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SUMMARY

The influence of different air mass origins on particle number size distribution was
studied at five stations within Ultrafine aeosol particle network. The significant
differences between concentrations were observed in accumulation mode in different air
masses- the long-range transport affected concentrations. Local sources probably more
contribute to aerosol concentrations in Atken and nucleation mode at urban traffic
stations.
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SUMMARY

The cleaning of particles from library materials (paper, textile, and collagen
materials) using a highspeed C@snow jet was investigated. The measurements included
determination of the cleaning efficiency, and evaluation of possible adverse effects. The
method was compared with nitrogen jet cleaning. The results showed that the €8how
jet is able to efectively remove particles from thesurfaces. Any adverse effects were not
observed at paper and textile However, application on collagen materials caused
degradation of the surface.
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SUMMARY
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similar during the seasons. This shows that the fractionation of stable carbon isotopes is
a predominantly physical process in which the chemical composition of individual
compounds in bulk aerosols does naplay a majorrole.$ AOAETI O ET 61 AEEéEA
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INTRODUCTION

Atmospheric aerosols have a significant impact on the radiativiercing of Earth's
climate, either directly through aerosol radiative interactions (ARIS), i.e., scattering or
absorption of incoming solar and outgoing infrared radiation, or indirectly through
aerosolcloud interactions (ACIs) (Boucher, 2015; IPCC, 2013; Luomet al., 2019;
Ramanathanet al., 2001). The aerosol radiative forcing of the direct effect consists of a
warming effect and a cooling effect (Boucheet al.,, 2013; Charlsonet al.,1992). The
predominant cooling effect results from the scattering of radiatiorby certain species of
atmospheric aerosols (including sea salts, nitrates, sulfates, mineral and organic matter,
etc.) that reduce the amount of solar radiation reaching the Earth's surface. This
phenomenon offsets the greenhouse effect and alters the ration balance (Pandolfiet
al.,2018).

According to a number of studies, radiative forcing by aerosols remains one of the
main sources of uncertainty in climate models estimations due to the strong spatial and
temporal variations in chemical and physicaproperties of aerosols, their short lifetime
compared to greenhouse gases, and diversity of aerosol sources (Boucher, 2015; Charlson
et al., 1992; Leeet al., 2016; Luomeet al.,2019). These studies are important for a better
understanding of local and bng-range transport of both anthropogenic pollutants and
natural aerosols and for unbiased longerm trends.

The aim of this study is to focus on the temporal variations of lighscattering
properties of aerosols at a rural background site in Central Eupe. The total light
DOl PAOOEAO OOAE AO GABAtheBhcksCaetrty iratioApl Bnid thé 1
asymmetry factor (g), are characterized considering differeh time scales (annual,
seasonal, monthly, or diurnal) based on longerm measurement. The optical properties
were compared with meteorological conditions (fog, cloudiness); the concentrations of
gaseous pollutants such as NGand SQ were inspected as wellas potential sources of
atmospheric aerosols. In addition, radiative forcing, and the influence of other
meteorological conditions (e.g., height of planetary boundary layer), chemical

O
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composition and particle size distribution at the National AtmosphericObservatory A
+T HAOEAA .17 +q AOA AARAEI ¢ ZOOOEAO ET OAOOECAOA
aerosols on the local climate.

METHODS

We measuredAsp A T Axspakithree wavelengths (450, 550, and 700 nm) using the
Integrating Nephelometer TSI 3563,equipped with a PM10 inletand a Nafion drier.
Measurements were performed at the rural background site National Atmospheric
| AOAOOAOT OU +T HAOEAA j.!'/+NnN twlotocm8Xyyx €. h
part of Czech Republic. Sampling was condudiat five-minute intervals from August
2012 to February 2013, and then at oneminute intervals till December 2019. All data
were processed according to the standard monitoring procedure of the European
Monitoring and Evaluation Program (EBASEMEP). Periodt control calibrations were
performed with CQ gas and filtered air to ensure credible resultsMoreover, the
instrument took part in regular intercomparison exercises organized by ECAC at TROPOS.

Data processing and statistical analysis were performed usj R software version
4.1.0. Data were referenced to standard conditionsSAEwas calculated and usedor
correction of nonideal light source illumination and cutoff error in the near forward
jm-10J@di AAO AAAEx ApDWAnt gidedforns using correction factor C
(Anderson and Ogren, 1998; Massodit ald8 h ¢ 1t Tt wetgl., 2009).LakeiOb and g were
calculated with all temporal variability. Potential source contribution function (PSCF) for
estimation of potential aerosol souces was calculated using Roftware version 4.1.0.

RESULTS

The preliminary results show that the general trend for both Asp and Apsp IS
downward from 2012 to 2019 (Mann+ AT AAT 1 OAOON | EX@atwed D [ 18
nm). Themedian slopes of allaerosollight scattering properties are shown in Té. 1.

SQ and NQ concentrations were correlated with Asp and Apsp throughout the
period, confirming their contribution to light scattering enhancement (Spearman
correlation test; SQ and Aspz p=1.69€98, rh0=0.557; NO and AspZ p=3.91€e13, rh0=0.678
SQ and Apspz p=2.29€99, rh0=0.584 NO, and Abspz p=5.18€96, rh0=0.464).

Although Aspand Apbspdecreased over timep showed a positive slope of the median
trend line, indicating a more efficient light backscattering with time. The possible
explanation is that the chemical composition of the aerosol changed in favor of cooling
(relative decrease in organic/elemental carbon concentration ratio and more scattering
chemical species); therefore, aerosol particles become more effective in backscattering at
lower aerosol concentrations.

Relative shift from higher to lower SAEvalues (shift to bigger particles) could be
an indication of effectivepolicies againstindustrial/residential emissions. The smallest
particles are mainly produced directly at the source (e.g., combustion, heating) or as a
product of secondary aeroso(SOA)formation. The trend leading to smallerSAEvalues
signals a shift toward larger particles that may be produced by reactionsf pre-existing
particles in the atmosphere (secalled aerosol aging)Furthermore, long-range transport
of aerosol particlesmight have become a more significant source of aerosol particles
NAOK.

As can be seen in Fid that Asp (and Apsp) reached higher values in the cold season
than in the summer. BothKspand Abspdominated in February, March, and Novembeg3.2,
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58.7,58.0Mm1 and 8.0, 7.2 and 7.0 Mrh, respectively.This phenomenon is probably
related to the higher aero®l load in winter due to higher energy consumption, poorer
dispersion of pollutants, and lower altitude of the planetary mixing layer.

Tab. 1: Slopes of the annual median trends found for aerosol light scattering properties
throughout 2012-2019 period.

450 nm 550 nm 700 nm
Asp[Mm-1 /year] -3.22 -2.50 -1.03
KbsptMm-1 Jyear] -0.18 -0.18 -0.09
SAH/ year] -0.002 -0.010 -0.018
b [/ year] 0.015 0.012 0.013
g [/ year] -0.027 -0.021 -0.022
3004 .
" 200l 1 P il | sesson
o i i : : | ’ | # Winter

] ] |
100 i NN oy

LU

2012 2013 2014 2015 2016 2017 2018 2019

Fig. 1: The annual and seasonal variation ofsp at 550 nm. Black line represents medial
solid black circles represent outliers

The elevatedlevels of SAEIin summer might indicate enhancedformation of SOA
during the photochemically active season. SAE levaisachead the highest monthly value
2.09 in July. This is supported by the correlation of theicrease inisoprene concentration
at NAOKin summer as well asby the results published in Mbengue et al. (2021, 2020). In
contrast, particles remain longer in the atmosphere during the winter season and can
overcome several chemical reactions during aerosol aging and thus grow, reaching the
lowest monthly value of SAEn February; 1.62.

The oveaall annual trend ofb is upward from 2012 to 2019 (Tab. 1) what could be
explained by possiblepartial changein particle size andchemical composition of aerosols
toward more backscattering species, e.g., secondary organic aerosolstransport of
oxidized/sea-salt aerosol particles during summer which is mainly pronounced in
summer period. The maximum was observed in May, June, and July; Oia&ll cases and
the minimum in November; 0.12.

As theg ranges from-1 to 1 (total backscattering to total foward scattering), the
overall lowering of the g value shows a shift to stronger backscattering. Maximumwalues
of gwere observed in November, February, and Marcl;6 in all casesSince higher values
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of g represent a dominance of forward scattering, the suggests less backward scattering
species in winter, e.g., aerosol mixtures containing carbonaceous substanddewever,
median values ofg remain in the positive values for the whole inspected period indicating
prevalence of forward scattering of light, which is in agreement with theoretical
predictions.

The diurnal variations of Aspand Asspwere downward from midnight and reached
their minimum around noon (29.6 Mm-1 and 4.3Mm-1, respectively) and started to
increase to reach their maximum at 9 p.m.30.58 Mm! and 5.6Mm-L, respectively). The
main reason for this is the higher stability of the atmosphere and the lower planetary
boundary layer during nighttime.

The daily variation of SAENcluded two maximum peaks(the smallest size) one in
the early morning at 3-5 a.m.; 1.86 and the second at 1 p.m.; 1.85. Thevest SAE values
were observed daily between 6am and 8 a.m, indicating the occurrence of largest
particles during this part of the day No visible variations were observed fob during the
week, and the median remained stable at 0.14.

The PSCF visualization of aerosol potential source identification is shown in Fig. 2.
PSCF showed a higher probability of source location identification of the observed values

PSCF

January February March
T = ; —— ) ~ probability
1

0.8

- 0.6

- 0.4

0.2

Vo> om0
% S ek

Fig.2: 0 3 # & s &t B50 Am calculated separately for different months with montly 75th
percentile as the limit value. The location of NAOK marked with black circle.

over 75 percentile of Aspduring late autumn, winter, and early spring. This probability
correlates with higher Aspand Apssplevelsduring cold season. As the probability is not dense
in any region, the results may be more by synoptic situation than potential sources of
aerosols.

To compare AOP with cloudiness, we defined four categories according to WMO
definition z fine F (no clouds), partly cloudy PC, cloudy C and overcast O dég@mpletely
covered sky without breaks)

(ECEAO OAJ AT AAY, dbséEved during O days could be caused by
compressed boundary layer.However, we expect more precipitation during O days, thus
removing aerosol particles from the atmosphere, which was not proven in this study. For
F days, the hypothesis suggests higher solar activity and photooxidatipeocesses in the
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medians were 36.46 Mirt, 28.81Mm1, 28.12 Mmt and 41.42 Mmt AT A  @dmAdiads
5.47 Mm1, 4.61 Mm1, 4.41Mm-1and 5.52 Mm! for days F, PCC,and Orespectively.

A study of fog influence on AOP showed increased scattering potential of aerosols
during days without the fog, because the multiplescattering of light on particles might
occur during the foggy days causing decreased intensity of measuredghit coming to the
instrumental cell.

CONCLUSIONS

In this study, we focused on temporal variations of longerm measurement of AOP
at a rural site in Central Europe, as well as on the comparison with different
meteorological conditions, concentration of @seous pollutants, and source
apportionment.

The overall trend of Asp and Apsp Wwas decreasing from 2012 to 2019. Similar
decreasing trend was observed forSAE indicating shift to relatively bigger particles,
increased b and decreasedg suggests increasecefficiency of backscattering at lower
concentration, bigger particle size and possible change in chemical composition. Elevated
SAEN the summer implies SOA formation, decrease8iAENn winter denotes aerosol aging,
and higher atmospheric stability. Decreaed b in winter suggests the occurrence of
atmospheric particles with lower backscattering potential, e.g., carbonaceous aerosols
originating from different types of combustion. The backscattering potential was
decreased during fog events (multiple scattang of light). The source identification did
not show a high probability of occurrence in any of the regions, suggesting the prevalent
influence of the synoptic situation over Europe more than the potential sources of
aerosols.
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INTRODUCTION

Volcanic eruptions are one of the most important sources of natural aerosol
(Ravindra Babu et al., 2022; Tomasi et al., 2017). Their negative impacts on air quality
(the effects of volcanic exhaust) can be observed via lomgnge transport to locations far
from the eruption (Kvietkus et al., 2013; Ravindra Babu et al., 2022; Revuelta et al., 2012).
One of the most recent events of volcanic activity was a volcanic eruption on La Palma in
the fall of 2021 (Cumbre Vieja Volcano, La Paima I§laA h  # AT AOU ) Ol AT AOHh
pxJuvgomx ¢7h phwtw I A80818Qq8 4EA Ei PAAO 1
I AAOOOAA ocoenn EI &£O01T1T OEA . AOGEITTAI 1 0i1 OPE
using a combination of groundbased measurements and wécal profile analyzes. Since a
new instrument (LIDAR) has extended the equipment of our station, vertical profile

analyzes were performed.
EXPERIMENTAL SETUP

Il EO NOAI EOU xAO AT AT UUAA AO OEA . AOGEI T AI
-twlotomgulathw ¢ %h vot I A80O81I 8qQ A£O0T I 3ADPOAI
rural background station located in the CzectMoravian Highlands, in the central part of
the Czech Republic. Vertical profile characteristics were measured using LIDAR (LR211
D300, Raymetrics). The measurement principle of LIDAR is to emit a laser beam into the
atmosphere, which is scattered by particles. Part of the emitted light is scattered back to
the LIDAR's telescope. Based on the time it takes for the light to return, the diste of the
aerosol layers can be determined. The received power due to elastic scattering can be
described by the lidar equation (1) (Raymetrics SA, 2020). The meaning of the variables
can be found in Baars (2007) and Baars (2011).

= Sl al A ZL,ex = Zaz* z'
P(z)=D, ZB( )A LO( )z‘ p|: 27‘:( )d :| (1)

Air quality measurements were performed with automatic analyzers: S£T100U,

Teledyne Advanced Pollution Instrumentation); PMo, PMs (MP101M Environnement
SA), Hg - (2537B, Tekran),SQ, NQ - custom-made sampler (according to EMEP).
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RESULTS ANDONCLUSIONS

During the period studied, there were two dates when the volcano's S@lume passed
over central Europez September26 and October 20. From about 8:00 p.m. on September
26 to 3:00 a.m. on September 27, several layers at altitudes of-1@ km were recorded
by LIDAR (Fig. 1). A huge increase in the backscatter coefficient (upgo3 @-Enpirsrtt)
was observed at altitudes of 16012 km during 24 hours (from 25 September to 26
September) (Fig. 2).

13000 -
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9000-

Height (m)
\l
©
o
©

1800 2000  2x0 0200 0600
26/9/2021 26/9/2021 26/9/2021 27/9/2021 27/9/2021

Fig. 1: Lidar measurements from 09/26/2021 to 09/27/2021. Time series of the range
corrected signal for the 355 nm channel
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(a) EARLINET nak 2021-09-25 355.0nm (b) EARLINET nak 2021-09-26 355.0nm
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Fig. 2 355 nm particle backscatter coefficient observed on 25 $eember 2021, 18:027
18:21 UTC(a), on 26 September 2021, 20:0Z 20:21 (b) processed in SCC platform (19
min signal average)
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SUMMARY

The impact of local heating on PBsAT T AAT OOAQET T O 111 EOI OAA
4 GAAAD ET #A1 OOA1 "TEAITEA AAOxAAT ¢p8 pg8
effect ofwind speed and temperature on Pl concentrations was examined. The PM
concentrations were measured using both stationary and mobile monitoring.

For the stationary monitoring, 7 DustTrak 8520 monitors (integration time 1 min)
were used. A network of thee monitors was built to cover different settlement (village
edge, village center) as well as geological types of locations (valley, hill). The mobile
monitoring took place 31. 1. 2022 over the course of 7 walks during which Pldand PNC
concentration were measured using portable monitors (DusTrak DRX and PTrak). The
integration time for both monitors was 1 s. The aim of the mobile monitoring was to
supplement knowledge gained from the stationary monitoring.

It was confirmed that at wind speeds highethan approximately 1 mg?) the PM
AT T AAT OOAOEI T O OOAOOAA O AOiI B O@Cy TeEMA AT Ol
concentrations in the village were also indirectly affected by temperature. In general, on
days when the temperature was higher, PM concentrations were lowand vice versa. In
case of both of these factors combining a higher PM concentrations is to be expected.

The concentration field of PMsET : AAT p 4GAAAD xAO CATAO
limit was exceeded on less than 1 % of all measuring days. No sitestwiepeatedly high
PNC values have been identified. Continually highest PNC values were measured during
walk No. 7, which took place from 7 to 8 p.m.

a6/ $

6 I AlLAE TAApAE Al o mnnmn 1T AUOAOAI LEEA
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# Al EPOIi AnoT U EI T-ARARO@AMMEO-OOAT EAp AE
EAI PAT i Mﬂ%A4dTEMQIELHb ETATT OA 1TAL A
PMsO OF AA ¢mno OA wi 1 OEl OEApAER @RA"
kol, 2007) PMpsa® 1 AOAAE ¢nmnw AL ¢mpm O +I1H
¢ ¢ h gn™8(Sghwarz a kol, 2016).

Koncentrace PMsO T AAE AUl U OuUOi AA EAOAOT CAl
T AEOQUHHpPIT T UOij OOCjAT AEDWBAT @OBADI @A AE 806
A UUOI 6Ap EA 17T LT E

|
PGAEOT ¢ATp T EIEOO 53 %0 | D OEAIGRIEI DWA | AIOAD IETf ¢
pouze 3x zcelkoWEZ 1o Al p8 + DOOI pI O DPGAEOL 20AU b AT HI
j 00ijARE EIT 1T AAT OOAAp O TTAE U ¢¢8 T A co8 pcs8
TAET ELHp AgE JGHAPI A OUYOT OADP OA EAATATT 1T BDBGAAOL
DGAADPT ET UAAOh LA AUIT AiiT A OpAA 1 EAp TAL O Ad
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INTRODUCTION

Anthropogenic aerosols are shown to have a great impact on marine ecosysteamsl
human health, with the shipping industry contributing as a significant source of these
emissions,and annual growth on the rise. In the marine environment, shipping emissions
often dominate atmospheric deposition of sulfur. With around 70% of shippin@ctivity
being carried out within 400 km of the coast, its contribution to atmospheric sulfur is of
great interest. The International Maritime Organisation (IMO) introduced a regulation on
01/01/2020 restricting global marine fuel sulfur content from 3.5% to 0.5% w/w.

The vanadium/nickel (V/Ni) ratio has been widely used as a marker of shipping
emissions, with the range of 2.5 to 4 indicating shipping activity. The regulation has called
into question the viability of the earlier use of the V/Ni ratio.

EXPERIMENTAL SETUP

The present study investigated the changes in marine aerosol chemical character
around Penlee Point Atmospheric Observatory (PPAO; §D w ee'tp. phee't7 @ O CAET
into the efficacy of the IMG2020 regulation. The observatory in Southwest England is
ideally located next to a shipping lane with high marine traffic. Aerosol filter samples were
collected from 2020-2021 (n=53). Filter sanples were waterleached and subsequent
leachates analysed for major ions using lon Chromatography (IC), and trace elements
using Inductively Coupled Plasmg Mass Spectrometry (ICAMS). Concentrations of V/Ni
and calculated nonseasalt sulfate (nssSQZ%) were compared to PPAO datasets from
2015-16 (n=56) and 2017-18 (n=51) respectively. Where possible, HYSPLIT air mass
back trajectories were run (Steinet al.,2015).

RESULTS AND CONCLUSIONS

Trace element analysis showed a drop in median V from 2.91mpl/m 3 to 1.44
pmol/m 3, and Ni increase from 0.95 pmol/mto 4.8 pmol/m3 with the decrease of V being
in line with a similar post-IMO-2020 study in China (Guangyuaet al.,2021). Median V/Ni
ratio post-IMO decreased from 3.3 to 0.28.

PostIMO-2020 nssSQ? concentrations were significantly lower than prelMO-
2020 values (n=109, p<0.05), which was observed throughout all classified air masses,
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Figure 1. (a) Pre and postregulation nssSQ?, (b) Pre- and postregulation V/Ni ratios.
Horizontal lines represent previous ratio range for shipping emissions.

Results from the major ion analysis suggest great differences in marine atmospheric
nss-SQ2 post-regulation, pointing towards a noticeable decrease in nsSQ2 around
PPAOQ, potentially influenced by the S regulation. Trace element results indicate a drastic
change in V/Ni ratios, far different from the generally agreedupon range of 2.5 to 4. The
results have presented a need to further investigate the viability of the V/Ni ratio as a
marker of shipping emissions, where the previous ratio must be revaluated.
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SUMMARY

This study assesses the variability of organic aerosol (OA) sources monitored at
OEA OOOAIT AAAECOI &dirdctord PMD as &valuatkd itivas8asond of
2021. The positive matrix factorization with the multi-linear engine was used to
AAOAOI ET A OEA OI OOAAG T &£ /! AO &OLAI AT O OEO
summer.

a6/ $

zdroeEAT T LAE AOQIi T OA& OEQiEL AEOBAOI OCATEABL AL
vi OUAOHp 3 O0GABOPO %OO0& AT U £RI AiGDNO Upkslo By OA i 8
UET AT T OEO OL (Pvita OBspdlufsBariabildol fefich UA OT Eij  O1 AAT OAl
OAT ET OOET Pl ULAODIL Aij50166{0ss . B A BIEJI36Gm n. m) ve dvou
I AAthkdku2021.: Ei T p EAI PADP DPOT ARETI A T A px8ps8 Al

- %4/ %$9 - Q~%. "

-AGAT p D @mPadtdimeE &f iFlight-Aerosol Mass Spectrometer (FoF
AMS,EOAOL OOAIl EIOOGIRAOIG EOI EO T AORMEQAERM, Ol p ¢
Drewnick a kol.,2005),AUT A AlobET ODDKGRIEOE OATAA @iTipaEdl OEI |

eBC)PT I 1T Ap AAOCEAITI1I AOODO j-TAAT ' %ooh - ACAA
Ol UPOOOT B/ EYMRMODAUI;JU OUT OET OUT U O ¢tETAETT OL
DT 11T Apl ABAIET O7 ET OUI OEB, @AéeA , AAEAT j, 63

Metoda positive matrix factorization (PMF) with multi -linear engine (ME-2) byla
APl EET OUT A TA oni ET OO0I OU EITOTT O0Tp OPAEOC
ADl EET OATT A ET ©BERE OO collediignfiefidiency0U#0% BT BT Ap
OOAT T OAT T ET ETT O1T 601 6 ARQAI AG&IAGGRA A£ED U 1 AU Tp
AAEOI OU U EI AAEOEA EAEEAE EIi T O11 001 p-Auyl OPAE
O U Ordgi@m Source Finder (SoFfy  ET 1T E O r® {Cénon&doaské., 2013).

6.3, %$+9

#ALETO1 ET LBYRVIOOARAOWAA 1 ALE [ giigh iC8D AGAU & AL
601 GET /' 1 APOEORP AT AP DO AT UAEIGH Al 10piaE
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#A1 ET O EBTAAAOOAABIOW HBED AAh A OT UAEI 1T A EOII

Ol EOGO 1T EUITpAE OI PATEHT T A EOAITEOO 1T OUAOHp 1
Tab. 1:01 OLEQ®iAA£uWA ET 1T AAT OOAAp AORRAT BAEEAE DRAAEIE
AAT ET 07 #IAT @011 UOAT LAE OAUeIUAE
Zima (CE = 0,29) , 101 j#% E
3ITLEA AC i Pl Apl AC i Dl Apl
PM, 5,5 11,7
OA 1,7 31 7,0 60
n'E 0,7 13 2,6 22
"E'E 1,4 26 0,6 5
"EE 0,7 12 1,1 9
Al 0,1 3 0,02 0,2
eBC 0,9 15 0,4 3

V programu SoFibyly @1 UEIi T p OAU&T O EAAT OEZEEET OUT U é
UAOT Eij h OEIIOIAbEIOMIE%bl@@@%TE”U%@bA@@AmT(
AET i AOUu j AEi i AOO AOOTEIC 1T OCATEA AAOIOiTil h v
I OCATEA AAOI OI I1thOPvEA /U QU ABA GEGp DAJET W OT pAE8 01 Ol
EAET 1T @EAT OAT L T OCATEAEL AAOIT Ol j1@EAEUAA 1
UAOT Eij OAEOT AUOT pAE8 001 1 AOTp OAUET O AUl U EA
OARAEOI UAOI Eij AOEWU UOCUPA¢ AT U RAET /! g8 3AEOI AUO
AOAh OpAA 1T @EAT OATL 1T OCAT EAEL AAOIoOA)Ia j i1 OA
¢ UO0OO0AeT A 1T QEAT OAT L 1T OCAT EAEL AAQAADI 1T j1A0CO 1 @

0/ $Q+/ 6<. 7

4 A0 DPOUAA AUIfA ARBOET @ATAPT 1 OPOAAp, O DHOI I
UAT T L ATITI102 T QO-A93@@ da F @ grantu 431895568 1 OT Al D-O4 EAEOAI
12 O OUI AE ¢CiM2015122 a#AGTR)SZRI (CZ.02.1.01/0.0/0.0/16_013
/ 0001315), projektem Horizont 2020 Evropski @Ta®L UEGQd AL ET ImOAET p
programem ACTRIS IMP (871115)3 Ul A AAd ERGOEOE Ad A ij Tposky(l -Oadapd) A

OHAIT ITHIIACiT U |AH@9AQ®AA§KAE55LNE DGIARAAD iU

bl OEUOT 607 OAAUR A Ol AEAT DGE OO1 OAa O1 ET Ol
LITERATURA

#A1T 11 AAT h &8h #OEDPDPAh -8h 311 xEEh *ased8h " Al O

interface for the efficient use of the generalized multilinear engine (MR) for the
source apportionment: ME2 application to aerosol mass sperometer data.
Atmosph. Measur. Tegl6(12), 36493661, (2013).

Drewnick, F., Hings, S. S., DeCarlo, P., Jayne, J. T., Gonin, M., FulversKap, D,R,
A new time-of-flight aerosol mass spectrometer (TOFAMS) 2 Instrument
description and first field deployment. Aeros. Science and TeclB9(7), 637-658,
(2005).

36



$9. 1 -)+1 02/ 34/12/168 34 6, # (25!: -6Q.) 60 -, / +<, . ~#(
4] 0%. )/E6: BS5EH %/ $25Y%%# ".QY %3 %:4s .09

Dominik £ - /1xJanHOVORKA
12 00A0 POT L EOT OiPmhap AIOEQG OMmoRdDNGEdE b £

+1 péiT OU O11T OAd 001 00T G OUI RAUIETADT @IUD ADIABDHREGRAFE |
OAuel A

SUMMARY

Residential heating by solid fuel combustion in small settlementdhas great
potential to degrade air quality, especiallyPM. s emissions, during the winter heating
season, to such an extent, that WHO and #®A limits for PMq s are frequently exceeded.

Duringthe 14A AU | AAOOOET ¢ AAI PAECT Hidtictulidg OET |
a stationary network of 6 monitors measuring minute concentration oPM. s and amobile
measurement of PNC and PM at 1Hz acquisition rate there were found significant
temporal variability and spatial heterogeneity of thePMz s concentration field. Campaign
average exceeded the 24h limit foPMxs (US%O0 ! h ¢ ®) atfth@ Primary school
garden. In the other sites, the limit was usually exceeded occasionally except one day,
when the limit exceedance was recorded in all the sites as welt the whole area of the
Czech Republic. The analysis of time course of minute values of 2Mhows that the
residential heating increasedPM;.s concentrations on average by 4819% (6-10 nC 09)
or 61-72% (16-25 nC O9) at background or exposed sites, rgeectively. PMs values
AAAOAAOGAA A@gbpil AT OEAI 1 U xE @ken thayistabiliz@d&AA O
8-16 nC 29. At the microscale of the village, there were also found spatial and temporal
heterogeneity ofPMz.sand aerosol paticle concentrations PNC. That was found by mobile
measurement, during seven identical walks during one day. There were identified hot
spots forPMes x EOE | A@ OA1l OA G&. Cor@kkrént pghatas af the §nidking
chimneys of the residential heating bders confirmed the residential fuel combusting
being the main cause of PNC and BMvariability and dominant source ofPMz sin ambient
air in the village.

a6/ $
~ :AOpi AT OA OAOHpPAE OpAlI AAE EAEI EOI O 1
ITT LOOKOPOIA OpAA AACAOGAUBKRI PIOWOOEAT O Al EOT p
1'AAT EA UAA G@OKEA T ATBOA GEIOAOE G EE AT OOOBT AEHD

| ATPAE T A OATEIT Oan EA OOUIAEUODAREOWIADEH
zdrojem energich A OAAU E Ul A OB ASHHRtpaikd.A207)IVORAE A
T AEOAOHPET OPAI T OUTp OOELAE 1 UOAEBDUOARG
OAT Ei AT EOT p 1T EOOT TIOBEUUT AA B ApOIGE AGA BYETEE @ (b0 A
kdysetUOT AT EOA T TEIT & EOI I AAREOh T AUOPGHUARAREA
000060 obch(\Ddldeda kbl., 20108 - ij LA OAE AKOOAH U G5 AEE OA «
UAOAOT 61 A 1T AUUOAAT LAE EI EOIT pHPEneboBNHBOij] 006 Al
#pl Al Oi BUIT TOOBAERAGEO ET IsAREAOA&T DT DT 10K
vi AAE $O0OLAAR TEOAO +1 AATTh DBIiTAp ptAATTD

37


mailto:smokd@natur.cuni.cz
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o.#s .A Up OEAT LAE AAO DBl Oi OOATT OEO As OUET AT
vi AAE b1 OR4bddUimitemn prdPMsUS%0 ! j o8 MCEOEEO O EOh DB

| TEUITpAE O pRAT EBAELAAE ABOAIQRT AE | OAPI T OU A O
hladinu PMbs8 41 AT DI T EDAEI UREHORABAUp OOAghRI T OLAE

PNC,wWI AT An 11T EAI EWAEUTOATILO AE DL @ A4y ltzk. hdkspdt AGET U 0
Pvesh A DT 11T ApOTAAGILGOLELED A/GAT ps.0. # O0EEO UAOIT E

- %4/ $9 - Q~%. A

3OAAET T UOT p T AGATOUOAEIGp I D@ OAMABAIIT IROO0I $¢
$O00040AEA I AOT OT 1 i T1TEOT exhsi AU AIA A QA EMA oﬁ@@
Ol Ul pOOCET QAEO®I UT O 1T ADAPEODLAE PAULDEPADE | AéA
“AGATp T AOAI OT 11 CEAELAE DI Al pl ABOE)EAsHE EA OAD
A Oi A0 ORDIOIOEA 7ER A E1 1 dh OAI ACEOT p OI EET O0h C
metAT OT 1T CEAET O OOAT EAp OEI O1 QUTTA8 )1 OACOAéT p
Op71 AUI A EITAEDPI OUT A OAEh AAU OA ¢ AAOIT OT 11 Oi
DI TTEUAE TA T EOAEE EIT OOAOQEI UT O j OOATT OEHOR ¢
antroBT CAT T pAE #HACGIAK)I 000AT T OEHOAR OA idal A 0OOUO
DT UAi T OLIi E OOATT OEHOE AUl A OOATT OEHOR v A ¢Qs8

-TAEIiTp 1 AGATp AUOEE®OT ORAAARIT T IGAOOO $06004
$O00040AEA $28 1TAOTOIT 1TT1EeOmérp ARAAERBHuvpo@CD
EiTAAT UAéT pi éHOAEAT j40BBIOEBT OOAZET A 0AOOEAIT A
pvecuq I AGpAp DI eAC OOAIEEOIIIOLAE eUOOEA 1T Oy
si AUp AAOAREAAO&a AQOODAAEAOAI '03-10" 645X Optoj ' ! 2-) .
PGp OOOT EA AUI U Oipodatu 6 OPOAOGATT EOT OTdA TA
vAAT ET Oi OLHAA AAA ¢ I8 -TAEITp I aGATp DOI ARt
OAAT OAp ET OOAOEI UTAI A U 1 ATHp éUAOEp OAEAAAD
i AGATp AUI A p OAEOI AAs8

61 EO 1TEUITpPpAE O DAT EHT »51AU1 ETOQRADILOEOGRETT p
bl OAT AEUION HEIEUBDIT ARAIE OT DAT EHT  EPMOGIT GAITAE WAITH p
Pl ApiiEUI T pAE O PAT EHRHT E Ol AODOABRAR DA AGED 1T AW
jako

oi OAT REWpIFTp——- ¢ °° (1)
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4AA8 pd O7T OATAECGYIT A DIGARD hoVEE GBI IR BT i
OO0AIl

EAAIT
koncentraci PMsT A ¢ I OEHQ@PBA K8 &OlpBA . 118 UT Al AT (

SQAIISOA I 3 OAI I 3OAT'I'C")30A I« 30AT T «
n p 2 3 5 6

Datum PM:.s PM.s
[% PMes ~ [ PMs PM.s PM.:
27T aca™ BEO T acy Mlacs P ac:

[%]

422021 13 81 43 Z 13 ? NA NA 8 73 1 25
522021 19 56 18 g 20 ? NA NA 4 21 4 21
6.2.2021 7 37 9 g 12 g NA NA 1 8 3 20
722021 12 55 14 g 18 2 NA NA 2 17 11 52
8.2.2021 15 60 14 g 17 g NA NA 2 17 12 55
9.2.2021 18 60 18 8 18 g NA NA 2 14 15 56
10.2.2021 23 74 21 ; 18 8 NA NA 1 11 15 65
11.2.2021 5 36 27 Z 18 g 15 63 4 31 7 44
12.2.2021 31 91 33 g 31 2 20 87 10 77 15 83
13.2.2021 16 73 34 2 26 ? 21 78 11 65 9 60
14.2.2021 28 74 36 ; 30 g 12 56 12 55 22 69
15.2.2021 44 64 51 g 42 g 21 46 14 36 30 55
16.2.2021 13 52 24 ? 16 3 22 65 11 48 10 45
17.2.2021 3 33 15 I 7 i 100 63 8 57 2 25
18.2.2021 7 78 26 8 19 g 18 90 9 82 4 67
19.2.2021 5 56 20 g 10 1 9 69 2 33 3 43
00ijI 116 61 25 ; 20 g 16 68 6 40 10 49
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INTRODUCTION

Soon after the outbreak of the coronavirus crisis in the Czech Republic and the first
lockdown (2020), we enthusiastically decided to fight the coronavirus with scientic
means. Originally materials engineers, we decided to develop an effective protective
respiratory device, which was in short supply at the time. We soon found out; (1) that
every textile material (handkerchief 10%) has a certain ability to catch an aesol particle
carrying the corona virus, (2) the slower the aerosol particle (d<300 nm) passes through
the filter, the greater the chance it has of being caught, (3) with the thickness of the filter,
the amount of passed particles decreases exponentiallynd breathing resistance
increases linearly. On this basis, we decided to experiment with a largeea filter placed
on the user's back (it wouldn't fit anywhere else) and commercially available textile filter
material.

EXPERIMENTAL SETUP

We chose thefilter material from commonly available textile materials. The two
candidates included cotton (Fshirt) and polyester knit with a fleece finish (blanket). A
filter cartridge with an area of 1200 cn¥ was assembled from both filter materials, which
is eighttimes the area of the respirator. Filter efficiency and pressure drop at an air flow
of 95 Ipm (hard physical work) were tested for the cartridge set up in this way.

Subsequently, we optimized the size and useful properties of the filter cartridge.
We assenbled 25 filter cartridges with an area corresponding to (1, 2, 4, 6 and 8 times the
size of the mask) with 1, 2, 4, 6 and 8 layers of knit polyester fleece. The selected filter
cartridge, which resembled the book "2nd edition Aerosol Technology.C.Hinds'in size,
was placed in a backpack and connected to a rubber haifask with hoses. The resulting
filter set (Fig. 1) was subjected to a pressure drop test and a 1000 m run.
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Fig. 1: A) cartridge frame before wrapping with fleece polyester knit, B) filleset, C)
diagram of the filter cartridge in the backpack

RESULTS ANDONCLUSIONS

Already the first assembled filter in April 2020 showed a high filtration efficiency
(95%) when using a knit polyester fleece as the filter material. Knit polyester fleedeas
been shown to have a similar Q factor (ratio of aerosol passed to pressure drop) as
nonwovens used for filtration (Zhao et al2020, Fraenkl et al. 2022). The results of the
filtration efficiency measurements for the 25 cartridges we set up are showmiFig. 2
(Fraenkl et al. 2022). The optimum for use in the filtration set was a cartridge with an area
of 900 cn? whose size resolved filtration efficiency can be found in Figure 3 (Fraenkl et
al. 2022).

Filtration efficiency

layers

8 95.7 96.7 98.1 988 99 >99%
6 89.9 9530 ROZSH RO R8I >95%
4 86.9 890 940 885 940 > 80 %
2 354 736 672 85.6 69.7 < 80 %
1 305 434 609 688 65.4

95 Umin

1 2 Bl 6 8 — equivalent size
150 300 600 900 1200 — area cm?

Fig. 2shows the filtration ability of the PE@Hric depending on the filter area, which was
varied as multiples of the area of 150°dfe size of the mask) and the number of layers of
filter material(adapted from Fraenkl et al. 2022).
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Size-resolved filtration efficiency

95

95 Umin
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Fig. 3shows the experimental curve of the filtration effidgras a function of the particle
diameter for the filter cartridge six times the size of a standard mask (Q})Wh:k‘neigrlt layers
of PES fabric. A red star represents a measuremeéndoA OAAEOAA 1T AAT OAOT OU

The assembled filter kit shows a low presure loss of 84 Pa at a flow rate of 95 Ipm,

while only a quarter of about 19 Pa falls on the filter cartridge, the rest on the hose and
half mask (Fig. 4). Low pressure loss means easier breathing and less bypass air.

Air flow (30,95) L/min
7z ) e (Q

7

Ap
at 30 Umin at 95 Umin

Filter cartridge + bag 5Pa 19 Pa
Hosses 4 Pa 14 Pa
Halfmask 21 Pa 51 Pa
Total 30 Pa 84 Pa

Fig. 4showsthe pressure dropof the filter kit and its components at volumetric flow rates
of 30 and 95L/min, which correspond to air inhalation during light and heavy physical
exercise, respectively. The crossection of the filter cartridge is shown.
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According to a Canadian studythe filtering kit we designed shows better results
in terms of pressure loss and filtration efficiency than 41 out of 43 commercially available
respirators according to a Canadian study from 2020 (Brochot and Bahloul 2022).

A big advantage of the filterig kit is the "unlimited” lifetime. Fleece knit is a
mechanically resistant material. As we have shown, compared to filters made of nron
woven fabrics, polyester fleece knit can be regenerated very simply by boiling or washing
(at least 10 times) without loss of filtration efficiency (Fraenkl et al. 2022).

Because it can be easily regenerated, our proposed solution has the potential to
reduce the environmental impact and simplify access to highuality respiratory
protective devices for health care workersespecially in low-and middle-income countries
or in crisis situations.
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INTRODUCTION

Climate change andeduction of CQ emissions drives the need to replace fossil fuels,
especially coal from use in power generation. This change presentsdwin challenges for
power plant operators. Power plants that fire biofuel or waste have been shown to suffer
from boiler and heat exchanger surface degradation due to corrosion. This problem can
be mitigated using additives, cefiring of biomass and coal orlowering combustion
temperature. These methods aim to eliminate the formation or adsorb the corrosive
species Evaluatingthe effectiveness has been mainly carried out by inspecting the boiler
and heat exchanger surfaces after some time of operation, whienakes optimization of
the process slow and expensive. In this work, we present instrumentation and a method
how to measure the corrosive species directly from combustion zone. In addition, we will
present measurement results from using this method in a odern biomass power plant.

EXPERIMENTAL SETUP

The used instrumentation can be divided into two parts, the sample conditioning
system and the measurement instrumentation. The key component of the sample
conditioning system is a patented high temperature pbe, which allows sampling from
up to 1200 JC. The high temperature probe(Fig. 1) operates as follows: A high
temperature sample is drawn from combustion zone into the probe where it is
immediately diluted, and the temperature is dropped to ~200400 JC n a controlled
fashion.

Probe
cooling

Probe

air n
cooling
air out

Porous diluter

/

hot dilution area
Heater element

Combustion zone

Fig. 1. Dekati High Temperature Probe operating principle
This temperature drop is similar to what happens on boiler and heat exchanger

surfaces. In the high temperature probe however, the corrosive species are captured in
particulate form instead of depositing on surfaces. The high temperature probe is
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followed by the Dekati eDiluter Pro, which acts as the pump of the sample conditioning
system and further dilutes the sample while dropping the sample temperature to ambient
level. The diluted sample is then measured with the Dekati Electrical LoRressure
Impactor (ELPI+) which measures the particulate concentration and size distribution
AOT 1T 11 O ppAROBET AA AIEnEDE Bumd irgprepiausktudies
that if corrosive species are present, they form a distinctive nucleation mode which can
be measured with the ELPI+ instrument. Subsequent chemical analysis is typically used
to understand the source and nature of the corrosive species. Chemical analyssn be
carried out from samples collected on the ELPI+ collection substrates or from a parallel
gravimetric collection instrument.

RESULTS ANDONCLUSIONS
The High Resolution ELPI+ particle size distribution results from a modern biomass

power plant (Fig. 2) showed significant differences between different load points,
especially for the relative size of the nucleation mode.

leg

= 100%

dN/dlogDp (1/em3)

Dp (um)

Fig. 2: High Resolution ELPI+ distributions of three load points

The proposed method and instrumentationallow fast tuning of process parameters
with the aim to reduce the use of additives and coal in ecombustion, while increasing
the combustion temperature. Therefore, the overall efficiency of the plant can be
increased while reducing the harmful effects of corrosion. Using th method in the
modern biomass power plant showed the effect of combustion zone sampling location
and power plant load on concentration and size of produced particulates.
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SUMMARY

The longterm effects of exposure to nanoparticles in humans are not known, and
experimental data suggest oxidative stress andcetiular damage. In practice, there is a lack
of guidelines for biomonitoring the effects of worker exposure to nanoparticles. Over the
past 10 years, our group has studied oxidative stress markers in several exposed groups
of workers. Aerosol exposure hadeen monitored during the following work activities:
nanoTiO; production (2012 and 2013), Fe oxide pigment production (2013), and
nanocomposites research (20162020). Both online and offline instruments were used
for the studies, including the Berner Low Ressure Cascade Impactor (BLPI), gravimetric
analysis, Scanning Mobility Particle Sizer (SMPS), Aerodynamic Particle Sizer (APS),
Condensation Particle Counter (CPC), and other instruments as described in our
publications.

Elemental contents were analyzedby scanning electron microscopy/energy
dispersive Xray spectroscopy (SEM /EDS). The total particle humber concentration
ranged from 1.98x10 to 5.4x10°/cm3 and the nanoparticle fraction was 4095%. Panels
of oxidative stress biomarkers in the form of lipds, nucleic acids and protein damage were
analyzed in exhaled breath condensate (EBC), plasma and urine fsi@ift and postshift
using liquid chromatography-electrospray ionization tandem mass spectrometry (LE
ESIMS /MS). Markers for oxidation of lipids,nucleic acids, and proteins in EBC and
plasma were already elevated in preshift samples (p < 0.05) of workers compared to
controls and showed additional postshift elevation. The best time to collect all samples
is post-shift at the end of the work week.Then, markers of oxidative stress in all three
biological fluids, including urine, reflect both acute (crossshift) and chronic effects of
exposure.
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(Liou et al.2017).
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Doba Hmotnostni Pocetni
Poéet Vélk Podil nano expozice koncentrace koncen_t'race
osob Eastic })den (median) (median)
mg/m3 No/cm3
TiOz22012 20 | 34:8 80 % 7.5 hod 0.65 19 800
délnici
TiOz 2013
14 34+5 7,5 hod 0,40 23 200
délnici 80 %
T,l{.)z 21:[1_3 22 44+4 80 % 15 min 0,40 23 200
urednici
Fe-oxidy 2013
14 43+8 7.5 hod 0,083 66 800
délnici 80 %
Nanokompozity|
vyzkumnici 61 | 40+12 40-95 % 3,0 hod 0,12-1,84 48 000-540 000
2016-2018
Kontrely 2012-| Srovnatelny pocet osob, . P
- . Bez expozice nanod¢asticim
2018 vék, pohlavi
6.3, %$+9 ! $)3+53%
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R Ti02 Workers 2012 "‘” o1
B Ti02 Workers 2013
100
B Fe-oxides 2013
1 Composites 2016
80 Ti02 Office
p<0.001 p<0 001 Controls p<u 001
' ' p<0.001
50 p <0.001 p<0 001 |
p<0 001 p<0 001 .
40
p020t Jam P<° 001
]J<0 001 p<0.001
20 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ | ‘ ‘ ‘
0
8-isoprostane  8-OHAG 8-0HG 5-OHMeU o-Tyr 3-ClTyr 3-NOTyr
ng/mL ng/mL pg/mlL pg/mL pg/mL pg/mL pg/mL pg/mL

/| AO pd - AOCEAOU EGE ARG IVABDD OABAEO OUAOAEOD
Aogbpl 11 OAT LAE OEODPET DOAAI O1 BiEijODAI EWMDAEEOD
malondialdehyd, 8isoprostane = 8isoProstaglandinF2, 8OHdG = 8&nhydroxy-2-
deoxyguanosin, 80HG = ghydroxyguanosin, 5O0HMeU = Bhydroxymethyl uracil, o-Tyr

= o-tyrosin, 3-CITyr = 3chlorotyrosin, 3-NOTyr = 3nitrotyrosin.
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INTRODUCTION

Atmospheric aerosols (ParticulateMatter, PM) have significant impact on health and
environment. Elements constitute an important particulate component which have
received the attention to understand their environmental and health impacts (Witt M. L.
l., 2010; Li, 2013). Elements enter th human body through inhalation of aerosols causing
several health issue (asthma, cardiovascular and respiratory diseases, lung cancer).

The potential health effects of elements in PM depend on their toxicity, concentration,
and bioaccessibility. It is asumed that the bioaccessible fraction of elements is more
relevant for evaluating human health risks than the total concentration of elements
j #ECUT ET OUa.AO Al 8h c¢mgp

The aim of this study was to determine the total and bioaccessible concentration of
elements in urban PM and PM: s aerosol during four seasons.

EXPERIMENTAL SETUP

PM: and PM s aerosolswere sampled in parallel using two high-volume samplers
(DHA-80 and DHAT77, Digitel,air flow 30 m3/h) for 48 hours on nitrocellulose membrane
filters (diameter 1501 | h BT OT OEOU o Aih 3A001 OEDOOQS
week campaigns within each season of 2018.

Aerosol mass concentration was determined gravimetrically based on the difference
in weight of the filters before and after sampling oferosol.

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) and
digests were analyzed for the total content of 22 element&Cu, Pb, Cd, Mng-Cr, V, Co,
Na, K, Al, Ca, Ni, Ti, Sr, As, Se, Mo, Sn, Sb, BayZnple quadrupole ICRMS (ICP-MS
8800, Agilent). The other three quarters of each filter were extracted for 24 hours in three
simulated lung fluids, i.e. deionized water (DW), Gambleokition (GS) and Simulated
alveoli fluid (SAF) to determine the bioaccessible fraction of analysed elements using
atomic absorption spectroscopy (AAnalyst 600, Perkin Elmer) or IGRIS.

RESULTS AND CONCLUOSIS
The highest mass concentrations of both PMand PM2.5 aerosol were observed in
xET OAO j #ECUT ET OU AO Ai 8h c¢m¢pAQs
The highest total concentration of most elements iPM; and PM s aerosol was found
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in winter campaignj # ECUT ET OU A Q and P\8 drerasatsoverd &s8 an@lysed
for the bioaccesible content of elementan DW, GS and SAF (Fig. 1).
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Fig. 1: Annual mean (square) and median (line) bioacessibility of sums of studied
elements in DW, GS and SAF

ACKNOWLEDGEMENT

The authors thank thegrant of the Czech Science FoundatiorbB3/20/02203S . This
work was also eleborated with financial support of the Ministry of Education, Youth and
Sports within the National Sustainability Programme I, project of TransporR&D Centre
(LO1610) and on the regarch infrastructure acquired from the Operation Programme
Research and Development for Innovations (CZ.1.05/2.1.00/03.0064).

REFERENCES

#ECUT ET OU (8h - EEOHEA , av@parisdn Af@Ldatdélpotenddh of + OAE é T «
PM1 and PM2.5 urban aerosahnd bioaccessibility of associated elements in three
simulated lung fluids.Sci. Total Environ800, 149502 (2021a).

#ECUT ET OU (8h -EEOHHA o08shh (3RACECIAGDIBesassadh 0+ CBAIEGE
variation and sources of elements in urban submicrorand fine aerosol in Brno,
Czech RepublicAerosol Air Qual. Re21, 200556 (2021b).

Li H., Qian X., Wang ®leavy metals in atmospheric particulate matter: A comprehensive
understanding is needead for monitoring and risk mitigation, Environ. Sci Techml.,
47, 1321013211, (2013).

Witt M. L. I., Meheran N., Mather T. A., de Hoog J. M. C., Pyle D. M., Aerosol trace metals,

particle morphology and total gaseous mercury in the atmosphere of Oxford, UK,
Atmos Environ., 44, 15241538, (2010).

54



OXIDATIVEPOTENTIAL OF PM1 A PM2.5 URBAN AEROSIDAND ASSOCIATED
ELEMENTS IN THREE MIULATED LUNG FLUIDS

Hana# ) ' <. & Pdvel- ) +5 £ Jitka( %' 2 /26 <

LInstitute of Analytical Chemistryof the CASv. v i., Brno, Czech Republic
cigankova@iach.cz
2 Transport Research Center (CDVYBrno,Czech Republic

Keywords: Aerosol, Oxidative potential, Elements
INTRODUCTION

Mass concentration of particulate matter (PM) has been used in several epidemiologic
studies as an indicatior conenecting PM concentrations with hman health effects (Ostro,
pwwods8 (T xAOAOh [ AOGO AT 1T AAT OOAOCEIT 1T & 0-
and toxicological effects of its components. Majority of PM mass constiast low-toxicity
components, while minority of trace components may has high toxicological activity
(Tonne, 2012).

Oxidative potential (OP), defined as the ability of PM to induce oxidative stress, is in
recent years recognized as one of the main biological mechanisms considered to be
contributing to negative impacts from ar pollution exposure. Oxidative stress is caused
through the capability of PM to generate reactive oxygen species (ROS) within the lung,
which leads to proinflammatory responses that can ultimately results in cell apoptosis
(Borlaza, 2021).

EXPERIMENTAISETUP

Aerosol (PM1, PM2.5) samplesvere collected in parallel using two highvolume
samplers (DHA80 and DHAT77, Digitel, air flow rate 30 m3/h) for 48 hours on

Al

nitrocellulose membrane filters (diameter 150mm, porosity 3A1 h 3 A00T OEDOO(QS

took place during four 2week campaigns in 2018 in Brno.

The sampled aerosol filters were cut into 4 portions. The first portion was analyzed
for total metal content. The other three portions of the filter were extracted in three
simulated lung fluis (SLFs; deinized water, Gamble solution, Simulated alveoli fluid) for
24 hours to determine the bioaccessibility of elements bound to PM and the OP of PM.

The OP was determined by a dithiothreitol (DTT) assay. An aliquot of each extract
was incubated at 37 # x ETQH01$-41 mL total volume) for different times (7, 15,
30, 45, 60 and 90 min). 10% trichloroacetic acid (InL) was added to the mixture at the
designated times to stop the DTT reaction. After incubation, hL of 0.4M Tris-HCI,
containing 20mM EDTA and¢ vt , | F A uv-ditmiadss-2-nitrobenzoic acid (DTNB)
was added to 0.5mL of the reaction mixture to react with the remaining DTT. The
concentration of the formed 2nitro -5-mercapto-benzoic acid was measured using a UV
VIS spectrometer (DU 250, Beckmagrat wavelength 412nm.

The OP of standard solutions of Ct, Cu, Mré+, \f*, Cé*, NB+, CP*, F&*, Fé*+, AsT,
As*t, PlE*, Zret, Ca+, AR, B&*, C&*, K, Mg*, Na, S+, Sé*, Sé+, SB* and Hg* was also
determined by DTT assay.
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RESULTS ANDONCUSIONS

The oxidative potential of the PML1 fraction was higher than that of the PM2.5 fraction
(Fig. 1). Of the measured standard solutions, €y Mré*, Fé+* and, Zr#* contributed the
most to the OP of PM. Other elements contributed less (€dFe+ 5+, M2+, NE+, CP*, Ast,
PB?*) or not at all (AR*, B&*, C&*, K, Mg+, Na, Si#*, Sé*, Sé+, SB+, Hg*, Cu and AsH).

The OP of both PM size fractions, and standard solutions depended on the used SLF.
The OP was the highest for filters extracted into elonized water (Fig. 1), which is the
simplest SLF. The lower oxidative potential of PM and standard solutions in GS and SAF
was probably caused by the interactions between some components of the fluids and
redox-active components of the PM.
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Fig. 2: Annual mean (square) and median (line) oxidative potetial of PM1 and PM2.5
aerosol in DW, SAF and GS
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SUMMARY

Organic compounds (polycyclic aromatic hydrocarbons) and organic markers
(monosaccharide anhydrides, diterpenoids) used for the identification of aerosol
emission sources were measured irthe emissions fromthe combustion of hard andsoft
wood. Wood was combusted in different boilers used forthe residential heating in the
Czech Republic, i.e., overfire boiler, boiler with dowadraft combustion, gasification boiler
and automatic boiler.Emission factors of particles and all measured organic compounds
were the highest from the combustion of fuels in the oldesi{verfire) boiler.
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INTRODUCTION

Ammonia is a significant gaseous pollutant present in the atmosphere. As a
neutralizing agent of acidic species amonia forms particle-phase ammonium (NH?*)
salts and contributes thus to formation of secondary atmospheric aerosols (Harrison and
Jones, 1995). Aerosols (particulate matter, PM) are responsible for many negative effects
on environments and health risks tachuman. The diameter of PM has significant impact on
their environmental exposure, where the decreasing particle size increases the adverse
health effects. The ultrafine particles hence play a major role in adverse impact on human
health (Ryer-Powder, 1997).

Presented paper describes the use of the novel continuous aerosol sampler for
online, and a commercial cascade impactor for offline, determination of NHn ambient
air.

EXPERIMENBETUP

The aerosol sampling system consisted of cyclone inlet (2%&n cut-off diameter,
10 L min1), annular diffusion denuder for removing gaseous N¢Bnd continuous aerosol
sampler (CGW #4*5h - EEOHEA AO Al 8h c¢mpyn 'l AGA A
aerosol particles into deionized water (1 mL mirnt). Subsequentlythe collected NH* was
detected via analyser on the principle of continuous flow system (CFS) with fluorometric
(FL) detection based on the reaction of NH with o-phthaldialdehyde and sulphite in
alkaline solution to form isoindol-1-sulphonate (Genfa etl., 1989). The concentrations
were measured with a time resolution of 1 s.

The high-flow cascade impactor (100 L mirt, 6 stages, model 131B, TSI) was
chosen as a comparison method. Polycarbonate films (75 mm diameter) together with
terminal quartz filter (90 mm diameter) were used for the sampling of PM. After sampling
for 48 h the analytes were extracted by ultrasonication in deionized water and
subsequently analysed by the CFBL analyser (NH*) and an ion chromatography
(fluorides, chlorides, nitrites, nitrates, sulphates, phosphates and oxalates).

The measurement of NE" in ambient air in Brno carried out during two
campaigns. The summer campaign was going on 19. 5. 8. 2021 and the winter
campaign 7z24. 2. 2022 (Fig. 1). Both campaigns were penfimed on a terrace m the first
AlTT0 T £# OEA )1 OOEOOOA 1T &£ "1 Al UOGEAAT #EAI E
number concentration and size distribution of PM in the size range 7.¢299.6 nm were
measured with the SMPS spectrometer (model 3936L72, TSI). The temptrne, relative
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humidity, wind speed and direction, irradiation and precipitations were measured using
meteorological station (UIACH, roof).

RESULTANDCONCLUSION

The innovated continuous sampler CGACTJU was optimized and used for online
determination of NHs* in urban air. Due to high sensitivity of FL detection (LOD =22 ng
m-3) no preconcentration method is required. The online method was compared with the
results obtained with the offline method based on aerosol sampling using cascade
impactor and subsequent determination by CFS-L analyser.
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Fig. 1: Variations of NH4+ concentration in PM2.5 aerosol during winter and summer
campaigns.
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SUMMARY

The practical limitations of remote detection of defunct internal combustion
engine particle filters are discussed in this work. Traditional crossoad sensing with
open-path spectrometry is subject to very low absorbtion by ultrafine particles,
necessitating sampling type measurement with particle counters, diffusion chargers or
black carbon sensors, all being more limited by background concentrationthan by
instrument detection limit, offering a considerable opportunity for the use of lowcost
non-optical instruments. Differentiating and discriminating particles from the measured
vehicle from other sources, background and especially other vehiclesmains to be a
challenge and imposes limitations on spacing between measured vehicles.
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INTRODUCTION

Organic aerosols (OAaccount fora significant fraction (107 90%) of atmospheric
particulate matter (Hallquist et al., 2009). The composition of organic aerosolis very
complex and is usually characterized by their water solubility (Decesari et al., 2006).
Water-soluble organic compounds (WSOC) constitute a large fraction of OA (1(B0%)
and consist of chemical species containing oxygated functional groups such as
hydroxyl, carboxyl, or carbonyl groups. NMR spectroscopy represents an alternative to
commonly used technigus (gas chromatographymass spectrometry, liquid
chromatography-based techniques) for WSOC analysis. Our recently introduced method,
called NMR aerosolomics, allows quantitative analysis of dozens of individual compounds
from different aerosol samples (Horp E. AO Al 8h ¢m¢mnQs

An important part of the characterization of aerosols is their classification by
particle size. The analysis of individual compounds in the sizeesolved fractions of the
WSOC class has been performed only in a few studies that focus naion a particular
subclass of compounds or use multiple analytical techniques (Barbaro et al., 2019; Xu et
al., 2020).

EXPERIMENTAL SETUP

Aerosol samples were collected in a suburlreaof Prague Suchdol in the campus
of the Institute of Chemical Proces Fundamentals (5@7'39" N, 14J23'4" E, 277 m a.s.l.).
A homemade prototype of highvolume cascade slit impactor with five stages (flow rate
370 I/min) and a back-up filter was used for aerosol sampling. Four aerosol samples were
separated into six ditEA OAT O AOAAOEI 1 Oidn 8t 1 8 pip ijBA prdBht T
(3),087i¢8om t1 ijT8@®W ¢gdof uqmaskl Al t8@@8 1HibubAAOI
correspond to the fine aerosol fraction, while stages 5 6 correspond to the coarse
fraction. Two sample series were collected in summer 2015; the winter series were
collected in two campaigns, one in 2017, the other in 2018. Three samples were collected
as multi-day (27 8 days) samples, while one summer sample was collected on the same
medium during several summer mornings and afternoons when new particle formation
events could be collected, especially organics related to particle growth.

The sample medium was cut into pieces and extracted in 15 mL of deionized water.
Extraction was performed for 30 minutes in an ultrasonic bath and for 2 hours on a
shaker. The extract was then filtered and freezdried. Subsequently, the obtained
material was dissolved in deuterated water (99.96% D) containing a known amount of
DSS (dimethyl silapentane sulfonate,.8 mM) as a reference for chemical shift and line
shape. Finally, after dissolution, the sample was transferred to a 5 mm NMR tube and
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immediately inserted into the NMR spectrometer. Chenomx NMR Suite software was used
to identify and quantify the compounds. In this approach, each compound in thiH NMR
spectrum is identified based on the precise chemical shift of the individual signals.

RESULTS ANDONCLUSIONS

In this study, NMR aerosolomics was used to analyze WSOC in sesolved
particulate matter. Advanced analysis based on compound profiling in thed NMR spectra
allowed quantification of 3117 45 compounds in each sample. A total of 73 individual
compounds were assigned in the samples. The concentration data were subjected to
multivariate statistical analysis, which revealed significant differences in chemical
composition between the two seasons and in the main characteristics of the fine and
coarse aerosolsLevoglucosan was identified as the major factor in group separation by
season of sampling. ldstering based on particle size was mainly determined by the
content of carbohydrates in the coarse aerosol fractions.

of the individual compounds showed that some of the compounds were present in
all fractions in both the summer and winter samples, whilsome of the compounds were
more specific to a particular season or to a particular particle size. The concentration
profiles of the sizeresolved aerosol showed an association of certain compounds across
different classes that could be attributed to a common source or degradation pathway. A
correlation of carbohydrates with trimethylglycine and choline was found in the coarse
summer aerosol derived from various biogenic sources. Similar distribution profiles were
observed for several compounds associated ith solid fuel combustion (methylsuccinic
acid, maleic acid, fumaric acid, phthalic acid, and imidazole) in the 2018 winter series with
the highest concentration in the accumulation mode. A similar distribution profile in both
winter series was found for ducose and levoglucosan, indicating a common origin, most
Il EEAT U AET I AOO AOOTEI ¢c8 &OOOEAO AAOAEI O | £ OE
al. (2021).
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SUMMARY

Four intensive in-situ campaigns focused on aerosetloud interactions were
PDAOA&AI O AA ET OEA AOOOIT AT A OPOETC i1110EO
Mountain in Czechia ® bring more insight into sizedependent aerosol activation and
dependence on its origin for a wide variety of meteorological parameters. Most activated
particles were larger than 100nm, with a mode over 200nm. For the description of the
changes in the ativation, no effect of photochemistry was found; in contrast, some
dependence on relative humidity, temperature, wind speed, and liquid water content
(LWC) proved to be useful. The strongest connection was found between activation and
LWC. For LWC below @ g/ms, in the LWClimited regime, the LWC values and variables
effecting the LWC were the main factors influencing the activation, while different
parameters could have played a role at LWCs over 0.1 g#min the LWGCindependent

regime.
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Inhalation of radioactive aerosol particles is one of the possible exposure pathways that
can significantly contribute to the total effective dose irhow planned, existing, andso
accidental exposure situations. Department of Nuclear Protection 3 @ * BQO( v.v.i. is
mainly concerned with determining the total activity concentration of alpha emitters in
the air and determining the concentration and size distribution of radon decay products
at workplaces with material with an increased content of natural adionuclide (planned
exposure situation). SUJCHBO also determines the concentration and size distribution of
radon conversion products at workplaces with a possible increase in exposure from radon
(existing exposure situation).Furthermore, the department's workplace is equipped with
devices enabling the sampling and analysis of radioactive aerosol particles in accidental
exposure situations.
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INTRODUCTION
The study of particle size distribution and hygroscopic growth is important for
several reasons. Particle diameter is available experimentally, but the relationship of
hygroscopic growth to cloud condensation nuclei (CCN) and AMS datan be modeled
mathematically. In this paper, we present an improved algorithm for calculating the wet
particle diameter and the[ parameter that is faster, more accurate, and more reliable than
the algorithm used by other authors.

MATHEMATICAL METHOD

4EA AAOEO &I O AAI AOI AGEiI1T EO +EEI A0OoO
that water vapour saturation ratio sover an aqueous droplet is expressed by
D3, - D3 ‘ ( 4oy, M, )
- ‘02(] - H‘) o RTpu;Dth

5= ])3

wet

(1)

where Duet is the wet particle diameter,D. is the critical diameter of the dry particle,Aw,
My, My are the surface tension, density, and molar weight of water, anflis a single
parameter combining specific properties of aerosols such as molar weight, density, and
van't Hoff factor. For givens= 1 +5100%, where Sis a selected supersaturation, an@,
it yields a single equation for two unknowns, namelyDyet and [ and has thus infinite
number of solutions. Thust is necessary to findDwet that maximizes the saturation ratio
while matching the selected supersaturation (Roset al.2010). To solve the problem they
use nested minimization of ¢s) and |sz 1 +S100| by double application of the fminsearch
function from Matlab. This approach has a serious drawback. Tlieinsearchfunction is
an implementation of a NelderMead algorithm designed for multidimensional
optimization but used here in a single dimension. Since an absolute value is minimized,
the method can ind a false solution satisfying the minimization criterion but equation (1)
is not satisfied.

When we examine the problem, we find that it is indeed a constrained optimization
where the same equation plays both roles, it is both the criterion function andhe
constraint. The necessary condition for a local maximum is obtained by differentiation:

s 1 3D2,Dis (D3, DY) Aoy M,y ] C_Ip( 40, M, ) o

ODwer D3 —D3(1—r) | D3, — D3(1 — k) RTp,D2., RT pu Dt

(2)

Fig. 1 shows the values of the partial derivative of the saturation ratio with respect to
the wet diameter for different values of supersaturatiom. For values slightly above the
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diameter of the dry particle, the derivative is a decreasing function that reaches a
minimum and then asymptotically approaches zero. The root of Eg. (2) can therefore be
easily bracketed Dyet and [ are then computed by nsted solution of both equations using
an algorithm we have implemented in GNU Octave that is always convergent.

b ™ =001 ——

m7]

da'dl,,

Dipas [mm]

Fig 1: Dependence of partial derivative of saturation ratio with respect to the wet
particle diameter for D. = 40 nm and seveal values of supersaturation

CONCLUSIONS

The algorithm proposed here is based on a rigorous mathematical derivation and is
implemented in GNU Octave. The procedure for solving a real equation with a single real
variable is a combination of several algorttms that ensures that the iteration operator
contracts in Banach space, i.e., the algorithm is always convergent provided that the root
of the equation has odd multiplicity and can be bracketed. The method converges quickly
and reliably even if the root isa turning point. The algorithm does not fall into a false
solution at a very low supersaturation which is another advantage over using the
fminsearchfunction, in addition to speed and precision.
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INTRODUCTION

The planetary boundary layer (PBL), the lowest part of the troposphere, has a higher
aerosol concentration than the est of the atmosphere because pollutants emitted from
the surface are constrained in PBL. Among all aerosols, absorbing aerosols, mainly black
carbon (BC), hathe strongest interaction with PBL(Bond et al., 2013)and plays a vital
role in modifying the diurnal evolution of PBL.

In the present study, we analyzed the impact of equivalent black carbon (eBC)
aerosols at two different heights (4 m and 230 m) on the PBL height under different
metrological conditons OOAE AO Al AAO OEUh &I CCU | OEOE.
i OEOEAEI EOQU S fegi day) BighEdlaGve Rumidity, itemperature, and
observational data; also, diurnal and seasonal variability was evaluated.

EXPERIMENTAL SETUP

The eBC concentrabn was measured from 1/2020 to 12/2020 by Sunset Analyzer
simultaneously at 4 m and 230 m on a 250mmeteorological tower at National
| Oi I OPEAOEA [/ AOGAOOAOI OU +1T HAGEAA j.!'/+Nn 1
background in the Czech Republic. The eBCnoentrations were calculated from raw
Sunset analyzers data accordingto p ET OU A D Tha PBL hgightnas peen taken
from the ERA5 dataset (Hersbach H. et al., 2018)

RESULTS ANOONCLUSIONS

In this study, the mean eBC concentration was found the highest in winter (Dé&b),
lower in spring (Mar-May) and autumn (SepNov), and the lowest during the summer
(JurrAug). In contrast, the average PBL height was the lowest in autumn, followed by
summer and winter, and was measured the highest during the springFigure 1) due to
the higher number of rainy days during the summer, resulting in lower PBL height. The
eBC concentration at ground level showed peaks during mornings and evenings, likely
due to local sources and the PBL diurnal evolution. At 230 m, eBC concentration displayed
an opposite diurnal pattern similar to the diurnal pattern of the PBL height.

75



Several case studies were studied to find the impact of different meteorological
conditions. The development of PBL was suppressed by fog and haze, further weakening
the vertical mixing of aerosols, leading to higher eBC concentration at the ground. High
2( | P pnnbq xEOE EECE OAI PAOAOOOA jcy J#Q UEA
concentration at 4m compared to 230 m.
Elevated eBC concentrations during noon and lateight have also been observed,
driven by the transport of aerosols from distant sources. The lorgange transport of
aerosols was confirmed by air mass back trajectories using the HYSPLIT model. The eBC

concentration was higher below the PBL height than abové¢ PBL.
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Fig. 1. Seasonal comparison of eBC concentration at two different heights and PBL height.
ACKNOWLEDGEMENT

This work was supported by MEYS of the Czech Republic under grants ACTRES
LM2018122.

REFERENCES

Bond, Tami C., Sarah J. Dohertpavid W. Fahey, Piers M. Forster, Terje Berntsen,
Benjamin J. DeAngelo, Mark G. Flanner et, 8ounding the role of black carbon in
the climate system: A scientific assessmendournal of geophysRes Atmospheres
118, no. 11 5380-5552, (2013).

(AOOAAAER (8h "8 "Al1lh 08 "AOOEOA&ZI OAh [ 8 "EAO
ERADS hourly data on single levels from 1979 to presentopernicus Climate Change
Senice (C3S) Climate Data Store (CD[@pta set], (2018).

: pET OUh . AAALAAR O0OAOO 61 AEE¢EAh 7711 £ACAT ¢ , OAx
Schwarz, On the use of the field Sunset sertiontinuous analyzer to measure
equivalent black carbon concentrationsAerosol Sci. Tech50, no. 3: 284296,

(2016).

76
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INTRODUCTION

Novel coronavirus disease 2019 (COVHD9) emerged in China in late 2019 and
became a global outbreak in early 2020 (WHO, 2022). As in many other countries, Czech
authorities took a number of preventive and control measurs to prevent the spread of
the disease, including city lockdowns and restrictions omumerous activities (traffic,
economy, personal limitations) These measures led to a reduction in emissions from
most anthropogenic sources, and improvements in air qudl were observed in many
megacities (Chauhan and Singh, 2020). However, little is known about the impact of
COVID-19 on rural background siterepresenting background air pollution. Atmospheric
elemental (EC) and organic carbon (OC) are among the major stituents of ambient
aerosols that have attracted growing interest due to their adverse effects on human
health, atmospheric visibility, and climate warming (Mauderly and Chow, 2008; Bond et
al., 2013). The objective of this study is to characterize thefetts of COVID19 lockdowns
on carbonaceous aerosols at a rural background site using continuous in situ vertical
distribution measurements.

EXPERIMENTAL SETUP

Ground-based (4 m a.g.l.) longerm monitoring of EC and OC has beenitiated in
2013 atthe. AOET T Al ! Oi 1 OPEAOEA / AOAOOAOT OU +1 HAC
central Czech Republic using a sergiontinuous thermal-optical OCEC analyzer (Sunset
Laboratory Inc., USA). In late 2019, a second OCEC analyzer wstalled at the top of the
tower (230 m a.g.l.) and measurements were performed simultaneously with the ground
from December 2019 to June 2021. Both instruments sampled with a time resolution of 4
h, including 20 min of OC /EC thermeapptical analysis according to the abbreviated
EUSAARZ protocol (Cavalli et al., 2010; Mbengue et al., 2018). Sampling systems were
equipped with a carbon parallel plate diffusion denuder (Sunset Lab) to avoid positive
artifacts caused by absorption of volatile organic compounds on the quartnicrofiber
filter (Turpin et al., 2000). A total of 1955 pairs of OC/EC sampling points were measured
during the campaign.
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RESULTS ANDONCLUSIONS

In this study, EC and OC at 4 m elevation and EC at 230 m elevation showed a similar
seasonal pattern with higher valuesn winter and lower values in summer. OC, measured
at 230 m height showed an opposite behavior with slightly higher values in spring and
summer, probably related to the increased contribution of secondary organic carbon
(SOC). Concentrations were generallhigher at 4 m, where there was also a better
correlation between EC and OC, suggesting a greater influence of local sources near the
surface In contrast, measurements at 230 m may be more influenced by aged and leng
range transported aerosols. These redts are confirmed by source apportionment /
receptor modeling (Conditional Bivariate Probability Function the Potential Source
Contribution Function).

To examine the impact of Covid lockdowns, grountével measurements of OC and EC
from the pre-Covid period (2017-2019) were compared to the values recorded during the
Covid period (2020-2021). The results show that the restrictions during the COVID
lockdowns did not systematically lead to a decrease in the values of OC and EC at the rural
background site. Ths is particularly true for the second lockdown for EC in the spring and
for OC in all seasons (Fig. 1).

O pre-Covid
e H 2020-2021 .
' _ B Lockdown 1
147 O Lockdown 2 [
- 12 A m B
™
£ 1.0 A ; 5
2os - o 4
5 =]
(11 DE - 3 -
0.4 o 7 A
02 1L ’{i 1 A
0.0 - T T T o - T T T
winter spring  summer autumn winter  spring summer autumn

Fig. 1:.Seasonal mean concentrations of OC, EC, measured at 4 m a.g.l. during@®VID
(from 2017z2019) and COVID(2020-2021) periods.

The effect of the COVIBrelated lockdowns could be better observed by examining the
correlation of EC and OC between 4 m and 230 m (Fig. 2). Indeed, the correlation
coefficient which wasaround 0.20 during the pre-lockdown, especially for EC, increased
steeply during the two controlled periods (up to 0.85 and up to 0.70 during lockdown 1
and 2, respectively). Thenigher correlation during the lockdowns suggests that aerosols
collected at 4 m and 230 m were influenced by common sources and/or transported
simultaneously at the sampling site. Because the COVID restrictions resulted in reduced
emissions from local anthropogenic sources, the receptor site was influenced primarily
by aged aerosols transported over long distances. This is consistent with the increased
concentration of SOC, which follows the same behavior observed for OC during the second
lockdown.
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INTRODUCTION

For many years, mas$ased particulate matter PM2.5 and PM10 measuremesihave
been standardized and represented the cornerstone for the regulatory quantification and
characterization of particles in ambient air. In the past decade the measurement of
ultrafine particles (UFP) has gained importance outside the field of atmosphe research.
Studies like the one by de Jesus et al. (2019) have highlighted the worldde need to
address UFP concentrations due to their potential risks for human health. UFP particle
number concentrations (PN) and particle number size distributions (BD) have been
measured by scientifically motivated projects and networks (e.g. ACTRIS, GAW, GUAN) for
years (Birmili et al. 2016).

While number-based measurements of atmospheric aerosol have been made, it has
been difficult to meaningfully compare data gdtered internationally. This difficulty is due
to the fact that particle measuring sites were sometimes using different sampling,
AT1TAEOQGEITET ¢ch AT A PAOOEAI A 1 AAOGOGOAT AT O ET OC
key to comparing data and drawing conclsions relevant to all the fields relevant to
ambient aerosols, including emissions regulations, public health, and climate.

In an effort to harmonize the continuous measurement of UFP in terms of their PN
and PSD in ambient air, the European Committee f@tandardization (CEN) published
technical specifications CEN/TS 16976 for Condensation Particle Counters (CPC) and
CEN/TS 17434 for Mobility Particle Size Spectrometer (MPSS) or Scanning Mobility
Particle Sizer (SMPS). These normative documents describestandardized method by
defining a set of requirements for the instrument, its sampling system, the measurement
procedure and the reporting of measurement results.

We will introduce the recent customization of our established CPC and SMPS
instruments with dedicated sampling and dilution options to meet these CEN/TS
specifications. We will show results from several weeks of ambient measurement of the
urban aerosol in a light industrial area in Aachen, Germany.
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Fig. 1: Full CENcompliant solution including sampling inlet, PN and PSD measurements .
Fig. 2:The data shows24 days @ 5min time resolution close to UFP sources. The sampling
site was at TSI GmbH Aachen.

A full-flow butanol-based CPC (Model 375C€EN, TSI Inc., Shoreview, USA) is
calibrated independently at the World Calibration Center for Aerosol Physics (WCCAP) in
, AEPUECh ET AAAEOEITT O OEA 1 AT OEZAAOOGA0GO
range SMPS (Model 3938W5CEN, TSI Inc.), so it fully complies with the CEN/TS 17434
guideline. An optimized sampling inlet system with dryer, RH/T control and an optional
diluter were used to enable standardized measurements. A further advantage of this
complete UFP monitoring solution is its comprehensive data output, which permits a

transfer to the EBAS database and other data protocols.
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SUMMARY
SMOKEMAN's Ten Rules for a Good Heater attempts to point out in a simple and
entertaining way the basic parameters and principles that, if followed, will allow us to get
more heat and less smoke from our chimneySMOKBAN, as a trained miner, never liked
theoretical discussions unless it was clear what their practical application was.
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INTRODUCTION

Measurements at ruralbackground sites representative of wider areas are important
to study the influence of regional and longange transport as well as the longerm trends
in PM characteristics (Putaud etl., 2010; Schwarz et al., 2016; Poulain et al., 2020). The
. AOETTAIT 101 OPEAOEA |/ AGAOOAOT OU +1 HAOEAA j
European rural background site, participates in the European Monitoring and Evaluation
Programme (EMEP), Aerosl, Clouds, and Trace Gases Research Infrastructure Network
(ACTRIS), and Global Atmosphere Watch (GAW) network. Several studies were conducted
at the NAOKSsite however, detailed work focused on the seasonal variability in PM
chemical composition data with high temporal and spatial resolutions is still lacking.
Therefore, the focus of this study was to characterise individual episodes of high mass and
number concentrations based on highlstime resolved measurement and linked to
different air mass types, theeby offering insights into the physicochemical properties and
sources of aerosol particles arriving at a rural background site.

MEASUREMENT AND METHODS

Two intensive campaigns (Jyl 2019 and Jamary i February 2020) were conducted.
Sizeresolved PM chenical composition, as well as particle number size distribution in the
size range 10z 800 nm were measured every 5min by a compact time of flight aerosol
mass spectrometer (EToRAMS, Aerodyne) and a Mobility Particle Size Spectrometer
(MPSS, IFT TROPOKeipzig, with CPC 3772, TSI).-thin PMy equivalent black carbon
(eBC) concentrations were determined by aethalometer (AE33, Magee Scientific)
simultaneously with 4-h PM2.5 organic and elemental carbon concentrations (Sunset
Laboratory Inc.). Besides, PMwere collected for 12 h by a sequential sampler (LV$,
30AT |, AAEAT )T CATEAOOAI Oil @ A& O-scubdiond &hd AT O AE
monosaccharide anhydrides). Finally, h PMe.smass concentrations (Environnement SA,
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MP101M) and meteorological paraeters were also recorded.

The standard data processing procedure of AMS was carried out by running the
Squirrel v1.62 programme in Igor Pro data analysis software (WaveMetrics, Inc.).

The statistical data treatment was prformed using R version 3.6.with the ggplot2
(Wickham, 2016) and Openair (Carslaw and Ropkins, 2012) packages.

To determine the collection dficiency (CE; Drewnick et al.2005) in the AMS, PM
filter sampling with subsequent ion chromatography (IC) andysis was conducted in
parallel with the AMS measurements.

The effective density fe#) and mateial density (my) was estimatedalong with the
dynamic shape factog ?ir@erred from the two densities.

96 h backwards trajectories were calculated using the Hybrid SinglBarticle
Lagrangianintegrated Trajectory (HYSPLIT) model (Rolph et al., 2017) with a 500 m a.g.l.
(above ground level) starting position and Global Data Assimilation System (GDAS)
| OAEEOA )1 & Oi ACGETT AO A OAOGI 1 OOETT 1T A& pJ
initialized every 6 h for the cluster analysis. For the episodes of high mass concentrations,
the trajectory ensemble option with calculation initialized every hour and a total duration
of 72 h was utilized. The trajectories were further clustered using Hysplit4 softare based
on the total spatial variance. From HYSPLIT, the planetary boundary layer height data
xAOA AGOOAAOAA8 &1 O OEA bl AT AGAOU AT O1 AAOU
Global Forecast System (GFS) dataset was used as input data to obtath ratemporal
resolution.

RESULTS ANBOONCLUSIONS

The average PMconcentration (sum of NRPMi AT A A" #qQ x AOgd@rdleo M«
p M8 p n@¢df@d summer and winter, respectively. NRPM; was mainly composed of
organics during both campaigns, followed by either S& (summer) or NOs- (winter). The
size distribution of NR-PM; species was dominated by the accumulation nue in both
seasons, with larger particles for all species in winter as a result of aerosol ageing.
Organics showed the smallest modal diameter from all NRM; chemical species, which
suggests its condensation on prexisting particles (Tab. 1).

Tab. 1: Mbde diameter of mass distributions of species measured by AMS,(@rresponds
to the vacuum aerodynamic diameter (kX)) for the summer and winter campaigns.

Org SO%Z NGO NHs*
Summer Qa(nm) 334 377 401 497
Winter Dva(nm) 413 501 547 517

Since the winter aerosols were less oxidized than the summer ones (comparing m/z
44 and 43), the importance of local sources in the cold season was to be considered.
Although aged continental air masses from the soutkast (SE) were rare in summer (7
%), they were related to the highest concentrations of PM eBC, and all NFRM; species,
especially S@% and NH:*. In winter, slow continental air masses from the soutiwest
(SW) (44 %) were linked to inversion conditions over central Europe and were associated
with the highest concentrations among all NFPM; species as well as Piand eBC (Fig. 1).
The average PMi AOAOE Al m)AdkréspoBdedlto Higler inorganic contents in both
seasons (summerD1.30 g.cm? and winter: D1.40 g.cm?). The dynamic shape fatt OO | ? q
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decreased slightly with particle mobility diameter (Dn) in both seasons.
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Fig. 1. Geographical locations of the means of the clusters observed in summer (a) and
winter (b) along with boxplots of the PMi,, N10z800, organic, nitrate, sulfate, ammoium,
and eBC concentrations in individual clusters measured during the summer (c) and
winter (d) campaigns. The boxes are color coded as the clusters, the black horizontal line
is the median, the boxes border the 25and 75" percentiles, and the whiskes represent
1.5 x IQR.

By examining individual episodes of high mass and humber concentrations, we show
that the seasonal differences in the physicochemical properties of aerosol particles were
caused by the diversity of sources and were related to the ftikrent air masses and
meteorological conditions during summer and winter season. We also confirmed the
relation between particle size and age reflected both in its oxidation state and shape
factor. The results of these specific properties (density, shapand oxidation state of
particles) have general validity and thus transcend the regional character of this study.
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INTRODUCTION

Aerosol particles in the atmosphere that allow water vapor to condense and form
cloud droplets are called Cloud Condensation Nuclei (CCN). Elevated concentrations of
CCN tend to increase the concentration and decreathe size of droplets. This can lead to
suppression of precipitation in shallow and shortlived clouds and to greater convective
overturning and more precipitation in deep convective clouds, Rose et al. (2010). The
response of cloud properties and precigation processes to increasing anthropogenic
aerosol concentrations represents one of the largest uncertainties in the current
understanding of climate change. One of the fundamental challenges is to determine the
ability of aerosol particles to act as CCMNinder relevant atmospheric conditions.
Knowledge of the spatial and temporal distribution in the atmosphere is essential to
incorporate the effects of CCN into meteorological models of all scales, Huang et al. (2007).
Long-term CCN measurements are perfoned at aerosol monitoring sites such as those
forming ACTRIS (Aerosols, Clouds and Trace Gases Research Infrastructure) network. In
this paper, we present the threeyear experience of measuring CCN concentrations over
the National Atmospheric Observatory K HAOEAA | .1/ +qh A OOOAI
Czech Republic. The first results of these measurements were presented by Mishra et al.
(2022).

EXPERIMENTAL SETUP

The instrument used for the CCN concentration measurements was a Dual Column
Cloud Condensabn Nuclei Counter (CCN200) purchased from Droplet Measurements
Technologies, USA. 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 postive temperature difference between the top and bottom of the column.
Inside the column, the supersaturated water vapor condition is caused by diffusion of
water vapor from the warm, moist column wall toward the centerline, at faster rate than
heat. In order to obtain homogeneous data sets with high quality CCN measurements, a
standard operating procedure (SOP) has been defined within the ACTR2$roject (WP3
NA3). The SOPs are defined for both polydisperse and monodisperse measurements. The
CCN dual colmn counter we use allows us to make two simultaneous measurements of
CCN concentrations. Different combinations of supersaturations (SSs) can be used in each
column, so that data for multiple SSs can be collected during one measurement cycle.
Another option is to perform the CCN measurement in one column in a polydisperse
manner and in the other in a monodisperse manner. The advantage of monodisperse CCN
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concentration measurement is that fractions of activated aerosol particles can be
obtained on each SS faseveral particle sizes, so that twalimensional CCN concentration
spectra can be obtained during one measurement cycle. In our measurements, we mostly
used the same SS in both columns during the measurement cycle, but in one measurement
period (No. 3 inTable 1) we used different SS in columns A and B. An overview of the
measurement campaigns can be found in Table 1.

Tab 1 SS settings of measurements in different time periods. No-period from
24.6.2019 to 26.2.2020, No. 2- period from 24.6.2020 to 21.9.2020, No. 3- period
from 21.9.2020 to 14.10.2020, No. 4- period after WiIN10 System Upgrade from
14.4.2021 until now.

SS[%] | 01 015 02 0.3 05 1
No.1 1 Time 10 6 6 7 8 8
[min]
SS[%] | 01 0.2 0.3 05 1
No.2 | Time 20 10 10 10 10
[min]
SS[% | 015 02 025 05 0.7
No.3 | SS[%] 0.1 0.2 0.3 0.5 1
Time 20 10 10 10 10
[min]
SS[%] | 01 0.2 0.3 05 1
No. 4 Tlme 10 7 7 3 3
[min]

Apart from the abovementioned advantages, the CCROO also has some
disadvantages compared tdhe single-column CCN100. They arise from the fact that the
same size box can accommodate two instruments instead of one. As a result, the
replacement of some spare parts (sheath flow filters, Nafion, etc.) is more complicated
due to the poor access totese parts. Another problem occurs during the transition period
from the highest to the lowest SS. The amount of heat that must be removed from the
cover is twice as large and it takes longer to stabilize the temperatures for new SS than
for the CCN100 single-column instrument. This must be taken into account when setting
the time for the measurement cycle overlay. Unfortunately, there is no reference to this
phenomenon in the CCM00 instruction manual. The water consumption is also twice
that of the CCN100, which is not insignificant when measuring in remote locations.
Therefore, we have replaced the original Oiter bottles with 2 -liter bottles, which allows
8 days of continuous operation of the CGRO0O0.

INTERCOMPARISON AND CALIBRATION WOKSHOP

In March 2020, we participated in an intercomparison and calibration workshop at
TROPOS in Leipzig, Germany, where calibration of flow rates and SSs as well as
intercomparison measurements with our CCA200 and four other CCNLOO instruments
were performed. On his occasion we also found out the problem with the cooling of the
optical detector. The results are shown in Fig. 1a. We can see that the temperaturasr
almost constant and the temperatures 7and Tz change up and down quite rapidly when
SS changes. dfc also increases rapidly but decreases very slowly. This is due to the fact
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that the optical cell is heated but not cooled. In fact, at the end of the -bdinute

measurement interval for SS 0.1%,3cE O OOEIT I A A{(Bexorrect valte fock AT OA 4
Top setin the CCN200 software is TC ¢ J # 8 Tope oull behigl@ithan  to

prevent fogging of the optical cell, but too highlopc leads to evaporation of condensed

water and loss of droplets. Studies with DMT have shown (Operator Manual, 201@at

ToxcAAT AA OB OJwithout deéreading tobchntration. Ata pcl £ x J# AAT OA
Ts, there is a 20% loss of droplets, which is similar to the case of our measurements with

10 min interval for SS 0.1%. After adjusting the measurement interVat SS 0.1% to 20

minutes, see periodNo.2 in Table 1, the difference between dy,cand Tz at the end of the

50 — Sa— — - 1
- a '
as | 1 0.8
[ X
'_40 -+ = + 0.6 ';‘
(@] I —— T1 Read 7]
= =
—— T2 Read
~ o
35 — T3Read T 04 &
- - - —— T Sample . o
30 _— TOpC Set ‘-f': i 0'2
- - —— TOpc Read
- - -
¢ Current SS i
25— 0
3:00 3:30 4:00 4:30 5:00 5:30 6:00
50 o — - 1
b 4
a5 | 1 08
i | o)
awf | ] | - T 06
(%) - 7 [7,]
) -
= —— T1Read | c
- s ]
35 | ™ — T2 Read - 04 &
i 1 — T3 Read )
30 ¢ —— OPC Set 0.2
o= - | TOPC
i ¢ Current SS
25 1 1 I 1 1 I 1 1 } 1 1 I 1 1 { 1 1 | 0
3:00 3:30 4:00 4:30 5:00 5:30 6:00
Time [h]

Fig. 1a, b Time dependences of temperatures at CCRDO for 45 and 60 minutes
measuring cycles. T, T> and Ts - temperatures at column top, midde and bottom, Tsampie
- temperature in the inlet manifold, To,c and Opc Set measured and set temperature in
the optical cell.
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measurements in periodNo.2 to be correct.

CCN200 Z WIN10 SYSTEM UPGRADE

At the end of 2020, we accepted a quote from DMT for C2R0 - WIN10 System
Upgrade. The upgrade included: WIN10 Electronic System Hardware Upgrade, WIN10
Operating Software & Driver Installation, Win1l0 CCK00 Software Installaion and
regular maintenance, factory calibration and dooito-door logistics. We were told that the
functionality of the unit after the upgrade was the same as before, but that was not the
case. Water consumption is now about 15% higher, so theli2er supply bottle is used up
in 7 days instead of 8. The main difference, however, is in the setting of the SSs. In the
Win7 CCN200 software, the length of the measurement time for each SS was exactly the
same as specified by the user in the SS settings tablegardless of whether the
temperatures were stabilized or not, so the times for each SS and for the entire
measurement cycle were precisely defined. In the WIN10 CENO0 software, the
measurement time for each SS consists of two parts: the unknown time reged to
stabilize all temperatures, including by, and the time defined by the user for the
measurement itself in the SS settings table. Temperatures are considered stabilized when
the difference between the set temperature and the measured temperature 8 mn81 J #
The sum of unknown times for each SS during the measurement cycle is almost 20
minutes, mainly for the transition from the highest SS to the lowest. Originally, this time
was even longer, but it was significantly shortened by using a new insulah of the optical
cell. From the above, it is obvious that we cannot specify exact times for individual SS or
for the entire measurement cycle. Another novelty of the upgrade is that the user can
choose between two measurement modes: System Stability amedividual Stability. In
system stability, the SSs and time intervals in both columns must be the same. The
measurements in both columns are then synchronized, i.e. the measurement cycles in
both columns start and end at the same time. In Individual Staiiy mode, the user can set
different SSs and different time intervals in each column, but the measurement cycles in
each column are different in length and the measurements are not synchronized.

Even with Win7 system, CCNC would occasionally reboot spont&opusly, with a
frequency of reboots every month or two. This was strange, but acceptable. However,
after the system upgrade, the frequency of reboots gradually increased, eventually ending
in a cyclic reboot and eventual system collapse. As a result, wens CCNC back to DMT for
warranty repair and were surprised to find that the problem was resolved very quickly.
We were told to use UPS for the CCNC power supply to avoid voltage fluctuations.
However, this did not work. After about two months, the problenrepeated itself with
spontaneous reboots and the system breaking down. The diagnosis made by our
employee from IT together with technicians from DMT revealed that the problem was
most likely a damaged PC of the CCNC. Initially, we thought we would havéty a new
PC and replace it ourselves. However, we were pleasantly surprised. DMT staff (sales
manager and technicians) visited our institute and replaced the damaged PC, helped
calibrate the flow rates, and accompanied us to NAOK to see the installatiohthe CCNC
at a remote site. Since then (November 16, 2021), the CQRO0 has been working properly
with no spontaneous reboots.
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RESULTS ANDONCLUSIONS

We have been collecting CCN concentration data through NAOK since June 2019. Until
October 2020, weused the Dual CCN.exe program running on WIN7 operating system.
This data is almost ready to be submitted to the EBAS database. However, the data set
from June 2019 to February 2020 contains CCN concentrations at SS 0.1%, which were
underestimated by 10- 20% due to the short measurement interval and &pc being too
high. Data collected after CGIH00 - WIN10 SYSTEM UPGRADE have an undefined
measurement cycle length. For these data, the procedure for submission to the EBAS
database still needs to be worked ouand approved by NILU.
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SUMMARY

Energetic ions of MeV energies supplied mainly by electrostatic accelerators are
nowadays for a long period of time successfully usedor the aerosol elemental
characterization by PIXE, RBS, PESA and PIGE methods worldwide. Laboratory of nuclear
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in utilizing these methodsfor the aerosol analysisas well. Two experimental vacuum

target chambersare availablein beam lines of 3MV TANDETRON 4130MC accelerator.

One designated for broad beam measurement simultaneously by above mentioned
techniques and second for microbeam measurement with lateral resoldtii T £ AAT OO

and scanning area of 2mm?.
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INTRODUCTION

Atmospheric nonthermal plasmas produce mixtures of reactive oxygen and nitrogen

species (RONS). The plasmaater interaction enables the transport of these RONS to the
liquid water, which is significantly enhanced by converting bulk water to aesol
EAOI AOI bl AOO rp¥Y8 (AOET C AEAEA®AINGer theAT OUB
equilibrium conditions, the expected solubility of various RONS is very different. We
investigate the transport of RONS into the water aerosol microdroplets, under
nonequilibrium conditions characteristic of plasmawater interactions.

EXPERIMENTAL SETUP AND METHODS

The transport of gaseous kO, HNQ, NQ, NO, and @into the bulk water and the

aerosol of electrosprayed (ES) and nebulized microdroplets is investded. Gaseous #Dy,
HNQO, NQ, NO, and @species are first provided by external sources (liquid k0, or HNG,
NG and NO mixtures from pressure tanks, ozone generator). WV¥is spectroscopy
colorimetric methods are used for the chemical analysis of the dislved species (HO,
NG, NQI', and Q) in water. The concentrations of gaseous 40,, NO, and @ are
measured using electrochemical gas sensors, while HhN@nhd NQ are measured by UY
Vis absorption spectroscopy.
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Fig. 1. Schematic of the experimental s&p of plasma discharge interacting with
electrosprayed or nebulized water aerosols.

Figure 1 shows the schematic diagram of the experimental setup with the streamer

corona plasma discharge in contact with water aerosols. The solvation of RONS in water
is compared in two types of microdroplets: charged microdroplets produced by
electrospray (ES), and nebulized nowtharged microdroplets.

97



RESULTS ANDONCLUSIONS

Figure 2 shows the total molar number of the dissolved agueous RONS within 1 min
plasma treatment at 0.5 ml/min water flow rate. The solvation of the gaseous ¥, HNQ,
NGz, NO, and @into water is enhanced by the increasing gawater interface surface area
obtained during the ES or nebulizing aerosolization compared to the transport of RONS
into the bulk with a fixed surface area. b, was solvated in water 4 orders of magnitude
more efficiently than G, despite the 7 orders of magnitude largekw. This is because ¥D,
is completely depleted from the gas, unlike &molecules. HN®@is well solvated into the
water, producing aqueous NGI', with 3 orders of magnitude higher efficacy than € which
correlates with their ratio of kn. NQ and NO are solvated in water also making aqueous
NG, with 2 orders of magnitude higher efficacy than §) despite smilar ky.

The amount of HO, and NQJI' dissolved in the nebulized microdroplets is higher
compared to that in the ES microdroplets due to larger plasnzavater interface area in
nebulized microdroplets (~5 mm). On the other hand, the production of N£D(aq), mainly
from HNG; [2], is higher in the charged ES microdroplets, despite their larger size (~20
100 nm). The microdroplet size distribution was measured by using high speed camera
in parallel with our novel laser/LED attenuation technique [3].

Our results lead to a better understanding of the transport mechanism of plasma
generated gaseous RONS into the water and enable optimization of the plashomid
systems for multiple applications in biomedicine, environment, and agriculture.
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Fig. 2: Amount of disolved aqueous RON$ormed by streamer corona dischargein
electrosprayed vs. nebulized water aerosol.
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INTRODUCTION

The COVID pandemic increased the global interest in high quality respirators or
generally any Personal Protective Equipment (PPE) of respiratory tract. In order to assess
the quality of the used PPE it is important to know the filtration effieency (FE) and
pressure drop (breathing resistance) of the PPEs.

Currently used filtration efficiency standards, such as EN149, were not developed to
test the PPE FE against particles in sizes of viruses (i.e. < 200 nm). On top of this, the result
of EN149 standard filtration efficiency testing is a single number, which could be
described as an average filtration efficiency of the tested PPE over large size range of
potentially dangerous aerosol particles. The penetration of these particles through the
fii OOAOET 1T |1 AOAOEAI EO A &£O01 AOEIT 1T &£ @BAREO
2 virus particles (i.e. 80-150 nm)is inthe sizerange,where the main physical mechanisms
have very small effect on particle deposition inside the filtration mataal. Therefore, it is
important to know ideally the size-resolved filtration efficiency of the PPE in order to
obtain the information about the real protection efficiency of the PPE against the relevant
dimensions of the dangerous patrticles. Such measuremt also allows to find the size of
the particles penetrating with the highest percentage through the material of PPE (MPPS),
which is a crucial parameter to estimate the protection level of the PPE against specific
agents, including e.g. SARS0\,2 virus patrticles.

Furthermore, during COVID pandemic many people were using the PPEs for longer
time than it was suggested by the manufacturer or tried to use hommade or web
community recommended decontamination/disinfection/antiviral treatments. Such
treatments may severely destroy the structure of the filtration material and alter the
filtration properties as compared to the original piece of the PPE and thus not protect the
wearer properly against harmful particles. This work aims to estimate the change in ¢h
size-resolved filtration efficiency of different respirators after application of selected
decontamination/disinfection treatments.

EXPERIMENTAL SETUP

The size resolved penetration through the materiabf PPEs (circular sample)was
measured using filer testing system developed at LACP ICPF CAS. The simplified
schematics of measurement apparatus can be seen on Fig. 1. The measurement was
conducted with the flow rate of 8.7 I/min, corresponding to face velocity of 10.6 cm/s
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across the sample of the matgal with active diameter 42 mm given by filter holder
geometry. This face velocity is derived from a required flow rate of 95 I/min (according
to EN149 standard) through the recommended crossection of a respirator (facemask)
of 150 cn®. The challengingaerosol was generated by a nebulizer (AGR000, Palas) by
dispersion of salt solution of (NH4)2SQ having concentration of 1 g/l. The generated
aerosol was dried in the diffusion drier containing silicagel, after that the Boltzmann
charge distribution on aerosol particles was achieved by passing through a neutralizer
with 8Kr and then the treated aerosol continued into an electrostatic classifier
(Electrostatic Classifier, EC Goliath, Research Workshop of ICPF CAS). The monodisperse
fraction of the generdaed aerosol, selected in the classifier by corresponding voltage on
the inner electrode, was diluted in the mixing volume so, that the required flow rate
through the tested sample was reached. The number concentration of aerosol particles of
given size wasdetermined at the same time upstream and downstream the tested
filtration material by two CPCs (Condensation Particle Counter).
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Fig. 1. Schematics of measurement sep.

The position of the two CPCS was alternated for every selected size of the paes
using the pair of electromagnetic valves. The valve switching allows avoiding any errors
in measurement due to possible differences in the measurement of both counters. The
changes in filtration material properties during the measurement (e.g. filtetoading by
challenging aerosol) were monitored by the measurement of pressure drop across the
filter.

This approach has several advantages as compared to EN149 standard. It has to be
considered that the EN 149 standard uses polydisperse aerosol and the tined itself is
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different from our approach. Moreover, the EN 149 is burdened with many artifacts,
which are in most of the cases overestimating the filtration efficiency, and is not very
suitable for judging the efficiency of the filtration materials agaist particles in the sizes
from tenths to hundreds of nanometers (the size of SARS0\2 particles was estimated
to vary between 80 to 150 nm).

The EN 149 standard uses as a challenge aerosol so called polydisperse aerosol
(mixture of sodium chloride particles covering the particle size range 20 nrp 2 nm with
mass median diameter at 600 nm and corresponding count median diameter at 360 nm).
In most of the cases, the modern filtration materials are having very good filtration
efficiency at 360 nm, which isthe size of the highest concentration of the challenging
aerosol according to EN 149. However, the real MPPS of these materials is usually bellow
100 nm. Furthermore, the detection method giving the information about particle
concentration in EN 149 is sie dependentz i.e. the larger particles (hundreds of
nanometers to units of micrometers) give much more intense signal and these particles
are removed by the material with very high efficiency, therefore the resulting filtration
efficiency is distorted towards higher numbers.

Several different types of respirator were chosen for the measurements in order to
cover apart of the commonly used respirators available on the market (Tab. 1).

Tab. 1: List of tested respirator types.

Type (Name) Manufacturer EN 149 class
ADDAIr Active 5500 Air Active FFP3 NR
G&W GDGP3 Guandong Tengsheng FFP3 NR
General Public Protection General Public FFP3 NR
PHARMAWEXRo01 PHARMAWEX FFP2 NR
Refil 750 Refil FFP3 NR
SpurTex V100 SPUR FFP2 NR

Tab. 2: List of apfied decontamination/disinfection treatments.

Abbreviation Decontamination Repetitions
treatment
T1 Thermal 1x
T3 AOU EAAO - 3x
T10 60 min 10x
El Ethanol 1x
E3 75% bath 3x
E10 15 min 10x
CH1 Chlorine based 1x
CH3 0.6% NaClO bath 3x
CH10 30 min 10x
PV1 Peroxyacetic acid 1x
PV3 saturated vapours 3x
PV10 atmosphere 10x
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The decontamination/disinfection treatments were selected to cover part of available
approaches (Tab. 2). The treatrents were repeated once, 3 and 10 times to sekd effect
of repeated procedure on the sizeesolved filtration efficiency of the respirator materials.

RESULTS ANDONCLUSIONS

Most of the small changes in FE after different decontamination/disinfection
treatments is most probably caused rather by th differences in the filtration efficiency of
the original material z piece to piece variability in filtration material quality (see Fig.2)
Most of the PPEs originally meet their declared EN149 class (checking @CMD=360 nm,
which should correspond to MMAD$00 nm according to EN149). And all the materials
have MPPS < 100 nm.
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Fig. 2: Sizeresolved filtration efficiency for different PPEs after application of various
decontamination/disinfection treatments.

However, some more pronounced negative effects gabe seen after applying the
ethanol bath (for all the respirator types). This effect can be twofold. The removal
of the electrostatic charge, originallyenhancing the filtration efficiency of the PPE
material, by the application of liquid can be one reasofor lowered filtration efficiency.
The other negative effectcan be partial destruction of the structure of filtration material
by ethanol (i.e. dissolution of the glues or other damage caused by the interaction of
ethanol with the filtration material) .
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INTRODUCTION

Inhaled fibres are known to induce various adverse health effectiue to their ability
to penetrate deep into the lower regions of the human lungs. This behaviour, however,
could potentially be used for delivery of therapeutic drugs to alveoli. Such conversion of
originally adverse behaviour to a beneficial and healtiimproving solution would be not
only witty but also potentially commercially attractive. The reason why this potential has
not been exploited so far grounds, besides other factors, also in the fact that our current
mathematical or computational models are uable to precisely predict the delivered dose
Al O A OPAAEAZEA DPAOEAT 08 %@bAOEI AT OAI AAOA I
needed to improve the current mathematical models. This contribution presents the
experimental setup and statisticallyevaluated data on the behaviour of rigid micrometre
sized fibres in the replica ofthe first bifurcation in human airways under transient
conditions.

EXPERIMENTAL SETUP

The fibres prepared from a glass wool3 OPAZAZET © 1 £0 j +1 AOE )
Simbacham Inn, Germany)were used for the experiment. The wool was crushed by a
mechanical press to produce fibres.

The fibres were introduced into a 1.5 m tube of the diameter corresponding to the
diameter of the human trachea which was equipped with the 3printed realistic airway
bifurcation (Lizal et al. 2022) The diameter of the fioreswas4to®& 1 AT A OEA 1 AT
omn  Olm.AFASTLAM SE& high-speed camera (Photron, Japan) with lonrgistance
microscope 12X Zoom lens (NAVITAR, New York, USA) composed of Z2Wdant adapter
(type 1-62922) and 12 mm F.F zoom lens (type-50486) was used torecord the fibre
flow. The image spaE Al OAOI 1 OOETI 1T xAO p8u t1 DAO DPEQG/
xAOA p8u pp8u 11 A O prncippngt D@8 4EA AT x
a pulse LED light model HPL-86DD18B (Lightspeed Technologies, USA). The light pulse
duration was 400z800 ns.
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Fig. 1:Positions of measuring points upstream and downstream of the replica of the first
bifurcation in the human airways.
RESULTS
The recordings allowed us to evaluate orientations of fibres in areas upstream and
downstream of the bifurcation ard observe the changes during the flow through the

i AAOOOET ¢ xET AT x8 110 h OOAEAAOI OEAO AT A OEA
perpendicular to parallel orientation of fibre to the streamlines) were analyzed.
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Fig. 2: Trajectories and flips of fibes during transient inhalation flow downstream of the
bifurcation. The asterisks denote flip from perpendicular to parallel orientationto the
streamlines, the circles the opposite
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SUMMARY

The particle concentration in the electrostatic (ESP) precipitator is expected to
evolute under electrostatic removal and enhanced coagulation by the charge on the
particle, applied electric field and turbulence induced in gas flow by ionic wind can. In the
present work, the contribution of coagulation is reasoned and confirmed by experimental
measurements carried out at the ESP used to control emissions from a-R®/ boiler with
biomass combustion. ESP was operated in two operating modes to ensure different
coagulation conditions, and the changes in the particle concentrations were predicted and
measured. It was found that coagulation can be responsible for up to 5 % removal
efficiency depending on ESP operation parameters.

INTRODUCTION

Modern small-scale boilers generate emissions of ultrafine particles ranging from
50 to 200 nm. The worldwide distribution of such boilers and the hazards of these
emissions to public health mé&e this issue of global interest. Appropriate technology can
suppress these emissions.

The usual Electrostatic precipitator consists of the discharge and collection
electrodes and uses an electric field generated between electrodes to charge and
precipitate particles. The corona discharge occurs in ESP ionising gaseous medium, then
generated ions charge with particles. The electric field forces charged particles to move
towards the electrodes removing them from the gas flow. The electric field also induces
an ion movementthe ionic wind, which causes the gas flow pattern to become turbulent
enough to affect the particle movement. A weak charge, typical for fine particles, makes
this turbulence particularly essential for the precipitation of submicron partides.

The Deutsch precipitation model (Deutsch, 1922) for predicting ESP removal
efficiency suggests that the particle distribution is uniform in the ESP crossection and
does not consider the effect of iofgenerated turbulence. Consequently, some lcallation
inaccuracy is involved in predictions of ESP removal efficiency, which become noticeable
for precipitation of ultrafine particles in small-scale ESPs with short residence time and
weak electric parameters. So, for accurate technical ESP modellitigese processes must
be respected.

Some accurate complex software, such as FLUENT or COMSOL, are known based on
solving the NavierStokes equation. However, such methods request appropriate skills
and are not always available to boiler producers; theref®, their usage in the usual
engineering practice is limited. This work aims to develop a simplified method for ESP
modelling.
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PREDICTION METHOD
In the present work, the particle concentration of particles of specific size is
assumed to reduce in ESPyh) electrostatic removal defined by the Deutsch method:

— —00 1)
Where Ais an ESP collecting area and-@@ a gas flow.

and ii) loss of specific particles by coagulation, specified by the Smoluchowski equaati
(Smoluchowski 1916).

— Vo) (2)
The particle coagulation in the present work is considered monodisperse: particles
of each specific size are suggested to coagulate to a targeA 1 - outside the size range
of interest. Consequently, the resulting evolution in concentration— for particles of a
specific size 'Q is considered as further
— (Vo) —00 (3)
Electrostatic precipitation

The critical parameter in the operation of ESP is the particle drift velocity)

which is strictly depends on electric field strengthO , the medium viscosity' and
particle size'Q and chargev :

VJ— (4)

Fuchs and Sutugin propose to evaluate a charging rate for an ultrafine particle with
respecting the image forcegFuchs and Sutugin, 1971)

— "@0—0 p —— (5)

Particles concentrations reduced by precipitatiord can be defined by the
analytical solution of Equation (1):
6 6Q (6)
Coagulation
The Brownian motion ofaerosol particles in an undisturbed medium inevitably
results in arbitrary continuous coagulation, which kernel can be found:
0 L ) Mo} (7)
Where 0 Cunningham correction factor,0O - Particle diffusion coefficient
However, the coagulation problem becomes more complex under corona discharge
in energised ESP. So, further coagulation mechanisms should be discussed
Turbulent coagulation
lons in the electric field are influenced by concentration/temperature gradient and
the applied external field; therefore, secondary narrow jetlike flows of ionic wind are
formed in the ionised gas. The velocity of ionic wind increase can achieve a value of the
same order of magnitude as the velocity of the main gas flow. The turbulent codgtion
kernel (Saffman and Turner, 1956 efines as.

6O " —08 8)

Gradient coagulation
The formula (4) shows that the velocity of charged particles towards the electrodes
is individual for each particle size. The dfit velocity of the studied particles in the
experimental ESP ranged by a few centimetres per second. This velocity gradient is
negligible and cannot affect the particles’ behaviour, so gradient coagulation is not
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considered.
Shear coagulation
The particle inertia and following the turbulent flow eddies are ignored, so the
motion of charged particles is regarded for newly arrived particles as transversal laminar
shear causing the coagulation. The monodisperse shear coagulation kerpel is related
to Brownian U kernel as follows(Sinajskij et al., 2002)

0 9)
Electrically affected coagulation
Fuchs(Fuchs, 1955)defines the effect of particle charge pthe kernel for charged
particle coagulation0 as Brownian coagulation kerneld multiplied by the factor? .
Since the particles charg in ESP is predominantly unipolar, the electrostatic dispersion in

the present work is respected, so the coagulation factprfor monodisperse particles with
unipolar charge was determined here a¢Green and Lane, 1964)

F— a0 — (10)
The coagulation kernelb respecting the effect of the ESPelectric field was
obtained as follows(Lianze et al., 2005)
v —dD (12)
Effective coagulation kernel
The effective kerneld of coagulation in energised ESP is obtained by summing the
kernels for the above mechanisms:
0 U 0 0 0 (12)
Particle concentration, reduced by coagulatio® during electrostatic
precipitation, was defined by the analytical solution 6 Equation (2):
0

0

(13)

EXPERIMENTAL APPARATUS AND METHODS

The contribution of coagulation was investigated in an experimental saip shown
in Fig.2.

ESP

Boiler

Fig.2 Experimental setup

The typical automatic 9GkW boiler with wood pellets combustion was used. The
measurements were undertaken when boiler operation was stabilised: CO concentration,
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combustion gas temperature negative pressure of 15 Pa in theiler stuck were constant.
Combustion gases were cleaned from particles in the vertical honeycomb ESP. The
ESP was operated in two modes: at high voltage 9 and 12.5 kV, ensuring a corona current
of 10 and 40 mA, respectively. All tests were repeated fitenes for each ESP operating
mode.
The removal efficiency was estimated by comparing the particle concentration with
ESP on/off. The changes in numerical particle concentrations caused by ESP operation
were measured simultaneously by The Dekati Electricdlow-Pressure Impactor (ELPI)
and TSI Electric Mobility Spectrometer (SMPS), composed of serially working a
differential mobility analyser (DMA) and TSI Condensation Particle Counter Model 3775
(CPC). To adopt samples to the capacity of measuring equipmgattwo-stage Dekati fine
particle sampler FP$4000 was used to dilute the flue gas.
The SMPS mobility equivalent diameter was approximated to the Stokes diameter,
and the ELPI results were recalculated to Stokes diameter using the fly ash particles
densiOU AO ¢ CTAi o8 [/ AOAET AA AT 1T AAT OOAOQGETT O xAO/
CAO AO pmnp8ogu EOAh m J#h AT A OAEAOAT AA | ¢ 1 E

RESULTS AND DISCUSSION

Experimental conditions and ESP parameterdhe ESP operation parameters and
conditions of the expeiments are presented inTab.2.

Tab.2: Average experimental parameters of the ESP

. ESP regime
Parameter Unit A B
Gas temperature, J # 85
Gas flow Q ** m3/h 556
Residence time in ESR, S 2.5
Specific collecting area m2/(m 3/s) 136
Electric current in ESP, | mA 40 5
Voltage on ESP, U kV 12.5 9
Electric field strength, Ean  p p5V/m 2.8 1.8
Concentration of ions, N p plfions/m3 2.3 0.7

& E1T AOU &£l OA CAO jrOaI=+#b%poip8c EO0OAQN AO OAA
** effective value, valid at the given actual temperatures and actual atmospheric
pressures

Coagulation mechanisms

Fig. 3 compares the Brownian coagulation kernel with kernels for coagulation ue
to studied mechanisms at operation regimes of ESP.

The values of turbulentd , charged and electric field0 coagulation kernels were
calculated for both ESP operation regimes and compared as ratios to the Brownian
coagulation kernel.

Intensified parameters of the ESP demonstrate the growing importance of the
electric field for coagulation: the excess over Brownian coagulation becomes more
significant for finer particles. The relatively low effect of turbulence on coagulation was
observed: the low Reynolds number of about 1200 can explain this.
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Fig.3: Coagulation kernels for discussed coagulation mechanisms

Particle size distribution

For particles of interest, the ELPI and SMPS demonstrated similar measuarent
results for particles of interest for all ESP regimes (see

Fig. 4). Predicted with considered coagulation results appear closer to measuring
results than calculations involving electrostatic precipitation puely. Because
enhancement in electric field strength and enrichment in ion concentration are much
more supportive for particle charging and removal than for coagulation through
discussed mechanisms, the coagulation effect was less significant with an inesed ESP
efficiency.
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Fig.4 Measured and predicted particle size distribution

The maximal contribution of coagulation was stated at about 5% for particles with
a diameter of 70 nm. The coagulation effect is least pronounced fpartially charged
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particles with a diameter of less than 40 nm. Thus, enhanced coagulation can explain the
increase in removal efficiency observed for partially charged particles with

intensification from the electrical parameters of the ESP encountered (Zhuang et &,
2000).

CONCLUSIONS

Coagulation in the corona discharge field was studied in the experimental ESP used
to control PM emissions from a 166kW automatic boiler with wood pellets combustion.
Two operation con condition of ESP was studied.

The evolution of particle concentration and size distribution was predicted
respecting the electrostatic removal and coagulation enhanced in energised ESP. Particle
size distribution was obtained by measurements and compared to the theoretically
predicted one.

The particle charge and the external electric field have the most substantial effect
on coagulation, while the effects of turbulence and shear were negligible. The resulting
coagulation can contribute to ESP removal efficiency by up to 5% and explain the
discrepancy between theoretical prediction for ESP removal efficiency and measurement
results. The accuracy of ESP removal efficiency for ultrafine particles can be ensured by
respecting coagulation.
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INTRODUCTION

Unlike primary aerosols, secondary aerosols (SA) are formed long after the emission
into the atmosphere through gasparticle conversion processes. SA areiwdded into
secondary inorganic aerosols (SIA) and secondary organic aerosols (SOA) based on their
chemical composition. SA and SOA have significant contribution to global PM and hence
affecting climate, air quality and health (Hallquist et al., 2009). larban areas, organic
aerosol fraction from the submicron PM can be over 50 % and 2/3 of it can be SOA (Nault
et al., 2021).

Gaseous compounds that produce SA are called precursors. These precursors go
through reactions in the atmosphere which may increaseheir particle formation
potential. SIA precursors and their reaction are well known making modelling of the SIA
particle formation possible. However, vast number of different SOA precursors and their
complex reaction make modelling on SOA patrticulate foration very difficult. (Hallquist
et al., 2009) SOA precursors are volatile or semivolatile organic compounds that will
undergo oxidation in the atmosphere producing compounds with sufficiently low
equilibrium vapor pressure for nucleation or condensationthis process is also referred
to as aging (Kanakidoy 2005).

Formation of secondary aerosols have been studied using environmental chambers
and oxidation flow reactors (OFR). In both cases, sample is introduced to the chamber
where humidity, ozone concentation and U\firradiation are accurately monitored and
AT 100111 AA8 /1 &280 AOA Al i PAAO Ai 1 OOAT O AT x
Processes that would take days in atmosphere are achieved antime scale of minute
inside of the OFR. Dekathas brought to the market Dekati Oxidation Flow Reactor
$/ &2A xEEAE EO AAOAA 11 OEA 4312 454 3AAT]
and introduced by Tampere University (formerly known as Tampere University of
Technology) (Simonen et al., 2017DOR has 12 UVC lamps with wavelength of 254 nm
to produce hydroxyl radicals inside the reactor. UVC intensity can be modified by
activating or deactivating any number of these lamps. Integrated ejector diluter is used to
produce and maintain constant flow through the reactor and provide high volume output
for multiple instruments.

EXPERIMENTAL SETUP

We have carried laboratory and field tests to characterize and demonstrate the
DAO&I Of ATAA T &£ OEA $/ &2A xEOE AT OE 1 AAT OAOQI

Maximum aging power of the reactor was tested using carbon monoxide as marker
gasand measuring the decrease of carbon monoxide concentration inside the reactor with
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varying aging conditions Residence time distribution and laminarity of the flow through
the reactor were cetermined using salt particles and two condensation particle counters.
To verify performance with a realworld emission source, potential aerosol mass
from an idling TSI gasoline engine was measure&ample was first diluted with particle
free pressurized air and then introduced through a Nafion humidifier. After
humidification, ozone generated with separate generator was introduced to the sample.
Sample was then introduced to DOFR whereaging conditions were modifiedmainly by
increasing the UV@ntensity inside the reactor.After the reactor,Dekati’ High resolution
ELPI + was used as an aerosol instrument to measure produced secondary aerosol mass.

RESULTS ANDONCLUSIONS

Decrease of carbon monoxide concentration inside the reactor is converted to

equivalent age in the atmosphereusing following equations:

00 —z] ] (1)

h

o] - 7 (2)
Where, 1.5e6 molec./cm3*s equals the average hydroxyl rachl reactivity in the
atmosphere. Figure 1 presents resultsas equivalent age while using maximum UVC
intensity and different ozone concentration and relative humidity levels
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Fig. 1:Equivalent aging time of DOFRwith varying humidity and ozone concerration.

As can be seen, equivalent aging tineé 1 month can be achieved with suitable reactor
parameters.

Figure 2. presents secondary aerosol mass size distributions from a 1.4 liter TSI
gasoline engine.
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Mass size distribution after DOFR™
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Fig. 2:Secondary aerosol mass size distriliions from a 1.4 liter TSI engine with varying
aging conditions.

Different lines represent different aging conditions. UVéntensity was the main
parameter for aging control. With increasing UVC intensity (humber of active UM&mps),
produced SA increass, reacing maximum with 8 active lamps. With futher increase of
UVC intensity, the produced SA mass starts to decrease which is typical for secondary
aerosol processes.
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INTRODUCTION

The sources of particulate matter in the atmosphere which are then enriched with
O1 gEA Al AT AT OO 10 Aiibi O1T A0 EAOA AAAT xEAAI
etal., 2004; Rogular T UE T x OEA A Gevérdl Bapersdt was readked that, in the
cold season, the principal source of PM emission is associated with the combustion of
conventional fuels (maliny hard coal) in domestic heating systems (Kaczmarek et al.,
2017; Olszowski, 2019). However, a precesdetermination of the types of contamination
sources is difficult. Aerosol particle concentrations in local air reservoirs are also
influenced by meteorological parameters, which are responsible for e.g. the transport of
particles from polluted urban or industrial areas and from distant natural sources
(Khedairia and Khadir, 2012).

The main purpose of the study was to examine whether data averaging has an
impact on the determination of pollutant emission sources. In addition PM10 mass
concentration and corcentration of PM10-bound elements were examined.

EXPERIMENTAL SETUP

As the receptor, the measurement point in the northern part of the village was
OA1l AAOAAh xEEAE EO OEOOAOAA TAAO A 11 AAOAOA
Voivodeship) surounded by meadows, farmlands low shrubs and trees (3% 0 6 @ @ 8 T ¢ 0
N;18oruv dme8yYmo %h poecg [ 8 CohtBuodsdarticls moniorergeneiy E A A E
dispersive Xray fluorescence (CPM+EDXRF; RXx v (T OEAA“ h * APAT q G
used to examine PM1@oncentrations and their chemical composition Al, Ca, Cr, Cu, Fe,
K, Mn, Ni, Pb, Zn The device operated in automatic mode, providing data every single
hour.

Certified standard material, SRM 2783 (air particulate matter on filter media), was
used to assss the elemental quantification of Xray spectra and to get a quality control
measure. The lowest detection limits (LLD as a double the standard deviation of blank
analyzed) were Al (56.7 ng/n®), Ca (1.1 ng/n%¥), Cr (2.05 ng/m8), Cu (1.85 ng/n#), Fe
(7.00 ng/m3), K (4.8 ng/m3), Mn (1.45 ng/m3), Ni (0.9 ng/m3), Pb (1.05ng/m3), Zn (1.25
ng/m3).

Sampling and weather condition measurements were carried out for 14
consecutive days during the winter period (February 2019).
For further analysys of recievied record, the raw data were scaled according to the
fomula (2).

w — (1)
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The principal component analysis (PCA) was applied to assess the correlations
between different PM10bound elements and identify the ma sources of PM10. In
addition, to detect structures in the data, the results were analyzed using cluster analysis
(CA). The results were analyzed for daily and hourly concentrations. The variability of the
intensity of emission sources in different perials of the day was checked.

RESULTS ANDONCLUSIONS

Figure 1 shows the profiles of PM10 and PM*Bound elements concentration The
twenty-four-E1T 0O AT 1T AAT OOAQGEI 1O 1 &£ 0-pnt ET +80&0U
The mean PM10 concentration for theentire measurement period was equal to 51.5
t C B.IIt was above the daily PM10 concentration limit established by the European
#1 1 1T EOOET 13 npttotre exkc€eBdd on more than 35 days per year). Generally, the
lowest concentrations of PM10 were recoréd between 00.0606.00 a.m. and the highest
between 04.00 p.m-10.00 p.m.
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Fig 1. PM10 and PM1{Mound elements concentration rangesThe whiskers extend from
the edge of the box to the ® and 95" percentiles of the data. The squares inside indicate
median values

The mean concentrations of the selected PM3Bound elements fluctuated within
wide limits and took values from 0.95 ng/n? (Ni) to 1406.3 ng/m3 (Al). PM10-bound
elements collectively accounted on average for 1% of the PM10 mass. Al, Ca andei¢
the most abundant among the determining element€n average, during the entire twe
weeks measurement period, the elements related to PM10 tested in the study can be
arranged in the following order: Al>Ca>K>Fe>Zn>Pb>Mn>Cu>Cr>Ni. The concentrations
of PM10-bound K, Al, Fe, Ca and Mn were determined by natural sources. This is indicated
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by Enrichment Factor (EF) values which, regardless of the time of day, do not exceed 10
during the entire measurement period. K, Al, Fe and Ca are typical crustal elemgnt
therefore it can be assumed that they were derived from the resuspension of crustal and
soil matter (Majewskiandrogula+ I U¢T x OEAh ¢mpeQ8 4EA AT T AAT ¢
PM10-bound elements, i.e. Cu, Pb, Ni, Zn, and Cr were strongly influenced by
anthropogenic sources (EFx> 10). The elements came from the combustion of fuels,
abrasion of vehicle components (wheels, brakes) and road surfa ces surfaces, the influx of
polluted air masses from urban areas.

The main aim of the study was realized with th use of PCA and CA analysyoth
analyses were conducted for data averaged up to 24 hours (D), all hourly data (H), and for
periods divided into morning (M; 6 a.m:10 p.m.), midday (MD; 11 a.m3 p.m.),
afternoon/evening (AE; 4 p.m-10 p.m.) and night (N 11 p.m:5 a.m.).

In the PCA analysis, two principal components (PC) were extracted for data (D), which
explained about 83% of the variation in the original data. Based on the factor coordinates
of the variables, it is not possible to indicate which sowe was dominant. Both elements
from natural and anthropogenic sources (with the exception of Cu) were concentrated in
the first principal component (69% of the total variance).

In the case of the analysis of hourly measurement data (H), three principal
components were identified, which explained about 72% of the variability in the original
data. Seven of ten elements were strongly correlated with PCIthe vast majority of these
elements were of natural origin. Clear groups were identified indicating that sd
resuspension and mechanical abrasion processes of crustal materials were the main
sources of contamination (Al, K, Ca, Mn, Fe). Additional sources were fuel combustion and
traffic (Pb, Zn, Ni, Cu).

For the morning (M) and afternoon/evening (AE) hours, he PCA resulted in two PCs
(71% (M) and 72% (AE) of the total variance). The results indicated that the main source
of pollution was related to the use of individual heating systems (PC1 43% (M) and 53%
(AE); Zn, Pb and Cr). Also, the "natural origin" ofgtlutants played a key role (PC2 18%
(M) and 14% (AE); Al, K, Ca, Mn, Fe).

For the midday (MD) and nighttime (N) hours, the analysis showed significant
similarity to the daily and hourly results, respectively. Three principal components were
identified for (MD) (84% of the variation in the original data) and two (70%) for (N),
respectively.

Table 1 provides information on the results of the cluster analysis.

Tab. 1:Hierarchy of clusters of elements for the analyzed periods of data averaging
(clustersfoOqd pnng $SEOOAT AAT- A8 AEOOAT AA rtmnQs

D H M MD AE N
Cr-Mn Mn-Fe CuCa Mn-Fe Zn-Pb Mn-Fe
FeCa Zn-Pb Mn-Fe Zn-Pb Al-K Al-K
Zn-K CuCa Al-K Mn-Fe Zn-Pb
Al-K Al-K CuCa
Mn-Fe
Zn-Pb

The results in Table 1 show a similarity in the occurrece of the same pairs of
elements regardless of the period of data analyzed. The largest "mix" occurs for results
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averaged up to 24 hours of observation (=14), which captures the essence of the
difficulty of unambiguously identifying the dominant source of pollution. For other
periods, the clustering results are more unambiguous and seem to confirm the PCA
results.

The final conclusions are as follows:
- averaging the results to 24 hrs leads to greater uncertainty in determining the origin of
pollution, i.e., the likely types of sources can be determined, but there is a problem in
indicating the dominant source,
- anthropogenic emissions are the leading source during the morning and evening hours,
while natural emissions occur around the clock, with intensitation occurring in the
middle of the day,
- in order to fully assess the impact of aerosol emission sources, it is necessary to analyze
meteorological conditions (preferably hour by hour).
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SUMMARY

Particulate matter (PM) originates from the exhaust and norexhaust pocesses of road

traffic (brake wear, tire wear, road surface wear, and road dust resuspensionjhis study

deals with the specification of norexhaust PM emissions in a tunnel environment where

the primary source is road traffic. PM measurements tookpldc ET OEA O01 OAL O]
highway tunnel with a length of 2118 m, directly in the tunnel tube and near the tunnel

portal. PM measurements were performed using gravimetric and optical methods. PM
chemical analyses were performed using energglispersive Xray fluorescence (EDXRF).

Using EDXRF, the main chemical elements Al, Br, Ca, Cl, Cr, Cu, Fe, K, Mg, Mn, Na, P, Si, S,
Ti, and Zn were identified in the PM.

a6/ $

EmisicOOEL AE PMNOCOARAD O] AE AT DOAOU DI AEUAUAET U
OL ACHEI (aON AAOI O A AACOAAUAEA éAO0O0p OI UEAEAI
UAEGDPA ORAOEU Al EOEA 6AO0OpA OF OUABAED OUO
OAOOODPAT UEOG AAOGOI 1 EI DOAAEOh ERRABAAGET OATAI
PodielAT EOEp 0- U 1T AOLAOEI OLAE UAOI ET O OA O bi
OLOAUT T ET UTbLAIEA Al EOEp Ui ODPAci OATEA A
OHAOQGELAE Al EOEp (OECD)2020AR2x2is & HaushdrgerO2@G Timmers
& Achten, 20168 | AOGEKAAEOET OLAE DOT AAOT Oh EOI 01 OA
i ELO Aut OEAL OAOOODPAT AT OAT i @Jée‘m\bjzomAElo
. AOL EOEEOGEA A0- 1T LTT OTUAATET T A DPOEAI A Al
AguUAh £ MOIGAGp OEUQq A OAOOOD ATAH OECHRGBANAI EE | {
Of EI AOT T O UIT L E}s@HeGsMakd, 2080 AECHE2820)0 -

6 OUI AE T UHET OLOEOI O AJadms®UERAEAITAIT Al ADA
AEAT EAEU AT Al DOAADA®OI DOAREA OA OI AET E OFT é
Ot OOE OOT AT A A OITEO POE bPI OOUI E OOT1T Al As

METs DY MERANIA

- ACATEA 0- AiITE OAAIEUT OATT O POT OOOAApP O
OO01T Al A jUUPAAT L Hi 00Ul q E #/SEGCJ’/Z\A \BE | -EA OMhI E¢
OAAT EUT OAT1T 1A OOAlldaCPMISEEdEEHTAd OUAEROAE (

PMo, ) . @ A DI 00Ul DUTABW, ¢ SAQE Aj OEAE. A AT AT OUO1
I LATEA § DOpOI i 11T 07T AEAI EAEIAKE EDD®OERIAG® @ 04 -A
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Ti, Zn, Ni,Mo, Pb, Rb, Sb Se, Sr, Va@br. 1)8 # A1 ET OU EI T AAT OOUAEA bC
bola v priemere 365,8 mg/n? PMuwo_IN, 85,4 mg/n PMy5_IN, 1425 mg/n? PMy_OUT a

48,2 mg/m2 PMzs_ OUT.

1000

100

g g m | ‘ | ‘ ‘ ‘ ‘ | ‘ |

g 1 I . ‘ | I n I I | I ‘ I

g;u Al |BI Ca Cl Cr Cu Fe K Mg Mn Na P Si S Ti Zn

0
Chemical element
EPMI10_IN ®PM2.5_IN EPMIO_OUT @ PM2.5_OUT

Obr.1:0 OEAT AOT U ET 1T AAT OOUAEA AEAI EAbadgkam PRNOOET O O
Pl ¢éAO0 1T AOATp O OOTAITE o1 OALOEL #EI 1 AA

120



3ET I AT E O A AE UAOOYT PAT EA E AAdPVObL. ENDLIAE AE
DOAAOOAOOEA EQOAAEAEDABABOEDI EA TAEIR 1 AAE.
PMesioAT 1T E O OROPAPATEAGEAUDEAET DPOOEU !'I h #A
Si, Ti, Zn (PMs10/PM25>1). Na druhej strane Br, Cr, S, Kvonku a Zn- vonku boli viac
UAOOT b Ajs({omér PBbsi1o/PM2s<1).

+T OAT AT U AT Al LUMOAI ASEABET A PAART GADL BE U1 A
OUUETITT O ET OAl UAET O j 0O mhxh Brmhnuvqd 3EO¢
Skupina 2, Na a Cl. V BMsignifikantne korelovali Al, Ca, Mg, Si, Cu, Fe, Na a Cr. Vo frakcii
Pves T AATT E AEAI EAEiT  DOOE dko @AfEakciORMo. ARddioAsa O E A U
DOAADIT ETl AAAT T h LAAEOBA REAEBAEDBA O0- OLUT AT T L.
AEAT EAELI E DPOOEAIT E8 00AOT OA 0OUOT AEOAEAEA C
DOOEU DI Al Alwi(ObvER/BEAEEECOAAREAEEADAEATI EAELAE E
OT 1 01 DPOpPAAA DPOAOGAAT Bi DU EOAEBNE EOAEAEA O -

a 2 & ¢ S IdxrFraS S0 i ) 2 T @ a E 8238 S« & ¥ PEervv2an820was
X ) ! ® @ ' o @
X I ) s @ 000 00 00000000000 o
v @ « 9000000 © s @O 00000000 ©
(&) "“wQ0® ©e o8 000000000 ©
% J ® 1) [ 00000000 o
00000000 ¢ s@ 00 D " 9000000 ©
-~ 90000000000 r@ee 000000 o
" 9000000000 I ) @ 9000000 [}
- 9000000000 @ @ €] 9000 o
- 90000000 [ X&) 900 ©
0000000 na 90 ©
09 0® @@ w@ @
Te3ses osos k. S
Zn | [ X ] zr
"w QOO Y XY (2]
1] X I} (16
@ w2s @ v @

Obr.2:6 L O1 AAEU ET OAT AéT AE AT Al LUU ET 1T AAT OOUAE/
| AOAT EAAE O OOT AT E 01 OALOEL #EI I AA

00AUAT O OAT UADAABAT DAOAT pi A AlbAPwmsai O EI
EAE AEAT EAEV EI UITLATEA O DOI OOOAAp OO1 Al Ag
T AAEUAUAEYT AE OA O wEIETA TA 311 OA1 OEOG8 - AO,
DITTEO O Al PUBIOOABE AT @ Wi O ACuila ko P014; Bao &dl.. AE H
20198 0 OEAT AOT U ROl OO A0 EA A A g8yl

|

o

{Cuila 3
A1 -kl utotr PP GOUHHEEA
]

OITTEO O Al pUET OOE biI O0OUI &6 0601 A1 Ag +1 1 AAT 60U

merania.6 D1 UO DOEI UOT AET UAOIT EA AAOOT AE AT POAO

AT p UOLHATpi ETTAAT OOUAEpP o0-h EOI Oi OA UOL

ETTAAT OOUAEp o0- OF O1 71 OOE OOT AT A A OITEO O

OLAEQ® OG- UT AT ATUR LA OAGCEU éAO0T 0- H-RPT OOU]
Tt

= 0,43, PMs- R2 = 0,57). PM510OO1T OET E AL v b h AeAT EEOAGU
ET AT T OA AET O | AtaO@&d Vbsa, AR08 081 1 O

#EAI EAEU AdaRNpEBUAl T0AT O %$82& 1T AEAITEI A POpO
AEAI EAELAE DPOOET O O 0-¢ !'1h "Oh #Ah #I1h #Ol
ETTAAT OOUAEA DPOOET O 1T A MAEINGESS maint, Rirk N 83¥ D OE A
mg/m?2, PMo_OUT 142,5mg/m2 a PMys OUT 482 mg/md8 4 EAOI AEAI EAET
EI T O1TT O01T A UALINI3DA W) PMD INA14,4 %), PMy_ OUT (27,7 %) a
PWs. / 54 jpuoht P8 ol AT ATi OLOI AAEU UITLAT EA
HOTY A @Bfitdhakol., 2013; Ciia kol., 2016; Handlera kol., 2008; Haoa kol., 2019; Hea
kol., 20088 +TjAAT©OUAEA AEATI EAELAE DPOOET O Al OAE

AET OITTEOh O Al pUET OOE bHi OOUI O OO Al As

121



POL! +/ 6! .) %

MT~
A/

—_—

OAgOi OU bi OOAEO OT UT OEU T A HIUETI 61 OOAI
OOELAEO é AOOp A

4AT 01 DOpOPAOI E OUI EET /03872 2R 1TABTLOXA QA
EA

LITERAT RA

Brito, J., Rizzo, L. v, Herckes, P., Vasconcellos, P. C., Caumo, S. E. S., Fornaro, A., Ynoue, R. Y.,
Artaxo, P., & Andrade, MF. (2013). Atmospheric Chemistry and Physics Physieal
AEAI EAAl AEAOAAOAOEOAOEIT 1T &/ OEA PAOOGEAOI AOGA
Paulo Metropolitan Area. Atmos. Chem. Phyk3, 12199712213.

Cui, M., Chen, Y., Tian, C., Zhang, F., YanZBer&, M. (2016). Chemical composition of
PM2.5 from two tunnels with different vehicular fleet characteristicsScience of the Total
Environment 550, 1237132.

Handler, M., Puls, C., Zbiral, J., Marr, I., Puxbaum, H., & Limbeck, A. (2008). Size and
compoOEOET T 1T &£ PAOOGEAOI ACA Ai EOGOET 1 GTusm@j i 11 OT O
Vienna.Atmospheric Environment2(9), 2173z72186.

Hao, Y., Deng, S., Yang, Y., Song, W., Tong, H., & Qiu, Z. (2019). Chemical Composition of
Particulate Matter from TraficH EOOET T O ET A 21 AAAetofbiahddi ET 8E
Air Quality Researcil9(2), 234z7246.

Harrison, R. M., Allan, J., Carruthers, D., Heal, M. R., Lewis, A. C., Marner, B., Murrells, T., &

Williams, A. (2021). Norexhaust vehicle emissions of particulee matter and VOC from
road traffic: A review.Atmospheric Environment262, 118592.

He, L. Y., Hu, M., Zhang, Y. H., Huang, X. F., & Yao, T. T. (2008). Fine particle emissions-from on
road vehicles in the Zhujiang Tunnel, Chin&nvironmental Science an@iechnology
42(12), 446174466.

OECD. (2020)Non-exhaust Particulate Emissions from Road Transpd@ECD.

Rexeis, M., & Hausberger, S. (2009). Trend of vehicle emission levels until 2@ZRrognosis
based on current vehicle measurements and future emigm legislation. Atmospheric
Environment 43(31), 4689z4698.

Samara, C., & Voutsa, D. (2005). Size distribution of airborne particulate matter and
associated heavy metals in the roadside environmenthemosphere9(8), 1197z1206.

Timmers, V. R. J. H.,&Achten, P. A. J. (2016). Neexhaust PM emissions from electric
vehicles.Atmospheric Environmentl34, 10z17.

USEPA. (2011) AP-42, 5th Edn., Vol. 1, Chapter 13 Miscellaneous Sources., Section 13.2.1 Paved
Roads.

122



IMPACTS OF VARIOUSARAMETERIZATIONS ON ORGANN AEROSOL MODELLING
IN CENTRAL EUROPE

, OE"UIAH2 4/Peter ( 53 :19d A A GAIE%+ O U FEBENAE

1 Department of Atmospheric PhysicsFaculty of Mathematics and Physics, Charles
University, Prague, Czech Republic, bartik@karlov.mff.cuoz,
2 Ambient Air Quality Department, Czech Hydrometeorological Institute, Prague, Czech
Republic
3Institute of Computer Science, Czech Academy of Sciences, Prague, Czech Republi

Keywords: Organic aerosol modelling, CAMxCentral Europe

INTRODUCTION

For decades, chemical transport modelling of organic aerosols has been problematic,
with models often underestimating their concentrations (e.g. Giani et al., 2019; Jiang et al.,
2021; and articles therein).Among the frequently mentioned and studied possibleauses
of these shortcomings in the models are missing emissions of sewvlatile and
intermediate-volatile organic compounds (SVOCs and IVOCs), which can be very effective
precursors of secondary organic aerosols. In practice, therefore, these emissi@ne often
built into models using parameterizations, which scale them typically based on
experimental data using emissions included in emission databases. An overview of
different parameterizations of IVOC/SVOC sourespecific emissions from recent
literature and a proposal for new such parameterizations can be found in Giani et al.
(2019). In addition, Jiang et al. (2021) showed that adjusting the parameters used in air
guality models obtained from chamber experiments to correct for semvolatile vapour
losses from biomass burning on the chamber walls contributes to improving model
prediction of organic aerosols in Europe during wintertime.

Because the papers mentioned above assess the impacts of different
parameterizations on different domains and at diffeent times, as part of this work, we
decided to study the impacts of using some of these parameterizations on organic aerosol
concentrations in the region of our interest (i.e. in Central Europe) during wintertime and
summertime in the relatively current time period (namely in the period 201&2019). To
evaluate the potential contribution of these parameterizations to the refinement of model
outputs, we performed a basic validation of model concentrations obtained in a sensitivity
study with station measurements.

EXPERIMENTAL SETUP

As part of the sensitivity study, we performed a total of 5 model experiments using the
ComprehensiveAir Quality Model with Extensions (CAMXx) (Environ, 2020) on a European

i TAAT ATT AET AAT OOAA 1T OAO 0OACOAR OEA #UAA
Conic Conformal projection used) for the period between 2018019. The model domain

was represented n horizontal layers by 172 x 152 grid boxes with a horizontal resolution

of 9 km; in the vertical direction, it consisted of 20 layers from the Earth's surface up to
approximately 12 km, with the height of the lowermost layer about
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Tab. 1: IVOC/SVOC soueO Db A A E /EA pArante@r@&ions used in the experiments.
For each of the parameterizations, the superscript indicates a reference to the used
source: 2 Giani et al. 2019), ® Jathar et al. (2014)c Ciarelli et al. (2017), 9 Jiang et al.
(2021), ¢ Robinson et al. (2007). Gianni's approach refers to the SVOC determination
procedure described in the article of Giani et al. (2019).

Chem . : Biomass Other
Specie  Experiment Gasoline Diesel burning sources
S vehicles(GV) vehicles(DV) (BB) (0S)

NVOC SOAP_withIVO  0.0397 * VOGyv 1.2748 * 4.5* 1.5*
A a VOGv2 POAsgc POAs®
0.0397 * VOGv 1.2748 * 4.5* 15~
VBS_base a VOG- POAs® POAE
. , 0.25* 0.2* 12 * 15*
VBSJiang_orig  \\voge  NMVOGW®  POAmY  POA
VBSJiang_mod  0.0397 *VOGy  1.2748 * 12 * 1.5*
if a VOGyv2 POAss¢ POAs®
SVOC  VBS_base Giani's Giani's 3% PO 3 * POAs
approach approach d
VBSJiang_orig  3*POAw?  3*POAvd 3*POAgd ©° OAS
VBSngng_mod Giani's Giani's 3% PO 3 * POAvs
if approach approach d

48750 m. Driving meteorological fields (the same for alexperiments) were derived using

the WRFCAMXx preprocessor from the weather forecast simulation performed using the
WRF (Weather Research and Forecasting) Model Version 4.0.3., which detailed
description can be fomd inL I O A Aét &1.(2020). All needed emission inputs (before
adding IVOC and/or SVOC emissions) were prepared in the same manner as Huszar et al.
(2020) did.

Since CAMx allows the calculation of organic aerosghs partitioning and
oxidation chemistry using two options, namely using a semvolatile equilibrium scheme
called SOAP or a hybrid 1-8imensional volatility basis set (1.5D VBS) approach, detailed
descriptions of which are given in Environ (2020), we used both approaches in the
sensitivity study. Here, it is worth mentioning that one of the main differences between
the two approaches lies in the fact that in the SOAP scheme, the POA is considered non
volatile, while in the VBS approach, a part of the POA is considered serlatile. From
this, it is immediately evident that while IVOC parameterisations (IVOCs represent
transitional substances between SVOCs and VOCs on the basis of volatility) are connected
with both mechanisms, SVOC parameterisations are exclusively considered when using
the VBS concept.

In the first model experiment, which further serves as a reference within the
sensitivity study, we implemented the SOAP scheme and emissions that did not include
contributions of IVOCs (and, for understandable reasons, neither of SVOQsgxt, we
carried out one more experiment using the SOAP scheme (labelled as SOAP_withIVOA)
and three experiments using the VBS approach (labelled as VBS_base, VBS_Jiang_orig and
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VBS_Jiang_modif) in which we already used emissions with the inclusion of IVO@d a
SVOCs. We calculated them based on the parameterizations shown in Table 1, considering
their sources. Furthermore, while the first three experiments (i.e. the SOAP_nolVOA,
SOAP_withIVOA, and VBS_base experiments) were performed using the default setiing
SOAP or VBS scheme in CAMx version 7.10, the last two experiments (i.e. the
VBS_Jiang_orig, VBS_Jiang_modif experiments) were performed using the VBS approach
in a modified version of the CAMXx version 6.5With optimized parameterizations (SOA
yields, emissions of IVOCs from biomass burning, and enthalpy of vaporization) created
by Jiang et al. (2021). Experiments also differ in the use of gas phase mechanisms: in the
SOAP_nolVOA, SOAP_withIVOA, and VBS_base experiments, the fifth revision of the
CarbonBond Version 6 (CB6r5) mechanism was used (references to all furher mentioned
mechanisms can be found in Environ (2020)); in the VBS_Jiang_orig, VBS_Jiang_modif
experiments, the original Carbon Bond Version 6 (CB6) mechanism was used. Finally, in
all experiments, the partitioning of inorganic aerosol constituents between the gas and
aerosol phases was calculated using the ISORROPIA mechanism.

RESULTS ANODONCLUSIONS

To get an idea of the spatial distribution of organic aerosol (OA) in the reference
experiment, we have shown the average winter and summer concentrations of primary
OA (POA) and secondary OA (SOA) from it in Figure 1. It can be seen that the pollution of
POA is usually significantly higher during the year in the winter period, with the Poalley,
the Silesia region and the central region of Bohemia being among the particularly polluted
areas.On the other hand, it can be seen that SOA usually reaches higher values in the
summer, especially in the northwestern region of the Balkan Peninsula.

To quantify spatial and temporal impacts of different parameterizations in the
experiments, we calculated relative impacts on POA and SOA, which we defined as the
ratios of the seasonal concentrations of POA and SOA from the experiments to their
equivalents from the SOAP_nolVOA experimerithese impacts are shown in Figure Zor
the case of introducing IVOCs emission when using the SOAP scheme, it can be seen that
there are relatively insignificant changes in POA in winter and summeAt the same
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Fig. 2: Relative impact on average winter (DJF, 1st and 3rd row) and summer (JJA, 2nd
and 4th row) concentrations of primary organic aerosols (POA, 1st and 2nd row) and
secondary organic aerosols (SOA, 3rd and 4th row) frotBOAP_withIVOA, VBS_base,
VBS_Jiang_orig and VBS_Jiang_modif experimentg{bstcolumn respectively).

time, in this case, the relative impacts on SOA are the lowest of all investigated cases, with
values in the range of 14 (1-2) in winter (summer). Onthe other hand, it can be seen that
the introduction of SVOCs into the VBS formalism and their subsequent parameterisations
are usually manifested by an increase in the POA concentration. In both seasons, it can be
seen that regardless of the model versio used, parameterisations derived from traffic
emissions using the approach proposed by Giani et al. (2019) lead to higher POA
concentrations. The most pronounced relative impacts are evident for SOA in the winter
season in the experiments with the VBS appach, with the highest ones being achieved

in the VBS_base experiment, with values exceeding 10 in the Po Valley area.

Finally, to assess the potential benefit of using these parameterisations to refine
model outputs, we provide a very simplified evaluabn of the model surface daily
concentrations of organic carbon (OC), PM, ammonium, nitrate and sulfate from the
experiments against their surface measurements using bias and root mean square error
(RMSE) as statistical indicators. For this purpose, wased available data for these
pollutants from background stations included in the Cepperative Programme for
Monitoring and Evaluation of the Longrange Transmission of Air Pollutants in Europe
database (EMEP) and those included in the European EnvironmeAgency's AirBase
European air quality datasetThe values of the calculated indicators are listed in Table 2.
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Both the bias and RMSE values for OC indicate an improvement in its prediction in both
seasons, with the VBS_base experiment producing the bessults.On the other hand, it
can be seen from the biases for all other pollutants that adding IVOC and SVOC emissions
leads to a decrease in their concentrations, which is subsequently reflected in the
improvement of the bias for pollutants overestimatedby the model (i.e. ammonium and
nitrates in winter) and, conversely, in the worsening of the bias for pollutants
underestimated by the model. A possible explanation for the negative correlation
between OA concentrations and concentrations of secondary inganic aerosols
(ammonia, nitrates and sulfates) could be a decreased availability of OH radicals (as a
result of an increase in SOA precursors) for oxidation of precursor gases such asd6d
SQ that is analogous to the one used by Aksoyoglu et £017).

Tab. 2: Comparison of modelled and observed daily concentrations of organic carbon
(OC), PMs, ammonium (NH*), nitrate (NOs") and sulfate (S@*). Biases and root mean
NNNN i 2- 3%06Ge gleenA(redT Eofduk Tof the Tnumbe@8 |
indicates an improvement (deterioration) of statistical indicators compared to their
values from the SOAP_nolVOAxperiment. The best values of the indicators in the
framework of individual comparisons are marked in bold.

SOAP_nolVOA / SOAP_withIVOA/BS_bas/ VBS_Jiang_orig /
VBS Jiang_modif

Chem
Statisti )
speci cs Winter (DJH Summer (JA
es
oc bias -3.86/-3.78/ -3.08/ -3.39/ - -2.49/-2.45/ -2.13/ -2.39/ -
3.19 2.25
RMSE 6.53/6.45/ 5.69/ 5.96/ 5.79 2.77/2.73/ 2.43/ 2.68/ 2.54
PM, bias -1.91/ -3.30/ -2.13/ -2.73/ - -5.59/ -6.56/ -5.75/ -6.30/ -
S 242 6.07
RMSE 10.99/11.31/ 10.50 / 10.75/ 7.04/ 7.89/ 7.18/ 7.68/ 7.47
10.63
NH;+ bias 0.83/0.55/ 0.55/ 0.53/ 0.53 -0.10/ '0'30(’) 5300'30’ -0.31/ -
RMSE 1.61/ 1.32/1.32/ 1.31/ 1.31 0.41/ 0.47/ 0.47/ 0.47] 0.47
NOs bias 2.11/ 1.67/ 1.69/ 1.62/ 1.63 -0.20/ '0'32(’) 5%31’ -0.33/ -
RMSE 3.54/ 3.00/ 3.01/ 2.96/ 2.97 0.74/ 0.72/ 0.72/ 0.73/ 0.73
SO bias -0.84/ -1.36/ -1.36/ -1.37/ - -1.35/-1.81/ -1.81/ -1.81/ -
1.37 1.81
RMSE 237/ 2471 2471 2.47] 2.47 1.80/ 2.18/ 2.18/ 2.18/ 2.18
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INTRODUCTION

To understand the condensation process, we need to know the thermodynamic
parameters of nucleation and growth of water droplets. This process can be studied by
adiabatic expansion of ga mixtures of carbon dioxide/ water and argon/water . In this
case, the temperature of the mixture decreases and the supersaturation increases. This
creates the conditions under which homogeneous nucleation is possible.

The influence of carrier gases on homogeneous nucleation has been studied several
times. The first publication was byViisanen et al(1993) and the last publication was by
Campagna et al2021).

EXPERIMENTAL SETUP

We performed experiments using the expansion pulse chamber developed by
Wagner and Strey in 19846. The study was condwsd with the carrier gases C®and
argon in a range of nucleation temperatures of 22@60 K and nucleation pressures of 35
75 kPa at various concentrations of water vapor. Fig. 1 shows nucleation rate J (number
of droplets formed per unit of time and unit d volume) as function of supersaturation S
(ratio of vapor pressure to the saturation pressure of water at given temperature) and
temperature for the two carrier gases.

Fig.1: Cross section of nucleation pulse chamber
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