilizovany
nejméné 48 hodin. ZvaZené exponované filtry jsou tak kone&n& pFipraveny ke stanoveni
obsahu vybranych toxickych kovii v zachyceném aerosolu.

Dalsi podstatnou zm#nou je posun v analytické &asti. Zatimco v minulych létech, tak
jak je patné napt. z rofenck CHMU, byla ke stanoveni skupiny sledovanych kovil zvolena
kombinace technik AAS a XRF - jejich vzéjemné srovnéni bylo publikovéano jiz nskolikrat —
mime jiné i vtéto spoletnosti; vinovovanych laboratofich doglo k roziifeni o techniku
bezesporu velmi aktudlni - ICP MS. Od XRF bude naopak z riznych diivodii upusténo.

ProtoZe zavedeni kazdé nové techniky vyZadujc fundované porovnani s rutinnd
uZivanymi postupy dosavadnimi, bylo pfednostn@ provedeno srovnani metod AAS s ICP MS.
K tomuto Gcelu poslouZil soubor étyficeti vzorka odebraného prasného aerosolu zméfenych
metodou GF AAS (metoda referenéni) a nové zavadénou metodou ICP MS (metoda
¢kvivalentni). Byly vypocteny diference obou metod a jejich rozptyl, regresni koeficient a
konstanty regresnf piimky. Déle byla ovéfena shoda metod pomoci  Wilcoxanova parového
T testu.

Jak vyplyva z jejich principu, jsou ob& metody metodami destruktivnimi a analyzovan
Je vzorek ve zmineralizované podobé. [ v fomio bod# dolo ke zm&né ve vybaveni laboratofe
novou mineralizaéni technikou i jejim rozdifenim.

V souasn¢ dob€ se na pracovidti pouZivaji dvé mikrovinna rozkladni za¥zeni Ethos
Plus od firmy Milestone. Oproti diiv&jsimu (Mega 1200) maji tu vyhodu, Ze béh jejich
programu je fizen teplotnim idlem v referendni nadobce. Dald{ vyhodou je zvydeni poitu
nadobek pi1 jedne mineralizaci z Sesti na deset. Nezanedbatelnym vylep§enim obsluhy tohoto
zafizeni je také pouZiti termindlu zaloZeném na bézi osobniho poéitade, tedy véené moznosti
ukladat a exportovat a tisknout zéznamy mineralizaci. Princip rozkladu viak zfistal stejny —
mineralizaéni roztok (HNO;, H;0,, H;0) je polami atedy se v mikrovinném poli zahfiva.
Tim se proces rozkiadu filtru se zachycenym aerosolem zna&né urychli.

Vrcholem laboratornich zmén je oviem bezesporu rozsifeni o metodu ICP MS.
Zafizeni ICP-MS (Inductively Coupled Plasma-Mass Spectrometry) je svou podstatou
hmotnostni spektrometr, ve kterém je plazmovy hofdk pouZit jako zdroj iontd. Na tomto
modernim pfistroji probihd analyza nékolika (a miZe a? nékolik desitek) prvki. Jednd sc
v tuto chvili o arsen, chrom, kadmium, mangan, méd’, nikl, olovo, vanad a planuje se vyuziti
netypickych médf pfistroje pro dalgi roziiteni této fady.

Literatura:
e EN (SN 12341 — Kvalita ovzdusi - stanoveni frakce PM,; aerosolovych €astic —
Referencni metoda a postup pi terénni zkousce ovifeni poadované t&snosti shody mezi
vysledky hodnocené a referenéni metody, 2000
o ISO 7708 - Kvalita ovzdusi - Dedfinice velikostnich frakei &astic pro odbér vzorkd
k hodnoceni zdravotnich rizik, 1997
EMEP Manual for Sampling and Chemical Analysis (2002)

ISO 9855 Determination of the particulate lead content of aerosols collected on filters —
atomic absorption method, 1993

ISO/TC146/SC3/WG Air quality — Determination of particulate cadmium collected on
filters from ambient air — atomic absorption spectrometr method, Qctober 1991
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VSTUP VODY A ZNECISTENI Z VODNIHO AEROSOLU V MLZE
V HORSKE OBLASTI KRKONOS: CASOVA VARIABILITA

M. TESAR', M. SIR', D. FOTTOVA?, ]. HARCARIK®

"Ustav pro hydrodynamiku Akademie vad Cleské republiky, Pod Pat'ankou 30/5, 166 12 Praha
6, “Ceskd geologicka sluzba, Klarov 3/131, 118 21 Praha 1,
*Spréava Krkono$ského nérodniho parku, Dobrovského 3, 543 11 Vichlabi

UvOD

Horské ekosystémy velmi citlivé reaguji na meénici se podminky vyvolané jak mistnimi
antropogennimi viivy, tak i globélni klimatickou zménou, coZ vyvolava stile v&tsi zdjem
odborné verejnosti o pochopeni pficin a diisledkd probihajicich v akvatickych ekosystémech
pramennych oblasti. Navic horské oblasti nad 1000 m n.m. pokryvajici zhruba &tvrtinu
zemske¢ho povrchu pfedstavuji podstatné zdroje pitné vody (30 — 70 % v humidnich oblastech
a vice neZz 90 % v anidnich oblastech). Existuje zde velmi dileZita sloZka vodni a latkové
bilance, a sice depozice z vodniho aerosolu ve vétrem hnané nizké obladnosti a mlze (Lovett
et al.,, 1988). PiedloZeny pfispévek se zabyvé sledovanim, vyhodnocovanim a modelovanim
vlivu usazenych sriZek v pramenné oblasti Krkonos (Obr. 1), kterd je jiz dlouhodobé
sledovana z hlediska hydrologického (jednotlivé komponenty vodni bilance) i ekologického
(hlavni slozky latkovych tokd). Monitoring probih4 v povodi Modry potok (2,62 km?, 1010 —
1554 m n.m.) a na lokalitich Studniéni hora (1554 m n.m.) a Labska louka (1370 m n.m.).
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Obr. 1. Situace povodi Medry potok a exp. lokalit; | — Labska louka, 2 — Studnién{ hora.
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METODIKA

Pro odbér vzorkil vody obsaZené ve vodnim aerosolu v mlze a nizké oblagnosti byly vyvinuty
a osazeny pasivni mithoméry typu “Grunow” (Grunow, 1952). Odebrané vzorky byly po
odbéru skladovany v temnu a chladnu v PE lahvich a dopraveny co nejdfive k chemickym
analyzdm do laboratoti CGS Praha (Tesaf et al., 2000). SraZkovy uhm ve formé depozice
ml¥ného aerosolu na lesni ckosystém byl odhadnut pomoci matematického
mikrometeorologického modelu (Lovett, 1984; Lovett, 1988; Tesaf et al., 2000).

VYSLEDKY A DISKUSE

Na zaklad& modelovyeh studii a pfi pouZiti metody bilance lesniho porostu byl ro¢ni sraZkovy
thm miZné vody odhadnut pro horské oblasti Krkonos jako 15 % roéniho sraZkového tihrnu
padajicich sri%ek m&fenych konvenénim zpiisobem. Vysledky chemickych analyz vzorkd
mlZné vody byly sumarizoviny pro obdobi hydrologickych rokii 2000 — 2003 spolu se
srizkami typu “bulk” odebiranymi na volné plose, podkorunovymi srdZkami a povrchovym
odtokem v uzdvérovém profilu povodi Modry potok. Koncentrace viech sledovanych
chemickych komponent obsazenych v miZné vodg je vySsi neZ v ostatnich slozkach vodni
bilance sledovanych v horské ablasti Krkonos (Tab. 2). Pro sledovan¢ obdobi byl vyhodnocen
tzv. faktor obohaceni, {j. pomé&r mezi koncentraci sledovaného prvku v mlzné vodé a ve vode
odebrané z padajicich srazek (Tab. 2). Depoziéni toky ve formé srazek na volné plosc a
formou usazenych srézek z vétrem hnané mihy a nizké obla¢nosti ilustruje Tab 1.

Pro vybrané sledované malé povodi Modry potok (2,62 km®, 1010 — 1554 m n.m.) byly
vyhodnoceny &asové Fady prib¢hd chemismu mlZzné vody, sriZek mna volné plode,
podkorunovych sraZck a povrchového odtoku. PHklad vysledkl tohoto zpracovani piinasi
Obr., 2 stofnim hodnocenim a Obr. 3 spribéhem vybranych chemickych ukazateld
v mésiénim kroku. Uvedene vysledky jasné dokumentuji vyznam mlZné a oblacné depozice.

Tab. 1. Roéni depozi¢ni toky pro oblast Krkonos a hydrologické roky 2000 — 2003.

Depozice z mlzného aerosolu | Depozice Pomér
) | srazkami mlZnd/sraZkova depozice
Chemicky [kg.km?rok™] | [kg.km*rok’] [ %]
komponent Labska Studniéni Povodi Labska Studniéni
- louka hora Modry potok louka ~_hora
[~ 10,47 10,21 27,97 37,4 36,5
INa™ 353,60 429,00 480,75 73,6 89,2
K~ 109,20 136,76 203,02 53,8 67,4 |
NH4"* 1180,40 1781,00 901,00 | 131,0 197,7
Mg % 98,80 | 111,80 95,62 103,3 | 116,9
Ca® 443,30 496,60 | 389,54 113,8 127,
F 26,79 17,43 36,35 73,7 47,9
|C1” 403,00 588,25 | 997,99 40,4 58,9
NO; 4420,00 5187,00 | 2265,95 195,1 2289
SO, % 2675,40 3237,00 2688,45 99,5 120,4
Mn 5,34 6,89 15,81 33,8 43,6
Zn 12,741 13,52 45,36 | 28,1 29,8
cd 0,20 | 0,14 0,23 88,4 60,6
Pb 1,46 1,95 2,91 50,0 67,0
Cu 1,51 1,38 3,90 38,6 35,3
Voda [mm] 260.00 260.00 1730.00 15.0 15.0
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Obr. 2. Ro&nf pritbshy H', NH,™, NO; a
SO,” v mize, sra¥kich na volné ploge,

podkorunovych srazkidch a povrchové vodé

v horské oblasti Krkonod: 2000 — 2003.

Obr. 3. Mésiéni pribeéhy H', NH;', NO4 a
SO, v mlze, sri¥kéch na volné ploge,
podkorunovych sraZkich a povrchové vode
v horské oblasti Krkono§: 2000 — 2003.
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Tab. 2. Koncentrace v mlze a srd¥kach na volné ploge typu “bulk” pro oblast Krkonos.

Koncentrace vmlzném | Koncentrace ve Faktor obohaceni
i acrosolu . srazkach = 1)/2)
Chemicky Medignové hodnoty 1) Vaz. primér 2) [-]
komponent Labska Studniéni hora Povodi Labskd | Studniéni
) . louka Modry potok | Louka hora
pH B 4,40 4,41 4,79 09 | 09
H ngt ' 40,27 39,28 16,17 25 2,4
Cond.  [uS/cm] 100,45 102,10 15,46 6,5 6,6
Na' [mg.l™'] 1,36 1,65 0,28 49 5.9
K- [mg.l ] 0,42 | 0,53 0,120 3,6 4,5
NH,T  [mgl™] 4,54 | 6,85 0,52 8,7 13,2
Mg?  [mgl™] 0,38 0,43 0,06 6,9 7.8
Ca?*  [mgl™] 1,71 1,91 0,23 7,6 8,5
F [mg17'] 0,10 0,07 0,02 4,9 3.2
5 [mgl~] 1,55 2,26 | 0,58 2.7 3,9
INO;~  [mgl™] 17,00 19,95 1,31 13,0 15,2
S0,* [mgl”] 10,29 12,45 155 66 8,0
ZAVERY

Celkova depozice vody z vodniho aerosolu v mlze a nizké obladnosti na vegetacni porosty
voblasti Krkono¥ byla odhadnuta jako cca 15 % ro¢niho ihrnu padajicich sraZek.
Koneentrace znedisténi ve vzorcich vody odebranych pomoci pasivnich mlhoméri dosahuji
vy¥&ich hodnot ve srovnani s ostatnimi slo¥kami vodni bilance (srazkami typu “bulk”,
podkorunovymi sriZkami i povrchovym odtokem). Faktor obohaceni dosahuje hodnot 1 —
15,2 ve sledované oblasti v pribéhu hodnocenych hydrologickych let 2000 — 2003. Mokré
depozice z mihy predstavuje 1180 - 1781 kgkm ™ rok™ NH,', 4420 — 5187 kgkm?.rok NOy
a 2675 — 3237 kg.km.rok™ SO.%". V poméru k padajicim sra%kim mohou byt miZné depozice
ve sledované oblasti NH.' a NO; a7 dvojndsobné a pro SO,* srovnatelné s padajicimi
sra¥kami, a to 1 pres daleko niZ§i srazkovy lihm usazenych srazek (15 %).
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NOVY SAMPLER PRO KONTII:JUALN}' STANOVENI ROZPUSTNE
FRAKCE ATMOSFERICKYCH AEROSOLU

P. MIKUSKA, Z. VECERA
Ustav analytické chemie, Akademie véd Ceské republiky, Veveti 97, 611 42 Brno
UvoD

Atmosférické aerosoly hraji dilleZitou roli pfi miznych environmentélnich problémech a
potvrdila se i1 souvislost aerosohi se zvySenou timrtnosti obyvatelstva.

Jednou z nejdilezit€jSich charaktenistik atmosférickych aerosoli je jejich chemické
slozeni. Méfeni chemického sloZeni acrosold s dostateénym &asovym rozliSenim je pomérné
obtiiné, protoZe sloZeni aerosold je velice komplikované a vyznamné se méni v zavislosti na
gase a misté analyzy. V dlouhodobém méfitku neni sloeni aerosoli b&iné monitorovano,
protoZe Zadna levna automatizovana instrumentace neni komeréné dostupna.

Pii stanoveni chemického sloZeni aerosold je dnes vétSinou vyuXivén jejich zachyt na
filtrech nebo na foliich v 1impaktorech s naslednou off-line analyzou. Nevyhodou je integrélni
informace o chemickém sloZeni a také mnoho vzorkovacich artefakiii (Chow, 1995). Castou
alternativou jsou odbé€rova zafizeni vyuZivajici kontinudlni zachyt aerosolii do vody na
principu impakce @&astic (Karlsson a spol, 1997, Stolzenburg a Hering, 2000) nebo
kondenzace pfesycené vodni pary na &asticich aerosolu (Simon a spol., 1995; Khlystov a spol.,
1995; Weber a spol., 2001), kdy analyzovany vzduch je smichan s vodni parou, po ochlazeni
smési dochazi ke kondenzaci péry na Casticich. PiestoZe kondenzaéni princip v souéasné dobé
pii kontinudlnim vzorkovani acrosoll pfevaZuje, pouZiti horké pary neumoZije spolehlivé
vzorkovani acrosolll obsahujicich t€kavé slou¢enmmy (SVOC, NH;NO;). Mimoto, reakce
horké pary s oxidem dusiéitym, vede ke vzniku pozitivmich artefaktt pfi ndsledné analyze
dusitani a dusiénanii na ¢asticich.

V UIACH Bmo byl vyvinut novy typ aerosolového kolektoru (tzv. Aerosol Counter-flow
Two Jets Unit, ACTIU), ktery pro zachyt aerosolovych &astic misto vodni pary vyuZiva
kapalinu pfi laboratorni teplotd. Sampler umo#iuje kentinudlni vzorkovani aerosolii, coz
nabizi jeho vyuZiti pfi automatizované on-line analyze chemického sloZeni atmosférickych
aerosoll, organického i anorganického plivodu.

EXPERIMENTALNI CAST

Uinnost zachytu (CE) aerosolll v acrosolovém kolektoru byla studovana pomoci
standardniho polydisperzniho aerosolu NaNO; o vehkosti ¢astic 50-500 nm a
monodisperznitho aerosolu NaC/DEHS v rozmezi velikosti &astic 0,5-2,5 uym. CE byla
poditina jako pomér pofetmi koncentrace éastic ve vzduchu na vstupu a vystupu z AK.
Poéetni koncentrace &astic v rozmezi primérii 0,3-17 um (PSL equivalentni priméry) byla
méfena kontinualné pomoci aecrosolového spektrometru Welas 2000 (Palas, Némecko)
pracujiciho na principu rozptylu bilého svétia. Maximalni koncentrace &astic je 10 #/cm’
(sensor typ 2200) nebo 10° #/em’ (sensor typ 2100).

Koncentrace dusitanti a dusiénant v ACTJU effluentu je méfena kontinualné pomoci
modifikované FIA metody (Miku¥ka a Vedefa, 2003), schéma aparatury je na Obr. 1. Dusitan
je oxidovin kyselym roztokem H;0; na kyselinu peroxodusitou, kterd je stanovena
chemiluminmiscenéni reakei s alkalickym roztokem Iluminolu. V paralelnim systému je
dusinan nejdiive on-line fotolyticky konvertovén na dusitan a nasledng je stanovena suma
pivodniho dusitanu a dusitanu vzniklého redukci dusinanu, obsah dusiénanu je uréen
z rozdilu signalh obou detektort.
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VYSLEDKY A DISKUSE

Princip vyvinutého acrosolového kolektoru, tzv. Aerosol Counter-flow Two Jets Unit, je
zalo¥en na kombinaci Venturiho a kolizntho ,,wet* skrubru. ACTIU se sklddd z reakéni
komory a separatoru, uvnitf reakéni komory jsou 2 Venturiho trysky umisténé proti sobg, jako
separartor je pouZit cyklon. Analyzovany vzduch obsahujici aerosolové &astice je nasavan do
reakéni komory membrinovou pumpou. Vzduch proudici pres obé& trysky vysokou linearni
rychlosti atomizuje pfividénou kapalinu za vzniku 2 proudi polydisperzniho acrosolu
jemnych kapitck kapaliny. Vzijemnou interakci acrosolovych €astic skapkami kapaliny
(impakee) dochazi k zachytu &astic aerosolu do kapaliny, U¢innost zachytu aerosoli je dale
zvydena nasledkem kolize obou proudii vodného aerosolu uvnitf reakéni komeory, coZ
vyznamné zvysuje podet kolizi kapitek s acrosoly. Kapalina se zachycenymi aerosoly je od
vzduchu kontinuilng odd&lena v cyklénu umisténém za reakéni komorou. Kapalny koncentrat
se zachycenymi aerosoly je ze separatoru kontinualn€ odcbirdn peristaltickou pumpou pro
néslednou on-line analyzu na ohsah vybraného iontu.

Jako kapalina pro zachyt aerosoldt je pouzivana deionizovani voda, co? zjednoduSuje
naslednou analyzu rozpudtdnych anorganickych sloZek aerosolovych €astic. Koncentrace ve
vodé rozpustnj{fch sloudenin (tj. dusitand a dusi¢nanii) je méiena v ACTJU effluentu on-line
pomoci kontinudlni CL metody (Obr. 1). Optimalni pritokova rychlost vzduchu je 5 I/'min a
kapaliny 400-500 pul/min. Za t&chto podminck Castice aerosolu s priméren vEtsim nez 0.3 pm
jsou kvantitativné zachyceny do deionizovan¢ vody. Maly vnitfni objem ACTIU (cca 1 cm i
zabezpetuje kratkou dobu setrvéni &astic uvnitf ACTJIU, coZ v kombinaci s rychlymi on-line
detekénimi metodami umoZiinje vysoké &asové rozlifeni a ndsiedn& analyzu chemu:keho
sloZeni aerosoli v relném ase. Limit detekce NO, a NOs™ v aerosolech je 8 a 20 ng/m’.

Interference plynnych polutanté jsou odstranény pouZitim anuldrniho difiizniho denuderu
(Mikuska a spol., 2003) s aktivnim uhlim jako sorbentem, ktery je pfediazen pfed ACTIU.
Plynné polutanty rozpustné ve vodé jsou zachyceny na vrstvé sorbenty, zatimeo aerosoly
prochézi denuderem beze ztraty.

Vyhodou vyvinutého kolektorn ve srovnani s existujicimi metodami zéchytu aerosold
pomoci ptesycené vodni péry je laboratorni teplota absorpéni kapaliny, coZ zabrafiuje vzniku
negativnich chyb p#i vzorkovani aerosold obsahujici t€kave slozky.

Zpfisobilost ACTJU byla testovéna pfi m&feni méstského aerosclu v Bmé. Vzduch byl
kontinualng vzorkovan v ACTJU a v effluentu byl on-line analyzovan obsah dusitani a
dusi¢nani. Na Obr. 2 je z4znam on-line mé&feni dusi¢nant na aerosolech z 14.-18.6.2004.
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Obr. 1 Schéma kontinudlniho systému pro detekci dusitand a dusiénant na éasticich.
ACTIU, kolektor ¢astic; E, effluent; DB, debubbler; NC, photolyticky konvertor
dusi¢nanu; D, detektor; PP, peristaltickd pumpa; CEC, katexova kolona; PC, poéitag,
RE, H,0,/H" roztok; CL, chemiluminiscenéni roztok.
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Obr.2 On-line méfeni dusiénanil na éasticich méstského aerosolu, 14.-18.6.2004 (3 min
priméry).
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INFLUENCE OF INLET SECTION ARRANGEMENT ON ZrQO,
NANOPARTICLE FORMATION BY THERMAL DECOMPOSITION
OF ZIRCONIUM tert-BUTOXIDE IN A TUBE FLOW REACTOR

P. MORAVEC', J. SMOLIK', V.V. LEVDANSKY?, H. KESKINEN®, and J. M, MAKELA?

'Institute of Chemical Process Fundamentals AS CR, Prague, 165 02, Czech Republic
Heat and Mass Transfer Institute NAS RB, Minsk, 220072, Belarus
*Institute of Physics, Aerosol Laboratory, Tampere University of Technology, FIN-33101,
Tampere, Finland

INTRODUCTION

Zirconia powders are used in many applications of high technology indusiries and as a raw material
for new ceramics. They can be produced by wet chemistry methods, spray pyrolysis or by CVD
method. In our previous work we reported zircoma fine particle synthesis by thermal and
hydrothermal decomposition of zirconium fers-butoxide (ZTBO) in a tube flow reactor (Keskinen e
al., 2004). In this work we present more comprehensive study of the particle generation from ZTBO
with special emphasis on the influence of inlet section arrangement on formation and characteristics of
particles.

METHODS

In the former set of experimenis using long nozzle for feeding the precursor into the reactor (Keskinen
et al., submitted), high concentrations of very small particles well below 50 nm were produced, but
there was also present substantial amount of particles larger than 200 nm. This was assigned to the
catalytic effect of the nozzle wall on decomposition of ZTBO (Bradley, 1989). Therefore, we decided
to test short inlet nozzle, which in connection with coaxial stream of carrier gas should prevent the
contact of precursor with the reactor wall, and production of large particles. The particles were
prepared in an externally heated tube flow reactor 55 cm long and of i.d. 2.7 cm. Carrier gas, saturated
by precursor, was fed into the reactor through a nozzle 1.3 cm long and of i.d. 1.2 cm (length 25 cm,
and 1.d. 2.0 ¢m in previous set of experiments). The particle production was investigated in
dependence on the reactor temperature (Tg; 300-500°C), the flow rates in the reactor (Qg; 400-685
cm’/min) and in the nozzle (ch, 55-100%, defined as a part of Qg in volume %), and the precursor
concentration (Szmo; 1.5-107-7.4.107 mol/l), respectively by thermal and hydrothermal (stream
saturated by ZTBO was muxed with the stream saturated by water vapour at the reactor inlet)
decomposition of ZTBO. Particle size distribution of the outgoing aerosol was monitored by Scanning
Mobility Particle Sizer {SMPS, TSI model 3936L and/or 3934C). Samples of particles were also
collected for SEM, TEM, SAED (JEOL-2000FX or JEOL 2010), EDS (Noran Vantage), and XRD
(Philips X "Pert APD) analysis onto carbon coated Cu grids and/or Ag filters.

RESULTS

The number concentration (IN,) of particles produced by pyrolysis increased with increasing precursor
conc::nn'atmn_ reactor temperature, and at some conditions also with Qep, having maximum at Q; 500
cm’/min. Also particle size increased with increasing cyrao but decreased with Ty, and was not
affected by the other parameters of the process. At hydrothermal decomposition the influence of
process pmmeters was different. N, increased with czreo and decreased with Ty, having a maximum
at Qg 500 cm’/min and a minimum at Qer 70% of QR Particle distributions were predominantly
himodal with particle size depending mainly on czyu0.

Similarly as in the experiments with the long nozzle, there was a big difference in morphology of
particles produced by pyrolysis and hydrolysis. Particles produced by pyrolysis were typically
aggregates of spherical primary particles of sizes from 10 to 30 nm with some amount of submicron
sized non-spherical particles (Fig, 1), However, the amount of big particles was substantially reduced
compared to experiments with long nozzle. Particles produced by hydrolysis were larger (above 50
nm), typically with bimodal size distribution, and had several times lower number concentration.

21



Smaller particles were spherical, while submicron sized particles were of various shapes (Fig. 2). To
compare with long nozzle experiments, the prepared particles were more uniform,

Dark field TEM images and electron diffraction patterns detected presence of some part of crystalline
phase (face centred cubic ZrQO,) already in particles prepared at Ty 300°C. Nevertheless, XRD pattermns
showed well visible peaks of cubic Zr0O, only in the particles prepared at 500°C.

4

Fig. 1. TEM photo of particles prepared by Fig. 2. TEM photo of particles prepared by

pyrolysis at T 300°C, Qg 600cny'/min, ¢z up hydrolysis at T, 400°C, Qg 500cm’/min, c7mo
1.5:107 mol/L. 4.4-107 mol/l.
CONCLUSIONS

Arrangement with short inlet section nozzle resulted in the formation of more uniform particles, especially
those produced by pyrolysis. It 1s probably due to reduced effect of the wall of the nozzle on particle
formation. It also caused an increase of the size of small particles prepared by hydrolysis and boost
formation of aggregates of small particles by thermal process.
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UvoD

Soucasny pokrok v metodach méfeni rliznych charakteristik aerosolu umoziiuje
ziskavat a souCasné ukladat informace o koncentraci, velikostni distribuci i poétu &éstic v
realném Case. Podobna informace nemize byt pfedeviim pro velmi mald mno¥stvi aerosolu
ziskana pomoci gravimetrickych metod. Techniky méfeni koncentraci v realném &ase se viak
podstatné 1151 od ovéfenych gravimetrickych metod. VyuZivaji nejrizmé&ji moznosti optickych
(zejména laserovych) principd. Vystupni hodnoty tedy musi byt bud’ softwarové nebo pi
zpracovani dat na hmotnostni koncentrace pfepoéitivany z informace o poétu/velikosti a
hustoty €astic. JelikoZ neni obvykle k on-line pracujicim pfistrojiim udaj o hustotd k
dispozici, dochazi pfi pfepoftu k nejriznéjsim chybam. Zdrojem chyb jsou té% napf. riizné
refrakéni indexy ¢astic utvafejicich méfeny aerosol, nebo fada faktori prostfedi (teplota,
vinkost), které charakter &istic a jejich chovani ovliviiuji. Z tichto ditvodi je nutno &as od
¢asu uspofadat kolokovand srovnavaci riznych optickych a gravimetrickych metod nebo
vyuZit souéasného méfeni riznych typi pfistrojii pfi vyzkumnych kampanich.

Jednim z finantné dostupnych on-line pHstroj, ktery poskytuje v redlném &ase
informaci o hmotnostai koncentraci acrosolu je 1 pFistroj DustTrak model 8520 firmy TSL Je
to maly snadno pfenosny nefelometr o rozmérech 221x150x87mm. V zakladnim nastaveni
poskytuje DustTrak tudaje vyjadfené jako hmotnostni koncentraci PMg, s ptediazenym
impaktorem je pak moZno zménit odecet bud’ na PM, s nebo PM;, podle typu vstupni hubice.
Pfed inlet pFistroje je moZno pfedsadit téZ separacni cyklon, ktery pfed vstupem do komory
senzoru odstrafiuje SO% Cdstic vétdich neZ 4pum. Rozsah méfen{ pokryva oblast koncentraci od
0,001 do lOOmga‘m a velikostni frakci o aerodynamickém priméru od 0.1 do 10 um. Pfistroj
ptichdzi komeréné kalibrovany na tzv. Arizona dust (ISO 12103-1, Al test dust).

Zafizeni plUvodn& urlené pro kontrolu pradného znedidténi v riznych typech
pracovniho prostredi je zhusta pouZivéno ve védeckém vyzkumu jako doplnék rizného typu
mefeni  velikostni distribuce i hmotnostmi koncentrace aerosolu zejména ve wnitfnich
prostorech (Chan et al., 2002a; Chan et al., 2002b; Chang et al., 2001; Chung et al., 2001: He
et al., 2004; Hitchins et al., 1999, Jenkins et al.,, 2004; Johnson et al., 2000; Lee a Chang,
. 1999; Lehocky a Williams, 1996; Levy et al., 2003; Moosmtiller et al., 2001: Morawska et
al., 2001; Morawska et al., 2003; Ramachandran et al., 2000; Ramachandran et al., 2003: Wu
et al, 2002; Yanoski et al., 2002). Udaje je totiz mo’no uklddat do pHstrojové paméti
{datalogger) s pomé&mé vysokou Kapacitou. Velkou vyhodou je moZnost nastaveni méfeni (z
klavesnice nebo softwarové) na integracni doby od 1 sekundy do 30 minut. Odpovéd piistroje
na zmény koncentrace &istic je 1éméf okamzitd. Umisténi do specielniho pouzdra
(environmental enclosure) umoZiuje vyuZit pfistroj i ve vn&j$im prostredi.

VYSLEDKY A DISKUSE

V rdmci na8ich projektii jsme vyuzivali DustTrak zejména jako dopliujici kontinudlni
méfeni koncentrace aerosolu ke standardni gravimetrické metod® Harvard impaktorem
(Marple et al., 1987), a to jak pro méfeni uvnitf, tak i k m&feni ve vn&jSich podminkach. M&li
jsme v8ak moZnost porovnat &nnost DustTraku i s metodou beta-atenuace. Pfistraje jsme
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pouZzivali predevSim pro méfeni frakce PM;; a PM,;. Piehled m&ficich kampani ukazuje
tabulka €. 1.

Tabulka &. 1: Piehled méFicich kampani

&, Misto Lokalita Prostiedi | N/dny Aerosol Referencni |
la Praha ¢ mésto-centrum uvnitf 27 (L) PM 5 Hi |
ib | Prahaé mésto-centrum venku 27 (L) | PM, 5 HI |
2a [ Praha6 mésto-centrum | uvnitf | 35 (Z) PM, s HE |
2b | Praha6 mésto-centrum | venku 35 (Z) PM, s HI
la { Praha 6 ! mésto-periferie |  uvnitf 16 (P} PM, HI
ib Praha 6 __mésto-periferic ;| venku | 16(P) PM, HI
4a Zloukovice | obeccentrum |  venku 16 () PM,, HI

{ 4b Zloukovice | obec-pozadi venku 16 (T) PMy, HI
s Praha4 | mésto-periferie venku 18 (Z) PMy, BR
| Ba Praha 2 | mésto-centrum venky 36 (L) PM,, HI
i 6b Praha 2 mésto-centrum venku 36 (L) PM;, BR

J - jaro, L - léto, P - podzim, Z — zima; HI -~ Harvard impaktor, BR — beta-atenuace

Kolokovand méfeni ukazala, Ze DustTrak velmi dobfc registruje kritkodobé i
dlouhodobé zmé&ny v koncentraci aerosolu. Korelaéni koeficienty mezi referenéni (prevazng
gravimetrickou) a optickou metodou se pohybovaly ve v&§iné ptipadi méfeni nad hodnotou
0,9. V Zidném zmnoha typii méfeni viak neodpovidaly absolutni hodnoty obou
srovnavanych typl meéfeni navzajem. DustTrak vZdy poskytoval hodnoty wvy8s (i
nékolikandsobng), neZ hodnoty gravimetrické, pfipadn® hodnoty ziskané prostfednictvim
beta-atenuace, a to od 1,3 do vice nez 4 nasobku referenéni hodnoty (tabulka &, 2),

Tabulka & 2: Vztah mezi referenénim méFenim a méfenim zafizenim DustTrak

& | Misto ; lokalita = Nidny | VO | DT/rel. | Korelace | Aerosol | Referenéni

la | Praha6 mésto-centrum | 27{(L} | O 2,34 1,91 PM.; HI

b | Praha 6 mésto-centrum | 27(L) | 1| 2,12 093 | PM,s | 5

72 | Praha 6 mésto-centrum | 35(Z) | O 301 0,98 | PM,; HI

2b | Praba 6 mésto-centrum | 35(Z) | 3,29 099 | PM;s | HI

3a | Praha 6 mésto-periferie | 16(F) | O 4.02 095 | PM,s | HI
3b_| Praha 6 mésto-periferie | 16 (P) | | 3,37 0.99 | PM,s HI
| d4a. | Zloukovice | obec-centrum 16 (1) o] 3,12 065 | PMy HI
[ 4b_ | Zloukovice | obec-pozadi 16(J)) | O | 249 0,88 | PMy HI |
K Praha 4 mésto-perifeie | 18(Z) | O | 3.2 098 | PMy BR g
| 6a | Praha2 mésto-centrum 36(L) O 1,27 0,85 PM HI '
{ 6b | Praba2 méstocentrum | 36(L}) | © | 193 0,68 | PMy BR

HI — Harvard impaktor, BR — beta-atenuace; [ - uﬁaitf'; O—venku, I, L, P, Z — roéni obdobi

Hodnoty pomérii 1 vysoké korelaéni koeficienty mezi optickou metodou a referenéni
byly zjidiény i v fad& praci, které se podobnym srovnanim zabyvaly (Chan et al.. 2002a; Chan
et al., 2002b; Chang et al., 2001; Chung et al.,, 2001; Jenkins et al., 2004; Lehocky a Williams,
1996; Moosmiiller et'al., 2001; Morawska et al. 2003; Ramachandran et al., 2000;
Ramachandran et al., 2003; Wu et _al., 2002; Yaposki et al., 2002). Nejdastéji uvadéné
hodnoty poméri mezi nefelometrem DustTrak a n&kterou z referenénich metod se pohybuji
okolo 3, coZ odpovida 1 nadim zjiSténim, Variabilitu v pomé&rech vysv&tluji vétdinou autofi
riznym sloZenim (velikost, odrazivost, hustota) acrosolu G&mer et al., (1995), piipadné i
riznymi podminkami, za nich? byla data sbirdna. Vieobecn# se soudi, Ze vyssi obsah mensich
{astic v méfeném aerosolu zesiluje signal DustTraku a tak je oproti kalibragnimu standardu
(Arizona road dust) vyslednd hodnota m&feni ve véding piipadi, kdy se m&H méstsky aerosol,
vidy vyssi. Jako ilustraci piipadu, kdy pomér mezi hmotnostni koncentraci méfenou
klasickou gravimetrickou metodou a optickou pomoci DustTraku uvadime nase mé&feni PM,

24




z pozadi malé obce na Berounsku (kampaii ¢. 4b). Kolokované méfeni PMjy DustTrakem a
Harvard impaktorem doplnéné o hodnoty PM,; s Harvard impaktoru jasné ukazuji, Ze &im je
v méfené hrubé frakei jemnych &istic, tim je pomé&r mezi konceniraci ziskanou optickou a
gravimetrickou metodou vy3si (obr. 1).

Fig. 1. Association between PM; s/PMyg by Harvard impactor (HI)
,, _and and ratio of PMyy measured by HI versus DustTrak (DT) |
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Velikost ¢astic ale nebude jedinym vlivem, ktery zpisobuje chybu DustTraku.
Vyrobei uvadéji, ze se chyba pfistroje zvétSuje i s kolisinim teploty. Ramachandran et al.
(2003) pfedpokladaji, Ze se vzristajici relativai vlhkosti miZe rist i hodnota udévané
koncentrace. Jenkins et al. (2004) upozomiuji na skutefnost, % nesoulad mez
gravimetrickymi a optickymi metodami (i v pfipadé DustTraku) mize ovliviiovat nejen typ a
velikostni distribuce Eastic v m&Feném aerosolu, ale i sama koncentrace aerosolu v ovzdugi.

I kdyz optické piistroje patfi v soudasném vyzkumu atmosférického aerosolu mezi
nepostradatelné pomocniky, jejich vyuZiti (zejména pH vyzkumu sloZité smési &astic
z riznych zdroji v urbdnnim prostfedi) bude vidy jistym zplisobem limitovano. Doplikova
méfeni klasickymi gravimetrickymi metodami dopingné chemickou, fyzikdlng chemickou,
ptipadné mineralogickou analyzou ziistanou 1 nadéle v arzenalu badateld.
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UvVOoD

Zneciiténi ovzdudi je povaZovano za jednu z hlavnich pficin zdravotnich problémi
obyvatelstva. P tom zdravotni rizika vyplyvajici z pfitomnosti aerosolovych ¢astic v ovzdusi
nejsou stile dostateéné prozkoumdna. Soucasna legislativa se snaZi tato rizika omezit (na pf.
zakon &, 86/2002 Sb.), aviak vychazi ze standardnich metod a dostupné méfici techniky spie
neZ ztoho, co pfedstavuje skutecné neberpedi. Predpisy, které se zabyvaji omezenim
Skodlivin ve formé aerosolii, jsou zaloZené na méfeni a omezovani koncentraci kodlivin ve
venkovnim prostfedi. Problém je viak v tom, Ze pfevazna ¢ast lidi trdvi vétiinu Casu uvnitf
budov, bud’ doma nebo v zaméstnani. Casto se piedpoklada, Ze vzduch v budovich je pouze
jakymsi pokra¢ovanim venkovniho vzduchu. PrestoZe okolni vzduch skuteéné snadno pronika
do budov okny, dvefmi nebo ventilacnimi systémy, koncentrace a sloZeni acrosclovych éastic
uvnitf budov a venku se fasto podstatné li§i. Jednou z pficin je i pfitomnost riznych zdroji
znediténi uvnitf budov, jako jsou napi. tapeni, koufeni, Gklid, ale i pouhd pfitomnost lidi.

JEDNODUCHY BILANCN{ MODEL

Pfedpokladame-1i tnistnost s dokonalym a okamzZitym misenim vzduchu, miZeme
rychlost zmény vnitfni koncenirace aerosolu popsat vztahem

V(dcinf‘dt) = VNPCou— Cin} - YA Cin + Q, (1)

kde A je depoziéni povrch, Ci a Cay jsou koncentrace aerosolu ve vnitinim a vngj8im
prostfedim, P je penetraéni faktor, Q je intenzita vnitinich zdroji, v je depoziéni rychlost, V je
objem mistnosti, 1 je ¢as a A je ventilaéni rychlost. Prvy €len na pravé strané rovnice (1)
popisuje zménu koncentrace ve vnitinim prostiedi, zplisobenou vyménoun vzduchu s akolim,
kde penetraéni faktor P udava podil &astic, prochazejicich z vngjiiho prosttedi obvodovym
plastém budovy do prostfedi vnitfnitho. Druhy &len zahmuje pokles koncentrace Estic
v disledku depozice na vnitfnich povrsich. Depoziéni rychlost zdvisi na velikosti &éstic, je
vétsi pro ultrajemné éstice, pohybujici se pievaZng difizi a pro brubé ¢dstice, usazujici se na
horizontalnich povriich vlivem graviiace. Posledni ¢len zahrnuje prispévek jednotlivych
vnitinich zdroj aerosolovych &éstic, ktery je potfeba stanovit zpravidla experimentalné.

EXPERIMENTALNI CAST

Chovéni aerosolovych &astic ve vnitfnim prostfedi a pfispévek jednotlivych élent
v rovnici (1) byly studovany béhem intenzivni dvoutydenni kampang, probihajici v listopadu
2002. Mé&feni probibala v byt&, pouZfvaném pro zahraniéni navitévniky UCHP, skladajicim sc
v dobé méfeni zloZnice, obyvaciho pokoje, kuchyné spojené s chodbou a pfisluSenstvi.
V daldim neobyvaném pokoji byly umistény pfistroje, kicré byly propojeny z vnéj$im a
vnitrnim prostfedim pomoci vzorkovacich trati. K méfeni byly pouzity tf pfistroje fy. TSI
(NanoSMPS, model 3936N25, SMPS, model 3934C a APS, model 3321). Uvedena sestava
umoFiovala métit koncentrace &istic o velikosti 3 nm — 20 pm vrozsahu cca 10-10°
Eastic/em’. Venkovni a vnitini koncentrace byly méfeny vidy stejnymi pEstroji, pricems
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vzorky vnitiniho a venkovniho vzduchu byly stiidavd odebirany ptes elcktricky ovladané
trojcestné ventily. Vzorky z vnitiniho prostiedi byly odebirdny na dvou mistech: v kuchyni a
v obyvacim pokoji. Paralelné stémito méfenimi byly sledovdny teplota, tlak, relativni
vlhkost, venku i uvnitt. Ve vybranych dnech byly déle odebirdny vzorky aerosolovych Castic
pomoci nizkotlakych kaskddnich impaktori a méfena ventilatni rychlost radonovou metodou.
Béhem méfeni byl byt obyvan a jednotlivé aktivity byly zaznamendvany v 15 min intervalech.

VYSLEDKY A DISKUSE

Vysledky méfeni koncentrace Sesti velikostnich frakef aerosolovych €astic ve dnech
17. a 23. listopadu jsou na obrdzcich 1 a 2. Prvy obrazek ukazuje vliv riiznych aktivit na
koncentrace &astic. Vysoké koncentrace ultrajemnych ¢astic pozorované zaddtkem dne
odpovidaji hofeni dvou svigek (od 16. 11, 21:45 do 17. 11. 00:30) v obyvacim pokoji, kdy
byly dvefe pokoje otevieny a mistnost tak byla propojen s kuchyni. Z obrazku je videt, Ze a)
hofeni sviéck produkovalo &astice o velikosti < 50 nm, b) pfestoZc soufasné vzrostla
koncentrace téchto ¢astic v kuchyni, koncentrace éastic v obyvacim pokoii byla vyssi a ¢) po
zhasen{ svi¢ek zafaly koncentrace &dstic rychle ubyvat v diisledku depozice na vmitini
povréich a ventilace. Vy3§i koncentrace astic v pokoji ve srovnani s kuchyni ukazuje, Ze
pedpoklad okamzitého miseni vzduchu nebyl zcela splnén. V dalsi fizi (00:30-6:45) byly
dvere pokoje zavieny a byt byl opustén. V této period@ pokracoval pokles koncentrace v obou
mistnostech aZ na koncentrace odpovidajici ustilenému stavu. V dalsi ¢asti dne (6:45-13:15)
byly v byt& 1-2 osoby, které kolem poledne vaiily (vafeni na cl. spordku a peceni v el. troubg,
11:15-13:00). Tomu odpovida a) béhem vateni variist koncentrace ¢astic viech velikosti ale
pfevazné &astic < 250 nm, nisledovany po skonéeni vafeni rychlym poklesem vlivem
depozice a ventilace a b) vzristem koncentrace hrubych &astic béhem celého pobytu lidi
v byts, zplisobeného pravdépodobnd resuspenzi hrubych &istic pohybem osob ale také
generovanych samotnymi osobami (dychéni, kychéni, smrkdni, ot¥r Satstva a pokozky atd.).
Poté osoby opét opustily byt (13:15-18:00). Béhem iéto doby byl op&t pozorovin pokles
gastic generovanych v kuchyni aZ na koncentrace odpovidajici ustilenému stavu. V ustaleném
stavu je pak vyslednid koncentrace &dstic ddna rychlosti vymény ¢dstic mezi vnitfnim a
vnéjiim prostiedim ventilaci a rychlosti depozice &astic na vaitinich povrSich. V posledni fazi
dne (18:00-23:15) byly v byté piitomny 1-2 osoby, které smazily (18:00-18:45) a posléze
vafily na el sporaku (19:45-21:30). Tomu odpovida opét vzrist Eastic v byté generovanym
pii vafeni, nasledovany poklesem po skonéeni pfisluiné aktivity a vzriist koncentrace hrubych
astic, zplsobeny pfitomnosti osob.

Obrazek &. 2 ukazuje chovani acrosolu v byt& v ustileném stavu. V tomto pfipadé byly
dvefe obyvaciho pokoje zprvi zavieny (0:00-6:00) a poté pfiSla jedna osoba (6:00-6:15),
dvete otevicla a opét odela. Chovani aerosolu je tak prakticky dano vyménou s okolim a
depozici uvnitf. Zajimavé je, Ze pfi zavienych dvefich se aerosol v obyvacim pokoji a kuchyni
chova ptiblizné stejng. To ukazuje, Ze ,dcpozidni charakteristika™ a rychlost vymény
vzduchu jsou pro ob& prostory velice podobné. Také v tomto pfipadg jc pfitomnost osoby
indikovana vzriistem koncentrace hrubych aerosolovych Castic. Z obrazku 2 je dile vidét, Ze
nejvétsi rozdily mezi koncentraci &istic jednotlivych velikosti vevnitt a venku jsou
pozorovany pro ultrajemné a hrubé &éstice, To je zplsobeno tim, Ze rychlost depozice na
vnitfnich povrich je pravé pro tyto Castice nejvétsi.
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Obr. 1 Koncentrace Sesti velikostnich frakei aerosolu dne 17.11.2002
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Obr. 2 Kancentrace Sesti velikostnich frakci aerosolu dne 23.11.2002
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NUCLEATION FROM A SUPERSATURATED VAPOR
JOSEPH L. KATZ
Dept. of Chemical Engineering, Johns Hopkins University, Baltimore, MD 21218
This talk will begin with a description of Nucleation Processes: why they occur, the
types of barriers that cause them, and a brief discussion of various types of nucleation. The

present state of knowledge on the nucleation of supersaturated gases will be reviewed. This
review will include a discussion of experimental results and a comparison to theories.
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COMPARISON OF TWO METHODS OF NUCLEATION RATE DETERMINATION IN A TDCC
V. ZDIMALY, D. BRUS!, H. UCHTMANN?

! Agrosol Laboratory, Institute of Chemical Process Fundamentals AS CR, Rozvojové 135, CZ-16502,
Prague, Czech Republic

*FB Chemie, Institute of Physical Chemistry, Philipps-Universitit, D-35032 Marburg, Germany

INTRODUCTION

During the last decades the thermal diffusion cloud chamber (TDCC) became a standard tool for nucleation
research. It makes possible to study kinetics of homogeneous nucleation in detail, including isothermal
dependence of rate on supersaturation. In order to determine nucleation rate in the TDCC, two methods
have been developed (photographing and photomultiplier counting). It was the aim of this work to perform
a comparative nucleation experiment in which the rate was determined by both approaches at the same time.

METHODS

Photographic method was described in detail by Smolk and Zdimal (1994). The improved optical system
in this case consists of a He—Ne laser, beam shaping optics, and a CCD camera. The interior of the chamber
is illuminated by a flat vertical laser beam passing through its center, Trajectories of the droplets, formed
inside this beam, can be recorded by a CCD camera positioned exactly perpendicular to the beam. Each
photographed droplet might be characterized by its starting point (point of its origin) and its trajectory
ending in the liquid pool at the bottom plate (Fig. 1). After evaluating enough trajectories (starting points)
in one experiment, one gets the number distribution of droplets as a function of height in the chamber.
Dividing it by the photographed volume and exposure time one gets the experimentally determined vertical
profile of homogeneous nucleation rate Jezp (z) (in droplets per com per second). The local values of
nucleation rate are related to the corresponding values of temperature and supersaturation. The resulting
dependence Jeup (T, &) can be directly compared to theoretical prediction.

Cooled plate

Trajectories af il Glass ring
droplets —1
“yisible” ——r
by camera
Nyl o T Vertical
Q ' N laser beam
‘ %
to CCD camera Film of liquid  Heated plate

Figure 1: Scheme of photographic method,

The photomuliiplier counting method was explained in detail by Hung et al. (1989). The rate of nucleation
is measured with use of a counting system, consisting of a He-Ne laser, beam shaping optics, a photomul-
liplier, discriminating and counting electronics. The laser produces a thin horizontal ribbon of light situated
near the bottom of the chamber. The photomultiplier detects the light scattered by each droplet that falls
through the intersection of the ribbon of light and the photomultiplier’s line of vision. To minimize wall
effects, this “visible area” is located at the center of the chamber (Fig. 2).
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Figure 2: Scheme of photemultiplier counting method.

In this method, the experimental result is the number of droplets that fall through the counting system's
visible area during given time interval, i.c. the integral rate [ Jo,p(z)dz, where the integration goes across
the whole nucleation zone. Under the assumptions given in Hung et al. (1989), the nucleation rate at a plane
where its theoretical prediction Jy, has its maximum (called a maximum rate plane) can be calculated as

[ Jexp(z)dz

[ Jwm(z)dz Jin(maz) N

Jezp(maz) =

RESULTS AND DISCUSSION

The two above mentioned methods were compared during a study of homogeneous nucleation kinetics in
supetsaturated vapor of a-propanol. Helium was used as carrier gas. Experiments were carried out on two
isotherms, 270 K and 290 K, using the photographic method as standard and relating the photomultiplier
method to it.
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v T=270K Integral method » T=270 K Photo method

Figure 3: Dependence of nucleation rate on supersaturation. Comparison of photographic and integral
approach, Constant value of visible area was determined by an independent calibration.
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Three ways of determining the visible area of the photomultiplier were used; a) the visible area was deter-
mined by an independent calibration in a separate experiment where hydrogen bubbles produced by elec-
trolytic dissociation of NaOH were detected using the same optical set-up, One value of visible area was
used for all experiments on both isotherms., The advantage of this approach is its independence. The prob-
lem with this (in principle exact) determination of the visible area is the setting of the discriminator level.
The hydrogen bubbles have different size and different scattering properties than nucleated droplets. There-
fore the signal/noise ratio may be quite different for these two cases, the discriminator level might not be
the same and the visible area determined by this approach may significantly differ from the real one, The
other two approaches were assuming that in tegral fluxes in the chamber should be the same for both meth-
ods, Jéntcgal = Johoto, ) visible area was determined by matching the integral fluxes for each experiment,
resulting values were averaged over each isotherm, cach isotherm was then represented by different visible
area, c} visible area was determined by matching the integral fluxes for each experiment separately, i.e. each
experimental point was represented by a different visible area.

L] T T T 1
100 |- =
2
.4 v
— v
‘-'m 10 & § L f
'?g =
3 ¥
% o
- Ca. \;"
iE F} -
L
L ]
e i i e L P
24 P 3.2 a6 4
5

e T=290 K Inlegral method ® T=290 K Pholo mathod
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Figure 4: Dependence of nucleation rate on supersaturation. Comparison of photographic and integral
approach. Averaged value of visible area representing each isotherm was obtained by integral flux matching
method,

This analysis has been done in order to see how much the visible area differs from one experimental point to
ancther, in other words how much the signal/noise ratio, that determines the appropriate discriminator level,
changes along one isotherm and from one isotherm to another. Results of these three approaches are shown
in figures 3-5, correspondingly. Isothermal nucleation rates Jezp determined by both methods are shown in
dependence on saturation ratio S. It can be seen that in case a) the nucleation rates obtained by the integral
method were by about factor three higher than rates obtained by the photographic method. Both counting
methods gave very similar results vsing approaches b) and ¢).

CONCLUSIONS

Two different methods of nucleation rate evaluation in a TDCC (the photographic method and the integral
method with photomultiplier counting), were directly compared in this study. The system n-propanol—
helinm was used, experiments were carried out on two isotherms. In each experiment the TDCC was
operated in a steady state producing a constant nucleation rate, both methods were applied simultaneously.
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Tt was confirmed that the photographic method is more ime consuming not only due to a smaller visible
area given by the optical constraints but also due to the necessity to perform the subsequent image analysis.
Main strength of the method is its independence on theory and also the possibility to check quality of the
steady state using a detailed analysis of droplets trajectorics, their shape and distribution. The photemulti-
plier method allows obtaining results more quickly and offers the experimentalist a shorter feedback. It has
two drawbacks:

a) it is difficult to determine correctly the available visible area, and b) the nucleation rate data obtained
depend to some extent on the theory used. It has been found that if the area visible by the photomulti-
plier is determined correctly, the method gives results which are qualitatively in agreement with the results
determined by the photographic approach.
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Figure 5: Dependence of nucleation rate on supersaturation. Comparison of photographic and integral
approach. Value of visible area representing each individual point was obtained by integral flux matching
method.
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WAVELENGTH DEPENDENCE OF THE LIGHT-INDUCED
NUCLEATION IN SUPERSATURATED SULFUR VAPORS

H. UCHTMANN
FB Chemie, Institute of Physical Chemistry, Philipps-Universitdt, D-35032 Marburg,

Keywords: fundamental aerosol physics, nucleation

INTRODUCTION

In many respects sulfur is a fascinating substance
for fundamental nucleation research. It is un-
equalled among the elements in the complexity
of the eomposition of its different phases from
solid to gas. The second order liquid/liquid phase
transition of sulfur at 432 K (so-called A-point)
offers the umique possibility to study the
influence of phase transitions on nucleation.
Another interesting effect is the very pronounced
light induced nucleation demonstrated in fig. 1.
The constant rate supersaturation is shown as a
function of temperature for theoretical and
experimental homogeneous as well as light-
induced nucleation using the full spectrum of a
high pressure Xe arc lamp. The aim of the
present investigation is the study of the
wavelength dependence of the photo-effect.
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Fig. 1 Underthe influence of light the
constant rate supsrsaturation is shifted
down by one order of magnitude

METHODS

A thermal diffusion cloud chamber is used to study the light-induced nucleation of
supersaturated sulfur vapor. A stainless steel chamber with directly sealed sapphire windows
is used that can withstand liquid sulfur up to temperatures of 700 K. It was buill up similar to
chambers used for investigations of metal vapors described previously (Fisk et al, 1998), For
light-induced nucleation the exit slit of a vertically mounted monochromator was imaged onto
the middie of the cloud chamber at a height were nucleation is strongest. Multiple scanning of
the wavelength with simultaneous monitoring of the nucleation rate gives the wavelength
dependence of the photo-effect. The supersaturation was adjusted to give comparabie
nucleation rates. In addition the optical transmission of saturated sulfur vapor was measured.

RESULTS
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Fig. 2: Wavelength dependence of nucieation rate and optical transmission. Conditions for rate

measurements: see fig. 3. The transmission was measured between 403 and 531 K. The

pressure varied from 8 to 2044 Pa.
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DISCUSSION

The spectra of sulfur vapor are well investigated and can be found in literature (Bass 1953).
The interpretation and comparison with other results however is difficult duc to the many
different species (S; to Ss molecules) forming a temperature and pressure dependent
equilibrium. The observed spectrum is always a superposition of overlapping individual
absorption bands. Therefore in the present study specira were measured that correspond
directly to the conditions in the cloud chamber with respect to the optical path as well as
pressure and temperature conditions.

The comparison between ratc and

] 1 2 & transmission is done in the following
20 : way:

€w ... The conditions of the plane where the
28 o8 -y i nucleation rate has its maximum were
SE o] evaluated from the calculated chamber
8¢ profiles and then compared to the
S8 04 corresponding absorption measure-
& ments. After normalizing both mea-

CR surement they are depicted in fig. 3.

0.64 Conditions for
A : : : , : rate transmission
250 275 300 325 350 375 400 TK/pPa/$ TK/pPa
wavelengih

. 1 365/ 20/91 427/ 32

Fig. 3 2 380/ 68/54 441/ 64

3 394/ 168/45 463/ 176

From fig. 3 it is obvious that the wavelength range where the photo-effect {(increase of rate)
takes place and where absorption sets in do not coincide. This is different to what has been
observed in other photo-induced nucleation experiments. Normally this effect is correlated
with absorption bands of the vapor molecules (Uchtmarmn et al 1998). Only if vapor species
interact with light an cffect can take place. _

Instead there is 2 maximum in rate as a function of wavelength. This can be explained by the
fact that the onset of absorption (decreasing transmission) decreases the light intensity and
{hus causes a decrease of rate. The photo-induced nucleation rate is always proportional to the
light intensity. This explanation requires however that absorption and photo-induced
nucleation are caused by different species that absorb in different wavelength ranges.

A possible explanation might be that not photo-excited vapor molecules are the cause of
nucleation but preformed nuelei in the supersaturated vapor. By excitation they become
supercritical and grow to visible size.

The absorption egde of sulfur is shifted towards longer wavelength with increasing density
(fig.2). Therefore the absorption by an aggregate of sulfur molecules (nucleus) with higher
density than the sorrounding vapor should be shifted to longer wavelengih. On the other side
the number of these nuclei is too small to be detected in absorption. This would explain the
features of the present results and would give an indication on the mecanism namely that not
the optical excitation of single molecules but that of subcntical nuclei lead to photo-induced
condensation.
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162 53 Praha 6, Czech Republic
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INTRODUCTION

The transformation of a metastable supersaturated vapor to a new phase occurs by the growth
of initially small fluctuations. During this process it is necessary to overcome some energetical
constraint called nucleation barrier. Formation of nuclei is possible when this barrier is overcrossed
during the nucleation process.

In this work, both, thermodynamic and kinetic aspects of homogeneous nucleation of droplets
from supersaturated vapor in closed system are studied. It is shown that the work of formation of
nuclei in closed system depends on the size distribution of droplets and this is a reason why it is
nccessary to solve kinetic equations governing nucleation kinetics to describe correctly process of
nuclei formation.

THERMODYNAMIC ASPECTS

The work of formation of nuclei, W, during homogeneous nucleation of supersaturated vapor is
usually determined within the capillarity approximation as follows:

W = —'E:A,UJ +.4;'0', '[1)
where : denotes the number of molecules forming nucleus,

Ap = kBTlnF{ﬁ = k‘BThi J* (2)

is the supersaturation, kg is the Boltzmann constant, o is the interfacial energy and A; = ~i*/*
denotes the surface area, where
v = /36mu* (3)

is the form factor and v, is the molecular volume. Above, it is supposed that vapor pressure P and
temperature T are constant. 7 is equilibrium pressure, N denotes the number of molecules in the
supersaturated vapor and N is the number of molecules in saturated vapor.

Let us consider the formation of one nucleus in closed system (i.e., V = const.). One gets for
the free energies of the system before and after nucleation:

B Wi P on (”% +ksTln %’5) _ NksT @)

and

T

el
B s f N (uv +kgTln——2 )+em + A — (N — i)kgT, )

where py (1) denotes the chemical potential of the vapor (liquid) phase. The work of formation
of nucleus (see, e.g., Mutaftschiev B., 2001) is thus

W=Fy; —F=—ilu+ Ao + kT {("-.F —4)In (‘\N__} . ,b,] , (6)

39



where Ay = py — iy denotes the difference of chemical potentials of both phases and the positive
term in the brackets represents the negative configurational entropy

8w kgllN = 3)111 LY ; J + ], )

During nucleation process it is not formed only one nucleus, but obviously a lot of nuclei of
various sizes are formed. If one suppose that 1 nuclei of the same size i have been formed, then one
gets for the free energy of the system after formation of v i-sized nuclei:

N -

Ffp = (N —vi) (pzt + kT In R

”)Hmﬁmam(\ — vi)kaT ®)

and the work of formation per one nucleus is given by:

F N—wvi. N-—ui
- i]. ©)

Hy
Wf=F—L’;—_=—-iAp.+A¢a+kBT[ b —— e
v N 1
For v = 1 one gets Eq. (6) from above relationship. Nevertheless, it is rather complicated to de-
termine gcnera]ly the work of formation of nuclei due to its dependence on the size distribution
of nuclei formed in the nucleation process. That is why it is necessary to solve kinetic equations
describing such a process.

KINETIC ASPECTS

Details about kinetic model of nucleation in closed systems can be found in our previous work
(Kozikek et al., 2004). Basic kinetic equations describing nucleation process are given by:

d
B w1ty — 1), (10)
where the cluster flux is given by
Ji(t) = K fi = ki fiers (11)
Above f;(t) denotes the number of nuclei of size 1 formed in unit volume per unit time,
1
ki = ———x A, 2
: ammkgl 12

is the attachment frequency of molecules, m is the molecular mass.
Detachment frequency can be determined from the principle of local equilibrium, from which
it follows: 5

2 3
Sorrey oy em(k 7t

The initial and boundary conditions to the nucleation equation have been chosen in the form:

ke (i+ 1%~ m}). (13)

fit=0) = 0 for i>1, (14)
fult) = 0, (15)
Al = N =0)-3ifi(D), (16)

izl

where M is the maximal nucleus size used in the numerical computation.

RESULTS AND DISCUSSIONS



As a model system the supersaturated ethanol vaporat T° = 260 K and S = 6 has been considered —
for details see e.g. (Kozifek Z. et al., 2003). Work of formation of nuclei increases with decreasing
of the initial number of molecules in supersaturated vapor supercritical sizes — see Figs. 1 and
2. Barrier of nucleation for N' > 10000 molecules remains the same as for open system — see
dashed lines in Figs. 1, 2 and Eq. (1). One gets similar dependence of the work of formation
of nuclei for increasing number of nuclei, v, at N = 10000 — see Fig. 2. It is seen that if one
consider formation of only one nucleus from supersaturated vapor, the nucleation barrier remains
unchanged for sufficiently large number of molecules within the supersaturated vapor (V > 10000).
Unfortunately, in closed system the work of formation of nuclei depends on the number of formed
nuclei. During nucleation process the size distribution of nuclei depends on time and that is why
only solution of kinetic equations can give us the correct description of the process of formation of
droplets in closed system.
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Fig. 1. Work of formation of nucleus fsee Eq. (6)] TFipg. 2. Work of formation of nucleus [see Eq. (9)]
as a function of its size for NV = 5000, 1000, 750, as a function of its size for N = 10000 and »» = 5,
500, 400 and 450 molecules (full lines). Dashed line 10, 20, 30 and 40 nuclei. Dashed line corresponds

corresponds to open system — see Eq. (1). to open system — see Eq. (1).

That is why we have solved numerically kinetic equations Eq. (10) for open (P = const., Fig. 3)
and closed systems [Eq. (16), Fig. 4]. In the second case, the number of molecules in the parent
phase decreases and the numbers of formed nuclei of sizes ¢ = 24, 30, 40 and 200 are lower —
compare Figs. 3 and 4. Morcover size distribution as a function of time exhibits some extreme in
closed system.

The supersaturation within the system decreases with the time and the work of formation thus
depends also on time, resp. on the actual value of supersaturation. Changes in the nucleation barrier
are higher than that in the case of thermodynamical approach, but these temporal changes depend
on the initial value of supersaturation.

CONCLUSIONS

Work of formation of nuclei depends on the size distribution function, f, ofnuclei. f depends ontime
and that is why only thermodynamic model can not describe nucleation in closed system correctly.
It is necessary to solve kinetic equations describing such process. Attachment and detachment
frequencies in kinetic equations depend on supersaturated and saturated pressures, but not on the
number of molecules in the supersaturated vapor. Size of the system enters the kinetic equation only
through the boundary condition [Eq. (16)] and plays only the role of scaling factor.
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A MODIFIED CLASSICAL NUCLEATION THEORY:
TRANSLATIONAL VOLUME SCALE BASED ON
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SUMMARY

A new translational volume scale is devised for the so-called stationary cluster, whose work
of formation is estimated using phenomenological approaches, The new volume scale is
compared to previous expressions, in particular to the theory of Reiss, Kegel, and Katz (Reiss
et al., 1998). The new volume scale is based on a comparison of translational energy of a
cluster with its surface excess energy. It can be used without modification for mixturcs and
for various combinations of new and old phases.

INTRODUCTION

The problem of incorporating the translational movement of clusters when the work of
formation of cluster is estimated using phenomenological concepts is a difficult and
traditionally controversial issuc (Lothe and Pound, 1962, Reiss et al., 1968). The present
contribution is an improvement of a study published elsewhere (Hruby, 2004),

The equilibrium number of clusters of g molecules (single component) in a system of

volume V, characterized by temperature T and chemical potential B of the vapor can be
given as

N, =¥ n (T =(V 1V Yexp[ -W, (u®, T;7") / kT], 1)
where Wg is the reversible work needed to form a stationary cluster, i.e. a cluster whose

center is constrained to stay within a spherical volume ¥’ = (4/3)z»"”. We assume that V' is
sufficiently small in order that the probability of spontaneous occurrence of two (and more)
equally sized clusters with centers simultancously in a region with volume " of the system is
negligibly small in comparison with single cluster occurrence. Because the number density ng
is clearly independent of I, the magnitude of the work of formation is related io the choice of
V': small V" means large work of formation and vice versa,

In the classical nucleation theory, the cluster is modeled as a spherical droplet of
radius r, Using methods of phenomenological thermodynamics the following expression can
be derived for the work of formation:

o Ty =~(p = p* )V’ +od+(u" - u")g” )

Here, ¥ =(4/3)x# is the volume of the ideal droplet, 4 =477 is its surface arca, p”
and p” are, respectively, pressures of the environmental phase (vapor) and the inner phase
(liquid), o is the surface tension, u” is the chemical potential of the inner phase, and g” is
number of molecules “feeling” the inner chemical potential. In a diluted vapor g? = g . The
difference of the internal and external pressures is given by the Laplace equation:

p” —p® =2a/r. The work of formation given by Eq. (2) only depends on the
environmental condition and on the number of molecules g forming the droplet. It does not
explicitly depend on V. The work of formation of the droplet comresponds to certain

magnitude of V. This particular value will be called the translational volume scale, and the
corresponding radius ' will be called the translational length scale. These scales are
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associated with the phenomenoclogical model in the form of Eq. (2). Modification of ¥" is
equivalent to modification of the size dependence of the surface tension.

Determination of the translational volume scale is one of the sources of controversy in the
classical nucleation theory. The very classical choice is

V'=1/n, =k, T/ p° =kgT/ Sp™(T) 3)

where n,, = Zn, is total number density of clusters and § is supersaturation. A criticism to this

choice was that the number densities ate proportional (at given T) to S*™' rather than to S*,

as required by exact theory. Using a somewhat exaggerated requirement that Eq. (2) holds

down to g=1, Girshick (1991) suggested an expression for ng, equivalent to setting
Vi=¢In™

: 4)
where @ is the dimensionless surface tension. The dependence of the number densities on
supersaturation is correct: #, oc %, Reiss et al. (1998) devised an entirely different formula:

V'= 1,’§CBTK"3 vig 5)

where &’ is isothermal compressibility of the iterior (liquid) phase. Eq. (5) was based on a
statistical mechanical analysis. However, the opinion of the present author is that it is not
possible to derive proper V' based solely on statistical mechanics, without reference to the
phenomenological model to which it is related.

NEW TRANSLATIONAL VOLUME SCALE

We suggest a new estimate for the translational volume scale ¥ which is based on
determining its lower and upper limits, and then choosing a compromise between them.

First we consider a cluster which is made stationary by enclosing its center (center of mass or
other uniquely defined point) in a spherical cage C’ of volume ¥ The cage only interacts
with the center. All molecules can freely move through it. From time to time the center
bounces against the cage. Because the center is coupled to the g molecules forming the
cluster, the impulse of force is distributed among these molecules. Their momenta will be
changed and the cluster as whole reflected. The impacts of the center will exert a pressure p'
on the cage C’. Because the probability density of occurrence of the center is uniform within
the shell, the pressure is given as

P =kBTr"IV . (6)

During ith impact the center receives an impulse of force I . By summing the impulses over a
period of time Af we obtain an alternative expression for pressure p“

p=y1/nd

where A' =47z ¢ is the surface of the cage C'

Constraining the center in the cage C’ is possible mathematically (e.g. in molecular
simulation). In thinkable physical realization of the constraint, rather the cluster as whole
could be kept in a larger spherical cage C* of radius r "= r*r. Ideally, such a cage would act
as a hard wall for molecules which are members of the cluster, and would not interact with

other molecules. Bouncing of the cluster against the cage will create a pressure » 1/(Ar 4")

(7

acting on the inner side of the cage C " and pressure

s ®



acting, as a reaction, on the surface of the cluster. Although the temporal course of an impact
force in the case of the constraint C" differs from the case of constraint C’, the impulses of
force (integrals of impact force over the impact duration) in Eq. (8) are the same as in Eg. (7):
> I/=7>" . From equations (8), (7), and (6) we obtain

o A 3kT

g A Axrir . 9)

If a cluster is “stationarized” by capturing it in a cage C"| its interior pressure is increased by
pressure p "t
pf - p° =20‘|.f?+p'_ (10)

From the phenomenological point of view, a droplet (cluster) can be considered stationary if
the range of its translational movement is much smaller than its dimension (and thereby
practically immeasurable):

rfecy, (11)

This condition can be understood as an upper limit for ! In the classical phenomenological
picture, the pressure p'’1s not accounted for. This is justified if

e 2air., (12)
With help of Eq. (9), the last relation can be written as
' 7 r,. (13)
8ror

This condition can be viewed at as an lower limit for r’ Conditions (11) and (13) can be
written, respectively, as

F=r/ KT, (14)
and r'=K_r,, (15
where K and K, are some large positive numbers. The product of these numbers gives
2
KK, =L=L 2 A
'P‘U B 2B : (16)

which is the ratio of the surface excess energy and the translational energy of the cluster.
Hence, the product of these factors is fixed. It is large for large droplets (increasing
quadratically with droplet radius). For small droplets (clusters), ceriain compromise should be
taken for the magnitude of factors X and K, ensuring that both conditions (11) and (13) are
satisfied with a similar strength. A natural choice is to set the factors equal:

142
Sro
K =K = : 17
b, r[sz\:g] (17)

This choice gives an explicit expression for the translational length scale and the associated
volume scale:

12 372 32
r’:(i]‘@.{] : V’:i:r[%"r} 50.1727[E§£] . (18)

\8r o 3 \8n0o o
The last formula is the main result of this work. A feature common with relation (5) by Reiss
et al. is that the translational volume scale is related to the properties of cluster itself, not to
the vapor density. Both relations have similar dependence on temperature: V' —= 0 for
I'—>0K, and V' =« for T — T, (critical temperature). Some advantages of the new
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volume scale (18) are (a.) it is independent of g, (b.) without modification it can be used for
multicomponent systems and for arbitrary phases.
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INTRODUCTION

Binary homogeneous nucleation of sulphuric acid-water droplets is traditionally considered as
a model of secondary aerosol particle formation in the atmosphere.

With respect to its importance, the knowledge of the nucleation behavior in this system 18
unsatisfactory (Boulaud D. et al., 1977); there is a need of relevani experimental data
(Schelling F. J., Reiss H., 1981). Only relatively few experimental papers exist for this system
Boulaud D. (1977), Mirabel P.(1978), Reiss H. (1976), Schelling F. J. (1981), Viisanen Y.
(1997), Wyslouzil B. E. (1991). Of these data, only the measurements by Wyslouzil et al.
(1991) and some experimental point by Viisanen (1997) et al. are really quantitative. The
experiments using adiabatic expansion (Reiss H., 1976; Schelling F. J., Reiss H., 1981) werc
unsuccessful. The reasons probably were: the long time-lag at low temperatures and the
weakness of vapor source (the acid molecules were probably quickly adsorbed by the walls of
the chamber). The present set-up is designed to avoid these problems: higher temperatures are
assumed (thus higher acid concentrations and shorter time-lags), and intensive flushing with
the vapor mixture before the expansion is used.

DESCRIPTION

Before nucleation experiments in a shock tube can be done, the gas mixture has to be
prepared. The vapor fraction of preparated mixture has to be known with a sufficiently
accuracy. For this purpose, a new mixture preparation device (MPD) was developed, based on
experiences with the similar MPD of Hruby (1999). Tt is designed particularly for preparation
of aggressive vapor mixtures (sulphuric acid and water).

The MPD consists of two main sections: the mass flow control part and the heated saturation
part, see fig.1. Vapors are prepared in saturators. Saturators operate at controlled temperature
(10°C up to 70 °C} and absolute pressure (PS = 1.5 bar up to 8 bar) which can differ from the
parameters in the shock tube. The gas flow through each saturator is controlled by electronic
mass flow controllers (MFC). In this way, mixture of desired composition can be obtained.
The prepared mixture is aflerwards adiabatically expanded, in order to achieve the
supersaturated state. The so-called nucleation pulse in shock tube is generated using a method
taken over from Looijmans et al. (1997). The shock tube has I.D. of 100 mm and is about
10m long. Its temperature can be controlled from slightly below room temperature up to
about 100°C. Initial pressure of the expansion is up to 6 bar. The usage of shock tubes
becomes complicated if we measure chemically aggressive compounds. The shock tube is
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specially designed for operation with aggressive vapors, such as H2S04. Parts of set up, that
have direct contact with aggressive mixture, have PTFE facing. Their number is minimized by

using a shielding flow of dry gas.
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Figure 1. Schematic view of set up for measurement of nucleation rate of aggressive vapor

mixtures (sulphuric acid and water)

CONCLUSION

The new set up was made. The new device enables us to: do measurements of nucleation rate
and droplet growth of aggressive compounds (such as H2804); cbserve the influence on
measurements caused by different binary interactions either between various vapor
components (propanol-water) or vapor components and dry gas; measure in wide range of
temperatures, pressures and activities (hunmdities, acidities); and continuous preparation of
mixture of up to thfee vapor components and a dry gas (nitrogen, helium). Successful
technical tests with water vapor and dry gas were made. The complete set-up is not yet fully

operational.

ACKNOWLEDGEMENTS

This work is supported by Grants No. 101/03/Z031 GA CR and internal grant of Institute of
Thermomechanics, Academy of Sciences of the Czech Republic No. K 2076106/50271.

48



REFERENCES

Boulaud D., Madelaine G., Vigla D. and Bricard J. (1977) J. Chem. Phys. 66, 4854

Hruby I. (1999) New mixture preparation device for investigation of nucleation and droplet
growth in natural gas-like systems, R-1489-D, TUE, The Netherlands

Looijmans K. N. H. and Dongen van M. E. H. (1997) Exp. Fluids 23, 54

Mirabel P., Clavelin I, L. (1978) J. Chem. Phys. 68, 5020

Reiss H., Margolese D. 1. and Schelling F. J. (1976) J. Colloid Sci. 56, 511

Schelling F. J., Reiss H. (1981) J. Calloid Sci. 83, 246

Viisanen Y., Kulmala M.and Laaksonen A. (1997) J. Chem. Phys. 107, 920

Wyslouzil B. E., Seinfeld J. H., Flagan R, C. and Okuyama K. (1991) J. Chem. Phys. 94,
6842

49



Il 2®ECM

Aerosoltechnologie ECO Monitori




