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9:00 -9:15  :ÁÈÜÊÅÎþ konference  ɀ Opening of the  conference  

9:15 
6,)6 6:$5#(/6¸#( (-/4 .! +/.#%.42!#% !%2/3/,/6¸#( I<34)# -Q~%.¸#( 6 3^4) 
5,42!*%-.¸#( I<34)#  
!ÄïÌÁ (/,5"/6< £-%*+!,/6<ȟ -ÁÒÃÅÌÁ (%*+2,^+/6<ȟ (ÅÌÅÎÁ 0,!#(<ȟ -ÉÒÏÓÌÁÖ ")44%2 
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$ÁÎÁ ./6/4.<ȟ 6ñÒÁ *!.$/6<ȟ *ÁËÕÂ /.$2<I%+ȟ ,ÕÃÉÅ /.$2<I+/6<ȟ 4ÅÒÅÚÁ +~^¼/6<ȟ 
+ÁÔÅĠÉÎÁ +/#/6< 

 
9:45 

3%:s..^ :-Q.9 34!"),.^(/ ):/4/0/6O(/ 3,/¼%.^ 5(,^+5 ɉɿρσ#Ɋ 6 !%2/3/,5 ! 
0,9..O &<:) .! 0~%$-Q343+O 34!.)#) 6 02!:% 
0ÅÔÒ 6/$)I+!ȟ +ÉÍÉÔÁËÁ +!7!-52!ȟ *ÁÒÏÓÌÁÖ 3#(7!2:ȟ 6ÌÁÄÉÍþÒ ¼$^-!, 

 

10:00  

A SEVEN-YEARS BASED CHARACTERISATION OF AEROSOL LIGHT SCATTERING 
PROPERTIES AT CENTRAL EUROPEAN RURAL SITE: VARIABILITY AND SOURCE 
APPORTIONMENT 
,ÅÎËÁ 35#(<.+/6<ȟ 3ÁÌÉÏÕ -"%.'5%ȟ .ÁÄÅĿÄÁ :^+/6<ȟ *ÁËÕÂ /.$2<I%+ȟ !ÄïÌÁ 
(/,5"/6< £-%*+!,/6<ȟ 2ÏÍÁÎ 02/+%£ȟ )ÖÁÎ (/,/5"%+ȟ 6ÌÁÄÉÍþÒ ¼$^-!, 

 
10:15  

LIDAR VERTICAL PROFILE ANALYZES AT NATIONAL ATMOSPHERIC OBSERVATORY 
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$9.!-)+! 02/34/2/6¸#( ! I!3/6¸#( :-Q. 0-ςȟυ ! 6,)6 ,/+<,.^#( 4/0%.)£¦ 6 
/6:$5£^ /"#% :!$.^ 4~%"!o "Q(%- 4/0.O 3%:s.9 
+ÁÒÏÌþÎÁ 7!,,%.&%,3/6<, Jan HOVORKA 

11:15  

THE IMPACT OF THE IMO-2020 SHIPPING REGULATION ON THE ATMOSPHERIC 
DEPOSITION OF SULFUR AROUND THE WESTERN ENGLISH CHANNEL AND THE USE OF 
THE V/NI RATIO AS A SHIPPING MARKER 
L.C. WINDELL, T.G. BELL, C. WHITE, A. MILNE, J. SCHWARZ, S.J. USSHER 

11:30  

#(%-)#+O 3,/¼%.^ ! :$2/*% !4-/3&O2)#+¸#( !%2/3/,° .! 0/:!L/6O 34!.)#) 
&2¸$,!.4 
2ÁÄÅË ,(/4+!ȟ 0ÅÔÒÁ 0/+/2.<ȟ 0ÅÔÒ 6/$)I+!ȟ .ÁÄñĿÄÁ :^+/6<ȟ *ÁËÕÂ /.$2<I%+ȟ 3ÈÕÂÈÉ 
ARORA, Laurent POULAIN, Hartmut HERMA..ȟ *ÁÒÏÓÌÁÖ 3#(7!2:ȟ 6ÌÁÄÉÍþÒ ¼$^-!, 

11:45  
$9.!-)+! 02/34/2/6¸#( ! I!3/6¸#( :-Q. 0-ςȢυ ! 6,)6 ,/+<,.^#( 4/0%.)£¦ 6 
/6:$5£^ /"#% $25¼%# "Q(%- 4/0.O 3%:s.9 
$ÏÍÉÎÉË £-/+ȟ *ÁÎ (/6/2+! 

12:00  

THE STORY OF TEAMWORK AND THE BIRTH OF THE FFP3* 
(FILTER BACKPACK) 
Max FRAENKL, Milos KRBAL, Jakub HOUDEK, Zuzana ZMRHALOVA, Borivoj PROKES, Petr 
HEJDA, Stanislav SLANG, Jan PRIKRYL, Jakub ONDRACEK, Otakar MAKES, Juraj KOSTYK, Petr 
NASADIL, Pavel MALCIK, Vladimir ZDIMAL, Miroslav VLCEK 

12:15  
METHOD AND INSTRUMENTATION FOR DIRECT MEASUREMENT OF CORROSIVE 
SPECIES FROM COMBUSTION 
Erkki LAMMINEN, Oskari VAINIO, Markus NIKKA 

 
12:35  ɀ 14:00  0ĠÅÓÔÜÖËÁ na ÏÂñÄ ɀ Lunch 
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0/.$Q,^ ɀ MONDAY 3. 10. 2022  

ODPOLEDNE ɀ AFTERNOON 

14:00  
ρπ,%4O -/.)4/2/6<.^ /8)$!I.^(/ 342%35 5 /3/" 02/&%3)/.<,.Q 
%80/./6!.¸#( .!./I<34)#^- 0/-/#^ .%).6!:)6.^#( -%4/$ 
0,%.<2.^ 0~%$.<£+! $ÁÎÉÅÌÁ 0%,#,/6<ȟ 6ÌÁÄÉÍþÒ ¼$^-!, 

14:30 
TOTAL AND BIOACCESSIBLE FRACTION OF ELEMENTS IN URBAN AEROSOL 
0ÁÖÅÌ -)+5£+!ȟ (ÁÎÁ #)'<.+/6<ȟ *ÉÔËÁ (%'2/6< 

14:45 
OXIDATIVE POTENTIAL OF PM1 AND PM2.5 URBAN AEROSOL AND ASSOCIATED 
ELEMENTS IN THREE SIMULATED LUNG FLUIDS 
(ÁÎÁ #)'<.+/6<ȟ 0ÁÖÅÌ -)+5£+!ȟ *ÉÔËÁ (%'2/6< 

15:00 

/2'!.)#+O 3,/5I%.).9 ! -!2+%29 :% 30!,/6<.^ $~%6! 6 +/4,^#( 0/5¼^6!.¸#( 
02/ 694<0Q.^ $/-<#./34^ 
+ÁÍÉÌ +~°-!,ȟ 0ÁÖÅÌ -)+5£+!ȟ *ÉĠþ (/2<+ȟ -ÉÒÏÓÌÁÖ *!2/#(ȟ &ÒÁÎÔÉĤÅË (/0!.ȟ ,ÅÎËÁ 
+5"/o/6< 

15:15 
PARALLEL DETERMINATION OF PARTICULATE AMMONIUM BY USING A CONTINUOUS 
AEROSOL SAMPLER AND CASCADE IMPACTOR 
L5+<£ ALEXA, HANA (,!6<I+/6<ȟ HANA #)'<.+/6<, PAVEL -)+5£+! 

15:30 
02!+4)#+O ,)-)49 /6Q~%.^ &5.+#% &),42° I<34)# $<,+/6¸- -Q~%.^- 
MÉÃÈÁÌ 6/*4^£%+ȟ -artin PECHOUT 

15:45 

NMR AEROSOLOMICS STUDY OF WATER-SOLUBLE ORGANIC COMPOUNDS IN    SIZE-
RESOLVED PARTICULATE MATTER 
£ÔñÐÜÎ (/2.^+ȟ 0ÅÔÒ 6/$)I+!ȟ 0ÅÔÒÁ 0/+/2.<ȟ *ÁÒÏÓÌÁÖ 3#(7!2:ȟ 6ÌÁÄÉÍþÒ ¼$^-!,ȟ *ÁÎ 
3¸+/2! 

 16:00 ɀ 16:30  0ĠÅÓÔÜÖËÁ na ËÜÖÕ ɀ Coffee Break  

16:30  
:<6)3,/34 !+4)6!#% !%2/3/,5 .! -%4%/2/,/')#+¸#( 0/$-^.+<#H 
.ÁÄñĿÄÁ :^+/6<ȟ 0ÅÔÒÁ 0/+/2.<ȟ 0ÁÖÅÌ 3%$,<+ȟ 6ÌÁÄÉÍþÒ ¼$^-!, 

16:45 

34!./6%.^ +/.#%.42!#% ! 6%,)+/34.^ $)342)"5#% 2!$)/!+4)6.^#( 
!%2/3/,/6¸#( I<34)# 
Petr /4<(!,, Michaela +/:,/63+<ȟ %ÌÉĤËÁ &)!,/6< 

17:00 

AN IMPROVED METHOD FOR CALCULATION OF THE WET PARTICLE DIAMETER AND 
THE KAPPA PARAMETER FROM THE CCN DATA 
:ÄÅÎñË 7!'.%2ȟ 'ÁÕÒÁÖ -)3(2!ȟ 0ÁÖÅÌ -/2!6%#ȟ .ÁÄñĿÄÁ :^+/6< 

17:15  

PLANETARY BOUNDARY LAYER EFFECT ON VERTICAL TRANSPORT OF BLACK 
CARBON CONCENTRATION UNDER DIFFERENT METEOROLOGICAL CONDITIONS 

Kajal J5,!(!ȟ .ÁÄÅĿÄÁ :^+/6<ȟ 3ÁÌÉÏÕ -"%.'5%ȟ 6ÌÁÄÉÍþÒ ¼$^-!, 

17:30 

THE IMPACT OF COVID-19 RESTRICTIONS ON CARBONACEOUS AEROSOLS AT RURAL 
BACKGROUND SITE: IMPORTANCE OF VERTICAL DISTRIBUTION 
3ÁÌÉÏÕ -"%.'5%ȟ 0ÅÔÒ 6/$)I+!ȟ +ÁÔÅÒÉÎÁ +/-^.+/6<ȟ *ÁÒÏÓÌÁÖ 3#(7!2:ȟ .ÁÄÅÚÄÁ :^+/6<ȟ 
2ÏÍÁÎ 02/+%3ȟ ,ÅÎËÁ 35#(<.+/6<ȟ +ÁÊÁÌ *5,!(!ȟ *ÁËÕÂ /.$2<I%+ȟ )ÖÁÎ (/,/5"%+ȟ 
6ÌÁÄÉÍÉÒ ¼$^-!, 

17:45 

HARMONIZED UFP NUMBER AND SIZE DISTRIBUTION MEASUREMENTS ACCEPTED BY 
ACTRIS, EMEP AND NATIONAL MONITORING NETWORKS 
Lucia BUSTIN, Torsten TRITSCHER, Sebastian H. SCHMITT, Andrea J. TIWARIȟ *İÒÇÅÎ 
SPIELVOGEL, Thomas KRINKE, and Oliver F. BISCHOF 

18:00  
3-/+%-!./6/ $%3!4%2/ 302<6.O(/ 4/0)I% ɀ !5$)/6):5<,.^ 6%2:% 
*ÉĠþ (/2<+ȟ &ÒÁÎÔÉĤÅË (/0!. 

 18:15 ɀ ρψȡςπ +ÒÜËÜ ÐĠÅÓÔÜÖËÁ ɀ Short Break  

 18:20 ɀ 19:00 3#(°:% 6¸"/25 I!3 
 19:00  3ÐÏÌÅéÅÎÓËĻ ÖÅéÅÒ ɀ Conference dinner  

 ª4%2¸ ɀ TUESDAY 4. 10. 2022 DOPOLEDNE ɀ 
MORNING 
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 8:30  ɀ 9:10 I,%.3+< 3#(°:% I!3 

 9:10 ɀ ωȡρυ +ÒÜÔËÜ ÐĠÅÓÔÜÖËÁ 3ÈÏÒÔ ÂÒÅÁË 

9:15 
%.$/3+/0)#+O :<+2/+9 6 $/"Q #/6)$-19 

KEYNOTE Martin  WASSERBAUER, £ÔñÐÜÎ HLAVA, Raden KEIL 

9:35 

PHYSICOCHEMICAL PROPERTIES AND ORIGIN OF PM1 MEASURED AT A RURAL 
BACKGROUND SITE 
0ÅÔÒÁ 0/+/2.<ȟ .ÁÄñĿÄÁ :^+/6<ȟ 0ÅÔÒ 6/$)I+!ȟ 2ÁÄÅË ,(/4+!ȟ 3ÁÌÉÏÕ 
-"%.'5%ȟ !ÄïÌÁ (/,5"/6< £-%*+!,/6<ȟ 6ïÒÏÎÉÑÕÅ 2)&&!5,4ȟ *ÁËÕÂ 
/.$2<I%+ȟ *ÁÒÏÓÌÁÖ 3#(7!2:ȟ 6ÌÁÄÉÍþÒ ¼$^-!, 

9:50 
THREE YEARS OF EXPERIENCE WITH MEASUREMENT OF CLOUD CONDENSATION NUCLEI 
CONCENTRATIONS USING CLOUD CONDENSATION NUCLEI COUNTER CCN-200  
0ÁÖÅÌ -/2!6%#ȟ 2ÁÄÅË ,(/4+!ȟ 6ÌÁÄÉÍþÒ ¼$^-!, 

10:05 
!.!,¸:9 !4-/3&O2)#+¸#( !%2/3/,° 0/-/#^ 36!:+5 529#(,%.¸#( )/.4° 
6ÌÁÄÉÍþÒ (!62<.%+ 

10:20 
TRANSPORT OF PLASMA REACTIVE SPECIES INTO AEROSOLS VS. BULK 
WATER  
-ÏÓÔÁÆÁ %ÌÓÁÙÅÄ (!33!.ȟ -ÜÒÉÏ *!.$!ȟ :ÄÅÎËÏ -!#(!,! 

10:35 

CHANGE IN SIZE-RESOLVED FILTRATION EFFICIENCY OF RESPIRATORS AFTER 
DECONTAMINATION/DISINFECTION TREATMENTS  
Jakub /.$2<I%+ȟ Lucie /.$2<I+/6<ȟ Michal $~%6^.%+ȟ Petr /4<(!,ȟ 
Josef 6/£<(,^+ 

10:50 

THE FLOW OF INHALED FIBRES IN A MODEL OF THE FIRST BIFURCATION IN HUMAN 
AIRWAYS UNDER TRANSIENT CONDITIONS  
&ÒÁÎÔÉĤÅË ,^:!,ȟ -ÁÔÏÕĤ #!"!,+!ȟ -ÉÌÁÎ -!,¸ȟ -ÉÌÏÓÌÁÖ "Q,+!ȟ /ÎÄÒÅÊ -)£^+ȟ *ÁÎ 
*%$%,3+¸ 

 11:05 -11:30  0ĠÅÓÔÜÖËÁ ÎÁ ËÜÖÕ ɀ Coffee break 

11:30  
ON PARTICLE COAGULATION IN ELECTROSTATIC PRECIPITATOR 
Oleksandr MOLCHANOV, Kamil KRPEC, *ÉĠþ (/2<+ȟ &ÒÁÎÔÉĤÅË HOPAN  

11:45  
DEKATI  ̈́OXIDATION FLOW REACTOR DOFRΆ FOR SECONDARY AEROSOL 
FORMATION STUDIES 
Markus NIKKA, Elmeri LAAKKONEN, Anssi ARFFMAN, Oskari VAINIO 

12:05  
!33%33-%.4 /& 4(% 3/52#%3ȭ )-0!#4 /. 0-ρπ 
Tomasz OLSZOWSKI 

12:20  

+/.#%.42<#)! ! !./2'!.)#+< %,%-%.4<2.! !.!,¸:! 0%6.¸#( 
I!34^# 6 02/342%$^ #%34.O(/ 45.%,! 
$ÕĤÁÎ *!.$!I+!ȟ $ÁÎÉÅÌÁ L52I!.3+< 

12:35  
IMPACTS OF VARIOUS PARAMETERIZATIONS ON ORGANIC AEROSOL MODELLING IN    
CENTRAL EUROPE 
,ÕËÜĤ "!24^+, Peter (53:<2, /ÎÄĠÅÊ 6,I%+ȟ +ÒÙĤÔÏÆ %"%. 

12:50  
EXPERIMENTAL MEASURING OF HOMOGENEOUS NUCLEATION RATE OF WATER IN 
THE PRESENCE OF VARIOUS GASES IN PULSE EXPANSION CHAMBER 
4ÅÔÉÁÎÁ ,5+)!./6!ȟ -ÙËÏÌÁ ,5+)!./6ȟ *ÁÎ (25"¸ 

 13:05 ɀ ρσȡρπ +ÒÜËÜ ÐĠÅÓÔÜÖËÁ ɀ Short Break  

 

13:10 ɀ ρσȡσπ 6ĻÈÌÜĤÅÎþ ÖĻÓÌÅÄËĳ ÓÏÕÔñĿÅ Ï 
ÎÅÊÌÅÐĤþ ÐĠÅÄÎÜĤËÕ ÍÌÁÄïÈÏ ÖñÄÃÅ Á ÚÁËÏÎéÅÎþ 

konferenceɀ Dekati Aword Announcement and End 
of Conference 

 13:30  ɀ 15:00  /ÂñÄ ɀ Lunch 
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30/.:/~) ɀ SPONSORS 
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ªVOD ɀ INTRODUCTION 

 
-ÉÌï ËÏÌÅÇÙÎñȟ ÍÉÌþ ËÏÌÅÇÏÖïȟ ÔÁËÔÏ éÌÅÎÏÖï IÅÓËï ÁÅÒÏÓÏÌÏÖï ÓÐÏÌÅéÎÏÓÔÉȢ 
JaË ÂĻÖÜ ÍĻÍ ÚÖÙËÅÍȟ ÒÜÄ ÂÙÃÈ ÖÜÓ ÐÏÚÄÒÁÖÉÌ ÊÁËÏ ÐĠÅÄÓÅÄÁ ÓÐÏÌÅéÎÏÓÔÉ ÐĠÉ 

ÐĠþÌÅĿÉÔÏÓÔÉ ÌÅÔÏĤÎþ ÖĻÒÏéÎþ ËÏÎÆÅÒÅÎÃÅ I!3 ËÏÎÁÎï σȢ Á τȢ ĠþÊÎÁ Ö +ÕÔÎï ÈÏĠÅȟ Ö ÈÏÔÅÌÕ 
-ñÄþÎÅËȢ +ÖĳÌÉ ÐÁÕÚÅ ÖÙÎÕÃÅÎï ÐÁÎÄÅÍÉþ #/6)$-ρω ÓÅ ÌÅÔÏÓ ÓÅÔËÜÍÅ ÐÏ σ ÌÅÔÅÃÈ ÏÄ 
ÐÏÓÌÅÄÎþ ËÏÎÆÅÒÅÎÃÅȢ / ÔÏ ÖþÃÅ ÓÅ ÔñĤþÍȟ ĿÅ ÖÜÓ ËÏÎÅéÎñ ÖĤÅÃÈÎÙ ÚÁÓÅ ÕÖÉÄþÍȢ 
*ÅĤÔñ ÎÁ ËÏÎÃÉ ÓÒÐÎÁ ÍÎÅ ÐÏËÌÁÄÎþË ÓÐÏÌÅéÎÏÓÔÉ 0ÁÖÅÌ -ÏÒÁÖÅÃ ÕÐÏÚÏÒĐÏÖÁÌȟ ĿÅ 
ËÏÎÆÅÒÅÎÃÅ ÐÒÁÖÄñÐÏÄÏÂÎñ ÄÏÐÁÄÎÅ ÆÉÎÁÎéÎþÍ ÆÉÁÓËÅÍȟ ÐÒÏÔÏĿÅ ÊÅ ÐĠÉÈÌÜĤÅÎÏ ÍÜÌÏ 
ĭéÁÓÔÎþËĳȢ 6Å ÃÈÖþÌÉȟ ËÄÙ ÐþĤÉ ÔÅÎÔÏ ĭÖÏÄÎþËȟ ÔÏ ÖÙÐÁÄÜȟ ĿÅ ÂÕÄÅÍÅ ÍþÔ ÎÅÊÖñÔĤþ ÐÏéÅÔ 
ËÏÎÆÅÒÅÎéÎþÃÈ ÐÒÅÚÅÎÔÁÃþ ÚÁ ÃÅÌÏÕ ÈÉÓÔÏÒÉÉ 6+ I!3Ȣ $ÏËÏÎÃÅ ÊÓÍÅ ÍÕÓÅÌÉ ÐÒÏÄÌÏÕĿÉÔ 
ÐÒÏÇÒÁÍ ËÏÎÆÅÒÅÎÃÅ ÁĿ ÄÏ ĭÔÅÒÎþÈÏ ÏÄÐÏÌÅÄÎÅȟ ÐÒÏÔÏĿÅ ÓÅ ÎÜÍ ÄÏ ÐÏÌÅÄÎÅ ÖĤÅÃÈÎÙ ÖÁĤÅ 
ÐĠþÓÐñÖËÙ ÎÅÖÅĤÌÙȢ 

! ÚÜÒÏÖÅĐ ÂÙÃÈ ÖÜÓ ÒÜÄ ÕÐÏÚÏÒÎÉÌ ÎÁ ÊÅÄÎÕ ÎÏÖÉÎËÕȢ 0Ï ÄÅÌĤþ ÄÏÂñ ÍÜÍÅ ÏÐñÔ ÄÖÁ 
ÐÏÚÖÁÎï ÐĠÅÄÎÜĤÅÊþÃþȢ 0ÁÎþ ÐÒÏÆÅÓÏÒËÁ $ÁÎÉÅÌÁ 0ÅÌÃÌÏÖÜ ÂÕÄÅ ÍþÔ ÐĳÌÈÏÄÉÎÏÖÏÕ ÐÌÅÎÜÒÎþ 
ÐĠÅÄÎÜĤËÕ Ï ÖÌÉÖÕ ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃ ÎÁ ÚÄÒÁÖþ Ö ÐÒÁÃÏÖÎþÍ ÐÒÏÓÔĠÅÄþȢ 0ÁÎ ÄÏËÔÏÒ -ÁÒÔÉÎ 
7ÁÓÓÅÒÂÁÕÅÒ ÎÜÍ ÚÁÓÅ ÖÅ ÓÖï +ÅÙÎÏÔÅ ÐÒÏÚÒÁÄþȟ ÊÁË ÓÅ ÍÏÈÏÕ ÖÙĤÅÔĠÕÊþÃþ ÌïËÁĠÉ ÃÈÒÜÎÉÔ 
ÐĠÅÄ ÐÁÔÏÇÅÎÙ ÕÖÏÌĐÏÖÁÎĻÍÉ Ú ÔÒÜÖÉÃþÈÏ ÔÒÁËÔÕ ÐÁÃÉÅÎÔĳ ÐĠÉ ÖÙĤÅÔĠÅÎþ ĿÁÌÕÄËÕȢ 6ĠÅÌÅ ÖÜÍ 
ÄÏÐÏÒÕéÕÊÉ ÓÅ ÎÁ ÏÂñ ÔÙÔÏ ÐĠÅÄÎÜĤËÙ ÐĠÉÊþÔ ÐÏÄþÖÁÔȢ 
*ÁËÏ ÏÂÖÙËÌÅ ÓÅ ÎÜÍ ÌÅÔÏÓ ÐĠÉÈÌÜÓÉÌÉ ÓÐÏÎÚÏĠÉȟ ÊÉĿ ÔÒÁÄÉéÎñ ÊÄÅ Ï éÅÓËÏÕ ÆÉÒÍÕ %#- 
%ÃÏÍÏÎÉÔÏÒÉÎÇȟ Á ÆÉÎÓËÏÕ ÆÉÒÍÕ $ÅËÁÔÉȟ ÒÅÐÒÅÚÅÎÔÏÖÁÎÏÕ ÓÌÏÖÅÎÓËĻÍ "ÉÏ×ÅÌÌÅÍȢ $ñËÕÊÉ 
ÎÁĤÉÍ ÓÐÏÎÚÏÒĳÍȟ ĿÅ ÎÜÍ ÚÁÃÈÏÖÁÌÉ ÐĠþÚÅĐ É ÐÏ ÄÖÏÕÌÅÔïÍ ÏÄËÌÁÄÕȢ $þËÙ ÎÉÍ ÓÉ ÂÕÄÅÔÅ 
ÍÏÃÉ ÕĿþÔ ÂÏÈÁÔÏÕ ËÏÎÆÅÒÅÎéÎþ ÖÅéÅĠÉ Á ÍÌÁÄĤþ ËÏÌÅÇÏÖï ÓÅ ÍÏÈÕ ÔñĤÉÔ ÎÁ ÏÃÅÎñÎþ Ö ÓÏÕÔñĿÉ 
ÎÅÊÌÅÐĤþÃÈ ÐÒÅÚÅÎÔÁÃþȢ 

6 ÔïÔÏ ÓÏÕÖÉÓÌÏÓÔÉ ÂÙÃÈ ÒÜÄ ÐĠÉÐÏÍÎñÌȟ ĿÅ ÓÔÜÌÅ ÔÒÖÜ ÍÏĿÎÏÓÔ ÐÒÏ ÍÌÁÄĤþ ÖñÄÅÃËï 
ÐÒÁÃÏÖÎþËÙ Á ÄÏËÔÏÒÁÎÄÙȟ ÁÂÙ ÚþÓËÁÌÉ ÐÏÄÐÏÒÕ ÐÒÏ ÃÅÓÔÕ ÎÁ ÖĻÚÎÁÍÎou ÚÁÈÒÁÎÉéÎþ 
ÍÅÚÉÎÜÒÏÄÎþ ËÏÎÆÅÒÅÎÃÉȟ ÐÏËÕÄ ÓÅ ÊÉÍ ÐÏÄÁĠþ Îa ÔÁËÏÖï ËÏÎÆÅÒÅÎÃÉ ÐÒÅÚÅÎÔÏÖÁÔ ÆÏÒÍÏÕ 
ÐĠÅÄÎÜĤËÙȢ 6 ÍÉÎÕÌÏÓÔÉ ÊÓÍÅ ÔÏÕÔÏ ÆÏÒÍÏÕ ÐÏÄÐÏĠÉÌÉ ÃÅÌÏÕ ĠÁÄÕ ÖÁĤÉÃÈ ÚÁÈÒÁÎÉéÎþÃÈ ÃÅÓÔȟ 
ÁÌÅ ÏÂÜÖÜÍ ÓÅȟ ĿÅ ÂñÈÅÍ #/6)$Õ ÊÓÍÅ ËÖĳÌÉ ÏÍÅÚÅÎïÍÕ ÃÅÓÔÏÖÜÎþ ÎÁ ÔÕÔÏ ÍÏĿÎÏÓÔ ÔïÍñĠ 
ÚÁÐÏÍÎñÌÉȢ 2ÜÄ ÂÙÃÈ Êþ ÐÒÏÔÏ ÖĤÅÍ ÐĠÉÐÏÍÎñÌ Á ÐÏÖÚÂÕÚÕÊÉ ÖĤÅÃÈÎÙ ÍÌÁÄĤþ ËÏÌÅÇÙȟ ËÔÅÒĻÃÈ 
ÓÅ ÔÏ ÔĻËÜȟ ÁÂÙ ÓÅ ÎÅÂÜÌÉ Ï ÔÅÎÔÏ ÔÙÐ ÐÏÄÐÏÒÙ ÐÏĿÜÄÁÔȢ 

.Á ÚÜÖñÒ ÂÙÃÈ ÖÜÍ ÃÈÔñÌ ÐÏÄñËÏÖÁÔ ÚÁ ÐĠþÚÅĐȟ ËÔÅÒÏÕ ÊÓÔÅ ÍÉ ÐÒÏÊÅÖÏÖÁÌÉ ÐÏ ÃÅÌĻÃÈ 
ÔïÍñĠ ω ÌÅÔ ÖÅ ÆÕÎËÃÉ ÐĠÅÄÓÅÄÙ IÅÓËï ÁÅÒÏÓÏÌÏÖï ÓÐÏÌÅéÎÏÓÔÉȢ *ÁË ÊÉĿ ÊÓÅÍ ÁÖÉÚÏÖÁÌ Ö ÊÁÒÎþÍ 
ÅÍÁÉÌÕȟ ÒÏÚÈÏÄÌ ÊÓÅÍ ÓÅ ÚÅ ÚÄÒÁÖÏÔÎþÃÈ ÄĳÖÏÄĳ ÏÄÓÔÏÕÐÉÔ Ú ÐÏÚÉÃÅ ÐĠÅÄÓÅÄÙ ÓÐÏÌÅéÎÏÓÔÉ Á 
ÎÅÃÈÁÔ ÖĻÂÏÒ ÖÙÂÒÁÔ ÐĠÅÄÓÅÄÕ ÎÏÖïÈÏȢ 0ÒÏÔÏ ÖÜÓ ÐÒÏÓþÍȟ ÁÂÙÓÔÅ ÓÅ Ö ÈÏÊÎïÍ ÐÏéÔÕ 
ÚĭéÁÓÔÎÉÌÉ éÌÅÎÓËï ÓÃÈĳÚÅȟ ËÔÅÒÜ ÓÅ ÂÕÄÅ ËÏÎÁÔ Ö ĭÔÅÒĻ ÒÜÎÏ ÐĠÅÄ ÐÒÖÎþ ÐĠÅÄÎÜĤËÏÕȢ 
2ÏÚÕÍþÍ ÔÏÍÕȟ ĿÅ ÎñËÔÅĠþ Ú ÖÜÓ ÂÕÄÏÕ ÐÏ ÐÏÎÄñÌÎþ ËÏÎÆÅÒÅÎéÎþ ÖÅéÅĠÉ ÕÎÁÖÅÎÉȟ ÁÌÅ ÓÎÁÄ 
ÖÜÓ ÒÁÎÎþ ËÜÖÁ ÐÒÏÂÕÄþ ÎÁÔÏÌÉËȟ ÁÂÙÓÔÅ ÓÅ ÊÉĿ ÐÒÏÂÕÚÅÎþ ÍÏÈÌÉ ÎÁ ÓÃÈĳÚÉ ÄÏÓÔÁÖÉÔȢ 
0ĠÅÊÉ ÖÜÍ ÖĤÅÍ ÈÏÄÎñ ÚÄÒÁÖþ Á ÄÏÂÒï ÍÙÓÌÉ Á ÔñĤþÍ ÓÅ ÎÁ ÖÜÓ Ö +ÕÔÎï ÈÏĠÅȢ 
6ÜĤ 
6ÌÜìÁ ¼ÄþÍÁÌ 
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6,)6 6:$5#(/6¸#( (-/T NA KONCENTRACE AER/3/,/6¸#( I<34)# 
-Q~%.¸#( 6 3^4) 5,42!*%-.¸#( I<34)#  

 

!ÄïÌÁ (/,5"/6< £-%*+!,/6<1, Marcela (%*+2,^+/6<1, Helena 0,!#(<1, Miroslav 
BITTER1 

 
1 IÅÓËĻ ÈÙÄÒÏÍÅÔÅÏÒÏÌÏÇÉÃËĻ ĭÓÔÁÖȟ 0ÒÁÈÁȟ IÅÓËÜ ÒÅÐÕÂÌÉËa, adela.holubova@chmi.cz 

 
+ÌþéÏÖÜ ÓÌÏÖÁȡ 6ÚÄÕÃÈÏÖï ÈÍÏÔÙ, +ÏÎÃÅÎÔÒÁÃÅ ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃ, 3þĩ ÕÌÔÒÁÊÅÍÎĻÃÈ 

éÜÓÔÉÃ  
 

SUMMARY 
 

The influence of different air mass origins on particle number size distribution was 
studied at five stations within Ultrafine aerosol 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 Aitken and nucleation mode at urban traffic 
stations. 

 
ª6/$ 

 
+ÏÎÃÅÎÔÒÁÃÅ ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃ ÍñĠÅÎĻÃÈ ÎÁ ÄÁÎï ÌÏËÁÌÉÔñ ÊÓÏÕ ÖĻÓÌÅÄËÅÍ ÐĳÓÏÂÅÎþ 

ÎñËÏÌÉËÁ ÆÁËÔÏÒĳȢ *ÅÄÎÜ ÓÅ ÊÁË Ï ÌÏËÜÌÎþ ÚÄÒÏÊÅ ÚÎÅéÉĤÔñÎþȟ ÍÅÔÅÏÒÏÌÏÇÉÃËï ÐÏÄÍþÎËÙȟ ÔÁË É 
Ï ÖÌÉÖ ÖÚÄÜÌÅÎñÊĤþÃÈ ÚÄÒÏÊĳȢ 0ÒÜÖñ ÖÌÉÖ ÄÜÌËÏÖïÈÏ ÔÒÁÎÓÐÏÒÔÕ ÎÁ ÒÅÃÅÐÔÏÒÏÖÏÕ ÌÏËÁÌÉtu lze 
ÓÌÅÄÏÖÁÔ ÄþËÙ ÐÏÈÙÂÕ ÖÚÄÕÃÈÏÖĻÃÈ ÈÍÏÔ ɉ6(Ɋ ÒĳÚÎïÈÏ ÐĳÖÏÄÕ (Colbeck a Lazaridis 
ςπρπȠ ,ĕÐÅÚ a kol. ςπρωȠ 7ÏÎÁÓÃÈİÔÚ a kol. 2015).   /Ä ÒÏËÕ ςπρω ÊÓÏÕ ËÏÎÔÉÎÕÜÌÎñ 
ÍñĠÅÎÙ ËÏÎÃÅÎÔÒÁÃÅ ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃ ÎÁ ÐñÔÉ ÓÔÁÎÉÃþÃÈ Ö ÒÜÍÃÉ ÓþÔñ 5ÌÔÒÁÊÅÍÎĻÃÈ éÜÓÔÉÃ 
ɉ5*IɊ IÅÓËïÈÏ ÈÙÄÒÏÍÅÔÅÏÒÏÌÏÇÉÃËïÈÏ ĭÓÔÁÖÕȢ .Á ÖĻÓÌÅÄÃþÃÈ ÍñĠÅÎĻÃÈ ÎÁ ÔñÃÈÔÏ 
ÓÔÁÎÉÃþÃÈ ÂÙÌÏ ÓÌÅÄÏÖÜÎÏȟ ÚÄÁ ÐĠÅÖÁĿÕÊÅ ÖÌÉÖ ÎÁ ÐÏéÅÔÎþ ÒÏÚÄñÌÅÎþ ÖÅÌÉËÏÓÔÉ ÁÅÒÏÓÏÌÏÖĻÃÈ 
éÜÓÔÉÃ (particle number size distribution  ɀ PNSD) Ú ÌÏËÜÌÎþÃÈ ÚÄÒÏÊĳ ÚÎÅéÉĤÔñÎþ éÉ 
z ÄÜÌËÏÖïÈÏ ÔÒÁÎÓÐÏÒÔÕȢ 3ÔÁÎÉÃÅ ÓÅ ÎÁÃÈÜÚÅÊþ Ö ÒĳÚÎĻÃÈ ÔÙÐÅÃÈ ÐÒÏÓÔĠÅÄþ Á ÊÓÏÕ 
ÏÖÌÉÖĐÏÖÜÎÙ ÒĳÚÎĻÍÉ ÔÙÐÙ ÚÄÒÏÊĳ ɉÉÎÔÅÎÚÉÔÁ Á ÖÚÄÜÌÅÎÏÓÔ ÄÏÐÒÁÖÙȟ ÌÏËÜÌÎþ ÖÙÔÜÐñÎþȟ 
ÐÒĳÍÙÓÌȟ ÔñĿÅÂÎþ éÉÎÎÏÓÔɊȢ 

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

 
PNSD byla ÓÌÅÄÏÖÜÎÁ na stanÉÃþÃÈ -ÌÁÄÜ "ÏÌÅÓÌÁÖ (υπЈ ςυǰ τσȢρςφͼ3ȟ ρτЈ υτǰ 

49.894"V, 224 m n.m.), (ÒÁÄÅÃ +ÒÜÌÏÖï-"ÒÎñÎÓËÜ (υπЈ ρρǰ τσȢσπτͼ3ȟ 1υЈ υπǰ τφȢωυυͼ6ȟ 
232 m n.m.), 0ÌÚÅĐ-Slovany (τωЈ τσǰ υφȢψρυͼ3ȟ ρσЈ ςτǰ ψȢςρρͼ6, 340 m n.m.), ªÓÔþ ÎÁÄ 
Labem (υπЈ σωǰ σωȢωτρͼ3ȟ ρτЈ ςǰ συȢπςχͼ6, 147 m n.m.), Lom (υπЈ συǰ ψȢχυχͼ3ȟ ρσЈ τπǰ 
24.305"V, 26 m n.m.)Ȣ $ÅÔÁÉÌÎþ ÐÏÐÉÓ ÐĠþÓÔÒÏÊÏÖïÈÏ ÖÙÂÁÖÅÎþ ÐÒÏ ÍñĠÅÎþ 0.3$ ÊÅ ÕÖÅÄÅÎ 
v Tabulce 1.  0ĳÖÏÄ VH  byl analÙÚÏÖÜÎ Ú ËÌÁÓÔÒÏÖÁÎĻÃÈ ÚÐñÔÎĻÃÈ ÔÒÁÔÅËÔÏÒÉþ ÖÙÐÏéÔÅÎĻÃÈ 
programem HYbrid Single-Particle Lagrangian Integrated Trajectory HYSPLIT_4 model 
(HYSPLIT) (Draxler, Roland R. a Rolph 2013). KÁĿÄĻÃÈ φ ÈÏÄÉÎ ÂÙÌÙ ÇÅÎÅÒÏÖÜÎÙ 96 
ÈÏÄÉÎÏÖï ÚÐñÔÎï ÔÒÁÊÅËÔÏÒÉÅ Ó éÁÓÅÍ ÚÁéÜÔËÕ Ö ππȡ00 UTC a ÖĻĤËou receptoru 500 m n.m. 
+ ÖĻÐÏéÔĳÍ ÂÙÌÙ ÐÏÕĿÉÔÙ ÍÅÔÅÏÒÏÌoÇÉÃËÜ ÄÁÔÁ 'ÌÏÂÁÌ $ÁÔÁ !ÓÓÉÍÉÌÁÔÉÏÎ 3ÙÓÔÅÍ ɉ'$!3Ɋ Ó 
ÒÏÚÌÉĤÅÎþÍ ρЈ ϼ ρЈȢ 0.3$ ÄÁÔÁ ÂÙÌÁ ÒÏÚÄñÌÅÎÁ ÎÁ ÎÕËÌÅÁéÎþȟ !ÉÔËÅÎĳÖ Á ÁËÕÍÕÌÁéÎþ ÍĕÄȢ 
:ÍñÎÙ ËÏÎÃÅÎÔÒÁÃþ Ö ÊÅÄÎÏÔÌÉÖĻÃÈ 6( ÂÙÌÙ ÈÏÄÎÏÃÅÎÙ ÊÁË ÐÒÏ ÊÅÄÎÏÔÌÉÖï ÍĕÄÙȟ ÔÁË É ÐÒÏ 
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ËÏÎÃÅÎÔÒÁÃÅ ÚÎÅéÉĤĩÕÊþÃþÃÈ ÌÜÔÅË PM10, PM2,5, NOX. Data byla hodnocena v ÏÂÄÏÂþ ÏÄ ρȢ 
éÅÒÖÎÁ ςπρω ÄÏ σρȢ éÅÒÖÎÁ ςπςρȢ 
Tab. 1: 0ĠþÓÔÒÏÊÏÖï ÖÙÂÁÖÅÎþ Á ÍñĠÉÃþ ÒÏÚÓÁÈÙ 0.3D ÎÁ ÊÅÄÎÏÔÌÉÖĻÃÈ ÓÔÁÎÉÃþÃÈ 5*IȢ  
Stanice Spektrome tr  IþÔÁé éÜÓÔÉÃ 6ÅÌÉËÏÓÔÎþ ÒÏÚÓÁÈ ÍñĠÅÎþ 
(ÒÁÄÅÃ +ÒÜÌÏÖï-
"ÒÎñÎÓËÜ 

SMPS 3938 (TSI) CPC 3750 (TSI) 7ɀ500 nm 

Lom SMPS ɀ ÚÁËÜÚËÏÖÜ ÖĻÒÏÂÁ 
(IfT Tropos) 

CPC 3772 (TSI) 10ɀ800 nm 

-ÌÁÄÜ "ÏÌÅÓÌÁÖ SMPS 3938 (TSI) CPC 3750 (TSI) 7ɀ500 nm 

0ÌÚÅĐ-Slovany SMPS 3938 (TSI) CPC 3750 (TSI) 7ɀ500 nm 
ªÓÔþ ÎȾ,-ÍñÓÔÏ SMPS ɀ ÚÁËÜÚËÏÖÜ ÖĻÒÏÂÁ 

(IfT Tropos) 
CPC 3772 (TSI) 10ɀ800 nm 

 
6¸3,%$+9ȟ $)3+53%ȟ :<6Q29 

 
6ÌÉÖ ÐĳÖÏÄÕ 6( ÎÁ ËÏÎÃÅÎÔÒÁÃÅ éÜÓÔÉÃ ÁËÕÍÕÌÁéÎþÈÏ ÍĕÄÕ ÂÙÌ ÐÏÔÖÒÚÅÎ Õ ÓÔÁÎÉÃ 

-ÌÁÄÜ "ÏÌÅÓÌÁÖȟ (ÒÁÄÅÃ +ÒÜÌÏÖï-"ÒÎñÎÓËÜ a PlÚÅĐ-SlovanyȢ +ÏÎÃÅÎÔÒÁÃÅ éÜÓÔÉÃ !ÉÔËÅÎÏÖÁ 
ÍĕÄÕ ÚÐÒÁÖÉÄÌÁ ÎÅÂÙÌÙ ÏÖÌÉÖÎñÎÙ ÔÙÐÅÍ 6( ÎÁ ÓÔÁÎÉÃþÃÈ -ÌÁÄÜ "ÏÌÅÓÌÁÖ a Hradec 
+ÒÜÌÏÖï-"ÒÎñÎÓËÜȢ 6ĻÓÌÅÄÅË Ö ÔñÃÈÔÏ ÌÏËÁÌÉÔÜÃÈ ÐÒÁÖÄñÐÏÄÏÂÎñ ÕËÁÚÕÊÅ ÎÁ ÐĠÅÖÌÜÄÁÊþÃþ 
ÖÌÉÖ ÌÏËÜÌÎþÃÈ ÚÄÒÏÊĳ ÚÎÅéÉĤÔñÎþ ÎÁ ËÏÎÃÅÎÔÒÁÃÅ éÜÓÔÉÃ !ÉÔËÅÎÏÖÁ ÍĕÄÕȢ /ÂÄÏÂÎï ÖĻÓÌÅÄËÙ 
ÂÙÌÙ ÚÁÚÎÁÍÅÎÜÎÙ É Õ éÜÓÔÉÃ ÎÕËÌÅÁéÎþÈÏ ÍĕÄÕ ÎÁ ÓÔÁÎÉÃÉ (ÒÁÄÅÃ +ÒÜÌÏÖï-"ÒÎñÎÓËÜ. Na 
ÖĤÅÃÈ ÓÔÁÎÉÃþÃÈ ÂÙÌÙ ÍñĠÅÎÙ ÎÅÊÖÙĤĤþ ËÏÎÃÅÎÔÒÁÃÅ PM10 (>20 АÇɇÍ-3Ɋ ÖÅ 6( éȢ σ 
ɉËÏÎÔÉÎÅÎÔÜÌÎþ 6(ɊȢ +ÏÎÃÅÎÔÒÁÃÅ NOX byly v ÊÅÄÎÏÔÌÉÖĻÃÈ 6( ÖÅÌÍÉ ÐÏÄÏÂÎïȟ ÃÏĿ 
ÎÁÚÎÁéÕÊÅ ÍÅÎĤþ ÏÖÌÉÖÎñÎþ ÄÜÌËÏÖĻÍ ÔÒÁÎÓÐÏÒÔÅÍȢ  

CþÌÅÍ ÔïÔÏ ÐÒÜÃÅ je zjistit , ÚÄÁ ÎÁ 0.3$ȟ ËÔÅÒï ÊÅ ÍñĠÅÎÏ ÎÁ υ ÓÔÁÎÉÃþÃÈ Ö IÅÓËï 
ÒÅÐÕÂÌÉÃÅȟ ÏÖÌÉÖÎĻÃÈ ÒĳÚÎĻÍÉ ÚÄÒÏÊÉȟ ÍÜ ÖÌÉÖ ÖþÃÅ ÌÏËÜÌÎþ éÉ ÄÜÌËÏÖĻÍ ÔÒÁÎÓÐÏÒÔÅÍ 
ÐĠÅÍþÓĩÏÖÁÎï ÚÎÅéÉĤÔñÎþȢ $ÏÓÁÖÁÄÎþ ÖĻÓÌÅÄËÙ ÕËÁÚÕÊþ ÚÅÊÍïÎÁ ÎÁ ÖÌÉÖ ÄÜÌËÏÖïÈÏ 
ÔÒÁÎÓÐÏÒÔÕ ÎÁ ËÏÎÃÅÎÔÒÁÃÅ éÜÓÔÉÃ ÁËÕÍÕÌÁéÎþÈÏ ÍĕÄÕȢ 6ÌÉÖ ÌÏËÜÌÎþÈÏ ÚÎÅéÉĤÔñÎþ ÎÁ 
ËÏÎÃÅÎÔÒÁÃÅ éÜÓÔÉÃ !ÉÔËÅÎÏÖÁ Á ÎÕËÌÅéÎþÈÏ ÍĕÄÕ ÂÙÌ ÚÁÚÎÁÍÅÎÜÎ ÎÁ ÍñÓÔÓËï ÄÏÐÒÁÖÎþ 
stanici (ÒÁÄÅÃ +ÒÜÌÏÖï-"ÒÎñÎÓËÜ. 

 
0/$Q+/6<.^ 

 
4ÁÔÏ ÐÒÜÃÅ ÖÚÎÉËÌÁ ÚÁ ÐÏÄÐÏÒÙ ÐÒÏÊÅËÔÕ ARAMIS SS02030031.  
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Colbeck, I. a Lazaridis, M. Naturwissenschaften 97(2), 117ɀ131, (2010). 
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I)£4Q.^ +.)(/6.^#( $/+5-%.4° 0/-/#^ $6/5&<:/6O(/ SPREJE 
 

Ludmila -!£+/6<1, *ÉĠþ 3-/,^+1, Petra 6<62/6<2, Jitka .%/2!,/6<2, Magda 
3/5I+/6<2, Dana ./6/4.<2, 6ñÒÁ *!.$/6<1, Jakub /.$2<I%+1, Lucie 

/.$2<I+/6<1, Tereza +~^¼/6<2, +ÁÔÅĠÉÎÁ +/#/6<2 

 
1 ªÓÔÁÖ ÃÈÅÍÉÃËĻÃÈ ÐÒÏÃÅÓĳ !6 I2ȟ 0ÒÁÈÁȟ IÅÓËÜ ÒÅÐÕÂÌÉËÁȟ ÍÁÓËÏÖÁͽÉÃÐÆȢÃÁÓȢÃÚ 

2 .ÜÒÏÄÎþ ËÎÉÈÏÖÎÁ I2ȟ 0ÒÁÈÁȟ IÅÓËÜ ÒÅÐÕÂÌÉËÁ 
 

+ÌþéÏÖÜ slova: $ÖÏÕÆÜÚÏÖĻ ÓÐÒÅÊȟ 3ÕÃÈï éÉĤÔñÎþȟ /ØÉÄ ÕÈÌÉéÉÔĻ 
 
 

SUMMARY 
 

The cleaning of particles from library materials (paper, textile, and collagen 
materials) using a high-speed CO2 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 CO2 snow 
jet is able to effectively remove particles from the surfaces. Any adverse effects were not 
observed at paper and textile. However, application on collagen materials caused 
degradation of the surface.  

 
ª6/$ 

 
IÉĤÔñÎþ ÐÏÖÒÃÈÕ ÁÒÃÈÉÖÜÌÉþ Á ËÎÉÈ ÐÁÔĠþ ÍÅÚÉ ÚÜËÌÁÄÎþ ËÏÎÚÅÒÖÜÔÏÒÓËï ÚÜÓÁÈÙȢ 

$ĳÖÏÄÅÍ ÊÅ ÚÅÊÍïÎÁ ÐĠÉÂÌþĿÅÎþ ÓÅ ÐĳÖÏÄÎþÍÕ ÖÚÈÌÅÄÕ Á ÚÁÓÔÁÖÅÎþ ÄÅÇÒÁÄÁéÎþÃÈ ÐÒÏÃÅÓĳ 
ÖÌÉÖÅÍ ÐĠþÔÏÍÎĻÃÈ ÎÅéÉÓÔÏÔȢ *ÅÍÎï éÜÓÔÉÃÅ ɉЃ ρ АÍɊ ÖÅ ÖÎÉÔĠÎþÍ ÐÒÏÓÔĠÅÄþ ËÎÉÈÏÖÅÎ Á 
ÁÒÃÈÉÖĳ obsÁÈÕÊþ ÚÅÊÍïÎÁ ÓÁÚÅȟ ÏÒÇÁÎÉÃËï ÌÜÔËÙȟ ÓþÒÁÎ Á ÄÕÓÉéÎÁÎ ÁÍÏÎÎĻ Á ÓÌÏÕéÅÎÉÎÙ 
ËÏÖĳȢ (ÒÕÂï éÜÓÔÉÃÅ ɉЄρ АÍɊ ÊÓÏÕ ÐÁË ÐĠÅÖÜĿÎñ ÔÖÏĠÅÎÙ ÍÉÎÅÒÜÌÎþmi a ÏÒÇÁÎÉÃËĻÍÉ 
ÌÜÔËÁÍÉ ɉ-ÁĤËÏÖÜ Á ËÏÌȢȟ ςπρυɊȢ 3ÁÚÅ Á ÏÒÇÁÎÉÃËï ÌÜÔËÙ ÐĠÉÓÐþÖÁÊþ ÚÅÊÍïÎÁ Ë ÚÎÅéÉĤÔñÎþ 
ÐÏÖÒÃÈĳȟ ÄÕÓÉéÎÁÎ Á ÓþÒÁÎ ÁÍÏÎÎĻȟ ÓÏÌÅ Á ÎñËÔÅÒï ÏÒÇÁÎÉÃËï ÌÜÔËÙ ÊÓÏÕ ÈÙÇÒÏÓËÏÐÉÃËï Á 
ÍÁÊþ ÔÁË ÔÅÎÄÅÎÃÉ ÐÏÄÐÏÒÏÖÁÔ ÒĳÓÔ ÐÌþÓÎþȟ ËÙÓÅÌï ÓÌÏĿËÙ ÐĠÉÓÐþÖÁÊþ Ë ÄÅÇÒÁÄÁÃÉ ÍÁÔÅÒÉÜÌÕȟ 
ÍÉÎÅÒÜÌÎþ éÜÓÔÉÃÅ ÊÓÏÕ ÁÂÒÁÚÉÖÎþ Á ÎÁÐÏÍÜÈÁÊþ ÔÁË Ë ÍÅÃÈÁÎÉÃËïÍÕ ÐÏĤËÏÚÅÎþ ɉ(ÁÔÃÈÆÉÅÌÄȟ 
2005).   
4ÒÁÄÉéÎþ ÍÅÔÏÄÙ ÓÕÃÈïÈÏ éÉĤÔñÎþ ÖñÔĤÉÎÏÕ ÚÁÈÒÎÕÊþ ĤÔñÔÅÃ, gumÕȟ ÖÙÓÁÖÁéȟ ÓÔÌÁéÅÎĻ 

vzduch atd. *ÅÊÉÃÈ ÐÏÍÏÃþ ÓÅ ÖĤÁË ÏÄÓÔÒÁĐÕÊþ ÐĠÅÖÜĿÎñ ÐÏÕÚÅ ÈÒÕÂï éÜÓÔÉÃÅȢ #þÌÅÍ ÔïÔÏ 
ÐÒÜÃÅ ÂÙÌÏ ÏÔÅÓÔÏÖÁÔ ÁÌÔÅÒÎÁÔÉÖÎþ ÍÅÔÏÄÕ éÉĤÔñÎþ ËÎÉÈÏÖÎþÃÈ ÍÁÔÅÒÉÜÌĳ ÐÏÍÏÃþ 
ÄÖÏÕÆÜÚÏÖïÈÏ ÓÐÒÅÊÅ ÓÎñÈÏÖĻÃÈ éÜÓÔÉÃ ÏØÉÄÕ ÕÈÉéÉÔïÈÏ Ö ÎÏÓÎïÍ ÐÌÙÎÕ. 

 
METODIKA 

 
+ éÉĤÔñÎþ ÂÙÌ ÐÏÕĿÉÔ ÐĠþÓÔÒÏÊ 3ÎÏ0ÅÎ ςπππ ɉ#ÌÅÁÎ,ÏÇÉØɊȟ ÇÅÎÅÒÕÊþÃþ ÄÖÏÕÆÜÚÏÖĻ ÓÐÒÅÊ 

ÓÎñÈÏÖĻÃÈ ÍÉËÒÏéÜÓÔÉÃ ÏØÉÄÕ ÕÈÌÉéÉÔïÈÏ Ö ÐÒÏÕÄÕ ÄÕÓþËÕ ÊÁËÏ ÎÏÓÎïÈÏ ÐÌÙÎÕȢ 0ÒÏ 
ÓÒÏÖÎÜÎþ ÂÙÌ Ë éÉĤÔñÎþ ÐÏÕĿÉÔ É ÐÏÕÚÅ ÓÁÍÏÔÎĻ ÐÒÏÕÄ ÄÕÓþËÕȢ + ÏÖñĠÅÎþ ÖÈÏÄÎÏÓÔÉ ÍÅÔÏÄÙ 
ÂÙÌÙ ÐĠÉÐÒÁÖÅÎÙ ÖÚÏÒËÙ ÐÁÐþÒÕ 7ÈÁÔÍÁÎ ÎÏȢ ρȟ ÐÁÐþÒÕ (ÏÌÍÅÎ ςȢπȟ ÔÅØÔÉÌÕ #ÏÌÏÒÅÔ .ÁÔÕÒÁÌ 
Á ÔĠþÓÌÏéÉÎñÎï ÕÓÎñ ÔÅÌÅÔÉÎÙ ÊÁËÏ ÚÜÓÔÕÐÃÅ ËÏÌÁÇÅÎÎþÃÈ ÍÁÔÅÒÉÜÌĳ Ï ÒÏÚÍñÒÕ τ Ø τ ÃÍȢ 
6ÙÂÒÁÎï ÖÚÏÒËÙ ÂÙÌÙ ÎÜÓÌÅÄÎñ ÚÎÅéÉĤÔñÎÙ ÔĠÅÍÉ ÄÒÕÈÙ ÐÒÁÃÈÏÖĻÃÈ éÜÓÔÉÃȟ Á ÔÏ prachem 
Ashrae (Test Dust #1, Particle TechnologÙ ,ÔÄɊȟ ÓÌÏÎÏÖÉÎÏÖÏÕ éÅÒÎþ ÐÒÁÖÏÕ 12000 
(Kremer Pigmente GmbH & Co.) a ËÎÉÈÏÖÎþm prachem z ÄÅÐÏÚÉÔÜĠĳ .ÜÒÏÄÎþ ËÎÉÈÏÖÎÙ I2ȟ 
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ÏÄÅÂÒÁÎĻÍ ÐĠÉ éÉÓÔñÎþ ËÎÉÈ ÐÏÍÏÃþ ÖÙÓÁÖÁéÅȢ 0ÒÁÃÈ ÂÙÌ ÎÁÎÜĤÅÎ ÐÏÍÏÃþ ÐÒÙĿÏÖïÈÏ 
ÖÜÌÅéËÕ ÖĿÄÙ ÖÅ ÄÖÏÕ ÖÒÓÔÖÜÃÈȟ ÁÂÙ ÂÙÌÏ ÄÏÓÁĿÅÎÏ ÒÏÖÎÏÍñÒÎïÈÏ ÐÏËÒÙÔþ ÐÏÖÒÃÈÕ 
ÖÚÏÒËĳȢ  
ªéÉÎÎÏÓÔ ÏÄÓÔÒÁÎñÎþ ÐÒÁÃÈÕ ÂÙÌÁ ÓÌÅÄÏÖÜÎÁ ÐĠÅÄ Á ÐÏ ÁÐÌÉËÁÃÉ ÐÒÁÃÈÕ Á ÎÜÓÌÅÄÎñ ÐÏ 

ÍÅÃÈÁÎÉÃËïÍ éÉĤÔñÎþ ÐÏÍÏÃþ ÁÎÁÌÙÔÉÃËĻÃÈ ÖÁÈ Ó ÐĠÅÓÎÏÓÔþ ϻπȢπρ ÍÇ ɉ83ρπυȟ -ÅÔÔÌÅÒ 
4ÏÌÅÄÏɊȢ %ÓÔÅÔÉÃËÜ ĭéÉÎÎÏÓÔ éÉĤÔñÎþ ÂÙÌÁ ÈÏÄÎÏÃÅÎÁ ÐÏÍÏÃþ ÚÍñÎÙ ÂÁÒÁÖÎÏÓÔÉ Ö ÂÁÒÅÖÎïÍ 
prostoru CIELab. -ñĠÅÎþ ÂÙÌÏ ÐÒÏÖÅÄÅÎÏ ÐÏÍÏÃþ ÓÐÅËÔÒÏÆÏÔÏÍÅÔÒÕ -ÉÎÏÌÔÁ #--508d s 
ÍñĠþÃþ ÃÌÏÎÏÕ Ï ÖÅÌÉËÏÓÔÉ σ ÍÍ Ö ÒÅĿÉÍÕ 3!6Ȣ "ÅÚÐÅéÎÏÓÔ ÄÁÎï ÍÅÔÏÄÙ éÉĤÔñÎþ ÂÙÌÁ 
ÐÏÓÕÚÏÖÜÎÁ ÐÏÍÏÃþ %ÌÅËÔÏÒÎÏÖï ÓËÅÎÏÖÁÃþ ÍÉËÒÏÓËÏÐÉÅ ɉ3%-ȟ 4ÅÓÃÁÎ )ÎÄÕÓ Ó 
ÄÅÔÅËÔÏÒÅÍ ÓÅËÕÎÄÜÒÎþÃÈ ÅÌÅËÔÒÏÎĳɊ Á σ$ ÏÐÔÉÃËÜ ÍÉËÒÏÓËÏÐÉÅ ɉ(ÉÒÏØɊȢ 

  
6¸3,%$+9, DISKUSEȟ :<6Q29 

 
6ĻÓÌÅÄËÙ ÕËÜÚÁÌÙ, ĿÅ ÎÅÊÓÎÜÚÅ ÂÙÌ ÏÄÓÔÒÁĐÏÖÜÎ ËÎÉÈÏÖÎþ ÐÒÁÃÈȟ éÉĤÔñÎþ ÖÚÏÒËĳ Óe 

ÓÌÏÎÏÖÉÎÏÖÏÕ éÅÒÎþ ÂÙÌÏ ÏÂÔþĿÎñÊĤþ Á ÐÒÁÃÈ !ÓÈÒÁÅ ÂÙÌ ÎÅÊÏÄÏÌÎñÊĤþȢ 6ĻÓÌÅÄËÙ ÔÁËï ÕËÜÚÁÌÙȟ 
ĿÅ éÉĤÔñÎþ ÄÖÏÕÆÜÚÏÖĻÍ ÓÐÒÅÊÅÍ ÁÎÉ ÐÒÏÕÄÅÍ ÄÕÓþËÕ ÎÅÚÐĳÓÏÂÉÌÏ ÐÏĤËÏÚÅÎþ Õ ÐÁÐþÒÕ Á 
textilu . Naopak v ÐĠþÐÁÄñ ËÏÌÁÇÅÎÎþÃÈ ÍÁÔÅÒÉÜÌĳ ÂÙÌÏ ÐÏÚÏÒÏÖÜÎÏ ÎÁÒÕĤÅÎþ ÐÏÖÒÃÈÕ ÊÁË 
v ÐĠþÐÁÄñ ÐÏÕĿÉÔþ ÄÖÏÕÆÜÚÏÖïÈÏ ÓÐÒÅÊÅȟ ÔÁË É ÓÁÍÏÔÎïÈÏ ÐÒÏÕÄÕ ÄÕÓþËÕ ÂÅÚ éÜÓÔÉÃ ÏØÉÄÕ 
ÕÈÌÉéÉÔïÈÏȢ 0ĠþËÌÁÄÙ éÉĤÔñÎþ ÐÁÐþÒÕ 7ÈÁÔÍÁÎ ËÏÎÔÁÍÉÎÏÖÁÎïÈÏ ÐÒÁÃÈÅÍ !ÓÈÒÁÅ ÊÓÏÕ 
uvedeny na Obr. 1. 

    
 

 
 
/ÂÒȢ ρȡ 0ĠþËÌÁÄ ÐÁÐþÒĳ Whatman ËÏÎÔÁÍÉÎÏÖÁÎĻÃÈ ÐÒÁÃÈÅÍ !ÓÈÒÁÅ ÁɊ ÐĠÅÄ éÉĤÔñÎþÍȟ ÂɊ 
po éÉĤÔñÎþ ÐÒÏÕÄÅÍ ÄÕÓþËÕ Á ÃɊ ÐÏ éÉĤÔñÎþ ÄÖÏÕÆÜÚÏÖĻÍ ÓÐÒÅÊÅÍ  

 
0/$Q+/6<.^ 

 
4ÁÔÏ ÐÒÜÃÅ ÂÙÌÁ ÐÏÄÐÏĠÅÎÁ ÇÒÁÎÔÅÍ -ÉÎÉÓÔÅÒÓÔÖÁ ËÕÌÔÕÒÙ .!+) )) DG18P02OVV048. 
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Petr 6/$)I+!1,2, Kimitaka KAWAMURA2, Jaroslav SCHWARZ1, 6ÌÁÄÉÍþÒ ¼$^-!,1 
 

1 ªÓÔÁÖ ÃÈÅÍÉÃËĻÃÈ ÐÒÏÃÅÓĳ, !6 I2ȟ 0ÒÁÈÁȟ IÅÓËÜ ÒÅÐÕÂÌÉËÁ, vodicka@icpf.cas.cz 
2 Chubu Institut for Advanced Studies, Chubu University, Kasugai, Japonsko 

 
+ÌþéÏÖÜ ÓÌÏÖÁȡ !ÔÍÏÓÆïÒÉÃËĻ ÁÅÒÏÓÏÌȟ 0ÌÙÎÎÜ ÆÜÚÅȟ ɿ13C, 3ÅÚĕÎÎþ ÖÁÒÉÁÃÅ 

 
 

SUMMARY 
 

In this work, ÓÅÁÓÏÎÁÌ ÖÁÒÉÁÔÉÏÎÓ ÉÎ ÔÈÅ ÓÔÁÂÌÅ ÃÁÒÂÏÎ ÉÓÏÔÏÐÅ ÒÁÔÉÏ ɉɿ13C) of total 
ÃÁÒÂÏÎ ɉ4#Ƞ ɿ13CTC) and water-soluble organÉÃ ÃÁÒÂÏÎ ɉ73/#Ƞ ɿ13CWSOC) in fine aerosol 
particles (PM2.5Ɋ ÁÓ ×ÅÌÌ ÁÓ ÉÎ ÔÈÅ ÔÏÔÁÌ ÃÁÒÂÏÎ ÏÆ ÔÈÅ ÇÁÓ ÐÈÁÓÅ ɉ4#ÇÁÓȠ ɿ13CTCgas) were 
studied. Despite the different seasonal compositions of carbonaceous aerosols, the 
ÉÓÏÔÏÐÅ ÄÉÆÆÅÒÅÎÃÅÓ ɉɝɿ13C) between the analyzed bulk aerosol parts and gas phases were 
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 not play a major role. $ÅÔÁÉÌÓ ÉÎ 6ÏÄÉéËÁ ÅÔȢ ÁÌ ɉςπςςɊȢ 
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)ÚÏÔÏÐÏÖÜ ÆÒÁËÃÉÏÎÁÃÅ ÍÅÚÉ ÐÌÙÎÎÏÕ Á ÁÅÒÏÓÏÌÏÖÏÕ ÆÜÚþ ÊÅ ÄĳÌÅĿÉÔĻÍ ÊÅÖÅÍ ÐĠÉ 

ÓÔÕÄÉÕ ÁÔÍÏÓÆïÒÉÃËĻÃÈ ÐÒÏÃÅÓĳȢ V ÔïÔÏ ÐÒÜÃÉ ÊÓÍÅ ÚËÏÕÍÁÌÉ ÓÅÚĕÎÎþ ÚÍñÎÙ ÐÏÍñÒÕ 
ÓÔÁÂÉÌÎþÃÈ ÉÚÏÔÏÐĳ ÕÈÌþËÕ ɉɿ13#Ɋ ÃÅÌËÏÖïÈÏ ÕÈÌþËÕ ɉ4#Ƞ ɿ13CTCɊ Á ÏÒÇÁÎÉÃËïÈÏ ÕÈÌþËÕ 
ÒÏÚÐÕÓÔÎïÈÏ ÖÅ ÖÏÄñ ɉ73/#Ƞ ɿ13CWSOC) v jemÎĻÃÈ ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃþÃÈ ɉ0-2,5) a 
ÃÅÌËÏÖïÈÏ ÕÈÌþËÕ ÐÌÙÎÎï ÆÜÚÅ ɉ4#ÇÁÓȠ ɿ13CTCgas) ÎÁ ÐĠþÍñÓÔÓËï ÌÏËÁÌÉÔñ Ö Praze. 
 

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

/ÄÂñÒ ÖÚÏÒËĳ ÂÙÌ ÐÒÏÖÅÄÅÎ ÎÁ ÐĠþÍñÓÔÓËï ÓÔÁÎÉÃÉ 0ÒÁÈÁ-Suchdol (υπЈχᴂσωȢχωᴃ .ȟ 
ρτЈςσᴂ τȢσπᴃ %ȟ ςχχ Í n. m.). VzorkovÜÎþ ÐÒÏÂþÈÁÌÏ ËÁĿÄĻ φ. den po dobu 48 hodin od 14. 
4. 2016 do 1. 5. 2017 ÎÁ ÄÖÁ ËĠÅÍÅÎÎï ÆÉÌÔÒÙ Ö ÓïÒÉÉȢ .Á ÐĠÅÄÎþ ÆÉÌÔÒ ÂÙÌÁ ÖÚÏÒËÏÖÜÎÁ ÆÒÁËÃÅ 
aerosolu PM2,5 Ϲ ÐÌÙÎÎï ÆÒÁËÃÅȟ ÚÁÔþÍÃÏ ÎÁ ÚÁÄÎþ ÆÉÌÔÒ ÂÙÌÁ ÏÄÅÂÒÜÎÁ ÐÏÕÚÅ ÐÌÙÎÎÜ ÆÒÁËÃÅȢ 
6ÚÏÒËÙ ÂÙÌÙ ÎÜÓÌÅÄÎñ ÚÖÜĿÅÎÙ Á ÁÎÁÌÙÚÏÖÜÎÙ ÎÁ ÏÂÓÁÈ 4#ȟ ÏÒÇÁÎÉÃËïÈÏ Á ÅÌÅÍÅÎÔÜÒÎþÈÏ 
ÕÈÌþËÕ ɉ/# Á %#Ɋ Á 73/#Ȣ (ÍÏÔÁ 4# Á 73/# ÂÙÌÁ ÄÜÌÅ ÁÎÁÌÙÚÏÖÜÎÁ ÎÁ ÐÏÍñÒ ɿ13C. V ÔïÔÏ 
ÓÔÕÄÉÉ ÎÏÖñȟ ÂÙÌ ÎÁ ɿ13C ÁÎÁÌÙÚÏÖÜÎ É ÚÁÄÎþ ÆÉÌÔÒ ÏÂÓÁÈÕÊþÃþ ÐÌÙÎÏÕ ÆÒÁËÃÉȢ :þÓËÁÎÜ ÄÁÔÁ ÂÙÌÁ 
ÎÜÓÌÅÄÎñ ÖÙÈÏÄÎÏÃÅÎÁ Ö ÚÜÖÉÓÌÏÓÔÉ ÎÁ ÓÅÚĕÎÎþÃÈ Á ÍÅÔÅÏÒÏÌÏÇÉÃËĻÃÈ ÚÍñÎÜÃÈȢ $ÅÔÁÉÌÙ 
jsou uvedeny v ÐÒÜÃÉ 6ÏÄÉéËÁ Á ËÏÌȢ ɉςπςςɊȢ 
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 /ÂÒÜÚÅË ρ ÕËÁÚÕÊÅ ÐÒĳÍñÒÎï ÓÅÚĕÎÎþ ÈÏÄÎÏÔÙ ɿ13CWSOCȟ ɿ13CTC Á ÃÅÌËÏÖïÈÏ ÕÈÌþËÕ 
Ö ÐÌÙÎÎï ÆÜÚÉ ɉɿ13CTCgas). .ÅÊÖñÔĤþ ÏÂÏÈÁÃÅÎþ 13# ÂÙÌÏ ÚÊÉĤÔñÎÏ Õ 73/#ȟ ÎÜÓÌÅÄÏÖÁÎïÈÏ 
éÜÓÔÉÃÅÍÉ 4#ȟ ÚÁÔþÍÃÏ ÎÅÊÖñÔĤþ ĭÂÙÔÅË 13# ÂÙÌ ÚÊÉĤÔñÎ Ö ÐÌÙÎÎï ÆÒÁËÃÉ 4#Ȣ *ÁÓÎĻ ÓÅÚĕÎÎþ 
ÖÚÏÒÅÃ ÐÒÏ ÖĤÅÃÈÎÙ ÈÏÄÎÏÔÙ ɿ13# ɉÓ ÎÅÊÖÙĤĤþÍÉ ÈÏÄÎÏÔÁÍÉ Ö ÚÉÍñ Á ÎÅÊÎÉĿĤþÍÉ Ö ÌïÔñɊ 
ÐÏÓËÙÔÕÊÅ ÄĳËÁÚ Ï ÐĠþÔÏÍÎÏÓÔÉ ÒĳÚÎĻÃÈ ÚÄÒÏÊĳ ÁÅÒÏÓÏÌĳ ÎÁ ÌÏËÁÌÉÔñ ÂñÈÅÍ ÒÏËÕȢ .ÁÖÚÄÏÒÙ 
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ÒÏÚÄþÌÎïÍÕ ÓÅÚĕÎÎþÍÕ ÓÌÏĿÅÎþ ÕÈÌþËÁÔĻÃÈ ÁÅÒÏÓÏÌĳ ÂÙÌÙ ÉÚÏÔÏÐÏÖï ÒÏÚÄþÌÙ ɉɝɿ13C) mezi 
ÁÎÁÌÙÚÏÖÁÎĻÍÉ ÏÂÊÅÍÏÖĻÍÉ éÜÓÔÍÉ ÁÅÒÏÓÏÌĳ Á ÊÅÊÉÃÈ ÆÜÚÅÍÉ ÂñÈÅÍ ÒÏéÎþÃÈ ÏÂÄÏÂþ 
ÐÏÄÏÂÎïȢ 4Ï ÕËÁÚÕÊÅȟ ĿÅ ÆÒÁËÃÉÏÎÁÃÅ ÓÔÁÂÉÌÎþÃÈ ÉÚÏÔÏÐĳ ÕÈÌþËÕ ÊÅ ÐĠÅÖÜĿÎñ ÆÙÚÉËÜÌÎþ 
ÐÒÏÃÅÓȟ ÖÅ ËÔÅÒïÍ ÃÈÅÍÉÃËï ÓÌÏĿÅÎþ ÊÅÄÎÏÔÌÉÖĻÃÈ ÕÈÌþËÁÔĻÃÈ ÓÌÏÕéÅÎÉÎ Ö ÃÅÌËÏÖïÍ 
aerosolÕȾÐÌÙÎÎï ÆÜÚÉ ÎÅÈÒÁÊÅ ÈÌÁÖÎþ ÒÏÌÉȢ 
 

 
 
Obr. 1: 0ÒĳÍñÒÎï ÓÅÚĕÎÎþ ÈÏÄÎÏÔÙ ɿ13C ve vÏÄñ ÒÏÚÐÕÓÔÎïÈÏ ÏÒÇÁÎÉÃËïÈÏ ÕÈÌþËÕ Ö 0-2,5 

ɉɿ13CWSOCɊȟ ÃÅÌËÏÖïÈÏ ÕÈÌþËÕ Ö 0-2,5 ɉɿ13CTCɊ Á ÃÅÌËÏÖïÈÏ ÕÈÌþËÕ Ö ÐÌÙÎÎï ÆÜÚÉ ɉɿ13CTCgas).  
       

0/$Q+/6<.^ 
 

4ÁÔÏ ÐÒÜÃÅ ÂÙÌÁ ÐÏÄÐÏĠÅÎÁ ÇÒÁÎÔÅÍ éȢ ςτςςρππρ ÊÁÐÏÎÓËï ÓÐÏÌÅéÎÏÓÔÉ *303 ɉ*ÁÐÁÎ 
Society for the Promotion of Science) a projektem -£-4 I2 Ö ÒÜÍÃÉ ÇÒÁÎÔĳ !#42)3-CZ 
LM2018122 a ACTRIS-CZ RI (CZ.02.1 .01/0.0/0.0/16_013/0001315). $ÜÌÅ ÄñËÕÊÅÍÅ 
I(-ª ÎÁ ÐÏÓËÙÔÎÕÔþ ÍÅÔÅÏÒÏÌÏÇÉÃËĻÃÈ dat.  
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INTRODUCTION 
 

Atmospheric aerosols have a significant impact on the radiative forcing 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 
aerosol-cloud interactions (ACIs) (Boucher, 2015; IPCC, 2013; Luoma et al., 2019; 
Ramanathan et al., 2001). The aerosol radiative forcing of the direct effect consists of a 
warming effect and a cooling effect (Boucher et al., 2013; Charlson et al., 1992). The 
predominant cooling effect results from the scattering of radiation by 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 radiation balance (Pandolfi et 
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 physical properties of aerosols, their short lifetime 
compared to greenhouse gases, and diversity of aerosol sources (Boucher, 2015; Charlson 
et al., 1992; Lee et al., 2016; Luoma et al., 2019). These studies are important for a better 
understanding of local and long-range transport of both anthropogenic pollutants and 
natural aerosols and for unbiased long-term trends.  

The aim of this study is to focus on the temporal variations of light-scattering 
properties of aerosols at a rural background site in Central Europe. The total light 
ÓÃÁÔÔÅÒÉÎÇ ɉʎspɊ ÁÎÄ ÂÁÃËÓÃÁÔÔÅÒÉÎÇ ɉʎbsp) coefficients and associated calculated optical 
ÐÒÏÐÅÒÔÉÅÓ ÓÕÃÈ ÁÓ ÔÈÅ BÎÇÓÔÒĘÍ ÅØÐÏÎÅÎÔ ɉSAE), the backscattering ratio (b), and the 
asymmetry factor (g), are characterized considering different time scales (annual, 
seasonal, monthly, or diurnal) based on long-term measurement. The optical properties 
were compared with meteorological conditions (fog, cloudiness); the concentrations of 
gaseous pollutants such as NOx and SO2 were inspected as well as potential sources of 
atmospheric aerosols. In addition, radiative forcing, and the influence of other 
meteorological conditions (e.g., height of planetary boundary layer), chemical 

mailto:suchankova.l@czechglobe.cz
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composition and particle size distribution at the National Atmospheric Observatory 
+ÏĤÅÔÉÃÅ ɉ.!/+Ɋ ÁÒÅ ÂÅÉÎÇ ÆÕÒÔÈÅÒ ÉÎÖÅÓÔÉÇÁÔÅÄ ÔÏ ÂÅÔÔÅÒ ÕÎÄÅÒÓÔÁÎÄ ÔÈÅ ÄÉÒÅÃÔ ÅÆÆÅÃÔÓ ÏÆ 
aerosols on the local climate. 

 
METHODS 

 
We measured ʎsp ÁÎÄ ʎbsp at three wavelengths (450, 550, and 700 nm) using the 

Integrating Nephelometer TSI 3563, equipped with a PM10 inlet and a Nafion drier. 
Measurements were performed at the rural background site National Atmospheric 
/ÂÓÅÒÖÁÔÏÒÙ +ÏĤÅÔÉÃÅ ɉ.!/+Ƞ τωЈστͻςπȢχψχ ͼ.ȟ ρυЈτͻτψȢρυυ ͼ%ͻɊ ÌÏÃÁÔÅÄ ÉÎ ÔÈÅ ÃÅÎÔÒÁÌ 
part of Czech Republic. Sampling was conducted at five-minute intervals from August 
2012 to February 2013, and then at one-minute intervals till December 2019. All data 
were processed according to the standard monitoring procedure of the European 
Monitoring and Evaluation Program (EBAS-EMEP). Periodic control calibrations were 
performed with CO2 gas and filtered air to ensure credible results. Moreover, the 
instrument took part in regular intercomparison exercises organized by ECAC at TROPOS. 

Data processing and statistical analysis were performed using R software version 
4.1.0. Data were referenced to standard conditions, SAE was calculated and used for 
correction of nonideal light source illumination and cutoff error in the near forward                     
ɉπ Ј -10 ЈɊ and ÎÅÁÒ ÂÁÃË×ÁÒÄ ɉρχπ Ј -ρψπ ЈɊ directions using correction factor C 
(Anderson and Ogren, 1998; Massoli et alȢȟ ςππωȠ -İÌÌÅÒ et al., 2009). Later, b and g were 
calculated with all temporal variability. Potential source contribution function (PSCF) for 
estimation of potential aerosol sources was calculated using R software version 4.1.0. 
 

RESULTS 
 

The preliminary results show that the general trend for both ʎsp and ʎbsp is 
downward from 2012 to 2019 (Mann-+ÅÎÄÁÌÌ ÔÅÓÔȠ ɻЀπȢπυȟ Ð Ѓ πȢπυȠ ÅØÃÅÐÔ ʎbsp at 700 
nm). The median slopes of all aerosol light scattering properties are shown in Tab. 1. 

SO2 and NOx concentrations were correlated with ʎsp and ʎbsp throughout the 
period, confirming their contribution to light scattering enhancement (Spearman 
correlation test; SO2 and ʎsp ɀ p=1.69e-08, rho=0.557; NOx and ʎsp ɀ p=3.91e-13, rho=0.678; 
SO2 and ʎbsp ɀ p=2.29e-09, rho=0.584; NOx and ʎbsp ɀ p=5.18e-06, rho=0.464).  

Although ʎsp and ʎbsp decreased over time, b 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 SAE values (shift to bigger particles) could be 
an indication of effective policies against industrial/residential emissions . The smallest 
particles are mainly produced directly at the source (e.g., combustion, heating) or as a 
product of secondary aerosol (SOA) formation. The trend leading to smaller SAE values 
signals a shift toward larger particles that may be produced by reactions of pre-existing 
particles in the atmosphere (so-called aerosol aging). Furthermore, long-range transport 
of aerosol particles might have become a more significant source of aerosol particles in 
NAOK.   

As can be seen in Fig. 1 that ʎsp (and ʎbsp) reached higher values in the cold season 
than in the summer. Both ʎsp and ʎbsp dominated in February, March, and November; 63.2, 
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58.7, 58.0 Mm-1 and 8.0, 7.2 and 7.0 Mm-1, respectively. This phenomenon is probably 
related to the higher aerosol 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  

ʎsp [Mm-1 /year ] -3.22  -2.50  - 1.03 

ʎbsp [Mm-1 /year ] -0.18  -0.18  -0.09  

SAE [/ year ] -0.002 -0.010 -0.018 

b [/ year ] 0.015 0.012 0.013 

g [/ year ] -0.027 -0.021 -0.022 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

  
The elevated levels of SAE in summer might indicate enhanced formation of SOA 

during the photochemically active season. SAE levels reached the highest monthly value 
2.09 in July. This is supported by the correlation of the increase in isoprene concentration 
at NAOK in summer as well as by 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 SAE in February; 1.62.  

The overall annual trend of b is upward from 2012 to 2019 (Tab. 1) what could be 
explained by possible partial change in particle size and chemical composition of aerosols 
toward more backscattering species, e.g., secondary organic aerosols or transport of 
oxidized/sea-salt aerosol particles during summer, which is mainly pronounced in 
summer period. The maximum was observed in May, June, and July; 0.16 in all cases, and 
the minimum in November; 0.12.  

As the g ranges from -1 to 1 (total backscattering to total forward scattering), the 
overall lowering of the g value shows a shift to stronger backscattering. Maximum values 
of g were observed in November, February, and March; 0.6 in all cases. Since higher values 

Fig. 1: The annual and seasonal variation of ʎsp at 550 nm. Black line represents median, 
solid black circles represent outliers. 
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of g represent a dominance of forward scattering, this suggests less backward scattering 
species in winter, e.g., aerosol mixtures containing carbonaceous substances. However, 
median values of g 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 ʎsp and ʎbsp were downward from midnight and reached 
their minimum around noon (29.6 Mm-1 and 4.3 Mm-1, respectively) and started to 
increase to reach their maximum at 9 p.m. (39.58 Mm-1 and 5.6 Mm-1, 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 SAE included 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. The lowest SAE values 
were observed daily between 6 am and 8 a.m., indicating the occurrence of largest 
particles during this part of the day. No visible variations were observed for b 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  

 
over 75th percentile of ʎsp during late autumn, winter, and early spring. This probability 
correlates with higher ʎsp and ʎbsp levels during 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 ɀ fine F (no clouds), partly cloudy PC, cloudy C and overcast O days (completely 
covered sky without breaks).  

(ÉÇÈÅÒ ÖÁÌÕÅÓ ÏÆ ʎsp ÁÎÄ ʎbsp observed 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 photooxidative processes in the 

Fig. 2: 03#& ÏÆ ʎsp at 550 nm calculated separately for different months with monthly 75th 
percentile as the limit value. The location of NAOK is marked with black circle. 
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ÁÔÍÏÓÐÈÅÒÅ ÃÁÕÓÉÎÇ ÈÉÇÈÅÒ ÐÒÏÄÕÃÔÉÏÎ ÏÆ ÓÅÃÏÎÄÁÒÙ ÏÒÇÁÎÉÃ ÁÅÒÏÓÏÌÓȢ !Ô υυπ ÎÍȟ ÔÈÅ ʎsp 
medians were 36.46 Mm-1, 28.81 Mm-1, 28.12 Mm-1 and 41.42 Mm-1 ÁÎÄ ÔÈÅ ʎbsp medians 
5.47 Mm-1, 4.61 Mm-1, 4.41 Mm-1 and 5.52 Mm-1 for days F, PC, C, and O, respectively. 

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

 
CONCLUSIONS 

 
In this study, we focused on temporal variations of long-term measurement of AOP 

at a rural site in Central Europe, as well as on the comparison with different 
meteorological conditions, concentration of gaseous pollutants, and source 
apportionment. 

The overall trend of ʎsp and ʎbsp was decreasing from 2012 to 2019. Similar 
decreasing trend was observed for SAE, indicating shift to relatively bigger particles, 
increased b and decreased g suggests increased efficiency of backscattering at lower 
concentration, bigger particle size and possible change in chemical composition. Elevated 
SAE in the summer implies SOA formation, decreased SAE in winter denotes aerosol aging, 
and higher atmospheric stability. Decreased 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 scattering 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 long-range 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 Palma IslaÎÄȟ #ÁÎÁÒÙ )ÓÌÁÎÄÓȟ ςψЈσφͻυτ ͼ. 
ρχЈυςͻπχ ͼ7ȟ ρȟωτω Í ÁȢÓȢÌȢɊȢ 4ÈÅ ÉÍÐÁÃÔ ÏÆ ÔÈÅ ÖÏÌÃÁÎÉÃ ÅÒÕÐÔÉÏÎ ÏÎ ÁÉÒ ÑÕÁÌÉÔÙȟ ×ÈÉÃÈ 
ÏÃÃÕÒÒÅÄ σφππ ËÍ ÆÒÏÍ ÔÈÅ .ÁÔÉÏÎÁÌ !ÔÍÏÓÐÈÅÒÉÃ /ÂÓÅÒÖÁÔÏÒÙ +ÏĤÅÔÉÃÅȟ ×ÁÓ ÓÔÕÄÉÅÄ 
using a combination of ground-based measurements and vertical profile analyzes. Since a 
new instrument (LIDAR) has extended the equipment of our station, vertical profile 
analyzes were performed. 

 
EXPERIMENTAL SETUP 

 
!ÉÒ ÑÕÁÌÉÔÙ ×ÁÓ ÁÎÁÌÙÚÅÄ ÁÔ ÔÈÅ .ÁÔÉÏÎÁÌ !ÔÍÏÓÐÈÅÒÉÃ /ÂÓÅÒÖÁÔÏÒÙ +ÏĤÅÔÉÃÅ ɉ.!/+ 

- τωЈστͻςτ ͼ.ȟ ρυЈτͻτω ͼ%ȟ υστ Í ÁȢÓȢÌȢɊ ÆÒÏÍ 3ÅÐÔÅÍÂÅÒ ρ ÔÏ /ÃÔÏÂÅÒ σρȟ ςπςρȢ .!/+ ÉÓ Á 
rural background station located in the Czech-Moravian 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 distance 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). 

 

                                                                                       (1)  
 

Air quality measurements were performed with automatic analyzers: SO2 (T100U, 
Teledyne Advanced Pollution Instrumentation); PM10, PM2.5 (MP101M Environnement 
SA), Hg0 - (2537B, Tekran), SO4, NO3 - custom-made sampler (according to EMEP). 
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RESULTS AND CONCLUSIONS 
  

During the period studied, there were two dates when the volcano's SO2 plume passed 
over central Europe ɀ September 26 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 10-12 km were recorded 
by LIDAR (Fig. 1). A huge increase in the backscatter coefficient (up to ρȢφɇρπ-5 mϺ1 srϺ1) 
was observed at altitudes of 10-12 km during 24 hours (from 25 September to 26 
September) (Fig. 2). 
 

 
 
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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Fig. 2: 355 nm particle backscatter coefficient observed on 25 September 2021, 18:02 ɀ 
18:21 UTC (a), on 26 September 2021, 20:02 ɀ 20:21 (b) processed in SCC platform (19 
min signal average). 
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+ÁÒÏÌþÎÁ 7!,,%.&%,3/6<1, Jan HOVORKA1 

 
1 ªÓÔÁÖ ÐÒÏ ĿÉÖÏÔÎþ ÐÒÏÓÔĠÅÄþȟ 0Ġ& 5+ȟ 0ÒÁÈÁȟ IÅÓËÜ ÒÅÐÕÂÌÉËÁ 

 
+ÌþéÏÖÜ slova: !ÅÒÏÓÏÌȟ 0-ςȢυȟ -ÁÌï ÓþÄÌÏȟ 4ÏÐÅÎÉĤÔñ ÎÁ ÐÅÖÎÜ ÐÁÌÉÖÁȟ 3ÔÁÃÉÏÎÜÒÎþ versus 

ÍÏÂÉÌÎþ ÍñĠÅÎþ 0-Øȟ +ÏÎÃÅÎÔÒÁÃÅ ÓÕÂÍÉËÒÏÎÏÖĻÃÈ éÜÓÔÉÃ ɀ PNC 
 
 

SUMMARY 
 

The impact of local heating on PM2.5 ÃÏÎÃÅÎÔÒÁÔÉÏÎÓ ÍÏÎÉÔÏÒÅÄ ÉÎ Á ÖÉÌÌÁÇÅ :ÁÄÎþ 
4ĠÅÂÁĐ ÉÎ #ÅÎÔÒÁÌ "ÏÈÅÍÉÁ ÂÅÔ×ÅÅÎ ςρȢ ρςȢ ςπςρ ÁÎÄ σȢ ςȢ ςπςς ×ÁÓ ÅÖÁÌÕÁÔÅÄ ÁÎÄ ÔÈÅ 
effect of wind speed and temperature on PM2.5 concentrations was examined.  The PM2.5 
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 these 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 PM2.5 and PNC 
concentration were measured using portable monitors (DustTrak DRX and P-Trak). 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 higher than approximately 1 mɇs-1) the PM 
ÃÏÎÃÅÎÔÒÁÔÉÏÎÓ ÓÔÁÒÔÅÄ ÔÏ ÄÒÏÐ ÓÉÇÎÉÆÉÃÁÎÔÌÙ ɉÔÏ ÖÁÌÕÅÓ ÂÅÔ×ÅÅÎ τ ÁÎÄ ρς ʈÇɇmϺσ). The PM 
concentrations in the village were also indirectly affected by temperature. In general, on 
days when the temperature was higher, PM concentrations were lower and vice versa. In 
case of both of these factors combining a higher PM concentrations is to be expected.  

The concentration field of PM2.5 ÉÎ :ÁÄÎþ 4ĠÅÂÁĐ ×ÁÓ ÇÅÎÅÒÁÌÌÙ ÌÏ×ȟ ÔÈÅ 53 %0! 
limit was exceeded on less than 1 % of all measuring days. No sites with repeatedly 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 ÍÁÌĻÃÈ ÏÂÃþÃÈ ÄÏ σ πππ ÏÂÙÖÁÔÅÌ ĿÉÊÅ ÐĠÉÂÌÉĿÎñ ÔĠÅÔÉÎÁ ÖĤÅÃÈ ÏÂÙÖÁÔÅÌ IÅÓËï 

ÒÅÐÕÂÌÉËÙȟ ÚÜÒÏÖÅĐ ÖĤÁË ÄÁÔÁ Ï ËÖÁÌÉÔñ ÏÖÚÄÕĤþ Ö ÎÉÃÈ ÂÕì ÎÅÊÓÏÕ ÄÏÓÔÕÐÎÜ ÖĳÂÅÃ Á ÎÅÂÏ 
ÊÓÏÕ ÎÅÐĠÅÓÎÜȢ IÁÓÔÏ ÍĳĿÅ ÂĻÔ ËÖÁÌÉÔÁ ÏÖÚÄÕĤþ Ö ÍÁÌĻÃÈ ÏÂÃþÃÈ ÈÏÒĤþȟ ÎÅĿ Ö ÏËÏÌÎþÃÈ 
ÖÅÌËĻÃÈ ÍñÓÔÅÃÈ ɉ"ÒÁÎÉĤ Á $ÏÍÁÓÏÖÜȟ ςππσɊȢ 4ÏÍÕÔÏ ÔÒÅÎÄÕȟ ÐĠÅÄÅÖĤþÍ Ö ÚÉÍÎþ ÓÅÚĕÎñȟ 
ÐĠÉÓÐþÖÁÊþ ÌÏËÜÌÎþ ÔÏÐÅÎÉĤÔñȢ  
0ĠÉ ÎÅÐĠþÚÎÉÖĻÃÈ ÍÅÔÅÏÒÏÌÏÇÉÃËĻÃÈ ÐÏÄÍþÎËÜÃÈȟ ÊÁËĻÍÉ ÊÅ ÎþÚËÜ ÔÅÐÌÏÔÁ Á ÎþÚËÜ 

ÒÙÃÈÌÏÓÔ ÖÚÄÕÃÈÕȟ ÍĳĿÅ ÚÅÊÍïÎÁ Ö ÏÂÃþÃÈ Ö ËÏÔÌÉÎÜÃÈ ÄÏÃÈÜÚÅÔ Ë ÁËÕÍÕÌÁÃÉ ÚÎÅéÉĤÔñÎþ ÚÅ 
ÚÄÒÏÊĳ Ó ÎþÚËÏÕ ÅÍÉÓÎþ ÖĻĤËÏÕȟ ÍÅÚÉ ËÔÅÒï ÌÏËÜÌÎþ ÔÏÐÅÎÉĤÔñ ÐÁÔĠþ (Tecer a kol., 2008). 
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0ÒÏ ÃÈÁÒÁËÔÅÒÉÚÁÃÉ ËÏÎÃÅÎÔÒÁéÎþÈÏ ÐÏÌÅ 0-2,5 ÂÙÌÁ ÖÙÕĿÉÔÁ ËÏÍÂÉÎÁÃÅ ÓÔÁÃÉÏÎÜÒÎþÈÏ 
Á ÍÏÂÉÌÎþÈÏ ÍñĠÅÎþȢ 3ÔÁÃÉÏÎÜÒÎþ ÍñĠÅÎþ ÂÙÌÏ ÒÅÁÌÉÚÏÖÜÎÏ ÐÏÍÏÃþ ÓÅÄÍÉ ÎÅÆÅÌÏÍÅÔÒĳ 
Dust-Trak (model 8520, TSI) s impaktory pro PM2,5ȟ ËÔÅÒï ÂÙÌÙ ÒÏÚÍþÓÔñÎÙ ÐÏ ÏÂÃÉ :ÁÄÎþ 
4ĠÅÂÁĐ ÔÁËȟ ÁÂÙ ÖÙÔÖÏĠÉÌÙ ÒÏÖÎÏÍñÒÎÏÕ ÍñĠÉÃþ ÓþĩȢ 3ÔÁÃÉÏÎÜÒÎþ ÍñĠÅÎþ ÐÒÏÂþÈÁÌÏ ÏÄ ςρȢ 
ρςȢ ςπςρ ÄÏ σȢ ςȢ ςπςςȢ )ÎÔÅÇÒÁéÎþ ÄÏÂÁ ÍñĠÅÎþ ÐÒÏ ÓÔÁÃÉÏÎÜÒÎþ ÍñĠÅÎþ ÂÙÌÁ ρ ÍÉÎȢ 0ĠÉ 
ÍÏÂÉÌÎþÃÈ ÍñĠÅÎþ ÂÙÌÙ ÍñĠÅÎÙ 0-ρȟ 0-ςȢυȟ 0-ρπ Á ÐÏéÅÔÎþ ËÏÎÃÅÎÔÒÁÃÅ ÓÕÂÍÉËÒÏÎÏÖĻÃÈ 
éÜÓÔÉÃ ÁÅÒÏÓÏÌÕ ÐĠþÓÔÒÏÊÉ $ÕÓÔ4ÒÁË ɉÍÏÄÅÌ $28ȟ 43)Ɋ Á 0-4ÒÁË ɉ43)ɊȢ -ÏÂÉÌÎþ ÍñĠÅÎþ 
ÐÒÏÂñÈÌÏ σρȢ ρȢ ςπςρ Ö ÒÜÍÃÉ ÓÅÄÍÉ ÐĠÉÂÌÉĿÎñ σËÍ ÐÒÏÃÈÜÚÅË ÐÏ ÓÔÁÎÏÖÅÎï ÔÒÁÓÅ Ö :ÁÄÎþ 
4ĠÅÂÁÎÉȢ )ÎÔÅÇÒÁéÎþ ÄÏÂÁ ÍñĠÅÎþ ÐÒÏ ÍÏÂÉÌÎþ ÍñĠÅÎþ ÂÙÌÁ ÎÁÓÔÁÖÅÎÁ ÎÁ ρ ÓȢ  0ÒÏ ÚÜÚÎÁÍ 
ÐÏÌÏÈÙ ÐĠÉ ÍÏÂÉÌÎþÍ ÍñĠÅÎþ ÂÙÌÁ ÐÏÕĿÉÔÁ '03 ɉ'ÁÒÍÉÎɊȢ  
3ÏÕéÁÓÎñ ÐÒÏÂþÈÁÌÏ ÔÁËï ÍñĠÅÎþ ÍÅÔÅÏÒÏÌÏÇÉÃËÙǲÃÈ ÐÏÄÍþÎÅËȟ ËÔÅÒï ÂÙÌÏ 

ÕÓËÕÔÅéÎñÎÏ ÐÏÍÏÃþ ÍÅÔÅÏÒÏÌÏÇÉÃËï ÓÔÁÎÉÃÅ ɉÍÏÄÅÌ 7-2σππȟ /ÒÅÇÏÎ 3ÃÉÅÎÔÉÆÉÃɊȢ  
 

6¸3,%$+9, DISKUSEȟ :<6Q29 
 

#ÅÌËÏÖÜ ÐÒĳÍñÒÎÜ ËÏÎÃÅÎÔÒÁÃÅ 0-2,5 ÎÁ ÖĤÅÃÈ ÓÔÁÎÉÃþÃÈ ÚÁ ÃÅÌï ÏÂÄÏÂþ ÍñĠÉÃþ 
ËÁÍÐÁÎñ ÂÙÌÁ ρτ ʈÇɇmϺ3Ȣ 4Ï ÊÅ ÎÉĿĤþ ÈÏÄÎÏÔÁ ÎÅĿ ÄĠþÖÅ ÎÁÍñĠÅÎï ÐÒĳÍñÒÎï ËÏÎÃÅÎÔÒÁÃÅ 
PM2,5 Ö ÒÏÃÅ ςππσ ÖÅ ¼ÌÏÕËÏÖÉÃþÃÈȟ ËÄÅ ÂÙÌÁ ÐÒĳÍñÒÎÜ ËÏÎÃÅÎÔÒÁÃÅ ςφ ʈÇɇmϺ3 ɉ"ÒÁÎÉĤ Á 
kol, 2007) PM2,5 a Ö ÌÅÔÅÃÈ ςππω ÁĿ ςπρπ Ö +ÏĤÅÔÉÃþÃÈȟ ËÄÅ ÂÙÌÁ ÐÒĳÍñÒÎÜ ËÏÎÃÅÎÔÒÁÃÅ 
ςςȟυ ʈÇɇmϺ3 (Schwarz a kol, 2016).  

Koncentrace PM2,5 Ö ÏÂÃÉ ÂÙÌÙ ÖÙÓÏÃÅ ÈÅÔÅÒÏÇÅÎÎþȟ Á ÔÏ ÊÁË éÁÓÏÖñȟ ÔÁË ÐÒÏÓÔÏÒÏÖñȢ + 
ÎÅÊÖÙĤĤþÍ ÎÜÒĳÓÔĳÍ ËÏÎÃÅÎÔÒÁÃþ 0-2,5 ÄÏÃÈÜÚþ Ö ÒÁÎÎþÃÈ Á ÐĠÅÄÅÖĤþÍ ÎÏéÎþÃÈ ÈÏÄÉÎÜÃÈ 
Á ÚÜÒÏÖÅĐ ÊÅ ÍÏĿÎï ÐÏÚÏÒÏÖÁÔ ÖÙĤĤþ ËÏÎÃÅÎÔÒÁÃÅ 0-2,5 Ö ÃÅÎÔÒÜÌÎþÃÈ éÜÓÔÅÃÈ ÏÂÃÅȢ + 
ÐĠÅËÒÏéÅÎþ ÌÉÍÉÔÕ 53 %0! ÐÒÏ ςτÈ ÐÒĳÍñÒÎï ËÏÎÃÅÎÔÒÁÃÅ 0-2,5 ÄÏĤÌÏ ÚÁ ÄÏÂÕ ÍñĠÅÎþ 
pouze 3x z celkovÙǲÃÈ τσ ÄÎþȢ + ÐÒÖÎþÍÕ ÐĠÅËÒÏéÅÎþ ÄÏĤÌÏ ÖÅ ÄÎÅÃÈ ςςȢ Á ςσȢ ρ2. 2021 
ɉ0ÒĳÂñÈ ËÏÎÃÅÎÔÒÁÃþ Ö ÎÏÃÉ Ú ςςȢ ÎÁ ςσȢ ρςȢ ÖÉÚ /ÂÒȢ ρɊȟ ËÄÙ ÂÙÌÁ ÎÁÍñĠÅÎÁ ÊÅÄÎÁ Ú 
ÎÅÊÎÉĿĤþÃÈ ÔÅÐÌÏÔ ɉ-φ Ј#Ɋ Á ÚÜÒÏÖÅĐ ÓÅ ÊÅÄÎÁÌÏ Ï ÐĠÅÄÖÜÎÏéÎþ ÏÂÄÏÂþȟ ÍĳĿÅÍÅ ÔÅÄÙ 
ÐĠÅÄÐÏËÌÜÄÁÔȟ ĿÅ ÂÙÌÏ ÄÏÍÁ ÖþÃÅ ÌÉÄþ ÎÅĿ Ö ÂñĿÎï ÐÒÁÃÏÖÎþ ÄÎÙȢ 
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Obr. 1: Graf pÒĳÂñÈÕ ÍÉÎÕÔÏÖÙǲÃÈ ËÏÎÃÅÎÔÒÁÃþ 0-ςȟυ Ö ʈg mϺ3 ÎÁ 3ÔÁÎÉÃþÃÈ ρȟ ςȟ τȟ υȟ φ Á χ 
od 18:00 22. 12. 2021 do 6:00 23. 12. 2021. 
 
:ÜÒÏÖÅĐ ÂÙÌÏ ÃÅÌï ÏÂÄÏÂþ ÍñĠÉÃþ ËÁÍÐÁÎñ ÃÈÁÒÁËÔÅÒÉÚÏÖÜÎÏ ÎþÚËÙǲmi rychlostmi 

ÖñÔÒÕȟ ËÔÅÒï Ö ËÏÍÂÉÎÁÃÉ Ó ÎþÚËÏÕ ÔÅÐÌÏÔÏÕ ÖÙÔÖÏĠÉÌÙ ÚÈÏÒĤÅÎï ÒÏÚÐÔÙÌÏÖï ÐÏÄÍþÎËÙȟ Á 
ÄÏĤÌÏ ÔÁË Ë ÁËÕÍÕÌÁÃÉ 0-2,5 ÎÁ ĭÚÅÍþ ÏÂÃÅȢ .ÅÊÅÄÎÁÌÏ ÓÅ ÁÌÅ Ï ÓÉÔÕÁÃÉȟ ËÔÅÒÜ ÂÙ ÂÙÌÁ 
ÏÊÅÄÉÎñÌÜ Ö :ÁÄÎþ 4ĠÅÂÁÎÉȟ Ë ÐÏËÌÅÓÕ ÔÅÐÌÏÔÙ Á ÎÜÒĳÓÔÕ ËÏÎÃÅÎÔÒÁÃþ 0-2,5 ÄÏĤÌÏ 
ÃÅÌÏÒÅÐÕÂÌÉËÏÖñȢ 2ÙÃÈÌÏÓÔ ÖñÔÒÕ ÂÙÌÁ ÈÌÁÖÎþÍ éÉÎÉÔÅÌÅÍ ÏÖÌÉÖĐÕÊþÃþÍ ËÏÎÃÅÎÔÒÁÃÅ 0-2,5 v 
ÏÂÃÉȟ ÐĠÉ ÒÙÃÈÌÏÓÔÅÃÈ ÖñÔÒÕ ÐĠÉÂÌÉĿÎñ ÎÁÄ ρ Íɇs-1 ÄÏĤÌÏ Ë ÒÏÚÍÙǲÖÜÎþ ÚÎÅéÉĤÔñÎþȟ Á ÔþÍ 
ÒÙÃÈÌïÍÕ ÐÏËÌÅÓÕ ËÏÎÃÅÎÔÒÁÃþ 0-2,5 ɉ/ÂÒȢ ςɊȟ ÃÏĿ ÂÙÌÏ Ö ÓÏÕÌÁÄÕ Ó ÖÙǲÓÌÅÄËÙ ÓÔÕÄÉþ 
provedenÙǲch mezi lety 2013 a 2016 ve Wuhanu (Zhang a kol., 2017) a v roce 2001 v Los 
Angeles (Zhu a kol., 2002). 
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/ÂÒȢ ςȡ 'ÒÁÆ ÖÌÉÖÕ ÒÙÃÈÌÏÓÔÉ ÖñÔÒÕ ÏÄ π ÄÏ ς ÍɇsϺ1 ÎÁ ÐÒĳÍñÒ ËÏÎÃÅÎÔÒÁÃÅ 0-ςȟυ ÐÒÏÌÏĿÅÎ 
ËĠÉÖËÁÍÉ ÌÉÎÅÜÒÎþ ÒÅÇÒÅÓÅ ÐÒÏ ËÁĿÄÏÕ ÚÅ 3ÔÁÎÉÃ ρȟ ςȟ τȟ υȟ φ Á χȢ 
 

0ÒĳÍñÒÎÜ ÒÙÃÈÌÏÓÔ ÖñÔÒÕ ÚÁ ÃÅÌï ÏÂÄÏÂþ ÍñĠÉÃþ ËÁÍÐÁÎñ ÂÙÌÁ πȟχ ÍɇsϺρȢ .ÅÊÎÉĿĤþ 
ÔÅÐÌÏÔÁ Ö ÏÂÃÉ ÎÁÓÔÁÌÁ ÍÅÚÉ ςφȢ Á ςχȢ ρςȟ Ö ÔÙÔÏ ÄÎÙ ÁÌÅ ÎÅÄÏĤÌÏ Ë ÐĠÅËÒÏéÅÎþ ÌÉÍÉÔÕ 53 %0!Ȣ 
!éËÏÌÉÖ ÂÙÌÁ ÓÐÌÎñÎÁ ÐÏÄÍþÎËÁ ÎþÚËï ÔÅÐÌÏÔÙȟ ÒÙÃÈÌÏÓÔÉ ÖñÔÒÕ ÂÙÌÙ Ö ÔÅÎÔÏ ÄÅÎ ÖÙĤĤþ ÎÅĿ 
ςςȢ Á ςσȢ ρς Á ÊÅÈÏ ÓÍñÒ ÓÅ ÔÁËï éÁÓÔñÊÉ ÍñÎÉÌȟ ÄÏĤÌÏ ÐÒÏÔÏ Ë ÒÙÃÈÌÅÊĤþÍÕ ÒÏÚÐÔÙÌÕ 0-2,5.  

0ÒÏ ÕÒéÅÎþ ÍþÒÙ ÐĠþÓÐñÖËÕ ÌÏËÜÌÎþÃÈ ÔÏÐÅÎÉĤĩ ÎÁ ςτÈ ÐÒĳÍñÒÎï ÈÏÄÎÏÔÙ 
ËÏÎÃÅÎÔÒÁéÎþÈÏ ÐÏÌÅ 0-2,5 Ö ÏÂÃÉ ÂÙÌÏ ÎÅÊÐÒÖÅ ÎÕÔÎï ÓÔÁÎÏÖÉÔ ÐÏÚÁìÏÖï ËÏÎÃÅÎÔÒÁÃÅ 0-2,5 
ÎÁ ËÁĿÄï Ú ÌÏËÁÌÉÔ ÐÒÏ ËÁĿÄÙǲ ÄÅÎȟ ÊÅÌÉËÏĿ ÎÅÂÙÌÏ ÐÒÏÖÅÄÅÎÏ ÍñĠÅÎþ ÎÁ ÐÏÚÁìÏÖï ÌÏËÁÌÉÔñ 
(lokalita 5 ɀ 20 ËÍ ÏÄ ÏÂÃÅȟ Õ ËÔÅÒï ÐĠÅÄÐÏËÌÜÄÜÍÅ ÍÉÎÉÍÜÌÎþ ÏÖÌÉÖÎñÎþ ÁÎÔÒÏÐÏÇÅÎÎþÍÉ 
zdroji). Z minutovÙǲÃÈ ÈÏÄÎÏÔ ËÏÎÃÅÎÔÒÁÃþ ÂÙÌÙ ÐÒÏ ËÁĿÄÙǲ ÄÅÎ ɉÏÄ ÐĳÌÎÏÃÉ ÄÏ ÐĳÌÎÏÃÉɊ Á 
ËÁĿÄÏÕ ÌÏËÁÌÉÔÕ ÖÙÐÏéÔÅÎÙ ρȢ ÄÅÃÉÌÙ ɉρπ Ϸ ÎÅÊÎÉĿĤþÃÈ ÎÁÍñĠÅÎÙǲÃÈ ÈÏÄÎÏÔɊȟ ËÔÅÒï ÂÙÌÙ 
ÕÒéÅÎÙ ÊÁËÏ ËÏÎÃÅÎÔÒÁÃÅ ÐÏÚÁÄþ (Brantley a kol., 2014). 

,ÏËÜÌÎþ ÔÏÐÅÎÉĤÔñ ÓÅ ÕËÜÚÁÌÙ ÂÙǲÔ ÈÌÁÖÎþÍ ÚÄÒÏÊÅÍ 0-2,5 ÎÁ ÖñÔĤÉÎñ ÍñĠÉÃþÃÈ ÓÔÁÎÉÃȟ 
ÐÒĳÍñÒÎï ÐĠþÓÐñÖËÙ ÚÁ ÃÅÌï ÍñĠÅÎþ ÎÁ ËÁĿÄï ÓÔÁÎÉÃ ÖÉÚ 4ÁÂȢ ρȢ  
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Tab. 1: 0ĠþÓÐñÖËÙ ÌÏËÜÌÎþÃÈ ÔÏÐÅÎÉĤĩ Ö ʈgɇmϺ3 ËÅ ςτÈ ËÏÎÃÅÎÔÒÁÃþÃÈ 0-2,5 ÎÁÍñĠÅÎÙǲch v 
ÏÂÃÉ :ÁÄÎþ 4ĠÅÂÁĐ ÚÐÒĳÍñÒÏÖÁÎï ÐÒÏ ÏÂÄÏÂþ ÃÅÌï ÍñĠÉÃþ ËÁÍÐÁÎñȢ 
 

 St. 1 St. 2 St. 3 St. 4 St. 5 

0ÒĳÍȢ ÚÁ ÃÅÌï 
ÍñĠÅÎþ 

9 10 7 8 8 

 
0ÒĳÍñÒÎÙǲ ÒÅÌÁÔÉÖÎþ ÐĠþÓÐñÖÅË ÔÏÐÅÎÉĤĩ Ë PM2.5 ÚÁ ÃÅÌï ÏÂÄÏÂþ ÍñĠÅÎþ ÎÁ ÖĤÅÃÈ 

ÓÔÁÎÉÃþÃÈ ÂÙÌ φρ ϷȢ -ÏÂÉÌÎþ ÍñĠÅÎþ ÎÅÏÄÈÁÌÉÌÏ ĿÜÄÎï ÈÏÔ ÓÐÏÔÙ 0-2,5 ÁÎÉ 0.#ȟ ÂÙÌÙ ÖĤÁË 
ÉÄÅÎÔÉÆÉËÏÖÜÎÁ ÍþÓÔÁȟ ËÔÅÒï ÂÙÌÙ ÏÐÁËÏÖÁÎñ ÏÖÌÉÖĐÏÖÁÎï ÒĳÚÎÙǲmi zdroji PM2,5Ȣ .Á ÔñÃÈÔÏ 
ÍþÓÔÅÃÈ ÓÅ ÎÁÃÈÜÚÅÌÙ ÍñĠþÃþ ÐĠþÓÔÒÏÊÅ ÓÔÁÃÉÏÎÜÒÎþÈÏ ÍñĠÅÎþȟ ËÔÅÒï ÏÐÁËÏÖÁÎñ 
ÚÁÚÎÁÍÅÎÜÖÁÌÙ ÖÙĤĤþ ËÏÎÃÅÎÔÒÁÃÅ 0-2,5 ÎÅĿ ÐĠþÓÔÒÏÊÅ ÍÉÍÏ ÔÙÔÏ ÌÏËÁÌÉÔÙȢ   

.ÕÔÎï ÊÅ ÚÍþÎÉÔȟ ĿÅ ÖÙǲÓÌÅÄËÙ ÍÏÂÉÌÎþÈÏ ÍñĠÅÎþ ÎÅÍÏÈÏÕ ÂÙǲÔ ÖÚÔÁĿÅÎÙ ÎÁ ÃÅÌï 
ÏÂÄÏÂþ ÍñĠÉÃþ ËÁÍÐÁÎñȟ ÊÅÌÉËÏĿ ÓÅ ÊÅÄÎÜ Ï ÒÅÌÁÔÉÖÎñ ËÒÜÔËÙǲ ĭÓÅË ÍñĠÅÎþȢ 3ÔÅÊÎñ ÔÁË 
ÓÔÁÃÉÏÎÜÒÎþ ÍñĠÅÎþ ÐÏÓËÙÔÕÊÅ ĭÄÁÊÅ ÐÏÕÚÅ Ï ÄÁÎïÍ ÏÂÄÏÂþ ɉÚÉÍÁ ςπςρɊȢ 
 

:<6Q29 
 

: ÄÁÔ ÚþÓËÁÎÙǲÃÈ ÚÅ ÓÔÁÃÉÏÎÜÒÎþÈÏ ÍñĠÅÎþ ËÏÎÃÅÎÔÒÁÃþ 0-2,5 ÎÁ ĭÚÅÍþ ÏÂÃÅ :ÁÄÎþ 
4ĠÅÂÁĐ ÂÙÌÏ ÚÊÉĤÔñÎÏȟ ĿÅ ÌÏËÜÌÎþ ÔÏÐÅÎÉĤÔñ ÊÓÏÕ ÍÁÊÏÒÉÔÎþÍ ÚÄÒÏÊÅÍ 0-2,5 v obci v 
ÚÉÍÎþÍÏÂÄÏÂþȢ *ÅÊÉÃÈ ÐĠþÓÐñÖËÙ ÎÁ ÃÅÌËÏÖï ËÏÎÃÅÎÔÒÁÃÅ 0-2,5 se pohybovaly od 48 do 72 
Ϸ ɉÐÒĳÍñÒÎñ χ ÁĿ ρπ ʈÇɇmϺσ).  

Koncentrace PM2,5 ÊÓÏÕ ÚÜÖÉÓÌï ÎÁ ÍÅÔÅÏÒÏÌÏÇÉÃËÙǲÃÈ ÐÏÄÍþÎËÜÃÈȢ 3 ÒÏÓÔÏÕÃþ 
ÒÙÃÈÌÏÓÔþ ÖñÔÒÕ ÎÁÍñĠÅÎï ËÏÎÃÅÎÔÒÁÃÅ 0-2,5 ËÌÅÓÁÊþȟ ÎÁÏÐÁË Ó ËÌÅÓÁÊþÃþ teplotou rostou. Je 
ÐÒÏÔÏ ÍÏĿÎï ÏéÅËÜÖÁÔȟ ĿÅ ÓÔÁÂÉÌÎþÍ ÃÈÁÒÁËÔÅÒÕ ÐÏéÁÓþȟ ËÄÙ ÊÓÏÕ ÎþÚËï ÒÙÃÈÌÏÓÔÉ ÖñÔÒÕ Á 
ÚÜÒÏÖÅĐ ÎþÚËÜ ÔÅÐÌÏÔÁȟ ÂÕÄÏÕ ËÏÎÃÅÎÔÒÁÃÅ 0-2,5 Ö ÏÂÃÉ ÎÁÒĳÓÔÁÔȢ  

-ÏÂÉÌÎþ ÍñĠÅÎþ ÐÏÔÖÒÄÉÌÏ éÁÓÏÖÏÕ ÈÅÔÅÒÏÇÅÎÉÔÕ ËÏÎÃÅÎÔÒÁÃþ Ö ÏÂÃÉ Á ÄÏÐÌÎÉÌÏ 
poznatky Ï ÐÒÏÓÔÏÒÏÖï ÈÅÔÅÒÏÇÅÎÉÔñȢ !éËÏÌÉÖ ÎÅÂÙÌÙ ÉÄÅÎÔÉÆÉËÏÖÜÎÙ ĿÜÄÎï ÈÏÔÓÐÏÔÙȟ ÂÙÌÙ 
ÓÔÁÎÏÖÅÎÙ ÏÂÌÁÓÔÉ ÓÅ ÚÈÏÒĤÅÎÏÕ ËÖÁÌÉÔÏÕ ÏÖÚÄÕĤþȢ  .Á ÔñÃÈÔÏ ÌÏËÁÌÉÔÜÃÈ ÂÙÌÏ ÔÁËï 
ÉÄÅÎÔÉÆÉËÏÖÜÎÏ ÎÅÊÖþÃÅ ÍÏĿÎÙǲÃÈ ÚÄÒÏÊĳ 0-2,5 Ö ÐÏÄÏÂñ ÌÏËÜÌÎþÃÈ ÔÏÐÅÎÉĤĩȢ 
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INTRODUCTION 
 

 Anthropogenic aerosols are shown to have a great impact on marine ecosystems and 
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 shipping activity 
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; 50ʐρωᴂױ.ȟ τρʐρᴂ7ױɊ ÔÏ ÇÁÉÎ ÉÎÓÉÇÈÔ 
into the efficacy of the IMO-2020 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 samples were water-leached and subsequent 
leachates analysed for major ions using Ion Chromatography (IC), and trace elements 
using Inductively Coupled Plasma ɀ Mass Spectrometry (ICP-MS). Concentrations of V/Ni 
and calculated non-sea-salt sulfate (nss-SO4

2-) 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 (Stein et al., 2015).  
  

RESULTS AND CONCLUSIONS 
 

 Trace element analysis showed a drop in median V from 2.91 pmol/m 3 to 1.44 
pmol/m 3, and Ni increase from 0.95 pmol/m3 to 4.8 pmol/m3 with the decrease of V being 
in line with a similar post-IMO-2020 study in China (Guangyuan et al., 2021). Median V/Ni 
ratio post-IMO decreased from 3.3 to 0.28. 
 Post-IMO-2020 nss-SO4

2- concentrations were significantly lower than pre-IMO-
2020 values (n=109, p<0.05), which was observed throughout all classified air masses, 



 

34 
 

with total median nss-SO4
2- ÃÏÎÃÅÎÔÒÁÔÉÏÎ ÄÒÏÐÐÉÎÇ ÆÒÏÍ ρȢσυ АÇȾÍ3 ÔÏ πȢσσ АÇȾÍ3 (Fig 

1.).  

 
 
Figure 1. (a) Pre- and post-regulation nss-SO4

2-, (b) Pre- and post-regulation 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-SO4

2- post-regulation, pointing towards a noticeable decrease in nss-SO4
2- around 

PPAO, potentially influenced by the S regulation. Trace element results indicate a drastic 
change in V/Ni ratios, far different from the generally agreed-upon 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 re-evaluated. 
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SUMMARY 
 

This study assesses the variability of organic aerosol (OA) sources monitored at 
ÔÈÅ ÒÕÒÁÌ ÂÁÃËÇÒÏÕÎÄ ÓÉÔÅ &ÒĻÄÌÁÎÔȢ .ÏÎ-refractory PM1 was evaluated in two seasons of 
2021. The positive matrix factorization with the multi -linear engine was used to 
ÄÅÔÅÒÍÉÎÅ ÔÈÅ ÓÏÕÒÃÅÓ ÏÆ /! ÁÔ &ÒĻÄÌÁÎÔ ÓÉÔÅȟ ×ÉÔÈ ÆÏÕÒ ÆÁÃÔÏÒÓ ÒÅÓÏÌÖÅÄ ÂÏÔÈ ÉÎ ×ÉÎÔÅÒ ÁÎÄ 
summer. 

ª6/$ 
 

Zdroje ÊÅÍÎĻÃÈ ÁÔÍÏÓÆïÒÉÃËĻÃÈ ÁÅÒÏÓÏÌĳ ɉ0-1Ɋȟ ÒÅÓÐȢ ÏÒÇÁÎÉÃËĻÃÈ ÁÅÒÏÓÏÌĳ ɉ/!Ɋ 
v ÏÖÚÄÕĤþ 3ÔĠÅÄÎþ %ÖÒÏÐÙ ÊÓÏÕ ÕÒéÅÎÙ ÊÅÎ ÖÅÌÍÉ ÈÒÕÂñȢ #þÌÅÍ ÔïÔÏ ÐÒÜÃÅ proto bylo 
ÚÈÏÄÎÏÔÉÔ ÖĻÖÏÊ ËÏÎÃÅÎÔÒÁÃþ PM1 a OA spolu s variabilitou jejich  ÚÄÒÏÊĳ ÓÌÅÄÏÖÁÎĻÃÈ ÎÁ 
ÖÅÎËÏÖÓËï ÐÏÚÁìÏÖï ÓÔÁÎÉÃÉȟ &ÒĻÄÌÁÎÔ (50Ј56ǰς6ͼ.ȟ ρυЈτǰ11"E, 366 m n. m.) ve dvou 
ÏÂÄÏÂþch roku 2021. :ÉÍÎþ ËÁÍÐÁĐ ÐÒÏÂñÈÌÁ ÏÄ ρχȢρȢ ÄÏ ρςȢσȢ Á ÌÅÔÎþ ÏÄ ςωȢφȢ ÄÏ ςτȢψȢ 

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

 
-ñĠÅÎþ ÐĠþÓÔÒÏÊÅÍ compact-Time of Flight-Aerosol Mass Spectrometer (c-ToF-

AMS, ËÔÅÒĻ ÓÔÁÎÏÖÕÊÅ Ö υÍÉÎÕÔÏÖïÍ ËÒÏËÕ ÎÅÒÅÆÒÁËÔÏÒÎþ éÜÓÔ ÆÒÁËÃÅ PM1 ɀ NR-PM1, 
Drewnick a kol., 2005), ÂÙÌÁ ÄÏÐÌÎñÎÁ o ÍÉÎÕÔÏÖÜ ÍñĠÅÎþ ÅËÖÉÖÁÌÅÎÔÎþÈÏ éÅÒÎïÈÏ ÕÈÌþku 
(eBC) ÐÏÍÏÃþ ÁÅÔÈÁÌÏÍÅÔÒÕ ɉ-ÏÄÅÌ !%σσȟ -ÁÇÅÅ 3ÃÉÅÎÔÉÆÉÃȟ "ÅÒËÅÌÅÙȟ #!ɊȢ 6Å ÖÏÄñ 
ÒÏÚÐÕÓÔÎï ÉÏÎÔÙ ɉ 3/ ) v PM1 ÂÙÌÙ ÖÚÏÒËÏÖÜÎÙ Ó ςτÈÏÄÉÎÏÖĻÍ éÁÓÏÖĻÍ ÒÏÚÌÉĤÅÎþÍ 
ÐÏÍÏÃþ ÎþÚËÏÏÂÊÅÍÏÖïÈÏ ÖÚÏÒËÏÖÁéÅ ,ÅÃËÅÌ ɉ,63-3, IC). 

Metoda positive matrix factorization (PMF) with multi -linear engine (ME-2) byla 
ÁÐÌÉËÏÖÜÎÁ ÎÁ σπÍÉÎÕÔÏÖÜ ÈÍÏÔÎÏÓÔÎþ ÓÐÅËÔÒÁ ÏÒÇÁÎÉÃËĻÃÈ ÌÜÔÅË ÍñĠÅÎÜ !-3 ɉÐÏ 
ÁÐÌÉËÏÖÁÎï ËÏÒÅËÃÉ ÎÁ ĭéÉÎÎÏÓÔ ÏÄÂñÒÕ ÔÚÖȢ collection efficiency ɀ #% ÐÏÍÏÃþ 3/  
ÓÔÁÎÏÖÅÎïÈÏ ÉÏÎÔÏÖÏÕ ÃÈÒÏÍÁÔÏÇÒÁÆÉþ ÖÅ ÖÚÏÒËÕ 0-1) ÚÁ ĭéÅÌÅÍ ÒÏÚÄñÌÅÎþ /! ÎÁ ÒĳÚÎï 
ÆÁËÔÏÒÙ Ú ÈÌÅÄÉÓËÁ ÊÅÊÉÃÈ ÈÍÏÔÎÏÓÔÎþÃÈ ÓÐÅËÔÅÒ Á éÁÓÏÖĻÃÈ ĠÁÄȢ +Å ÓÐÕĤÔñÎþ 0-& É -%-2 byl 
ÖÙÕĿÉÔ program Source Finder (SoFi)ȟ ËÏÎËÒïÔÎñ 3Ï&É 0ro (Canonaco a kol., 2013). 
 

6¸3,%$+9 
 

 #ÅÌËÏÖï ËÏÎÃÅÎÔÒÁÃÅ 0-1 byly v ÌïÔñ ÖþÃÅ ÎÅĿ ςØ ÖÙĤĤþ ÎÅĿ Ö ÚÉÍñȢ 6 ÏÂÏÕ ÓÅÚĕÎÜÃÈ 
ÔÖÏĠÉÌ /! ÎÅÊÖñÔĤþ ÐÏÄþÌ 0-1, v ÚÉÍñ ÂÙÌ ÄÏÐÌÎñÎ ÚÅÊÍïÎÁ Ï ÄÕÓÉéÎÁÎÙ Á Ö ÌïÔñ Ï ÓþÒÁÎÙȢ 
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#ÅÌËÏÖï ËÏÎÃÅÎÔÒÁÃÅ #Ì Á Å"# ÂÙÌÙ ÖĻÒÁÚÎñ ÖÙĤĤþ Ö ÚÉÍñȟ Á ÔÏ ÚÅÊÍïÎÁ ËÖĳÌÉ ÖĻÒÁÚÎïÍÕ 
ÖÌÉÖÕ ÌÏËÜÌÎþÃÈ ÔÏÐÅÎÉĤĩ ÎÁ ËÖÁÌÉÔÕ ÏÖÚÄÕĤþ ÎÁ ÈÏÄÎÏÃÅÎï ÓÔÁÎÉÃÉ ɉ4ÁÂȢ ρɊȢ 
 
Tab. 1: 0ÏÕĿÉÔï #%ȟ ÍÅÄÉÜÎ ËÏÎÃÅÎÔÒÁÃþ ÓÌÅÄÏÖÁÎĻÃÈ ÖÅÌÉéÉÎ ɉАÇɇÍ-3), Á ÊÅÊÉÃÈ ÐÏÄþÌ ÎÁ 
ÃÅÌËÏÖï ÈÍÏÔñ 0-1 ÖÅ ÓÒÏÖÎÜÖÁÎĻÃÈ ÓÅÚĕÎÜÃÈ. 

 
 Zima (CE = 0,29) ,ïÔÏ ɉ#% Ѐ πȟφψɊ 
3ÌÏĿËÁ  АÇϽÍ-3 ÐÏÄþÌ ɉϷɊ АÇϽÍ-3 ÐÏÄþÌ ɉϷɊ 
PM1 5,5  11,7  
OA 1,7 31 7,0 60 

ἡἛ  0,7 13 2,6 22 

ἚἛ 1,4 26 0,6 5 
Ἒἒ 0,7 12 1,1 9 
Ἅἴ 0,1 3 0,02 0,2 
eBC 0,9 15 0,4 3 

 
 

V programu SoFi byly pÒÏ ÚÉÍÎþ ÓÅÚĕÎÕ ÉÄÅÎÔÉÆÉËÏÖÜÎÙ éÔÙĠÉ ÚÄÒÏÊÅ /!Ȣ 4ĠÉ Ú ÔñÃÈÔÏ 
ÚÄÒÏÊĳȟ ÕÈÌÏÖÏÄþËÏÖï ÁÅÒÏÓÏÌÙ ɉÈÙÄÒÏÃÁÒÂÏÎ-ÌÉËÅ ÏÒÇÁÎÉÃ ÁÅÒÏÓÏÌȟ (/!Ɋ ÓÐÁÌÏÖÜÎþ 
ÂÉÏÍÁÓÙ ɉÂÉÏÍÁÓÓ ÂÕÒÎÉÎÇ ÏÒÇÁÎÉÃ ÁÅÒÏÓÏÌȟ ""/!Ɋ Á ÓÐÁÌÏÖÜÎþ ÕÈÌþ ɉÃÏÁÌ ÃÏÍÂÕÓÔÉÏÎ 
ÏÒÇÁÎÉÃ ÁÅÒÏÓÏÌȟ ##/!Ɋ ÐÁÔĠþ ÄÏ ÓËÕÐÉÎÙ ÚÄÒÏÊĳ ÐÒÉÍÜÒÎþÃÈȢ 0ÏÓÌÅÄÎþ ÆÁËÔÏÒȟ ÏÚÎÁéÅÎĻ 
ÊÁËÏ ÏØÉÄÏÖÁÎĻ ÏÒÇÁÎÉÃËĻ ÁÅÒÏÓÏÌ ɉÏØÉÄÉÚÅÄ ÏÒÇÁÎÉÃ ÁÅÒÏÓÏÌȟ //!Ɋȟ ÐÁÔĠþ ÄÏ ÓËÕÐÉÎÙ 
ÚÄÒÏÊĳ ÓÅËÕÎÄÜÒÎþÃÈȢ 0ÒÏ ÌÅÔÎþ ÓÅÚĕÎÕ ÂÙÌÙ ÉÄÅÎÔÉÆÉËÏÖÜÎÙ ÒÏÖÎñĿ éÔÙĠÉ ÚÄÒÏÊÅ /!Ȣ $ÖÁ Ú 
ÔñÃÈÔÏ ÚÄÒÏÊĳ ÂÙÌÙ ÏÚÎÁéÅÎÙ ÊÁËÏ ÐÒÉÍÜÒÎþ ɉ(/! Á ""/!ɊȢ 3ÅËÕÎÄÜÒÎþ ÚÄÒÏÊÅ ÂÙÌÙ ÒÏÖÎñĿ 
ÄÖÁȟ ÖþÃÅ ÏØÉÄÏÖÁÎĻ ÏÒÇÁÎÉÃËĻ ÁÅÒÏÓÏÌ ɉÍÏÒÅ ÏØÉÄÉÚÅÄ ÏÒÇÁÎÉÃ ÁÅÒÏÓÏÌ -/-OOA) a 
éÜÓÔÅéÎñ ÏØÉÄÏÖÁÎĻ ÏÒÇÁÎÉÃËĻ ÁÅÒÏÓÏÌ ɉÌÅÓÓ ÏØÉÄÉÚÅÄ ÏÒÇÁÎÉÃ ÁÅÒÏÓÏÌ ,/-OOA).    
      

0/$Q+/6<.^ 
 

4ÁÔÏ ÐÒÜÃÅ ÂÙÌÁ ÐÏÄÐÏĠÅÎÁ ÎñÍÅÃËÏ-éÅÓËÏÕ ÓÐÏÌÕÐÒÁÃþ Ö ÐÒÏÊÅËÔÕ 42!#%, 
ÚÁÌÏĿÅÎÏÕ ÎÁ '!I2 ÇÒÁÎÔÕ ςπ-08304 J a DFG grantu 431895563, ÒÏÖÎñĿ ÐÒÏÊÅËÔÅÍ -£-4 
I2 Ö ÒÜÍÃÉ ÇÒÁÎÔĳ !#42)3-CZ LM2018122 a ACTRIS-CZ RI (CZ.02.1 .01 / 0.0 / 0.0 / 16_013 
/ 0001315) , projektem Horizont 2020 Evropskï ÕÎÉe a ÖĻÚËÕÍÎĻm Á ÉÎÏÖÁéÎþm 
programem ACTRIS IMP (871115). $ÜÌÅ ÄñËÕÊÉ ÚÁÍñÓÔÎÁÎÃĳÍ I(-ª ÚÁ poskytÎÕÔþ dat a 
ÖĤÅÍ ÍÉÌĻÍ ËÏÌÅÇĳÍ Ú ÎÁĤÅÈÏ ÏÄÄñÌÅÎþ ªÓÔÁÖÕ ÃÈÅÍÉÃËĻÃÈ ÐÒÏÃÅÓĳ !6 I2 ÚÁ ÖĤÅÃÈÎÙ 
ÐÏÓËÙÔÎÕÔï ÒÁÄÙȟ Á ÔÏ ÎÅÊÅÎ ÐĠÉ ÔÖÏÒÂñ ÔÏÈÏÔÏ ÐĠþÓÐñÖËÕ. 
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+ÌþéÏÖÜ ÓÌÏÖÁȡ 0ÒÏÓÔÏÒÏÖÜ Á éÁÓÏÖÜ ÖÁÒÉÁÂÉÌÉÔÁ 0-2.5ȟ ,ÏËÜÌÎþ ÔÏÐÅÎÉĤÔñȟ -ÁÌï ÓþÄÌÏȟ 4ÏÐÎÜ 
ÓÅÚĕÎÁ 

 
 

SUMMARY 
 

Residential heating by solid fuel combustion in small settlements has great 
potential to degrade air quality, especially PM2.5 emissions, during the winter heating 
season, to such an extent, that WHO and US-EPA limits for PM2.5 are frequently exceeded. 
 During the 14-ÄÁÙ ÍÅÁÓÕÒÉÎÇ ÃÁÍÐÁÉÇÎ ÉÎ ÔÈÅ ÖÉÌÌÁÇÅ $ÒÕĿÅÃȟ +ÌÁÄÎÏ district, using 
a stationary network of 6 monitors measuring minute concentration of PM2.5 and a mobile 
measurement of PNC and PM2.5 at 1Hz acquisition rate, there were found significant 
temporal variability and spatial heterogeneity of the PM2.5 concentration field. Campaign 
average exceeded the 24h limit for PM2.5 (US-%0!ȟ συ ʈÇϽÍ-3) at the 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 well at the whole area of the 
Czech Republic. The analysis of time course of minute values of PM2.5 shows that the 
residential heating increased PM2.5 concentrations on average by 40-49% (6-10 mÇϽÍ-3) 
or 61-72% (16-25 mÇϽÍ-3) at background or exposed sites, respectively. PM2.5 values 
ÄÅÃÒÅÁÓÅÄ ÅØÐÏÎÅÎÔÉÁÌÌÙ ×ÉÔÈ ×ÉÎÄ ÓÐÅÅÄ ÕÐ ÔÏ ς ÍɇÓ-1, when they stabilized at                          
8-16 mÇϽÍ-3. At the microscale of the village, there were also found spatial and temporal 
heterogeneity of PM2.5 and aerosol particle concentrations PNC. That was found by mobile 
measurement, during seven identical walks during one day. There were identified hot-
spots for PM2.5 ×ÉÔÈ ÍÁØ ÖÁÌÕÅÓ ÏÖÅÒ ρπππ ʈÇϽÍ-3. Concurrent photos of the smoking 
chimneys of the residential heating boilers confirmed the residential fuel combusting 
being the main cause of PNC and PM2.5 variability and dominant source of PM2.5 in ambient 
air in the village. 

 
ª6/$ 

 
:ÁÔþÍÃÏ ÖÅ ÖñÔĤþÃÈ ÓþÄÌÅÃÈ ÊÁËÏ ÊÓÏÕ ÍñÓÔÁ Á ÖÅÌËÏÍñÓÔÁȟ ËÄÅ ÊÅ ÖÙÔÜÐñÎþ ÖÅÌËïÈÏ 

ÍÎÏĿÓÔÖþ ÄÏÍÏÖĳ ÖþÃÅ ÃÅÎÔÒÁÌÉÚÏÖÁÎï ÄÏ ÔÅÐÌÜÒÅÎȟ Ó ËÏÍþÎÙ Ó ÖÙÓÏËÏÕ ÅÍÉÓÎþ ÖĻĤËÏÕȟ 
ÎÅÂÏ ÊÅ ÚÄÅ ÖþÃÅ ÁÌÔÅÒÎÁÔÉÖ Ë ÔÕÈĻÍ ÐÁÌÉÖĳÍ éÉ ÄÏÓÔÕÐÎñÊĤþ ÊÉÎï ÚÐĳÓÏÂÙ ÖÙÔÜÐñÎþȟ ÔÁË 
ÎÁÏÐÁË ÎÁ ÖÅÎËÏÖñ ÊÅ ÓÔÜÌÅ ÓÐÁÌÏÖÜÎþ ÔÕÈĻÃÈ ÌÜÔÅË Ö ÌÏËÜÌÎþÃÈ ÔÏÐÅÎÉĤÔþÃÈ ÈÌÁÖÎþÍ 
zdrojem energieȟ Á ÔÅÄÙ É ÚÎÅéÉĤĩÕÊþÃþÃÈ ÌÜÔÅË Ö ÏÖÚÄÕĤþ (Szidat a kol., 2007). V ÏÂÄÏÂþ 
ÎÅÊÖñÔĤþÈÏ ÓÐÁÌÏÖÜÎþ ÔÕÈĻÃÈ ÌÜÔÅËȟ ÔÅÄÙ ÂñÈÅÍ ÔÏÐÎï ÓÅÚĕÎÙȟ ÔÁË ÄÏÃÈÜÚþ Ë ÖÙÔÖÏĠÅÎþ 
ÖÅÌËï ÅÍÉÓÎþ ÍÏÈÕÔÎÏÓÔÉ ÚÎÅéÉĤĩÕÊþÃþÃÈ ÌÜÔÅË Ú ÌÏËÜÌÎþÃÈ ÔÏÐÅÎÉĤĩ Ó ÎþÚËÏÕ ÅÍÉÓÎþ ÖĻĤËÏÕȟ 
kdy se tÙÔÏ ÅÍÉÓÅ ÍÏÈÏÕ ÈÒÏÍÁÄÉÔȟ ÏÂÚÖÌÜĤĩ ÂñÈÅÍ ÓÔÁÂÉÌÎþÈÏ ÒÜÚÕ ÐÏéÁÓþȟ Ö ÐĠþÚÅÍÎþ 
ÖÒÓÔÖñ ÖÚÄÕÃÈÕ Ö obci (Wallace a kol., 2010)Ȣ -ĳĿÅ ÔÁË ÄÏÃÈÜÚÅÔ Ë éÁÓÔïÍÕ ÐĠÅËÒÁéÏÖÜÎþ 
ÚÄÒÁÖÏÔÎñ ÎÅÚÜÖÁÄÎĻÃÈ ÉÍÉÓÎþÃÈ ÌÉÍÉÔĳ ÕÒéÅÎï ÏÒÇÁÎÉÚÁÃÅÍÉ 53-EPA nebo WHO. 

#þÌÅÍ ÔïÔÏ ÓÔÕÄÉÅ ÂÙÌÏ ÐÒÏÍñĠÉÔ ËÏÎÃÅÎÔÒÁéÎþ ÐÏÌÅ 0-2.5 ÂñÈÅÍ ÔÏÐÎï ÓÅÚĕÎÙ 
v ÏÂÃÉ $ÒÕĿÅÃȟ ÏËÒÅÓ +ÌÁÄÎÏȟ ÐÏÍÏÃþ ρτÄÅÎÎþ ÍñĠþÃþ ËÁÍÐÁÎñ ɉÏÄ τȢ ςȢ ςπςρ ÄÏ ρωȢ ςȢ 

mailto:smokd@natur.cuni.cz
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ςπςρɊ ÓËÌÜÄÁÊþÃþ ÓÅ ÚÅ ÓÔÁÃÉÏÎÜÒÎþÈÏ ÍñĠÅÎþ ÍÉÎÕÔÏÖĻÃÈ ËÏÎÃÅÎÔÒÁÃþ 0-2.5 ÐÒÏÂþÈÁÊþÃþ ÐÏ 
ÃÅÌÏÕ ÄÏÂÕ ËÁÍÐÁÎñ Á ÊÅÄÎÏÄÅÎÎþÈÏ ÍÏÂÉÌÎþÈÏ ÍñĠÅÎþ ÖÔÅĠÉÎÏÖĻÃÈ ËÏÎÃÅÎÔÒÁÃþ 0-2.5 a 
0.#Ȣ :Å ÚþÓËÁÎĻÃÈ ÄÁÔ ÐÏÔï ÓÔÁÎÏÖÉÔ Á ÖÙÈÏÄÎÏÔÉÔ ÄÙÎÁÍÉËÕ ËÏÎÃÅÎÔÒÁéÎþÈÏ ÐÏÌÅ 0-2.5 
v ÏÂÃÉ ÐÏÒÏÖÎÜÎþÍ Ó 24hod. limitem pro PM2.5 US-%0! ɉσυ АÇɇÍ-3Ɋ Á ÕÒéÉÔ ÖÌÉÖȟ ÐĠÅÄÅÖĤþÍ 
ÌÏËÜÌÎþÃÈ ÔÏÐÅÎÉĤĩ Á ÍÅÔÅÏÒÏÌÏÇÉÃËĻÃÈ ÐÏÄÍþÎÅË ɉÔÅÐÌÏÔÙ Á ÖñÔÒÕɊȟ ÎÁ ËÏÎÃÅÎÔÒÁéÎþ 
hladinu PM2.5Ȣ 4Ï ÄÏÐÌÎÉÔ Ï ÚÊÉĤÔñÎþ Ú ÍÏÂÉÌÎþÈÏ ÍñĠÅÎþ ÖÔÅĠÉÎÏÖĻÃÈ ËÏÎÃÅÎÔÒÁÃþ 0-2.5 a 
PNC, v ÐÏÄÏÂñ ÌÏËÁÌÉÚÏÖÜÎþ ĭÓÅËĳ Ó ÏÐÁËÏÖÁÎĻÍÉ ÖĻÒÁÚÎĻÍÉ ÍÁØÉÍÙ 0-2.5, tzv. hot-spot 
PM2.5ȟ Á ÐÏÍÏÃþ ÆÏÔÏÇÒÁÆÉþ Á ÓÏÕÂñĿÎïÈÏ ÍñĠÅÎþ 0.# ÕÒéÉÔ ÚÄÒÏÊ 0-2.5. 
 

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

3ÔÁÃÉÏÎÜÒÎþ ÍñĠÅÎþ ÂÙÌÏ ÐÒÏÖÅÄÅÎÏ Ó ÖÙÕĿÉÔþÍ φ ÎÅÆÅÌÏÍÅÔÒĳ $ÕÓÔ4ÒÁËΆ ɉ43)ȟ 
$ÕÓÔ4ÒÁËΆ !ÅÒÏÓÏÌ ÍÏÎÉÔÏÒȟ ÍÏÄÅÌ ψυςπɊ ÍñĠþÃþ 0-2.5 s ÍÅÚþ ÄÅÔÅËÃÅ ρ ʈÇϽÍ-3, 
ÒÏÚÍþÓÔñÎĻÃÈ Ö ÉÎÔÒÁÖÉÌÜÎÕ ÏÂÃÅ $ÒÕĿÅÃ ÎÁ ÚÐĠþÓÔÕÐÎñÎĻÃÈ ÐÏÚÅÍÃþÃÈ ÏÂéÁÎĳ ɉObr. 1). 
-ñĠÅÎþ ÍÅÔÅÏÒÏÌÏÇÉÃËĻÃÈ ÐÏÄÍþÎÅËȟ ÊÁËÏ ÊÅ ÔÅÐÌÏÔÁ ÖÚÄÕÃÈÕ ɉ#ÏÍÅÔ ςππ-80/E), rychlost 
Á ÓÍñÒ ÖñÔÒÕ ɉ7ÉÎÄ-3ÏÎÉÃ -ȟ 'ÉÌÌɊȟ ÒÅÌÁÔÉÖÎþ ÖÌÈËÏÓÔȟ ÔÌÁË Á ÐĠþËÏÎ ÒÁÄÉÁÃÅȟ ÂÙÌÏ ÍñĠÅÎÏ 
metÅÏÒÏÌÏÇÉÃËÏÕ ÓÔÁÎÉÃþ ÓÉÍÕÌÔÜÎÎñȢ )ÎÔÅÇÒÁéÎþ ÄÏÂÁ ÍñĠÅÎþ ÂÙÌÁ ρ ÍÉÎÕÔÁȢ 3ÔÁÃÉÏÎÜÒÎþ 
Óþĩ ÂÙÌÁ ËÏÎÃÉÐÏÖÜÎÁ ÔÁËȟ ÁÂÙ ÓÅ ς ÁÅÒÏÓÏÌÏÖï ÍÏÎÉÔÏÒÙ $ÕÓÔ4ÒÁËΆ ÎÁÃÈÜÚÅÌÙ ÖÅ ÖÙĤĤþÃÈ 
ÐÏÌÏÈÜÃÈ ÎÁ ÏËÒÁÊÉ ÉÎÔÒÁÖÉÌÜÎÕ ɉÓÔÁÎÏÖÉĤÔñ ρ Á φɊȟ ËÄÅ ÂÙÌ ÏéÅËÜÖÜÎ ÎÅÊÍÅÎĤþ ÖÌÉÖ 
antroÐÏÇÅÎÎþÃÈ ÚÄÒÏÊĳ 0-2.5ȟ ÔÁÔÏ ÓÔÁÎÏÖÉĤÔñ ÓÅ ÍñÌÁ ÓÔÜÔ ÐÏÚÁìÏÖĻÍÉ ɉÓËÕÔÅéÎĻÍÉ 
ÐÏÚÁìÏÖĻÍÉ ÓÔÁÎÏÖÉĤÔÉ ÂÙÌÁ ÓÔÁÎÏÖÉĤÔñ υ Á φɊȢ 

-ÏÂÉÌÎþ ÍñĠÅÎþ ÂÙÌÏ ÐÒÏÖÅÄÅÎÏ Ó ÖÙÕĿÉÔþÍ ÎÅÆÅÌÏÍÅÔÒÕ $ÕÓÔ4ÒÁËΆ $28 ɉ43)ȟ 
$ÕÓÔ4ÒÁËΆ $28 !ÅÒÏÓÏÌ ÍÏÎÉÔÏÒȟ ÍÏÄÅÌ ψυσσɊ ÍñĠþÃþ 0-2.5 s mezþ ÄÅÔÅËÃÅ ρ ʈÇϽÍ-3, 
ËÏÎÄÅÎÚÁéÎþÍ éþÔÁéÅÍ éÜÓÔÉÃ 0-4ÒÁË΅ ɉ43)ȟ 0-4ÒÁË΅ 5ÌÔÒÁÆÉÎÅ 0ÁÒÔÉÃÌÅ #ÏÕÎÔÅÒȟ ÍÏÄÅÌ 
ψυςυɊ ÍñĠþÃþ ÐÏéÅÔ ÓÕÂÍÉËÒÏÎÏÖĻÃÈ éÜÓÔÉÃ Ï ÖÅÌÉËÏÓÔÉ πȢπς ЃÄ Ѓρ ʈÍ ɉÄÜÌÅ ÊÅÎ ȴȬ0.#ȬȬɊ 
s ÍÅÚþ ÄÅÔÅËÃÅ π ÃÍ-3 Á '03 ÔÒÁÃËÅÒÅÍ '03-!0΅ φτÓ ɉ'!2-).ȟ '03-!0΅ 64s). Tyto 
ÐĠþÓÔÒÏÊÅ ÂÙÌÙ ÕÍþÓÔñÎÙ Ö ÕÐÒÁÖÅÎï ËÒÏÓÎñ ÎÁ ÚÜÄÅÃÈ ÃÈÏÄÃÅ Ó ĭÓÔþÍ ÏÄÂñÒÏÖĻÃÈ ÈÌÁÖÉÃ 
v ÃÅÌËÏÖï ÖĻĤÃÅ ÃÃÁ ς ÍȢ -ÏÂÉÌÎþ ÍñĠÅÎþ ÐÒÏÂñÈÌÏ ÆÏÒÍÏÕ χ ÐÒÏÃÈÜÚÅË ÐÏ ÊÅÄÎï ÔÒÁÓÅ 
ÖÅÄÏÕÃþ ÉÎÔÒÁÖÉÌÜÎÅÍ Á Ú ÍÅÎĤþ éÜÓÔÉ ÔÁËï ÅØÔÒÁÖÉÌÜÎÅÍ ÏÂÃÅ ɉ/ÂÒȢ ρɊȢ )ÎÔÅÇÒÁéÎþ ÄÏÂÁ 
ÍñĠÅÎþ ÂÙÌÁ ρ ÓÅËÕÎÄÁȢ 

6ÌÉÖ ÌÏËÜÌÎþÃÈ ÔÏÐÅÎÉĤĩ ÎÁ ËÏÎÃÅÎÔÒÁéÎþ ÈÌÁÄÉÎÕ 0-2.5 ÂÙÌ ÕÒéÅÎ Ó ÖÙÕĿÉÔþÍ 
ÐÏÔÅÎÃÉÜÌÎþÈÏ ÐÏÄþÌÕ ÌÏËÜÌÎþÃÈ ÔÏÐÅÎÉĤĩ Ë ÐÒĳÍñÒÎï ÄÅÎÎþ ËÏÎÃÅÎÔÒÁÃÉ PM2.5. 0ÏÔÅÎÃÉÜÌÎþ 
ÐÏÄþÌ ÌÏËÜÌÎþÃÈ ÔÏÐÅÎÉĤĩ Ë ÐÒĳÍñÒÎï ÄÅÎÎþ ËÏÎÃÅÎÔÒÁÃÉ PM2.5 ÎÁ ÓÔÁÎÏÖÉĤÔÉ ÊÅ ÄÅÆÉÎÏÖÜÎ 
jako  

0ÏÔÅÎÃÉÜÌÎþ ÐÏÄþÌ 
᷿ Ȣ  ᷿ Ȣ Ȣ  Ȣ  

᷿ Ȣ  
          (1) 

kde t1 ÊÅ éÁÓ ÐÏéÜÔËÕ ÄÎÅ Á Ô2 éÁÓ ËÏÎÃÅ ÄÎÅȢ Ãst. (t) je koncentrace PM2.5 ÎÁ ÓÔÁÎÏÖÉĤÔÉ 
v éÁÓÅ Ô Á ÃQ0.1 poz. st. (t) je decil koncentrace PM2.5 za ςτÈ ÉÎÔÅÒÖÁÌ ÎÁ ÐÏÚÁìÏÖïÍ ÓÔÁÎÏÖÉĤÔÉ 
s ÎÅÊÎÉĿĤþ ÐÒĳÍñÒÎÏÕ ÄÅÎÎþ ËÏÎÃÅÎÔÒÁÃþ PM2.5 v éÁÓÅ Ôȟ ÐĠÅÄÓÔÁÖÕÊþÃþȟ ȵÐĠÉÒÏÚÅÎïȭȭ ÐÏÚÁÄþ 
ÏÖÚÄÕĤþ Ö obci (Brantley a kol., 2014). 0ÏÔÅÎÃÉÜÌÎþ ÐĠþÓÐñÖÅË ÌÏËÜÌÎþÃÈ ÔÏÐÅÎÉĤĩ ɍАÇϽÍ-3] k 
ÐÒĳÍñÒÎï ÄÅÎÎþ ËÏÎÃÅÎÔÒÁÃÉ PM2.5 ÎÁ ÊÅÄÎÏÔÌÉÖĻÃÈ ÓÔÁÎÏÖÉĤÔþÃÈ ÂÙÌ ÓÐÏéÔÅÎ ÖÙÎÜÓÏÂÅÎþÍ 
ÐÏÔÅÎÃÉÜÌÎþÈÏ ÐÏÄþÌÕ ÌÏËÜÌÎþÃÈ ÔÏÐÅÎÉĤĩ Ë ÐÒĳÍñÒÎï ÄÅÎÎþ ËÏÎÃÅÎÔÒÁÃÉ PM2.5 Á ÐÒĳÍñÒÎï 
ÄÅÎÎþ ËÏÎÃÅÎÔÒÁÃÅ 0-2.5 ÎÁ ÊÅÄÎÏÔÌÉÖĻÃÈ ÓÔÁÎÏÖÉĤÔþÃÈȢ 6ÙÕĿÉÔþ ÔïÔÏ ÍÅÔÏÄÉËÙ ÂÙÌÏ 
ÐÒÏÖÅÄÅÎÏ ÚÁ ÐÏÄÍþÎÅËȟ ËÄÙ ÓÅ Ö ÏÂÌÁÓÔÉ ÍñĠÅÎþ ÖÙÓËÙÔÏÖÁÌ ÐÏÕÚÅ ÊÅÄÅÎ ÄÏÍÉÎÁÎÔÎþ ÔÙÐ 
zdroje PM2.5 ɉÌÏËÜÌÎþ ÔÏÐÅÎÉĤÔñɊ ÓÅ ÚÁÎÅÄÂÁÔÅÌÎĻÍ ÚÁÓÁÈÏÖÜÎþÍ ÊÉÎïÈÏ ÔÙÐÕ ÚÄÒÏÊÅ 0-2.5 
(doprava). PÏéÅÔÎÏÓÔ Á ÆÒÅËÖÅÎÃÅ ÐÒĳÊÅÚÄĳ ÁÕÔÏÍÏÂÉÌĳ ÏÂÃþ ÂÙÌÁ Ö ÄÏÂñ ÐÒÏÖÜÄñÎï ÍñĠþÃþ 
ËÁÍÐÁÎñ ÓÎþĿÅÎÁ É Ú ÄĳÖÏÄÕ ÅÐÉÄÅÍÉÏÌÏÇÉÃËĻÃÈ ÏÐÁÔĠÅÎþÃÈ ÐÒÏÔÉ ĤþĠÅÎþ ËÏÒÏÎÁÖÉÒÕ. 
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6¸3,%$+9 ! $)3+53% 

 
.ÁÄÌÉÍÉÔÎþ ÐÒĳÍñÒÎï ÄÅÎÎþ ËÏÎÃÅÎÔÒÁÃÅ PM2.5 ÖÅ ÓÌÅÄÏÖÁÎïÍ ÏÂÄÏÂþ ÓÅ 

ÐĠÅÄÅÖĤþÍ ÖÙÓËÙÔÏÖÁÌÙ ÚÁ ÎþÚËĻÃÈ ÔÅÐÌÏÔ ɉ/ÂÒȢ ςɊȟ ÎþÚËï ÒÙÃÈÌÏÓÔÉ ÖñÔÒÕ ɉObr. 3) a 
ÒÏÓÔÏÕÃþÈÏ ÔÌÁËÕ ÖÚÄÕÃÈÕȢ 6 ÔÁËÏÖï ÓÉÔÕÁÃÉ ÓÅ ÅÍÉÓÅ ĤËÏÄÌÉÖÉÎ ÚÅ ÚÄÒÏÊĳ Ó ÎþÚËÏÕ ÅÍÉÓÎþ 
ÖĻĤËÏÕ ÈÒÏÍÁÄþ Ö ÐĠþÚÅÍÎþ ÖÒÓÔÖñ ÖÚÄÕÃÈÕ (Hovorka a kol., 2016). 6ÚÎÉËÌÜ 
ÍÅÔÅÏÒÏÌÏÇÉÃËÜ ÓÉÔÕÁÃÅ ÓÔÁÂÉÌÎþÈÏ ÒÜÚÕ ÐÏéÁÓþ ÐÏÔÌÁéÕÊÅ ÖÌÉÖ ÄÜÌËÏÖïÈÏ ÔÒÁÎÓÐÏÒÔÕ 
ĤËÏÄÌÉÖÉÎ (Wallace a kol., 2010; Bendl a kol., 2017). 

:ÜÒÏÖÅĐ ÁÌÅ ÄÎÅ ρυȢ ςȢ Ë ÔÏÍÕÔÏ ÚÈÏÒĤÅÎþ ÒÏÚÐÔÙÌÕ ĤËÏÄÌÉÖÉÎ ÄÏĤÌÏ É Ö ÒÅÇÉÏÎÜÌÎþÍ 
ÍñĠþÔËÕ ÎÁ ÃÅÌïÍ ĭÚÅÍþ I2 Ö ÄĳÓÌÅÄËÕ ÓÔÁÂÉÌÎþÈÏ ÒÜÚÕ ÐÏéÁÓþȟ ÃÈÁÒÁËÔÅÒÉÚÏÖÁÎĻ ÎþÚËÏÕ 
ÏÂÌÁéÎÏÓÔþ Á ÓÌÁÂĻÍ ÖñÔÒÅÍ Ú ÄĳÖÏÄÕ ÖĻÓËÙÔÕ ÔÌÁËÏÖï ÖĻĤÅ ÎÁÄ ÓÔĠÅÄÎþ %ÖÒÏÐÏÕ ɉI(-)ȟ 
2021).  

 

Obr. 1ȡ ,ÅÔÅÃËĻ ÓÎþÍÅË ÏÂÃÅ $ÒÕĿÅÃ Ó ÌÏËÁÌÉÚÁÃþ ĤÅÓÔÉ ÓÔÁÎÏÖÉĤĩ ÍñĠÅÎþ 0-2.5 a 
ÔÒÁÓÏÕ ÍÏÂÉÌÎþÈÏ ÍñĠÅÎþȢ 

Obr. 2ȡ 0ÒĳÂñÈ ÐÒĳÍñÒÎĻÃÈ ÄÅÎÎþÃÈ ËÏÎÃÅÎÔÒÁÃþ 0-2.5 ÎÁ ÓÔÁÎÏÖÉĤÔÉ ρ ɉÚÅÌÅÎÜɊȟ ς 
ɉéÅÒÖÅÎÜɊȟ σ ɉÏÒÁÎĿÏÖÜɊȟ τ ɉĿÌÕÔÜɊȟ υ ɉéÅÒÎÜɊȟ φ ɉÍÏÄÒÜɊ Á ÐÒĳÍñÒÎï ÄÅÎÎþ ÔÅÐÌÏÔÙ ɉĤÅÄÜɊȟ 
$ÒÕĿÅÃ τȢ - 19. 2. 2021. 
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0ÒĳÍñÒÎï ÄÅÎÎþ ËÏÎÃÅÎÔÒÁÃÅ 0-2.5 ÎÁ ÎñËÔÅÒĻÃÈ ÓÔÁÎÏÖÉĤÔþÃÈ Ö $ÒÕĿÃÉ ÂÙÌÙ 
v ÏÂÄÏÂþ ÍñĠþÃþ ËÁÍÐÁÎñ ÖÙĤĤþ ÎÅĿ ÒÅÐÕÂÌÉËÏÖï ÐÒĳÍñÒÙ PM2.5Ȣ $ĳÖÏÄÅÍ ÔÏÈÏÔÏ ÚÖĻĤÅÎþ 
koncentrace PM2.5 byly ÅÍÉÓÅ ÌÏËÜÌÎþÃÈ ÔÏÐÅÎÉĤĩ ÎÁ ÐÅÖÎÜ ÐÁÌÉÖÁȟ ÊÅÊÉÃÈĿ ËÏÍþÎÙ ĭÓÔþ 
ÎñËÏÌÉË ÍÅÔÒĳ ÎÁÄ ÚÅÍþȢ 4Ï ÂÙÌÏ ÚÊÉĤÔñÎÏ Ú éÁÓÏÖïÈÏ ÐÒĳÂñÈÕ ËÏÎÃÅÎÔÒÁÃÅ 0-2.5, kdy se 
ËÏÕĠÏÖÜ ÖÌÅéËÁ ÚÅ ÚÄÒÏÊÅ 0-2.5 v ËÒÜÔËï ÖÚÄÜÌÅÎÏÓÔÉ ÏÄ ÍÏÎÉÔÏÒÕ ÐÒÏÊÅÖÏÖÁÌÁ ÒÙÃÈÌĻÍ 
ÖÚÒĳÓÔÅÍ Á ÐÏËÌÅÓÅÍ ËÒÜÔËÏÄÏÂĻÃÈ ÖÙÓÏËĻÃÈ ËÏÎÃÅÎÔÒÁÃþ 0-2.5 (Brantley a kol., 2014). 
%ÍÉÓÅ Ú ÌÏËÜÌÎþÃÈ ÔÏÐÅÎÉĤĩ Ö ÐÒĳÍñÒÕ ÚÖÙĤÏÖÁÌÙ ËÏÎÃÅÎÔÒÁÃÅ PM2.5 ze 40-49 % na 
ÐÏÚÁìÏÖĻÃÈ ÓÔÁÎÏÖÉĤÔþÃÈ Á ÚÅ φρ-χς Ϸ ÎÁ ÏÓÔÁÔÎþÃÈ ÓÔÁÎÏÖÉĤÔþÃÈȢ 4ÏÍÕ ÏÄÐÏÖþÄÜ ÚÖĻĤÅÎþ 
ÄÅÎÎþ ËÏÎÃÅÎÔÒÁÃÅ PM2.5 o 6-ρπ ʈÇϽÍ-3 na ÐÏÚÁìÏÖĻÃÈ ÓÔÁÎÏÖÉĤÔþÃÈ oproti 16-25 ʈÇϽÍ-3 na 
ÏÓÔÁÔÎþÃÈ ÓÔÁÎÏÖÉĤÔþÃÈ ɉ4ÁÂȢ ρɊȢ 

-ÏÂÉÌÎþ ÍñĠÅÎþ ÂÙÌÏ ÐÒÏÖÅÄÅÎÏ ËÅ ËÏÎÃÉ ÅÐÉÚÏÄÙ ÃÈÌÁÄÎïÈÏ ÐÏéÁÓþȟ ÄÎÅ ρυȢςȢςπςρȟ 
ËÄÙ ÒÁÎÎþ ÔÅÐÌÏÔÁ ËÌÅÓÌÁ ÁĿ ÎÁ -ςτ Ј#Ȣ "ñÈÅÍ ρȢ Á ςȢ ÐÒÏÃÈÜÚËÙ ÂÙÌÙ ÎÁÍñĠÅÎÙ ÊÁË ÎÅÊÖÙĤĤþ 
ÍÁØÉÍÜÌÎþȟ ÔÁË É ÐÒĳÍñÒÎï ËÏÎÃÅÎÔÒÁÃÅ 0-2.5 Á ÎÅÊÖñÔĤþ ÍþÓÔÎþ ÒÏÚÄþÌÙ ɉ4ÁÂȢ ςɊȢ "ñÈÅÍ 
ÄÎÅ ÐÁË ÄÏÃÈÜÚÅÌÏ Ë ÐÏËÌÅÓÕ Á ÐÏÓÔÕÐÎïÍÕ ÖÙÒÏÖÎÜÎþ ÈÌÁÄÉÎ ËÏÎÃÅÎÔÒÁÃþ 0-2.5, 
ÚÁÐÏéÁÔïÍÕ Ö éÁÓÅ ÍÅÚÉ ςȢ Á σȢ ÐÒÏÃÈÜÚËÏÕȟ ÒÅÓÐÅËÔÉÖÅ ÍÅÚÉ ρπ Á ρρ ÈÏÄÉÎÏÕȢ 6ÙĤĤþ 
hodnoty koncentrace PM2.5 jako v ÒÁÎÎþÃÈ éÁÓÅÃÈ ÂÙÌÏ ÏÐñÔ ÍÏĿÎï ÎÁÍñĠÉÔ Ö ÐÒĳÂñÈÕ φȢ 
Á χȢ ÐÒÏÃÈÜÚËÙȢ : ÏÐÁËÏÖÜÎþ ÐÒÏÃÈÜÚÅË ÖÙÐÌĻÖÜȟ ÚÄÁ Ë ÖÙÓÏËïÍÕ ÎÁÖĻĤÅÎþ ËÏÎÃÅÎÔÒÁÃÅ 
PM2.5 ÄÏÃÈÜÚþ ÏÐÁËÏÖÁÎñ ÎÁ ÎñËÔÅÒĻÃÈ ĭÓÅÃþÃÈȟ ÔÚÖȢ ÈÏÔ-spot PM2.5. TakovĻÃÈÔÏ ĭÓÅËĳ ÂÙÌÏ 
objeveno 5 a nÅÊÖÙĤĤþ ÎÁÍñĠÅÎï ËÏÎÃÅÎÔÒÁÃÅ 0-2.5 v ÔñÃÈÔÏ ÈÏÔ-ÓÐÏÔÅÃÈ ÂÙÌÙ ρπËÒÜÔ ÁĿ 
τπËÒÜÔ ÖÙĤĤþȟ ÎÅĿÌÉ ÊÅ ςτÈÏÄȢ ÌÉÍÉÔ 53-EPA pro PM2.5.  

Obr. 3ȡ %ØÐÏÎÅÎÃÉÜÌÎþ ÒÅÇÒÅÓÅ ÐÒĳÍñÒÎï ËÏÎÃÅÎÔÒÁÃÅ 0-2.5 Ö ÉÎÔÅÒÖÁÌÕ ÒÙÃÈÌÏÓÔÉ ÖñÔÒÕ 
ÎÁ ÓÔÁÎÏÖÉĤÔÉ ρ ɉÚÅÌÅÎÜɊȟ ς ɉéÅÒÖÅÎÜɊȟ σ ɉÏÒÁÎĿÏÖÜɊȟ τ ɉĿÌÕÔÜɊȟ υ ɉéÅÒÎÜɊ Á φ ɉÍÏÄÒÜɊȢ 
$ÒÕĿÅÃȟ τȢ - 19. 2. 2021. 
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4ÁÂȢ ρȡ 0ÏÔÅÎÃÉÜÌÎþ ÐĠþÓÐñÖÅË ɍАÇϽÍ-3Ɏ Á ÐÏÄþÌ ɍϷɎ ÌÏËÜÌÎþÃÈ ÔÏÐÅÎÉĤĩ Ë ÐÒĳÍñÒÎï ÄÅÎÎþ 
koncentraci PM2.5 ÎÁ φ ÓÔÁÎÏÖÉĤÔþÃÈȟ $ÒÕĿÅÃ τȢ - ρωȢ ςȢ ςπςρȢ .! ÚÎÁÍÅÎÜ ÖĻÐÁÄÅË ÄÁÔȢ 
 

Datum 

3ÔÁÎÏÖÉĤÔ
ñ ρ 

3ÔÁÎÏÖÉĤÔñ 
2 

3ÔÁÎÏÖÉĤÔñ 
3 

3ÔÁÎÏÖÉĤÔñ τ 
3ÔÁÎÏÖÉĤÔñ 

5 
3ÔÁÎÏÖÉĤÔñ 

6 
PM2.5 
[АÇϽÍ-

3] 

[%
] 

PM2.5 

[АÇϽÍ-3] 
[%]  

PM2.5 

[АÇϽÍ-

3] 

[%
] 

PM2.5 
[АÇϽÍ-3] 

[%]  
PM2.5 

[АÇϽÍ-3] 
[%]  

PM2.5 
[АÇϽÍ-3] 

[%]  

4.2.2021 13 81 43 
9
4 

13 
8
1 

NA NA 8 73 1 25 

5.2.2021 19 56 18 
5
5 

20 
5
7 

NA NA 4 21 4 21 

6.2.2021 7 37 9 
4
3 

12 
5
0 

NA NA 1 8 3 20 

7.2.2021 12 55 14 
5
8 

18 
6
4 

NA NA 2 17 11 52 

8.2.2021 15 60 14 
5
8 

17 
6
3 

NA NA 2 17 12 55 

9.2.2021 18 60 18 
6
0 

18 
6
0 

NA NA 2 14 15 56 

10.2.2021 23 74 21 
7
2 

18 
6
9 

NA NA 1 11 15 65 

11.2.2021 5 36 27 
7
5 

18 
6
7 

15 63 4 31 7 44 

12.2.2021 31 91 33 
9
2 

31 
9
1 

20 87 10 77 15 83 

13.2.2021 16 73 34 
8
5 

26 
8
1 

21 78 11 65 9 60 

14.2.2021 28 74 36 
7
8 

30 
7
5 

12 55 12 55 22 69 

15.2.2021 44 64 51 
6
7 

42 
6
3 

21 46 14 36 30 55 

16.2.2021 13 52 24 
6
7 

16 
5
7 

22 65 11 48 10 45 

17.2.2021 3 33 15 
7
1 

7 
5
4 

10 63 8 57 2 25 

18.2.2021 7 78 26 
9
0 

19 
8
6 

18 90 9 82 4 67 

19.2.2021 5 56 20 
8
3 

10 
7
1 

9 69 2 33 3 43 

0ÒĳÍñÒ 16 61 25 
7
2 

20 
6
8 

16 68 6 40 10 49 
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4ÁÂȢ ςȡ :ÁéÜÔÅËȟ ËÏÎÅÃȟ ÍÁØÉÍÜÌÎþȟ ÍÉÎÉÍÜÌÎþȟ ÐÒĳÍñÒÎÜ Á ÍÅÄÉÜÎ ËÏÎÃÅÎÔÒÁÃÅ 0-2.5 
ÂñÈÅÍ ÊÅÄÎÏÔÌÉÖĻÃÈ ÐÒÏÃÈÜÚÅËȟ $ÒÕĿÅÃ ρυȢ ςȢ ςπςρȢ 
 

0ÒÏÃÈÜÚËÁ :ÁéÜÔÅË Konec 
Max. PM2.5 

ɍАÇϽÍ-3] 
Min. PM2.5 
ɍАÇϽm-3] 

0ÒĳÍñÒ 
PM2.5 

ɍАÇϽÍ-3] 

-ÅÄÉÜÎ 
PM2.5 

ɍАÇϽÍ-3] 
1 6:52 7:40 1334 73 136 118 
2 8:54 9:40 881 131 226 211 
3 11:01 11:47 282 60 102 88 
4 12:40 13:30 257 69 84 81 
5 14:48 15:40 380 94 123 117 
6 17:03 18:00 487 88 133 117 
7 19:04 20:02 697 107 150 195 

 
:<6Q2 

 
 3ÔÁÃÉÏÎÜÒÎþ ÍñĠÅÎþ Ö ÏÂÃÉ $ÒÕĿÅÃ ÏÄÈÁÌÉÌÏ ÖĻÒÁÚÎÏÕ ÈÅÔÅÒÏÇÅÎÉÔÕ ËÏÎÃÅÎÔÒÁéÎþÈÏ 
pole PM2.5 v ÐÒÏÓÔÏÒÕ Á éÁÓÅȟ ÚÁÐĠþéÉÎñÎÏÕ ÚÅÊÍïÎÁ ÐÒÏÖÏÚÅÍ ÌÏËÜÌÎþÃÈ ÔÏÐÅÎÉĤĩ ÎÁ ÔÕÈÜ 
ÐÁÌÉÖÁȢ "ñÈÅÍ ĤÐÁÔÎĻÍ ÒÏÚÐÔÙÌÏÖĻÃÈ ÐÏÄÍþÎÅËȟ ÃÈÁÒÁËÔÅÒÉÚÏÖÁÎĻÃÈ ÎþÚËÏÕ ÒÙÃÈÌÏÓÔþ 
ÖñÔÒÕ Á ÎþÚËÏÕ ÔÅÐÌÏÔÏÕ ÖÚÄÕÃÈÕȟ ÄÏÃÈÜÚÅÌÏ ËÅ ÚÖĻÒÁÚÎñÎþ ÈÅÔÅÒÏÇÅÎÉÔÙ ËÏÎÃÅÎÔÒÁéÎþÈÏ 
pole PM2.5ȟ Á Ë ÂñĿÎïÍÕ ÐĠÅËÒÁéÏÖÜÎþ ςτÈÏÄȢ ÌÉÍÉÔÕ 53-EPA pro PM2.5 v ÏÂÃÉȢ :ÜÒÏÖÅĐ ÂÙÌÏ 
ÏÄÈÁÌÅÎÏȟ ĿÅ É ÈÌÕÂÏËÏ Ö ÉÎÔÒÁÖÉÌÜÎÕ ÏÂÃÅ ÌÚÅ ÍþÔ ÏÖÚÄÕĤþ Ó ÎþÚËĻÍÉ ËÏÎÃÅÎÔÒÁÃÅÍÉ PM2.5. 

-ñĠÅÎþ ÍÉÎÕÔÏÖĻÃÈ ËÏÎÃÅÎÔÒÁÃþ 0-2.5 ÚÅ ÓÔÁÃÉÏÎÜÒÎþÈÏ ÍñĠÅÎþ ÎÅÏÄÈÁÌþ ÖÁÒÉÁÂÉÌÉÔÕ 
ËÏÎÃÅÎÔÒÁéÎþÈÏ ÐÏÌÅ 0-2.5 v ÍÉËÒÏÍñĠþÔËÕ ÏÂÃÅ Ö ÏËÁÍĿÉËÕ ÍñĠÅÎþȟ Ë ÔÏÍÕ ÂÙÌÏ ÖÙÕĿÉÔÏ 
ÍÏÂÉÌÎþ ÍñĠÅÎþ ÖÔÅĠÉÎÏÖĻÃÈ ËÏÎÃÅÎÔÒÁÃþ 0-2.5ȟ ËÔÅÒï ÒÏÚĤþĠÉÌÏ ÎÜÈÌÅÄ ÄÏ ÚÍþÎñÎïÈÏ 
mÉËÒÏÍñĠþÔËÁ ÏÂÃÅ Á ÖĻÓÌÅÄËÙ ÍñĠþÃþ ËÁÍÐÁÎñ ÏÂÏÈÁÔÉÌÏ Ï ĭÓÅËÙ ÏÐÁËÏÖÁÎĻÃÈ ÖÙÓÏËĻÃÈ 
ËÏÎÃÅÎÔÒÁÃþ 0-2.5, hot-spoty PM2.5Ȣ 3ÐÏÌÅéÎñ Ó ÄÏËÕÍÅÎÔÏÖÜÎþÍ ÍÏÂÉÌÎþÈÏ ÍñĠÅÎþ ÂÙÌÁ 
ÌÏËÜÌÎþ ÔÏÐÅÎÉĤÔñ ÐÏÔÖÒÚÅÎÁ ÊÁËÏ ÄÏÍÉÎÁÎÔÎþ ÚÄÒÏÊ 0-2.5 v obci. 
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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 scientific 
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 aerosol 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 exponentially and breathing resistance 
increases linearly. On this basis, we decided to experiment with a large-area filter placed 
on the user's back (it wouldn't fit anywhere else) and commercially available textile filter 
material. 

    
EXPERIMENTAL SETUP 

 
We chose the filter material from commonly available textile materials. The two 

candidates included cotton (T-shirt) and polyester knit with a fleece finish (blanket). A 
filter cartridge with an area of 1200 cm2 was assembled from both filter materials, which 
is eight times the area of the respirator. Filter efficiency and pressure drop at an air flow 
of 95 lpm (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 assembled 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-W.C.Hinds" in size, 
was placed in a backpack and connected to a rubber half-mask 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) filter set, C) 
diagram of the filter cartridge in the backpack 

 
RESULTS AND CONCLUSIONS 

 
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 fleece has 
been shown to have a similar Q factor (ratio of aerosol passed to pressure drop) as 
nonwovens used for filtration (Zhao et al. 2020, Fraenkl et al. 2022). The results of the 
filtration efficiency measurements for the 25 cartridges we set up are shown in Fig. 2 
(Fraenkl et al. 2022). The optimum for use in the filtration set was a cartridge with an area 
of 900 cm2 whose size resolved filtration efficiency can be found in Figure 3 (Fraenkl et 
al. 2022). 

 

 
 

Fig. 2 shows the filtration ability of the PES fabric depending on the filter area, which was 

varied as multiples of the area of 150 cm2 (the size of the mask) and the number of layers of 

filter material (adapted from Fraenkl et al. 2022). 
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Fig. 3 shows the experimental curve of the filtration efficiency as a function of the particle 

diameter for the filter cartridge six times the size of a standard mask (900 cm2) with eight layers 

of PES fabric. A red star represents a measurement of ÁÃÃÒÅÄÉÔÅÄ ÌÁÂÏÒÁÔÏÒÙ 6ª"0Ȣ 
 

The assembled filter kit shows a low pressure loss of 84 Pa at a flow rate of 95 lpm, 
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. 
  

 
 
Fig. 4 shows the pressure drop of the filter kit and its components at volumetric flow rates 
of 30 and 95 L/min, which correspond to air inhalation during light and heavy physical 
exercise, respectively. The cross-section of the filter cartridge is shown.  
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According to a Canadian study, the 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 filtering kit is the "unlimited" lifetime. Fleece knit is a 
mechanically resistant material. As we have shown, compared to filters made of non-
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 high-quality respiratory 
protective devices for health care workers, especially in low-and middle-income countries 
or in crisis situations. 
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INTRODUCTION 

 
Climate change and reduction of CO2 emissions drives the need to replace fossil fuels, 

especially coal from use in power generation. This change presents known 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, co-firing of biomass and coal or lowering combustion 
temperature. These methods aim to eliminate the formation or adsorb the corrosive 
species. Evaluating the effectiveness has been mainly carried out by inspecting the boiler 
and heat exchanger surfaces after some time of operation, which makes 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 modern 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 probe, which allows sampling from 
up to 1200 ЈC. 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 ~200-400 ЈC in a controlled 
fashion. 

  

 
 

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 Low-Pressure 
Impactor (ELPI+) which measures the particulate concentration and size distribution 
ÆÒÏÍ φÎÍ ÔÏ ρπАÍ ÉÎ ÒÅÁÌ ÔÉÍÅ ɉ*ßÒÖÉÎÅÎ ÅÔ ÁÌȢȟ ςπρτɊ. It has been found in previous studies 
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 analysis can be 
carried out from samples collected on the ELPI+ collection substrates or from a parallel 
gravimetric collection instrument. 

 
RESULTS AND CONCLUSIONS 

 
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.  

 

 
 

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

The proposed method and instrumentation allow fast tuning of process parameters 
with the aim to reduce the use of additives and coal in co-combustion, while increasing 
the combustion temperature. Therefore, the overall efficiency of the plant can be 
increased while reducing the harmful effects of corrosion. Using this 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.  

 
ACKNOWLEDGEMENT 

 
The measurement campaign at the modern biomass power plant in Helsinki was 

done in co-operation with Tampere University, Finnish Meteorological Institute and 
Valmet. 

 
REFERENCES 

 
*ßÒÖÉÎÅÎȟ !Ȣȟ !ÉÔÏÍÁÁȟ -Ȣȟ 2ÏÓÔÅÄÔȟ !Ȣȟ +ÅÓËÉÎÅÎȟ *Ȣ 9ÌÉ-/ÊÁÎÐÅÒßȟ *Ȣȟ #ÁÌÉÂÒÁÔÉÏÎ ÏÆ ÔÈÅ ÎÅ×  

electrical low-pressure impactor (ELPI+). J. Aerosol Sci., 69, 150-159, (2014). 



 

49 
 

ρπ,%4O -/.)4/2/6<.^ /8)$!I.^(/ 342%35 5 /3/" 02/&%3)/.<,.Q 
%80/./6!.¸#( .!./I<34)#^- 0/-/#^ .%).6!:)6.^#( -%4/$ 

 

Daniela 0%,#,/6<1, 6ÌÁÄÉÍþÒ ¼$^-!,2 
 

1 Klinika  ÐÒÁÃÏÖÎþÈÏ ÌïËÁĠÓÔÖþ ρȢ ,& 5+ Á 6&. 0ÒÁÈÁȟ IÅÓËÜ ÒÅÐÕÂÌÉËÁȟ 
daniela@pelclova.cz 

2 ªÓÔÁÖ ÃÈÅÍÉÃËĻch ÐÒÏÃÅÓĳȟ !6 I2ȟ 0ÒÁÈÁȟ IÅÓËÜ ÒÅÐÕÂÌÉËÁȟ 
 

+ÌþéÏÖÜ ÓÌÏÖÁȡ -ÏÎÉÔÏÒÏÖÜÎþȟ .ÁÎÏéÜÓÔÉÃÅȟ /ØÉÄÁéÎþ ÓÔÒÅÓȟ 0ÒÁÃÏÖÎþÃÉ 
 
 

SUMMARY 
     The long-term effects of exposure to nanoparticles in humans are not known, and 
experimental data suggest oxidative stress and cellular 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 has been monitored during the following work activities: 
nanoTiO2 production (2012 and 2013), Fe oxide pigment production (2013), and 
nanocomposites research (2016-2020). Both online and offline instruments were used 
for the studies, including the Berner Low Pressure 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 analyzed by scanning electron microscopy/energy 
dispersive X-ray spectroscopy (SEM /EDS). The total particle number concentration 
ranged from 1.98x104 to 5.4x105/cm3 and the nanoparticle fraction was 40-95%. Panels 
of oxidative stress biomarkers in the form of lipids, nucleic acids and protein damage were 
analyzed in exhaled breath condensate (EBC), plasma and urine pre-shift and post-shift 
using liquid chromatography-electrospray ionization tandem mass spectrometry (LC-
ESI-MS /MS). Markers for oxidation of lipids, nucleic acids, and proteins in EBC and 
plasma were already elevated in pre-shift samples (p < 0.05) of workers compared to 
controls and showed additional post-shift 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 (cross-shift) and chronic effects of 
exposure. 

 
ª6/$ 

     :ÄÒÁÖÏÔÎþ ĭéÉÎËÙ ÅØÐÏÚÉÃÅ ÎÁÎÏéÜÓÔÉÃþÍ ÎÁ éÌÏÖñËÁ ÎÅÊÓÏÕ ÄÏÓÕÄ ÚÎÜÍÙȟ 
eØÐÅÒÉÍÅÎÔÜÌÎþ ĭÄÁÊÅ ÄÏËÕÍÅÎÔÕÊþ ÏØÉÄÁéÎþ ÓÔÒÅÓ Á ÐÏĤËÏÚÅÎþ ÂÕÎñË Ö ÓÏÕÌÁÄÕ Ó ÎÜÌÅÚÅÍ 
ÚÖĻĤÅÎĻÃÈ ÍÁÒËÅÒĳ ÏØÉÄÁéÎþÈÏ Õ ÐÁÃÉÅÎÔĳ ÓÅ ÓÉÌÉËĕÚÏÕ ÐÌÉÃ Á ÎÅÍÏÃÅÍÉ Ú azbestu, tedy s 
ÅØÐÏÚÉÃþ ÐÒÏËÜÚÁÎĻÍ ËÁÒÃÉÎÏÇÅÎĳÍ ÐÒÏ éÌÏÖñËÁ ɉ0ÅÌÃÌÏÖÁ et alȢ ςππχȟ ςππψɊȢ 0ĠÅÓ ÒÙÃÈÌÅ 
ÒÏÓÔÏÕÃþ ÐÏéÅÔ ÏÓÏÂ ÅØÐÏÎÏÖÁÎĻÃÈ ÎÁÎÏéÜÓÔÉÃþÍ ÊÅ ÐÏéÅÔ ÐÕÂÌÉËÁÃþ ÖÅÌÍÉ ÎþÚËĻ Á ÚÃÅÌÁ 
ÃÈÙÂþ ÄÏÐÏÒÕéÅÎï ÐÏÓÔÕÐÙ ÐÒÏ ÂÉÏÍÏÎÉÔÏÒÉÎÇ ÖÌÉÖÕ ÅØÐÏÚÉÃÅ ÎÁÎÏéÜÓÔÉÃþÍ ÎÁ ÐÒÁÃÏÖÎþËÙ 
(Liou et al. 2017).  

METODY  
     "ñÈÅÍ ÐÏÓÌÅÄÎþÃÈ ρπ ÌÅÔ ÓÔÕÄÏÖÁÌÁ ÎÁĤÅ ÓËÕÐÉÎÁ ÍÁÒËÅÒÙ ÏØÉÄÁéÎþÈÏ ÓÔÒÅÓÕ 
v ÂÉÏÌÏÇÉÃËïÍ ÍÁÔÅÒÉÜÌÕ Õ ÎñËÏÌÉËÁ ÓËÕÐÉÎ ÅØÐÏÎÏÖÁÎĻÃÈ ÐÒÁÃÏÖÎþËĳȢ %ØÐÏÚÉÃÅ ÁÅÒÏÓÏÌÕ 
ÂÙÌÙ ÍñĠÅÎÙ Õ ÔñÃÈÔÏ ÐÒÁÃÏÖÎþÃÈ ÏÐÅÒÁÃþȡ ÖĻÒÏÂÁ ÐÉÇÍÅÎÔĳ ÎÁÎÏ4É/2 (2012 a 2013), 
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ÖĻÒÏÂÁ ÐÉÇÍÅÎÔĳ &Å-ÏØÉÄĳ ɉςπρσɊ Á ÖĻÚËÕÍ Á ÐĠþÐÒÁÖÁ ÎÁÎÏËÏÍÐÏÚÉÔÎþÃÈ ÍÁÔÅÒÉÜÌĳ 
(2016-2020). 3ÏÕÂñĿÎñ ÂÙÌÉ Ö ÒÏÃÅ ςπρσ ÖÙĤÅÔĠÅÎÉ ÚÁÍñÓÔÎÁÎÃÉ Ú ËÁÎÃÅÌÜĠþȟ ËÏÎÔÒÏÌÕÊþÃþ 
provoz v ÄþÌÎÜÃÈ Ó 4É/ς ÐÏ ρυ ÍÉÎ ÐÒÁÃÏÖÎþ ÄÏÂÙ ÄÅÎÎñȟ Á ÖÅ ÖĤÅÃÈ ÌÅÔÅÃÈ ÔÁËï 
ÓÒÏÖÎÁÔÅÌÎñ ÖÅÌËï ËÏÎÔÒÏÌÎþ ÓËÕÐÉÎÙ ÚÅ ÓÔÅÊÎï ÌÏËÁÌÉÔÙ ÂÅÚ ÅØÐÏÚÉÃÅ ÎÁÎÏÍÁÔÅÒÉÜÌĳÍȢ  
     6 ËÏÎÄÅÎÚÜÔÕ ÖÙÄÅÃÈÏÖÁÎïÈÏ ÖÚÄÕÃÈÕȟ ÐÌÁÚÍñ Á ÍÏéÉ ÂÙÌÙ ÁÎÁÌÙÚÏÖÜÎÙ ÂÉÏÍÁÒËÅÒÙ 
ÏØÉÄÁÔÉÖÎþÈÏ ÓÔÒÅÓÕ Ú ÐÏĤËÏÚÅÎþ ÌÉÐÉÄĳ ÍÁÌÏÎÄÉÁÌÄÅÈÙÄ ɉ-$!Ɋ Á ψ-ÉÓÏ0ÒÏÓÔÁÇÌÁÎÄÉÎ&ςɻ 
(8-ÉÓÏÐÒÏÓÔÁÎɊȠ ÍÁÒËÅÒÙ ÏØÉÄÁÃÅ ÎÕËÌÅÏÖĻÃÈ ËÙÓÅÌÉÎ ψ-hydroxy-2-deoxyguanosin (8-
OHdG), 8-hydroxyguanosin (8-OHG), a 5-hydroxymethyl uracil (5-OHMeU); a markery 
ÐÏĤËÏÚÅÎþ ÐÒÏÔÅÉÎĳ Ï-tyrosin (o-Tyr), 3-chlorotyrosin (3 -CLTyr) a 3-nitrotyrosin (3 -
NOTyr).    

 
4ÁÂȢ ρ #ÈÁÒÁËÔÅÒÉÓÔÉËÁ ÖÙĤÅÔĠÏÖÁÎĻÃÈ ÏÓÏÂ Á ÚÜËÌÁÄÎþ ÐÁÒÁÍÅÔÒÙ ÅØÐÏÚÉÃÅȢ  

 
 

6¸3,%$+9 ! $)3+53% 
 

     ªÄÁÊÅ o expozici jsou uvedeny v 4ÁÂȢ ρȢ -ÁÒËÅÒÙ ÏØÉÄÁÃÅ ÌÉÐÉÄĳȟ ÎÕËÌÅÏÖĻÃÈ ËÙÓÅÌÉÎ Á 
ÐÒÏÔÅÉÎĳ ÂÙÌÙ ÚÖĻĤÅÎÙ Ö ÂÉÏÌÏÇÉÃËĻÃÈ ÖÚÏÒÃþÃÈ ÏÄ ÐÒÁÃÏÖÎþËĳ ÊÉĿ ÐĠÅÄ ÓÍñÎÏÕ ɉÐЃπȟπυɊ ÖÅ 
ÓÒÏÖÎÜÎþ Ó ËÏÎÔÒÏÌÎþÍÉ ÏÓÏÂÁÍÉȢ %ÆÅËÔ ÂÙÌ ÊÅĤÔñ ÖĻÒÁÚÎñÊĤþ ÐÏ ÓÍñÎñȟ ËÄÅ ÂÙÌÙ ÚÖĻĤÅÎÙ 
maÒËÅÒÙ Õ ÖĤÅÃÈ ÓËÕÐÉÎ ÏÓÏÂ ÐÒÏÔÉ ËÏÎÔÒÏÌÎþ ÓËÕÐÉÎñ ɉ0ÅÌÃÌÏÖÁ et al., 2020). Jedinou 
ÖĻÊÉÍËÏÕ ÂÙÌ ψ-ÉÓÏÐÒÏÓÔÁÎ Õ ÐÒÁÃÏÖÎþËĳ Ú ËÁÎÃÅÌÜĠþ ÐÒÏÖÏÚÕ 4É/2ȟ É ÚÄÅ ÖĤÁË ÍÁÒËÅÒ 
ÖÙËÁÚÏÖÁÌ ÏÂÄÏÂÎĻ ÔÒÅÎÄȟ ÖÉÚ /ÂÒȢ ρȢ  
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/ÂÒ ρȡ -ÁÒËÅÒÙ ÏØÉÄÁéÎþÈÏ ÓÔÒÅÓÕ Ö ËÏÎÄÅÎÚÜÔÕ ÖÙÄÅÃÈÏÖÁÎïÈÏ ÖÚÄÕÃÈÕ Õ ÐÒÏÆÅÓÉÏÎÜÌÎñ 
ÅØÐÏÎÏÖÁÎĻÃÈ ÓËÕÐÉÎ ÐÒÁÃÏÖÎþËĳ ÎÁ ËÏÎÃÉ ÐÒÁÃÏÖÎþ ÓÍñÎÙ Á Ö ËÏÎÔÒÏÌÎþ ÓËÕÐÉÎñȢ MDA = 
malondialdehyd, 8-isoprostane = 8-isoProstaglandinF2ɻ, 8-OHdG = 8-hydroxy-2-
deoxyguanosin, 8-OHG = 8-hydroxyguanosin, 5-OHMeU = 5-hydroxymethyl uracil, o-Tyr 
= o-tyrosin, 3-ClTyr = 3-chlorotyrosin, 3-NOTyr = 3-nitrotyrosin.     
6ÚÏÒËÙ ÍÏéÉ ÖÙËÁÚÏÖÁÌÙ ÓÔÅÊÎĻ ÔÒÅÎÄȟ ÁÖĤÁË ÂÅÚ ÓÔÁÔÉÓÔÉÃËï ÖĻÚÎÁÍÎÏÓÔÉ Á ÂÅÚ ÚÖĻĤÅÎþ ÐÏ 
ÓÍñÎñȢ  .ÁĤÅ ÄÁÔÁ ÂÙÌÁ ÐÏÒÏÖÎÜÎÁ ÓÅ ÓÔÕÄÉÅÍÉ ÊÉÎĻÃÈ ÖĻÚËÕÍÎþËĳ Á %"# Á ÐÌÁÚÍÁÔÉÃËï 
ÍÁÒËÅÒÙ ÏØÉÄÁéÎþÈÏ ÓÔÒÅÓÕ ÍñĠÅÎï ÖÙÓÏÃÅ ÃÉÔÌÉÖĻÍÉ ÍÅÔÏÄÁÍÉ ,#-ESI-MS/MS souhlasily 
Ó ÎÁĤÉÍÉ ÄÁÔÙ Á ÖÙËÜÚÁÌÙ ÎÜÒĳÓÔ ÉÈÎÅÄ ÐÏ ÓÍñÎñ ɉ7Õ et al. ςπςρɊȟ ÎÁ ÒÏÚÄþÌ ÏÄ ÍÁÒËÅÒĳ Ö 
ÍÏéÉȟ ËÔÅÒï ÓÅ ÚÖÙĤÕÊþ ÁĿ Ï ςτ-ÖþÃÅ ÈÏÄÉÎ ÐÏÚÄñÊÉ ɉ:ÈÁÎÇ et al. 2022).  
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     -ÁÒËÅÒÙ ÏØÉÄÁéÎþÈÏ ÓÔÒÅÓÕ ÍÏÈÏÕ ÂĻÔ ÄÏÓÔÕÐÎÏÕ ÍÅÔÏÄÏÕ Ë ÍÏÎÉÔÏÒÏÖÜÎþ ÅÆÅËÔÕ ÐĠÉ 
ÉÎÈÁÌÁÃÉ ÎÁÎÏéÜÓÔÉÃþÍ Ö ÐÒÁÃÏÖÎþÍ ÐÒÏÓÔĠÅÄþȟ ÌÚÅ ÐĠÉÔÏÍ ÖÙÕĿþÔ ÎÅÉÎÖÁÚÉÖÎþÈÏ ÏÄÂñÒÕ 
tekutin. Vzhledem k ÅØÐÅÒÉÍÅÎÔÜÌÎþÍ ÓÔÕÄÉþÍ É ÖĻÓÌÅÄËĳÍ ÓÔÕÄÉþ Õ ÐÁÃÉÅÎÔĳ Ó ÉÎÈÁÌÁéÎþ 
ÅØÐÏÚÉÃþ ËÁÒÃÉÎÏÇÅÎÎþÍÕ 3É/2 Á ÁÚÂÅÓÔÕ ÊÅ ÐÏÔĠÅÂÎï ÍÏÎÉÔÏÒÏÖÁÔ ÅØÐÏÚÉÃÉ ËÒÏÍñ ÍñĠÅÎþ 
ÁÅÒÏÓÏÌĳ Ö ÏÖÚÄÕĤþ ÔÁËï ÔþÍÔÏ ÅØÐÏÚÉéÎþÍ ÔÅÓÔÅÍ Ú ÂÉÏÌÏÇÉÃËïÈÏ ÍÁÔÅÒÉÜÌÕȢ -ÉÎÉÍÜÌÎþ 
ÖÅÌÉËÏÓÔ ÓËÕÐÉÎÙ ÊÅ ςπ ÐÒÁÃÏÖÎþËĳ Á ςπ ËÏÎÔÒÏÌÎþÃÈ ÏÓÏÂ ÚÅ ÓÔÅÊÎï ÌÏËÁÌÉÔÙȢ $ÏÐÏÒÕéÕÊÅme 
ÖÙĤÅÔĠÉÔ ÁÌÅÓÐÏĐ ÊÅÄÅÎ ÍÁÒËÅÒ ÏØÉÄÁÃÅ ÌÉÐÉÄĳȟ ÎÕËÌÅÏÖĻÃÈ ËÙÓÅÌÉÎ Á ÐÒÏÔÅÉÎĳȢ 6ÈÏÄÎï 
ÎÁéÁÓÏÖÜÎþ ÊÅ ÐÏ ÓÍñÎñ ÎÁ ËÏÎÃÉ ÔĻÄÎÅȟ ËÄÙ ÍÁÒËÅÒÙ ÏØÉÄÁéÎþÈÏ ÓÔÒÅÓÕ ÖÅ ÖĤÅÃÈ ÔĠÅÃÈ 
ÂÉÏÌÏÇÉÃËĻÃÈ ÔÅËÕÔÉÎÜÃÈ ÏÄÒÜĿÅÊþ ÊÁË ÁËÕÔÎþȟ ÔÁË ÃÈÒÏÎÉÃËĻ ÅÆÅËÔ ÅØÐÏÚÉÃÅȢ 
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INTRODUCTION 

 
Atmospheric aerosols (Particulate Matter, 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. 
I., 2010; Li, 2013). Elements enter the 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 assumed that the bioaccessible fraction of elements is more 
relevant for evaluating human health risks than the total concentration of elements 
ɉ#ÉÇÜÎËÏÖÜ ÅÔ ÁÌȢȟ ςπςρa). 

The aim of this study was to determine the total and bioaccessible concentration of 
elements in urban PM1 and PM2.5 aerosol during four seasons. 

 

EXPERIMENTAL SETUP 
 

PM1 and PM2.5 aerosols were sampled in parallel using two high-volume samplers 
(DHA-80 and DHA-77, Digitel, air flow 30 m3/h) for 48 hours  on nitrocellulose membrane 
filters (di ameter 150 ÍÍȟ ÐÏÒÏÓÉÔÙ σ АÍȟ 3ÁÒÔÏÒÉÕÓɊȢ 3ÁÍÐÌÉÎÇ ÔÏÏË ÐÌÁÃÅ ÄÕÒÉÎÇ ÆÏÕÒ ς-
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 of aerosol. 

The sampled aerosol filters were cut into 4 portions. The first part of the filter was 
decomposed in nitric acid using microwave decomposition (UltraWAVE, Milestone) and 
digests were analyzed for the total content of 22 elements (Cu, Pb, Cd, Mn, Fe, Cr, V, Co, 
Na, K, Al, Ca, Ni, Ti, Sr, As, Se, Mo, Sn, Sb, Ba, Zn) by triple quadrupole ICP-MS (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), Gamble solution (GS) and Simulated 
alveoli fluid (SAF) to determine the bioaccessible fraction of analysed elements using 
atomic absorption spectroscopy (AAnalyst 600, Perkin Elmer) or ICP-MS. 

 

RESULTS AND CONCLUSIONS 
 

The highest mass concentrations of both PM1 and PM2.5 aerosol were observed in 
×ÉÎÔÅÒ ɉ#ÉÇÜÎËÏÖÜ ÅÔ ÁÌȢȟ ςπςρÁɊȢ 

The highest total concentration of most elements in PM1 and PM2.5 aerosol was found 
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in winter campaign ɉ#ÉÇÜÎËÏÖÜ ÅÔ ÁÌȢȟ ςπςρÂɊȢ 0-1 and PM2.5 aerosols were also analysed 
for the bioaccessible content of elements in 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 the grant of the Czech Science Foundation P503/20/02203S . This 
work was also eleborated with financial support of the Ministry of Education, Youth and 

Sports within the National Sustainability Programme I, project of Transport R&D Centre 
(LO1610) and on the research infrastructure acquired from the Operation Programme 
Research and Development for Innovations (CZ.1.05/2.1.00/03.0064). 
 

REFERENCES 
 
#ÉÇÜÎËÏÖÜ (Ȣȟ -ÉËÕĤËÁ 0Ȣȟ (ÅÇÒÏÖÜ *Ȣȟ +ÒÁÊéÏÖÉé *Ȣ, Comparison of oxidative potential of 

PM1 and PM2.5 urban aerosol and bioaccessibility of associated elements in three 
simulated lung fluids. Sci. Total Environ., 800, 149502 (2021a). 

#ÉÇÜÎËÏÖÜ (Ȣȟ -ÉËÕĤËÁ 0Ȣȟ (ÅÇÒÏÖÜ *Ȣȟ 0ÏËÏÒÎÜ 0Ȣȟ 3ÃÈ×ÁÒÚ *Ȣȟ +ÒÁÊéÏÖÉé *Ȣȟ Seasonal 
variation and sources of elements in urban submicron and fine aerosol in Brno, 
Czech Republic. Aerosol Air Qual. Res., 21, 200556 (2021b).   

Li H., Qian X., Wang Q., Heavy metals in atmospheric particulate matter: A comprehensive 
understanding is needed for monitoring and risk mitigation , Environ. Sci. Technol., 
47, 13210-13211, (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, 1524-1538, (2010). 

 
 
 
 
 



 

55 
 

OXIDATIVE POTENTIAL OF PM1 AND PM2.5 URBAN AEROSOL AND ASSOCIATED 
ELEMENTS IN THREE SIMULATED LUNG FLUIDS 

 

Hana #)'<.+/6<1, Pavel -)+5£+!1, Jitka (%'2/6<2 

 
1 Institute of Analytical Chemistry of the CAS, v. v i., Brno, Czech Republic, 

cigankova@iach.cz 
2 Transport Research Center (CDV), Brno, 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 human health effects (Ostro, 
ρωωσɊȢ (Ï×ÅÖÅÒȟ ÍÁÓÓ ÃÏÎÃÅÎÔÒÁÔÉÏÎ ÏÆ 0- ÄÏÅÓÎǰÔ ÃÏÎÓÉÄÅÒ ÔÈÅ ÄÉÆÆÅÒÅÎÔ ÃÏÍÐÏÓÉÔÉÏÎÓ 
and toxicological effects of its components. Majority of PM mass constitutes low-toxicity 
components, while minority of trace components may have 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 air pollution exposure. Oxidative stress is caused 
through the capability of PM to generate reactive oxygen species (ROS) within the lung, 
which leads to pro-inflammatory responses that can ultimately results in cell apoptosis 
(Borlaza, 2021). 

 
EXPERIMENTAL SETUP 

 
Aerosol (PM1, PM2.5) samples were collected in parallel using two high-volume 

samplers (DHA-80 and DHA-77, Digitel, air flow rate 30 m3/h) for 48 hours  on 
nitrocellulose membrane filters (diameter 150 mm, porosity 3 АÍȟ 3ÁÒÔÏÒÉÕÓɊȢ 3ÁÍÐÌÉÎÇ 
took place during four 2-week 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; deionized 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 Ј# ×ÉÔÈ $4T (100 ʈ-; 1 mL total volume) for different times (7, 15, 
30, 45, 60 and 90 min). 10% trichloroacetic acid (1 mL) was added to the mixture at the 
designated times to stop the DTT reaction. After incubation, 1 mL of 0.4 M Tris-HCl, 
containing 20 mM EDTA and ςυ ʈ, ÏÆ ρπ Í- υȟυᴂ-dithiobis -2-nitrobenzoic acid (DTNB) 
was added to 0.5 mL of the reaction mixture to react with the remaining DTT. The 
concentration of the formed 2-nitro -5-mercapto-benzoic acid was measured using a UV-
VIS spectrometer (DU 250, Beckman) at wavelength 412 nm. 

The OP of standard solutions of Cu2+, Cu+, Mn2+, V5+, Co2+, Ni2+, Cr3+, Fe2+, Fe3+, As5+, 
As3+, Pb2+, Zn2+, Cd2+, Al3+, Ba2+, Ca2+, K+, Mg2+, Na+, Sn2+, Se2+, Se4+, Sr2+ and Hg2+ was also 
determined by DTT assay. 
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RESULTS AND CONCLUSIONS 
 

The oxidative potential of the PM1 fraction was higher than that of the PM2.5 fraction 
(Fig. 1). Of the measured standard solutions, Cu2+, Mn2+, Fe3+ and, Zn2+ contributed the 
most to the OP of PM. Other elements contributed less (Cd2+, Fe2+ V5+, Co2+, Ni2+, Cr3+, As5+, 
Pb2+) or not at all (Al3+, Ba2+, Ca2+, K+, Mg2+, Na+, Sn2+, Se2+, Se4+, Sr2+, Hg2+, Cu+ and As3+). 

The OP of both PM size fractions, and standard solutions depended on the used SLF. 
The OP was the highest for filters extracted into deionized 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 in the emissions from the combustion of hard and soft 
wood. Wood was combusted in different boilers used for the residential heating in the 
Czech Republic, i.e., overfire boiler, boiler with down-draft 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 oldest (overfire) boiler. 

 
ª6/$ 

 
*ÅÄÎþÍ Ú ÈÌÁÖÎþÃÈ ÚÄÒÏÊĳ ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃ Ö ÏÖÚÄÕĤþ ÊÓÏÕ ÓÐÁÌÏÖÁÃþ ÐÒÏÃÅÓÙȢ 

6ĻÚÎÁÍÎĻÍÉ ÚÜÓÔÕÐÃÉ ÔñÃÈÔÏ ÚÄÒÏÊĳ ÊÓÏÕ ÍÁÌÜ ÓÐÁÌÏÖÁÃþ ÚÁĠþÚÅÎþ ɉ-3:Ɋ ÐÏÕĿþÖÁÎÜ Ë 
ÖÙÔÜÐñÎþ ÄÏÍÜÃÎÏÓÔþ ÂñÈÅÍ ÚÉÍÎþÈÏ ÏÂÄÏÂþȢ 0ÒÏÂÌïÍÅÍ -3: ÊÅ ÎþÚËÜ ÖĻĤËÁ ËÏÍþÎĳȟ 
ËÔÅÒÜ ÚÐĳÓÏÂÕÊÅ ÈÒÏÍÁÄñÎþ ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃ Ö ÄĻÃÈÁÃþ ÚĕÎñ ÏÂÙÖÁÔÅÌ ÍñÓÔ Á ÏÂÃþȢ 4ÁÔÏ 
ÚÁĠþÚÅÎþ ÔÁËï ÎÅÍÁÊþ ĿÜÄÎï éÉĤÔñÎþ ÓÐÁÌÉÎ ɉÆÉÌÔÒÙɊ Á ÎÅÐÌÁÔþ ÐÒÏ Îñ ÏÂÄÏÂÎï ËÏÎÔÒÏÌÎþ Á 
ÒÅÇÕÌÁéÎþ ÍÅÃÈÁÎÉÓÍÙ ÊÁËÏ ÐÒÏ ÖÅÌËï ÚÄÒÏÊÅ ÚÎÅéÉĤĩÏÖÜÎþ ÏÖÚÄÕĤþȢ 6ÙÓÏËÜ koncentrace 
ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃ Ö ÏÖÚÄÕĤþ ÏÖÌÉÖĐÕÊÅ ÌÉÄÓËï ÚÄÒÁÖþȢ £ËÏÄÌÉÖÏÓÔ ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃ 
ÓÏÕÖÉÓþ Ó ÊÅÊÉÃÈ ÄÅÐÏÚÉÃþ Ö ÄĻÃÈÁÃþÍ ÔÒÁËÔÕȢ (ÌÁÖÎþ ÃÅÓÔÏÕ ÖÓÔÕÐÕ ÁÅÒÏÓÏÌÕ ÄÏ ÏÒÇÁÎÉÓÍÕ 
ÊÓÏÕ ÄĻÃÈÁÃþ ÃÅÓÔÙȢ (ÒÕÂï éÜÓÔÉÃÅ ÊÓÏÕ ÚÁÄÒĿÏÖÜÎÙ Ö ÈÏÒÎþÃÈ ÃÅÓÔÜÃÈ ÄĻÃÈÁÃþÃÈȟ ÚÁÔþÍÃÏ 
ÊÅÍÎï éÜÓÔÉÃÅ ɉ0-ςȟυɊ ÐÒÏÎÉËÁÊþ ÈÌÏÕÂñÊÉ ÄÏ ÐÌÉÃȟ ÐÒĳÄÕĤÅË Á ÐÌÉÃÎþÃÈ ÓËÌþÐËĳ ɉ+ĠĳÍÁÌ Á 
ËÏÌȢȟ ςπρςɊȢ "ÙÌÏ ÐÏÔÖÒÚÅÎÏȟ ĿÅ ÄÌÏÕÈÏÄÏÂÜ ÅØÐÏÚÉÃÅ éÜÓÔÉÃþÍ ÓÎÉĿÕÊÅ ÏÂÒÁÎÙÓÃÈÏÐÎÏÓÔ 
éÌÏÖñËÁ ɉ"ÒÕÎÅËÒÅÅÆ Á (ÏÌÇÁÔÅȟ ςππςɊȢ !ÅÒÏÓÏÌÏÖï éÜÓÔÉÃÅ ÎÁ sebe vÜĿÏÕ ÔÏØÉÃËï Á 
ËÁÒÃÉÎÏÇÅÎÎþ ÓÌÏÕéÅÎÉÎÙȟ ÊÁËÏ ÊÓÏÕ ÎÁÐĠþËÌÁÄ ÐÏÌÙÃÙËÌÉÃËï ÁÒÏÍÁÔÉÃËï ÕÈÌÏÖÏÄþËÙȟ 
ÐÏÌÙÃÈÌÏÒÏÖÁÎï ÂÉÆÅÎÙÌÙ Á ÏÓÔÁÔÎþ ÏÒÇÁÎÏÃÈÌÏÒÏÖï ÓÌÏÕéÅÎÉÎÙȟ ÔñĿËï ËÏÖÙ Á ÄÁÌĤþ ÐÏÌÕÔÁÎÔÙ 
ɉ+ĠĳÍÁÌ Á ËÏÌȢȟ ςπρςɊȟ ËÔÅÒï ÓÅ ÐÏ ÄÅÐÏÚÉÃÉ v ÐÌÉÃþÃÈ ÍÏÈÏÕ Ú éÜÓÔÉÃ ÕÖÏÌĐÏÖÁÔ Á ÐÒÏÎÉËÁÔ 
do organismu. 
0ĠÅÖÜĿÎÜ éÜÓÔ ÚÎÅéÉĤĩÕÊþÃþÃÈ ÌÜÔÅË Ú -3: ÊÅ ÄÏ ÏÖÚÄÕĤþ ÅÍÉÔÏÖÜÎÁ ÂñÈÅÍ ÔÏÐÎï ÓÅÚĕÎÙ 

Ö ÚÉÍÎþÍ ÏÂÄÏÂþȢ 3ÁÍÏÔÎÜ ÔÏÐÎÜ ÓÅÚĕÎÁ ÔÒÖÜ ÃÃÁ υ ÍñÓþÃĳȟ ÔÁËĿÅ ÒÅÜÌÎĻ ÐÏÄþÌ -3: ÎÁ 
ÁËÔÕÜÌÎþÍ ÌÏËÜÌÎþÍ ÚÎÅéÉĤÔñÎþ ÂñÈÅÍ ÔÏÐÎï ÓÅÚĕÎÙ ÊÅ ÐÏÄÓÔÁÔÎñ ÖÙĤĤþȟ ÎÅĿ ÊÓÏÕ ÕÖÜÄñÎï 
ÐÒĳÍñÒÎï ÒÏéÎþ ÈÏÄÎÏÔÙȢ 3ÔÁÒï ÔÅÃÈÎÏÌÏÇÉÅ ÓÐÁÌÏÖÜÎþ ɉÐÒÏÈÏĠþÖÁÃþ Á ÏÄÈÏĠþÖÁÃþ ËÏÔÌÅɊ 
ÊÓÏÕ ÖÅÌÍÉ ÒÏÚĤþĠÅÎï ÈÌÁÖÎñ ÖÅ ÓÔĠÅÄÎþ Á ÖĻÃÈÏÄÎþ éÜÓÔÉ %ÖÒÏÐÙȟ ÃÏĿ ÚÐĳÓÏÂÕÊÅ ÚÎÁéÎï 
ÚÎÅéÉĤÔñÎþ ÏÖÚÄÕĤþ ÁÅÒÏÓÏÌÏÖĻÍÉ éÜÓÔÉÃÅÍÉ ÂñÈÅÍ ÔÏÐÎĻÃÈ ÓÅÚĕÎȢ -ÏÄÅÒÎþ ÓÐÁÌÏÖÁÃþ 
ÚÁĠþÚÅÎþ ɉÁÕÔÏÍÁÔÉÃËï ËÏÔÌÅɊ ÐÒÏÄÕËÕÊþ ÖĻÚÎÁÍÎñ ÍïÎñ ÅÍÉÓþ ÚÎÅéÉĤĩÕÊþÃþÃÈ ÌÜÔÅË, a proto 
ÓÅ ÚÖÙĤÕÊÅ ÔÌÁË ÎÁ ÖĻÍñÎÕ ÓÔÁÒĻÃÈ ÚÁĠþÚÅÎþ ÚÁ ÎÏÖÜ. 
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3ÐÁÌÏÖÁÃþ ÚËÏÕĤËÙ ÂÙÌÙ ÐÒÏÖÅÄÅÎÙ ÓÅ ÚÜÓÔÕÐÃÉ ÔÖÒÄïÈÏ ɉÂÕËɊ Á ÍñËËïÈÏ ɉÓÍÒk) 

ÄĠÅÖÁȟ Ö ÏÄÌÉĤÎĻÃÈ ÔÙÐÅÃÈ ÓÐÁÌÏÖÁÃþÃÈ ÚÁĠþÚÅÎþ a ÚÁ ÏÄÌÉĤÎĻÃÈ ÐÏÄÍþÎÅË ÓÐÁÌÏÖÜÎþ 
(ÊÍÅÎÏÖÉÔĻ Á ÓÎþĿÅÎĻ ÖĻËÏÎɊȢ 0ÏÕĿÉÔÜ ÓÐÁÌÏÖÁÃþ ÚÁĠþÚÅÎþ ÐĠÅÄÓÔÁÖÏÖÁÌÙ ÊÁË ÚÜÓÔÕÐÃÅ 
ÓÔÁÒĻÃÈ ËÏÎÓÔÒÕËéÎþÃÈ ĠÅĤÅÎþ ɉÐÒÏÈÏĠþÖÁÃþ a ÏÄÈÏĠþÖÁÃþ ËÏÔelɊȟ ÔÁË ÔÁËï ÍÏÄÅÒÎþ ÓÐÁÌÏÖÁÃþ 
ÚÁĠþÚÅÎþ ɉÚÐÌÙĐÏÖÁÃþ Á automatickĻ ËÏÔÅÌɊȢ 3ÐÁÌÏÖÁÃþ ÚËÏÕĤËÙ ÂÙÌÙ ÐÒÏÖÅÄÅÎÙ ÚÁ ÐÏÕĿÉÔþ 
ÓÔÁÎÄÁÒÄÉÚÏÖÁÎĻÃÈ ÐÏÓÔÕÐĳ ɉ%. σπσ-υɊȢ 3ÐÁÌÉÎÙ ÂÙÌÙ Ú ËÏÔÌĳ ÏÄÖÅÄÅÎÙ ÉÚÏÌÏÖÁÎĻÍ 
ËÏÍþÎÅÍ ɉÄÌÅ ÓÔÁÎÄÁÒÄÎþÃÈ ÐÏĿÁÄÁÖËĳɊ Ë ĠÅÄÉÃþÍÕ ÔÕÎÅÌÕȢ ~ÅÄÉÃþ ÐÏÍñÒ ÂÙÌ ÓÔÁÎÏÖÅÎ ÄÌÅ 
ÏéÅËÜÖÁÎïÈÏ ÍÎÏĿÓÔÖþ ÓÐÁÌÉÎȢ /ÄÂñÒ ÖÚÏÒËĳ ÓÐÁÌÉÎ ÐÒÏ ÎÜÓÌÅÄÎï ÁÎÁÌĻÚÙ ÂÙÌ ÒÅÁÌÉÚÏÖÜÎ Ö 
ĠÅÄÉÃþÍ ÔÕÎÅÌÕȢ 3ÐÁÌÉÎÙ (TSP frakce) ÂÙÌÙ ÏÄÅÂþÒÜÎÙ ÉÚÏËÉÎÅÔÉÃËÙ ÎÁ ËĠÅÍÅÎÎï ÆÉÌÔÒÙȟ ËÔÅÒï 
ÂÙÌÙ ÐÏÄÒÏÂÅÎÙ ÁÎÁÌĻÚÜÍ ÏÒÇÁÎÉÃËĻÃÈ ÓÌÏÕéÅÎÉÎȟ ÖéÅÔÎñ ÔÏØÉÃËĻÃÈ Á ËÁÒÃÉÎÏÇÅÎÎþÃÈ 
ÐÏÌÙÃÙËÌÉÃËĻÃÈ ÁÒÏÍÁÔÉÃËĻÃÈ ÕÈÌÏÖÏÄþËĳ ɉ0!5Ɋȟ Á ÖÙÂÒÁÎĻÃÈ ÏÒÇÁÎÉÃËĻÃÈ ÍÁÒËÅÒĳ 
ɉÁÎÈÙÄÒÉÄÙ ÍÏÎÏÓÁÃÈÁÒÉÄĳȟ ÄÉÔÅÒÐÅÎÏÉÄÙɊȟ ÐÏÍÏÃþ ËÔÅÒĻÃÈ ÌÚÅ ÉÄÅÎÔÉÆÉËÏÖÁÔ ÅÍÉÓÎþ ÚÄÒÏÊÅ 
Ö ÍñÓÔÓËïÍ ÁÅÒÏÓÏÌÕȢ 
&ÉÌÔÒÙ Ó ÎÁÖÚÏÒËÏÖÁÎĻÍÉ ÁÅÒÏÓÏÌÙ ÂÙÌÙ ÒÏÚÓÔĠþÈÜÎÙ ÎÁ ς éÜÓÔÉȢ 0ÒÖÎþ éÜÓÔ ÂÙÌÁ ÐÏÕĿÉÔÁ 

ÐÒÏ ÓÐÏÌÅéÎÏÕ ÅØÔÒÁËÃÉ ÁÎÈÙÄÒÉÄĳ ÍÏÎÏÓÁÃÈÁÒÉÄĳ Á ÄÉÔÅÒÐÅÎÏÉÄĳ ɉÐÒÙÓËÙĠÉéÎï ËÙÓÅÌÉÎÙɊ 
ÐÏÍÏÃþ ÓÍñÓÉ ÄÉÃÈÌÏÒÍÅÔÈÁÎȾÍÅÔÈÁÎÏÌ ɉρȡρ ÖȾÖɊ Ö ÕÌÔÒÁÚÖÕËÏÖï ÖÏÄÎþ ÌÜÚÎÉȢ %ØÔÒÁËÔÙ 
ÂÙÌÙ ÐÏ ÄÅÒÉÖÁÔÉÚÁÃÉ ÁÎÁÌÙÚÏÖÜÎÙ ÐÏÍÏÃþ '#--3 ɉ+ĠĳÍÁÌ Á ËÏÌȢȟ ςπρ7). Ve ÄÒÕÈï éÜÓÔÉ ÆÉÌÔÒĳ 
ÂÙÌÙ ÁÎÁÌÙÚÏÖÜÎÙ ÐÏÌÙÃÙËÌÉÃËï ÁÒÏÍÁÔÉÃËï ÕÈÌÏÖÏÄþËÙ ɉ0!5ɊȢ %ØÔÒÁËÃÅ ÐÒÏÂþÈÁÌÙ ÓÍñÓþ 
ÈÅØÁÎȾÄÉÃÈÌÏÒÍÅÔÈÁÎ ɉρȡρ ÖȾÖɊȢ %ØÔÒÁËÔÙ ÂÙÌÙ ÐÏ ÆÒÁËÃÉÏÎÁÃÉ ÁÎÁÌÙÚÏÖÜÎÙ ÐÏÍÏÃþ '#-MS 
ɉ+ĠĳÍÁÌ Á ËÏÌȢȟ ςπρσȠ -ÉËÕĤËÁ Á ËÏÌȢȟ ςπρυɊȢ 

 
6¸3,%$+9 ! $)3+53% 

 
 %ÍÉÓÎþ ÆÁËÔÏÒÙ éÜÓÔÉÃ ɉ430Ɋ Á ÏÒÇÁÎÉÃËĻÃÈ ÓÌÏÕéÅÎÉÎ ÂÙÌÙ ÍÎÏÈÅÍ ÖÙĤĤþ ɉ/ÂÒȢ ρɊ 
ÐĠÉ ÓÐÁÌÏÖÜÎþ ÖÅ ÓÔÁÒĻÃÈ ÔÙÐÅÃÈ ËÏÔÌĳ ÎÅĿ Ö ÍÏÄÅÒÎþÃÈ ÔÙÐÅÃÈ ÐÒÏ ÏÂñ ÓÐÁÌÏÖÁÎÜ ÐÁÌÉÖÁȟ 
ÔÊȢ ÍñËËï ɉÓÍÒËÏÖïɊ Á ÔÖÒÄï ɉÂÕËÏÖïɊ ÄĠÅÖÏȢ .ÅÊÖÙĤĤþ ÅÍÉÓÅ éÜÓÔÉÃ ÂÙÌÙ ÚÅ ÓÐÁÌÏÖÜÎþ 
smrkovïÈÏ ɉÁĿ σ χςχ ÍÇȾËÇɊ Á ÂÕËÏÖïÈÏ ÄĠÅÖÁ ɉÁĿ σ ςυσ ÍÇȾËÇɊ ÖÅ ÓÔÁÒĤþÃÈ ËÏÔÌþÃÈ ÐĠÉ 
ÓÎþĿÅÎïÍ ÖĻËÏÎÕ ɉσυɀ45 ϷɊȢ .ÁÏÐÁË ÅÍÉÓÎþ ÆÁËÔÏÒÙ éÜÓÔÉÃ Ú ÁÕÔÏÍÁÔÉÃËïÈÏ ËÏÔÌÅ ÐÒÏ 
ÓÐÁÌÏÖÜÎþ ÓÍÒËÏÖĻÃÈ ÐÅÌÅÔ ÂÙÌÙ ÎÅÊÎÉĿĤþ ɉφωɀ118 mg/kg) a koncentrace mnoha 
ÏÒÇÁÎÉÃËĻÃÈ ÓÌÏÕéÅÎÉÎ ÂÙÌÙ ÐÏÄ ÌÉÍÉÔÅÍ ÄÅÔÅËÃÅ ÁÎÁÌÙÔÉÃËï ÍÅÔÏÄÙȢ $ĳÖÏÄÅÍ ÔÏÈÏÔÏ 
ÒÏÚÄþÌÕ ÊÅ ÊÉÎĻ ÚÐĳÓÏÂ ÐĠÉËÌÜÄÜÎþ ÐÁÌÉÖÁȟ ÏÄÌÉĤÎÜ ËÏÎÓÔÒÕËÃÅ ËÏÔÌÅ Á ÏÄÌÉĤÎĻ ÚÐĳÓÏÂ 
ÓÐÁÌÏÖÜÎþ ÐÁÌÉÖÁȢ 5 ÁÕÔÏÍÁÔÉÃËïÈÏ ËÏÔÌÅ ÊÅ ÓÐÁÌÏÖÜÎþ ÐÌÙÎÕÌïȟ ÐÒÏÔÏĿÅ ÐÁÌÉÖÏ ÊÅ Ö ÍÅÎĤþÃÈ 
ÄÜÖËÜÃÈ ÐĠÉÄÜÖÜÎÏ ÁÕÔÏÍÁÔÉÃËÙ ÐÏÍÏÃþ ÄÏÐÒÁÖÎþËÕ ÐÁÌÉÖÁ ÎñËÏÌÉËÒÜÔ ÚÁ ÍÉÎÕÔÕȢ 3ÕÍÁ 
ÅÍÉÓÎþÃÈ ÆÁËÔÏÒĳ ÐÒÏ 0!5 ÓÅ ÐÏÈÙÂÏÖÁÌÁ ÍÅÚÉ πȟππς Á ρρȟσ ÍÇȾËÇ Ö ÚÜÖÉÓÌÏÓÔÉ ÎÁ 
ÐÏÕĿÉÔïÍ ËÏÔÌÉ Á ÐÁÌÉÖÕȢ 3ÕÍÙ ÅÍÉÓÎþÃÈ ÆÁËÔÏÒĳ ÁÎÈÙÄÒÉÄĳ ÍÏÎÏÓÁÃÈÁÒÉÄĳ ɉÏÒÇÁÎÉÃËĻÃÈ 
ÍÁÒËÅÒĳ ÐÒÏ ÓÐÁÌÏÖÜÎþ ÂÉÏÍÁÓÙɊ ÂÙÌÙ ÎÅÊÎÉĿĤþ Ö ÁÕÔÏÍÁÔÉÃËïÍ ËÏÔÌÉ ɉÁĿ πȟσωχ ÍÇȾËÇɊȢ 5 
ÏÓÔÁÔÎþÃÈ ËÏÔÌĳ ÄÏÓÁÈÏÖÁÌÙ ÁĿ τπυ mÇȾËÇȢ 3ÕÍÙ ÅÍÉÓÎþÃÈ ÆÁËÔÏÒĳ ÄÉÔÅÒÐÅÎÏÉÄĳ 
ɉÏÒÇÁÎÉÃËĻÃÈ ÍÁÒËÅÒĳ ÐÒÏ ÓÐÁÌÏÖÜÎþ ÊÅÈÌÉéÎÁÔïÈÏ ÄĠÅÖÁɊȟ ÔÊȢ ÄÅÈÙÄÒÏÁÂÉÔÏÖï ËÙÓÅÌÉÎÙȟ 
ÁÂÉÅÔÏÖï ËÙÓÅÌÉÎÙ Á ÒÅÔÅÎÕȟ ÂÙÌÙ ÔÁËï ÎÅÊÎÉĿĤþ Õ ÁÕÔÏÍÁÔÉÃËïÈÏ ËÏÔÌÅ ɉÁĿ πȟππυ ÍÇȾËÇɊȟ 
ÚÁÔþÍÃÏ Õ ÏÓÔÁÔÎþÃÈ ËÏÔÌĳ ÄÏÓÁÈÏÖÁÌÙ ÁĿ ςςȟς ÍÇȾËÇȢ 

.ÁĤÅ ÐÏÚÏÒÎÏÓÔ ÂÙÌÁ ÚÁÍñĠÅÎÁ ÐĠÅÄÅÖĤþÍ ÎÁ ÁÎÁÌĻÚÕ ÏÒÇÁÎÉÃËĻÃÈ ÍÁÒËÅÒĳ Á 
ÎÜÓÌÅÄÎï ÓÔÁÎÏÖÅÎþ ÃÈÁÒÁËÔÅÒÉÓÔÉÃËĻÃÈ ÐÏÍñÒĳȟ ËÔÅÒï ÓÌÏÕĿþ ÊÁËÏ ÐÏÍÏÃÎï ÉÄÅÎÔÉÆÉËÜÔÏÒÙ 
ÅÍÉÓÎþÃÈ ÚÄÒÏÊĳ éÜÓÔÉÃ Ö ÏÖÚÄÕĤþȢ #ÈÁÒÁËÔÅÒÉÓÔÉÃËï ÐÏÍñÒÙ ÐÒÏ ÌÅÖÏÇÌÕËÏÓÁÎȾÍÁÎÎÏÓÁÎ, 
tj. 13,4ɀρψȟφ ÐÒÏ ÓÐÁÌÏÖÜÎþ ÂÕËÏÖïÈÏ Á ςȟρρɀτȟρφ ÐÒÏ ÓÐÁÌÏÖÜÎþ ÓÍÒËÏÖïÈÏ ÄĠÅÖÁȟ ÂÙÌÙ 
ÐĠÉÂÌÉĿÎñ ÓÈÏÄÎï Ó ÈÏÄÎÏÔÁÍÉ ÕÖÅÄÅÎĻÍÉ Ö ÌÉÔÅÒÁÔÕĠÅȢ  $ÉÁÇÎÏÓÔÉÃËï ÐÏÍñÒÙ ÐÒÏ 0!5 ÂÙÌy 
ÎÁÏÐÁË ÈÏÄÎñ ÏÄÌÉĤÎï ÏÄ ĭÄÁÊĳ Ö ÌÉÔÅÒÁÔÕĠÅȢ 0!5 ÖÚÎÉËÁÊþ ÐĠÅÄÅÖĤþÍ ÐĠÉ ÎÅÄÏËÏÎÁÌïÍ 
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ÓÐÁÌÏÖÜÎþ ÏÒÇÁÎÉÃËïÈÏ ÍÁÔÅÒÉÜÌÕȢ 6ĤÅÃÈÎÙ ÐÏÍñÒÙ ÕÖÜÄñÎï Ö ÌÉÔÅÒÁÔÕĠÅ ÊÓÏÕ ÖĻÓÌÅÄËÅÍ 
ÓÐÁÌÏÖÜÎþ ÐÁÌÉÖ Ö ËÁÍÎÅÃÈ Á ËÒÂÅÃÈ Ó ÄÏÓÔÁÔËÅÍ ÖÚÄÕÃÈÕ ɉÄÏËÏÎÁÌï ÈÏĠÅÎþɊȢ #þÌÅÍ ÎÁĤÉÃÈ 
ÅØÐÅÒÉÍÅÎÔĳ ÂÙÌÏ ÐĠÉÂÌþĿÉÔ ÓÅ ÒÅÜÌÎĻÍ ÅÍÉÓþÍ Ú ÄÏÍÜÃÎÏÓÔþȟ ÐÒÏÔÏ ÂÙÌÏ ÐÁÌÉÖÏ ÓÐÁÌÏÖÜÎÏ 
Ö ËÏÔÌþÃÈ ÓÅ ÊÍÅÎÏÖÉÔĻÍ Á ÓÅ ÄÖñÍÁ ÓÎþĿÅÎĻÍÉ ÖĻËÏÎÙ ɉÃÃÁ συɀ45 % a 60ɀ70 %). 
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/ÂÒȢ ρȡ %ÍÉÓÎþ ÆÁËÔÏÒÙ (mg/kg) pro TSP, PAU ɉÐÏÌÙÃÙËÌÉÃËï ÁÒÏÍÁÔÉÃËï ÕÈÌÏÖÏÄþËÙɊȟ -!Ó 
ɉÁÎÈÙÄÒÉÄÙ ÍÏÎÏÓÁÃÈÁÒÉÄĳɊ ÚÅ ÓÐÁÌÏÖÜÎþ ÐÁÌÉÖ Ö ËÏÔÌþÃÈ ÐĠÉ ÒĳÚÎĻÃÈ ÖĻËÏÎÅÃÈ ɉϷɊ. 
 

:<6Q2 
 
.ÅÊÖÙĤĤþ ÅÍÉÓÎþ ÆÁËÔÏÒÙ ÂÙÌÙ ÎÁÌÅÚÅÎÙ ÐĠÉ ÓÐÁÌÏÖÜÎþ Ö ÎÅÊÓÔÁÒĤþÃÈ ÔÙÐÅÃÈ ËÏÔÌĳ ÐÒÏ 

ÖĤÅÃÈÎÁ ÐÁÌÉÖÁȢ +ÒÏÍñ ÓÔÁÎÏÖÅÎþ ÔÏØÉÃËĻÃÈ 0!5 ÂÙÌÁ ÐÏÚÏÒÎÏÓÔ ÚÁÍñĠÅÎÁ na markery, 
pÏÍÏÃþ ËÔÅÒĻÃÈ ÌÚÅ ÕÒéÉÔ ÚÄÒÏÊ ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃ ÎÁ ÍÏÎÉÔÏÒÏÖÁÎï ÌÏËÁÌÉÔñȢ 

 
0/$Q+/6<.^ 

 
4ÁÔÏ ÐÒÜÃÅ ÂÙÌÁ ÐÏÄÐÏÒÏÖÜÎÁ ÖĻÚËÕÍÎĻÍ ÚÜÍñÒÅÍ ªÓÔÁÖÕ ÁÎÁÌÙÔÉÃËï ÃÈÅÍÉÅ !6 I2ȟ 

v. v. i. (RVO:68081715)ȟ 'ÒÁÎÔÏÖÏÕ !ÇÅÎÔÕÒÏÕ IÅÓËï ÒÅÐÕÂÌÉËÙ ɉ503/20/02203S ) a 
Ministerstvem ĤËÏÌÓÔÖþȟ ÍÌÜÄÅĿÅ Á ÔñÌÏÖĻÃÈÏÖÙ v ÒÜÍÃÉ ÐÒÏÊÅËÔÕ ERDF/ESF 
(CZ.02.1.01/0.0/0.0/18_069/0010049). 
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INTRODUCTION 
 

Ammonia is a significant gaseous pollutant present in the atmosphere. As a 
neutralizing agent of acidic species ammonia forms particle-phase ammonium (NH4

+) 
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 to human. 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, 1991). 

Presented paper describes the use of the novel continuous aerosol sampler for 
online, and a commercial cascade impactor for offline, determination of NH4

+ in ambient 
air. 
 

EXPERIMENT SETUP 
 

The aerosol sampling system consisted of cyclone inlet (2.5 Аm cut-off diameter, 
10 L min-1), annular diffusion denuder for removing gaseous NH3 and continuous aerosol 
sampler (CGU-!#4*5ȟ -ÉËÕĤËÁ ÅÔ ÁÌȢȟ ςπρψȠ !ÌÅØÁ ÁÎÄ -ÉËÕĤËÁȟ ςπςπɊ ÆÏÒ ÃÏÌÌÅÃÔÉÎÇ ÔÈÅ 
aerosol particles into deionized water (1 mL min-1). Subsequently the collected NH4

+ was 
detected via analyser on the principle of continuous flow system (CFS) with fluorometric 
(FL) detection based on the reaction of NH4+ with o-phthaldialdehyde and sulphite in 
alkaline solution to form isoindol-1-sulphonate (Genfa et al., 1989). The concentrations 
were measured with a time resolution of 1 s. 

The high-flow cascade impactor (100 L min-1, 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 CFS-FL analyser (NH4

+) and an ion chromatography 
(fluorides, chlorides, nitrites, nitrates, sulphates, phosphates and oxalates). 

The measurement of NH4+ in ambient air in Brno carried out during two 
campaigns. The summer campaign was going on 19. 7. ɀ 5. 8. 2021 and the winter 
campaign 7.ɀ24. 2. 2022 (Fig. 1). Both campaigns were performed on a terrace on the first 
ÆÌÏÏÒ ÏÆ ÔÈÅ )ÎÓÔÉÔÕÔÅ ÏÆ !ÎÁÌÙÔÉÃÁÌ #ÈÅÍÉÓÔÒÙ ɉ5)!#(Ɋ ÁÔ 6ÅÖÅĠþ 3ÔÒÅÅÔȢ 4ÈÅ ÐÁÒÔÉÃÕÌÁÔÅ 
number concentration and size distribution of PM in the size range 7.64ɀ299.6 nm were 
measured with the SMPS spectrometer (model 3936L72, TSI). The temperature, relative 
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humidity, wind speed and direction, irradiation and precipitations were measured using 
meteorological station (UIACH, roof). 

 
RESULT AND CONCLUSION 

 
The innovated continuous sampler CGU-ACTJU was optimized and used for online 
determination of NH4

+ in urban air. Due to high sensitivity of FL detection (LOD = 3.52 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-FL analyser. 
 
 

 
 

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 cross-road 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 concentrations than by 
instrument detection limit, offering a considerable opportunity for the use of low-cost 
non-optical instruments. Differentiating and discriminating particles from the measured 
vehicle from other sources, background and especially other vehicles remains to be a 
challenge and imposes limitations on spacing between measured vehicles. 
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0ĠþÓÐñÖÅË ÓÅ ÚÁÂĻÖÜ ÐÒÁËÔÉÃËĻÍÉ ÌÉÍÉÔÙ ÄÜÌËÏÖïÈÏ ÍñĠÅÎþ ÖĻÆÕËÏÖĻÃÈ ÅÍÉÓþ 

ÍÏÔÏÒÏÖĻÃÈ ÖÏÚÉÄÅÌȟ ÐÒÏÖÜÄñÎïÈÏ ÚÁ ĭéÅÌÅÍ ÄÅÔÅËÃÅ ÖÏÚÉÄÅÌ ÂÅÚ ÆÕÎËéÎþÈÏ ÆÉÌÔÒÕ éÜÓÔÉÃȢ 
MotÏÒÏÖÜ ÖÏÚÉÄÌÁ ÊÓÏÕ ÐÏÖÁĿÏÖÜÎÁ ÚÁ ÊÅÄÅÎ Ú ÎÅÊÖĻÚÎÁÍÎñÊĤþÃÈ ÚÄÒÏÊĳ ÅÍÉÓþ éÜÓÔÉÃȟ 

ÍñĠÅÎĻÃÈ ÄÌÅ ÃÅÌËÏÖï ÈÍÏÔÎÏÓÔÉȟ Ö ÍñÓÔÓËĻÃÈ ÁÇÌÏÍÅÒÁÃþÃÈȢ 6ÚÈÌÅÄÅÍ Ë ÐÒĳÍñÒÕ 
ÐÒÉÍÜÒÎþÃÈ éÜÓÔÉÃ ĠÜÄÏÖñ ÄÅÓÅÔ ÎÁÎÏÍÅÔÒĳ Á ÊÅÊÉÃÈ ÅÍÉÓÉ ÎÉËÏÌÉÖ ÎÁ ÖÒÃÈÏÌÕ ËÏÍþÎÁȟ ÁÌÅ 
v ÍÁÌï ÖĻĤÃÅ ÕÐÒÏÓÔĠÅÄ ÕÌÉÃȟ ÌÚÅ ÐĠÅÄÐÏËÌÜÄÁÔȟ ĿÅ ÍÁÊþ ÈÌÁÖÎþ ÐÏÄþÌ ÎÁ ÃÅÌËÏÖïÍ ÄÏÐÁÄÕ 
ÅÍÉÔÏÖÁÎĻÃÈ éÜÓÔÉÃ ÎÁ ÌÉÄÓËï ÚÄÒÁÖþȢ 2ÏÚÌÏĿÅÎþ ÅÍÉÓþ ÐÏÄïÌ ÔÒÁÓÙ ÊþÚÄÙ ÄÁÎïÈÏ ÖÏÚÉÄÌÁ ÁÎÉ 
ÍÅÚÉ ÖÏÚÉÄÌÙ ÎÅÎþ ÒÏÖÎÏÍñÒÎïȟ ÁÌÅ ÊÅ ÐÏÄÏÂÎï ÎÁÐĠȢ ,ÏÒÅÎÚÏÖñ ËĠÉÖÃÅ ɉ,ÏÒÅÎÚȟ ρωπυɊȢ 
Relativnñ ÍÁÌÜ éÜÓÔ ÖÏÚÏÖïÈÏ ÐÁÒËÕ ÍÜ ÔÁË ÚÎÁéÎĻȟ ÁĿ ÄÏÍÉÎÁÎÔÎþȟ ÐÏÄþÌ ÎÁ ÃÅÌËÏÖĻÃÈ 
ÅÍÉÓþÃÈȢ .ÅÊÅÄÎÜ ÓÅ ÐÏÕÚÅ Ï ÓÔÁÒÜ ÖÏÚÉÄÌÁȟ ÁÌÅ ÚÅÊÍïÎÁ Ï ÖÏÚÉÄÌÁ Ö ÎÅÖÙÈÏÖÕÊþÃþÍ 
ÔÅÃÈÎÉÃËïÍ ÓÔÁÖÕȠ ÄÏÂĠÅ ÕÄÒĿÏÖÁÎï ÓÔÁÒĤþ ÖÏÚÉÄÌÏ ÔÁË ÍĳĿÅ ÍþÔ ÎÉĿĤþ ÅÍÉÓÅ éÜÓÔÉÃȟ ÎÅĿ 
ÖÏÚÉÄÌÏ ÎÏÖñÊĤþ Ö ÎÅÏÄÐÏÖþÄÁÊþÃþÍ ÔÅÃÈÎÉÃËïÍ ÓÔÁÖÕȢ !ÕÔÏÍÏÂÉÌÙ Ó ÎÁÆÔÏÖĻÍÉ ÍÏÔÏÒÙ 
ÍñĠÅÎï ÄÜÌËÏÖñ Ö 0ÒÁÚÅȟ ËÔÅÒï ÎÅÍñÌÙ ÆÕÎËéÎþ ÆÉÌÔÒ éÜÓÔÉÃȟ Áé ÊÅÊ Ú ÖĻÒÏÂÙ ÍñÌÙ ÍþÔȟ 
ÖÙËÁÚÏÖÁÌÙ ÐÒĳÍñÒÎñ ÖÙĤĤþ ÅÍÉÓÅ éÜÓÔÉÃ ÎÅĿ ÓÔÁÒĤþ ÖÏÚÙ ÂÅÚ ÆÉÌÔÒÕ ɉ3ËÜÃÅÌ Á ËÏÌȢȟ ςπρψɊȢ  
6ÙÈÌÅÄÜÖÜÎþ vozidel s ÎÁÄÍñÒÎĻÍÉ ÅÍÉÓÅÍÉ Á ÍÏÔÉÖÁÃÅ ÐÒÏÚÏÖÁÔÅÌĳ Ë ÊÅÊÉÃÈ ÏÐÒÁÖñ 

ÎÅÂÏ ÖÙĠÁÚÅÎþ Ú ÐÒÏÖÏÚÕȟ ÃÏĿ ÌÚÅ ÐÏÖÁĿÏÖÁÔ ÚÁ éÁÓÏÖñȟ ÔÅÃÈÎÉÃËÙ É ÅËÏÎÏÍÉÃËÙ ÎÅÊÍïÎñ 
ÎÜÒÏéÎĻ ÚÐĳÓÏÂ ÊÁË ÓÎþĿÉÔ ÃÅÌËÏÖï ÖĻÆÕËÏÖï ÅÍÉÓÅ éÜÓÔÉÃȟ ÂÙ ÍñÌÏ ÂĻÔ ÐĠÅÄÍñÔÅÍ 
ÐÒÁÖÉÄÅÌÎĻÃÈ ÔÅÃÈÎÉÃËĻÃÈ ËÏÎÔÒÏÌȢ 4Ù ÊÓÏÕ ÖĤÁË Ö I2 Ö ÐĠþÐÁÄñ ÖÚÎñÔÏÖĻÃÈ ÍÏÔÏÒĳ ÄÏÓÕÄ 
ÚÁÌÏĿÅÎÙ ÎÁ ÍñĠÅÎþ ËÏÕĠÉÖÏÓÔÉ ÐĠÉ ÖÏÌÎï ÁËÃÅÌÅÒÁÃÉ ÍÏÔÏÒÕ ɉ3!%ȟ ρωωφɊȟ Õ ÚÜĿÅÈÏÖĻÃÈ 
ÍÏÔÏÒĳ éÜÓÔÉÃÅ ÐĠÉ ÐÒÁÖÉÄÅÌÎĻÃÈ ËÏÎÔÒÏÌÜÃÈ ÎÅÊÓÏÕ ÍñĠÅÎÙ ÖĳÂÅÃ ɉ-$I2 ςπρψɊȢ ªéÉÎÎÏÓÔ 
ÐÒÁÖÉÄÅÌÎĻÃÈ ËÏÎÔÒÏÌ Ö I2 ɉÖ ÒÏÃÅ ςπρψ ÎÁ ÅÍÉÓþÃÈ ÎÅÖÙÈÏÖñÌÏ ςȟςψ Ϸ ÖÏÚÉÄÅÌ ÏÐÒÏÔÉ φȟφ 
Ϸ Ö 32.ȟ !3%- ςπςρɊ ÊÅ ÎÁÖþÃ ÓÐÏÒÎÜ ÍÉÍÏ ÊÉÎï ÄþËÙ ÓÙÓÔÅÍÁÔÉÃËĻÍ ÐÏÃÈÙÂÅÎþÍ ÎÁ 
ÖÅÌËïÍ ÐÏéÔÕ ÓÔÁÎÉÃ ÍñĠÅÎþ ÅÍÉÓþ ɉ!3%-ȟ ςπςρɊȢ 
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-%4/$9 -Q~%.^ 
 
6ÅĤËÅÒï ÍÅÔÏÄÙ ÄÜÌËÏÖïÈÏ ÍñĠÅÎþ ÐÒÁÃÕÊþ ÓÅ ÚĠÅÄñÎĻÍÉ ÖĻÆÕËÏÖĻÍÉ ÐÌÙÎÙȟ 

ÚÁÎÅÃÈÁÎĻÍÉ ÐÏ ÐÒĳÊÅÚÄÕ ÖÏÚÉÄÌÁȢ 4ÒÁÄÉéÎþ ÄÜÌËÏÖï ÍñĠÅÎþ ÓÐÅËÔÒÏÍÅÔÒÅÍ Ó optickou 
ÄÒÜÈÏÕ ÎÁÐĠþé ÖÏÚÏÖËÏÕ ɉ"ÉÓÈÏÐ Á ËÏÌȢȟ ρωψωɊ ÊÅ ÖÅÌÍÉ ÍÜÌÏ ÃÉÔÌÉÖï ÎÁ éÜÓÔÉÃÅ Ï ÐÒĳÍñÒÕ 
ĠÜÄÏÖñ ρπ ÎÍȟ ÐÒÏÔÏ ÊÅ ÕÖÁĿÏÖÜÎÏ ÓÐþĤÅ ÖÚÏÒËÏÖÜÎþ Ú ÊÅÄÏÕÃþÈÏ ÖÏÚÉÄla (chase vehicle, 
ÎÁÐĠȢ #ÁÎÁÇÁÒÁÔÎÁ ÅÔ ÁÌȢȟ ςππτɊ ÎÅÂÏ Ú ÏËÒÁÊÅ ÊþÚÄÎþ ÄÒÜÈÙ ɉ3ËÜÃÅÌ Á ËÏÌȢȟ ςπρψɊȢ : ÐÏÍñÒÕ 
ÍñĠÅÎĻÃÈ ËÏÎÃÅÎÔÒÁÃþ éÜÓÔÉÃ ËÕ #/2 ÊÓÏÕ ÎÜÓÌÅÄÎñ ÖÙÐÏéÔÅÎÙ ÅÍÉÓÅ ÎÁ ËÇ ÐÁÌÉÖÁ ÎÅÂÏ 
Ë7È ÖĻËÏÎÕȢ %ÍÉÓÎþÍ ÌÉÍÉÔĳÍ %ÕÒÏ 6)ȟ υ ÍÇȾË7È Á φ Ø ρπ11 éÜÓÔÉÃȾË7Èȟ ÏÄÐÏÖþÄÁÊþȟ ÐĠÉ 
ÓÐÏÔĠÅÂñ ÖÚÄÕÃÈÕ ĠÜÄÏÖñ υ Í3ȾË7È Á ÚĠÅÄñÎþ Ï ÔĠÉ ĠÜÄÙȟ ÐĠþÓÐñÖËÙ ËÅ ËÏÎÃÅÎÔÒÁÃþÍ 
ĠÜÄÏÖñ ρ ÕÇȾÍ3 Á ρππ ÎÅÖÏÌÁÔÉÌÎþÃÈ éÜÓÔÉÃȾÃÍ3, z éÅÈÏĿ Ö ÐÒÁËÔÉÃËïÍ ÄĳÓÌÅÄËÕ ÖÙÐÌĻÖÜȟ 
ĿÅ ÔïÍñĠ ÌÉÂÏÖÏÌÎĻ ÎÜÒĳÓÔ ËÏÎÃÅÎÔÒÁÃþ ÅÌÅÍÅÎÔÜÒÎþÈÏ ÕÈÌþËÕ ÁȾÎÅÂÏ ÎÅÖÏÌÁÔÉÌÎþÃÈ éÜÓÔÉÃȟ 
ËÔÅÒĻ ÌÚÅ ÐÒĳËÁÚÎñ ÒÏÚÌÉĤÉÔ ÏÄ ȵÐÏÕÌÉéÎþÈÏȰ ÐÏÚÁÄþȟ Á ÐĠÉĠÁÄÉÔ ËÏÎËÒïÔÎþÍÕ ÖÏÚÉÄÌÕȟ ÊÅ 
ÄĳËÁÚÅÍ ÁÂÓÅÎÃÅ ÆÕÎËéÎþÈÏ ÆÉÌÔÒÕ éÜÓÔÉÃȢ 0ÒÏ ÍñĠÅÎþ ÌÚÅ ÐÏÕĿþÔ ĠÁÄÕ ȵÁÔÍÏÓÆïÒÉÃËĻÃÈȰ 
ÐĠþÓÔÒÏÊĳ Ó ÒÙÃÈÌÏÕ ÏÄÅÚÖÏÕȟ ÚÁ ÚÜÓÁÄÎþ ÌÚÅ ÐÏÖÁĿÏÖÁÔ ÒÏÚÌÉĤÅÎþ ÐĠþÓÐñÖËÕ ÍñĠÅÎïÈÏ 
ÖÏÚÉÄÌÁ ÏÄ ÏÓÔÁÔÎþÃÈ ÖÏÚÉÄÅÌ Á ÐÏÚÁÄþȟ ÃÏĿ ÍĳĿÅ ÐĠÅÄÓÔÁÖÏÖÁÔ ÖĻÒÁÚÎÜ ÏÍÅÚÅÎþ ÚÅÊÍïÎÁ 
v rozestupech mezi vozidly.  

 
0/$Q+/6<.^ 

 
!ÕÔÏĠÉ ÐÒÜÃÅ ÄñËÕÊþ ÚÁ ÐÏÄÐÏÒÕ ÇÒÁÎÔÕ (ςπςπ ψρτωφφ #!2%3 ɀ City Air Remote 

Emissions Sensing. 
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INTRODUCTION 
 
 Organic aerosols (OA) account for a significant fraction (10 ï 90%) of atmospheric 
particulate matter (Hallquist et al., 2009). The composition of organic aerosols is 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 (10 ï 80%) 
and consist of chemical species containing oxygenated functional groups such as 
hydroxyl, carboxyl, or carbonyl groups. NMR spectroscopy represents an alternative to 
commonly used techniques (gas chromatography-mass 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 (HornþË ÅÔ ÁÌȢȟ ςπςπɊȢ 

An important part of the characterization of aerosols is their classification by 
particle size. The analysis of individual compounds in the size-resolved fractions of the 
WSOC class has been performed only in a few studies that focus mainly on 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 suburb area of Prague-Suchdol in the campus 

of the Institute of Chemical Process Fundamentals (50Ј 7'39'' N, 14Ј 23'4'' E, 277 m a.s.l.). 
A homemade prototype of high-volume cascade slit impactor with five stages (flow rate 
370 l/min) and a back-up filter was used for aerosol sampling. Four aerosol samples were 
separated into six difÆÅÒÅÎÔ ÆÒÁÃÔÉÏÎÓȡ Ѓ πȢρρ ʈÍ ɉρɊȟ πȢρρ ï πȢτπ ʈÍ ɉςɊȟ πȢτπ ï πȢψχ ʈÍ 
(3), 0.87 ï ςȢσπ ʈÍ ɉτɊȟ ςȢσπ ï τȢφψ ʈÍ ɉυɊȟ ÁÎÄ τȢφψ ï ςπȢπ ʈÍ ɉφɊȢ )ÍÐÁÃÔÏÒ ÓÔÁÇÅÓ 1 ï 4 
correspond to the fine aerosol fraction, while stages 5 ï 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 (2 ï 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 freeze-dried. Subsequently, the obtained 
material was dissolved in deuterated water (99.96% D) containing a known amount of 
DSS (dimethyl silapentane sulfonate, 0.8 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 the 1H NMR 
spectrum is identified based on the precise chemical shift of the individual signals. 
 

RESULTS AND CONCLUSIONS 
 

In this study, NMR aerosolomics was used to analyze WSOC in size-resolved 
particulate matter. Advanced analysis based on compound profiling in the 1H NMR spectra 
allowed quantification of 31 ï 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 aerosols. Levoglucosan was identified as the major factor in group separation by 
season of sampling. Clustering 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, while some of the compounds were 
more specific to a particular season or to a particular particle size. The concentration 
profiles of the size-resolved 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 with 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 glucose and levoglucosan, indicating a common origin, most 
ÌÉËÅÌÙ ÂÉÏÍÁÓÓ ÂÕÒÎÉÎÇȢ &ÕÒÔÈÅÒ ÄÅÔÁÉÌÓ ÏÆ ÔÈÉÓ ×ÏÒË ×ÅÒÅ ÒÅÃÅÎÔÌÙ ÐÕÂÌÉÓÈÅÄ ÉÎ (ÏÒÎþË ÅÔ 
al. (2021). 
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SUMMARY 
 

Four intensive in-situ campaigns focused on aerosol-cloud interactions were 
ÐÅÒÆÏÒÍÅÄ ÉÎ ÔÈÅ ÁÕÔÕÍÎ ÁÎÄ ÓÐÒÉÎÇ ÍÏÎÔÈÓ ÆÒÏÍ .ÏÖ ςπρψ ÔÏ !ÐÒ ςπςπ ÁÔ -ÉÌÅĤÏÖËÁ 
Mountain in Czechia to bring more insight into size-dependent aerosol activation and 
dependence on its origin for a wide variety of meteorological parameters. Most activated 
particles were larger than 100 nm, with a mode over 200 nm. For the description of the 
changes in the activation, 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 0.1 g/m3, in the LWC-limited 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/m3, in the LWC-independent 
regime. 

 
ª6/$ 

 
6 ĤÅÓÔï ÈÏÄÎÏÔþÃþ ÚÐÒÜÖñ )0## ÂÙÌÁ ÎÅÊÖÙĤĤþ ÈÏÄÎÏÔÁ ÁÅÒÏÓÏÌÏÖïÈÏ ÆÏÒÃÉÎÇÕ 

ÐĠÉÐÓÜÎÁ ÔÚÖȢ ÎÅÐĠþÍïÍÕ ÁÅÒÏÓÏÌÏÖïÍÕ ÅÆÅËÔÕȟ ÔÅÄÙ ÉÎÔÅÒÁËÃÉ ÍÅÚÉ ÁÔÍÏÓÆïÒÉÃËĻÍ 
ÁÅÒÏÓÏÌÅÍ ɉ!!Ɋ Á ÏÂÌÁéÎÏÓÔþ ɉ!ÒÉÁÓ a kol., 2021). 4ÁÔÏ ÉÎÔÅÒÁËÃÅ ÚÜÖÉÓþ ÎÁ ÍÎÏĿÓÔÖþ 
ÁËÔÉÖÏÖÁÎĻÃÈ ÏÂÌÁéÎĻÃÈ ÊÁÄÅÒȟ ÃÏĿ ÊÅ ÖÅÌÉéÉÎÁȟ ËÔÅÒÏÕ ÊÅ ÎÜÒÏéÎï ÍñĠÉÔ É ÍÏÄÅÌÏÖÁÔȢ Proto 
ÂÙÌ ÚËÏÕÍÜÎ ÖÌÉÖ ÖÅÌÉËÏÓÔÎñ ÄÉÆÅÒÅÎÃÏÖÁÎï ÁËÔÉÖÁÃÅ AA na meteoroÌÏÇÉÃËĻÃÈ ÖÅÌÉéÉÎÜÃÈ 
a jevech. 

 
METODY 

 
-ñĠÅÎþ ÐÒÏÂñÈÌa ÎÁ ÓÔÁÎÉÃÉ -ÉÌÅĤÏÖËÁ ɉυπЈσσͻ.ȟ ρσЈυυͻ%ȟ ψσχ ÍȢ ÎȢ ÍɊȟ ËÄÅ ÂÙÌÁ 

ËÏÍÐÌÅÔÎþ ÍÅÔÅÏÒÏÌÏÇÉÃËÜ ÍñĠÅÎþ Á ÐÏÚÏÒÏÖÜÎþ ÄÏÐÌÎñÎÁ Ï ÐÏéÅÔÎþ ÖÅÌÉËÏÓÔÎþ ÄÉÓÔÒÉÂÕÃÅ 
(PVD) AA ve velikostech od 10 nm do 2.5 АÍ ÚÅ ÓÐÅËÔÒÏÍÅÔÒĳ 3-03 Á !03Ȣ 6ÚÏÒËÏÖÜÎþ 
ÐÒÏÂþÈÁÌÏ ÐÏÍÏÃþ ÄÖÏÕ ÉÎÌÅÔĳȟ ÏÄÂñÒÏÖĻÃÈ ÈÌÁÖ ɀ tzv. whole air inletu (WAI) a PM2.5 hlavy, 
mezi kterĻÍÉ ÐĠÅÐþÎÁÌ ËÕÌÏÖĻ ËÏÈÏÕÔ ËÁĿÄĻÃÈ υ ÍÉÎÕÔȢ 

Z ÒÏÚÄþÌĳ ËÏÎÃÅÎÔÒÁÃþ ÎÁÍñĠÅÎĻÃÈ ÄÖñÍÁ ÏÄÂñÒÏÖĻÍÉ ÈÌÁÖÁÍÉ ÂÙÌÙ ÕÒéÅÎÙ 
ËÏÎÃÅÎÔÒÁÃÅ Á 06$ ÁËÔÉÖÏÖÁÎïÈÏ ÁÅÒÏÓÏÌÕ ɉÁ06$Ɋ ËÁĿÄĻÃÈ ÄÅÓÅÔ ÍÉÎÕÔȢ : aPVD byla 
ÖÙÐÏéÔÅÎÁ ÁËÔÉÖÏÖÁÎÜ éÜÓÔ !!ȟ ÔÊȢ ÐÏÄþÌ ÁËÔÉÖÏÖÁÎĻÃÈ ÊÁÄÅÒ Ú cÅÌËÏÖïÈÏ ÐÏéÔÕ !! Ö ÄÁÎï 
velikosti . Z ÔÏÈÏÔÏ ÐÏÄþÌÕ ÐÁË ÂÙÌÁ ÐÒÏÌÏĿÅÎþÍ ÓÉÇÍÏÉÄÜÌÎþ ÆÕÎËÃþ ÕÒéÅÎÁ ÖÅÌÉËÏÓÔ $50, tedy 
ÖÅÌÉËÏÓÔ !!ȟ ÚÅ ËÔÅÒïÈÏ ÊÅ ÁËÔÉÖÏÖÜÎÏ υπ Ϸ éÜÓÔÉÃ ɉ/ÂÒȢ ρɊȢ 

-ñĠÅÎþ ÐÒÏÂþÈÁÌa v ÌÅÔÅÃÈ ςπρψ ÁĿ ςπςπ Ö ÐñÔÉ ÉÎÔÅÎÚÉÖÎþÃÈ ËÁÍÐÁÎþÃÈ Ö ÊÁÒÎþÃÈ 
a ÐÏÄÚÉÍÎþÃÈ ÍñÓþÃþÃÈȟ ËÄÙ ÊÅ ÎÁ ÓÔÁÎÉÃÉ ÎÅÊÖÙĤĤþ ÐÒÁÖÄñÐÏÄÏÂÎÏÓÔ ÖĻÓËÙÔÕ ÎþÚËï 
ÏÂÌÁéÎÏÓÔÉȟ ËĕÄÏÖÁÎï ÊÁËÏ ÍÌÈÁȢ #ÅÌËÏÖñ ÂÙÌÏ ÖÅ ρψχ ÄÎÅÃÈ ÍñĠÅÎþ ÎÁÓÂþÒÜÎÏ ÐĠÅÓ 15 000 
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PVD, z toho τπππ ÖÚÏÒËĳ Ó mlhouȟ ËÔÅÒï ÂÙÌÙ ÐÏÒÏÖÎÜÖÜÎÙ Ó ÖĻÓÌÅÄËÙ ÎÁÍñĠÅÎĻÍÉ ÂÅÚ 
pozorovÁÎĻÃÈ ÍÅÔÅÏÒÏÌÏÇÉÃËĻÃÈ ÊÅÖĳȢ 

 

 
Obr. 1: 0ĠþËÌÁÄ ÊÅÄÎÏÈÏ 3-03 Á !03 ÓÐÅËÔÒÁ ɉÂÏÄÙɊ ÐÒÏÌÏĿÅÎïÈÏ ÓÉÇÍÏÉÄÜÌÎþ ÆÕÎËÃþ ËÅ 
ÚÊÉĤÔñÎþ ÁËÔÉÖÏÖÁÎï ÆÒÁËÃÅ ɉéÅÒÖÅÎÜ éÜÒÁɊȟ ÚÅ ËÔÅÒï ÊÅ ÕÒéÅÎÁ ÖÅÌÉËÏÓÔ $50 v ÎÍ ɉÚÅÌÅÎÜ 
ÐĠÅÒÕĤÏÖÁÎÜ éÜÒÁɊȢ 

 
6¸3,%$+9ȟ $)3+53%ȟ :<6Q29 

 
KonceÎÔÒÁÃÅ ÎÅÁËÔÉÖÏÖÁÎïÈÏ !! ÂÙÌÙ ÐĠÉ ÖĻÓËÙÔÕ ÍÌÈÙ ÎÉĿĤþ ÖÅ ÖĤÅÃÈ ÍñĠÅÎĻÃÈ 

velikostech v ÐÏÒÏÖÎÜÎþ ÓÅ ÓÉÔÕÁÃÅÍÉ ÂÅÚ ÍÌÈÙ (:þËÏÖÜ Á ËÏÌȢȟ ςπςπ). 
6ñÔĤÉÎÁ ÁËÔÉÖÏÖÁÎïÈÏ !! ÂÙÌÁ ÖñÔĤþ ÎÅĿ ρππ ÎÍȟ Ó ÍÁØÉÍÅÍ Á06$ ÐĠÅÓ ςππ ÎÍ 

ɉ/ÂÒȢ ςɊȢ 2ÏÚÄþÌ Á06$ ÐĠÉ ÖĻÓËÙÔÕ ÍÌÈÙ Á ÍÒÚÎÏÕÃþ ÍÌÈÙ ÎÅÂÙÌ ÓÔÁÔÉÓÔÉÃËÙ ÖĻÚÎÁÍÎĻȟ Á ÔÏ 
ani ve tvaru, ani v ÃÅÌËÏÖï ËÏÎÃÅÎÔÒÁÃÉ ÁËÔÉÖÏÖÁÎĻÃÈ ÊÁÄÅÒȢ -ÒÚÎÏÕÃþ ÍÌÈÁ ÓÅ ÌÉĤÉÌÁ ÊÅÎ 
ÖñÔĤþ ÐÒÏÍñÎÌÉÖÏÓÔþ ÐĠÅÓÙÃÅÎþ ÎÅÂÏ ÍÅÎĤþ ÈÏÍÏÇÅÎÉÔÏÕ !! ɀ ÂÙÌ ÐÏÚÏÒÏÖÜÎ ÖñÔĤþ ÒÏÚÐÔÙÌ 
hodnot parametru D50Ȣ "ñÈÅÍ ÍÒÚÎÏÕÃþ mlhy byl v ÐÏÒÏÖÎÜÎþ Ó ÍÌÈÏÕ ÐÏÚÏÒÏÖÜÎ ÔÁËï 
ÍÅÎĤþ ÅÆÅËÔÉÖÎþ ÐÏÌÏÍñÒ ËÁÐÅËȟ ÃÏĿ ÏÐñÔ ÎÁÚÎÁéÕÊÅ ÏÄÌÉĤÎï ÐÏÄÍþÎËÙ ÐĠÅÓÙÃÅÎþ ÖÚÄÕÃÈÕ 
ÖÏÄÎþ ÐÁÒÏÕȢ 

 

 
 
Obr. 2: aPVD ÎÁÍñĠÅÎÜ ÐĠÉ ÖĻÓËÙÔÕ ÍÌÈÙ ɉÍÏÄÒÜɊȟ ÍÒÚÎÏÕÃþ ÍÌÈÙ ɉéÅÒÖÅÎÜɊȟ ÍÌÈÙ 
ÓÏÕéÁÓÎñ Ó ÄÅĤÔñÍ ɉĿÌÕÔÜɊ Á ÐĠÉ ÁÂÓÅÎÃÉ ÖĻĤÅ ÕÖÅÄÅÎĻÃÈ ÊÅÖĳ ɉĤÅÄÜɊȢ 
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!ËÔÉÖÁÃÅ !! ÂÙÌÁ ÚËÏÕÍÜÎÁ É ÚÁ ÒĳÚÎĻÃÈ ÍÅÔÅÏÒÏÌÏÇÉÃËĻÃÈ ÐÏÄÍþÎÅËȢ 3ÐÏÊÉÔÏÓÔ 
s ÆÏÔÏÃÈÅÍÉþ ÎÅÂÙÌÁ ÐÒÏËÜÚÜÎÁ ɀ ÎÅÂÙÌ ÎÁÌÅÚÅÎ ÄÅÎÎþ ÃÈÏÄ ÐÁÒÁÍÅÔÒÕ $50ȟ ËÔÅÒĻ ÂÙ 
ÕËÁÚÏÖÁÌ ÚÜÖÉÓÌÏÓÔ ÎÁ ÇÌÏÂÜÌÎþÍ ÚÜĠÅÎþȢ .ÁÏÐÁË ÂÙÌÁ ÎÁÌÅÚÅÎÁ ÚÜÖÉÓÌÏÓÔ ÎÁ ÔÅÐÌÏÔñȟ 
ÒÅÌÁÔÉÖÎþ ÖÌÈËÏÓÔÉȟ ÒÙÃÈÌÏÓÔÉ ÖñÔÒÕȟ Á ÐĠÅÄÅÖĤþÍ ÎÁ ÖÏÄÎþÍ ÏÂÓÁÈÕ ÏÂÌÁËÕ ɉ,7#ȟ ÌÉÑÕÉÄ 
water content) ɉ:þËÏÖÜ a kol., 2021). 

0ĠÉ ÖÙĤĤþ ÒÅÌÁÔÉÖÎþ ÖÌÈËÏÓÔÉ ÂÙÌÙ ÁËÔÉÖÏÖÜÎÙ ÍÅÎĤþ éÜÓÔÉÃÅ ɉËÌÅÓÁÌÁ ÈÏÄÎÏÔÁ 
parametru D50ɊȢ 0ĠÉ ÎþÚËï ÒÅÌÁÔÉÖÎþ ÖÌÈËÏÓÔÉ ÓÔÏÕÐÁÌ ÖĻÚÎÁÍ ÐÒÏÍñÎÌÉÖÏÓÔÉ Ö ÐĠÅÓÙÃÅÎþ 
ÖÏÄÎþ ÐÁÒÏÕ ɀ ĤÌÏ Ï ÒÅĿÉÍ ĠþÚÅÎĻ ÆÌÕËÔÕÁÃÅÍÉ Ö ÐÏÌÉ ÖÏÄÎþÈÏ ÏÂÓÁÈÕ ÏÂÌÁËÕȢ 0ÏÄÏÂÎĻ ÖÌÉÖ 
ÂÙÌ ÐÏÚÏÒÏÖÜÎ É ÐĠÉ ÖÙÓÏËĻÃÈ ÒÙÃÈÌÏÓÔÅÃÈ ÖñÔÒÕȢ $Ï ÒÙÃÈÌÏÓÔÉ ρπ ÍȾÓ ÎÅÂÙÌ ÖÌÉÖ ÖñÔÒÕ ÎÁ 
ÁËÔÉÖÁÃÉ ÐÏÚÏÒÏÖÜÎȟ ÁÌÅ ÐÒÏ ÖÙĤĤþ ÒÙÃÈÌÏÓÔÉ ÓÅ ÚÖĻĤÉÌ ÒÏÚÐÔÙÌ ÈÏÄÎÏÔ $50 z ÄĳÖÏÄÕ ÖñÔĤþ 
ÔÕÒÂÕÌÅÎÃÅ ÖÚÄÕÃÈÕȟ ËÔÅÒÜ ÓÏÕÖÉÓÅÌÁ Ó fluktuacemi v ÐÏÌÉ ÐĠÅÓÙÃÅÎþ ÁȾÎÅÂÏ Ó ÒÏÚÒÕĤÅÎþÍ 
ÔÅÐÌÏÔÎþ ÉÎÖÅÒÚÅȢ 

.ÅÊÓÉÌÎñÊĤþ ÚÜÖÉÓÌÏÓÔ ÁËÔÉÖÁÃÅ ÂÙÌÁ ÐÏÚÏÒÏÖÜÎÁ ÐĠÉ ÚÍñÎÜÃÈ ÖÏÄÎþÈÏ ÏÂÓÁÈÕ 
oblaku, LWC. PokÕÄ ÂÙÌ ÖÏÄÎþ ÏÂÓÁÈ ÏÂÌÁËÕ ÍÅÎĤþ ÎÅĿ 0.10 g/m 3, klesala hodnota 
parametru D50 o 35 ÎÍ ÐĠÉ ËÁĿÄïÍ ÎÜÒĳÓÔÕ ,7# Ï 0.01 g/m 3 (Obr. 3). 0ÒÏ ÖÙĤĤþ ÖÏÄÎþ 
obsah v ÏÂÌÁËÕ ÕĿ ÓÅ ÈÏÄÎÏÔÁ $50 ÓÅ ÚÍñÎÏÕ ÖÏÄÎþÈÏ ÏÂÓÁÈÕ ÏÂÌÁËÕ ÖĻÒÁÚÎñÊÉ ÎÅÍñÎÉÌÁȢ 
Pro hodnoty pod 0.1 g/m3, ËÄÙ ÈÏÖÏĠþÍÅ Ï ÒÅĿÉÍÕ ÏÍÅÚÅÎïÍ ÖÏÄÎþÍ ÏÂÓÁÈÅÍ ÏÂÌÁËÕȟ 
ÂÙÌ ÖÏÄÎþ ÏÂÓÁÈ ÏÂÌÁËÕ ÒÏÚÈÏÄÕÊþÃþÍ ÐÁÒÁÍÅÔÒÅÍ ÏÖÌÉÖĐÕÊþÃþÍ ÁËÔÉÖÁÃÉ !!Ȣ 0ĠÉ ÖñÔĤþÍ 
ÖÏÄÎþÍ ÏÂÓÁÈÕ ÏÂÌÁËÕ ÐÁË ÂÙÌÙ ÄĳÌÅĿÉÔñÊĤþ ÊÉÎï ÐÁÒÁÍÅÔÒÙ ÎÅĿ ,7#Ȣ 

 

 
Obr. 3: :ÜÖÉÓÌÏÓÔ ÐÏÚÉÃÅ $50 ÎÁ ÈÏÄÎÏÔñ ÖÏÄÎþÈÏ Ïbsahu oblaku. 

 
 

0/$Q+/6<.^ 
 
0ĠþÓÐñÖÅË ÖÚÎÉËÌ ÚÁ ÆÉÎÁÎéÎþ ÐÏÄÐÏÒÙ '!I2 Ö ÒÜÍÃÉ ÐÒÏÊÅËÔÕ 0ςπωȾρψȾρυπφυ9 Á -£-4 
v ÒÜÍÃÉ ÐÒÏÊÅËÔÕ !#42)3-CZ-LM2018122. !#42)3 )-0 ÊÅ ÐÏÄÐÏĠÅÎ %# (ÏÒÉÚÏÎ ςπςπ 
programem H2020-INFRADEV-2019-2, Grant Agreement number: 871115. 
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34!./6%.^ +/.#%.42!#% ! 6%,)+/34.^ $)342)"5#% 2!$)/!+4)6.^#( 
!%2/3/,/6¸#( I<34)# 

 

Petr /4<(!,1, Michaela +/:,/63+<1, %ÌÉĤËÁ &)!,/6<1,2 
 

1 3ÔÜÔÎþ ĭÓÔÁÖ ÊÁÄÅÒÎïȟ ÃÈÅÍÉÃËï Á ÂÉÏÌÏÇÉÃËï ÏÃÈÒÁÎÙȟ ÖȢÖȢÉȢ 
2 0ĠþÒÏÄÏÖñÄÅÃËÜ ÆÁËÕÌÔÁȟ -ÁÓÁÒÙËÏÖÁ ÕÎÉÖÅÒÚÉÔÁ "ÒÎÏ 

 
+ÌþéÏÖÜ ÓÌÏÖÁȡ 2ÁÄÉÏÁËÔÉÖÎþ ÁÅÒÏÓÏÌÏÖï éÜÓÔÉÃÅȟ 3-03ȟ +ÁÓËÜÄÎþ ÉÍÐÁËÔÏÒ 

 
 

SUMMARY 
 

Inhalation of radioactive aerosol particles is one of the possible exposure pathways that 
can significantly contribute to the total effective dose in how planned, existing, and so 
accidental exposure situations. Department of Nuclear Protection - 3ª*#(BO, 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 radionuclide (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. 

 
ª6/$ 

 
)ÎÈÁÌÁÃÅ ÒÁÄÉÏÁËÔÉÖÎþÃÈ ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃ ÊÅ ÊÅÄÎÏÕ Ú ÍÏĿÎĻÃÈ ÅØÐÏÚÉéÎþÃÈ ÃÅÓÔȟ 

ËÔÅÒÜ ÍĳĿÅ ÖĻÚÎÁÍÎñ ÐĠÉÓÐþÖÁÔ Ë ÃÅÌËÏÖï ÅÆÅËÔÉÖÎþ ÄÜÖÃÅ ÊÁË ÐĠÉ ÐÌÜÎÏÖÁÎĻÃÈȟ ÅØÉÓÔÕÊþÃþÃÈ 
É ÎÅÈÏÄÏÖĻÃÈ ÅØÐÏÚÉéÎþÃÈ ÓÉÔÕÁÃþÃÈȢ /ÄÂÏÒ ÊÁÄÅÒÎï ÏÃÈÒÁÎÙ ɉ/*/Ɋ - 3ª*#("/ȟ ÖȢÖȢÉȢ ÓÅ 
ÚÁÂĻÖÜ ÚÅÊÍïÎÁ ÓÔÁÎÏÖÅÎþÍ ÃÅÌËÏÖï ÏÂÊÅÍÏÖï ÁËÔÉÖÉÔÁ ÚÜĠÉéĳ ÁÌÆÁ ÖÅ ÖÚÄÕÃÈÕ Á 
ÓÔÁÎÏÖÅÎþÍ ËÏÎÃÅÎÔÒÁÃÅ Á ÖÅÌÉËÏÓÔÎþ ÄÉÓÔÒÉÂÕÃÅ ÐÒÏÄÕËÔĳ ÐĠÅÍñÎÙ ÒÁÄÏÎÕ ÎÁ 
ÐÒÁÃÏÖÉĤÔþÃÈ Ó ÍÁÔÅÒÉÜÌÅÍ ÓÅ ÚÖĻĤÅÎĻÍ ÏÂÓÁÈÅÍ ÐĠþÒÏÄÎþÈÏ ÒÁÄÉÏÎÕËÌÉÄÕ ɉÐÌÜÎÏÖÁÎÜ 
ÅØÐÏÚÉéÎþ ÓÉÔÕÁÃÅɊȢ 3ª*#("/ ÄÜÌÅ ÓÔÁÎÏÖÕÊÅ ËÏÎÃÅÎÔÒÁÃÅ Á ÖÅÌÉËÏÓÔÎþ ÄÉÓÔÒÉÂÕÃÅ ÐÒÏÄÕËÔĳ 
ÐĠÅÍñÎÙ ÒÁÄÏÎÕ ÎÁ ÐÒÁÃÏÖÉĤÔþÃÈ Ó ÍÏĿÎĻÍ ÚÖĻĤÅÎþÍ ÏÚÜĠÅÎþ Ú ÒÁÄÏÎÕ ɉÅØÉÓÔÕÊþÃþ 
ÅØÐÏÚÉéÎþ ÓÉÔÕÁÃÅɊȢ $ÜÌÅ ÊÅ ÐÒÁÃÏÖÉĤÔñ ÏÄÂÏÒÕ ÖÙÂÁÖÅÎÏ ÚÁĠþÚÅÎþÍÉ ÕÍÏĿĐÕÊþÃþÍÉ ÏÄÂñÒ Á 
ÁÎÁÌĻÚÕ ÒÁÄÉÏÁËÔÉÖÎþÃÈ ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃ ÐĠÉ ÎÅÈÏÄÏÖĻÃÈ ÅØÐÏÚÉéÎþÃÈ ÓÉÔÕÁÃþÃÈȢ     
 

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

0ÒÏ ÐÏÔĠÅÂÙ ÓÔÁÎÏÖÅÎþ ÃÅÌËÏÖï ËÏÎÃÅÎÔÒÁÃÅ ɉÏÂÊÅÍÏÖï ÁËÔÉÖÉÔÙ ÁÌÆÁȟ ÂÅÔÁȟ ÚÎÁÌÏÓÔÉ 
ÚÖĻĤÅÎþ ËÏÎÃÅÎÔÒÁÃÅ ÒÁÄÉÏÁËÔÉÖÎþÃÈ ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃ ÖÅ ÖÚÄÕÃÈÕɊ ÒÁÄÉÏÁËÔÉÖÎþÃÈ 
ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃ ÊÅ ÏÄÂÏÒ ÖÙÂÁÖÅÎ ÎþÚËÏ-ÏÂÊÅÍÏÖĻÍÉ éÅÒÐÁÄÌÙ 15)#+ 4!+% σπ 
ɉÏÂÊÅÍÏÖĻ ÐÒĳÔÏË ςπ ÌȾÍÉÎɊȟ ËÔÅÒï ÓÐÏÌÕ Ó ÖÙÈÏÄÎÏÃÏÖÁÃþÍ ÚÁĠþÚÅÎþÍ LB 124 SCINT-D 
ÕÍÏĿĐÕÊÅ ÓÔÁÎÏÖÉÔ ĭÒÏÖÅĐ ËÏÎÔÁÍÉÎÁÃÅ ÖÚÄÕĤÎÉÎÙ ÐĠþÍÏ Ö ÔÅÒïÎÕȢ 0ĠÉ ÚÎÁÌÏÓÔÉ 
ÉÓÏÔÏÐÏÖïÈÏ ÓÌÏĿÅÎþ ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃ ÌÚÅ ÓÔÁÎÏÖÉÔ ÐĠþÍÏ ËÏÎÃÅÎÔÒÁÃÉ ÄÁÎïÈÏ 
ÒÁÄÉÏÎÕËÌÉÄÕȢ  4ÕÔÏ ÍÅÔÏÄÕ ÏÄÂñÒÕ ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃ ÊÅ ÖÈÏÄÎï ÖÙÕĿþÔ ÚÅÊÍïÎÁ 
v ÐĠþÐÁÄÅÃÈ ÎÕÔÎÏÓÔÉ ÒÙÃÈÌïÈÏ ÏÄÈÁÄÕ ÅÆÅËÔÉÖÎþ ÄÜÖËÙ ËÏÎÔÁÍÉÎÏÖÁÎĻÃÈ ÏÓÏÂȢ  

$ÒÕÈĻÍ ÚÐĳÓÏÂÅÍ ÊÅ ÍÏĿÎÏÓÔ ÖÙÕĿÉÔþ ÖÅÌËÏÏÂÊÅÍÏÖïÈÏ ÖÚÏÒËÏÖÁéÅ VF NUCLEAR  
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VOPV-12ȟ ËÔÅÒĻ ÖÚÏÒËÕÊÅ Ö ÒÏÚÍÅÚþ ρχ ɀ 150 m3ȾÈÏÄȢ &ÉÌÔÒȟ ËÔÅÒĻ ÓÌÏÕĿþ ËÅ ÓÂñÒÕ 
ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉ ɉςυτ Ø ςπς ÍÍɊ ÊÅ ÎÜÓÌÅÄÎñ ÕÍþÓÔñÎ ÄÏ ÍñĠþÃþ ÎÜÄÏÂÙȢ -ñĠÅÎþ ÐÒÏÂþÈÜ 
ÂÕì ÐĠþÍÏ Ö ÔÅÒïÎÕ Ó ÖÙÕĿÉÔþÍ ÍñĠþÃþÈÏ ÚÁĠþÚÅÎþ 24-υπ ÁÎÅÂÏ ÌÁÂÏÒÁÔÏÒÎñ ÐÏÍÏÃþ 
gamaspektrometru s ÖÙÓÏËĻÍ ÒÏÚÌÉĤÅÎþÍ ɉ#ÁÎÂÅÒÒÁɊȢ 5 ÔÁËÔÏ ÏÄÅÂÒÁÎĻÃÈ ÖÚÏÒËĳ ÊÅ 
ÎÜÓÌÅÄÎñ ÓÔÁÎÏÖÏÖÜÎÁ ËÏÎÃÅÎÔÒÁÃÅ ÒÁÄÉÏÎÕËÌÉÄĳ ÅÍÉÔÕÊþÃþÃÈ ÚÜĠÅÎþ ÇÁÍÁȢ 

V ÏÂÌÁÓÔÉ ÐĠþÒÏÄÎþÈÏ ÚÜĠÅÎþ ÊÓÏÕ Ö ÓÏÕéÁÓÎÏÓÔÉ ÖÙÖþÊÅÎÙ ÍÅÔÏÄÙ ÓÔÁÎÏÖÅÎþ 
ÖÅÌÉËÏÓÔÎþ ÄÉÓÔÒÉÂÕÃÅ ÐÏÍÏÃþ ËÁÓËÜÄÎþÈÏ ÉÍÐÁËÔÏÒÕ $ÅËÁÔÉ %,0)ϹȢ 4ÅÎÔÏ ρυȢ ÓÔÕÐĐÏÖĻ 
ÉÍÐÁËÔÏÒ ÊÅ ÏÓÁÚÅÎ ÖÈÏÄÎÏÕ ÄÅÔÅËéÎþ Á ÂÒÚÄþÃþ ÆĕÌÉþȢ 4ÏÔÏ ÕÓÐÏĠÜÄÜÎþ ÕÍÏĿĐÕÊÅ ÓÔÁÎÏÖÉÔ 
ÖÅÌÉËÏÓÔÎþ ÄÉÓÔÒÉÂÕÃÉ ÐÒÏÄÕËÔĳ ÐĠÅÍñÎÙ ÒÁÄÏÎÕȢ 6 ÓÏÕéÁÓÎï ÄÏÂñ ÊÓÏÕ ÆÉÎÁÌÉÚÏÖÜÎÙ 
ÌÁÂÏÒÁÔÏÒÎþ ÅØÐÅÒÉÍÅÎÔÙȟ ËÔÅÒï ÍÁÊþ ÐÒÏËÜÚÁÔ ÖÈÏÄÎÏÓÔ ÚÖÏÌÅÎï ÍñĠþÃþ Á ÖÙÈÏÄÎÏÃÏÖÁÃþ 
ÍÅÔÏÄÙ Á ÂÙÌÁ ÊÉĿ ÚÁÈÜÊÅÎÁ ÔÅÒïÎÎþ ÍñĠÅÎþ ÚÁ ĭéÅÌÅÍ ÓÔÁÎÏÖÅÎþ ÖÅÌÉËÏÓÔÎþ ÄÉÓÔÒÉÂÕÃÅ 
ÐÒÏÄÕËÔĳ ÐĠÅÍñÎÙ ÒÁÄÏÎÕ ÎÁ ÒĳÚÎĻÃÈ ÔÙÐÅÃÈ ÚÅÊÍïÎÁ ÐÏÄÚÅÍÎþÃÈ ÐÒÁÃÏÖÉĤĩȢ 6 ÒÜÍÃÉ 
ÌÁÂÏÒÁÔÏÒÎþÃÈ ÐÒÁÃþ ÊÓÏÕ ÖĻÓÌÅÄËÙ ÓÔÁÎÏÖÅÎþ ÖÅÌÉËÏÓÔÎþ ÄÉÓÔÒÉÂÕÃÅ ÓÒÏÖÎÜÖÜÎÙ Ó ÖĻÓÌÅÄËÙ 
ÓÔÁÎÏÖÅÎþ ÚþÓËÁÎĻÃÈ ÐÏÍÏÃþ 3-03 ɉ/ÂÒȢ ρɊȢ  

 
 

 
 

Obr. 4 3ÒÏÖÎÜÎþ ÖĻÓÌÅÄËĳ 3-03 Á $ÅËÁÔÉ %,0)Ϲ 

 
0/$Q+/6<.^ 

 
0ĠþÓÐñÖÅË ÖÚÎÉËÎÕÌ ÚÁ ÐÏÄÐÏÒÙ ÐÒÏÊÅËÔÕ 3ÙÓÔïÍ ÚÐÒÁÃÏÖÜÎþ Á ÖÙÈÏÄÎÏÃÏÖÜÎþ ÖÚÏÒËĳ 

z ÔÅÒïÎÎþÃÈ ÍñĠÅÎþ éȢ υτπρψ. 
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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 data can be modeled 
mathematically. In this paper, we present an improved algorithm for calculating the wet 
particle diameter and the ʆ parameter that is faster, more accurate, and more reliable than 
the algorithm used by other authors. 

 
MATHEMATICAL METHOD 

 
4ÈÅ ÂÁÓÉÓ ÆÏÒ ÃÁÌÃÕÌÁÔÉÏÎ ÉÓ +ĘÈÌÅÒͻÓ ÔÈÅÏÒÙȢ 0ÅÔÔÅÒÓ ÁÎÄ +ÒÅÄÅÎ×ÅÉÓ ɉςππχɊ ÓÈÏ×ÅÄ 

that water vapour saturation ratio s over an aqueous droplet is expressed by 
 

   
 (1) 

 
where Dwet is the wet particle diameter, Dc is the critical diameter of the dry particle, ʎw, 
ʍw, Mw are the surface tension, density, and molar weight of water, and ʆ is a single 
parameter combining specific properties of aerosols such as molar weight, density, and 
van't Hoff factor. For given s = 1 + S/100%, where S is a selected supersaturation, and Dc, 
it yields a single equation for two unknowns, namely Dwet and ʆ and has thus infinite 
number of solutions. Thus it is necessary to find Dwet that maximizes the saturation ratio 
while matching the selected supersaturation (Rose et al. 2010). To solve the problem they 
use nested minimization of (ɀs) and |s ɀ 1 + S/100| by double application of the fminsearch 
function from Matlab. This approach has a serious drawback. The fminsearch function is 
an implementation of a Nelder-Mead algorithm designed for multidimensional 
optimization but used here in a single dimension. Since an absolute value is minimized, 
the method can find 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 and the 
constraint. The necessary condition for a local maximum is obtained by differentiation: 

 

            (2) 
 
Fig. 1 shows the values of the partial derivative of the saturation ratio with respect to 

the wet diameter for different values of supersaturation. 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 Eq. (2) can therefore be 
easily bracketed. Dwet and ʆ are then computed by nested solution of both equations using 
an algorithm we have implemented in GNU Octave that is always convergent. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 1: Dependence of partial derivative of saturation ratio with respect to the wet 
particle diameter for Dc = 40 nm and several 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 algorithms 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 is a turning point. The algorithm does not fall into a false 
solution at a very low supersaturation which is another advantage over using the 
fminsearch function, 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 rest of the atmosphere because pollutants emitted from 
the surface are constrained in PBL. Among all aerosols, absorbing aerosols, mainly black 
carbon (BC), has the 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 conditions ÓÕÃÈ ÁÓ ÃÌÅÁÒ ÓËÙȟ ÆÏÇÇÙ ɉÖÉÓÉÂÉÌÉÔÙ Ѕ ρËÍɊȟ ÁÎÄ ÈÁÚÙ ÄÁÙÓ 
ɉÖÉÓÉÂÉÌÉÔÙ Ѕ ψËÍ ÄÕÒÉÎÇ ÔÈÅ ÎÏÎ-fog day), high relative humidity, temperature, and 
observational data; also, diurnal and seasonal variability was evaluated. 
 

EXPERIMENTAL SETUP 
 

The eBC concentration was measured from 1/2020 to 12/2020 by Sunset Analyzer 
simultaneously at 4 m and 230 m on a 250m-meteorological tower at National 
!ÔÍÏÓÐÈÅÒÉÃ /ÂÓÅÒÖÁÔÏÒÙ +ÏĤÅÔÉÃÅ ɉ.!/+Ƞ τωЈσυ .ȟ ρυЈπυ %Ɋȟ ÌÏÃÁÔÅÄ ÁÔ Á ÒÕÒÁÌ 
background in the Czech Republic. The eBC concentrations were calculated from raw 
Sunset analyzers data according to :þËÏÖÜ ÅÔ ÁÌȢ ɉςπρφ). The PBL height has been taken 
from the ERA5 dataset (Hersbach H. et al., 2018).  
 

RESULTS AND CONCLUSIONS 
 

 In this study, the mean eBC concentration was found the highest in winter (Dec-Feb), 
lower in spring (Mar-May) and autumn (Sep-Nov), and the lowest during the summer 
(Jun-Aug). In contrast, the average PBL height was the lowest in autumn, followed by 
summer and winter, and was measured the highest during the spring (Figure 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.  
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 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( ɉЂ ρππϷɊ ×ÉÔÈ ÈÉÇÈ ÔÅÍÐÅÒÁÔÕÒÅ ɉςψ Ј#Ɋ ÙÉÅÌÄÓ ÔÈÅ ÈÉÇÈÅÓÔ 0", ÈÅÉÇÈÔ ÁÎÄ ÈÉÇÈÅÒ Å"# 
concentration at 4m compared to 230 m. 
 Elevated eBC concentrations during noon and late-night have also been observed, 
driven by the transport of aerosols from distant sources. The long-range transport of 
aerosols was confirmed by air mass back trajectories using the HYSPLIT model. The eBC 
concentration was higher below the PBL height than above the PBL.  
 

 
 

Fig. 1. Seasonal comparison of eBC concentration at two different heights and PBL height. 
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INTRODUCTION 
 

Novel coronavirus disease 2019 (COVID-19) 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 measures to prevent the spread of 
the disease, including city lockdowns and restrictions on numerous activities (traffic, 
economy, personal limitations). These measures led to a reduction in emissions from 
most anthropogenic sources, and improvements in air quality were observed in many 
megacities (Chauhan and Singh, 2020). However, little is known about the impact of 
COVID -19 on rural background site representing background air pollution. Atmospheric 
elemental (EC) and organic carbon (OC) are among the major constituents 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 the effects of COVID -19 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.) long-term monitoring of EC and OC has been initiated in 
2013 at the .ÁÔÉÏÎÁÌ !ÔÍÏÓÐÈÅÒÉÃ /ÂÓÅÒÖÁÔÏÒÙ +ÏĤÅÔÉÃÅ ɉ.!/+Ƞ τωЈσυͻ.ȟ ρυЈπυͻ%Ɋ ÉÎ ÔÈÅ 
central Czech Republic using a semi-continuous thermal-optical OCEC analyzer (Sunset 
Laboratory Inc., USA). In late 2019, a second OCEC analyzer was installed 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 thermo-optical analysis according to the abbreviated 
EUSAAR-2 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 quartz microfiber  
filt er (Turpin et al., 2000). A total of 1955 pairs of OC/EC sampling points were measured 
during the campaign. 
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RESULTS AND CONCLUSIONS 
 

In this study, EC and OC at 4 m elevation and EC at 230 m elevation showed a similar 
seasonal pattern with higher values in 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 generally higher 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 long-
range transported aerosols. These results are confirmed by source apportionment / 
receptor modeling (Conditional Bivariate Probability Function the Potential Source 
Contribution Function). 

To examine the impact of Covid lockdowns, ground-level 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. This is particularly true for the second lockdown for EC in the spring and 
for OC in all seasons (Fig. 1). 

 

  
 

Fig. 1: Seasonal mean concentrations of OC, EC, measured at 4 m a.g.l. during pre ɀ COVID 
(from 2017ɀ2019) and COVID (2020-2021) periods. 

 
The effect of the COVID-related 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 was around 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). The higher 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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Fig. 1: Time series of a) Number of coronavirus COVID_19 daily new case in Czechia, and 
b) monthly correlation coefficient between EC and OC at 4 m and those at 230 m from 
December 2019 to Jun 2021. 
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INTRODUCTION 
 

For many years, mass-based particulate matter PM2.5 and PM10 measurements have 
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 atmospheric research. 
Studies like the one by de Jesus et al. (2019) have highlighted the world-wide need to 
address UFP concentrations due to their potential risks for human health. UFP particle 
number concentrations (PN) and particle number size distributions (PSD) 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 gathered internationally. This difficulty is due 
to the fact that particle measuring sites were sometimes using different sampling, 
ÃÏÎÄÉÔÉÏÎÉÎÇȟ ÁÎÄ ÐÁÒÔÉÃÌÅ ÍÅÁÓÕÒÅÍÅÎÔ ÉÎÓÔÒÕÍÅÎÔÁÔÉÏÎȢ Ȱ(ÁÒÍÏÎÉÚÉÎÇȱ ÔÈÅÓÅ ÁÓÐÅÃÔÓ ÉÓ 
key to comparing data and drawing conclusions 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 for Standardization (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 describe a standardized 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 CEN-compliant solution including sampling inlet, PN and PSD measurements . 
Fig. 2: The data shows 24 days @ 5min time resolution close to UFP sources. The sampling 
site was at TSI GmbH Aachen.  
 

A full-flow butanol-based CPC (Model 3750-CEN, TSI Inc., Shoreview, USA) is 
calibrated independently at the World Calibration Center for Aerosol Physics (WCCAP) in 
,ÅÉÐÚÉÇȟ ÉÎ ÁÄÄÉÔÉÏÎ ÔÏ ÔÈÅ ÍÁÎÕÆÁÃÔÕÒÅÒȭÓ ÃÁÌÉÂÒÁÔÉÏÎȢ 4ÈÅ ÓÁÍÅ ÉÓ ÄÏÎÅ ÆÏÒ ÔÈÅ ÎÅ× ×ÉÄÅ-
range SMPS (Model 3938W50-CEN, 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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+ÌþéÏÖÜ slova: 6ÙÔÜÐñÎþ ÐÅÖÎĻÍÉ ÐÁÌÉÖÙȟ +ÏÔÌÅȟ +ÁÍÎÁȟ 0ÅÖÎÜ ÐÁÌÉÖÁ 
 

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 chimneys. SMOKEMAN, as a trained miner, never liked 
theoretical discussions unless it was clear what their practical application was. 

 
ª6/$ 

3-/+%-!.ÏÖÏ ÄÅÓÁÔÅÒÏ ÓÐÒÜÖÎïÈÏ ÔÏÐÉéÅ ÓÅ ÓÎÁĿþ ÊÅÄÎÏÄÕÃÈÏÕ Á ÚÜÂÁÖÎÏÕ ÆÏÒÍÏÕ 
ÕËÜÚÁÔ ÎÁ ÚÜËÌÁÄÎþ ÐÁÒÁÍÅÔÒÙ Á ÚÜÓÁÄÙȟ ËÔÅÒï ÕĿÉÖÁÔÅÌÉ, ÐÏËÕÄ ÓÅ ÊÉÍÉ ÂÕÄÅÍÅ ĠþÄÉÔȟ 
ÕÍÏĿÎþȟ ÁÂÙ ÓÅ ÖþÃÅ ÏÈĠÜÌÉȟ Á ÐĠÉÔÏÍ ÓÅ Ú jejich ËÏÍþÎĳ ÍïÎñ ËÏÕĠÉÌÏȢ 3-/+%-!. ÊÁËÏ 
ÖÙÕéÅÎĻ ÈÏÒÎþË ÎÉËÄÙ ÎÅÍñÌ ÚÁÌþÂÅÎþ Ö ÔÅÏÒÅÔÉÃËĻÃÈ ÒÏÚÂÏÒÅÃÈȟ ÐÏËÕÄ ÎÅÂÙÌÏ ÊÁÓÎïȟ ÊÁËï 
ÊÅ ÊÅÊÉÃÈ ÐÒÁËÔÉÃËï ÖÙÕĿÉÔþȢ 

 
6¸3,%$+9, DISKUSEȟ :<6Q29 

3ïÒÉÅ 3-/+%-!.ÏÖĻÃÈ ÖÉÄÅþ ÖÙÃÈÜÚþ Ú ȵ$ÅÓÁÔÅÒÁ ÓÐÒÜÖÎïÈÏ ÔÏÐÉéÅȰ ɉ/ÂÒȢ ρɊ Á ÓÎÁĿþ 
ÓÅ ÚÜÂÁÖÎÏÕ É ÐÏÕéÎÏÕ ÆÏÒÍÏÕ ÏÓÌÏÖÉÔ ÃÏ ÎÅÊĤÉÒĤþ ÓËÕÐÉÎÕ ÐÒÏÖÏÚÏÖÁÔÅÌĳ ÓÐÁÌÏÖÁÃþÃÈ 
ÚÁĠþÚÅÎþ ÎÁ ÐÅÖÎÜ ÐÁÌÉÖÁ Á ÐĠÉÂÌþĿÉÔ ÊÉÍ ÓÐÒÜÖÎï ÐÒÁËÔÉËÙ ÓÐÁÌÏÖÜÎþ ÐÅÖÎĻÃÈ ÐÁÌÉÖȢ 6ÉÄÅÁ 
jsÏÕ ÐĠÅÄÓÔÁÖÅÎÁ ÆÏÒÍÏÕ ÔĠþ ÐÌÙÌÉÓÔĳȢ 0ÒÖÎþ ÐÌÙÌÉÓÔ ÏÂÓÁÈÕÊÅ ȵÈÒÁÎÏÕȰ éÜÓÔȟ ÄÏ ËÔÅÒï ÊÅ 
ÖÓÕÎÕÔÁ ȵÖÙÓÖñÔÌÕÊþÃþȰ ɉÁÎÉÍÏÖÁÎÜɊ éÜÓÔȟ ËÔÅÒÜ ÄÁÎÏÕ ÐÒÏÂÌÅÍÁÔÉËÕ ÐÏÄÒÏÂÎñÊÉ ÖÙÓÖñÔÌÕÊÅȢ 
$ÁÌĤþ ÄÖÁ ÐÌÁÙÌÉÓÔÙ ÐÒÅÚÅÎÔÕÊþ ÚÖÌÜĤĩ ȵÈÒÁÎÏÕȰ Á ȵÖÙÓÖñÔÌÕÊþÃþȰ éÜÓÔȢ .ÜÚÖÙ ÊÅÄÎÏÔÌÉÖĻÃÈ 
epizod: 

 
TRAILER 1 ɀ 3ÔÅÃÈÉÏÍÅÔÒÉÅ ÓÐÁÌÏÖÜÎþ ÊÁËÏ ÖÚÔÁÈ ÍÅÚÉ ÍÕĿÅÍ Á ĿÅÎÏÕ 
TRAILER 2 ɀ :ÒÏÚÅÎþ 3-/+%-!.Á 
01/10 - 4/0 4!+ȟ *!+ #(#%£ȟ !"9 4/0), 46°* 3/53%$ 
02/10 - 35£ $~%6/ -).)-<,.Q *%$%.ȟ ,O0% $6! 2/+9 
03/10 - NESPALUJ ODPADKY 
04/10 - .%$53 /(%o 
05/10 - *!+ I!34/ ! +/,)+ 0~)+,<$!4 
06/10 - #/ ! *!+ I)34)4 
07/10 - 0/5¼^6%* -/$%2.^ +/4%, I) +!-.! 
08/10 - 5$2¼5* /04)-<,.^ 4%0,/45 30!,). 
09/10 - NEVYHAZUJ TEPLO OKNEM 
10/10 - #/ /6,)6.^ 46°* +/5~ 
 

0/$Q+/6<.^ 
Projekt LIFE IP ɀ :ÌÅÐĤÅÎþ ËÖÁÌÉÔÙ ÏÖÚÄÕĤþ ɉ,)&%ρψ )0%Ⱦ3+ȾππππρπɊ ÐÏÄÐÏĠÉÌÁ 

%ÖÒÏÐÓËÜ ÕÎÉÅ Ö ÒÜÍÃÉ ÐÒÏÇÒÁÍÕ ,)&%Ȣ 0ÒÏÊÅËÔ ÊÅ ÔÁËï ÓÐÏÌÕǢÎÁÎÃÏÖÜÎ -ÉÎÉÓÔÅÒÓÔÖÅÍ 
ĿÉÖÏÔÎþÈÏ ÐÒÏÓÔĠÅÄþ I2Ȣ 
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ODKAZY 

3ÍÏËÅÍÁÎÏÖÏ ÄÅÓÁÔÅÒÏ ÓÐÒÜÖÎïÈÏ ÔÏÐÉéÅȡ  
ÐÌÁÙÌÉÓÔ ÄÌÏÕÈĻÃÈ ÖÉÄÅþ ɉÓÐÏÊÅÎÁ ȰÈÒÁÎÜȱ Á ȰÖÙÓÖñÔÌÕÊþÃþȱ éÜÓÔɊ ȟ 
https://www.youtube.com/playlist?list=PLZCEJpckSlpV3TGeEixJU73JVH1J2mi62 nebo 
https://estav.tv/porad/smokemanovo -desatero/ 
0ÌÁÙÌÉÓÔ ȰÈÒÁÎĻÃÈȱ éÜÓÔþȡ 
https://www.youtube.com/playlist?list=PLMYSdf0zSP5aDdtT61EyvrVHi04sVPZks  
0ÌÁÙÌÉÓÔ ȰÖÙÓÖñÔÌÕÊþÃþÃÈȱ ɉÁÎÉÍÏÖÁÎĻÃÈɊ éÜÓÔþȡ 
https://www.youtube.com/playlist?list=PLMYSdf0zSP5YgkX0AVdnFy6-ydEW8w5l1  
 

 
Obr. 1: 3ÍÏËÅÍÁÎÏÖÏ ÄÅÓÁÔÅÒÏ ÓÐÒÜÖÎïÈÏ ÔÏÐÉée. 
 

 

https://www.youtube.com/playlist?list=PLZCEJpckSlpV3TGeEixJU73JVH1J2mi62
https://estav.tv/porad/smokemanovo-desatero/
https://www.youtube.com/playlist?list=PLMYSdf0zSP5aDdtT61EyvrVHi04sVPZks
https://www.youtube.com/playlist?list=PLMYSdf0zSP5YgkX0AVdnFy6-ydEW8w5l1
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1 )ÎÔÅÒÎþ ËÌÉÎÉËÁ &. -ÏÔÏÌȟ 0ÒÁÈÁ 
 

SUMMARY 
 
 

/ÎÅÍÏÃÎñÎþ #/6)$-ρω ÂÙÌÏȟ ÊÅ Á ÐÒÁÖÄñÐÏÄÏÂÎñ É ÎÁÄÜÌÅ ÂÕÄÅ ÖÜĿÎĻ ÃÅÌÏÓÖñÔÏÖĻ 
ÚÄÒÁÖÏÔÎþ ÐÒÏÂÌïÍȢ 6 ÓÏÕéÉÎÎÏÓÔÉ Ó !ËÁÄÅÍÉþ ÖñÄ I2 ÂÙÌ ÖÙÔÖÏĠÅÎ ÅØÐÅÒÉÍÅÎÔÜÌÎþ ÍÏÄÅÌȟ 
ËÔÅÒĻ ÓÉÍÕÌÏÖÁÌ ÐÏÄÍþÎËÙ ÐĠþÔÏÍÎï ÂñÈÅÍ ÅÎÄÏÓËÏÐÉÃËĻÃÈ ÐÒÏÃÅÄÕÒ ÈÏÒÎþ éÜÓÔÉ 
ÚÁĿþÖÁÃþÈÏ ÔÒÁËÔÕ ɉÎÁÐĠȢ ÇÁÓÔÒÏÓËÏÐÉÅɊȢ #þÌÅÍ ÎÁĤþ ÐÒÜÃÅ ÂÙÌÏ ÐÒÏËÜÚÁÔ ÐÏéÅÔ ÐÏÔÅÎÃÉÜÌÎñ 
ÉÎÆÅËéÎþÃÈ éÜÓÔÉÃ ÐĠþÔÏÍÎĻÃÈ ÂñÈÅÍ ÅÎÄÏÓËÏÐÉÃËĻÃÈ ÐÒÏÃÅÄÕÒ Á ÎÁÊþÔ ĭéÉÎÎï ÎÜÓÔÒÏÊÅ Ë 
eliminaci rizik infekce COVID-ρω ÐĠÉ ÊÅÊÉÃÈ ÐÒÏÖÜÄñÎþȢ : ÔÏÈÏÔÏ ÄĳÖÏÄÕ ÊÓÍÅ ÎÁÖÒÈÌÉ Á 
ÔÅÓÔÏÖÁÌÉ ÐÒÏÔÏÔÙÐ ÏÃÈÒÁÎÎïÈÏ ËÒÙÔÕ ÐÒÏ ÏÖÌÜÄÁÃþ éÜÓÔ ÅÎÄÏÓËÏÐÕȟ ÁÂÙÃÈÏÍ ÚÁÂÒÜÎÉÌÉ 
ÕÖÏÌĐÏÖÜÎþ Á ĤþĠÅÎþ ÔñÃÈÔÏ éÜÓÔÉÃ ÔÅËÕÔÉÎ Ú ÐÒÁÃÏÖÎþÈÏ ËÁÎÜÌÕ ÅÎÄÏÓËÏÐÕȢ 0ÒÏÖÅÄÌÉ ÊÓÍÅ 
ÍñĠÅÎþ Ó ÏÃÈÒÁÎÎĻÍ ËÒÙÔÅÍ ÏÖÌÜÄÁÃþ éÜÓÔÉ ÅÎÄÏÓËÏÐÕ É ÂÅÚ ÎñÊȢ "ÙÌÏ ÚÊÉĤÔñÎÏȟ ĿÅ ËÁÐÁÌÉÎÁ 
ÐÒÏÃÈÜÚÅÊþÃþ ÐÒÁÃÏÖÎþÍ ËÁÎÜÌÅÍ ÅÎÄÏÓËÏÐÕ ÐĠÉ ÐĠþÔÏÍÎÏÓÔÉ ÖÌÏĿÅÎĻÃÈ ÉÎÓÔÒÕÍÅÎÔÜÒÉþ 
ÇÅÎÅÒÕÊÅ ÔÅËÕÔÉÎÏÖï ÐÁÒÔÉËÕÌÅ Ó ÐÒĳÍñÒÅÍ Ö ÒÏÚÍÅÚþ πȟρɀρȟρ ÍÍȢ "ÙÌÏ ÚÊÉĤÔñÎÏȟ ĿÅ 
ÓÐÅÃÉÜÌÎþ ÏÃÈÒÁÎÎĻ ËÒÙÔ ÎÁÖÒĿÅÎĻ ÎÁĤþÍ ÔĻÍÅÍ ÎÁ ÏÖÌÜÄÁÃþ éÜÓÔ ÅÎÄÏÓËÏÐÕȟ ÖÙÒÏÂÅÎĻ Ú 
ÐÒÏÄÙĤÎïÈÏ ÍÁÔÅÒÉÜÌÕ ɉÃÈÉÒÕÒÇÉÃËÜ éÅÐÉÃÅɊȟ ÅÌÉÍÉÎÕÊÅ ÕÖÏÌĐÏÖÜÎþ ÐÏÔÅÎÃÉÜÌÎñ ÉÎÆÅËéÎþÃÈ 
éÜÓÔÉÃ ÔÅËÕÔÉÎȢ 
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INTRODUCTION 
 

Measurements at rural background sites representative of wider areas are important 
to study the influence of regional and long-range transport as well as the long-term trends 
in PM characteristics (Putaud et al., 2010; Schwarz et al., 2016; Poulain et al., 2020). The 
.ÁÔÉÏÎÁÌ !ÔÍÏÓÐÈÅÒÉÃ /ÂÓÅÒÖÁÔÏÒÙ +ÏĤÅÔÉÃÅ ɉ.!/+Ɋȟ ÏÆÆÉÃÉÁÌÌÙ ÃÌÁÓÓÉÆÉÅÄ ÁÓ Á ÃÅÎÔÒÁÌ 
European rural background site, participates in the European Monitoring and Evaluation 
Programme (EMEP), Aerosol, Clouds, and Trace Gases Research Infrastructure Network 
(ACTRIS), and Global Atmosphere Watch (GAW) network. Several studies were conducted 
at the NAOK site 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 highly-time resolved measurement and linked to 
different air mass types, thereby offering insights into the physicochemical properties and 
sources of aerosol particles arriving at a rural background site. 

 
MEASUREMENT AND METHODS 

 
Two intensive campaigns (July 2019 and January ï February 2020) were conducted. 

Size-resolved PM chemical composition, as well as particle number size distribution in the 
size range 10 ɀ 800 nm were measured every 5-min by a compact time of flight aerosol 
mass spectrometer (C-ToF-AMS, Aerodyne) and a Mobility Particle Size Spectrometer 
(MPSS, IFT TROPOS, Leipzig, with CPC 3772, TSI). 1-min PM1 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, PM1 were collected for 12 h by a sequential sampler (LVS-3, 
3ÖÅÎ ,ÅÃËÅÌ )ÎÇÅÎÉÅÕÒÂİÒÏɊ ÆÏÒ ÓÕÂÓÅÑÕÅÎÔ ÃÈÅÍÉÃÁÌ ÁÎÁÌÙÓÅÓ ɉ×ÁÔÅÒ-soluble ions and 
monosaccharide anhydrides). Finally, 1-h PM2.5 mass concentrations (Environnement SA, 
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MP101M) and meteorological parameters 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 performed using R version 3.6.1 wit h the ggplot2 

(Wickham, 2016) and Openair (Carslaw and Ropkins, 2012) packages. 
To determine the collection efficiency (CE; Drewnick et al., 2005) in the AMS, PM1 

filter sampling with subsequent ion chromatography (IC) analysis was conducted in 
parallel wi th the AMS measurements.  

The effective density (ʍeff) and material density (ʍm) was estimated along with the 
dynamic shape factor ɉʔɊ inferred from the two densities. 

96 h backwards trajectories were calculated using the Hybrid Single-Particle 
Lagrangian Integrated 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) 
!ÒÃÈÉÖÅ )ÎÆÏÒÍÁÔÉÏÎ ÁÔ Á ÒÅÓÏÌÕÔÉÏÎ ÏÆ ρЈ Ø ρЈ ÁÓ ÉÎÐÕÔ ÄÁÔÁȢ 4ÈÅ ÃÁÌÃÕÌÁÔÉÏÎÓ ×ÅÒÅ 
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 software based 
on the total spatial variance. From HYSPLIT, the planetary boundary layer height data 
×ÅÒÅ ÅØÔÒÁÃÔÅÄȢ &ÏÒ ÔÈÅ ÐÌÁÎÅÔÁÒÙ ÂÏÕÎÄÁÒÙ ÌÁÙÅÒ ÈÅÉÇÈÔ ÃÁÌÃÕÌÁÔÉÏÎÓȟ ÔÈÅ πȢςυЈ Ø πȢςυЈ 
Global Forecast System (GFS) dataset was used as input data to obtain a 3 h temporal 
resolution. 

 
 

RESULTS AND CONCLUSIONS 
 

The average PM1 concentration (sum of NR-PM1 ÁÎÄ Å"#Ɋ ×ÁÓ ψȢφ ϻ σȢχ mÇɇÍ-3 and 
ρπȢρ ϻ ψȢπ mÇɇÍ-3 for summer and winter, respectively. NR-PM1 was mainly composed of 
organics during both campaigns, followed by either SO42ɀ (summer) or NO3

- (winter). The 
size distribution of NR-PM1 species was dominated by the accumulation mode 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 NR-PM1 chemical species, which 
suggests its condensation on pre-existing particles (Tab. 1).  

 
Tab. 1: Mode diameter of mass distributions of species measured by AMS (Dp corresponds 
to the vacuum aerodynamic diameter (Dva)) for the summer and winter campaigns.  

 

 Org SO4
2ɀ NO3

- NH4
+ 

Summer Dva (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 south-east (SE) were rare in summer (7 
%), they were related to the highest concentrations of PM1, eBC, and all NR-PM1 species, 
especially SO42ɀ and NH4

+. In winter, slow continental air masses from the south-west 
(SW) (44 %) were linked to inversion conditions over central Europe and were associated 
with the highest concentrations among all NR-PM1 species as well as PM1 and eBC (Fig. 1). 
The average PM1 ÍÁÔÅÒÉÁÌ ÄÅÎÓÉÔÙ ɉʍm) corresponded to higher inorganic contents in both 
seasons (summer: Ḑ1.30 g.cm-3 and winter: Ḑ1.40 g.cm-3). The dynamic shape factÏÒÓ ɉʔɊ 
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decreased slightly with particle mobility diameter (Dm) in both seasons. 
 
 

 
 

Fig. 1: Geographical locations of the means of the clusters observed in summer (a) and 
winter (b) along with boxplots of the PM1, N10ɀ800, organic, nitrate, sulfate, ammonium, 
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 25th and 75th percentiles, and the whiskers represent 
1.5 x IQR. 

 
By examining individual episodes of high mass and number 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 different 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, shape, and 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 decrease the size of droplets. This can lead to 
suppression of precipitation in shallow and short-lived clouds and to greater convective 
overturning and more precipitation in deep convective clouds, Rose et al. (2010). The 
response of cloud properties and precipitation 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 CCN under 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 performed at aerosol monitoring sites such as those 
forming ACTRIS (Aerosols, Clouds and Trace Gases Research Infrastructure) network. In 
this paper, we present the three-year experience of measuring CCN concentrations over 
the National Atmospheric Observatory KÏĤÅÔÉÃÅ ɉ.!/+Ɋȟ Á ÒÕÒÁÌ ÂÁÃËÇÒÏÕÎÄ ÓÉÔÅ ÉÎ ÔÈÅ 
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 Condensation Nuclei Counter (CCN-200) 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 positive 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 ACTRIS-2 project (WP3-
NA3). The SOPs are defined for both polydisperse and monodisperse measurements. The 
CCN dual column 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 for several particle sizes, so that two-dimensional 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 in Table 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 1 - 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. 

No. 1 
SS [%] 0.1 0.15 0.2 0.3 0.5 1 

Time 
[min]  

10 6 6 7 8 8 

No. 2 
SS [%] 0.1 0.2 0.3 0.5 1  

Time 
[min]  

20 10 10 10 10  

No. 3 

SSA [%]  0.15 0.2 0.25 0.5 0.7  

SSB [%]  0.1 0.2 0.3 0.5 1  

Time 
[min]  

20 10 10 10 10  

No. 4 
SS [%] 0.1 0.2 0.3 0.5 1  

Time 
[min]  

10 7 7 8 8  

 
Apart from the above-mentioned advantages, the CCN-200 also has some 

disadvantages compared to the single-column CCN-100. 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 to these 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 CCN-100 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 CCN-200 instruction manual. The water consumption is also twice 
that of the CCN-100, which is not insignificant when measuring in remote locations. 
Therefore, we have replaced the original 0.5-liter bottles with 2 -liter bottles, which allows 
8 days of continuous operation of the CCN-200. 

 
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 CCN-200 and four other CCN-100 instruments 
were performed. On this 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 temperature T1 is 
almost constant and the temperatures T2 and T3 change up and down quite rapidly when 
SS changes. TOpc 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 10-minute 
measurement interval for SS 0.1%, TOpc ÉÓ ÓÔÉÌÌ ÁÂÏÕÔ φ Ј# ÁÂÏÖÅ 43 (the correct value for 
TOpc Set in the CCN-200 software is T3 Ϲ ς Ј#ɊȢ /Æ ÃÏÕÒÓÅ, TOpc should be higher than T3 to 
prevent fogging of the optical cell, but too high TOpc leads to evaporation of condensed 
water and loss of droplets. Studies with DMT have shown (Operator Manual, 2018) that 
TOpc ÃÁÎ ÂÅ ÕÐ ÔÏ υ Ј# ÁÂÏÖÅ 43 without decreasing concentration. At a TOpc ÏÆ χ Ј# ÁÂÏÖÅ 
T3, 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 interval at SS 0.1% to 20 
minutes, see period No. 2 in Table 1, the difference between TOpc and T3 at the end of the 

 

Fig. 1a, b: Time dependences of temperatures at CCN-200 for 45 and 60 minutes 
measuring cycles. T1, T2 and T3 - temperatures at column top, middle and bottom, TSample 
- temperature in the inlet manifold, TOpc and Opc Set - measured and set temperature in 
the optical cell. 
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ÍÅÁÓÕÒÅÍÅÎÔ ÉÎÔÅÒÖÁÌ ÄÉÄ ÎÏÔ ÅØÃÅÅÄ υ Ј#ȟ ÓÅÅ &ÉÇȢ ρÂȟ ÓÏ ×Å ÃÁÎ ÃÏÎÓÉÄÅÒ ÔÈÅ 
measurements in period No. 2 to be correct. 

 
CCN-200 ɀ WIN10 SYSTEM UPGRADE 

 
At the end of 2020, we accepted a quote from DMT for CCN-200 - WIN10 System 

Upgrade. The upgrade included: WIN10 Electronic System Hardware Upgrade, WIN10 
Operating Software & Driver Installation, Win10 CCN-200 Software Installation and 
regular maintenance, factory calibration and door-to-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 the 2-liter 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 CCN-200 software, the length of the measurement time for each SS was exactly the 
same as specified by the user in the SS settings table, regardless 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 CCN-200 software, the 
measurement time for each SS consists of two parts: the unknown time required to 
stabilize all temperatures, including TOpc, 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 is Ѕ πȢτ Ј#Ȣ 
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 insulation 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 and Individual 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 Stability 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 spontaneously, 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, we sent 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 problem repeated 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 have to buy 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 installation of the CCNC 
at a remote site. Since then (November 16, 2021), the CCN-200 has been working properly 
with no spontaneous reboots. 
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RESULTS AND CONCLUSIONS 
 

We have been collecting CCN concentration data through NAOK since June 2019. Until 
October 2020, we used 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 TOpc being too 
high. Data collected after CCN-200 - 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 out and approved by NILU. 
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+ÌþéÏÖÜ ÓÌÏÖÁȡ !ÅÒÏÓÏÌÙȟ 0ÒÖËÏÖï ÓÌÏĿÅÎþȟ *ÁÄÅÒÎï ÁÎÁÌÙÔÉÃËï ÍÅÔÏÄÙȟ )ÏÎÔÏÖÜ 
mikrosonda 

 
SUMMARY 

 
Energetic ions of MeV energies supplied mainly by electrostatic accelerators are 
nowadays for a long period of time successfully used for the aerosol elemental 
characterization by PIXE, RBS, PESA and PIGE methods worldwide. Laboratory of nuclear 
ÁÎÁÌÙÔÉÃÁÌ ÍÅÔÈÏÄ ÁÔ .0) !6 #2 ÉÎ ~ÅĿ ÎÅÁÒ 0ÒÁÇÕÅ ÈÁÓ ÍÏÒÅ ÔÈÁÎ ÔÈÉÒÔÙ ÙÅÁÒÓȭ ÅØÐÅÒÉÅÎÃÅ 
in utilizing these methods for the aerosol analysis as well . Two experimental vacuum 
target chambers are available in 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 resolutiÏÎ ÏÆ ÁÂÏÕÔ ρАÍ 
and scanning area of 1-2mm2.  

 
 

 
 

Obr. 1: 5ÓÐÏĠÜÄÜÎþ ÉÏÎÔÏÖĻÃÈ ÔÒÁÓ ÎÁ 4ÁÎÄÅÔÒÏÎÕ τρσπ-#Ȣ )ÏÎÔÏÖÜ ÍÉËÒÏÓÏÎÄÁ ÊÅ 
ÕÍþÓÔñÎÁ ÎÁ ÔÒÁÓÅ -ρπЈȟ ËÏÍÏÒÁ ÐÒÏ ÓÉÍÕÌÔÜÎÎþ ÁÎÁÌĻÚÙ 0)8%ȟ 0)'%ȟ2"3 Á 0%3! ÎÁ -σπЈȢ 
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-%4/$9ȟ 529#(,/6!I A VZORKY 
 
    *ÁÄÅÒÎï ÁÎÁÌÙÔÉÃËï ÍÅÔÏÄ ÖÙĿþÖÁÊþÃþ ÅÎÅÒÇÅÔÉÃËï ÉÏÎÔÙ Ó energiemi o oblasti jednotek 
-Å6ȟ ÎÅÊéÁÓÔñÊÉ ÕÒÙÃÈÌÅÎĻÍÉ ÐÏÍÏÃþ ÅÌÅËÔÒÏÓÔÁÔÉÃËĻÃÈ ÕÒÙÃÈÌÏÖÁéĳȟ ÊÓÏÕ ÊÉĿ ÄÌÏÕÈÏÕ ÄÏÂÕ 
ĭÓÐñĤÎñ ÖÙÕĿþÖÜÎÙ ÔÁËï Ë ÐÒÖËÏÖĻÍ ÁÎÁÌĻÚÜÍ ÖÚÏÒËĳ ÁÔÍÏÓÆïÒÉÃËĻÃÈ ÁÅÒÏÓÏÌĳȢ 
+ÏÍÂÉÎÁÃþ ÍÅÔÏÄ 0)8% ɉéÜÓÔÉÃÅÍÉ ÂÕÚÅÎÜ ÒÅÎÔÇÅÎ ÆÌÕÏÒÅÓÃÅÎÃÅɊȟ 2"3 ɉÒÕÔÈÅÒÆÏÒÄĳÖ 
ÚÐñÔÎĻ ÒÏÚÐÔÙÌɊȟ 0)'% ɉéÜÓÔÉÃÅÍÉ ÂÕÚÅÎÜ ÅÍÉÓÅ ÇÁÍÁ ÚÜĠÅÎþɊ Á 0%3! ɉÅÌÁÓÔÉÃËĻ ÒÏÚÐÔÙÌ 
ÐÒÏÔÏÎĳɊ ÌÚÅ ÚÁ ÖÈÏÄÎĻÃÈ ÐÏÄÍþÎÅË Á ÖÈÏÄÎñ ÚÖÏÌÅÎï ÐÏÄÌÏĿËÙ Ë depozici aerosolu 
ÐÏËÒĻÔ ÐÒÁËÔÉÃËÙ ÃÅÌï ÓÐÅËÔÒÕÍ ÐÒÖËĳ ÐÅÒÉÏÄÉÃËï ÓÏÕÓÔÁÖÙ ÖéÅÔÎñ ÁÎÁÌĻÚ ÖÏÄþËÕȢ 
V ÓÏÕéÁÓÎÏÓÔÉ ÎÁĤÅ ÌÁÂÏÒÁÔÏĠ ÄÉÓÐÏÎÕÊÅ ÅÌÅËÔÒÏÓÔÁÔÉÃËĻÍ ÕÒÙÃÈÌÏÖÁéÅÍ ÔÁÎÄÅÍÏÖïÈÏ 
typu (Tanderton 4130 MC od firmy HVEE) s ÔÅÒÍÉÎÜÌÏÖĻÍ ÎÁÐñÔþÍ σ-6 ÓÃÈÏÐÎĻÍ 
ÕÒÙÃÈÌÏÖÁÔ ÖñÔĤÉÎÕ ÉÏÎÔĳ ÎÁ ÅÎÅÒÇÉÅ ÏÄ ÓÔÏÖÅË ËÅ6 ÄÏ ÊÅÄÎÏÔÅË ÁĿ ÎÉĿĤþÃÈ ÄÅÓþÔÅË -Å6Ȣ 0ÒÏ 
ÁÎÁÌĻÚÕ ÁÅÒÏÓÏÌĳ ÊÓÏÕ ÎÅÊÖÈÏÄÎñÊĤþ ÐÒÏÔÏÎÙ Ó energiemi mezi 1-τ-Å6ȟ ÐĠþÐÁÄÎñ éÜÓÔÉÃÅ 
ÁÌÆÁ ɉÊÜÄÒÁ (ÅɊ ÍþÒÎñ ÖÙĤĤþÃÈ ÅÎÅÒÇÉþȢ + ÁÎÁÌĻÚÅ ÁÅÒÏÓÏÌĳ ÊÓÏÕ Ë ÄÉÓÐÏÚÉÃÉ ÄÖñ ÔÅÒéþËÏÖï 
ËÏÍÏÒÙ ÎÁ ÔÒÁÓÜÃÈ -σπÓÔȢ ɉÍÎÏÈÏĭéÅÌÏÖÜ Ëomora s ÍÏĿÎÏÓÔþ ÓÉÍÕÌÔÜÎÎþÃÈ ÁÎÁÌĻÚ 0)8%ȟ 
PIGE, RBS a PESA s ÍÏĿÎÏÓÔþ ÕÍþÓÔñÎþ ÄÁÌĤþÃÈ ÄÅÔÅËÔÏÒĳ ÐÏÄÌÅ ÐÏĿÁÄÁÖËÕ ÅØÐÅÒÉÍÅÎÔÕɊ 
a -ρπÓÔȢ ɉÉÏÎÔÏÖÜ ÍÉËÒÏÓÏÎÄÁ Ó ÌÁÔÅÒÜÌÎþÍ ÒÏÚÌÉĤÅÎþÍ ÏËÏÌÏ ρАÍ Á ÓËÅÎÏÖÁÎÏÕ ÐÌÏÃÈÏÕ ÄÏ 
1-2 mm2 s ÍÏĿÎÏÓÔþ ÁÎÁÌĻÚ 0)8%ȟ 2"3ȟ 34)- s ÍÏĿÎÏÓÔþ ÒÏÚĤþĠÅÎþ Ï ÄÁÌĤþ ÍÅÔÏÄÙɊȢ 
 

 
 
Obr. 2: :ÜËÌÁÄÎþ ÐÒÏÃÅÓÙ ÖÙÖÏÌÁÎï ÓÖÁÚËÅÍ ÕÒÙÃÈÌÅÎĻÃÈ ÉÏÎÔĳ ÖÅ ÚËÏÕÍÁÎïÍ ÖÚÏÒËÕȢ 
K ÁÎÁÌĻÚÅ ÁÅÒÏÓÏÌĳ ÓÅ ÖÙÕĿþÖÁÊþ ÐĠÅÄÅÖĤþÍ ÍÅÔÏÄÙȟ 0)8%ȟ 0)'%ȟ 2"3 Á 0%3!Ȣ  
 
    0ÒÏ ÃÏ ÎÅÊÌÅÐĤþ ÖĻÓÌÅÄËÙ ÁÎÁÌĻÚ ÊÅ ÐÏÔĠÅÂÁ ÓÐÒÜÖÎñ ÖÏÌÉÔ ÏÄÂñÒÏÖï ÚÁĠþÚÅÎþ É ÓÌÏĿÅÎþ 
ÏÄÂñÒÏÖĻÃÈ ÆĕÌÉþ Ó ÎþÚËĻÍ ÏÂÓÁÈÅÍ ÓÔÏÐÏÖĻÃÈ ÚÎÅéÉÓĩÕÊþÃþÃÈ ÐÒÖËĳ ɉÂÌÁÎËÅÍɊȢ 0ÒÏ 
ÁÎÁÌĻÚÕ ÖÏÄþËÕ ÊÓÏÕ ÖÈÏÄÎï ÔÅÎËï ÔÅÆÌÏÎÏÖï ÆÉÌÔÒÙȢ 0ÒÏ ÔÌÏÕĤĩËÕ ÆĕÌÉÅ ÊÅ ÖÈÏÄÎï ÖÏÌÉÔ ÃÏ 
ÎÅÊÔÅÎéþ Ë ÐÏÔÌÁéÅÎþ ÐÏÚÁÄþ ÏÄ ÓÅËÕÎÄÜÒÎþÃÈ ÅÌÅËÔÒÏÎĳȢ 0ĠÉ ÖÏÌÂñ ÔÌÕÓÔĤþÃÈ ÓÕÂÓÔÒÜÔĳ 
ÎÅÂÏ ÔÌÕÓÔĤþÃÈ ÄÅÐÏÚÉÔĳ Ú ËÁÓËÜÄÎþÃÈ ÉÍÐÁËÔÏÒĳ ÊÅ éÁÓÔÏ ÎÅÚÂÙÔÎï ÐÒÏÖïÓÔ ËÏÒÅËÃÅ ÎÁ 
ÔÌÏÕĤĩËÕ ÄÅÐÏÚÉÔÕȢ 6 ÐĠþÐÁÄñ ÄÏÓÔÁÔÅéÎïÈÏ ÍÎÏĿÓÔÖþ ÏÄÅÂÒÁÎïÈÏ ÁÅÒÏÓÏÌÕ ÊÅ ÔÁËï ÍÏĿÎï 
volit vzorky v ÐÏÄÏÂñ ÔÅÎËĻÃÈ ÌÉÓÏÖÁÎĻÃÈ ÔÁÂÌÅÔȢ   
 

0/$Q+/6<.^ 
 
!ÕÔÏĠÉ ÐÒÜÃÅ ÄñËÕÊþ ÚÁ ÐÏÄÐÏÒÕ ÐÒÏÊÅËÔÕ #!.!- ,-ςπρυπυφ ÚÁ ÐÏÄÐÏÒÕ ÅØÐÅÒÉÍÅÎÔĳȢ 
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INTRODUCTION 
 

Atmospheric non-thermal plasmas produce mixtures of reactive oxygen and nitrogen 
species (RONS). The plasmaɀwater interaction enables the transport of these RONS to the 
liquid water, which is significantly enhanced by converting bulk water to aerosol 
ÍÉÃÒÏÄÒÏÐÌÅÔÓ ɍρɎȢ (ÁÖÉÎÇ ÄÉÆÆÅÒÅÎÔ (ÅÎÒÙȭÓ ÌÁ× ÓÏÌÕÂÉÌÉÔÙ ÃÏÅÆÆÉÃÉÅÎÔÓ ɉkH) under the 
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 plasmaɀwater interactions. 

 
EXPERIMENTAL SETUP AND METHODS 

 
The transport of gaseous H2O2, HNO2, NO2, NO, and O3 into the bulk water and the 

aerosol of electrosprayed (ES) and nebulized microdroplets is investigated. Gaseous H2O2, 
HNO2, NO2, NO, and O3 species are first provided by external sources (liquid H2O2 or HNO2, 
NO2 and NO mixtures from pressure tanks, ozone generator). UV-Vis spectroscopy 
colorimetric methods are used for the chemical analysis of the dissolved species (H2O2, 
NO2ľ, NO3ľ, and O3) in water. The concentrations of gaseous H2O2, NO, and O3 are 
measured using electrochemical gas sensors, while HNO2 and NO2 are measured by UV-
Vis absorption spectroscopy. 

 
Fig. 1: Schematic of the experimental setup 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 non-charged microdroplets.  
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RESULTS AND CONCLUSIONS 
 

Figure 2 shows the total molar number of the dissolved aqueous RONS within 1 min 
plasma treatment at 0.5 ml/min water flow rate. The solvation of the gaseous H2O2, HNO2, 
NO2, NO, and O3 into water is enhanced by the increasing gas-water interface surface area 
obtained during the ES or nebulizing aerosolization compared to the transport of RONS 
into the bulk with a fixed surface area. H2O2 was solvated in water 4 orders of magnitude 
more efficiently than O3, despite the 7 orders of magnitude larger kH. This is because H2O2 
is completely depleted from the gas, unlike O3 molecules.  HNO2 is well solvated into the 
water, producing aqueous NO2ľ, with 3 orders of magnitude higher efficacy than O3, which 
correlates with their ratio of kH. NO2 and NO are solvated in water also making aqueous 
NO2ľ, with 2 orders of magnitude higher efficacy than O3, despite similar kH.  

The amount of H2O2 and NO3ľ dissolved in the nebulized microdroplets is higher 
compared to that in the ES microdroplets due to larger plasmaɀwater interface area in 
nebulized microdroplets (~5 mm).  On the other hand, the production of NO2ľ(aq), mainly 
from HNO2 [2], is higher in the charged ES microdroplets, despite their larger size (~20-
100 mm). 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 plasma-liquid 
systems for multiple applications in biomedicine, environment, and agriculture. 

 

 
Fig. 2: Amount of dissolved aqueous RONS formed by streamer corona discharge in 
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 efficiency (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 
fiÌÔÒÁÔÉÏÎ ÍÁÔÅÒÉÁÌ ÉÓ Á ÆÕÎÃÔÉÏÎ ÏÆ ÔÈÅÉÒ ÓÉÚÅȢ 5ÎÆÏÒÔÕÎÁÔÅÌÌÙȟ ÔÈÅ ÓÉÚÅ ÏÆ ȰÎÁËÅÄȱ 3!23-CoV-
2 virus particles (i.e. 80-150 nm) is in the size range, where the main physical mechanisms 
have very small effect on particle deposition inside the filtration material. 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 particles. Such measurement 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. SARS-CoV-2 virus particles. 

Furthermore, during COVID pandemic many people were using the PPEs for longer 
time than it was suggested by the manufacturer or tried to use home-made 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 the 
size-resolved filtration efficiency of different respirators after application of selected 
decontamination/disinfection treatments. 

 
 

EXPERIMENTAL SETUP 
 

The size resolved penetration through the material of PPEs (circular sample) was 
measured using filter 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 l/min, corresponding to face velocity of 10.6 cm/s 
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across the sample of the material with active diameter 42 mm given by filter holder 
geometry. This face velocity is derived from a required flow rate of 95 l/min (according 
to EN149 standard) through the recommended cross-section of a respirator (facemask) 
of 150 cm2. The challenging aerosol was generated by a nebulizer (AGK-2000, Palas) by 
dispersion of salt solution of (NH4)2SO4 having concentration of 1 g/l. The generated 
aerosol was dried in the diffusion drier containing silica-gel, after that the Boltzmann 
charge distribution on aerosol particles was achieved by passing through a neutralizer 
with 85Kr and then the treated aerosol continued into an electrostatic classifier 
(Electrostatic Classifier, EC Goliath, Research Workshop of ICPF CAS). The monodisperse 
fraction of the generated 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 was determined at the same time upstream and downstream the tested 
filtration material by two CPCs (Condensation Particle Counter).  

 

 
 

Fig. 1: Schematics of measurement set-up. 
 
The position of the two CPCS was alternated for every selected size of the particles 

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. filter loading 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 method 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 against particles in the sizes 
from tenths to hundreds of nanometers (the size of SARS-CoV-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 nm ɀ 2 mm 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 is the 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 size dependent ɀ 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 a part of the commonly used respirators available on the market (Tab. 1).  
 
Tab. 1: List of tested respirator types. 

 
 
 
 
 
 
 
 

 
 

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

 
 
 
 

 
 
 

 
 
 
 
 
 
 
 

 
 

Type (Name)  Manufacturer EN 149 class  
ADD Air Active  5500 Air Active FFP3 NR 

G&W GDGP3 Guandong Tengsheng FFP3 NR 
General Public  Protection General Public FFP3 NR  

PHARMAWEX Ro1 PHARMAWEX FFP2 NR 
Refil  750 Refil FFP3 NR 

SpurTex V100 SPUR FFP2 NR 

Abbreviation Decontamination 
treatment 

Repetitions  

T1 
T3 

T10 

Thermal  
ÄÒÙ ÈÅÁÔ χπЈ# 

60 min 

1x 
3x 

10x 
E1 
E3 

E10 

Ethanol 
75% bath 

15 min 

1x 
3x  

10x 
CH1 
CH3 

CH10 

Chlorine based 
0.6% NaClO bath 

30 min 

1x 
3x 

10x 
PV1 
PV3 

PV10 

Peroxyacetic acid 
saturated vapours 

atmosphere 

1x 
3x  

10x 
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The decontamination/disinfection treatments were selected to cover part of available 

approaches (Tab. 2). The treatments were repeated once, 3 and 10 times to see the effect 
of repeated procedure on the size-resolved filtration efficiency of the respirator materials.  

 
 

RESULTS AND CONCLUSIONS 
 

Most of the small changes in FE after different decontamination/disinfection 
treatments is most probably caused rather by the differences in the filtration efficiency of 
the original material ɀ 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=600 nm according to EN149). And all the materials 
have MPPS < 100 nm. 

 

 
Fig. 2: Size-resolved filtration efficiency for different PPEs after application of various 
decontamination/disinfection treatments. 

 
However, some more pronounced negative effects can be seen after applying the 

ethanol bath (for all the respirator types). This effect can be twofold. The removal 
of the electrostatic charge, originally enhancing the filtration efficiency of the PPE 
material, by the application of liquid can be one reason for lowered filtration efficiency. 
The other negative effect can 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 effects due 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 health-improving 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 unable to precisely predict the delivered dose 
ÆÏÒ Á ÓÐÅÃÉÆÉÃ ÐÁÔÉÅÎÔȢ %ØÐÅÒÉÍÅÎÔÁÌ ÄÁÔÁ ÏÎ ÔÈÅ ÆÌÏ×ȟ ÏÒÉÅÎÔÁÔÉÏÎ ÁÎÄ ȰÆÌÉÐÓȱ ÏÆ ÆÉÂÒÅÓ ÁÒÅ 
needed to improve the current mathematical models. This contribution presents the 
experimental setup and statistically evaluated data on the behaviour of rigid micrometre-
sized fibres in the replica of the first bifurcation in human airways under transient 
conditions. 

 
EXPERIMENTAL SETUP 

 
The fibres prepared from a glass wool 3ÕÐÁÆÉÌ΅ ,ÏÆÔ ɉ+ÎÁÕÆ )ÎÓÕÌÁÔÉÏÎ 'ÍÂ(ȟ 

Simbach am 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 3D-pri nted realistic airway 
bifurcation (Lizal et al. 2022). The diameter of the fibres was 4 to 6 АÍ ÁÎÄ ÔÈÅ ÌÅÎÇÔÈ ×ÁÓ 
σπ ÔÏ υπ Аm. A FASTCAM SA-Z high-speed camera (Photron, Japan) with long-distance 
microscope 12X Zoom lens (NAVITAR, New York, USA) composed of 2X F-mount adapter 
(type 1-62922) and 12 mm F.F zoom lens (type 1-50486) was used to record the fibre 
flow. The image spatÉÁÌ ÒÅÓÏÌÕÔÉÏÎ ×ÁÓ ρȢυ ʈÍ ÐÅÒ ÐÉØÅÌȟ ÁÎÄ ÉÍÁÇÅ ÍÁØÉÍÁÌ ÄÉÍÅÎÓÉÏÎÓ 
×ÅÒÅ ρȢυ ϼρȢυ ÍÍ ÆÏÒ ρπςτϼρπςτ ÐØȢ 4ÈÅ ÆÌÏ× ×ÁÓ ÉÌÌÕÍÉÎÁÔÅÄ ÂÙ ÂÁÃËÇÒÏÕÎÄ ÌÉÇÈÔ ÕÓÉÎÇ 
a pulse LED light model HPLS-36DD18B (Lightspeed Technologies, USA). The light pulse 
duration was 400ɀ800 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 and observe the changes during the flow through the 
ÍÅÁÓÕÒÉÎÇ ×ÉÎÄÏ×Ȣ !ÌÓÏȟ ÔÒÁÊÅÃÔÏÒÉÅÓ ÁÎÄ ÔÈÅ ÎÁÔÕÒÅ ÏÆ ȰÆÌÉÐÓȱ ɉÓÕÄÄÅÎ ÃÈÁÎÇÅÓ ÆÒÏÍ 
perpendicular to parallel orientation of fibre to the streamlines) were analyzed. 

 
Fig. 2: Trajectories and flips of fibres during transient inhalation flow downstream of the 
bifurcation. The asterisks denote flip from perpendicular to parallel orientation to 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 90-kW 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 make 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 movement-the 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 particles.   

The Deutsch precipitation model (Deutsch, 1922) for predicting ESP removal 
efficiency suggests that the particle distribution is uniform in the ESP cross-section and 
does not consider the effect of ion-generated turbulence. Consequently, some calculation 
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 modelling, these processes must 
be respected. 

Some accurate complex software, such as FLUENT or COMSOL, are known based on 
solving the Navier-Stokes equation. However, such methods request appropriate skills 
and are not always available to boiler producers; therefore, 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 ESP by i) electrostatic removal defined by the Deutsch method: 

 
ὅύ       (1) 

Where A-is an ESP collecting area and Q- is a gas flow. 
and ii) loss of specific particles by coagulation, specified by the Smoluchowski equation 
(Smoluchowski 1916). 

ὑὅ      (2) 

The particle coagulation in the present work is considered monodisperse: particles 
of each specific size are suggested to coagulate to a target 1-АÍ - outside the size range 

of interest. Consequently, the resulting evolution in concentration  for particles of a 

specific size Ὠ  is considered as further 

ὑὅ
 
ὅύ     (3) 

Electrostatic precipitation 
The critical parameter in the operation of ESP is the particle drift velocity ύ , 

which is strictly depends on electric field strength Ὁ , the medium viscosity ‘ and 
particle size Ὠ and charge ὗ : 

ύ Ͻὅ      (4) 

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

“ộὺỚ ὔ ρ     (5) 

Particles concentrations reduced by precipitation ὅ can be defined by the 
analytical solution of Equation (1): 

ὅ ὅὩ       (6) 
Coagulation 

The Brownian motion of aerosol particles in an undisturbed medium inevitably 
results in arbitrary continuous coagulation, which kernel can be found: 

ὑ τ“ὨὈὅ      (7) 
Where ὅ Cunningham correction factor, Ὀ - 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 
Ions in the electric field are influenced by concentration/temperature gradient and 

the applied external field; therefore, secondary narrow jet-like 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 coagulation 
kernel (Saffman and Turner, 1956) defines as.  

ὑ ‟
 
Ὠὅ      (8) 

Gradient coagulation 
The formula (4) shows that the velocity of charged particles towards the electrodes 

is individual for each particle size. The drift 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 kernel ὑ  is related 
to Brownian ὑ  kernel as follows (Sinajskij et al., 2002): 

ὑ ὑ       (9) 

Electrically affected coagulation 
Fuchs (Fuchs, 1955) defines the effect of particle charge by the kernel for charged 

particle coagulation ὑ  as Brownian coagulation kernel ὑ  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 factor ‍ for monodisperse particles with 
unipolar charge was determined here as (Green and Lane, 1964): 

‍ ώ,  ώ      (10) 

The coagulation kernel ὑ  respecting the effect of the ESPelectric field was 
obtained as follows (Lianze et al., 2005): 

ὑ Ͻὅ      (11) 

Effective coagulation kernel 
The effective kernel ὑ  of coagulation in energised ESP is obtained by summing the 

kernels for the above mechanisms:  
ὑ ὑ ὑ ὑ ὑ     (12) 

Particle concentration, reduced by coagulation ὅ during electrostatic 
precipitation, was defined by the analytical solution of Equation (2): 

ὅ       (13) 

 
EXPERIMENTAL APPARATUS AND METHODS 

 
The contribution of coagulation was investigated in an experimental set-up shown 

in Fig. 2.  

 
Fig. 2 Experimental set-up 

 
The typical automatic 90-kW 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 the boiler 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 five times 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 Electrical Low-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 equipment, a two-stage Dekati fine 
particle sampler FPS-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 
densiÔÙ ÁÔ ς ÇȾÃÍσȢ /ÂÔÁÉÎÅÄ ÃÏÎÃÅÎÔÒÁÔÉÏÎÓ ×ÅÒÅ ÎÏÒÍÁÌÉÓÅÄ ÔÏ ÔÈÅ ÖÏÌÕÍÅ ÕÎÉÔ ÏÆ ÄÒÙ 
ÇÁÓ ÁÔ ρπρȢσςυ Ë0Áȟ π Ј#ȟ ÁÎÄ ÒÅÆÅÒÅÎÃÅ /ς ÏÆ ρπϷȢ 
 

RESULTS AND DISCUSSION 
 

Experimental conditions and ESP parameters. The ESP operation parameters and 
conditions of the experiments are presented in Tab. 2. 

 
Tab. 2: Average experimental parameters of the ESP 

Parameter Unit 
ESP regime 

A B 
Gas temperature,  Ј# 85 
Gas flow Q ** m3/h  556 
Residence time in ESP, t s 2.5 
Specific collecting area m2/(m 3/s)  136 
Electric current in ESP, I mA 40 5 
Voltage on ESP, U kV 12.5 9 
Electric field strength, Eav ϼρπ5 V/m  2.8 1.8 
Concentration of ions, N ϼρπ14 ions/m 3 2.3 0.7 

ɕ ÉÎ ÄÒÙ ÆÌÕÅ ÇÁÓ ɉπ Ј#ȟ ρπρȢσ Ë0ÁɊȠ ÁÔ ÒÅÆÅÒÅÎce O2 = 10 % vol. 
** 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 due 

to studied mechanisms at operation regimes of ESP.  
The values of turbulent ὑ , charge ὑ  and electric field ὑ 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 measurement 

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 purely. 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 increased ESP 
efficiency. 

 
 
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 for partially 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 in (Zhuang et al., 
2000). 

 
CONCLUSIONS 

 
Coagulation in the corona discharge field was studied in the experimental ESP used 

to control PM emissions from a 160-kW 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 gas-particle conversion processes. SA are divided 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). In urban 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 increase their particle form ation 
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 particulate formation 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 condensation, this process is also referred 
to as aging (Kanakidou, 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 concentration and UV-irradiation are accurately monitored and 
ÃÏÎÔÒÏÌÌÅÄȢ /&2ȭÓ ÁÒÅ ÃÏÍÐÁÃÔ ÃÏÎÓÔÁÎÔ ÆÌÏ× ÒÅÁÃÔÏÒÓ ÔÈÁÔ ÐÒÏÖÉÄÅ ÆÁÓÔ ÁÇÉÎÇ ÏÆ ÔÈÅ ÓÁÍÐÌÅȢ 
Processes that would take days in atmosphere are achieved in a time scale of minute 
inside of the OFR. Dekati has brought to the market Dekatḯ  Oxidation Flow Reactor 
$/&2Ά ×ÈÉÃÈ ÉÓ ÂÁÓÅÄ ÏÎ ÔÈÅ 43!2 ɉ454 3ÅÃÏÎÄÁÒÙ !ÅÒÏÓÏÌ 2ÅÁÃÔÏÒɊȟ ÁÎ /&2 ÄÅÓÉÇÎÅÄ 
and introduced by Tampere University (formerly known as Tampere University of 
Technology) (Simonen et al., 2017). DOFR 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 

ÐÅÒÆÏÒÍÁÎÃÅ ÏÆ ÔÈÅ $/&2Ά ×ÉÔÈ ÂÏÔÈ ÌÁÂÏÒÁÔÏÒÙ ÁÎÄ ÆÉÅÌÄ ÔÅÓÔÓȢ 
Maximum aging power of the reactor was tested using carbon monoxide as marker 

gas and 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 determined using salt particles and two condensation particle counters. 

To verify performance with a real-world emission source, potential aerosol mass 
from an idling TSI gasoline engine was measured. Sample 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 DOFRΆ, where aging conditions were modified mainly by 
increasing the UVC-intensity inside the reactor. After the reactor, Dekatḯ  High resolution 
ELPḮ + was used as an aerosol instrument to measure produced secondary aerosol mass. 
 

RESULTS AND CONCLUSIONS 
 
Decrease of carbon monoxide concentration inside the reactor is converted to 

equivalent age in the atmosphere using following equations: 

ὕὌ
ȟ  

ÌzÎ  (1) 

ὸ
Ȣz  ȢȾ

  (2) 

Where, 1.5e6 molec./cm3*s equals the average hydroxyl radical reactivity in the 
atmosphere. Figure 1 presents results as equivalent age while using maximum UVC 
intensity and different ozone concentration and relative humidity levels.  

 
Fig. 1: Equivalent aging time of DOFRΆ with varying humidity and ozone concentration. 

 
As can be seen, equivalent aging time of 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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Fig. 2: Secondary aerosol mass size distributions from a 1.4 liter TSI engine with varying 
aging conditions. 

 
Different lines represent different aging conditions. UVC-intensity was the main 

parameter for aging control. With increasing UVC intensity (number of active UVC-lamps), 
produced SA increases, 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 
ÔÏØÉÃ ÅÌÅÍÅÎÔÓ ÏÒ ÃÏÍÐÏÕÎÄÓ ÈÁÖÅ ÂÅÅÎ ×ÉÄÅÌÙ ÉÎÖÅÓÔÉÇÁÔÅÄ ÉÎ ÍÁÎÙ 7ÏÒËÓ ɉ2ÏÄÒþÇÕÅÚ 
et al., 2004; Rogula-+ÏÚčÏ×ÓËÁ ÅÔ ÁÌȢȟ ςπρυɊȢ )Î several papers it was remarked 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 precise determination 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 concentration of PM10-bound elements were examined. 

 
 

EXPERIMENTAL SETUP 
 

As the receptor, the measurement point in the northern part of the village was 
ÓÅÌÅÃÔÅÄȟ ×ÈÉÃÈ ÉÓ ÓÉÔÕÁÔÅÄ ÎÅÁÒ Á ÍÏÄÅÒÁÔÅÌÙ ÉÎÈÁÂÉÔÅÄ ÒÕÒÁÌ ÁÒÅÁ ɉ+ÏÔĕÒÚ -ÁčÙȟ /ÐÏÌÓËÉÅ 
Voivodeship) surrounded by meadows, farmlands low shrubs and trees (50OχσȭφφȢπςȱ 
N;18OπυȭπφȢψπȱ %ȟ ρφς ÍȢ ÁȢ ÓȢ ÌȢȟ ωφψ ÉÎÈÁÂÉÔÁÎÔÓɊȢ Continuous particle monitor + energy 
dispersive X-ray fluorescence (CPM+EDXRF; PX-σχυ (ÏÒÉÂÁ΅ȟ *ÁÐÁÎɊ ÔÅÃÈÎÉÑÕÅ ×ÅÒÅ 
used to examine PM10 concentrations 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 assess the elemental quantification of X-ray 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/m3), Ca (1.1 ng/m3), Cr (2.05 ng/m3), Cu (1.85 ng/m3), Fe 
(7.00 ng/m 3), K (4.8 ng/m3), Mn (1.45 ng/m3), Ni (0.9 ng/m3), Pb (1.05ng/m3), Zn (1.25 
ng/m 3). 

Sampling and weather condition measurements were carried out for 14 
consecutive days during the winter period (February 2019).  
For further analysys of recievied records, the raw data were scaled according to the 
fomula (1). 
 

ὢ        (1) 

mailto:t.olszowski@po.edu.pl
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The principal component analysis (PCA) was applied to assess the correlations 

between different PM10-bound elements and identify the main 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 periods of the day was checked. 

 
 

RESULTS AND CONCLUSIONS 
 

Figure 1 shows the profiles of PM10 and PM10-bound elements concentration. The 
twenty-four-ÈÏÕÒ ÃÏÎÃÅÎÔÒÁÔÉÏÎÓ ÏÆ 0-ρπ ÉÎ +ÏÔĕÒÚ -ÁčÙ ÒÁÎÇÅÄ ÆÒÏÍ φȢω ÔÏ ρχψȢφ ʈÇȾÍ3. 
The mean PM10 concentration for the entire measurement period was equal to 51.5 
ʈÇȾÍ3. It was above the daily PM10 concentration limit established by the European 
#ÏÍÍÉÓÓÉÏÎ ɉυπ ʈÇȾÍ3; not to be exceeded on more than 35 days per year). Generally, the 
lowest concentrations of PM10 were recorded between 00.00-06.00 a.m. and the highest 
between 04.00 p.m.-10.00 p.m. 
 

 
 
Fig 1. PM10 and PM10-bound elements concentration ranges. The whiskers extend from 
the edge of the box to the 5th and 95th percentiles of the data. The squares inside indicate 
median values. 
 

The mean concentrations of the selected PM10-bound elements fluctuated within 
wide limits and took values from 0.95 ng/m3 (Ni) to 1406.3 ng/m3 (Al). PM10-bound 
elements collectively accounted on average for 1% of the PM10 mass. Al, Ca and, K were 
the most abundant among the determining elements. On average, during the entire two-
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 elements, 
therefore it can be assumed that they were derived from the resuspension of crustal and 
soil matter (Majewski and rogula-+ÏÚčÏ×ÓËÁȟ ςπρφɊȢ 4ÈÅ ÃÏÎÃÅÎÔÒÁÔÉÏÎÓ ÏÆ ÔÈÅ ÒÅÍÁÉÎÉÎÇ 
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 the use of PCA and CA analysys. Both 
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.m.-3 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 source 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 PC1. The vast majority of these 
elements were of natural origin. Clear groups were identified indicating that soil 
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, the 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" of pollutants 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 
(clusters foÒȡ ρππɇ$ÉÓÔÁÎÃÅȾ-ÁØȢ ÄÉÓÔÁÎÃÅ ЃτπɊȢ 
 

D H M MD AE N 
Cr-Mn Mn-Fe Cu-Ca Mn-Fe Zn-Pb Mn-Fe 
Fe-Ca Zn-Pb Mn-Fe Zn-Pb Al-K Al-K 
Zn-K Cu-Ca  Al-K Mn-Fe Zn-Pb 
Al-K Al-K   Cu-Ca  

Mn-Fe      
Zn-Pb      

 
 

The results in Table 1 show a similarity in the occurrence 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 (n=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 intensification 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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+ċĭéÏÖï ÓÌÏÖÜȡ 4ÕÈï éÁÓÔÉÃÅȟ %ÍÉÓÉÅ ÂÅÚ ÖĻÆÕËÏÖĻÃÈ ÐÌÙÎÏÖȟ #ÈÅÍÉÃËĻ ÐÒÖÏËȟ 0ÒÏÓÔÒÅÄÉÅ 

ÔÕÎÅÌÁȟ #ÅÓÔÎÜ ÄÏÐÒÁÖÁȟ &ÁËÔÏÒÏÖÜ ÁÎÁÌĻÚÁ 
 
 

SUMMARY 
 

Particulate matter (PM) originates from the exhaust and non-exhaust processes of road 
traffic (brake wear, tire wear, road surface wear, and road dust resuspension). This study 
deals with the specification of non-exhaust PM emissions in a tunnel environment where 
the primary source is road traffic. PM measurements took placÅ ÉÎ ÔÈÅ Ȱ0ÏÖÁĿÓËĻ #ÈÌÍÅÃȱ 
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 energy-dispersive X-ray 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/$ 

 
Emisie ÔÕÈĻÃÈ éÁÓÔþÃ ɉPM) Ú ÃÅÓÔÎÅÊ ÄÏÐÒÁÖÙ ÐÏÃÈÜÄÚÁÊĭ Ú ÄÖÏÃÈ ÐÒÉÍÜÒÎÙÃÈ ÚÄÒÏÊÏÖȡ 

ÖĻÆÕËÏÖĻÃÈ ÐÒÏÃÅÓÏÖ Á ÄÅÇÒÁÄÜÃÉÅ éÁÓÔþ ÖÏÚÉÄÉÅÌ Á ÐÏÖÒÃÈÕ ÖÏÚÏÖÉÅËȢ 4ÅÎ ÄÒÕÈĻȟ ËÔÏÒĻ 
ÚÁÈğĐÁ ÖĤÅÔËÙ ÅÍÉÓÉÅ éÁÓÔþÃ ÖÏ ÖÚÄÕÃÈÕ ÖÙÔÖÜÒÁÎï ÖÏÚÉÄÌÁÍÉȟ ÏÐÏÔÒÅÂÏÖÁÎÉÅ ÖÏÚÏÖËÙ Á 
ÒÅÓÕÓÐÅÎÚÉÕ ÃÅÓÔÎïÈÏ ÐÒÁÃÈÕȟ ÊÅ ÄÅÆÉÎÏÖÁÎĻ ÁËÏ ÅÍÉÓÉÅ ÔÕÈĻÃÈ éÁÓÔþÃ ɀ ÎÅÖĻÆÕËÏÖï ÅÍÉÓÉÅȢ 
Podiel ÅÍÉÓÉþ 0- Ú ÎÅÖĻÆÕËÏÖĻÃÈ ÚÄÒÏÊÏÖ ÓÁ Ö ÐÏÓÌÅÄÎĻÃÈ ÒÏËÏÃÈ ÒĻÃÈÌÏ ÚÖĻĤÉÌ Ö ÄĖÓÌÅÄËÕ 
ÖĻÒÁÚÎïÈÏ ÚÎþĿÅÎÉÁ ÅÍÉÓÉþ ÚÏ ÓÐÁċÏÖÁÎÉÁ Á Ö ÓĭéÁÓÎÏÓÔÉ ÐÒÅÄÓÔÁÖÕÊÅ ÐÒÉÂÌÉĿÎÅ ωπ Ϸ 
ÖĤÅÔËĻÃÈ ÅÍÉÓÉþ 0- Ú ÃÅÓÔÎÅÊ ÄÏÐÒÁÖÙ (OECD, 2020; Rexeis & Hausberger, 2009; Timmers 
& Achten, 2016)Ȣ IÁÓÔÉÃÅ Ú ÎÅÖĻÆÕËÏÖĻÃÈ ÐÒÏÃÅÓÏÖȟ ËÔÏÒï ÓÁ ÕÓÁÄÉÌÉ ÎÁ ÐÏÖÒÃÈÕ ÖÏÚÏÖËÙȟ 
ÍĖĿÕ ÂÙĩ ÔÉÅĿ ÒÅÓÕÓÐÅÎÄÏÖÁÎï ÔÕÒÂÕÌÅÎÃÉÏÕ Ö ÃÅÓÔÎÅÊ ÐÒÅÍÜÖËÅ (US-EPA, 2011). 
.ÅÖĻÆÕËÏÖï ÅÍÉÓÉÅ 0- ÍÏĿÎÏ ÒÏÚÄÅÌÉĩ ÎÁ ÐÒÉÁÍÅ ÅÍÉÓÉÅ Ú ÏÐÏÔÒÅÂÏÖÁÎÉÁ ɉÏÐÏÔÒÅÂÅÎÉÅ 
ÂğÚÄȟ ÐÎÅÕÍÁÔþË Á ÖÏÚÏÖËÙɊ Á ÒÅÓÕÓÐÅÎÚÉÕ ÃÅÓÔÎïÈÏ ÐÒÁÃÈÕȢ 0- Ú ÎÅÖĻÆÕËÏÖĻÃÈ procesov 
Óĭ ÈÌÁÖÎÏÕ ÚÌÏĿËÏÕ ÈÒÕÂÅÊ ÆÒÁËÃÉÅ 0-2,5-10 (Harrison a kol., 2021; OECD, 2020). 
6 ÒÜÍÃÉ ÎÜĤÈÏ ÖĻÓËÕÍÕ ÂÏÌÉ ÖÙËÏÎÁÎï ÍÅÒÁÎÉÁ 0-10 a PM2,5 Á ÉÃÈ ÅÌÅÍÅÎÔÜÒÎÁ 

ÃÈÅÍÉÃËÜ ÁÎÁÌĻÚÁ Ö ÐÒÏÓÔÒÅÄþ ÔÕÎÅÌÁȢ -ÅÒÁÎÉÁ ÓÁ ÒÏÂÉÌÉ ÓĭéÁÓÎÅ ÎÁ ÄÖÏÃÈ ÍÉÅÓÔÁÃÈȡ ÖÏ 
ÖÎĭÔÒÉ ÔÕÎÅÌÁ Á ÖÏÎËÕ ÐÒÉ ÐÏÒÔÜÌÉ ÔÕÎÅÌÁȢ  
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mailto:dusan.jandacka@uniza.sk
mailto:daniela.durcanska@uniza.sk


 

120 
 

ÐÒÅÄ ĭÄÒĿÂÏÕ ÔÕÎÅÌÁ ɉρȢ ɀ χȢ ÏËÔĕÂÒÁ ςπςπɊ Á ÐÏ ĭÄÒĿÂÅ ÔÕÎÅÌÁ ɉρςȢ ɀ ςπȢ ÏËÔĕÂÒÁ ςπςπɊȢ 
-ÅÒÁÎÉÁ ÓÁ ÕÓËÕÔÏéĐÏÖÁÌÉ ÃÅÌËÏÖÏ ÐÏéÁÓ ρφ ÄÎþȢ 

Na meranie PM10 a PM2,5 ÂÏÌÉ ÐÏÕĿÉÔï ÄÖÅ ÍÅÔĕÄÙȡ ÒÅÆÅÒÅÎéÎÜ ÇÒÁÖÉÍÅÔÒÉÃËÜ ɉτØ 
ÐÒþÓÔÒÏÊÅ ,ÅÃËÅÌ ,63σɊ Á ÏÐÔÉÃËÜ ÍÅÔĕÄÁ ɉ&ÉÄÁÓ ςππ3 Á !0--ςɊȢ 6Ï ÖÎĭÔÒÉ ÔÕÎÅÌÁ ÂÏÌÉ 
ÐÏÕĿÉÔï ςØ ÐÒþÓÔÒÏÊÅ ,ÅÃËÅÌ Á ÐÒþÓÔÒÏÊ !0--ςȢ 6 ÂÌþÚËÏÓÔÉ ÐÏÒÔÜÌÕ ÔÕÎÅÌÁ ÂÏÌÉ ÐÏÕĿÉÔï ςØ 
ÐÒþÓÔÒÏÊÅ ,ÅÃËÅÌ Á ÐÒþÓÔÒÏÊ &ÉÄÁÓ ςππ3Ȣ 
!ÎÏÒÇÁÎÉÃËï ÐÒÖËÙ ÓÁ ÄÅÔÅÇÏÖÁÌÉ ÐÏÍÏÃÏÕ ÓÐÅËÔÒÏÍÅÔÒÁ !2,Ά 15ANT'X EDXRF. 

6ÚÏÒËÙ ÓÁ ÁÎÁÌÙÚÏÖÁÌÉ ÐÏÍÏÃÏÕ %$82& ÓÐÅËÔÒÏÍÅÔÒÉÅ ÖÏ ÖÜËÕÏÖÅÊ ÁÔÍÏÓÆïÒÅȢ 
 

6¸3,%$+9, DISKUS)!ȟ :<6%29 
 

0ÒÉÅÍÅÒÎï ËÏÎÃÅÎÔÒÜÃÉÅ ÖĤÅÔËĻÃÈ ÆÒÁËÃÉþ 0- ÂÏÌÉ ÎÉĿĤÉÅ Ö ÐÏÒÔÜÌÏÖÅÊ éÁÓÔÉ ÔÕÎÅÌÁ ÁËÏ 
Ö ÔÕÎÅÌÏÖÅÊ ÒĭÒÅȢ :ÁÚÎÁÍÅÎÁÎï ÐÏËÌÅÓÙ ÂÏÌÉ υσȟσ Ϸ ÐÒÅ 0-10 a 44,2 % pre PM2,5. 
-ÁØÉÍÜÌÎÁ ςτ-ÈÏÄÉÎÏÖÜ ËÏÎÃÅÎÔÒÜÃÉÁ 0-10 υτȟπφ ʈÇȾÍ3 ÂÏÌÁ ÎÁÍÅÒÁÎÜ Ö ÔÕÎÅÌÏÖÅÊ ÒĭÒÅ 
ÄĐÁ ςπȢρπȢςπςπ Á ÍÁØÉÍÜÌÎÁ ςτ-ÈÏÄÉÎÏÖÜ ËÏÎÃÅÎÔÒÜÃÉÁ 0-2,5 ςτȟφω ʈÇȾÍ3 ÂÏÌÁ ÎÁÍÅÒÁÎÜ 
Ö ÔÕÎÅÌÏÖÅÊ ÒĭÒÅ ÄĐÁ ρωȢρπȢςπςπȟ ËÅÄÙ sa ÎÅÚÁÚÎÁÍÅÎÁÌÉ ĿÉÁÄÎÅ ÚÒÜĿky. 
$ÉÓÔÒÉÂĭÃÉÁ 0- Ö ÔÕÎÅÌÏÖÅÊ ÒĭÒÅ ÐÒÅÄÓÔÁÖÏÖÁÌÁ ÚÌÏĿÅÎÉÅ 0-10 frakciami PM2,5_IN 51 % 

a PM2,5-10ͺ). τω ϷȢ 6 ÂÌþÚËÏÓÔÉ ÐÏÒÔÜÌÏÖÅÊ éÁÓÔÉ 0-2.5_OUT 59 % a PM2.5-10_OUT 41 %, v 
ÔÏÍÔÏ ÐÏÒÁÄþȢ (ÒÕÂÜ ÆÒÁËÃÉÁ 0-2,5-10 ÄÏÓÁÈÏÖÁÌÁ ÁĿ υπ Ϸ ÃÅÌËÏÖÅÊ ÆÒÁËÃÉÅ 0-10. 
:ÜÖÉÓÌÏÓĩ 0- ÎÁÍÅÒÁÎĻÃÈ Ö ÔÕÎÅÌÏÖÅÊ ÒĭÒÅ Á ÐÏÒÔÜÌÏÖÅÊ éÁÓÔÉ ÔÕÎÅÌÁ ÂÏÌÁ ÓËĭÍÁÎÜ 

ÐÏÍÏÃÏÕ ÌÉÎÅÜÒÎÅÊ ÒÅÇÒÅÓÎÅÊ ÁÎÁÌĻÚÙȢ *ÅÍÎÜ ÆÒÁËÃÉÁ 0-2,5 ÖÙËÁÚÏÖÁÌÁ ÖÙĤĤÉÕ ÚÜÖÉÓÌÏÓĩ 
éÁÓÔþÃ ÐÒÏÄÕËÏÖÁÎĻÃÈ Ö ÔÕÎÅÌÏÖÅÊ ÒĭÒÅ ÏÄ éÁÓÔþÃ ÎÁÍÅÒÁÎĻÃÈ Ö ÐÏÒÔÜÌÏÖÅÊ éÁÓÔÉ ɉËÏÅÆÉÃÉÅÎÔ 
detÅÒÍÉÎÜÃÉÅ 22 Ѐ πȟυχȟ ËÏÒÅÌÁéÎĻ ËÏÅÆÉÃÉÅÎÔ Ò Ѐ πȟχυȟ ÖĻÚÎÁÍÎÏÓĩ Ð Ѐ πȟππυφτχɊȢ 0ÒÅ 
ÈÒÕÂĭ ÆÒÁËÃÉÕ 0-ςȟυ-ρπ ÎÅÂÏÌ ÖÚĩÁÈ ÍÅÄÚÉ éÁÓÔÉÃÁÍÉ ÎÁÍÅÒÁÎĻÍÉ Ö ÔÕÎÅÌÏÖÅÊ ÒĭÒÅ Á Ö 
ÐÏÒÔÜÌÏÖÏÍ ĭÓÅËÕ ÔÁËĻ ÖĻÚÎÁÍÎĻ ÁËÏ ÐÒÅ 0-2,5 (R2 = 0,27, r = 0,52, p = 0,038899). 
#ÈÅÍÉÃËï ÁÎÁÌĻÚÙ 0- ÏÄÈÁÌÉÌÉ ÐÒþÔÏÍÎÏÓĩ ÎÉÅËÔÏÒĻÃÈ ÃÈÅÍÉÃËĻÃÈ ÐÒÖËÏÖȢ 

!ÎÁÌÙÚÏÖÁÎĻÃÈ ÂÏÌÏ φτ ÖÚÏÒÉÅË 0-ȟ Ú ÔÏÈÏ σς ÖÚÏÒÉÅË 0-10 a 32 vzoriek PM2,5. V PM boli 
ÉÄÅÎÔÉÆÉËÏÖÁÎï ÎÁÓÌÅÄÕÊĭÃÅ ÃÈÅÍÉÃËï ÐÒÖËÙȡ !Ìȟ "Òȟ #Áȟ #Ìȟ #Òȟ #Õȟ &Åȟ +ȟ -Çȟ -Îȟ .Áȟ 0ȟ 3Éȟ 3ȟ 
Ti, Zn, Ni, Mo, Pb, Rb, Sb Se, Sr, V a Zr (Obr. 1)Ȣ #ÅÌËÏÖÜ ËÏÎÃÅÎÔÒÜÃÉÁ ÐÒÖËÏÖ ÎÁ ÆÉÌÔÒÏÃÈ 
bola v priemere 365,8 mg/m2 PM10_IN, 85,4 mg/m2 PM2,5_IN, 142,5 mg/m2 PM10_OUT a 
48,2 mg/m2 PM2,5_OUT. 

 

 
 

Obr. 1: 0ÒÉÅÍÅÒÎÜ ËÏÎÃÅÎÔÒÜÃÉÁ ÃÈÅÍÉÃËĻÃÈ ÐÒÖËÏÖ Ö 0- ɉÍÉÌÉÇÒÁÍÙ ÐÒÖËu na gram PM) 
ÐÏéÁÓ ÍÅÒÁÎþ Ö ÔÕÎÅÌÉ 0ÏÖÁĿÓËĻ #ÈÌÍÅÃ. 
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3ËĭÍÁÌÉ ÓÍÅ ÁÊ ÚÁÓÔĭÐÅÎÉÅ ÊÅÄÎÏÔÌÉÖĻÃÈ ÃÈÅÍÉÃËĻÃÈ ÐÒÖËÏÖ Ö 0-2,5 a PM2,5-10. PM2,5-10 

ÐÒÅÄÓÔÁÖÕÊÅ ÈÒÕÂĭ ÆÒÁËÃÉÕ 0-10 Á ÊÅÈÏ ÚÄÒÏÊÏÍ ÊÅ ÎÁÊÍß ÍÅÃÈÁÎÉÃËĻ ÐÒÏÃÅÓȢ 6Ï ÆÒÁËÃÉÉ 
PM2,5-10 ÂÏÌÉ ÖÏ ÖßéĤÅÊ ÍÉÅÒÅ ÚÁÓÔĭÐÅÎï ÃÈÅÍÉÃËï ÐÒÖËÙ !Ìȟ #Áȟ #Ìȟ #Õȟ &Åȟ +ȟ -Çȟ -Îȟ .Áȟ 0ȟ 
Si, Ti, Zn (PM2,5-10/PM2,5 >1). Na druhej strane Br, Cr, S, K - vonku a Zn - vonku boli viac 
ÚÁÓÔĭÐÅÎï Ö 0-2,5 (pomer PM2,5-10/PM2,5 <1). 
+ÏÒÅÌÁéÎÜ ÁÎÁÌĻÚÁ ÏÄÈÁÌÉÌÁ Ö 0-10 ÄÖÅ ÓËÕÐÉÎÙ ÃÈÅÍÉÃËĻÃÈ ÐÒÖËÏÖ Ó ÖĻÚÎÁÍÎÏÕ 

ÖÚÜÊÏÍÎÏÕ ËÏÒÅÌÜÃÉÏÕ ɉÒЄ πȟχȟ ÐЃπȟπυɊȡ 3ËÕÐÉÎÁ ρȟ !Ìȟ #Áȟ #Õȟ &Åȟ +ȟ -Çȟ -Îȟ 3Éȟ 4É Á :ÎȠ Á 
Skupina 2, Na a Cl. V PM2,5 signifikantne korelovali Al, Ca, Mg, Si, Cu, Fe, Na a Cr. Vo frakcii 
PM2,5 ÎÅÂÏÌÉ ÃÈÅÍÉÃËï ÐÒÖËÙ ÔÁË ÖĻÒÁÚÎÅ ÖÉÁÚÁÎï ako vo frakcii PM10. Preto sa 
ÐÒÅÄÐÏËÌÁÄÁÌÏȟ ĿÅ ÈÒÕÂÜ ÆÒÁËÃÉÁ 0-2,5-10 ÂÏÌÁ ÄĖÌÅĿÉÔÜ ÖÏ ÖĻÚÎÁÍÎĻÃÈ ËÏÒÅÌÜÃÉÜÃÈ ÍÅÄÚÉ 
ÃÈÅÍÉÃËĻÍÉ ÐÒÖËÁÍÉȢ 0ÒÅÔÏ ÓÁ ÔÜÔÏ ÆÒÁËÃÉÁ ÓËĭÍÁÌÁ ÏÄÄÅÌÅÎÅȢ 6ĻÚÎÁÍÎï ËÏÒÅÌÜÃÉÅ ÔÖÏÒÉÌÉ 
ÐÒÖËÙ ÐÏÄÏÂÎï ÆÒÁËÃÉÉ 0-10 (Obr. 2ɊȢ : ÈċÁÄÉÓËÁ ÐÒÅÐÏÊÅÎÉÁ ÃÈÅÍÉÃËĻÃÈ ÐÒÖËÏÖ ÂÏÌÁ Ö 
ÔÏÍÔÏ ÐÒþÐÁÄÅ ÐÒÅ ÃÅÌËÏÖĭ ÆÒÁËÃÉÕ 0-10 ÖĻÚÎÁÍÎÜ ÈÒÕÂÜ ÆÒÁËÃÉÁ 0-2,5-10.  

 
 

Obr. 2: 6ĻÓÌÅÄËÙ ËÏÒÅÌÁéÎÅÊ ÁÎÁÌĻÚÙ ËÏÎÃÅÎÔÒÜÃÉÅ ÃÈÅÍÉÃËĻÃÈ ÐÒÖËÏÖ Ö 0- ÚþÓËÁÎĻÃÈ ÐÒÉ 
ÍÅÒÁÎÉÁÃÈ Ö ÔÕÎÅÌÉ 0ÏÖÁĿÓËĻ #ÈÌÍÅÃ. 

 
0ÒÅÚÅÎÔÏÖÁÎĻ ÖĻÓËÕÍ ÓÁ ÚÁÏÂÅÒÁÌ ÍÅÒÁÎþÍ Á ÁÎÁÌĻÚÏÕ ËÏÎÃÅÎÔÒÜÃÉþ 0-10 a PM2,5 a 

ÉÃÈ ÃÈÅÍÉÃËïÈÏ ÚÌÏĿÅÎÉÁ Ö ÐÒÏÓÔÒÅÄþ ÔÕÎÅÌÁȢ -ÉÅÓÔÏÍ ÍÅÒÁÎÉÁ ÂÏÌ ÔÕÎÅÌ 0ÏÖÁĿÓËĻ #ÈÌÍÅÃ 
ÎÁÃÈÜÄÚÁÊĭÃÉ ÓÁ Ö ¼ÉÌÉÎÅ ÎÁ 3ÌÏÖÅÎÓËÕȢ -ÅÒÁÎÉÁ ÓÁ ÕÓËÕÔÏéÎÉÌÉ ÖÏ ÖÎĭÔÒÉ ÔÕÎÅÌÏÖÅÊ ÒĭÒÙ Á 
ÖÏÎËÕ Ö ÂÌþÚËÏÓÔÉ ÐÏÒÔÜÌÕ ÔÕÎÅÌÁȟ éþÍ ÓÁ ÌþĤÉ ÏÄ ÉÎĻÃÈ ĤÔĭÄÉþ (Cui a kol., 2016; Hao a kol., 
2019)Ȣ 0ÒÉÅÍÅÒÎÜ ËÏÎÃÅÎÔÒÜÃÉÁ 0-10 Ö ÔÕÎÅÌÉ ÂÏÌÁ Ï υσ Ϸ ÖÙĤĤÉÁ Á 0-2,5 Ï ττ Ϸ ÖÙĤĤÉÁ ÁËÏ 
ÖÏÎËÕ Ö ÂÌþÚËÏÓÔÉ ÐÏÒÔÜÌÕ ÔÕÎÅÌÁȢ +ÏÎÃÅÎÔÒÜÃÉÅ ÂÏÌÉ ÖĻÚÎÁÍÎÅ ÏÖÐÌÙÖÎÅÎï ÚÒÜĿËÁÍÉ ÐÏéÁÓ 
merania. 6ÐÌÙÖ ÐÒÉÍÜÒÎÅÈÏ ÚÄÒÏÊÁ ÃÅÓÔÎÅÊ ÄÏÐÒÁÖÙ ÓÁ ÐÒÅÊÁÖÉÌ ÎÁÊÍß ÐÏéÁÓ ÐÒÁÃÏÖÎĻÃÈ 
ÄÎþ ÚÖĻĤÅÎþÍ ËÏÎÃÅÎÔÒÜÃÉþ 0-ȟ ËÔÏÒï ÓÁ ÚÖĻĤÉÌÉ Ö ÏÂÄÏÂþ ÂÅÚ ÚÒÜĿÏËȢ 2ÅÇÒÅÓÎÜ ÁÎÁÌĻÚÁ 
ËÏÎÃÅÎÔÒÜÃÉþ 0- ÖÏ ÖÎĭÔÒÉ ÔÕÎÅÌÁ Á ÖÏÎËÕ Ö ÂÌþÚËÏÓÔÉ ÐÏÒÔÜÌÕ ÔÕÎÅÌÁ ÕËÜÚÁÌÁ ÐÒÅÐÏÊÅÎÉÅ 
ÔĻÃÈÔÏ 0-Ƞ ÔÏ ÚÎÁÍÅÎÜȟ ĿÅ ÖÅċËÜ éÁÓĩ 0- Ö ÐÏÒÔÜÌÉ ÐÏÃÈÜÄÚÁÌÁ ÐÒÉÁÍÏ Ú ÔÕÎÅÌÁ ɉ0-10 - R2 
= 0,43, PM2,5 - R2 = 0,57). PM2,5-10 ÔÖÏÒÉÌÉ ÁĿ υπ Ϸ Ú ÃÅÌËÏÖÅÊ ÆÒÁËÃÉÅ 0-10ȟ éÏ ÊÅ ÖÙĤĤÉÁ 
ÈÏÄÎÏÔÁ ÁËÏ Õ ÍÅÓÔÓËĻÃÈ ÁÅÒÏÓĕÌÏÖ (Samara & Voutsa, 2005).  
#ÈÅÍÉÃËÜ ÁÎÁÌĻÚÁ 0-10 a PM2,5 ÐÏÍÏÃÏÕ %$82& ÏÄÈÁÌÉÌÁ ÐÒþÔÏÍÎÏÓĩ ÎÁÓÌÅÄÕÊĭÃÉÃÈ 

ÃÈÅÍÉÃËĻÃÈ ÐÒÖËÏÖ Ö 0-ȡ !Ìȟ "Òȟ #Áȟ #Ìȟ #Òȟ #Õȟ &Åȟ +ȟ -Çȟ -Îȟ .Áȟ 0ȟ 3Éȟ 3ȟ 4É Á :ÎȢ #ÅÌËÏÖÜ 
ËÏÎÃÅÎÔÒÜÃÉÁ ÐÒÖËÏÖ ÎÁ ÆÉÌÔÒÏÃÈ ÂÏÌÁ Ö ÐÒÉÅÍÅÒÅ ÐÒÅ 0-10_IN 365,8 mg/m2, PM2,5_IN 85,4 
mg/m 2, PM10_OUT 142,5 mg/m 2 a PM2,5_OUT 48,2 mg/m2Ȣ 4ÉÅÔÏ ÃÈÅÍÉÃËï ÐÒÖËÙ ÂÏÌÉ 
ÈÍÏÔÎÏÓÔÎÅ ÚÁÓÔĭÐÅÎï Ö 0-10_IN (31,4 %), PM2,5_IN (14,4 %), PM10_OUT (27,7 %) a 
PM2,5ͅ /54 ɉρυȟτ ϷɊȢ 0ÏÄÏÂÎï ÖĻÓÌÅÄËÙ ÚÌÏĿÅÎÉÁ 0- Ö ÔÕÎÅÌÏÃÈ ÂÏÌÉ ÚþÓËÁÎï Ö ÎÉÅËÔÏÒĻÃÈ 
ĤÔĭÄÉÜÃÈ (Brito a kol., 2013; Cui a kol., 2016; Handler a kol., 2008; Hao a kol., 2019; He a 
kol., 2008)Ȣ +ÏÎÃÅÎÔÒÜÃÉÅ ÃÈÅÍÉÃËĻÃÈ ÐÒÖËÏÖ ÄÏÓÁÈÏÖÁÌÉ ÖÙĤĤÉÅ ÈÏÄÎÏÔÙ ÖÏ ÖÎĭÔÒÉ ÔÕÎÅÌÁ 
ÁËÏ ÖÏÎËÕȟ Ö ÂÌþÚËÏÓÔÉ ÐÏÒÔÜÌÕ ÔÕÎÅÌÁȢ 
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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 possible causes 
of these shortcomings in the models are missing emissions of semi-volatile and 
intermediate-volatile organic compounds (SVOCs and IVOCs), which can be very effective 
precursors of secondary organic aerosols. In practice, therefore, these emissions are 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 source-specific emissions from recent 
literat ure 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 
quality models obtained from chamber experiments to correct for semi-volatile 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 different 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 2018ɀ2019). 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 
Comprehensive Air Quality Model with Extensions (CAMx) (Environ, 2020) on a European 
ÍÏÄÅÌ ÄÏÍÁÉÎ ÃÅÎÔÒÅÄ ÏÖÅÒ 0ÒÁÇÕÅȟ ÔÈÅ #ÚÅÃÈ 2ÅÐÕÂÌÉÃ ɉυπȢπχυЈ .ȟ ρτȢττЈ %ȟ ,ÁÍÂÅÒÔ 
Conic Conformal projection used) for the period between 2018ɀ2019. The model domain 
was represented in 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 source-ÓÐÅÃÉǢÃ ÅÍÉÓÓÉÏÎ parameterizations used in the experiments. 
For each of the parameterizations, the superscript indicates a reference to the used 
source: a Giani et al. (2019), b Jathar et al. (2014), c Ciarelli et al. (2017),  d Jiang et al. 
(2021), e Robinson et al. (2007). Gianni's approach refers to the SVOC determination 
procedure described in the article of Giani et al. (2019).   
 

Chem. 
Specie

s 
Experiment  

Gasoline 
vehicles (GV) 

Diesel  
vehicles (DV) 

Biomass 
burning 

(BB) 

Other 
sources 

(OS) 

IVOC 
SOAP_withIVO

A 
 

0.0397 * VOCGV 

a 
1.2748 * 
VOCDV 

a 
4.5 * 

POABB 
c 

1.5 * 
POAOS 

e 

 VBS_base  
0.0397 * VOCGV 

a 
1.2748 * 
VOCDV 

a 
4.5 * 

POABB 
c 

1.5 * 
POAOS 

e 

 VBS_Jiang_orig  
0.25 * 

NMVOGGV 
b 

0.2 * 
NMVOGDV 

b 
12 * 

POABB 
d 

1.5 * 
POAOS 

e 

 
VBS_Jiang_mod

if 
 

0.0397 * VOCGV 
a 

1.2748 * 
VOCDV 

a 
12 * 

POABB 
d 

1.5 * 
POAOS 

e 

SVOC VBS_base  
Giani's 

approach 
Giani's 

approach 
3 * POABB 

d 
3 * POAOS 

d 

 VBS_Jiang_orig  3 * POAGV 
d 3 * POADV 

d 3 * POABB 
d 

3 * POAOS 
d 

 
VBS_Jiang_mod

if 
 

Giani's 
approach 

Giani's 
approach 

3 * POABB 
d 

3 * POAOS 

d 

 
48ɀ50 m. Driving meteorological fields (the same for all experiments) were derived using 
the WRFCAMx preprocessor from the weather forecast simulation performed using the 
WRF (Weather Research and Forecasting) Model Version 4.0.3., which detailed 
description can be found in LÏÕÂÁÌÏÖÜ et al. (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 aerosol-gas partitioning and 
oxidation chemistry using two options, namely using a semi-volatile equilibrium scheme 
called SOAP or a hybrid 1.5-dimensional volatility basis set (1.5-D 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 semi-volatile. 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 SVOCs). Next, 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 IVOCs and 
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_noIVOA, 
SOAP_withIVOA, and VBS_base experiments) were performed using the default setting of 
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 CAMx version 6.50 with 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_noIVOA, SOAP_withIVOA, and VBS_base experiments, the fifth revision of the 
Carbon Bond 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 AND CONCLUSIONS 
 

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 Po Valley, 
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_noIVOA experiment. These impacts are shown in Figure 2. For 
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 summer. At the same   
 

 
 
 
 
 
 
 
 

 
 
 
 
 
Fig. 1: Average winter (DJF,  left) and summer (JJA, right) concentrations of primary 
organic aerosols (POA, top) and secondary organic aerosols (SOA, bottom) from  
SOAP_noIVOA experiment.  
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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) from SOAP_withIVOA, VBS_base, 
VBS_Jiang_orig and  VBS_Jiang_modif  experiments (1stɀ4st column respectively). 
 
time, in this case, the relative impacts on SOA are the lowest of all investigated cases, with 
values in the range of 1-4 (1-2) in winter (summer). On the 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 version 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 approach, 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 evaluation of the model surface daily 
concentrations of organic carbon (OC), PM2.5, 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, we used available data for these 
pollutants from background stations included in the Co-operative Programme for 
Monitoring and Evaluation of the Long-range Transmission of Air Pollutants in Europe 
database (EMEP) and those included in the European Environment Agency's AirBase 
European air quality dataset. The 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 best results. 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 overestimated by 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 inorganic 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 as NO2 and 
SO2 that is analogous to the one used by Aksoyoglu et al. (2017). 

 
Tab. 2: Comparison of modelled and observed daily concentrations of organic carbon 
(OC), PM2.5, ammonium (NH4

+), nitrate (NO3
-) and sulfate (SO42-). Biases and root mean 

ÓÑÕÁÒÅ ÅÒÒÏÒÓ ɉ2-3%ÓɊ ÁÒÅ ÇÉÖÅÎ ÉÎ ʈÇȢÍ-3. The green (red) colour of the numbers 
indicates an improvement (deterioration) of statistical indicators compared to their 
values from the SOAP_noIVOA experiment. The best values of the indicators in the 
framework of individual comparisons are marked in bold. 
 

   
SOAP_noIVOA / SOAP_withIVOA / VBS_base / VBS_Jiang_orig / 

VBS_Jiang_modif 

Chem
. 

speci
es 

Statisti
cs 

 Winter (DJF) Summer (JJA) 

OC bias  
-3.86 / -3.78 / -3.08 / -3.39 / -

3.19 
 -2.49 / -2.45 / -2.13 / -2.39 / -

2.25  

 RMSE  6.53 / 6.45 / 5.69 /  5.96 / 5.79 2.77 / 2.73 / 2.43 / 2.68 / 2.54 

PM2.5 bias  
-1.91 / -3.30 / -2.13 / -2.73 /  -

2.42 
-5.59 / -6.56 / -5.75 / -6.30 /  -

6.07 

 RMSE  
10.99 / 11.31 / 10.50 / 10.75 / 

10.63  
7.04 / 7.89 / 7.18 / 7.68 /  7.47 

NH4
+ bias  0.83 / 0.55 / 0.55 / 0.53 /  0.53 

-0.10 / -0.30 / -0.30 / -0.31 /  -
0.30 

 RMSE  1.61 / 1.32 / 1.32 / 1.31 /  1.31 0.41 / 0.47 / 0.47 / 0.47 /  0.47  

NO3
- bias  2.11 / 1.67 / 1.69 / 1.62 /  1.63 

-0.20 / -0.32 / -0.31 / -0.33 /  -
0.33  

 RMSE  3.54 / 3.00 / 3.01 / 2.96 /  2.97  0.74 / 0.72 / 0.72 / 0.73 /  0.73  

SO4
2- bias  

-0.84 / -1.36 / -1.36 / -1.37 /  -
1.37 

-1.35 / -1.81 / -1.81 / -1.81 /  -
1.81 

 RMSE  2.37 / 2.47 / 2.47 / 2.47 /  2.47 1.80 / 2.18 / 2.18 / 2.18 /  2.18 

 
 
 



 

128 
 

ACKNOWLEDGEMENT 
This work has been funded by the Technology Agency of the Czech Republic 

ɉ4!I2Ɋ ÐÒÏÊÅÃÔ !2!-)3 ɉAir quality Research, Assessment and Monitoring Integrated 
System) No.SS02030031. We further thank the Netherlands Organisation for Applied 
Scientific Research (TNO) for providing tne Monitoring Atmospheric Composition and 
Climate (MACC)-III emissions dataset, the Czech Hydrometeorological Institute for 
providing the Register of Emissions and Air Pollution Sources (REZZO) dataset, ATEM 
(Studio of ecological models) for providing their traffic emissions dataset, the European 
Environment Agency (EEA) for providing the AirBase European air quality data and the 
Co-operative Programme for Monitoring and Evaluation of the Long-range Transmission 
of Air Pollutants in Europe (EMEP) for providing their air quality data.  

 
REFERENCES 

 
Aksoyoglu, S., Ciarelli, G., El-(ÁÄÄÁÄȟ )Ȣȟ "ÁÌÔÅÎÓÐÅÒÇÅÒȟ 5Ȣȟ ÁÎÄ 0ÒïÖĖÔȟ !Ȣ 3Ȣ (Ȣȡ 3ÅÃÏÎÄÁÒÙ 
 inorganic aerosols in Europe: sources and the significant influence of biogenic VOC 
 emissions, especially on ammonium nitrate, Atmos. Chem. Phys., 17, 7757ɀ7773, 
 (2017). 
#ÉÁÒÅÌÌÉȟ 'Ȣȟ !ËÓÏÙÏÇÌÕȟ 3Ȣȟ %Ì (ÁÄÄÁÄȟ )Ȣȟ "ÒÕÎÓȟ %Ȣ !Ȣȟ #ÒÉÐÐÁȟ -Ȣȟ 0ÏÕÌÁÉÎȟ ,Ȣȟ ?ÉÊßÌßȟ -Ȣȟ 
 #ÁÒÂÏÎÅȟ 3Ȣȟ &ÒÅÎÅÙȟ %Ȣȟ /ȭ$Ï×Äȟ #Ȣȟ "ÁÌÔÅÎÓÐÅÒÇÅÒȟ 5Ȣȟ ÁÎÄ 0ÒïÖĖÔȟ !Ȣ 3Ȣ (Ȣȟ -ÏÄÅÌÌÉÎÇ 
 winter organic aerosol at the European scale with CAMx: evaluation and source 
 apportionment with a VBS parameterization based on novel wood burning smog 
 chamber experiments, Atmos. Chem. Phys., 17, 7653ɀ7669, (2017). 
LÏÕÂÁÌÏÖÜȟ *Ȣȟ (ÕÓÚÜÒȟ 0Ȣȟ %ÂÅÎȟ +Ȣȟ "ÅÎÅĤÏÖÜȟ .Ȣȟ "ÅÌÄÁȟ -Ȣȟ 6ÌéÅËȟ /Ȣȟ +ÁÒÌÉÃËĻȟ *Ȣȟ 'ÅÌÅÔÉéȟ *Ȣȟ 
 and Halenka, T., High Resolution Air Quality Forecasting over Prague within the 
 URBI PRAGENSI Project: Model Performance during the Winter Period and the 
 Effect of Urban Parameterization on PM, Atmosphere, 11, 625, (2020). 
9ƴǾƛǊƻƴΣ /!aȄ ¦ǎŜǊΩǎ DǳƛŘŜΣ /ƻƳǇǊŜƘŜƴǎƛǾŜ !ƛǊ vǳŀƭƛǘȅ ƳƻŘŜƭ ǿƛǘƘ 9ȄǘŜƴǘƛƻƴǎΣ ǾŜǊǎƛƻƴ  7.10, 
available at: http://www.camx.com, Novato, California, (2020).            
Giani, P., Balzarini, A., Pirovano, G., Gilardoni, S., Paglione, M., Colombi, C., Gianelle, V. L. , 
 Belis, C. A., Poluzzi, V., Lonati, G., Influence of semi- and intermediate-volatile 
 organic compounds (S/IVOC) parameterizations, volatility distributions and 
 aging schemes on organic aerosol modelling in winter conditions, Atmospheric 
 Environment, 213, 11ɀ24, (2019).          
(ÕÓÚÁÒȟ 0Ȣȟ +ÁÒÌÉÃËĻȟ *Ȣȟ LÏÕÂÁÌÏÖÜȟ *Ȣȟ £ÉÎÄÅÌÜĠÏÖÜȟ +Ȣȟ .ÏÖÜËÏÖÜȟ 4Ȣȟ "ÅÌÄÁȟ -Ȣȟ (ÁÌÅÎËÁȟ 4Ȣȟ 
 ¼ÜËȟ -Ȣȟ ÁÎÄ 0ÉĤÏÆÔȟ 0Ȣȟ 5ÒÂÁÎ ÃÁÎÏÐÙ ÍÅÔÅÏÒÏÌÏÇÉÃÁÌ ÆÏÒÃÉÎÇ ÁÎÄ ÉÔÓ ÉÍÐÁÃÔ ÏÎ 
 ozone and PM2.5: role of vertical turbulent transport, Atmos. Chem. Phys., 20, 
 1977ɀ2016, (2020). 

Jathar, S. H., Gordon, T. D., Hennigan, C. J., Pye, H. O. T., Pouliot, G., Adams, P. J., 
Donahue,  N. M., and Robinson, A. L., Unspeciated organic emissions from 
combustion sources  and their influence on the secondary organic aerosol budget 
in the United States, P. Natl. Acad. Sci. USA, 111, 10473ɀ10478, (2014). 

Jiang, J., El Haddad, I., Aksoyoglu, S., Stefenelli, G., Bertrand, A., Marchand, N., Canonaco, 
 F., Petit, J.-%Ȣȟ &ÁÖÅÚȟ /Ȣȟ 'ÉÌÁÒÄÏÎÉȟ 3Ȣȟ "ÁÌÔÅÎÓÐÅÒÇÅÒȟ 5Ȣ ÁÎÄ 0ÒïÖĖÔȟ !Ȣ 3Ȣ (Ȣȟ 
 Influence of biomass burning vapor wall loss correction on modeling organic 
 aerosols in Europe by CAMx v6.50, Geosci. Model Dev., 14, 1681ɀ1697, (2021). 
Robinson, A. L., Donahue, N. M., Shrivastava, M. K., Weitkamp, E. A., Sage, A. M., Grieshop, 
 A. P., Lane, T. E., Pierce, J. R., and Pandis, S. N.: Rethinking organic aerosols: 
 semivolatile emissions and photochemical aging, Science, 315, 1259ɀ1262, (2007). 



 

129 
 

EXPERIMENTAL MEASURING OF HOMOGENEOUS NUCLEATION RATE OF WATER IN 
THE PRESENCE OF VARIOUS GASES IN PULSE EXPANSION CHAMBER  

 

Tetiana LUKIANOVA1, Mykola LUKIANOV1, Jan (25"¸1  

 
1 Institute of Thermomechanics AS CR, v.v.i., Prague, Czech Republic, 

lukianova@it.cas.cz 
 

Keywords: Homogeneous nucleation, Nucleation rate, Formation of new particles 
 
 

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 s 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 by Viisanen et al. (1993) and the last publication was by 
Campagna et al. (2021). 

EXPERIMENTAL SETUP 
 

We performed experiments using the expansion pulse chamber developed by 
Wagner and Strey in 19846. The study was conducted with the carrier gases CO2 and 
argon in a range of nucleation temperatures of 220-260 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 of 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. 

 


