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UVOD - INTRODUCTION

Vazené kolegyné, vaZeni kolegové, ¢lenové Ceské aerosolové spolecnosti,

Je mi poté$enim vas letos opét oslovit v souvislosti s 20. Vyro¢ni konferenci CAS.
Ano, je tézké tomu uveérit, ale nasSe spolecnost se v letosSnim roce doziva 20 let od jejiho
zaloZeni. Dovoluji si proto, abych stru¢né shrnul zakladni historicka fakta o CAS a hlavni
milniky jeji ¢innosti za uplynulych 20 let.

Ceska aerosolova spole¢nost vznikla z Pracovni skupiny pro vyzkum aerosoll
Ceské spoletnosti chemického inZenyrstvi. V této Pracovni skupiné CSCHI se utvoril
piipravny vybor, ktery vypracoval Stanovy CAS, a tyto stanovy byly zaregistrovany MV
CR dne 22. dubna 1999. Timto dnem byla tady formalné zahajena ¢innost spole¢nosti. V
témze roce byla spolecnost prijata do Rady védeckych spolecnosti ziizované Akademii
véd Ceské republiky. V roce 2002 se CAS stala souc¢asti Evropské aerosolové asociace
EAA, pticem? predseda CAS spole¢né s mistoptedsedou jsou zaroveti ¢leny Vyboru této
asociace (EAA Board). V letech 2011 a 2012 zastaval tehdejsi predseda CAS, Jifi Smolik,
funkci predsedy EAA.

Od svého vzniku spolecnost kazdoroc¢né organizovala svou vyroc¢ni konferenci
(VK CAS), i kdyZ ve dvou p¥ipadech byla tato soucasti mezinarodniho symposia. V roce
2002 se takto v Praze konala v ramci 1. Cesko-finského sympozia o aerosolech, v roce
2006 se konala v Helsinkach v ramci sympozia Nordické aerosolové spolecnosti NOSA.
0d roku 2007 dochazelo k pravidelnému stfidani mista konani VK CAS mezi Cechami a
Moravou, nicméné ve dvou piipadech byla VK CAS po dohodé se slovenskymi kolegy
uspoi-adana na Slovensku, v roce 2013 v Novém Smokovci a v roce 2018 v PieStanech.

Za 20 let své cinnosti se spoleCnost podilela na organizaci nékolika mezinarodnich
aerosolovych kongresti, zde vyjmenuji jen ty nejvyznamné;jsi:

1. Evropska aerosolova konference EAC v roce 1999 v Praze. Tuto konferenci jsme
poradali spolecné s Némeckou asociaci pro vyzkum aerosolli GAAF, zucastnilo se
ji pres 400 tlastnikli a mistem konference byl kampus Ceské zemédélské
university na prazském Suchdole.

2. Mezinarodni konference o nukleaci a atmosférickych aerosolech ICNAA v roce
2009 v Praze. Konferenci potadala CAS ve spolupraci s Vyborem pro nukleaci a
atmosférické aerosoly CNAA, konference se zicastnilo pres 400 ucastniki.
Mistem konani byl hotel Dlabacov.

3. Evropska aerosolova konference EAC v roce 2013 v Praze. Tuto konferenci jsme
poiadali v hotelu Clarion ve Vysocanech, zic¢astnilo se ji 997 ticastniki.

Lze oCekavat, Ze na priStim vyboru EAA budeme opét osloveni, abychom zacali planovat
usporadani dalsi EAC v Ceské republice, terminy a mista konani jsou v tuto chvili
obsazeny do roku 2023.

Také bych rad pripomnél vSem Cleniim spolecnosti, Ze se v letoSnim roce béhem
Vyrocni konference bude konat ¢lenska schiize, ktera bude volit novy vybor spolecnosti.
Dékuji Vam vSem, kteri jste ¢lenim volebni komise zaslali nominace kandidati do
vyboru. Rad bych podékoval vSsem dosluhujicim c¢lenim vyboru spole¢nosti, tedy
kolegtim Mikuskovi, Hovorkovi, Ondrackovi, Schwarzovi a Moravcovi za praci ve vyboru.
Dékuji také vSem koleglim, ochotnym kandidovat do nového vyboru, a tém, ktefi budou
zvoleni, popreji hodné elanu do nasledujicich let ve funkci.



Vsem ¢lenfim CAS bych rad podékoval za jejich aktivni Gi¢asti jak na konferencich
poirdadanych spolecnosti, tak na radé dalSich konferenci, workshopti a dalSich akci,
spojenych s aerosolovou tématikou, na kterych jako clenové naSi spolecnost
reprezentujete. Napiiklad v tomto roce se fada ¢lend CAS ztcastnila Evropské
aerosolové konference ve Svédském Gothenburgu. Skupinové foto z této konference je
jako obvykle priloZeno zde ve sborniku.

V této souvislosti si dovoluji pripomenout, Ze i v letoSnim roce pokracujeme s
praxi, kdy CAS finan¢né podporuje ty mladsi kolegyné a kolegy, ktef'i odprezentuji svij
prispévek na néjaké mezinarodni aerosolové konferenci formou prednasky.

Ve chvili, kdy pisi tento ivodnik, je na konferenci zaregistrovano 29 prispévkd.
Vzhledem k delSimu casu, vymezenému letos na odborny program, bude délka
prezentaci 20 minut v¢etné dotazi (17+3). Prosim vSechny prezentujici, aby dodrzovali
casovy limit prezentaci, a predsedy sekci, aby se neostychali poZadovat po
prezentujicich dodrZzovani casového limitu.

Podobné jako v minulosti se budeme snazit ukoncit oficidlni program konference
v patek obédem, abyste se vSichni mohli dostat pied vikendem bezpecné domi ke svym
blizkym.

Jako v minulych nékolika letech je i letos vypsdna soutéZ o nejlepsi prezentaci
mladého védce, tri nejlepsi budou ocenény firmou Dekati. NaSe mladsi kolegyné a kolegy
povzbuzuji, aby si dali praci s pripravou prezentaci, a nepropasli tak piilezitost umistit
se v trojici ocenénych. K tomu bych rad doplnil, Ze oficidlnim konferen¢nim jazykem je
sice CeStina, ale rad bych vas i letos pozadal, abyste zvazili moZnost prezentovat vase
prace anglicky, nebot podobné jako v minulosti o¢ekdvame tcast nékolika zahranicnich
kolegd.

Na zavér bych rad podékoval sponzoriim nasi konference, jiz tradi¢né firmé ECM
ECO Monitoring, slovenské firmé by Biowell zastupujici finskou firmu Dekati a firmé
TESTO za jejich Stédrou podporu nasi konference.

Tésim se na setkani s vami ve Velkych Bilovicich. Vlad'a

Zdimal
Predseda CAS

Registration
L S
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RYCHLOST RUSTU AEROSOLOVYCH CASTIC NA CTYRECH POZADOVYCH STANICICH
V CESKE REPUBLICE

Adéla HOLUBOVA SMEJKALOVA123, Nadézda ZIKOVA24, Vladimir ZDIMAL4, Helena
PLACHA!, Miroslav BITTER!

1Cesky hydrometeorologicky tistav, Praha, Ceska republika, adela.holubova@chmi.cz
2(stav pro Zivotni prostiedi, P¥irodovédecka fakulta, Univerzita Karlova, Praha, Ceska
republika
3 Ustav vyzkumu globalni zmény, AV CR, Brno, Ceska republika
4 Ustav chemickych procesti, AV CR, Praha, Ceska republika

Klicova slova: Rychlost riistu ¢astic, Kondenzacni ztraty, Pozad'ova stanice, Formovani
novych castic

SUMMARY

Differences or similarities of growth rates and condensation sinks -
characteristics representing New Particle Formation events were investigated at four
background stations located in different types of environments, influenced by a different
mixture of emissions sources. We found out that the median growth rate is very similar
at all stations and the most frequent length of growth lasted between 2 and 4 hours. On
the contrary, differences were found in variables affecting growth rates.

UvoD

Vliv atmosférickych aerosolli na Kklimaticky systém je stile zdrojem nejistot
v simulacich klimatickych model. Jedna ztéchto nejistot je zplisobena tvorbou
sekundarnich castic a je i disledkem tohoto procesu, ktery je oznacovan jako vznik
novych c¢astic (New Particle Formation-NPF). Vznik a nasledny riist aerosolovych castic
je ovlivnén chemickym sloZeni atmosféry a meteorologickymi podminkami (Dada et al.,
2017; Ling et al., 2019; Zhao et al., 2018). I presto, Ze existuje nékolik studii vénujici se
tomuto tématu (Chu et al.,, 2019; Hamed et al., 2007; Nie et al.,, 2014; Zhang et al., 2016;
Zhao et al., 2018), stale neni zcela jasné, jaké podminky jsou pro udalosti NPF kli¢ové.

Tato prace se zaméiuje na studium rychlosti rdstu aerosolovych ¢astic
a kondenzacnich ztrat béhem udalosti NPF na ¢tytrech pozad'ovych stanicich umisténych
vriznych typech prostfedi (méstské, primyslové, venkovské a piiméstské) v Ceské
republice.

METODY MERENI

Pocetni distribuce aerosolovych ¢astic byla méfena na stanicich Usti nad Labem
(Usti n/L - 50°39°39"S, 14°2°35"V, 147 m n. m.), Lom (50°35°8"S, 13°40" 24"V, 265 m n.
m.), Narodni atmosféricka observator KoSetice (NAOK - 49°34°24"S, 15°4°49"V, 534 m
n. m.) a Praha-Suchdol (Suchdol - 50° 7" 35"S 14° 23" 4"V, 277 m n. m.). VSechny ctyfti
stanice jsou vybaveny spektrometry SMPS (Scanning mobility particle sizer, IfT TROPOS;
na stanici Suchdol je provozovan model firmy TSI). Hodnocena data zahrnuji ¢asové
obdobi brezen az rijen 2013-2017 (na stanici Lom pouze btezen az fijen 2017). PoCetni
distribuce aerosolovych castic, mérené béhem udalosti NPF, byly pouzity pro vypocet

11



rychlosti riistu (growth rate - GR) a kondenzacnich ztrat (condensation sink - CS) (Jeong
et al., 2010; Pushpawela et. al., 2018). Pro detailnéjsi interpretaci dat byla zpracovana
data z kontinudlniho méreni kvality ovzdu$i (SO2, NOz a PMio) a zakladni
meteorologické parametry (teplota, smér a rychlost vétru, globalni zareni).

VYSLEDKY, DISKUSE, ZAVERY

Denni vyskyt udalosti NPF na jednotlivych stanicich kolisal v rozsahu 33-40 %,
nejcastéjsi vyskyt byl na stanici Lom. Medianova hodnota GR na vSech 4 stanicich
kolisala v rozpéti 3,9 + 0,3 nm-h-l. Rist ¢astic nejcastéji zacal po 10. hodiné ranni a
obvykle trval 2-4 hodiny.

Denni chody CS odrazi povahu stanic a s ni spojenou imisni zatéz znecist'ujicimi
latkami. Na stanicich Usti n/L a Suchdol reflektuji denni chody CS zvy$ené mnoZstvi
polutantli béhem rannich a vecernich dopravnich Spicek. Stanice Lom a NAOK maji
odlisny chod dennich hodnot CS. U stanice Lom bylo zjisténo sekundarni zvySeni hodnot
CS v poledne, kterému predchazel velice pozvolny pokles hodnot z rannich maxim.
Umisténi stanice NAOK mimo velké zdroje zneciSténi odrazi denni variabilita CS tim, Ze
reaguje na denni vyvoj vySky mezni vrstvy atmosféry. Nizké hodnoty CS béhem dne jsou
pravdépodobné vysledkem zredéni atmosféry a tedy sniZeni pocltu existujich
aerosolovych c¢astic slouzici jako kondenzacni jadra (Obr. 1).

3.E-02 —
o-Usti n/L Lom NAOK  <-Suchdol
2.E-02

2.E-02 4 4] & | O =00

1.E-02 | | | | W W ..

CS:[s?)

5.E-03

0.E+00
0 2 4 6 8 10 12 14 16 18 20 22
Cas [hodiny-UTC]

Obr 1.: Medianovy denni chod hodnot CS na stanicich Usti n/L, Lom, NAOK, Suchdol.
Horni/dolni hranice sloupcti reprezentuje horni/dolni kvartil.

Vysledky z polarnich grafti (Carslaw a Ropkins, 2012), které vyjadruji vztah mezi
smeérem, rychlosti vétru a vybranou veli¢inou, ukazuji vliv umisténi zdrojt znecisténi na
hodnoty GR. Na vSech Ctyrech stanicich byly nejvy$Si hodnoty GR pozorovany pravé
v piipadech, kdy vitr sméfoval z lokalit, kde se nachazeji zdroje znecisténi. U stanice Usti
n/L se jedna o ruSnou kriZovatku v SSV sméru. Stanice Lom vykazuje vysoké GR pri JZ
aJV smérech vétru. V téchto mistech se nachazi tovarna zpracovavajici petrochemické
produkty a tepelna elektrarna. Na NAOK jsou vysoké GR spojeny se vzduSnym
proudénim z JZ a SV sméru. Tyto sméry koresponduji s umisténim tovarny
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zpracovavajici drevo a s dalnici D1. GR na stanici Suchdol odrazi vliv mistniho vytapéni
(SSV) a frekventované silnice (JV) (Obr. 2).
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Obr. 2: Polarni grafy - vztah mezi smérem, rychlosti vétru a GR na stanicich Usti n/L,
Lom, NAOK a Suchdol.

Cilem této prace bylo zjistit podobnosti nebo rozdily v rychlostech riistu
aerosolovych ¢astic na stanicich v rliznych typech prostredi. Nalezeny byly jak spolecné

prvky, napriklad nejcastéjsi hodnota GR a zacatek formovani ¢astic po 10 hodinég, tak

i zavislosti rozdilné pro rizné stanice (napi. podobny denni chod CS s vyvojem
koncentraci SO:). Specifickda odezva hodnot GR i CS na jednotlivych stanicich je
pravdépodobné vysledkem plsobeni smési riiznych emisnich zdrojt i mistni topografie.
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SUMMARY

Processes between atmospheric aerosol (AA) and clouds, source of large
uncertainty in weather and climate changes estimations, were described on fogs at
MileSovka, meteorological observatory of the Institute of Atmospheric Physics. For the
description of the AA properties, online measurement of outdoor particle number size
distribution (PNSD) in the size range 10 nm - 20 pum was conducted using SMPS and APS
spectrometers. The sampling system consisted of a heated whole air inlet, and PM2.5
sampling head, being switched by an automatic valve. From the difference between
PNSD sampled by whole air inlet and by PM2.5 inlet, PNSD of activated particles
(aPNSD) was calculated. The aPNSDs differ with hydrometeor type and depend on air
mass history, with a stronger influence on freezing fog AA.

UvoD

Atmosféricky aerosol (AA) ovliviiuje nejen vznik oblacnosti, ale také dalsi
vlastnosti oblaki. Interakce mezi AA a oblacnosti mliZe byt zkoumdana i u mlh, resp.
nizké oblac¢nosti. Pfikladem stanice vhodné k takovému vyzkumu je stanice MileSovka,
kde se mlha (nebo nizka obla¢nost) nachazi 55 % casu (Fisak, Tesar, & Fottova, 2009).
Zde proto bylo provedeno méreni za ucelem popisu vlivu mlh na pocetni velikostni
distribuce AA a aktivovanych nuklea¢nich jader.

METODY MEREN{

Méreni probéhlo na stanici MileSovka (50°33'N, 13°55'E, 837 m. n. m), kde byla
kompletni meteorologickd méteni doplnéna o pocetni velikostni distribuce (PVD) AA ve
velikostech od 10 nm do 20 pm ze spektrometriit SMPS a APS. Méreny byly tzv. suché
velikosti, tj. velikosti ¢astic AA pti kontrolované vlhkosti (pod 50 %) a teploté (20 °C).
Vzorkovani probihalo pomoci dvou inletdi, odbérovych hlav - tzv. whole air inletu (WAI)
a PM2.5 hlavy, mezi kterymi prepinal kulovy kohout. Prvni mérici kampan probéhla na
podzim 2018, druha na jare 2019.

Pro vyhodnoceni vlivu historie vzdu$nych mas byly pomoci modelu HYSPLIT
(Draxler & Rolph, 2013) vypocteny 72 hodinové zpétné trajektorie (start 200 m AGL
kazdych 6 hodin, model GDAS s rozliSenim 1°).

Pomoci takzvané ,activated fraction” (Asmi et al.,, 2012), tj. podilu aktivovanych
jader z celkového poctu AA v dané velikosti, bylo odhadnuto sloZeni nukleacnich jader
AA. Ktivky zavislosti podilu aktivovanych jader byly proloZeny sigmoidalni (logistickou)
funkci, z niZ byl analyzovan ¢len urcujici rychlost ristu funkce, tj. jeji strmost.
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VYSLEDKY, DISKUSE, ZAVERY

Béhem dvou kampani bylo naméreno témér 300 hodin s mlhou a 45 hodin
s mrznouci mlhou, ze kterych byly hodnoceny vlivy hydrometeort na PVD mezi 10 nm
a 2.5 um. PVD béhem vyskytu hydrometeorii vykazuji niZsi koncentrace a posun PVD
k vétSim casticim, s hlavnim m6dem na 240 nm.

Z PVD byla vypoctena aktivovana c¢ast AA v zavislosti na typu hydrometeoru.
Celkové pocty aktivovanych jader se mezi mlhou a mrznouci mlhou pfrili$ nelisi, nicméné
aktivacni krivka (AK) uZ jisté rozdily ukazuje (Obr. 1). U mlhy je AK strméjSi nez pro jiné
hydrometeory, naznacujici vét$i homogenitu v piisobeni mezi AA a mlhou, resp. vétsi
homogenitu ve sloZeni nukleac¢nich jader.
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Obr. 1: Mediany aktivovanych ¢asti PVD v zavislosti na velikosti ¢astic a na typu
hydrometeoru. Body ukazuji vypoctena data, ¢ary proloZeni sigmoidalni funkci a plochy
oznacuji nejistoty vypoctené jako 25. a 75. percentil.

Byla nalezena silna zavislost mezi aktivovanymi PVD, resp. AK pro rizné vzdusné
hmoty. Nejvétsi rozdil byl mezi kontitentalnimi a oceanskymi hmotami, kdy byl hlavni
mod aktivovaného PVD u morského AA posunut na 124 nm v porovnani s 249 nm pro
kontinentalni AA. Pro kontinentalni aerosol uz byl rozdil mezi vychodnimi a zapadnimi
sméry velmi maly. Pozorovana zavislost byla vyraznéjsi pro mrznouci mlhu nez pro
mlhu, pravdépodobné kvtili odliSnému ptisobeni hydrometeort na AA.
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SUMMARY

This study evaluates the trends and sources of polycyclic aromatic hydrocarbons
(PAH) monitored at National atmospheric observatory KoSetice (NAOK), a rural
background site. In total, 14 PAH concentrations in particulate matter (PM1o) between
2006 and 2016 were evaluated. The highest concentrations of all PAH were measured at
the beginning of the study period, in 2006. The positive matrix factorization (EPA PMF
5.0) was used to determine the sources of PAH at NAOK, with three factors resolved. The
probable origin areas of PMF factors were identified by Conditional Bivariate Probability
Function method (CBPF) and Potential Source Contribution Function method (PSCF)
methods. NAOK is affected by local sources of PAH, as well as by regional and long-range
transport.

UvoD

Zvysené koncentrace polycyklickych aromatickych uhlovodiki (PAU) v ovzdusi
jsou dlouhodobym problémem kvality ovzdusi ve Stfedni a Vychodni Evropé (EEA 2018,
Guerreiro et all.,, 2012). Ve stiedni Evropé jsou hlavnim zdrojem téchto latek zejména
lokalni topenisté (EEA 2018). Cilem této prace bylo zhodnotit dlouhodoby vyvoj
koncentraci vybranych PAU a jejich zdroja sledovanych na venkovské pozad'ové stanici,
Narodni atmosférické observatoii KoSetice (NAOK - 49°34°24"N, 15°4°49"E, 534 m n.
m.) v obdobi od 1. ledna 2006 do 31. prosince 2016.

METODY MEREN{

Odbér 24-hodinovych vzorkii PAU probihal kazdé 3 dny pomoci aktivniho
vzorkovace LVS3 / MVS6 (Leckel). Vzorky pro frakci PM1 byly odebirany na kifemenny
filtr a na disk z polyuretanové pény. Dale byly vzorky analyzovany pomoci plynové
chromatografie s hmotnostni detekci dle standartnich postupii v Ceském
Hydrometeorologickém Ustavu. Hodnoceny byly koncentrace 14-ti PAU. K ziskani
profili jednotlivych zdroji PAU byl pouZzit model Positive Matrix Factorization (EPA
PMF 5.0). K naslednému zpracovani vystupli z modelu bylo vyuZito metody Conditional
Bivariate Probability Function method (CBPF) a Potential Source Contribution Function
method (PSCF). Zpracovani vysledkii probéhlo v programu R s vyuzitim baliku Openair a
v programu TrajStat.
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VYSLEDKY

Nejvyssi primérné ro¢ni koncentrace vétSiny hodnocenych PAU byly naméreny
vroce 2006. Podobny pribéh koncentraci hodnocenych PAU byl zaznamendn i na
ostatnich pozad'ovych lokalitich v CR, resp. ve stfedni Evropé&, a patrné souvisi se
zhorSenymi rozptylovymi podminkami v hodnoceném roce. Koncentrace jednotlivych
PAU vykazovaly charakteristicky rocni chod. Nejvyssi priimérné mési¢ni hodnoty byly
pravidelné zaznamenavany v chladné poloviné roku (nejcastéji v lednu, prosinci
aunoru), vletnich mésicich dochazelo naopak kvyraznému poklesu celkovych
koncentraci.

Analyza PMF byla provedena oddélené pro teplou (IV-IX) a studenou (X-III)
polovinu roku. Ze zjiSténych vysledki byly identifikovany celkem 3 zdroje PAU. V teplé
poloviné roku se jednalo o spalovani pevnych paliv (patrné ve velkych zdrojich), tzv.
smésné emise a vytékani PAU z plidy. Ve studené poloviné roku byly prevazujicimi
zdroji spalovani fosilnich paliv (patrné jak ve velkych zdrojich, tak v lokalnich
topenistich), smésné emise a spalovani zemniho plynu (Obr. 1).
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Obr. 1: Podil jednotlivych PAU na zjisténych faktorech PMF a jejich celkové koncentrace
v teplém (vlevo) a studeném piilroce (vpravo). Prava y-ova osa: Podil jednotlivych PAU
na zjisténych faktorech PMF. Leva y-ova osa: Celkové koncentrace PAU

Z vysledkil analyzy CBPF bylo potvrzeno, Ze koncentrace jednotlivych PAU jsou
na hodnocené lokalité ovliviiovany jak mistnimi zdroji, tak regiondlnim transportem.
Zdrojové regiony jednotlivych PAU, identifikované z vysledka analyzy PSCF, zahrnuji
typické, silné znecisténé oblasti vychodni Evropy (napf. Slezsko).
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INTRODUCTION

To improve the air quality the underlying causalities must be well understood,
particularly when it comes to aspects such as PM concentration, sources and their origin
(Minguillon et al.,, 2012). The aim of this work was to determine air pollution origin at
NAOK based on atmospheric aerosol (AA) data of different time resolution measured
during intensive summer campaing.

MEASUREMENT AND METHODS

An intensive sampling campaign was carried out in July and August 2019 at the
National Atmospheric Observatory Kosetice (NAOK). 5-min integrals of particle number
concentration (PNC) and number size distribution (PNSD) data were recorded by a
Scanning Mobility Particle Sizer (size range 10 - 800 nm, SMPS, IFT TROPOS, Leipzig,
with CPC 3772 (TSI USA)) and size-resolved PM chemical composition was measured by
a Compact Time of Flight Aerosol Mass Spectrometer (C-ToF-AMS, Aerodyne, USA). Also
4-h PM; 5 organic and elemental carbon (OC/EC) concentrations (Sunset Laboratory Inc.,
USA) were measured and 12-h PM; samples by a sequential Leckel LVS-3 (Sven Leckel
Ingenieurbiiro, Germany) for a subsequent chemical analysis were collected.
Additionally, 1-h PM25 concentrations were measured using beta-gauge and 10-min
average of SOz, NO2, NOx and CO concentrations along with the values of meteorological
parameters were recorded. Positive Matrix Factorization (EPA PMF 5.0) was applied on
PNSD data and R Openair Package was used for a data treatment.

RESULTS AND CONCLUSIONS

In this contribution preliminary results from July 2019 are presented. The
campaign was characterized by prevailing westerly winds with average wind speed of
3+1.5 ms-1, temperature of 18.5+4.7°C and 161 mm precipitation in total. The average
PM concentrations were 10.9+6.0 pgm=3 (PMg2s, beta attenuation), 9.6+4.5 pgm-3
(PMo.01-1 SMPS, particle density 1.5 gcm3) and 14.6+£6.7 pgm-3 (PMjy, filter samples). The
differences in PM concentrations are caused by diverse PM fractions and uncertainties
by recalculation and filters weighing since low atmospheric aerosol concentrations.
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The OC/EC comprised in average 2.5+0.9 ugm-3 and 0.2+£0.1 in PM2s. There is a
good agreement between organic matter (OM) calculated from OC in PM25 multiplying
by a factor of 1.6 (Turpin and Lim, 2001) and Org in PM; by AMS, 4.0£1.7 ugm-3 and
3.5+1.7 ugm-3, respectively. The campaign average concentrations of SO4 and NO3 in PM1
by AMS were 0.8+0.4 pgm-3 and 0.3+0.1 pugm3. During the first week of the campign,
period from 3.7. 12:00 to 10.7. 11:50, the average concentrations of Org, SO4 and NO3
were 1.31£0.3 pgm-3, 1.3+£0.3 pgm-3 and 0.2 pgm-3. The Org dominated by SW-S-SE winds
of 2 to 4 ms-1. The period mass size distribution (MSD) of Org, SO4 and NO3 was at 263
nm, 336 nm and 312 nm (Figure 1). The polar plot for SO4 shows well distributed
contribution from NE-N-NW of regional origin, however the NO3 plot points localized
pollution sources of local as well regional origin.

The PMF resolved six PNSD factors linked to new particle formation (NPF), traffic
related (fresh and different aged level; local and regional origin) and regional secondary
aerosol. Further and more complex data analysis is needed to precisely assess the AA
origin at NAOK.
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Fig. 1: Particle mass size distribution for Org, SO4and NO3s for period 3. - 10.7. 2019.
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INTRODUCTION

Atmospheric pollution is one of the most serious global enviroment problem.
Atmospheric particulate matter (PM) is known as the source of several health effects.
Metals constitute important class of pollutants which have received the attention of
researchers all over the word. Metals have strong potential to be adsobed on PM and
than enter the human body through inhalation causing several health issue (asthma,
cardiovascular and respiratory diseases, lung cancer). Metals are released into the
atmosphere via both natural and antropogenic (industrial activities, traffic) sources.
Study metals concentration in the atmosphere is important for understanding their
environmental and health impacts (Witt M. L. [,, 2010; Li, 2013).

The aim of this study was to determine the total metal concentration and water-
soluble metal concentration in PM; and PM;s aerosol in winter, spring, summer and
autumn period.

EXPERIMENTAL SETUP

PM; and PM; s aerosols were sampled in parallel using two high-volume samplers
(DHA-80 and DHA-77, Digitel, air flow 30 m3/h) for 48 hours. Sampling took place in
winter (12. 2. - 1. 3. 2018), spring (18. 4. - 2.5. 2018), summer (9. 7. - 23.7.2018) and
autumn (15.11 - 29. 11. 2018) during 2-week campaigns on nitrocellulose membrane
filters (diameter 150 mm, porosity 3 pm, Sartorius).

Aerosol mass concentration was determined gravimetrically based on the
difference in weight of the filtres before and after exposure to aerosol.

The sampled aerosol filters were cut into 4 portions. The first part of the filter
was decomposed in nitric acid using microwave decomposition (UltraWAVE, Milestone).
After that samples were analyzed for total metal content by triple quadrupole ICP-MS
(ICP-MS 8800, Agilent). The second portion of the filter was extracted in deionized water
for 24 hours. The samples were used to determine the water-soluble fraction of selected
metals using atomic absorption spectroscopy (AAnalyst 600, PerkinElmer).

A Positive Matrix Factorization model was used to obtain chemical profiles of
metal sources and their contribution to PM: and PM25 compositions.
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RESULTS AND CONCLUSIONS

The average PM: aerosol mass concentrations were highest in winter
(21.9 pg/m3) and autumn (15.9 pg/m?3) periods. In spring (11.5 pg/m3) and summer
(9.7 ug/m3) periods, PM; aerosol mass concentrations were almost half. A similar trend
was observed for PMzs: average concentration in winter period 30.4 pg/ms3, spring
period 16.0 ug/ms3, summer period 12.5 pg/m3 a autumn period 24.1 pg/ms3.

Urban aerosol particles in PM1 and PMz s fractions were analyzed for 22 elements
(Cu, Pb, Cd, Mn, Fe, Cr, V, Co, Na, K, Al, Ca, Ni, Ti, Sr, As, Se, Mo, Sn, Sb, Ba, Zn). The
concentration of most metals in PM; and PMz 5 aerosol was higher in winter period than
in other seasons.

PM; and PM2 5 aerosols were also analysed for the content of 9 elements in water-
soluble aerosol fraction (Cu, Pb, Cd, Mn, Fe, Cr, V, Co, Zn). These elements have been
selected due their increased ability to generate reactive oxygen species which have
negative influence on human health.

Four emission sources of metals in PM; and PMzs aerosols were identified using
receptor modeling. For metals adsorbed on PM; particles the most important sources
are industrial sources and residential heating. Metals adsorbed on PM; 5 particles mostly
come from residential heating, industry sources and biomass burning. The contribution
from transport was the smallest in both cases.
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INTRODUCTION

Water-soluble organic compounds represent up to 80% of all organic compounds
present in atmospheric aerosols (Duarte, 2011). Unlike composition of inorganic
compounds or volatile organic compounds, which seems to be well explored, the
knowledge about WSOC composition is still rather limited. The most frequently used
method for WSOC analysis is GC-MS, which is a very sensitive technique (Pietrogrande,
2011). However, the analysis of polar compounds via GC-MS requires derivatization and
the quantification is extremely time consuming. The second widely used technique is ion
chromatography (IC). Nowadays, IC is routinely used for analysis of specific groups of
organic compounds such as carboxylic acids, amines or carbohydrates (Tsai, 2008). On
the other hand, there is NMR spectroscopy as a fully quantitative but rather insensitive
method. NMR spectroscopy was for the purpose of aerosol chemistry employed only
recently (Decesari, 2000) as this technique has undergone rapid development and
sensitivity gain of late. So far, the use of NMR spectroscopy is mainly restricted to so-
called Functional Group Analysis, of which main interest lies elsewhere than in
identification of individual compounds.

EXPERIMENTAL SETUP

Internal reference

(DSS)
water \S'/ sosH DO
| 3 2
15mL AINSNS 0.6mL
PU foam extraction lyophilization
Quartz filter (2.5h) (6h)
atmos. aerosol e NMR
extract lyophilizate
aerosol sample sample
HVimpactor (1-2mg) PVDF (WSOC~ 0.5mg)
(24 h) filter

Fig. 1: Scheme of a NMR sample preparation

23



Aerosol samples were collected during two campaigns in years 2008 and 2009 in
Prague-Suchdol. First campaign was focused on summer samples and ran from June 25,
2008 to September 5th, 2008. Second campaign was conducted between November 6th,
2008 and March 28th, 2009 and winter samples were collected. Both PM25 and PMig
samples were collected during both campaigns.

The quartz filter was cut into pieces and extracted into 15 mL of deionized water.
The extraction was run for 30 minutes in an ultrasonic bath and for 2 hours on a shaker.
The extract was then filtered and freeze-dried. Subsequently, the obtained matter was
dissolved in deuterated water (99.96% D) containing a known amount of DSS (dimethyl-
silapentane-sulfonate, 0.5 mM) as a chemical shift and line shape reference. Finally, the
sample was transferred into a 5 mm NMR tube after dissolution and immediately
inserted into the NMR spectrometer.

RESULTS AND CONCLUSIONS

The suitability of NMR aerosolomics method was tested on summer and winter
samples collected in summer 2008 and winter 2009 in Prague-Suchdol. In order to
obtain sufficient amount of particulate matter, 2-3 samples had to be combined together
according to similar weather conditions, which led to the formation of 21 samples (10
summer and 11 winter). The method exploits a comprehensive 1H NMR library
consisting of ca. 150 compounds present in WSOC fraction of particulate matter. Around
50 - 60 compounds were identified in each aerosol spectrum owing to the extensive
database. The profile of 85 compounds identified in the samples altogether served as an
input data for statistical analysis. Multivariate statistical analysis clearly discriminates
between summer and winter samples. Separation of the samples based on their particle
size was also tentatively performed and showed some trends in composition.
Furthermore, the most significant compounds varying between seasons were
determined by the means of univariate statistical analysis. These compounds were
subjected to the further analysis of their possible sources. Among 85 compounds
identified, eight compounds were found for the first time as part of particulate matter
best to our knowledge and four compounds were predicted by the literature in theory,
but have never been directly identified in ambient aerosol.
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INTERDUCTION

Ammonia (NH3) counts among significant gaseous pollutants present in the
atmosphere being responsible for acidobasic biosphere equilibrium. As a neutralizing
agent of acidic species ammonia forms particle-phase ammonium (NH4*) and
contributes to formation of secondary atmospheric aerosols (Harrison and Jones, 1995).
Ammonia is an important source of soil nutrients but can pose an important threat for
ecosystems and global nitrogen cycle due to its acidifying and eutrophying effects (Van
Breemen et al., 1982). Finally, it can cause direct adverse effects on human health due to
overexposure (Ryder-Powder, 1991).

The most important sources of emissions of ammonia are agriculture (livestock
waste, nitrogen fertilizers), industrial activities (textile plastics, explosives, pulp and
paper, etc.), road traffic and waste treatment (Artinano et al., 2018).

Presented paper describes methods for on-line determination of gaseous
ammonia and particulate ammonium in ambient air.

EXPERIMENTAL SETUP

The measurement apparatus is assembled from two independent parts: the
sampling unit for NH3 with analyser on the principle of continuous flow system (CFS)
with fluorimetric (FL) detection, and sampling unit for NH4* with other CFS-FL detector.

The sampling unit for NH3 consists of cylindrical wet effluent diffusion denuder
(CWEDD) where NH3 from analysed air (1 L min) is continuously collected into
deionized water (400 pL min1). Subsequently the collected NH3 is detected via FL
detection (Genfa et al,, 1989) based on the reaction of NH4* with o-phthaldialdehyde and
sulphite in alkaline solution to form isoindol-1-sulphonate that is fluorimetrically
detected. The sampling unit for NH4* consists of cyclone inlet (2.5 um cut-off diameter,
10 L min-1), annular diffusion denuder for removing NH3, continuous aerosol sampler
(CGU-ACTJU, Mikuska et al., 2018) for collecting the aerosol particles into deionized
water (1 mL min-1) and the second CFS-FL detector.

The measurement of NH3z/NH4* in ambient air in Brno using the developed
method carried out during two campaigns. The winter campaign was going on 8-16th
February 2018 and the summer campaign 17-25t September 2018. Both of campaigns
were performed on a balcony on the first floor of the Institute of Analytical Chemistry at
Veveri Street. The concentrations of analytes were measured in 1s intervals. To compare
the results of described method, the NH3/NHs* were in parallel sampled by reference
methods.
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RESULTS AND CONCLUSIONS

The ultra-sensitive method for the simultaneous on-line determination of NH3/NH4* in
ambient air was developed. The calibration graph of ammonium is linear in the
concentration range 5 x 102 to 2 x 10® M (y = 4.21 x 10° x + 62; R = 0.998). The
detection limit (signal-to-noise ratio of 3) of NHs* is 6 x 10-10 M in water solution, i.e.
0.14 ng m-3 (0.20 ppt) for NH3 resp. 3.52 ng m-3 (5.05 ppt) for NH4* in air.
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Fig. 1: Variations of concentration of NH3/NH4* during winter and summer campaigns
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INTRODUCTION

The impacts of Black Carbon (BC) on adverse public health and Earth’s climate
system have been recognized and evidenced in recent decades (Bond et al., 2013; WHO
2012). Black carbon (BC) is a primary carbonaceous aerosol and it contributes by less
than 10% to the total mass concentration of PM1g (particles with aerodynamic diameter
smaller 10 um) (Putaud et al., 2004). It is the most efficient light-absorbing aerosol
species in the visible spectrum. The wavelength dependence of light absorption by
collected aerosols has been widely used to investigate the influence of fossil fuel (e.g.
traffic emissions) combustion and biomass burning in ambient air (Sandradew et al,,
2008). Most of the studies on BC were conducted in urban/traffic areas. There are
relatively few studies using real-time measurements of BC at rural background areas,
especially in Central Europe. This study focuses on a 5-year measurement of BC at the
National Atmospheric Observatory KosSetice (49°35' N, 15°05' E), in central Czech
Republic. We aim to identify the potential sources of EBC, especially influence of fossil
fuel and biomass burning.

EXPERIMENTAL SETUP

The measurements of BC in PM1o were performed at 4 m above the ground with a
7-wavelength aethalometer (AE31, Magee Scientific). The BC data have been corrected
for loading effect (Virkulla et al.,, 2007). Measurement of PM1o (radiometry - beta ray
absorption), trace gases such as NO; and NOx (chemiluminescence), SO (UV-
photometric) and CO (IR abs. Spectrometry), biomass burning tracers such as
levoglucosan and mannosan (HPAE-PAD Chromatography) were performed at the
station during the same period. The elementary (EC) and organic carbon (OC)
concentrations in PM2s were measured from March 2013 to December 2017 by a field
Semi-Continuous OCEC Aerosol Analyzer (Sunset Laboratory Inc., USA). Meteorological
parameters (temperature, wind speed and direction) were recoreded.

The aethalometer model, based on the wavelength dependence of light
absorption (Angstrom coefficient), has been used to estimate BCpy, (BC from biomass
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burning) and BC¢ (BC from traffic) (Sandradew et al., 2008). The location of sources for
EBCbb and EBCff were identified using the Conditional Bivariate Probability Function
(CBPF) analysis using OpenAir software upon R package (Uria-Tellaetxe and Carslaw,
2014). The origins and the transport patterns of the air masses affecting the receptor
site have been investigated using Back Trajectory Cluster (BTC) analysis with
HYSPLIT_4 model (Stein et al., 2015). The Potential Source Contribution Function (PSCF)
was performed to estimate the probability of source location in a given area (Zikova et
al.,, 2016).

RESULTS AND CONCLUSIONS

The aethalometer model (a-value) was used to estimate the contributions of
fossil fuel and biomass burning on BC measured during a 5 years at a Central European
rural background area (Fig. 1). Seasonal, diurnal and weekly variations of BC were
observed that could be related to the sources fluctuations (ff and bb) and transport
characteristic.
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Fig. 1: Graphical abstract showing the Angstrom exponent, sources of BC and its
seasonal, diurnal and weekly variations.

The a-value measured in summer is 1.1 * 0.2, consistent with reported value for
traffic, while in winter the highest value (1.5 * 0.2) was observed due to increased
contribution of BCpb accounting for 40% of total BC. This result is in agreement with
maximum Delta-C (proxy for biomass burning) measured during this season. In winter, a
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strong correlation (R > 0.85) was found between BCp, and levoglucosan and mannosan
(organic tracers of biomass burning) and measured levoglucosan/mannosan ratio (4.8
0.7) was consistent with reported values for softwoods burning (Schmidl et al,, 2008).
The concentrations of BCpp and Delta-C reached a maximum level during the evening due
to domestic heating emissions. The increased operation of domestic heating devices
leads to slightly higher BCy, concentration during the weekend in comparison with
working days. The BCg¢ and combustion-related elements (NOx, NO2 and SO2) show
similar behavior with a typical morning peak that could be attributed to the morning
traffic rush hour. The contribution of BCs tends to decrease during the weekend due to
lower commuting in the rural area. The CBFP and PSCF analysis BCpp and BCs reveal a
high probality of sources localed in the Czech Republic and neighboring countries.
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INTRODUCTION

Cyanobacteria (CB), also known as ‘blue-green algae’, can present various water
quality problems and both human and animal health hazards. Recently, CB blooms occur
more frequently and extensively following anthropogenic eutrophication of aquatic
ecosystems and climate changes. Oral and/or dermal exposure routes to CB-
contaminated water are well-recognized and associated with a variety of acute and
chronic adverse human health effects (Buratti et al.,, 2017). Nevertheless, inhalation of
aerosolized CB compounds is another exposure route, since cyanobacteria and
cyanotoxins have been detected in aerosol and air samples collected nearby
cyanobacteria-contaminated waterbodies (Lewandowska et al, 2017; Wood and
Dietrich, 2011). Indeed, recreational activities in CB-contaminated waters have been
associated with respiratory symptoms such as irrigation in the upper respiratory tract
epithelium, asthma-like and flu-like symptoms, or pneumonia and toxic pneumonitis (eg.
Annadotter et al, 2005; Pilotto et al, 1997). Other compounds than exotoxins
originating from CB blooms, such as lipopolysaccharides (LPS) from CB and bacteria
associated with CB bloom, can also present challenges for human health, especially with
regard to asthma and allergic reactions (Annadotter et al., 2005; Bernstein et al., 2011;
Stewart et al.,, 2006).

This study focused to estimate the inhalation exposure to cyanobacteria and
cyanotoxins from several Czech waterbodies contaminated with CB bloom and their
toxicity for human respiratory tract using Beas-2B cell line originating from normal
human bronchial epithelium.

EXPERIMENTAL SETUP

The air sampling was performed at waterbodies contaminated with CB bloom (4
localities; Fig. 1) and a reference locality (reservoir for drinking water) using high
volume active sampler Digitel DH77 equipped with total suspended particulates (TSP)
inlet (Digitel, Switzerland). In order to mix the water during air sampling, we purchased
a water mill-like equipment developed by Coconut systems (Czech Republic) that was
placed in the water whilst the air sampler was standing next to the waterbody. The
aerosolized air was sampled by using a rubber tube with approx. 7 cm diameter
attached above the water mill-like equipment and leading to the inlet of the air sampler
(Fig. 2). Air was sampled for approx. 48 hours at each locality with the average sampling
rate 535-550 L/min, TSP from the air have been trapped on a quartz fibre filter
(Whatman QMA 150 mm). Additionally, grab water samples were taken into rinsed PET
bottles and biomass was sampled from the waterbody and concentrated in a plankton
net (20 um) at the end of air sampling. 15 ml of each grab water and concentrated
biomass sample were fixed with 4% formaldehyde and immediately sent for taxonomic
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analyses (Tab. 1). Samples were stored at -70°C until the next procedures. Subsequent
analyses included instrumental analysis of cyanotoxins (LC-MS/MS), endotoxin
quantification, genome analysis and bioassays with human bronchial epithelial cell line
Beas-2B. Different extraction methods were used to best estimate the potential exposure
of human bronchial epithelium and resulting health outcomes (see scheme on Fig. 3).
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Fig. 1: Map of sampling localities. MOS, Mostisté (reference locality), BD, Brno dam,
OLS, Olsovec, SVR, Svratka, SYK, Sykovec.

Fig. 2: Active high volume air sampler Digitel DH77 (Digitel, Switzerland) connected by
rubber tube with a water mill-like equipment (Coconut systems, Czech Republic).
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Tab. 1: Characterization of sampling localities.

Locality Sampling Sampled Cyanobacterial taxonomy
dates air volume (grab water sample)
(m3)

MOS Aug 1526 Green algae 85%
Mostisté 27-29 Brown algae 5%
reservoir Cyanobacteria 10%
(referencel.)
BD Sep 1624 Cyanobacteria 100%
Brno dam 18-20 (major: Aphanizomenon klebahnii 90%,

Microcystis aeruginosa 10%)
OLS Aug 7-9 1538 Cyanobacteria 100% (major:
Olsovec pond, M. aeruginosa 70%, Dolichospermum
Jedovnice flos-aquae 20%)
SVR July 30 - 1515 Green algae 5%
Svratkariver, Aug?2 Brown algae 10%
Brno, Cyanobacteria 85%
Veslarska (major: M. aeruginosa 30%,

M. wesenbergii 30%, M. viridis 10%)
SYK Aug 1539 Cyanobacteria 100%
Sykovec pond, 29-31 (major: M. wesenbergii 99%)
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RESULTS AND CONCLUSIONS

In the warm summer 2018, 4 localities with CB bloom were chosen for our study.
Microcystin-LR (MC-LR) and MC-RR total water concentrations (filtered water + CB
biomass) were the highest out of measured cyanotoxins, ranging between 0.2-10.3 and
0.1-3.4 pg/l, respectively (Tab. 2). MC-LA and nodularin were under the limit of
detection (LOQ; 1 ng/l) at all localities, concetration of other measured cyanotoxins
ranged <LOQ-0.8 pg/l (Tab. 2). No CB bloom and very low algae cell counts were
observed at the reference locality MostiSté that serves as a reservoir for drinking water
supply. Accordingly, concentrations of all measured cyanotoxins were very low, ranging
between <LOQ-0.1 ug/l.

Tab. 2: Concentration range of cyanotoxins in grab water samples.
MC-LR MC-RR MC-LF, - LW, -LY, -YR, -WR, ATX, CYN
Total water 0.2-10.3 0.1-34 <L0Q-0.8

conc. (ug/1)*
*LOQ =0.001 pg/1 of water sample
Abbreviations: MC, microcystin, ATX, anatoxin, CYN, cylindrospermopsin

The waste majority of cyanotoxins was present in the biomass (intracellular
fraction, IC) and only minor amounts of cyanotoxins were dissolved in water or bound to
other materials (extracellular fraction, EC) as demonstrated at the locality Brno dam
(Tab. 3). EC fraction of MC is typically less than 30% of total MC content in water,
whereas dissolved cylindrospermopsin (CYN) concentrations are generally higher than
the intracellular ones (Buratti et al, 2017) and we observed the same trend across
localities. Concentration levels of cyanotoxins were comparable with those measured
previously in the Czech Republic (Blahova et al., 2009, 2008) and in lakes across Europe
(Mantzouki et al., 2018).

Only the most abundant out of all measured cyanotoxins, MC-LR, was detected in
the air filter in concentration 92 fg/m3 air (Tab. 3). Such concentration is not considered
to represent either acute or chronic hazard to humans (Wood and Dietrich, 2011).

Tab. 3: Concentrations of cyanotoxins in water and air samples from Brno dam (BD).
MC-LR MC-RR MC-LF MC-LW MC-LY MC-YR MC-WR

IC (ng/1)* 10200 3253 21 65 77 743 260
EC (ng/1)* 69 150 <LOQ <LOQ <LOQ 9 <LOQ
Total water 10269 3403 21 65 77 752 260
conc. (ng/1)

Air BD (fg/m3)™ 92 <L0Q <L0Q <L0Q <L0Q <L0Q <L0Q

*LOQ =1 ng/l of water sample
*L0OQ = 33 fg/m3 of sampled air
Abbreviations: IC, intracellular concentration, EC, extracellular concentration, MC, microcystin
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Across all localities, the IC fraction of cyanotoxins and other CB compounds
extracted by methanol from waterborne cyanobacteria was more cytotoxic towards
Beas-2B cells than the EC fraction, whereas LPS isolated from the biomass had no effect
on the viability of the bronchial epithelial cells (see Fig. 4 as an example).

Further, effects of LPS isolated from the biomass on the inflammatory response in
human bronchial epithelial cells were assessed. LPS isolated from Brno dam sample was
much more potent than samples from other localities, with bigger changes in IL-6 levels
than IL-8 (Fig. 5). These results indicate that inhalation of aerosolized CB bloom from
Brno dam may trigger inflammatory response of human respiratory tract with greater
possibility than in other studied localities. Indeed, several members with diagnosed
asthma that have been training rowing in Brno dam during CB bloom expansions have
reported exacerbation of their asthma and irritations of the upper respiratory tract
(personal communication).
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Fig. 4: Viability of Beas-2B cells after exposure to concentration range of Brno dam
water sample. (A) EC, extracellular fraction, (B), IC, intracellular fraction, (C) LPS.
Values expressed as fraction of control (FOC) + SD in comparison with negative (non-exposed) control
(NC; FOC =1, indicated by the dotted line). * significantly different values from negative control (ANOVA
followed by Dunnett’s post-hoc test, p < 0.05).
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Fig. 5: Release of interleukins IL-6 and IL-8 from Beas-2B cells after exposure to LPS
from different localities. (A) IL-6, (B), IL-8.

Values expressed as fraction of control (FOC) = SD in comparison with
negative (non-exposed) control (NC; FOC = 1).
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SUMMARY

Fused deposition modelling (FDM) is currently the most popular and available 3D
printing method of thermoplastics. Emissions of aerosol particles were experimentally
studied during standardized FDM printing period for commercial 3D printer with ten
various printing filaments. Maximum particle number concentration varied from 103 to
106 particles/cm3, depending on the used printing material.

Secondly, thermoplastic filament samples have been exposed to their printing
temperatures during thermogravimetric analysis (TGA). A correlation has been
observed for the total particle emission during FDM and TGA and the study suggests that
TGA of the material samples can be used to estimate the emission of aerosol particles
during printing processes.

0voD

Aditivni vyrobni technologie si v poslednich nékolika letech proSly vyznamnym
rozvojem a rozs$irily se ve svych riiznych formach nejen do sféry primyslu a védy.
Nejvice zastoupenou metodou aditivni technologie v domacnostech, Skolach a dilnach je
tzv. Fused Deposition Modelling (FDM). Tato metoda vyuzivd termoplastti, které jsou
béhem tisku zahraty na teploty okolo 160 az 300 °C. Tim je umoznéno jejich taveni a
extruze, ktera probiha nejprve na podloZzku tiskarny a nasledné na predesle nanesenou
vrstvu materialu. Vyvoj a rozSirovani materialti dostupnych pro 3D tisk probiha velice
rychle a snahou vyrobcli je zejména dosdhnout lepSich mechanickych vlastnosti a
tepelné a chemické odolnosti vyrobkd.

Intenzivni expanze tohoto odvétvi by na sebe vSak méla vazat také zvysSeny zajem
o vlivy procest aditivni vyroby na vnitini prostredi budov. Vroce 2013 bylo poprvé
publikovano zjisténi, Ze béhem FDM tiskové ulohy dochazi k uvoliiovani ultra-jemnych
aerosolovych castic (Stephens et al. 2013). Déle se podarilo vysetrit vétsi skalu tiskovych
material{, tiskaren a podminek, jez mohou hrat roli na emise jemnych c¢astic. Vyrobci
tiskaren a filamenti zacali dopliiovat své vyrobky o informace o vysSich emisich
nékterych materialli a k tiskarndm nyni nabizi kryty a filtra¢ni systémy.

Aerosoly uvolnéné pfri tiskovych ulohach byly identifikovany jako produkty polo-
tékavych organickych sloucenin (semi-volatile organic compounds - SVOCs) (Gu et al.
2019). Vétsina studii také potvrdila, Ze nejvétsi pocetni zastoupeni maji ¢astice mensi
nezZ 100 nm. Velikostni distribuce Castic se méni béhem samotné tiskové ulohy.
Typickym jevem je prudky nardst koncentrace Castic po zahajeni tisku a nasledné
sniZeni koncentrace a zvySeni velikosti castic, tzv. banana shape distribution (Vance et
al. 2017).

Tento prispévek rozsifuje znalosti o emisich ¢astic béhem standardizované FDM
tiskové ulohy pri pouziti deseti rliznych filamentl. Dale jsou vzorky filamenti
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podrobeny termogravimetrické analyze pri ohfevu na jejich doporucovanou tiskovou
teplotu. Hlavnim cilem poté bylo data z obou metod porovnat a ze vzniklé korelace
vytvorit funkci pro odhad emisi ¢astic béhem FDM a TGA.

METODY MEREN{

Prvni metodou méreni bylo vyhodnocovani distribuce emitovanych ¢astic béhem
FDM tiskové tulohy. PouZita byla tiskarna Ultimaker 3 Extended a testované materialy
byly (v zavorce je uveden obchodni nazev a producent): Polymlécna kyselina (PLA
Polyplus, Polymaker), PLA Green (Ultimaker), PLA Silver (Ultimaker), Termoplasticky
polyuretan (Polyflex, Polymaker), Polyvinylalkohol (PVA, Ultimaker), Akrylonitril-
butadien-styren (ABS, Filamentum), Kopolyester (CPE, Ultimaker), Polykarbonat (PC,
Ultimaker), Akrylonitril-styrén-akrylat (ASA, Filamentum) a Nylon (Ultimaker).

Tiskarna byla prodysné zakrytovana a pomoci ventilatoru byla zajiSténa vnitini
cirkulace vzduchu. Ve vzdalenosti 10 cm od trysky extrudéru byl umistén odvod
vzduchu do jednotky SPMS a CPC. Pomoci této aparatury byla stanovovana distribuce
castic (16.5 nm aZ 583 nm) v minutovych intervalech. Méreni bylo vykonavano také pro
Casové okamziky pred a po samotné tiskové uloze kvili urceni koncentrace castic
v prostoru tiskarny na pocatku experimentu a pro urceni ztratového Clene béhem a po
skonceni tisku. Tisk probihal vZdy po dobu jedné hodiny a vyslednym produktem byl
jednoduchy valec s 30-40% materidlovou vyplni v zavislosti na pouZitém materialu kviili
dodrZeni stejného ¢asového schématu. Casové schéma tiskového procesu, viz Obr. 1.
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Obr. 1: Casové schéma tiskového procesu zobrazujici poéetni distribuci ¢astic pro
material polykarbonat

Druha metoda se tykala tepelného zatéZovani vzorku filamentu pomoci pristroje
pro TGA. Opét bylo vyuZito aparatury SMPS a CPC pro odvod plynu z TGA. Vzorky byly
zahtivany rychlosti 10 Kza minutu aZ na jejich doporucenou teplotu tisku. Nasledné
byly pri této teploté ponechany jednu hodinu.
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VYSLEDKY, DISKUSE, ZAVERY

Ze ziskanych dat z méreni FDM tiskové ulohy lze materialy rozdélit na dvé
skupiny podle maximalni poCetni koncentrace, viz Obr. 2.
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Obr. 2: Srovnani pocetni koncentrace (#/cm3) v zavislosti na ¢ase (min) pro jednotlivé
filamenty béhem standardizované FDM tiskové ulohy

Zatimco pro pét materidli koncentrace v tiskarné nevystoupila nad 2-10%
¢astic/cm3, pro zbylych pét byla docasné vétsi nez 5-105 ¢astic/cm3. Materidly, které
emitovaly vétSi pocty ¢astic béhem FDM, se odlisSovaly od prvni skupiny i béhem TGA
meéreni. K emisi Castic pri TGA u nich dochazelo béhem celého hodinového intervalu
vydrze na tiskové teploté. Toto v pripadé materiali s nizsi emisi ¢astic pri FDM neplatilo
a Castice byly identifikovany zejména pri kratSim casovém intervalu béhem procesu
ohrevu vzorku na teplotu tisku. Také bylo potvrzeno, Ze maximalni koncentrace je
dosazeno pri pocatku tiskové ulohy a poté Kkoncentrace Castic vyrazné Kklesa.
Z praktického hlediska Ize doporucit uzivateliim nepobyvat poblizZ FDM tiskdrny béhem
zacatku nové tiskové ulohy.
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Hodnoty celkového poctu castic pri standardizovanych mérenich z TGA a SMPS
ukazaly korelaci, viz obr. 3. Na zakladé této korelace byla vytvorena odhadova funkce,
ktera umoznuje predikovat hodnoty celkového poctu Castic pro FDM (PNgpm,toT.est) na
zakladé dat z TGA, nebo naopak (PNrgatoTest). TGA se ukazala jako vhodna metoda pro
odhad emise materidlu pti FDM a mohla by se tak v praxi vyuzit pro efektivnéjsi a
citlivéjsi testovani novych a recyklovanych materiald. Pomoci TGA Ize navic ziskat dalsi
informace o materialu, jako napt. ibytek hmotnosti filamenti a jejich tepelnou stalost.
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Obr. 3: Korelace mezi celkovym poctem ¢astic emitovanych béhem TGA a FDM, ktera
umoznuje predikci celkového poctu ¢astic z TGA nebo FDM, jestliZe je druha znama

PODEKOVANI

Autofi prace dékuji za podporu grantu ¢. FV 19 - 33 ,Emise aerosolovych ¢astic
pii provozu 3D tiskarny za pouziti riznych materialti filamentu a rlznych trysek
extruderu“.
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SUMMARY

This paper presents the experimental identification of fine combustion particles
emitted by domestic biomass combusting boiler. Spruce pellets with a moisture content
of 11% were used as a fuel. The production of fine particles was monitored by SMPS
method in four operating modes: cold start, warm start, stabilized operation and
afterburning. The morphology and chemical compositions of particles were observed by
SEM microscope method and analyzed with EDX. The study proved that in a heated
combustion chamber a smaller number of particles are formed than in a chamber with
cold walls.

UvoD

Pfi hodnoceni C(istoty ovzdu$i je pozornost obecné vénovana plynnym
zneciStujicim latkdm a ¢asticim rozptylenym v atmosfére. Pii studiu ¢astic v atmosfére je
spole¢né s pokrokem meérici techniky pozornost vénovana stidle menSim a mens$im
casticim. Ultrajemné castice vznikaji nejcastéji za vysokych teplot, procesem kondenzace
tékavych latek. Hlavnim emitentem ultrajemnych ¢astic v prizemni ¢asti atmosféry jsou
spalovaci procesy realizované ve spalovacich motorech automobilli a stacionarnich
kotlich.

Vyzkum tvorby Castic ve spalovacich zatizeni je nutny pro pochopeni vzajemnych
vztahl dil¢ich procesii ve spalovaci komote. Z dosavadnich vysledkl je ziejmé, Ze
provozni parametry jsou jednim z nejcastéji zminovanych faktorti vyznamné
ovliviiujicich produkci jemnych ¢astic v malych spalovacich zarizenich. Pouze velmi
omezené mnozstvi publikovanych studii se vénuje kvantifikaci produkce ¢astic z malého
kotle pii zméné a nestabilnim priibéhu provoznich parametri. Uvedenymi skutecnostmi
bylo motivovano vykonani této studie, ktera se vénuje studiu produkce jemnych castic z
automatického peletového kotle v priibéhu proménlivého provozniho cyklu. V rdmci
studie byla detailné sledovana produkce Castic v priibéhu ¢ty konkrétnich provoznich
stavil: studeny start, teply start, kontinudlni provoz a dohotivani. Produkované jemné
castice byly sledovany ve spalinovém vydechu automatického kotel spalujiciho smrkové
pelety.
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METODY MEREN{

Pro experimentalni méreni byl vyuzit automaticky kotel Ekoscroll Alfa od
vyrobce Ekogalva, s.r.o. Tento kotel je modernim kotlem 5. emisni tfidy (A+) uréenym
pro spalovani pelet kvality A1 dle CSN EN ISO 17225-2. Kotel je uréen pro vytapéni
rodinnych doma a malych objekti. Ke kotli je pfipojen zasobnik pelet o objemu 330 L
Automaticky podavac paliva je ovladan fidicim pocitacem. Podavac odebira pelety ze
zasobniku a dle naprogramovaného algoritmu je davkuje do hotfdku pro dodrZeni
pozadovaného tepelného vykonu. V hoiaku probiha spalovani pelet s rizenou dodavkou
primarniho a sekundarniho proudu vzduchu.

Proud spalin o teploté az 1200 °C vychazi z hotdku v horizontalnim sméru. Proud
spalin se nasledné obraci a stoupa do vertikadlniho dohotivaciho kanalu. V tomto kanalu
jsou umistény vnitini vestavby, které zasadnim zplisobem ovliviiuji smér proudéni a
promichavani spalin. Spaliny dale pokracuji do chlazeného prostoru kotle. Zde spaliny
predavaji tepelnou energii chlazenym teplosménnym plochdm zafenim a konvekci.
Vnitini teplosménné plochy a plast kotle jsou chlazeny vodou. Teplota povrchi
teplosménnych ploch je blizka 80 °C. Teplota spalin opoustéjicich kotel je cca 140 °C.
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Obr. 1: Schéma geometrie vnitiniho prostoru kotle Ekoscroll (vlevo) a schéma odbéru
jemnych ¢astic (vpravo)

\ A
BRI K.

111

condensation
CPC

Méreni jemnych c¢astic probéhlo pomoci pristroje SMPS (Scanning Mobility
Particle Sizer) od spole¢nosti TSI. Cast spalin ze spalinovodu byla odebirana ptiblizné
jeden metr nad ustim z kotle. Pomoci rotacni diskové redi¢ky (Rotating Disk
Thermodiluter) se spaliny naredily s ¢istym vzduchem v poméru 1:8. Nasledné vstoupily
do zarizeni SMPS, kde byly roztfidény na monodisperzni aerosol pomoci DMA
(Differential Mobility Analyzer). Koncentrace ¢astic byla urCena optickou metodou
pomoci zarizeni CPC (Condensation Particle Counter). Schéma zapojenti je zobrazeno na
Obr. 1.

Elektricky ohrivana topna ty¢ valcového tvaru s povrchem o teploté 390 °C byla
pouzita pro automatické zapalovani pelet v priibéhu studeného i teplého startu. Casovy
interval 10 minut byl nezbytny pro realizovani studeného startu do plného rozhoreni
peletového hotaku. Méreny byly ¢astice v rozsahu od 18 do 550 nanometrt. Odbér castic
probihal po dobu 100 minut. Tab.1 prezentuje hlavni charakteristiky testovanych
smrkovych pelet.
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Tab. 1: Vlastnosti testovanych palivovych pelet

M Spalné Obsah ve spalinach
Palivo R[OHZII:I:? VIF)Z(])St teplo NO co 0,
[M]/kg] | [mg/m3] [mg/m3] [%]
smrkové | g 10 | 11,03 | 16,96 350 27,3 9,3
pelety

VYSLEDKY, DISKUSE, ZAVERY

Namérend koncentrace a velikostni distribuce castic identifikovand meéfici
aparaturou v pribéhu celé testovaci sekvence provoznich stavii je zobrazena na Obr. 2.
V pocatecnich okamzicich studeného startu je pozorovan vznik mensiho mnoZstvi
vétSich castic. Velmi rychle dochazi k vyznamnému nardstu koncentrace castic s
velikosti od 100 do 250 nm. S postupnym rozhorivanim kotle (zahrivanim spalovaci
komory) dochazi k vétSi produkci mensSich velikosti ¢astic. SouCasné dochazi ke
snizovani produkce nejvétsSich mérenych castic. V pribéhu kontinualniho chodu kotle
jsou dominantné produkovany ¢astice v rozmezi velikosti 60 az 170 nm.

Cold start Stabilized operation Phase-out Warm start Stabilized operation
- - PP Pt 7
550 + 10-10

500 + 9

450 +

‘min™")

Particle diameter (nm)

Normalized particle number (nm

0 R A T P 0 s %

Time (min)
Obr. 2: Priibéh koncentrace a velikostni distribuce jemnych ¢astic ve spalinach, smrk
(Cold start - studeny start; Stabilized operation - stabilni horeni; Phase-out — dohorivani;

Warm start - teply start).

Rizeny utlum kotle se projevuje mirnym nar@stem velikosti produkovanych
Castic pri zachovani maximalni koncentrace ¢astic. Faze Gtlumu trvala cca 5 minut. Na
konci tohoto intervalu doSlo k velice rychlému poklesu koncentrace produkovanych
¢astic a nasledné k ukoncenti jejich produkce. V 78. minuté mérici sekvence byl zahajen
Jteply start”, tj. zapalovani paliva v horké spalovaci komore. Teplota nechlazenych
povrchl v blizkosti hordku byla vétsi nez 200 °C. V priibéhu zapalovaciho intervalu
doslo pouze k mirnému nartstu velikosti a koncentrace produkovanych jemnych c¢astic
nad uroven piisluSnou kontinudlnimu chodu kotle. Od 88. minuty méreni byla produkce
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spalovacich castic stabilizovana na hodnotach odpovidajicich kontinualnimu provozu
kotle.

Na obrazku 3 jsou zobrazeny snimky jednoho z odebranych vzorkli na
polykarbonatové filtry (37 mm, 4 pm, SKC, Inc.). Provedena byla manudlni analyza
vzorku na vybranych ¢asticich. Nejvyssi podil prvkového zastoupeni v procentech je u
uhliku (C), kysliku (0), ale také kiremiku (Si), sodiku (Na), drasliku (K), horciku (Mg),
vapniku (Ca) a zinku (Zn). Pti analyze vzorkii metodou SEM (MIRA3, Tescan Ltd.) je
dllezité si zarovenn uvédomit omezeni sledovani morfologie Castic, kdy je zobrazeni
dvoudimenzionalni.

! et
SEM HV: 10.0 kV WD: 7.00 mm
View field: 6.03 ym Det: SE
SEM MAG: 138 kx  Date(m/dly): 10/25/18

1pm

Obr. 3: Snimek analyzovanych ¢astic SEM s EDX (MIRA3, Ltd.)

V soucCasné dobé ovSem zadné metody zobrazeni vzorkii ve tieti dimenzi
neumoziuji. Morfologie castice je jednim ze vstupnich ddaji pro hodnoceni rizik
jemnych ¢astic dle v sou¢asné dobé znamych metod. U¢innost depozice v respira¢nim
traktu Clovéka je zavisla mj. pravé na velikosti Castic, kdy napriklad ¢astice o velikosti 1 -
100 nm nejvice deponuji v tracheobronchidlni oblasti (pridusnice, pridusky,
priadusinky, plicni sklipky), ¢astice o velikosti 1 - 10 um pak predevsim extrathorakalni
oblasti (mimohrudni). Z provedenych experimentalnich méreni je mozZné formulovat
nasledujici provozni doporuceni. Pro omezeni produkce jemnych c¢astic pri spalovani
biomasy je zasadni, aby povrchova teplota stén spalovaci komory byla dostatecné
vysokd. Ve vyhraté spalovaci komore vznika mens$i mnoZstvi Castic neZ v komote
s chladnymi sténami. Také v pribéhu zapalovani paliva ve vyhraté komoie dochazi
k vyrazné mensi produkci jemnych Castic v porovnani se studenym startem. To vede
k upfednostnéni modulace vykonu kotle pred cyklickym vypinanim a zapalovanim kotle.
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CASTIC
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SUMMARY

This contribution deals with calibration of instruments for measurement of
aerosol polydisperse dust particles. Possible implementations of this calibration will be
summarized. Currently performed development, construction and testing of laboratory
calibration setup with gravimetry as reference measurement method will be presented.

UvoD

Prednaska nejprve predstavi mozné zplsoby kalibrace pristroji méticich
aerosolové polydisperzni prachové castice. Dale bude predstaven aktualné provadény
vyvoj, stavba a testovani laboratorni kalibra¢ni aparatury pro méreni prachovych ¢astic
s gravimetrii jako referen¢ni mérici metodou.

METODY MEREN{

Prototyp mérici aparatury se sklada z kovové vertikalni trubice pro homogenizaci
aerosolu, ktery vstupuje v horni casti a je méfen ve spodni Casti. Pro generovani
aerosolu byl testovan generator vlastni vyroby pro suchou disperzi pevnych ¢astic a
generator vyrobce TSI Small-Scale Powder Disperser 3433. Je diskutovana selekce
jednotlivych PM frakci riznymi metodami pro referen¢ni gravimetrii, ktera vyuziva
filtr ze sklenénych mikrovlaken. NavaZka na filtrech je méfena v CMI na oddéleni
primarni etalonaZe hmotnosti. Kromé vyvoje aparatury bude podrobné rozebrana
norma ISO 12103-1, ktera specifikuje rozdéleni velikosti ¢astic Ctyi druht testovaciho
prachu, a norma ISO 13320.

ZAVERY

Kalibrace pristrojii méricich aerosolové polydisperzni prachové ¢astice miize byt
provedena rlznymi zplisoby, pomoci riznych druht prachovych ¢astic. Dany zptlisob
kalibrace byvd mnohdy dany volbou vyrobce métidla ¢i jeho operatora. Cilem je vidy
ziskat spolehlivé, opakovatelné a porovnatelné vysledky. Tato prednaska ma za cil
ukazat, kterou cestou jsme se vydali na CMI a jakou problematiku aktualné fe$ime p¥i
stavbé a testovani kalibra¢ni aparatury.
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SUMMARY

We carried out a series of measurements at various measuring stations in Zilina,
Slovakia, during different measuring seasons. The main objective was to find out the
diversity of particulate matter sources in Zilina. The search for the particulate matter
origin was carried out by particulate matter measurements, determination of the
particulate matter fraction concentrations (PM1o, PM2s5, and PM1), chemical analyses of
particulate matter, and multivariate statistical analyses. A varied behavior of the
particulate matter with respect to the measurement station and the measurement
season was found. Differences in the concentrations of investigated chemical elements
contained in the PM were found. The coarse fraction PM25.10 was mainly represented by
the chemical elements Mg, Al, Si, Ca, Cr, Fe, and Ba and the fine fraction PM2s was
represented by the chemical elements K, S, Cd, Pb, Ni, and Zn. Road transport as a
dominant source of PM1o was identified from all measurements in the city of Zilina by
using the multivariate statistical methods of principal component analysis - PCA and
factor analysis - FA.

UvoD

Medzi hlavné zdroje znecistenia ovzduSia v mestskych oblastiach patria emisie
vyfukovych plynov, resuspenzia cestného prachu a vykurovanie domacnosti drevom
a uhlim. Ide o zdroje, ktoré produkuju emisie do okolitého ovzdusia vo vertikalnej vySke
pod 20 m, ¢o vedie k vyznamnému vplyvu na uroven koncentracii polutantov v dychacej
zone l'udi [Jandacka et al.,, 2017, Pant - Harison, 2013, Thorpe - Harison, 2008]

Predovsetkym tuhé castice (PM) su problematickou znecistujiucou latkou
v mestach, pricom koncentracie PM2s resp. PM1o ¢astokrat prekracujd limitné hodnoty
pre ochranu zdravia l'udi [EEA, 2013, EEA, 2016, WHO, 2006].

Hlavnym zdrojom znecistenia ovzduSia PM v mestskom prostredi su spal'ovanie
pohonnych hmot, resuspenzia cestného prachu (obrus sucasti automobilov a porchu
vozoviek), spal'ovanie dreva a uhlia [Thorpe - Harison, 2008, Jandacka et al., 2017, Ho et
al., 2003]. Emisie z cestnej dopravy priamo ovplyviiuju chodcov v mestskom prostredi.

Zdravotné rizika tuhych castic si hlavne predurcené ich chemickym zloZenim.
Mo6Zu obsahovat rozne nebezpecné chemické prvky a zliceniny [Davidson et al., 2005,
Mikuska et al., 2015].
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METODIKA MERANIA

Merania tuhych ¢astic boli realizované na 6 meracich stanovistiach v meste Zilina.
Na kaZdom meracom stanovisti sa meralo 7 dni:

- meracie stanoviSte Namestie A. Hlinku: 22. - 28. februara 2018,
- meracie stanoviste Komenského ulica: 01. - 07. marca 2018,

- meracie stanovisSte KoSicka ulica: 19 - 25. aprila 2018,

- meracie stanoviste Univerzitna ulica: 14. - 20. novembra 2017,
- meracie stanoviste Strkova ulica: 9. - 15. méja 2018,

- meracie stanoviste ulica Vysokoskolakov: 9. - 15. aprila 2019.

Boli merané tuhé castice roznych frakcii PMio, PM2zs aPMi s pouzitim
gravimetrickej metddy. Celkovo bolo odobranych 126 vzoriek tuhych castic (42 vzoriek
kazdej frakcie), ktoré boli ndsledne podrobené chemickym analyzam.

Chemické analyzy boli realizované pomocou hmotnostnej spektrometrie
s indukcéne viazanou plazmou (ICP-MS) na pracovisku Centra dopravniho vyzkumu,
Brno. Chemické analyzy boli zamerané na stanovenie mnoZstva vybranych kovov (Mg,
Al Si, K, Ca, S, Cr, Cu, Fe, Cd, Sb, Ba, Pb, Ni, a Zn) v tuhych casticiach.

Vyhodnotenie zastipenia jednotlivych vybranych chemickych prvkov bolo
realizované pomocou viacrozmernych Statistickych metod PCA, FA za i€elom stanovenia
profilu zdrojov zneéistenia ovzdusia v meste Zilina.

VYSLEDKY MERANI{

Koncentracie tuhych ¢astic vykazovali r6zne hodnoty vzhl'adom na rézne meracie
stanovistia [Jandacka et al., 2018]

Zastapenie chemickych prvkov vjednotlivych frakcidch tuhych castic bolo
vyhodnotené ako pre jednotlivé meracie stanovi$tia, tak pre celé mesto Zilina
(priemerné koncentracie chemickych prvkov zo vsetkych odobranych vzoriek) (Obr. 1,
2).

PM, 5
S
Cr
52,43% s Sl
0,04% 5o

Ca
15,31%

Obr. 1: Zastupenie vybranych chemickych prvkov v jemnej frakcii PM2 s vyhodnotené zo
vsetkych merani v meste Zilina
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Obr. 2: Zastupenie vybranych chemickych prvkov v jemnej frakcii PM25.10 vyhodnotené
zo vetkych merani v meste Zilina

Skimanim jednotlivych frakcii tuhych castic a mnoZstva analyzovanych
chemickych prvkov sa zistila vyraznejsSia pritomnost niektorych chemickych prvkov
vjemnej frakcii PM2s (K, S, Cd, Pb, Ni, Zn) a niektorych chemickych prvkov v hrubej
frakcii PM25.10 (Mg, Al Si, Ca, Cr, Cu, Fe, Sb, Ba) (Obr. 3).

10

Al Si K Ca ) Cr Cu Fe Cd Sh Ba Pb Ni Zn

Mg

PM 2.51”PM 2.5-10
R =] [+.4]

o]

Chemicky prvok

Obr. 3: Vyhodnotenie pomeru koncentracie vybranych chemickych prvkov v jemnej
frakcii PM25 ku frakcii PMz25-10

DISKUSIA A ZAVERY

Monitoring zneéistenia ovzdu$ia v meste Zilina bol zamerany tieZ na tuhé
znecistujuce latky frakcii PM1o, PM25 a PM1. Tieto tuhé castice obsahuju rézne chemické
prvky, ktorych rozlozZenie v jednotlivych frakcidch tuhych castic m6zu naznacovat
pritomnost a skladbu ich zdrojov. Z uskutonenych vyhodnoteni zastipenia vybranych
chemickych prvkov vyplynulo, Ze niektoré chemické prvky sa prevazne nachadzaju
v jemnej frakcii PMzs: K, S, Cd, Pb, Ni, Zn a niektoré v hrubej frakcii PMz;5.10: Mg, Al, Si, Ca,
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Cr, Cu, Fe, Sb, Ba. Vjemnej frakcii PMz5 bol najvyraznejSim prvkom sira, pricom
prihliadntc na charakter vzniku jemnych castic PM25, m6Zeme predpokladat’ spal'ovanie
ako zdroj vstupujuci do tvorby tuhych castic. V hrubej frakcii PM2;5.10 boli vyraznejsie
prvky vapnik, Zelezo, pricom Ccastice tychto vel'kosti mdézu vznikat predovSetkym pri
obrusovani roznych sucasti cestnej dopravy a povrchu ciest a dostavat sa do ovzdusia
resuspenziou. Tieto Uvahy nam podporili aj uskutoCnené viacrozmerné Statistické
analyzy (PCA, FA), ktoré odhalili vnitorné prepojenia medzi jednotlivymi vybranymi
chemickymi prvkami. Chemické prvky sa rozdelili do dvoch potencionalnych zdrojov
tuhych castic PM1o nasledovne: Faktor 1: Mg, Al, Si, Ca, Cr, Cu, Fe, Sb, Ba a Faktor 2: K, S,
C, Pb, Zn. Vstupnd matica pre viacrozmerné Statistické analyzy obsahovala vsetky
ziskané udaje o koncentraciach chemickych prvkov zo vSetkych merani.
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INTRODUCTION

Carbonaceous aerosols are routinely monitored in their basic forms - organic
carbon (OC) and elemental carbon (EC) - at many atmospheric stations. In such cases,
accuracy of measurement is important both in terms of using these data for long-term
studies and their use in various models.

In this work, we tested the possibilities of an on-line Sunset Lab. EC/OC analyser
during measurements when aerosol concentrations were close to detection limits
declared by the manufacturer.

EXPERIMENTAL SETUP

Two-month (Oct-Nov 2015) measurements were performed at the background
subarctic station Sammaltunturi (67°5824"'N, 24°06°58"'E), which is the part of Pallas-
Sodankyla GAW station located in Lapland, the northernmost region of Finland.

For the study, data measured in 8 h time resolution on two simultaneously
running on-line EC/OC analysers at total and interstitial inlets were used. Collected
samples were analysed by shortened EUSAARZ protocol and OC fractions (evolved
based on different volatility/ evaporated from the sample at individual temperature
steps) were also studied. In parallel to EC/OC measurements, equivalent black carbon
(eBC) was measured using an aethalometer and MAAP (Fig. 1).

Total inlet Interstitial, inlet

!

EC/OC Aethalometer| | EC/OC
unit A AE31 unit B

Fig. 1: Scheme of instrumental sampling.

MAAP

RESULTS AND CONCLUSIONS

Analysis of OC data showed that even though the OC concentrations were always
above the analyser detection limit, up to 70% of given concentration was a contribution
of the dynamic blank (gaseous phase). The concentrations of the most volatile fraction
0OC1 (<200°C) were usually in the range of values of an average dynamic blank. The
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major part of OC aerosol phase was present in the least volatile fractions OC3 (evolving
at 300-450°C) and 0C4 (450-650°C).

Thermal EC concentrations were below declared detection limit during main part
of the measurement period. Firstly, data were evaluated by program RTCalc (provided
by Sunset Lab.) in version 526, however, the results were biased by wrong
determination of automatic OC-EC split point, which usually led to an overestimation of
real EC concentrations. Secondly, raw data were evaluated by newly released RTCalc703
with new option for laser-temperature correction. Results from RTCalc703 provided
improved values of thermal EC even during very low aerosol concentrations. It was
supported by comparison with equivalent black carbon (eBC) concentrations measured
in parallel by aethalometer (Fig. 2).

Last but not least, a comparison of eBC data was carried out on laser
measurement of on-line Sunset Lab. analyser (Zikova et al., 2016) together with results
from other optical instruments (aethalometer and MAAP). It shows that eBC resulting
from Sunset Lab. instrument also provide a reasonable alternative to EC values
measured during low aerosol concentrations.
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Fig. 1: Comparison of eBC from aethalometer with results of EC (from total inlet)
calculated by RTCalc software versions 526 (blue) and 703 (red).
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INTRODUCTION

Although inhalable fibres are mostly regarded as dangerous and harmful because
they are mostly associated with asbestos, several authors have recommended the
application of tubular or fibrous particles for drug delivery. Chan and Gonda (1989)
were among the first who ventured to enter the unexplored realm of pharmaceutically
usable fibres. They prepared fibres from cromoglycic acid which has low solubility in
water and therefore should not experience significant hygroscopic growth in the
airways. Johnson et al. (2000) suggested packing tubular shell particles with an active
pharmaceutical ingredient (API) to maximise the per particle dose while targeting distal
regions of lungs. Martin and Finlay (2008) have demonstrated the applicability of
magnetic field targeting of magnetite-loaded fibres for efficient delivery to specified
locations in lungs and encouraged other researchers to develop formulations with
fibrous aerosol incorporating chemotherapeutic agents for the treatment of lung cancer.

Despite those courageous attempts, the application of fibres in pharmaceutical
formulations remains far beyond its potential. The key reason for this unexploited
opportunity grounds in the missing model for precise prediction of fibre transport in
human airways. The pharmaceutical companies cannot afford to invest (expectedly)
high amounts of resources in the situation when there is no reliable model, either
mechanistic or computational, for accurate prediction of localized deposition of fibres.
The progress in methods of fibre flow prediction in the last 30 years was slow namely
because it requires significantly more effort compared to spherical particles and also
because of the lack of experimental data. Our aim was to set up an experimental rig for
measurement of fibre orientation in a replica of the human trachea and to use the new
knowledge to improve the accuracy of computational models for prediction of fibre
transport in human airways.

EXPERIMENTAL SETUP
A regular glass wool Supafil® Loft (Knauf Insulation GmbH, Simbach am Inn,
Germany) intended for blown thermal insulation was used for the current experiment.

The wool was crushed by a mechanical press to produce fibres. The diameter of fibres as
measured by phase-contrast microscopy with Walton-Beckett graticule was 3.8+1.4 uym
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and the length was 34.1+19.0 um. To facilitate the dispersion and prevent agglomeration
of fibres were they mixed with glass beads. The experimental rig consists of a reservoir
for the mixture connected to a rotary feeder which supplies the fibres to the fluidized
bed generator. The dispersed fibres were led to a glass tube with internal diameter of
15 mm serving as a model of the trachea.

A high-speed camera Photron SA-Z was used to record the fibre orientations in the glass
tube. The fibres were illuminated by a pulse LED light model HPLS-36DD18B
(Lightspeed Technologies, USA). The light pulse duration was 300 ns. The camera frame
rate was set to 20,000 fps, the frame resolution was 1024x1024 px and the shutter
speed was 1 ps. The long-range microscope lens 12X Zoom (NAVITAR, New York, USA)
was used to capture a square section with dimensions of 1.5 x1.5 mm, which
consequently gave a resolution of 1.5 um per pixel.

Six different steady flow rates were set, simulating the range of the flow Reynolds
numbers from 190 to 4500, and particle Reynolds numbers ranged from 0.08 to 1.8.

RESULTS AND CONCLUSIONS

The recordings were evaluated by an in-house software for automatic detection
of fibres which recognized their angular position with respect to the flow streamlines.
The random variable X describing the quantity of horizontally oriented fibres is
expected to have alternative (i.e. Bernoulli) distribution, or binomial distribution Bi(1,p),
respectively, where parameter p is probability of the horizontal fibre orientation.
Hypothesis Ho : p 2 0,5, therefore horizontally to vertically oriented ratio is higher than
1:1, is tested on significance level a = 0,05. The following testing statistic is used:

X
—=n

= ch x'; (1)

where T is the value of testing statistic, X is the measured quantity of horizontally
oriented fibres, and n is total amount of measured fibres.
The null hypothesis was not rejected for any of the measured cases. It means that the
parallel orientation of the fibres to the streamlines seem to be likely in human airways.
In other words, the fibres tend to align with the streamlines, which probably leads to
efficient penetration of fibres into the distal parts of the human lungs.
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INTRODUCTION

Cascade impactors are widely used for gravimetric analysis of atmospheric
aerosol with a great advantage of size resolved chemical composition. Another
improvement of cascade impactor concept is represented by electrical cascade impactor
- in our case Electrical Low Pressure Impactor (ELPI, Dekati). This device allows for
measurements of deposits on individual impactor stages (gravimetric analysis)
accompanied with high time resolution measurement of current induced by individual
particles hitting the stages (electrical analysis). The idea of having highly time (up to 10
Hz) and commonly (for impactors) size resolved (14 stages) online measurement
together with possibility of size resolved chemical composition is advantageous. On the
other the measurement of the current induced by aerosol particles transformed into
other physical quantities (such as particle number/volume/mass) is burdened with
many artifact (multiple charging, image charges, etc.) and is not an easy task. This
contribution compares the gravimetric and electrical measurement of ELPI impactor
with traditional and very well-established aerosol spectrometers (SMPS, APS and CPC)
on set of well-defined aerosols (different composition, sizes and morphology).

EXPERIMENTAL SETUP

The experiments conducted within this study included ELPI (14 stage electrical
cascade impactor, 6 nm - 10 um), SMPS (electrical mobility + single count scattering, 64
channels per decade, 14 - 700 nm), APS (time-of-fligth aerodynamic sizing, 32 channels
per decade, 0.5 - 20 um) and CPC (single count scattering, 4.5 nm - 3 um - total count).
All the instruments were sampling from common dilution and homogenization sampling
tubing using iso-kinetic subsampling concept (see Fig. 1, note that the
horizontal/vertical arrangement in the picture is just illustrative) in order to have
representative sample of generated aerosol comparable for all the instruments involved.

The particles used for testing included polydisperse aerosol: ammonium sulphate
(AS, solid), sodium chloride (SC, solid), (DEHS, liquid with SC cores) and silver (Ag,
solid); and monodisperse aerosol: AS with sizes selected in electrostatic classifier and
polystyrene latex spheres (PSL, solid) - see the details in Tab. 1. The aerosol particles
were generated using different aerosol generators (see Tab. 1 for details) and
afterwards dried, cut with electrostatic classifier (only AS), and diluted before entering
the aerosol sampling devices (see Fig. 1). Also a short study on RH influence on the ELPI
results was conducted using SC particles with different degree of drying.
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All the data were logged and the obtained results were compared emphasizing

the shape of resulting size distributions.
Tab. 1: Characterization of testing well-defined aerosol particles + ELPI measurement.

Generator Composition GMD GSD ELPI method
[nm, pm]
AGK 2000 AS(1g/1),S,P 50 1.7 E+G
AGK 2000 AS(1g/1),S,M 20, 50, 100, 200 1.2 E
AGK 2000 PSL, S, M 200,1,3 1.1 E+G
MAG3000 DEHS, L, M 0.7,2,2.6,3.3,4.1 1.7 E
Sea SC (100 g/1),S, P approx. 70 2.3 E+G
Furnace Ag, S, P 30 1.5 E
exhaust
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Fig. 1: Experimental set-up.

RESULTS AND CONCLUSIONS

The results of the comparison of ELPI performance against reference aerosol
spectrometers on well-defined aerosol particles will be revealed during presentation of
Jakub Ondracek. If you are interested, please come, watch, listen and ask (and the one
who reads up to here can invite JO for drink or be invited?).

ACKNOWLEDGEMENT

This work was supported by the Ministry of Interior of the Czech Republic:
VH20182021036 - Modern methods of detection and identification of dangerous CBRN
compounds, methods for decreasing of their danger and decontamination, modern
means of person’s protection.

54
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SUMMARY

Organic compounds (polycyclic aromatic hydrocarbons) and organic markers
(hopanes) used for the identification of aerosol emission sources were measured in
emissions from the combustion of hard and brown coal. Coal was combusted in different
boilers used for residential heating in the Czech Repubilic, i.e., overfire boiler, boiler with
down-draft combustion and automatic boiler. Emission factors of particles and all
measured organic compounds were the highest from the combustion of fuels in the
oldest overfire boiler.

UvoD

Jednim z hlavnich zdroji aerosolovych castic v ovzdusi jsou spalovaci procesy.
Vyznamnymi zastupci téchto zdrojli jsou mala spalovaci zarizeni (MSZ) pouZzivana k
vytapéni domacnosti béhem zimniho obdobi. Problémem MSZ je nizka vyska komin,
kterd zplsobuje hromadéni aerosolovych ¢astic v dychaci z6né obyvatel mést a obci.
Tato zarizeni také nemaji Zadné Cisténi spalin (filtry) a neplati pro né obdobné kontrolni
a regulacni mechanismy jako pro velké zdroje znecistovani ovzdusi. Vysoka koncentrace
aerosolovych ¢astic v ovzdusi ovliviiuje lidské zdravi. Skodlivost aerosolovych &astic
souvisi s jejich depozici v dychacim traktu. Hlavni cestou vstupu aerosolu do organismu
jsou dychaci cesty. Hrubé ¢astice jsou zadrzovany v hornich cestach dychacich, zatimco
jemné Castice (PMzs) pronikaji hloubéji do plic, pridusek a plicnich sklipkt (Kitmal a
kol., 2012). Bylo potvrzeno, Ze dlouhodoba expozice ¢asticim sniZuje obranyschopnost
Clovéka (Brunekreef a Holgate, 2002). Aerosolové castice na sebe vaZou toxické a
karcinogenni slouceniny, jako jsou napiiklad polycyklické aromatické uhlovodiky,
polychlorované bifenyly a ostatni organochlorové slouceniny, tézké kovy a dalsi
polutanty (Kitimal a kol., 2012), které se po depozici v plicich mohou z ¢astic uvoliiovat
a pronikat do organismu.

Prevazna cast znecistujicich latek z MSZ je do ovzduSi emitovana béhem topné
sez6ny v zimnim obdobi. Samotna topna sezéna trva cca 5 mésici, takze redlny podil
MSZ na aktualnim lokalnim znecisténi béhem topné sezény je podstatné vétsi nez jsou
uvadéné primeérné rocni hodnoty. Staré technologie spalovani (prohotivaci a odhotivaci
kotle) jsou velmi rozsirené hlavné ve stiedni a vychodni casti Evropy, coz zplsobuje
znacné zneciSténi ovzdus$i aerosolovymi cCasticemi béhem topnych sezén. Moderni
spalovaci zarizeni (automatické kotle) produkuji vyznamné méné emisi zneciStujicich
latek, a proto se zvySuje tlak na vyménu starych zarizeni za nové.
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METODY MERENT{

Spalovaci zkouSky byly provedeny s hnédym a ¢ernym uhlim, v odliSnych typech
spalovacich zarizeni a za odliSnych podminek spalovani (jmenovity a sniZeny vykon).
Pouzité spalovaci zarizeni predstavovaly jak zastupce starych konstrukcnich reSeni
(prohorivaci, odhotivaci kotle), tak také moderni spalovaci zatizeni (automatické kotle).
Spalovaci zkousky byly provedeny za pouziti standardizovanych postupt (EN 303-5).
Spaliny byly z kotlli odvedeny izolovanym kominem (dle standardnich pozadavka) k
fedicimu tunelu. Redici pomér byl stanoven dle o¢ekdvaného mnoZstvi spalin. Odbér
vzorki spalin pro nasledné analyzy byl realizovan v fedicim tunelu. Spaliny (TSP frakce)
byly odebirdny izokineticky na kifemenné filtry, které byly podrobeny analyzam
organickych sloucenin, v¢etné toxickych a karcinogennich polycyklickych aromatickych
uhlovodikt (PAU), a vybranych molekulovych organickych markeri (hopany), pomoci
kterych Ize identifikovat emisni zdroje v méstském aerosolu.

Extrakce filtri probihaly smési hexan/dichlormethan (1:1 v/v). Extrakty byly po
frakcionaci analyzovany pomoci GC-MS (Mikuska a kol., 2015).

VYSLEDKY A DISKUSE

Emisni faktory ¢astic (TSP) a organickych sloucenin byly mnohem vyssi (Obr. 1)
pii spalovani ve starych typech kotl nez v modernich typech pro obé spalovana paliva,
tj. hnédé uhli a ¢erné uhli. Nejvyssi emise ¢astic byly ze spalovani hnédého (az 9 872
mg/kg) a Cerného uhli (aZ 17 001 mg/kg), predevsim v konstrukéné nejstarSim kotli
468 mg/kg) a koncentrace mnoha organickych sloucenin byly pod limitem detekce
analytické metody. Dliivodem tohoto rozdilu je jiny zpisob prikladani paliva, odlisna
konstrukce kotle a odliSny zplisob spalovani paliva. U automatického kotle je spalovani
plynulé, protoze palivo je v menSich davkach pridavano automaticky pomoci dopravniku
paliva nékolikrat za minutu. Suma emisnich faktort pro PAU se pohybovala mezi 0,001 a
219 mg/kg v zavislosti na pouZitém kotli a palivu. Sumy emisnich faktori hopant
(organickych markert pro spalovani uhli) byly mnohem nizsj, tj. 0,001 - 7 mg/kg.

NasSe pozornost byla zamérena predevSim na analyzu organickych markert a
nasledné stanoveni charakteristickych pomért, které slouzi jako pomocné identifikatory
emisnich zdroji castic v ovzdu$i. Charakteristické poméry pro hopany (tzv.
homohopanovy index) byly pftiblizné shodné s hodnotami uvedenymi v literature.
Charakteristické poméry pro PAU byly naopak hodné odlisné od udajt v literatuie. PAU
vznikaji predevSim pri nedokonalém spalovani organického materialu. VSechny poméry
uvadéné v literatufe jsou vysledkem spalovani paliv v kamnech a krbech s dostatkem
vzduchu (dokonalé hoteni). Cilem nasich experimentt bylo priblizit se redlnym emisim z
domacnosti, proto bylo palivo spalovano v kotlich se jmenovitym a se dvéma sniZenymi
vykony (cca 30-40 % a 60-70 %).
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Obr. 1: Emisni faktory pro TSP, PAU a hopany (mg/kg) ze spalovani pevnych paliv (HU
hnédé uhli, CU cerné uhli) v kotlich pfi rtiznych vykonech (%).

ZAVER

Nejvyssi emisni faktory byly nalezeny pti spalovani v nejstarsich typech kotli pro
vSechna paliva. Kromé stanoveni toxickych PAU byla pozornost zamérena na markery,
pomoci kterych lze urcit zdroj aerosolovych c¢astic na monitorované lokalité.
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SUMMARY

The this study aimed on investigating the process of particle charging in an
electrostatic precipitator (ESP) applied to control the particle matters emissions (PM)
from small-scale heating units with solid fuels combustion. The correct evaluating of
particles” charges defines the certainty of such ESPs” modelling. In context with this,
some theories of particle charging are discussed. A new simplified evaluating method is
presented, discussed, and application boundaries are determined. The fair of proposed
method is verified with laboratory measurements.

UvoD

V soucasné dobé jednotky malych vykoni se spalovanim pevnych paliv hraji
vyznamnou roli v globalnim znecisténi ovzdusi emisemi prachu (TZL). Tato skupina
zarizeni malych vykonu je prezentovana topnymi jednotkami o tepelném vykonu pod
300 KW a zahrnuje domaci kotle, které pouzivaji (a po dlouhou dobu budou pouzivat
z ekonomickych diivodii) pevna paliva, zejména biomasu a fosilni paliva.

K omezeni emisi jsou prijaty legislativni limity dle zdkona o ochrané ovzdusi (zak.
¢. 201/2012 Sb.) koncentraci prachu a také dle poZzadavkd na Ekodesign (Natizeni
Komise EU €. 2015/1189, kterym se provadi smérnice Evropského parlamentu a Rady
2009/125/ES). Ekodesign omezuje koncentraci Castic v emisich malych kotli pod
40 mg/m3 (suchy plyn, 0 ° C, 101,3 kPa; pfi referenc¢ni hodnoté Oz = 10% obj.). Vyrobci
kotll tedy Celi potiebé splnit tento prisny pozadavek a elektrostatické odlucovace (EO)
jsou moznou volbou.

EO se Siroce pouzivaji k Ccisténi plynti z primyslovych energetickych a
teplarenskych zarizeni; procesy v téchto primyslovych odlucovacich jsou dikladné
studovany a je prezentovano velké mnoZstvi presnych metod pro jejich modelovani.

Charakter c¢astic z malych zdroji se vsak zcela lisSi od charakteru castic z
priamyslovych zdroji emisi, zejména ve velikostech castic, jejim chemickém sloZeni;
dispersni soustava c¢astic produkovanych malymi zdroji neni konstantni, ale se méni
podle faze spalovani. Tyto specifické castice patii do submikronového spektra a ve
vétSiné pripadl se pohybuji od 50 nm az 1000 nm. Podminky spalovani maji vyznamny
vliv nejen na rozméry castic, ale také na chemické sloZeni: obsah nedopalu (uhliku) je
relevantné vyssi a pohybuje od 35 do 60 % hmotnostnich.

EO pouZivaji elektrické pole pro nabijeni Castic a dalsi jejich odstranovani z
proudicich plynG. Obvykly ESP je vybaven srSicimi a usazovacimi elektrodami.
Pripojenim vysokého napéti mezi témito elektrodami, vytvari se elektrické pole, vznika
korénovy vyboj a ionizuje se plynné médium. Jakmile se spaliny se suspendovanymi
Casticemi dostavaji do tohoto pole, ¢astice se nabiji kolizemi s ionty. Po nabiti castice,
pole ovliviiuje jeji chovani - pohyb castic se presméruje do elektrod. Takto se Castice
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odstranuji z plynli a vyciStény plyn opousti zarizeni. Je ziejmé, Ze hodnota naboje
vyznamné ovliviiuje chovani Castice a nasledné i ucinnost odlucovani. Proto hraje
presnost hodnoceni nabiti astic zasadni roli pfi modelovani ucinnosti EO.

Implementace Kklasickych metod modelovani priimyslovych EO miiZe zpisobit
znacnou nespravnost v predikci chovani ¢astic v pripadé elektrostatického odlucovani
castic prachu od jednotek malych spalovacich zarizeni. Proto vyvstava vysoka potieba
presnosti vypoctu naboje ¢astic emitovanych z malych spalovacich zatizeni spalujicich
pevna paliva.

ZAKLADY NABIJENI A ZAMEREN{ VYZKUMU

V poli korénového vyboje ionty nejsou statickymi, ale se pohybuji chaoticky (v
disledku teplotniho gradientu a gradientu koncentrace iontli) a taky smérové (pod
vlivem vnéjSniho elektrického pole). lonty se dostanou na povrch ¢astic diky témto
chaotickym a smérovym slozkam; presto dva nabijeci mechanismy jsou rozhozeny:
difdzni a polni mechanismus.

Proces nabijeni ¢astic Ize popsat pomoci parametrt, jako je sila elektrického pole
(E), doba nabijeni (t), primér castice (d), pohyblivost iontl (u;), relativni permitivita
¢asticového materialu (&), ndboj elektronu (e), koncentrace ionti (N), teploty plyni (T),
prameérna rychlost molekul (v) a Boltzmannové konstanty (ks).

Mechanismus polniho nabijeni (Pauthenier and Moreaur-Hanot, 1932)
predpoklad3, Ze castice se nabiji jen ionty, které pohybuji v souladu s silovymi ¢arami
aplikovaného pole a prekrocuji ¢asticovy prirez. Role chaoticky pohybujicich ionti je
pritom zanedbavana. Mnozstvi takovych naboji je urceno tuto rovnici

n () = =2 (1+2

—1) Ed? eu;Nt (1)

5
5+2 FEgpTeup N

Tato klasicka rovnice polniho nabijeni je spravna s nejistotou 1-2% pro Castice
s priméry nad 2 um, coZ se prokazalo pozdéjsimi praktickymi verifikacemi.

Na druhé strané je role aplikovaného vnéjsSiho pole zanedbatelné slaba pro
Castice s malymi primeéry. V takovém piipadé se Castice nabije difiznim mechanismem.
Béhem toho je predpoklddano, Ze dosdhnou povrchu Ccastice pouze chaoticky
pochybujici ionty, protoZe jich kinetickd energie je dostatecné vysoka k prekonani
odcizovaciho pole jiZ nabité ¢astice.

Pocet elementarnich naboji shromazdénych na povrchu ¢astice diftiznim
mechanismem lze tedy vyhodnotit diky rovnici definované Whitem (White, 1951), ktera
ma nasledujici podobu:

Te” dNt

B(t) = EHEDi.kahz(l +—) (2)
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V pripadé, Ze pole je slabym tento zplisob docela presné popisuje nabijeni
jemnych ¢astic o prliimérech porovnatelnych s volnou cestou iontd, a pro Castice vétsi
nez 0,1 um vyhodnoceni ndboje pomoci difizniho mechanismu svou presnost ztraci.

Takové déleni hranic vyuZiti popsanych nabijecich mechanismi podle velikosti
Castic je potvrzené rozsahlym seznamem studii.

Distribuce velikosti ¢astic z kotli malych vykont je nestabilni a silné zavisi na
fazich spalovaciho procesu jak je to vidét z Obr. 1. Krivka (A) na tomto obrazku tedy
odpovida rozloZeni velikosti ¢astic za nomindlnich podminek, (C) - vzhledem k procesu
doutnani, (B) - na prechodné podminky. Pres tuto nestabilitu je evidentnim, Ze emise

60



z kotlii malych vykonid obsahuji malo castic, které by se mohly nabit cisté pomoci
polniho nebo difizniho mechanismu.

5%10% T T
Difuzni nabijeni I Polné-difuzni nabijeni ‘ Polni nabijeni
g
x 4210% .
@
i 3x10% i
z
o
=4
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2 119 hsese Spalovaci rezim A
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801 0.1 1 10
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Obr. 1.: Velikostni distribuce ¢astic

Klasickd metoda hodnoceni naboje je popsana v praci (White, 1963), ktera tvrdi,
Ze hodnota naboje Castice se muze priblizné urcit jako soucet jednotlivych naboji podle
polniho (1) a diftzniho (2) mechanismu. Z divodu jednoduchosti je tato metoda vypoctu
Siroce vyuzivana v inZenyrskych vypoctech pri modelovani elektrostatického
odlucovani. Ale v pripadé modelovani EO pro kotle malych vykonl s pouzitim této
metody mohou vzniknout nepresnosti. Existuje nékolik teorii snaZicich se popsat
nabijeni ¢astic o velikosti cca 100-1000 nm v poli koronového vyboje (vizObr. 1).

Za Ucelem rozsiteni polntho mechanismu na proces nabijeni jemnych c¢astic o
primérech srovnatelnych s volnou drahou iontti, Cochet upravil Pauthenierovou rovnici
a prezentoval to ve své praci (Cochet, 1961). Tato teorie je zaloZena na predpokladu, Ze
Castice se nabije narazy se zrychlenymi ionty v poli, které prochazi rezem castice, a také
ionty, které tuto ¢astici tésné minou ve vzdalenosti o velikosti stfedni volné drahy ionti
(A). Pak mnozZstvi nadboje na ¢astici (nc(t)) se vyjadruje:

-

_ m EZA R | PO E R
nff(t) o g l(l+ d) +1 2 :+2]Ed 45, teuiNt (3)

Pauthenier vysvétluje nabijeni castic na zakladé jiného principu. Ve své praci
(Pauthenier, 1955) upresinuje teorii difizniho nabijeni vlivem vnéjSiho pole na iontovou
energii. Tento postoj umoZnil vyhodnoceni naboje ¢asti (cnp,.(t)) jako

(4)

del
3 BspkpT T

e .3 gar siuh(ﬁi
nPr(t) = Eﬂ’-gl}gka .In (\-3-‘? Jlwle"dNe _,,fbff} n l)

Autofi prispévku zjednodusili tuto rovnici (4) na mnohem pohodlnéjsi metodu
hodnoceni naboje &astic (n,,(t)). Tato metoda vyZaduje mensi polet vstupd a snizuje
narocnost vypoctu:

n,.(t) =3- 10%-d-T- (16.22 +In (\";r

)+578-10° -Z9) (5)
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Dals$i prace je zamérena na predikci ucinnosti EO s pouZitim uvedenych metod
vypoctu naboji a porovnava jejich presnost s vysledky praktickych méteni provedenych
na konkrétnim EO, ktery slouzi k ¢isténi spalin konkrétniho kotle s pouzitim rtiznych
typll paliva. Pritom proces elektrostatického modelovani je proveden s uvaZovanim
uvedenych metod a s ohledem na dal$i podminky:

1. Proces nabijeni je unipolarni a probiha v korénovém vybojovém poli EO.

2. Doba nabijeni odpovida rezidencnimu c¢asu stravenému spalinami v elektrickém
poli.

3. Primérna intenzita pole se pohybuje od 2x10°> V/m az do 5x10°> V/m, coz
odpovida hodnotam intenzity poli rozvinutého korénového vyboje.

4. Teploty spalin toleruji kolem 100°C a 170°C pro rezimy sniZeného a jmenovitého
vykonu resp., pfitom avsak nepresahuji 200 °C.

5. Nabijeni se zvaZuje pro castice s distribuci velikosti podobné tém, které jsou
uvedeny na Obr. 1.

METODY MERENI A VYPOCTU

Elektrostatické odlucovani c¢astic TZL ze spalin je zkoumano na experimentalnim
usporadani znazornéném na Obr. 2. Instalovany automaticky kotel o tepelném vykonu
100 kW byl pri zkouskach najizdén na jmenovity a snizeny (30%) tepelny vykon. Jako
palivo bylo pouZito hnédé uhli a drevéné pelety.

redici tunel

a
NO. O

2 Tl ELPI+
kotel £0 CPC odbeér

Vystup
plynu

]

N

Obr. 2:Usporadani mériciho zatizeni

K Cisténi kotlovych spalin se pouzival vertikalni vostinovy EO s nerezovymi draty
(o priméru 0,6 mm) jako srsici elektrod. Usazovaci elektrody jsou tvorené mnozstvim
20ti hexagon sdélkou hrany 35 mm. Aktivni délka elektrod je 1000 mm.
Kvygenerovani vysokého napéti s poZadovanymi parametry je vyvinuta vykonova
jednotka v podobé nasobice napéti - Greinacherového multiplikatoru. Tato jednotka
umoziuje napajeni ESP s napétim az 15 kV a proudem az 15 mA. Prekroceni hodnoty HV
vede k priirazu v mezielektrodové mezeie EO.

Uvedena experimentalni instalace s redicim tunelem zajiStuje implementaci
vzorkovani a pocetni koncentraci TZL, méreni kterych je provadéno ve vSech
experimentech soucasné dvéma zplisoby: citacem Kkondenzovanych castic CPC
a elektrickym nizkotlakym impaktorem ELPI.
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VYSLEDKY A DISKUSE
Informace o provadéni experimentli a podminkach jsou strucné uvedeny v Tab.c. 1.

Tab. 1: Podminky experimentt

Hnédé uhli Pelety

Parametr Unit  nominalni/sniZeny nominalni/sniZeny
vykon vykon

Vykon kotle kW 100/31 95/29
Teplota spalin °C 160/105 170/100
Mnozstvi spalin m’/h 266.4/126.9 295/128
koncentrace O, Poob;. 6.8/12.8 9.6/13,2
CO * mg/m’ 238/270 159/290
NOx* mg/m’ 2871274 152/120
SO, * mg/m’ 1412/1404 -/-
CO, * mg/m’ 194/192 209/207
TZL (EO vypnuty/zapnuty)* mg/m’ 37(8)/42(11) 20(5.5)/26(6.5)

Suché spaliny (0°C, 101.3 kPa); referencni O, = 10 %y,
Vysledky predikci ucinnosti ESP jsou uvedeny na Obr. 3 spolu s namérenymi
vysledky ELPI +.

1

0.945

0.89)

0.835

725| |—— Nomindlni vikon, hnedé uhli podlé autori

ESP Efficiency
=

0.67)

0.615

0.56]

0.503]

=+ = Nominalni vvkon, hnedé uhli, (Pauthenier, 1955)
[ Nominalni vikcon. hnedé uhli (White, 1963)

/4 Nomindlni vilon. hnedé uhli. méreni ELPT+
=+ = Snizeny vikon, hnedé ubli (pelety), (Pauthenier, 1953)
— Snizeny vykon. hnedé uhli (pelety). (White, 1963)
—— Smnizeny vikon. hnedé uhli (pelety). podle autori
<> < Snizeny vikon, hnedé uhli, méreni ELPI+
H + Snizeny wvykon. pelety. méreni ELPT+
=+ = Nominalni vikon, pelety, (Pauthenier, 1955)
[—— Nominalni vykon, pelety, (White, 1963)
—— Nominahi vikon. pelety. podle autor
@ @ Nominalni vzkont, peletv, mé&feni ELPI+
----- Nominalni vikon hnedé uhli (Cochet. 1961)
-+ Snizeny vikon, hnedé uhli (pelety). (Cochet, 1961)

----- Nominanil vykon, pelety, (Cochet 1961)
|

045

11073 001

Obr. 3: U¢innosti EO
Vypocitané vysledky se ne vZdy shoduji s namérenymi udaji z diivodu tolerance
pro metodu vzorkovani, ale také kvili obtiZzné uvazovanému ucinku mechanickych
procest v plynném médiu, jako je elektricky vitr, turbulence toku, atd. Kromé toho je
driftova rychlost - zdkladni soucast rovnice ucinnosti ESP - ziskdna bez uvaZovani
procesti mezi Casticemi suspendovanymi v plynném médiu. Posledné jmenovany jev
ovliviiuje nukleaci ¢astic 18 nm. Koagulace byla pozorovana pro ¢astice nad 7 um.

01 1

Dp [um]

Uvedené vysledky méreni ELPI+ jsou potvrzeny paralelnimi mérenimi CPC:
hodnoty celkové numerické koncentrace mérené pomoci ELPI + a CPC se liSily o méné
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nez 20%. Je tieba zdiraznit, Ze méfeni frakci nad 600 nm jsou ignorovany z diivodu

zanedbatelnosti jejich ptivodnich koncentraci - asi 1 ¢astice/cm3.

Navrhovana metoda prokazuje uspokojivou konvergenci do Pauthenierové
metody vyjma Castic o primérech pod 50 nm. Vznika nutnost hodnoceni hranic vyuziti

navrhované metody ve smyslu velikosti ¢astic a ¢asu jich nabiti.

Relativni tolerance navrhované metody k Pauthenierové metodé uvedené na

Chyba! Nenalezen zdroj odkazu. je vyhodnocena takto:
5= :-zPrEr}—n“rEr}
T apele)

(6)

Hodnoty naboji ¢astic definované podle metody autorti a Pauthenierové metody
jsou velmi podobné, kromé c¢astic pod 40 mn a doby nabijeni kratsi nez 0,08 s. U vétSich

Castic a delSiho nabijeni byl rozdil zanedbatelny.

Jde vidét, Ze navrZena metoda v polich korénového vyboje ma omezenou hranici

své aplikace dobou nabijeni vic nez 0,08 sec.

0,20
E=2 kV/cm
0,15
! E=5 kV/cm
0,10 ‘ :

0,00

Tolerance value

Obr. 4: Tolerance navrhované metody vypoctu vici teorii (Pauthenier, 1955)

Zavérem je konstatovani, Ze vyhodnoceni ndboje Castic pomoci souctu naboji
vyzadovanych podle polniho a difizniho mechanismu vede k nepftijatelnému zkresleni
pii modelovani elektrostatického odlucovani TZL z kotlti malych vykont. K modelovani
takovych EO metoda (Pauthenier, 1955) je uznand jednou znejvhodnéjsich kviili
nejsilnéjsi podobnosti do vysledki laboratornich méfeni. Podle nazoru autort je toto
zdlivodnéno nejsirsim respektovanim podminek procesu nabijeni.
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Autori navrhli zjednoduseny zptisob hodnoceni naboji ¢astic o velikosti 2...100
nm v poli korénového vyboje s intenzitou 2...5x10> V/m v dobé nabijeni od 0,1 sekundy.
Piesnost navrhované metody je prijatelnou pro praktické technické vypocty, pak muize
tahle metoda byt uzite¢nou v praktickém inZenyrstvi elektrostatickych odlucovaci.

Budouci vyzkum se musi zamérit na presné modelovani ¢astic vysrazenych se zahrnutim
sekundarnich procesti v elektrickém poli EO.
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INTRODUCTION

Atmospheric aerosol particles that allow condensation of slightly supersaturated
water vapor on their surface and form cloud droplets are called Cloud Condensation
Nuclei (CCN). Elevated concentrations of CCN tend to increase concentration and
decrease size of droplets in a cloud. This may lead to suppression of precipitation in
shallow and short-lived clouds and enhancement of precipitation in deep convective
clouds. An important task is therefore to determine the ability of aerosol particles to act
as CCN under relevant atmospheric conditions (Rose et al, 2010). In order to
incorporate the effects of CCN in meteorological models, knowledge of their spatial and
temporal distribution in the atmosphere is essential (Huang at al., 2007). Observations
are typically presented as number concentration of CCN as a function of water vapor
supersaturation (Roberts and Nenes, 2005). Long-term CCN measurements are
performed at aerosol monitoring sites such as those forming ACTRIS (Aerosols, Clouds
and Trace Gases Research Infrastructure) network. In this presentation, we report first
experience and results of CCN measurements using Dual Column Cloud Condensation
Nuclei Counter at the National Atmospheric Observatory KoSetice (NAOK), a rural
background site in the Czech Republic.

EXPERIMENTAL SETUP

Measurements of cloud condensation nuclei concentrations are most often
carried out using a Cloud Condensation Nuclei Counter (CCNC). Some research groups
have developed their own CCNC instruments based on various operation principles.
However, the continuous-flow streamwise thermal gradient CCNC (Roberts and Nenes,
2005) from Droplet Measurement Technology (DMT, Boulder, USA), is the only
commercially available instrument for this purpose. The DMT CCNC operates on the
principle that heat conduction in air is slower than diffusion of water vapor (Roberts
and Nenes, 2005). The CCNC operates by maintaining a positive temperature difference
between the top of the column and its bottom. Inside the column, supersaturated water
vapor condition is caused by diffusion of water vapor from the warm wet column wall
toward the centerline at faster rate than the heat.

To provide homogeneous data sets of high-quality CCN measurements to the
EBAS database, a standardized operation procedure (SOP) was defined within the
ACTRIS-2 project (WP3-NA3). The SOPs are defined for both polydisperse and
monodisperse measurements. Dual column CCN counter we are using provides us with
two simultaneous measurements of CCN concentrations. There can be used different
combinations of supersaturations (SS) on time in each column, so that during one
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measuring cycle, data for more SSs can be collected. Another possibility is to perform
polydisperse CCN measurement in one column and monodisperse in the other. The
advantage of monodisperse CCN concentration measurement is that one can obtain
fractions of activated aerosol particles for several sizes of particles at each SS, so that
two-dimensional CCN concentration spectra can be obtained during one measuring
cycle. Possible experimental setups for polydisperse and monodisperse measurements
are shown in Figure 1. For monodisperse measurements, besides CCNC also aerosol
dryer, aerosol neutralizer and DMA are necessary to select the particle size to enter the
CCNC column.

a) polydisperse: ambient air —» CCNC

DMA » CCNC

A 4

neutralizer

A 4

b) monodisperse:  ambient air —»| dryer

» CPC

L - - optional ---'

Fig. 1: Experimental setup for polydisperse (a) and monodisperse (b) CCN mesurements.
Reprinted from SOP (WP3-NA3).

In the beginning, we decided to start with direct measurement of the CCN
number concentration of the whole polydisperse aerosol sample in both columns in
parallel. We used 45 minutes duration of a complete measuring cycle with six values of
supersaturation and time intervals as follows:

Tab. 1: Supersaturations and time intervals for polydisperse CCN measurement cycle

SS 0.1 0.15 0.2 0.3 0.5 1.0
Time [min] 10 6 6 7 8 8
50 E—— 1
o Tl
o T2
45 T 0.8
o TSampIe
40 i 0.6 =
3 2
= 0
= 35 0.4 ¥
30 0.2
25 0
15:50 16:00 16:10 16:20 16:30 16:40

Time [h]

Fig. 2: Temperature gradients and SSs during polydisperse CCN measurement cycle.
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Temperature differences necessary to achieve defined SSs for one measurement
cycle are shown in Figure 1, where T; denotes temperature in the upper end of the
column (inlet), T2 in the middle, T3 in the lower end (outlet) of the column and Tsample is
temperature of sample air in the CCNC manifold. Noticeable is slow decrease of
temperatures T2 and T3 during the transition from SS=1% to SS=0.1%, which takes
about six minutes of the time interval for SS=0.1%. Measurements are performed at
National Atmospheric Observatory KoSetice (http://portal.chmi.cz/o0-nas/organizacni-
struktura/usek-kvality-ovzdusi/oddeleni-observator-Kosetice /zakladni-informace).
The aerosol sample for CCNC is extracted from a flow splitter connected to a PMzs
sampling head.

RESULTS AND CONCLUSIONS

An example of CCN number concentration during measuring cycle is shown in
Figure 3. The cycle was measured during very stable outdoor particle concentration
(Ncpc) at about 13x103 #/cm3, detected by CPC (TSI model 3775). Time dependence of
CCN number concentration (Nccn) is characterized by overshoots of actual concentration
during transient periods from one SS to another. Nevertheless, there are at least three
minutes of steady state CCN concentrations (Nccn, mean) for each SS, which is enough for
collection of statistically significant samples of the data. It can be seen that only part of
aerosol particles is activated even at SS=1%. This is possibly caused by presence of high
number of very small particles (< 50 nm) in the air sample, meaning that they can not be
detected by the photometric method used in the CCNC. The other explanation would be
that rather high percentage of these aerosol particles were freshly formed and
hydrophobic.

14 000 1.4
'E 12 000 SNy : . 1.2
= 10 000 * Noon 1

< e T
g L NCCN, mean
® 8000 * Nepc 08 _
o

£ *SS =
S 6000 0.6 4
S
= 4000 0.4
o]
£
=
=2

2 000 M 0.2

0 0
15:50 16:00 16:10 16:20 16:30 16:40

Time [h]

Fig. 3 Time course of CCN (Nccn) and CPC (Ncpc) number concentrations and mean
steady state CCN number concentrations (Nccn, mean) and SSs during one measuring cycle.
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The measured particle number concentration 13x103 #/cm3 is rather high for a
rural background station as NAOK and means that the site was either influenced by a
new particle formation event or that some local pollution affected the site.

In the next step we plan to submit the results of our ambient CCN measurements
to the EBAS database and subsequently to the World data centre for aerosols (WDCA;
http://www.gaw-wdca.org/). Afterwards we plan to perform simultaneous
measurements of polydisperse and monodisperse CCN concentrations using dual
column cloud condensation nuclei counter.
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INTRODUCTION

Although atmospheric aerosol concentrations exhibit decreasing trend in last
decades, the contribution of aerosol emitted by biomass combustion is opposite due to
increasing wood combustion used for residential heating (Pokorna et al. 2018). Previous
works (Schwarz et. al. 2016) determined that the share of aerosol of biomass burning
origin was up to 50 % in winter. In this work, the data from aerosol mass spectrometer
(AMS) and Positive Matrix Factorization (PMF) are used to elucidate biomass
combustion aerosol impact at National Atmospheric Observatory Kosetice (NAOK) and

the results are compared with simple aethalometer model approach.
o
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Fig. 1: Scatter plot of mass concentrations of biomass burning factor (x-axis) and black
carbon from biomass burning of 10 min time resolution data (y-axis).

EXPERIMENTAL SETUP

The non-refractive PM1 (NR-PM1) aerosol was sampled and analyzed using a
Compact Time of Fight Aerosol Mass Spectrometer (C-ToF-AMS, Aerodyne research,
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USA) at NAOK from November 2018 till June 2019 in parallel with PM10 sampled by
Aethalometer AE33 (Maggee Scientific, USA) both with 1 min integration time, averaged
to 10 min. This work concentrates on winter period from 08/01 - 06/03 2019.

—— - Biomass burning factor N
- BCbb
0.25 — - m/z org60
0.20 -
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hours
Fig. 2: Comparison of diurnal cycles for the biomass burning factor, BCy, and m/z org60.

RESULTS AND CONCLUSIONS

Fig. 1 shows scatter plot of BCpp and factor 1 from PMF solution identified as
biomass burning factor based on organic m/z 60 content. However, mass concentration
of BCpb is much higher even if we take into account AMS data uncorrected for collection
efficiency. Diurnal cycles of biomass burning factor, BCp, and organic m/z 60 shown in
Fig. 2 suggest that factor 1 does not contain aerosol transported to NAOK from longer
distances as it has the highest midday decrease in comparison with the other quantities.
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SUMMARY

Particle nucleation is one of the important phenomena encountered in both
chemical engineering and environmental studies. The Laminar Co-Flow Tube (LCFT)
was designed for experimental measurement of binary and ternary nucleation of
mixtures of atmospheric aerosols at laboratory conditions, most often H2SO4 + H20 +
amines (MEA, TEA)/terpenes (a-pinene, limonene). Two models were used for
mathematical modeling of momentum and mass transfer in the LFDC; 2D axisymmetric
CFD model and simplified 1D analytical model. A parametric study was carried out using
both models and the influence of the individual simplifications of analytical model on
overall behavior of the system was discussed.

UvoD

Nukleace castic je jednim z dilezZitych jevii, se kterym se setkavame jak v
chemickém inZenyrstvi, tak pti studiu Zivotniho prostredi. Laminarni souprouda komora
(Laminar Co-Flow Tube (LCFT)) byla navrZena pro experimentalni méreni binarni a
ternarni nukleace smési atmosférickych aerosolii v laboratornich podminkach, nejcastéji
H2S04 + H20 + aminy (MEA, TEA) / terpeny (a-pinen, limonen). Jsou-li nuklea¢ni slozky
vedeny v souproudu s H2S04 v axidlnim toku, mliZe v axidlni oblasti komory vzniknout
jasné definovana nukleacni z6na. V dilisledku toho jsou ztraty vznikajicich Castic na
sténach zarizeni minimalizovany. Laminarni tok umoZiuje matematické modelovani
profill rychlosti a parciadlniho tlaku v komote. Z nich je pak mozné predpovidat tvar a
velikost nuklea¢ni zény a nasledné rychlost nukleace. Pro matematické modelovani
prestupu hybnosti a hmoty v LFDC byly pouzity dva modely; 2D axisymetricky CFD
model a zjednoduSeny 1D analyticky model. Byla provedena parametricka studie s
vyuzitim obou modelG a byl diskutovan vliv jednotlivych zjednodusSeni analytického
modelu na celkové chovani systému.

METODY MERENI

Méteni nukleace H2SOs4 s vodni parou pomoci LCFT je podrobné popsano v
publikaci [1]. Zatizeni LCFT se sklada ze dvou souosych trubic. Smés dusiku (inertniho
plynu) s kyselinou sirovou je privadéna do vnitini trubice. Smés dusiku s vodni parou
proudi soubézné uvniti plasté vnitini a vnéjsi trubice. Po ustaleni laminarnich profilt se
axialni proud spoji s proudem v plasti. Velikost a pomér pritoki jsou nastaveny tak, aby
proudéni zlstalo laminarni po otevieni vnitini trubice a obé smési byly v difiznim
kontaktu. Pokud jsou koncentrace par H2SO4 a vody dostateCné vysoké, zacnou se v
nuklea¢ni z6né nuklea¢ni rychlosti ] vytvaret stabilni zarodky. Vzniklé castice, které
dosahly detekovatelné velikosti, jsou pocitany pomoci CitaCe castic PSM (Particle Size
Magnifier). Pro ziskani nukleanich izoterem byla experimentalni méreni doplnéna
numerickymi CFD simulacemi. 2D axisymetricky CFD model resi Navier-Stokesovy
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rovnice s rovnici kontinuity a hmotnostni bilanci slozek. ZjednoduSeny analyticky 1D
model predpoklada konstantni profil rychlosti toku (plug flow) a zanedbatelnou difazi v
axialnim sméru. Pro modelovani rychlosti nukleace, byl pouZit model Wyslouzil et al. [2].
VSechny vysledky byly normalizovany pro relativni vlhkost Rh = 0.38.

VYSLEDKY, DISKUSE, ZAVERY

Vysledné nukleacni izotermy ziskané experimentem a naslednym modelovanim
pomoci numerického modelu (v;=v,(r)) a analytického modelu se tremi rliznymi volbami
rychlosti pistového toku: v;=vayy (prim. hodnota lamindrniho rychl. profilu), v.=vimax
(maximalni hodnota rychl. profilu v oblasti souproudu), v;=vimax (maximalni hodnota
rychl. profilu vnitini trubky) jsou znazornény na obrazku 1.

E T ' Y T : T
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[HySO4][em 3] 10"
’ ——w, = v,(r); WYS BV, = Ugyg; WYS —.— U, = Upas; WYS —-— U, = U WYS ‘

Obr. 1: Srovnani nukleac¢nich izoterem pro 15 and 27°C pocitané pomoci CFD
numerického modelu v,=v,(r) a analytického modelu s riiznymi rychlostmi pistového
toku: Vz=Vavg, Vz=Vmax AVz=Vimax-

Odchylky v maximalni experimentdlni nuklea¢ni rychlosti jsou zplisobeny
odliSnym modelovanim toku plynu v oblasti nuklea¢ni zény. Vhodnym vybérem hodnoty
rychlosti pistového toku v analytickém modelu je mozné dosahnout toho, Ze umisténi a
tvar nukleacni zony bude podobné a také vysledné rychlosti nukleace budou odhadnuty
s dostatecnou presnosti. PouZziti analytického modelu je vhodné pro tento typ
nukleac¢nich experimentii s vyhodou zna¢né tispory ¢asu na zpracovanti.
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INTRODUCTION

Atmospheric aerosols are complex mixtures of various inorganic-organic
compounds and play significant roles in atmospheric chemistry, earth’s climate, and
global radiation budget as well as in human health. Hygroscopicity is the ability of the
particle to uptake water from surrounding environment. Hygroscopicity can directly
control the size distribution, chemical reactivity, and phase state of aerosol particles and
thus contribute to radiative forcing on the climate system, including both the direct
forcing by absorbing or scattering light and indirect forcing through activation of cloud
condensation nuclei (CCN) (Jing et al,, 2016). Interactions between inorganic-organic
may have a crucial impact on the hygroscopic behaviour of aerosol droplets and lead to
discrepancies from ideal thermodynamic behavior. The non-ideality of mixtures in
aerosol particles influences the gas-particle partitioning and affects the physical state of
the condensed phase, potentially leading to liquid-liquid phase separation (Zuend et al,
2008). Thermodynamic models are key tools to gain insight into the non-ideal behavior
of organic-inorganic mixtures. By means of activity coefficients, non-ideal behaviour can
be taken into account. In this study we developed a thermodynamic segment-based local
composition model named NRTL (Non Random Two Liquid) to describe the activity
coefficients of organic and inorganic aerosol particles.

RESULTS AND CONCLUSIONS

Hygroscopic growth and activation to cloud droplets depend on particle size and
chemical composition and are described by the Kohler theory. The equation combines
both the Raoult and Kelvin effect and has the following form (Kéhler, 1936):

RH = aw. Skelvin, (1)

Raoult’s law can be modified for non-ideal solutions by introducing the activity coefficient
of water yw. Deviations from ideal behaviour and the modified Raoult’s law can be
expressed as: aw=Yw.Xw, (2)

In equation (2), activity coefficient of water y,, as a function of mole fraction (X.) could be
empirically known or obtained from thermodynamic models.

A thermodynamic description has to provide activity coefficients to account for
solution non-idealities of mixtures with varying water content. To this end the
thermodynamic segment-based local composition model has been developed for the
calculation of activity coefficients of different chemical species in inorganic and organic
atmospheric aerosol particles. This models consists of the (Pitzer-Debye-Hiickel) PDH
term, for long-range (LR) part, and (Non Random Two Liquid) NRTL term for short-
range (SR) part. The long-range interaction term accounts for the electrostatic
interactions between ions, and the short-range interaction term considers the non-
electrostatic interactions between all species.
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In yi= In yilR+ In y;5R, (3)
The Pitzer-Debye-Hiickel equation for long-range interaction term is described as:
2A 11.5
¢ x

*PDH — , 4
" MY A+ pl?) )
where the Debye-Hiickel constant for osmotic coefficient ( A,) is represented as:
1 e’
A —— 27Z_N d 1/2 = 3/2' 4a
’ 3( adn) (47zaDka) (4a)

These equations can be found in detail in (Simonson et al., 1986). The NRTL model which
assumes that all components are in a liquid solution is given by:

Iy = Z’; x,G 7 +Zj x,G; (r. 3 Z:l'errorj ’ (5)

1] n i n i n
Z/ X Gli Zz X G/j L Zl X G/j

where Gij =exp (-a7;) and a, 7; are the model parameters of this equation.

Using the obtained interaction parameters from solid-liquid (SLE) equilibrium
measurements, the unsymmetrical activity coefficients and water activity data for some
organic and inorganic aerosol particles were calculated. For example in Table 1, the
experimental water activities for ammonium nitrate are compared with the predicted
values from NRTL model.

Tab. 1: Experimental water activity data of Ammonium Nitrate along with those
predicted from NRTL model at T=298.15.

awexp 0.045 | 0.096 | 0.194 | 0.293 | 0.391 | 0.533 | 0.641 Sd
awNRTL | 0.037 | 0.078 | 0.156 | 0.232 | 0.308 | 0.418 | 0.505
awexp 0.739 | 0.763 | 0.785 | 0.807 | 0.829 | 0.849 | 0.873 | 0.116
awNRTL | 0.593 | 0.617 | 0.640 | 0.664 | 0.690 | 0.716 | 0.749

Sd= 1/NP

> | (awexp- ay<al) | / aw®*P =0.116, NP is the number of experimental data points.
As can be seen from Table 1, there is relatively good agreement between experimental
and predicted water activity data
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INTRODUCTION

Pollution in indoor environment can cause irreversible degradation of materials
stored there. The air quality in depositories housed in historical buildings depends
mainly on outdoor pollution infiltrated through the building envelope. There are several
strategies to control the indoor air pollution. However, most of them including
reconstruction, which is problematic in historical monuments. Thus detailed
information about indoor air quality and factors influencing it is needed.

METHODOLOGY

The measurements were carried out in five historic depositories representing
different outdoor environments: (1) the Baroque Libary Hall of the National Library in
Prague (urban area with traffic), (2) the State Regional Archives in Tfebon (residential
area with tourism), (3) the Depository of the Research Library of South Bohemia at Zlata
Koruna (rural area), (4) the Library in the Regional Museum in Teplice (industrial area),
and (5) the Central Depository of the National Museum in Terezin (residential area).

Indoor and outdoor particle number concentrations were measured by a
Scanning Mobility Particle Sizer (SMPS, model 3934C, TSI, USA) and an Aerodynamic
Particle Sizer (APS, model 3320, TSI, USA). Alternatively, Ultrafine Particle Monitor
(UFPM, model 3031, TSI, USA) was used insteated of the SMPS. Both instruments
sampled from both inside and outside simultaneusly using an electrically actuated three-
way ball valve connected to a common programmable controller. The SMPS/UFPM and
APS number-based concentrations were converted to mass concentrations with
aerodynamic diameter using an algorithm described by Sioutas et al. (1999).

RESULTS AND CONCLUSIONS

Temporal variation of size resolved indoor and outdoor PM showed that in the
most depositories the main source of indoor fine and coarse PM is the infiltration from
the outdoor environment. Seasonal averaged mass size distributions were bimodal in all
cases, with peaks in the size range 0.1 - 1 ym and 1 - 10 pum and minimum between fine
and coarse particles at around 1 um. Indoor concentrations were lower than the outdoor
ones, with dominant fine particles, accouting for more than 70% of outdoor and 90% of
indoor PM10. Following the bimodal mass size distributions we split fine and coarse
particles into two fractions PM1 and PM10-1.

The 1/0 relationship was described by the infiltration factor (Finf). At steady-
state conditions and no particles generated indoors it simply equals to I/0
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concentrations. As can be seen from Fig. 1 a) infiltration factors of fine particles are
higher compared to coarse particles, b) both factors show relative low seasonal
variability, and c) factors show marked differences among depositories. Thus yearly
averaged values were calculated representing site specific infiltration factors parameter
for each location.

0.8 mPM1 PM10-1
__06 l l
= 0.4 " ; 4
(NN

0.2

i | X €
0.0
Trebon Zlata Teplice Prague Terezin
Koruna
Locality

Fig. 1: Infiltration factors for PM1 and PM10-1 (£SD calculated for seasons).

To asses the effect of outdoor air pollution on indoor air quality during different
periods e.g. to estimate the dose of pollutants, collections were exposed in past or could
be exposed in future the site specific factors need to be combined with data on local air
pollution. We used long-term (about 20-years) air quality data provided by the
monitoring network of the Czech hydrometeorogical institute (CHMI). For every location
the closest CHMI station was selected and daily outdoor concentrations were compared
by the linear regresion. The results showed that the data strongly correlated.

For the assesment long-term outdoor PM10 concentration was estimeted using
CHMI average and the regression. Than the concentration was split into average
contribution of PM1 and PM10-1 fractions. In the next step the contribution of outdoor
PM10 was estimated using site specific PM1 and PM10-1 infiltration factors. The
resulted estimated long-term PM1 and PM10-1 (Table 1) revealed that the
recommended limits are excceded in all depositories (ASHRAE, 2011, Tétreault, 2003).

Tab. 1: Estimated long-term indoor concentrations of PM1 and PM10-1 (g -m3).
Prague Trebon Zlata Koruna Teplice Terezin

PM1 13.2 9.2 6.0 8.7 4.0
PM10-1 1.8 0.7 0.4 0.5 0.2
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SUMMARY

In this study we measured absence for respiratory disease in kindergarten
children together with the level of SOz, NO2, 03, PM1o, PM25, PM1(BC), UFP. Strongest
relation we found for PM(BC) (RR=1,219 (CI 1,096; 1,382).

UvoD

Znecisténi ovzdusi ma vliv na zdravi (Dostal et al, 2009) a to i v oblasti
Podkrusnohofti (KotéSovec, 2011). Spolu se zlepSenim mérici techniky je moZné sledovat
i zrejmy efekt jemnéjSich castic (Ibald-Mulli et al., 2002). Studie vychazi z hypotézy, ze
znecisténi ovzdusi vede ke zvySenym absencim ve Skolce z diivodu onemocnéni
dychacich cest s moznymi disledky, které mohou prinést problémy v dal$im Zivoté.
Casné détstvi predstavuje kritické expozi¢ni obdobi pro respira¢ni zdravi (Schwarz,
1999).

METODY MERENI

V projektu jsme se zamérili i na sledovani zdravi détské populace na Ceské strané
Krus$nych hor v Litvinové. Po souhlasu rodi¢i a pti dodrzeni podminek GDPR jsme ve
dvou obdobich - lednu - breznu 2017 a listopadu 2017 - breznu 2018 sledovali
nepritomnost déti ve Skolce pro nemoci dychacich cest. Sledovanym obdobim byl leden-
biezen 2017, listopad 2017-biezen 2018. Evidence probihala denné rano a sledovanym
prvkem byl den nepritomnosti ve Skolce pro respiracni onemocnéni. Nezavisle
proménné predstavovaly koncentrace zneciSténi ovzdusi SOz, NOz, 03, PM1o, PMzp,
monitorované na mérici stanici Lom u Mostu (ULOMA, ULOMX), ktera byla v ramci
projektu OdCom vybavena monitoringem PM1(BC) a méfenim poctu ultrajemnych ¢astic
SMPS, frakce o velikosti 20-100 nm a 20 - 800. Zohlednili jsme i teplotu a vlhkost
vzduchu. Ke statistickému zpracovani bylo vyuZito software R+ a generalizovaného
aditivniho modelu. Aby bylo mozZné znazornit ¢asovy pribéh asociace mezi Skodlivymi
latkami v ovzdusi a zdravotnimi parametry, byly v modelu pouzity lagy (1;2;3;4;5) a pro
kumulaci efektd lagy 0-1;2-5; 0-5. Byl vypocitan vzestup relativniho rizika (RR) v
procentech. Jedna se o pravdépodobnost rizika vyskytu zdravotniho parametru pri
zvySeni zneciSténi ovzdu$i o jedno mezikvartilové rozpéti koncentraci Skodliviny
vypoctené podle vzorce RR=exp(f3+IQR). Beta (f3) odpovida regresnimu koeficientu
odhadu efektu.
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VYSLEDKY, DISKUZE

Effects of Av_PM1_BC on D_resp

30

0 1 2 3 4 5 lag0_1 lag2_5 lag0_5

Obr. 1: Vliv black carbon (BC) - PM1 a percentudlni nartst absence déti v materské Skole
vcetné opoZzdéni efektu (lag)

Absence v materské Skolce pro expozici PM1(BC)- se zvySila v tyZ den 0 18,2 %, a
s odloZenim jednoho dne (lag 1) 15%. Risk Ratio odpovidalo v tyZ den RR=1,182 (CI
1,042; 1,340) a slag 1 RR=1,155 (CI 1,038; 1,285). Pro oba dva dny bylo p-0,010 a pro
lag 1 p-0,004. Nejvyssi statisticky vyznamna vazba byla nalezena pro interval lag 0-1den
s nejvyssi hodnotou rizika RR = 1,219 (CI 1,076; 1,382) p- 0,002. IQR pro aerosol BC byl
pro 0-5 dni 2,1 ug/m3.

ZAVER

Prioritou v ovzdusi a nejvyssi zdravotni efekt prinesly koncentrace PM1 (BC)

(median 1,4, maximum 7,2 ug/m3), dale pak ultrajemné aerosolové ¢astice. Onemocnéni

/////

kovy.
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SUMMARY

In project financed by Czech Science Foundation (GACR)comparison of
concentrations of selected elements in particulate matter PM1o on project sites and
background station KoSetice was done. Monthly average concentrations were compared.

UvoD

V ramci projektu GACR financovaného Grantovou agenturou Ceské republiky
jsme provedli porovnani koncentraci prvki analyzovanych vroce 2018 pro tento
projekt s koncentracemi zjisSténymi vtémze roce v pozadové stanici KoSetice. Jsou
porovnavany prumérné meésicni koncentrace.

METODY MERENI

ProtoZe pro ISKO a pro nas projekt bylo sledovano ponékud jiné sloZeni prasného
aerosolu PM1g, byly pro tuto studii vybrany prvky analyzované na vSech tiech mistech,
tedy Sokolov, Lom u Mostu a Kosetice. Odbéry byly provadény ve vSech piipadech
stejnym zpusobem a na stejné filtry. Po odbéru byly filtry dopraveny kanalyze do
laboratore. Analyza filtri byla provadéna po gravimetrickém stanoveni ICP-MS. Pro
analyzu byly filtry spojovany, a to harmonizované ve stejném rytmu. Sledované prvky:
As (arzen), Cd (kadmium), Cr (chrom), Cu (méd’), Mn (mangan), Ni (nikl), Pb (olovo), Se
(selen), V (vanad) a Zn (zinek).

VYSLEDKY, DISKUSE, ZAVERY

Budou diskutovany koncentrace téchto prvki v jednotlivych mésicich roku 2018
a diskutovany mozné priciny zjisténych rozdilt. Z primérnych rocnich koncentraci
vroce 2018 je patrno, Ze zdaleka nejvysSi koncentrace sledovanych prvkd jsou
nachazeny ve stanici Lom u Mostu, zatimco koncentrace sledovanych prvkid v obou
dalSich stanicich jsou niZsi, nejnizsi jsou pak v pozad’'ové stanici KoSetice (Obr. 1).
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Obr. 1: Primérné ro¢ni koncentrace vybranych prvki na stanicich Lom u Mostu, Sokolov
a KoSetice v roce 2018.
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INTRODUCTION

The aim of this extended abstract is to reveal the work done as cooperation
between several institutions which was presented and published in recent years
(Kolovratnik, 2014). The formation of droplets in low-pressure steam turbines has a
significant impact on the efficiency of energy conversion due to the strongly
nonequilibrium nature of this process. The condensed water also erodes the turbine
blades. A very important question is to what extent heterogeneous nucleation
contributes to the phase transition process. In the case of heterogeneous nucleation, the
number of droplets depends only on the number of heterogeneous particles in the
system, whereas in the case of homogeneous nucleation, the number of created droplets
is determined rather by the expansion rate - in a faster expansion, greater
supersaturation and more droplets are formed until the released condensation enthalpy
quenches the nucleation.

The specific number of droplets (number of droplets per unit mass of steam)
formed in the turbine can be determined by optical probes, developed first by Walters
and later in the Czech Republic improved by Petr and Kolovratnik. Until recently, no
information was available on the relative importance of heterogeneous nucleation in
forming these droplets.

EXPERIMENTAL SETUP

The measurements reported here were performed at Power Plant Prunérov Il
(PRUII). The superheated steam was sampled at two ports connected to steam
extraction pipes, one at 0.133 MPa, 174 °C, and the second at a higher pressure level of
0.27 MPa, 250 °C. The sampling system schema is shown in Fig. 1.

The sample flows into the sampling head which is mounted in the sampled space.
A rod-shaped sampling head is inserted into the test space. The sampling head is
provided with a short capillary tube which serves as the particle inlet. The inlet capillary
tube used in the measurements had an internal diameter of 0.4 mm and length of 20
mm. The pressure drop across the capillary is extremely small (~20 mm of water
column). In order to maintain this low pressure difference, a special flow-control unit
was developed, controlling the flow rate and pressure of the nitrogen. The flow through
the capillary tube is laminar.
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Fig. 1: Schematic diagram of the steam sampling system.

Besides the particle inlet, the sampling head also contains a large inlet for bulk
steam sampling. This is used for chemical analysis of the steam and as a pressure
reference for the flow-control unit. The bulk steam sampling line also helps to maintain
a high temperature in the sampling head.

After exiting the capillary, the sample is mixed with nitrogen taken from a
standard cylinder. An in-line ultrafine particulate filter is used to avoid a sampling
artifact from the gas line. The flow rate is typically up to 10 normal litres per minute.
The nitrogen is further heated in an electric pre-heater to a temperature close to that of
the sampled steam.

The pressure of the moist nitrogen containing particles is reduced in the
metering valve V1 and the temperature is further reduced in a water-cooled heat
exchanger. The resulting relative humidity is then measured using an electronic
humidity sensor and the reading is used to adjust the flow-control unit. The humidity
was controlled at various levels between 30 and 90%. No effect of relative humidity of
the sample on the evaluated specific numbers of particles in the steam was observed.

The condensation particle counter is equipped with an internal suction pump and
it samples part of the moist nitrogen (about 0.3 normal litres per minute). The bulk
steam sample is condensed in a water-cooled condenser and collected in a jar for
chemical analysis. All internal walls in contact with the sample are made of 316 or 316L
stainless steel. The tubing and valves were cleaned by hot steam to remove vaporising
material such as grease and particles.

The main experimental data is the time-variation of the concentration of particles
in the steam-nitrogen mixture determined after reducing the temperature and pressure
to ambient values. The specific number of particles is determined using the measured
humidity of the mixture. Figure 2 shows signals by two CPC’s. Both were of type 3025,
manufactured by TSI Inc.,, USA. The CPC denoted ‘Lamb’ continuously sampled the
particle concentrations. The CPC ‘Parrot’ was connected in parallel. The stream to Parrot
passed through a variable number of screens forming a diffusion battery. A schematic
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diagram of the diffusion battery is shown in Fig.3. By Brownian motion, the ultra-fine
particles diffuse to the wires while passing the screens and by van der Waals’ forces,
they adhere to the screen wires. In this way, small particles are separated more
efficiently than large ones. Figure 2 shows the traces of both measured concentrations.
The figure shows intervals in which the Parrot was connected through a diffusion
battery with the indicated number n of screens. The figure also shows quasi-periodic
modulation of both signals. This modulation was in phase with an observed slight
fluctuation of the pressure in the steam turbine.
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10° :
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Fig. 2: Concentration of particles in the mixture of sampled steam and nitrogen. CP is the
concentration measured by CPC ‘Parrot’ after passing through the diffusion battery and
CL is the concentration measured by CPC ‘Lamb’ which is connected directly.
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Fig. 3: Schematic diagram of the diffusion battery.

EVALUATION OF THE MEASUREMENT WITH THE DIFFUSION BATTERY

We assume a true particle concentration Cp in the steam nitrogen mixture with a
distribution function f, of particle diameters d, and the corresponding cumulative
distribution function Fp

d,
F,d,) = [f,dd,, F,(®) =1 (1)
0
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The particle concentration indicated by the CPC depends on the penetration Pi,
through the inlet tubing and the counting efficiency n. of the CPC. These quantities
depend on the particle diameter dp. Therefore, the CPC indicated particle concentration
Co without the diffusion battery can be expressed as an integral

CO chjfp Pznncddp (2)
0

By inserting the diffusion battery which contains a number n; of identical screens
with penetration Ps of a single screen, the indicated particle concentration is reduced to

Ci :Cp prPinEncddp (3)
0

Here, Pin stands for the inlet penetration (assumed unity for all particle sizes) and
Pi is the penetration through the diffusion battery with n; screens. It is possible to
assume that the probability that a particle passing a screen is independent of the
number of screens in the diffusion battery, so that

P =P (4)
The penetration Ps through a single screen is given by Cheng, 1980
P, = exp(~APe™") (5)

where A = 4.52 is a geometrical constant of the screen and the Peclet number Pe
depends on the undisturbed flow velocity Up in front of the screen, the screen wire
diameter dw and the particle diffusion coefficient D,

— dwUO
Pe D (6)
The particle diffusion coefficient is given by the Stokes-Einstein equation (Hinds,
1999) as
_ kyTC,

= 7
3nnd, (7

where kg is the Boltzmann constant, T is the absolute temperature, Cc is the
Cunningham factor accounting for velocity slip, and n is the dynamic viscosity of the
medium given by Melling, 1997. The viscosity of nitrogen was computed according to
Lemmon and Jacobsen 2004.

The counting efficiency nc of the condensation particle counter TSI 3025 as
determined by Kesten et al. is expressed as a product of the sampling efficiency ns
(taking into account losses inside the CPC) and the activation efficiency na. of the
particles. A log-normal distribution function of particle diameters is assumed

1 (hd,—InCMD)’
= ——— €exXp| —
J2nd,InGSD 2(ln GSD)*

where CMD is the Count Mean Diameter (geometric mean diameter) and GSD is
the Geometric Square Deviation. As a basis for comparison of the model with
experimental data we chose ratios,

u, = —L (11)

fp (10)

which are independent of the (unknown) sampled particle concentration Cp. The
experimental ratios are shown in Fig. 3. The values of ui are given by the ratios of the
right-hand sides of eqs. (11) and (10), and the values of vi are given by the ratios of the
corresponding experimental concentrations.
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The parameters CMD and GSD in eq. (10) were determined as minimisers of the
sum of squares,

S = z:(ui—vi)2 (12)

RESULTS OF THE PARTICLE MEASUREMENTS

Specific numbers of heterogeneous particles were determined at both pressure
levels. At the lower pressure level, the number fluctuated between 1.0x10° and 2.0x10°
particles per kg of steam. At the higher pressure level, the number of particles per kg of
steam varied between 1.0x10° and 4.0x10° This large temporal variation of the
detected numbers of particles was not observed in the previous measurements. The
fluctuations of the detected particle numbers correlated with a slight variation in
pressure of the sampled steam. Due to experimental difficulties at the higher pressure
level, the measurements with the diffusion battery were performed only at the lower
pressure level.

The counting efficiency nc was modelled according to Kesten, by minimizing the
sum of squares, eq. (12), we obtained the following values for the parameters of the log-
normal distribution eq. (10): count-mean diameter CMD = 13 nm, geometrical square
deviation GSD = 3.0. The Sauter mean diameter corresponding to this distribution is ds
=253 nm.

To assess the effect of the counting efficiency of the CPC, the evaluation was
performed also for an ideal counting efficiency of n¢ = 1. This resulted in CMD = 16 nm,
GSD = 2.7, d32 = 177 nm. The difference shows a significant effect of the lower cut-off of
the CPC.

The contours of the sum of squares, eq. (12), are shown in Fig. 4 for both the
estimated counting efficiency n¢ (Kesten, 1991) and for the ideal case of nc = 1.
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Fig. 4: Left: Contours of sum of squares, eq. (12), normalised by Smin = 8.23x10-4.
Contours are shown for S/Smin = 2, 3, ..., 10. The minimum of the sum of squares is
denoted by the circle. Right: same as left but the counting efficiency nc is set to unity
resulting in different contours, Smin = 9.54x10-4.
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CONCLUSIONS

Unique measurements of the concentration of heterogeneous particles in power
station superheated steam have been reported. The size distribution was assumed to be
in the shape of a log-normal distribution, which is commonly used to characterise
experimental aerosol distributions from a single source. While the count-mean diameter
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of about 13 nm characterises the typical size of the heterogeneous particles, the large
value of the Sauter diameter of about 250 nm appears as an artefact of the assumed log-
normal distribution.

With regard to the final goal of this research to distinguish the role of the
heterogeneous condensation process in steam turbines, the present results are not yet
conclusive. Further research is needed to test the hypothesis that a very large number of
particles in the range from 1 to 3 nm exists in steam which, albeit invisible to the present
instrumentation, may serve as efficient heterogeneous nuclei for steam condensation.
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SUMMARY

Measurements were carried out on eight modern boilers meeting the
requirements for Ecodesign in real operation. Their achieved emission and operating
parameters are presented in this paper.

UvoD

Jednim z nejvyznamnéjsich antropogennich zdroji znecistovani ovzdusi (mimo
jiné také aerosolem) je vytapéni domdcnosti pevnymi palivy. Vlada CR se
prostiednictvim MZP snazi o zlep$eni kvality Zivotniho prostiredi mimo jiné i ovzdusi.
Pozitivni aktivitou je dotovana vyména starych a nevyhovujicich kotli za moderni kotle
na pevna paliva (automatické, zplyinovaci kotle) nebo prechod na jiné Setrné zptlisoby
vytapéni (tepelna Cerpadla, plynové kondenzacni kotle). Predmétem tohoto prispévku je
prezentace vysledkt pilotniho projektu meéreni osmi modernich kotld potizenych
z kotlikovych dotaci. VSechny mérené kotle splituji poZadavky na Ekodesign pro uvadéni
vyrobki na trh (Natizeni Komise EU ¢. 2015/1189), jejich skutecné dosahované emisni
parametry pri redlném provozu v domacnostech jsou prezentovany v tomto piispévku.

METODY MEREN{

Bylo zméfeno osm modernich teplovodnich kotli na pevna paliva, priCemz se
nejednd o reprezentativni, nadhodny vzorek a prezentované vysledky neni mozZno
extrapolovat na celou Ceskou republiku. Jmenovity vykon méfenych kotlt byl v rozsahu
20 aZ 30 kW. Jedna se o tfi zplyniovaci kotle na kusové drivi, dva automatické kotle na
hnédé uhli a dva automatické kotle na drevni pelety. Kotle byly, mimo dvé vyjimky (14,
2A) okomentované dale v textu, provozovany majitelem dle jeho zvyklosti. Vykon byl u
automatickych kotld dan aktudlni spotfebou domi, u zplynovacich kotlG bylo
prebytecné teplo ukladano do vybitych akumula¢nich nadrzi (pocatecni teplota cca
20 °C), takZe kotle mély byt provozovany pri jmenovitém vykonu.

Byly méfeny parametry spalin ve spalinové cesté cca 100 aZ 500 mm za kotlem a)
kontinualni méreni teploty termoclankovym CcCidlem, b) kontinualni méreni tahu
elektronickym tlakomeérem, c) kontinualni méreni objemového podilu kysliku v suchych
spalinach paramagnetickou metodou, d) kontinualni méreni objemového podilu oxidu
uhelnatého v suchych spalinach NDIR metodou, e) jednorazovy gravimetricky odbér
podilu prachu vsuchych spalindch, pricemZ nebyly striktné dodrZeny poZadavky
izokinetického vzorkovani. Dale byly nepfimou metodou vyhodnoceny energetické
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ucinnosti spalovacich zarizeni. Byly provedeny rozbory paliv, stanoveny ztraty citelnym
teplem spalin, ztraty plynnym a mechanickym nedopalem, ztraty sdilenim tepla do okoli
nebyly stanovovany (pro vypocet byla uvaZovana konstantni hodonota 3,5 %, dle
zkuSenosti s podobnymi zarizenimi pri provozu na sniZeny vykon). Tepelny vykon kotle
byl stanoven na zdkladé méteni teplotniho spadu (ptilozna c¢idla Pt100) a pritoku
otopné vody (ptiloZny ultrazvukovy pritokomeér).

Stanovené koncentrace CO a prachu (pfepocitané na mg.m-3 pii 0 °C, 101,3 kPa
a referencni obsah 02=10 %) a energetické ucinnosti (stanovené v % prikonu kotle) byly
porovnany s limitnimi hodnotami pro tiidy kotl& dle CSN EN 303-5 (viz Obr. 1 aZ 3).

VYSLEDKY A DISKUSE

Zplynovaci kotle na direvo s ru¢nim prikladanim

Pro tento typ kotll je nezbytné, aby byly provozovany na jmenovity vykon. Proto
je pouziti téchto kotlli, v€etné podminek pro udéleni dotace, podminéno instalaci
dostate¢né kapacity akumulac¢nich nadob. Byli méreni tfi zastupci téchto kotli.

Kotel s oznacenim 1A byl provozovan na jmenovity vykon pfimo vyrobcem
zarizeni, ktery byl méreni pritomen a provozoval kotel optimalnim zplisobem.
Pritomnost vyrobce u méreni si vyzadal provozovatel kotle. BEhem provozu bylo do
kotle pomérné casto zasahovano kvili zabranéni klenbovani paliva nad hoiakem, coz by
zplsobovalo snizeni kvality spalovani a caste¢né sniZeni vykonu. Spravné nastaveny
zplynovaci kotel, ktery je provozovan témér pii jmenovitém vykonu a bez klenbovani,
miiZe v redlném provozu bézné dosahovat kvalitu spalovani i emisi prachu na drovni
tridy kotle 5 (CO pod 700, prach pod 60 mg.m-3 pri 0 °C, 101,3 kPaa 10 % O, viz Tab. 1 a
Obr. 1, kotel 1A). Tento fakt doklada kvalitu téchto konstrukci kotld, ale chybné
nastaveni kotle (nevhodné nastavena fidici jednotka, zanedbani udrzby) nebo otopné
soustavy (nevhodné zapojeni, provoz bez akumulacnich nadrzi nebo pfi nabitych
akumulacnich nadrzich) zptsobi provoz na sniZeny vykon. V praxi to znamenda provoz
s nedostatkem vzduchu se sniZenymi otackami nebo dokonce vypnutym odsavacim
ventilatorem spalin.

Kotel s oznacenim 2A byl nevhodné nastaven, coZ zpiisobovalo trvaly provoz na
sniZeny vykon kolem 30 % jmenovitého vykonu. Majitel byl s nové pofrizenym kotlem
nespokojen. Asi mésic pred mérenim doslo k nahromadéni dehtd za kotlem a v kominé
a naslednému vyhoteni kominu. Sledovanim provozu kotle bylo zjisténo, Ze se po kratké
dobé provozu snizuji otacky spalinového ventilatoru, coz zplisobuje provoz na sniZeny
vykon i pii vybitych akumula¢nich nadrzich. Problém byl identifikovan v nastaveni
maximalni teploty spalin za kotlem na nizké arovni 185 °C, po zvySeni této hodnoty na
250 °C se spalinovy ventilator roztocil na plné otacky a nasledné se podstatné zvysil i
vykon kotle. Méfeni bylo provedeno aZ po tomto zdsahu a kotel byl provozovan po
vétSinu doby provozu bez zasahli obsluhy (cca 1 x za hodinu odstranéni klenbovani),
presto kotel dosahl pouze priblizné poloviny jmenovitého vykonu (viz Tab. 1). Pri
provozu se projevoval efekt klenbovani paliva nad hotdkem, coz zplisobovalo kolisani
kvality spalovani a také sniZeni vykonu.

Kotel s oznacenim 3A byl majitelem provozovan obvyklym zplisobem, ale byl
nevhodné nastaven, to zptisobovalo trvaly provoz na snizeny vykon. Méreni tohoto kotle
bylo provedeno pri tomto snizeném vykonu. Kotel vykazoval emisni parametry horsi nez
staré prohorivaci kotle (viz Tab. 1 a Obr. 1 az 3.). Pri¢inou sniZeného vykonu bylo
nastaveni vysoké teploty vratné otopné vody na 75 °C (pravdépodobné z divodu
zabranéni koroze kotle), v kombinaci s nizkou poZadovanou teplotou vystupni otopné
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vody nastavené na 80 °C. Tento stav zpusobil, Ze pti daném priitoku otopné vody bylo
mozno dosdhnout maximalni teplotni diferenci pouze 5 °C a bylo dosaZeno vykonu
pouze cca 11 kW.

Automatické kotle na hnédé uhli

Z hlediska kvality spalovani vSechny tfi mérené automatické kotle na uhli (kotle
oznacené 4B, 5B a 6B) plnily limity CO pro tfidu kotle 4 (1000 mg.m-3 pii 0 °C, 101,3 kPa
a 10 % O2) viz Tab. 1 aObr. 1. Dva majitelé uhelnych kotll si stézovali na kvalitu
dodavaného uhli, ktera podstatné ovliviiuje mnozstvi produkovaného prachu. Kotel s
oznacenim 6B byl montazni firmou dodan bez turbulatort. Pravdépodobné diky tomu a
nekvalitnimu palivu (s vy$Sim podilem jemnych frakci) koncentrace prachu nedosahla
ani na limit tiidy 1 (180 mg.m3 pii 0 °C, 101,3 kPa a10 % O, viz Tab. 1 a Obr. 2).
U dalSich dvou kotli (4B a 5B) koncentrace prachu spliiovaly limit pro kotle tiidy 3
(150 mg.m3 pri 0 °C, 101,3 kPaa 10 % O, viz Tab. 1 a Obr. 2).

Automatické kotle na direvni pelety

Tretfi skupinou byly automatické kotle na drevni pelety. Tyto kotle pracovaly
z hlediska kvality spalovani (koncentrace CO viz Tab. 1 a Obr. 1, kotle s oznacenim 7C a
8C) nejlépe ze vSech mérenych kotld. Oba zastupci plnili limit CO pro tridu kotle 5
(500 mg.m3 pri 0 °C, 101,3 kPa a10 % 02). U obou mérenych kotlli byly shledany
drobné potiZe se zanesenym vyménikem. Majitel kotle oznaceného 7C dokonce netusil,
Ze i tato konstrukce kotli potiebuje jednou za cas vycistit. Po nasledném vycisténi
vymeéniku se teplota spalin za vyménikem, dle vyjadireni majitele, snizila cca o 50 °C, coZ
znamenalo zménu ucinnosti ze stanovenych 83,8 % na cca 87,4 %. Tato hodnota
ucinnosti se jiz velmi pribliZuje k limitu pro tfidu 5, ktera poZaduje i€innost minimalné
88,3 % (viz Obr. 3). Béhem meéreni dosahly tyto kotle tfidy 3 a 4 (pfi soucasném
hodnoceni limitnich hodnot CO, prachu a ti¢innosti viz Tab. 1 a Obr. 1. aZ 3.).

Tab. 1: Vysledky méteni modernich kotlii na pevna paliva

stanoveny  jmenovity kominovy

oznaceni co prach Uéinnost vikon vikon tah
kotle)  [mgm3]P9d [mg.m3] ) [%]9) kW] (kW] [Pa
1A 449 (5) 35 (5) 84,9 (4) 16,8 22 34
2A 3347 (3) 69 (4) 77,7 (3) 15,7 30 34
3A 21643 (1) 558 (-) 76,7 (3) 10,9 25 19
4B 997 (4) 107 (3) 85,9 (4) 10,2 25 23
5B 903 (4) 96 (3) 78,8 (3) 11,2 25 28
6B 746 (4) 196 (-) 84,5 (4) 11,4 25 15
7C 62 (5) 31 (5) 83,8 (4) 12,4 20 21
8C 191 (5) 63 (3) 85,0 (4) 17,5 30 4
a) pismeno v oznaceni kotle oznacuje konstrukci a palivo: A - zplyniovaci kotel,
kusové drevo, B - automaticky kotel, hnédé uhli, C - automaticky kotel, dfevni
pelety
b) suchy plyn, 0°C, 101,3 kPa a obsah 02=10 %
‘) hodnota uvedena v zavorce je dosazena tfida kotle dle CSN EN 303-5 pro
uvedeny parameter
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Obr. 1 Srovnani naméfenych hodnot koncentrace CO slimitnimi hodnotami dle
CSN EN 303-5 (mg.m3 p¥i 0 °C, 101 kPa, 10 % Oz, suchy plyn)
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Obr. 2 Srovnani namérenych hodnot koncentrace prachu s limitnimi hodnotami dle
CSN EN 303-5 (mg.m-3 pti 0 °C, 101 kPa, 10 % Og, suchy plyn)
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Obr. 3 Srovnani naméienych hodnot Géinnosti slimitnimi hodnotami dle CSN
EN 303-5 (% prikonu)
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Prezentované vysledky neni moZno extrapolovat jako dopad kotlikovych dotaci
arozhodné je neni moZno interpretovat jako selhani kotlikovych dotaci. Naopak,
pobidka k porizeni nového kotle s pomoci dotace vyraznym zptsobem urychlila
rozsireni modernich kotléi na pevna paliva v Ceské republice. Také je nutné na tomto
misté zdlraznit, Ze prezentované vysledky neni mozno povazovat jako reprezentativni
parametry urcité konstrukce kotlli. Pro takové zhodnoceni je nutné provést vétsi pocet
méfeni na redlné provozovanych zatrizenich vSech hlavnich vyrobcii kotli pouzivanych
v Ceské republice.

Redlné provozni hodnoty jsou vysledkem kombinace téchto ctyrr faktori
a) kvalita konstrukce kotle, b) kvalita paliva, c) kvalita obsluhy, d) kvalita udrzby. Vliv
konstrukce konkrétniho kotle je tedy pouze jednim ze Ctyr faktorl ovliviiujici kvalitu
vysledného procesu. V pripadé, Ze selze optimalizace jednoho nebo vice z dalSich tri
faktort, tak dochazi ke zhorSeni emisnich nebo provoznich parametri. U modernich
kotld je selhani témér vzdy vinou lidského faktoru, at jiz v podobé servisniho technika
nebo provozovatele.

Provedena mérenti je nutno chapat jako pilotni aktivitu pro potvrzeni ¢i vyvraceni
hypotézy, Ze redlné moderni kotle mohou byt vyrazné zatiZeny chybami zptisobenymi
nedostatecnou duslednosti 1) pfi instalaci a uvadéni kotle do provozu, 2) nekvalitnimi
dodavkami paliva, 3) nedostatecnym proskolenim uZzivateld a 4) také urcitymi
nespravné vylozenymi fakty (vytrZeni dobrych rad a principii z kontextu) (Horak, 2016).
Napriklad pripad, kdy byla sniZzena pozadovdna maximalni teplota za kotlem,
s pravdépodobnym cilem zvySeni ucinnosti kotle, timto zdsahem vSak doSlo také
k nechténému omezeni vykonu zplynovaciho kotle. Nebo ve druhém pripadé, kdy nékdo
nastavil vysokou teplotu vratné vody do kotle, pravdépodobné pro zabranéni koroze
kotle, kde timto zdsahem doslo taktéZ k omezeni vykonu zplynovaciho kotle a
naslednému dramatickému zhorseni emisnich parametra kotle. Samostatnou otazkou je
zavedeni pozadavku na realizaci méreni pti uvedeni zatizeni do provozu u zakaznika,
které ma prokazat splnéni pozadovanych parametrt - v Rakousku je to podminka pro
vyplaceni dotace.

Ukazuje se, Ze citlivou oblasti u automatickych uhelnych kotlii je granulometrie
paliva (zvySeny podil jemné frakce navySuje emise prachu). Jako dobrou lze povazZovat
skutecnost, Ze pii spravném nastaveni automatického kotle je znatné omezen vliv
obsluhy, nebot je minimalizovan ,pouze” na prikladani paliva, vynaSeni popele a ¢iSténi
vymeéniku a spalinovych cest. Pro majitele novych zplynovacich kotlti neni viibec snadné
opustit jejich zazité navyky z provozu jiz zlikvidovanych starych kotld. Je nutné si
uvédomit, Ze kaZzdy typ spalovaciho zarizeni vyZzaduje trochu jiny pristup. Spravna
edukace téchto uzivateli se jevi jako diilezity faktor pro optimalizaci provozu kotla.

Cilem piispévku je upozornit odbornou verejnost na zjisténé chyby pri uvadéni
instalovanych zarizeni do provozu a nedostatky v zaskolovani obsluhy kotld. Pokud
budou tyto skutecnosti spravné pojmenovany, pak je moZno najit nastroje pro jejich
ucinnou eliminaci. NaSim spole¢nym cilem je totiz to, aby se emise zneciStujicich latek
sniZovaly.

Splnéni prisnych emisnich a provoznich parametrii kotle pti certifikaci neni
zarukou, Ze kotel bude takto pracovat i pii skuteném provozu v domacnostech. Pro
optimalni provoz kotlili je potireba kromé kvalitniho kotle splnit jesté dalsi tfi podminky.
Tedy pouziti vhodného paliva, spravna obsluha kotle a peclivdA udrzba. Potom je
zaruceno, Ze kotel bude pracovat optimalné s minimalnim mnozstvim produkovanych
znecistujicich latek a svysokou ucinnosti. Samotnd vyména kotld tedy nemusi byt
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zarukou pro vyrazné sniZeni emisi znecCiStujicich latek, ale je podminkou prvni
a nezbytnou. Proto autori povaZzuji ,kotlikovou dotaci“ za spravny pocin, ktery by ovSem
mél byt doprovazen dalSimi aktivitami.
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INTRODUCTION

The scanning mobility particle sizer (SMPS) is one of the instruments used for
measurement of particle size distribution function in atmospheric aerosols. The
particles are classified according to their mobilities in a flow of a gas (usually air) and an
electric field. The particles are then counted. At a constant gas flow and voltage the
particles at the output of the classifier have equal electrical mobility. Certain percentage
of particles bear a single elementary charge but a known portion of larger particles bear
two or more elementary charges. Such particles exit the classifier at the same voltage of
the electric field as smaller particles bearing a single charge. In order to estimate the
particle size distribution, correction to multiple charges has to be applied. However, this
correction can have a negative impact to the estimated distribution. A technical problem
can occur in a particular size bin. If measurement of large particles is affected by such a
problem, the error propagates to the corrected number of smaller particles yielding in
an extreme but not so rare case to a negative count of particles. Our idea is that the
errors caused by the technical problems should have a character differing from the
properties of common experimental errors. The aim of the work is thus development of
a robust algorithm for detection of such errors and their fully automatic correction. The
algorithm should be fast so that it could be applied in real time.

DATA

In this work data from two SMPS instruments were used, namely the one located
in National Atmospheric Observatory Kosetice (NAOK), station code CZ0003R, GAW-ID
KOS, instrument name SMPS_KOS, measurement started on May 1, 2008, and the one
located in Prague Suchdol, station code CZ0004B, GAW-ID PRG, instrument name
SMPS_Suchdol, measurement started on April 6, 2012. Time resolution of measurement
is 5 min in both instruments. With the exception of data presented in Fig. 2, raw mobility
size distributions, extended version, were used to calculate inverted values by TROPinv
v.2.13 (2013-09-19) described in TROPinv (2019). We are interested in analysis of
errors propagation during the multiple charge correction, therefore corrections for
particle losses and CPC (condensation particle counter) efficiency were not applied. The
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instruments have different sheath flows that was taken into account for the evaluation
of the DMA transfer function area.

Distributions with negative concentrations were identified in the *inv files by the
standard UNIX utility grep. Afterwards the instrument logbooks were consulted. Such
events often occur during switching between measurement and calibration. These
distributions are always flagged as invalid data and were therefore discarded from
further analysis. Only data considered as valid were used.

STATE OF THE ART

According to the specification issued jointly by EBAS and GAW WDCA (2019), the
data are submitted to the international databases in three forms derived from the
NASA Ames 1001 format (ESPO Data Archive, 2019). Level 0 file contains the raw data
and technical variables without any corrections. Level 1 file contains inverted data
which are in case of SMPS corrected to multiple charges, particle losses and CPC
efficiency. Level 2 file contains hourly means of data converted to the standard pressure
and temperature. A set of standard flags is defined for marking distributions affected by
various types of atmospheric and technical conditions which may reduce the reliability
of the data but the data are considered valid as well as flags which invalidate the data
and provide the reason of invalidation. So far there is no established method for
automatic detection and/or correction of errors caused by the technical problems. Such
data cannot be easily spotted by human eye of a person responsible for QA/QC. It is
therefore highly probable that such data remain unnoticed and are submitted without
any flag meaning that these incorrect data are considered valid by the data originators
and submitters.

It could be anticipated that averaging can reduce the impact of distributions
damaged by technical problem. However, Fig. 1 shows that this is not the case. Here two
distributions were affected by technical problems. The magenta line displays the mean
calculated from all data. If the physically impossible negative values are replaced with
zeros prior to averaging, the resulting mean distribution is at least physically meaningful
but still incorrect. The red line shows the average of distributions corrected by the
algorithm explained later in the article.
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Fig. 1: Sample hourly mean distribution with a detailed view
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In our automatic system the algorithms described by Zdimal et al. (2008) are
used. Fig. 2 shows that even in case where filtration in the time domain is used prior to
estimation of the particle size distribution false modes located at large diameters are
found.

Modes location (5/9/1) Concentration, ranges: 0-30 nm, 0-100 nm, 0-300 nm, total (5/9/1)
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Fig. 2: Modes locations (left) and concentrations (right) estimated from inverted data
filtered in the time domain

METHOD

Both SMPS instruments used in our stations measure size distributions in two
scans, an upscan with increasing voltage and hence increasing particle diameter,
followed by a downscan with decreasing voltage. The particles are counted in
predefined size bins forming a geometric series. The instruments are equiped with
software provided by TROPOS (TROPinv, 2013) which calculates arithmetic averages
from the two scans (upscan and downscan) for each size bins and then makes use of
these averages for inversion (multiple charges correction etc.). If particle count in one of
the scans for a particular size bin cannot be obtained, only the count from the other scan
is used.

We have found that if a technical problem occurs, only one of the scans is
affected. We can therefore omit this number from averaging. This means that we do not
insert any artificial artifact, we thus do what the software would do by itself if instead of
measuring the wrong value the particle count in the corresponding scan were not
obtained.

Particle counts in the scans can differ for various reasons: a common
measurement error, a change of the aerosol during the time between the scans, a
technical problem of the instrument. The aim of the additional data processing is to
detect and correct instrument problems only while leaving the other differences intact.
We thus have to distinguish technical problems from other sources of differences in
particle counts between the scans. The algorithm must be adaptive because the aerosol
can change considerably in time. Statistical methods cannot be used because the type of
the distribution of the particle count differences between the scans is unknown and
there is no theoretical background which could be used. In addition, the number of size
bins affected by technical problems is always small, hence statistically insignificant.
Useful methodology in such cases is offered by mathematical gnostics (Kovanic et al,
1995).
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Mathematical gnostics is a nonstatistical paradigm of uncertainty rooted in the
theory of measurement. The condition of measurability implies that the measured
values and uncertainties must be modelled by Abelian groups with neutral and inverse
elements. A value is not considered a number. Instead, an isomorphism to an Abelian
group of real numbers is only one of numerous isomorphisms. Abstract analysis of
possible models of uncertainty allows us to find analogies with the special theory of
relativity and with thermodynamics. We can thus assign entropy to each individual
datum. Making use of equations derived in the information theory we can further
calculate information and probability of each individual measured value. The equations
including the derivations are given in the above cited book. The book also explains what
the ideal gnostic cycle is. It consists of two different paths, quantification and estimation.
The entropy is related to their lengths which is measured in different geometries,
namely in the Euclidean and Minkowskian geometry. The difference between these two
entropies is called residual entropy which should not be confused with the same term
used in thermodynamics.

Detection of errors caused by the technical problems is based on analysis of
dependence of the residual entropy on the value of an added datum. We evaluate the
first two derivatives which enables us to split the set of entropies to kernels. It was
found that data representing the differences caused by technical problems have their
own kernel which can easily be identified. In the size bins identified by this algorithm as
subject to technical problems of the instrument we accept the count which is closer to
the previous corrected distribution and the count measured in the other scan is
discarded. In all remaining size bins we preserve the counts measured in both scans and
the inversion software will use their arithmetic means.

RESULTS

The proposed algorithm was tested on 2880 distributions from NAOK and 2016
distributions from the Prague-Suchdol station. The data from the whole days were
selected in such a way that they contained negative concentrations in the uncorrected
inverted data and there was no comment in the logbook for the corresponding day
meaning that there was no apparent reason to flag the data as invalid. Since the data
from whole days were analyzed, the test set contained both distribution that were
subject to technical problems and undisturbed distributions where corrections should
not be applied, as the technical problems typically affects only some distributions during
the day. Calculation was performed by a preliminary version of the gnostic software
which can only run in a single thread and a distribution was typically processed within
6 seconds. The algorithm can thus be applied in real time even on the same computer
which is used for controlling the measurement device.

Two types of technical problems were observed. Both types can occur
simultaneously in the same distribution but such case is not frequent. In the first type a
particle count in one of the scans for a smaller particle size is missing but the acquisition
software replaces it as a valid zero. The arithmetic mean of these scans thus yields a
small value and after multiple charge correction the resulting concentration in the size
bin can be negative. The error caused by the second type of a technical problem is more
pronounced. The measured count of large particles is too high, sometimes even several
orders of magnitude higher than the real number. After application of multiple charge
correction the error propagates to particle concentrations in the lower size bin. Fig. 3
shows that several consecutive distributions can be affected by such technical problems.
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This explains why neither averaging nor filtration in the time domain helps in obtaining
reasonable particle size distribution as demonstrated in Figs. 1 and 2.

this effect as a real process and does not correct the data.

Fig. 4 Displays the event caused most probably by a car running nearby. As the
car approaches, the downscan measures higher concentration, afterward the larger
concentrations are observed in the upscan. The proposed algorithm properly recognizes
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Fig. 4: Fast change of the particle concentration due to a mobile source
correction will be applied before inversion
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CONCLUSION

This work proves that utilization of knowledge of physical principles of the
process leads to better results than application of purely mathematical solution based
on abstract assumptions that cannot be verified. The recent results are based on data
from a rural background and an urban background station. Analysis of data of other
types of stations are needed before they can be reliably generalized.

We also agree that even such mathematical method is a tool which should be
used but not abused. We must not try to play tricks with poor quality measurement.
However, we often need to carry out measurement at the very limits. In such cases we
can achieve our goal using a combination of correct experimental techniques with
advanced data analysis.
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INTRODUCTION

Development of nanotechnology has grown very rapidly in past decades.
Therefore, it has become increasingly important to monitor the exposure of workers in
nanoparticle-based manufacturing operations. In order to determine real personal
exposure, it is advisable to take a sample within the worker’s breathing zone. To
perform this task, there is not much of a choice yet, since experimental methods are still
under development. Recently, a novel active personal nanoparticle sampler (PENS) has
been developed, collecting both respirable mass fraction (RPM) and nanoparticles (NPs)
simultaneously (Tsai et al,, 2012).

EXPERIMENTAL SETUP

Measurements of personal exposure to nanoparticles took place at the Technical
University of Liberec, where researchers attempt to develop a new thermoplastic or
reactoplastic (thermoset) composite material exhibiting comparable performance
characteristics with steel, with regard to its low thermal expansion, hardness, and
resistance to surface scratching. The researchers were divided into four groups that
worked in two different workshops. Two groups were exposed to particles from
machining (milling and grinding), the other two groups to welding particles, each group
for approximately 180 minutes. In the "machining” group there was always one miller
and one grinder, in the "welding" group there was always one welder, and the rest of
workers was 2-10 meters from the particle source. Each worker was equipped with a
personal sampling system consisting of one PENS, a battery and a personal pump. The
measurement of exposure was carried out using the PENS, which consists of three main
parts (Figure 1). The first part is a respirable cyclone, cutting off particles larger than 4
pum in aerodynamic diameter. The second part is a microorifice uniform deposit area
impactor (MOUDI) with the cut-point of 100 nm. Particles ranging from 100 nm to 4 pm
in diameter are collected on the impaction plate covered with a 13 mm Teflon filter
(PTU021350, Sterlitech Corp., USA) coated with Apiezon L to avoid particle bounce and
supported by 25 mm aluminium foil. NPs are collected in a filter cassette containing a 37
mm PTFE filter with PMP support ring (225-1709, SKC Inc., USA). To achieve uniform
particle deposition and suppress particle bounce, a stepper motor was used to rotate the
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impaction plate at 1rpm. Sampling flow rate was 2 1/min. Both RPM and NPs filters were
analyzed gravimetrically on a M5P balance (Sartorius, Germany, 1 ug resolution).
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Fig. 1: Schematic diagram of PENS (Tsai et al., 2012).
RESULTS AND CONCLUSIONS

The results (Table 1) showed that workers operating the machines emitting
particles (operators) were exposed to substantially higher personal doses of both RPM
and NPs in comparison to their peers present in the same workspace but being farther
from the emission source. The differences between exposures of operators and other
workers in the case of milling and grinding were rather moderate (2x-3x) both to RPM
and NPs. On the other hand, in both shifts with welding the operators were exposed to
4x - 10x higher doses of RPM, while in the case of NPs the doses were only 2x-4x higher.

Tab. 1: Mass concentration of RPM and NPs during machining and welding (ug/m3).

MaChinist/Welder Others (average)

RPM NPs RPM NPs
Grinding 31 114

22 37
Milling 38 58
Welding I 895 144 232 98
Welding II 2671 267 272 66
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PROLOG

Dekati® eDiluter™ Pro is a portable dilution system that allows easy sample
conditioning for a wide range of particle measurement application. Its compact structure
includes a two-stage dilution system with an adjustable dilution factor ranging from
1:25 to 1:225 and adjustable dilution temperature max 400°C. The high sample output
of the Dekati® eDiluter™ Pro allows the system to be fully integrated with all Dekati®
Instruments and is also compatible with all other commercially available measurement
instruments.
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Fig. 1: Dekati® eDiluter™
OPERATING PRINCIPES

The operating principle of the Dekati® eDiluter™ Pro is based on two-stage
dilution. The first dilution stage is heated while the second diution stage operates at
room temperature where the aerosol sample is also cooled in a controlled manner. Each
dilution stage consists of an ejector diluter with additional sheath air flow. The use of a
large ejector nozzle and sheath air reduced the need for cleaning, and also minimizes
particle losses within the system.
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Fig. 2: Operating principle of the Dekati® eDiluter™ Pro

Dekati® eDiluter™ Pro ensures stability of dilution factor under varying
conditions (sample temperature, pressure), accuracy and repeatability of measurement
by integrated set-up (less risk of variations in set-up configuration), minimizes particle
losses.

Active Pressure Compensation: diluter operation is adjusted based on inlet
pressure measurement, constant dilution factor even when sample pressure changes
(within 900 - 1200 mbar range), can be combined with DEED-300 for higher pressures
or the probe for sampling from temperature up to 1200°C.
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Fig. 2: Dilution factor of standard diluter vs eDiluter Pro (left)
Fig. 3: Dekati DEED-300 - high pressure diluter can be used as a prediluter with Dekati

eDiluter (right)

Fig. 4: Dekati eDiluter with high temperature probe up to 1200°C for burning process or
boiler corrosion studies.
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