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6ÜĿÅÎï ËÏÌÅÇÙÎñȟ ÖÜĿÅÎþ ËÏÌÅÇÏÖïȟ ÐĠÜÔÅÌïȟ 
 
2ÜÄ ÂÙÃÈ ÖÜÓ ÖĤÅÃÈÎÙ ÐĠÉÖþÔÁÌȟ Ú ÐÏÚÉÃÅ ÐĠÅÄÓÅÄÙ IÅÓËï ÁÅÒÏÓÏÌÏÖï ÓÐÏÌÅéÎÏÓÔÉ ɉI!3Ɋȟ ÎÁ 
ςτȢ ÖĻÒÏéÎþ ËÏÎÆÅÒÅÎÃÉ IÅÓËï ÁÅÒÏÓÏÌÏÖï ÓÐÏÌÅéÎÏÓÔÉ, v ÓÒÄÃÉ ÊÉĿÎþ -ÏÒÁÖÙ Ö 
(ÕÓÔÏÐÅéþÃÈ ɀ v hotelu Wine Wellness Hotel Amande.   
-ÉÎÕÌĻ ÒÏéÎþË ÂÙÌ ÖÅ ÚÎÁÍÅÎþ ÐÉÌÏÔÎþÈÏ ÓÐÏÊÅÎþ 6+ I!3 Á ËÏÎÆÅÒÅÎÃÅ /ÖÚÄÕĤþȟ 

/ÖÚÄÕĤþ v I!3Åȟ ËÔÅÒï ÊÓÍÅ ÕÓÐÏĠÜÄÁÌÉ ÖÅ ÓÐÏÌÕÐÒÜÃÉ Ó VI RECETOX Á ÐÏÄ ÚÜĤÔÉÔÏÕ VI 
ACTRIS. Tento koncept v ÌÏĐÓËïÍ ÒÏÃÅ ÐĠÉÎÅÓÌ ÚÖĻĤÅÎÏÕ ĭéÁÓÔ ÎÁ ËÏÎÆÅÒÅÎÃÉ Á ÐĠþÔÏÍÎÏÓÔ 
ËÏÌÅÇĳȟ ËÔÅĠþ ÓÅ Ö ÍÉÎÕÌĻÃÈ ÌÅÔÅÃÈ 6+ I!3 ÐÒÁÖÉÄÅÌÎñ ÎÅĭéÁÓÔÎÉÌÉȢ .ÉÃÍïÎñȟ ÐÒÏÔÏĿÅ ÊÅ ÖĿÄÙ 
proÓÔÏÒ ËÅ ÚÌÅÐĤÅÎþȟ ÒÜÄÉ ÂÙÃÈÏÍ ÖÅ ÓÎÁÚÅ ÍÏÔÉÖÏÖÁÔ É ËÏÌÅÇÙ Ú ÂÌþÚËĻÃÈ ÏÂÏÒĳȟ ÐĠþÐÁÄÎñ 
É ÚÜÓÔÕÐÃÅ ÌÅÇÉÓÌÁÔÉÖÎþÃÈ ÏÒÇÜÎĳȟ Ö ÎÁĤÅÍ ĭÓÉÌþ ÐÏËÒÁéÏÖÁÌÉȢ 6 tomto ohledu bych na vás 
rád apeloval, abyste, pokud uznáte za vhodné, ÉÎÆÏÒÍÁÃÅ Ï ËÏÎÆÅÒÅÎÃÉ ĤþĠÉÌÉ ÄÜÌÅ 
v ĠÁÄÜÃÈ ÓÖĻÃÈ ËÏÌÅÇĳ Á ÓÐÏÌÕÐÒÁÃÏÖÎþËĳȢ ! ÔÏ É Ö ÐĠþÐÁÄñȟ ĿÅ ÎÅÊÓÏÕ ÐĠþÍÏ ÏÄÂÏÒÎþËÙ ÖÅ 
ÖÁĤÅÍ ÏÂÏÒÕȟ ÁÌÅ ÊÅÊÉÃÈ ÅØÐÅÒÔþÚÁ ÂÙ ÍÏÈÌÁ ÐÏÍÏÃÉ ÎÁÈÌïÄÎÏÕÔ ÎÁĤÉ ÐÒÏÂÌÅÍÁÔÉËÕ Ú jiné 
ÐÅÒÓÐÅËÔÉÖÙ éÉ ÐĠÉÎïÓÔ ÚÁÊþÍÁÖÏÕ ÓÐÏÌÕÐÒÜÃÉ éÉ ÐÁÒÔÎÅÒÓÔÖþȢ   

Jak jste si mohli jistñ ÖĤÉÍÎÏÕÔȟ ÌÅÔÏĤÎþ ËÏÎÆÅÒÅÎÃÅ ÄÏÚÎÁÌÁ ÄÁÌĤþÃÈ ÚÍñÎ, a to 
ÐĠÅÄÅÖĤþÍ ÐÏ ÓÔÒÜÎÃÅ ÏÒÇÁÎÉÚÁéÎþ. V ÌÅÔÏĤÎþÍ ÒÏÃÅ ÂÙÌ ÚÁÖÅÄÅÎ nový online 
ÒÅÇÉÓÔÒÁéÎþ ÆÏÒÍÕÌÜĠ a také, v ÎÜÖÁÚÎÏÓÔÉ ÎÁ ÄÏÔÁÚÎþË ÚÁÓÌÁÎĻ ÐÏ ÓËÏÎéÅÎþ ÌÏĐÓËïÈÏ 
ÒÏéÎþËÕȟ ÖÙÚËÏÕĤþÍÅ Ö pilotní verzi poste rovou sekci . V této souvislosti bych vás rád i 
ÌÅÔÏÓ ÐÏĿÜÄÁÌ Ï ÓÏÕéÉÎÎÏÓÔ Á ÁÐÅÌÏÖÁÌ ÎÁ ÖÁĤÉ ÈÏÊÎÏÕ ĭéÁÓÔ ÐĠÉ ÖÙÐÌÎñÎþ ÄÏÔÁÚÎþËÕ, který 
ÏÂÄÒĿþÔÅ ÐÏ ÓËÏÎéÅÎþ ÌÅÔÏĤÎþ ËÏÎÆÅÒÅÎÃÅȢ 0ÏÍÜÈÜ ÎÜÍ ÔÏ ÖÙÌÅÐĤÏÖÁÔ ÏÒÇÁÎÉÚÁÃÉ Á ÐÒĳÂñÈ 
ËÏÎÆÅÒÅÎÃÅ ÔÁËȟ ÁÂÙ ÖĤÅ ÆÕÎÇÏÖÁÌÏ k ÖÁĤþ ÓÐÏËÏÊÅÎÏÓÔÉȢ 
/Ä ÚÁéÜÔËÕ ÌÅÔÏĤÎþÈÏ ÒÏËÕ ÔÁËï ÚÁéÁÌ ÐÒÁÃÏÖÁÔ ÎÏÖĻ ÖĻÂÏÒ I!3 ɉÊÅÈÏ ÓÌÏĿÅÎþ ÊÅ 

k ÄÉÓÐÏÚÉÃÉ ÎÁ ×ÅÂÏÖĻÃÈ ÓÔÒÜÎËÜÃÈ ÓÐÏÌÅéÎÏÓÔÉɊȟ ËÔÅÒĻ ÊÓÔÅ ÓÉ ÍÉÎÕÌĻ ÒÏË ÎÁ ÚÁÓÅÄÜÎþ éÌÅÎĳ 
I!3 ÏÄÈÌÁÓÏÖÁÌÉȢ 6ĻÂÏÒ I!3 ÊÅ Ö ÎÅÕÓÔÜÌïÍ ËÏÎÔÁËÔÕ Á ÖĤÉÃÈÎÉ ÊÅÈÏ éÌÅÎÏÖï ÓÅ ÓÎÁĿþ 
ÐĠÉÓÐñÔ Ë ÈÌÁÄËïÍÕ ÃÈÏÄÕ ÓÐÏÌÅéÎÏÓÔÉȟ Ë ÊÅÊþÍÕ ÚÖÉÄÉÔÅÌÎñÎþ Á ÐÒÏÓÐÅÒÉÔñȢ 4þÍÔÏ ÂÙÃÈ ÒÜÄ 
ÖĤÅÍ éÌÅÎĳÍ ÖĻÂÏÒÕ ÐÏÄñËÏÖÁÌ ÚÁ ÓËÖñÌÏÕ ÓÐÏÌÕÐÒÜÃÉ v ÕÐÌÙÎÕÌïÍ ÒÏÃÅ Á ÔñĤþÍ ÓÅ ÎÁ 
ÄÁÌĤþ ÖĻÚÖÙȟ ËÔÅÒï ÍÜÍÅ ÓÐÏÌÅéÎñ ÐĠÅÄ ÓÅÂÏÕȢ 

Jednou z ÈÌÁÖÎþÃÈ ÚÍñÎ ÊÅ ÐÒÜÃÅ ÎÁ ÎÏÖĻÃÈ ×ÅÂÏÖĻÃÈ ÓÔÒÜÎËÜÃÈ I!3Ȣ 6ĻÂÏÒ I!3 
také v ÕÐÌÙÎÕÌïÍ ÒÏÃÅ ÉÎÔÅÎÚÉÖÎñ ÐÏËÒÁéÏÖÁÌ Ö ÐĠþÐÒÁÖÜÃÈ ÎÁ ÐÏĠÜÄÜÎþ %ÕÒÏÐÅÁÎ 
Aerosol Conference v roce 2028 v  Praze. V ÒÜÍÃÉ ÐĠþÐÒÁÖ ÄÏĤÌÏ Ë ÄÒÏÂÎĻÍ ÚÍñÎÜÍȟ 
ÐĠÅÄÅÖĤþÍȟ ÃÏ ÓÅ ÔĻéÅ ÍþÓÔÁ ÐÏĠÜÄÜÎþ %!#ςπςψȢ / ÖĤÅÃÈ ÔñÃÈÔÏ ÚÜÌÅĿÉÔÏÓÔÅÃÈ ÂÙÃÈ ÖÜÓ ÒÜÄ 
krátce informoval v rámci ÚÁÓÅÄÜÎþ éÌÅÎĳ I!3, které se bude konat v úterý 11.11.2025  
ÔñÓÎñ ÐÏ ÓËÏÎéÅÎþ ÐÒÏÇÒÁÍÕ ËÏÎÆÅÒÅÎÃÅȢ   
*ÁË ÓÅ ÊÉĿ ÓÔÁÌÏ ÔÒÁÄÉÃþ Ö ÐÒĳÂñÈÕ ÍÉÎÕÌĻÃÈ ÄÖÏÕ ÒÏéÎþËĳȟ É ÌÅÔÏÓ ÐĠÉÖþÔÜÍÅ vzácné 

hostyȟ ËÔÅĠþ ÓÅ ÎÜÍ ÐÏÓÔÁÒÁÊþ Ï ÐÌÅÎÜÒÎþ ÐĠÅÄÎÜĤËÙ. Ano, letos budou ÐÌÅÎÜÒÎþ ÐĠÅÄÎÜĤËÙ 
ÄÖñ, jedna v ÐÏÎÄñÌþ ÄÏÐÏÌÅÄÎÅ ρπȢρρȢςπςυ a druhá v úterý ráno 11.11.2025 .  
V ÎÜÖÁÚÎÏÓÔÉ ÎÁ ÐĠÅÄÃÈÏÚþ ÖÜĿÅÎï ÈÏÓÔÙȟ ÐÒÏÆȢ 0ÈÉÌÉÐÁ (ÏÐËÅÈÏ Á ÐÒÏÆȢ !ÌÆreda 
Wiedensohlera, se v ÌÅÔÏĤÎþÍ ÒÏÃÅ ÕÊÍÏÕ ÒÏÌÅ ÐÌÅÎÜÒÎþÃÈ ÍÌÕÖéþÃÈ Dr. Martin 
GyselȤ"ÅÅÒ ɉ03)ȟ £ÖĻÃÁÒÓËÏɊ a prof. Gerhard Lammel (Max -Planck Institut, 
.ñÍÅÃËÏɊȢ -ÁÒÔÉÎ ÓÅ ÚÁÂĻÖÜ ÐĠÅÄÅÖĤþÍ ÆÙÚÉËÜÌÎþÍÉ ɉÏÐÔÉÃËĻÍÉɊ ÖÌÁÓÔÎÏÓÔÍÉ 
ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃ ÖÅ ÖÚÔÁÈÕ k ÌÅÐĤþÍÕ ÐÏÒÏÚÕÍñÎþ ÖÌÉÖĳ ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃ ÎÁ ËÌÉÍÁ 
ɉÓÎþĿÅÎþ ÎÅÊÉÓÔÏÔ ÍñĠÅÎþ Á ÐĠÅÄÐÏÖñÄþɊ Á ÌÉÄÓËï ÚÄÒÁÖþ ɉÚÌÅÐĤÅÎþ ËÖÁÌÉÔÙ ĿÉÖÏÔÎþÈÏ 
ÐÒÏÓÔĠÅÄþɊȢ 'ÅÒÈÁÒÄ ÓÅ ÚÁÂĻÖÜ ÐĠÅÄÅÖĤþÍ ÃÈÅÍÉþ ÓÔÏÐÏÖĻÃÈ ÏÒÇÁÎÉÃËĻÃÈ ÌÜÔÅËȟ ÊÅÊÉÃÈ 
ÖĻÍñÎÏÕ ÍÅÚÉ ÖÚÄÕÃÈÅÍȟ ÖÏÄÏÕ Á Ðĳdou, a v ÎÅÐÏÓÌÅÄÎþ ĠÁÄñ ÅØÐÏÚÉÃþ ÔñÍÔÏ 
ÓÌÏÕéÅÎÉÎÜÍ Ö ĿÉÖÏÔÎþÍ ÐÒÏÓÔĠÅÄþ Á ÎÜÓÌÅÄÎĻÍ ÎÅÇÁÔÉÖÎþÍ ÖÌÉÖĳÍ ÎÁ ÌÉÄÓËï ÚÄÒÁÖþȢ 
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4ÒÁÄÉéÎþ ÐÏÄñËÏÖÜÎþ ÐÁÔĠþ ÚÜÖñÒÅÍ ÖĤÅÍ ÓÐÏÎÚÏÒĳÍ ËÏÎÆÅÒÅÎÃÅ /ÖÚÄÕĤþ Ö I!3Å ɀ 
Altium, Biowell (Dekati), ECM ECOMONITORING a TSIȢ  :ÜÓÔÕÐÃÉ ÔñÃÈÔÏ ÆÉÒÅÍ ÂÕÄÏÕ 
ÐĠþÔÏÍÎÉ Ö ÐÒĳÂñÈÕ ËÏÎÆÅÒÅÎÃÅ Á ÂÕÄÅ ÔÁË ÄÏÓÔ ÐĠþÌÅĿÉÔÏÓÔþ Ó ÎÉÍÉ ÐÒÏÂÒÁÔ ÖĤÅȟ ÃÏ ÂÙ ÖÜÓ 
ÍÏÈÌÏ ÚÁÊþÍÁÔȢ .ñËÔÅĠþ ËÏÌÅÇÏÖï ÚÁÓÔÕÐÕÊþÃþ ÖĻĤÅ ÚÍþÎñÎï ÆÉÒÍÙ ÏÂÏÈÁÔþ ÐÒÏÇÒÁÍ 
ËÏÎÆÅÒÅÎÃÅ É ÓÖĻÍÉ ÏÄÂÏÒÎĻÍÉ ÐĠþÓÐñÖËÙȢ  
! ÓÁÍÏÚĠÅÊÍñ ÎÅÍÏÈÕ ÏÐÏÍÅÎÏÕÔ ÌÅÔÏĤÎþ editorku tohoto sborníku Janu 

KánskouȢ $ñËÕÊÅÍÅȦ  
4ñĤþÍ ÓÅ ÎÁ ÏÓÏÂÎþ ÓÅÔËÜÎþ Ö (ÕÓÔÏÐÅéþÃÈ Á ÊÁËÏ ÖĿÄÙ ÖĤÅÃÈÎÙ ÎÜÍñÔÙȟ ÐÏÄÎñÔÙȟ 

výtky a pochvaly jsou vítány . 
 
6ÜĤȟ 
 
*ÁËÕÂ /ÎÄÒÜéÅË ɉÐĠÅÄÓÅÄÁ IÅÓËï !ÅÒÏÓÏÌÏÖï 3ÐÏÌÅéÎÏÓÔÉɊ 
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PREFACE 
 

Dear colleagues and friends,  
 
It is my great pleasure, as the President ÏÆ ÔÈÅ #ÚÅÃÈ !ÅÒÏÓÏÌ 3ÏÃÉÅÔÙ ɉI!3Ɋȟ ÔÏ ×ÅÌÃÏÍÅ 
you all to the 24 th  Annual Conference of the Czech Aerosol Society, held in the heart of 
3ÏÕÔÈ -ÏÒÁÖÉÁȟ ÉÎ (ÕÓÔÏÐÅéÅ ɀ at the Wine Wellness  Hotel Amande . 
,ÁÓÔ ÙÅÁÒȭÓ ÅÖÅÎÔ ÍÁÒËÅÄ ÔÈÅ ÐÉÌÏÔ ÊÏÉÎÔ ÃÏÎÆÅÒÅÎÃÅ ÏÆ ÔÈÅ I!3 !ÎÎÕÁÌ #ÏÎÆÅÒÅÎÃÅ 

ÁÎÄ ÔÈÅ Ȱ/ÖÚÄÕĤþȱ ɉ!ÉÒɊ #ÏÎÆÅÒÅÎÃÅ, titled Ȱ/ÖÚÄÕĤþ Ö I!3Åȱ, which we organized in 
collaboration with RECETOX Research Infrastructure and under the auspices of 
ACTRIS Research Infrastructure . This new format resulted in a higher attendance and 
ÔÈÅ ÐÁÒÔÉÃÉÐÁÔÉÏÎ ÏÆ ÃÏÌÌÅÁÇÕÅÓ ×ÈÏ ÈÁÄ ÎÏÔ ÒÅÇÕÌÁÒÌÙ ÔÁËÅÎ ÐÁÒÔ ÉÎ ÐÒÅÖÉÏÕÓ I!3 
conferences. However, as there is always room for improvement, we would like to 
continue our efforts to motivate participation from colleagues in related fields and 
possibly even representatives of legislative bodies. In this regard, I would like to 
encourage you to share information about the conference  with your colleagues and 
collaborators, even if they are not directly involved in your field. Their expertise may offer 
valuable perspectives or foster interesting collaborations and partnerships. 
!Ó ÙÏÕ ÈÁÖÅ ÓÕÒÅÌÙ ÎÏÔÉÃÅÄȟ ÔÈÉÓ ÙÅÁÒȭÓ ÃÏÎÆÅÒÅÎÃÅ ÁÌÓÏ ÃÏÍÅÓ ×ÉÔÈ ÓÅÖÅÒÁl 

organizational updates.  We have introduced a new online registration form  and, 
ÆÏÌÌÏ×ÉÎÇ ÆÅÅÄÂÁÃË ÆÒÏÍ ÌÁÓÔ ÙÅÁÒȭÓ ÐÏÓÔ-conference survey, we are piloting a poster 
session for the first time. I would again like to ask for your cooperation and encourage 
you to fill out the post -conference survey  you will receive after the event. Your feedback 
helps us improve the organization and overall experience to better meet your 
expectations. 

Since the beginning of this year, Á ÎÅ× I!3 "ÏÁÒÄ (its composition is available on our 
×ÅÂÓÉÔÅɊ ÈÁÓ ÂÅÅÎ ×ÏÒËÉÎÇȟ ÁÓ ÅÌÅÃÔÅÄ ÄÕÒÉÎÇ ÌÁÓÔ ÙÅÁÒȭÓ ÍÅÍÂÅÒÓȭ ÍÅÅÔÉÎÇȢ 4ÈÅ board 
maintains continuous communication, and all its members actively contribute to the 
smooth operation, visibility, and growth of the society. I would like to take this 
opportunity to thank all board members for their excellent cooperation  over the past 
year and to express my enthusiasm for the challenges that lie ahead of us. 

One of the major ongoing projects is the ÄÅÖÅÌÏÐÍÅÎÔ ÏÆ ÎÅ× I!3 ×ÅÂÐÁÇÅÓ. The 
committee has also continued its intensive preparations for hosting the European 
Aerosol Conference (EAC) 2028 in Prague . During these preparations, some 
adjustments were made, particularly concerning the conference venue. I will briefly 
update you on these topics during the I!3 -ÅÍÂÅÒÓȭ -ÅÅÔÉÎÇ, which will take place on 
Tuesday, November 11, 2025 , immediately after the conference program concludes. 

Following the tradition of the past two years, we will again welcome distinguished 
guests delivering plenary lectures . This year, there will be two plenary talks  ɂ one 
on Monday morning  (November 10, 2025)  and another on Tuesday morning 
(November 11, 2025) . Continuing the line of previous esteemed speakers, Prof. Philip 
Hopke and Prof. Alfred Wiedensohler, we are honored this year to host Dr. Martin 
GyselȤBeer (PSI, Switzerland)  and Prof. Gerhard Lammel (Max Planck Institute, 
Germany) . 

Dr. Gysel-Beer focuses primarily on the physical (optical) properties of aerosol 
particles in relation to better understanding their impacts on climate (reducing 
measurement and prediction uncertainties) and human health (improving environmental 
quality). Prof. Lammel specializes in the chemistry of trace organic compounds, their 
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exchange between air, water, and soil, and their environmental exposure pathways and 
health impacts. 

Finally, I would like to extend my sincere thanks to all sponsors  of the 
Ȱ/ÖÚÄÕĤþ v I!3Åȱ conference ɀ Altium, Biowell (Dekati), ECM ECOMONITORING, and 
TSI. Representatives of these companies will be present throughout the conference, 
providing opportunities to discuss topics of mutual interest. Some of them will also 
contribute with technical presentations as part of the program. 
!ÎÄ ÏÆ ÃÏÕÒÓÅȟ ) ÍÕÓÔ ÎÏÔ ÆÏÒÇÅÔ ÔÏ ÔÈÁÎË ÔÈÉÓ ÙÅÁÒȭÓ proceedings editor, Jana 

Kánská ɀ thank you! 
) ÌÏÏË ÆÏÒ×ÁÒÄ ÔÏ ÍÅÅÔÉÎÇ ÙÏÕ ÁÌÌ ÐÅÒÓÏÎÁÌÌÙ ÉÎ (ÕÓÔÏÐÅéÅȢ !Ó ÁÌ×ÁÙÓȟ your ideas, 

feedback, comments, and praise are most welcome . 
 
Yours sincerely, 

 
*ÁËÕÂ /ÎÄÒÜéÅË ɉ0ÒÅÓÉÄÅÎÔ ÏÆ ÔÈÅ #ÚÅÃÈ !ÅÒÏÓÏÌ 3ÏÃÉÅÔÙɊ 

 
 
 

 

CAS members participating at EAC 2025 in Lecce, Italy. 
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+ÌþéÏÖÜ ÓÌÏÖÁȡ Atmosférické aerosoly, Plynné polutanty, Hysplit, Theil-Senova metoda 
 

SUMMARY 
 

Influence of long-range transport on air quality measurements at the rural 
ÂÁÃËÇÒÏÕÎÄ ÓÔÁÔÉÏÎ ÉÎ #ÅÎÔÒÁÌ %ÕÒÏÐÅȟ ÔÈÅ .ÁÔÉÏÎÁÌ !ÔÍÏÓÐÈÅÒÉÃ /ÂÓÅÒÖÁÔÏÒÙ +ÏĤÅÔÉÃÅ 
was investigated over 20 years. Concentrations of selected air pollutants (SO2, NOX, CO, 
O3, PM10ȟ 3/Ϟȟ В./3ȟ В.(4) were analysed in conjunction with basic meteorological 
parameters, the evaluation of trend was utilised by the Theil-Sen method. Results indicate 
significant negative trends for the prevailing number of air pollutants, with exceptions 
such as tropospheric ozone, which remained either unchanged or exhibited increasing 
concentrations. 
 

ÚVOD 
 

+ÖÁÌÉÔÁ ÏÖÚÄÕĤþ ÊÅ ËÌþéÏÖĻÍ ÆÁËÔÏÒÅÍ ÏÖÌÉÖĐÕÊþÃþÍ ÌÉÄÓËï ÚÄÒÁÖþ Á ÕÄÒĿÉÔÅÌÎÏÓÔ 
ÅËÏÓÙÓÔïÍĳ (Seinfeld a Pandis, 2016). Tato studie analyzuje 20letou éÁÓÏÖÏÕ ĠÁÄÕ ÄÁÔ 
(2005ɀ2024) ËÖÁÌÉÔÙ ÏÖÚÄÕĤþ ÎÁ .ÜÒÏÄÎþ ÁÔÍÏÓÆïÒÉÃËï ÏÂÓÅÒÖÁÔÏĠÉ +ÏĤÅÔÉÃÅ (NAOK ɀ 
49°34´24"N, 15°4´49"E, 534 m n. m., venkovská stanice)ȟ ËÔÅÒÜ ÒÅÐÒÅÚÅÎÔÕÊÅ ÐÏÚÁìÏÖÏÕ 
ĭÒÏÖÅĐ ÚÎÅéÉĤÔñÎþ ÏÖÚÄÕĤþ ÖÅ ÓÔĠÅÄÎþ %ÖÒÏÐñ.  

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

 
VliÖ ÄÜÌËÏÖïÈÏ ÔÒÁÎÓÐÏÒÔÕ ÎÁ ÍñĠÅÎï ÖĻÓÌÅÄËÙ ÂÙÌ ÈÏÄÎÏÃÅÎ Ó ÖÙÕĿÉÔþÍ ÚÐñÔÎĻÃÈ 

ÔÒÁÊÅËÔÏÒÉþ ÖÚÄÕÃÈÏÖĻÃÈ ÈÍÏÔ ÓÐÏÌÅéÎñ Ó ËÏÎÃÅÎÔÒÁÃÅÍÉ ÖÙÂÒÁÎĻÃÈ ÚÎÅéÉĤĩÕÊþÃþÃÈ ÌÜÔÅË  - 
ÏØÉÄÕ ÓÉĠÉéÉÔïÈÏ ɉ3/2Ɋȟ ÏØÉÄĳ ÄÕÓþËÕ ɉ./XɊȟ ÏØÉÄÕ ÕÈÅÌÎÁÔïÈÏ ɉ#/Ɋȟ ÐĠþÚÅÍÎþÈÏ ÏÚÏÎÕ ɉ/3) 
a aeÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃ 0-10 (PM10), síranových iontĳ ɉ3/ϞɊȟ sumy ÄÕÓÉéÎÁÎÏÖĻÃÈ ÉÏÎÔĳ 
ɉВ./3) a sumy amonných ÉÏÎÔĳ ɉВ.(4ɊȢ 6ĻÐÏéÅÔ ÚÐñÔÎĻÃÈ ÔÒÁÊÅËÔÏÒÉþ pomocí Hybrid 
Single Particle Lagrangian Integrated Trajectory model (HYSPLIT) byl nastaven 
v ÒÏÚÌÉĤÅÎþȡ 96hodin, GDAS, 1° × 1°, 500 m AGL, 6hodinové intervaly (00, 06, 12, 18 UTC). 
:þÓËÁÎÜ ÄÁÔÁ ÂÙÌÁ ÖÙÕĿÉÔÁ Ë ÕÒéÅÎþ ËÌÁÓÔÒĳ vzduchových hmot ÐÒÏ ÄÖñ ÄÅÓÅÔÉÌÅÔÜ ÏÂÄÏÂþ 
(2005ɀ2014 a 2015ɀςπςτɊ Á ÐÒÏ ÊÅÄÎÏÔÌÉÖÜ ÒÏéÎþ ÏÂÄÏÂþȢ Analýzy a ÖĻÐÏéÔÙ byly 
provedeny v programech R ɉÂÁÌþéÅË ÏÐÅÎÁÉÒɊ Á )ÇÏÒ ɉÂÁÌþéÅË :Å&ÉÒɊȢ + ÖĻÐÏétu vývoje 
ÓÅÚĕÎÎþÃÈ ÔÒÅÎÄĳ ÂÙÌÁ ÐÏÕĿÉÔÁ Theil-Senova metoda (Theil 1950; Sen 1968). Pro 
ÈÏÄÎÏÃÅÎþ ÃÅÌËÏÖĻÃÈ ÔÒÅÎÄĳ Á ÊÅÊÉÃÈ ÚÍñÎ ÂÙÌÙ ÚÏÈÌÅÄÎñÎÙ ÔÁËï meteorologické 
parametryȟ ËÏÎËÒïÔÎñ ÔÅÐÌÏÔÁ ÖÚÄÕÃÈÕ ɉ4Ɋȟ ÒÅÌÁÔÉÖÎþ ÖÌÈËÏÓÔ ÖÚÄÕÃÈÕ ɉ2(Ɋ Á ÒÙÃÈÌÏÓÔ  
Á ÓÍñÒ ÖñÔÒÕ ɉ×Ó Á ×ÄɊȢ 
 

VÝSLEDKY 

.ÅÊÖñÔĤþ ÐÏËÌÅÓ ËÏÎÃÅÎÔÒÁÃþ ÂÙÌ ÚÁÚÎÁÍÅÎÜÎ Õ 3/Ϟόϖȟ ÊÅÊÉÃÈĿ ÐÒĳÍñÒÎï ÒÏéÎþ 
koncentrace poklesli o 70 %. Významný pokles byÌ ÄÜÌÅ ÚÊÉĤÔñÎ u NOxȟ В./3ϖȟ ÓÈÏÄÎñ  
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o 60 %, PM10 o 50 %, SO2 Ï συ Ϸ Á #/ Ï ςυ ϷȢ 5 ÐñÔÉ Ú ÔñÃÈÔÏ hodnocených látek byl 
prokázán statisticky významný sestupný trend (p< 0,001) platný ÎÁÐĠþé ÖĤÅÍÉ ÒÏéÎþÍÉ 
obdobími. U SO2 byl sestupný trend zaznamenán pouze v jarním a zimním období  
ɉÐЃ πȟπυɊȟ ÔÏ ÂÙÌÏ ÐÒÁÖÄñÐÏÄÏÂÎñ ÏÖÌÉÖÎñÎÏ ÚÖĻĤÅÎþm ËÏÎÃÅÎÔÒÁÃþ 3/Ϝ ÍÅÚÉ ÌÅÔÙ 2020  
Á ςπςτ Ï ςυ ϷȢ +ÏÎÃÅÎÔÒÁÃÅ В.(4+ poklesly o 20 % se statisticky významným negativním 
trendem pro léto a zimu (p< 0,05). Koncentrace O3 byly éÁÓÏÖñ Á ÐÒÏÓÔÏÒÏÖñ ÐÒÏÍñÎÌÉÖï, 
ÐĠÉéÅÍĿ celkové hodnoty ÚĳÓÔÁÌÙ ÂÅÚ ÖĻÚÎÁÍÎñÊĤþÃÈ ÚÍñÎ ɉ/ÂÒȢ ρ Á 4ÁÂȢ ρɊȢ 5 ÖñÔĤÉÎÙ 
ÈÏÄÎÏÃÅÎĻÃÈ ÖÅÌÉéÉÎ ÂÙÌ ÚÁÚÎÁÍÅÎÜÎ ÖĻÚÎÁÍÎñÊĤþ ÐÏËÌÅÓ Ö koncentracích ve druhé 
ÐÏÌÏÖÉÎñ ÈÏÄÎÏÃÅÎïÈÏ ÏÂÄÏÂþ ɉςπ15ɀ2024). 

 
Obr. 1: 6ĻÖÏÊ ËÏÎÃÅÎÔÒÁÃþ ÁɊ 3/Ϟȟ В./3ȟ В.(4, PM10, b) NOx, CO, O3, a SO2 mezi roky 2005 
a 2024 na NAOK. 
 
4ÁÂȢ ρȡ 0ÒĳÍñÒÎï ËÏÎÃÅÎÔÒÁÃÅ ÈÏÄÎÏÃÅÎĻÃÈ ÖÅÌÉéÉÎ v (µg·m-3) v letech 2005 a 2024. 
 

АÇϽÍ-3 SO4 В./3 В.(4 PM10 NOx CO O3 SO2 
2005 3,7 4,6 3,2 27,0 10,4 270,0 66,9 3,0 
2024 1,0 1,8 2,6 12,6 4,1 200,7 65,2 2,0 
         

 

0/$Q+/6<.^ 
 

4ÕÔÏ ÐÒÜÃÉ ÐÏÄÐÏĠÉÌÏ -ÉÎÉÓÔÅÒÓÔÖÏ ĤËÏÌÓÔÖþȟ ÍÌÜÄÅĿÅ Á ÔñÌÏÖĻÃÈÏÖÙ IÅÓËï ÒÅÐÕÂÌÉËÙ 
Ö ÒÜÍÃÉ ÇÒÁÎÔĳ ACTRIS-CZ LM2023030 a ACTRIS-CZ RI 
(CZ.02.1.01/0.0/0.0/16_013/0001315) . 
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INTRODUCTION 
 

Fine particulate matter (PM) has been a key domain of investigation in atmospheric 
research due to its complex chemical composition, transport potential, and ability to 
penetrate environmental and biological systems, thereby influencing ecosystem stability 
and human health (Pope and Dockery, 2006; Pöschl, 2005). Varying size fractions within 
fine particles are of particular concern as their physicochemical properties, sources, and 
atmospheric transformation processes vary considerably with particle size and 
meteorological conditions (Seinfeld and Pandis, 2019). Seasonal variability further 
modulates their composition through changes in emission patterns, boundary layer 
dynamics, and secondary formation pathways (Querol et al., 2004). In this study, we 
investigate elemental concentrations in the fine aerosol sub-fraction (1.15-0.35 µm) 
sampled at a Central European rural background site across summer and winter, followed 
by source apportionment analysis. 

 
METHODOLOGY 

 
Ambient aerosol samples were collected at the National Atmospheric Observatory 

+ÏĤÅÔÉÃÅ ɉτωЈσυᴂ.ȟ ρυЈπυᴂ%Ƞ υστ Í ÁȢÓȢÌɊ ÄÕÒÉÎÇ ÓÕÍÍÅÒ ɉ*ÕÌÙ ɀ August 2019) and winter 
(December 2019 ɀ February 2020). A Rotating-drum Uniform-size-cut Monitor ɀ 3DRUM 
(DELTA Group, UC Davis, USA) was used to isolate the fine particulate fraction of the size 
range 1.15 - 0.35 µm. 

Elemental analysis was performed using X-ray fluorescence spectrometry (XRF) at 
UC Davis, California, USA. Enrichment factors (EFs) were calculated using titanium (Ti) as 
the reference to distinguish crustal and anthropogenic contributions. Source 
apportionment was conducted using Positive Matrix Factorisation (PMF, EPA PMF 5.0) to 
resolve seasonal variability in dominant aerosol sources. 

 
RESULTS, DISCUSSION, CONCLUSIONS 

 
Elemental concentrations in the fine aerosol fraction (1.15-0.35 µm) exhibited clear 

seasonal variability, with elevated levels during winter compared to summer for several 
elements (Fig. 1). Enrichment factor (EF) analysis, revealed pronounced deviations from 

mailto:panjikkaran@icpf.cas.cz
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crustal baselines for elements such as sulfur (S), zinc (Zn), bromine (Br), and lead (Pb), 
indicating strong anthropogenic influence. 

 

 
Fig. 1: Variation of elemental concentration across summer and winter. 

PMF resolved distinct source profiles across seasons. Crustal sources were among the 
dominant contributors during summer, alongside other influencing factors, while winter 
showed enhanced signatures of biomass burning as one of the major sources. Factor 
stability and elemental fingerprints support robust attribution to regional combustion 
and mechanical resuspension.  

 
ACKNOWLEDGEMENT 

 
The Ministry of Education, Youth and Sports of the Czech Republic supported this 

conference contribution under the grant ACTRIS-CZ (LM2023030). 
 

REFERENCES 
 
Pope, C. A., and Dockery, D. W. (2006). Health Effects of Fine Particulate Air Pollution: 

Lines that Connect. Journal of the Air & Waste Management Association, 56(6), 709ɀ
742. https://doi.org/10.1080/10473289.2006.10464485   

 
Pöschl, U. (2005). Atmospheric Aerosols: Composition, Transformation, Climate and 

Health Effects. Angewandte Chemie International Edition, 44(46), 7520ɀ7540. 
https://doi.org/10.1002/ANIE.200501122  

 
Seinfeld, J. H., and Pandis, S. N. (2016). Atmospheric chemistry and physics: from air 

pollution to climate change. John Wiley & Sons. 
 
Querol, X., Alastuey, A., Ruiz, C. R., Artiñano, B., Hansson, H. C., Harrison, R. M., Buringh, 

E., Ten Brink, H. M., Lutz, M., Bruckmann, P., Straehl, P., & Schneider, J. (2004). 
Speciation and origin of PM10 and PM2.5 in selected European cities. Atmospheric 
Environment, 38(38), 6547ɀ6555. 
https://doi.org/10.1016/J.ATMOSENV.2004.08.037  

https://doi.org/10.1080/10473289.2006.10464485
https://doi.org/10.1002/ANIE.200501122
https://doi.org/10.1016/J.ATMOSENV.2004.08.037


24 
 

WHEN ASHES BECOME AEROSOLS: (CRYPTO)TEPHRA AS A TRACER OF VOLCANIC 
FALLOUT AND LONG-RANGE TRANSPORT 

 
Verena MEIER1, Daniel VONDRÁK2, Martin  RACEK3, Marcel ORTLER4, Arne RAMISCH4, 

Jasper MOERNAUT4, Simon WAGNER5, Peter TROPPER5, Michael STRASSER4   
 

1Institute of Hydrogeology, Engineering Geology and Applied Geophysics, Faculty of 
Science, Charles University, Prague, Czechia, meierv@natur.cuni.cz 

2Institute for Environmental Studies, Faculty of Science, Charles University, Prague, 
Czechia, daniel.vondrak@natur.cuni.cz 

3Institute of Petrology and Structural Geology, Faculty of Science, Charles University, 
Prague, Czechia 

4Institute of Geology, University of Innsbruck, Innsbruck, Austria 
5Institute of Mineralogy and Petrography, University of Innsbruck, Innsbruck, Austria 

 
Keywords: Flying ash, Volcanic aerosols, Sedimentary record, Paleoenvironment 

 
 

INTRODUCTION 
 

Volcanic eruptions are among the most powerful natural sources of atmospheric 
aerosols. During explosive events, large volumes of gases and ashȟ ÓÏ ÃÁÌÌÅÄ ȰÔÅÐÈÒÁȱȟ are 
injected into the atmosphere and dispersed over vast areas. These fine volcanic particles 
interact with climate, ecosystems, and human societies, both in the immediate aftermath 
and over long timescales (Lowe, 2011). A prominent case is the Late Pleistocene eruption 
of the Laacher See volcano in the East Eifel Volcanic Field (Germany), which occurred 
~13,000 years ago. This eruption dispersed ca. 150 Mt of sulfur and ca. 20 km3 of tephra 
across much of Central and Eastern Europe and had wide-ranging effects on landscapes, 
ecosystems, and human populations: Its fallout disrupted vegetation, altered water 
chemistry, and impacted Late Ice Age hunter-gatherer groups across the region (Baales et 
al., 2002; Baldini et al., 2018; van den Bogaard and Schmincke, 1985). While coarse ash 
deposits near the source have been extensively studied, detecting the fine ash fraction 
(<100 µm), particularly at long distances, remains a challenge. These aerosol particles 
become embedded in lake sediments, peat bogs, and other natural archives, where they 
serve as both stratigraphic markers invisible to the naked eye and proxies for 
atmospheric transport (Davies, 2015). Mapping their distribution helps to reconstruct 
eruption dynamics and assess the potential reach and impact of volcanic aerosols on past 
environments. In the case of the above-mentioned eruption, mapping is particularly 
important as the Laacher See volcano is still active and another major eruption would 
have catastrophic consequences (Hensch et al., 2019; Leder et al., 2017). This contribution 
outlines the fundamentals of cryptotephra research and highlights the significance of fine 
volcanic ash detection for understanding both past and future eruption scenarios.  

 
EXPERIMENTAL SETUP 

 
Cryptotephra analysis relies on the detection of fine volcanic ash particles which are 

preserved in sedimentary archives (e.g., lake beds and peatlands). Tephra consists 
primarily of volcanic glass shards and crystalline minerals, both of which can be 
preserved as microscopic solid particles, often down to only a few microns in size. The 
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workflow begins with the retrival  of undisturbed sediment cores, typically obtained using 
gravity or piston coring systems. In our study, cryptotephra layers of the LST were 
identified in Plansee, an alpine lake in the Eastern Alps (Austria), as well as in sediments 
from paleolakes and lakes in the Bohemian Forest region (Germany and Czech Republic). 
These cores are then sampled at high resolution for both non-destructive and destructive 
analyses. Initial screening often involves X-ray fluorescence (XRF) and/or µ-XRF core 
scanning, complemented by computed tomography (CT) imaging to detect subtle 
stratigraphic structures. Suspected tephra-bearing layers are subsequently investigated 
using density separation techniques to concentrate volcanic glass. Isolated particles are 
mounted on slides and analyzed by scanning electron microscopy with energy-dispersive 
spectroscopy (SEM-EDS) to determine their major element composition. Electron probe 
microanalysis (EPMA) is used for more accurate and standardized glass geochemistry.  In 
some cases, for even higher resolution or trace element data, laser ablation inductively 
coupled plasma mass spectrometry (LA-ICP-MS) is applied. In cases where glass is scarce 
or altered, characteristic minerals are analyzed to support the identification. Automated 
scanning approaches, such as with a TIMA (TESCAN Integrated Mineral Analyzer) device, 
allow for high-resolution characterization of glass shards and minerals, further enhancing 
detection of cryptotephras at very low concentrations. The geochemical fingerprints of 
these shards and/or  minerals are compared to reference data from other deposits, 
allowing researchers to correlate cryptotephra layers across regions and assign them to 
specific eruptions. This method is particularly useful for identifying widespread ash from 
large explosive eruptions, such as the Laacher See volcano, hundreds to over a thousand 
kilometers from the source (Lowe, 2011). In the case of the Laacher See tephra (LST), a 
highly distinctive phonolitic composition (silica-rich volcanic glass with elevated K and 
Na) provides a robust fingerprint that allows distal deposits to be confidently assigned to 
this eruption, even at sites hundreds to over a thousand kilometers from the source (van 
den Bogaard and Schmincke, 1985).  

 
RESULTS AND CONCLUSIONS 

 
Our recent cryptotephra investigations in the Alps and adjacent regions have led to 

the discovery of LST deposits at several distant sites over 400 km from the eruption 
source. These findings challenge earlier assumptions that the dispersal of LST was largely 
confined to the northeast and southwest of the Laacher See caldera. Instead, our results 
indicate a broader and more complex fallout pattern, including previously undocumented 
deposition to the east of the volcano (e.g., in the Bohemian Forest; Meier et al., 2025) and 
even in the Eastern Alpine lake Plansee (Austria, Tyrol). A compiled distribution map (Fig. 
1) highlights both confirmed LST detections and current gaps in spatial coverage. While 
some of the new sites such as Plansee exhibit glass concentrations near detection limits, 
their geochemical fingerprints match the LST reference composition.  

Cryptotephra layers are valuable chronological markers in environmental archives. 
Their precise geochemical fingerprint allows researchers to correlate sedimentary 
sequences across vast regions and across different settings, from continental over marine 
to ice core deposits, enabling the synchronization of paleoclimate- and 
paleoenvironmental records (e.g., Warken et al., 2025). However, understanding the 
spatial distribution of tephra deposition, especially the long-range transport of the fine 
tephra fraction, remains a major challenge, and is critical for improving the temporal 
resolution and reliability of these reconstructions. In this context, methods and models 
from atmospheric aerosol science offer promising opportunities. Better characterization 
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of particle transport and fallout dynamics, informed by aerosol modeling approaches, 
could significantly enhance cryptotephra studies and support more robust 
interpr etations of past volcanic events. Our findings so far indicate that the Laacher See 
eruption may have caused environmental changes over a larger area than previously 
thought. 

 
Fig. 1: LST distribution map based on the tephrabase website data (Riede et al., 

2011), the outer detection limits of the distal fallout estimated by van den Bogaard and 
Schmincke (1985) (shown in purple), our results, and a reconstructed Late Ice Age 

palaeogeography (Riede, 2016). Yellow triangle: the Laacher See volcano; black dots:ǢǢǢǢǢǢ 
LST air-fall deposits; blue dots: LST air-fall deposits in the Bohemian Forest; white dots: 

LST air-fall deposits in the Alpine Foreland; red dot:ǢǢǢǢǢǢ LST air-fall deposit in the Eastern 
Alps; red curve: the border between the Western Alps and Eastern Alps. 
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INTRODUCTION 
 

Atmospheric aerosol particles play a crucial role in cloud formation by acting as cloud 
condensation nuclei (CCN), influencing the Earth's radiative balance and hydrological 
cycle. The ability of aerosols to serve as CCN depends not only on their number 
concentration but also on their physical and chemical properties, as well as their mixing 
ÓÔÁÔÅ ɉ-ÏÃÈÉÄÁ ÅÔ ÁÌȢȟ ςπρπɊȢ (ÙÇÒÏÓÃÏÐÉÃÉÔÙȟ ×ÈÉÃÈ ÄÅÓÃÒÉÂÅÓ Á ÐÁÒÔÉÃÌÅȭÓ ÁÂÉÌÉÔÙ ÔÏ ÁÂÓÏÒÂ 
water, is a fundamental property that governs aerosol behavior in the atmosphere. Since 
aerosol hygroscopic properties evolve throughout their atmospheric lifetime, 
understanding these changes is essential for assessing their role in cloud activation. This 
study presents a comprehensive analysis of aerosol physical, chemical, and activation 
properties measured at the ACTRIS (Aerosol, Clouds, and Trace Gases Research 
Infrastructure, http://www.actris.eu/) background ÓÉÔÅ ÉÎ +ÏĤÅÔÉÃÅ (NAOK), Czech 
Republic. Our primary objective is to improve the understanding of aerosol activation 
processes and ambient hygroscopic properties, with a particular focus on how chemical 
composition influences CCN activity.  

 
EXPERIMENTAL SETUP 

 
Atmospheric aerosol measurements were conducted at the National Atmospheric 

/ÂÓÅÒÖÁÔÏÒÙ +ÏĤÅÔÉÃÅ ɉ.!/+Ƞ τωǓ35' N, 15Ǔ05' E; 534 m a.s.l.), a rural background site 
in the Bohemian-Moravian Highlands region. This study focuses on aerosol particles' 
physicochemical properties and activation ability using the data collected at NAOK from 
December 2022 to November 2023. 

A compact time-of-flight aerosol chemical speciation monitor (ToF-ACSM, Aerodyne) 
was used to measure the chemical compositions of the non-refractory submicron aerosol 
particulate matter (nitrate, sulfate, chloride, ammonium, and organics). The mass 
concentration of equivalent black carbon (eBC) was measured using the Aethalometer 
(AE33, Magee). The condensation particle counter (CPC, model 3775, TSI) was used to 
measure the total number concentration (NCPC) of atmospheric aerosol and the cloud 
condensation nuclei counter (CCNC, model 200, Droplet Measurement Technologies) was 
used to measure the CCN number concentration (NCCNC).  
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The total activated fraction was obtained by getting the ratio of NCCNC over NCPC at 
every supersaturation (SS) level. At fully stabilized CCNC conditions, five different SS 
levels were set in the CCNC instrument (0.1 %, 0.2 %, 0.3 %, 0.5 %, and 1.0 %). A complete 
SS cycle lasted Ḑ 1 hour.  
4ÈÅ ÈÙÇÒÏÓÃÏÐÉÃÉÔÙ ɉʆɊ ×ÁÓ ÄÅÒÉÖÅÄ ÆÒÏÍ ÔÈÅ !#3- ÃÈÅÍÉÃÁÌ ÃÏÍÐÏÓÉÔÉÏÎ 

measurements using the ZdanovskiiɀStokesɀRobinson (ZSR) mixing rule combined with 
ʆ-Köhler theory (Petters and Kreidenweis, 2007). A simple ion-pairing scheme (Gysel et 
ÁÌȢȟ ςππχɊ ×ÁÓ ÕÓÅÄ ÉÎ ÔÈÉÓ ÓÔÕÄÙȟ ×ÉÔÈ ÔÈÅ ʆ ÁÎÄ ʍ ÖÁÌÕÅÓ ÏÆ ÃÈÅÍÉÃÁÌ ÓÐÅÃÉÅÓ ÁÄÏÐÔÅÄ by 
7Õ ÅÔ ÁÌȢ ɉςπρυɊȢ ! ʆ ÏÆ πȢρ ×ÁÓ ÕÓÅÄ ÆÏÒ ÐÁÒÔÉÃÕÌÁÔÅ ÏÒÇÁÎÉÃÓ ɉ'ÕÎÔÈÅ ÅÔ ÁÌȢȟ ςπρρɊȢ &ÏÒ 
ÂÌÁÃË ÃÁÒÂÏÎȟ Á ʆ ÏÆ π ×ÁÓ ÕÓÅÄ ɉ3ÃÈÍÁÌÅ ÅÔ ÁÌȢȟ ςπρψɊȢ The GDAS (Global Data Assimilation 
System) meteorological data in 1°x1° spatial resolution were downloaded and back 
trajectories were calculated and clustered using the Hybrid Single Particle Lagrangian 
Integrated Trajectory (HYSPLIT) model (Stein et al., 2015). 

 
RESULTS AND CONCLUSIONS 

 
The CCN activation ratios (AR) increase with increasing supersaturation (SS) across 

all clusters of air masses (Fig. 1). Higher SS allows a broader range of particle sizes and 
compositions to activate into cloud droplets. However, at low SS (0.1 ɀ 0.3 %), clusters 
originating from the Atlantic region (Cluster 3) exhibit slightly higher AR, while Eastern 
European clusters (Cluster 1) show the lowest activation efficiency. This suggests that 
particles from Eastern Europe are less hygroscopic or smaller, requiring higher SS to 
activate. In contrast, oceanic air masses contain more hygroscopic aerosol species, caused 
by more oxidized (and therefore more polar) organic aerosol, which activate more readily 
at lower SS.  
 

 
&ÉÇȢ υȡ ##. ÁÃÔÉÖÁÔÉÏÎ ÒÁÔÉÏ ÁÓ Á ÆÕÎÃÔÉÏÎ ÏÆ ÓÕÐÅÒÓÁÔÕÒÁÔÉÏÎ ÆÏÒ ÄÉÆÆÅÒÅÎÔ ÃÌÕÓÔÅÒÓȢ %ÁÃÈ ÂÏØ 
ÒÅÐÒÅÓÅÎÔÓ ÔÈÅ ÉÎÔÅÒÑÕÁÒÔÉÌÅ ÒÁÎÇÅ ɉ)12ȡ 1υɀ1χɊȟ ÔÈÅ ÍÅÄÉÁÎ ɉ1φɊȟ ÁÎÄ ×ÈÉÓËÅÒÓ ɉωÔÈ ÁÎÄ 
ύωÔÈ ÐÅÒÃÅÎÔÉÌÅÓɊȢ 
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At higher SS (0.5 to 1.0 %), the differences among clusters become less pronounced, 
as more particles across all sizes and compositions reach activation. Nonetheless, oceanic 
air masses still trend slightly higher in activation efficiency, which aligns well with the 
higher ʆ ÖÁÌÕÅÓ (Fig. 2)Ȣ (ÙÇÒÏÓÃÏÐÉÃÉÔÙ ÐÌÁÙÓ Á ËÅÙ ÒÏÌÅ ÉÎ ##. ÁÃÔÉÖÁÔÉÏÎȟ ÁÓ ÈÉÇÈÅÒ ʆ 
values generally reflect a greater fraction of soluble inorganic species, such as sulfates and 
nitrates, which readily take up water. 4ÈÅ ʆ ÖÁÌÕÅÓȟ ÄÅÒÉÖÅÄ ÆÒÏÍ ÁÅÒÏÓÏÌ ÃÈÅÍÉÃÁÌ 
ÃÏÍÐÏÓÉÔÉÏÎȟ ÉÎÄÉÃÁÔÅ ÔÈÁÔ #ÌÕÓÔÅÒ σ ÈÁÓ ÔÈÅ ÈÉÇÈÅÓÔ ÁÖÅÒÁÇÅ ʆȟ ÆÏÌÌÏ×ÅÄ ÂÙ #ÌÕÓÔÅÒ ς 
(Western Europe), and the lowest in Cluster 1. 

 

 
Fig. 2: Particulate matter composition and hygroscopicity across clusters. Each box 
represents the interquartile range (IQR: Q1ɀQ3), the median (Q2), and whiskers (5th and 
95th percentiles). 

 
In Cluster 1, the dominance of organic matter (which is typically less hygroscopic) 

and a lower proportion of inorganics contributes to the ÒÅÄÕÃÅÄ ʆ ÁÎÄȟ ÃÏÎÓÅÑÕÅÎÔÌÙȟ 
lower CCN activation efficiency. Additionally, Cluster 1 shows relatively higher variability 
and contributions from combustion-related species, as equivalent black carbon from 
fossil fuel combustion (eBCff) and biomass burning (eBCbb), which further reduce the 
ÐÁÒÔÉÃÌÅÓȭ ÁÂÉÌÉÔÙ ÔÏ ÁÃÔ ÁÓ ##.Ȣ 

In contrast, Cluster 3 is influenced by marine or cleaner air masses, which are often 
enriched with more hygroscopic inorganic aerosols and have lower concentrations of 
organics and black carbon. This composition enhances CCN activation, especially at lower 
SS, indicating the presence of larger and more soluble particles. 
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INTRODUCTION 
 

Black carbon (BC) typically contributes around 5-10% to atmospheric aerosol. BC is 
of major relevance for several reasons: first, BC is associated with adverse health impacts 
(Janssen et al., 2012); second, BC is the main contributor to absorption of incoming visible 
solar radiation (Bond et al., 2013) thus exercting radiative forcing and affecting 
atmospheric dynamics and precipitation (Samset et al., 2022); third a major portion of BC 
originates from anthropogenic sources (Zhang et al., 2025).  

Here we address experimental approaches to quantify different properties of black 
carbon which are relevant to its lifecycle and the magnitude of its atmospheric impacts. 
This includes the effects of changes in morphology and mixing state on its efficiency to 
absorb solar radiation (Romshoo et al., 2021) and to act as cloud condensation nuclei 
(Juranyi et al., 2013). A major focus will be put on the inverse problem of aerosol 
polarimetry, illustrated in Fig. 1, for two reasons. First, detection of angular distribution 
of light scattered by an aerosol is essentially the only approach which allows remote 
sensing of aerosol properties in a more comprehensive manner including light absorption 
(Dubovik et al., 2013). Second, light absorption retrieval is known to be prone to 
systematic bias (Schuster et al., 2019). These topics will be presented based on 
experimental work in laboratory and field studies. 

 

 
Fig. 1: The inverse problem of aerosol polarimetry is about retrieving aerosol 

properties from measurement of angular and polarisation dependence of light scattered 
by this aerosol. 

 
METHODOLOGY 

 
Several aspects of experimental and numerical methods will be addressed. This includes 
methods to measure BC mass concentration, mixing state and light absorption, which 

mailto:martin.gysel@psi.ch
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serve to determine its mass specific light absorption coefficient (MAC). In context of 
nucleation scavenging of BC to form cloud droplets, the value of applying methods based 
on quantitative single particle detection will be demonstrated. Instruments enabling in-
situ aerosol polarimetry will obtain particular attention (e.g. Moallemi et al., 2023, and 
references therein). Classification of light absorbing carbonaceous particulate matter 
(PM) will also be touched upon (Fig. 2; Corbin et al., 2019), given this is crucially 
important for a consistent framework to interpret experimental data and to simulate light 
absorption by an atmospheric aerosol. 
 

 
Fig. 2: Classification of light absorbing carbonaceous particulate matter (LAC-PM) 

following Corbin et al. (2019). 
 

RESULTS, DISCUSSION, CONCLUSIONS 
 

The interaction of a particle with light depends strongly on its size, shape and internal 
morphology. Light scattering is very sensitive to these properties. By contrast, light 
absorption is less sensitive to these properties, which makes it possible to approximate 
the light absorption coefficient as product of mass concentration times MAC. However, 
this only is an approximation. This is, for example, reflected in enhancement of the MAC 
of BC as it becomes internally mixed with non-absorbing PM during its atmospheric 
lifecycle. Results from field and laboratory studies demonstrating that this effect indeed 
occurs in line with theoretical expectations will be presented (Yuan et al., 2021). 

The mixing state of black carbon also is crucially important for its ability to act as 
cloud condensation nuclei given the combined effect of larger size and increased 
hygroscopicity due to coatings with at least partially water-soluble PM. Results from 
laboratory and field experiments demonstrating these effects will be presented (Motos et 
al., 2019). This includes a discussion based on a recent field study of the importance of the 
actual cloud formation regime on resulting BC scavenged fraction, i.e. CCN limited versus 
cooling rate limited regime (Reutter et al., 2009), 

Inverse problems are often ill-posed for different reasons. However, this limitation 
does not apply for the inverse problem of aerosol polarimetry in case of simple aerosols, 
i.e. if all particles have the same composition, a unimodal size distribution and spherical 
shape. This has been demonstrated with theoretical information content analyses 
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(Moallemi et al., 2022). Furthermore, a recent study by Xu et al. (2025) demonstrated that 
this also applies for bare BC aggregate particles and retrieval of their light absorption, 
when considering the effects of aggregate morphology in the optical kernel of the retrieval 
algorithm. However, atmospheric aerosols are quite complex ensembles containing 
particles of different shape, composition, and mixing state. The hypothesis put down here 
is that making an optimal choice for the aerosol model and optical kernel will make it 
possible to retrieve aerosol properties more reliably when solving the inverse problem of 
aerosol polarimetry (Fig. 3). Results from controlled laboratory as well as unconstrained 
field measurements will be used to presetend where we currently stand in this endavor. 

 

 
Fig. 3: Aerosol polarimetry is a very powerful tool for indirect measurement of aerosol 
properties through light scattering for spherical particles. However, optimal choice for 
aerosol parameters and optical forward kernel becomes critical for accurate property 
retrieval of atmospheric aerosols, which are an ensemble of particles with varied size, 

shape, composition and mixing state. 
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INTRODUCTION 
 

International monitoring programmes recommend measuring aerosol optical 
properties at relative humidities (RH) below 40% to ensure comparability between 
atmospheric stations worldwide (WMO/GAW, 2016). However, aerosol hygroscopicity ɂ 
the ability of particles to take up and retain water vapor ɂ significantly alters their 
physical, chemical, and optical properties, thereby influencing their climate impacts 
(Burgos et al., 2019; Zieger et al., 2015). The light scattering enhancement factor, f(RH > 
80%), quantifies the increase in aerosol scattering under humidified conditions relative 
to dry conditions (Titos et al., 2021). 
 

METHODOLOGY 
 

In this study, we introduce a novel single-nephelometer setup designed to reduce 
measurement uncertainty and reliably detect changes in aerosol light backscattering 
under elevated RH,  f(RH > 80%)bspȢ !ÍÂÉÅÎÔ ÁÅÒÏÓÏÌÓ ×ÅÒÅ ÓÁÍÐÌÅÄ ÔÈÒÏÕÇÈ Á 0-ϛϚ ÉÎÌÅÔȟ 
dried (<40% RH), and split into two streams: one remained dry, while the other was 
humidified (>80% RH) using a Nafion membrane. The Integrating Nephelometer TSI 3563 
alternately measured dry and humidified samples every 60 min to obtain total and 
backscattering coefficients at three wavelengths. The system was deployed at the ACTRIS 
ÕÒÂÁÎ ÂÁÃËÇÒÏÕÎÄ ÓÉÔÅ ÉÎ 0ÒÁÇÕÅ ɉυπЈπχᴂ.ȟ ρτЈςσᴂ%Ɋ ÆÒÏÍ .ÏÖÅÍÂÅÒ ςπςς ÔÏ !ÕÇÕÓÔ 
2023. The derived f(RH > 80%) and f(RH > 80%)bsp values were analyzed together with 
meteorological parameters, estimated chemical composition, particle number size 
distributions  (PNSD), air mass back trajectories, and new particle formation (NPF) events 
to assess hygroscopic behavior in an urban European environment. 

 
RESULTS, DISCUSSION, CONCLUSIONS 

 
Both f(RH > 80%) and f(RH > 80%)bsp exhibited some of the lowest values reported 

in the literature, indicating modest hygroscopic growth of aerosol light scattering at the 
site. Water uptake by particles increased the single scattering albedo (SSA; Fig. 1B), 
reflecting enhanced total light scattering. Conversely, a decrease in the backscattering 
fraction (b; Fig. 1A) with increasing RH suggested stronger forward scattering due to 
particle growth. Both effects are critical for accurate estimation of the aerosol direct 
radiative effect. 

mailto:suchankova@icpf.cas.cz
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Fig. 1: The monthly variation of A) hemispheric backscattering ratio (b) and B) single 
scattering albedo (SSA) at dry and humidified conditions at 550 nm. The lines with shaded 
areas and triangles represent median values with  interquartile range and mean values, 
respectively. A colored background depicts individual seasons with  relative change 
between humidified and dry median values.  
  

The weak hygroscopic response was attributed to a dominant carbonaceous aerosol 
mixture, primarily black (BC) and brown (BrC) carbon, with occasional dust or marine 
aerosol influence. Both f(RH > 80%) and f(RH > 80%)bsp were positively correlated with 
the ratio of secondary organic carbon (SOC) to total OC. Principal component (PCA) and 
PNSD analyses revealed the relative contribution of NPF to the observed hygroscopic 
scattering enhancement. 

In conclusion, the single-nephelometer system was proven to reliably quantify RH-
dependent changes in aerosol light scattering in the ambient atmosphere. Its main 
limitations were the reduced temporal resolution and the absence of simultaneous 
dry/humidified measurements, restricting its use for detailed humidogram analyses. 
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INTRODUCTION 
 

Atmospheric aerosols (AAs) have a wide range of sizes, are emitted by various 
sources, and can have very different physical and chemical properties (Calvo et al. 2013; 
Colbeck 2008), making them one of the most uncertain components for climate models 
and weather forecasts (IPCC 2021). One of their roles is to act as condensation nuclei for 
water droplets (Cloud Condensation Nuclei, CCN) and ice crystals (Ice Nucleation 
Particles, INP) (Tao et al., 2014; Liu et al., 2021) during cloud formation. This process can 
occur near the ground in cases of fog, as well as at higher altitudes in the troposphere and 
stratosphere.  

We aim to establish new INP parameterizations for central Europe based on online 
INP measurements at the National Atmospheric Observatory Kosetice (NAOK) to better 
estimate the solid fraction of hydrometeors in the clouds. The presented study serves as 
a preliminary work and investigates the vertical distribution and representativeness of 
aerosol number size concentration, chemical composition, as well as parameterized INP 
concentration.  
 

METHODOLOGY 
 

We measured the aerosol number size distribution by Mobility and Aerodynamic 
Particle Sizer Spectrometers (MPSS and APSS), covering aerosol with mobility diameters 
ÆÒÏÍ ρπ ÔÏ ψππ ÎÍ ÁÎÄ ÁÅÒÏÄÙÎÁÍÉÃ ÄÉÁÍÅÔÅÒÓ ÆÒÏÍ πȢυ ÔÏ ρπ ʈÍȢ !ÅÒÏÄÙÎÁÍÉÃ 
diameters determined by APSS were then converted to mobility diameters assuming a 
particle density of 1.5 g·cm-3. Two pairs of those instruments were installed at NAOK, 
sampling at 4 m and 230 m above the ground. The four instruments were able to measure 
simultaneously for 770 hours during December 2024, April, and May 2025. Data sets from 
MPSS and APSS were combined to calculate the total number concentration of aerosols, 
as well as the number concentration of aerosols with a mobility diameter greater than 0.5 
ʈÍȢ &ÒÏÍ ÔÈÅ ÁÅÒÏÓÏÌ ÃÏÎÃÅÎÔÒÁÔÉÏÎȟ ).0 ÃÏÎÃÅÎÔÒÁÔÉÏÎ ×ÁÓ ÃÁÌÃÕÌÁÔÅÄ ÔÈÒÏÕÇÈ ÔÈÅ 
parameterization from DeMott et al. (2010), as: 

 

ὲ ȟ ὥςχσȢρφὝ ὲz ȟȢ
Ȣ

,    (1)  

 
with constants a, b, c, and d being 0.0000594, 3.33, 0.0264, and 0.0033, Tk the temperature 
in Kelvin, ὲ ȟ  the INP number concentration in std L-1, and naer,0.5 the concentration of 

aerosol with mobility diameter > 0.5 ʈm in std cm-3. 

mailto:durat@icpf.cas.cz
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The boundary layer height (BLH) from ERA5 reanalysis was used to retrieve free 

troposphere measurement periods from the tower top, resulting in 407 hours of free 
tropospheric measurements out of 770 hours. We also used 72-hour HYSPLIT 
backtrajectory analysis to get insight into air mass origins. 
 

RESULTS 
 

The total particle number concentration is 44 % higher near the ground (Figure 2a), 
while the difference for large particles is 162% (Figure 2b). At 230 m above ground, total 
and large particle number concentrations decrease by 7 % and 13 % when measured in 
the free troposphere. Near the ground, concentrations react differently to the lowering of 
the BLH. The total particle number concentration is lower by 15 % when the BLH is higher, 
while the concentration of large particle numbers is 22 % higher. The number 
concentration of INP follows the behavior of large particle concentration, as specified in 
the parameterization input.  

 

 
&ÉÇÕÒÅ ςȡ ÁɊ 4ÏÔÁÌ ÐÁÒÔÉÃÌÅ ÎÕÍÂÅÒ ÃÏÎÃÅÎÔÒÁÔÉÏÎ ÂÏØ ÐÌÏÔ ÁÔ ÄÉÆÆÅÒÅÎÔ ÈÅÉÇÈÔÓ ÄÅÐÅÎÄÉÎÇ 
ÏÎ ÔÈÅ ÂÏÕÎÄÁÒÙ ÌÁÙÅÒ ÈÅÉÇÈÔȢ ÂɊ )ÄÅÍ ÆÏÒ ÐÁÒÔÉÃÌÅ ÎÕÍÂÅÒ ÃÏÎÃÅÎÔÒÁÔÉÏÎ ×ÉÔÈ Á ÍÏÂÉÌÉÔÙ 

ÄÉÁÍÅÔÅÒ Є πȢυ ʈÍȢ 

We observe, depending on the Tk used, INP number concentrations between 47% and 

160% higher at the bottom of the tower compared to the tower top. At both heights, the 

INP number concentration decreases for lower BLH (between 8 and 20 % at 4m and 

between 5 and 12 % at 230m). 
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INTRODUCTION 
 

Atmospheric aerosols affect climate, visibility, human health, and ecosystems 
(Dockery et al., 1993; Charlson et al., 1992; Ackerman et al., 2000). Their impacts strongly 
depend on chemical composition and vertical distribution within the boundary layer. 
Most studies remain surface-focused, limiting understanding of vertical variability. This 
study addresses this gap through dual-height chemically resolved aerosol observations at 
a rural background observatory located in the Czech Republic. 
 

METHODOLOGY 
 

Simultaneous measurements were conducted at 4 m and 230 m on a 250 m tall tower 
ÁÔ ÔÈÅ .ÁÔÉÏÎÁÌ !ÔÍÏÓÐÈÅÒÉÃ /ÂÓÅÒÖÁÔÏÒÙ +ÏĤÅÔÉÃÅ ɉ.!/+Ɋ (Dvorská et al., 2015) between 
December 2019 and May 2020. Aerosol chemical composition was quantified using a 
compact Time-of-Flight Aerosol Mass Spectrometer (AMS, 230 m) and a Time-of-Flight 
Aerosol Chemical Speciation Monitor (ACSM, 4 m). The key aerosol components analyzed 
are organics (Org), sulfate (3/Ϟόϖ), nitrate (./ϝϖ), ammonium (.(Ϟϕ), and chloride (Chl). 
Additional elemental, organic, and equivalent black carbon (EC, OC, eBC, respectively) 
were obtained from semi-continuous Sunset OCEC analyzers at both heights. 
Meteorological parameters, mixing layer height, and synoptic circulation types were 
integrated to analyse the factors influencing vertical variability . 
 

RESULTS 
 

The findings reveal that while the boundary layer is generally well-mixed, most 
aerosol components show higher concentrations near the surface (4m), with vertical 
ratios (230m/4m) typically between 0.5 and 0.8 (Figure 1). However, episodes of elevated 
concentrations at 230m highlight the role of atmospheric dynamics and vertical transport 
mechanisms. The carbonaceous aerosols (Org, EC, OC, eBC) consistently exhibited strong 
surface dominance, especially in winter under shallow boundary layers and thermal 
ÉÎÖÅÒÓÉÏÎÓȢ 3ÅÃÏÎÄÁÒÙ ÉÎÏÒÇÁÎÉÃ ÓÐÅÃÉÅÓ ɉ3/Ϟόϖȟ ./ϝϖȟ .(ϞϕɊ ÓÈÏ×ÅÄ ×ÅÁker vertical 
gradients and episodes of higher concentrations aloft during spring, indicating enhanced 
photochemical formation and regional-scale transport. Chloride was episodic, 
occasionally enriched at 230 m, suggesting the influence of biomass burning or long-range 
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transport . Vertical ratios and gradients highlighted the key role of mixing layer height and 
temperature gradient in shaping distributions. At the same time, air-mass clusters and 
synoptic regimes also modulated the relative importance of local versus transported 
aerosol. 

 
Fig. 1: Seasonal boxplots of vertical concentration ratios (230 m / 4 m) for major 

aerosol components during winter (left) and spring (right). The dashed line at 1.0 
indicates equal concentrations at both heights. 
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INTRODUCTION 

 
During a new particle formation (NPF) event, gas molecules cluster, stabilize, and 

grow into aerosol particles. To investigate its mechanisms, it is crucial to study NPF from 
the very beginning, when particles are only a few nanometers in size (Manninen et al., 
2016).  

The Neutral Cluster and Air Ion Spectrometer (NAIS) is one instrument capable of 
measuring such small particles. This multichannel aerosol instrument measures charged 
particles and cluster ions of both polarities in the electric mobility range of 3.2 to 0.0013 
ÃÍόɇ6ϖϋɇÓϖϋȟ ÁÓ ×ÅÌÌ ÁÓ ÔÈÅ distribution of aerosol particles in the size range from 2 to 40 
nm. (Mirme & Mirme, 2013) 

 
METHODS 

 
-ÅÁÓÕÒÅÍÅÎÔÓ ÁÒÅ ÃÏÎÄÕÃÔÅÄ ÁÔ ÔÈÅ .ÁÔÉÏÎÁÌ !ÔÍÏÓÐÈÅÒÉÃ /ÂÓÅÒÖÁÔÏÒÙ +ÏĤÅÔÉÃÅ 

(NAOK), a rural background site. An important component of this facility is a 250-meter 
high atmospheric tower, which enables continuous observations across different levels of 
the atmospheric vertical profile. For our study, two Neutral cluster and Air Ion 
Spectrometers (NAIS) have been installed at the siteɂone at ground level and the other 
at 230 meters above ground level. This setup allows for a direct comparison of particle 
and ion concentrations near the surface and in the upper part of the atmospheric 
boundary layer (ABL), providing deeper insight into new particle formation dynamics. In 
addition, the top of the tower occasionally extends above the ABL, which makes it possible 
to observe differences between the air within the ABL and in the free troposphere. 

Complementary meteorological and environmental data, essential for the 
interpretation of the measurements, are provided  under Open Access to infrastructure 
ACTRIS-CZ. These include air temperature, humidity, precipitation, wind speed and 
direction, solar radiation, and carbon monoxide (CO) concentrations. Together, these data 
enable a comprehensive evaluation of the influence of meteorological conditions and 
atmospheric composition on the observed processes. 
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RESULTS 
 

The data collected by the NAIS instruments over several weeks have been 
measured, processed, evaluated, and compared to meteorological parameters. Based on 
this comparison, new particle formation (NPF) events were identified and evaluated, 
focusing on the atmospheric conditions that influence their initiation and subsequent 
development. 
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INTRODUCTION 

 
Vehicle exhaust remains a major source of urban particulate matter (PM), yet the 

toxicological effects of cold-start emissions under subfreezing conditions are 
insufficiently understood. Low ambient temperatures impair combustion efficiency, 
increase unburned hydrocarbons and nitrogen-containing species, and alter particle 
composition. Recent toxicological work (Hakkarainen et al., 2020, 2024) demonstrated 
that fuel aromatic content, exhaust after-treatment, and operating temperature 
remarkably influence emission toxicity. Using a thermophoresis-based air-liquid 
interface exposure of A549/THP-1 co-cultures, they showed that higher aromatic content 
and colder engine operation enhance the toxic potential of exhaust aerosols. 

Within the Horizon Europe project PAREMPI we build on this research to investigate 
how subfreezing cold-start emissions from light-duty vehicles affect human airway 
epithelial cells (3D MucilAirTM ÍÏÄÅÌɊȟ ÃÏÍÐÁÒÉÎÇ ÔÏØÉÃÉÔÙ ÁÔ Ϲςσ Ј# ÁÎÄ Ϻω Ј#Ȣ 

 
METHODOLOGY 

 
Five vehicles with  different Euro classes and exhaust after-treatment systems were 

tested under Real Driving Emission (RDE) simulation cycle (Tab. 1). Complete exhaust 
×ÁÓ ÄÅÌÉÖÅÒÅÄ ÄÉÒÅÃÔÌÙ ÔÏ -ÕÃÉÌ!ÉÒΆ σ$ ÈÕÍÁÎ ÂÒÏÎÃÈÉÁÌ ÅÐÉÔÈÅÌÉÁÌ ÃÕÌÔÕÒÅÓ ÕÓÉÎÇ Á 
portable toxicity incubator (Vojtisek-Lom et al., 2019, 2025). The RDE cycle lasted 72 
minutes per exposure, with two consecutive exposures per test vehicle, followed by a 24-
hour recovery period before analysis. Clean-air and blank controls were included in each 
experimental batch to account for background effects.  

After exposure, cellular endpoints were evaluated to characterise multiple levels of 
toxicity. Cytotoxicity was determined by adenylate kinase and lactate dehydrogenase 
assays in cell culture medium, while barrier integrity was measured as transepithelial 
electrical resistance (TEER). Oxidative stress was assessed via isoprostane levels, and 
genotoxicity was evaluated using the Comet assay and phosphorylation of the histone 
variant H2AX.  

For transcriptomic profiling, total RNA was isolated and analysed by RNA sequencing, 
followed by differential expression analysis. The transcriptomic data were analysed in 

mailto:tereza.cervena@iem.cas.cz
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three complementary ways to capture both vehicle-specific and temperature-related 
effects. First, each vehicle was compared individually to its corresponding control to 
evaluate the overall transcriptional impact of exhaust exposure. Second, data from all 
vehicles were combined to test the collective effect of different temperature conditions, 
comparing emissions genÅÒÁÔÅÄ ÁÔ Ϲςσ Ј# ÁÎÄ Ϻω Ј#Ȣ &ÉÎÁÌÌÙȟ Ô×Ï ÔÅÃÈÎÏÌÏÇÉÃÁÌÌÙ 
contrasting vehicles (V1 (Euro 6 gasoline PHEV) and V6 (Euro 4 diesel without DPF)) 
were directly compared between temperature conditions to identify common molecular 
responses characteristic of subfreezing operation. 

 
Tab. 1: Description of vehicles used for toxicity testing 

ID Fuel Specificity  Euro class 

V1 Gasoline PHEV1 6d 

V3 Gasoline - 6d 

V4 Diesel - 6d 

V5 Gasoline No GPF2 6b 

V6 Diesel No DPF3 4 

(1Plug-in hybrid electrical vehicle; 2gasoline particulate filter; 3diesel particulate filter) 

 
RESULTS, DISCUSSION, CONCLUSIONS 

 
Cytotoxicity was generally low under all conditions (cell viability > 80 %), but cold-

conditions exhaust caused more pronounced cellular effects than emissions at +23 °C. A 
ÓÍÁÌÌ ÂÕÔ ÃÏÎÓÉÓÔÅÎÔ ÄÅÃÒÅÁÓÅ ÉÎ 4%%2 ×ÁÓ ÓÅÅÎ ÆÏÒ ÄÉÅÓÅÌ ÖÅÈÉÃÌÅÓ ɉ6υ ÁÎÄ 6φɊ ÁÔ Ϻω Ј#ȟ 
indicating a mild disturbance of epithelial barrier function. Oxidative stress increased at 
lower temperature, particularly for gasoline vehicles (V3 and V5) and one of the diesels 
(V4). Genotoxicity remained low overall, but the older Euro 4 diesel (V6) showed a mild 
DNA damage signal under cold conditions. 

Fig. 1: Comparison of transcriptomic responses to subfreezing operaÔÉÏÎ ɉϺω Ј# ÖÓ 
+23 °C) for two vehicles representing opposite technologies: V1 ɀ Euro 6 gasoline plug-in 
hybrid electric vehicle (PHEV) and V6 ɀ Euro 4 diesel vehicle without diesel particulate 
filter (DPF). Seventy-two genes were commonly regulated in both vehicles, indicating a 
shared molecular response. 
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Transcriptomic analysis clearly reflected the temperature effect. When all vehicles 
×ÅÒÅ ÃÏÎÓÉÄÅÒÅÄ ÔÏÇÅÔÈÅÒȟ ρ υφσ ÇÅÎÅÓ ×ÅÒÅ ÕÐÒÅÇÕÌÁÔÅÄ ÁÎÄ ωρφ ÄÏ×ÎÒÅÇÕÌÁÔÅÄ ÁÔ Ϻω 
°C compared to +23 °C. Two vehicles at the technological extremes (the Euro 6 hybrid 
(V1) and Euro 4 diesel (V6)) shared a set of 72 differentially expressed genes, mostly 
related to interferon signalling and antiviral defence (Fig. 1). This pattern suggests that 
the MucilAirTM model recognized the exposure as a viral-like challenge, activating immune 
stress pathways. 

Altogether, these findings indicate that subfreezing operation enhances the biological 
impact of vehicle emissions, even for cars with advanced emission controls. The activation 
of antiviral and stress-response pathways points to a potential link between cold-season 
emissions and increased respiratory vulnerability observed in epidemiological studies. 
Incorporating low-temperature testing into toxicological and regulatory evaluations is 
therefore essential for a more realistic assessment of health risks associated with real-
world traffic emissions. 
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INTRODUCTION 
 
Air pollution is one of the significant ongoing environmental challenges. According to 

European Environment Agency, almost 240 000 premature deaths in Europe are 
attributable to exposure to fine particulate matter (PM) (EEA, 2024). The new European 
Union air quality legislation, effective from 2030, will pose a major challenge for member 
states, including the Czech Republic, to meet the updated standards. Based on data from 
2023, only about 59% of monitoring stations are expected to comply with the future EU 
limits. This highlights an urgent need to reduce air pollution levels, particularly in urban 
areas (EEA, 2025). 

The main sources of these pollutants are anthropogenic activities. Approximately 
45% of urban PM originates from traffic and residential heating (Karagulian et al., 2015). 
Road dust represents a major component of non-exhaust particulate emissions from 
traffic. It consists of accumulated particles on road surfaces that are resuspended into the 
ambient air under dynamic conditions such as vehicle movement, wind, and other 
mechanical disturbances (Chen et al., 2023). The properties and concentrations of road 
dust are strongly influenced by traffic flow, road surface characteristics, meteorological 
conditions, and other external factors.  

The aim of this study was to characterize road dust at an urban intersection during 
the summer period. For this purpose, ambient air concentrations of selected pollutants 
were measured, together with traffic intensity and meteorological parameters. Based on 
these data, the influence of traffic and seasonal conditions on road dust levels was 
evaluated. 
 

METHODOLOGY 
 

Sampling of ambient air pollutants was conducted in Brno, at the intersection of 
Sportovní and Pionýrská streets (49.209311, 16.609059). This intersection is located 
near the city center, in a predominantly residential area. It connects two four-lane roads 
and is surrounded by diverse urban features: a large city park on the Pionýrská side, 
residential buildings and a school on two sides, and a parking area on the fourth side. 
#ÏÎÃÅÎÔÒÁÔÉÏÎÓ ÏÆ ÇÁÓÅÏÕÓ ÐÏÌÌÕÔÁÎÔÓ ɉ./Ϝȟ #/ȟ 3/ϜɊ ÁÎÄ ÐÁÒÔÉÃÕÌÁÔÅ ÍÁÔÔÅÒ ÆÒÁÃÔÉÏÎÓ 

ɉ0-ϛϚȟ 0-ϜȢϟȟ ÁÎÄ 0-ϛɊȟ ÁÓ ×ÅÌÌ ÁÓ ÍÅÔÅÏÒÏÌÏÇÉÃÁÌ ÐÁÒÁÍÅÔÅÒÓ ɉ×ÉÎÄ ÄÉÒÅÃÔÉÏÎ ÁÎÄ ÓÐÅÅÄȟ 
temperature, humidity, and soil temperature), were measured using a specialized 
monitoring vehicle operated by the City of Brno. The vehicle is equipped with standard 
instrumentation for air quality monitoring.  

Particulate matter concentrations were determined by an optoelectronic method 
using a calibrated Palas device, with the sampling inlet positioned approximately three 
meters above ground level. The sampling frequency was set to 10 minutes. The 
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measurement vehicle was positioned in the courtyard of the 3ÔĠÅÄÎþ ÐÒĳÍÙÓÌÏÖÜ ĤËÏÌÁ 
chemická (49.209356, 16.608090), approximately 70 meters from the center of the 
intersection. In addition, two low-cost EnviDust sensors were installed on the vehicle to 
test their performance under real urban conditions. 

Traffic intensity and trajectory-based monitoring were evaluated using the 
TrafficCamera and FLOW software frameworks developed by DataFromSky. These tools 
enable detailed analysis of traffic scenes, including vehicle classification, counting, and 
trajectory tracking. The monitoring was based on video footage obtained from cameras 
installed at the intersection. 

Data from both pollutant measurements and traffic monitoring were processed and 
statistically evaluated using Microsoft Excel and Python. 

 
Fig. 1: a) Specialized air quality monitoring vehicle operated by the City of Brno: (1) 

meteorological sensors, (2) EnviDust low-cost sensors, and (3) instruments for gaseous 
pollutants and particulate matter measurements. b) Schematic representation of the 

intersection of Sportovní and Pionýrská streets. 

 
RESULTS, DISCUSSION, CONCLUSIONS 

 
Long-ÔÅÒÍ ÍÏÎÉÔÏÒÉÎÇ ÄÁÔÁ ×ÅÒÅ ÃÏÌÌÅÃÔÅÄ ÔÏ ÄÅÔÅÒÍÉÎÅ 0-  ÁÎÄ ./  ÃÏÎÃÅÎÔÒÁÔÉÏÎÓȢ 

Each period of the day was averaged from 10-minute intervals to enable interpretation of 
the daily cycle. Figure 2 shows a bimodal distribution, with peaks corresponding to 
morning and afternoon rush hours. 
./  ÃÏÎÃÅÎÔÒÁÔÉÏÎÓȟ ÐÒÉÍÁÒÉÌÙ ÉÎÆÌÕÅÎÃÅÄ ÂÙ ÅØÈÁÕÓÔ ÅÍÉÓÓÉÏÎÓȟ ÓÈÏ×ÅÄ Á ÓÉÇÎÉÆÉÃÁÎÔ 

ÃÏÒÒÅÌÁÔÉÏÎ ×ÉÔÈ 0-  ÌÅÖÅÌÓȟ ×ÈÉÃÈ Ïriginate from a wider range of sources. As the 
ÍÅÁÓÕÒÅÍÅÎÔÓ ×ÅÒÅ ÃÏÎÄÕÃÔÅÄ ÄÕÒÉÎÇ ÔÈÅ ÓÕÍÍÅÒ ÓÅÁÓÏÎȟ ÉÔ ÃÁÎ ÂÅ ÁÓÓÕÍÅÄ ÔÈÁÔ ./  
concentrations mainly reflect traffic emissions, with minimal contribution from 
residential heating. This relationship was consistent throughout the week (see Fig. 3). 
,Ï×ÅÒ ./  ÃÏÎÃÅÎÔÒÁÔÉÏÎÓ ×ÅÒÅ ÏÂÓÅÒÖÅÄ ÄÕÒÉÎÇ ×ÅÅËÅÎÄÓȟ ×ÈÅÒÅÁÓ ÐÁÒÔÉÃÕÌÁÔÅ 

matter levels remained relatively stable. This may be attributed to emissions from 
outdoor grilling and recreational activities in the nearby park located close to the 
intersection. 

A slight shift in rush-hour dynamics was also observed during the summer period. 
While the highest traffic peaks in winter typically occur around 15:00 and 18:00 (Linda et 
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al.), during summer the maxima shifted to later hours, between 19:00 and 21:00. This 
change is likely associated with increased evening activities, such as concerts and public 
events, held in the adjacent park. 

 
Fig. 2: Correlation between NOx and PM fraction concentration during a summer day. 

 

Fig. 3: Correlation between NOx and PM fraction concentration during a summer week. 

This study examined the behavior of road dust during the summer season, with a 
focus on the influence of traffic on particulate matter (PM) concentrations. The findings 
indicate a strong correlation between traffic intensity and PM levels, accompanied by a 
shift in rush-hour peaks characteristic of the summer period. 
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INTRODUCTION 
  

Alongside pollutant monitoring, the Air Quality Department of the Czech 
(ÙÄÒÏÍÅÔÅÏÒÏÌÏÇÉÃÁÌ )ÎÓÔÉÔÕÔÅȬÓ "ÒÎÏ ÂÒÁÎÃÈ ÁÌÓÏ ÆÏÃÕÓÅÓ ÏÎ ÒÅÓÅÁÒÃÈ ÁÃÔÉÖÉÔÉÅÓȢ !Î 
example of this is the use of the SEM/EDX method for the morphological and elemental 
analysis of suspended particles (Particulate Matter, PM). PM consists of a mixture of solid 
and liquid organic and inorganic particles of various chemical compositions, sizes, and 
origins (Harrison, 2020). They are classified as air pollutants and are subject to ambient 
air pollution limits (Czechia, 2012, § 5). Although the SEM/EDX method has limitations, 
such as low sensitivity to light elements or lower spatial resolution of EDX, it is a powerful 
tool for identifying air pollution sources by combining scanning electron microscopy with 
energy-dispersive X-ray spectroscopy. It can be simplified that each major source 
produces particles with a characteristic combination of shape and chemical composition 
(Bora et al., 2021). The concentration and composition of PM depend on many factors, 
such as meteorological and dispersion conditions, terrain relief, or the type and intensity 
of air pollution sources. This study presents a methodological approach for the analysis 
of suspended particulate matter.  

  

METHODOLOGY 
  

For the purpose of PM analysis using the SEM/EDX method, our laboratory utilizes 
ÐÏÌÙÃÁÒÂÏÎÁÔÅ ÆÉÌÔÅÒÓ ɉ)ÓÏÐÏÒÅΆȟ -ÅÒÃËȟ ÓȢÒȢÏȢɊ ÔÏ ÃÏÌÌÅÃÔ ÐÁÒÔÉÃÌÅÓ ÆÒÏÍ ÔÈÅ ÁÉÒȢ 4ÈÉÓ ÔÙÐÅ ÏÆ 
filter is used for its flat surface, as fibrous filters pose challenges: particles can become 
trapped between individual fibers, making analysis difficult. Sampling is conducted with 
a low-volume sampler (Baghirra s.r.o), usually over a 24-hour period. The samples are 
then processed in the scanning electron microscopy laboratory. In the first step, the 
samples are coated with gold nanoparticles using a sputter coater (Quorum Technologies 
Ltd.) to ensure electrical conductivity. The samples are then placed in the MIRA3 
microscope chamber (TESCAN GROUP, a.s.). This is followed by the adjustment and 
optimization of the microscope and measurement parameters for the specific sample type 
(accelerating voltage, working distance, beam current, etc.) and the selection of the 
detector. Typically, we use a secondary electron (SE) detector primarily for observing the 
detailed topography of the sample. We also use a backscattered electron (BSE) detector 
to display contrast based on atomic number, and an EDX detector (Oxford Instruments 
plc) to detect characteristic X-rays for elemental composition analysis. In some cases, a 
scanning transmission electron microscopy (STEM) detector is also used to visualize the 
internal structure of the particles. In the case of electron beam-sensitive samples, the 
LVSTD detector is used. 

A fundamental step in the analytical process is the morphological characterisation 
of PM, including shape, size, and structure. Another no less critical part of the process 
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involves point analysis, which is evaluated using AZtec software (Oxford Instruments plc). 
This technique operates by targeting the sample with a focused electron beam at a defined 
point, generating element-specific characteristic X-ray radiation. The output provides 
weight percentages (wt%) representing the mass contribution of each element within the 
analyzed area. 

This is followed by a more comprehensive Feature Analysis, a method based on 
image segmentation. In this process, a BSE image of the sample is captured, and the 
ÓÏÆÔ×ÁÒÅ ÁÎÁÌÙÚÅÓ ÔÈÅ ÉÍÁÇÅȬÓ ÂÒÉÇÈÔÎÅÓÓ ÈÉÓÔÏÇÒÁÍ ÔÏ ÓÅÐÁÒÁÔÅ ÐÁÒÔÉÃÌÅ ÐÉØÅÌÓ ÆÒÏÍ 
background pixels based on a set threshold, which provides a more thorough overview of 
the particles in the sample. Based on the input file exported from the Aztec software, the 
Airity 8.0 web application (proprietary software) is then used to perform further 
graphical and data analyses. The collected data and analysis outputs are stored in a 
database created using the freely available and open-source object-relational database 
system PostgreSQL with the phpPgAdmin extension. 

 

Fig. 1: Workflow of sample preparation and analysis using SEM/EDX 
 

CONCLUSIONS 
  

The SEM/EDX method offers great potential for the analysis of suspended particles, 
primarily due to its high resolution and its ability to analyze both particle morphology and 
elemental composition. It provides qualitative and semi-quantitative data. However, it is 
necessary to consider the limitations of this method, such as the limited detection of light 
elements or the interaction volume. 

It is desirable to synergistically combine this method with other analytical techniques 
to obtain a more comprehensive picture of the analyzed particles. It is also always 
necessary to analyze a high number of samples to increase the statistical accuracy and 
representativeness of the measurements and to contextualize the results with the 
meteorological and dispersion conditions of the given locality at the time of sampling. 
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Apart from statistical analyses of semi-quantitative data from feature analyses, one can 
also process the actual microscope images and use image analysis to identify unique 
features of specific sources, in combination with morphology and chemical composition 
data. This task is well-suited for AI and could significantly improve the overall success 
rate of source apportionment in the future.  
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INTRODUCTION 
 

In atmospheric research, it is common practice to dry aerosol samples to minimize 
measurement artifacts caused by water uptake (hygroscopic growth), condensation, 
coagulation, and changes in optical properties. International networks such as ACTRIS 
and GAW recommend maintaining the relative humidity of aerosol samples below 40 % 
(ACTRIS, 2024; GAW, 2016 Swietlicki et al., 2008; Tang et al., 2019). 

This humidity level can be achieved by several methods, most commonly by 
ÃÈÅÍÉÃÁÌ ÓÏÒÐÔÉÏÎ ÕÓÉÎÇ ÈÙÇÒÏÓÃÏÐÉÃ ÍÁÔÅÒÉÁÌÓ ɉÅȢÇȢȟ #Á#ÌϜȟ 0Ϝ/ϟȟ ÓÉÌÉÃÁ ÇÅÌɊȢ (Ï×ÅÖÅÒȟ ÔÈÉÓ 
approach is not recommended within the ACTRIS framework due to increased diffusive 
particle losses. An alternative is membrane drying, among which Nafion is widely used 
(Tuch and Haudek, 2009). 

Nafion is a copolymer of tetrafluoroethylene (TFE), which forms a hydrophobic 
protective backbone, and perfluoro-3,6-dioxa-4-methyl-7-octene-sulfonic acid, which 
ensures selective permeability of the membrane to water. Strongly hydrophilic acidic 
ÓÕÌÆÏÎÉÃ ÇÒÏÕÐÓ ɉ3/ϝϖɊ ÁÔ ÔÈÅ ÅÎÄÓ ÏÆ ÔÈÅ ÓÉÄÅ ÃÈÁÉÎÓ ÓÐÏÎÔÁÎÅÏÕÓÌÙ ÃÌÕÓÔÅÒ ×Éthin the 
polymer matrix into larger domains and channels. These channels create a structure that 
enables the physical transport of water molecules by diffusion without any chemical 
reactions, while other components of the sampleɂboth gaseous and particulateɂ
practically do not pass through the membrane. 

Nafion can operate in two basic modes: in the mode of dry, clean air, or in the 
vacuum mode. In the first case, the sampled air flows inside the capillaries, and on the 
other side there is a countercurrent of dry gas. In the second mode, the water vapor partial 
pressure is reduced by applying a vacuum to the outer surface of the capillaries. Both 
processes are continuous and, when operated under appropriate conditions, do not 
require sorbent regeneration as in conventional chemical drying methods such as silica 
gel. 

Another advantage of Nafion drying is the ability to achieve the desired relative 
humidity even at relatively high flow rates.  

The permeability of Nafion, and thus its drying efficiency, increases with the diameter 
and length of the fibers, temperature, and with the purge-to-sample flow ratio or the 
applied vacuum level (Paul et al., 2020; Leckrone & Hayes, 1997; Perma Pure, 2014; Ye & 
LeVan, 2003). 

The aim of this study is to describe the efficiency of Nafion under various operating 
flow conditions and to provide optimal adjustable parameters for achieving the desired 
sample relative humidity. 
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Fig. 2: Nafion drying experiment scheme ɀ vacum régime 
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METHODS 
 

To characterize the drying efficiency of Nafion (MD-700-24F-1), an experiment 
was designed covering both operating modes. 

First, measurements were performed in the dry air flow mode (see Fig. 1) at 
ÓÁÍÐÌÅ ÆÌÏ× ÒÁÔÅÓ ÏÆ ρȟ σȟ υȟ χȟ ÁÎÄ ω ,ɇÍÉÎϖϋ ÁÎÄ ÁÔ ρ-, 2-, and 3-fold ratios of the outer air 
flow to the sample flow. 

Subsequently, the efficiency was measured in the vacuum mode at absolute 
pressures of 0.75, 0.5, 0.25, and 0.05 bar. In both modes, each measurement lasted 3 
minutes.  

The relative humidity (RH) and temperature at both the inlet and outlet were 
measured using combined RH + T sensors at one-second intervals. To ensure uniform and 
comparable conditions, the air entering the Nafion was humidified to approximately 93 
% RH. The sample and outer air flow rates were measured using a mass flow meter, and 
the vacuum level was monitored with a pressure sensor. 

The efficiency measurements in the vacuum mode were further conducted 
separately at RH levels of 0 % and 50 %. The entire experiment was carried out in an air-
conditioned laboratory at a stable temperature of 22 °C. To equalize the temperature 
between the dried air (sample), the outer air, and the ambient environment, copper coils 
were incorporated into the experimental setup. 
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INTRODUCTION 
 

The purpose of this study was to analyse how the pressure drop of nebulisers affects 
patient's breathing profile. Special attention was also given to breathing profiles with and 
without a nebuliser under different breathing instructions in ten male volunteers. Such 
knowledge is crucial for improving the prediction of the aerosol drug deposition. 

 
METHODOLOGY 

 
The pressure drop of one jet nebuliser (Pari LC Sprint Star) and two mesh nebulisers 

(eFlow Rapid and Aerogen Ultra) was measured using an Airflow Meter (Fluke 922). 
Separately, ten male volunteers breathed through each nebuliser, and their breathing 

profiles were recorded using a spirometer (SpiroSonic Smart). Two approaches were 
tested: instruction to breathe normally or breathe slowly and deeply, which is mostly 
recommended in the instructions for the use of nebulisers ɉ-ÉĤþË ÅÔ ÁÌȢȟ ςπςυɊ. 

The measurement results were used as boundary conditions for the simulation of 
particle deposition for particle sizes of 1, 2.5, 5 and 10 µm. The simulations were carried 
out in Star-CCM+ using a lung replica as the computational domain. 

  
RESULTS, DISCUSSION, CONCLUSIONS 

 
In the case of spontaneous breathing, pressure drops of the nebuliser affected 

breathing profiles. These effects were most substantial for the jet nebuliser Pari LC Sprint 
Star by decreasing the flow rate. During breathing slowly and deeply, the variations 
between breathing profiles of the volunteers were larger than the influence of the 
nebuliser's pressure drop. According to the simulation, the reduced flow rate in the jet 
nebuliser allowed particles of 5 - 10 µm to penetrate deeper into the lung regions. More 
detailed results will be shown in the presentation. 

These findings highlight the importance of considering patient differences as well as 
ÔÈÅ ÐÒÅÓÓÕÒÅ ÄÒÏÐ ÏÆ ÅÁÃÈ ÎÅÂÕÌÉÓÅÒ ÆÏÒ ÁÅÒÏÓÏÌ ÄÒÕÇ ÄÅÌÉÖÅÒÙ ɉ-ÉĤþË ÅÔ ÁÌȢȟ ςπςυɊȢ  
  

ACKNOWLEDGEMENT 
 

This work was supported by the grant GA 25-16971S.  
 
 



62 
 

REFERENCES 
 
-ÉĤþËȟ /Ȣȟ 0ÒÉÎÚȟ &Ȣȟ %ÌÃÎÅÒȟ *Ȣȟ #ÁÂÁÌËÁȟ -Ȣȟ "ñÌËÁȟ -Ȣȟ Ǫ ,þÚÁÌȟ &Ȣ ɉςπςυɊȢ )ÎÆÌÕÅÎÃÅ ÏÆ 

nebulizer pressure drop on breathing profiles and aerosol deposition in human 
airways. Journal of Aerosol Science, 188.  

  

 

  



63 
 

ORGANIC POLLUTANTS IN THE GLOBAL ATMOSPHERE ɀ NEW TRENDS 
 

Gerhard LAMMEL1,2*,  

 
1 RECETOX, Faculty of Science, Masaryk University, Brno, Czech Republic 

2 Multiphase Chemistry Dept., Max Planck Institute for Chemistry, Mainz, Germany 
*E-mail: gerhard.lammel@recetox.muni.cz 

 
Keywords: pesticides, PCB, PAH, soil pollution, air pollution, aerosol 

 
INTRODUCTION 

 
Persistent organic pollutants (POPs) have been distributed in the global atmosphere, 

because they are only slowly reacting in atmospheric chemistry and resist biodegradation 
in surface waters, soils and sediments. Following global or regional abatement efforts, the 
levels in air of organochlorine pesticides (OCPs), polychlorinated biphenyls (PCBs), 
polybrominated diphenyl ethers (PBDEs) and polycyclic aromatic hydrocarbons (PAHs) 
have been declining in mid latitudes of the northern hemisphere. In recent years, many 
more contaminants of emerging concern (CECs) have been identified or anticipated, such 
as flame retardants, modern pesticides, personal care products and industrial chemicals. 
CECs are substances which have been released into the environment only recently, or are 
only now recognized as environmental pollutants despite having been released since long. 
Many of the particularly persistent synthetic chemicals containing perfluorinated carbon 
atoms (PFAS) have both hydrophilic and hydrophobic properties. This feature allows for 
additional environmental fate processes, at least in aquatic environments. As being 
semivolatile, most POPs and many CECs stored in surface waters and soils may return to 
the atmosphere triggered by variation of atmospheric levels or following a usage ban 
(secondary pollutant sources). This feature is enhancing the long-range transport 
potential (LRTP) of pollutants (grasshopper effect). Large scale distributions and 
environmental fate processes of POPs and CECs are tpoics of great scientific interest and 
relevance for the environment and human health. 

 
METHODOLOGY 

 
Spatial distributions in air and surface seawater, air-sea and air-soil exchange of 

OCPs, PCBs, PAHs including nitrated and oxygenated derivatives (polycyclic aromatic 
compounds, PACs) and PFAS have been studied in the Mediterranean and Middle East 
seas, in the Atlantic Ocean, and at central and northern European continental sites, based 
on air, surface water and soil sampling and off-line trace substance analysis. Long-term 
trends in air were analysed based on monitoring data from the Czech National 
AtmospÈÅÒÉÃ /ÂÓÅÒÖÁÔÏÒÙ +ÏĤÅÔÉÃÅȢ 

 

RESULTS AND DISCUSSION 
 
The long-term negative trends of some OCPs banned since long, DDT, chlordane and 

mirex, besides others, are observed to have been levelling off in recent years in central 
Europe. While the industrial chemical PCB has been declining following ban since 
decades, strong sources of PCB are on the rise related to unintentional production  in 
industries worldwide. The return of the banned insecticides DDT and endosulfan, and of 
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PACs, some of them carcinogenics, from sea surfaces to the atmosphere is on-going in the 
Mediterranean Sea and Atlantic Ocean. PAHs are found to volatilize from soils not only in 
source areas, like central Europe, but depending on day-time and season also in receptor 
areas. Carcinogenicity of air is found to be carried by numerous PACs, most of them 
usually not monitored or even unidentified. 

 
CONCLUSIONS 

 
New secondary sources of POPs, some of them influenced by global warming, are 

indicated. Urgent knowledge gaps to better understand POP and CEC cycling in the global 
environment are degradation rates in air and surface compartments, chemical pathways 
in air and soil, spatial variability of the chemodynamics in soils and primary emission 
fluxes. As CECs cover a vast chemical space, understanding their environmental fate is 
only in the early stages. 
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INTRODUCTION 

Polluted air consists of a complex mixture of gaseous pollutants, particulate matter 
(PM) of various size and compounds bound to it, and metals. The size of the particles, 
along with the chemical composition of the complex mixture, determines possible adverse 
health effects of air pollutants on human health. For comprehensive in vitro evaluation of 
biological effects of ambient air toxic compounds, treatment of cell models consisting of 
mixtures of relevant cell types grown at the air liquid interface with a complete mixture 
of pollutants is crucial. However, a limited number of studies evaluated impacts of real-
world atmospheric pollution using such approach. 

 
METHODOLOGY 

 
We have developed a mobile exposure system suitable for direct exposure to complex 

mixtures of ambient air pollutants in the field conditions. Using the system, we exposed 
cells models of the lungs and olfactory mucosa (a proxy to brain effects) to the ambient 
air in four localities of the Czech Republic differing in the quality of air pollution 
(characterized by concentrations of PM, ozone, nitric oxides, volatile organic compounds, 
and polycyclic aromatic hydrocarbons). We analysed concentrations of these pollutants 
and correlated them with a panel of relevant biomarkers, including parameters of general 
toxicity, markers of oxidative stress and inflammatory response, as well as global mRNA 
and miRNA expression analysis. Specifically, we measured lactate dehydrogenase and 
adenylate kinase production and transepithelial electrical resistance (TEER), analysed 
15-F2t-isopostane and a panel of 20 immune response-related parameters 
(cytokines/chemokines/growth factors).  

 
RESULTS, DISCUSSION, CONCLUSIONS 

 
In the locality burdened with heavy traffic, we found very high concentrations of 

ultrafine particles and NOx and observed low TEER values in the exposed samples, 
indicating significant traffic-related toxicity of the ambient air. In the urban locality, 
sampled in winter, we observed high PM and benzo[a]pyrene levels. In the samples from 
ÔÈÅ ÉÎÄÕÓÔÒÉÁÌ ÌÏÃÁÌÉÔÙȟ ÓÁÍÐÌÅÄ ÉÎ ÓÕÍÍÅÒȟ ×Å ÄÅÔÅÃÔÅÄ ÈÉÇÈÅÒ ÃÏÎÃÅÎÔÒÁÔÉÏÎÓ ÏÆ 4.&ɻȟ 
MIP-ρɻȟ %ÏÔÁØÉÎȟ '2/ɻȟ '--CSF, IL-6 and IL-7 than in the urban locality samples. We 
hypothesize that pollen or other plant-related components of the ambient air were 
responsible for this response. In summary, our system proved to be a suitable approach 
to monitor direct biological effects of ambient air in the field conditions, reflecting not 
only the levels of toxic compounds, but also season-specific parameters. 
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INTRODUCTION 
 

Nanoparticles (NPs) have become an important part of everyday life during the last 
years. Aside from their undoubted benefits, questions regarding the risk of inhalation 
exposure to human health, and/or genome still need to be addressed. Despite these facts, 
human biomonitoring studies relevant to the consequences of the chronic and acute 
inhalation exposure to NPs on the molecular processes in cells as well as health effects are 
still rare. The Czech biomonitoring research plays the dominant role in this field due to 
the systematic sampling of the chronically and acutely exposed groups during the 
nanocomposite materials processing in research phase and/or in their application, as well 
as due to broad collaboration of the experts across the various scientific fields. During the 
last years, effects of NPs exposure on the molecular mechanisms by cytogenetic, 
epigenetic and transcriptomic markers have been studied in the group of nanoparticles 
research workers as well as in volunteers with exposure simulated that in stomatology. 

 
METHODOLOGY 

 
The following methodological approaches were used for mapping the structural and 

functional changes in the genome of peripheral blood lymphocytes of males and females: 
(i) micronuclei analysis (MN) in combination with fluorescent centromere staining for 
identification of clastogenic and aneuogenic effects of exposure; (ii) chromosomal 
aberration analysis for identification of structural and numerical rearangements; (iii) 
genom wide DNA methylation profiling utilizing the array approach for identification up 
to 850K CpG loci across the whole genome; (iv) comprehencive transcriptomic analysis 
by Next Generation Sequencing approach for identifications of mRNA and miRNA gene 
expression changes. 

 
RESULTS, DISCUSSION, CONCLUSIONS 

 
Cytogenetic results revealed that chronic exposure to NPs does not affect the 

frequency of total MN in contrast to the effect of increased acute exposure. Moreover, 
gender related DNA damage differences were observed by MN analysis (Rossnerova, 
2019). Detailed pattern of chromosomal abberations in acutely exposed females revealed 
significant increase of monosomies related to X gonosome (Rossnerova, 2024). Opposite 
to micronuclei analysis, DNA methylation profiling identified more than 700 
signnificantly differently methylated CpG loci in a group of chronicaly exposed 
nanocomposites research workers (Rossnerova, 2020a, 2021). Additionally, 
transcriptomic profiling revealed 90/50 significantly deregulated mRNA in 
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acutely/chronicaly exposed groups, respectively. FKBP5 and DDIT4 genes with relevance 
to immune system and cancer respectively, were downregulated repeatedly in both 
cohorts independently of the type of exposure. Opposite to mRNA, deregulation of miRNA 
was minimal, related to time frame of sampling, but delayed post-exposure changes are 
presumed (Simova, 2024, 2025). 

All the detected changes point to the induction of processes in the human body to 
adapt (Rossnerova, 2020b) to the new or chronic exposure conditions with the aim of 
reducing possible negative consequences of the NPs exposure (e.g., DNA damage level, or 
risk of various cancers). Obtained data also indicates different consequences of NPs 
exposure by gender and reveals the risk of significant increase of aneuploidies in females. 

In conclusion, personal protection equipment for reducing exposure, and sufficient 
ventilation systems are highly recommended to limit negative effects of NPs exposure. 
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INTRODUCTION 
 

There are multiple techniques available for quantifying aerosol particle number and 
size. Among the most widely used instruments for obtaining high time-resolution data 
across the nanometer to micrometer scale are aerosol spectrometers such as Mobility 
Particle Size Spectrometers (MPSS) and Aerodynamic Particle Size Spectrometers (APSS). 
Cascade impactors remain a central tool in gravimetric analyses of atmospheric aerosols, 
offering the benefit of size-resolved chemical composition, though they operate with 
comparatively low temporal resolution. 

A more advanced variant is the electrical cascade impactor ɂ in our implementation, 
the Electrical Low-Pressure Impactor (ELPI, Dekati) (Marjamaki et al., 2000). This 
instrument combines the conventional gravimetric collection on individual stages with an 
electrical measurement mode: when particles impinge on a stage, the induced current is 
recorded in near real time. This dual mode provides both direct mass (or deposit) 
sampling and instantaneous electrical signals (Eckenberger et al., 2025). 

The ability to conduct real-time (up to ~10 Hz), size-resolved (14 stages) 
measurements alongside chemical composition analysis makes the ELPI approach 
particularly powerful. Nevertheless, converting the measured currents into meaningful 
physical quantities (e.g., number, volume, or mass) is nontrivial, in part due to artifacts 
such as particle bounce, image-charge effects, or incomplete charge transfer. These biases 
can depend on particle size, shape, composition, or morphology (e.g. bounce behavior 
under different humidity or particle types) (Fischer & Petrucci, 2021). 

 
METHODOLOGY 

 
In this study, we compare electrical-mode measurements from two ELPI units (each 

outfitted with different impaction plate designs) against reference instruments ɂ MPSS, 
APSS, and CPC ɂ across a series of well-controlled aerosol types differing in composition, 
size, and morphology. The measurement setup employed a variety of aerosol generators 
(tailored to each particle type) and, for monodisperse aerosols, a size selector 
(electrostatic classifier). The generated aerosol stream was mixed with clean, dry air to 
maintain adequate flow to all instruments and, when needed, to dilute concentrations. All 
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instruments were fed through a shared sampling manifold using isokinetic splitting, with 
careful flow-path design to minimize particle losses after splitting and/or having 
equivalent lengths of sampling lines (in order to have the same potential particle losses). 

The test aerosol suite comprised both solid (S) and liquid (L) particles and included 
monodisperse (M) and polydisperse (P) number size distributions  (PSLS,M/P, ammonium 
sulphateS,M/P, SnS,M/P and DEHSL,M/P with NaCl cores). 

Additionally, we benchmarked the ELPI units against a calibrated reference MPSS 
from the ACTRIS calibration lab (PACC) and the reference MPSS used during the 
intercomparison on well-characterized aerosols during ambient aerosol observations 
over a weekend.  

 
RESULTS, DISCUSSION, CONCLUSIONS 

 
The performance of both ELPI units was evaluated for all generated aerosols as well 

as for atmospheric aerosol, with comparisons made to the reference instruments. 
In general, there was a difference between the ELPI loaded with sintered stages and 

the ELPI filled with smooth stages covered with greased aluminium foils. The stages with 
aluminium foils were more vulnerabvle to particle bounce especially for solid challenging 
particles and larger sizes (e.g. Fig.1 for PSL 100 and 200 nm). This effect was not so much  

Fig. 1: ELPI impactors with sintered (orange) and smooth (grey) impaction plates 
against reference MPSS (black) for monodisperse PSL particles (100/200 nm)  

 
pronounced for smaller challenging particles (even solid ones) and in general for liquid 
particles. This artifact causes bounce of the larger particles to much lower stages of the 
cascade impactor than they should belong to based on their aerodynamic behavior. Also 
lower concentration (hundreds of particles per cm3) measured with the ELPI impactors 
were causing troubles, because of the threshold of the electometers for the noise level. 

For the longer intercomparison on the atmospheric aerosol, both impactors were 
equipped with smooth stages and greased aluminium foils. The results (see Fig. 2) showed 
that it is complicated to retrieve the exact shape of the number size distribution measured 
by the reference MPSS due to lower concentrations in some size bins and the ambient 
aerosol is also more complex in chemical composition and particle morphology, so it is 
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more challenging to obtain the fine structure of the size distribution using the High 
Resolution ELPI analysis from the originally measured 14 impactor stages. 

Fig. 2: ELPI impactors with smooth (orange/grey) impaction plates against reference 
MPSS (black) and ACTRIS reference MPSS (blue) for ambient atmospheric aerosol 

 
Furthermore, one of the two ELPI impactors was still showing much larger deviation 

and an artifact for the smallest sizes. The reason for this was not fully understood and 
additional analysis/characterization would be needed. 
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INTRODUCTION 
 

Among optical measurement techniques, nephelometry stands out as a particularly 
promising method for aerosol characterization. Nephelometers are generally divided into 
two main types: polar nephelometers (e.g. Martins et al., 2017; Lienert et al., 2003), which 
measure light scattering at discrete angles, and integrating nephelometers (e.g. Anderson 
ɀ Ogren, 1998), which determine the total scattering coefficient over a broad angular 
range. While polar nephelometers have been widely studied for aerosol size distribution 
retrieval due to their rich angular information (e.g. Moallemi et al., 2022), integrating 
nephelometers remain comparatively underexplored in this regard. This study focuses on 
a polar-integrating nephelometer measurements to assess their capability for retrieving 
fine and coarse aerosol mode properties, aiming to fill this gap in aerosol optical retrieval 
research. 

 
METHODOLOGY 

 
The presented analysis is based on data collected at the Racibórz Observatory in 

southern Poland during 2023 and 2024. The station operates both in-situ and remote-
sensing instruments dedicated to atmospheric aerosol measurements. All measurements 
follow the strict quality assurance and control guidelines of the ACTRIS research 
infrastructure, ensuring the highest data quality and reproducibility. 

The in-situ instrumentation includes an AUTORA 4000 polar-integrating 
nephelometer for scattering measurements and two aerosol size spectrometers ɂ TSI 
APS and TSI SMPS 3082, providing particle size distributions across a wide diameter 
range (10 nmɀ10 µm). Aerosol sampling is performed with an aerodynamic cutoff at 10 
µm at the inlets, and the sample air is subsequently dried to below 40% relative humidity 
using Nafion membrane dryers. 

A nephelometer is an optical instrument capable of near-real-time (NRT) 
measurements of elastic light scattering by aerosol particles. The Ecotech AURORA 4000 
polar-integrating nephelometer measures the integrated scattering intensity at three 
visible wavelengths. The instrument features a variable-position shutter that enables 
measurements across different angular sectors. With the shutter fully retracted, the 
integration range extends from approximately 7° to 170°, thus covering almost the entire 
polar angle except for narrow regions near the exact forward and backward scattering 
directions. The shutter can be positioned at any angle between 0° and 90°, progressively 
ÏÂÓÃÕÒÉÎÇ ÕÐ ÔÏ ÈÁÌÆ ÏÆ ÔÈÅ ÄÅÔÅÃÔÏÒȭÓ ÆÉÅÌÄ ÏÆ ÖÉÅ×Ȣ 4ÈÉÓ ÃÏÎÆÉÇÕÒÁÔÉÏÎ ÁÌÌÏ×Ó ÉÎÔÅÇÒÁÔÅÄ 
measurements from the selected shutter angle up to 170°. By calculating the differences 
between measurements obtained at successive shutter positions, the integrated 
scattering signals for individual angular sectors can be derived 
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The nephelometer data was analysed with the use of the GRASP-OPEN software 
(Dubovik et al., 2014). GRASP is a single dimensional inversion algorithm providing highly 
accurate information  on microphysical aerosol properties based on a wide range of data 
sources. It  can be used to process in-situ nephelometric data to retrieve aerosol size 
distribu tions. The algorithm also incorporates a forward model that can effectively 
simulate instrument data (including noise) based on the assumed microphysical 
parameters. This makes GRASP a versatile tool for not only data processing but also 
simulations of instrument performance and sensitivity studies. In this study we employ 
the algorithm for simulating nephelometer signals for various aerosol distributions  
observed at the station by the size spectrometters, investigating the sensitivity of the 
instrument in these conditions. 

 

 
 

Fig. 1: A theoretical simulation of scattering measured with a polar integrating 
nephelometer. On the left-hand-side volume size distributions for different fine a) and 
coarse c) particle concentrations are given. The concentrations are varied between 5th 
and 95th percentile of concentrations observed at the Racibórz station. On the right-

hand-side corresponding simulated measurements for changing concentrations of fine 
b) and coarse d) particles are shown with the solid part of the lines indicat-ing angular 

observation range of the AURORA 4000 nephelometer 
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RESULTS, DISCUSSION, CONCLUSIONS 
 

These results show that a polar integrating nephelometer is significantly more sensi-
tive to the variability in the concentration of the fine aerosol fraction as opposed to coarse. 
Note that the simulations were performed for a wider range of scattering angles than can 
be observed by the physical instrument (the values outside of the nephelometers angular 
range were depicted with a dashed lines in Figure 1). The poor sensitivity to the large 
particles is a well-known issue in nephelometric studies, stemming from the inability of 
the instruments to observe the foreword scattering at low polar angles, typically below 7-
8 degrees. According to the Mie theory the larger the scattering particle compared to the 
light wavelength, the more the scattering phase function is dominated by its foreword 
scattering component. Consequently a significant portion of the light scattered at the 
coarse aerosol fraction is not registered by the polar integrating nephelometer. This can 
be seen in the subplot d) of the Figure 1, where the largest differences in the simulated 
signals are visible for the lowest shutter angles, outside ÏÔÈÅÒ ÔÈÅ ÎÅÐÈÅÌÏÍÅÔÅÒȭÓ 
detection range. This not only makes it challenging for any inversion algorithm to retrieve 
coarse aerosol concentration from nephelometer data but also can lead to improper 
differentiation between fine and coarÓÅ ÁÅÒÏÓÏÌȭÓ contribution to the observed angular 
signals. 
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INTRODUCTION 
 
)ÔȭÓ ÓÕÒÅÌÙ ÌÏÎÇ ÒÅÃËÏÎÅÄ ÔÈÁÔ Íodern vehicles with internal combustion engines rely 

on sophisticated engine controls and on advanced exhaust aftertreatment to achieve low 
emissions levels. Inadequate design or manufacture, excessive wear, malfunctions, 
repairs of sophisticated systems with duct tape and baling wire, improper maintenance 
or deliberate tinkering, tuning and tampering can produce emissions that sure are one or 
more orders of magnitude higher compared to the typical intended (and type-approved) 
operation. So, a relatively significant reduction in emissions can be achieved relatively 
quickly and at low cost by targeting excess emitters. We reckon that on-board diagnostic 
systems present on newer vehicles and periodic technical inspections are helpful but do 
not effectively address deliberate tampering or avoiding repairs. Remote sensing (RS) of 
emissions by open-path spectrometry across the vehicle travel path and sampling of 
exhaust plume from a moving instrumented chase vehicle or from roadside (point 
sampling) have been developed and proposed for high emitter detection in the field. Since 
high emissions episodes can occur even on properly operating vehicles, all RS approaches 
have been used as an indicative tool for selecting vehicles for subsequent inspection. 

In all RS approaches, measurement is done on the plume of vehicle exhaust left behind 
the passing vehicle, which must be differentiated from other plumes and the background. 
So, vehicles are tested in a single lane with sufficient spacing. To avoid high emissions due 
to cold start, transients or very high load, the engine and catalysts should be warm and 
the engine should be at a moderate and steady load to produce sufficient volume of 
exhaust. These constraints require a careful choice of the sampling location. 

In RS, CO2 or other tracer is measured alongside with the pollutant of interest. From 
the ratio of incremental (relative to background) concentrations of pollutant and CO2, and 
assumed yield of CO2 per 1 kg of fuel, emissions per kg fuel are calculated. Making some 
assumptions about fuel consumption per kWh of power or per km driven, emissions per 
km or per kWh can be estimated, and these compared with the legislative limits. 

This work targets remote measurement of excess particle emissions, with the focus 
on detecting absent or defunct diesel particle filters, by point sampling measurement. 
Two novel approaches were explored: Measurement at an entrance gate to a restricted 
area and exploring the potential of moderate and low cost instrumentation.  

We have chosen to target diesel vehicles, as there is a large gap, often several orders 
of magnitude, between working and defunct particle filter, and there are two readily 

mailto:vojtisek@icpf.cas.cz
mailto:michal.vojtisek@mensa.cz
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established inspection procedures ɀ free acceleration smoke opacity test and the 
measurement of the number concentration of non-volatile particles during engine idle. 
Particle emissions from positive ignition engines (of which essentially all are spark 
ignition engines, and of these, most run on petrol, with a minority operating on gaseous 
fuels) have been regulated only recently, and despite ongoing efforts, and to date, there is 
no legislative method or limit for periodic inspection tests. Gaseous emissions can be 
readily measured by (commercially available or research grade) open-path spectrometry. 
Optical methods are, however, insensitive to combustion generated nanoparticles and 
respond only to their visible agglomerates, representing extreme cases of high emitters. 

 
EXPERIMENTAL 

 
The main vehicular entrance to the Czech University of Life Sciences campus has been 

used, featuring license plate recognition, card reader, and remote contact to a 
receptionist. The sampling point has been placed on the road surface, in the middle of the 
travel lane, several meters before the gate, at which the vehicle has to stop or come nearly 
to a standstill to secure a permission to enter. The campaign setup is shown in Fig. 1 

 

 
 

 
Fig. 1: Diagram and photo of the setup at the campus entrance gate 

 
The first campaigns were done with laboratory-grade non-volatile particle (nvPN) 

counter (NanoMet3, Matter Engineering) and fast electric mobility sizer (EEPS, TSI). 
Mobile FTIR analyzer (Bruker/CreaTech) was used to measure the concentrations of CO2, 
used to calculate emissions in particles per kg fuel, and CO and NO to assess gaseous high 
emissions. In a subsequent campaign, two ȰÍÏÄÅÒÁÔÅ ÃÏÓÔȱ instruments for total particle 
number concentrations, Partector (Naneos) and ePNC (Dekati), and a TU Liberec 
prototype of a low-cost sensor of lung deposited surface area, were used in parallel.  
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RESULTS AND DISCUSSION 
 
For validation, a total of 50 vehicles were subjected to a shortened (10-15 seconds) 

tailpipe idle nvPN test, analogous to the one used for the periodic technical inspection in 
Switzerland, Belgium and Germany. The comparison of emissions factor in nvPN per kg of 
fuel, determined by remote sensing, with the nvPN idle test, shown in Fig. 2, shows a 
nearly perfect (> 90 %) success rate of remote sampling at a gate at differentiating diesel 
vehicles with and without a functional particle filter. A 100 % success rate was obtained 
considering only measurements yielding peak concentration of more than 100 ppm CO2 
above the background. As an additional check, technical data for vehicles were obtained 
from the national motor vehicle register based on recorded registration plate numbers. 

 

 
Fig. 2: Correlation of nvPN concentrations measured in the tailpipe during a 10-

second idle test (horizontal axis) with nvPN emissions factor from remote sensing 
 
Assuming light-duty vehicle emission limit of 6 x 1011 particles per km (#/km) and 

fuel consumption of 5 kg (6 liters) of diesel fuel per 100 km, vehicles with particle 
emissions up to 2 x 1013 #/ kg fuel were considered low emitters. These vehicles had nvPN 
at idle of 1-200 thousands #/ cm3, with all but one vehicle being below 105 #/ cm3. All 
vehicles with nvPN at idle greater than 0.5 x 106 #/ cm3 had emission levels above 2 x 1014 
#/ kg fuel; these were considered to be positive high emitters, leaving out one order of 
ÍÁÇÎÉÔÕÄÅ ȰÔÏÌÅÒÁÎÃÅ ÂÁÎÄȱ ÏÒ ȰÆÏÒÂÉÄÄÅÎ ÇÁÐȱȢ 

Further, careful analysis of data shows that the very high efficiency of diesel particle 
filters combined with a robust sampling location offers room for lower cost instruments 
to be used. (Note that optical sensors sold at tens of Euros are not sensitive to 
nanoparticles, and low-cost instruments considered here are primarily diffusion chargers 
and condensation particle counters costing several thousands of Euros, compared to one 
to two orders of magnitude more expensive laboratory instruments.) 

The threshold of 100 ppm CO2 ÃÏÒÒÅÓÐÏÎÄÓ ÔÏ ÁÂÏÕÔ πȢς ʈÇ #/2/cm 3 or about 6.2 x 
10-11 kg fuel per cm3. At 100 ppm CO2, a PN detection limit of 1000 #/cm3 above ambient 
corresponds to 2 x 1013 #/kg fuel, which is, at 20 km per kg fuel, comparable to the 6 x 
1011 #/km Euro 6 limit.  If only vehicles producing at least 100 ppm CO2 above background 
are considered, which was 60 % of passing vehicles, the relatively strong signal allows for 
use of instruments with a detection limit of 1000 #/ cm3, which may be fulfilled by some 
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moderate cost periodic technical inspection grade nvPN analyzers and diffusion chargers 
commercially available for ambient monitoring (measuring all particles including 
volatiles), both with cost on the order of 10 thousands EUR per instrument, one order of 
magnitude less than laboratory instruments. Also, additional analysis has shown that for 
peaks at least 100 ppm CO2, reasonably valid conclusions were even without removing 
volatile particles (measurements by EEPS), and even using solely the particle 
concentration, without calculating the ratio of particles to CO2. 

Example results for the moderate cost instruments are given in Fig. 3. Partector, a 
moderate cost commercial ambient DC sensor, and Dekati ePNC, prototype PTI-grade 
particle counter (DC sensor) are in general agreement with nvPN readings by NanoMet3, 
a commercial nvPN instrument, despite not removing volatile particles. Low-cost 
ionization chamber detected some, but not all, high emitters, typically ones with higher 
detectable PN concentrations. 

Overall, sampling at a gate, where vehicles have to stop and accelerate, is reckoned to 
be an improvement over classical roadside measurement, as the location inherently 
provides adequate separation of traffic, a major limitation of point sampling. Also, at many 
gated entrances, vehicles are already warmed up, and are accelerating at a moderate pace. 
This location has also yielded rather strong CO2 peaks, decreasing the requirement for the 
detection limit of the instruments. Follow-up preliminary measurements suggest that the 
use of low and moderate costs instruments is possible, albeit possibly at a lower yield. 

 
 

 
Fig. 3: Particle concentrations measured by moderate and low-cost instruments 
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INTRODUCTION 

 
Air pollution in so-called street canyons is one of the key environmental problems in 

densely built-up urban areas, where limited ventilation and intense emissions from traffic 
can lead to high concentrations of pollutants in the breathing zone of residents (Fenger, 
1999). The complex interaction between building geometry, wind direction, and 
atmospheric turbulence significantly affects the transport and dispersion of pollutants, 
making it challenging to predict air quality in such environments. Among these factors, 
the aspect ratio (the ratio of building height to the street width) of the canyon, roof 
geometry, and street orientation relative to the prevailing wind direction have been 
shown to significantly influence pollutant removal efficiency and flow patterns within the 
canyon (Kluková et al., 2021; Nosek et al., 2025). 

Experimental studies conducted in wind tunnels that model the interaction of the 
atmospheric boundary layer with urban topography play a crucial role in understanding 
these mechanisms, as they enable a detailed investigation of flow and dispersion 
processes under controlled conditions representative of actual urban geometries 
(Schatzmann & Leitl, 2011). The ability to measure velocities and concentrations at high 
spatial and temporal resolutions provides valuable data for model validation and for 
improving our understanding of pollutant transport in complex urban environments. 

This study focuses on Legerova Street in Prague, one of the busiest urban corridors 
characterised by street canyons and heavy traffic pollution. A 1:500 scale model of the 
street and surrounding buildings was tested under neutral atmospheric boundary layer 
conditions for two different wind directions. The primary objective is to illustrate the 
complexity of pollutant concentration distribution in a real street canyon, which is 
primarily influenced by the geometry of the street canyons and wind direction. 

 
METHODOLOGY 

 
The experiments were conducted in the wind tunnel of the Environmental 

Aerodynamics Laboratory in Nový Knín. This is an open-circuit wind  tunnel with a cross-
section of 1.5 x 1.5 m and a length of 30 m. Based on digital data provided by IPR Prague, 
a 3D-printed model of Legerova Street and its surroundings was produced on a scale of 
1:500 and placed in the measuring section of the tunnel (Fig. 1). The incoming boundary 
layer was created using roughness elements and so-called spires placed along a length of 
10 m in front of the model to achieve a logarithmic velocity profile and the required 
turbulence scales representative of the urban atmospheric boundary layer under neutral 
stratification. By rotating the model in the measuring section of the tunnel, two wind 
directions were tested: west and east. 
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The dispersion of pollutants was simulated using a 1 m long line source from which a 

tracer gas (ethane) or passive particles (approx. 1 µm) were emitted at a volume flow rate 
of 18 ml/s. The line source was located at the bottom of the tunnel and in the middle of 
Legerova Street (Fig. 1c). Ethane concentrations were measured using a fast flame 
ionisation detector (FFID) mounted on a computer-controlled traversing system, which 
allows point mapping of average concentration fields with high time resolution (500 Hz). 
Particle image velocimetry (PIV) from Dantec Dynamics was used to capture 
instantaneous and average velocity fields, as well as the spatiotemporal structures of 
particle concentrations at a rate of 500 Hz. This combined approach enabled a detailed 
analysis of the interaction between flow dynamics and pollutant dispersion mechanisms 
as well as the measurement of the planar turbulent pollution fluxes in the street canyon 
(Owolabi & Nosek, 2025) . 

 

 
Fig. 1: (a) Selected area (magenta square and circle) for the model of Legerova 

street; (b) the model of Legerova street in the wind tunnel; (c) positions of the measured 
vertical (dark blue) and horizontal (green) planes with the marked position of the line-

source model (red) and wind orientation (light blue). The positions are in mm according 
to the scale (1:500). 

 
RESULTS, DISCUSSION, CONCLUSIONS 

 
Fig. 2 shows the mean dimensionless concentrations (C*) and velocity vectors 

(arrows) at the horizontal planes at a height of 7 mm (corresponding to 3.5 m at full scale) 
for the west (Fig. 2a) and (Fig. 2b) east wind directions in the investigated section of 
Legerova street. Here, C* = CUrefBL/Q, where C is the ethane concentration in ppm, Uref is  
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Fig. 2: Mean dimensionless concentrations (C*) and velocity vectors (arrows) at 

horizontal fields at height 3.5 m for a) west and b) east wind of the investigated part of 
the Legerova street. The reference dimensionless velocity vector (U/Uref) is depicted on 

the left, and the red circle represents the position of the AIM station. 

 
Fig. 3: Spatially averaged dimensionless concentrations (C*) of each of the vertical 

plane in the first (left) and second (right) street canyon, for the west (blue bars) and east 
(red bars) wind direction. 

 
the reference freestream velocity in the wind tunnel, B is the average Legerova street 
width, L is the length of the line source, and Q is the volumetric flow rate of ethane from 
the line source. The real pollutant concentration, C, can be then recalculated from C* using 
the known parameters (Uref, L and Q) from real-scale conditions.  

For the west wind (Fig. 2a), a strong lateral flow from south to north is observed 
within the first investigated street canyon. This is primarily caused by the asymmetry of 
the buildings, where the longer windward-facing façade deflects the incoming flow from 
the west toward the south. This lateral motion generates a helical vortex (not shown 
here), which enhances street-canyon ventilation. Consequently, the lowest concentration 
levels are found not only at this horizontal plane but also at all three analyzed vertical 
planes within the first canyon (see blue bars in Fig. 3). Pollutants from this canyon are 
transported either upward through the roof-level opening or laterally toward the 
intersection, occasionally entering the second canyon. The second canyon therefore 
exhibits higher concentration levels, also associated with the development of a quasi-
steady horizontal vortex near the intersection. 
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In contrast, for the east wind (Fig. 2b), both investigated canyons exhibit higher 
concentration levels compared to the west wind case. This is mainly due to the absence of 
ÔÈÅ Ȱ×ÉÎÄ-ÃÁÔÃÈÉÎÇȱ ×ÁÌÌ ÁÎÄ ÔÈÅ ÆÏÒÍÁÔÉÏÎ ÏÆ ÓÔÒÏÎÇ ÈÏÒÉÚÏÎÔÁÌ ÖÏÒÔÉÃÅÓ ÁÔ ÔÈÅ ÌÁÔÅÒÁÌ 
ends of the canyons. As shown in Fig. 3b, at the lateral end of the second canyon (red bar 
at y = 142 mm, corresponding to 71 m from the intersection center), the mean 
concentration increases by a factor of approximately 3.5 relative to the west-wind case. 

These results clearly demonstrate that building geometry and wind direction play a 
decisive role in pollutant transport and accumulation within urban street canyons. Both 
parameters must therefore be carefully considered when assessing urban air quality or 
conducting pollution source identification in complex urban environments. 
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SUMMARY 

 
The commercial presentation will focus on the Syft Tracer analytical instrument, 

which uses SIFT-MS (Selected Ion Flow Tube Mass Spectrometry) technology for real-
time detection of trace gases and volatile organic compounds (VOCs). Syft Tracer enables 
gas analysis with high selectivity, sensitivity (at ppt levels), and operational stability, 
without the need for chromatographic separation or sample pretreatment. 

 
ÚVOD 

 
+ÏÍÅÒéÎþ ÐĠÅÄÎÜĤËÁȡ 3ÐÏÌÅéÎÏÓÔ !ÌÔÉÕÍ ÓÅ ÎÏÖñ ÓÔÁÌÁ ÏÆÉÃÉÜÌÎþÍ ÄÉÓÔÒÉÂÕÔÏÒÅÍ 

ÐĠþÓÔÒÏÊĳ 3ÙÆÔ 4ÅÃÈÎÏÌÏÇÉÅÓȟ Á ÐĠÉÎÜĤþ ÔÁË ÎÁ éÅÓËĻ ÔÒÈ ÕÎÉËÜÔÎþ ÐĠþstroje nejen pro real-
ÔÉÍÅ ÁÎÁÌĻÚÙ ÏÖÚÄÕĤþȢ 
0ĠÅÄÎÜĤËÁ ÂÕÄÅ ÖñÎÏÖÜÎÁ ÁÎÁÌÙÔÉÃËïÍÕ ÐĠþÓÔÒÏÊÉ 3ÙÆÔ 4ÒÁÃÅÒȟ ËÔÅÒĻ ÖÙÕĿþÖÜ 

technologii SIFT-MS (Selected Ion Flow Tube Mass Spectrometry) pro real-time detekci 
ÓÔÏÐÏÖĻÃÈ ÐÌÙÎĳ Á ÔñËÁÖĻÃÈ ÏÒÇÁÎÉÃËĻÃÈ ÌÜÔÅË ɉ6/#ÓɊȢ 3ÙÆÔ 4ÒÁÃÅÒ ÕÍÏĿĐÕÊÅ ÁÎÁÌĻÚÕ 
ÐÌÙÎĳ Ó ÖÙÓÏËÏÕ ÓÅÌÅËÔÉÖÉÔÏÕȟ ÃÉÔÌÉÖÏÓÔþ ɉÖ ÈÌÁÄÉÎÜÃÈ ÐÐÔɊ Á ÐÒÏÖÏÚÎþ ÓÔÁÂÉÌÉÔÏÕȟ Á ÔÏ ÂÅÚ 
ÎÕÔÎÏÓÔÉ ÃÈÒÏÍÁÔÏÇÒÁÆÉÃËï ÓÅÐÁÒÁÃÅ ÎÅÂÏ ÐĠÅÄĭÐÒÁÖÙ ÖÚÏÒËÕȢ 
6 ÒÜÍÃÉ ÐÒÅÚÅÎÔÁÃÅ ÂÕÄÅ ÄÅÔÁÉÌÎñ ÐĠÅÄÓÔÁÖÅÎ ÐĠþÓÔÒÏÊ ÊÁËÏ ÃÅÌÅË Á ÊÅÈÏ ËÌþéÏÖé 

ÔÅÃÈÎÉÃËï Á ÐÒÏÖÏÚÎþ ÐÁÒÁÍÅÔÒÙȟ ÖéÅÔÎñ ÍÏĿÎÏÓÔþ ËÏÎÆÉÇÕÒÁÃÅȟ Á ÔÁËï ËÏÎËÒïÔÎþ ÁÐÌÉËÁÃÅ 
Ö ÏÂÌÁÓÔÉ ÍÏÎÉÔÏÒÉÎÇÕ ËÖÁÌÉÔÙ ÏÖÚÄÕĤþȟ ÍÏÂÉÌÎþÈÏ ÍñĠÅÎþ éÉ ÓÌÅÄÏÖÜÎþ 6/#Ó ÖÅ ÖÎÉÔĠÎþÍ 
ÐÒÏÓÔĠÅÄþȢ 
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INTRODUCTION 
 

Many particle detectors work with optical detection and cannot detect particles 
smaller than about 300 nm. The handheld ultrafine particle detector Partector 2 Pro 
produced by naneos particle solutions gmbh can measure down to a size of ~10 nm. 
Ultrafine particles have a very low ÍÁÓÓȢ 4ÈÁÔȬÓ ×ÈÙ ÔÈÅ 0ÁÒÔÅÃÔÏÒ ς Pro ouputs health-
relevant metrics, such as lung-deposited surface area (LDSA), particle count, particle 
diameter and eight-channel particle size distribution. The Partector 2 Pro provides a wide 
concentration range, is battery-powered, requires no working fluids and works in any 
orientation.  

The Partector 2 Pro is designed mainly for personal exposure monitoring, workplace 
monitoring  and environmental monitoring. 

 

 
&ÉÇȢ ρȡ 0ÁÒÔÅÃÔÏÒ ς 0ÒÏ 

 
 

MEASUREMENT PRINCIPLE 
 

The Partector 2 Pro measures nanoparticles using a pulsed unipolar diffusion 
charging method with an ion trap and electrometers. Particles are charged by a corona 
discharge, which is pulsed on and off and creating clouds of charged particles. These 
charged particles flow down the instrument and pass through two empty Faraday cages 
equipped with electrometers. The electrometers detect changes in the charge inside the 
cages. In between the two electrometer stages, there is an electrostatic precipitation, 
which preferentially removes small particles so that you get a smaller signal on the second 
stage, which gives us information on the particle diameter.  
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The Partector 2 Pro uses standard data inversion algorithm to calculate an 8-channel 
size distribution (10-300 nm).  Time resolution depends on integration time; typically 6 s 
for one voltage = full scan takes 24 seconds. 

 

 
Fig. 2: Measurement principle scheme 

 
 

PERFORMANCE AND APPLICATIONS 
 

The performance example is not from the lab but from a Swiss monitoring station 
(Zürich Kaserne), where an SMPS is continuously operated. The Partector 2 operated for 
one month in the station and in the Fig. 3 is shown how well this works with "real world" 
aerosols. In particular, the concentrations were quite low, as it was quite clean air in 
Switzerland; so the issue with small signal differences and noise is larger than in the 
laboratory tests. The average particle number in this month was just a bit above 5000 
particles/cm3 but the general shape of the size distributions is well reproduced even at 
those low concentrations. 

The main applications for the Partector 2 Pro are personal exposure monitoring, 
workplace monitoring and environmental monitoring . 

The Partector 2 Pro measures all nano-particles ɀ so this can be used to measure 
exposure to engineered nanoparticles, environmental tobacco smoke, welding fumes, 
traffic -related nanoparticles or anything else. The Partector 2 Pro is ideally suited for 
occupational health and safety studies. 

The Partector 2 Pro can be used to monitor nanoparticle levels in a laboratory or 
nanoparticle production facility 24/7. It can sound an alarm and, with its data log, the 
operator can quickly check when high concentrations occurred. 

Small, light and cheap ɀ the Partector 2 Pro is the ideal instrument for studies where 
nanoparticle concentrations need to be measured with high spatial resolution. By using 
multiple instruments simultaneously, it  can be measured transport  phenomena and 
particle concentration distributions. By combining Partector 2 Pro data with GPS data, it  
can be easily visualized the measurement in Google Earth. 
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Fig. 3: 4 week comparison at Swiss monitoring station Zürich-Kaserne (showing 1 week 

only to reduce clutter) 
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INTRODUCTION 

 
The atmospheric ageing of gases released by different sources can form low vapor 

pressure compounds that condense to aerosol particles called secondary aerosols. The 
oxidation flow reactors (OFR, introduced by Kang et al. (2007)) are used for simulating 
the atmospheric ageing in a short time scale for studying the potential of different 
pollution sources to form secondary aerosols and also for producing secondary organic 
test aerosols for different applications. OFRs are particularly  useful tools in studying the 
aging of transient emissions sources owing to their high time resolution compared to 
environmental chambers and compact size (see e.g. Kuittinen 2021). The high time 
resolution stems from the short aerosol physical residence time (~1 min) compared to 
environmental chambers (~hours). Despite the short physical residence time of the OFRs, 
the equivalent photochemical aging time can be in the order of several days accomplished 
by the high concentration of oxidants compared to atmospheric conditions. Despite the 
fact that accelerated photochemistry of OFR has some limitations on how accurately they 
simulate atmospheric aging (Peng, 2020), OFRs provide properly used a joint metrics that 
can be used to compare the potential of different emission sources to produce secondary 
aerosols. 

In this study, we present characterization results of a new commercially available 
OFR called Dekati Oxidation Flow Reactor (DOFR) and its sampling unit. The DOFR design 
is similar to the previously introduced Tampere University Secondary Aerosol Reactor 
(TSAR) by Simonen et al. (2017). The main oxidizer in the DOFR is OH-radical that is 
formed by UV-C (254 nm) photolysis of externally injected O3 and H2O. The 
characterizations performed for the DOFR include the determination of the 
photochemical ageing range, the gas and the particle residence time distributions (RTD), 
and the SOA yield from toluene precursor. In addition, the DOFR was used to measure 
secondary aerosol formed by passenger cars (gasoline and diesel) running in idle, and the 
results were compared with previous studies. 

 
METHODOLOGY 

 
Particle size distribution measurements were conducted using the ELPI+ and SMPS 

instruments. The particle RTDs were measured using two CPCs with polydisperse solid 
particles. The photochemical age was determined by oxidizing the CO gas tracer as in 
Simonen et al. (2017). Gaseous toluene precursor ageing inside the DOFR was also 
modelled with a simple time dependent model based on the model presented by Li et al. 
(2015). The photochemical ageing range was determined for several relative humidities 
(RH) and UV-light intensities as a function of O3 concentration. 
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RESULTS, DISCUSSION, CONCLUSIONS 
 
The ageing range was found to be in 1 ɀ 35 days with the CO tracer and was varied by 

switching the no. of UV lamps on (the ozone was 50 ppm and RH 50%). The toluene 
precursor oxidation experiments showed comparable results to previous studies showing 
0.1 ɀ 0.3 yields for tested toluene concentrations. 

 

 
 

Fig. 1: Measured photochemical age as a function of number of DOFR UV lamps on. 
 

The measured exhaust emission results showed that tested gasoline vehicles could 
produce 1 to 4 orders of magnitude more secondary aerosol mass compared to primary 
mass with a cold engine. 
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INTRODUCTION 

 
Mineral dust is a crucial yet still underestimated factor in the global climate system. 

)Ô ÉÎÆÌÕÅÎÃÅÓ ÁÉÒ ÑÕÁÌÉÔÙȟ ÃÌÏÕÄ ÆÏÒÍÁÔÉÏÎȟ %ÁÒÔÈȭÓ ÒÁÄÉÁÔÉÏÎ ÂÁÌÁÎÃÅȟ ÁÎÄ ÅÖÅÎ 
precipitation. It  is not only determined by the amount, shape, and mineralogical 
composition of the particles, but also by their particle size distribution (PSD, Mahowald 
et al., 2014). For dust, the PSD is divided into different size ranges: fine dust with a 
diameter smaller than ÄÐ Ѓ ςȢυʈÍȟ ÃÏÁÒÓÅ ÄÕÓÔ ×ÉÔÈ ςȢυ Ѕ ÄÐ Ѓ ρπʈÍȟ ÓÕÐÅÒ-coarse dust 
×ÉÔÈ ρπ Ѕ ÄÐ Ѓ φςȢυʈÍȟ ÁÎÄ ÇÉÁÎÔ ÄÕÓÔ ×ÉÔÈ ÄÐ І φςȢυʈÍ. Fine dust tend to cool the 
atmosphere while Coarse dusttend to warm it, much like greenhouse gases it (Adebiyi et 
al., 2023). Particle size is also important for cloud microphysics and precipitation 
processes (Kok et al., 2023). Three international research projects ɂ J-WADI, 
FRAGMENT, and HiLDA ɂ have in recent years made decisive contributions to 
sharpening this picture. 

The J-WADI project focused on the question of how much super-coarse and giant dust 
particles contribute to total dust emission. In September 2022, extensive field campaign 
was carried out in the Jordanian desert near Wadi Rum, coordinated by the Barcelona 
Supercomputing Center (BSC) together with Institute of Meteorology and Climate 
Research (IMK-TRO) at the Karlsruhe Institute of Technology (KIT).  

While J-WADI highlighted the importance of particle size, the FRAGMENT project 
focused on dust composition and its effects upon climate. In September 2019, 
measurements were conducted in -ÏÒÏÃÃÏȭÓ ,Ï×ÅÒ $ÒÝÁ 6ÁÌÌÅÙȟ Á ÈÏÔÓÐÏÔ ÆÏÒ ÆÒÅÓÈÌÙ 
emitted dust. The aim was to characterize not only size distributions but also mineralogy 
and physical properties in detail.  

Arctic regions are often seen as pristine and free of major aerosol sources. Yet recent 
research shows that significant amounts of mineral dust also arise here and can be 
transported over long distances. Iceland plays a key role: with its volcanic sediments, 
melting glaciers, and strong winds, the country is one of the largest dust sources in the 
Arctic. The Iceland Dust Project was launched as part of the international FRAGMENT 
initiative (doi: 10.3030/773051) as well as HiLDA project 
(https://gepris.dfg.de/gepris/projekt/417012665 ). 

 

mailto:tomas.prokop@palas.de
mailto:martina.klose@kit.edu
mailto:carlos.perez@bsc.es
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Fig. 1: Field Set-ups (FRAGMENT) - Lower Drâa Valley, Dyngjusandur, Wadi Rum 

 
METHODOLOGY 

 
A multi-instrument strategy was applied to cover the full spectrum of particles from 

ultrafine to very large sizes (see Table 1). The aerosol spectrometer suite included the 
UCASS (Universal Cloud and Aerosol Sounding System, designed at the University of 
Hertfordshire;  Smith et al., 2019), the saltation particle counter SANTRI2 (Standalone 
AeoliaN Transport Real-time Instrument, 160 second edition, designed at the Desert 
Research Institute; Etyemezian et al. 2017; Goossens et al. 2018). Extended by an EN 
16450-certified fine dust monitoring device (Fidas® 200S, Palas GmbH) providing high-
resolution real-time data for PM1, PM2.5, and PM10. As an EN 16450-certified reference 
instrument, which is used worldwide in official monitoring networks and provides 
validated, regulatory-grade data.  
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Tab. 1: Characteristics of the instruments used 

 
It was complemented by the high-resolution aerosol spectrometers (Promo® 2000 

with welas® 2300/ 2500 aerosol sensors, Palas GmbH) to measure airborne dust 
concentration per size class at 1 Hz, ÍÅÁÓÕÒÉÎÇ ÓÉÚÅ ÄÉÓÔÒÉÂÕÔÉÏÎÓ ÂÅÔ×ÅÅÎ πȢς ÁÎÄ τπ ʈÍ 
directly at the source, which provided time-resolved measurements that captured 
dynamic changes in particle fluxes. Samples were collected with impactors and samplers, 
then analyzed in the laboratory using scanning electron microscopy (SEM) and energy-
dispersive X-ray spectroscopy (EDX). Set-up was also combined with the Cloud Droplet 
Analyzer (CDA, Palas GmbH), which made large spherical particles and droplets 
measurable, and meteorological sensors and eddy covariance systems, this yielded a 
comprehensive picture of emission processes.  

 

 
Fig. 2: (a) J-WADI - Welas, Fidas, and CDA  

 
RESULTS, DISCUSSION, CONCLUSIONS 

 
The measurements demonstrated that particles larger than ten micrometers can 

account for up to 90 percent of total dust mass. Particularly striking was a maximum at 
ÁÒÏÕÎÄ φπ ʈÍ ɂ a size class rarely considered in climate models. Moreover, particles 

Instrume
nt  

Principle  Light  Inlet  Diamete
r  

Scatter
ing 

Positi
on 

Resolutio
n 

UCASS light scatt. Laser 
658n

m 

Nearly 
open path 

1-ςπʈÍ 
2-ψπʈÍ 

16-104° rotat. 
mast 

16 bins 

Welas light scatt. Xenon  Directional 1-ρππʈÍ 90° scaffol
ding 

256 bins 

Fidas light scatt. LED Directional 0.4-σχʈÍ 90° scaffol
ding 

256 bins 

CDA light scatt. White Sigma-2 0.75-
ρππʈÍ 

90° scaffol
ding 

256 bins 

SANTRI2 shadowing Diode 
890n

m 

Open path 85-
ςππʈÍ 

none rotat. 
mast 

7 bins 
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larger ÔÈÁÎ φπ ʈÍ ×ÅÒÅ ÓÔÉÌÌ ÄÅÔÅÃÔÁÂÌÅ ÁÔ ÓÅÖÅÒÁÌ ÍÅÔÅÒÓ ÁÂÏÖÅ ÇÒÏÕÎÄȟ ÉÎÄÉÃÁÔÉÎÇ ÔÈÁÔ 
such large particles can be transported by strong winds across several kilometers ɂ 
significantly farther than previously assumed.  

Another key finding was the role of dry deposition: Large particles are removed from 
ÔÈÅ ÁÔÍÏÓÐÈÅÒÅ ÖÅÒÙ ÑÕÉÃËÌÙȢ %ÖÅÎ ÐÁÒÔÉÃÌÅÓ ÊÕÓÔ υ ʈÍ ÉÎ ÄÉÁÍÅÔÅÒ ÁÒÅ ÄÅÐÏÓÉÔÅÄ ÁÔ ÒÁÔÅÓ 
of around 65 percent near the source (González-Flórez et al., 2023). This means that 
measurements taken far from emission points systematically underestimate the share of 
large particles ɂ one of the main reasons why many climate models have so far 
represented the true effects of mineral dust at its source only inadequately. 

The results shown that dust emissions in Iceland are spatially variable, in contrast to 
those in hot deserts. In the Dyngjusandur region, dust concentrations of more than 10,000 
ʈÇȾÍύ 0-ρπ ×ÅÒÅ ÍÅÁÓÕÒÅÄ ÄÕÒÉÎÇ ÓÅÖÅÒÁÌ ÅÖÅÎÔÓȢ 4ÈÅ ÐÁÒÔÉÃÌÅÓ ÅØÈÉÂÉÔÅÄ Á ×ÉÄÅ ÓÉÚÅ 
distribution, with mass median diameters of aboÕÔ ρς ʈÍ ÆÏÒ ÆÒÅÓÈÌÙ ÅÍÉÔÔÅÄ ÄÕÓÔ ÐÌÕÍÅÓ 
(González-Romero et al. 2024). To contextualize the findings, results were compared with 
previous research on mineral dust size distributions. The avg J-WADI data aligns well with 
the avg ȰSOURCEȱ dataset from Formenti and Di Biagio (2024), with larger proportion of 
larger particles. 

 

 
Fig. 3: PSDs from different field campaigns within one day after emission (Meyer et 

al. 2025) 
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INTRODUCTION 

 
Modeling secondary aerosols using chemical transport models (CTMs) has remained 

a major challenge for several decades. The concentrations of secondary aerosols 
predicted by CTMs are subject to uncertainties arising from several factors. These include 
(1) missing emissions in the inventories used for CTM simulations, (2) simplifying 
assumptions in the model representation of secondary aerosol formation and processes, 
and (3) uncertainties in the gas-phase chemical mechanisms that control the 
concentrations of aerosol precursors. Here, we present selected results from our study of 
the sources and uncertainties of secondary aerosols in the Central European region, 
previously published in Bartík et al. (2021, 2024) and in the preprint by Bartík et al. 
(2025). 
 

METHODOLOGY 
 

In all three papers, we employed an offline-coupled modeling framework comprising 
the Comprehensive Air Quality Model with Extensions (CAMx), the Weather Research and 
Forecasting (WRF) model, and the Model of Emissions of Gases and Aerosols from Nature 
(MEGAN). The simulations were performed over the Central European domain with a 
horizontal resolution of 9 km for the years 2018ɀ2019.  

In Bartík et al. (2021), we studied, among other aspects, the impact of applying two 
different thermodynamic equilibrium models governing the evolution of inorganic 
aerosols in CAMx, namely ISORROPIA and EQSAM4clim.  

In Bartík et al. (2024), we applied two complementary approaches: the first 
quantified the contributions of emissions from individual GNFR (Gridded Nomenclature 
for Reporting) sectors to total PM2.5 and its major secondary components (ammonium, 
nitrate, sulfate, and secondary organic aerosol, SOA), while the second assessed the 
impacts of their complete removal. Specifically, to determine source contributions, we 
used the Particulate Source Apportionment Technology (PSAT), which is directly 
implemented in CAMx. To assess the impacts of emission removal, we applied the zero-
out method. In the PSAT experiment, secondary organic aerosol (SOA) was modeled using 
the SOAP module, as this is the only available option in current versions of CAMx. In 
contrast, for the impact assessment, we conducted two series of experimentsɂSOAP and 
VBSɂin which SOA was simulated using both built-in modules, SOAP and the 1.5-D VBS, 
respectively.  

In Bartík et al. (2025), we investigated the effects of various emission 
parameterizations, chemical mechanisms, and chemical boundary condition (CBC) 
treatments on modeled primary organic aerosol (POA) and SOA concentrations through 
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two sensitivity analyses. The first analysis examined the influence of different approaches 
to estimating emissions of semi-volatile organic compounds (SVOCs) and intermediate-
volatility organic compounds (IVOCs), combining two gas-phase chemical mechanisms 
(CB6r5 and SAPRC07TC) with two organic aerosol (OA) chemistry schemes (SOAP and 
the 1.5-D VBS) and including additional chemical aging in the 1.5-D VBS. The second 
analysis evaluated the role of large-scale transport of OA by replacing the CBCs of two 
reference configurations from the first analysis, which did not include aerosol species, 
with those derived from the CAMS EAC4 reanalysis. 

Detailed descriptions of the individual model experiments are provided in the 

respective articles. 

RESULTS AND CONCLUSIONS 
 

In Bartík et al. (2021), we compared seasonal concentrations of sulfate, nitrate, and 
ammonium simulated by ISORROPIA and EQSAM4clim for 2018. For sulfate, the 
concentrations simulated by EQSAM4clim were very similar to those from ISORROPIA, 
with domain-mean seasonal relative percentage differences (RPDs, calculated as 
(EQSAM4clim ɀ ISORROPIA) / ISORROPIA) ranging from 0.3 % in spring to 1.6 % in 
winter. For ammonium, EQSAM4clim generally produced lower concentrations than 
ISORROPIA, with domain-mean seasonal RPDs ranging from ɀ0.5 % in winter to ɀ10 % in 
summer. The largest differences were found for nitrate: domain-mean seasonal RPDs 
were ɀ3 % in winter, ɀ3 % in spring, and ɀ8 % in autumn, but reached ɀ32 % in summer. 
Locally, underestimations reached up to ɀ70 % in Slovakia, Hungary, southern Austria, 
and Slovenia, while overestimations of about 15 % occurred in the Alps during winter. 

The results of Bartík et al. (2024) provide detailed information on the dominant 
seasonal sources of PM2.5 and its components in Central Europe, as well as on the expected 
effects of sector-specific emission reductions. In general, the results showed marked 
spatial and seasonal variability in both contributions and impacts across the region. Table 
1 summarizes the emission sectors with the highest mean seasonal contributions to PM2.5 
in the PSAT experiment and the highest seasonal impacts on PM2.5 in the SOAP 
experiment. 

In winter, the mean seasonal contributions to PM2.5 were dominated by other 
stationary combustion, boundary conditions, road transport, agricultureɀlivestock, 
industrial sources, and agricultureɀother, while in summer, biogenic sources were 
dominant, followed by road transport, industrial sources, boundary conditions, and other 
stationary combustion. In winter, the highest impacts in the SOAP experiment were 
associated with other stationary combustion, agricultureɀlivestock, road transport, 
agricultureɀother, and industrial sources, and in summer with agricultureɀlivestock, road 
transport, industrial sources, other stationary combustion, and shipping. 

  
Table 1:  Emission sectors with the highest mean seasonal contributions to PM2.5 in the 
PSAT experiment and the highest seasonal impacts on PM2.5 in the SOAP experiment. 
Values in parentheses represent domain-ÁÖÅÒÁÇÅÄ ÃÏÎÔÒÉÂÕÔÉÏÎÓȾÉÍÐÁÃÔÓ ÉÎ АÇȢÍϖύȢ 
 

Season Contribution in PSAT  Impact in SOAP  

Winter  Oth. stationary combustion (3.2) 
Boundary conditions (2.1) 

Road transport (1.4) 
Agricultureɀlivestock (0.9) 

Oth. stationary combustion (3.4) 
Agricultureɀlivestock (2.9) 

Road transport (1.4) 
Agricultureɀother (1.1) 
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Industrial sources (0.6) Industrial sources (0.6) 

Summer Biogenic emission (0.57) 
Road transport (0.31) 

Industrial sources (0.28) 
Boundary conditions (0.27) 

Oth. Stationary combustion (0.25) 

Agricultureɀlivestock (0.46) 
Road transport (0.45) 

Industrial sources (0.34) 
Oth. stationary combustion (0.29) 

Shipping (0.20) 
 
 

The differences between the contributions and impacts were almost entirely 
attributable to secondary aerosol components. The most pronounced differences were 
linked to emissions from agricultureɀlivestock through their indirect influence on 
particulate nitrate formation. 

The comparison between the SOAP and VBS experiments showed that the use of the 
1.5-D VBS scheme, together with IVOC and SVOC emissions, led to increased impacts from 
other stationary combustion and road transport in winter, and from road transport in 
summer. 

The first sensitivity analysis in Bartík et al. (2025) showed that source-specific and 
non-source-specific IVOC and SVOC emission estimates significantly affect the modeled 
POA and SOA concentrations. The best agreement with the observed daily organic carbon 
(OC) concentrations was obtained when the OA chemistry was represented by the 1.5-D 
VBS scheme with aging of POA and SOA from all anthropogenic sources and SOA from 
biogenic sources. This setting most strongly reduced the OC underestimation present in 
all experiments. Model performance was generally better in winter than in summer, with 
variations by station location. 

The second analysis examined the impact of OA from outside the domain via CBCs, 
highlighting uncertainties linked to the unknown POA:SOA split at the boundaries. 
Incorporating OA into the CBCs improved model predictions at all stations, with the 
magnitude of improvement increasing with the POA share in OA. The largest gains in FAC2 
occurred in the summer, indicating a strong influence of OA transport during this season. 
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SUMMARY 

 
In this work, we will introduce a general statistical framework for analysis of 

multivariate time series of count concentrations of particles monitored simultaneously 
for several size intervals. We will demonstrate its use for two concrete analysis types: i) 
decomposition of the series into several interpretable components: annual trend, 
seasonality, weekly and daily periodicity in hourly resolution, ii) structured modeling of 
potentially nonlinear influence of direction, speed of the wind and PBLH upon the count 
concentrations. Both model types will be illustrated on unique and long SMPS time series 
with aggregation to the size intervals [10,25]; (25,50]; (50,200]; (200,500] nm, measured 
over many years in Praha Suchdol at ICPF. Models we will be illustrating are respecting 
basic distributional properties of the count concentrations and hence are multivariate 
normal, with components based on complexity penalized splines. We will show 
interpretation of individual terms and fundamentally different behavior of different size 
intervals. Important role is played not only by marginal nonlinearity, but also interaction 
between different components (e.g. weekly and daily periodicity pattern is deformed 
during a year, or windspeed effect is substantially modified by wind direction due to 
different sources) modeled via tensor product splines. 

 
SOUHRN 

 
V ÐĠþÓÐñÖËÕ ÐĠÅÄÓÔÁÖþÍÅ ÏÂÅÃÎÏÕ ÓÔÁÔÉÓÔÉÃËÏÕ ÍÅÔÏÄÏÌÏÇÉÉ ÐÒÏ ÁÎÁÌĻÚÕ 

ÖþÃÅÒÏÚÍñÒÎĻÃÈ éÁÓÏÖĻÃÈ ĠÁÄ ÐÏéÅÔÎþÃÈ ËÏÎÃÅÎÔÒÁÃþ éÜÓÔÉÃ ÍñĠÅÎĻÃÈ ÓÉÍÕÌÔÜÎÎñ 
v ÎñËÏÌÉËÁ ÖÅÌÉËÏÓÔÎþÃÈ ÔĠþÄÜÃÈȢ 5ËÜĿÅÍÅ ÊÅÊþ ËÏÎËÒïÔÎþ ÐÏÕĿÉÔþ ÐÒÏ ÄÖÁ ÔÙÐÙ ÁÎÁÌĻÚȡ ÉɊ 
ÄÅËÏÍÐÏÚÉÃÉ ĠÁÄ ÄÏ ÎñËÏÌÉËÁ ÓÎÁÄÎÏ ÉÎÔÅÒÐÒÅÔÏÖÁÔÅÌÎĻÃÈ ÓÌÏĿÅËȡ ÍÅÚÉÒÏéÎþÈÏ ÔÒÅÎÄÕȟ 
ÓÅÚĕÎÎþ ÓÌÏĿËÙ ÕÖÎÉÔĠ ÒÏËÕȟ ÔĻÄÅÎÎþ Á ÄÅÎÎþ ÐÅÒÉÏÄÉÃÉÔÙ Ö ÒÏÚÌÉĤÅÎþ ÐÏ ÈÏÄÉÎÜÃÈȟ ÉÉɊ 
ÓÔÒÕËÔÕÒÏÖÁÎï ÍÏÄÅÌÏÖÜÎþ ÐÏÔÅÎÃÉÜÌÎñ ÎÅÌÉÎÅÜÒÎþÈÏ ÖÌÉÖÕ ÓÍñÒÕȟ ÓþÌÙ ÖñÔÒÕ Á 0",( ÎÁ 
ÐÏéÅÔÎþ ËÏÎÃÅÎÔÒÁÃÅȟ Á ÔÏ ÄÉÆÅÒÅÎÃÏÖÁÎñ ÐÒÏ ÒĳÚÎï ÖÅÌÉËÏÓÔÎþ ÔĠþÄÙȢ /ÂÁ ÔÙÐÙ ÍÏÄÅÌĳ 
ilustrujeme na unikátních, ÄÌÏÕÈĻÃÈ 3-03 éÁÓÏÖĻÃÈ ĠÁÄÜÃÈ Ó ÁÇÒÅÇÁÃþ ÄÏ ÖÅÌÉËÏÓÔÎþÃÈ ÔĠþÄ 
[10,25]; (25,50]; (50,200]; (200,500] nmȟ ÎÁÍñĠÅÎĻÃÈ Ö ª#(0 ÎÁ Ö 0ÒÁÚÅ 3ÕÃÈÄÏÌÅ. 
Modely, které pro analýzu foÒÍÕÌÕÊÅÍÅ Á ÐÏÕĿþÖÜÍÅ ÒÅÓÐÅËÔÕÊþ ÚÜËÌÁÄÎþ ÒÙÓÙ ÄÉÓÔÒÉÂÕÃÅ 
ÐÏéÅÔÎþÃÈ ËÏÎÃÅÎÔÒÁÃþȟ Á ÊÓÏÕ ÔÅÄÙ ÆÏÒÍÕÌÏÖÁÎï ÊÁËÏ ÖþÃÅÒÏÚÍñÒÎñ ÌÏÇÎÏÒÍÜÌÎþȟ Ó 
ËÏÍÐÏÎÅÎÔÁÍÉ ÚÁÌÏĿÅÎĻÍÉ ÎÁ ÓÐÌÉÎÅÃÈ Ó ÐÅÎÁÌÉÚÁÃþ ÎÁ ËÏÍÐÌÅØÉÔÕȢ 5ËÜĿÅÍÅ ÉÎÔÅÒÐÒÅÔÁÃÉ 
ÊÅÄÎÏÔÌÉÖĻÃÈ ÓÌÏĿÅË É ÏÄÌÉĤÎï ÃÈÏÖÜÎþ ÒĳÚÎĻÃÈ ÖÅÌÉËÏÓÔÎþÃÈ ÔĠþÄȢ 0ÏÄÓÔÁÔÎÜ ÊÅ ÐĠÉÔÏÍ ÎÅÊÅÎ 
ÖĻÒÁÚÎÜ ÎÅÌÉÎÅÁÒÉÔÁȟ ÁÌÅ É ÉÎÔÅÒÁËÃÅ ÖÌÉÖÕ ÒĳÚÎĻÃÈ ÓÌÏĿÅË ɉÎÁÐĠþËÌÁÄ ÔĻÄÅÎÎþ Á ÈÏÄÉÎÏÖÜ 
ÓÌÏĿËÁ ÓÅ Ö ÐÒĳÂñÈÕ ÒÏËÕ ÖĻÒÁÚÎñ ÄÅÆÏÒÍÕÊÅȟ ÐÏÄÏÂÎñ ÖÌÉÖ ÓþÌÙ ÖñÔÒÕ ÉÎÔÅÒÇÕÊÅ ÓÅ ÓÍñÒÅÍ 
vzhledem k prostorové ÄÉÓÔÒÉÂÕÃÉ ÚÄÒÏÊĳɊ ÍÏÄÅÌÏÖÁÎï Ó ÐÏÍÏÃþ ÔÅÎÓÏÒ ÐÒÏÄÕÃÔ ÓÐÌÉÎĳȢ        
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SUMMARY 
 

Atmospheric deposition is a key environmental process (Seinfeld - Pandis, 2006). On 
the one hand, it substantially contributes to the self-cleaning of our atmosphere; on the 
other hand, it introduces water, nutrients and pollutants into our environment. Of the 
three pathways of real atmospheric deposition (wet, dry and occult), wet deposition is the 
most well understood. For many decades, precipitation chemistry networks have 
measured the wide range of substances in rain and snow at global (BAPMON), regional 
(EMEP, NADP/NTN, CAPMON) and local scales (nation-wide). In the Czech Republic, the 
chemistry of precipitation has been measured since the 1970s, and several institutions 
(Czech Hydrometeorological Institute, Czech Geological Service, Research Institute of 
Forestry and Game Management, Czech Academy of Sciences) currently contribute their 
results to the nation-wide ISKO database (Information System of Ambient Air Quality), 
which is operated by the Czech Hydrometeorological Institute (CHMI). These data are 
evaluated on a yearly basis by the CHMI, and spatial maps of atmospheric deposition 
fluxes of environmentally important substances with a spatial resolution of 1 x 1 km are 
provided to both researchers, governmental bodies and interested public (CHMI, 2025).   
These maps, which visualise deposition fluxes of sulphur, nitrogen and hydrogen, and 
toxic metals (lead, cadmium, nickel) are freely available at www.chmi.cz.  

Reliable data on precipitation chemistry are needed not only in themselves, but also 
as relevant and extremely important practical information on the input of substances into 
forest, semi-natural and agricultural ecosystems, as well as into water bodies, with 
respect to their negative effects. Furthermore, this information is indispensable for 
extended scientific studies of biogeochemical cycles and global change. 

This contribution aims to present long-term changes in precipitation chemistry in the 
Czech Republic, as evidenced by long-term monitoring efforts.  These changes are 
expressed not only as increases or decreases of individual pollutants, but also as time 
trends of the ratios of these pollutants. The results clearly show important changes in the 
relative proportions of the major pollutants, i.e. sulphates. nitrates  and ammonium ions 
(see Fig. 1), which: (i) reveal substantial changes in the composition of the atmosphere 
with respect to changing emission levels, (ii) suggest changes in atmospheric chemistry 
and (iii) indicate potential impacts on ecosystems and the environment. Further detailed 
information  can be found for example ÉÎ (ĳÎÏÖÜ ÅÔ ÁÌȢ ɉςπςτɊ ÁÎÄ (ĳÎÏÖÜ ɀ £ËÜÃÈÏÖÜ 
(2025). 

 

http://www.chmi.cz/
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Fig. 1: Long-term changes in NH4+/NO3-, NO3-/SO42- and NH4+/ SO42- in precipitation 
in the CR in 1990ɀςπςτ ɉ(ĳÎÏÖÜ-£ËÜÃÈÏÖÜȟ ςπςυɊ 
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INTRODUCTION 

 
Due to the decline in ambient air concentrations in the EU over the last decades, the 

relative contribution of natural particle sources has been increasing and is becoming 
more important for air protection, particularly with a view to 2030, when new emission 
standards under Directive 2024/2881 will come into force. In addition to mineral dust, 
biogenic particles can represent a significant fraction of PM. Apart from biogenic primary 
particles, biogenic secondary organic aerosols (BSOA) formed from biogenic volatile 
organic compounds (BVOCs) can also play a significant role in some areas, especially in 
the submicron range. Although freshly formed particles from biogenic VOCs contribute 
only a minor fraction to PM mass concentrations, particle accumulation and aggregation 
make them more significant during pollution transport. Moreover, the sequential 
transformation of BSOA in the atmosphere alters aerosol properties, including their 
impact on human health (Mahilang et al., 2021). 

For BSOA measurements and characterization, state-of-the-art offline and online 
methods are usually employed. In this study, we tested the detection of BSOA using two 
conventional optical instrumentsɂthe AE33 aethalometer and the FIDAS 200ɂas signals 
from BSOA could potentially influence the measured values and complicate their 
interpretation during PM source apportionment, particularly in areas with high BVOC 
emissions. 

 
EXPERIMENTAL SETUP 

 
The monitoring site was located in the Jeseníky Mountains in the northern part of the 

Czech Republic, where high BVOC emissions were expected due to the extensive spruce 
and beech forest cover. At the same time, the long distance from urban areas and roads 
ensured a low contribution of anthropogenic sources. Measurements at the $ÌÏÕÈï 3ÔÒÜÎñ 
site (GPS: 50.0787678N, 17.1623108E; 1305 m a.s.l.) were conducted from 18 June to 25 
September 2024 using the automatic analyzer FIDAS 200 for PM and the AE33 
aethalomÅÔÅÒ ÆÏÒ "#Ȣ )Î ÁÄÄÉÔÉÏÎȟ ÁÕÔÏÍÁÔÉÃ ÁÎÁÌÙÚÅÒÓ ×ÅÒÅ ÅÍÐÌÏÙÅÄ ÔÏ ÍÏÎÉÔÏÒ ./ȟ ./Ϝȟ 
./ ȟ 3/Ϝȟ #/ȟ ÁÎÄ /ϝȟ ÁÌÏÎÇ ×ÉÔÈ ÁÉÒ ÔÅÍÐÅÒÁÔÕÒÅȟ ×ÉÎÄ ÓÐÅÅÄȟ ÁÎÄ ×ÉÎÄ ÄÉÒÅÃÔÉÏÎȢ !Ó 
a complement to the online measurements, PM2.5 sampling on filters was carried out from 
21 June to 22 September 2024. Twenty-four-hour samples were collected every third day 
using a low-volume sampler (2.3 m³/h) on quartz filters for laboratory determination of 
organic and elemental carbon by the thermo-optical EUSAAR_2 method. 

The identification of BSOA was based on correlations among measured chemical and 
meteorological parameters, as well as mixture regression analysis using the FLEXMIX 
model. To estimate the BSOA contribution to PM, PMF and NMF receptor models were 
applied to distinguish aerosol sources based on particle size distribution. 
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RESULTS  
 

The polar plots showed that the sources of particles smaller than 300 nm 
substantially differed from those of larger particles. This suggested an influence from a 
local source, presumably SOA formation. The FIDAS number concentrations for the 
smallest assessed bin (184 nm) were strongly positively correlated with OC1 (after 
aggregating hourly online measurements to the 24-hour sample resolution) and ozone 
(Fig. 1), and negatively correlated with air humidity. 

 
  

Fig. 1: Relationship among FIDAS200 channel 184 nm, OC1, and ozone 
 
&ÏÒ ÔÈÅ ÏÎÌÉÎÅ ÍÅÁÓÕÒÅÍÅÎÔÓȟ Ô×Ï ÄÁÔÁ ÐÏÐÕÌÁÔÉÏÎÓ ×ÅÒÅ ÒÅÖÅÁÌÅÄ ÉÎ ÔÈÅ ɝ"# ÖÓȢ 

FIDAS 184 nm scatter plot, classified into two clusters using the FLEXMIX mixture 
ÒÅÇÒÅÓÓÉÏÎ ÍÏÄÅÌȢ 4ÈÅÓÅ ÃÌÕÓÔÅÒÓ ÄÉÆÆÅÒÅÄ ÓÕÂÓÔÁÎÔÉÁÌÌÙ ÎÏÔ ÏÎÌÙ ÉÎ ÔÈÅ ÓÌÏÐÅ ÏÆ ÔÈÅ ɝ"# ÖÓȢ 
FIDAS 184 nm regression line but also in wind speed and temperature. Similarly, two 
FLEXMIX clusters, differing in their relationships to ozone, EC, wind speed, and particle 
ÓÉÚÅȟ ×ÅÒÅ ÉÄÅÎÔÉÆÉÅÄ ÆÏÒ ÔÈÅ ɝ"# ÖÓȢ /#ρ ÏÆÆÌÉÎÅ ÄÁÔÁȢ This indicated that small particles 
(FIDAS 184 nm) consisted of thermally labile organic carbon (OC1), suggesting fresh SOA. 

Using the PMF and NMF models, the same three stable factors of distinct time series 
were obtained by processing the FIDAS volume concentrations data, with peaks at 
approximately 184ɀ264, 328ɀ543, and >700 nm. The factor representing the smallest 
particles exhibited a well-pronounced diurnal variation, with concentrations increasing 
during the first half of the day and peaking between 12:00 and 18:00 (Fig. 2).  
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Fig. 2: NMF factors and their diurnal patterns 
 
Processing this photochemically induced NMF factor (Factor 2) in the same way as 

for the FIDAS 184 nm channel revealed similar but even more distinct clusters, with 
stronger relationships to meteorological parameters, ozone, EC, and OC1 (Fig. 3). This 
supports the interpretation that this factor predominantly represents local BSOA. 
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&ÉÇȢ σȡ &,%8-)8 ÃÌÕÓÔÅÒÓ ÆÏÒ ÔÈÅ ɝ"# ÖÓȢ "3/! .-& ÆÁÃÔÏÒ (24-hour values) 

 
Due to the limitations of FIDAS measurements in the submicron range, the particle 

densities derived from measured mass and volume concentrations were unrealistically 
high and did not correspond to reasonable values. Nevertheless, we assumed that the 
factor peaking at 328ɀ543 nm represented ammonium sulfate, as it showed high 
contributions and its polar plot was consistent with the expected source areas. Based on 
this assumption, particle density corrections were applied using the same coefficient for 
all factors. After this adjustment, particle densities of 1.8, 1.4, and 2.8 corresponded well 
to the expected values for ammonium sulfate, biogenic SOA, and mineral dust, 
respectively. Using these values, the estimated mean mass contribution of biogenic SOA 
was 45% for PM1 and 36% for PM2.5. 

 
CONCLUSIONS 

 
Biogenic SOA yields a significant signal in both FIDAS 200 and AE33 measurements, 

and this should be taken into account in source apportionment studies, particularly at 
low-pollution sites. Due to the limitations of optical measurements for particles smaller 
ÔÈÁÎ ρ ʈÍȟ ÁÄÖÁÎÃÅÄ ÍÅÔÈÏÄÓ statistical analyses are required for biogenic SOA 
quantification. At forested mountain background sites, BSOA may represent the main 
summer PM1 source and may contribute more than one third to PM2.5. 
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SUMMARY 

 
Detailed sample characterization is important for proper assessment of toxicity 

and risks posed with contaminant presence in environmental samples. Proper evaluation 
of toxicity in compound mixtures requires quantification of low-level contaminants. 
Compound ionization plays an important role in compound quantitation and 
identification. Electron ionization (EI) and negative chemical ionization (NCI) are the 
most common ionization techniques used in gas chromatography mass spectrometry (GC-
MS), but show certain disadvantages. For example, EI is a hard ionization technique which 
often causes unwanted in-source fragmentation. On the other hand NCI, a soft ionization 
technique, may lead to the production of unwanted adducts as a result of using a modifier 
to lower the fragmentation. Recent development in GC-MS has commercially introduced 
various atmospheric pressure chemical ionization (APCI) systems. The principle of APCI 
has been mostly applied in the field of liquid chromatography mass spectrometry (LC-
MS). GC-APCI-MS is a soft ionization technique that produces higher abundance of 
molecular ions without the use of a modifier, thus decreasing production of adducts. APCI 
is highly advantageous when combined with tandem mass spectrometry (MS/MS), as it 
provides a highly sensitive detection technique that is able to correctly identify 
compounds. 
 

GC-APCI-MS/MS was applied for the analysis of polycyclic aromatic hydrocarbons 
(PAHs) and their derivates, nitro- and oxy- PAHs in environmental samples (air, soil, 
water). Lower detection and quantitation limits of PAHs, nitro- and oxyPAHs were 
obtained when analyzed on the GC-APCI-MS/MS compared to the previously used GC-NCI-
MS or GC-EI-MS/MS. Further GC-APCI-MS/MS was applied also for determination of 
organochlorine pesticides (OCPs), such as aldrin, dieldrin, endosulafan, chlordanes; 
alternative flame retardants (AFRs) in environmental samples.  
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INTRODUCTION  

 
Black carbon (BC) absorbs very effectively radiation over the entire visible spectrum 
(from near-UV to near-IR), while brown carbon (BrC) absorbs predominantly in the 
ultraviolet (UV) band and the short visible wavelength (Bon et al., 2013; Drinovec et al. 
2015; Leskinen et al., 2020). The absorption Ångström exponent (AAE) describes the 
wavelength dependence of light absorption by aerosols and can be used to differentiate 
between different aerosol types (black and brown carbon) and sources (fossil fuel and 
biomass burning). This study investigates the size dependence of AAE of aerosols from 
different sources at a rural background site. 
 

EXPERIMENTAL SETUP 
 

Ground-based (4 m a.g.l.) measurements were carried out from April 25 to May 5, 2023, 
at ÔÈÅ .ÁÔÉÏÎÁÌ !ÔÍÏÓÐÈÅÒÉÃ /ÂÓÅÒÖÁÔÏÒÙ +ÏĤÅÔÉÃÅ ɉ.!/+Ƞ τωЈσυͻ.ȟ ρυЈπυͻ%Ɋȟ #ÚÅÃÈ 
Republic. The 1-minute spectral absorption coefficient (ŭab) was obtained with an AE33 
aethalometer (Magee Scientific, Berkeley, CA, USA) measuring equivalent BC at seven 
wavelengths (370, 470, 520, 590, 660, 880, and 950 nm). Particle number size distribution 
(PNSD, 10 ɀ 800 nm) and size-resolved PM1 organic aerosols (OA) were also measured 
with a collocated scanning mobility particle sizer and an aerosol mass spectrometer, 
respectively, both measuring every 5 min. 
 

RESULTS AND CONCLUSIONS 
 

AAE was computed using a power law fit in logarithmic space of the 7 ŭab versus the 
corresponding wavelengths, and optimized AAE for fossil fuel (AAEff) and biomass 
burning (AAEbb) were determined from the 5th and 95th percentile, respectively. The 
overall AAE during our survey (1.39 ± 0.20) is consistent with that observed at NAOK 
during spring (Mbengue et al., 2020). The AAEff of 1.12 ± 0.09 is close to that of fresh BC 
particles, consistent with those reported by Savadkoohi et al. (2025) at regional 
background (RB), urban traffic (UBT), and suburban (SUB) sites in Europe (Fig. 1). The 
higher AAEbb compared to European RB, UBT, and SUB sites could be attributed to the 
influence of fresh emissions from the traditional Burning of the Witches, a large-scale 
biomass burning event in the Czech Republic. AAEbb was strongly correlated with 
ŭab_BrC370 (r = 0.89) and was more sensitive to particle size, unlike AAEff (0.86 ɀ 1.20). 

mailto:mbengue.s@czechglobe.cz
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ÂÁÃËÇÒÏÕÎÄ ɉ2"Ɋȟ ÕÒÂÁÎ ÔÒÁÆУÉÃ ɉ5"4Ɋ ÁÎÄ ÓÕÂÕÒÂÁÎ ɉ35"Ɋ ÓÉÔÅÓ ÉÎ %ÕÒÏÐÅ ɉ3ÁÖÁÄËÏÏÈÉ ÅÔ 

ÁÌȢȟ φτφωɊȢ 
 
The overall PNSD shows the prevalence of particles < 100 nm. Although higher in number, 
ultrafine particles smaller than 80 nm were not correlated with AAEbb. Conversely, the 
higher correlation with AAEbb was observed for particle number concentration in the size 
range 100 ɀ τππ ÎÍ ɉÒ І πȢψφɊȢ This aligns with the stronger correlation between AAEbb 

and mass concentration of organic aerosol > 100 nm, with the highest value observed for 
particles in the 200 ɀ 400 nm range (r = 0.90).  
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INTRODUCTION 
 

While exhaust emissions from cars in the EU are clearly declining, the future of non-
exhaust emissions looks more pessimistic. The relative importance of these emissions is 
therefore expected to increase in terms of air quality and human health.  

Road dust samples were collected in all regions and seasons. Based on subsequent 
laboratory and statistical processing, the spatiotemporal distribution of elements and 
PAHs was evaluated. Furthermore, the contribution of road dust resuspension to air 
concentrations was estimated and the associated health impacts were assessed. 
Significant regional and seasonal differences in PAHs and metals were found. Air quality, 
leading to atmospheric deposition, was the most important factor contributing to these 
differences. In contrast, traffic intensity played only a minor role in influencing metal and 
PAH concentrations in road dust.  

The aim of this part of the study was to assess regional and seasonal differences in the 
chemical composition of road dust in the Czech Republic and to evaluate the potential 
health impacts of resuspension, with a particular focus on polycyclic aromatic 
hydrocarbons and metals.  

The following indicators were evaluated: 
¶ the estimated premature mortality rate; 
¶ the estimated annual number of hospitalizations in the emergency room for heart 

patients; 
¶ the estimated annual number of emergency respiratory hospitalizations; 
¶ the number of days of bronchodilator in children aged 5 to 14; 
¶ the number of days of bronchodilator use in adults aged 20 to 64; 
¶ number of days with respiratory symptoms per child aged 5 to 14; 
¶ post-neonatal infant (aged 1 to 12 months) mortality from all causes; 
¶ prevalence of bronchitis in children aged 6 to 12 (6 to 18 years); 
¶ prevalence of bronchitis in adults aged 18+; 
¶ incidence of asthma symptoms in asthmatic children; 
¶ estimate of the number of additional cases for individual monitored carcinogenic 

components 
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RESULTS, CONCLUSIONS 
 

1. Estimation of the impact of atmospheric deposition of PM10 fraction on public 
health in connection with particle resuspension due to traffic 

 
Tab. 1.  Average of measured PM10 concentrations [µg/m3] and estimate of premature 
mortality  
,ÏÃÁÔÉÏÎ ÁÕÔÕÍÎ ÓÕÍÍÅÒ ȰÓÕÍÍÅÒ Ϲ ÁÕÔÕÍÎȱ 
0ÒÁÈÁ ɀ ,ÉÂÕÓǺ ρχȢψ ρτȢτ ρφȢσ 
5ǳÓÔąǲ ÎȾ, ɀ 0ÒÏËÏÐÁ $ÉÖÉÓǺÅ ςφȢπ ρχȢτ ςρȢφ 
:ÌąǲÎ ɀ 6ÅÌËÅǲ ËÉÎÏ ςρȢρ ρχȢς ρωȢρ 
%ÓÔÉÍÁÔÅ ÏÆ ÐÒÅÍÁÔÕÒÅ ÍÏÒÔÁÌÉÔÙ ÉÎ Ϸ ÆÏÒ ͼÁÕÔÕÍÎ ÁÎÄ ÓÕÍÍÅÒͼ Ȥ ÒÅÐÒÅÓÅÎÔÓ 
ÔÈÅ ÃÁÌÅÎÄÁÒ ÙÅÁÒ 
0ÒÁÈÁ ɀ ,ÉÂÕÓǺ ςȢυ 
5ǳÓÔąǲ ÎȾ, ɀ 0ÒÏËÏÐÁ $ÉÖÉÓǺÅ τȢφ 
:ÌąǲÎ ɀ 6ÅÌËÅǲ ËÉÎÏ σȢφ 

 
Tab. 2.  Average PM10 concentrations in resuspesion [µg/m3] and estimate of premature 
mortality  

 
,ÏÃÁÔÉÏÎ #ÏÎÔÒÉÂÕÔÉÏÎ ÆÒÏÍ 

ÒÅÓÕÓÐÅÓÉÏÎ 
0ÒÅÍÁÔÕÒÅ ÍÏÒÔÁÌÉÔÙ 
ÅÓÔÉÍÁÔÅ ÉÎ Ϸ 

0ÒÁÈÁ ɀ ,ÉÂÕÓǺ ρȢω πȢψ 
5ǳÓÔąǲ ÎȾ, ɀ 0ÒÏËÏÐÁ $ÉÖÉÓǺÅ ςȢτ ρȢπ 
:ÌąǲÎ ɀ 6ÅÌËÅǲ ËÉÎÏ ςȢχ ρȢρ 

 
The estimated premature mortality rate by 0.8% (Prague) to 1.1% (Zlín) 
 
2. Estimation of the impact of atmospheric deposition of PAHs (Benzo[a]pyrene - 

BaP) and selected metals on public health in connection with the resuspension of particles 
due to traffic. The assessment of carcinogens is based on the theory of no threshold effect.  

This theory assumes that there is no concentration below which the effect of a given 
substance is zero. Any exposure poses a certain risk, and the magnitude of this risk 
increases with increasing exposure. The degree of carcinogenic potential of a given 
substance is expressed by the cancer risk guideline. The UCR/ICR, i.e., the carcinogenic 
risk unit/inhalation carcinogenic risk (the risk of developing cancer as a result of lifelong 
inhalation of air with a concentration of the evaluated substance equal to 1 µg/m3), is used 
for the assessment. 

 
Tab. 3.  Average of measured BaP, As, Cd and Ni concentrations [ng/m 3]  
 
,ÏÃÁÔÉÏÎ "Á0 ɍÎÇȾÍσɎ !Ó ɍÎÇȾÍσɎ #Ä ɍÎÇȾÍσɎ .É ɍÎÇȾÍσɎ 
0ÒÁÈÁ ɀ ,ÉÂÕÓǺ πȢπυρ πȢπυω πȢρσσ πȢπρσ 
5ǳÓÔąǲ ÎȾ, ɀ 0ÒÏËÏÐÁ $ÉÖÉÓǺÅ πȢπτψ πȢπφω πȢρππ πȢπςψ 
:ÌąǲÎ ɀ 6ÅÌËÅǲ ËÉÎÏ πȢπχω πȢπψφ πȢρωυ πȢπςω 

 
Note: The higher Cd values in resuspensions are somewhat unexpected.  
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¶ BaP ɀ the carcinogenic health risk from resuspension is approximately 100 times 
lower than in outdoor air at all three locations evaluated. The values there are 
between 4.2 x 10-6 to 6.9 x 10-6. 

¶ As ɀ the carcinogenic health risk from resuspension is approximately 10 times 
lower than in outdoor air at all three locations. The values there are between 8.9 x 
10-8 to 1.3 x 10-7. 

¶ Cd ɀ the carcinogenic health risk from resuspension is approximately comparable 
to the values measured in outdoor air at all three locations. The values there are 
between 4.9 x 10-8 to 9.6 x 10-8. 

¶ Ni - the carcinogenic health risk from resuspension is approximately 10 times 
lower at all three locations than in outdoor air. The values there are between 5.5 x 
10-9 to 1.1 x 10-8. 

The conversion to population risk is not performed here because the measured locations 
are not representative of the entire urban population. There is obviously high local 
variability, whi ch complicates interpretation. 
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SUMMARY 
 

Understanding the origin and type of organic aerosol (OA) is essential for 
determining its impact on air quality, climate, and health. In this study, we focus on 
determination of the source/state of OA analyzed using aerosol mass spectrometry. This 
was performed both online, directly at the station, and offline in the laboratory using 
analyses of fine aerosol (PM1) collected on filters. Parallel sampling for online and offline 
analysis allows us to subsequently assess the validity of given methods. 
 

ÚVOD 
 

0ÏÒÏÚÕÍÎñÎþ ÐĳÖÏÄÕ Á ÔÙÐÕ ÏÒÇÁÎÉÃËïÈÏ ÁÅÒÏÓÏÌÕ ɉ/!Ɋ ÊÅ ÐÏÄÓÔÁÔÎï ÐÒÏ ÚÊÉĤÔñÎþ 
ÊÅÈÏ ÖÌÉÖÕ ÎÁ ËÖÁÌÉÔÕ ÏÖÚÄÕĤþȟ ËÌÉÍÁ É ÚÄÒÁÖþȢ 6 ÔïÔÏ ÐÒÜÃÉ ÓÅ ÚÁÍñĠÕÊÅÍÅ ÎÁ ÕÒéÅÎþ 
zdroje/stavu OA analyzovaného pomocí aerosolové hmotnostní spektrometrie, která byla 
ÐÒÏÖÜÄñÎÁ ÊÁË ÏÎÌÉÎÅȟ ÐĠþÍÏ ÎÁ ÓÔÁÎÉÃÉȟ ÔÁË ÏÆÆÌÉÎÅ Ö ÌÁÂÏÒÁÔÏĠÉ ÐÏÍÏÃþ ÁÎÁÌĻÚ ÊÅÍÎïÈÏ 
aerosolu (PM1Ɋ ÏÄÅÂÒÁÎïÈÏ ÎÁ ÆÉÌÔÒÙȢ 0ÁÒÁÌÅÌÎþ ÏÄÂñÒ ÐÒÏ ÏÎÌÉÎÅ Á ÏÆÆÌÉÎÅ ÁÎÁÌĻÚÕ 
ÕÍÏĿĐÕÊÅ ÎÜÓÌÅÄÎñ Ðosoudit validitu daných metod. 

 
METODIKA 

 
-ñĠÅÎþ 0-1 ÂÙÌÁ ÐÒÏÖÜÄñÎÁ ÂñÈÅÍ ÌïÔÁ ɉςσȢ éervna ɀ 30. srpna) 2023 na Národní 

ÁÔÍÏÓÆïÒÉÃËï ÏÂÓÅÒÖÁÔÏĠi +ÏĤÅÔÉÃÅ ɉNAOK, . τωЈσυᴂȟ % ρυЈπυᴂȠ υστ Í ÎȢ ÍȢ)  
0ÒÏ ÏÎÌÉÎÅ ÁÎÁÌĻÚÙ ÂÙÌÁ ÐÏÕĿÉÔÁ υ-ti minutová data z aerosolového hmotnostního 

spektrometru ɉ!-3Ɋȟ ËÏÎËÒïÔÎñ ÔÙÐ C-ToF-AMS, ÄÏÐÌÎñÎá o koncentrace ekvivalentního 
éÅÒÎïÈÏ ÕÈÌþËÕ ɉÅ"#Ɋ ÍñĠÅÎï Ö 1 minutovéÍ ÒÏÚÌÉĤÅÎþ ÐÏÍÏÃþ aethalometru (typ AE33, 
Magee ScientificɊ Á ÍñĠÅÎþ ÅÌÅÍÅÎÔÜÒÎþÈÏ Á ÏÒÇÁÎÉÃËïÈÏ ÕÈÌþËÕ ɉτ-È ÒÏÚÌÉĤÅÎþɊȢ 
0ÒÏ ÏÆÆÌÉÎÅ ÍñĠÅÎþ ÂÙÌÙ ËÁĿÄĻ ÄÒÕÈĻ ÄÅÎ ÐÒÏÖÜÄñÎÙ ςτ-È ÏÄÂñÒÙ ÁÅÒÏÓÏÌĳ ÎÁ 

ËĠÅÍÅÎÎï ÆÉÌÔÒÙȟ ÎÁ ËÔÅÒĻÃÈ ÂÙÌÁ ÐÒÏÖÅÄÅÎÁ gravimetriÅȟ ÁÎÁÌĻÚÁ ÖÏÄÏÕ ÒÏÚÐÕÓÔÎĻÃÈ ÉÏÎÔĳ 
a také analýza vysokorozliĤÏÖÁÃþm hmotnostním spektrometrem (typ HR-ToF-AMS).  
3ÏÕÂÏÒ ÄÁÔ ÂÙÌ ÄÏÐÌÎñÎ Ï ÍÅÔÅÏÒÏÌÏÇÉÃËï ÐÁÒÁÍÅÔÒÙ Á ËÌÁÓÔÒÏÖï ÁÎÁÌĻÚÙ ÐĠÅÖÌÜÄÁÊþcích 
ÓÍñÒĳ ÖñÔÒÕȢ 
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Z ÈÌÅÄÉÓËÁ ÓÌÏĿÅÎþ ÌÅÔÎþÈÏ 0-1 ÐĠÅÖÌÜÄÁÌ /! ÎÜÓÌÅÄÏÖÁÎĻ ÓþÒÁÎÙ ɉ3/42-), amonnými 
ionty (NH4+Ɋȟ Å"# Á ÄÕÓÉéÎÁÎÙ ɉ./3-). Pomocí pozitivní maticové faktorizace (PMF) 
s multilineární  engine (ME-2) ÄÏĤÌÏ Ë ÒÏÚÄñÌÅÎþ /! ÄÏ ÒĳÚÎĻÃÈ ÆÁËÔÏÒĳ Ú ÈÌÅÄÉÓËÁ ÊÅÊÉÃÈ 
ÈÍÏÔÎÏÓÔÎþÃÈ ÓÐÅËÔÅÒ Á éÁÓÏÖĻÃÈ ĠÁÄ pomocí programu Source Finder (SoFi). Obrázek 1 
ÕËÁÚÕÊÅ ÖĻÓÌÅÄËÙ 0-& ÁÎÁÌĻÚÙ ÊÁË ÐÒÏ ÏÎÌÉÎÅ ÔÁË ÐÒÏ ÏÆÆÌÉÎÅ ÍñĠÅÎþȢ  /ÎÌÉÎÅ ÄÁÔÁ ÐÏÓËÙÔÌÁ 
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2ÅÌÁÔÉÖÎñ ÐÏÄÏÂÎĻ ÖĻÓÌÅÄÅË ÕËÁÚuje i PMF analýza offline dat (Obr.1b), ve které také 
ÐĠÅÖÁĿÕÊþ //!ȟ ÁÌÅ ÁÎÁÌĻÚÁ ÚÜÒÏÖÅĐ ÐÏÓËÙÔÌÁ Ï ÊÅÄÅÎ ÎÅÚÎÜÍĻ ÆÁËÔÏÒ ÖþÃÅȟ ÊÅÈÏĿ ÓÐÅÃÉÆÉÃËï 
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ÍÎÏĿÓÔÖþ ÊÅÄÎÏÔÌÉÖĻÃÈ ÆÁËÔÏÒĳȢ 6ĻÈÏÄÏÕ ÏÎÌÉÎÅ ÄÁÔ ÊÅ ÍÏĿÎÏÓÔ ÕÒéÉÔ ÄÅÎÎþ ÃÈÏÄÙ 
ÊÅÄÎÏÔÌÉÖĻÃÈ ÆÁËÔÏÒĳȢ .ÁÏÐÁËȟ ÐĠÉÄÁÎÏÕ ÈÏÄÎÏÔÏÕ ÏÆÆÌÉÎÅ ÍñĠÅÎþ ÊÅ ÍÏĿÎÏÓÔ ÕÒéÅÎþ 
ÐĳÖÏÄÕ ÆÁËÔÏÒÕ ÂÕì ÖÅ ÖÏÄñ ÒÏÚÐÕÓÔÎïÍȟ ÎÅÂÏ ÖÏÄñ ÎÅÒÏÚÐÕÓÔÎïÍ ÁÅÒÏÓÏÌÕȢ $ÅÔÁÉÌÙ 
ÂÕÄÏÕ ÄÉÓËÕÔÏÖÜÎÙ ÂñÈÅÍ ÐĠÅÄÎÜĤËÙȢ 

 
Obrázek ρȡ 0ĠþÓÐñÖÅË ÆÁËÔÏÒĳ Ú online (C-ToF-!-3Ɋ Á ÏÆÆÌÉÎÅ ÍñĠÅÎþ ɉ(2-ToF-AMS).  
Legenda: OM/OC ɀ ÐÏÍñÒ ÏÒÇÁÎÉÃËï ÈÍÏÔÙ Á ÏÒÇÁÎÉÃËïÈÏ ÕÈÌþËÕȟ ÆÁËÔÏÒÙ -/-OOA a LO-
OOA ɀ ÖþÃÅ ÏØÉÄÏÖÁÎï Á ÍïÎñ ÏØÉÄÏÖÁÎï ÏÒÇÁÎÉÃËï ÁÅÒÏÓÏÌÙȟ ""/! ɀ organické aerosoly 
za spalování biomasy, HOA ɀ éÅÒÓÔÖï ÏÒÇÁÎÉÃËï ÁÅÒÏÓÏÌÙȟ &&/! ɀ organické aerosoly ze 
spalÏÖÜÎþ ÆÏÓÉÌÎþÃÈ ÐÁÌÉÖȟ ȵÕÎËÎÏ×ÎȰ ɀ ÎÅÐĠÉĠÁÚÅÎĻ ÆÁËÔÏÒȢ 
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INTRODUCTION  

Advanced methods for greenhouse gas (GHG) emission reduction and sequestration 
in agricultural and forest landscapes for climate change mitigation are the focus of the 
AdAgriF project. The structure of this project is divided into three main thematic areas. 
The first (FluxBASE) focuses on understanding key GHG cycles from the molecular to the 
landscape level and developing methods for their mitigation. The second work package 
(FluxPRISM) focuses on developing a high-resolution system that integrates in-situ 
measurements, ecosystem modeling, and atmospheric modeling for real-time attribution 
and prediction of GHG fluxes, while the third FluxCOMM, involves the development of a 
mechanism that maximizes GHG emission reductions without compromising key 
ecosystem services. 

EXPERIMENTAL SETUP 

The topic of this presentation is the development of a new precision GHG 
measurement system within FluxPRISM. The system includes the development of a 
measurement system and its installation at a specific location, as well as the development 
of control and evaluation software. The complete measurement network consists of 12 
newly installed stations across the Czech Republic, complemented by the superstation 
+ĠÅĤþÎ ɉÐÁÒÔ ÏÆ ÔÈÅ .ÁÔÉÏÎÁÌ !ÔÍÏÓÐÈÅÒÉÃ /ÂÓÅÒÖÁÔÏÒÙ +ÏĤÅÔice), which has been 
operational since 2014 and is classified as an ICOS station class 1. Our superstation will 
serve as a calibration and reference point for accurate GHG measurements, enabling the 
integration of any European ICOS station into the estimation of biospheric fluxes using 
Lagrangian particle dispersion models in the future. 

RESULTS AND CONCLUSIONS 
 

The GHG fluxes obtained are further analyzed through backward recalibration of 
process-based models, integration with weather forecasts for GHG flux prediction, 
regional carbon balance assessments, and spatial disaggregation using remote sensing 
down to the field scale. This enables attribution of observed fluxes to specific land 
management practices and their impact on the GHG balance. 

The system is currently under intensive development, with gas analyzers being 
installed or activated on telecom towers, and the first simulations already completed. This 
ÃÏÎÆÅÒÅÎÃÅ ÃÏÎÔÒÉÂÕÔÉÏÎ ÐÒÅÓÅÎÔÓ ÔÈÅ ÓÙÓÔÅÍȭÓ ÃÏÒÅ ÐÒÉÎÃÉÐÌÅÓ ÁÎÄ ÉÎÉÔÉÁÌ ÒÅÓÕÌÔÓ ÏÆ 
spatially distributed, country-×ÉÄÅ #/Ϝ ÆÌÕØ ÅÓÔÉÍÁÔÅÓȢ 
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The expected outcome is a significantly improved understanding of GHG fluxes in the 
Czech Republic, with much finer spatiotemporal resolution than currently offered by 
national inventories, global or European inversions, or machine-learning-based eddy 
covariance estimates. 
 

 
Figure 1: Scheme of the FluxPRISM network. 

 

 
Figure 2: The map showing the location of measuring stations including GHG flux 

modeling. 
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INTRODUCTION 
 

Climate change is expected to increase the frequency and intensity of extreme 
weather events in Central Europe, including heat waves (HWs). These events can strongly 
affect air quality by enhancing atmospheric stagnation, leading to elevated ozone and 
particulate matter concentrations (Wu et al., 2019). Higher temperatures also stimulate 
emissions of biogenic volatile organic compounds (BVOCs) such as isoprene and terpenes, 
which contribute to the formation of secondary pollutants (Churkina et al., 2017). Since 
HWs are projected to become more common in the future (Corrêa, 2025), their role in 
BVOC emissions deserves closer attention. For this reason, we investigated the effect of 
HWs on isoprene and terpene levels at two Czech observatories. 

 
METHODS 

 

This study was conducted at two Czech observatories operated by Czech 
Hydrometeorological Institute with contrasting environments. The National Atmospheric 
/ÂÓÅÒÖÁÔÏÒÙ +ÏĤÅÔÉÃÅ ɉ.!/+ȟ τωȢυχЈ.ȟ ρτȢχωЈ%ȟ υστ Í ÁȢÓȢÌȢɊ ÒÅÐÒÅÓÅÎÔÓ Á ÒÕÒÁÌ 
ÂÁÃËÇÒÏÕÎÄ ÓÉÔÅ ÉÎ ÔÈÅ 6ÙÓÏéÉÎÁ ÒÅÇÉÏÎȟ ×ÈÉÌÅ ÔÈÅ ,ÉÂÕĤ /ÂÓÅÒÖÁÔÏÒÙ ɉ0ÒÁÇÕÅȟ υπȢπЈ.ȟ 
14.44°E, 302 m a.s.l.) is a suburban site in the southern part of the capital with stronger 
anthropogenic influence. Isoprene has been monitored since 1995 by canister sampling 
according to the EMEP manual and analyzed by gas chromatography at both 
observatories. During summer 2023, a case study using PTR-TOF-MS to measure isoprene 
and monoterpenes was peformed at NAOK. Anthropogenic isoprene was estimated using 
1,3-butadiene as a tracer, following the methodology described by Reimann et al. (1999). 
Air temperature data at both sites were obtained from Vaisala HMP sensors. Heatwaves 
(HWs) were defined in this study as periods of at least three consecutive days with daily 
maximum temperature equal to or exceeding the 95th percentile of the long-term 
temperature distribution (1988ɀ2024) at NAOK. &ÏÒ ÔÈÅ +ÏĤÅÔÉÃÅ observatory, this 
threshold corresponds to 26.7 °C, while the long-term temperature distribution (1988ɀ
ςπςτɊ ÁÔ ÔÈÅ ,ÉÂÕĤ ÏÂÓÅÒÖÁÔÏÒÙ ÓÅÔ ÔÈÉÓ ÔÈÒÅÓÈÏÌÄ ÔÏ ςωȢσ Ј#Ȣ 
 

RESULTS AND DISCUSSION 
 

!Ô ,ÉÂÕĤȟ ÍÅÄÉÁÎ ÉÓÏÐÒÅÎÅ ÃÏÎÃÅÎÔÒÁÔÉÏÎÓ ÄÕÒÉÎÇ ÄÁÙÓ ×ÉÔÈ ÍÅÄÉÁÎ ÔÅÍÐÅÒÁÔÕÒÅÓ 
ÒÅÁÃÈÅÄ πȢςπ АÇɇÍϖύȟ ×ÈÉÌÅ ÄÕÒÉÎÇ (7Ó ÔÈÅÙ ÉÎÃÒÅÁÓÅÄ ÔÏ ρȢππ АÇɇÍϖύȢ At NAOK, the 
ÒÅÓÐÅÃÔÉÖÅ ÖÁÌÕÅÓ ×ÅÒÅ πȢπσ АÇɇÍϖύ ÁÎÄ πȢχυ АÇɇÍϖύȢ 4ÈÅ ÌÏÎÇ-term dataset from NAOK 
further showed that from 2018 onwards, HW-related median isoprene concentrations 
ÒÅÇÕÌÁÒÌÙ ÅØÃÅÅÄÅÄ ρ АÇɇÍϖύȟ ×ÈÅÒÅÁÓ ÂÅÔ×ÅÅÎ ρωωυ ÁÎÄ ςπρχ ÔÈÉÓ ÏÃÃÕÒÒÅÄ ÏÎÌÙ 
occasionally. Correlation analysis indicated that the overall relationship between 
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isoprene and temperature was moderate (R = 0.47), but strengthened substantially 
during HWs (R = 0.71). 

Fig. 1. Annual overview of Isoprene concentrations during regular day temperatures 
and HW events (2021ɀ2023) ÆÒÏÍ .!/+ ÁÎÄ ,ÉÂÕĤ /ÂÓÅÒÖÁÔÏÒÉÅÓ. 

 

CONCLUSIONS 
 

The comparison of rural and suburban environments confirms that HWs strongly 
enhance isoprene concentrations, due to site-specification. While NAOK showed lower 
baseline levels, the relative increase during HWs was more pronounced, highlighting the 
sensitivity of biogenic soÕÒÃÅÓȢ )Î ÃÏÎÔÒÁÓÔȟ ,ÉÂÕĤ ÅØÈÉÂÉÔÅÄ ÈÉÇÈÅÒ ÁÂÓÏÌÕÔÅ 
concentrations, reflecting the influence of both biogenic and anthropogenic contributions.  
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SUMMARY 

 
Corona discharge in electrostatic precipitators (ESPs) ionises gases, charging 

suspended particles for collection. Accurate charging models are essential for predicting 
particle behaviour and optimising ESP design. At discharge electrode edges, the electric 
field generates non-thermal plasma that triggers reactions leading to the removal of NOx 
and VOCs. The reactionÓȬ products nucleate in the ionised environment into new 
nanometre-scale aerosols, which must also be collected to prevent secondary pollution. 
Current charging calculations for ultrafine  particles are inaccurate, and these inaccuracies 
compromise ESP design and increase combustion emissions. This work proposes a robust 
charging model for particles up to 50 nm in corona discharge fields, suitable for practical 
engineering applications. 

 
ÚVOD 

 
4ÙÐÉÃËĻ ËÏÒĕÎÏÖĻ ÖĻÂÏÊ Ö ÅÌÅËÔÒÏÓÔÁÔÉÃËĻÃÈ ÏÄÌÕéÏÖÁéþÃÈ ɉ%/Ɋ ÉÏÎÉÚÕÊÅ ÐÌÙÎÙȟ éþÍĿ 

se suspendovanï éÜÓÔÉÃÅ ÎÁÂþÊÅÊþ Á ÎÜÓÌÅÄÎñ ÏÄÌÕéÕÊþȢ 6ÚÈÌÅÄÅÍ Ë ÔÏÍÕȟ ĿÅ ÎÁÂþÊÅÎþ ÊÅ 
ÚÜËÌÁÄÎþÍ ËÒÏËÅÍȟ ÊÅ ÐĠÅÓÎï ÍÏÄÅÌÏÖÜÎþ ÔÏÈÏÔÏ ÐÒÏÃÅÓÕ ÎÅÚÂÙÔÎï ÐÒÏ ÓÐÒÜÖÎĻ ÐÏÐÉÓ 
ÃÈÏÖÜÎþ éÜÓÔÉÃ Ö ÐÏÌÉ %/ Á ÔÖÏĠþ ÚÜËÌÁÄ ÐÒÏ ÎÜÖÒÈ ÏÐÔÉÍÜÌÎþ konstrukcí EO.  
*Å ÚÎÜÍÏȟ ĿÅ Ö ÂĠÉÔËÏÓÔÉ ÓÒĤþÃþÃÈ ÅÌÅËÔÒÏÄȟ ÅÌÅËÔÒÉÃËï ÐÏÌÅ ÇÅÎÅÒÕÊÅ ÎÅÔÅÒÍÜÌÎþ ÐÌÁÚÍÁȟ 

ËÔÅÒï ÎÅÖÙÈÎÕÔÅÌÎñ ÓÐÏÕĤÔþ ĠÁÄÕ ÃÈÅÍÉÃËĻÃÈ ÒÅÁËÃþ ÖÅÄÏÕÃþÃÈ Ë ÄÅËÏÎÔÁÍÉÎÁÃÉ ./Ø 
ÖÏÌÁÔÉÌÎĻÃÈ ÏÒÇÁÎÉÃËĻÃÈ ÌÜÔÅËȢ 0ÒÏÄÕËÔÙ ÔñÃÈÔÏ ÒÅÁËÃþ Ö ÉÏÎÉÚÏÖÁÎïÍ ÐÒÏÓÔĠÅÄþ 
korónového výboje nukleují do nových ÁÅÒÏÓÏÌĳ Ó ÖÅÌÉËÏÓÔþ Ö ÎÁÎÏÍÅÔÒÏÖïÍ ÍÅĠþÔËÕȢ 
4ÙÔÏ ÎÁÎÏéÜÓÔÉÃÅ ÐĠÅÄÓÔÁÖÕÊþ ÖĻÚÎÁÍÎĻ ÚÄÒÏÊ ÐÏÔÅÎÃÉÜÌÎþÈÏ ÚÎÅéÉĤÔñÎþ ÏÖÚÄÕĤþȟ ÐÏËÕÄ 
ÎÅÊÓÏÕ ÅÆÅËÔÉÖÎñ ÏÄÓÔÒÁÎñÎÙȢ 0ĠÅÓÎÜ ÐÒÅÄÉËÃÅ ÊÅÊÉÃÈ ÎÁÂþÊÅÎþ ÊÅ ÐÒÏÔÏ ËÌþéÏÖÜ ÐÒÏ 
minimalizaci emisí. 

Stávající metody ÖĻÐÏéÔu náboje ÐĠÉ elektrostatickém ÏÄÌÕéÏÖÜÎþ éÜÓÔÉÃ o velikosti 
ÐÏÕÈĻÃÈ ÎñËÏÌÉËÁ ÄÅÓÅÔÉÎ ÎÁÎÏÍÅÔÒĳ éÁÓÔÏ ÐÏÓËÙÔÕÊþ ÎÅÐĠÅÓÎï výsledky: nÁÐĠþËÌÁÄ 
metody uvedené v pracích (White, 1951), (Yoo et al., 1997),(Fuchs, 1947) vedou k 
ÐÏÄÈÏÄÎÏÃÅÎĻÍ ÈÏÄÎÏÔÜÍȟ ÚÁÔþÍÃÏ ÎñËÔÅÒï ÍÅÔÏÄÙ ÖÙÖþÊÅÎï ÐÒÏ ÍÏÄÅÌÏÖÜÎþ 
ÁÔÍÏÓÆïÒÉÃËĻÃÈ ÁÅÒÏÓÏÌĳȟ ÎÁÐĠþËÌÁÄ (Fuchs and Sutugin, 1971) vykazují nadhodnocené 
ÎÁÂÉÔþ éÜÓÔÉÃ ÐĠÉ ÖÙÓÏËĻÃÈ ËÏÎÃÅÎÔÒÁÃþÃÈ ÉÏÎÔĳ. Tato mezera ÍĳĿÅ ÚÐĳÓÏÂit  suboptimální 
návrh ESP, a ɀ ÎÜÓÌÅÄÎñ ɀ ÚÖĻĤÅÎï ÅÍÉÓÅ ÂñÈÅÍ ÐÒÏÖÏÚÕ ÓÐÁÌÏÖÁÃþÃÈ ÊÅÄÎÏtek (Mukherjee 
et al., 2024). 
#þÌÅÍ ÔïÔÏ ÐÒÁÃþ ÊÅ ÎÁÖÒÈÎÏÕÔ ÍÅÔÏÄÕ ÍÏÄÅÌÏÖÁÎþ ÎÁÂþÊÅÎþ ÊÅÍÎĻÃÈ éÜÓÔÉÃ Ï ÐÒĳÍñÒÕ 

do50 nm v poli korónového výboje, ËÔÅÒÜ ÂÕÄÅ ÄÏÓÔÁÔÅéÎñ ÒÏÂÕÓÔÎþ Á ÐĠÅÓÎÜ ÐÒÏ ÁÐÌÉËÁÃÉ 
Ö ÐÏÄÍþÎËÜÃÈ ÂñĿÎï ÉÎĿÅÎĻÒÓËï ÐÒÁØÅ. 
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METODIKA 
 

NavrĿÅÎÜ ÍÅÔÏÄÁ ÚÏÈÌÅÄĐÕÊÅ ÎÁÂþÊÅÎþ éÜÓÔÉÃ ÐÏ ÓÒÜĿËÜÃÈ Ó chaotický pohybujícími 
ionty a bere v úvahu obrazové síly (image forces) ɀ vÚÎÉËÁÊþÃþ ÐĠÉ ÐĠÉÂÌþĿÅÎþ ÉÏÎÔÕ Ë 
ÎÅÕÔÒÜÌÎþ éÜÓÔÉÃÉȟ ËÄÙ ÊÅ Ö éÜÓÔÉÃÉ ÉÎÄÕËÏÖÜÎ ÄÉÐĕÌÏÖĻ ÍÏÍÅÎÔ ɀ ËÔÅÒï ÖÙÔÖÜĠÅÊþ ÐĠþÔÁĿÎĻ 
ÐÏÔÅÎÃÉÜÌ ÏÖÌÉÖĐÕÊþÃþ ÔÒÁÊÅËÔÏÒÉÉ ÉÏÎÔÕȢ  

 
/ÂÒȢ ρȡ 6ÚÎÉË ÏÂÒÁÚÏÖÅǲ ÓąǲÌÙ  

Potenciál této sily ╤░na ÐÏÖÒÃÈÕ éÜÓÔÉÃÅ Ï ÐÏÌÏÍñÒÕ ╪ ÌÚÅ ÖÙÊÜÄĠÉÔ ÔÁËÔÏ (Lushnikov 
and Kulmala, 2005)  

Ὗ ὥ     (1)  

Kde Ⱡ- elektricka konstanta, e ɀ náboj elecktronu, Ⱡ - relativní permitivita materialu. 
.ÁÍþÓÔÏ éÉÓÔñ ÎÜÈÏÄÎĻÃÈ "ÒÏ×ÎÏÖĻÃÈ ÓÒÜĿÅË ÊÓÏÕ ÉÏÎÔÙ ÐĠÉÔÁÈÏÖÜÎÙ Ë éÜÓÔÉÃþÍ ÊÉĿ Ú 

ÖñÔĤþÃÈ ÖÚÄÜÌÅÎÏÓÔþ. EÆÅËÔÉÖÎþ ÐÒĳĠÅÚ ÚÁÃÈÙÃÅÎþ ÉÏÎÔĳ éÜÓÔÉÃþ ÓÅ ÔÅÄÙ ÚÖÙĤÕÊÅ Ï ÎñËÔÅÒÏÕ 
délku ɿ (víz Obr.1) Á ÌÚÅ ÊÅÊ ÖÙÊÜÄĠÉÔ ÎÜÓÌÅÄÏÖÎñ 

„ “ὥ ρ     (2) 

!ÄÓÏÒÂÏÖÁÎĻ éÜÓÔÉÃÉ ÎÜÂÏÊ ÔÖÏĠþ #ÏÕÌÏÍÂÏÖÕ ËÔÅÒÜ ÏÄÐÕÚÕÊÅ ÉÏÎÔÙ ÓÔÅÊÎï ÐÏÌÁÒÉÔÙȢ 
4ÅÎÔÏ #ÏÕÌÏÍÂĳÖ ÐÏÔÅÎÃÉÜÌ ÌÚÅ ÖÙÊÜÄĠÉÔ ÔÁËÔÏȡ 

Ὗ ὥ     (3)  

$ÙÎÁÍÉËÁ ÎÁÂþÊÅÎþ éÜÓÔÉÃÅ ÍÕĿÅ ÂÙÔ ÖÙÊÜÄĠÅÎÁ ÔÏÕÔÏ ÒÏÖÎicí  

Ὡ„ ὔ ộὺỚὩὼὴ   (4)  

 
VÝSLEDKY A DISKUSE 

 
0ÒÏ ÐÏÓÏÕÚÅÎþ ÐÌÁÔÎÏÓÔÉ ÍÅÔÏÄÙ Á ÐÏÒÏÖÎÜÎþ ÊÅÊþ ÐĠÅÓÎÏÓÔÉ Ó ÊÉÎĻÍÉ ÖĻĤÅ ÕÖÅÄÅÎĻÍÉ 

ÍÅÔÏÄÁÍÉ ÂÙÌÁ ÐÒÏÖÅÄÅÎÁ ÓÉÍÕÌÁÃÅ ÎÁÂþÊÅÎþ éÜÓÔÉÃ Ö ÐÏÌÉ ËÏÒÏÎÏÖïÈÏ ÖĻÂÏÊÅ Ó 
ËÏÎÃÅÎÔÒÁÃþ ÉÏÎÔĳ ÐĠÉÂÌÉĿÎñ ρπ7 ÉÏÎÔĳ/ cm3 a teplotou 100 °C. Dynamika nabíjení po dobu 
ρπ ÓÅËÕÎÄ ÊÅ ÚÎÜÚÏÒÎñÎÁ ÎÁ Obr.2. 

a

e-
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Obr. 2: 0ÒÅÄÉËÃÅ ÎÜÂÏÊÅ éÜÓÔÉÃ  
 

Metody (White, 1951) a (Yoo et al., 1997)ȟ ËÔÅÒï ÂÙÌÙ ÐÒÉÍÜÒÎñ ÖÙÖÉÎÕÔÙ ÐÒÏ ÖñÔĤþ 
éÜÓÔÉÃÅȟ ÓÙÓÔÅÍÁÔÉÃËÙ ÐÏÄÈÏÄÎÏÃÕÊþ ÎÜÂÏÊ Õ ÕÌÔÒÁÊÅÍÎĻÃÈ ÁÅÒÏÓÏÌĳȢ $ĳÖÏÄÅÍ ÊÅ 
ÚÁÎÅÄÂÜÎþ ÏÂÒÁÚÏÖĻÃÈ ÓÉÌȟ ËÔÅÒï ÍÁÊþ Õ éÜÓÔÉÃ Ó ÐÒĳÍñÒÅÍ ÐÏÄ υπ ÎÍ ÐÏÄÓÔÁÔÎĻ ÖÌÉÖ ÎÁ 
ÅÆÅËÔÉÖÎþ ÐÒĳĠÅÚ ÚÁÃÈÙÃÅÎþ ÉÏÎÔĳȢ .ÁÐÒÏÔÉ ÔÏÍÕ ÍÅÔÏÄÁ  (Fuchs and Sutugin, 1971)ȟ ÁéËÏÌÉ 
zahrnuje obrazové síly, byla optimalizována pro atmosférické podmínky s nízkými 
ËÏÎÃÅÎÔÒÁÃÅÍÉ ÉÏÎÔĳȟ ÃÏĿ ÖÅÄÅ Ë ÎÁÄÈÏÄÎÏÃÅÎþ ÎÜÂÏÊÅ ÐĠÉ ÖÙÓÏËĻÃÈ ÉÏÎÔÏÖĻÃÈ 
koncentracích typických pro korónový výboj v ESP. 
0ĠÉ ËÏÎÃÅÎÔÒÁÃÉ ÉÏÎÔĳ ρπϒ ÃÍϖύȟ ËÔÅÒÜ ÏÄÐÏÖþÄÜ ÒÅÜÌÎĻÍ ÐÏÄÍþÎËÜÍ Ö 

ÅÌÅËÔÒÏÓÔÁÔÉÃËĻÃÈ ÏÄÌÕéÏÖÁéþÃÈȟ ÓÅ ÐÒÏÊÅÖÕÊÅ ÄĳÌÅĿÉÔÜ ÒÏÖÎÏÖÜÈÁ ÍÅÚÉ ÏÂÒÁÚÏÖĻÍÉ ÓÉÌÁÍÉ 
ÐÏÄÐÏÒÕÊþÃþÍÉ ÚÁÃÈÙÃÅÎþ ÉÏÎÔĳ Á #ÏÕÌÏÍÂÏÖĻÍ ÏÄÐÕÚÏÖÜÎþÍ ÊÉĿ ÎÁÂÉÔï éÜÓÔÉÃÅȢ 

 
:<6Q29 

 
.ÁÖÒĿÅÎÜ ÍÅÔÏÄÁ ËÏÍÂÉÎÕÊÅ ÖÌÉÖ ÏÂÒÁÚÏÖĻÃÈ ÓÉÌ Á #ÏÕÌÏÍÂÏÖÁ ÐÏÔÅÎÃÉÜÌÕ Á 

ÐÏÓËÙÔÕÊÅ ÐĠÅÓÎñÊĤþ ÐÒÅÄÉËÃÉ ÎÁÂþÊÅÎþ ÕÌÔÒÁÊÅÍÎĻÃÈ ÁÅÒÏÓÏÌĳ ÎÅĿ ÔÒÁÄÉéÎþ ÐĠþÓÔÕÐÙ 
ÐÏÕĿþÖÁÎï Ö ÏÂÌÁÓÔÉ %30Ȣ 
-ÅÔÏÄÁ ÊÅ ÆÏÒÍÕÌÏÖÜÎÁ ÔÁËȟ ÁÂÙ ÂÙÌÁ ÐÏÕĿÉÔÅÌÎÜ Ö ÂñĿÎï ÉÎĿÅÎĻÒÓËï ÐÒÁØÉȢ 6ÙĿÁÄÕÊÅ 

ÐÏÕÚÅ ÚÜËÌÁÄÎþ ÖÓÔÕÐÎþ ÐÁÒÁÍÅÔÒÙ ɉÖÅÌÉËÏÓÔ éÜÓÔÉÃȟ ËÏÎÃÅÎÔÒÁÃÅ ÉÏÎÔĳȟ ÔÅÐÌÏÔÁɊȟ ËÔÅÒï ÊÓÏÕ 
Ö ÐÒÏÖÏÚÕ %30 ÂñĿÎñ ÍñĠÉÔÅÌÎï ÎÅÂÏ ÏÄÈÁÄÎÕÔÅÌÎïȢ 6ĻÐÏéÅÔÎþ ÎÜÒÏéÎÏÓÔ ÊÅ ÐĠÉÍñĠÅÎÜ 
ÐÒÏ ÉÍÐÌÅÍÅÎÔÁÃÉ ÄÏ ÎÜÖÒÈÏÖĻÃÈ ÁÌÇÏÒÉÔÍĳȢ 
"ÕÄÏÕÃþ ÖĻÚËÕÍ ÂÙ ÍñÌ ÚÁÈÒÎÏvat experimentální validaci metody v reálných 

ÐÒÏÖÏÚÎþÃÈ ÐÏÄÍþÎËÜÃÈ %30 Á ÒÏÚĤþĠÅÎþ ÍÏÄÅÌÕ Ï ÖÌÉÖ ÖÌÈËÏÓÔÉ ÓÐÁÌÉÎ Á ÐĠþÔÏÍÎÏÓÔÉ 
ÒĳÚÎĻÃÈ ÔÙÐĳ ÉÏÎÔĳ ÖÚÎÉËÁÊäÃÙÃÈ ÐĠÉ ËÏÒÏÎÏÖïÍ ÖĻÂÏÊÉ Ö ÒĳÚÎĻÃÈ ÁÔÍÏÓÆïÒÜÃÈ ÓÐÁÌÉÎȢ 

 
0/$Q+/6<.^ 

 
Práce byla realizována v rámci pÒÏÊÅËÔÕ 4!I2ȟ ÐÒÏÇÒÁÍÕ ¼ÉÖÏÔÎþ ÐÒÏÓÔĠÅÄþ ÐÒÏ ĿÉÖÏÔȟ 

33πχπρπςχςȟ Ó ÎÜÚÖÅÍ 6ĻÚËÕÍ ÖÈÏÄÎĻÃÈ Á ÎÅÖÈÏÄÎĻÃÈ ÐÏÓÔÕÐĳ ÖÙÔÜÐñÎþ ÐÅÖÎĻÍ 
palivem. 
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BIOACCESSIBILITY OF ELEMENTS AND OXIDATIVE POTENTIAL OF PM1 USING 
SIMULATED LUNG FLUIDS 

 
Hana (,!6<I+/6<1,2, *ÉĠþ £)$,!3, Hana CIGÁNKOVÁ2ȟ 0ÁÖÅÌ -)+5£+!2, Jitka 

HEGROVÁ4ȟ ,ÕËÜĤ !,%8!2ȟ 4ÏÍÜĤ *52%.5 
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ĿÉÖÏÔÎþÈÏ ÐÒÏÓÔĠÅÄþȟ 0ÕÒËÙĐÏÖÁ ρρψȟ φρς ππ "ÒÎÏȟ IÅÓËÜ republika, 

xchlavackovah@vutbr.cz 
2 /ÄÄñÌÅÎþ ÁÎÁÌÙÔÉÃËï ÃÈÅÍÉÅ ĿÉÖÏÔÎþÈÏ ÐÒÏÓÔĠÅÄþȟ ªÓÔÁÖ ÁÎÁÌÙÔÉÃËï ÃÈÅÍÉÅ !ËÁÄÅÍÉÅ ÖñÄ 

IÅÓËï ÒÅÐÕÂÌÉËÙȟ ÖȢ ÖȢ ÉȢȟ 6ÅÖÅĠþ ωχȟ φπς ππ "ÒÎÏȟ IÅÓËÜ ÒÅÐÕÂÌÉËÁ 
36ÙÓÏËï ÕéÅÎþ ÔÅÃÈÎÉÃËï Ö "ÒÎñȟ &ÁËÕÌÔÁ ÅÌÅËÔÒÏÔÅÃÈÎÉËÙ Á ËÏÍÕÎÉËÁéÎích technologií, 
ªÓÔÁÖ ÂÉÏÍÅÄÉÃþÎÓËïÈÏ ÉÎĿÅÎĻÒÓÔÖþȟ 4ÅÃÈÎÉÃËÜ σπυψȾρπȟ φρφ ππ "ÒÎÏȟ IÅÓËÜ ÒÅÐÕÂÌÉËÁ 

4#ÅÎÔÒÕÍ ÄÏÐÒÁÖÎþÈÏ ÖĻÚËÕÍÕȢ ÖȢ ÖȢ ÉȢȟ $ÉÖÉÚÅ ÄÏÐÒÁÖÎþ ÉÎÆÒÁÓÔÒÕËÔÕÒÙ Á ĿÉÖÏÔÎþÈÏ 
ÐÒÏÓÔĠÅÄþȟ ,þĤÅĐÓËÜ ςφυχȟ φσφ ππ "ÒÎÏȟ IÅÓËÜ ÒÅÐÕÂÌÉËÁ 

5Fakultní nemocnice "ÒÎÏȟ .ÅÏÎÁÔÏÌÏÇÉÃËï ÏÄÄñÌÅÎþȟ *ÉÈÌÁÖÓËÜ στπȾςπȟ φςυ ππ "ÒÎÏȟ 
IÅÓËÜ ÒÅÐÕÂÌÉËÁ  

 
Key words: Atmospheric aerosol, PM1, Simulated lung fluid, Oxidative potential 

 
SUMMARY 

 
Air pollution represents a serious environmental issue with significant impacts on 

both the environment and human health (Liu et al., 2019). In urban areas, where 
emissions from traffic, industry, and other anthropogenic activities are more 
concentrated, aerosols form a complex mixture of solid and liquid particles with 
potentially harmful effects. Inhaled particles, especially those with smaller aerodynamic 
diameters, can penetrate deep into the lungs and affect human health depending on their 
size, chemical composition, and bioavailability (Liu et al., 2021). One of the key 
parameters that can be used to assess the toxicological impact of aerosol particles is the 
oxidative potential (OP), which describes the ability of particles to generate reactive 
oxygen species (ROS) in the body. The OP is often associated with the presence of heavy 
metals and organic compounds in atmospheric aerosols (Schiavo et al., 2023). 

 
EXPERIMENTAL SETUP 

 
Urban aerosol in the PM1 size fraction was collected using a high-volume aerosol 

sampler DHA-77 (Digitel, air flow rate 30 m³/h) onto nitrocellulose membrane filters 
(diameter 150 mm, pore size 3 µm, Sartorius) over a 48-hour period. During the winter 
campaign (late February to early March), 7 samples were collected, and the same number 
was obtained during the summer campaign (August) of 2020.  

The collected filters were divided into quarters. One quarter was used for the analysis 
of total elemental content. The remaining three quarters were subjected to extraction in 
three types of simulated lung fluids (SLFs) for 24 hours in order to determine the 
bioaccessibility of particle-bound elements and their oxidative potential (OP).  

The OP of PM1 aerosol was assessed using the dithiothreitol (DTT) assay. Filter 
extracts were incubated with DTT at 37 °C, and the reaction was quenched at defined time 
intervals. The residual amount of DTT was quantified via reaction with DTNB, forming a 
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colored product whose concentration was measured by UVɀVIS spectrophotometry at 
412 nm. 

 
RESULTS AND DISCUSSION 

 
The average mass concentrations of the PM1 fraction were 8.22 ± 1.9 µg/m³ during 

the winter campaign and 12.8 ± 3.1 µg/m³ during the summer campaign. 
Urban PM1 aerosol was analyzed for the content of 21 elements (Na, K, Ca, Sr, Ba, Ti, 

V, Cr, Mo, Mn, Fe, Co, Ni, Cu, Cd, Al, Sn, Pb, As, Sb, Se). In general, the concentrations of 
elements were lower in winter compared to the summer period. 

 

 

&ÉÇȢ ρȡ /0 ÏÆ ÓÔÁÎÄÁÒÄÓ ÂÙ $44 ÉÎ 'ÁÍÂÌÅ ÓÏÌÕÔÉÏÎ 

The depletion of DTT in SLFs was measured for standards of 11 elemental cations 
ɉ#Õόϕȟ .Éόϕȟ &Åόϕȟ &Åύϕȟ 0Âόϕȟ :Îόϕȟ 3Òόϕȟ 6ώϕȟ #Òύϕȟ #Ïόϕȟ -Î2ϕɊȢ -ÏÒÅ ÄÅÔÁÉÌÅÄ ÒÅÓÕÌÔÓ ÏÆ ÔÈÅ 
aerosol oxidative potential will be presented at the conference. 
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SUMMARY 

 
According to the new EU Air Quality Directive 2024/2881, which came into force in 

December 2024, monitoring Supersites must be prepared in each EU member state. Two 
supersites will be built in the Czech Republic to fulfil the monitoring requirements 

(including new pollutants).   
 

ÚVOD 
 

,ÅÇÉÓÌÁÔÉÖÎþ ÏÍÅÚÅÎþ ÓÍñĠÕÊþÃþ ËÅ ÚÌÅÐĤÅÎþ ËÖÁÌÉÔÙ ÏÖÚÄÕĤþ ÊÓÏÕ Ö I2 ÏÄ ÒÏËÕ ρωωπ 
ÐÅÒÉÏÄÉÃËÙ ÖÙÄÜÖÜÎÙ ɉÎÁÐĠȢ :ÜËÏÎ éȢ σπωȾρωωρ 3ÂȢȟ :ÜËÏÎ éȢ ςπρȾςπρς 3ÂȢɊ  
Á ÎÏÖÅÌÉÚÏÖÜÎÙ ɉ:ÜËÏÎ éȢ ρχςȾςπρψ 3ÂȢȟ :ÜËÏÎ éȢ τςȾςπςυ 3ÂȢɊȢ 0ÌÁÔÎÜ ÚÜËÏÎÎÜ ÏÐÁÔĠÅÎþ 
jsou v souladu se sÍñÒÎÉÃþ %5 ςππψȾυπȾ%3 ɉÁËÔÕÁÌÉÚÁÃÅ ÎñËÔÅÒĻÃÈ ÐĠþÌÏÈ ÓÍñÒÎÉÃþ 
2015/1480 ). V roce 2024 vstoupila v platnost ÎÏÖÜ ÓÍñÒÎÉÃÅ %5 ςπςτȾςψψρ Ï ËÖÁÌÉÔñ 
ÖÎñÊĤþÈÏ ÏÖÚÄÕĤþ Á éÉÓÔĤþÍ ÏÖÚÄÕĤþ ÐÒÏ %ÖÒÏÐÕȢ $ÌÅ ÏÂÖÙËÌĻÃÈ ÐÒÁÖÉÄÅÌ ÐÒÏ ÉÍÐÌÅÍÅÎÔÁÃÉ 
ÓÍñÒÎÉÃ ÍÁÊþ éÌÅÎÓËï ÓÔÜÔÙ ÌÈĳÔÕ ÄÖÏÕ ÌÅÔ ÏÄ ĭéÉÎÏÓÔÉ ÓÍñÒÎÉÃÅ ÐÒÏ ÐĠÉÊÅÔþ ÏÄÐÏÖþÄÁÊþÃþÃÈ 
ÚÜËÏÎĳ Á ÐĠÅÄÐÉÓĳȢ I2 ÎÅÎþ ÖĻÊÉÍËÏÕȟ Á ÐÒÏÔÏ Ö ÓÏÕéÁÓÎï ÄÏÂñ ÐÒÏÂþÈÜ ÉÎÔÅÎÚÉÖÎþ 
ÐĠþÐÒÁÖÁ ÎÏÖïÈÏ ÚÜËÏÎÁ Ï ÏÃÈÒÁÎñ ÏÖÚÄÕĤþȢ IÌÜÎÅË ρπ 3ÍñÒÎÉÃÅ 2024/2881  ÎÏÖñ ÄÅÆÉÎÕÊÅ 
koncept specializovaných stanic ɀ SUPERLOKALIT.  

 
 0/¼!$!6+9 .! -Q~)#^ 02/'2!- 

 
3ÕÐÅÒÌÏËÁÌÉÔÏÕ ÊÓÏÕ ÍÏÎÉÔÏÒÏÖÁÃþ ÓÔÁÎÉÃÅ Ö ÍñÓÔÓËï Á ÖÅÎËÏÖÓËï ÐÏÚÁìÏÖï ÌÏËÁÌÉÔñȢ *ÅÊÉÃÈ 
ÐÏéÅÔ ÊÅ ÐÏÄÍþÎñÎ ÐÏéÔÅÍ ÏÂÙÖÁÔÅÌ Á ÒÏÚÌÏÈÏÕ ÓÔÜÔÕȢ .Á ËÁĿÄĻÃÈ ρπ ÍÉÌÉÏÎĳ ÏÂÙÖÁÔÅÌ ÊÅ 
ÎÕÔÎÏ ÚĠþÄÉÔ ÊÅÄÎÕ ÍñÓÔÓËÏÕ ÓÕÐÅÒÌÏËÁÌÉÔÕȢ :ĠþÚÅÎþ ÊÅÄÎï ÖÅÎËÏÖÓËï ÓÕÐÅÒÌÏËÁÌÉÔÙ ÊÅ 
ÐÏÄÍþÎñÎÏ ÒÏÚÌÏÈÏÕ ρπ 000ɀ100 000  km2ȟ ÓÔÜÔÙ Ó ÖñÔĤþ ÒÏÚÌÏÈÏÕ ÍÕÓþ ÚĠþÄÉÔ ÊÅÄÎÕ 
venkovskou superlokalitu na 100 000 km2Ȣ  -ÏÎÉÔÏÒÏÖÁÃþ ÓÕÐÅÌÏËÁÌÉÔÙ Ö I2 ÂÕÄÏÕ 
ÓÐÒÁÖÏÖÜÎÙ Á ÐÒÏÖÏÚÏÖÜÎÙ IÅÓËĻÍ ÈÙÄÒÏÍÅÔÅÏÒÏÌÏÇÉÃËĻÍ ĭÓÔÁÖÅÍ Á ÔÏ Ó ÖÙÕĿÉÔþÍ 
ÓÔÜÖÁÊþÃþÃÈ ÓÔÁÎÉÃ 3ÔÜÔÎþ ÓþÔñ ÉÍÉÓÎþÈÏ ÍÏÎÉÔÏÒÉÎÇÕȢ $ÌÅ ÐÏĿÁÄÁÖËĳ ÓÍñÒÎÉÃÅ ÂÕÄÏÕ 
superlokality monitorovat i nové ÚÎÅéÉĤĩÕÊþÃþ ÌÜÔËÙ - ÕÌÔÒÁÊÅÍÎï éÜÓÔÉÃÅȟ éÅÒÎĻ ÕÈÌþË, 
elementární uhlík, amoniakȢ 0ĠþÌÏÈÁ 6)) 3ÍñÒÎÉÃÅ 2024/2881  uvádí seznam 
ÐÏĿÁÄÏÖÁÎĻÃÈ Á ÄÏÐÏÒÕéÅÎĻÃÈ ÍñĠÅÎþȢ 2ÏÚÓÁÈÅÍ ÍñĠÅÎþ ÎÁ ÐÏÚÁìÏÖï ÖÅÎËÏÖÓËï 
ÌÏËÁÌÉÔñ Ú ÖÅÌËï éÜÓÔÉ ÏÄÐÏÖþÄÜ ÓÏÕéÁÓÎĻ ÓÏÕÂÏÒ ÍñĠÅÎþ ÎÁ .ÜÒÏÄÎþ ÁÔÍÏÓÆïÒÉÃËï 
ÏÂÓÅÒÖÁÔÏĠÉ +ÏĤÅÔÉÃÅȢ :ÅÊÍïÎÁ ÄþËÙ ÚÁÐÏÊÅÎþ ÓÔÁÎÉÃÅ Ö ÐÒÏÇÒÁÍÕ ÓÐÏÌÕÐÒÜÃÅ ÐĠÉ 
monitorovánþ Á ÖÙÈÏÄÎÏÃÏÖÜÎþ ÄÜÌËÏÖïÈÏ ÐĠÅÎÏÓÕ ÌÜÔÅË ÚÎÅéÉĤĩÕÊþÃþÃÈ ÏÖÚÄÕĤþ Ö %ÖÒÏÐñ 
(EMEP) a výzkumné infrastruktury Aerosol, Clouds and Trace Gases Research 
)ÎÆÒÁÓÔÒÕÃÔÕÒÅ ɉ!#42)3ɊȢ -ñÓÔÓËÏÕ ÐÏÚÁìÏÖÏÕ ÓÕÐÅÒÌÏËÁÌÉÔÏÕ ÂÕÄÅ ÐÒÁÖÄñÐÏÄÏÂÎñ 
stanice Ostrava-Poruba, kde buÄÅ ÎÕÔÎï ÒÏÚĤþĠÉÔ ÓÔÜÖÁÊþÃþ ÍñĠÉÃþ ÐÒÏÇÒÁÍ ÐÒÏ ÎÁÐÌÎñÎþ 
ÚÜËÏÎÎĻÃÈ ÐÏĿÁÄÁÖËĳ ÓÕÐÅÒÌÏËÁÌÉÔÙ ɉ4ÁÂÕÌËÁ ρɊȢ 
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Tab. 1: 0ĠÅÈÌÅÄ ÐÏÖÉÎÎĻÃÈ ÍñĠÅÎþ ÎÁ ÓÕÐÅÒÌÏËÁÌÉÔÜÃÈ Ö I2Ȣ 

 
Komponent       -ñÓÔÓËÜ ÐÏÚÁìÏÖÜ   

superlokalita  
6ÅÎËÏÖÓËÜ ÐÏÚÁìÏÖÜ 

superlokalita  
PM10 ṉ ṉ 
PM2,5 ṉ ṉ 
4ñĿËï ËÏÖÙ ɉ!Óȟ #Äȟ .Éȟ 
Pb) 

ṉ ṉ 

IÅÒÎĻ ÕÈÌþË ṉ(N)  ṉ 
#ÈÅÍÉÃËï ÓÌÏĿÅÎþ 0-2,5 ṉ(N) ṉ 
Velikostní distribuce 
éÜÓÔÉÃ  5&0 

ṉ(N)  ṉ 

0ÏéÅÔ éÜÓÔÉÃ 5&0 ṉ(N)  ṉ 

NO2 , NO, NOX ṉ ṉ 
ÐĠþÚÅÍÎþ /3 ṉ (N)  ṉ 
SO2 ṉ ṉ 
CO ṉ (N)  ṉ 
Benzen ṉ ṉ 
benzo[a]pyren ṉ ṉ 
NH3 X ṉ (N)  
VOC online X ṉ (N)  
#ÅÌËÏÖÜ ÐÌÙÎÎÜ ÒÔÕĩ X ṉ 
Celková depozice BaP, 
PAH 

ṉ (N)  ṉ 

Celková depozice As, Cd, 
Ni, Pb 

ṉ (N)  ṉ  

Depozice Hg ṉ (N)  ṉ 
ɕɉ.Ɋ ÎÏÖñ ÚÁÖÅÄÅÎï ÍñĠÅÎþ  

 
 

0/$Q+/6<.^ 

4ÕÔÏ ÐÒÜÃÉ ÐÏÄÐÏĠÉÌÏ -ÉÎÉÓÔÅÒÓÔÖÏ ĤËÏÌÓÔÖþȟ ÍÌÜÄÅĿÅ Á ÔñÌÏÖĻÃÈÏÖÙ IÅÓËï ÒÅÐÕÂÌÉËÙ Ö 
ÒÜÍÃÉ ÇÒÁÎÔĳ ACTRIS-CZ LM2023030. 
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INTRODUCTION 
 

High concentrations of aerosol particles in ambient air negatively affect human 
health. The harmfulness of aerosols depends largely on where they deposit in the 
respiratory tract. Coarse particles are mostly trapped in the upper airways, while fine 
particles (PM2.5) penetrate deeper into the lungs, reaching bronchi and alveoli, where 
they can cause significant damage (KĠĳÍÁÌ ÅÔ ÁÌȢȟ ςπρςɊȢ 

Combustion processes are one of the main sources of aerosol particles in the 
atmosphere. A significant example is the use of small combustion devices (SCDs) for 
household heating in winter. Unlike large industrial plants, SCDs are particularly 
problematic because their chimneys are low, causing emissions to remain within the 
breathing zone of residents, and they are typically not equipped with exhaust cleaning 
technologies. Moreover, they are not subject to the same level of regulatory oversight as 
large sources of air pollution. 

Most emissions from SCDs occur during the heating season, which typically lasts 
about five months. This means that the contribution of SCDs to local air pollution in winter 
is considerably higher than the annual average values. Outdated combustion technologies, 
such as over-fire boilers and boilers with down-draft combustion, are still widely used, 
particularly in Central and Eastern Europe, leading to substantial emissions of aerosol 
particles during the heating season. In contrast, modern combustion technologies, such 
as automatic boilers, produce significantly fewer pollutants. For this reason, there is 
growing regulatory and social pressure to replace old equipment with cleaner 
alternatives. 

 
METHODOLOGY 

 
In our previous studies, combustion tests were carried out in an accredited laboratory 

with standardized procedures (EN 303-5) using different fuels, i.e. hardwood (beech), 
softwood (spruce), and black and brown coal, under both nominal and reduced output 
ÃÏÎÄÉÔÉÏÎÓ ɉ+ĠĳÍÁÌ ÅÔ ÁÌȢȟ ςπρωȠ ςπςρȠ ςπςσɊȢ 4ÈÅ ÅØÐÅÒÉÍÅÎÔÓ ÃÏÖÅÒÅÄ Á ÒÁÎÇÅ ÏÆ 
combustion devices, from outdated (over-fire boilers and boilers with down-draft 
combustion) to modern gasification and automatic boilers. 

A follow-up study focused on emissions from real households in both urban and rural 
areas. These households used different fuels (wood or coal) and a mix of old and modern 
boilers. Combustion products (TSP fraction) were collected behind the boilers on quartz 
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filters. The samples were analyzed for organic compounds, including toxic and 
carcinogenic polycyclic aromatic hydrocarbons (PAHs), as well as specific organic 
markers such as monosaccharide anhydrides, diterpenoids, and hopanes. These markers 
are particularly useful for identifying the contribution of SCDs emissions to urban aerosol 
pollution. 

 
RESULTS AND DISCUSSION 

 
The field study included nine households equipped with different boiler types and 

fuels: two over-fire boilers (spruce wood), one boiler with down-draft combustion (beech 
wood), two gasification boilers (beech and spruce wood), and four automatic boilers 
(wood pellets and brown coal). 

The highest particulate matter (TSP) emission factors were found for wood 
combustion in the oldest over-fire boiler (1,825 mg/kg), whereas the lowest values were 
obtained for the automatic wood pellet boiler (233 mg/kg). Similar trends were observed 
for carbon monoxide and organic gaseous compounds emissions, both indicators of 
incomplete combustion. The highest carbon dioxide emission factors, an indicator of 
complete combustion, were observed during combustion in automatic boilers, especially 
when burning brown coal. This is a result of the higher combustion efficiency of modern 
boiler technologies and also the higher carbon content of brown coal. These findings are 
ÃÏÎÓÉÓÔÅÎÔ ×ÉÔÈ ÐÒÅÖÉÏÕÓÌÙ ÐÕÂÌÉÓÈÅÄ ÌÁÂÏÒÁÔÏÒÙ ÄÁÔÁ ɉ+ĠĳÍÁÌ ÅÔ ÁÌȢȟ ςπρωȠ ςπςρȠ ςπςσɊȢ 
Detailed emission factors for individual organic compounds and markers will be 
presented. 

Among organic compounds, emphasis was focused on specific organic markers and 
characteristic ratios used for source identification of particulate emissions. The 
levoglucosan/mannosan ratios, which distinguish softwood from hardwood combustion, 
only partially matched literature values and results from our previous laboratory studies. 
The homohopane index for brown coal combustion, however, was clearly consistent. In 
contrast, diagnostic ratios for PAHs differed substantially from literature data. This fact 
was also observed in our previous laboratory studies. 

 
CONCLUSION 

 
Overall, the most favorable emission profiles were observed for combustion in 

modern automatic boilers. In addition to quantifying toxic PAHs, the study focused on 
organic markers that can be used for identification of emission sources of aerosol particles 
at the monitored sites. However, the calculated marker ratios, used as alternative 
indicators of emission sources, did not fully correspond to literature values or our 
previous laboratory findings. Combustion tests were performed in real households that 
use these boilers for their own heating. 
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INTRODUCTION 
 

The aim of this study was to determine if the combination of CO2 snow particles and 
plasma is a suitable tool for removing submicron particles from paper. The main 
requirement was to remove surface contamination without degradation of the material.  

 
METHODOLOGY 

 
The tests were performed using a Particle-Plasma device (CleanLogix), which is based 

on a patented system of two mutually coordinated jets of low-temperature atmospheric 
plasma and a CO2 snow spray (Jackson and Endres, 2016). The streams are mixed 
immediately before they contact the treated surface (Fig. 1). 
 

 
Fig. 1: Mixing of the plasma spream and the CO2 snow spray 

 
RESULTS, DISCUSSION, CONCLUSIONS 

 
The results revealed that, under selected conditions, the cleaning method performed  

good results, particularly in removing of organic submicron particles. This method 
therefore has a potential to become an alternative to traditionally used techniques.   

  
ACKNOWLEDGEMENT 

 
This work was supported by the Ministry of Culture under the grant NAKI III 

DH23P03OVV068. 
  

REFERENCES 
 

Jackson D.J., Endres, J.D., Particle-Plasma Ablation Process. Patent US 9,352,355 B1, 
(2016).  

mailto:maskova@icpf.cas.cz


132 
 

CHOLESTEROL AND CHOLESTERYL ESTERS CHANGES IN THP-1 CELLS AND MICE 
LUNG TISSUE AFTER EXPOSURE TO PBO NANOPARTICLES   

 
0ÁÖÅÌ -)+5£+!1, Markéta ,!£4/6)I+/6<1, ,ÕËÜĤ !,%8!1, Pavel COUFALÍK1,  
+ÁÍÉÌ +~°-!,1ȟ :ÂÙÎñË 6%I%~!1, Daniela KRISTEKOVÁ2, Jana DUMKOVÁ2,  

Marcela BUCHTOVÁ2  
 

1 Institute of Analytical Chemistry of the CAS, Brno, Czech Republic, mikuska@iach.cz 
2 Institute of Animal Physiology and Genetics of the CAS, Brno, Czech Republic 

 
Keywords: PbO nanoparticles, cholesterol, cholesteryl esters, lungs, THP-1 cells 

 
INTRODUCTION 

 
Exposure to lead oxide nanoparticles (PbO NPs), which are emitted to the 

environment by high-temperature technological processes, have adverse health effects to 
human heavily impairing target organs. These nanoparticles pass through the lung barrier 
and are distributed via the blood into secondary target organs, where they cause 
numerous pathological alterations (Dumková et al., 2017; Tulinská et al., 2022).  

The effect of PbO NPs exposure on the lungs as a primary target organ and on 
macrophages as specialized cells involved in the innate and adaptive immune response 
was investigated in detail in this study. Attention was focused on the effect on processes 
potentially leading to the alteration of metabolism of lipids (especially cholesterol). 
Cholesterol is an essential compound for normal cell function. Abnormal quantitative 
or qualitative changes in various forms of cholesterol (free cholesterol, cholesteryl 
esters or cholesterol bound in lipoproteins) may be useful biomarkers revealing the 
molecular mechanism of disease. 

 
EXPERIMENTAL SETUP 

 
PbO NPs were generated continuously in situ in a hot wall tube flow reactor using an 

evaporationɀcondensationɀoxidation technique. Adult female mice (ICR strain) were 
continuously exposed to PbO NPs (geometric mean diameter 31.1 nm, number 
concentration 1.64 × 106 particles/cm 3, mass concentration 75.5 µg PbO/m3) in whole-
body inhalation chambers for 11 weeks (24 h/day, 7 days/week). Control animals were 
exposed to the same air as exposed animals without the addition of NPs. At the end of the 
exposure period, lungs and other organs were collected for chemical, histological and 
electron microscopic analyses.   

Macrophages of human THP-1 cell lines were exposed to commercial PbO NPs 
(Nanochemazone; 70 nm diameter, concentration 1 and 5 µg/mL) for 48 h. 

Cholesterol and cholesteryl esters were analysed using a UHPLC-ESI-triple 
quadrupole MS/MS method (Agilent 1290 Infinity II UHPLC System coupled with an 
electrospray ion source and Agilent 6470 TripleQuadrupole mass spectrometry system). 

 
RESULTS AND DISCUSSION 

 
A significant increase in Pb content in the lungs of mice exposed to PbO NPs was 

found. The presence of inhaled PbO NPs in lung tissue was confirmed by TEM. Inhalation 
of PbO NPs revealed chronic inflammation in lung tissue and a significant increase in the 
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number of total and foam macrophages with numerous cholesterol crystals in lung tissue. 
Understanding the cellular processes associated with the exposure of cells to PbO NPs 
could help design new tools involved in enhancing tissue clearance capacity. 
Consequently, THP-1 cell lines were exposed to PbO NPs. Exposed THP-1 cells showed 
altered morphology and adhesive behaviour compared to control cells. The comparison 
of the profile of lipids extracted from the control cell line and cells exposed to elevated 
concentrations of PbO NPs showed that the levels of most cholesteryl esters (e.g. CE 18:1; 
CE 18:2, CE 22:6, CE 24:5; CE 24:6) were increased after exposure to PbO NPs. 
 

                              
Fig. 1: Pb concentration (ng/g) in mice lungs following 11 weeks of PbO NPs inhalation. 

The limit of detection of Pb in the lungs is 75 ng/g. 
 

CONCLUSIONS 
 
PbO NPs exposure lead to the accumulation of Pb in the lungs, stimulation of the 

immune system of exposed mice and caused changes in cholesteryl ester levels in 
macrophage cells. 
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INTRODUCTION 
 

The main aim of atmospheric background monitoring stations is to measure basic 
pollution levels and track long-term changes in the troposphere (EEA Glossary). Fine dust 
emitted or formed in the atmosphere can be transported over long distances ɀ hundreds 
of kilometres from the source of emission ($ÅÇĕÒÓËÁȟ ¡ÎÉÅŀÅËȟ ςπρς). This study discusses 
research results on the concentrations of particulate matter and its selected components 
in two atmospheric background stations situated in Czech Republic (NAOK +ÏĤÅÔÉÃÅ) and 
Poland (DS Osieczów).  

The scope and conditions of the observations allowed for the verification of the 
hypotheses that, with almost identical air mass flow originating (Wd): 

1. The concentration levels of elements and compounds related to PM10 are identical 
regardless of the study area; 

2. The concentration levels of PM10 and PM2.5 are identical regardless of the study 
area. 

 
EXPERIMENTAL SETUP 

 
The analysed results were ÏÂÔÁÉÎÅÄ ÆÒÏÍȡ ,2) !#42)3 %2)# ɉ.!/+ +ÏĤÅÔÉÃÅȟ 

meteorological and aerosol data), Chief Inspectorate for Environmental Protection 
ɉ/ÓÉÅÃÚĕ×ȟ ÁÅÒÏÓÏÌ ÄÁÔÁɊ ÁÎÄ 2ÅÇÉÏÎÁÌ $ÉÒÅÃÔÏÒÁÔÅ ÏÆ 3ÔÁÔÅ &ÏÒÅÓÔÓ ÉÎ 7ÒÏÃčÁ× ɉ/ÓÉÅÃÚĕ×ȟ 
meteorological data). Records from the period between 1 January 2024 and 31 December 
2024 were analysed, taking into account data on wind direction and speed, temperature 
and precipitation, as well as concentrations of PM10, PM2.5 and PM10-bound As, Cd, Ni, Pb, 
B-a-P (Benzo-alpha-Pyrene), OC (Organic Carbon) and EC (Elemental Carbon). NAOK 
+ÏĤÅÔÉÃÅ ÉÓ ÉÎ ÔÈÅ ÃÅÎÔÒÁÌ #ÚÅÃÈ 2ÅÐÕÂÌÉÃ ɉ.τωЈστȭςτȱ %ρυЈτȭυπȱȟ υσπ !-3,ɊȢ $3 /ÓÉÅÃÚĕ× 
ÉÓ ÌÏÃÁÔÅÄ ÁÌÍÏÓÔ ςππ ËÍ ÎÏÒÔÈ ÉÎ ,Ï×ÅÒ 3ÉÌÅÓÉÁ ÉÎ 0ÏÌÁÎÄ ɉ.υρЈρωȭσȱ %ρυЈςυȭυτȱȟ ρχχ 
AMSL). 

 
RESULTS AND CONCLUSIONS 

 
Analysis of the meteorological data showed no significant statistical differences between 
the two locations for wind direction, precipitation and temperature (p-value from Mann-
Whitney test 0.05, 0.16 and 0.06, respectively). There was a significant difference only for 
wind speed - ÍÏÒÅ ÔÈÁÎ Ô×ÉÃÅ ÁÓ ÍÕÃÈ ×ÁÓ ÒÅÃÏÒÄÅÄ ÉÎ +ÏĤÅÔÉÃÅ ÔÈÁÎ ÉÎ /ÓÉÅÃÚĕ×Ȣ  
Average mass concentration of PM10 and PM2.5 ÉÎ /ÓÉÅÃÚĕ× ÁÎÄ +ÏĤÅÔÉÃÅ ×ÁÓ ÁÌÍÏÓÔ 
identical at both sites (median for PM2.5 and PM10 did not exceed 6% and 1%, 
respectively). The air quality in terms of aerosol at both sites can be considered very good 

mailto:t.olszowski@po.edu.pl
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(WHO, 2021). The PM2.5/PM10 ratio  was also lower than in highly urbanised areas 
(Spandana et al., 2021). For all data it was 0.67 and 0.63 in +ÏĤÅÔÉÃÅ ÁÎÄ /ÓÉÅÃÚĕ×ȟ 
respectively. A higher PM2.5/PM10 ratio (>0.75) is mainly associated with primary 
pollution from anthropogenic activities and the formation of secondary particles that may 
contain nitrates, sulfates, ammonium, and organic substances (Cabello-Torres et al., 
2024). At the same time, in both locations, the ratio is greater than 0.5, which means that 
natural sources don't dominate, and these anthropogenic influences become important. 

Figure 1 presents selected data for sixty days, with almost the exact wind origin at 
both sites (±5%). The graphical interpretation indicates that the mass concentrations of 
both PM10 and PM2.5 were at similar levels. PM10's median location is practically identical 
(10.0 Osieczów vs. 10.5 +ÏĤÅÔÉÃÅ), while the finer fractions show a greater difference (5.75 
Osieczów vs. 6.94 +ÏĤÅÔÉÃÅ). For both sites, the PM2.5/PM10 ratio decreased slightly to 0.58 
O and 0.66 K, confirming the impact of anthropogenic and natural sources. 
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Fig. 1. PM10 and PM2.5 ÍÁÓÓ ÃÏÎÃÅÎÔÒÁÔÉÏÎÓ ÉÎ +ÏĤÅÔÉÃÅ ÁÎÄ /ÓÉÅÃÚĕ× ÆÏÒ ÃÏÎÄÉÔÉÏÎÓ ÏÆ 
almost identical air masses inflow direction. 

 
The analysis showed that the concentration of As, Cd, Ni, Pb and B-a-P in the aerosol 

fraction under consideration is significantly higher in Osieczów (Figure 2). Of course, the 
mass concentration of none of the pollutants exceeded the permissible or safe levels for 
human health (in Poland: As ɀ 6, Cd ɀ 5, Ni ɀ 20, Pb ɀ 500, B-a-P ɀ 1 [ng/m 3]). The observed 
differences result primarily of emmision characteristics of a given country (here, Poland 
unfortunately leads Europe in emissions of aersol). Another reason is that the 
atmospheric background station in Osieczów is located on flat terrain surrounded by 
ÆÏÒÅÓÔÓȟ ×ÈÉÃÈȟ ÕÎÌÉËÅ ÔÈÅ ÔÏÐÏÇÒÁÐÈÙ ÏÆ +ÏĤÅÔÉÃÅ ÓÔÁÔÉÏÎȟ ÈÉÎÄÅÒÓ ÔÈÅ ÄÉÓÐÅÒÓÉÏÎ ÏÆ 
pollutants. Higher concentrations in Osieczów may also be influenced by the combustion 
of fuels for ÅÎÅÒÇÙ ÐÕÒÐÏÓÅÓ ÉÎ ÎÅÁÒÂÙ ɉρς ËÍɊ ÃÅÒÁÍÉÃ ÐÌÁÎÔÓ ÉÎ "ÏÌÅÓčÁ×ÉÅÃȢ 
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Fig. 2. Collected data of selected elements and B-a-P bound in PM10 for both analysed 
sites. 

 

 

&ÉÇȢ σȢ 1ÕÁÒÔÅÒÌÙ /#Ⱦ%# ÒÁÔÉÏ ÆÏÒ +ÏĤÅÔÉÃÅ ÁÎÄ /ÓÉÅÃÚĕ×. 
 
Figure 3 shows quarterly /#Ⱦ%# ÒÁÔÉÏ ÆÏÒ +ÏĤÅÔÉÃÅ ÁÎÄ /ÓÉÅÃÚĕ×Ȣ It is known that 

for all sectors except transport, the ratio of elemental carbon emissions to organic carbon 
emissions is below 1, so it can be concluded that this source is not significantly 
responsible for pollution in both sites. The graph shows that intensive plant vegetation 
ÉÎÃÒÅÁÓÅÓ ÔÈÅ /#Ⱦ%# ÒÁÔÉÏȢ !Ô ÔÈÅ ÓÁÍÅ ÔÉÍÅȟ ÉÔ ÃÁÎ ÂÅ ÖÅÎÔÕÒÅÄ ÔÈÁÔ ÉÎ ÔÈÅ ÃÁÓÅ ÏÆ +ÏĤÅÔÉÃÅȟ 
ÎÁÔÕÒÁÌ ÓÏÕÒÃÅÓ ÁÒÅ ÍÏÒÅ ÒÅÓÐÏÎÓÉÂÌÅ ÆÏÒ ÔÈÅ ȬÐÏÌÌÕÔÉÏÎ ÐÒÏÆÉÌÅȭȢ 
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Table 1. Osieczów-+ÏĤÅÔÉÃÅ p-values of Mann-Whitney test for all data and records 
collected during the same wind direction (wd) at both locations. Probability values; 
significance level  = 0.05.  
 0-ρπ 0-ςȢυ !Ó #Ä .É 0Â "ȤÁȤ0 /# %# 
ÁÌÌ ÄÁÔÁ πȢςπ πȢττ πȢππ πȢππ πȢππ πȢππ πȢππ πȢππ πȢππ 

ÔÈÅ ÓÁÍÅ ×Ä πȢωψ πȢρρ πȢππ πȢππ πȢππ πȢππ πȢππ πȢππ πȢππ 

ÉÎ 0-ρπ !Ó #Ä .É 0Â "ȤÁȤ0 /# %#   

ÁÌÌ ÄÁÔÁ πȢππ πȢππ πȢππ πȢππ πȢππ πȢππ πȢππ   
ÔÈÅ ÓÁÍÅ ×Ä πȢππ πȢππ πȢππ πȢππ πȢπρ πȢππ πȢππ   

 !ÓȾ#Ä !ÓȾ.É !ÓȾ0Â #ÄȾ.É #ÄȾ0Â .ÉȾ0Â    
ÁÌÌ ÄÁÔÁ πȢππ πȢππ πȢπτ πȢρρ πȢππ πȢππ    

 

The verification of research hypotheses is presented in Table 1. In summary, 
ÈÙÐÏÔÈÅÓÉÓ .ÏȢ ρ ×ÁÓ ÎÏÔ ÕÐÈÅÌÄȢ (ÙÐÏÔÈÅÓÉÓ ς ÃÁÎ ÂÅ ÃÏÎÓÉÄÅÒÅÄ ÖÁÌÉÄ ÏÎÌÙ ÆÏÒ 0-ȭÓ ÍÁÓÓ 
concentration. 
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INTRODUCTION 

Interlaboratory comparative tests have been organized by the air hygiene expert group 

since 1997. Participation of a workplace in the laboratory proficiency testing program 

(PT) will allow it to practically demonstrate the quality of its work, at the same time it 

serves to reveal a possible source of errors in the analytical procedures used and, with 

properly functioning feedback, will subsequently enable improvement of the quality of 

work. 

In 2001, a joint workplace was created at the NIPH, which provides PT in the field of 

water and air analysis. This Expert Group for Proficiency Testing (ESPT) was accredited 

ÂÙ ÔÈÅ I)! ÉÎ ςππς ÁÃÃÏÒÄÉÎÇ ÔÏ I3. %. )3/Ⱦ)%# ρχπςυ ɉI3. %. )3/Ⱦ)%# ρχπςυȟ ςππρɊ ÁÓ 

the first "Accredited Organizer of Proficiency Testing Programs No. 7001" in the Czech 

Republic. 
In 2023 were organized by NIPH two PTs focused on measuring defined fractions of 

suspended particles PM10 and PM2.5, namely PT#O/8/2023 and PT#O/9/2023. Both 
ÐÒÏÇÒÁÍÓ ×ÅÒÅ ÏÒÇÁÎÉÚÅÄ ÁÎÄ ÅÖÁÌÕÁÔÅÄ ÉÎ ÁÃÃÏÒÄÁÎÃÅ ×ÉÔÈ ÔÈÅ I3. EN ISO/IEC 17043 
ɉI3. %. )3/Ⱦ)%# ρχπτσȟ ςπρπɊȢ 4ÈÅ ÒÅÓÕÌÔÓ ×ÅÒÅ ÁÌÓÏ ÅÖÁÌÕÁÔÅÄ ÁÃÃÏÒÄÉÎÇ ÔÏ ÔÈÅ I3. )3/ 
5725-ς ɉI3. )3/ υχςυ-2, 2018). 

 
METHODOLOGY 

 
PT#O/9/2023  included taking a sample of outdoor air and determining the mass 

concentration of suspended particles of the PM10 fraction and the PM2,5 fraction. Its aim 
was to verify the accuracy of the sample collection and gravimetric determination 
procedures. 

The PT#O/9/2023 program included two independent 12-hour outdoor air samplings. 
Each participant randomly selected the location of the sampling system or systems in 
a prepared 6 * 6 meter field, where each sampling system was allocated a field of size 1 m2. 
The collection systems that could not be released from the mobile systems were placed 
on the edge of this field. 

The reference value was evaluated using the Horn's procedure (Meloun, 1994). This 

allows evaluation for the number of participants even in the range n < 20. The method 

consists in determining the so-called pivots - values determined by the depth of the pivots, 

which depends on the size of the set. 

Horn's procedure:          

1. The elements are sorted from smallest to largest. For n values, the pivot 
depth is calculated using the formula:   

mailto:lenka.pekarova@szu.gov.cz
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Ὄ Ὥὲὸ
ϳ

 (n is odd)  and Ὄ Ὥὲὸ  (n is even)  (1)  

  

2. Select the lower - "XLowͼ ÁÎÄ ÕÐÐÅÒ ÐÉÖÏÔ ȵ8UppȰ 
XLow = XH  XUpp = X(n+1-H) 

3. The pivot half-sum is determined 

ὖ
ὢ ὢ

ς
 

4. The pivot range is determined: 
RL = XUpp - XLow 

5. The relative uncertainty of the data set is determined: 

Ὗ
ὖ Ὕz

ὖ
 

6. Determination of the probability interval of the correct value: 
X = (PL ± uA) 

The reference value is determined by Horn's pivot half-sum (PL) from the set of 

measured values, and the standard deviation of the data set corresponds to Horn's 

relative uncertainty value of the set (uA). 

 
Success criteria for PT#O/9/2023 

The success criterion for the test was the ratio of the measured value to the reference 

value, expressed as a percentage. The permissible error was based on the sensitivity of 

the method and was as follows for the measured mass concentration: 
 

Tab. 1: Succes criteria for PT#O/9/2023 

Value Error  

Up to 10 µg/m3 < ± 50 % 

10 ɀ 20 µg/m3 < ± 25 % 

Over 20 µg/m3 < ± 10 % 

The criterion for non -evaluation was wind speeds above 10 m/s. 

PT#O/8/2023  included, among other parameters, the determination of suspended 
particles of the PM10 and PM2.5 fractions in outdoor air using automated measuring 
systems. Its aim was to cover the basic spectrum of methods used in automated measuring 
systems, methods using the principles of direct analysis after sampling for continuous 
measurement (procedures ɀ ɼ-absorption, optical methods and microbalances). 

In the form of a 12-hour comparison of real ambient air, 30-minute simultaneously 
measured concentrations of suspended particles of the PM10/PM2.5 fraction were 
compared with calculated 30-minute reference values. 

 
The reference value was evaluated using Horn's procedure (see above). 
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Success criteria for PT#O/8/2023 
 
Given that the test combines different measurement methods, the success criterion in 

the PT is the average value of the ratio of the measured and reference values expressed 
as a percentage of the reference value. 
 

Value Error  

Up to 10 µg/m3 ¢ 100 % 

10 ɀ 20 µg/m3 ¢  75 % 

20 ɀ 50 µg/m3 < ± 25 % 

Over 50 µg/m3 < ± 10 % 

 
RESULTS 

 

Fig. 1: Gravimetry of PM10 fraction ɀ measured values as a percentage of the reference 
value 

 
Fig. 2: Gravimetry of PM2,5 fraction ɀ measured values as a percentage of the reference 
value 
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Fig. 3: 30 ɀ minute values of suspended particles of the fraction PM10 
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INTRODUCTION 

 
Rural background sites, representative of a wider area, are important for 

investigating the influence of regional and long-range transport, and long-term trends in 
PM concentrations (Putaud et al., 2010). However, during periods with a shallow 
atmospheric boundary layer, even rural background sites are significantly affected by 
local sources on the ground. Therefore, data measured at the ground may, in certain 
situations, not be representative of the wider area. For these reasons, measurements at 
higher elevations above ground are needed to assess the representativeness of 
conventional ground-based measurements to distinguish the air pollution origin. The 
presented study aims to examine and describe the temporal and spatial variations of 
speciated 0-ϛϚ and reactive trace gases, and their origin, at a rural background situated 
in the lignite basin area. 
 

METHODS 
 

The campaign was conducted at ÔÈÅ ÍÅÔÅÏÒÏÌÏÇÉÃÁÌ ÏÂÓÅÒÖÁÔÏÒÙ 4ÕĤÉÍÉÃÅ ɉ50°35'N, 
13°39'E; altitude 322 m), a rural background site, from 20th January to 20th March 2025. 
PM10 elemental composition was measured at the ground (4 m above ground) every 4 h 
by the Xact625i (13 tracers; Cooper Environmental Services, USA), an online ED-XRF 
ambient metals monitor . Also, 1 h PM10 mass concentrations (Environnement SA, 
MP101M) along with gas concentrations (SO2, NOx, O3) were recorded at the ground.  
Additionally, wind speed (WS) and direction (WD) by a 3D and 2D anemometer (10 min; 
uSonic-3/2, Metek) in four heights (in 10 m, 20 m, 40 m, and 80m) and by a SODAR 
(Doppler-SODAR-PCS.2000-64, Metek) from 40 m to 600 m, along with other 
meteorological parameters, were recorded. Finally, the mixing layer height (MLH) by a 
ceilometer (1 h; CL31, Vaisala) was measured. 

The statistical data treatment was performed using R, version 4.5.1 (R Core Team, 
2019) with the Openair package (Carslaw and Ropkins, 2012). 
 
 
 
 
 
 

mailto:pokornap@icpf.cas.cz
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RESULTS AND DISCUSSION 
 

The campaign was characterized by an average PM10 concentration of 32.8 ± 21.5 
mg/m 3, prevailing W-SW-SE wind of average low wind speed (WS < 2 m/s), average 
temperature of 1.4 ± 5.1 °C and negligible precipitation.  

The spatial variation analysis (polarPlots and CPF plots at 75th and 90th percentile) of 
PM10, PM10 elements, and gases indicates slight differences between the methods 
(polarPlot vs CPF plot) and distinct differences between the heights not only for 10 and 
80 m, but also for 10 and 20 m. The biggest result differences of spatial distribution at four 
heights were for PM10, SO2, K, Fe, Zn, As, and, in contrast to NOx, S, Cu, and Se (Fig. 1). 

Inversions lasting several hours to days with different starting and ending times of 
the day were selected in two steps: first, PM10 > 29.0 mg/m 3 (campaign median) and 
ÓÅÃÏÎÄȟ -,( ÔÏ φππ Í ɉ3/$!2 ÕÐÐÅÒ ÒÁÎÇÅɊȢ &ÉÎÁÌÌÙȟ ÔÈÅ ÄÁÔÁ ÓÅÔ ×ÁÓ ÄÉÖÉÄÅÄ ÉÎÔÏ ȰÂÅÌÏ×ȱ 
ÁÎÄ ȰÁÂÏÖÅȱ -,( ÓÕÂÓÅÔÓȢ $ÕÒÉÎÇ ÔÈÅ Ô×Ï ÌÏÎÇÅÓÔ inversions lasting days (18.2.25 20:00 
ɀ 21.2.25 10:00 and 5.3.25 17:00 ɀ 7.3:25 14:00), the MLH median was 230/425  m and 
PM10 was 62.0/48.1  mg/m 3, respectively. A similar concentration pattern is expected for 
PM10 elements as well as for reactive trace gases. Inversions duration, MLH and prevailing 
wind WSWD mainly influenced the pollution origin within the periods of inversion 
conditions.  

 

 
Figure 1: Temporal variation of SO2 and S concentration using ground-based data 

and wind measurement at tower (CPF plot at 75th pctl., SO2 = 5.3 mg/m 3 and S = 1.6 
mg/m 3).  

 
CONCLUSIONS 

 
The spatial analysis revealed differences not only in applied methods, an expected 

result, however also within the heights in the range 10 to 80 m. The inversions of different 
characteristics (MLH and duration) significantly influenced the temporal variation and 
origiÎȟ ÌÏÃÁÌ ÖÓȢ ÒÅÇÉÏÎÁÌȟ ÏÆ 0-ϛϚȟ 0-10 elements, and reactive trace gases concentrations. 
Further, more complex data analysis is needed to fully assess the influence of 
meteorological parameters on air pollution and its origin at the 4ÕĤÉÍÉÃÅ observatory. 
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INTRODUCTION 

 

ACTRIS-ERIC is a European research infrastructure dedicated to observing and 
analysing aerosols, clouds, and trace gases better to understand their role in climate and 
air quality. The Czech node, ACTRIS-CZ, is a national consortium comprising Masaryk 
University (RECETOX), the Czech Hydrometeorological Institute, the Institute of Chemical 
Process Fundamentals, and the Global Change Research Institute of the Czech Academy of 
Sciences. RECETOX/ Masaryk University contributes with its advanced laboratory 
capacities and expertise in organic pollutants and toxic metals, supporting long-term 
ÁÔÍÏÓÐÈÅÒÉÃ ÍÏÎÉÔÏÒÉÎÇ ÁÔ ÔÈÅ .ÁÔÉÏÎÁÌ !ÔÍÏÓÐÈÅÒÉÃ /ÂÓÅÒÖÁÔÏÒÙ ÉÎ +ÏĤÅÔÉÃÅȢ 4ÈÒÏÕÇÈ 
ACTRIS-CZ, RECETOX actively participates  
in European-scale interdisciplinary research, fostering integration within ACTRIS-ERIC 
and advancing knowledge on environmental exposures and their health and climate 
impacts. 

RECETOX provides comprehensive sampling and monitoring of persistent 
organic pollutants  (POPs) to support international environmental agreements such as 
CLRTAP and the Stockholm Convention . At the National Atmospheric Observatory 
+ÏĤÅÔÉÃÅɂpart of the EMEP network  as a Central European background stationɂ
RECETOX delivers high-quality data on POPs in ambient air and atmospheric deposition. 
Monitoring includes both active and passive sampling through international programs 
such as MONET and GAPS. Integrated environmental assessments cover multiple 
matrices including air, deposition, water, soil, sediments, enabling in-depth studies of 
pollutant fate, transport, and removal processes. These efforts are supported by the 
accredited RECETOX Trace Analytical Laboratory and the GENASIS database 
(www.genasis.muni.cz), which provides open access to curated environmental data for 
the scientific community. 

 

Monitoring activities and GENASIS database : 

The GENASIS database is a comprehensive data repository developed and maintained 
by RECETOX, offering environmental data collected through long-term monitoring 
programs. It integrates high-quality datasets from the MONET (Monitoring of 
Environmental Toxicants) program and the National Atmospheric Observatory in 
+ÏĤÅÔÉÃÅȟ ×ÈÉÃÈ ÐÒÏÖÉÄÅÓ ÃÏÎÔÉÎÕÏÕÓ ÍÅÁÓÕÒÅÍÅÎÔÓ ÏÆ ÐÅÒÓÉÓÔÅÎÔ ÏÒÇÁÎÉÃ ÐÏÌÌÕÔÁÎÔÓ 
(POPs), toxic metals, and atmospheric contaminants. GENASIS enables researchers to 
access harmonized, validated data essential for environmental, exposome and 
environmental health studies. The database supports open access principles, facilitating 
collaboration and data sharing among national and international partners. 
Ɇ Data collection and harmonization 
Ɇ Data hosting and visualization 
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Ɇ Data integration and analysis 
Ɇ Transport, fate, pharmacokinetic modelling 
Ɇ Services to UNEP, WHO, government and authorities 

 

Fig. 1: Example view of the GENASIS online portal, illustrating the user interface 
 

The sampling services  focused on organic pollutant measurements in air (particles 
and air fractions) with the following instrumental techniques: 

 
Ɇ Active air samplers  Low/High volumes including particles (PM distribution since 

0.5 µm ɀ 10 µm), cascades impactors  
Ɇ Multi -dire ctional active air samplers ; Sampling media ɀ compounds dependent: 

PUF, XAD, or sandwich (PUF/XAD/PUF) according to the compounds of interests 
Ɇ Passive air samplers  based on the polyurethane foam disk 
Ɇ Biota sampling  like the Bio-passive air samplers ɀ tree needles and moos  
Ɇ Dry and wet deposition samplers  
 
Preparation of a sampling plan and design of the ideal sampling technique according 

to the customer's needs are a matter of course. 
 
List of analysis available for the air matrices: 
Organic pollutant s: 
Ɇ Polychlorinated dibenzo-p-dioxins/furans (PCDDs/Fs) 
Ɇ Polychlorinated biphenyls (PCBs) ɀ indicator and dioxin-like   
Ɇ Brominated and organophosphorus flame retardants   
Ɇ Organochlorine, cyclodiene, and polar pesticides 
Ɇ Polycyclic aromatic hydrocarbons (PAHs), NOx-, and oxy-PAHs, hopanes  
Ɇ Perfluorinated compounds (PFAS)  
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Trace elements, heavy metals, carbon analysis  
 
List of analysis the instruments available: 
Ɇ Gaseous chromatography connected to mass spectrometric detectors: GC-MS, GC-

MS/MS, GC-HRMS, GC-APCI-MS/MS 
Ɇ Liquid chromatography connected to mass spectrometric detectors: LC-MS/MS 
Ɇ Inductively coupled plasma coupled with mass spectrometric detection: ICP-MS, 

ICP-MS/MS 
Ɇ Single-purpose mercury analyzer 
Ɇ Carbon analysis: EC/OC 
 
Sampling and training activities  ɀ in the Czech Republic or abroad according to 

customer needs (long term experiences from the Central and Eastern region CEE) 
Technology transfer and Capacity building  under Stockholm convention not only 

for CEE region 
Services support offered to the projects: ACTRIS, ATMO -ACCESS, IRISCC, EIRENE 
 
Access to ACTRIS-CZ 
ACTRIS-CZ offers an Open Access scheme enabling users to engage with its 

infrastructure via physical, virtual, or remote access modes. Physical access allows users 
to conduct projects or training directly at the National Atmospheric Observatory in 
+ÏĤÅÔÉÃÅȟ ÆÏÌÌÏ×ÉÎÇ ÁÐÐÒÏÖÁÌ ÂÙ ÔÈÅ !#42)3-CZ expert council. Virtual access provides 
remote retrieval of data generated at ACTRIS-CZ monitoring sites. Remote access permits 
the use of ACTRIS-CZ facilities for field measurements, with users responsible for 
transporting equipment. Additionally, instrument calibration services are available 
through the Prague Aerosol Calibration Center (PACC). 
 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Overview of the open access workflow 
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INTRODUCTION 

 
The RECETOX Research Infrastructure is a leading European research 

infrastructure focused on understanding the complex interactions between 
environmental exposures, particularly to persistent organic pollutants (POPs), and 
human health. Its mission is to build a sustainable platform that integrates cutting-edge 
technologies and interdisciplinary expertise to advance exposome research. Key 
components include CELSPAC Population Studies, central RECETOX laboratories, and 
data services, each subdivided into specialized units.   

RECETOX RI collaborates with other national and European research infrastructures 
across environmental, health, and social science domains. As a key partner in ACTRIS-CZ 
and ICOS-CZ, RECETOX contributes analytical expertise and long-term POPs monitoring 
to atmospheric reseÁÒÃÈ ÁÔ ÔÈÅ +ÏĤÅÔÉÃÅ /ÂÓÅÒÖÁÔÏÒÙȢ 2%#%4/8 ÉÎÔÅÇÒÁÔÅÓ ÉÎÔÏ ""-2)-CZ 
and co-leads data management efforts within the H2020 EHEN cluster through its 
biobanking infrastructure. Strategic cooperation with the Czech e-Infrastructure and 
ELIXIR enables the development of bioinformatics pipelines and data integration tools, 
deployed via Galaxy and supported by EBI/EMBL. Additionally, RECETOX partners with 
SHARE-ERIC, contributing biomarker data and expertise to pan-European ageing and 
health studies. 

RECETOX RI coordinates EIRENE, a new ESFRI research infrastructure dedicated to 
comprehensive environmental exposure assessment within exposome research. EIRENE 
brings together over 50 institutions from 19 EU countries and affiliated UK and US hubs, 
aiming to understand the interplay between environmental, lifestyle, and social factors in 
chronic disease development. EIRENE emphasises strategic interdisciplinarity and forms 
synergies with other RIs such as BBMRI-ERIC, ACTRIS-ERIC, and SHARE-ERIC. 

User Access and Capacity Utilisation at RECETOX RI ɀ RECETOX RI provides a 
variety of services across multiple access modesɂphysical, remote, and virtualɂunder a 
transparent and merit-based open-access policy. Users include academic researchers, 
public authorities, private sector clients, and educational participants. Access is offered to 
laboratories, datasets, biobank samples, and analytical expertise. 



150 
 

Fig. 1: Open Access Activity at RECETOX RI (LM Project 2024) 
 

Transparent Open -Access System and User Support at RECETOX RI ɀ RECETOX 
RI operates a centralized open-access system with a two-stage evaluation process that 
ensures both technical feasibility and scientific excellence of submitted proposals. A 
newly implemented online platform enables efficient application management and 
provides detailed project support throughout the entire access lifecycle. Successful 
applicants receive assistance from dedicated technical staff and local supervisors during 
project implementation. All outcomes are closely monitored, and mandatory user 
feedback is collected via structured questionnaires. 

 

Fig. 2: Application Process Step-by-Step 
 

RECETOX provides access to its core facility Central laboratories also through 
European Transnational Access  schemes such as IRISCC and ATMO ACCESS. These 
ini tiatives enable European researchers to benefit from state-of-the-art analytical 
instrumentation and expert support for environmental, atmospheric, and human 
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contaminant analysis and provide the strategic use of their capacities in addressing 
current environmental and health challenges. 

 
Central Laboratories of the Research Infrastructure  (consist of three main 

facilities) 
Trace Analytical Laboratory  (TAL) accredited under ISO/IEC 17025:2018  offers 

the complete analytical services: the sampling of environmental matrices, the analytical 
method development across various domains upon customer request, the sample 
preparation and analysis, techniques for analysing pollutants in environmental and 
human matrices including quality control, organizing short and long term monitoring 
studies.  

 
Organic pollutants:  
Ɇ Polychlorinated dibenzo-p-dioxins/furans (PCDDs/Fs) 
Ɇ Polychlorinated biphenyls (PCBs) ɀ indicator and dioxin-like   
Ɇ Brominated and organophosphorus flame retardants   
Ɇ Organochlorine, cyclodiene, and polar pesticides 
Ɇ Polycyclic aromatic hydrocarbons (PAHs), NOx-, and oxy-PAHs, hopanes  
Ɇ Perfluorinated compounds (PFAS)  
Ɇ Bisphenols  
Ɇ Plasticizers 
Ɇ Thyroid hormones 
Ɇ UV filters ɀ benzophenone 
Ɇ Mycotoxins 
Metabolites:  
Ɇ OH-PAHs 
Ɇ Phthalates metabolites + DINCH 
Ɇ Pesticides metabolites 
Trace elements, heavy metals, and species 
 
Microbiome laboratory  provides the bacterial and mycobial profiles in various 

samples using the 16S rRNA gene and ITS gene sequencing. It also performs whole 
metagenome sekvenci, in which all DNA in the sample is sequenced.  

The biomarker analysis laboratory  focuses on methods of targeted and non-
targeted analyses of biologically important molecules (metabolites, proteins, lipids) as 
potential biomarkers of effects associated with chemical exposure.  

The Atmospheric and Environmental Research Infrastructure Online Training , 
held from 6 to 10 November 2023 as part of the ATMO-ACCESS project, focused on 
strengthening atmospheric and environmental research expertise. The course was 
ÏÒÇÁÎÉÓÅÄ ÂÙ ÔÈÅ .ÁÔÉÏÎÁÌ !ÔÍÏÓÐÈÅÒÉÃ /ÂÓÅÒÖÁÔÏÒÙ +ÏĤÅÔÉÃÅ ɉ.!/+Ɋ ÔÏÇÅÔÈÅÒ ×ÉÔÈ 
RECETOX, Masaryk University, and was aimed at early-career researchers, advanced 
students, and technical staff. It addressed key topics including the operation of major 
research infrastructures such as ACTRIS and ICOS, atmospheric components (aerosols, 
trace gases, clouds), greenhouse gas fluxes, persistent organic pollutants (POPs), and 
remote sensing applications. Participants were also introduced to the roles and services 
of research infrastructures in which NAOK is actively involved, namely ACTRIS, ICOS, and 
EIRENE. 
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The training was delivered online using a flexible format that combined expert 
lectures, video demonstrations, case studies, and interactive quizzes. Its interdisciplinary 
approach connected atmospheric sciences with environmental chemistry and ecosystem 
research, highlighting the importance of integrated solutions for environmental 
challenges. The course attracted 137 participants from 39 countries, with 84 % attending 
for the first time. Gender representation was balanced (52 % male, 48 % female), and the 
participants mainly included postgraduate students (69), engineers and technicians (23), 
and expert scientists (15), demonstrating broad interest across different career stages 
and expertise levels. 
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INTRODUCTION 
 

OÂÓÅÒÖÁÔÏÒÙ -ÉÌÅĤÏÖËÁ (837 m a.s.l.), operated by the Institute of Atmospheric 
Physics of the Czech Academy of Sciences, is joining ACTRIS (Aerosol, Clouds and Trace 
gases Research InfraStructure) , specifically its topical section Cloud In Situ (CIS) 
Measurements ɉ3ÅÄÌÜË ÁÎÄ 0ÅĤÉÃÅȟ ςπςτɊ. 2ÅÌÁÔÅÄ ÁÄÁÐÔÁÔÉÏÎÓ ÁÔ -ÉÌÅĤÏÖËÁȟ Á ÎÅ× 
instrument and open access activities will be presented. 

 
CURRENT PROGRESS 

 
When the new roof covering of the observatory building was finished in early summer 

2025, adaptations followed to make the installation of measuring instruments on the roof 
easier. Then we fixed our Particulate Volume Monitor PVM-100 in the selected permanent 
position for measurement of the liquid water content and the effective radius of cloud 
droplets within ACTRIS. 

We purchased the PINE (Bilfinger, Germany) instrument for automatic measurement 
of the ice nucleating particles. To test the instrument in accordance with our plan, PINE 
ÂÅÇÁÎ ÉÔÓ ÏÐÅÒÁÔÉÏÎ ÁÔ ÔÈÅ .ÁÔÉÏÎÁÌ !ÔÍÏÓÐÈÅÒÉÃ /ÂÓÅÒÖÁÔÏÒÙ +ÏĤÅÔÉÃÅ ɉ.!/+ȟ &ÉÇȢ ρɊȢ 
0).% ÓÈÏÕÌÄ ÂÅ ÍÏÖÅÄ ÔÏ -ÉÌÅĤovka next year, and start regular measurements for 
ACTRIS there. We will have new carriages for our cableway made, which will enable us to 
transport bulky objects to the station. 

 

 
 

Fig. 1: PINE instrument in the ICPF container at NAOK, June 2025. 
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OPEN ACCESS TO -),%£/6+! 
 

7Å ÏÆÆÅÒ ÁÎ ÏÐÅÎ ÁÃÃÅÓÓ ÔÏ -ÉÌÅĤÏÖËÁ facilities. An example is the joint CIS 
measurement campaign at the station in the period end of October 2024 ɀ early March 
2025. Three instruments measuring the cloud droplet size distribution were brought 
from the Finnish Meteorological Institute (FMI) and from ICPF (see Zíková et al., 2025, in 
these Proceedings). 

Within the second FMI open access initiative, one of the instruments mentioned 
ÁÂÏÖÅȟ ÎÁÍÅÌÙ ÔÈÅ ÐÒÏÂÅ !14υσπ ÆÒÏÍ 6ÁÉÓÁÌÁȟ ×ÁÓ ÉÎÓÔÁÌÌÅÄ ÁÔ -ÉÌÅĤÏÖËÁ ÉÎ -ÁÙ 2025 
for all year round measurements (Fig. 2). 
7Å ÌÏÏË ÆÏÒ×ÁÒÄ ÔÏ ÒÅÃÅÉÖÉÎÇ ÐÒÏÐÏÓÁÌÓ ÆÏÒ ÏÐÅÎ ÁÃÃÅÓÓ ÁÃÔÉÖÉÔÉÅÓ ÁÔ -ÉÌÅĤovka from 

next potential users. 
 

 
 

Fig. 2: )ÎÓÔÒÕÍÅÎÔ !14υσπ ÆÒÏÍ 6ÁÉÓÁÌÁ ÏÎ ÔÈÅ ÔÏ×ÅÒ ÔÏÐ ÏÆ -ÉÌÅĤovka observatory. 
  

ACKNOWLEDGEMENT 
 

This work was supported by the MEYS of the Czech Republic (project ACTRIS-CZ, code 
LM2023030). 
 

REFERENCES 
 
Sedlák, P., PeĤice, P., Observatory MileĤovka and activities related to research 

infrastructure ACTRIS, Proceedings of 23rd Annual Conference of the Czech Aerosol 
Society OvzduĤþ Ö I!3Åȟ 11-13 November 2024, Milovy, 161-162, (2024). 

 
Zíkováȟ .Ȣȟ *ÕÌÁÈÁȟ +Ȣȟ 3ÅÄÌÜËȟ 0Ȣȟ ¼ÄþÍÁÌȟ 6., Brus, D., Cloud droplet spectra measurements: 

Comparison in low stratiform clouds, Proceedings of 24th Annual Conference of the 
Czech Aerosol Society OvzduĤþ Ö I!3Åȟ 10-12 November 2025, Hustopeée, (2025). 

 

 



155 
 

2/:$^,9 6% 3,/¼%.^ !4-/3&O2)#+O(/ !%2/3/,5 .2-0-ρ 6 2°:.¸#( 
6¸£+<#( 

 

Jaroslav SCHWARZ1, Petr 6/$)I+!1, Radek LHOTKA1,2, NÁÄñĿÄÁ ZÍKOVÁ1, Saliou 
MBENGUE3, and Vladimír  ¼$^-!,1 

 
16ĻÚËÕÍÎÜ ÓËÕÐÉÎÁ ÃÈÅÍÉÅ Á ÆÙÚÉËÙ ÁÅÒÏÓÏÌĳȟ ªÓÔÁÖ ÃÈÅÍÉÃËĻÃÈ ÐÒÏÃÅÓĳ !6 I2ȟ 0ÒÁÈÁȟ 

IÅÓËÜ ÒÅÐÕÂÌÉËÁ  
2 /ÄÄñÌÅÎþ ËÖÁÌÉÔÙ ÏÖÚÄÕĤþȟ /ÂÓÅÒÖÁÔÏĠ +ÏĤÅÔÉÃÅȟ IÅÓËĻ ÈÙÄÒÏÍÅÔÅÏÒÏÌÏÇÉÃËĻ ĭÓÔÁÖȟ 

0ÒÁÈÁȟ IÅÓËÜ ÒÅÐÕÂÌÉËÁ 
3 Ústav výzkuÍÕ ÇÌÏÂÜÌÎþ ÚÍñÎÙȟ !6 I2ȟ "ÒÎÏȟ IÅÓËÜ ÒÅÐÕÂÌÉËÁȢ 

 
+ÌþéÏÖÜ ÓÌÏÖÁȡ -ñĠÅÎþ ÎÁ ÓÔÏĿÜÒÅÃÈȟ .2-PM1ȟ #ÈÅÍÉÃËï ÓÌÏĿÅÎþȟ !-3Ȣ 

 

SUMMARY 
 

Vertical variations in the composition of atmospheric aerosol NR-PM1 were studied 
and significant differences were found especially at night, when atmospheric mixing is 
often limited. Each major NR-PM1 component studied (Organics, sulphates, nitrates, 
ammonium) had a different behavior, with organics showing the highest differences at 
night. 
 

ÚVOD 
 

Atmosférické aerosoly se vñÔĤÉÎÏÕ ÍñĠþ ÎñËÏÌÉË ÍÅÔÒĳ ÎÁÄ ÚÅÍþȢ -ñĠÅÎþ ÖÅ ÖñÔĤþÃÈ 
ÖĻĤËÜÃÈ ÊÓÏÕ ÏÂÖÙËÌÅ ÂÕì ËÒÜÔËÏÄÏÂÜ Ó ÖÙÕĿÉÔþÍ ÒĳÚÎĻÃÈ ÔÙÐĳ ÌÅÔĳȟ ÎÅÂÏ ÄÌÏÕÈÏÄÏÂÜ Ó 
ÖÙÕĿÉÔþÍ ÄÜÌËÏÖïÈÏ ÐÒĳÚËÕÍÕ :ÅÍñȟ ËÔÅÒĻ ÎÅÍĳĿÅ ÐĠþÍÏ ÐÏÓÏÕÄÉÔ ÃÈÅÍÉÃËï ÓÌÏĿÅÎþ 
ÁÅÒÏÓÏÌĳȢ + ÐĠÅËÏÎÜÎþ ÔÏÈÏÔÏ ÎÅÄÏÓÔÁÔËÕ ÚÎÁÌÏÓÔþ ÌÚÅ ÐÏÕĿþÔ ÍñĠÅÎþ ÎÁ ÓÔÏĿÜÒÅÃÈȢ -Ù ÊÓÍÅ 
ÖÙÕĿÉÌÉ ςυπ Í ÖÙÓÏËĻ ÓÔÏĿÜÒ ÎÁ .ÜÒÏÄÎþ ÁÔÍÏÓÆïÒÉÃËï ÏÂÓÅÒÖÁÔÏĠÉ +ÏĤÅÔÉÃÅ ɉ.!/+Ɋ Ö 
IÅÓËï ÒÅÐÕÂÌÉÃÅȢ 
 

METODY 
 

#ÈÅÍÉÃËï ÓÌÏĿÅÎþ .2-0-ρ ÂÙÌÏ ÍñĠÅÎÏ ÐÏÍÏÃþ ËÏÍÐÁËÔÎþÈÏ ÁÅÒÏÓÏÌÏÖïÈÏ 
hmotnostního spektrometru s ToF detektorem (C-ToF AMS, Drewnick a kol. 2005). Pro 
ÍñĠÅÎþ ÖÅ ÖĻĤÃÅ τ Í Á ςσπ Í ÎÁÄ ÚÅÍþ ÐĠÉ ÐÏÕĿÉÔþ ÊÅÎ   ÊÅÄÎÏÈÏ ÐĠþÓÔÒÏÊÅ ÂÙÌ Ö ÍñĠþÃþÍ 
ËÏÎÔÅÊÎÅÒÕ ÉÎÓÔÁÌÏÖÜÎ ÐĠÅÐþÎÁÃþ ÖÅÎÔÉÌȟ ÔÁËĿÅ ÔĠÉ ÐÏ ÓÏÂñ ÊÄÏÕÃþ ÖÚÏÒËÙ ÂÙÌÙ ÏÄÅÂÒÜÎÙ Ú 
ÉÎÌÅÔÕ ÖÅ ÖĻĤÃÅ τ Í Á ÔĠÉ ÖÚÏÒËÙ Ú ÄÒÕÈïÈÏ ÉÎÌÅÔÕ ÖÅ ÖĻĤÃÅ ςσπ ÍȢ 6ÚÏÒÅË ÂÙÌ ÄÏ ÐĠþÓÔÒÏÊÅ 
ÄÏÐÒÁÖÅÎ ςσπ Í ÄÌÏÕÈÏÕ ÔÒÕÂËÏÕȢ 0ĠþËÌÁÄ éÁÓÏÖï ĠÁÄÙ ÚþÓËÁÎï ÔþÍÔÏ ÐĠþÓÔÕÐÅÍ ÊÅ 
ÚÎÜÚÏÒÎñÎ ÎÁ ÏÂÒȢ ρȢ 4ÏÔÏ ÍñĠÅÎþ ÂÙÌÏ ÄÏÐÌÎñÎÏ ÎñËÏÌÉËÁ ÄÁÌĤþÍÉ ÐĠþÓÔÒÏÊÉȟ ÖéÅÔÎñ 
aethalometru AE33, který poskytujÅ ËÏÎÃÅÎÔÒÁÃÉ ÅËÖÉÖÁÌÅÎÔÎþÈÏ éÅÒÎïÈÏ ÕÈÌþËÕ ɉÅ"#Ɋȟ 
ÎÅÊÄĳÌÅĿÉÔñÊĤþ ÎÅÖÙÐÁĠÉÔÅÌÎï ÓÌÏĿËÙ 0-ρȢ 
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/ÂÒȢ ρȢ 0ĠþËÌÁÄ éÁÓÏÖých ĠÁÄ ÈÌÁÖÎþÃÈ ÃÈÅÍÉÃËĻÃÈ ÌÜÔÅË .2-PM1 (nekorigovaných 
ÐÏÍÏÃþ #%Ɋ ÍñĠÅÎĻÃÈ Ó #-4Ï& !-3 Ó ÐÏÕĿÉÔþÍ ÐĠÅÐþÎÁÃþÈÏ ÖÅÎÔÉÌÕȢ 6ÙĤĤþ ËÏÎÃÅÎÔÒÁÃÅ Óe 

ÏÂÖÙËÌÅ ÎÁÃÈÜÚÅÊþ Ö ÂÌþÚËÏÓÔÉ ÚÅÍñȢ 
 

VÝSLEDKY 
 

/ÂÅÃÎñ ÐÌÁÔþȟ ĿÅ ÒÏÚÄþÌÙ Ö ËÏÎÃÅÎÔÒÁÃþÃÈ ÁÔÍÏÓÆïÒÉÃËïÈÏ ÁÅÒÏÓÏÌÕ ÐÏ ÖĻĤÃÅ ÓÉÌÎñ ÚÜÖÉÓþ 
ÎÁ ÖÅÒÔÉËÜÌÎþÍ ÐÒÏÍþÃÈÜÖÜÎþȢ 0ĠÉ ÎÅÄÏÓÔÁÔÅéÎïÍ ÐÒÏÍþÃÈÜÖÜÎþ ÓÅ ÁÌÅ ÍñÎþ ÎÅÊÅÎ 
ËÏÎÃÅÎÔÒÁÃÅ ÁÌÅ É ÃÈÅÍÉÃËï ÓÌÏĿÅÎþȟ ÊÁË ÊÅ ÖÉÄñÔ ÊÉĿ ÎÁ /ÂÒȢ ρȟ ÚÅÊÍïÎÁ ÂÒÚÙ ÒÜÎÏ ςτȢ υȢ ςπςτȢ 
4ÙÔÏ ÚÍñÎÙ ÊÓÏÕ ÚÁÐĠþéÉÎñÎÙ ÐĠÅÄÅÖĤþÍ ÐÏÌÏÈÏÕ ÚÄÒÏÊĳ ÊÅÄÎÏÔÌÉÖĻÃÈ ÓÌÏÕéÅÎÉÎȟ ÁÌÅ ÔÁËï 
ÒÏÚÄþÌÙ Ö ÃÈÅÍÉÃËï ÔÅÒÍÏÄÙÎÁÍÉÃÅ Ö ÒĳÚÎĻÃÈ ÖĻĤËÜÃÈȟ ËÔÅÒï ÍÏÈÏÕ ÚÐĳÓÏÂÏÖÁÔ ÚÍñÎÙ 
ÖÅ ÓÌÏĿÅÎþ ÁÅÒÏÓÏÌÕȢ 4Ï ÐÌÁÔþ ÚÅÊÍïÎÁ ÐÒÏ ÄÕÓÉéÎÁÎ ÁÍÏÎÎĻ ËÖĳÌÉ ÊÅÈÏ ÔÅÐÅÌÎï ÎÅÓÔÁÂÉÌÉÔñȟ 
ËÔÅÒÜ ÍĳĿÅ ÂĻÔ ÏÖÌÉÖÎñÎÁ É ÒĳÚÎÏÕ ÒÅÌÁÔÉÖÎþ ÖÌÈËÏÓÔþȢ !éËÏÌÉ éÁÓÏÖï ĠÁÄÙ ËÒÁÔĤþ ÎÅĿ ςτ 
ÈÏÄÉÎ ÚÏÂÒÁÚÅÎï ÎÁ /ÂÒȢ ρ ÎÅÒÅÐÒÅÚÅÎÔÕÊþ ÄÅÌĤþ ÏÂÄÏÂþȟ ÖÅ ÓËÕÔÅéÎÏÓÔÉ ÓÅ ÄÏÂĠÅ ÓÈÏÄÕÊþ Ó 
ÐÒĳÍñÒÎĻÍ ÄÅÎÎþÍ ÐÒĳÂñÈÅÍ ÖĤÅÃÈ ÓÌÏĿÅË ÂñÈÅÍ ÊÁÒÎþÈÏ ÏÂÄÏÂþȟ ÊÁË ÊÅ ÚÎÜÚÏÒÎñÎÏ ÎÁ 
Obr. 2. 4ÅÎ ÕËÁÚÕÊÅ ÊÁÓÎĻ ÒÏÚÄþÌ Ö ÄÅÎÎþÍ ÐÒĳÂñÈÕ ÏÒÇÁÎÉÃËĻÃÈ ÌÜÔÅË ÍñĠÅÎĻÃÈ Ö ÂÌþÚËÏÓÔÉ 
ÚÅÍñ Á ÖÅ ÖĻĤÃÅ ςσπ ÍȢ :ÁÔþÍÃÏ ÖÅ τ Í ÖÙËÁÚÕÊþ ÏÒÇÁÎÉÃËï ÌÜÔËÙ ÍÉÎÉÍÕÍ ÏÄÐÏÌÅÄÎÅ Á 
ÎÅÊÖÙĤĤþ ËÏÎÃÅÎÔÒÁÃÉ Ö ÎÏÃÉȟ ÖÅ ÖĻĤÃÅ ςσπ Í ÍÁÊþ ÐÌÏÃÈĻ ÄÅÎÎþ ÐÒÏÆÉÌ Ó ÍÁÌĻÍ ÍÁØÉÍÅÍ 
ÐĠÅÄ ÐÏÌÅÄÎÅÍȢ #ÈÏÖÜÎþ ÄÕÓÉéÎÁÎĳ ÊÅ ÐÏÎñËÕÄ ÏÄÌÉĤÎïȢ -ÁÊþ ÔÁËï ÖÙĤĤþ ËÏÎÃÅÎÔÒÁÃÉ Ö 
ÂÌþÚËÏÓÔÉ ÚÅÍñȟ ÁÌÅ Ö ÏÂÏÕ ÖĻĤËÜÃÈ ÍÁÊþ ÍÁØÉÍÁ ÂÒÚÙ ÒÜÎÏ Á ÍÉÎÉÍÁ ÐÏÚÄñ ÏÄÐÏÌÅÄÎÅȢ .Á 
druhou stranu sírany mají v obÏÕ ÖĻĤËÜÃÈ ÐÏÄÏÂÎï ËÏÎÃÅÎÔÒÁÃÅ Á ÄÅÎÎþ ÐÒÏÆÉÌÙ Ó ÍÁÌĻÍÉ 
ÍÁØÉÍÙ ÂñÈÅÍ ÐÏÌÅÄÎÅȢ +ÏÎÅéÎñȟ ÖĻÓÌÅÄËÙ ÐÒÏ ÁÍÏÎÎï ÉÏÎÙ ÓÅ ÎÁÃÈÜÚÅÊþ ÍÅÚÉ 
ÈÏÄÎÏÔÁÍÉ ÄÕÓÉéÎÁÎĳ Á ÓþÒÁÎĳȟ Á ÔÏ ÄþËÙ ÊÅÊÉÃÈ ÐĠÅÖÁĿÕÊþÃþÍÕ ÏÂÓÁÈÕ Ö ÄÕÓÉéÎÁÎÏÖĻÃÈ Á 
síranových solích. 
 










