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*ÁÒÏÓÌÁÖ 3#(7!2: 

ρφȡππ ɀ ρφȡρυ 
026+/6O 3,/¼%.^ 0-ρπ .! 6%3.)#+O 0/:!L/6O 34!.)#) ɀ 6,)6 
$)30%23.^ ./2-!,):!#% .! $,/5(/$/"O +/.#%.42!#% ! :$2/*% 
0ÅÔÒÁ 6/.$2!ǳ+/6!ǳ 0/+/2.!ǳ 

ρφȡρυ ɀ ρφȡσπ 
!33%33).' 0/4%.4)!, (%!,4( 2)3+3 /& .!./0!24)#,% %-)33)/.3 
2%,%!3%$ $52).' ).$5342)!, -%4!, ,!3%2 #544).' 02/#%33 
,ÕÃÉÁ "534). 

ρφȡσπ ɀ ρφȡτυ 
,/.'Ȥ4%2- -/.)4/2).' /& (/0!.%3 !4 ! #%.42!, %52/0%!. 
"!#+'2/5.$ 3)4% 
$ÏÍÉÎÉËÁ "%:$%+/6!ǳ 

ρφȡτυ ɀ ρχȡππ 
6,)6 6¸£+9 -%:.^ 623469 !4-/3&O29 .! :-Q.9 6% 6%24)+<,.^ 
$)342)"5#) 0,9..O 2454) 
'ÁÂÒÉÅÌÁ 6)ǳ4+/6!ǳ 

ρχȡππ ɀ ρχȡρυ 
I!3/6/02)%34/2/6< 6!2)<#)! 45(¸#( I!34^# 6 -%34% ¼),).! ! *%(/ 
/+/,^ 6 2/+5 ςπςσ 
$ÕÓǺÁÎ *!.$!#ǻ+! 

ρχȡρυ ɀ ρχȡσπ 
6ÙÈÏÄÎÏÃÅÎþ ÓÏÕÔñĿÅ ÍÌÁÄĻÃÈ ÖñÄÃĳ ɀ $%+!4) !×ÁÒÄ 
ÁÎÎÏÕÎÃÅÍÅÎÔ 
*ÁËÕÂ /ÎÄÒÜéÅËȠ "ÉÏ×ÅÌÌ ɉ$ÅËÁÔÉɊ 

ρχȡσπ ɀ ρψȡσπ 
IÌÅÎÓËÜ ÓÃÈĳÚÅ I!3 ɀ -ÅÅÔÉÎÇ ÏÆ ÔÈÅ #!3 ÍÅÍÂÅÒÓ 
*ÁËÕÂ /ÎÄÒÜéÅË 

ρωȡππ 30/,%I%.3+¸ 6%I%2 ɀ #/.&%2%.#% $)..%2 
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34~%$! ɀ 7%$.%3$!9 ρσȢρρȢςπςτ 
$/0/,%$.% ɀ -/2.).' 

3ÅÓÓÉÏÎ 
ÃÈÁÉÒÍÁÎ 

$ÕĤÁÎ *ÁÎÄÁéËÁ 

ωȡππ ɀ ωȡρυ 
"2!+% 7%!2 .!./0!24)#,% 02/$5#4)/. &2/- 0!33%.'%2 #!23 
342/.',9 !&&%#4%$ "9 "2!+).' #/.$)4)/.3 
-ÉÃÈÁÌ 6/*4)ǳ3ǻ%+ 

ωȡρυ ɀ ωȡσπ 
-5,4)Ȥ).3425-%.4!, !%2/3/, /"3%26!4)/.3 ). 2!#)"s2:ȟ 0/,!.$ 
!ÒÔÕÒ 3:+/0 

ωȡσπ ɀ ωȡτυ 
3.^¼%.^ %-)3^ 0- ! ./8 : -!,¸#( 30!,/6!#^#( :!~^:%.^ 0/-/#^ 
%,%+42/34!4)#+O(/ /$,5I/6!I% 
/ÌÅËÓÁÎÄÒ -/,#(!./6 

ωȡτυ ɀ ρπȡππ 
/2)'). !.$ 42!.30/24 /& !4-/30(%2)# !%2/3/,3 !#2/33 -/2!6)! 
2ÁÄÉÍ 3%)"%24 

ρπȡππ ɀ ρπȡρυ 

&)%,$ 6!,)$!4)/. /& ! ./6%, 0!33)6% !)2 3!-0,%2 ɀ -/.)4/2).' /& 
3%-)6/,!4),% /2'!.)# 0/,,54!.43 ). 4(% 2%-/4% -!2).% !.$ 
#/.4).%.4!, "/5.$!29 ,!9%2 
'ÅÒÈÁÒÄ ,!--%, 

ρπȡρυ ɀ ρπȡυυ #/&&%% "2%!+ 

3ÅÓÓÉÏÎ 
ÃÈÁÉÒÍÁÎ 

-ÉÃÈÁÌ 6ÏÊÔþĤÅË 

ρπȡυυ ɀ ρρȡρπ 
3)-5,4!.%/53 -%!352%-%.43 /& ##. #/.#%.42!4)/.3 !4 47/ ,%6%,3 
!"/6% 4(% '2/5.$ 7)4( $5!, #/,5-. ##.# 
0ÁÖÅÌ -/2!6%# 

ρρȡρπ ɀ ρρȡςυ 
6%24)#!, $)342)"54)/. /& #!2"/.!#%/53 !%2/3/,3 %-)44%$ $52).' 
4(% 42!$)4)/.!, "52.).' /& 4(% 7)4#(%3 
3ÁÌÉÏÕ -"%.'5% 

ρρȡςυ ɀ ρρȡτπ 
-)8).' ,!9%2 (%)'(4ȡ -/$%,3 63Ȣ '2/5.$Ȥ"!3%$ -%!352%-%.43 
).4%2#/-0!2)3/. 
.ÁÄÅǺÚǺÄÁ :)ǳ+/6!ǳ 

ρρȡτπ ɀ ρρȡυυ 
/"3%26!4/29 -),%£/6+! !.$ !#4)6)4)%3 2%,!4%$ 4/ 2%3%!2#( 
).&2!3425#452% !#42)3 
0ÁÖÅÌ 3%$,!ǳ+ 

ρρȡυυ ɀ ρςȡρπ 
$)2%#4 2%!,Ȥ4)-% %34)-!4)/. /& 6/,!4),% !.$ 3%-)Ȥ6/,!4),% 
0!24)#,% &2!#4)/. &2/- !-")%.4 !%2/3/, 
jÕÄÏÖąǲÔ "!,#/ 

ρςȡρπ ɀ ρςȡςπ 
5ËÏÎéÅÎþ ËÏÎÆÅÒÅÎÃÅ ɀ #ÌÏÓÉÎÇ ÏÆ ÔÈÅ ÃÏÎÆÅÒÅÎÃÅ 
*ÁËÕÂ /ÎÄÒÜéÅË 

ρςȡςπ ɀ ρσȡυπ /"Q$ ɀ ,5.#( 
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30/.:/~) 
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0~%$-,56! 
 

6ÜĿÅÎï ËÏÌÅÇÙÎñȟ ÖÜĿÅÎþ ËÏÌÅÇÏÖïȟ ÐĠÜÔÅÌïȟ 
 
ÍÜÍ ÐÏÄÒÕÈï ÐĠþÌÅĿÉÔÏÓÔ ÖÜÓ ÖĤÅÃÈÎÙȟ Ú ÐÏÚÉÃÅ ÐĠÅÄÓÅÄÙ IÅÓËï ÁÅÒÏÓÏÌÏÖï 

ÓÐÏÌÅéÎÏÓÔÉȟ ÐĠÉÖþÔÁÔ ÔÅÎÔÏËÒÜÔ ÎÁ ςσȢ ÖĻÒÏéÎþ ËÏÎÆÅÒÅÎÃÉ IÅÓËï ÁÅÒÏÓÏÌÏÖï ÓÐÏÌÅéÎÏÓÔÉȟ Ö 
ÒÅÇÉÏÎÕ ÍÁÌÅÂÎï 6ÙÓÏéÉÎÙ ɀ Ö (ÏÔÅÌÕ ω ÓËÁÌȢ *ÁË ÊÓÔÅ ÓÉ ÊÉÓÔñ ÖĤÉÍÌÉ Ú ÉÎÆÏÒÍÁéÎþÃÈ Å-ÍÁÉÌĳ 
a ÔÁËï ÔÉÔÕÌÎþ ÓÔÒÜÎËÙ ÔïÔÏ ÂÒÏĿÕÒÙȟ ÌÅÔÏÓ ÓÅ ÖĻÂÏÒ I!3 ÒÏÚÈÏÄÌ ÓÐÏÌÅéÎñ Ó 6) 2%#%4/8 
ÕÓÐÏĠÜÄÁÔ ÓÐÏÊÅÎÏÕ ËÏÎÆÅÒÅÎÃÉ /ÖÚÄÕĤþ Ö I!3ÅȢ *ÁË ÎÜÚÅÖ ÎÁÚÎÁéÕÊÅȟ ÊÅÄÎÜ ÓÅ Ï ÓÐÏÊÅÎþ 
ÔÒÁÄÉéÎþ ÖĻÒÏéÎþ ËÏÎÆÅÒÅÎÃÅ IÅÓËï ÁÅÒÏÓÏÌÏÖï ÓÐÏÌÅéÎÏÓÔÉ Á ËÏÎÆÅÒÅÎÃÅ /ÖÚÄÕĤþ 
organizoÖÁÎï 2%#%4/8ÅÍȢ -ÏÔÉÖÁÃþ ÐÒÏ ÔÅÎÔÏ ËÒÏË ÊÅ ÐĠÅÄÅÖĤþÍ ÐÏÄÏÂÎÏÓÔ ÔÅÍÁÔÉËÙ 
ĠÅĤÅÎï ÎÁ ÏÂÏÕ ËÏÎÆÅÒÅÎÃþÃÈ Á ÍÏĿÎÏÓÔ ÓÅÔËÜÎþ ĤÉÒĤþÈÏ ÐÌïÎÁ ÏÄÂÏÒÎþËĳ ÚÁÂĻÖÁÊþÃþÃÈ ÓÅ 
ÏÂÄÏÂÎĻÍÉ ÐÒÏÂÌïÍÙȟ É ËÄÙĿ ÎñËÄÙ Ú ÏÄÌÉĤÎï ÐÅÒÓÐÅËÔÉÖÙ ɉÎÁÐĠȢ ÖñÄÅÃËï ÓÔÕÄÉÅȟ ÐÒÁËÔÉÃËÜ 
implementaÃÅ éÉ ÌÅÇÉÓÌÁÔÉÖÎþ ÓÔÒÜÎËÁɊȢ ! ÐÒÜÖñ ÏÎÙ ÏÄÌÉĤÎï ÐÅÒÓÐÅËÔÉÖÙ ÍÏÈÏÕ éÁÓÔÏ 
ÐĠÉÎïÓÔ ÎÏÖï ÍÏĿÎÏÓÔÉ ÓÐÏÌÕÐÒÜÃÅ éÉ ÏÄÂÏÒÎïÈÏ ÐÁÒÔÎÅÒÓÔÖþȢ  
IÅÓËÜ ÁÅÒÏÓÏÌÏÖÜ ÓÐÏÌÅéÎÏÓÔ ÓÌÁÖþ Ö ÌÅÔÏĤÎþÍ ÒÏÃÅ ςυ ÌÅÔ ÏÄ ÓÖïÈÏ ÚÁÌÏĿÅÎþȢ 6 ÔïÔÏ 

ÓÏÕÖÉÓÌÏÓÔÉ ÂÙÃÈ ÒÜÄ ÚÍþÎÉÌ ÎÁĤÅÈÏ ËÏÌÅÇÕ *ÉĠþÈÏ 3ÍÏÌþËÁȟ ËÔÅÒĻ IÅÓËÏÕ ÁÅÒÏÓÏÌÏÖÏÕ 
ÓÐÏÌÅéÎÏÓÔ Ö ÒÏÃÅ ρωωω ɉςȢ ÄÕÂÎÁɊ ÚÁÌÏĿÉÌȟ ÖĻÚÎÁÍÎÏÕ ÍñÒÏÕ ÓÅ ÐÏÄþÌÅÌ ÎÁ ÊÅÊþÍ 
ÚÖÉÄÉÔÅÌÎñÎþ Ö ÍÅÚÉÎÜÒÏÄÎþÍ ÍñĠþÔËÕ Á ÂÙÌ ÔÁËï ÊÅÊþÍ ÄÌÏÕÈÏÌÅÔĻÍ ÐĠÅÄÓÅÄÏÕȢ 6 ÔÏÍÔÏ 
ÏÈÌÅÄÕ ÎÅÍÏÈÕ ÏÐÏÍÅÎÏÕÔ *ÉÒËÏÖÁ ÎÜÓÔÕÐÃÅ ÖÅ ÆÕÎËÃÉ ÐĠÅÄÓÅÄÙ I!3ȟ 6ÌÜìÕ ¼ÄþÍÁÌÁȟ 
ËÔÅÒĻ ÓÅ ÚÅ ÓÖï ÐÏÚÉÃÅ ÐĠÅÄÓÅÄÙ I!3 ÐÏ ÍÎÏÈÏ ÌÅÔ ÔÁËï ÚÁÓÁÚÏÖÁÌ Ï ÊÅÊþ ÖĻÒÁÚÎï 
ÚÖÉÄÉÔÅÌÎñÎþȟ Á ÔÏ ÊÁË ÎÁ ÎÜÒÏÄÎþȟ ÔÁË É ÃÅÌÏÓÖñÔÏÖï ĭÒÏÖÎÉȢ 6 ÒÏÃÅ ςππς ÓÅ IÅÓËÜ ÁÅÒÏÓÏÌÏÖÜ 
ÓÐÏÌÅéÎÏÓÔ ÓÔÁÌÁ ÓÏÕéÜÓÔþ ÍÅÚÉÎÜÒÏÄÎþÈÏ ËÏÎÓÏÒÃÉÁ ÎÜÒÏÄÎþÃÈ ÁÅÒÏÓÏÌÏÖĻÃÈ ÓÐÏÌÅéÎÏÓÔþ 
(EAA ɀ %ÕÒÏÐÅÁÎ !ÅÒÏÓÏÌ !ÓÓÅÍÂÌÙɊȢ 0Ï ÃÅÌÏÕ ÄÏÂÕ ÓÖï ÅØÉÓÔÅÎÃÅ I!3 ÓÄÒÕĿÕÊÅ ÏÄÂÏÒÎþËÙ 
Ö ÏÂÏÒÕ ÁÅÒÏÓÏÌĳ Á ÄÁÌĤþÃÈ ÐĠÉÄÒÕĿÅÎĻÃÈ ÏÂÏÒĳȟ ÐÏÄÐÏÒÕÊÅ ÄÁÌĤþ ÒÏÚÖÏÊ ÔñÃÈÔÏ ÔÅÍÁÔÉË Á 
ÓÍñĠÕÊÅ Ë ÒÏÚĤþĠÅÎþ ÚÎÁÌÏÓÔþ Á ÐÏÖñÄÏÍþ ÔÏÈÏÔÏ ÖñÄÎþÈÏ ÏÂÏÒÕȢ 6 ÎÅÐÏÓÌÅÄÎþ ĠÁÄñ ÓÅ I!3 
ÓÎÁĿþ ÁËÔÉÖÎñ ÐĠÉÓÐñÔ Ë ĠÅĤÅÎþ ÓÏÃÉÜÌÎñ ÒÅÌÅÖÁÎÔÎþÃÈ ÐÒÏÂÌïÍĳ ɉÚÌÅÐĤÅÎþ ËÖÁÌÉÔÙ ĿÉÖÏÔÎþÈÏ 
ÐÒÏÓÔĠÅÄþȟ ÇÌÏÂÜÌÎþ ÚÍñÎÁ ËÌÉÍÁÔÕȟ ÁÌÅ ÔÁËï ÎÁÐĠþËÌÁÄ ÏÂÅÃÎÜ ÉÎÆÏÒÍÏÖÁÎÏÓÔ ÓÐÏÌÅéÎÏÓÔÉ 
ÂñÈÅÍ ÎÅÄÜÖÎï ÐÁÎÄÅÍÉÅ #/6)$ ÏÈÌÅÄÎñ ĤþĠÅÎþ ÁÅÒÏÓÏÌĳɊȢ 
5ÐÌÙÎÕÌĻ ÒÏË ÂÙÌ Ö ÒÜÍÃÉ IÅÓËï ÁÅÒÏÓÏÌÏÖï ÓÐÏÌÅéÎÏÓÔÉ ÖÅÌÍÉ ÂÏÈÁÔĻ ÎÁ ÕÄÜÌÏÓÔÉȟ Ï 

ËÔÅÒĻÃÈ ÂÙÃÈ ÖÜÓ ÚÄÅ ÒÜÄ ËÒÜÔÃÅ ÉÎÆÏÒÍÏÖÁÌȢ (ÌÁÖÎþ ÕÄÜÌÏÓÔþ Ú ÐÏÈÌÅÄÕ I!3 ÂÙÌÏ ÐÏÄÜÎþ 
ÏÆÉÃÉÜÌÎþÈÏ ÎÜÖÒÈÕ ÎÁ ÐÏĠÜÄÜÎþ %ÕÒÏÐÅÁÎ !ÅÒÏÓÏÌ #ÏÎÆÅÒÅÎÃÅ Ö ÒÏÃÅ ςπςψ Ö 0ÒÁÚe 
ɉÐÏÄÁÎĻ ÂñÈÅÍ ÖĻÒÏéÎþÈÏ ÚÁÓÅÄÜÎþ ÖĻÂÏÒÕ %!!ȟ %!# ςπςτȟ 4ÁÍÐÅÒÅɊȢ ¼ÜÄÏÓÔ ÂÙÌÁ 
ÊÅÄÎÏÍÙÓÌÎñ ÓÃÈÖÜÌÅÎÁ ÖĤÅÍÉ ÚÜÓÔÕÐÃÉ ÎÜÒÏÄÎþÃÈ ÁÅÒÏÓÏÌÏÖĻÃÈ ÓÐÏÌÅéÎÏÓÔþȢ 6ĻÂÏÒ I!3 
ÂÕÄÅ ÎÁ ÐĠþÐÒÁÖÜÃÈ %!# ςπςψ Ö ÎÜÓÌÅÄÕÊþÃþÃÈ ÌÅÔÅÃÈ ÉÎÔÅÎÚÉÖÎñ ÐÒÁÃÏÖÁÔ Á éÌÅÎÏÖï 
ÓÐÏÌÅéÎÏÓÔÉ ÂÕÄÏÕ ÐÒĳÂñĿÎñ ÉÎÆÏÒÍÏÖÜÎÉȢ 2ÜÄ ÂÙÃÈ ÖÜÓ Ó ÐĠþÐÒÁÖÁÍÉ ÂÌþĿÅ ÓÅÚÎÜÍÉÌ Ö 
ÐÒĳÂñÈÕ éÌÅÎÓËï ÓÃÈĳÚÅ I!3ȟ ËÔÅÒÜ ÐÒÏÂñÈÎÅ Ö ĭÔÅÒĻ ρςȢρρȢ ÔñÓÎñ ÐÏ ÓËÏÎéÅÎþ ĭÔÅÒÎþÈÏ 
ÐÒÏÇÒÁÍÕ ËÏÎÆÅÒÅÎÃÅȢ .Á ÚÜËÌÁÄñ ÌÏĐÓËï ĿÜÄÏÓÔÉ ËÏÌÅÇÙ *Ȣ 3ÃÈ×ÁÒÚÅ Ï ÕÖÏÌÎñÎþ Ú ÐÏÚÉÃÅ 
ÒÅÖÉÚÏÒÁ Ö ÒÜÍÃÉ ÖĻÂÏÒÕ I!3 ÂÙÌÁ ÄÏ ÔïÔÏ ÐÏÚÉÃÅ ËÏÏÐÔÏÖÜÎÁ ËÏÌÅÇÙÎñ ,Ȣ -ÁĤËÏÖÜȢ *ÁÒÄÏÖÉ 
ÂÙÃÈ ÔþÍÔÏ ÒÜÄ ÐÏÄñËÏÖÁÌ ÚÁ ÓÖñÄÏÍÉÔÏÕ ÐÒÜÃÉ Á éÁÓ ÖñÎÏÖÁÎĻ I!3ÕȢ ,þÄÁ ÓÅ Ö ÕÐÌÙÎÕÌïÍ 
ÒÏÃÅ ÖÅÌÍÉ ÁËÔÉÖÎñ ÚÁÐÏÊÉÌÁ ÄÏ éÉÎÎÏÓÔÉ ÖĻÂÏÒÕ I!3ȟ Á ÔÏ ÐĠÅÄÅÖĤþÍ Ö ÒÜÍÃÉ ÐĠþÐÒÁÖ ÎÁ 
ÐÏĠÜÄÜÎþ %!# ςπςψȢ 2ÜÄ ÂÙÃÈ É Êþ ÚÄÅ ÖÙÊÜÄĠÉÌ ÐÏÄñËÏÖÜÎþ ÚÁ ÔÅÎÔÏ ÖÅÌÍÉ ÁËÔÉÖÎþ ÐĠþÓÔÕÐȢ 
2ÜÄÉ ÂÙÃÈÏÍ ÔÁËï ÖÙÔÖÏĠÉÌÉ ÎÏÖÏÕ ÔÒÁÄÉÃÉ ÔïÔÏ ËÏÎÆÅÒÅÎÃÅ Ö ÐÏÄÏÂñ ÐÌÅÎÜÒÎþÃÈ 

ÐĠÅÄÎÜĤÅËȟ ËÔÅÒÏÕ Ö ÍÉÎÕÌïÍ ÒÏÃÅ ÚÁÐÏéÁÌ ÎÜĤ ÖÜĿÅÎĻ ÈÏÓÔ ÐÒÏÆȢ 0ÈÉÌÉÐ (ÏÐËÅȢ 6 ÌÅÔÏĤÎþÍ 
ÒÏÃÅ ÎÁĤÅ ÐÏÚÖÜÎþ ÐĠÉÊÁÌÁ ÎÅÍïÎñ ÖĻÚÎÁÍÎÜ ÏÓÏÂÎÏÓÔ Ö ÃÅÌÏÓÖñÔÏÖï ÁÅÒÏÓÏÌÏÖï ËÏÍÕÎÉÔñ 
ɀ 0ÒÏÆȢ !ÌÆÒÅÄ 7ÉÅÄÅÎÓÏÈÌÅÒȢ !ÌÉ ÊÅ ÏÔÃÅÍ ÍÁÔÅÍÁÔÉÃËïÈÏ ÐÏÐÉÓÕ ÒÏÚÌÏĿÅÎþ ÎÜÂÏÊĳ ÎÁ 
ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃþÃÈȟ ËÔÅÒĻ ÊÅ ÖÙÕĿþÖÜÎ ÃÅÌÏÕ ÁÅÒÏÓÏÌÏÖÏÕ ËÏÍÕÎÉÔÏÕȟ Á ÔÁËï ÓÅ 
ÖĻÚÎÁÍÎÏÕ ÍñÒÏÕ ÚÁÓÌÏÕĿÉÌ Ï ÈÁÒÍÏÎÉÚÁÃÉ ÍñĠÉÃþÃÈ ÍÅÔÏÄ ÐÒÏ ÃÈÁÒÁËÔÅÒÉÚÁÃÉ ÆÙÚÉËÜÌÎþÃÈ 
ÖÌÁÓÔÎÏÓÔþ ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃȢ !ÌÉ ÊÅ Ö ÓÏÕéÁÓÎï ÄÏÂñ ĠÅÄÉÔÅÌÅÍ ÔÅÍÁÔÉÃËïÈÏ ÃÅÎÔÒÁ ÐÒÏ 
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ÍñĠÅÎþ ÁÅÒÏÓÏÌ ÉÎ-ÓÉÔÕ Ö ÒÜÍÃÉ ÐÁÎ-ÅÖÒÏÐÓËï ÖÅÌËï ÖĻÚËÕÍÎï ÉÎÆÒÁÓÔÒÕËÔÕÒÙ !#42)3 Á 
ÈÏÓÔÕÊþÃþÍ ÐÒÏÆÅÓÏÒÅÍ ÎÁ ÎñËÏÌÉËÁ ÕÎÉÖÅÒÚÉÔÜÃÈȢ  
:ÜÖñÒÅÍ ÂÙÃÈ ÏÐñÔ ÔÁËï ÒÜÄ ÐÏÄñËÏÖÁÌ ÖĤÅÍ ÔÒÁÄÉéÎþÍ É ÎÏÖĻÍ ÓÐÏÎÚÏÒĳÍ /ÖÚÄÕĤþ 

Ö I!3Å ɀ Altium, Biowell (Dekati), Chromservis, ECM ECOMONITORING, Envitech a TSI.  
3Å ÚÜÓÔÕÐÃÉ ÔñÃÈÔÏ ÆÉÒÅÍ ÂÕÄÅÔÅ ÍþÔ ÐĠþÌÅĿÉÔÏÓÔ ÓÅ Ö ÒÜÍÃÉ ËÏÎÆÅÒÅÎÃÅ ÐÏÔËÁÔ Á ÎñËÔÅĠþ 
ÏÂÏÈÁÔþ ËÏÎÆÅÒÅÎÃÉ É ÓÖĻÍÉ ÐĠþÓÐñÖËÙȢ 
6 ÎÅÐÏÓÌÅÄÎþ ĠÁÄñ ÂÙÃÈ ÒÜÄ ÐÏÄñËÏÖÁÌ !ÎÉéÃÅ £ÐÁÌÏÖï ÚÁ ÎÅÚÜÖÉÄñÎþÈÏÄÎÏÕ Á éÁÓÔÏ 

ÎÅÖÄñéÎÏÕ ÐÒÜÃÉ Ó ÅÄÉÔÁÃþ ÓÂÏÒÎþËÕ ÎÁĤþ ËÏÎÆÅÒÅÎÃÅȢ 
2ÜÄ ÓÅ Ó ÖÜÍÉ ÖĤÅÍÉ ÏÓÏÂÎñ ÓÅÔËÜÍ Ö (ÏÔÅÌÕ ω ÓËÁÌ Á ÕÖþÔÜÍ ÖĤÅÃÈÎÙ ÎÜÍñÔÙȟ 

ÐÏÄÎñÔÙȟ ÖĻÔËÙ Á ÐÏÃÈÖÁÌÙȢ 
 
6ÜĤȟ 
*ÁËÕÂ /ÎÄÒÜéÅË ɉÐĠÅÄÓÅÄÁ I!3Ɋ 
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PREFACE 
 

Dear Colleagues and Friends, 
 
It is my privilege, once again, to welcome you, this time to the 23rd Annual Conference 

of the Czech Aerosol Society (CAS), held in the scenÉÃ 6ÙÓÏéÉÎÁ ÒÅÇÉÏÎ ÁÔ (ÏÔÅÌ ω 3ËÁÌȢ !Ó 
ÙÏÕ ÍÁÙ ÈÁÖÅ ÎÏÔÅÄ ÆÒÏÍ ÏÕÒ ÅÍÁÉÌÓ ÁÎÄ ÔÈÅ ÃÏÖÅÒ ÏÆ ÔÈÉÓ ÂÒÏÃÈÕÒÅȟ ÔÈÉÓ ÙÅÁÒȭÓ #!3 ÂÏÁÒÄȟ 
ÉÎ ÃÏÌÌÁÂÏÒÁÔÉÏÎ ×ÉÔÈ 6) 2%#%4/8ȟ ÈÁÓ ÄÅÃÉÄÅÄ ÔÏ ÏÒÇÁÎÉÚÅ Á ÊÏÉÎÔ ÃÏÎÆÅÒÅÎÃÅȟ ͼ/ÖÚÄÕĤþ Ö 
I!3Åͼ ɉÉÔ ÈÁÓ ÍÏÒÅ ÍÅÁÎÉÎÇ ÉÎ #ÚÅÃÈ ÌÁnguage and it is impossible to translate). As the 
ÎÁÍÅ ÉÍÐÌÉÅÓȟ ÔÈÉÓ ÅÖÅÎÔ ÍÅÒÇÅÓ ÏÕÒ ÔÒÁÄÉÔÉÏÎÁÌ ÁÎÎÕÁÌ ÃÏÎÆÅÒÅÎÃÅ ×ÉÔÈ ÔÈÅ /ÖÚÄÕĤþ 
conference organized by RECETOX RI. The primary motivation behind this collaboration 
is the overlap in topics covered at both conferences and the opportunity to bring together 
a broader panel of experts, addressing similar issues from different perspectivesɂbe it 
scientific research, practical implementation, or legislation. It is often these diverse 
perspectives that spark new opportunities for collaboration and professional 
partnerships. 

This year also marks a special milestone, as the Czech Aerosol Society celebrates its 
ςυÔÈ ÁÎÎÉÖÅÒÓÁÒÙȢ ) ×ÏÕÌÄ ÌÉËÅ ÔÏ ÔÁËÅ ÔÈÉÓ ÏÐÐÏÒÔÕÎÉÔÙ ÔÏ ÁÃËÎÏ×ÌÅÄÇÅ ÏÕÒ ÃÏÌÌÅÁÇÕÅȟ *ÉĠþ 
3ÍÏÌþËȟ ×ÈÏ ÆÏÕÎÄÅÄ I!3 ÏÎ !ÐÒÉÌ ςȟ ρωωωȢ *ÉĠþ ÐÌÁÙÅÄ Á ÐÉÖÏÔÁÌ ÒÏÌÅ ÉÎ ÅÓÔÁÂÌÉÓÈÉÎÇ #!3 ÏÎ 
the international stage and served as its long-term president. I would also like to 
ÒÅÃÏÇÎÉÚÅ ÈÉÓ ÓÕÃÃÅÓÓÏÒȟ 6ÌÜìÁ ¼ÄþÍÁÌȟ ×ÈÏ ÃÏÎÔÉÎÕÅÄ ÔÏ ÅÎÈÁÎÃÅ #!3ȭÓ ÖÉÓÉÂÉÌÉÔÙ ÂÏÔÈ 
nationally and internationally during his tenure as president. In 2002, CAS became part 
of the European Aerosol Assembly (EAA), an international consortium of national aerosol 
organizations. Throughout its existence, CAS has brought together experts from the 
aerosol and related fields, supporting the development of these topics and promoting 
broader public awareness of this important scientific field. Moreover, CAS has been active 
in contributing to the solution of pressing societal issues, such as environmental quality 
improvement, global climate change, and, more recently, the spread of aerosols during 
the COVID-19 pandemic. 

The past year has been eventful for CAS, and I would like to briefly highlight a few key 
developments. Most notably, we submitted a formal bid to host the European Aerosol 
Conference (EAC) in Prague in 2028. This proposal, presented at the annual EAA board 
meeting during EAC 2024 in Tampere, was unanimously approved by the representatives 
of national aerosol societies. Over the next few years, the CAS board will be working hard 
to prepare for EAC 2028, and we will keep all society members informed of the progress. 
I look forward to discussing these preparations in more detail at the CAS members' 
meeting on Tuesday, November 12, following the conÃÌÕÓÉÏÎ ÏÆ ÔÈÅ 4ÕÅÓÄÁÙȭÓ ÃÏÎÆÅÒÅÎÃÅ 
program. 

I would also like to extend my gratitude to our colleague J. Schwarz, who has 
requested to step down from his position as auditor within the CAS board. In his place, L. 
-ÁĤËÏÖÜ ÈÁÓ ÂÅÅÎ ÃÏ-opted to the role. I sincerely thank Jarda for his dedicated work and 
ÃÏÎÔÒÉÂÕÔÉÏÎÓ ÔÏ #!3ȟ ÁÎÄ ) ÁÌÓÏ ÁÐÐÒÅÃÉÁÔÅ ,þÄÁ ÆÏÒ ÈÅÒ ÁÃÔÉÖÅ ÉÎÖÏÌÖÅÍÅÎÔȟ ÐÁÒÔÉÃÕÌÁÒÌÙ ÉÎ 
the preparations for EAC 2028. 

In addition, we aim to establish a new tradition of plenary lectures at this conference, 
a practice initiated last year by our esteemed guest, Prof. Philip Hopke. This year, we are 
honored to welcome another prominent figure in the global aerosol communityɂProf. 
Alfred Wiedensohler. Prof. Wiedensohler is renowned for his work on the mathematical 
description of aerosol particle charge distribution, a methodology widely used by the 
aerosol community. He has also made significant contributions to the harmonization of 
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measurement techniques for characterizing aerosol physical properties. He currently 
serves as the Director of the Topic Center for Aerosol In-Situ Measurements within the 
pan-European ACTRIS research infrastructure and is a visiting professor at several 
universities. 

Finally, I would like to express my appreciation to all the sponÓÏÒÓ ÏÆ ͼ/ÖÚÄÕĤþ Ö 
I!3Åͼȟ ÉÎÃÌÕÄÉÎÇ ÏÕÒ ÌÏÎÇ-standing supporters and new partners: Altium, Biowell 
(Dekati), Chromservis, ECM ECOMONITORING, Envitech and TSI. You will have the 
opportunity to meet representatives from these companies during the conference, and 
some will enrich our event with their contributions. 
) ×ÏÕÌÄ ÁÌÓÏ ÌÉËÅ ÔÏ ÅØÔÅÎÄ Á ÓÐÅÃÉÁÌ ÔÈÁÎËÓ ÔÏ !ÎÉéËÁ £ÐÁÌÏÖÜ ÆÏÒ ÈÅÒ ÉÎÖÁÌÕÁÂÌÅ ×ÏÒË 

in editing the conference proceedingsɂa task that is often underappreciated but critical 
to the success of this event. 

I look forward to seeing you all at Hotel 9 Skal and encourage you to share your ideas, 
suggestions, and feedback throughout the conference. 

 
Warm regards, 
Jakub Ondracek (president of CAS)  

 

 

 

 Photo of CAS members participating at EAC 2024 in Tampere 
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INTRODUCTION 
 

Atmospheric aerosols (AA) harm human health (e.g., Liu et al. 2019) and affect the 
climate through cloud formation and radiation forcing (Mahowald 2011). Their effect on 
climate is still associated with large uncertainties within climate modeling (IPCC 2021). 
The assessment of aerosol global effects is usually done through ground-based 
measurement in rural areas to avoid local pollution sources. However, the changes in the 
planetary boundary layer (PBL) and the high population density of Europe limit the 
representativeness of those measurements. Higher elevation measurements and vertical 
profiles of atmospheric pollutants and meteorological quantities are needed to assess the 
spatial representativeness of those ground-based measurements and distinguish local 
from long-range transported aerosols. 

The wide range of aerosol particle size and the variety of chemical components make 
it difficult to predict their impact on the state of the PBL, the atmospheric transport, and 
the radiative forcing in the upper and lower troposphere (Schwarz et al. 2016; 
Ramanathan et al. 2002). Solar radiation changes due to the presence of aerosols and can 
provoke greater ozone production and high aerosol concentrations and influence cloud 
condensation and ice nuclei (Tao et al. 2014; Liu et al. 2021). Thus, it is crucial to measure 
aerosols both inside and above the PBL together with vertical detailed characterizations 
of meteorological parameters. Few tall towers enable online aerosol studies (Bosveld et 
al. 2020), and most of the existing ones are located in cities. Therefore, this study allows 
operating measurements that have not been done yet and promises valuable results to 
reduce uncertainty induced by aerosols.  

 
AIM OF THE PROJECT 

 
With the collaboration of the Institute of Chemical Process Fundamentals (ICPF CAS) 

and the Global Change Research Institute of the Czech Academy of Sciences (GCRI CAS), 
the three-year project aims to use a 250 m tall tower to measure aerosols at different 
heights to identify the contribution of primary and secondary aerosol sources and to find 
their origins depending on the status of the PBL. The other objectives are to characterize 
!!ȭÓ ÐÈÙÓÉÃÏÃÈÅÍÉÃÁÌ ÐÒÏÐÅÒÔÉÅÓ ÁÎÄ ÃÏÍÐÁÒÅ !!ͻÓ ÃÈÅÍÉÃÁÌ ÃÏÍÐÏÓÉÔÉÏÎȟ ÒÁÄÉÁÔÉÏÎ 
forcing, and number and mass size distribution of aerosols at two heights. An effort will 
be put into describing the seasonal and diurnal behavior of AA based on long-term online 



18 
 

in-situ measurements, evaluating the influence of different atmospheric thermodynamic 
conditions on AA, and separating and locating AA local, regional, and long-range sources 
using receptor modeling and back trajectories analysis. Finally, determining the 
dependence of the onset of AA cluster growth on the height and status of the PBL and 
comparing drone measurement with tall tower data set to define a methodology for 
independent drone measurement will be crucial to assess the representativeness of 
ground-based measurements. 

 
METHODOLOGY 

 
The tall tower ÁÔ ÔÈÅ .ÁÔÉÏÎÁÌ !ÔÍÏÓÐÈÅÒÉÃ /ÂÓÅÒÖÁÔÏÒÙ +ÏĤÅÔÉÃÅ (NAOK) (Fig.1) in 

the Czech Highlands will serve for the measurements as it is out of range of major sources 
of pollution and officially classified as a central European rural background site.  

 

 
&ÉÇȢρȡ 3ÁÍÐÌÉÎÇ ÓÔÒÁÔÅÇÙ ÁÎÄ ÇÅÏÇÒÁÐÈÉÃÁÌ ÌÏÃÁÔÉÏÎ ÏÆ ÔÈÅ .ÁÔÉÏÎÁÌ !ÔÍÏÓÐÈÅÒÉÃ 

/ÂÓÅÒÖÁÔÏÒÙ +ÏÓǺÅÔÉÃÅ ɉ.!/+Ɋ ÁÎÄ ÐÈÏÔÏÇÒÁÐÈÓ ÏÆ ÔÈÅ ÔÁÌÌ ÔÏ×ÅÒ ×ÉÔÈ ÓÁÍÐÌÉÎÇ 
ÃÏÎÔÁÉÎÅÒÓ ÁÔ ÇÒÏÕÎÄ ÌÅÖÅÌ ÁÎÄ ÁÔ ςσπ ÍȢ 

 
Two sampling strategies using instrumentation listed in Tab.1 will be based on (1) 

simultaneous measurements by two identical instruments located at 4 and 230 m above 
the ground, (2) measurements by one instrument using a switching valve to sample 
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aerosols at different heights by two inlets. Precautions will be taken to avoid the effects 
of height difference and tube length. Additional data sets will be available through the 
collaboration with ACTRIS CZ (Aerosols, Clouds, and Trace gases Research InfraStructure, 
the Czech national node) and the research infrastructure CzeCOS representing ICOS 
(Integrated Carbon Observation System) in the Czechia, such as cloud and rain detection 
at 230 m, cloud characteristics thanks to Lidar measurements, and PBL height from 
ceilometers. Trace gas vertical distribution will also be measured for CO2, CO, NOX, and O3. 

 
4ÁÂȢρȡ /ÖÅÒÖÉÅ× ÏÆ ÉÎÓÔÒÕÍÅÎÔÓ ÁÎÄ ÁÎÁÌÙÚÅÒÓ ÕÓÅÄȟ ÔÈÅÉÒ ÍÅÁÓÕÒÅÍÅÎÔ ÐÕÒÐÏÓÅÓȟ ÁÎÄ 
ÔÅÁÍÓ ÒÅÓÐÏÎÓÉÂÌÅ ÆÏÒ ÔÈÅÍ ɉ)#0& ÉÎ ×ÈÉÔÅ ÁÎÄ '#2) ÉÎ ÇÒÁÙɊȢ 

)ÎÓÔÒÕÍÅÎÔ Ⱦ !ÎÁÌÙÚÅÒ 4ÙÐÅ ÏÆ ÍÅÁÓÕÒÅÍÅÎÔ 

#Ȥ4Ï&Ȥ!-3 ɉ!ÅÒÏÓÏÌ -ÁÓÓ 3ÐÅÃÔÒÏÍÅÔÅÒɊ  /ÎȤÌÉÎÅȟ ÃÈÅÍÉÃÁÌ ÃÏÍÐÏÓÉÔÉÏÎ 

!ÅÔÈÁÌÏÍÅÔÅÒ !%σσ ɉςØɊ /ÎȤÌÉÎÅȟ ÂÌÁÃË ÃÁÒÂÏÎ 
/#Ⱦ%# ПÉÅÌÄ ÁÎÁÌÙÚÅÒ ɉςØɊ /ÎȤÌÉÎÅȟ ÏÒÇÁÎÉÃ ÁÎÄ ÅÌÅÍÅÎÔÁÌ ÃÁÒÂÏÎ 
-ÕÌÔÉȤ-ÅÔÁÌÓ ÁÎÁÌÙÚÅÒ 8!#4σςυÉ ɀ 82&  /ÎȤÌÉÎÅȟ ÍÅÔÁÌÓ 
-ÕÌÔÉȤ-ÅÔÁÌÓ ÁÎÁÌÙÚÅÒ 08Ȥσχυ  /ÎȤÌÉÎÅȟ ÍÅÔÁÌÓ 
3-03 ɉ3ÃÁÎÎÉÎÇ -ÏÂÉÌÉÔÙ 0ÁÒÔÉÃÌÅ 3ÉÚÅÒɊ 
ɉςØɊ 

/ÎȤÌÉÎÅȟ ÐÁÒÔÉÃÌÅ ÓÉÚÅ ÄÉÓÔÒÉÂÕÔÉÏÎ 

!03 ɉ!ÅÒÏÄÙÎÁÍÉÃ 0ÁÒÔÉÃÌÅ 3ÉÚÅÒɊ ɉςØɊ /ÎȤÌÉÎÅȟ ÐÁÒÔÉÃÌÅ ÓÉÚÅ ÄÉÓÔÒÉÂÕÔÉÏÎ 
#0# ɉ#ÏÎÄÅÎÓÁÔÉÏÎ 0ÁÒÔÉÃÌÅ #ÏÕÎÔÅÒɊ ɉςØɊ /ÎȤÌÉÎÅȟ ÐÁÒÔÉÃÌÅ ÎÕÍÂÅÒ ÃÏÎÃȢ 
03- ɉ0ÁÒÔÉÃÌÅ 3ÉÚÅ -ÁÇÎÉПÉÅÒɊ  /ÎȤÌÉÎÅȟ ÃÌÕÓÔÅÒ ÓÉÚÅ ÄÉÓÔÒÉÂÕÔÉÏÎ 
.ÁÎÏȤ3-03  /ÎȤÌÉÎÅȟ ÎÁÎÏÐÁÒÔÉÃÌÅ ÓÉÚÅ ÄÉÓÔÒÉÂÕÔÉÏÎ 
.!)3 ɉ.ÅÕÔÒÁÌ ÃÌÕÓÔÅÒ ÁÎÄ !ÉÒ )ÏÎ 
3ÐÅÃÔÒÏÍÅÔÅÒɊ 

/ÎȤÌÉÎÅȟ ÁÔÍÏÓÐÈÅÒÉÃ ÉÏÎÓ ÁÎÄ ÃÌÕÓÔÅÒ 
ÄÉÓÔÒÉÂÕÔÉÏÎ 

.ÅÐÈÅÌÏÍÅÔÅÒ !ÕÒÏÒÁ σπππ ÁÎÄ 43) συφσ 
ɉςØɊ 

/ÎȤÌÉÎÅȟ ÁÅÒÏÓÏÌ ÓÃÁÔÔÅÒÉÎÇ 

,ÅÃËÅÌ ÓÅÑÕÅÎÔÉÁÌ 3%1τχȾυπ ÓÁÍÐÌÅÒ ɉØςɊ /ÆÆȤÌÉÎÅȟ ПÉÌÔÅÒ ÓÁÍÐÌÉÎÇ 
-ÉÃÒÏÂÁÌÁÎÃÅ 3ÁÒÔÏÒÉÕÓ -υ0  /ÆÆȤÌÉÎÅȟ ÇÒÁÖÉÍÅÔÒÙ 
)ÏÎ ÃÈÒÏÍÁÔÏÇÒÁÐÈÙ  /ÆÆȤÌÉÎÅȟ ×ÁÔÅÒȤÓÏÌÕÂÌÅ ÉÏÎÓ ÃÏÎÃÅÎÔÒÁÔÉÏÎ 
#ÅÉÌÏÍÅÔÅÒ #,υρ /ÎȤÌÉÎÅȟ 0", ÈÅÉÇÈÔȟ ÃÌÏÕÄ ÂÁÓÅ ÈÅÉÇÈÔ 

ÍÉÃÒÏ!ÅÔÈÁÌÏÍÅÔÅÒ !%υρ 
"ÌÁÃË ÃÁÒÂÏÎ ÍÏÎÉÔÏÒ ÆÏÒ ÄÒÏÎÅ 
ÍÅÁÓÕÒÅÍÅÎÔÓ 

 

The procedure to ensure data quality will include laminar flow sampling, size-
dependent sampling losses determination, and checks for possible leaks. All instruments 
listed in Tab.1 will be operated according to SOPs (Standard Operating Procedure) given 
by the ACTRIS ERIC or the manufacturer manuals and recommendations.  

The measured aerosols will be divided according to the heights of PBL. The temporal 
ÅÖÏÌÕÔÉÏÎ ÏÆ ÔÈÅ 0", ×ÉÌÌ ÂÅ ÓÔÕÄÉÅÄ ÆÒÏÍ ÔÈÅ ÃÅÉÌÏÍÅÔÅÒȭÓ ÒÁ× ÄÁÔÁ ÕÓÉÎÇ ÔÈÅ ,ÏÔÔÅÒÁÎÅÒ 
and Piringer (2016) method. Finally, a model for air mass trajectory generation, the 
HYbrid Single-Particle Lagrangian Integrated Trajectory model (HYSPLIT) (Stein et al. 
2015), will allow the study of the long-range transport of aerosols. The trajectories would 
also be the base for the Potential Source Contribution Function (PSCF) (Wehrens et al. 
2000) to calculate the probability of source location. 
  



20 
 

EXPECTED OUTCOMES 
 

The uniqueness of this project procures high expectations, with several publications 
in peer-reviewed international scientific journals both within and after the completion of 
the three-ÙÅÁÒ ÐÒÏÊÅÃÔȢ )Î ÁÄÄÉÔÉÏÎȟ ÒÅÇÕÌÁÒ ÐÒÅÓÅÎÔÁÔÉÏÎÓ ÏÆ ÔÈÅ ÐÒÏÊÅÃÔȭÓ ÒÅÓÕÌÔÓ ÁÒÅ 
planned at international and national conferences. At least three PhD theses and several 
ÍÁÓÔÅÒȭÓ ÔÈÅÓÅÓ ×ÉÌÌ ÕÓÅ ÔÈÅ ÄÁÔÁ ÃÏÌÌÅÃÔÅÄȢ 4he results will also be disseminated in the 
form of science presentations at public events and seminars for high school and university 
students and professionals. 
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SUMMARY 
 

Vertical profile of potential temperature q of the lowest part of atmospheric boundary 
layer (ABL) significantly determines dispersal of pollutants ordinarily generated by 
sources on ground. Therefore, fast, repetitive and highly time-and-space q profiling of the 
first 120/300 m of the ABL is desirable. To accomplish such a task, we used fast iMet-XQ2 
sensor for temperature T and relative RH and pressure mounted on upper part of a DJI 
Air 2s drone. Upward T, RH profiles were measured and evaluated. The ascent speed of 
the drone was approximately 1 ms-1. One profile was accomplished within 3-4 minutes. 
Spatial resolution of the profile was 1 m. Between the measurements of individual profiles 
ʃ ×ÁÓ ÃÁÌÃÕÌÁÔÅÄ ÁÎÄ ÄÅÐÉÃted in a heat map with contour lines for RH to get highly time 
resolved overview for q profile of the lowest 120 or 300 m of the atmospheric boundary 
layer. The interval between individual profiles was 10 to 15 minutes, based on which the 
dynamics of the vertical profiles were then developed. Good agreement between vertical 
profiling using by drone and by tethered balloon was found but limited to about wind 
speed < 1 ms-1. 

 
ª6/$ 

 
.ÅÊÎÉĿĤþÃÈ υπ-ρππ ÍÅÔÒĳ ÁÔÍÏÓÆïÒÉÃËï ÍÅÚÎþ ÖÒÓÔÖÙȟ ÔÚÖȢ ÐĠþÚÅÍÎþ ÖÒÓÔÖÁȟ ÏÂÖÙËle 

ÏÂÓÁÈÕÊÅ ÖÙÓÏËï ËÏÎÃÅÎÔÒÁÃÅ ÁÔÍÏÓÆïÒÉÃËĻÃÈ ÚÎÅéÉĤĩÕÊþÃþÃÈ ÐĠþÍñÓþ 3ÅÉÎÆÅÌÄ ɉρωψφɊȢ 
*ÅÊÉÃÈ ÄÉÓÔÒÉÂÕÃÅ Ö ÔïÔÏ ÖÒÓÔÖñ ÊÅ ÖĻÚÎÁÍÎñ ÏÖÌÉÖÎñÎÁ ÐÒÏÕÄñÎþÍ ÖÚÄÕÃÈÕȟ ÊÅÈÏĿ ÖÅÒÔÉËÜÌÎþ 
ÓÌÏĿËÁ ÊÅ ÕÒéÅÎÁ ÐĠÅÄÅÖĤþÍ ÖÅÒÔÉËÜÌÎþÍ ÐÒĳÂñÈÅÍ ÐÏÔÅÎÃÉÜÌÎþ ÔÅÐÌÏÔÙ q. 4Á ÓÅ ÐÏéþÔÜ 
ÐÏÍÏÃþ ÖÚÔÁÈÕ ÏÄÖÏÚÅÎïÈÏ Ú 0ÏÉÓÓÏÎÏÖÙ ÒÏÖÎÉÃÅ Ó ÖÙÕĿÉÔþÍ ÍñĠÅÎï ÔÅÐÌÏÔÙ 4 7ÁÌÌÁÃÅ 
and Hoobs (2006). +ÌÁÓÉÃËÙ ÓÅ ÖÅÒÔÉËÜÌÎþ ÐÒÏÆÉÌ ÔÅÐÌÏÔÙ 4 ÍñĠþ ÐÏÍÏÃþ ÍÅÔÅÏÒÏÌÏÇÉÃËĻÃÈ 
ÂÁÌĕÎĳ ÖÙÂÁÖÅÎĻÃÈ ÒÁÄÉÏÓÏÎÄÏÕȢ 4ÁËÏÖÜ ÍñĠÅÎþ ÁÌÅ ÎÅÊÓÏÕ ÁÎÉ ÐÒÁËÔÉÃËÜ ÁÎÉ ÅËÏÌÏÇÉÃËÜȟ 
ÐÒÏÔÏĿÅ ËÅ ËÏÎÃÉ ÍñĠÅÎþ ÂÁÌÏÎ ÐÒÁÓËÎÅ ÖÅ ÖÙĤĤþÃÈ ÖÒÓÔÖÜÃÈ ÁÔÍÏÓÆïÒÙ Á ÓÐÏÌÕ Ó 
ÒÁÄÉÏÓÏÎÄÏÕ ÄÏÐÁÄÎÏÕ ÎÁ ÚÅÍ Á ÎÅÄÁÊþ ÓÅ ÚÎÏÖÕ ÐÏÕĿþÔȢ 0ÒÏ ÎÅÊÎÉĿĤþ ÖÒÓÔÖÙ ÁÔÍÏÓÆïÒÙ 
ÊÓÏÕ ÁÌÔÅÒÎÁÔÉÖÏÕ ÂÁÌĕÎÕ Ö ÐÏÓÌÅÄÎþ ÄÏÂñ ÄÒÏÎÙȢ 4ÅÃÈÎÉÃËï ÚÐĳÓÏÂÙ ĠÅĤÅÎþ ÊÅÊÉÃÈ ÖÙÕĿÉÔþ Á 
pÏÄÒÏÂÎĻ ÐĠÅÈÌÅÄ ÎÅÊÅÎÏÍ ÄÒÏÎĳ ÁÌÅ É ÄÁÌĤþÃÈ ÂÅÚÐÉÌÏÔÎþÃÈ ÌÅÔÁÄÅÌ ÐÏÊÅÄÎÜÖÜ éÌÜÎÅË ÏÄ 
Schuyler et al. (2017). Hemingway et al. ɉςπρχɊ ÎÁÖþÃ ÚÁÈÒÎÕÊÅ ÚÏÂÒÁÚÅÎþ ÖÅÒÔÉËÜÌÎþÃÈ 
ÐÒÏÆÉÌÕ 4ȟ 2( Á ʃ Ó ÖÙÕĿÉÔþÍ ÖÁÒÉÏÇÒÁÍÏÖï ÁÎÁÌĻÚÙ Ë ÕÒéÅÎþ ÏÐÔÉÍÜÌÎþÃÈ ÐÒÏÓÔÏÒÏÖĻÃÈ 
vÚÏÒËÏÖÁÃþÃÈ ÐÏÄÍþÎÅË ÐÒÏ 4 Á 2(ȟ ÐĠÉ ÍñĠÅÎþ ÒÏÚÓÜÈÌÅÊĤþÃÈ ÐÒÏÆÉÌĳ ÍÅÚÎþ ÖÒÓÔÖÙ 
ÁÔÍÏÓÆïÒÙ ÁĿ ÄÏ ÖĻĤËÙ ρπππ ÍȢ .ÉÃÍïÎñȟ ÏÂñ ÓÔÕÄÉÅ ÎÅÚÐÒÁÃÏÖÜÖÁÊþ ÐÏÄÒÏÂÎñ ÄÙÎÁÍÉËÕ 
ÖÅÒÔÉËÜÌÎþÈÏ ÐÒÏÆÉÌÕ ÔÅÐÌÏÔÙ ÍÅÚÎþ ÖÒÓÔÖñ ÁÔÍÏÓÆïÒÙȢ 
#þÌÅÍ ÐÒÜÃÅ ÊÅ ÎÁÖÒÈÎÏÕÔ Á ÏÔÅÓÔÏÖÁÔ ÔÅÃÈÎÉÃËï ĠÅĤÅÎþ ÍñĠÅÎþ ÖÅÒÔÉËÜÌÎþÃÈ ÐÒÏÆÉÌĳ 4 Á 

2( ÐÏÍÏÃþ ÄÒÏÎÕȟ ÖĻÓÌÅÄËÙ ÐÏÒÏÖÎÁÔ Ó ÍñĠÅÎþÍÉ ÚþÓËÁÎĻÍÉ Ó ÐÏÍÏÃþ ÕÐÏÕÔÁÎïÈÏ ÂÁÌĕÎÕ 

mailto:fedorenm@natur.cuni.cz
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Á ÚÐÒÁÃÏÖÁÔ ÄÁÔÁ ÚÁ ĭéÅÌÅÍ ÐÏÐÉÓÕ ÄÙÎÁÍÉËÙ ÓÔÁÂÉÌÉÔÎþÃÈ ÐÏÄÍþÎÅË Ö ÎÅÊÎÉĿĤþÃÈ ρςπ ÎÅÂÏ 
σππ ÍÅÔÒÅÃÈ ÍÅÚÎþ ÖÒÓÔÖÙ ÁÔÍÏÓÆïÒÙȢ 

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

 
-ñĠÅÎþ ÖÅÒÔÉËÜÌÎþÃÈ ÐÒÏÆÉÌĳ 4 Á 2( ÂÙÌÙ ÐÒÏÖÜÄñÎÙ ÐÏÍÏÃþ ÍÏÎÉÔÏÒÕ É-ÅÔ-XQ2 

ɉ)ÎÔÅÒ-ÅÔ 3ÙÓÔÅÍÓɊ ÕÍþÓÔñÎïÈÏ ÎÁ ÄÒÏÎ $*) !ÉÒ ςÓȢ -ÏÎÉÔÏÒ ÖÜĿþ φπ Ç Á ÐÏÓËÙÔÎÅ ÄÁÔÁ Ó 
ÆÒÅËÖÅÎÃþ ÍñĠÅÎþ ρ (Ú (Tab.1).  

 
4ÁÂÕÌËÁȢ ρȡ 4ÅÃÈÎÉÃËÜ ÃÈÁÒÁËÔÅÒÉÓÔÉËÙ ÍÏÎÉÔÏÒÕ iMet-XQ2 

Parametr Rozsah  0ĠÅÓÎÏÓÔ   IÁÓ ÏÄÅÚÖÙ -s  

Teplota  - ωπ ÔÏ Ϲ υπ Ξ # +/ - πȢσΞ # @ 5m/s flow 

Vlhkost  0ɀ100 % RH +/ - 5 % RH @ςυ Ј#ȟ πȢφ Ó  

Tlak  10ɀ1200 hPa +/ - 1.5 hPa 10 ms 

GPS n.a. ρς Í ɉÖÅÒÔÉËÜÌÎþɊ  

 
Dron DJI Air 2s ÍÜ ÈÍÏÔÎÏÓÔ υωυ Ç Á ÒÏÚÍñÒÙ ρψπØωχØχχ ÍÍȢ 0ÒÏ ÖÙÐÏéÅÔ ÊÅÈÏ ÖĻĤËÙ 

ÎÁÄ ÔÅÒïÎÅÍ ÂÙÌÁ ÐÏÕĿÉÔÁ ÈÙÐÓÏÍÅÔÒÉÃËÜ ÒÏÖÎÉÃÅ "ÏÈÒÅÎ et al. (ςπςσɊȢ 6ÅÒÔÉËÜÌÎþ ÒÙÃÈÌÏÓÔ 
ÄÒÏÎÕ ÂÙÌÁ ÐĠÉÂÌÉĿÎñ ρ ÍÓ-1ȟ ÔÅÄÙ ÍñĠÅÎþ ÊÅÄÎÏÈÏ ÐÒÏÆÉÌÕ ÄÏ ρςπ Í ÖÙĿÁÄÏÖÁÌÏ ÚÈÒÕÂÁ ς 
ÍÉÎÕÔÙȟ ÃÅÌËÏÖñ tak 3-τ ÍÉÎÕÔÙȢ )ÎÔÅÒÖÁÌ ÍÅÚÉ ÊÅÄÎÏÔÌÉÖĻÍÉ ÐÒÏÆÉÌÙ ÂÙÌ ρπ ÁĿ ρυ ÍÉÎÕÔȢ 
V ÒÜÍÃÉ ÔïÔÏ ÐÒÜÃÅ ÂÙÌÙ ÎñËÔÅÒï ÐÒÏÆÉÌÙ ÍñĠÅÎÙ É ÄÏ ÖĻĤËÙ σππ ÍÅÔÒĳȟ ÃÏĿ ÏÄÐÏÖþÄÜ ÚÈÒÕÂÁ 
7-ψ ÍÉÎÕÔÜÍȟ ÁÌÅ ÐÒÏ ÍñĠÅÎþ ÔÁËÏÖĻÃÈ ÐÒÏÆÉÌĳ ÊÅ ÎÕÔÎï ÐÏÖÏÌÅÎþ ÏÄ ªĠÁÄÕ ÐÒÏ ÃÉÖÉÌÎþ 
ÌÅÔÅÃÔÖþȟ ÐÒÏÔÏĿÅ ÍÁØÉÍÜÌÎþ ÐÏÖÏÌÅÎÜ ÌÅÔÏÖÜ ÖĻĤËÁ ÄÒÏÎÕ ÎÁÄ ÔÅÒïÎÅÍ ÊÅ ρςπ ÍȢ 
-þÓÔÏ ÍÅÔÅÏÒÏÌÏÇÉÃËïÈÏ ÂÁÌĕÎÕ ÂÙÌ ÐÏÕĿÉÔ ÕÐÏÕÔÁÎĻ ÂÁÌĕÎ ÎÁÐÌÎñÎĻ ÈÅÌÉÅÍȠ ÊÅÈÏ 

hmotnost byla 1,05 kg, objem 3,5 m3ȟ ÂÁÌĕÎ ÍñÌ éÅÒÖÅÎÏÕ ÂÁÒÖÕȢ 
 

6¸3,%$+9 ! $)3+5:% 
 

"ÅÚÐÅéÎï ÕÃÈÙÃÅÎþȟ ÍÉÎÉÍÁÌÉÚÁÃÅ ÖÌÉÖÕ ÔÅÐÌÁ ÅÍÉÔÏÖÁÎïÈÏ ÄÒÏÎÅÍ ÎÁ ÍÏÎÉÔÏÒ Á 
ÓÔÁÂÉÌÉÔÁ ÔñĿÉĤÔñ ÄÒÏÎÕ ÂÙÌÙ ÚÁÊÉĤÔñÎÙ ÐÏÍÏÃþ ÌÅÈËïÈÏ ÄÒĿÜËÕ ÎÁ ÔÅÌÅÆÏÎ ɉ/ÂÒȢ ρȟ ÖÌÅÖÏɊȢ  

 

 
/ÂÒÜÚÅË ρȡ 6ÌÅÖÏȟ ÆÏÔÏ ÕÍþÓÔñÎþ ÍÏÎÉÔÏÒÕ ÎÁ ÄÒÏÎÕ Ó ÔÅÐÌÏÔÎþÍ ÓÅÎÚÏÒÅÍ ÏÐÁÔĠÅÎĻÍ 
éÅÒÖÅÎÏÕ ËÒÙÔËÏÕȢ 6ÐÒÁÖÏȟ ÖÅÒÔÉËÜÌÎþ ÐÒÏÆÉÌ 4 ÍñĠÅÎĻ ÓÍñÒÅÍ ÎÁÈÏÒÕɉéÅÒÖÅÎñɊ Á 

ÓÍñÒÅÍ ÄÏÌĳ ɉÍÏÄĠÅɊȟ ρχȢπωȢςπςτȟ ρτȡτς ɀ 14:47 (nad loukou) 
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0ĠÉ ÐÏÈÙÂÕ ÓÍñÒÅÍ ÏÄ ÚÅÍÓËïÈÏ ÐÏÖÒÃÈÕ ÖÚÈĳÒÕ ÊÓÏÕ ÐÁË ÓÅÎÚÏÒÙ ÍÏÎÉÔÏÒÕ 
ÏÐÌÁÃÈÏÖÜÎÙ ÖÚÄÕÃÈÅÍ ÒÙÃÈÌÏÓÔþ ÓÈÏÄÎÏÕ Ó ÒÙÃÈÌÏÓÔþ ÐÏÈÙÂÕ ÄÒÏÎÕ ÎÁ ÒÏÚÄþÌ ÏÄ ÐÏÈÙÂÕ 
ÄÏÌĳȟ ËÄÙ ÖÚÄÕÃÈ ÊÅ ÐÏÄÓÔÁÔÎñ ÖþÃÅ ÏÖÌÉÖÎñÎ ÔÕÒÂÕÌÅÎÃþ ÏÄ ÖÒÔÕÌþ ÄÒÏÎÕ Á ÐÒÏÆÉÌÙ ÓÅ ÌÉĤþ 
ɉ/ÂÒȢρȟ ÖÐÒÁÖÏɊȢ 0ÒÏÔÏ ÂÙÌÙ ÖÙÈÏÄÎÏÃÏÖÜÎÙ ÖĻÌÕéÎñ ÐÒÏÆÉÌÙ ÚþÓËÁÎï ÐĠÉ ÐÏÈÙÂÕ ÄÒÏÎÕ 
ÖÚÈĳÒÕȢ 

 
0ĠÉ ÐÏÒÏÖÎÜÎþ ÖÅÒÔÉËÜÌÎþÃÈ ÐÒÏÆÉÌĳ ÎÁÍñĠÅÎĻÃÈ ÄÒÏÎÅÍ Á ÂÁÌĕÎÅÍ ÂÙÌ ÐÒÏÆÉÌ ÍñĠÅÎ 

ÎÅÊÐÒÖÅ ÄÒÏÎÅÍȟ ÐÁË ÂÙÌ ÍÏÎÉÔÏÒ ÕÍþÓÔñÎ ÎÁ ÂÁÌĕÎ ÖÅ ÖÚÄÜÌÅÎÏÓÔÉ ρπ Í ÏÄ ÖÌÁÓÔÎþÈÏ 
ÂÁÌÏÎÕȟ Á ÐÏÔï ÏÐñÔ ÄÒÏÎÅÍȢ : ÖĻÓÌÅÄËĳ ÌÚÅ ÖÙéÌÅÎÉÔ ÄÖñ ËÒÁÊÎþ ÓÉÔÕÁÃÅȡ ÐÒÖÎþȟ ËÄÙ ÏÂÁ 
ÐÒÏÆÉÌÙ ÖÙÐÁÄÁÊþ ÓÔÅÊÎñ ɉ/ÂÒȢ ςȟ ÖÌÅÖÏɊȟ ÄÒÕÈÜȟ ËÄÙ ÍñĠÅÎþ ÐÏÍÏÃþ ÂÁÌĕÎÕ ÖÙËÁÚÕÊþ 
ÖĻÒÁÚÎÏÕ ÖÁÒÉÁÂÉÌÉÔÕ ÎÁ ÔïÍñĠ ÓÔÅÊÎï ÖĻĤÃÅ ɉ/ÂÒȢ ςȟ ÖÐÒÁÖÏɊȢ $ĳÖÏÄÅÍ ÖÁÒÉÁÂÉÌÉÔÙ ÍĳĿÅ 
ÂĻÔ ÔÏȟ ĿÅ ÂÁÌĕÎ ÎÅÓÔÏÕÐÜ ÓÔÒÉËÔÎñ ÎÁÈÏÒÕȟ ÁÌÅ ËÒÏÍñ ÖÚÔÌÁËÕ ÊÅ ÏÖÌÉÖÎñÎ ÓÉÌÏÖĻÍ 
ÐĳÓÏÂÅÎþÍ ÐÒÏÖÜÚËÕ Á ÈÏÒÉÚÏÎÔÜÌÎþÍ ÐÒÏÕÄñÎþÍ ÖÚÄÕÃÈÕȢ +ÖĳÌÉ ÖÅÌÉËÏÓÔÉ ÂÁÌÏÎÕ ÊÅ ÓÉÌÏÖï 
ÐĳÓÏÂÅÎþ ÈÏÒÉÚÏÎÔÜÌÎþÈÏ ÐÒÏÕÄñÎþ ÎÁ ÂÁÌĕÎ ÐÏÄÓÔÁÔÎñ ÖñÔĤþ ÎÅĿÌÉ ÎÁ ÄÒÏÎȢ 0ÏËÕÄ ÊÅ 
ÈÏÒÉÚÏÎÔÜÌÎþ ÐÒÏÕÄñÎþ ÄÏÓÔÁÔÅéÎñ ÓÉÌÎïȟ ÐĠÅÓÔÁÎÅ ÂÁÌĕÎ ÓÔÏÕÐÁÔ Á ÚÁéÎÅ ÓÅ ÐÏÈÙÂÏÖÁÔ 
ÈÏÒÉÚÏÎÔÜÌÎñ ÖÅ ÓÔÅÊÎï ÖĻĤÃÅȢ ! ÐÒÏÔÏĿÅ ÍÏÎÉÔÏÒ ÍñĠþ ËÁĿÄÏÕ ÓÅËÕÎÄÕ ÐÒÏ ÔÕÔïĿ ÖĻĤËÕ 
ÚÁÚÎÁÍÅÎÜ ÔÅÄÙ ÖþÃÅ ÈÏÄÎÏÔ ÔÅÐÌÏÔÙȟ ËÔÅÒï ÓÅ ÍÅÚÉ ÓÅÂÏÕ ÌÉĤþȢ 0ÒÏÔÏ ÊÅ ÉÄÅÜÌÎþ ÍñĠÉÔ ÐĠÉ 
ÍÁÌï ÒÙÃÈÌÏÓÔÉ ÖñÔÒÕȟ ÃÃÁ Ѓ ρÍÓ-1, kdy balon v ÐÏÄÓÔÁÔñ ÓÔÏÕÐÜ ËÏÌÍÏ ÖÚÈĳÒÕȢ 4ïÔÏ ÓÉÔÕÁÃÉ 
ÏÄÐÏÖþÄÜ ÐÒÏÆÉÌ ÎÁ /ÂÒÜÚËÕ ςȢ ÖÌÅÖÏȢ 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

/ÂÒÜÚÅË ςȡ 0ÏÒÏÖÎÜÎþ ÖÅÒÔÉËÜÌÎþÃÈ ÐÒÏÆÉÌÕ 4 ÍñĠÅÎĻÃÈ ÄÒÏÎÅÍ Á ÂÁÌĕÎÅÍȟ 

3.07.2024 (nad loukou) 
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/ÂÒÜÚÅË σȡ 6ÅÒÔÉËÜÌÎþ ÐÒÏÆÉÌ 4ȟ ʃ a RH [%], 3:07.2024, 13:03 ɀ ρσȡρπȟ ɉÎÁÄ ÔÅÒïÎÅÍɊ 

 
-ÅÚÉ ÍñĠÅÎþÍ ÊÅÄÎÏÔÌÉÖĻÃÈ ÐÒÏÆÉÌĳ ÂÙÌÁ ÏÂÒÁÔÅÍ ÖÙÐÏéþÔÜÎÁ ʃ Á zobrazena v grafu pro 

ÓÔÁÎÏÖÅÎþ ÁËÔÕÜÌÎþÈÏ ÓÔÁÂÉÌÉÔÎþÈÏ ÓÔÁÖÕ ÁÔÍÏÓÆïÒÙ ɉ/ÂÒȢ σɊȢ 
0ÒÏ ÚÏÂÒÁÚÅÎþ ÄÙÎÁÍÉËÙ ÖÅÒÔÉËÜÌÎþÃÈ ÐÒÏÆÉÌĳ ÌÚÅ ÄÁÔÁ ÚÏÂÒÁÚÉÔ Ö ÐÏÄÏÂñ ÂÁÒÅÖÎï 

mapy (heatmap), v ËÔÅÒï ÊÅ ÎÁ ÏÓÅ 8 éÁÓ Á ÎÁ ÏÓÅ 9 ÖĻĤËÁ ÎÁÄ ÔÅÒïÎÅÍ Á ÂÁÒÅÖÎÜ ĤËÜÌÁ 
Z ÐÁË ÚÎÁéþ ÐÏÔÅÎÃÉÜÌÎþ ÔÅÐÌÏÔÕ Á ËÏÎÔÕÒÏÖĻ ÇÒÁÆ Ó ÐÏÐÉÓËÁÍÉ ÄÉÓÔÒÉÂÕÃÅ ÒÅÌÁÔÉÖÎþ ÖÌÈËÏÓÔÉȢ 
0ÒÏ ÔÁËÏÖï ÚÏÂÒÁÚÅÎþ ÁÌÅ ÍÕÓÅÊþ ÂĻÔ ÄÁÔÁ ÚÐÒÁÃÏÖÜÎÁ ÔÁËȟ ÁÂÙ ÐÒÏ ÖĿÄÙ ËÁĿÄĻ ÃÅÌĻ ÍÅÔÒ 
ÖĻĤËÙ ÂÙÌÁ ÏÄÐÏÖþÄÁÊþÃþ ÄÁÔÁȢ + ÔÏÍÕ ÂÙÌÏ ÐÏÕĿÉÔÏ ÍÁËÒÏȟ ËÔÅÒï Ú ÎÁÍñĠÅÎĻÃÈ ÂÉÎÜÒÎþÃÈ 
daÔ ÐĠÉĠÁÚÕÊÅ ÐÒÏ ËÁĿÄĻ ÃÅÌĻ ÍÅÔÒ ÏÄÐÏÖþÄÁÊþÃþ ÄÁÔÁȢ 0ÏËÕÄ ĭÄÁÊÅ Ï ÕÒéÉÔïÍ ÍÅÔÒÕ ÃÈÙÂþȟ 
ÎÁÈÒÁÚÕÊþ ÓÅ ÁÒÉÔÍÅÔÉÃËĻÍ ÐÒĳÍñÒÅÍ ÚÅ ÓÏÕÓÅÄÎþÃÈ ÖĻĤÅËȢ  
.ÁÐĠþËÌÁÄ ÄÅÎÎþ ÃÈÏÄ ÖÅÒÔÉËÜÌÎþÈÏ ÐÒÏÆÉÌÕ ÐÏÔÅÎÃÉÜÌÎþ ÔÅÐÌÏÔÙ ÎÁÄ ÌÏÕËÏÕ Ö ÌïÔñ 

ÕËÁÚÕÊÅ ÒÏÖÎÏÍñÒÎï ÐÒÏÈĠþÖÜÎþ ÖþÃÅ ÍïÎñ ÃÅÌïÈÏ ÐÒÏÆÉÌÕ ÖÚÄÕÃÈÕ ÏÄ ÚÅÍÓËïÈÏ ÐÏÖÒÃÈÕ 
do 120 m s ÍÁØÉÍÅÍ ÍÅÚÉ ρπ Á ρσ ÈÏÄÉÎÏÕ ɉ/ÂÒȢτɊȢ .ÉÃÍïÎñȟ Ö éÁÓÅ ÎÅÊÖÙĤĤþÈÏ ÐĠþËÏÎÕ 
ÓÌÕÎÅéÎþÈÏ ÚÜĠÅÎþ ÍÅÚÉ ρπȡσπ ρςȡσπȟ ÓÅ ÎÅÊÎÉĿĤþÃÈ ςπ ÍÅÔÒĳ ÐÒÏÈĠþÖÜ ÖĻÒÁÚÎñ ÖþÃÅȟ ÖÚÎÉËÜ 
ÎÅÓÔÁÂÉÌÎþ ÚÖÒÓÔÖÅÎþ ÁÔÍÏÓÆïÒÙȟ ËÔÅÒï ÊÅ ÖÅ ÖĻĤËÜÃÈ ÏÄ ςπ ÄÏ ρςπ Í ÂÌþÚËï ÉÎÄÉÆÅÒÅÎÔÎþÍÕȢ 
3 ÂÌþĿþÃþÍ ÓÅ ÚÜÐÁÄÅÍ 3ÌÕÎÃÅȟ ÏÄ ρχȡππȟ ÄÏÃÈÜÚþ ÐÏÓÔÕÐÎñ Ë ÏÃÈÌÁÚÏÖÜÎþ ÖÚÄÕÃÈÕȟ 
ÚÖÒÓÔÖÅÎþ ÁÔÍÏÓÆïÒÙ ÓÅ ÐÏÓÔÕÐÎñ ÓÔÜÖÜ ÉÎÄÉÆÅÒÅÎÔÎþ ɉ/ÂÒȢ τɊȢ 
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/ÂÒÜÚÅË τȡ $ÙÎÁÍÉËÁ ÖÅÒÔÉËÜÌÎþÈÏ ÐÒÏÆÉÌÕ ʃ a RH, 19.6.2024 (nad loukou) 

 
0ÏÄÓÔÁÔÎñ ÏÄÌÉĤÎÏÕ ÄÙÎÁÍÉËÕ ÐÒÏÆÉÌÕ ʃ Á 2( ÂÙÌÏ ÍÏĿÎï ÖÙÓÌÅÄÏÖÁÔ ÎÁÄ "ÁÌÔÓËĻÍ 

ÍÏĠÅÍ ɉ/ÂÒȢ υɊȢ 6ĻÒÁÚÎÜ ÔÅÐÌÏÔÎþ ÉÎÖÅÒÚÅ Ö ÃÃÁ ρππ Í ÖÚÎÉËÜ Ö ÄĳÓÌÅÄËÕ ÓÔÕÄÅÎï ÍÏĠÓËï 
ÈÌÁÄÉÎÙȟ ËÔÅÒÜ ÓÅ ÐÒÏÈĠþÖÜ ÐÏÄÓÔÁÔÎñ ÐÏÍÁÌÅÊÉ ÎÅĿÌÉ ÐÅÖÎĻ ÐÏÖÒÃÈȢ .ÁÓÏÕÖÜÎþÍ ÔÅÐÌï Á 
ÓÕÃÈï ÖÚÄÕĤÎï ÈÍÏÔÙ ÎÁÄ ÓÔÕÄÅÎÏÕ ÍÏĠÓËÏÕ ÈÌÁÄÉÎÕ ÓÅ ÔÁÔÏ ÉÎÖÅÒÚÎþ ÖÒÓÔÖÁ ÖĻÒÁÚÎñ 
ÚÔÅÎéÕÊÅ ÏÄ ρππ Í Ö 14:00 na cca 20ɀ40 m v 19:20 (Obr. 5).  

 

 
/ÂÒÜÚÅË υȡ $ÙÎÁÍÉËÁ ÖÅÒÔÉËÜÌÎþÃÈ ÐÒÏÆÉÌĳ ʃ Á 2( ςτȢπψȢςπςτȟ ÎÁÄ "ÁÌÔÓËĻÍ ÍÏĠÅÍ 
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:<6Q2 
 

"ÙÌÁ ÖÙÐÒÁÃÏÖÜÎÁ ÍÅÔÏÄÁ ÍñĠÅÎþ ÖÅÒÔÉËÜÌÎþÃÈ ÐÒÏÆÉÌĳ ÔÅÐÌÏÔÙ 4 Á ÒÅÌÁÔÉÖÎþ ÖÌÈËÏÓÔÉ 2( 
v ÐĠþÚÅÍÎþ ÖÒÓÔÖñ ÁÔÍÏÓÆïÒÙ Ó ÖÙÓÏËĻÍ éÁÓÏÖĻÍ Á ÐÒÏÓÔÏÒÏÖĻÍ ÒÏÚÌÉĤÅÎþÍ Ó ÖÙÕĿÉÔþÍ 
ÄÒÏÎÕ ÊÁËÏ ÍÏÂÉÌÎþ ÐÌÁÔÆÏÒÍÙȢ -ÅÔÏÄÁ ÂÙÌÁ ÖÙÐÒÁÃÏÖÜÎÁ ÐÒÏ ÍñĠÅÎþ ÖÅÒÔÉËÜÌÎþÃÈ ÐÒÏÆÉÌĳ 
4 Á 2( ÐĠÉ ÐÏÈÙÂÕ ÄÒÏÎÕ ÖÚÈĳÒÕ ÐÒÏ ÎÅÊÎÉĿĤþÃÈ ρςπ Íȟ ÐĠþÐÁÄÎñ σππ Íȟ ÍÅÚÎþ ÖÒÓÔÖÙ 
ÁÔÍÏÓÆïÒÙȢ 
6 ÐÏÒÏÖÎÜÎþ ÍñĠÅÎþ ÖÅÒÔÉËÜÌÎþÃÈ ÐÒÏÆÉÌĳ 4 Á 2( ÚþÓËÁÎĻÃÈ Ó ÐÏÍÏÃþ ÕÐÏÕÔÁÎïÈÏ 

ÂÁÌĕÎÕ Á ÄÒÏÎÕ ÌÚÅ ÐÒÏ ÒÙÃÈÌÏÓÔÉ ÖñÔÒÕ ÃÃÁ ЃρÍÓ-1 ËÏÎÓÔÁÔÏÖÁÔ ÓÈÏÄÕȢ 0ĠÉ ÖÙĤĤþÃÈ 
ÒÙÃÈÌÏÓÔÅÃÈ ÖñÔÒÕ ÊÓÏÕ ÐÁË ÊÓÏÕ ÍñĠÅÎþ Ó ÕÐÏÕÔÁÎĻÍ ÂÁÌÏÎÅÍ ÚÁÔþĿÅÎÙ ÚÎÁéÎÏÕ 
variabilitou T a RH z ÄĳÖÏÄÕ ÎÅÃÈÔñÎïÈÏ ÈÏÒÉÚÏÎÔÜÌÎþÈÏ ÐÏÈÙÂÕ ÂÁÌÏÎÕȢ 
0ÏÍÏÃþ ÄÒÏÎÕ ÌÚÅ ÚþÓËÜÖÁÔ ÖÅÒÔÉËÜÌÎþ ÐÒÏÆÉÌÙ 4 Á 2( Ó inkrementem 1 metr a 

s ÏËÁÍĿÉÔĻÍ ÚÐÒÁÃÏÖÜÎþÍ Á ÖÙÈÏÄÎÏÃÅÎþÍ ÄÁÔ ÄÏ ρπ ÍÉÎÕÔȢ -ñĠÅÎþ Á ÖÙÈÏÄÎÏÃÅÎþ ÂÙÌÏ 
ÍÏĿÎï ÐÒÁËÔÉÃËÙ ÐÒÏÖÜÄñÔ ËÁĿÄĻÃÈ ÃÃÁ ςπɀσπ ÍÉÎÕÔȢ 2ÅÜÌÎñ ÔÁË ÌÚÅ ÚþÓËÁÔ ÐĠÅÈÌÅÄ Ï 
ÄÅÎÎþÍ ÃÈÏÄÕ ÔÅÐÌÏÔÎþÈÏ ÚÖÒÓÔÖÅÎþȟ Á ÔÅÄÙ ÓÔÁÂÉÌÉÔÎþ ÓÉÔÕÁÃÉȟ ÐĠþÚÅÍÎþ ÖÒÓÔÖÙ ÁÔÍÏÓÆïÒÙ 
ÎÅÊÎÉĿĤþÃÈ ÖÒÓÔÅÖ ρςπ ÒÅÓÐÅËÔÉÖÅ σππ ÍÅÔÒĳȢ 

 
0/$Q+/6<.^ 

 
AutÏĠÉ ÐÒÜÃÅ ÄñËÕÊþ ÚÁ ÐÏÄÐÏÒÕ ÇÒÁÎÔÕ '! I2 ςς-πστςφ, ȵ%ÍÉÓÅ ÄÏ ÁÔÍÏÓÆïÒÙ Ú 
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INTRODUCTION 

 
Black carbon (BC) aerosols, one of the substantial contributors to climate change and 

adverse health effects, are primarily emitted into the atmosphere through incomplete 
combustion of fossil fuels and biomass (Bond et al., 2013; Ramanathan and Carmichael, 
2008). The radiative properties of BC depend on its vertical profile (Samset et al., 2013), 
and understanding its vertical distribution is crucial for accurately assessing its impact on 
climate systems. However, current modeling-based studies on BC vertical profiles are 
limited, highlighting the need for improved measurement techniques. Among all the other 
methods, drones have recently gained popularity. 

 This research aims to assess the vertical distribution of BC aerosols using a drone 
at two distinct sites in the Czech Republic: 1. NAOK (National Atmospheric Observatory 
+ÏĤÅÔÉÃÅɊȟ ×ÈÉÃÈ ÒÅÐÒÅÓÅÎÔÓ Á ÒÅÇÉÏÎÁÌ ÂÁÃËÇÒÏÕÎÄ ÌÏÃÁÔÉÏÎȟ ÁÎÄ ςȢ FMP (Faculty of 
Mathematics and Physics in Prague) represents an urban site.  
 

EXPERIMENTAL SETUP 
 

The micro-aethalometer AE51 (AethLabs), providing real-time equivalent BC (eBC) 
concentration, a meteorology sensor measuring temperature and relative humidity, and 
an Alphasense Optical Particle Counter (OPC) measuring particle number concentration 
were attached to the drone. The same setup was used consistently at both sites. 
Measurements were conducted during the summer and winter at each site, up to 250 m 
at NAOK and 100 at FMP.  The measurement interval was 10 seconds for eBC and 1 second 
for particle number concentration to cover the high temporal variability of eBC 
concentrations at the polluted site and cover changes in height during the flight. Two 
vertical inlets were used for eBC measurements: one 30 cm high without a dryer and the 
other 20cm high with a silica gel dryer, while no special inlet was used for OPC. The 
paÒÔÉÃÌÅ ÌÏÓÓ ÒÁÔÅ ÃÁÌÃÕÌÁÔÅÄ ÆÏÒ ÔÈÅ ÓÅÔÕÐ ×ÁÓ Ѕ ωϷ ÆÏÒ ÔÈÅ σπÃÍ ÉÎÌÅÔ ÁÎÄ Ѕ ρϷ ÆÏÒ ÔÈÅ 
20cm dryer inlet. Descent flights were not considered due to the downwash effect from 
ÔÈÅ ÄÒÏÎÅȭÓ ÐÒÏÐÅÌÌÅÒÓȢ At NAOK, eBC was measured at the ground (4 m a,g.l.) and on top 
(230 m a,g.l.) of a 250-meter measurement tower with an AE33 (Magee Scientific), 
providing a means to validate and calibrate the drone measurements  
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RESULTS AND CONCLUSIONS 
 

The eBC mass concentration was overestimated by 22.5 % and 75% by the AE51 
compared to the reference devices (AE33) on the ground during summer and winter 
without the dryer  (Fig. 1a). After using the dryer, the concentrations were comparable 
(under 10% difference, Fig. 1b), highlighting the importance of drying in minimizing the 
impact of humidity, particularly for eBC measurements. 

 

 
Figure 1. Boxplots of eBC mass concentration from drone vs. reference devices on 

the tower at NAOK (a)without the dryer and (b) with the dryer.  
      

At the rural site (NAOK), eBC mass concentration and particle number concentration 
(PNC) decreased with height during both seasons, though the height at which the decrease 
began was higher in winter than in summer. Vertical mixing effectively distributed BC 
particles up to the first 50 m in both seasons at rural sites. However, stable atmospheric 
conditions in winter led to uniform higher concentrations near the surface for both eBC 
and PNC. The increase in PNC during winter at NAOK was primarily driven by fine 
particles (PM1) associated with combustion sources such as residential heating. 
Conversely, at the urban site (FMP), both eBC and PNC were more uniform across all 
altitudes in summer, facilitated by strong emission sources and enhanced vertical mixing 
driven by the urban heat island effect. eBC mass concentration and PNC in winter 
decrease with height, reflecting limited vertical mixing due to stable atmospheric 
conditions. However, PNCs were higher in summer, likely due to increased secondary 
particle formation driven by elevated NO2 levels and photochemical reactions. Both the 
sites exhibited a significant decrease in eBC mass concentration and PNC with increasing 
humidity during winter, indicating that higher humidity levels contribute to decreasing 
particulate matter concentrations. 
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+ÌþéÏÖÜ ÓÌÏÖÁȡ ÍÏĠÓËĻ ÁÅÒÏÓÏÌȟ ËÁÐÉéËÙȟ ËÁÖÉÔÁéÎþ ÂÕÂÌÉÎÙ 

 
SUMMARY 

 
Ship diesel engines are significant source of mane made nanoaerosol particles for 

marine environment. Such combustion-generated nanoparticles are usually significantly 
enriched with various environmental pollutants, which are delivered by nanoparticles 
deposition to the sea or transported by the air to seashore. To reveal whether the 
nanoparticles are being mostly deposited within the ship trails or subject of long-range 
transport, we measured size and number of microdroplets generated by sailing ships, 
since the microdroplets can significantly scavenge the nanoparticles. Microdroplets 
generated by sailing ships were measured by commercial disdrometers positioned at the 
bow of inflatable boat. Laser Precipitation Monitor ɀ LPM was used for the measurement 
on the Vltava river in Prague, Meteorological Particle Spectrometer ɀ MPS was used on 
the Baltic sea. The boat has cased ships downwind, at the at the distances 18 -200 m from 
the stern of a ship. Ships usually sailed at the speed about 4 ms-1. Droplet size distributions 
were dominated by < 125 m droplets on both the localities. But droplet number 
concentration was detected in the range of 8,24*10-4 ɀ 3,1 cm-3 at the sea, while 4,6 *10-5 
- 2,6 *10-2 cm-3 on the river. Such a significant difference can be attributed to dimension 
of chased ships and to significantly larger integration time for a LPM (60s) in comparison 
with a MPS (1s).  
 

ª6/$ 
 

,ÏÄÎþ ÄÉÅÓÅÌÏÖï ÍÏÔÏÒÙ ÊÓÏÕ ÖĻÚÎÁÍÎĻÍ ÁÎÔÒÏÐÏÇÅÎÎþÍ ÚÄÒÏÊÅÍ ÁÅÒÏÓÏÌÏÖĻÃÈ 
ÎÁÎÏéÜÓÔÉÃȢ 0ÌÕÊþÃþ ÌÏìȟ ËÒÏÍñ ÏÂÌÁËÕ ÓÐÁÌÉÎȟ ÖÙÔÖÜĠþ ÖÏÄÎþ ÔĠþĤĩ Á ÚÁ ÓÅÂÏÕ ÚÁÎÅÃÈÜÖÜ 
ÚéÅĠÅÎÏÕ Á ÒÏÚÒÕĤÅÎÏÕ ÖÏÄÎþ ÈÌÁÄÉÎÕȟ ÔÊȢ ÌÏÄÎþ ÓÔÏÐÕȢ 6 Ôï ÊÅ ÍÏĿÎÏ ÐÏÚÏÒÏÖÁÔ ÖÚÄÕÃÈÏÖï 
ÂÕÂÌÉÎÙȟ ËÔÅÒï ÐÒÁÓËÁÊþ ÎÁ ÈÌÁÄÉÎñ Á ÔþÍ ÓÅ ÖÙÔÖÜĠþ ÏÂÌÁË ÍÉËÒÏËÁÐÉéÅË $Å ,ÅÅÕ× a spol. 
ɉςπρρɊȢ "ÕÂÌÉÎÙ ÓÅ ÄÏ ÖÏÄÙ ÄÏÓÔÜÖÁÊþ ÒÏÚÒÕĤÅÎþÍ ÈÌÁÄÉÎÙ ÐÏÈÙÂÅÍ ÌÏÄÎþÈÏ ÔÒÕÐÕ Á 
ËÁÖÉÔÁÃþ ÐĠÉ ÒÏÔÁÃÉ ÌÏÄÎþÃÈ ÖÒÔÕÌþ "ÒÅÎÎÅÎ ɉρωωυɊȢ :Á ÌÏÄþ ÔÁË ÖÚÎÉËÜ ÏÂÌÁË ÍÉËÒÏËÁÐÉéÅËȟ 
na ËÔÅÒï ÓÅ ÄÉÅÓÅÌÏÖï ÎÁÎÏéÜÓÔÉÃÅ Ö ÒÁÎĻÃÈ ÆÜÚþÃÈ ÒÏÚÐÔÙÌÕ ÓÐÁÌÉÎ ÍÏÈÏÕ ĭéÉÎÎñ 
ÚÁÃÈÙÔÜÖÁÔ É ÐĠÅÓ ÔÏȟ ĿÅ ÏÂÌÁË ÍÜ ËÒÜÔËÏÕ ÄÏÂÏÕ ÓÅÔÒÖÜÎþ Ú ÄĳÖÏÄÕ ÒÅÌÁÔÉÖÎñ ÖÙÓÏËï 
ÓÅÄÉÍÅÎÔÁéÎþ ÒÙÃÈÌÏÓÔÉ ÍÉËÒÏËÁÐÉéÅËȢ 

 :ÜÍñÒÅÍ ÔïÔÏ ÐÒÜÃÅ ÂÙÌÏ ÚÍñĠÉÔ ÖÅÌÉËÏÓÔ Á ÐÏéÅÔ ÍÉËÒÏËÁÐÉéÅË ÇÅÎÅÒÏÖÁÎĻÃÈ 
ÐÏÈÙÂÅÍ ÌÏÄþȢ 
 

mailto:fedorenm@natur.cuni.cz
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-%4/$9 -Q~%.^ 
 
0ÒÏ ÍñĠÅÎþ ÐÏéÔÕ Á ÖÅÌÉËÏÓÔÎþ ÄÉÓÔÒÉÂÕÃÅ ËÁÐÉéÅË ÇÅÎÅÒÏÖÁÎĻÃÈ ÐÏÈÙÂÅÍ ÌÏÄþ ÂÙÌÙ 

ÐĠÉÚÐĳÓÏÂÅÎÙ ÄÖÁ ÔÙÐÙ ÄÉÓÄÒÏÍÅÔÒĳȟ ËÔÅÒï ÏÂÖÙËÌÅ ÓÌÏÕĿþ Ë ÍñĠÅÎþ ÖÅÌÉËÏÓÔÉ Á ÐÜÄÏÖï 
ÒÙÃÈÌÏÓÔÉ ÈÙÄÒÏÍÅÔÅÏÒĳȢ ,ÁÓÅÒ ÐÒÅÃÉÐÉÔÁÔÉÏÎ ÍÏÎÉÔÏÒ ɀ LPM (Thies Clima) a 
Meteorological particle spectrometer ɀ MPS (Droplet Measurement TÅÃÈÎÏÌÏÇÉÅÓɊ ÓÅ ÌÉĤþ 
ÃÏ ÄÏ ÖÅÌÉËÏÓÔÎþÈÏ ÓÐÅËÔÒÁ Á ÆÒÅËÖÅÎÃÅ ÍñĠÅÎþ ɉ4ÁÂȢρȢɊȢ  

 
4ÁÂÕÌËÁ ρȢ 4ÅÃÈÎÉÃËï ÃÈÁÒÁËÔÅÒÉÓÔÉËÙ ÄÉÓÄÒÏÍÅÔÒĳ 

 
/ÂÁ ÄÉÓÄÒÏÍÅÔÒÙ ÂÙÌÙ ÕÍþÓÔñÎÙ ÎÁ ĤÐÉéÃÅ ÎÁÆÕËÏÖÁÃþÈÏ éÌÕÎÕȢ ,0- ÍñÌ ÄÅÔÅËéÎþ éÌÅÎ 

ÖÅ ÖĻĤÃÅ ÃÃÁ πȢυ Í Á -03 ρȢς Í ÎÁÄ ÖÏÄÎþ ÈÌÁÄÉÎÏÕȢ ,0- ÂÙÌ ÖÙÕĿÉÔ ÐÒÏ ÍñĠÅÎþ ÎÁ 6ÌÔÁÖñ 
Ö 0ÒÁÚÅȟ -03 ÐÒÏ ÍñĠÅÎþ ÎÁ "ÁÌÔÓËïÍ ÍÏĠÉȢ .Á 6ÌÔÁÖñ ÂÙÌ éÌÕÎ ÐÏÈÜÎñÎ ÅÌÅËÔÒÉÃËĻÍ Á ÎÁ 
"ÁÌÔÓËïÍ ÍÏĠÉ ÓÐÁÌÏÖÁÃþÍ ÍÏÔÏÒÅÍȢ 6ÚÄÜÌÅÎÏÓÔ éÌÕÎÕ ÏÄ ÓÌÅÄÏÖÁÎï ÌÏÄÉ ÂÙÌÁ ÍñĠÅÎÁ 
ÌÁÓÅÒÏÖĻÍ ÄÜÌËÏÍñÒÅÍ ɉ.ÉËÏÎ &ÏÒÅÓÔÒÙ 0ÒÏ ))ɊȢ .Á ÏÂÏÕ ÌÏËÁÌÉÔÜÃÈ ÊÅÌ éÌÕÎ ÐĠþÍÏ ÚÁ ÌÏÄþ 
Á ÐÏÈÙÂÏÖÁÌ ÓÅ ÖÅ ÖÚÄÜÌÅÎÏÓÔÉ ςπ-ρςπ ÍȢ -ÁØÉÍÜÌÎþ ÒÙÃÈÌÏÓÔ éÌÕÎÕ ÂÙÌÁ ÏÂÖÙËÌÅ ÍÅÎĤþ ÎÅĿ 
ÂñĿÎÜ ÒÙÃÈÌÏÓÔ ÐÏÈÙÂÕ ÌÏÄÉȟ Á ÐÒÏÔÏ ÓÅ ÂñÈÅÍ ÍñĠÅÎþ ÖÚÄÜÌÅÎÏÓÔ ÍÅÚÉ ÓÌÅÄÏÖÁÎÏÕ ÌÏÄþ Á 
éÌÕÎÅÍ ÚÖñÔĤÏÖÁÌÁȢ 
 

6¸3,%$+9 ! $)3+5ZE 
 
.Á 6ÌÔÁÖñ ÓÅ ÍñĠÉÌÏ ÍÅÚÉ 6ÙĤÅÈÒÁÄÓËĻÍ ĿÅÌÅÚÎÉéÎþÍ Á *ÉÒÜÓËÏÖĻÍ ÍÏÓÔÅÍ Ö ÏÂÄÏÂþ 

09.06. - πφȢπωȢςπςτȢ 6Å ÖÚÄÜÌÅÎÏÓÔÉ ÍÅÚÉ ÌÏÄþ Á éÌÕÎÅÍ ρψɀ120 m bylo provedeno celkem 
υτ ÍñĠÅÎþ Á Ú ÎÉÃÈ ÖÙÈÏÄÎÏÃÅÎÏ ςψ ÍñĠÅÎþȢ "ÙÌÙ ÓÌÅÄÏÖÜÎÙ τ ÖÙÈÌþÄËÏÖï ÌÏÄñ Ï ÄïÌÃÅ σπɀ
5π Í Á ÊÅÄÅÎ ÐĠþÖÏÚ ȵ"ĠÅÈÏÕĤȰȟ Ï ÄïÌÃÅ ψȟυ Í Á Ó ÄÉÅÓÅÌÏÖïÈÏ ÍÏÔÏÒÅÍ Ï ÖĻËÏÎÅÍ ςςË7Ȣ 
0ÒĳÍñÒÎÜ ÒÙÃÈÌÏÓÔ ÐÏÈÙÂÕ ÌÏÄþ ÂÙÌÁ ËÏÌÅÍ ςȟψ ÍÓ-1 ÍÁØÉÍÜÌÎþ ÐÁË τȟυ ÍÓ-1. 
#ÅÌËÏÖĻ ÐÏéÅÔ ËÁÐÉéÅË ÓÅ ÐÏÈÙÂÏÖÁÌ Ö ÒÏÚÍÅÚþ τȟφ ɕρπ-5 - 2,6 *10-2 cm-3Ȣ 6ÅÌÉËÏÓÔÎþ 

ÄÉÓÔÒÉÂÕÃÅ ÐÏéÔÕ ÂÙÌÁ ÂÉÍÏÄÜÌÎþ Ó ÍÏÄÙ Ï ÖÅÌÉËÏÓÔÉ ËÁÐÉéÅË <0,125 mm a 0.25 - 0.375 mm 
(Obr.1). 
.Á "ÁÌÔÓËïÍ ÍÏĠÉ ÂÙÌÁ ÓÌÅÄÏÖÜÎÁ ÌÏì Ï ÄïÌÃÅ ρτπ Í Á ĤþĠÃÅ ςς Íȟ ÖĻÔÌÁËÕ ρρËÔ Á 

s ÖĻËÏÎÅÍ ÄÉÅÓÅÌÏÖïÈÏ ÍÏÔÏÒÕ χȢω -7Ȣ 4ÅÄÙ ÌÏì ÂÙÌÁ ÐÏÄÓÔÁÔÎñ ÖñÔĤþ ÎÅĿ ÖÙÈÌþÄËÏÖï 
ÌÏÄñ ÎÁ 6ÌÔÁÖñȢ *ÅÊþ ÒÙÃÈÌÏÓÔ ÂÙÌÁ τȢς ÍÓ-1Ȣ #ÅÌËÏÖĻ ÐÏéÅÔ ËÁÐÉéÅË ÓÅ ÂÙÌ Ö ÒÏÚÍÅÚþ ψȟςτɕρπ-

4 ɀ 3,1 cm-3ȟ ÐĠÉéÅÍĿ ÎÅÊÖþÃÅ ÂÙÌÙ ÚÁÓÔÏÕÐÅÎÙ ËÁÐÉéËÙ ÏÄ υπ ÄÏ ρππ ÍÉËÒÏÍÅÔÒĳ ɉ/ÂÒȢ ςɊȢ 
 

Parametr  Laser precipitation 
monitor  

Meteorological Particle 
Spectrometer  

6ÅÌÉËÏÓÔ ËÁÐÉéÅË 
ɉÅÆÅËÔÉÖÎþɊ 

0,16 - 8 mm 0,05 ɀ 3 mm 

)ÎÔÅÇÒÁéÎþ ÄÏÂÁ ÍñĠÅÎþ 60 s  0,1 ɀ 1 Hz 
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/ÂÒÜÚÅË ρȡ 2ÅÌÁÔÉÖÎþ ÖÅÌÉËÏÓÔÎþ 
ÚÁÓÔÏÕÐÅÎþ ËÁÐÉéÅË ÚÁ ÌÏÄñÍÉ ÎÁ 6ÌÔÁÖñ 

/ÂÒÜÚÅË ςȡ 2ÅÌÁÔÉÖÎþ ÖÅÌÉËÏÓÔÎþ 
ÚÁÓÔÏÕÐÅÎþ ËÁÐÉéÅË ÚÁ ÌÏÄþ Ö "ÁÌÔÓËïÍ 

ÍÏĠÉ 
 

:<6Q2 
 

"ñÈÅÍ ÎÁĤÅÈÏ ÍñĠÅÎþ ÓÅ ÐÒĳÍñÒÎÜ ÖÅÌÉËÏÓÔÎþ ÄÉÓÔÒÉÂÕÃÅ ÍÉËÒÏËÁÐÉéÅË ÎÁ 6ÌÔÁÖñ ÏÄ 
"ÁÌÔÓËïÈÏ ÍÏĠÉ ÚÜÓÁÄÎñ ÎÅÌÉĤÉÌÁ ÐĠÉéÅÍĿ ÄÏÍÉÎÏÖÁÌÙ ËÁÐÉéËÙ Ï ÖÅÌÉËÏÓÔÉ ÄÏ ρςυ m. 
.ÉÃÍïÎñȟ ÐÏéÔÙ ÍÉËÒÏËÁÐÉéÅË ÎÁ 6ÌÔÁÖñ ÂÙÌÙ ÚÜÓÁÄÎñ ÎÉĿĤþ ÎÅĿÌÉ ÎÁ "ÁÌÔÕȢ $ĳÖÏÄÅÍ ÍĳĿÅ 
ÂĻÔ ÊÁË ÖÅÌÉËÏÓÔ ÓÌÅÄÏÖÁÎï ÌÏÄÉȟ ÔÁË ÐĠþÌÉĤ ÄÌÏÕÈÜ ÉÎÔÅÇÒÁéÎþ ÄÏÂÁ ÍñĠÅÎþ ,0- 
ÄÉÓÄÒÏÍÅÔÒÅÍȟ ËÔÅÒÜ ÊÅ φπÓ Á ÍĳĿÅ ËÏÌÉÄÏÖÁÔ Ó ÒÙÃÈÌĻÍ éÁÓÏÖĻÍ ÐÒĳÂñÈÅÍ ÓÌÅÄÏÖÁÎïÈÏ 
jevu. 

 
0/$Q+/6<.^ 

 
!ÕÔÏĠÉ ÐÒÜÃÅ ÄñËÕÊþ ÚÁ ÐÏÄÐÏÒÕ ÇÒÁÎÔÕ '! I2 ςς-πστςφ, ȵ%ÍÉÓÅ ÄÏ ÁÔÍÏÓÆïÒÙ Ú ÌÏÄÎþ 

ÄÏÐÒÁÖÙȡ #ÈÁÒÁËÔÅÒÉÚÁÃÅȟ ÓÌÅÄÏÖÜÎþ Á ÄÏÐÁÄ ÎÁ ËÖÁÌÉÔÕ ÍÏĠÓËï ÖÏÄÙȢ 
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INTRODUCTION 
 

ACTRIS - The Aerosol, Clouds and Trace Gases Research Infrastructure - is a pan-
European Research Infrastructure Consortium (ERIC). The goal is to produce high-quality 
data on short-lived atmospheric constituents. ACTRIS looks at processes leading to the 
variability of these constituents in natural and controlled atmospheres. The ACTRIS 
community involves more than 100 research organizations. ACTRIS ERIC was officially 
established by the European Commission in April 2023. 

ACTRIS-ERIC consists of 8 Central Facilities; Head Office, Data Center, and six Topical 
centers dedicated to the sic components of ACTRIS: aerosol, trace gases, and clouds, all 
for in-situ and remote measurements (Figure 1). The Topical Centers are responsible for 
the quality assurance of the National Facilities, which can be observatories or exploratory 
platforms such as chambers or mobile platforms. 

 
 

 
Figure 1: Organigram of ACTRIS-ERIC 

 
 
 
 
 

mailto:ali@tropos.de
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ACTRIS TOPICAL CENTER - CAIS-ECAC 
 
In this presentation, the quality assurance for the aerosol in-situ component is 

decribed. The Topical Center CAIS-ECAC ɀ Center for Aerosol In-Situ Measurements ɀ 
European Center for Aerosol Calibration & Characterization. This CAIS-ECAC consortium 
consists of seven laboratories, which are responsible for in total 12 advanced aesol in-situ 
variables (Figure 2). 

 

 
Figure 2: Organigram of the ACTRIS Topical Center CAIS-ECAC 

 
The goals of CAIS ECAC are following:  

a. CAIS-ECAC developed standard procedures for 12 advanced aerosol in-situ 
measurements variables. 

b. CAIS-ECAC standard procedures are based on ISO & CEN standards, scientific 
publications, and the WMO-GAW guidelines. 

c. CAIS-ECAC provides performance test for instruments of different manufacturers 
to confirm the ACTRIS compliance for high quality measurements. 

d. CAIS-ECAC provides traceable instrument calibrations against reference 
instruments & certified standards. 

e. All ACTRIS aerosol in-situ instruments are calibrated at the central facilities bi-
annually. 

 
The 12 advanced aerosol in-situ variables are following: 
Microphysical: 
 Particle Number Concentration > 10nm  
 Nano Particle Number Concentration < 10nm 
 Particle Number Size Distribution 10 -800nm (mob ility diameter)  
 Nano Particle Number Size Distribution < 10nm 
 Particle Number Size Distribution > 800nm (aerodynamic diameter) 
 Cloud Condensation Nuclei Number Concentration 
Optical: 
 Multi -Wavelength Particle Light Scattering and Backscattering Coeffic ient  
 Particle Light Absorption Coefficient  
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Chemical: 
 Mass Concentration of Non-Refractive Particulate Organics and Inorganics 
 Mass Concentration of Organic Tracers 
 Mass Concentration of Organic and Elemental Carbon 
 Mass Concentration of Particulate Elements 
 
The variables in bold are obligatory for observatories, a fifth variable can be choosen 
according to the reserch program of the individual observatory. In total more than 60 
obervatories have an aerosol in-situ program and aboz 20 more exploratory plantforms 
as well. 
The presentation focuses on the quality asurance of the 12 variable by the seven different 
laboratories as shown in Figure 2. 
  



36 
 

CURRENT-USE AND LEGACY PESTICIDES IN THE ATMOSPHERE: TEMPORAL 
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INTRODUCTION 

 
Organochlorine pesticides (OCPs) were widely used since the 1940s for agriculture 

and disease control, but due to their environmental and health risks, they were restricted 
in most countries (UNEP, 2001). Current-use pesticides (CUPs) have since replaced them 
and are extensively applied globally (FAOSTAT, 2024). Both OCPs and CUPs enter the 
atmosphere during application and through volatilization and re-volatilization following 
atmospheric deposition (van den Berg et al., 1999), making time trends crucial for 
understanding their sources. 

While OCPs have been monitored extensively at continental and remote sites (Hung 
et al., 2005; Hites and Venier, 2023), time-series data on CUPs remain limited (Wang et 
al., 2021; Debler et al., 2024). In this study, biweekly samples were collected at a rural site 
in Central Europe and analysed for OCPs (2013-2022) and CUPs (2019-2021). 

 
EXPERIMENTAL SETUP 

 
Air samples were collected biweekly at the National Atmospheric Observatory 

+ÏĤÅÔÉÃÅ ɉ.!/+Ɋȟ #ÚÅÃÈ 2ÅÐÕÂÌÉÃȟ ÆÒÏÍ ςπρσ ÔÏ ςπςς ÆÏÒ /#0Ó ÁÎÄ ςπρω ÔÏ ςπςρ ÆÏÒ #50Ó 
using a high-volume air sampler with a PM10 pre-separator. Sampling volumes averaged 
υςχχ ϻ σχω Íύ ÆÏÒ /#0Ó ÁÎÄ σρςτ ϻ τωρ Íύ ÆÏÒ #50s. Particles were collected on quartz 
fibre filters, and gases on polyurethane foam (PUF) plugs for OCPs and a PUF/XAD2/PUF 
sandwich sorbent for CUPs. In total, 252 samples were analyzed for 30 OCPs/metabolites 
and 107 for 48 CUPs. Samples were spiked with isotopically-labeled standards, extracted 
an automated Sohxlet extractor, and cleaned using filtration for CUPs and column 
chromatography for OCPs, cleaned, and analyzed by HPLC-MS/MS and GC-MS. 
 

RESULTS, DISCUSSION AND CONCLUSIONS 
 
Of the 48 targeted CUPs, 32 were detected in at least one sample, with 11 CUPsɂ

including pendimethalinɂobserved in over 80% of samples. CUP concentrations ranged 

mailto:ludovic.mayer@recetox.muni.cz
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ÆÒÏÍ τπ ÆÇ Íύ ɉςȟτ-$Ɋ ÔÏ υ ÎÇ Íύ ɉÓ-metolachlor). All targeted OCPs, except endrin 
aldehyde, were detected, with six OCPs present in every sample from 2013 to 2022, 
highlighting their persistence. 

Observed atmospheric levels were directly compared with national and regional 
agricultural practices. Seasonal patterns and long-term trends showed that many CUP 
levels reflected their national usage patterns, highlighting the rapid effect of regulation, 
e.g., for chlorpyrifos and fenpropimorph, while OCP trends showed the significant 
decrease in atmospheric level for most of them, as well as the dominance of secondary 
sources and long-range atmospheric transport.  
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+ÌþéÏÖÜ ÓÌÏÖÁȡ 0ĠþÚÅÍÎþ ÏÚÏÎȟ !ÔÍÏÓÆïÒÉÃËĻ ÁÅÒÏÓÏÌȟ !ÕÔÏÍÏÂÉÌÏÖÜ ÄÏÐÒÁÖÁ 

 
SUMMARY 

 
Ground-level ozone (O3) causes significant adverse health effects leading to 

premature mortality and morbidity, damage to buildings and materials, crops, and harm 
to animals leading to economic losses adding up to bilions of USD annually. Unlike in case 
of the most other pollutants in the Czech Republic, O3 concentrations have not been 
sufficiently decreasing, though concentrations of its precursors (VOC and NOx) have 
decreased substantially over the past years. This study aims to explain how numerous 
factors ɀ such as heavy traffic, meteorological factors, daily course and seasonality, and 
aerosol concentration and size distribution influence ambient O3 concentrations. 

 
ª6/$ 

 
)ÍÉÓÎþ ËÏÎÃÅÎÔÒÁÃÅ ÐĠþÚÅÍÎþÈÏ ÏÚÏÎÕ ɉ/3) v IÅÓËï ÒÅÐÕÂÌÉÃÅ ɉI2Ɋ ÎÁ ÒÏÚÄþÌ ÏÄ 

ÖñÔĤÉÎÙ ÏÓÔÁÔÎþÃÈ ÚÎÅéÉĤĩÕÊþÃþÃÈ ÌÜÔÅË ÓÔÁÇÎÕÊþȟ Á ÔÏ É ÐĠÅÓÔÏĿÅ Ö ÐÏÓÌÅÄÎþÃÈ ÌÅÔÅÃÈ ÄÏÃÈÜÚþ 
k ĭéÉÎÎïÍÕ ÓÎÉĿÏÖÜÎþ ÅÍÉÓþ É ÉÍÉÓÎþÃÈ ËÏÎÃÅÎÔÒÁÃþ ÊÅÈÏ ÐÒÅËÕÒÚÏÒĳȟ ÔÅÄÙ ÖÏÌÁÔÉÌÎþÃÈ 
orÇÁÎÉÃËĻÃÈ ÌÜÔÅË ɉ6/#Ɋ Á ÏØÉÄĳ ÄÕÓþËÕ ɉ./x) ɉI(-ªȟ ςπςτɊ. O3 ÖĻÚÎÁÍÎñ ÐĠþÓÐþÖÜ 
k ÐÏéÔÕ ÐĠÅÄéÁÓÎĻÃÈ ĭÍÒÔþ ÖÌÉÖÅÍ ÚÎÅéÉĤÔñÎïÈÏ ÏÖÚÄÕĤþ (JugÉÎÏÖÉç ÅÔ ÁÌȢȟ ςπςρɊȟ ËÔÅÒï 
ÐÏÄÌÅ %ÖÒÏÐÓËï ÅÎÖÉÒÏÎÍÅÎÔÜÌÎþ ÁÇÅÎÔÕÒÙ ɉ%%!ȟ ςπςςɊ ÓÔÜÌÅ ÐĠÅÄÓÔÁÖÕÊÅ ÈÌÁÖÎþ 
ÅÎÖÉÒÏÎÍÅÎÔÜÌÎþ ÒÉÚÉËÏ ÐÒÏ ÚÄÒÁÖþ ÐÏÐÕÌÁÃÅȢ /3 ÊÅ ÒÏÖÎñĿ ÖÅÌÍÉ ĭéÉÎÎĻÍ ÓËÌÅÎþËÏÖĻÍ 
ÐÌÙÎÅÍ Á ÐĠÉÓÐþÖÜ ÔÁË ËÅ ÇÌÏÂÜÌÎþ ËÌÉÍÁÔÉÃËï ÚÍñÎñ (Shindell et al., 2006)Ȣ ÊÅÈÏ ËÏÎËÒïÔÎþ 
ÐÏÄþÌ ÊÅ ÖĤÁË ÚÅÊÍïÎÁ ËÖĳÌÉ ÊÅÈÏ ËÒÜÔËï ÄÏÂñ ÓÅÔÒÖÜÎþ Ö ÁÔÍÏÓÆïĠÅ ÎÅÊÁÓÎĻȢ /3 ÓÖĻÍÉ 
ÏØÉÄÁéÎþÍÉ ĭéÉÎËÙ ÐÏĤËÏÚÕÊÅ ÍÁÔÅÒÉÜÌÙȟ ÓÔÁÖÂÙȟ ÓÏÃÈÙȟ Á ÚÐĳÓÏÂÕÊÅ ÔÁË ĤËÏÄÙ ÎÁ 
ËÕÌÔÕÒÎþÍ ÄñÄÉÃÔÖþ (Brimblecombe and Grossi, 2010)Ȣ 3þĩ ÓÔÁÎÉÃ ÍñĠþÃþ ÉÍÉÓÎþ ËÏÎÃÅÎÔÒÁÃÅ 
O3 v I2ȟ ÁÌÅ É ÊÉÎÄÅ ÎÁ ÓÖñÔñ ÖĤÁË ÎÅÎþ ÄÏÓÔÁÔÅéÎÜ Ë ÔÏÍÕȟ ÁÂÙ ÏÂÊÁÓÎÉÌÁ ÐÒĳÂñÈ ËÏÎÃÅÎÔÒÁÃþ 
O3 Á ÊÅÈÏ ÖÚÜÊÅÍÎïÈÏ ÖÚÔÁÈÕ Ó ÏÓÔÁÔÎþÍÉ ÚÎÅéÉĤĩÕÊþÃþÍÉ ÌÜÔËÁÍÉȟ ÚÅÊÍïÎÁ ÐÁË 
v ÍÉËÒÏÍñĠþÔËÕ Á ÊÅÄÎÏÔÌÉÖĻÃÈ ÍñÓÔÓËĻÃÈ ÌÏËÁÌÉÔÜÃÈȢ 6ñÔĤÉÎÁ ÏÄÂÏÒÎĻÃÈ ÐÒÁÃþ ÎÁ ÔÏÔÏ 
ÔïÍÁ ÎÅÐÒÏÖÜÄþ ÅØÁËÔÎþ ÍñĠÅÎþȟ Á ÖÙÕĿþÖÜ ÐÏÕÚÅ ÍÏÄÅÌÏÖÜÎþȟ ËÔÅÒï ÍĳĿÅ ÂĻÔ ÏÄ 
ÓËÕÔÅéÎïÈÏ ÓÔÁÖÕ Á ÅØÐÏÚÉÃÅ ÏÂÙÖÁÔÅÌ ÚÎÁéÎñ ÏÄÌÉĤÎïȢ .ÅÅØÉÓÔÕÊÅ ÔÁËï ÍÎÏÈÏ ÓÔÕÄÉþ 
ÚÁÂĻÖÁÊþÃþÃÈ ÓÅ ÉÍÉÓÎþÍÉ ËÏÎÃÅÎÔÒÁÃÅÍÉ /3 na ÄÏÐÒÁÖÎñ ÚÁÔþĿÅÎĻÃÈ ÌÏËÁÌÉÔÜÃÈ (Wichmann 
et al., 2005)ȟ ÎÅÂÏ ÓÔÕÄÉþ ÖñÎÕÊþÃþ ÓÅ ÖÚÔÁÈÕ ÍÅÚÉ /3 Á ÁÅÒÏÓÏÌÅÍȢ 4ÅÎÔÏ ÐĠþÓÐñÖÅË 
ÐĠÅÄËÌÜÄÜ ÐĠÅÄÂñĿÎï ÖĻÓÌÅÄËÙ ÄÉÐÌÏÍÏÖï ÐÒÜÃÅ ÚÁÍñĠÕþÃþ ÓÅ ÎÁ ÏÂÊÁÓÎñÎþ ÖÌÉÖÕ ÄÏÐÒÁÖÙȟ 
ÍÅÔÅÏÒÏÌÏÇÉÃËĻÃÈ ÐÏÄÍþÎÅËȟ ÄÅÎÎþ ÄÏÂÙȟ ÒÏéÎþÈÏ ÏÂÄÏÂþȟ ËÏÎÃÅÎÔÒÁÃþ Á ÖÅÌÉËÏÓÔÎþ 
ÄÉÓÔÒÉÂÕÃÅ éÜÓÔÉÃ ÎÁ ÉÍÉÓÎþ ËÏÎÃÅÎÔÒÁÃe O3.  

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

 
(ÏÄÎÏÃÅÎÁ ÂÙÌÁ ÖÌÁÓÔÎþ ÎÁÍñĠÅÎÜ ÄÁÔÁ ËÏÎÃÅÎÔÒÁÃþ O3 z ÐĠþÓÔÒÏÊÅ 0/- ɉÐÅÒÓÏÎÁÌ 

ozone monitor), koncentrace CO2 z ÐĠþÓÔÒÏÊÅ #/-%4-5στσπȟ ËÏÎÃÅÎÔÒÁÃÅ ÕÌÔÒÁ ÊÅÍÎĻÃÈ 
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éÜÓÔÉÃ ɉЃρАÍɊ Ú ÐĠþÓÔÒÏÊÅ 0-TRAK Ultrafine particle counter 8525. a koncÅÎÔÒÁÃÅ éÜÓÔÉÃ ÏÄ 
πȢσ ÄÏ ρπ АÍ ÐĠþÓÔÒÏÊÅÍ /03 σσσπ ɉÏÐÔÉÃÁÌ ÐÁÒÔÉÃÌÅ ÓÉÚÅÒɊȢ +ÒÏÍñ ÖÌÁÓÔÎþÃÈ ÄÁÔ ÂÙÌÁ 
ÖÙÈÏÄÎÏÃÅÎÁ ÔÁËï ÍÅÔÅÏÒÏÌÏÇÉÃËÜ ÄÁÔÁ Á ÄÁÔÁ ÉÎÔÅÎÚÉÔÙ ÄÏÐÒÁÖÙ Ú ÁÕÔÏÍÁÔÉÚÏÖÁÎï ÍñĠÉÃþ 
ÓÔÁÎÉÃÅ !)- I(-ª Ö ,ÅÇÅÒÏÖñ ÕÌÉÃÉ Ö 0ÒÁÚÅȢ 3ÂñÒ ÄÁÔ ÐÒÏÂþÈÜ ÏÄ ςπȢρȢςπςτ Á ÍñĠÅÎþ ÂÕÄÅ 
ÐÏËÒÁéÏÖÁÔ ÄÏ σπȢρςȢςπςτ ËÁĿÄĻ ÔĠÅÔþ ËÁÌÅÎÄÜĠÎþ ÔĻÄÅÎ ÖĿÄÙ ÖÅ ÓÔĠÅÄÕ Á Ö ÓÏÂÏÔÕȟ ÔĠÉËÒÜÔ 
ÄÅÎÎñ ɉωȡππȟ ρσȡππȟ ρχȡππ ÈÏÄɊ ÎÁ ÔÒÁÓÅ Ö ÃÅÎÔÒÕ 0ÒÁÈÙȢ 4ÒÁÓÁ ÂÙÌÁ ÒÏÚÄñÌÅÎÜ ÄÏ éÔÙĠ ÎÁ 
ÓÅÂÅ ÎÁÖÁÚÕÊþÃþÃÈ ĭÓÅËĳ ÐÏÄÌÅ ÒÏÚÄþÌÎïÈÏ ÃÈÁÒÁËÔÅÒÕ ÌÏËÁÌÉÔ ɉ/ÂÒȢ ρɊȢ 0ÒÖÎþ ĭÓÅË ɉ3ρɊ ÖÅÄÅ 
z ÕÌÉÃÅ "ÅÎÜÔÓËÜ ÎÁ ÒÏÈ ÕÌÉÃÅ *ÅéÎÜ Á 3ÏËÏÌÓËÜȢ 4ÅÎÔÏ ĭÓÅË ÓÅ ÖÙÚÎÁéÕÊÅ ÓÔĠÅÄÎñ ÉÎÔÅÎÚÉÖÎþ 
ÄÏÐÒÁÖÏÕ Á ÚÎÁéÎĻÍ ÐĠÅÖĻĤÅÎþÍȢ $ÒÕÈĻ ĭÓÅË ɉ3ςɊ ÖÅÄÅ ÎÁ ÒÏÈ ÕÌÉÃ 3ÏËÏÌÓËï Á +Å +ÁÒÌÏÖÕȢ 
4ÅÎÔÏ ĭÓÅË ÊÅ ÃÈÁÒÁËÔÅÒÉÚÏÖÜÎ ÊÁËÏ ÊÅÄÎÁ Ú nejvþÃÅ ÚÎÅéÉĤÔñÎþÃÈ ÌÏËÁÌÉÔ ./x v I2 
v ÄĳÓÌÅÄËÕ ÖÅÌÍÉ ÉÎÔÅÎÚÉÖÎþ ÓÉÌÎÉéÎþ ÄÏÐÒÁÖÙȢ 4ĠÅÔþ ĭÓÅË ɉ3σɊ ÖÅÄÅ ÐĠÅÓ ÕÌÉÃÅ +ÁÔÅĠþÎÓËÜ Á 
6ÙĤÅÈÒÁÄÓËÜȟ Á ÎÁ ÒÏÚÄþÌ ÏÄ ÐĠÅÄÃÈÏÚþÃÈ ÄÖÏÕ ĭÓÅËĳ ÊÅ ÄÏÐÒÁÖÏÕ ÚÁÔþĿÅÎ ÍÉÎÉÍÜÌÎñȢ 
0ÏÓÌÅÄÎþȟ éÔÖÒÔĻ ĭÓÅË ɉ3τɊ ÖÅÄÅ "ÏÔÁÎÉÃËÏÕ ÚÁÈÒÁÄÏÕ 0ĠþÒÏÄÏÖñÄÅÃËï ÆÁËÕÌÔÙ 5Îiverzity 
+ÁÒÌÏÖÙȢ 4ÅÎÔÏ ĭÓÅË ÓÌÏÕĿþ ÊÁËÏ ÐÏÚÁìÏÖÜ ÌÏËÁÌÉÔÁ ÔÒÁÓÙȟ ÐÒÏÔÏĿÅ ÊÅ ÏÂÅÈÎÁÎĻ ÖÙÓÏËÏÕ ÚÄþ 
Á ÚÁÒÏÓÔÌĻ ÈÕÓÔÏÕ ÖÅÇÅÔÁÃþȢ 
 
 

 
/ÂÒȢ ρȢ 4ÒÁÓÁ ÍñĠÅÎþ ÄÌÏÕÈÜ ςψςχ ÍÅÔÒĳȟ ÒÏÚÄñÌÅÎÜ ÄÏ éÔÙĠ ÓÅËÔÏÒĳ ɉ3ρȟ 3ςȟ 3σ Á 3τɊȟ 

zdroj: Google Earth. 
 

6¸3,%$+9ȟ $)3+53%ȟ :<6Q29 
 
0ÒÏÔÏĿÅ ÂÕÄÅ ÔÁÔÏ ÄÉÐÌÏÍÏÖÜ ÐÒÜÃÅ ÏÂÈÁÊÏÖÜÎÁ ÁĿ ÎÁ ÊÁĠÅ ÒÏËÕ ςπςυȟ ÖĻÓÌÅÄËÙ 

ÐÒÅÚÅÎÔÏÖÁÎï Ö ÔÏÍÔÏ ÐĠþÓÐñÖËÕ ÊÓÏÕ ÐÏÕÚÅ ÐĠÅÄÂñĿÎïȢ $ÏÓÕÄ ÎÁÍñĠÅÎÜ ÄÁÔÁ ÊÓÏÕ 
ÐÒÅÚÅÎÔÏÖÜÎÁ Ö ÇÒÁÆÕ ÚÎÜÚÏÒĐÕÊþÃþÍ ËÏÎÃÅÎÔÒÁÃÅ /3, CO2 a ÕÌÔÒÁ ÊÅÍÎĻÃÈ éÜÓÔÉÃ Ö 
ÚÜÖÉÓÌÏÓÔÉ ÎÁ éÁÓÅ Á ÍþÓÔñ ɉ/ÂÒȢ ςɊȢ .ÅÊÖÙĤĤþ ÍÁØÉÍÜÌÎþ ËÏÎÃÅÎÔÒÁÃÅ /3 (98 ppb) byla 
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ÎÁÍñĠÅÎÁ Ö ÓÅËÔÏÒÕ 3σȢ 0ÒĳÍñÒÎÜ ËÏÎÃÅÎÔÒÁÃÅ /3 Ö ÓÅËÔÏÒÕ 3ς ÖÙÚÎÁéÕÊþÃþÍ ÓÅ ÉÎÔÅÎÚÉÖÎþ 
ÁÕÔÏÍÏÂÉÌÏÖÏÕ ÄÏÐÒÁÖÏÕȟ ÂÙÌÁ ÚÅ ÖĤÅÃÈ ÓÅËÔÏÒĳ ÎÅÊÎÉĿĤþ ɉςς ÐÐÂɊȢ -ÁØÉÍÜÌÎþÃÈ 
ËÏÎÃÅÎÔÒÁÃþ /3 ÂÙÌÏ ÎÁ ÖĤÅÃÈ ÓÅËÔÏÒÅÃÈ ɉ3ρȟ 3ςȟ 3σ Á 3τɊ ÄÏÓÁĿÅÎÏ Ö ÏÄÐÏÌÅÄÎþÃÈ ÈÏÄÉÎÜÃÈ 
ɉρχȡππɊȢ .ÁÏÐÁË ÎÅÊÎÉĿĤþ ËÏÎÃÅÎÔÒÁÃÅ ÂÙÌÙ ÎÁÍñĠÅÎÙ ÖĿÄÙ Ö ÒÁÎÎþÃÈ ÈÏÄÉÎÜÃÈ ɉωȡππɊȢ 
Koncentrace O3 ÓÅ ÄÜÌÅ ÖĻÚÎÁÍÎñ ÌÉĤÉÌÙ Ö ÚÜÖÉÓÌÏÓÔÉ ÎÁ ÔÅÐÌÏÔñȢ 

 

 
Obr. 2: Koncentrace O3 ÎÁÍñĠÅÎï Ö ÃÅÎÔÒÕ 0ÒÁÈÙȟ ÒÏÚÄñÌÅÎï ÄÏ éÔÙĠ ÓÅËÔÏÒĳ ÏÄ ςρȢρ ÄÏ 
ςυȢωȢςπςτ ËÁĿÄĻ ÔĠÅÔþ ËÁÌÅÎÄÜĠÎþ ÔĻÄÅÎ ÖĿÄÙ ÖÅ ÓÔĠÅÄÕ Á Ö ÓÏÂÏÔÕȟ Ö ωȡππȟ ρσȡππ Á Ö ρχȡππ 

hod. 
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INTRODUCTION 
 

 Hygroscopicity can be defined as the ability of aerosol particles to take up water 
molecules from the surrounding environment. This property affects the size, refractive 
index, chemical composition, and optical properties of the particles, as well as the 
formation and properties of clouds. The dependence of certain types of particles on 
relative humidity (RH) represents a critical factor in estimating the uncertainty of the 
direct and indirect effects of aerosols on the climate (Burgos et al., 2019; Titos et al., 2021). 

One of the conventional methods for measuring aerosol hygroscopicity of aerosols is 
the observation of changes in light scattering properties with RH using an integrating 
nephelometer (IN). It is common practice to utilize a setup comprising one IN at dry and 
another at humidified conditions in parallel or in series (Titos et al., 2016). The outcome 
of such a measurement is the enhancement factor f(RH), defined as the ratio of the 
ÓÃÁÔÔÅÒÉÎÇ ÃÏÅÆÆÉÃÉÅÎÔ ʎsp under humidified (>80%) and under dry conditions (<40%). 
However, the use of multiple instruments in such setups may lead to over- or 
underestimation of the f(RH). Furthermore, there is a lack of information about aerosol 
hygroscopic properties at European urban sites. 

 
EXPERIMENTAL SETUP 

 
A new experimental setup developed at Suchdol ACTRIS site (Czech Republic) 

consisted of only one IN. Aerosol particles passed through a PM10 head, were dried 
subsequently by a nafion membrane and split into two lines. One sampling line carried 
solely the dried sample whereas another one carried the sample to the second nafion 
membrane where counter-flow mass transfer between humidified particle-free air and 
the aerosol sample takes place. Both dry and wet samples were transported alternatively 
to the TSI 3563 IN through automated four-way switching valve every 60 min. f(RH) were 
measured both for total f(RH)sc and backscattering f(RH)bsc ÃÏÅÆÆÉÃÉÅÎÔ ʎbsp at 450, 550 and 
700 nm with 3h time resolution (Fig. 1). The real RH of the sample was calculated based 
on dew points from T/RH sensors installed before and after IN. This setup was installed 
ÁÔ !#42)3 ÂÁÃËÇÒÏÕÎÄ ÕÒÂÁÎ ÓÉÔÅ ɉυπЈπχͻ.ȟ ρτЈςσͻ%Ɋ ÆÒÏÍ .ÏÖÅÍÂÅÒ ςπςς to August 
2023. Data availability was 70%. 

 

 

mailto:suchankova@icpf.cas.cz


43 
 

RESULTS AND CONCLUSIONS 
 
The medians of the f(RH)sc and f(RH)bsc at 550 nm were 1.32 and 1.13, respectively. 

Both variables exhibited their highest values in the spring, which may be attributed to 
photooxidative activity of the atmosphere coupled with an elevated concentration of 
SVOCs released from the surrounded flora (Fig. 1B). The single scattering albedo (SSA), 
calculated from humidified ʎsp, exhibited an increase of 11.20% compared to the dry ʎsp 
with the highest increase observed in the spring. The spectral analysis of f(RH)sc 
demonstrated a predominant increase with wavelength, although there were also periods 
of decrease, indicating the presence of dust in the aerosol sample.  

The relationship between the ÓÃÁÔÔÅÒÉÎÇ BÎÇÓÔÒĘÍ ÅØÐÏÎÅÎÔ ɉ3!%Ɋ ÁÎÄ ÔÈÅ 
ÁÂÓÏÒÐÔÉÏÎ BÎÇÓÔÒĘÍ ÅØÐÏÎÅÎÔ ɉ!!%Ɋ ×ÁÓ ÅÍÐÌÏÙÅÄ ÔÏ ÅÓÔÉÍÁÔÅ ÔÈÅ Ãhemical 
composition of the sample in the absence of direct measurement techniques (Cappa et al., 
2016). The substantial influence of black and brown carbon, as well as their mixture with 
dust at the site corresponds to a relatively small hygroscopic growth of particles, typical 
for urban environments. There was a positive correlation between the f(RH) and the 
concentration of freshly emitted organic carbon particles. The high fraction of f(RH)bsc in 
f(RH)sc highlights the importance of further investigation of f(RH)bsc for the knowledge 
about aerosol radiative effects.  

 
 

 
 

 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 

Fig. 
2: 

#ÁÌÃÕÌÁÔÉÏÎ ÏÆ ÔÈÅ ÅÎÈÁÎÃÅÍÅÎÔ ÆÁÃÔÏÒÓ ÆÒÏÍ σ ÈÏÕÒÓ ÕÓÉÎÇ Ȱ×ÅÔ-dry-×ÅÔȱ ÁÎÄ ȰÄÒÙ-wet-
ÄÒÙȱ ÍÅÔÈÏÄȢ 
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Fig. 2:) Seasonal variation of the A) f(RH)sc and B) f(RH)bsc at 550 nm. 
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-Q~%.^ 6:.)+5 ./6¸#( I<34)# 6 !4-/3&O~% 
 

!ÎÎÁ £0!,/6<1,2ȟ !ÄïÌÁ (/,5"/6< £-%*+!,/6<3ȟ 0ÅÔÒ 2/:4/I),1, Jakub 
/.$2<I%+1, JÉĠþ +/6<~^+1,2, NÁÄñĿÄÁ :^+/6<1,2, VÌÁÄÉÍþÒ ¼$^-!,1 

 
1ªÓÔÁÖ ÃÈÅÍÉÃËĻÃÈ ÐÒÏÃÅÓĳȟ !6 I2ȟ 0ÒÁÈÁȟ IÅÓËÜ ÒÅÐÕÂÌÉËÁȟ ÓÐÁÌÏÖÁͽÉÃÐÆȢÃÁÓȢÃÚ 

2ªÓÔÁÖ ÐÒÏ ĿÉÖÏÔÎþ ÐÒÏÓÔĠÅÄþȟ 0Ġ& 5+ȟ 0ÒÁÈÁȟ IÅÓËÜ ÒÅÐÕÂÌÉËÁ 
3IÅÓËĻ ÈÙÄÒÏÍÅÔÅÏÒÏÌÏÇÉÃËĻ ĭÓÔÁÖȟ 0ÒÁÈÁȟ IÅÓËÜ ÒÅÐÕÂÌÉËÁ 

 
+ÌþéÏÖÜ ÓÌÏÖÁȡ ÔÖÏÒÂÁ ÎÏÖĻÃÈ éÜÓÔÉÃȟ ÖÅÒÔÉËÜÌÎþ ÐÒÏÆÉÌȟ ËÌÁÓÔÒÙȟ ÎÁÂÉÔï éÜÓÔÉÃÅ 

 
SUMMARY 

 
This study focuses on examining the formation of new particles (New Particle 

Formation, NPF) and their growth into larger sizes. The effects of environmental 
conditions on NPF events will also be examined. Data collection will take place at the 
.ÁÔÉÏÎÁÌ !ÔÍÏÓÐÈÅÒÉÃ /ÂÓÅÒÖÁÔÏÒÙ +ÏĤÅÔÉÃÅȟ Á ÒÕÒÁÌ ÂÁÃËÇÒÏÕÎÄ ÓÉÔÅȢ 

At ground level, a Neutral and Air Ion Spectrometer (NAIS) will be deployed to 
measure both neutral and charged clusters or particles in size from 0.8 to 40 nm. A 
Particle Size Magnifier (PSM) will also be used, capable of detecting neutral clusters 
ranging from 1 nm to 12 nm. For larger particles (10-800 nm), a Scanning Mobility Particle 
Sizer (SMPS) will be employed. 

At a height of 230 meters above ground, another NAIS and SMPS will be used, along 
with a nanoSMPS to measure particles as small as 1 nm.  

This set of instruments enables continuous measurement of particle size distribution, 
from the smallest stable clusters to those up to 800 nm. It also allows for comparison 
between measurements taken at ground level and those at 230 meters. Due to the 
deployment of NAIS, we will, for the first time, gain insights into the charge of the forming 
particles. 

 
ª6/$ 

 
!ÅÒÏÓÏÌÏÖï éÜÓÔÉÃÅ ÊÓÏÕ ÖĻÚÎÁÍÎÏÕ Á ÖĤÕÄÙÐĠþÔÏÍÎÏÕ ÓÌÏĿËÏÕ ÚÅÍÓËï ÁÔÍÏÓÆïÒÙȟ 

ËÁÍ ÓÅ ÄÏÓÔÜÖÁÊþ ÂÕì ÐĠþÍĻÍÉ ÅÍÉÓÅÍÉ ÚÅ ÚÄÒÏÊĳȟ ÎÅÂÏ ÖÚÎÉËÁÊþ Ú ÐÌÙÎÎĻÃÈ ÐÒÅËÕÒÚÏÒĳȢ 
-ÏÌÅËÕÌÙ ÐÌÙÎĳ ÖÙÔÖÜĠÅÊþ ÓÈÌÕËÙȟ ÔÁËÚÖÁÎï ËÌÁÓÔÒÙȟ ËÔÅÒï ÍÏÈÏÕ ÎÁÒĳÓÔÁÔ ÄÏ ÖñÔĤþÃÈ 
ÖÅÌÉËÏÓÔþȟ Á ÎÁËÏÎÅÃ ÔÖÏĠÉÔ ÎÏÖï ÁÅÒÏÓÏÌÏÖï éÜÓÔÉÃÅȢ +ÏÎÃÅÎÔÒÁÃÅ ÔñÃÈÔÏ ËÌÁÓÔÒĳ ÓÅ ÂñÈÅÍ 
ÄÎÅ ÍñÎþȢ +ÌÁÓÔÒÙ ÚÁéþÎÁÊþ ÖÚÎÉËÁÔ ÒÜÎÏȟ ÐÏÔï ÂÕì ÄÜÌÅ ÒÏÓÔÏÕȟ ÎÅÂÏ ÍÉÚþȢ 0ÏËÕÄ ÄÏÊÄÅ 
k ÄÁÌĤþÍÕ ÒĳÓÔÕ éÜÓÔÉÃȟ ÎÁÚĻÖÜÍÅ ÔÅÎÔÏ ÊÅÖ .0& ÕÄÜÌÏÓÔ ɉ.Å× ÐÁÒÔÉÃÌÅ ÆÏÒÍÁÔÉÏÎ ɀ tvorba 
ÎÏÖĻÃÈ éÜÓÔÉÃɊȢ  
0ÒÏÃÅÓÙȟ ËÔÅÒï ĠþÄþ ÔÖÏÒÂÕ ÎÏÖĻÃÈ éÜÓÔÉÃȟ ÄÏÓÕÄ ÎÅÊÓÏÕ ÐÌÎñ ÏÂÊÁÓÎñÎÙȢ 4ÖÏÒÂÁ ÎÏÖĻÃÈ 

éÜÓÔÉÃ ÚÜÖÉÓþ ÎÁ ÐÏÄÍþÎËÜÃÈ ÐÒÏÓÔĠÅÄþȟ ÊÁËÏ ÊÓÏÕ ÎÁÐĠþËÌÁÄ ÍÅÔÅÏÒÏÌÏÇÉÃËï ÐÏÄÍþÎËÙ 
ɉÓÒÜĿËÙȟ ÓÍñÒ Á ÒÙÃÈÌÏÓÔ ÖñÔÒÕ Á ÐĳÖÏÄ ÖÚÄÕĤÎĻÃÈ ÈÍÏÔɊ ÎÅÂÏ ÖĻĤËÁ Á ÓÔÁÖ ÍÅÚÎþ ÖÒÓÔÖÙ 
ÁÔÍÏÓÆïÒÙ ɉ(ÏÌÕÂÏÖÜ £ÍÅÊËÁÌÏÖÜȟ !Ȣȟ ςπςρɊ 

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

 
-ñĠÅÎþ ÂÕÄÅ ÐÒÏÂþÈÁÔ ÎÁ .!/+ ɉ.ÜÒÏÄÎþ ÁÔÍÏÓÆïÒÉÃËï ÏÂÓÅÒÖÁÔÏĠÉ +ÏĤÅÔÉÃÅɊȟ ËÄÅ ÊÅ 

k ÄÉÓÐÏÚÉÃÉ ςυπ Í ÖÙÓÏËĻ ÓÔÏĿÜÒȢ .Á .!/+ ÂÕÄÏÕ Ö ÐÒÏÖÏÚÕ ÐĠþÓÔÒÏÊÅ ÓÃÈÏÐÎï ÍñĠÉÔ ÒĳÚÎï 
velikostÎþ ÒÏÚÓÁÈÙ éÜÓÔÉÃȢ *ÅÄÎÜ ÓÅ Ï ÐĠþÓÔÒÏÊÅ .!)3 ɉNeutral and Air Ion Spectrometer), 
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PSM (Particle Size Magnifier), SMPS (Scanning Mobility Particle Sizer) a nanoSMPS (nano-
Scanning Mobility Particle Sizer). *ÅÊÉÃÈ ÓÅÚÎÁÍȟ ÒÏÚÓÁÈ Á ÕÍþÓÔñÎþ ɉÚÅÍÓËĻ ÐÏÖÒÃÈ éÉ 
vÒÃÈÏÌ ÓÔÏĿÜÒÕɊ ÏÂÓÁÈÕÊÅ 4ÁÂȢ ρȢ 
 
4ÁÂȢ ρȡ 3ÅÚÎÁÍ ÐĠþÓÔÒÏÊĳȟ ÊÅÊÉÃÈ ÖÅÌÉËÏÓÔÎþ ÒÏÚÓÁÈ Á ÕÍþÓÔñÎþ 

ªÒÏÖÅĐ 
ÚÅÍÓËïÈÏ 
povrchu  

0ĠþÓÔÒÏÊ 2ÏÚÓÁÈ ÐĠþÓÔÒÏÊÅ 4ÙÐ ÍñĠÅÎĻÃÈ éÜÓÔÉÃ 
PSM 1ɀ12 nm .ÅÕÔÒÜÌÎþ ËÌÁÓÔÒÙ 
NAIS 0,8ɀ40 nm .ÁÂÉÔï É ÎÅÎÁÂÉÔï éÜÓÔÉÃÅ 
SMPS 10ɀ800 nm .ÅÕÔÒÜÌÎþ éÜÓÔÉÃÅ 

 

3ÔÏĿÜÒȟ ÖÅ ÖĻĤÃÅ 
230 m nad 
ÚÅÍÓËĻÍ 
povrchem  

0ĠþÓÔÒÏÊ 2ÏÚÓÁÈ ÐĠþÓÔÒÏÊÅ 4ÙÐ ÍñĠÅÎĻÃÈ éÜÓÔÉÃ 
nanoSMPS od 1,2 nm .ÅÕÔÒÜÌÎþ ËÌÁÓÔÒÙ 

NAIS 0,8ɀ40 nm .ÁÂÉÔï É ÎÅÎÁÂÉÔï éÜÓÔÉÃÅ 
SMPS 10ɀ800 nm .ÅÕÔÒÜÌÎþ éÜÓÔÉÃÅ 

 
"ÕÄÅ ÈÌÅÄÜÎÁ ÍÅÔÏÄÁȟ ÊÁË ÄÜÔ ÚÅ ÚþÓËÁÎĻÃÈ ÄÁÔ ÄÏÈÒÏÍÁÄÙ ÓÏÕÖÉÓÌï 0.3$ ɉ0ÁÒÔÉÃÌÅ 

number size distribution - ÐÏéÅÔÎþ ÒÏÚÄñÌÅÎþ ÖÅÌÉËÏÓÔÉ éÜÓÔÉÃɊȢ 6ĻĤËÁ ÍÅÚÎþ ÖÒÓÔÖÙ 
ÁÔÍÏÓÆïÒÙ ÂÕÄÅ ÍñĠÅÎÁ ÐÏÍÏÃþ #ÅÉÌÏÍÅÔÒÕȢ 6ÌÉÖ ÄÜÌËÏÖïÈÏ ÔÒÁÎÓÐÏÒÔÕ ÂÕÄÅ ÚÊÉĤĩÏÖÜÎ 
ÐÏÍÏÃþ ÁÎÁÌĻÚÙ ÚÐñÔÎĻÃÈ ÔÒÁÊÅËÔÏÒÉþ ÖÙÇÅÎÅÒÏÖÁÎĻÃÈ ÐÒÏÇÒÁÍÅÍ (9ÂÒÉÄ 3ÉÎÇÌÅ-Particle 
,ÁÇÒÁÎÇÉÁÎ )ÎÔÅÇÒÁÔÅÄ 4ÒÁÊÅÃÔÏÒÙ ɉ(930,)4Ɋ ɉ$ÒÁØÌÅÒȟ 2Ȣ2Ȣȟ 2ÏÌÐÈȟ 'Ȣȟ ςπρσɊȢ ªÄÁÊÅ Ï 
ÓÒÜĿËÜÃÈ Á ÒÙÃÈÌÏÓÔÉ Á ÓÍñÒÕ ÖñÔÒÕ ÂÕÄÏÕ ÚþÓËÜÎÙ Ú I(-ªȢ 
 

0~%$0/+,<$!.O :<6Q29 
 
6 ÄÏÓÁÖÁÄÎþÃÈ ÓÔÕÄÉþÃÈ ÂÙÌÁ Ö ÐÒÏÖÏÚÕ ÐÏÕÚÅ éÜÓÔ Ú ÕÖÅÄÅÎĻÃÈ ÐĠþÓÔÒÏÊĳȟ ËÔÅÒï 

ÎÅÄÏËÜÚÁÌÙ ÍñĠÉÔ ÏÂÌÁÓÔ ÏÄ ςȟυ ÄÏ ρπ ÎÍȢ 4ÁÔÏ ÏÂÌÁÓÔ ÊÅ ÐĠÉÔÏÍ ÐÒÏ ÏÂÊÁÓÎñÎþ ÔÖÏÒÂÙ 
ÎÏÖĻÃÈ éÜÓÔÉÃ ÐÏÍñÒÎñ ÚÜÓÁÄÎþȢ #þÌÅÍ ÔïÔÏ ÐÒÜÃÅ ÊÅ ÐÏËÒĻÔ ÔÕÔÏ ÐÒÜÚÄÎÏÕ ÏÂÌÁÓÔ Á ÚþÓËÁÔ 
ÓÏÕÖÉÓÌï 0.3$Ȣ "ÕÄÅ ÚÊÉĤĩÏÖÜÎÁ ÚÜÖÉÓÌÏÓÔ ÔÖÏÒÂÙ ÎÏÖĻÃÈ éÜÓÔÉÃ Ö ÁÔÍÏÓÆïĠÅ ÎÁ 
ÐÏÄÍþÎËÜÃÈ ÐÒÏÓÔĠÅÄþ Á ÂÕÄÏÕ ÔÁËï ÐÏÒÏÖÎÜÖÜÎÁ ÄÁÔÁ ÚþÓËÁÎÜ ÎÁ ĭÒÏÖÎÉ ÚÅÍÓËïÈÏ 
povrchu s ÄÁÔÙ ÚþÓËÁÎĻÍÉ ÖÅ ÖĻĤÃÅ ςσπ ÍȢ $þËÙ .!)3 ÂÕÄÅ ÍÏĿÎï ÚþÓËÁÔ ÐĠÅÄÓÔÁÖÕ Ï 
ÎÜÂÏÊÉ ÖÚÎÉËÁÊþÃþÃÈ ËÌÁÓÔÒĳ Á Ï ÍÏĿÎïÍ ÖÌÉÖÕ ÎÜÂÏÊÅ ÔñÃÈÔÏ ËÌÁÓÔÒĳ ÎÁ ÔÖÏÒÂÕ ÎÏÖĻÃÈ éÜÓÔÉÃ 
v ÁÔÍÏÓÆïĠÅȢ  
 

0/$Q+/6<.^ 
 
0ÒÜÃÅ ÖÚÎÉËÜ ÚÁ ÐÏÄÐÏÒÙ ÐÒÏÊÅËÔÕ ÆÉÎÁÎÃÏÖÁÎïÈÏ -£-4 Ú ÐÒÏÓÔĠÅÄËĳ ĭéÅÌÏÖï 

ÐÏÄÐÏÒÙ ÖÅÌËĻÃÈ ÖĻÚËÕÍÎĻÃÈ ÉÎÆÒÁÓÔÒÕËÔÕÒ ɉ!#42)3-#:ȡ ,-ςπςσπσπɊ Á '!I2 ÇÒÁÎÔ ςτ-
10768S. 
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2ÁÄÅË 6þÔȟ 2ÏÍÁÎ ,ÉéÂÉÎÓËĻȟ 6ÉÌÍÁ *ÁÎÄÏÖÜȟ *ÉĠþ (ÕÚÌþËȟ -ÁÒÔÉÎÁ "ÕÃËÏÖÜȟ  
Karel Effenberger  

 
#ÅÎÔÒÕÍ ÄÏÐÒÁÖÎþÈÏ ÖĻÚËÕÍÕȟ ÖȢ ÖȢ Éȟ "ÒÎÏȟ IÅÓËÜ ÒÅÐÕÂÌÉËÁȟ ÒÁÄÅËȢÖÉÔͽÃÄÖȢÃÚ  

 
+ÌþéÏÖÜ ÓÌÏÖÁȡ 0!5ȟ "Á0ȟ 0-ρπȟ ËÖÁÌÉÔÁ ÏÖÚÄÕĤþȟ ÉÄÅÎÔÉÆÉËÁÃÅ ÚÄÒÏÊĳ 

 
SUMMARY 

 
The aim of this contribution is to present partial results from the detailed analysis of 

measured data obtained during the implementation of the PAUPZKO project, funded by 
the Norwegian Funds. The concentrations of polycyclic aromatic hydrocarbons (PAHs) 
and benzo(a)pyrene (BaP) were evaluated to identify potential sources of air pollution. 
Samples were collected during three sampling and measurement campaigns: winter 2022 
(January 18 ɀ April 18, 2022), summer 2022 (June 14 ɀ September 12, 2022), and winter 
2023 (January 18 ɀ April 17, 2023), across 120 locations in the South Moravian Region 
ɉ*-+Ɋ ÁÎÄ ÔÈÅ 6ÙÓÏéÉÎÁ 2ÅÇÉÏÎ ɉ693ɊȢ $ÕÒÉÎÇ ÅÁÃÈ ÃÁÍÐÁÉÇÎȟ ÓÉØ ÁÉÒ ÓÁÍÐÌÅÓ ɉ0-ρπ 
aerosol particles) were collected, resulting in a total of 2,160 analyzed air samples. 
Average BaP concentrations, calculated from 18 collected and analyzed samples, 
ÅØÃÅÅÄÅÄ ρ ÎÇȾÍύ ÁÔ σρ ÏÆ ÔÈÅ ρςπ ÌÏÃÁÔÉÏÎÓȢ 4ÈÉÓ ÖÁÌÕÅ ÒÅÐÒÅÓÅÎÔÓ ÔÈÅ ÁÉÒ ÐÏÌÌÕÔÉÏÎ ÌÉÍÉÔ 
for BaP established by the Air Protection Act No. 201/2012 Coll. However, it is defined as 
an annual average concentration. Therefore, the measured BaP concentrations cannot be 
interpreted as exceeding the limit but rather as elevated levels. In the regional 
comparison, this involved 17 locations in JMK and 14 locations in VYS. Year-on-year 
comparisons of winter campaigns showed an increase in BaP concentrations at 45 
locations in JMK and 19 locations in VYS. On average, higher concentrations of PAHs 
(including BaP) were measured in the JMK region. 

Based on diagnostic ratios of selected PAHs, their sources were assessed.  
Indeno[1,2,3-cd]pyrene (IPy) and benzo[ghi]perylene (BPe) were chosen as markers. The 
results indicate that during the colder months, sources predominantly involved the 
burning of solid fuels, or mixed sources of solid fuel and fossil fuels. Sources from burning 
diesel and gasoline were minimal. In warmer months, the number of locations affected by 
diesel and gasoline burning increased, while the number of sites polluted by solid fuel 
combustion decreased. Additionally, at some locations, PAH concentrations were below 
the detection limit, making it impossible to establish their diagnostic ratios.Here is the  

 
ª6/$ 

 
0ĠþÓÐñÖÅË ÖÚÎÉËÌ ÎÁ ÚÜËÌÁÄñ ÖĻÓÌÅÄËĳ ÐÒÏÊÅËÔÕ $ÅÔÁÉÌÎþ ÍÏÎÉÔÏÒÉÎÇ ÐÏÌÙÃÙËÌÉÃËĻÃÈ 

ÁÒÏÍÁÔÉÃËĻÃÈ ÕÈÌÏÖÏÄþËĳ Ö ÎÜÖÁÚÎÏÓÔÉ ÎÁ ÚÐĠÅÓÎñÎþ ÐÌÜÎÕ ÚÌÅÐĤÅÎþ ËÖÁÌÉÔÙ ÏÖÚÄÕĤþ ÚĕÎÙ 
*ÉÈÏÖĻÃÈÏÄ #:πφ: ςπςπϹ ɉ0!50:+/ɊȢ&ÉÎÁÎéÎñ ÐÏÄÐÏĠÅÎ ÂÙÌ Ú ÖĻÚÖÙ ς! Ȱ4ÒÏÍÓÏȱ 
z ÐÒÏÇÒÁÍÕ Ȱ¼ÉÖÏÔÎþ ÐÒÏÓÔĠÅÄþȟ ÅËÏÓÙÓÔïÍÙ Á ÚÍñÎÁ ËÌÉÍÁÔÕȱ ÆÉÎÁÎÃÏÖÁÎïÈÏ Ú .ÏÒÓËĻÃÈ 
ÆÏÎÄĳȢ 
:ÎÅéÉĤÔñÎþ ÏÖÚÄÕĤþ ÐÏÌÙÃÙËÌÉÃËĻÍÉ ÁÒÏÍÁÔÉÃËĻÍÉ ÕÈÌÏÖÏÄþËÙ ɉ0!5Ɋ ÊÅ Ö ÐÏÓÌÅÄÎþ 

ÄÏÂñ ÖÙÓÏÃÅ ÁËÔÕÜÌÎþ Á ÓÌÅÄÏÖÁÎï ÔïÍÁȢ $ĳÖÏÄÅÍ ÊÅ ÆÁËÔȟ ĿÅ ÎñËÔÅÒï 0!5 ÍÁÊþ ÚÜÖÁĿÎï 
ÄÏÐÁÄÙ ÎÁ ÚÄÒÁÖþ éÌÏÖñËÁ ÖéȢ ËÁÒÃÉÎÏÇÅÎÎþÃÈ ĭéÉÎËĳ Á ÎÁÍñĠÅÎï ÈÏÄÎÏÔÙ 
ÂÅÎÚÏɍÁɎÐÙÒÅÎÕȟ ËÔÅÒĻ ÊÅ ÊÅÄÎþÍ Ú ÔïÔÏ ÓËÕÐÉÎÙ ĤËÏÄÌÉÖÉÎȟ ÎÁ ÍÎÏÈÁ ÓÔÁÎÉÃþÃÈ Ö IÅÓËï 
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republiÃÅ ÐÒÁÖÉÄÅÌÎñ ÐĠÅËÒÁéÕÊþ ÌÅÇÉÓÌÁÔÉÖÎñ ÓÔÁÎÏÖÅÎĻ ÒÏéÎþ ÉÍÉÓÎþ ÌÉÍÉÔȢ -ÎÏÈï ÌÜÔËÙ ÚÅ 
ÓËÕÐÉÎÙ 0!5 ÊÓÏÕ ÐÏÖÁĿÏÖÜÎÙ ÚÁ ÉÎÄÉËÜÔÏÒÙ ɉÍÁÒËÅÒÙɊ ÒĳÚÎĻÃÈ ÓÐÅÃÉÆÉÃËĻÃÈ ÚÄÒÏÊĳ 
ÚÎÅéÉĤĩÏÖÜÎþ ÏÖÚÄÕĤþȢ : ÔÏÈÏ ÄĳÖÏÄÕ ÊÅ ÊÅÊÉÃÈ ÍÏÎÉÔÏÒÉÎÇ Á ÎÜÓÌÅÄÎï ÐÏËÒÏéÉÌï 
ÖÙÈÏÄÎÏÃÅÎþ ÖÈÏÄÎĻÍ ÎÜÓÔÒÏÊÅÍ ÐÒÏ ÉÄÅÎÔÉÆÉËÁÃÉ ÚÄÒÏÊĳ ÚÎÅéÉĤĩÏÖÜÎþ ÏÖÚÄÕĤþȢ 6 ÍÁÌĻÃÈ 
ÏÂÃþÃÈ ÊÓÏÕ ÚÖĻĤÅÎï ËÏÎÃÅÎÔÒÁÃÅ ÖñÔĤÉÎÙ 0!5 ÉÎÄÉËÜÔÏÒÅÍ ÚÖĻĤÅÎïÈÏ ÐÏÄþÌÕ ÌÏËÜÌÎþÃÈ 
ÚÄÒÏÊĳ ÖÙÔÜÐñÎþ ÎÁ ÅÍÉÓÎþ ÚÄÒÏÊÏÖï ÓËÌÁÄÂñȢ 0ÒÏÊÅËÔÏÖĻ ÚÜÍñÒ ÖÙÃÈÜÚÅÌ Ú 0:+/ ÚĕÎÙ 
*ÉÈÏÖĻÃÈÏÄ #:πφ: ςπςπϹȟ ÖÅ ËÔÅÒïÍ ÊÅ ÂÅÎÚÏɍÁɎÐÙÒÅÎ ÓÐÅÃÉÆÉËÏÖÜÎ ÊÁËÏ 
ÎÅÊÐÒÏÂÌÅÍÁÔÉéÔñÊĤþ ÚÎÅéÉĤĩÕÊþÃþ ÌÜÔËÁȢ 
 

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

/ÄÂñÒÏÖï ÄÎÙ ÓÅ ÓÈÏÄÏÖÁÌÙ Ó ÏÄÂñÒÏÖĻÍ ËÁÌÅÎÄÜĠÅÍ I(-ª ɉËÁĿÄĻ σȢ ÄÅÎɊȟ ÔÁË ÁÂÙ 
ÂÙÌÏ ÍÏĿÎï ÎÁÍñĠÅÎï ËÏÎÃÅÎÔÒÁÃÅ ÐÏÒÏÖÎÁÔ É Ó ÄÁÔÙ ÄÁÌĤþÃÈ ÍñĠþÃþÃÈ ÉÎÓÔÉÔÕÃþ ɉÐĠÅÄÅÖĤþÍ 
I(-ªɊȢ $ÁÔÕÍ ÏÄÂñÒÕ φȢ ÖÚÏÒËÕ ÂÙÌÏ ÖÙÂÒÜÎÏ ÄÌÅ ÁËÔÕÜÌÎþÃÈ ÐÏÔĠÅÂ ɉÎÁÐĠȢ ÚÁÓÔÏÕÐÅÎþ 
ÖþËÅÎÄÏÖĻÃÈ ÄÎþ ÁÐÏÄȢɊȢ +ÁĿÄÜ ÌÏËÁÌÉÔÁ ÂÙÌÁ ÐÒÏÍñĠÅÎÁ ÖÅ ÔĠÅÃÈ ρτÄÅÎÎþÃÈ ËÁÍÐÁÎþÃÈȟ 
a ÔÏ ςØ ÂñÈÅÍ ÔÏÐÎï ÓÅÚĕÎÙ Á ρØ ÂñÈÅÍ ÎÅÔÏÐÎï ÓÅÚĕÎÙ ÚÁ ĭéÅÌÅÍ ÚÁÈÒÎÕÔþ ÍÏĿÎïÈÏ 
ÖÌÉÖÕ ÒĳÚÎĻÃÈ ÚÄÒÏÊĳ Ö ÒĳÚÎĻÃÈ ÒÏéÎþÃÈ ÏÂÄÏÂþÃÈȢ : ËÁĿÄï ÌÏËÁÌÉÔÙ ÂÙÌÏ ÂñÈÅÍ ÒÅÁÌÉÚÁÃÅ 
projektu odeÂÒÜÎÏ ρψ ÖÚÏÒËĳ 0!5 ÚÁÃÈÙÃÅÎĻÃÈ ÎÁ ÆÉÌÔÒÕȢ $ÏÈÒÏÍÁÄÙ ÔÁË ÂÙÌÏ ÏÄÅÂÒÜÎÏ 
ςρφπ ÖÚÏÒËĳ 0-ρπ Á ÎÜÓÌÅÄÎñ ÁÎÁÌÙÚÏÖÜÎÏ ËÅ ÓÔÁÎÏÖÅÎþ ÏÂÓÁÈĳ 0!5 ÖéȢ "Á0Ȣ  
/ÄÂñÒÙ ÖÚÏÒËĳ ÐÒÏÂþÈÁÌÙ ÐÏ ÄÏÂÕ ςτ ÈÏÄÉÎ ÄÌÅ ÏÄÂñÒÏÖïÈÏ ËÁÌÅÎÄÜĠÅ I(-ª ÚÁ 

ÖÙÕĿÉÔþ ÖÚÏÒËÏÖÁéĳ 36%. ,%#+%, 3%1 τχ/50 -CD a SVEN LECKEL MVS6 (Sven Leckel 
)ÎÇÅÎÉÅÒÂİÒÏȟ .ñÍÅÃËÏɊȟ Ó ÎÜÓÌÅÄÎÏÕ ÇÒÁÖÉÍÅÔÒÉÃËÏÕ ÁÎÁÌĻÚÏÕ ÎÁ ÍÉËÒÏÖÜÈÜÃÈ -8υ 
(Mettler ɀ 4ÏÌÅÄÏ 'ÍÂ(ȟ £ÖĻÃÁÒÓËÏɊȢ 'ÒÁÖÉÍÅÔÒÉÃËÜ ÍÅÔÏÄÁ ÓÔÁÎÏÖÅÎþ ËÏÎÃÅÎÔÒÁÃþ 0- ÊÅ 
ÒÏÖÎñĿ ÒÅÆÅÒÅÎéÎþ ÍÅÔÏÄÏÕ ÐÏÄÌÅ éÅÓËï ÔÅÃÈÎÉÃËï ÎÏÒÍÙ I3. %. ρςστρȡ ςπππ ȵ+ÖÁÌÉÔÁ 
ÏÖÚÄÕĤþ ɀ 3ÔÁÎÏÖÅÎþ ÆÒÁËÃÅ 0-ρπ ÁÅÒÏÓÏÌÏÖĻÃÈ ɀ 2ÅÆÅÒÅÎéÎþ ÍÅÔÏÄÁ Á ÐÏÓÔÕÐ ÐĠÉ ÔÅÒïÎÎþ 
ÚËÏÕĤÃÅ ÏÖñĠÅÎþ ÔñÓÎÏÓÔÉ ÓÈÏÄÙ ÍÅÚÉ ÖĻÓÌÅÄËÙ ÈÏÄÎÏÃÅÎï Á ÒÅÆÅÒÅÎéÎþ ÍÅÔÏÄÙȰȢ :Á 
ĭéÅÌÅÍ ÓÔÁÎÏÖÅÎþ ÏÂÓÁÈĳ "Á0 ÂÙÌÙ ÓÔÅÊÎÏÕ ÍÅÔÏÄÏÕȟ Á Ó ÖÙÕĿÉÔþÍ ÓÔÅÊÎĻÃÈ ÏÄÂñÒÏÖĻÃÈ 
ÚÁĠþÚÅÎþȟ ÏÄÅÂþÒÜÎÙ ÖÚÏÒËÙ 0-ρπ Ó ÔþÍȟ ĿÅ ÆÉÌÔÒÁéÎþÍ ÍïÄÉÅÍ ÂÙÌ ÆÉÌÔÒ Ú ËĠÅÍÅÎÎĻÃÈ 
ÖÌÜËÅÎȢ 6ÌÁÓÔÎþ ÓÔÁÎÏÖÅÎþ ËÏÎÃÅÎÔÒÁÃþ "Á0 ÐÁË ÂÙÌÏ ÒÅÁÌÉÚÏÖÜÎÏ Ö ÓÏÕÌÁÄÕ Ó ÐĠþÌÏÈÏÕ éȢ φ 
Ë ÖÙÈÌÜĤÃÅ éȢ σσπȾςπρς 3ÂȢ ÖÅ ÚÎñÎþ ÐÏÚÄñÊĤþÃÈ ÐĠÅÄÐÉÓĳ ÒÅÆÅÒÅÎéÎþ ÍÅÔÏÄÏÕ ÐÏÄÌÅ éÅÓËï 
ÔÅÃÈÎÉÃËï ÎÏÒÍÙ I3. %. ρυυτωȡ ςπρσ ȵ.ÏÒÍÏÖÁÎÜ ÍÅÔÏÄÁ ÓÔÁÎÏÖÅÎþ "ÅÎÚÏɍÁɎÐÙÒÅÎÕ ÖÅ 
ÖÅÎËÏÖÎþÍ ÏÖÚÄÕĤþȰ ÎÁ ÐÌÙÎÏÖïÍ ÃÈÒÏÍÁÔÏÇÒÁÆÕ Ó ÈÍÏÔÎÏÓÔÎþ ÄÅÔÅËÃþ 4ÒÉÐÌÅ 
1ÕÁÄÒÕÐÏÌÅ!ÇÉÌÅÎÔ '#Ⱦ111 χπππ# ɉ!ÇÉÌÌÅÎÔ4ÅÃÈÎÏÌÏÉÅÓȟ )ÎÃȢȟ .ñÍÅÃËÏɊȢ 0ÏÄÌÅ Ôïto 
ÍÅÔÏÄÉËÙ ÂÙÌÙ ÍñĠÅÎÙ É ËÏÎÃÅÎÔÒÁÃÅ ÏÓÔÁÔÎþÃÈ 0!5Ȣ 
+ ÐÏÓÏÕÚÅÎþ ÚÄÒÏÊĳ ÐÏÌÙÃÙËÌÉÃËĻÃÈ ÁÒÏÍÁÔÉÃËĻÃÈ ÕÈÌÏÖÏÄþËĳ ɉ0!5Ɋ ÂÙÌÏ ÐÏÕĿÉÔÏ 

ÄÉÁÇÎÏÓÔÉÃËĻÃÈ ÐÏÍñÒĳ ÖÙÂÒÁÎĻÃÈ 0!5 ɉ+ĠĳÍÁÌȟ ςπρςɊȟ ɉ4ÏÂÉÓÚÅ×ÓËÉȟςπρςɊȢ *ÁËÏ 
ÍÁÒËÅÒÙ ÂÙÌÙ ÖÙÂÒÜÎÙ ÉÎÄÅÎÏɍρȟςȟσ-cd]pyren (IPy) a benzo[ghi]perylen (BPe). Vzhledem 
Ë ÔÏÍÕȟ ĿÅ Ö ÌÉÔÅÒÁÔÕĠÅ ÊÓÏÕ ÄÉÁÇÎÏÓÔÉÃËï ÐÏÍñÒÙ ÕÖÜÄñÎÙ Ö ÒĳÚÎï ÆÏÒÍñ ɀ ÊÁËÏ ÐÒÏÓÔĻ 
ÐÏÍñÒȟ ÊÁËÏ ÐÏÍñÒ ÊÅÄÎÏÈÏ 0!5 Á ÓÏÕéÔÕ ÄÖÏÕ 0!5ȟ ÂÙÌÙ ÄÉÁÇÎÏÓÔÉÃËï ÐÏÍñÒÙ 
ÓÊÅÄÎÏÃÅÎÙ ÖÅ ÆÏÒÍñ 

ὍὖώȟὄὖὩ      (1)  

 
4ÅÎÔÏ ÄÉÁÇÎÏÓÔÉÃËĻ ÐÏÍñÒ ÊÅ ÓÙÍÅÔÒÉÃËĻ ÖĳéÉ ÏÂñÍÁ 0!5 Á ÎÁÂĻÖÜ ÈÏÄÎÏÔ ÏÄ -1 pro 

IPy=0 do +1 pro BPe=0. Pro IPy=BPe je hodnota [IPy,BPe] rovna 0. 
: ÔÏÈÏÔÏ ÄĳÖÏÄÕ ÂÙÌÙ ÐĠÅÐÏéÔÅÎÙ ÄÉÁÇÎÏÓÔÉÃËï ÐÏÍñÒÙ ÕÖÜÄñÎï Ö ÌÉÔÅÒÁÔÕĠÅ ÐÏÄÌÅ 

ÕÖÅÄÅÎïÈÏ ÖÚÏÒÃÅȢ 0ĠÉ ÓÈÌÕËÏÖï ÁÎÁÌĻÚÅ ÂÙÌÁ ÐÏÕĿÉÔÁ %ÕËÌÉÄÏÖÓËÜ ÍÅÔÒÉËÁ Á 7ÁÒÄÏÖÁ 
ÍÅÔÏÄÁ ÓÈÌÕËÏÖÜÎþ Á Ë ÖĻÐÏéÔĳÍ ÂÙÌ ÖÙÕĿÉÔ /ÐÅÎ3ÏÕÒÃÅ ÓÏÆÔ×ÁÒÅ 2 ɉ2 #ÏÒÅ 4ÅÁÍȟ ςπςτɊȟ 
ÂÁÌþéÅË ȵÃÌÕÓÔÅÒȰ ɉ-ÁÅÃÈÌÅÒȟ ςπςσɊȢ 
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6¸3,%$+9ȟ $)3+53%ȟ :<6Q29 
 

.Á ÚÜËÌÁÄñ ÐÒĳÍñÒÎĻÃÈ ÖĻÓÌÅÄËĳ Ú ÊÅÄÎÏÔÌÉÖĻÃÈ ÌÏËÁÌÉÔ Ö ÊÅÄÎÏÔÌÉÖĻÃÈ ÏÄÂñÒÏÖĻÃÈ 
ÄÎÅÃÈ ÂÙÌÙ ÓÅÓÔÁÖÅÎÙ ÒÅÇÒÅÓÎþ ËĠÉÖËÙ ÚÏÂÒÁÚÕÊþ ÚÜÖÉÓÌÏÓÔÉ ÁÎÁÌÙÚÏÖÁÎĻÃÈ ÖÚÏÒËĳ ÎÁ 
ÄÁÌĤþÃÈ ÍñĠÅÎĻÃÈ ÐÁÒÁÍÅÔÒÅÃÈ ɉÔÅÐÌÏÔÁɊȟ ÐÏÐĠþÐÁÄñ ÖÚÜÊÅÍÎñ ÍÅÚÉ ÊÅÄÎÏÔÌÉÖĻÍÉ 
ÖĻÓÌÅÄËÙ ɉ"Á0ȟ 3ÕÍÁ0!5 Á 0-ρπɊ Á ÔÏ ÚÁ ĭéÅÌÅÍ ÌÅÐĤþÈÏ ÐÏÃÈÏÐÅÎþ ÖÚÜÊÅÍÎĻÃÈ ÖÚÔÁÈĳ 
v ÚÜÖÉÓÌÏÓÔÉ ÎÁ éÁÓÅ ÏÄÂñÒÕ ÖÚÏÒËÕȢ 
6ĻÓÌÅÄËÙ ÊÓÏÕ ÕÖÅÄÅÎÙ ÐÒÏ ËÏÍÐÌÅÔÎþ ÄÏÂÏÕ ÒÅÁÌÉÚÁÃÅ ÍÏÎÉÔÏÒÉÎÇÕ Á ÄÜÌÅ ÐÁË ÔÁËï 

ÐÒÏ ÊÅÄÎÏÔÌÉÖÜ ÓÌÅÄÏÖÁÎÜ ÏÂÄÏÂþ ÒÏÚÄñÌÅÎÜ ÎÁ ÊÅÄÎÏÔÌÉÖï ËÒÁÊÅ ɉ/ÂÒȢ ρɊȢ 
6 ÐĠþÐÁÄñ 0!5 ɉÖéÅÔÎñ "Á0Ɋ ÂÙÌÁ ÐÏÚÏÒÏÖÜÎÁ ÌÏÇÁÒÉÔÍÉÃËÜ ÚÜÖÉÓÌÏÓÔȟ ËÄÙ Ö ÐĠþÐÁÄñ 

ÖÙĤĤþÃÈ ÔÅÐÌÏÔ ÂÙÌÙ ÍñĠÅÎÙ ÎÉĿĤþ ËÏÎÃÅÎÔÒÁÃÅ 0!5 ɉÖéȢ "Á0ɊȢ 4ÅÎÔÏ ÔÒÅÎÄ ÂÙÌ ÐÏÚÏÒÏÖÜÎ 
ÖĻÒÁÚÎñÊÉ ÎÁ ĭÚÅÍþ *-+ȟ ËÄÅ ÐĠÉ ÐÏÈÌÅÄÕ ÎÁ ÄÁÔÁ ÚÁ ÃÅÌÏÕ ÄÏÂÕ ÍñĠÅÎþ ÂÙÌ ËÏÅÆÉÃÉÅÎÔ 
ÄÅÔÅÒÍÉÎÁÃÅ ÏÄÐÏÖþÄÁÊþÃþ ÈÏÄÎÏÔñ πȟψχ ɉÖ ÐĠþÐÁÄñ 693 ÊÅ ÔÁÔÏ ÈÏÄÎÏÔÁ πȟχφɊȢ 6 ÚÉÍÎþÍ 
ÏÂÄÏÂþ ÂÙÌÁ ÐÏÚÏÒÏÖÜÎÁ ÖĻÚÎÁÍÎÜ ÚÜÖÉÓÌÏÓÔ ɉπȟφρɊ Ö ÐĠþÐÁÄñ *-+ȟ ÎÁÏÐÁË Ö ÐĠþÐÁÄñ 693 
ɉËÏÅÆÉÃÉÅÎÔ ÄÅÔÅÒÍÉÎÁÃÅ πȟςρɊ ÂÙÌÁ ÚÜÖÉÓÌÏÓÔ ÎÅÖĻÚÎÁÍÎÜȢ 6 ÐĠþÐÁÄñ ËÏÒÅÌÁÃÅ ÍÅÚÉ 0-ρπ 
Á "Á0 ÐÏÚÏÒÕÊÅÍÅ ÖĻÚÎÁÍÎÏÕ ÌÉÎÅÜÒÎþ ÚÜÖÉÓÌÏÓÔ Ö ÚÉÍÎþÃÈ ÍñÓþÃþÃÈȢ 6ÚÜÊÅÍÎÜ ÚÜÖÉÓÌÏÓÔ 
v ÐĠþÐÁÄñ ÒÅÇÒÅÓÅ ÚÁ ÃÅÌÏÕ ÄÏÂÕ ÍñĠÅÎþ ÊÅ ÏÖÌÉÖÎñÎÁ ÖĻÚÎÁÍÎĻÍ ÐÏËÌÅÓÅÍ ËÏÎÃÅÎÔÒÁÃþ 
"Á0 Ö ÌÅÔÎþÃÈ ÍñÓþÃþÃÈȟ ËÄÅ ËÏÎÃÅÎÔÒÁÃÅ "Á0 ÎÉÊÁË ÎÅËÏÒÅÌÕÊþ Ó ËÏÎÃÅÎÔÒÁÃÅÍÉ 0-ρπȢ 
+ÏÒÅÌÁÃÅ ÍÅÚÉ 0!5 Á "Á0 ÂÙÌÙ ÁĿ ÎÁ ÖĻÊÉÍËÕ Ö ÐĠþÐÁÄñ ÌÅÔÎþÃÈ ÍñĠÅÎþ Ö *-+ ÖĻÚÎÁÍÎï 
a ÕËÁÚÕÊþ ÎÁ ÓÐÏÌÅéÎĻ ÎÜÒĳÓÔ ËÏÎÃÅÎÔÒÁÃþ ÓÍñÒÅÍ Ë ÚÉÍÎþÍ ÍñÓþÃĳÍȢ 6 ÐĠþÐÁÄñ ËÏÒÅÌÁÃþ 
0!5 ÖĳéÉ ÔÅÐÌÏÔñ Á 0-ρπ ÂÙÌÏ ÐÏÚÏÒÏÖÜÎÏ ÓÈÏÄÎï ÃÈÏÖÜÎþ ÊÁËÏ Ö ÐĠþÐÁÄñ "Á0Ȣ 

 

 
/ÂÒȢ ρȡ 6ĻÓÌÅÄÎï ËÏÒÅÌÁÃÅ ÐÒĳÍñÒÎĻÃÈ ÄÅÎÎþÃÈ ËÏÎÃÅÎÔÒÁÃþ ÍñĠÅÎĻÃÈ ÌÜÔÅk ɀ za celou 

dobou monitoringu 
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/ÂÒȢ ςȡ 6ĻÓÌÅÄÎï ËÏÒÅÌÁÃÅ ÐÒĳÍñÒÎĻÃÈ ÄÅÎÎþÃÈ ËÏÎÃÅÎÔÒÁÃþ ÍñĠÅÎĻÃÈ ÌÜÔÅË ɀ ÚÁ ÚÉÍÎþ 

ËÁÍÐÁÎñ 
 
V ÐĠþÐÁÄñ ÐÏÓÏÕÚÅÎþ ÚÄÒÏÊĳ 0!5 ÂÙÌÙ ÊÅÄÎÏÔÌÉÖï ÌÏËÁÌÉÔÙ ÐÒÏ ÕÐĠÅÓÎñÎþ ÚÁĠÁÚÅÎþ 

ÐÏÄÒÏÂÅÎÙ ÓÈÌÕËÏÖï ÁÎÁÌĻÚÅ ÐÒÏ ÎÁÍñĠÅÎï ÈÏÄÎÏÔÙȢ 0ÒÏ ÁÎÁÌĻÚÕ ÂÙÌÙ ÐÏÕĿÉÔÙ ÐÒĳÍñÒÎï 
ÈÏÄÎÏÔÙ ËÏÎÃÅÎÔÒÁÃþ ÊÅÄÎÏÔÌÉÖĻÃÈ 0!5 ÐÒÏ ËÁĿÄÏÕ ÌÏËÁÌÉÔÕ ÚÖÌÜĤĩ Á ÐÒÏ ËÁĿÄï ÏÂÄÏÂþ 
ɉÔÅÐÌÅÊĤþ ɀ ÃÈÌÁÄÎñÊĤþɊ ÚÖÌÜĤĩȢ : ÔÁËÔÏ ÖÙÐÏéÔÅÎĻÃÈ ÈÏÄÎÏÔ ÂÙÌÙ ÓÐÏéÔÅÎÙ ÈÏÄÎÏÔÙ ɍ)0Ùȟ"0ÅɎ 
ÐÏÕĿÉÔï ÐÒÏ ÓÈÌÕËÏÖÏÕ ÁÎÁÌĻÚÕȢ  
.Á ÚÜËÌÁÄñ ÄÉÁÇÎÏÓÔÉÃËĻÃÈ ÐÏÍñÒĳ Á ÓÈÌÕËÏÖï ÁÎÁÌĻÚÙȟ ËÔÅÒÜ ÐĠÉĠÁÄÉÌÁ ÊÅÄÎÏÔÌÉÖĻÍ 

ÌÏËÁÌÉÔÜÍ ÐĠþÓÌÕĤÎï ÓÈÌÕËÙȟ ÂÙÌÙ ÐÒÏ ÊÅÄÎÏÔÌÉÖï ÓËÕÐÉÎÙ ÌÏËÁÌÉÔ ÐÒÏÖÅÄÅÎÙ ÏÄÈÁÄÙ ÚÄÒÏÊĳ 
ÐÏÄþÌÅÊþÃþÃÈ ÓÅ ÎÁ ÚÎÅéÉĤÔñÎþ ÏÖÚÄÕĤþ 0!5 ÖÜÚÁÎĻÍÉ ÎÁ ÁÅÒÏÓÏÌÏÖï éÜÓÔÉÃÅȢ  
: ÖĻĤÅ ÕÖÅÄÅÎĻÃÈ ÖĻÓÌÅÄËĳ ÌÚÅ ÖÙÖÏÄÉÔȟ ĿÅ ÌÏËÜÌÎþ ÔÏÐÅÎÉĤÔñ ÈÒÁÊþ ÖĻÚÎÁÍÎÏÕ ÒÏÌÉ Ö 

ËÖÁÌÉÔñ ÏÖÚÄÕĤþ ÎÁ ĭÚÅÍþ ÓÌÅÄÏÖÁÎĻÃÈ ËÒÁÊĳȢ 5ËÁÚÕÊþ ÎÁ ÔÏ ÖĻÓÌÅÄËÙ ÉÄÅÎÔÉÆÉËÁÃÅ ÚÄÒÏÊĳ ÎÁ 
ÚÜËÌÁÄñ ÁÎÁÌĻÚÙ ÄÉÁÇÎÏÓÔÉÃËĻÃÈ ÐÏÍñÒĳ ÖÙÂÒÁÎĻÃÈ 0!5Ȣ 4Ù ÕËÁÚÕÊþȟ ĿÅ Ö ÐĠþÐÁÄñ φψ 
ÌÏËÁÌÉÔ ÊÓÏÕ 0!5 ÐĳÖÏÄÅÍ ÚÅ ÓÐÁÌÏÖÜÎþ ÄĠÅÖÁȟ ÕÈÌþ Á ÔÒÜÖÙȟ ÖÅ τφ ÐĠþÐÁÄÅÃÈ ÓÅ ÊÅÄÎÜ Ï 
ÓÍþĤÅÎï ÚÄÒÏÊÅ Á ÐÏÕÚÅ Ö φ ÐĠþÐÁÄÅÃÈ Ï ÚÄÒÏÊÅ ÐĳÖÏÄÅÍ ÚÅ ÓÐÁÌÏÖÜÎþ ÐÁÌÉÖ ɉÄÏÐÒÁÖÙɊȢ 6 
ÐÒĳÂñÈ ÌÅÔÎþÃÈ ÍñĠÅÎþ ÄÏÃÈÜÚþ ËÅ ÚÖÙĤÏÖÜÎþ ÐÏÄþÌÕ 0!5 Ú ÄÏÐÒÁÖÙȟ ÐÏéÅÔ ÌÏËÁÌÉÔ Ó 
ÐĳÖÏÄÅÍ 0!5 ÚÅ ÓÐÁÌÏÖÜÎþ ÒÏÓÔÌÉÎÎïÈÏ ÍÁÔÅÒÉÜÌÕ ËÌÅÓÜ ÎÁ ςφ ɉÚ ÔÏÈÏ ςτ ÌÏËÁÌÉÔ ÎÁ ĭÚÅÍþ 
*-+ɊȢ .Á ĭÚÅÍþ 693 Ö ÚÉÍÎþÃÈ ÍñÓþÃþÃÈ ÐĠÅÖÌÜÄÜ ÊÁËÏ ÚÄÒÏÊ 0!5 ÓÐÁÌÏÖÜÎþ ÒÏÓÔÌÉÎÎĻÃÈ 
ÍÁÔÅÒÉÜÌĳȟ Ö ÌÅÔÎþÃÈ ÍñÓþÃþÃÈ ÐÏÔï ÓÍþĤÅÎï ÚÄÒÏÊÅȢ 0ÏéÅÔ ÌÏËÁÌÉÔ ÏÖÌÉÖÎñÎĻÃÈ ÄÏÐÒÁÖÏÕ Ö 
ÚÉÍÎþÃÈ ÍñÓþÃþÃÈ ÎÁ 6ÙÓÏéÉÎñ ÂÙÌ τȟ Ö ÌÅÔÎþÃÈ ÍñÓþÃþÃÈ ρτȢ 6 ÐĠþÐÁÄñ *-+ ÐĠÅÖÌÜÄÁÊþ 
ÓÍþĤÅÎï ÚÄÒÏÊÅ Ö ÚÉÍÎþÃÈ ÍñÓþÃþÃÈ Á ÓÐÁÌÏÖÜÎþ ÒÏÓÔÌÉÎÎĻÃÈ ÍÁÔÅÒÉÜÌĳ Ö ÌÅÔÎþÃÈ ÍñÓþÃþÃÈȢ 
0ÏéÅÔ ÌÏËÁÌÉÔ ÏÖÌÉÖÎñÎĻÃÈ ÄÏÐÒÁÖÏÕ Ö ÐÒĳÂñÈÕ ÚÉÍÙ ÂÙÌ ςȟ Ö ÐÒĳÂñÈÕ ÌÅÔÎþÃÈ ÍñÓþÃĳ τȢ 
/ÂÁ ËÒÁÊÅ ÖÙËÁÚÕÊþ ÓÅÚÏÎÎþ ÖĻËÙÖÙȢ 6ÙĤĤþ ËÏÎÃÅÎÔÒÁÃÅ 0!5 ɉ"Á0Ɋ ÂÙÌÙ Ö ÐÒĳÂñÈÕ ÚÉÍÙ 

ÖÅ ÓÒÏÖÎÜÎþ Ó ÌïÔïÍ ÐÏÚÏÒÏÖÜÎÙ Õ ÏÂÏÕ ËÒÁÊĳȢ .ÅÇÁÔÉÖÎþ ËÏÒÅÌÁÃÅ ÔÅÐÌÏÔÙ Ó koncentracemi 
0!5 ÊÅ ÖĻÚÎÁÍÎñÊĤþ Ö *ÉÈÏÍÏÒÁÖÓËïÍ ËÒÁÊÉȢ : ÐÏÈÌÅÄÕ ÊÅÄÎÏÔÌÉÖĻÃÈ ÌÏËÁÌÉÔ ÂÙÌÙ 
ÐÏÚÏÒÏÖÜÎÙ ÒÏÚÄþÌÙ Ö ÓþÌÅ ËÏÒÅÌÁÃþȢ  6 *ÉÈÏÍÏÒÁÖÓËïÍ ËÒÁÊÉ ÎÁ ÌÏËÁÌÉÔñ (ÏÓÔñÎÉÃÅ ÂÙÌÁ 
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ÎÅÊÓÉÌÎñÊĤþ ÎÅÇÁÔÉÖÎþ ËÏÒÅÌÁÃÅ ÍÅÚÉ ÔÅÐÌÏÔÏÕ Á "Á0 ɉ-πȟψσɊȟ  ÎÅÊÓÌÁÂĤþ ÎÁ ÌÏËÁÌÉÔñ -ÏÒÁÖÓËĻ 
Krumlov (-0,57), ÎÁ 6ÙÓÏéÉÎñ ÎÁ ÌÏËÁÌÉÔñ IÅÒÖÅÎÜ ~ÅéÉÃÅ ÂÙÌÁ ÎÅÊÓÉÌÎñÊĤþ ÎÅÇÁÔÉÖÎþ 
korelace mezi teplotou a BaP (-πȟψυɊȟ ÎÅÊÓÌÁÂĤþ ÎÁ ÌÏËÁÌÉÔñ (ÒÏÔÏÖÉÃÅ ɉ-0,33). 
$ÜÌÅ ÄÏÃÈÜÚþ ÔÁËï ËÅ ËÏÒÅÌÁÃÉ Ó ËÏÎÃÅÎÔÒÁÃÅÍÉ 0-ρπ Á ÔÏ Ö ÚÉÍÎþÃÈ ÍñÓþÃþÃÈȟ Ö ÌÅÔÎþÃÈ 

ÍñÓþÃþÃÈ ÄÏÃÈÜÚþ Ë ÖĻÒÁÚÎïÍÕ ÐÏËÌÅÓÕ ËÏÎÃÅÎÔÒÁÃþ ÖĤÅÃÈ 0!5ȟ ÃÏĿ ÓÅ ÐÒÏÊÅÖÕÊÅ ÎÁ 
ÖÚÜÊÅÍÎï ÒÅÇÒÅÓÉ Á ÐÒÏÔÏ Ö ÐĠþÐÁÄñ ÌÅÔÎþÃÈ ÏÄÂñÒĳ ÎÅÂÙÌÁ ÐÏÚÏÒÏÖÜÎÁ ÚÜÖÉÓÌÏÓÔ ÍÅÚÉ 0!5 
ɉ"Á0Ɋ Á 0-ρπȢ +ÒÏÍ ÌÅÔÎþ ÍñĠþÃþ ËÁÍÐÁÎñ ÎÁ ĭÚÅÍþ *-+ ÓÌÅÄÕÊÅÍÅ ÖĻÚÎÁÍÎÏÕ ËÏÒÅÌÁÃþ 
ÍÅÚÉ ÓÕÍÏÕ 0!5 Á "Á0ȟ ËÏÎÃÅÎÔÒÁÃÅ ÓÕÍÙ 0!5 ÓÖĻÍ ÃÈÏÖÜÎþÍ ÖĳéÉ ÔÅÐÌÏÔñ Á 0-ρπ 
ÐĠÉÂÌÉĿÎñ ÏÄÐÏÖþÄÁÊþ ÔÒÅÎÄĳÍ ÊÁËÏ ÔÏÍÕ ÊÅ Ö ÐĠþÐÁÄñ "Á0Ȣ 6 ÐĠþÐÁÄñ ÌÅÔÎþÃÈ ÍñĠÅÎþ Ö *-+ 
ÎÅÊÓÐþĤÅ ÄÏĤÌÏ Ë ÏÖÌÉÖÎñÎþ ÖÙÂÒÁÎĻÃÈ ÌÏËÁÌÉÔ Ö ÄÁÎĻÃÈ ÄÎÅÃÈ ÊÉÎĻÍ ÚÄÒÏÊÅÍ 0!5 ɉÎÅĿ Ö 
ÐĠþÐÁÄñ ÚÄÒÏÊÅ "Á0ɊȢ 

0/$Q+/6<.^ 
 
4ÅÎÔÏ ÐÒÜÃÅ ÂÙÌÁ ÖÙÔÖÏĠÅÎÁ ÚÁ ÆÉÎÁÎéÎþ ÐÏÄÐÏÒÙ -ÉÎÉÓÔÅÒÓÔÖÁ ÄÏÐÒÁÖÙ Ö ÒÜÍÃÉ 

programu dlouhodoÂïÈÏ ËÏÎÃÅÐéÎþÈÏ ÒÏÚÖÏÊÅ ÖĻÚËÕÍÎĻÃÈ ÏÒÇÁÎÉÚÁÃþȢ 
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6!2)!"),)4! :$2/*° /2'!.)#+¸#( !%2/3/,° .! 0/:!L/6O ,/+!,)4Q VE 
34~%$.^ %62/0Q 

 
Radek Lhotka1,2, 0ÅÔÒÁ 0ÏËÏÒÎÜ1ȟ 0ÅÔÒ 6ÏÄÉéËÁ1ȟ .ÁÄñĿÄÁ :þËÏÖÜ1, Saliou Mbengue3, 

Jaroslav Schwarz1, 6ÌÁÄÉÍþÒ ¼ÄþÍÁÌ1 
 

1ªÓÔÁÖ ÃÈÅÍÉÃËĻÃÈ ÐÒÏÃÅÓĳȟ !6 I2ȟ 0ÒÁÈÁȟ IÅÓËÜ ÒÅÐÕÂÌÉËÁ, lhotka@icpf.cas.cz 
2ªÓÔÁÖ ÐÒÏ ĿÉÖÏÔÎþ ÐÒÏÓÔĠÅÄþȟ 0Ġ& 5+ȟ 0ÒÁÈÁȟ IÅÓËÜ ÒÅÐÕÂÌÉËÁ 

3ªÓÔÁÖ ÖĻÚËÕÍÕ ÇÌÏÂÜÌÎþ ÚÍñÎÙȟ !6 I2ȟ "ÒÎÏȟ IÅÓËÜ ÒÅÐÕÂÌÉËÁ 
 

+ÌþéÏÖÜ ÓÌÏÖÁȡ /ÒÇÁÎÉÃËï ÁÅÒÏÓÏÌÙ, 0ÏÚÉÔÉÖÎþ ÍÁÔÉÃÏÖÜ ÆÁËÔÏÒÉÚÁÃÅ, .ÅÒÅÆÒÁËÔÉÖÎþ 0-1, 
ZeFir, Aethalometer model  

 
SUMMARY 

 
This study evaluates the variability of organic aerosol (OA) sources monitored at the 

.ÁÔÉÏÎÁÌ !ÔÍÏÓÐÈÅÒÉÃ /ÂÓÅÒÖÁÔÏÒÙ +ÏĤÅÔÉÃÅ ɉ.!/+Ɋȟ Á ÒÕÒÁÌ ÂÁÃËÇÒÏÕÎÄ ÓÉÔÅȢ                    
Non-refractive PM1 was evaluated in four seasons of 2019. The positive matrix 
factorization with multi -linear engine was used to determine the sources of OA at NAOK, 
with  five or four factors resolved for individual seasons. The probable origin areas of OA 
factors were identified by the ZeFir program. NAOK is affected by local sources of OA, as 
well as by regional and long-range transport of OA. 

 
ª6/$ 

 
Zdroje ÊÅÍÎĻÃÈ ÁÔÍÏÓÆïÒÉÃËĻÃÈ ÁÅÒÏÓÏÌĳ ɉ0-1Ɋȟ ÒÅÓÐȢ ÏÒÇÁÎÉÃËĻÃÈ ÁÅÒÏÓÏÌĳ ɉ/!Ɋ 

v ÏÖÚÄÕĤþ 3ÔĠÅÄÎþ %ÖÒÏÐÙ ÊÓÏÕ ÕÒéÅÎÙ ÊÅÎ ÖÅÌÍÉ ÐĠÉÂÌÉĿÎñ ɉ#ÒÉÐÐÁ et al., 2014; Chen et al., 
2022). #þÌÅÍ ÔïÔÏ ÐÒÜÃÅ proto ÂÙÌÏ ÚÈÏÄÎÏÔÉÔ ÖĻÖÏÊ ËÏÎÃÅÎÔÒÁÃþ PM1 a OA spolu s 
variabilitou jejich  ÚÄÒÏÊĳ ÓÌÅÄÏÖÁÎĻÃÈ ÎÁ ÖÅÎËÏÖÓËï ÐÏÚÁìÏÖï ÓÔÁÎÉÃÉȟ .ÜÒÏÄÎþ 
ÁÔÍÏÓÆïÒÉÃËï ÏÂÓÅÒÖÁÔÏĠÉ +ÏĤÅÔÉÃÅ ɉNAOK ɀ τωЈστǰςτͼ.ȟ ρυЈτǰτωͼ%ȟ υστ m n. m.) 
v ÊÅÄÎÏÔÌÉÖĻÃÈ ÒÏéÎþÃÈ ÏÂÄÏÂþÃÈ ÒÏËÕ ςπρω. :ÉÍÎþ ËÁÍÐÁĐ ÐÒÏÂñÈÌÁ ÏÄ ψȢρȢ ÄÏ φȢσȟ ÊÁÒÎþ 
ÏÄ ρςȢσȢ ÄÏ σρȢυȢȟ ÌÅÔÎþ ÏÄ τȢχȢ ÄÏ ςσȢψȢ Á ÐÏÄÚÉÍÎþ ÏÄ ρȢωȢ ÄÏ ρτȢρπȢ ςπρωȢ 

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

 
-ñĠÅÎþ ÁÅÒÏÓÏÌÏÖĻÍ ÈÍÏÔÎÏÓÔÎþÍ ÓÐÅËÔÒÏÍÅÔÒÅÍ Ó kompaktn²m analyz§torem doby 

letu (compact-Time of Flight-Aerosol Mass Spectrometer ɀ c-ToF-AMS), ÍñĠÉÃþ 
ÎÅÒÅÆÒÁËÔÉÖÎþ PM1 (non-refractive ɀ NR-PM1, Drewnick et al., 2005), ÂÙÌÁ ÄÏÐÌÎñÎÁ Ï 
ρÍÉÎÕÔÏÖÜ ÍñĠÅÎþ ÅËÖÉÖÁÌÅÎÔÎþÈÏ éÅÒÎïÈÏ ÕÈÌþ (eBC) ÐÏÍÏÃþ ÁÅÔÈÁÌÏÍÅÔÒÕ ɉ-ÏÄÅÌ 
AE33), o 10ÍÉÎÕÔÏÖÜ ÍñĠÅÎþ ÍÅÔÅÏÒÏÌÏÇÉÃËĻÃÈ ÐÒÖËĳ ɉÔÅÐÌÏÔÁȟ ÒÙÃÈÌÏÓÔ ÖñÔÒÕȟ ÓÍñÒ ÖñÔÒÕȟ 
ÒÅÌÁÔÉÖÎþ ÖÌÈËÏÓÔ) a o ρÈÏÄÉÎÏÖï ËÏÎÃÅÎÔÒÁÃÅ ÐÌÙÎÎĻÃÈ ÚÎÅéÉĤĩÕÊþÃþÃÈ ÌÜÔÅË ɉ./x, O3, CO, 
SO2). Koncentrace vÅ ÖÏÄñ ÒÏÚÐÕÓÔÎĻÃÈ iontĳ Á ÃÕËÒĳ (ÎÁÐĠȢ K+ , 3/- a Levoglucosanu) v 
PM1 ÂÙÌÙ ÖÚÏÒËÏÖÜÎÙ Ó ςτÈÏÄÉÎÏÖĻÍ éÁÓÏÖĻÍ ÒÏÚÌÉĤÅÎþm ÐÏÍÏÃþ ÎþÚËÏÏÂÊÅÍÏÖïÈÏ 
ÖÚÏÒËÏÖÁéÅ ,ÅÃËÅÌ ɉModel LVS-3) a 96ÈÏÄÉÎÏÖï ÚÐñÔÎï ÔÒÁÊÅËÔÏÒÉÅ ('$!3ȟ ρЈ ϼ ρЈ, 500 m 
AGL) ÂÙÌÙ ÖÙÐÏéþÔÜÎÙ ÐÒÏ ËÁĿÄÏÕ ÈÏÄÉÎÕ ÐÏÍÏÃþ Hybrid Single Particle Lagrangian 
Integrated Trajectory modelu (HYSPLIT, Stein et al., 2015).  
-ÅÔÏÄÁ ÐÏÚÉÔÉÖÎþ ÍÁÔÉÃÏÖï ÆÁËÔÏÒÉÚÁÃÅ ɉ0-&Ɋ ÓÐÏÌÕ Ó ÍÕÌÔÉÌÉÎÅÜÒÎþÍ ÍÏÔÏÒÅÍ (ME-

ςɊ ÂÙÌÁ ÁÐÌÉËÏÖÜÎÁ ÎÁ !-3 ÏÒÇÁÎÉÃËÜ ÈÍÏÔÏÖÜ ÓÐÅËÔÒÁ ɉËÏÒÉÇÏÖÁÎÜ ÐÏÍÏÃþ ÐÁÒÁÍÅÔÒÕ 
ÅÆÅËÔÉÖÉÔÁ ÏÄÂñÒÕȟ collection efficiency, CE) ÚÁ ĭéÅÌÅÍ ÒÏÚÄñÌÅÎþ /! ÎÁ ÒĳÚÎï ÆÁËÔÏÒÙ Ú 
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ÈÌÅÄÉÓËÁ ÊÅÊÉÃÈ ÈÍÏÔÎÏÓÔÎþÃÈ ÓÐÅËÔÅÒ Á éÁÓÏÖĻÃÈ ĠÁÄȢ +Å ÓÐÕĤÔñÎþ 0-& É -%-ς ÂÙÌ ÖÙÕĿÉÔ 
program Source Finder (SoFi) (Canonaco et al.ȟ ςπρσɊȢ 3ÏÆÔ×ÁÒÅ :Å&ÉÒ ÂÙÌ ÐÏÕĿÉÔ ÐÒÏ 
ÁÎÁÌĻÚÕ ÖñÔÒÕ Á ÚÐñÔÎĻÃÈ ÔÒÁÊÅËÔÏÒÉþ ÊÅÄÎÏÔÌÉÖĻÃÈ ÆÁËÔÏÒĳ ɉ0ÅÔÉÔ et al., 2017). 

 
6¸3,%$+9 

 
.ÅÊÖÙĤĤþ ÐÒĳÍñÒÎï ËÏÎÃÅÎÔÒÁÃÅ ÖñÔĤÉÎÙ ÓÌÅÄÏÖÁÎĻÃÈ ÖÅÌÉéÉÎ ɉÊÅÍÎïÈÏ 

ÁÔÍÏÓÆïÒÉÃËïÈÏ ÁÅÒÏÓÏÌÕ 0-1ȟ ÄÕÓÉéÎÁÎĳ ./-ȟ ÃÈÌÏÒÉÄĳ Cl- i eBC) ÂÙÌÙ ÚÁÚÎÁÍÅÎÜÎÙ 
ÂñÈÅÍ ÚÉÍÎþ ÍñĠÉÃþ ËÁÍÐÁÎñȟ ÎÅÊÖÙĤĤþ ÐÒĳÍñÒÎï ËÏÎÃÅÎÔÒÁÃÅ /!ȟ ÒÅÓÐȢ ÓþÒÁÎĳ ɉ3/2-) 
ÂÙÌÙ ÎÁÍñĠÅÎÙ Ö ÌïÔñȟ ÒÅÓÐȢ Ö ÌïÔñ Á ÎÁ ÊÁĠÅȢ 4Ï ÕËÁÚÕÊÅ ÎÁ ÖÌÉÖ ÍþÓÔÎþÃÈ ÁÎÔÒÏÐÏÇÅÎÎþÃÈ 
aktivit a ÚÈÏÒĤÅÎĻÃÈ ÒÏÚÐÔÙÌÏÖĻÃÈ ÐÏÄÍþÎÅË ÎÁ ÚÖĻĤÅÎï ËÏÎÃÅÎÔÒÁÃÅ ./-, Cl- a eBC, 
ÚÄÒÏÊÅ ÔñÃÈÔÏ ÓÌÏÕéÅÎÉÎ ÊÓÏÕ ÎÁ ÐÏÚÁìÏÖĻÃÈ ÌÏËÁÌÉÔÜÃÈ 3ÔĠÅÄÎþ %ÖÒÏÐÙ Ö ÚÉÍñ ÓÐÏÊÅÎÙ 
ÚÅÊÍïÎÁ Ó ÖÙÔÜÐñÎþÍ ÄÏÍÜÃÎÏÓÔþ ÌÏËÜÌÎþÍÉ ÔÏÐÅÎÉĤÔÉȢ :ÖĻĤÅÎï ËÏÎÃÅÎÔÒÁÃÅ /! Á 3/2-

ÍÁÊþ ÐĳÖÏÄ ÚÅÊÍïÎÁ Ö ÐĠþÒÏÄÎþÃÈ ÚÄÒÏÊþÃÈȟ ÐĠþÐÁÄÎñ ÊÓÏÕ ÎÁ ÐÏÚÁìÏÖÏÕ ÌÏËÁÌÉÔÕ 
ÔÒÁÎÓÐÏÒÔÏÖÜÎÙ ÄÜÌËÏÖĻÍ ÔÒÁÎÓÐÏÒÔÅÍ ÚÅ ÚÎÅéÉĤÔñÎĻÃÈ ÏÂÌÁÓÔþ ÓÔĠÅÄÎþ %ÖÒÏÐÙȟ ÊÅÊÉÃÈ 
ÖĻÚÎÁÍÎĻÍ ÚÄÒÏÊÅÍ Ö ÔÏÐÎï ÓÅÚĕÎñ ÊÓÏÕ ÔÁËï ÌÏËÜÌÎþ ÔÏÐÅÎÉĤÔñ ɉ4ÁÂȢ ρɊȢ 

 
4ÁÂȢ ρȡ 0ÒĳÍñÒÎï ËÏÎÃÅÎÔÒÁÃÅ ÓÌÅÄÏÖÁÎĻÃÈ ÖÅÌÉéÉÎ ɉАÇɇÍ-3Ɋ Á ÊÅÊÉÃÈ ÐÏÄþÌ ÎÁ 

ÃÅÌËÏÖï ÈÍÏÔñ 0-1 ɉÓÌÏĿËÙ NR-PM1 ÊÓÏÕ ÕÖÜÄñÎÙ ÐÏ #% ËÏÒÅËÃþÃÈɊ Ö ÊÅÄÎÏÔÌÉÖĻÃÈ 
ÓÅÚĕÎÜÃÈ ÒÏËÕ ςπρω. 

АÇϽÍ-3 zima jaro ÌïÔÏ podzim 
PM1 11,1   8,2   7,6   4,3   
OA 3,1 29 % 2,7 33 % 4,5 58 % 1,8 43 % 
SO42- 1,3 12 % 1,5 18 % 1,5 20 % 0,8 19 % 
NO3- 3,3 30 % 2,1 26 % 0,7 9 % 0,7 16 % 
NH4+ 2,2 19 % 1,2 14 % 0,6 7 % 0,5 10 % 
Cl- 0,1 1 % 0,07 0,7 % 0,07 0,8 % 0,03 1 % 
eBC 1,0 9 % 0,7 8 % 0,4 5 % 0,4 11 % 

 
V programu SoFi ÂÙÌÏ ÐÒÏ ÚÉÍÎþȟ ÊÁÒÎþ Á ÐÏÄÚÉÍÎþ ÓÅÚĕÎÕ ÉÄÅÎÔÉÆÉËÏÖÜÎÏ υ ÚÄÒÏÊĳ /!Ȣ 

4ĠÉ Ú ÔñÃÈÔÏ ÚÄÒÏÊĳȟ ÏÒÇÁÎÉÃËï ÁÅÒÏÓÏÌÙ ÕÈÌÏÖÏÄþËÏÖïÈÏ ÔÙÐÕ ɉÈydrocarbon-like organic 
aerosol ɀ (/!Ɋȟ ÓÐÁÌÏÖÜÎþ ÂÉÏÍÁÓÙ ɉÂÉÏÍÁÓÓ ÂÕÒÎÉÎÇ ÏÒÇÁÎÉÃ aerosol ɀ BBOA) a ÓÐÁÌÏÖÜÎþ 
ÕÈÌþ ɉÃÏÁÌ ÃÏÍbustion organic aerosol ɀ ##/!Ɋ ÐÁÔĠþ ÄÏ ÓËÕÐÉÎÙ ÐÒÉÍÜÒÎþÃÈ OA (primary 
OA ɀ POA)Ȣ :ÂÙÌï ÄÖÁ ÆÁËÔÏÒÙȟ ÍïÎñ ÏØÉÄÏÖÁÎï Á ÖÙÓÏÃÅ ÏØÉÄÏÖÁÎï ÏÒÇÁÎÉÃËï ÁÅÒÏÓÏÌÙ 
(less and more oxidized OA ɀ LO-OOA and MO-//!Ɋȟ ÐÁÔĠþ ÄÏ ÓËÕÐÉÎÙ ÓÅËÕÎÄÜÒÎþÃÈ OA 
(secondary OA ɀ SOA)Ȣ 0ÒÏ ÌÅÔÎþ ÓÅÚÏÎÕ ÂÙÌÙ ÉÄÅÎÔÉÆÉËÏÖÜÎÙ τ ÚÄÒÏÊÅ /!ȟ ÆÁËÔÏÒ ##/! Ö ÌïÔñ 
ÃÈÙÂñÌ (Tab. 2).    
 

4ÁÂȢ ςȡ 0ÒĳÍñÒÎï ËÏÎÃÅÎÔÒÁÃÅ ÊÅÄÎÏÔÌÉÖĻÃÈ ÆÁËÔÏÒĳ Á ÊÅÊÉÃÈ ÐÏÄþÌ ÎÁ ÃÅÌËÏÖï ÈÍÏÔñ 
/! ɉАÇɇÍ-3) v ÊÅÄÎÏÔÌÉÖĻÃÈ ÓÅÚĕÎÜÃÈ ÒÏËÕ ςπρωȢ 
АÇϽÍ-3 zima jaro ÌïÔÏ podzim 
HOA 0,4          14 %  0,2            9 % 0,6           14 % 0,3          14 % 
BBOA 0,4 12 % 0,2 7 % 0,2 5 % 0,1 8 % 
CCOA 0,1 3 % 0,1 5 % - - 0,04 2 % 
LO-OOA 0,5 17 % 1 31 % 1,7 39 % 0,5 28 % 
MO-OOA 1,7 54 % 1,1 48 % 1,9 42 % 0,9 48 % 

 
5ÖÅÄÅÎï POA ÆÁËÔÏÒÙ ËÏÒÅÌÕÊþ Ö ÊÅÄÎÏÔÌÉÖĻÃÈ ÓÅÚĕÎÜÃÈ Ó ÖÙÂÒÁÎĻÍÉȟ ÚÄÒÏÊÏÖñ 

ÓÐÅÃÉÆÉÃËĻÍÉ ÍÁÒËÅÒÙȢ &ÁËÔÏÒ ""/! ËÏÒÅÌÕÊÅ ÖÅÌÍÉ ÄÏÂĠÅ Ó Å"# ÚÅ ÓÐÁÌÏÖÜÎþ 
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ÄĠÅÖÁ (eBCbbɊȟ ÄÜÌÅ Ó f60 (f60 = m/z 60 / OA), tj. charakteristickou m/z pro levoglukosan, s 
K+ ÐÏÐĠþÐÁÄñ ÓÅ ÓÁÍÏÔÎĻÍ Ìevoglukosanem, tj. s ÍÁÒËÅÒÙ ÓÐÁÌÏÖÜÎþ ÄĠÅÖÁ ɉ3ÉÍÏÎÅÉÔ et 
al.ȟ ρωωωȟ !ÎÄÒÅÁÅ ρωψσɊȢ &ÁËÔÏÒ ##/! ËÏÒÅÌÕÊÅ ÖÅÌÍÉ ÄÏÂĠÅ s koncentracemi 
polycyklickĻÃÈ ÁÒÏÍÁÔÉÃËĻÃÈ ÕÈÌÏÖÏÄþËĳ ɉ0!5).  
0ÏÔÅÎÃÉÜÌÎþ ÚÄÒÏÊÏÖï ÏÂÌÁÓÔÉ ÊÅÄÎÏÔÌÉÖĻÃÈ ÆÁËÔÏÒĳ ÂÙÌÙ ÉÄÅÎÔÉÆÉËÏÖÜÎÙ ÐÏÍÏÃþ metody 

ÐÏÄÍþÎñÎï ÂÉÖÁÒÉÁéÎþ ÐÒÁÖÄñÐÏÄÏÂÎÏÓÔÎþ ÆÕÎËÃÅ (conditional bivariate probability 
function ɀ CBPF). Bylo tak ÐÏÔÖÒÚÅÎÏȟ ĿÅ ËÏÎÃÅÎÔÒÁÃÅ ÊÅÄÎÏÔÌÉÖĻÃÈ ÆÁËÔÏÒĳ ÊÓÏÕ ÎÁ .!/+ 
ÏÖÌÉÖĐÏÖÜÎÙ ÊÁË ÍþÓÔÎþÍÉ ÚÄÒÏÊÉ ɉÚÅÊÍïÎÁ Ö ÚÉÍñɊ tak ÒÅÇÉÏÎÜÌÎþÍ ÔÒÁÎÓÐÏÒÔÅÍ Ú ÏËÏÌÎþÃÈ 
ÍñÓÔ Á vesnic, resp. ÔÒÁÎÓÐÏÒÔÅÍ ÄÜÌËÏÖĻÍ (Obr. 1)Ȣ 6ĻÓÌÅÄËÙ ËÌÁÓÔÒÏÖï ÁÎÁÌĻÚÙ ÕËÁÚÕÊþ 
ÎÁ ÒÏÚÄþÌÙ ÖÅ ÚÄÒÏÊþÃÈ ÊÅÄÎÏÔÌÉÖĻÃÈ ÆÁËÔÏÒĳ ÉÄÅÎÔÉÆÉËÏÖÁÎĻÃÈ Ö ÊÅÄÎÏÔÌÉÖĻÃÈ ÓÅÚĕÎÜÃÈ ɀ 
ÖÙĤĤþ ËÏÎÃÅÎÔÒÁÃÅ ÖĤÁË ÂÙÌÙ ÖĿÄÙ ÎÁÍñĠÅÎÙ ÐĠÉ ËÏÎÔÉÎÅÎÔÜÌÎþÍ ÐÒÏÕÄñÎþȢ 

 

Obr. 1: 3ÅÚĕÎÎþ ÖĻÓÌÅÄËÙ #"0& PMF ÆÁËÔÏÒĳ pro /! ɉÐÒĳÍñÒÎï ÈÏÄÎÏÔÙɊ ÐÒÏ ÁɊ ÚÉÍÕȟ ÂɊ 
ÊÁÒÏȟ ÃɊ ÌïÔÏ Á ÄɊ ÐÏÄÚÉÍȟ ÐÒÏ ÌïÔÏ ÆÁËÔÏÒ ##/! ÃÈÙÂþȢ 

 
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)ȟ ÄÜÌÅ !#42)3 )-0 ɉ×××ȢÁÃÔÒÉÓȢÅÕɊ Ö ÒÜÍÃÉ 
programu Horizont 2020 - 6ĻÚËÕÍ Á ÉÎÏÖÁÃÅȟ (ςπς0-INFRADEV-2019-2, 871115. a 
ÖĻÚËÕÍÎĻ Á ÉÎÏÖÁéÎþ ÐÒÏÇÒÁÍ %ÖÒÏÐÓËï ÕÎÉÅ (ÏÒÉÚÏÎÔ ςπςπ !#42)3 )-0 ɉψχρρρυɊȟ 
ÚÜÒÏÖÅĐ ÊÅ ÐÏÄÐÏĠÅÎ ÎñÍÅÃËÏ-éÅÓËÏÕ ÓÐÏÌÕÐÒÁÃþ Ö ÒÜÍÃÉ ÐÒÏÊÅËÔÕ 42!#% ÆÉÎÁÎÃÏÖÁÎïÈÏ 
v I2 Ö ÒÜÍÃÉ ÇÒÁÎÔÕ ςπ-πψσπτ* Á Ö $% Ö ÒÜÍÃÉ ÇÒÁÎÔÕ τσρψωυυφσȢ $ñËÕÊÅÍÅ ÔÁËï IÅÓËïÍÕ 
ÈÙÄÒÏÍÅÔÅÏÒÏÌÏÇÉÃËïÍÕ ĭÓÔÁÖÕ ÚÁ ÐÏÓËÙÔÎÕÔþ ÍÅÔÅÏÒÏÌÏÇÉÃËĻÃÈ Á ÄÁÌĤþÃÈ ÄÁÔȢ 
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INTRODUCTION 
 

Lightning activities are used as bases in enhancing prediction of severe convective 
weather events, particularly nowcasting. Studies showed that lightning activities are 
highly correlated with precipitation rate. However, linking the occurrence of lighting to 
the thermodynamics of thunderstorm is not well understood on a localized scale. In the 
Philippines, there have been a few studies relating lightning with thunderstorm. 
Precipitation during thunderstorm event can be intense, and the duration of torrential 
rain can last longer hours resulting to damages in properties, and associated flooding or 
landslide that may even cause deaths. Thus, developing an early warning system based on 
lightning activity for severe weather events is of great value. The study aims to evaluate 
the relationship between lightning and thunderstorm activities in Metro Manila by 
analyzing their spatiotemporal distribution and investigating the atmospheric profile 
conditions during thunderstorm across different seasons. Case studies are conducted to 
identify common features observed from atmospheric profile of thunderstorms that 
coincided with intense lightning activities. 

 
EXPERIMENTAL SETUP 

 
Daily, monthly, and seasonal patterns of lightning and thunderstorm occurrences are 

analyzed using the synoptic reports, TRMM Lightning Imaging Sensor, Blizortung and 
WWLLN lightning detection network, and upper air observations.  

 
RESULTS AND CONCLUSIONS 

 
Variability in the spatiotemporal distribution of lightning was found to be linked with 

the diurnal cycle with ~ 95% lightning activities observed between late afternoon and 
early evening. Lightning activities from TRMM LIS (intra-cloud) and WWLLN (cloud-to-
ground) depict the high frequency occurrence of thunderstorm in Science Garden station 
and peak during the southwest monsoon season. Results shows that 57% of lightning 
occurrences were observed during the southwest monsoon, 25% during transition 
period, and 18% during northeast monsoon season. High frequency lightning occurrence 
during southwest monsoon season is associated with atmospheric profiles having large 
CAPE value of greater than 1000 J/kg, negative lifted index, K index greater than 30oC and 

mailto:andan@icpf.cas.cz
mailto:andanc@natur.cuni.cz
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precipitable water greater than 41 mm. These implies a high probability of thunderstorm 
characterized by a strong updraft strength, unstable low-level air parcel, and high 
precipitation rate. To further demonstrate these results several case studies from the past 
severe weather events were analyzed. Case studies of severe weather events having high 
frequency lightning occurrence was due to the thunderstorm having an atmospheric 
profile initial condition of large CAPE value, negative lifted index, larger K index, and 
higher precipitable water. It is evident from the case studies that attainment of this initial 
condition leads to severe form of weather event either during the day or night and 
regardless of the season. 

The relationship of lightning and thunderstorm established in this study can serve as 
basis for better prediction of thunderstorm in Metro Manila using lightning data. This will 
be of great value to the different sectors like the government, aviation, insurance, and 
emergency services. 
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INTRODUCTION 
 
When measuring atmospheric aerosols, it is crucial to perform accurate sampling and 

conditioning of the aerosol sample. Numerous recommendations and standards describe 
the appropriate setup for this process. The best practices and scientifically proven 
methods are also employed by the large pan-European research infrastructure, ACTRIS 
(Aerosol, Clouds, and Trace Gases Research Infrastructure). One of the primary goals of 
ACTRIS is to standardize measurement techniques for characterizing short-lived 
atmospheric constituents. This harmonization also includes ensuring the correct delivery 
of the aerosol sample to the respective aerosol in-situ instruments, or in other words, 
establishing a proper sampling setup. All these recommendations are summarized by the 
ACTRIS Central Facility (CF) known as CAIS-ECAC (Center for Aerosol In-Situ 
Measurements ɀ European Center for Aerosol Calibration and Characterization). 

 
SAMPLING RECOMMENDATIONS 

 
A properly designed aerosol sampling setup ensures that the aerosol sample is 

delivered from the ambient environment with minimal changes, unless the measurement 
technique requires the removal of certain unwanted components (e.g., using an OC/EC 
denuder). An ideal sampling system should: 

o Remove hydrometeors (such as precipitation or fog droplets) 
o Ensure a representative ambient aerosol sample, minimizing particle losses 
o Reduce the relative humidity of the aerosol sample to below 40% 
o Minimize the evaporation of (semi)volatile aerosol particles 

The recommendations cover the selection of the appropriate sampling inlet for 
specific aerosol instruments, as well as considerations for special environmental 
conditions. Another crucial factor is proper aerosol conditioning (such as drying or 
removing unwanted components). Additionally, attention should be given to the choice of 
suitable materials for the sampling lines, the dimensions of the sampling lines, and, 
importantly, representative aerosol sample splitting when multiple instruments are using 
a common sampling inletɂalso known as isokinetic subsampling. 
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PORTABLE EMISSIONS TOXICITY SYSTEM: COMPACT AIR-LIQUID INTERFACE 
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INTRODUCTION 
 

Exposure of living cell cultures at air-liquid interface (ALI), mimicking i.e. human lung 
surface, is believed to be one of the most realistic means to model toxicity of complex 
mixtures of pollutants on human health. The complexity of the close cooperation of 
ȰÅÍÉÓÓÉÏÎÓ ÓÏÕÒÃÅȱ ÁÎÄ ÔÏØÉÃÏÌÏgy groups and of the instrumentation are among the 
limiting factors of ALI. 

Here, the concepts of ALI exposure and real-world emissions monitoring using 
portable emissions monitoring systems (PEMS) are combined into a portable emissions 
toxicity systems (PETS), along with a mobile toxicological laboratory base, for field 
deployment, including operation in moving vehicles. 

 
EXPERIMENTAL 

 
The cell cultures are contained in airtight 17x13x9 cm exposure boxes, where the 

sample is symmetrically distributed into 8 wells of a standard Transwell 24-well holder 
populated with standardized 6 mm inserts, at 25 cm3/min/insert. In a 40x35x45 cm inner 
dimensions incubator, sample and control air, conditioned to 5% CO2ȟ σχ Ј# ÁÎÄ ЄψυϷ 
humidity, are pumped through to up to four exposure boxes. Auxiliary mobile base 
laboratory includes a small laminar flow box, additional incubator and freezer. 

Validation of the system has comprised of a) characterizing particle losses in the 
sampling train by comparing size-resolved particle concentrations at the system inlet and 
at the exposure box inlet, b) characterizing particle deposition rates by introducing silver 
nanoparticles into the system and assessing the number of particles deposited per surface 
area on electron microscope grids placed in lieu of cell cultures, c) assessing the viability 
of cells exposed to control air, with cell cultures having undergone extensive transport, 
handling at a range of temperatures, and exposition in a moving vehicle, d) assessing the 
viability of ceÌÌÓ ÅØÐÏÓÅÄ ÔÏ ÒÅÌÁÔÉÖÅÌÙ ÃÌÅÁÎ ÂÁÃËÇÒÏÕÎÄ ÁÉÒ ÁÔ ÔÈÅ +ÏĤÅÔÉÃÅ ÎÁÔÉÏÎÁÌ ÒÕÒÁÌ 
background station. 
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RESULTS 
 
4ÈÅ ÐÅÎÅÔÒÁÔÉÏÎ ÒÁÔÅ ÔÈÒÏÕÇÈ ÔÈÅ ÓÁÍÐÌÅ ÃÏÎÄÉÔÉÏÎÉÎÇ ÓÙÓÔÅÍ ɉÈÅÁÔÉÎÇ ÔÏ σχ Ј#ȟ 

increase in humidity to >85% relative humidity, CO2 addition) is shown in Fig. 1 on the 
left for a relatively crude measurement using a spark generator and on the right for oven-
generated silver nanoparticles with both improved sample conditioning and reduced 
measurement uncertainty (standard deviation shown in vertical bars). The particle 
deposition rate, as determined by electron microscope imaging, could not be conclusively 
assessed due to disaggregation of silver nanoparticle clusters, and is estimated to 1-2%. 

 

 
Fig. 1: Exposure system sampling train penetration rate: left ɀ gold particles 

generated by spark discharge, right ɀ optimized sampling train, silver particles 
generated in an oven. 

 
The system has undergone an extensive field validation, including 4 h of exposure and 

2 h transport in a vehicle each day for 5 days, 5-day operation outside in vans and tents 
at -υ ÔÏ Ϲσς Ј#ȟ ÔÒÁÎÓÐÏÒÔ ÏÆ ÕÐ ÔÏ ψππ ËÍ ÁÎÄ ÔÅÓÔ ÏÎ Á ÈÅÁÖÙ-duty truck, during which 
cells were exposed to the diluted exhaust from the truck. 

We believe this is the first known use of ALI exposure chamber as PEMS, useful for 
monitoring of toxicity of a range of air pollution sources. 

 
CONCLUSIONS 

 
A mobile toxicological incubator, where cell cultures grown on membranes are 

additionally enclosed in small exposure boxes, and exposed to pollutants at air-liquid 
interface, has been developed and characterized in this work, and used in several field 
campaigns. 
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IÅÓËĻ ÈÙÄÒÏÍÅÔÅÏÒÏÌÏÇÉÃËĻ ĭÓÔÁÖȟ 0ÒÁÈÁȟ IÅÓËÜ 2ÅÐÕÂÌÉËÁ, adela.holubova@chmi.cz 

 
+ÌþéÏÖÜ ÓÌÏÖÁȡ 4ñĿËï ËÏÖÙȟ 6ÅÎÔÉÌÁéÎþ ÉÎÄÅØ, PM10 

 
SUMMARY 

 
The emission of heavy metals in atmospheric aerosols has been regulated since the 90s 

of last century and has continually decreased until now. This work is focused on 
evaluating law-limited heavy metal concentrations for 12 years (2010ɀ2021) and their 
evolution in the Czech Republic. Heavy metal concentrations were reduced under the 
studied period in all station types and all heavy metals (Arsenic, Cadmium, Lead and 

Nickel), except for Nickel concentration at the industrial station type. 
 

ª6/$ 
 

4ñĿËï ËÏÖÙ ÏÂÓÁĿÅÎï Ö ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃþÃÈ Ö ÏÖÚÄÕĤþ ÐĳÓÏÂþ ĤËÏÄÌÉÖñ ÎÅÊÅÎ ÎÁ 
ÌÉÄÓËï ÚÄÒÁÖþ ÁÌÅ É ÎÁ ĿÉÖÏÔÎþ ÐÒÏÓÔĠÅÄþ ÏÂÅÃÎñȟ ÚÅÊÍïÎÁ ÐÒÏÔÏ ĿÅ ÓÅ Ö ÐĠþÒÏÄñ ÔïÍñĠ 
ÎÅÒÏÚËÌÜÄÁÊþ ɉ-ÉÔÒÁ ÅÔ ÁÌȢ ςπςςȟ Suvarapu and Baek 2017ɊȢ ªÍÌÕÖÁ Ï ÄÜÌËÏÖïÍ ÐĠÅÎÏÓÕ 
ĤËÏÄÌÉÖÉÎ ÐĠÅÓ ÈÒÁÎÉÃÅ ÓÔÜÔÕ ÄÁÌÁ ÚÜËÌÁÄÎþ ÒÜÍÅÃ ÐÒÏ ÖÚÎÉË ÅÖÒÏÐÓËï ÌÅÇÉÓÌÁÔÉÖÙ ÚÁÍñĠÅÎï 
ÎÁ ÓÎþĿÅÎþ ÅÍÉÓþ ÔñĿËĻÃÈ ËÏÖĳ ÏÐÒÏÔÉ ĭÒÏÖÎÉ Ú ÒȢ ρωωπȢ -ÅÚÉÎÜÒÏÄÎþ É ÎÜÒÏÄÎþ ÚÜÖÁÚËÙ 
ÖÅÄÌÙ ËÅ ÓÎþĿÅÎþ ÅÍÉÓþ ÖÙÂÒÁÎĻÃÈ ÌÜÔÅË ÁĿ Ï ωπ Ϸ Ö ÐÏÒÏÖÎÜÎþ ÍÅÚÉ ÌÅÔÙ ρωωπ Á ςπςς ɉ%%! 
ςπςτÁɊȢ  -ÅÚÉ ÍÅÚÉÎÜÒÏÄÎþ ÚÜËÏÎÎï ÎÜÓÔÒÏÊÅ ÌÚÅ ÚÁĠÁÄÉÔ ÎÁÐĠȢ !ÁÒÈÕÓËĻ ÐÒÏÔÏËÏÌ Ú roku 
1998, aktualÉÚÏÖÁÎĻ Ö ÒÏÃÅ ςπρςȟ éÉ ÓÍñÒÎÉÃÉ 2016/2284/EC (EEA 2024b). K ÎÜÒÏÄÎþÍ 
ÚÜËÏÎÎĻÍ ÎÜÓÔÒÏÊĳÍ ÐÁÔĠþ ÚÅÊÍïÎÁ :ÜËÏÎ éȢ ςπρȾςπρς Ï ÏÃÈÒÁÎñ ÏÖÚÄÕĤþ ÓÔÁÎÏÖÕÊÅ ÒÏéÎþ 
ÉÍÉÓÎþ ÌÉÍÉÔÙ ÐÒÏ éÔÙĠÉ ÖÙÂÒÁÎï ÔñĿËï ËÏÖÙ Á ÔÏ !ÒÓÅÎ ɉ!Ó ɀ φ ÎÇɇÍϺ3), Kadmium (Cd ɀ 5 
ÎÇɇÍϺ3, Olovo (Pb ɀ υππ ÎÇɇÍϺ3) a Nikl (Ni ɀ ςπ ÎÇɇÍϺ3). Tato studie sleduje vliv 
ÌÅÇÉÓÌÁÔÉÖÎþÃÈ ÚÍñÎ ÎÁ ËÏÎÃÅÎÔÒÁÃÅ ÔñĿËĻÃÈ ËÏÖĳ Ó ÉÍÉÓÎþÍ ÌÉÍÉÔÅÍ ÍñĠÅÎĻÃÈ 
v ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃþÃÈ Ö IÅÓËï ÒÅÐÕÂÌÉÃÅ Ö letech 2010ɀ2021.    
 

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

(ÏÄÎÏÃÅÎÙ ÂÙÌÙ ËÏÎÃÅÎÔÒÁÃÅ ÔñĿËĻÃÈ ËÏÖĳ ÖÚÏÒËÏÖÁÎĻÃÈ ÐÏ ÄÏÂÕ ςτ ÈÏÄÉÎ ρϼς ÄÎÙȟ 
ÎÜÓÌÅÄÎñ ÁÎÁÌÙÚÏÖÁÎĻÃÈ ÍÅÔÏÄÏÕ )#0--3Ȣ 6ÚÏÒËÏÖÜÎþ ÐÒÏÂþÈÁÌÏ Ö ÒÜÍÃÉ ÁËÒÅÄÉÔÏÖÁÎïÈÏ 
ÏÄÂñÒÕ 3ÔÜÔÎþ ÓþÔñ ÉÍÉÓÎþÈÏ ÍÏÎÉÔÏÒÉÎÇÕ ÐÒÏÖÏÚÏÖÁÎï IÅÓËĻÍ ÈÙÄÒÏÍÅÔÅÏÒÏÌÏÇÉÃËĻÍ 
ĭÓÔÁÖÅÍ ɉ#(-) ςπςτɊȢ 6ÙÂÒÜÎÏ ÂÙÌÏ ρφ ÓÔÁÎÉÃ Ö ÒĳÚÎïÍ ÔÙÐÕ ÐÒÏÓÔĠÅÄþ ɀ ÄÏÐÒÁÖÎþ ɉ4Ɋȟ 
ÐÏÚÁìÏÖÜ ÍñÓÔÓËÜ ɉ"5Ɋȟ ÐÏÚÁìÏÖÜ ÐĠþÍñÓÔÓËÜ ɉ"3Ɋȟ ÐÏÚÁìÏÖÜ ÖÅÎËÏÖÓËÜ ÈÏÒÓËÜ ɉÎÁÄ 
800 m n. ÍȢȠ "2-Ɋȟ ÐÏÚÁìÏÖÜ ÖÅÎËÏÖÓËÜ ÎþĿÉÎÎÜ ɉÄÏ ψππ Í ÎȢ ÍȢȠ "2,Ɋ Á ÐÒĳÍÙÓÌÏÖÜ ɉ)ɊȢ  
IÁÓÏÖï ĠÁÄÙ ÂÙÌÙ ÎÏÒÍÁÌÉÚÏÖÜÎÙ Ï ÄÉÓÐÅÒÚÎþ ÃÈÁÒÁËÔÅÒÉÓÔÉËÙ ÄÌÅ ÐÏÓÔÕÐÕ ÕÖÅÄÅÎïÍ  
Ö #ÈÅÎ ÅÔ ÁÌȢ ɉςπςςɊȟ ÁÂÙ ÂÙÌÏ ÍÏĿÎï ÍÉÎÉÍÁÌÉÚÏÖÁÔ ÖÌÉÖ ÍÅÔÅÏÒÏÌÏÇÉÃËĻÃÈ ÐÏÄÍþÎÅË ÎÁ 
ÍñĠÅÎï ËÏÎÃÅÎÔÒÁÃÅ Á ÔÁË ÓÌÅÄÏÖÁÔ ÖÌÉÖ ÌÅÇÉÓÌÁÔÉÖÎþÃÈ ÏÐÁÔĠÅÎþȢ  
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6¸3,%$+9  
 

.ÅÊÎÉĿĤþ ËÏÎÃÅÎÔÒÁÃÅ ÚÁ ÃÅÌï ÓÌÅÄÏÖÁÎï ÏÂÄÏÂþ ÂÙÌÙ ÍñĠÅÎÙ ÎÁ ÐÏÚÁìÏÖĻÃÈ ÈÏÒÓËĻÃÈ 
ÓÔÁÎÉÃþÃÈ ɉÎÁÐĠȢ ÐÒĳÍñÒÎÜ ËÏÎÃÅÎÔÒÁÃÅ 0Â ÂÙÌÁ σȟρσ ÎÇɇÍϺ3Ɋ ÎÁÏÐÁË ÎÅÊÖÙĤĤþ ËÏÎÃÅÎÔÒÁÃÅ 
ÂÙÌÙ ÚÁÚÎÁÍÅÎÜÎÙ ÎÁ ÐÒĳÍÙÓÌÏÖï ÓÔÁÎÉÃÉ ɉÎÁÐĠȢ ÐÒĳÍñÒÎÜ ËÏÎÃÅÎÔÒÁÃÅ 0Â ÂÙÌÁ ςςȟςρ 
ÎÇɇÍϺ3ɊȢ :ÁÎÅÄÂÁÔÅÌÎï ÒÏÚÄþÌÙ Ö koncÅÎÔÒÁÃþÃÈ ÖĤÅÃÈ ÔñĿËĻÃÈ ËÏÖĳ ÂÙÌÙ ÍÅÚÉ ÓÔÁÎÉÃÅÍÉ 
ÔÙÐÕ "5 Á "3 ɉÎÁÐĠȢ ÐÒĳÍñÒÎÜ ËÏÎÃÅÎÔÒÁÃÅ .É ÎÁ ÓÔÁÎÉÃþÃÈ "5 ÂÙÌÁ πȟυψ ÎÇɇÍϺ3 a na 
ÓÔÁÎÉÃþÃÈ "3 πȟφς ÎÇɇÍϺ3ɊȢ .ÏÒÍÁÌÉÚÏÖÁÎï ËÏÎÃÅÎÔÒÁÃÅ ɉ$.Ɋ ÕËÁÚÕÊþ ÎÁ ÖÌÉÖ ÒÏÚÐÔÙÌÏÖĻÃÈ 
ÐÏÄÍþÎÅË ÎÁ ÍÅĠÅÎï ËÏÎÃÅÎÔÒÁÃÅ ÔñĿËĻÃÈ ËÏÖĳȢ .ÁÐĠþËÌÁÄ Õ ÓÔÁÎÉÃ ÔÙÐÕ "2, ÂÙÌÙ 
ËÏÎÃÅÎÔÒÁÃÅ #Ä ÐÏ ÎÏÒÍÁÌÉÚÁÃÉ Ï ςφ Ϸ ÎÉĿĤþ ÎÅĿ ÐĳÖÏÄÎþ ÍñĠÅÎï ÈÏÄÎÏÔÙ ɉ/ÂÒȢ ρɊȢ  
 

 
 
/ÂÒȢ ρȡ +ÏÎÃÅÎÔÒÁÃÅ ÔñĿËĻÃÈ ËÏÖĳ Ö ÏÂÄÏÂþ ςπρπɀςπςρȟ ÍñĠÅÎĻÃÈ ÎÁ ÓÔÁÎÉÃþÃÈȡ ÄÏÐÒÁÖÎþ 
ɉ4Ɋȟ ÐÏÚÁìÏÖÜ ÍñÓÔÓËÜ ɉ"5Ɋȟ ÐÏÚÁìÏÖÜ ÐĠþÍñÓÔÓËÜ ɉ"3Ɋȟ ÐÏÚÁìÏÖÜ ÖÅÎËÏÖÓËÜ ÈÏÒÓËÜ 
ɉ"2-Ɋȟ ÐÏÚÁìÏÖÜ ÖÅÎËÏÖÓËÜ ÎþĿÉÎÎÜ ɉ"2,Ɋ Á ÐÒĳÍÙÓÌÏÖÜɉ)ɊȢ  /ÒÉÇÉÎÜÌÎþ ÄÁÔÁ ÊÓÏÕ 

ÏÚÎÁéÅÎÁ /2ȟ ÎÏÒÍÁÌÉÚÏÖÁÎÜ ÄÁÔÁ ÊÓÏÕ ÏÚÎÁéÅÎÁ ÚËÒÁÔËÏÕ $. Á ÊÓÏÕ ÐÏÄÂÁÒÖÅÎÁ ÚÅÌÅÎñȢ 
 

0/$Q+/6<.^ 
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+ÌþéÏÖÜ slova: ÏÄÂñÒ ÖÚÏÒËĳ ÏÖÚÄÕĤþȟ ÁÎÁÌĻÚÁ ÖÚÏÒËĳ ÏÖÚÄÕĤþ 

 
SUMMARY 

 
Many accessories and devices for air sampling cover a broad spectrum of monitored 

volatile substances and air contaminants in a wide range of concentrations. Metal 
canisters with an inert surface treatment (Fig. 1) provide high inertness and stability of 
the collected samples, especially for trace analysis. Samples from sampling canisters are 
most often analyzed using the instrumental technique of gas chromatography with 
suitable detectors.. 

Bruker Daltonic offers mass detectors with gas and liquid chromatography for 
targeted and untargeted analysis. The new triple quadrupole Bruker EVOQ GC-TQ SPEED 
brings high sensitivity for target analysis of volatile and semi-volatile organic 
contaminants. The high-resolution mass detector with time-of-flight analyzer ecTOF 
facilitates the identification of unknown contaminants thanks to the simultaneous 
electron (EI) and chemical ionization (CI). 

 
ª6/$ 

 
0ÒÏ ÏÄÂñÒ ÖÚÏÒËĳ ÏÖÚÄÕĤþ ÅØÉÓÔÕÊÅ ÍÎÏÈÏ ÐĠþÓÌÕĤÅÎÓÔÖþ Á ÚÁĠþÚÅÎþȟ ËÔÅÒï ÐÏËÒĻÖÁÊþ 

ĤÉÒÏËï ÓÐÅËÔÒÕÍ ÓÌÅÄÏÖÁÎĻÃÈ ÔñËÁÖĻÃÈ ÌÜÔÅË Á ËÏÎÔÁÍÉÎÁÎÔĳ ÏÖÚÄÕĤþ Ö ĤÉÒÏËïÍ ÒÏÚÓÁÈÕ 
ËÏÎÃÅÎÔÒÁÃþȢ +ÏÖÏÖï ËÁÎÙÓÔÒÙ Ó ÉÎÅÒÔÎþ ÐÏÖÒÃÈÏÖÏÕ ĭÐÒÁÖÏÕ ɉÏÂÒȢ ρɊ ÐÏÓËÙÔÕÊþ ÖÙÓÏËÏÕ 
ÉÎÅÒÔÎÏÓÔ Á ÓÔÁÂÉÌÉÔÕ ÏÄÅÂÒÁÎĻÃÈ ÖÚÏÒËĳ ÐĠÅÄÅÖĤþÍ ÐÒÏ ÓÔÏÐÏÖÏÕ ÁÎÁÌĻÚÕȢ 6ÚÏÒËÙ 
z ÏÄÂñÒÏÖĻÃÈ ËÁÎÙÓÔÒĳ ÓÅ ÁÎÁÌÙÚÕÊþ ÎÅÊéÁÓÔñÊÉ ÖÅ ÓÐÏÊÅÎþ Ó ÉÎÓÔÒÕÍÅÎÔÜÌÎþ ÔÅÃÈÎÉËÏÕ 
ÐÌÙÎÏÖï ÃÈÒÏÍÁÔÏÇÒÁÆie s ÖÈÏÄÎĻÍÉ ÄÅÔÅËÔÏÒÙȢ  

 
 

 
 

Obr. 1: /ÄÂñÒÏÖï ËÁÎÙÓÔÒÙ 3ÉÌÃÏ#ÁÎ ɉ2ÅÓÔÅËɊ 
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3ÐÏÌÅéÎÏÓÔ "ÒÕËÅÒ $ÁÌÔÏÎÉÃ ÎÁÂþÚþ ÈÍÏÔÎÏÓÔÎþ ÄÅÔÅËÔÏÒÙ ÖÅ ÓÐÏÊÅÎþ Ó plynovou a 
ËÁÐÁÌÉÎÏÖÏÕ ÃÈÒÏÍÁÔÏÇÒÁÆÉþ ÐÒÏ ÃþÌÅÎÏÕ É ÎÅÃþÌÅÎÏÕ ÁÎÁÌĻÚÕȢ .ÏÖĻ ÔÒÏÊÎÜÓÏÂÎĻ ËÖÁÄÒÕÐĕÌ 
Bruker EVOQ GC-41 30%%$ ÐĠÉÎÜĤþ ÖÙÓÏËÏÕ ÃÉÔÌÉÖÏÓÔ ÐÒÏ ÃþÌÏÖÏÕ ÁÎÁÌĻÚÕ ÔñËÁÖĻÃÈ Á 
ÓÅÍÉÔñËÁÖĻÃÈ ÏÒÇÁÎÉÃËĻÃÈ ËÏÎÔÁÍÉÎÁÎÔĳȢ (ÍÏÔÎÏÓÔÎþ ÄÅÔÅËÔÏÒ Ó ÖÙÓÏËĻÍ ÒÏÚÌÉĤÅÎþÍ 
s ÁÎÁÌÙÚÜÔÏÒÅÍ ÄÏÂÙ ÌÅÔÕ ÅÃ4/& ÕÓÎÁÄÎþ ÉÄÅÎÔÉÆÉËÁÃÉ ÎÅÚÎÜÍĻÃÈ ËÏÎÔÁÍÉÎÁÎÔĳ ÄþËÙ 
ÓÏÕéÁÓÎï ÅÌÅËÔÒÏÎÏÖï ɉ%)Ɋ Á ÃÈÅÍÉÃËï ÉÏÎÉÚÁÃÉ ɉ#)ɊȢ 
 

 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
Obr. 2: Bruker EVOQ GC-TQ SPEED      Obr. 3: Bruker GC-HRMS ecTOF 
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INTRODUCTION 

 
Air pollution is responsible for many health effects, mainly respiratory and 

cardiovascular diseases (Brunekreef and Holgate, 2002). 4ÈÅ #ÈÉÌÄÒÅÎȭÓ 3ÁÎÁÔÏÒÉÕÍ ×ÉÔÈ 
speleotherapy in Ostrov u Macocha in Moravian Karst focuses on the treatment of young 
children suffering from respiratory tract, asthma, allergies, atopic eczema and to 
strengthening the overall immunity. For several decades, the sanatorium was situated in 
a small building in the middle of the village. Last year, the sanatorium moved to a new, 
modern building located at the end of the village on a small hill. 

 The aim of the presented project is to analyse the air quality in the new location of 
sanatorium with a focus on the characterisation of atmospheric aerosols in the PM2.5 size 
fraction and to compare the aerosols in the old and new location. 
 

EXPERIMENTAL SETUP 
 

PM2.5 aerosols were sampled using a high-volume sampler (DHA-80, Digitel) for 24 
hours on quartz fiber filters (diameter 150 mm, Whatman). Sampling took place during 3 
weeks within winter season and 2 weeks within summer season of 2024. Black carbon 
(BC) content in PM10 was analysed using an Aethalometer (model AE31, Magee 
Scientific). Aerosol mass concentration was determined gravimetrically based on the 
difference in weight of the filters before and after sampling. In winter, mass concentration 
of PM2.5 was also measured in parallel at a time resolution of 2 hours using beta-ray 
attenuation method with an on-line continuous particulate analyzer (Model PX-375). 
 

RESULTS AND DISCUSSION 
 

Filters with collected aerosols were analysed for organic carbon, elemental carbon, 
monosaccharide anhydrides, polyaromatic hydrocarbons, hopanes and steranes, resin 
ÁÃÉÄÓ ÁÎÄ ÍÅÔÈÏØÙÐÈÅÎÏÌÓ ɉ+ĠĳÍÁÌ ÅÔ ÁÌȢȟ ςπρσȠ -ÉËÕĤËÁ ÅÔ ÁÌȢȟ ςπρυɊȢ A detailed 
results of mass concentration of aerosols and the concentrations of particulate organic 
compounds and BC will be presented. 
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Fig. 1: PM2.5 concentration measured with 2 hours time resolution during the winter 

campaign. 
 

CONCLUSIONS 
 

Higher aerosol concentrations during the winter campaign than during the summer 
campaign indicate greater air pollution during heating period. Both local and regional 
emission sources may contribute to the pollution, and the contribution of long-range 
transport of aerosols cannot be neglected. The main emission sources of pollution in 
winter were identified as the burning of wood and coal, mainly for domestic heating.  
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INTRODUCTION 
 

Aerosols (Particulate Matter, PM) are responsible for many negative effects on the 
environment and human health, mainly respiratory and cardiovascular diseases 
(Warneck, 1988). Speleotherapy uses the natural climate in the cave as a treatment 
ÍÅÔÈÏÄ ÆÏÒ ÒÅÓÐÉÒÁÔÏÒÙ ÁÎÄ ÏÔÈÅÒ ÄÉÓÅÁÓÅÓ ɉ*ÉÒËÁȟ ςππρɊȢ #ÈÉÌÄÒÅÎȭÓ ÓÁÎÁÔÏÒÉÕÍ ÉÎ /ÓÔÒÏÖ 
Õ -ÁÃÏÃÈÙ ÉÓ ÓÉÔÕÁÔÅÄ ÉÎ -ÏÒÁÖÉÁÎ +ÁÒÓÔ ÓÏÕÔÈ ÆÒÏÍ #þÓÁĠÓËÜ ÃÁÖÅȟ ÕÓÅÄ ÆÏÒ ÓÐÅÌÅÏÔÈÅÒÁÐÙȢ 
4ÈÅ ÏÒÉÇÉÎÁÌ ÓÁÎÁÔÏÒÉÕÍȭÓ ÂÕÉÌÄÉÎÇ ÉÎ ÔÈÅ middle of the village was replaced to a new place 
ÏÎ ÔÈÅ ÈÉÌÌ ÎÅÁÒÂÙ ÔÈÅ #þÓÁĠÓËÜ ÃÁÖÅȢ 

The aim of the study was to compare the outdoor air quality of the original and new 
ÂÕÉÌÄÉÎÇÓ ÏÆ ÔÈÅ ÃÈÉÌÄÒÅÎȭÓ ÓÁÎÁÔÏÒÉÕÍȢ 
 

EXPERIMENTAL SETUP 
 

PM2.5 aerosol was sampled during 3 weeks in winter and 2 weeks in summer 2024. 
A sequential sampler (SEQ 47/50, Leckel) was used for 24h sampling on Teflon filters (TF-
ρπππȟ ρȢπ АÍ ÐÏÒÅ ÓÉÚÅȟ τχ ÍÍȟ 0ÁÌÌɊȢ (ÉÇÈ-volume samplers (30 m3/h, DHA-80 or DHA-
77, Digitel) was used for 24h sampling on quartz filters (150 mm, Whatman) and 
ÎÉÔÒÏÃÅÌÌÕÌÏÓÅ ÆÉÌÔÅÒÓ ɉσȢπ АÍ ÐÏÒÅ ÓÉÚÅȟ ρτς ÍÍȟ -ÅÒÃË -ÉÌÉÐÏÒÅɊȢ 

Determination of ions was provided by sonication of filters (quartz, Teflon) in 
deionized water (20 min) with subsequent analysis of anions by ion chromatography 
(ICS-2100, Dionex), cations by triple quadrupole inductively coupled plasma mass 
spectrometer (ICP-MS/MS, 8800, Agilent Technologies) and ammonium by continuous 
flow analyser (Alexa, 2020). 

Determination of elements was provided by decomposition of nitrocellulose filters by 
UltraWave microwave mineraliser (MA 149-010, Milestone) in sub-boiling HNO3 and 
subsequent analysis by ICP-MS/MS. The elements were also measured in parallel using 
an X-ray fluorescence analyser (model PX-375, HORIBA) at time resolution of 2 hours. 

Electrical low-pressure impactor (ELPI+, Dekati) with 14 impactor stages 
(polycarbonate foils, 25 mm, Whatman) and final filter was used for real time 
measurement of particle number concentration in the range from 6 nm tÏ ρπ АÍȢ 
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A condensation particle counter (CPC, Model 3007, TSI) was used for mobile 
measurement of particle number concentration. 
 

RESULTS AND CONCLUSIONS 
 

Filters with collected aerosols were analysed for anions, cations and elements. 
Measurement of particulate elements with high time resolution was performed only 
during winter campaign. Mobile measurement of particle number concentration was 
provided during both (winter and summer) campaigns in the village, sanatorium building 
ÁÎÄ #þÓÁĠÓËÜ ÃÁÖÅȢ $ÅÔÁÉÌÅÄ results of aerosol components will be presented. 

 

 
 

Fig. 1: Concentration of ions in PM2.5 aerosol near the new (NB) and original building 
(OB) of the sanatorium during February 2024 
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Fig. 2: Particle number concentration of aerosol (P/cm3) in the village Ostrov u Macochy 

during February 2024 
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INTRODUCTION 

 
Polycyclic aromatic hydrocarbons (PAHs) in air are almost exclusively formed in 

combustion processes. Oxygenated and nitrated PAHs (OPAHs, NPAHs, respectively) are 
co-emitted with parent PAHs from fossil fuel and biomass combustion processes. 
Additionally, many of the NPAHs and OPAHs are formed in photochemical and 
microbiological reactions of PAHs in air and soil. As semivolatiles resist to some extent 
biodegradation in soils, polycyclic aromatic compounds (PACs) i.e., PAHs and their 
derivatives, can undergo re-volatilisation from soils, which may turn soils from sinks into 
secondary sources and thus enhance the long-range transport potential of PACs by 
multihopping (grasshopper effect). The significance of these secondary sources for PAC 
abundances in ambient air is unknown and is not accounted for in emission inventories.  

 
EXPERIMENTAL SETUP 

 
We determined the concentrations of 15 parent, 10 OPAHs and 17 NPAHs in air gas 

and particulate phases and topsoils at a rural and near-coastal northern European site 
ɉ"ÉÒËÅÎÅÓȟ υψЈςσᴂ.ȾψЈρυᴂ%ȟ ςρω Í ÁȢÓȢÌȢɊȟ ÁÎÄ Á ÃÅÎÔÒÁÌ %ÕÒÏÐÅÁÎ ÒÕÒÁÌ ÂÁÃËÇÒÏÕÎÄ ÓÉÔÅ 
ɉ+ÏĤÅÔÉÃÅȟ τωЈστᴂ.ȾρυЈπυȭ%ȟ υςπ Í ÁȢÓȢÌȢɊȟ ÒÅÐÒÅÓÅÎÔÉÎÇ ÓÏÕÒÃÅ ÁÎÄ ÒÅÃÅÐÔÏÒ ÁÒÅÁÓȟ 
respectively. Following Soxhlet extraction (DCM) and clean-up, PAHs and NPAHs+OPAHs 
were analysed using a 7890A GC (Agilent) coupled to a tandem MS (7000B, Agilent) and 
APCI-MS/MS (Xevo TQ-S MS, Waters), respectively. In grassland (both sites), the soil A 
horizon was sampled, in forest (central European site) the soil O and A horizons. The 
direction of diffusive air-ÓÏÉÌ ÍÁÓÓ ÅØÃÈÁÎÇÅ ×ÁÓ ÄÅÒÉÖÅÄ ÆÒÏÍ ÔÈÅ ÓÕÂÓÔÁÎÃÅÓȭ ÆÕÇÁÃÉÔÉÅÓȢ 
Soil fugacity was derived from both the concentrations in soil (potential fugacity fsȭɊ ÁÓ 
well as from air equilibrated with the soil pore space (immediate soil fugacity fs; using a 
so-called soil fugacity head; Cabrerizo et al., 2010). 

 
RESULTS AND DISCUSSION 

 
At the central European site, a number of 2-4 ring PACs were found to volatilise from 

grassland and more from forest soils in summer, and much less in wintertime. Conversely, 
at the receptor site, net deposition of PACs prevails and re-volatilisation occurs only 
sporadically. (Mwangi et al., 2024) 
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Fig. 1: Concentrations of (a, c) PAHs and (b, d) OPAHs in air, ca = cg + cp (0.01 ng m-3), and 
soil, cs (ng g-1), in summer at the (a, b) central (CSG) and (c, d) northern (NSG) European 
grassland site. Arrows indicate direction of diffusive air-soil exchange flux (based on |log 

(fsȭ/ fa)| > 0.5). Error bars reflect standard deviation or LOQ. 
 

CONCLUSIONS 
 

Existing data on air-surface exchange of PACs is notably scarce, and methodological 
uncertainties persist in quantifying air-soil exchange. As very little is known about the 
spatial and seasonal distributions, soil burdens and net mass fluxes of PACs, an 
assessment of the significance of soils to act as secondary sources of PACs to the air of 
source and receptor areas is impossible. So far, PAH emission inventories neglect 
secondary emissions and may be significantly underestimating, in particular in receptor 
areas where long-range transports (imports) contribute more to depositions. This might 
explain gaps in PAH emission inventories, indicated by field studies in various countries. 
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+ÌþéÏÖÜ ÓÌÏÖÁȡ 3ÕÂÍÉËÒÏÎÏÖï éÜÓÔÉÃÅȟ 3ÕÃÈï éÉĤÔñÎþȟ 0ÁÐþÒȟ 4ÅØÔÉÌ 

 
SUMMARY 

 
Library collections are mostly made of porous cellulose-based materials such as 

papers and textiles. Fine particles (< 1 АÍɊȟ ÒÅÐÒÅÓÅÎÔÉÎÇ ÕÐ ÔÏ ωπϷ ÏÆ ÐÁÒÔÉÃÕÌÁÔÅ ÍÁÔÔÅÒ 
(PM) mass in libraries and archives, deposit on book surfaces and can also penetrate into 
small openings, including interfiber spaces. These particles can cause degradation of 
archival documents and therefore is necessary to clean them. An alternative method of 
cleaning by the CO2 snow jet was tested and compared with traditional mechanical dry 
cleaning techniques. Different types of papers and textiles commonly used in library 
collections were treated by the jet using a developed automatic system with well-defined 
operating parameters. Measurements included the influence on particle removal 
efficiency and possible degradation. Results revealed that the jet was effective in 
removing submicron particles, including those embedded in the fibrous surface. In 
contrast, the mechanical dry cleaning methods were almost ineffective for these particles.  

 
ª6/$ 

 
+ÎÉÈÏÖÎþ ÆÏÎÄÙ ÊÓÏÕ ÖñÔĤÉÎÏÕ ÖÙÒÏÂÅÎÙ Ú ÐÏÒïÚÎþÃÈ ÍÁÔÅÒÉÜÌĳ ÎÁ ÂÜÚÉ ÃÅÌÕÌĕÚÙȟ ÊÁËÏ 

ÊÅ ÐÁÐþÒ Á ÔÅØÔÉÌȢ *ÅÍÎï éÜÓÔÉÃÅ ɉЃ ρ АÍɊȟ ËÔÅÒï ÐĠÅÄÓÔÁÖÕÊþ ÁĿ ωπ Ϸ ÈÍÏÔÙ ÐÅÖÎĻÃÈ éÜÓÔÉÃ 
Ö ËÎÉÈÏÖÎÜÃÈ Á ÁÒÃÈÉÖÅÃÈȟ ÓÅ ÕÓÁÚÕÊþ ÎÁ ÐÏÖÒÃÈÕ ËÎÉÈ Á ÍÏÈÏÕ ÐÒÏÎÉËÁÔ É ÄÏ 
ÍÅÚÉÖÌÜËÅÎÎĻÃÈ ÐÒÏÓÔÏÒȢ 4ÙÔÏ éÜÓÔÉÃÅ ÍÏÈÏÕ ÐĠÅÄÓÔÁÖÏÖÁÔ ÒÉÚÉËÏ ÐÒÏ ÕÌÏĿÅÎï ÓÂþÒËÙ 
(Hatchfield, 2002). Aby se riziko mÉÎÉÍÁÌÉÚÏÖÁÌÏȟ ËÎÉÈÏÖÎþ ÆÏÎÄÙ ÂÙ ÍñÌÙ ÂĻÔ ÕÄÒĿÏÖÜÎÙ 
v éÉÓÔïÍ ÐÒÏÓÔĠÅÄþ Á ÐĠþÐÁÄÎñ ÂÙ ÍñÌÙ ÂĻÔ ÐÒÁÖÉÄÅÌÎñ éÉĤÔñÎÙȢ 4ÒÁÄÉéÎþ ÍÅÔÏÄÙ ÓÕÃÈïÈÏ 
éÉĤÔñÎþ ɉÇÕÍÙȟ ÐÒÜĤËÙ ÁÔÄȢɊ ÎÅÊÓÏÕ ÄÏÓÔÁÔÅéÎñ ĭéÉÎÎï ÐĠÉ ÏÄÓÔÒÁĐÏÖÜÎþ éÜÓÔÉÃ Ú ÐÏÒïÚÎþÃÈ 
ÐÏÖÒÃÈĳ ɉ$ÕÈÌ - Nitzberg, 2021). V ÒÜÍÃÉ ÔïÔÏ ÓÔÕÄÉÅ ÂÙÌÁ ÔÅÓÔÏÖÜÎÁ ÁÌÔÅÒÎÁÔÉÖÎþ ÍÅÔÏÄÁ 
éÉĤÔñÎþ ÐÏÍÏÃþ ÄÖÏÕÆÜÚÏÖïÈÏ ÓÐÒÅÊÅ éÜÓÔÉÃ #/2 v ÎÏÓÎïÍ ÐÌÙÎÕȢ 

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

 
4ÅÓÔÙ ÂÙÌÙ ÐÒÏÖÅÄÅÎÙ ÐÏÍÏÃþ 0ÒÅÃÉÓÉÏÎ 3ÐÒÁÙ #ÌÅÁÎÉÎÇ 0ÅÎ ɉ3ÎÏ0ÅÎ 30 ςπππȟ 

Cleanlogix). 6ÚÏÒËÙ ÂÙÌÙ ÁÕÔÏÍÁÔÉÃËÙ ÏĤÅÔĠÅÎÙ ÐÏÍÏÃþ ÖÙÖÉÎÕÔïÈÏ éÉÓÔÉÃþÈÏ ÓÙÓÔïÍÕ 
s ÄÅÆÉÎÏÖÁÎĻÍÉ ÐÏÄÍþÎËÁÍÉȢ ªéÉÎÎÏÓÔ ÂÙÌÁ ÐÏÒÏÖÎÜÎÁ ÓÅ ĤÅÓÔÉ ÔÅÃÈÎÉËÁÍÉ ÍÅÃÈÁÎÉÃËïÈÏ 
ÃÈÅÍÉÃËïÈÏ éÉĤÔñÎþ ÐÒÏÖÜÄñÎĻÍÉ ËÏÍÅÒéÎþÍÉ ÍÁÔÅÒÉÜÌÙȢ 6ÌÉÖ ÏĤÅÔĠÅÎþ ÂÙÌ ÔÅÓÔÏÖÜÎ ÎÁ 
ÒĳÚÎĻÃÈ ÔÙÐÅÃÈ ÐÁÐþÒÕ Á ÔÅØÔÉÌÕȟ ËÔÅÒï ÐĠÅÄÓÔÁÖÕÊþ ÍÁÔÅÒÉÜÌÙ ÂñĿÎñ ÐÏÕĿþÖÁÎï Ö 
ËÎÉÈÏÖÎþÃÈ ÆÏÎÄÅÃÈȢ 
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6¸3,%$+9ȟ $)3+53%ȟ :<6Q29 
 
6ĻÓÌÅÄËÙ ÕËÜÚÁÌÙȟ ĿÅ ÄÖÏÕÆÜÚÏÖĻ ÓÐÒÅÊ ÂÙÌ ÕéÉÎÎĻ ÐĠÉ ÏÄÓÔÁĐÏÖÜÎþ ÊÅÍÎĻÃÈ éÜÓÔÉÃ Ú 

ÐÏÒïÚÎþÈÏ ÐÏÖÒÃÈÕ ÃÅÌÕÌĕÚÏÖĻÃÈ ÍÁÔÅÒÉÜÌĳ Á ÔÏ É ÐĠÉ ÏÄÓÔÒÁĐÏÖÜÎþ ËÏÎÔÁÍÉÎÁÎÔĳ Ú 
ÍÅÚÉÖÌÜËÅÎÎĻÃÈ ÐÒÏÓÔÏÒ ɉ/ÂÒȢ ρȢɊȢ 6ĻÓÌÅÄËÙ ÄÁÌÅ ÕËÜÚÁÌÙȟ ĿÅ ÄÖÏÕÆÜÚÏÖĻ ÓÐÒÅÊ ÂÙÌ ÖĻÒÁÚÎñ 
ÅÆÅËÔÉÖÎñÊĤþÍ ÐÒÏÓÔĠÅÄËÅÍ ÐÒÏ ÏÄÓÔÒÁĐÏÖÜÎþ ÊÅÍÎĻÃÈ éÜÓÔÉÃ Ú ÐÁÐþÒÕ Á ÔÅØÔÉÌÕȟ ÎÅĿ 
ÓÒÏÖÎÜÖÁÎï ÔÒÁÄÉéÎþ ÍÅÃÈÁÎÉÃËï ÍÅÔÏÄÙ ÓÕÃÈïÈÏ éÉĤÔñÎþȢ  

 

 
/ÂÒȢ ρȡ 0ÁÐþÒ 7ÈÁÔÍÁÎ 'ÒÁÄÅ ρȡ ÁɊ s ÄÅÐÏÎÏÖÁÎĻÍÉ éÜÓÔÉÃÅÍÉ 0-ρ ÐĠÅÄ éÉĤÔñÎþÍ Á 

ÂɊ ÐÏ éÉĤÔñÎþ ÐÏÍÏÃþ ÄÖÏÕÆÜÚÏÖïÈÏ ÓÐÒÅÊÅ 
  

0/$Q+/6<.^ 
 

!ÕÔÏĠÉ ÐÒÜÃÅ ÄñËÕÊþ ÚÁ ÐÏÄÐÏÒÕ ÇÒÁÎÔÕ .!+) ))) $(ςσ0πσ/66πφψ Ó ÎÜÚÖÅÍ 
ȵ6ÙÕĿÉÔþ ÐÌÁÚÍÁÔÕ ÐÒÏ ÏĤÅÔĠÅÎþ ËÎÉÈÏÖÎþÃÈ ÆÏÎÄĳȰȢ 
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WHAT CAN PIXE AND OTHER NUCLEAR ANALYTICAL METHODS OFFER FOR 
ENVIRONMENTAL AND AEROSOL RESEARCH  

 
6ÌÁÄÉÍþÒ (!62<.%+  
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Keywords: PIXE, RBS, PIGE, PESA, Nuclear microprobe, IBW  

 
INTRODUCTION 

 
Since introduction in1970, PIXE plays an important role in aerosol research. I one of 

the first articles about PIXE technique (Johansson, 1970) demonstrated that PIXE, when 
using MeV protons and Si(Li) detector for X-ray detection, is  capable of detecting many 
elements at the 10Ϻ12 g level simultaneously. Authors also suggested that aerosol research 
is one of the possible applications of this novel method. Since that the research of 
atmospheric aerosols rapidly grows and starts to use many other methods for physical,  
elemental and chemical analyses (Maenhaut, 2015). However the PIXE and other nuclear 
techniques can be still quite useful, especially when combination of methods, small 
samples, high sensitivity is required.  
 

 !%2/3/, -%!352%-%.4 ). .0) ~%¼ 
 
At ~ÅĿ we have started with aerosol research at late eighties. The firs work was done 

on 5MV Van de Graff accelerator (Havranek, 1994), where we also built the first 
multipurpose chamber for simultaneous analyses by PIXE, RBS, PIGE and PESA analysis. 
The combination of these methods can potentially provide information of elemental 
content of trace and matrix elements in sample from almost whole periodic table of 
elements, including Hydrogen analysis by PESA (in thin targets) and light element 
analysis as Li, F, B, Na by PIGE. Since 2005 we have a new 3MV TANDETRON 4130 MC 
electrostatic accelerator, witch further improved our possibility and flexibility of 
analyses. New chamber for  Now we have two experimental lines, where we can perform 
aerosol analysis. New chamber for simultaneous analysis and ion micro-beam line with 
ÔÈÅ ÂÅÁÍ ÒÅÓÏÌÕÔÉÏÎ ÏÆ ÁÂÏÕÔ ρАÍ ÁÎÄ ÌÁÔÅÒÁÌ ÓÃÁÎ ÕÐ ÔÏ ÁÐÒÏØȢ ρ Ø ρ ÍÍ ÆÏÒ ς$ ÅÌÅÍÅÎÔÁÌ 
mapping of samples. The micro-beam also allow as to analyze single aerosol particles 
(from coarse mode, see picture 1.) or to study the micro homogeneity of aerosol deposits.  
With the micro-beam we can also create (By IBW method) a membrane filters with given 
pattern of small pores with possible use also in aerosol collection and size classification 
(see picture 2.).   
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Picture 1.  Single particle analysis from stage 10 on BLPI impactor (Coarse particles) 
analysed by RBS and PIXE method by ion micro-beam with 2.6MeV protons. Scan size 

υπØυπАÍȢ 
 

   
 

Picture 2. Different patters created on ion microbeam by IBW metod in thin PET foil.  
Optical image (left), STIM image (ceneter and right). Multiple ion writing (left and 

center], single ion writing (right). 
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/2'!.)#+¸#( 3,/5I%.). 0/-/#^ $)&5:.^(/ $ENUDERU 

 
KamiÌ +~°-!,1ȟ 'ÁÂÒÉÅÌÁ (!.$,^~/6<2ȟ 0ÁÖÅÌ -)+5£+!1 

 
1 ªÓÔÁÖ ÁÎÁÌÙÔÉÃËï ÃÈÅÍÉÅ !6 I2ȟ ÖȢ ÖȢ ÉȢȟ 6ÅÖÅĠþ ωχȟ φπς ππ "ÒÎÏȟ ËÒÕÍÁÌͽÉÁÃÈȢÃÚ 

2 6ÙÓÏËï ÕéÅÎþ ÔÅÃÈÎÉÃËï Ö "ÒÎñȟ &ÁËÕÌÔÁ ÃÈÅÍÉÃËÜȟ 0ÕÒËÙĐÏÖÁ τφτȾρρψȟ φρς ππ "ÒÎÏ 
 

+ÌþéÏÖÜ ÓÌÏÖÁȡ ÍÏÎÏÔÅÒÐÅÎÙȟ ÄÅÎÕÄÅÒȟ "6/# 
 

SUMMARY 
 
The optimization of conditions for the sampling of biogenic volatile organic 

compounds (BVOCs) in the air using a wet effluent diffusion denuder (WEDD) with 
subsequent analysis of collected samples by gas chromatography coupled with mass 
spectrometry (GC-MS) is the main topic of the presentation. Continuous sampling of 
analytes into an absorption liquid and taking samples at the denuder outlet at a two-
minute intervals is the main advantage of the WEDD. Selecting appropriate conditions for 
the highest collection efficiencies of individual BVOCs in denuder and for using the 
method for sampling in ambient air with various meteorological events was the main aim 
of all experiments. The following optimal conditions were selected: denuder temperature 
(20 Ј#Ɋȟ ÁÉÒÆÌÏ× ɉυππ ÍÌȾÍÉÎɊȟ ÁÂÓÏÒÐÔÉÏÎ ÌÉÑÕÉÄ ɉn-heptane), absorption liquid flow (0.45 
ml/min). The measured collection efficiencies of all studied BVOCs in denuder were above 
89 % with these optimized conditions, except for highly volatile BVOCs. The detection 
limits of the studied BVOCs for this method are lower than their concentration in the 
outdoor air during the growing season. Therefore, the optimized method is suitable for 
the determination of fast changes in BVOCs concentrations (except highly volatile) in the 
outdoor air. 
 

ª6/$ 
 

4ñËÁÖï ÏÒÇÁÎÉÃËï ÓÌÏÕéÅÎÉÎÙ ɉ6/#ÓɊ ÊÓÏÕ ÄÏ ÁÔÍÏÓÆïÒÙ ÕÖÏÌĐÏÖÜÎÙ Ú ÁÎÔÒÏÐÏÇÅÎÎþÃÈ 
Á ÂÉÏÇÅÎÎþÃÈ ÚÄÒÏÊĳȢ +ÏÎÃÅÎÔÒÁÃÅ 6/#Ó ÍÏÈÏÕ ÂĻÔ ÓÔÁÎÏÖÅÎÙ ÐÁÓÉÖÎþÍȟ ÎÅÂÏ ÁËÔÉÖÎþÍ 
ÖÚÏÒËÏÖÜÎþÍȢ !ËÔÉÖÎþ ÖÚÏÒËÏÖÜÎþ ÊÅ ÚÁÌÏĿÅÎï ÎÁ ÐÒÏÓÜÖÜÎþ ÖÚÏÒËÏÖÁÎïÈÏ ÖÚÄÕÃÈÕ ÐĠÅÓ 
ÖÚÏÒËÏÖÁé Ó ÖÈÏÄÎĻÍ ÓÏÒÂÅÎÔÅÍ ÎÅÂÏ ÎÁ ËÏÎÔÉÎÕÜÌÎþÍ ÎÁÓÜÖÜÎþ ÖÚÄÕÃÈÕ ÄÏ 
ÁÎÁÌÙÔÉÃËïÈÏ ÐĠþÓÔÒÏÊÅ Á ÐÏÔï ÓÐÏéþÔÜÎþ ÐĠÅÓÎï ËÏÎÃÅÎÔÒÁÃÅ 6/#Ó ÖÅ ÖÚÏÒËÏÖÁÎïÍ 
vzduchu.  
.ÅÊéÁÓÔñÊÉ ÐÏÕĿþÖÁÎÜ ÍÅÔÏÄÁ ÐÒÏ ÁËÔÉÖÎþ ÖÚÏÒËÏÖÜÎþ ÊÅ ÚÁÌÏĿÅÎÁ ÎÁ ÚÜÃÈÙÔÕ 6/#Ó ÎÁ 

ÖÈÏÄÎïÍ ÓÏÒÂÅÎÔÕ Ö ÔÅÒÍÏÄÅÓÏÒÐéÎþÃÈ ÔÒÕÂÉéËÜÃÈȢ 6 ÌÁÂÏÒÁÔÏĠÉ ÓÅ 6/#Ó Ú ÔÒÕÂÉéÅË 
ÔÅÒÍÜÌÎñ ÄÅÓÏÒÂÕÊþ Á ÁÎÁÌÙÚÕÊþ ÐÏÍÏÃþ ÐÌÙÎÏÖï ÃÈÒÏÍÁÔÏÇÒÁÆÉÅ ÓÐÏÊÅÎï Ó ÈÍÏÔÎÏÓÔÎþ 
ÓÐÅËÔÒÏÍÅÔÒÉþ ɉ'#--3ɊȢ 3ÔÁÎÏÖÅÎþ 6/#Ó ÐÏÍÏÃþ ÔÒÕÂÉéÅË ÖÙĿÁÄÕÊÅ ÔÅÒÍÏÄÅÓÏÒÐéÎþ 
ÊÅÄÎÏÔËÕ ÚÁÐÏÊÅÎÏÕ ÐĠÅÄ '#--3Ȣ #ÅÌËÏÖĻ ÐÏéÅÔ ÖÚÏÒËĳ ÚÅ ÓÌÅÄÏÖÁÎï ÌÏËÁÌÉÔÙ ÊÅ ÏÍÅÚÅÎ 
ÐÏéÔÅÍ ÐĠÅÄÅÍ ÐĠÉÐÒÁÖÅÎĻÃÈ ÔÒÕÂÉéÅË ÓÅ ÓÏÒÂÅÎÔÅÍȢ /ÄÂñÒ ÖÚÏÒËĳ ÍĳĿÅ ÔÒÖÁÔ É ÎñËÏÌÉË 
ÄÅÓþÔÅË ÍÉÎÕÔ Á ÎñËÔÅÒï ÍïÎñ ÓÔÁÂÉÌÎþ 6/#Ó ÓÅ ÍÏÈÏÕ ÐÏ ÁÄÓÏÒÐÃÉ ÎÁ ÓÏÒÂÅÎÔÕ Ö 
ÔÒÕÂÉéËÜÃÈ ÄÅÇÒÁÄÏÖÁÔ ÖÌÉÖÅÍ ÎÅÕÓÔÜÌïÈÏ ÐÒÏÓÜÖÜÎþ ÖÚÏÒËÏÖÁÎïÈÏ ÖÚÄÕÃÈÕȟ ËÔÅÒĻ 
ÏÂÓÁÈÕÊÅ ÖÚÄÕĤÎï ÏØÉÄÁÎÔÙ ɉ/(ȟ ./3 ÒÁÄÉËÜÌÙȟ ÏÚĕÎ ÁÔÄȢɊ ɉ+ĠĳÍÁÌ Á ËÏÌȢȟ ςπρφɊȢ 4ÁÔÏ 
ÍÅÔÏÄÁ ÎÅÎþ ÖÈÏÄÎÜ ÐÒÏ ÓÔÁÎÏÖÅÎþ ÒÙÃÈÌĻÃÈ ÚÍñÎ ËÏÎÃÅÎÔÒÁÃþ 6/#Ó Ö ÏÖÚÄÕĤþȢ 
$ÒÕÈÏÕ éÁÓÔÏ ÐÏÕĿþÖÁÎÏÕ ÍÅÔÏÄÏÕ ÊÅ on-line ÁÎÁÌĻÚÁ ÐÏÍÏÃþ ȵProton Transfer 

Reaction ɀ Mass SpectrometryȰ ɉ042--3ɊȢ 4ÕÔÏ ÍÅÔÏÄÕ ÌÚÅ ÁÐÌÉËÏÖÁÔ ÐÒÏ ÓÔÁÎÏÖÅÎþ 
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ÒÙÃÈÌĻÃÈ ÚÍñÎ ËÏÎÃÅÎÔÒÁÃþ 6/#Ó Ö ÏÖÚÄÕĤþȢ 042-MS nedovoluje separaci VOCs se stejnou 
m/z  ɉÎÁÐĠȢ ÍÏÎÏÔÅÒÐÅÎÙɊȟ ÖÙĿÁÄÕÊÅ ËÌÉÍÁÔÉÚÏÖÁÎÏÕ ÍþÓÔÎÏÓÔ Á ËÖĳÌÉ ÓÖï ÖÅÌÉËÏÓÔÉ Á 
nutÎÏÓÔÉ ÖÙÓÏËïÈÏ ÅÌÅËÔÒÉÃËïÈÏ ÐĠþËÏÎÕ ÊÅ ÊÅÈÏ ÖÙÕĿÉÔþ ÖÅ ÖÅÎËÏÖÎþÍ ÐÒÏÓÔĠÅÄþ ɉÎÁÐĠȢ Ö 
ÌÅÓÅɊ ÏÍÅÚÅÎïȢ 
3ÔÁÎÏÖÅÎþ ÒÙÃÈÌĻÃÈ ÚÍñÎ ËÏÎÃÅÎÔÒÁÃþ 6/#Ó ÌÚÅ ÐÒÏÖïÓÔ ÖÙÕĿÉÔþÍ ÄÉÆÕÚÎþÈÏ ÄÅÎÕÄÅÒÕ 

ÓÅ ÓÔïËÁÊþÃþÍ ÆÉÌÍÅÍ ËÁÐÁÌÉÎÙ ɉȵwet effluent diffusion denuderȰȟ 7%$$Ɋȟ ËÔÅÒĻ ÕÍÏĿĐÕÊÅ 
ÏÄÂñÒ ÖÚÏÒËĳ Ö éÁÓÏÖĻÃÈ ÉÎÔÅÒÖÁÌÅÃÈ ÊÉĿ ÏÄ ς ÍÉÎÕÔȢ /ÄÅÂÒÁÎï ÖÚÏÒËÙ ÊÓÏÕ ÐÏÔï off-line 
ÁÎÁÌÙÚÏÖÜÎÙ '#--3Ȣ 0ÏéÅÔ ÖÚÏÒËĳ ÊÅ ÐÒÁËÔÉÃËÙ ÎÅÏÍÅÚÅÎĻȢ :ÜÖÉÓþ ÐÏÕÚÅ ÎÁ ÍÎÏĿÓÔÖþ 
ÁÂÓÏÒÐéÎþ ËÁÐÁÌÉÎÙ Á ÐÏéÔÕ ÖÉÁÌÅËȢ 
 

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

$ÉÆÕÚÎþ ÄÅÎÕÄÅÒ ÓÅ ÓËÌÜÄÁÌ ÚÅ ÓËÌÅÎñÎï ÔÒÕÂÉÃÅ ɉÄïÌËÁ σψ ÃÍȟ ÖÎÉÔĠÎþ ÐÒĳÍñÒ ω ÍÍɊ 
ÓÅ ÓÐÅÃÉÜÌÎñ ÕÐÒÁÖÅÎÏÕ ÖÎÉÔĠÎþ ÓÔñÎÏÕȢ $Ï ÐÒÏÓÔÏÒÕ ÔÒÕÂÉÃÅȟ ËÔÅÒÜ ÂÙÌÁ ÖÅ ÓÖÉÓÌï ÐÏÌÏÚÅȟ 
ÂÙÌÁ ÄÏ ÖÒÃÈÎþ éÜÓÔÉ ÐÏÍÏÃþ ÐÅÒÉÓÔÁÌÔÉÃËïÈÏ éÅÒÐÁÄÌÁ ÐĠÉÖÜÄñÎÁ ÁÂÓÏÒÐéÎþ ËÁÐÁÌÉÎÁȢ .Á 
ÖÎÉÔĠÎþ ÓÔñÎñ ÔÒÕÂÉÃÅ ÄÏÃÈÜÚþ Ë ÖÙÔÖÏĠÅÎþ ÔÅÎËïÈÏ ÆÉÌÍÕ ÁÂÓÏÒÐéÎþ ËÁÐÁÌÉÎÙȟ ËÔÅÒÜ ÓÔïËÜ 
ÖÌÉÖÅÍ ÇÒÁÖÉÔÁÃÅ ÄÏ ÓÐÏÄÎþ éÜÓÔÉ ÄÅÎÕÄÅÒÕȢ 3ÏÕéÁÓÎñ ÂÙÌ ÐÏÍÏÃþ ÖÚÄÕÃÈÏÖïÈÏ éÅÒÐÁÄÌÁ 
ÄÏ ÓÐÏÄÎþ éÜÓÔÉ ÎÁÓÜÖÜÎ ÖÚÄÕÃÈ ÏÂÏÈÁÃÅÎĻ Ï ÐÌÙÎÎï "6/#ÓȢ 6ÚÄÕÃÈ ÐÒÏÃÈÜÚÅÌ ÔÒÕÂÉÃþ Á 
BVOCs se sorbovaly do tenËïÈÏ ÆÉÌÍÕ ÁÂÓÏÒÐéÎþ ËÁÐÁÌÉÎÙȢ 2ÙÃÈÌÏÓÔ ÄÉÆÕÚÅ "6/#Ó ËÅ 
ÓÔñÎÜÍ ÄÅÎÕÄÅÒÕ ÊÅ ÚÜÖÉÓÌÜ ÎÁ ÄÉÆÕÚÎþÍ ËÏÅÆÉÃÉÅÎÔÕ ÄÁÎï ÌÜÔËÙȟ ËÔÅÒĻ ÊÅ ÚÜÖÉÓÌĻ ÎÁ ÏËÏÌÎþ 
ÔÅÐÌÏÔñȢ : ÔÏÈÏÔÏ ÄĳÖÏÄÕ ÊÅ ÄÅÎÕÄÅÒ ÂñÈÅÍ ÖÚÏÒËÏÖÜÎþ ÔÅÍÐÅÒÏÖÜÎ ÎÁ ÓÔÜÌÏÕ ÔÅÐÌÏÔÕȢ 
$ÉÆÕÚÎþ ÄÅÎÕÄÅÒ ÎÅÍÜ ÐÒÏ "6/#Ó ÓÔÏÐÒÏÃÅÎÔÎþ ĭéÉÎÎÏÓÔ ÚÜÃÈÙÔÕȟ ÐÒÏÔÏ ÂÙÌÙ Ö ÓÙÓÔïÍÕ 
ÚÁÐÏÊÅÎÙ ÄÖÁ ÄÅÎÕÄÅÒÙ Ö ÓïÒÉÉȢ 6ÙÃÈÜÚÅÊþÃþ ÖÚÄÕÃÈ Ú ÐÒÖÎþÈÏ ÄÅÎÕÄÅÒÕ ÂÙÌ ÖÅÄÅÎ ÄÏ 
ÓÐÏÄÎþ éÜÓÔÉ ÄÒÕÈïÈÏ ÄÅÎÕÄÅÒÕȟ ÖÅ ËÔÅÒïÍ ÂÙÌÙ ÚÁÃÈÙÃÅÎÙ ÁÎÁÌÙÔÙ ÖÙÃÈÜÚÅÊþÃþ Ú ÐÒÖÎþÈÏ 
ÄÅÎÕÄÅÒÕ ɉ/ÂÒȢ ρɊȢ !ÂÓÏÒÐéÎþ ËÁÐÁÌÉÎÁ ÓÔïËÁÌÁ ÄÏ ÓÐÏÄÎþ éÜÓÔÉ ÄÅÎÕÄÅÒĳȟ ÏÄËÕÄ ÂÙÌÁ 
ÏÄÓÜÖÜÎÁ ÄÁÌĤþÍ ÐÅÒÉÓÔÁÌÔÉÃËĻÍ éÅÒÐÁÄÌÅÍ ÄÏ ÐĠÅÄÅÍ ÐĠÉÐÒÁÖÅÎĻÃÈ ÖÉÁÌÅË ɉ(ÁÎÄÌþĠÏÖÜȟ 
ςπςςɊȢ !ÂÓÏÒÐéÎþ ËÁÐÁÌÉÎÁ ÏÂÏÈÁÃÅÎÜ Ï ÚÁÃÈÙÃÅÎï "6/#Ó ÂÙÌÁ ÁÎÁÌÙÚÏÖÜÎÁ ÐÏÍÏÃþ '#-
-3 ɉ!ÇÉÌÅÎÔ '#χψωπȟ -3υωχυɊ ÎÁ ËÏÌÏÎñ $"-ρ-3 ɉσπ Í Ø ςυπ АÍ Ø πȟςυ АÍɊȢ 
3ÔÕÄÏÖÁÎï "6/#Óȟ ÔÊȢ ÉÓÏÐÒÅÎȟ ς-methyl-3-buten-2-ol (MBO), tricyklen, ɻ-pinen, 

kamfen, ɼ-pinen, ɻ-felandren, 3-karen, limonen, cis-ɼ-ocimen, trans-ɼ-ocimen, terpinolen, 
eukalyptol, linalool, borneol, ɻ-terpineol, bornyl acetÜÔȟ ɼ-karyofylen, ɻ-karyofylen, byly 
ÇÅÎÅÒÏÖÜÎÙ Ö ÄÉÆÕÚÎþÃÈ ÃÅÌÜÃÈ ÄÌÅ ÎÏÒÍÙ I3. )3/ φρτυ-8. Koncentrace BVOCs 
ÎÁÓÜÖÁÎĻÃÈ ÄÏ ÄÅÎÕÄÅÒĳ ÂÙÌÙ ÍÎÏÈÅÍ ÖÙĤĤþȟ ÎÅĿ ÊÁËï ÊÓÏÕ ÐĠþÔÏÍÎÙ ÖÅ ÖÅÎËÏÖÎþÍ 
ÏÖÚÄÕĤþ Ó ÏÈÌÅÄÅÍ ÎÁ ÎñËÔÅÒï ÏÐÔÉÍÁÌÉÚÏÖÁÎï ÐÁÒÁÍÅÔÒÙȟ ÐĠÉ ËÔÅÒĻÃÈ ÓÅ ÏéÅËÜÖÁÌÁ ÖÙÓÏËÜ 
ĭéÉÎÎÏÓÔ ÚÜÃÈÙÔÕ ÓÔÕÄÏÖÁÎĻÃÈ ÌÜÔÅË Ö ÐÒÖÎþÍ ÄÅÎÕÄÅÒÕȢ 0ÒÏ ÖĻÐÏéÅÔ ĭéÉÎÎÏÓÔþ ÚÜÃÈÙÔÕ 
ÍÕÓÅÌÁ ÂĻÔ ËÏÎÃÅÎÔÒÁÃÅ "6/#Ó ÖÅ ÖÚÏÒÃþÃÈ Ú ÄÒÕÈïÈÏ ÄÅÎÕÄÅÒÕ ÄÏÓÔÁÔÅéÎñ ÖÙÓÏËÜ ËÖĳÌÉ 
ÍÉÎÉÍÁÌÉÚÁÃÉ ÃÈÙÂÙ ÖÅ ÖĻÐÏéÔÕ ɉ(ÁÎÄÌþĠÏÖÜȟ ςπςςɊȢ 

Koncentrace BVOCs Ö ÊÅÄÎÏÔÌÉÖĻÃÈ ÖÚÏÒÃþÃÈ ÂÙÌÁ ÖÙÐÏéþÔÜÎÁ ÐÏÄÌÅ ËÁÌÉÂÒÁéÎþÃÈ 
ËĠÉÖÅË Ú ÁÎÁÌĻÚ ÁÎÁÌÙÔÉÃËĻÃÈ ÓÔÁÎÄÁÒÄĳȢ :Å ÓÐÏéþÔÁÎï ËÏÎÃÅÎÔÒÁÃÅ ÖÅ ÖÚÏÒËÕȟ ÚÎÜÍïÈÏ 
ÐÒĳÔÏËÕ ÖÚÄÕÃÈÕ ÄÅÎÕÄÅÒÅÍ Á ÍÎÏĿÓÔÖþ ÖÚÏÒËÕ ÂÙÌÁ ÓÐÏéþÔÜÎÁ ËÏÎÃÅÎÔÒÁÃÅ "6/#Ó Ö 
ÎÁÓÜÖÁÎïÍ ÖÚÄÕÃÈÕ Ö ÎÇȾÍ3Ȣ :Å ÚþÓËÁÎĻÃÈ ËÏÎÃÅÎÔÒÁÃþ "6/#Ó ÖÅ ÖÚÏÒÃþÃÈ Ú ÐÒÖÎþÈÏ Á 
ÄÒÕÈïÈÏ ÄÅÎÕÄÅÒÕ ÂÙÌÁ ÐÏÄÌÅ ÓÐÅÃÉÆÉÃËï ÒÏÖÎÉÃÅ ÓÐÏéÔÅÎÁ ĭéÉÎÎÏÓÔ ÚÜÃÈÙÔÕ ÊÅÄÎÏÔÌÉÖĻÃÈ 
BVOCs v ÄÅÎÕÄÅÒÕȢ 4ÁÔÏ ÓÐÅÃÉÆÉÃËÜ ÒÏÖÎÉÃÅ Ó ËÏÅÆÉÃÉÅÎÔÙ ÂÙÌÁ ÖÙÔÖÏĠÅÎÁ ÐÒÏ ÓÔÁÎÏÖÅÎþ 
ĭéÉÎÎÏÓÔþ ÚÁÃÈÙÔĳ ɉπ ɀ 100 %) pro fikÔÉÖÎþÃÈ ρπππ ÄÅÎÕÄÅÒĳ ÚÁÐÏÊÅÎĻÃÈ ÚÁ ÓÅÂÏÕ 
ɉ(ÁÎÄÌþĠÏÖÜȟ ςπςςɊȢ 
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/ÂÒȢ ρȡ $ÉÆÕÚÎþ ÄÅÎÕÄÅÒ ÓÅ ÓÔïËÁÊþÃþÍ ÆÉÌÍÅÍ ËÁÐÁÌÉÎÙ ɉ+ĠĳÍÁÌ Á ËÏÌȢȟ ςπρφɊȢ 
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6¸3,%$+9 ! $)3+53% 
 
(ÌÁÖÎþÍ ÚÜÍñÒÅÍ ÐÒÏÖÅÄÅÎĻÃÈ ÅØÐÅÒÉÍÅÎÔĳ ÂÙÌÁ ÏÐÔÉÍÁÌÉÚÁÃÅ ÐÏÄÍþÎÅË ÐÒÏ ÚÜÃÈÙÔ 

ÊÅÄÎÏÔÌÉÖĻÃÈ "6/#Ó ÄÏ ÁÂÓÏÒÐéÎþ ËÁÐÁÌÉÎÙ ÄÉÆÕÚÎþÈÏ ÄÅÎÕÄÅÒÕȢ 3ÔÁÎÏÖÅÎï ĭéÉÎÎÏÓÔÉ 
ÚÜÃÈÙÔÕ ÂñÈÅÍ ÅØÐÅÒÉÍÅÎÔĳ Ö ÌÁÂÏÒÁÔÏÒÎþÃÈ ÐÏÄÍþÎËÜÃÈ ÐÏÓÌÏÕĿþ ÐÒÏ ÂÕÄÏÕÃþ ÐĠÅÐÏéÅÔ 
ÚÁÃÈÙÃÅÎĻÃÈ "6/#Ó ÖÅ ÖÅÎËÏÖÎþÍ ÐÒÏÓÔĠÅÄþ ÎÁ ÊÅÊÉÃÈ ÒÅÜÌÎÏÕ ËÏÎÃÅÎÔÒÁÃÉ ɉÄÏÐÏéÅÔ ÎÁ 
ρππ ϷɊȢ 3ÔÁÎÏÖÅÎï ĭéÉÎÎÏÓÔÉ ÚÜÃÈÙÔÕ ÂÙ ÎÅÍñÌÙ ÂĻÔ ÖĻÒÁÚÎñ ÎÉĿĤþȟ ÁÂÙ ÃÈÙÂÁ ÐĠÉ 
ÎÜÓÌÅÄÎïÍ ÐĠÅÐÏéÔÕ ÂÙÌÁ ÃÏ ÎÅÊÎÉĿĤþ Á ÂÙÌÁ ÔÅÄÙ Ú ÁÎÁÌÙÔÉÃËïÈÏ ÈÌÅÄÉÓËÁ ÁËÃÅÐÔÏÖÁÔÅÌÎÜ 
ɉ(ÁÎÄÌþĠÏÖÜȟ ςπςςɊ.  
"ÙÌÁ ÓÔÕÄÏÖÜÎÁ ĭéÉÎÎÏÓÔ ÚÜÃÈÙÔÕ "6/#Ó Ö ÄÅÎÕÄÅÒÕ ÎÁ ÔÅÐÌÏÔñ ÄÅÎÕÄÅÒÕ ɉρυȟ ςπ Á 

25 Ј#Ɋ Á ÐÒĳÔÏËÕ ÎÁÓÜÖÁÎïÈÏ ÖÚÄÕÃÈÕ ɉςυπȟ υππȟ χυπ Á ρπππ ÍÌȾÍÉÎɊȢ ªéÉÎÎÏÓÔÉ ÚÜÃÈÙÔÕ 
ÊÅÄÎÏÔÌÉÖĻÃÈ "6/#Ó ËÌÅÓÁÌÙ ÓÅ ÚÖÙĤÕÊþÃþÍ ÓÅ ÐÒĳÔÏËÅÍ ÖÚÄÕÃÈÕ ÐÒÏ ÄÁÎÏÕ ÔÅÐÌÏÔÕȢ 
.ÅÊÖÙĤĤþ ÒÏÚÄþÌÙ ÂÙÌÙ ÚÊÉĤÔñÎÙ ÐÒÏ ÉÓÏÐÒÅÎ Á -"/Ȣ 3ÍñÒÏÄÁÔÎï ÏÄÃÈÙÌËÙ ĭéÉÎÎÏÓÔþ Õ 
ÎÉĿĤþÃÈ ÐÒĳÔÏËĳ ɉςυπ Á υππ ÍÌȾÍÉÎɊ ÂÙÌÙ ÖÅÌÍÉ ÎþÚËïȟ ÚÁÔþÍÃÏ Õ ÖÙĤĤþÃÈ ÐÒĳÔÏËĳ ɉχυπ Á 
ρπππ ÍÌȾÍÉÎɊ ÓÅ ÎÁÏÐÁË ÍþÒÎñ ÚÖÙĤÏÖÁÌÙȢ 3ÍñÒÏÄÁÔÎï ÏÄÃÈÙÌËÙ ĭéÉÎÎÏÓÔþ ÐÒÏ ÉÓÏÐÒÅÎ Á 
MBO byly naopak ÖÙÓÏËï ÔïÍñĠ Õ ÖĤÅÃÈ ÐÒÏÖÅÄÅÎĻÃÈ ÅØÐÅÒÉÍÅÎÔĳȢ 3Å ÚÖÙĤÕÊþÃþ ÓÅ 
ÔÅÐÌÏÔÏÕ Ö ÄÅÎÕÄÅÒÕ ÒÏÓÔÅ ÔÅÎÚÅ ÐÁÒ ÁÂÓÏÒÐéÎþ ËÁÐÁÌÉÎÙ ɉn-heptan) a ta se rychleji 
ÏÄÐÁĠÕÊÅȢ /ÄÐÁĠÏÖÜÎþ ÊÅ ÎÁÖþÃ ÐÏÓþÌÅÎÏ ÐÒÏÕÄþÃþÍ ÖÚÄÕÃÈÅÍ Ö ÄÅÎÕÄÅÒÕȢ "ñÈÅÍ ÏÄÂñÒÕ 
ÖÚÏÒËĳ ÖÅ ÖÅÎËÏÖÎþÍ ÐÒÏÓÔĠÅÄþ ÊÅ ÄĳÌÅĿÉÔï ÂÒÜÔ ÏÈÌÅÄ É ÎÁ ÒÅÌÁÔÉÖÎþ ÖÌÈËÏÓÔ ÖÚÄÕÃÈÕȟ ËÔÅÒÜ 
ÊÅ ÔÁËÔïĿ ÚÜÖÉÓÌÜ ÎÁ ÔÅÐÌÏÔñ Á ËÔÅÒÜ ÍĳĿÅ ËÏÎÄÅÎÚÏÖÁÔ ÎÁ ÖÎÉÔĠÎþ ÓÔñÎñ ÄÅÎÕÄÅÒÕ Á ÔþÍ 
ÎÁÒÕĤÉÔ ÔÅÎËĻ ÆÉÌÍ ÁÂÓÏÒÐéÎþ ËÁÐÁÌÉÎÙȢ !ÂÙ ÎÅÄÏÃÈÜÚÅÌÏ ËÅ ËÏÎÄÅÎÚÁÃÉ ÖÏÄÎþ ÐÜÒÙȟ ÊÁËÏ 
kompromis byla pro deÎÕÄÅÒ ÖÙÂÒÜÎÁ ÔÅÐÌÏÔÁ ςπ Ј# ɉ(ÁÎÄÌþĠÏÖÜȟ ςπςςɊ. 
"ÙÌÁ ÓÔÕÄÏÖÜÎÁ ĭéÉÎÎÏÓÔ ÚÜÃÈÙÔÕ "6/#Ó Ö ÄÅÎÕÄÅÒÕ ÎÁ ÒÅÌÁÔÉÖÎþ ÖÌÈËÏÓÔÉ ÎÁÓÜÖÁÎïÈÏ 

vzduchu (cca 25, 47 a 70 Ϸ ÐĠÉ ÔÅÐÌÏÔñ ςφ Ј#ɊȢ "ñÈÅÍ ÄÎÅ ÓÅ ÖÅ ÖÅÎËÏÖÎþÍ ÐÒÏÓÔĠÅÄþ ÍñÎþ 
ÔÅÐÌÏÔÁ Á ÒÅÌÁÔÉÖÎþ ÖÌÈËÏÓÔ ÖÚÄÕÃÈÕȢ 0ÏËÕÄ ÂÙ ÂÙÌÁ ÚÊÉĤÔñÎÁ ÚÜÖÉÓÌÏÓÔ ĭéÉÎÎÏÓÔþ ÚÜÃÈÙÔÕ ÎÁ 
ÚÍñÎÜÃÈ Ö ÒÅÌÁÔÉÖÎþÃÈ ÖÌÈËÏÓÔÅÃÈ ÖÚÏÒËÏÖÁÎïÈÏ ÖÚÄÕÃÈÕȟ ÐÁË ÂÙ ÓÅ ÍÕÓÅÌÁ ÖÅ ÖÅÎËÏÖÎþÍ 
ÐÒÏÓÔĠÅÄþ ÂñÈÅÍ ÏÄÂñÒÕ ÖÚÏÒËĳ ÍñĠÉÔ É ÒÅÌÁÔÉÖÎþ ÖÌÈËÏÓÔ ÖÚÄÕÃÈÕ Á ÄÏ ÐĠÅÐÏéÔĳ 
ËÏÎÃÅÎÔÒÁÃþ ɉÄÏÐÏéÅÔ ÎÁ ρππ %) by musel ÂĻÔ ÚÁÈÒÎÕÔ É ËÏÅÆÉÃÉÅÎÔȟ ËÔÅÒĻ ÂÙ ÚÏÈÌÅÄÎÉÌ ÔÙÔÏ 
ÚÍñÎÙ ĭéÉÎÎÏÓÔþȢ 3ÍñÒÏÄÁÔÎï ÏÄÃÈÙÌËÙ ĭéÉÎÎÏÓÔþ ÐÒÏ ÉÓÏÐÒÅÎ Á -"/ ÂÙÌÙ ÏÐñÔ ÖÙÓÏËï 
ÔïÍñĠ Õ ÖĤÅÃÈ ÍñĠÅÎĻÃÈ ÖÌÈËÏÓÔÅÃÈȢ 5 ÖñÔĤÉÎÙ "6/#Ó ÎÅÂÙÌÙ ÒÏÚÄþÌÙ ÍñĠÅÎĻÃÈ 
ËÏÎÃÅÎÔÒÁÃþ Ö ÐÒÖÎþÍ ÄÅÎÕÄÅÒÕ ÖĻÒÁÚÎïȢ !ÖĤÁË Õ ÎñËÔÅÒĻÃÈȟ ÐĠÅÄÅÖĤþÍ ÏØÉÄÏÖÁÎĻÃÈ 
(MBO, borneol, ɻ-ÔÅÒÐÉÎÅÏÌɊȟ ÓÅ ÚÁÃÈÙÃÅÎï ËÏÎÃÅÎÔÒÁÃÅ ÐÒÏ ÎÅÊÖÙĤĤþ ÍñĠÅÎÏÕ ÖÌÈËÏÓÔ 
ÓÎþĿÉÌÙ ÁĿ Ï ÔïÍñĠ ςτ % ɉ(ÁÎÄÌþĠÏÖÜȟ ςπςςɊ. 
"ÙÌÁ ÓÔÕÄÏÖÜÎÁ ĭéÉÎÎÏÓÔ ÚÜÃÈÙÔÕ "6/#Ó Ö ÄÅÎÕÄÅÒÕ ÎÁ ÐÒĳÔÏËÕ ɉπȟςχ ɀ 0,58 ml/min) 

ÁÂÓÏÒÐéÎþ ËÁÐÁÌÉÎÙȢ !ÂÙ ÂÙÌÁ ÚÁÊÉĤÔñÎÁ ÐÅÒÆÅËÔÎþ ÓÏÒÐÃÅ Á ÔþÍ ÐÜÄÅÍ ÎÅÊÖÙĤĤþ ĭéÉÎÎÏÓÔ 
ÚÜÃÈÙÔÕȟ ÊÅ ÐÏÔĠÅÂÁ ÄÏËÏÎÁÌï ÓÍÏéÅÎþ ÃÅÌï ÄïÌËÙ ÖÎÉÔĠÎþ ÓÔñÎÙ ÄÅÎÕÄÅÒÕȢ $þËÙ ÔÏÍÕ ÓÅ 
ÖÙÔÖÏĠþ ÖÅÌËÜ ÐÌÏÃÈÁ ÁÂÓÏÒÐéÎþ ËÁÐÁÌÉÎÙȟ ÄÏ ËÔÅÒï ÓÅ "6/#Ó ÍĳĿÏÕ ÓÏÒÂÏÖÁÔȢ : ÔÏÈÏÔÏ 
ÄĳÖÏÄÕ ÊÅ ÎÅÚÂÙÔÎï ÓÔÁÎÏÖÉÔ ÎÅÊÎÉĿĤþ ÍÏĿÎĻ ÐÒĳÔÏË n-ÈÅÐÔÁÎÕȟ ÁÂÙ ÂÙÌÁ ÖÎÉÔĠÎþ ÓÔñÎÁ ÊÅĤÔñ 
ÓÍÏéÅÎÜ Á ĭéÉÎÎÏÓÔ ÚÜÃÈÙÔÕ ÓÅ ÎÅÚÍñÎÉÌÁȢ .ÁÏÐÁË ÐĠÉ ÚÂÙÔÅéÎñ ÖÙÓÏËïÍÕ ÐÒĳÔÏËÕ ÂÕÄÅ 
ÏÄÅÂÒÁÎĻ ÖÚÏÒÅË ÓÅ ÚÁÃÈÙÃÅÎĻÍÉ "6/#Ó ÍïÎñ ËÏÎÃÅÎÔÒÏÖÁÎĻ Á ÔþÍ ÓÅ ÚÈÏÒĤþ ÌÉÍÉÔ 
detekce pro celou metodÕȢ ªéÉÎÎÏÓÔÉ ÚÜÃÈÙÔÕ ÓÅ Õ ÖñÔĤÉÎÙ ÓÔÕÄÏÖÁÎĻÃÈ ÌÜÔÅË ÖĻÒÁÚÎñ 
ÎÅÌÉĤÉÌÙȢ 6ĻÊÉÍËÏÕ ÊÓÏÕ ÏÐñÔ ÉÓÏÐÒÅÎ Á -"/ȟ Õ ËÔÅÒĻÃÈ ÂÙÌÏ ÐÒÏÂÌÅÍÁÔÉÃËï ÓÐÏéþÔÁÔ 
ĭéÉÎÎÏÓÔÉ ÚÜÃÈÙÔÕ ÐĠÉ ÎÉĿĤþÃÈ ÐÒĳÔÏÃþÃÈȢ $ĳÖÏÄÅÍ ÊÅ ÚĠÅÊÍñ ÊÅÊÉÃÈ ÖÙĤĤþ ÔñËÁÖÏÓÔȢ 5 ÔñÃÈÔÏ 
ÄÖÏÕ ÌÜÔÅË ÂÙ ÂÙÌÏ ÐÏÔĠÅÂÁ ÖÙĤĤþÃÈ ÐÒĳÔÏËĳ ÎÅĿ πȟυψ ÍÌȾÍÉÎ ɉÎÅÊÖĻĤÅ ÔÅÓÔÏÖÁÎĻɊȟ éþÍĿ ÂÙ 
ÓÅ ÎÁÏÐÁË ÚÈÏÒĤÏÖÁÌÙ ÌÉÍÉÔÙ ÄÅÔÅËÃÅ ÐÒÏ ÏÓÔÁÔÎþ ÓÔÕÄÏÖÁÎï ÌÜÔËÙȢ 0ÒĳÔÏË n-ÈÅÐÔÁÎÕ ÂÙ ÍñÌ 
ÂĻÔ ÉÄÅÜÌÎñ Ö ÒÏÚÍÅÚþ πȟτ ɀ 0,5 ml/min ɉ(ÁÎÄÌþĠÏÖÜȟ ςπςςɊ.  
"ÙÌÁ ÓÔÕÄÏÖÜÎÁ ĭéÉÎÎÏÓÔ ÚÜÃÈÙÔÕ "6/#Ó Ö ÄÅÎÕÄÅÒÕ ÎÁ ÔÙÐÕ ÁÂÓÏÒÐéÎþ ËÁÐÁÌÉÎÙ ɉn-

ÈÅÐÔÁÎȟ ÉÓÏÐÒÏÐÁÎÏÌɊȢ 5 ÖñÔĤÉÎÙ ÌÜÔÅË ÂÙÌÙ ÖÙÐÏéÔÅÎï ËÏÎÃÅÎÔÒÁÃÅ "6/#Ó Ö n-heptanu 
ÖÙĤĤþ ÎÅĿ Ö ÉÓÏÐÒÏÐÁÎÏÌÕȢ 6ĻÊÉÍËÏÕ ÂÙÌÙ ÏØÉÄÏÖÁÎï ÌÜÔËÙȟ ÐĠÅÄÅÖĤþÍ Ó /( ÓËÕÐÉÎÏÕ 
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(linalool, borneol, ɻ-ÔÅÒÐÉÎÅÏÌɊȟ ÁÌÅ ÔÁËï ÅÕËÁÌÙÐÔÏÌȟ ÔÅÒÐÉÎÏÌÅÎ Á ÂÏÒÎÙÌ ÁÃÅÔÜÔȟ ÊÅÊÉÃÈĿ 
ĭéÉÎÎÏÓÔ ÚÜÃÈÙÔÕ ÊÅ ÐÒÁÖÄñÐÏÄÏÂÎñ ÖÙĤĤþ ÐÒÏ ÐÏÌÜÒÎþ ÒÏÚÐÏÕĤÔñÄÌÁȢ 2ÏÚÄþÌÙ Ö 
ËÏÎÃÅÎÔÒÁÃþÃÈ ÎÅÂÙÌÙ ÖĻÒÁÚÎïȟ ÐÒÏÔÏ ÓÅ n-ÈÅÐÔÁÎ ÊÅÖþ ÊÁËÏ ÖÈÏÄÎñÊĤþ ÁÂÓÏÒÐéÎþ ËÁÐÁÌÉÎÁȟ 
É ÖÚÈÌÅÄÅÍ Ë ÁÎÁÌĻÚÜÍ ÎÁ '#-MS ɉ(ÁÎÄÌþĠÏÖÜȟ ςπςςɊ. 

Na vyÂÒÁÎĻÃÈ ÏÂÒÜÚÃþÃÈ ɉ/ÂÒȢ ς Á σɊ ÊÓÏÕ ÕÖÅÄÅÎÙ ĭéÉÎÎÏÓÔÉ ÚÜÃÈÙÔÕ "6/#Ó Ö 
ÄÅÎÕÄÅÒÕ ÐĠÉ ÔÅÐÌÏÔñ ςπ Ј#Ȣ 
 

 
/ÂÒȢ ςȡ :ÜÖÉÓÌÏÓÔ ĭéÉÎÎÏÓÔþ ÚÜÃÈÙÔÕ "6/#Ó Ö ÄÅÎÕÄÅÒÕ ÎÁ ÐÒĳÔÏËÕ ÖÚÄÕÃÈÕȢ 

 

 
/ÂÒȢ σȡ :ÜÖÉÓÌÏÓÔ ĭéÉÎÎÏÓÔþ ÚÜÃÈÙÔÕ "6/#Ó Ö ÄÅÎÕÄÅÒÕ ÎÁ ÐÒĳÔÏËÕ ÁÂÓÏÒÐéÎþ kapaliny. 
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:<6Q2 
 
.Á ÚÜËÌÁÄñ ÄÏÓÁĿÅÎĻÃÈ ÖĻÓÌÅÄËĳ ÂÙÌÙ ÊÁËÏ ÎÅÊÖÈÏÄÎñÊĤþ ÐÁÒÁÍÅÔÒÙ ÐÒÏ ÏÄÂñÒ 

ÓÔÕÄÏÖÁÎĻÃÈ "6/#Ó Ú ÏÖÚÄÕĤþ ÐÏÍÏÃþ ÄÉÆÕÚÎþÈÏ ÄÅÎÕÄÅÒÕ ÖÙÂÒÜÎÙ ÎÜÓÌÅÄÕÊþÃþ ÈÏÄÎÏÔÙȡ 
teplota denuderu 20 Ј#ȟ ÐÒĳÔÏË ÎÁÓÜÖÁÎïÈÏ ÖÚÄÕÃÈÕ υππ ÍÌȾÍÉÎȟ ÁÂÓÏÒÐéÎþ ËÁÐÁÌÉÎÁ n-
ÈÅÐÔÁÎȟ ÐÒĳÔÏË ÁÂÓÏÒÐéÎþ ËÁÐÁÌÉÎÙ πȟτυ ÍÌȾÍÉÎȢ 0ĠÉ ÔñÃÈÔÏ ÐÏÄÍþÎËÜÃÈ ÂÙÌÙ ÎÁÍñĠÅÎÙ 
ĭéÉÎÎÏÓÔÉ ÚÜÃÈÙÔÕ ÖĤÅÃÈ "6/#Óȟ Ó ÖĻÊÉÍËÏÕ ÉÓÏÐÒÅÎÕ Á -"/ȟ ÎÁÄ ψω ϷȢ 4ÁÔÏ ÍÅÔÏÄÁ ÎÅÎþ 
ÖÈÏÄÎÜ ÐÒÏ ÓÔÁÎÏÖÅÎþ ÉÓÏÐÒÅÎÕ Á -"/ ÖÅ ÖÅÎËÏÖÎþÍ ÏÖÚÄÕĤþȢ 

 
0/$Q+/6<.^ 

 
4ÁÔÏ ÐÒÜÃÅ ÂÙÌÁ ÐÏÄÐÏÒÏÖÜÎÁ ÐÒÏÇÒÁÍÅÍ 2ÅÇÉÏÎÜÌÎþ ÓÐÏÌÕÐÒÜÃÅ !ËÁÄÅÍÉÅ ÖñÄ I2 Ö 

letech 2023-ςπςυȟ éȢ R200312301. 4ÁÔÏ ÐÒÜÃÅ ÂÙÌÁ ÐÏÄÐÏÒÏÖÜÎÁ ÔÁËï ÖĻÚËÕÍÎĻÍ 
ÚÜÍñÒÅÍ ªÓÔÁÖÕ ÁÎÁÌÙÔÉÃËï ÃÈÅÍÉÅ !6 I2ȟ ÖȢ ÖȢ ÉȢ ɉ26/ȡφψπψρχρυɊȢ 
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&ÁËÕÌÔÁ ÃÈÅÍÉÃËÜȟ ªÓÔÁÖ ÃÈÅÍÉÅ Á ÔÅÃÈÎÏÌÏÇÉÅ ÏÃÈÒÁÎÙ ĿÉÖÏÔÎþÈÏ ÐÒÏÓÔĠÅÄþ, (2022). 

 
+ĠĳÍÁÌ +Ȣȟ -ÉËÕĤËÁ 0Ȣȟ 6ÅéÅĠÏÖÜ +Ȣȟ 5ÒÂÁÎ /Ȣȟ 0ÁÌÌÏÚÚÉ %Ȣȟ 6ÅéÅĠa Z., Wet effluent diffusion 

denuder: The tool for determination of monoterpenes in forest, Talanta, 153, 260-
267, (2016). 
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INTRODUCTION 
 

Inhaled fibrous microparticles can pose serious health risks, which have led to 
significant attention in the last decades (Khoa et al. 2022). Nevertheless, more and more 
studies focus on fibrous shapes in relation to inhalable drugs (Shachar-Berman et al. 
2019). Fibres, particularly the smaller ones, can penetrate deeply into the lungs and reach 
the alveoli. Their elongated shape causes this. Usual inhalable spherical drugs in the size 
range of 5 ɀ ρπ АÍ ÈÁÖÅ ÄÉÆÆÉÃÕÌÔÙ ÒÅÁÃÈÉÎÇ ÔÈÅ ÄÅÅÐÅÒ ÒÅÇÉÏÎÓ ÏÆ ÔÈÅ ÌÕÎÇȢ 4hus, the 
fibrous shape may provide a solution for delivery in these regions, but the mechanics of 
inhaled fibre flow are more complex compared to spherical particles. Therefore, it is 
important to understand how specific parameters (e.g. breathing flowrate, dimensions of 
fibres) influence the flow and deposition of fibrous aerosols in the human airways. 

For a better understanding of this field, deposition experiments were performed. 
While the previous measurements utilized a male airway replica, this study presents the 
first use of a female airway replica. The collected data provided new insights into fibre 
deposition in the female airway and will also be used for validation of CFD simulations in 
order to improve the understanding of the flow of these particles.  

 
EXPERIMENTAL SETUP 

 
Deposition experiments under two different realistic breathing regimes were 

performed: normal breathing (max. flowrate 27 lpm) and heavy breathing (max. flowrate 
180 lpm). Polydisperse fibres in the diameter range of 1 ɀ ρπ АÍ and length range of 5 ɀ 
100 АÍ ×ÅÒÅ ÕÓÅÄȢ 4ÈÅ ÍÉØÔÕÒÅ ÏÆ ÇÌÁÓÓ ÆÉÂÒÅÓ ÁÎÄ ÇÌÁÓÓ ÓÐÈÅÒÅÓ ×ÁÓ ÓÅÐÁÒÁÔÅÄ ÂÙ Á 
fluidized-bed-type disperser and then the dispersed fibres were inhaled into a realistic 
replica of female airways. The replica spans from the oral cavity to the seventh generation 
of lung bifurcation; the rest of the lung was simulated using output filters. The model was 
ÃÁÐÁÂÌÅ ÏÆ ȰÂÒÅÁÔÈÉÎÇȱ ÄÕÅ ÔÏ ÁÎ ÏÒÉÇÉÎÁÌ ÂÒÅÁÔÈÉÎÇ ÓÉÍÕÌÁÔÏÒȟ ×ÈÉÃÈ ÒÅÐÒÅÓÅÎÔÅÄ ÓÐÅÃÉÆÉÃ 
breathing patterns of the five lung parts: right upper lobe, right middle lobe, right lower 
lobe, left upper lobe and left lower lobe. 

After the exposure, the airway replica was dismantled, and samples were obtained 
from each segment and output filter. Each sample was manually evaluated under a 
microscope with phase contrast (Nikon Eclipse), using a 40x objective with an aperture 
diaphragm Ph2. A modified method from WHO (1997) was used for evaluation. 

 
RESULTS 

 
One of the primary deposition mechanisms for fibrous aerosols in the human 

respiratory airway is inertial impaction. The extent of inertial impaction is characterised 
by the Stokes number (Stk) (see Equation (1)) 
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where ” represents the density of water, Ὠ is the aerodynamic equivalent diameter of 

the fibre, Ὗ is the mean flow velocity in the replica segment, ‘ is the dynamic viscosity of 
air and, Ὀ is the equivalent diameter of the segment. Figure 1 illustrates the Stk in relation 
to deposition efficiency (DE), which is defined as the ratio of the number of deposited 
fibres in a specific region to the number of fibres entering that region. The figure 
demonstrates that with increasing Stokes number increases DE. The results indicate that 
if inhalable drugs had a fibrous shape, it would be important not only to choose the correct 
ÄÉÍÅÎÓÉÏÎÓ ÂÕÔ ÁÌÓÏ ÔÏ ÃÏÎÓÉÄÅÒ ÔÈÅ ÐÁÔÉÅÎÔȭÓ ÂÒÅÁÔÈÉÎÇ ÐÁÔÔÅÒÎȢ 

 

 
Fig. 1: Stk in relation to DE for heavy activity, A Stk to 0,1, B Stk to 1, C Stk above 1 
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SUMMARY 
 

This study explores the rime formation in the Czech Republic in recent two decades. 
The input data are the measurements of rime thickness observed at the Czech 
professional weather stations in 2002ɀ2023 within the surface synoptic observations 
(SYNOP) recorded in 1hour resolution. For advanced statistical modeling the generalized 
additive model has been used, accounting for long-term trends, seasonality, daily course 
and the North Atlantic Oscillation (NAO) index. All explanatory variables considered were 
highly statistically significant. High year-to-year variability in rime formation has been 
indicated at all stations. By far the highest rime thickness was recorded at the Lysa hora 
situated in the Beskydy Mts. 
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!ÔÍÏÓÆïÒÉÃËÜ ÄÅÐÏÚÉÃÅ ÊÅ ÄĳÌÅĿÉÔĻÍ ÍÅÃÈÁÎÉÓÍÅÍ ÓÁÍÏéÉĤÔñÎþ ÏÖÚÄÕĤþ Á ÓÏÕéÁÓÎñ 

ÐĠÅÄÓÔÁÖÕÊÅ ÖÓÔÕÐ ÄĳÌÅĿÉÔĻÃÈ ĿÉÖÉÎ É ÚÎÅéÉĤĩÕÊþÃþÃÈ ÌÜÔÅË ÄÏ ÅËÏÓÙÓÔïÍĳȢ $ÅÐÏÚÉéÎþ ÔÏËÙ 
ÊÅÄÎÏÔÌÉÖĻÃÈ ÌÜÔÅË ÓÅ ÏÄÈÁÄÕÊþ ÎÁ ÚÜËÌÁÄñ ÍñĠÅÎþ ÍÏËÒï Á ÍÏÄÅÌÏÖÜÎþ ÓÕÃÈï ÓÌÏĿËÙ 
ÄÅÐÏÚÉÃÅȢ $ÅÐÏÚÉÃÅ ÈÏÒÉÚÏÎÔÜÌÎþ ÓÐÏÊÅÎÜ Ó ÈÙÄÒÏÍÅÔÅÏÒÙ ÔÙÐÕ ÍÌÈÙ Á ÎÜÍÒÁÚÙ ÚÐÒÁÖÉÄÌÁ 
nÅÂĻÖÜ ÚÏÈÌÅÄÎñÎÁ ÖÚÈÌÅÄÅÍ ËÅ ÚÎÁéÎï ÏÂÔþĿÎÏÓÔÉ ÊÅÊþÈÏ ÓÔÁÎÏÖÅÎþȢ 0ĠÉÔÏÍ ÊÅ ÐÒÏËÜÚÜÎÏȟ 
ĿÅ ÍÌÈÁ É ÎÜÍÒÁÚÁ ÊÓÏÕ ÍÎÏÈÅÍ ÖþÃÅ ÍÉÎÅÒÁÌÉÚÏÖÁÎï ÎÅĿ ÏÄÐÏÖþÄÁÊþÃþ ÖÚÏÒËÙ ÄÅĤÔñ Á 
ÓÎñÈÕȢ 6ĻÚÎÁÍÎñ ÖÙĤĤþ ËÏÎÃÅÎÔÒÁÃÅ ÅÎÖÉÒÏÎÍÅÎÔÜÌÎñ ÄĳÌÅĿÉÔĻÃÈ ÌÜÔÅË Ö ÍÌÚÅ É ÎÜÍÒÁÚÅ 
byly potvrzeny i v IÅÓËï ÒÅÐÕÂÌÉÃÅ ɉI2Ɋȟ Ö minulosti ɀ v ÄÏÂñ ÓÉÌÎïÈÏ ÚÎÅéÉĤÔñÎþ ÏÖÚÄÕĤþ 
(Bridges et al., 2002; Fisak et al., 2009), ale i v ÓÏÕéÁÓÎï ÄÏÂñȟ ÐÏ ÖĻÚÎÁÍÎïÍ ÚÌÅÐĤÅÎþ 
ËÖÁÌÉÔÙ ÏÖÚÄÕĤþ ɉ(ĳÎÏÖÜ ÅÔ ÁÌȢȟ ςπςςȠ ςπςσɊȢ  0ÒÏ ËÖÁÎÔÉÆÉËÁÃÉ ÐÏÄþÌÕ ÎÜÍÒÁÚÙ ÎÁ 
dÅÐÏÚÉéÎþÍ ÔÏËÕ ÕÒéÉÔï ÌÜÔËÙ ÊÅ ÐÏÔĠÅÂÁ ÚÎÜÔ ÎÅÊÅÎ ÊÅÊþ ËÏÎÃÅÎÔÒÁÃÉȟ ÁÌÅ ÔÁËï ÏÂÊÅÍ ÖÏÄÙȟ 
ËÔÅÒÜ ÎÜÍÒÁÚÕ ÔÖÏĠþȢ /ÄÈÁÄ ÈÙÄÒÏÌÏÇÉÃËïÈÏ ÐÏÄþÌÕ ÎÜÍÒÁÚÙ ÏÖĤÅÍ ÎÅÎþ ÔÒÉÖÉÜÌÎþ 
ÚÜÌÅĿÉÔÏÓÔþ Á ÚÐÒÁÖÉÄÌÁ ÓÅ ÐÏÕĿþÖÜȟ ÊÁËÏ ÕÒéÉÔÜ ÁÐÒÏØÉÍÁÃÅȟ ÎÁÐĠȢ ÍÎÏĿÓÔÖþ ÈÏÄÉÎ Ó mlhou 
v ÚÉÍÎþÍ ÏÂÄÏÂþ ɉ"ÒÉÄÇÅÓ ÅÔ ÁÌȢȟ ςππςɊ ÎÅÂÏ ÕÒéÉÔï ÐÒÏÃÅÎÔÏ ÓÒÜĿËÏÖïÈÏ ĭÈÒÎÕ ÓÎñÈÕ 
ÎÁÐĠȢ ρπ Ϸ ÚÉÍÎþÃÈ ÓÒÜĿÅË ɉ(ÉÎÄÍÁÎ ÅÔ ÁÌȢȟ ρωψσɊȢ #þÌÅÍ ÔïÔÏ ÓÔÕÄÉÅ ÊÅ ÁÎÁÌĻÚÁ éÁÓÏÖĻÃÈ 
ÔÒÅÎÄĳ Á ÐÒÏÓÔÏÒÏÖĻÃÈ ÚÍñÎ ÖÅ ÔÖÏÒÂñ ÎÜÍÒÁÚÙ Ö  I2 Ú ÄÁÔ ÍñĠÅÎĻÃÈ ÎÁ ÐÒÏÆÅÓÉÏÎÜÌÎþÃÈ 
ÍÅÔÅÏÒÏÌÏÇÉÃËĻÃÈ ÓÔÁÎÉÃþÃÈ IÅÓËïÈÏ ÈÙÄÒÏÍÅÔÅÏÒÏÌÏÇÉÃËïÈÏ ĭÓÔÁÖÕ ɉI(-ªɊȢ 6ĻÓÌÅÄËÙ 
ÂÙ ÍñÌÙ ÐĠÉÓÐñÔ Ë ÌÅÐĤþÍÕ ÐÏÃÈÏÐÅÎþ ÚÜËÏÎÉÔÏÓÔþ ÐĠÉ ÔÖÏÒÂñ ÎÜÍÒÁÚÙ ÎÁ ÎÁĤÅÍ ĭÚÅÍþ Á 
ÉÎÄÉËÁÃþ ÏÂÌÁÓÔþȟ ËÄÅ ÌÚÅ ÐĠÅÄÐÏËÌÜÄÁÔ ÖĻÚÎÁÍÎñÊĤþ ÐÏÄþÌ ÎÜÍÒÁÚÙ ÎÁ ÄÅÐÏÚÉéÎþÃÈ ÔÏÃþÃÈ 
ÚÎÅéÉĤĩÕÊþÃþÃÈ ÌÜÔÅËȢ    
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SUMMARY 

 
Determining the emission power of significant large-scale sources of atmospheric 

aerosol created by anthropogenic activity consists of two steps. The first is the 
determination of meteorological parameters for the concentration and size spectrum of 
the aerosol spatial structure and its dynamics over the considered source. The second step 
is the application of a suitable model solution of emission flows above the considered 
source. The tested aerosol source was an agricultural field. Flight measurements of 
number/mass concentrations and size spectra of atmospheric aerosol particles and 
meteorological parameters with a model solution were carried out in order to determine 
the emission strength of atmospheric aerosol sources over a large area. 
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ÁÅÒÏÓÏÌÕ ÖÚÎÉËÌĻÃÈ ÐĳÓÏÂÅÎþÍ ÁÎÔÒÏÐÏÇÅÎÎþ éÉÎÎÏÓÔÉ ÓÅÓÔÜÖÜ ÚÅ ÄÖÏÕ ËÒÏËĳȢ 0ÒÖÎþÍ ÊÅ 
ÓÔÁÎÏÖÅÎþ ÍÅÔÅÏÒÏÌÏÇÉÃËĻÃÈ ÐÁÒÁÍÅÔÒĳ ÐÒÏ ËÏÎÃÅÎÔÒÁÃÅ Á ÖÅÌÉËÏÓÔÎþ ÓÐÅËÔÁ ÁÅÒÏÓÏÌÕ 
ÐÒÏÓÔÏÒÏÖï ÓÔÒÕËÔÕÒÙ Á ÊÅÊþ ÄÙÎÁÍÉËÙ ÎÁÄ ÕÖÁĿÏÖÁÎĻÍ ÚÄÒÏÊÅÍȢ $ÒÕÈĻÍ ËÒÏËÅÍ ÊÅ 
ÁÐÌÉËÁÃÅ ÖÈÏÄÎïÈÏ ÍÏÄÅÌÏÖïÈÏ ĠÅĤÅÎþ ÅÍÉÓÎþÃÈ ÔÏËĳ ÎÁÄ ÕÖÁĿÏÖÁÎĻÍ ÚÄÒÏÊÅÍȢ 
0ÒÏÖñĠÏÖÁÎĻÍ ÚÄÒÏÊÅÍ ÁÅÒÏÓÏÌÕ ÂÙÌÏ ÚÅÍñÄñÌÓËï ÐÏÌÅȢ "ÙÌÁ ÐÒÏÖÅÄÅÎÁ ÌÅÔÏÖÜ ÍñĠÅÎþ 
ÐÏéÅÔÎþÃÈȾÈÍÏÔÎÏÓÔÎþÃÈ ËÏÎÃÅÎÔÒÁÃþ Á ÖÅÌÉËÏÓÔÎþÃÈ ÓÐÅËÔÅÒ éÜÓÔÉÃ ÁÔÍÏÓÆïÒÉÃËïÈÏ 
ÁÅÒÏÓÏÌÕ Á ÍÅÔÅÏÒÏÌÏÇÉÃËĻÃÈ ÐÁÒÁÍÅÔÒĳ Ó ÍÏÄÅÌÏÖĻÍ ĠÅĤÅÎþÍ ÚÁ ĭéÅÌÅÍ ÓÔÁÎÏÖÅÎþ 
ÅÍÉÓÎþ ÍÏÈÕÔÎÏÓÔÉ ÚÄÒÏÊĳ ÁÔÍÏÓÆïÒÉÃËïÈÏ ÁÅÒÏÓÏÌÕ Ï ÖÅÌËï ÐÌÏĤÅ ɉ(ÏÖÏÒËÁ ÅÔ ÁÌȢȟ ςπςρɊȢ  

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

 
,ÅÔÏÖĻÍ ÐÒÏÓÔĠÅÄËÅÍ ÂÙÌÁ ÄÜÌËÏÖñ ĠþÚÅÎÜ ÖÚÄÕÃÈÏÌÏìȟ ÐÌÎñÎÜ ÈÅÌÉÅÍȢ 5ĿÉÔÅéÎĻ 

ÖÚÔÌÁË ÖÚÄÕÃÈÏÌÏÄñ ÊÅ ρȢχɀ15 ËÇȟ ËÔÅÒĻ ÓÅ ÍñÎþ ÌÉÎÅÜÒÎñ Ó teplotou vzduchu -10ɀ35 Ј#Ȣ 
-ñĠþÃþ ÐĠþÓÔÒÏÊÅ ÂÙÌÙ ÎÁ ÖÚÄÕÃÈÏÌÏÄÉ ÕÍþÓÔñÎï ÖÅ ÄÖÏÕ ÇÏÎÄÏÌÜÃÈȢ 6 ÐÒÖÎþ ÃÈÒÜÎÉÌÁ 
!ÅÒÏÄÙÎÁÍÉÃËĻ ÓÐÅËÔÒÏÍÅÔÒ éÜÓÔÉÃ ɉ!03-σσςρȟ 43)ȟ 53!Ɋȟ ËÔÅÒĻ ÍñĠþ ÎÁ υς ÖÅÌÉËÏÓÔÎþÃÈ 
ËÁÎÜÌÅÃÈ Ó ÆÒÅËÖÅÎÃþ ρ (Ú éÜÓÔÉÃÅ Ï ÖÅÌÉËÏÓÔÉ πȢυςσɀ10 Аm, metodou TOF. V ÄÒÕÈï ÇÏÎÄÏÌÅ 
ÂÙÌ ÕÍþÓÔñÎ /ÐÔÉÃËĻ ÓÐÅËÔÒÏÍÅÔÒ éÜÓÔÉÃ ɉ/03 σσσπȟ 43)ȟ 53!Ɋ Á ɉ.ÁÎÏÓÃÁÎ 3-03 σωρπȟ 
43)ȟ 53!Ɋȟ ËÔÅÒï ÐÏËÒĻÖÁÌÉ ÖÅÌÉËÏÓÔ éÜÓÔÉÃ ρπ nmɀ10 mm s intervalem 1 min. U obou gondol 
ÂÙÌ ÖÚÄÕÃÈ ÎÁÓÜÖÜÎ ËÏÖÏÖĻÍ ÖÙÈĠþÖÁÎĻÍ ɉυπЈ#Ɋ ÉÎÌÅÔÅÍ Ï Äïlce cca 40 cm. 
'ÒÁÄÉÅÎÔÏÖÏÕ ÍÅÔÏÄÏÕ ÂÙÌ ÎÁÄ ÚÅÍñÄñÌÓËÏÕ ÐĳÄÏÕ ÍñĠÅÎ ÐÏÖÒÃÈÏÖĻ ÔÏË ÈÍÏÔÎÏÓÔÉ 

éÜÓÔÉÃ 0-1, PM2.5 a PM10 z ÄÁÔ !03 Á ÐÏéÅÔÎþ ËÏÎÃÅÎÔÒÁÃÅ - PNC z dat Nanoscan a OPS. 
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3ÍñĤÏÖÁÃþ ÖÒÓÔÖÏÕ ÓÅ ÒÏÚÕÍþ ÔÁ éÜÓÔ ËÏÎÖÅËÔÉÖÎþ ÈÒÁÎÉéÎþ ÖÒÓÔÖÙȟ ÖÅ ËÔÅÒï ÐĠÅÖÌÜÄÁÊþ 
ËÏÎÖÅËÔÉÖÎþ ÖþĠÉÖï ÐÒÏÕÄÙ Ó ÒÏÚÍñÒÙ ÓÒÏÖÎÁÔÅÌÎĻÍÉ Ó ÃÅÌÏÕ ÔÌÏÕĤĩËÏÕ ËÏÎÖÅËÔÉÖÎþ 
ÈÒÁÎÉéÎþ ÖÒÓÔÖÙ ɉ#",ɊȢ 0ÒÏ ÖÙÈÏÄÎÏÃÅÎþ ÎÁÍñĠÅÎĻÃÈ ÈÏÄÎÏÔ ËÏÎÃÅÎÔÒÁÃþ ÂÙÌ ÐÏÕĿÉÔ ÖÚÔÁÈ 
ÖÙÃÈÜÚÅÊþÃþ Ú ÐÒÜÃÅ 7ÙÎÇÁÁÒÄÁ Á "ÒÏÓÔÁ ɉρωψτɊ Á ÊÅÊþÈÏ ÒÏÚĤþĠÅÎþ -ÏÅÎÇÅÍ Á 
Wyngaardem (1984): 

 
װ

Ὣװ ᶻװ Ὣװ װ  z,      (1)  

 
Ó ÇÒÁÄÉÅÎÔÏÖĻÍÉ ÆÕÎËÃÅÍÉ gb a gt ÐÏÕĿÉÔÅÌÎĻÍÉ ÐÒÏ ÐÏÐÉÓ ÐÒÏÃÅÓĳ ÎÁÄ ÒÏÖÎÏÕ 
ÎÅÚÁÌÅÓÎñÎÏÕ ÚÅÍþ ɉÐÏÌÅȟ ÌÏÕËÙɊ ÄÁÎĻÍÉ ÖÚÔÁÈÙ ɉ3ÐÉÒÉÇ ÅÔ ÁÌȢȟ ςππτɊȡ 
 

Ὣ πȟχ ρ ᾀᾀϳ  ,     (2)  
Ὣ πȟτ ᾀᾀϳ ϳ  ,     
 (3)  

 
kde c(z) je koncentrace, Fs ÊÅ ÔÕÒÂÕÌÅÎÔÎþ ÔÏË ÐÁÓÉÖÎþÈÏ ÓËÁÌÜÒÕ ÎÁ ÐÏÖÒÃÈÕȟ Fe je 
ÔÕÒÂÕÌÅÎÔÎþ ÔÏË ÐÁÓÉÖÎþÈÏ ÓËÁÌÜÒÕ ÓËÒÚ ÐĠÅÃÈÏÄÏÖÏÕ ÚĕÎÕ ÎÁ ÈÏÒÎþ ÈÒÁÎÉÃÉ #",ȟ z ÊÅ ÖĻĤËÁ 
ÍñĠÅÎþȟ zi ÊÅ ÖĻĤËÁ ÈÒÁÎÉéÎþ ÖÒÓÔÖÙ ÁÔÍÏÓÆïÒÙ ɉ0",Ɋȟ w* ÊÅ ËÏÎÖÅËÔÉÖÎþ ÒÙÃÈÌost.  

Koeficienty Ὂ a Ὂ ÌÚÅ ÓÔÁÎÏÖÉÔ ÆÉÔÏÖÜÎþÍ ÉÎÔÅÇÒÜÌÎþ ÐÏÄÏÂÙ ÖÚÔÁÈÕ (1): 
 

ὅ  
 z  

ËÏÎÓÔ    (4)  

 
ÎÁ ÎÁÍñĠÅÎÜ ÄÁÔÁȢ ,ÚÅ ÐÏÕĿþÔ ÍÅÔÏÄÕ ÎÅÊÍÅÎĤþÃÈ éÔÖÅÒÃĳ ÉÍÐÌÅÍÅÎÔÏÖÁÎÏÕ Ö programu 
7ÏÌÆÒÁÍ -ÁÔÈÅÍÁÔÉÃÁ ÆÕÎËÃþ FindFit. .ÁÍñĠÅÎÜ ÒÏÚÌÏĿÅÎþ ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃ ÕÄÜÖÜ 
Obr. 1. 

 
 

/ÂÒȢ ρȡ 6ĻĤËÏÖĻ ÐÒÏÆÉÌ ÖÅÌÉËÏÓÔÎþÃÈ ÄÉÓÔÒÉÂÕÃþ ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃ ÐÒÏ ÌÅÔÙ ÄÎÅ 
18. 09. ςπςπ Ö ρτȡρπ ÈÏÄȢɉÖÌÅÖÏɊ Á ρςȡυπ ÈÏÄȢ ɉÖÐÒÁÖÏɊ ɉ3%IɊȢ 
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6¸3,%$+9ȟ $)3+53%ȟ :<6Q29 
 

0ÏÕĿÉÔÅÌÎÏÓÔ ÍÏÄÅÌÕ ÐÒÏ ÖĻÐÏéÅÔ ÅÍÉÓÎþÈÏ ÔÏËÕ éÜÓÔÉÃ ÊÅ ÍÏĿÎÜ ÐÒÏ ÍñĠÅÎþ ÎÁÄ 
ÚÅÍñÄñÌÓËÏÕ ÐĳÄÏÕ ÓÔÒÉËÔÎñ ÐĠÉ ÐÏÄÍþÎËÜÃÈ ÄÏÂĠÅ ÐÒÏÍþÃÈÁÎï ËÏÎÖÅËÔÉÖÎþ ÍÅÚÎþ 
ÖÒÓÔÖÙ ɉ#",Ɋ Ó ÉÎÔÅÎÚÉÖÎþÍ ÔÕÒÂÕÌÅÎÔÎþÍ ÍþÓÅÎþÍȟ ÊÅÊþĿ ÖĻÓËÙÔ ÊÅ ÔÙÐÉÃËĻ Ö ÔÅÐÌï ÐÏÌÏÖÉÎñ 
roku. Lety v ÌÏËÁÌÉÔñ "ñÌÅé ρψȢωȢςπςπ ÓÐÌĐÕÊþ ÔÙÔÏ ÐÏÄÍþÎËÙȢ .Á /ÂÒȢ ς Á σ ÊÓÏÕ ÕÖÅÄÅÎÙ 
ÎÁÍñĠÅÎï ËÏÎÃÅÎÔÒÁÃÅ 0-1, PM2.5, PM10 Á 0.# Ö ÊÅÄÎÏÔÌÉÖĻÃÈ ÖĻĤËÜÃÈ ÐÒÏ ÌÅÔ Ö 12:50 hod., 
respektive pro let v ρτȡρπ ÈÏÄȢ ÄÎÅ ρψȢ ωȢ ςπςπ Ó ÖÙÚÎÁéÅÎþÍ ÎÅÊÌÅÐĤþÈÏ ÆÉÔÕȢ 6 Tabulce 1 
jsou uvedeny hodnoty povrÃÈÏÖĻÃÈ ÔÏËĳ &Ó ÐÒÏ ÒĳÚÎï ÖĻĤËÙ zi ÚþÓËÁÎï ÁÎÁÌĻÚÏÕ 
ÖĻĤËÏÖïÈÏ ÐÒÏÆÉÌÕ   éÜÓÔÉÃ 0-1, PM2,5, PM10 Á ÐÏéÔÕ éÜÓÔÉÃ 0.# ÐÒÏ ÌÅÔÙ Ö ÌÏËÁÌÉÔñ "ñÌÅé ÄÎÅ 
18. 9. 2020. 

 

Obr. 2: .ÁÍñĠÅÎï ËÏÎÃÅÎÔÒÁÃÅ 0-1, PM2.5, PM10 Á 0.# Ö ÊÅÄÎÏÔÌÉÖĻÃÈ ÖĻĤËÜÃÈ ÐÒÏ ÌÅÔ ÄÎÅ 
18. 9. 2020 v ρςȡυπ ÈÏÄȢ ɉ3%IɊ Ó ÖÙÚÎÁéÅÎþÍ ÎÅÊÌÅÐĤþÈÏ ÆÉÔÕȢ 

 
4ÁÂȢ ρȡ (ÏÄÎÏÔÙ ÐÏÖÒÃÈÏÖĻÃÈ ÔÏËĳ Fs ÐÒÏ ÒĳÚÎï ÖĻĤËÙ ÚþÓËÁÎï ÁÎÁÌĻÚÏÕ ÖĻĤËÏÖïÈÏ ÐÒÏÆÉÌÕ 
ËÏÎÃÅÎÔÒÁÃþ éÜÓÔÉÃ 0-1, PM2,5, PM10 Á ÐÏéÔÕ éÜÓÔÉÃ 0.#Ȣ ,ÏËÁÌÉÔÁ "ñÌÅéȟ ÄÎÅ ρψȢ 9. 2020. 

IÁÓ 

letu  
6ĻĤËÁ 
h. v. 

Konc. Konc. Konc. 
0ÏéÅÔ 
éÜÓÔÉÃ 

%ÍÉÓÎþ 
tok  

%ÍÉÓÎþ 
tok  

%ÍÉÓÎþ 
tok  

%ÍÉÓÎþ 

tok  

3%I zi PM1 PM2,5 PM10 PNC Fs PM1 Fs PM2,5 Fs PM10 Fs PNC 

 m АÇ Í-3 АÇ Í-3 АÇ Í-3 cm-3 АÇ Í-2 s-1 АÇ Í-2 s-1 АÇ Í-2 s-1 dm-2 s-1 

12:50 2178.2 0.36 1.16 10.60 7876.09 0.06 0.08 0.18   128.88 

14:10 1967.2 0.48 1.42 11.83 7959.30 0.12 0.16 0.43 1076.30 
 



92 
 

 

Obr. 3: .ÁÍñĠÅÎï ËÏÎÃÅÎÔÒÁÃÅ 0-1, PM2.5, PM10 Á 0.# Ö ÊÅÄÎÏÔÌÉÖĻÃÈ ÖĻĤËÜÃÈ ÐÒÏ ÌÅÔ ÄÎÅ 
18. 09. 2020 v ρτȡρπ ÈÏÄȢ ɉ3%IɊ Ó ÖÙÚÎÁéÅÎþÍ ÎÅÊÌÅÐĤþÈÏ ÆÉÔÕȢ 

 
0ÏÕĿÉÔĻ ÍÏÄÅÌ ÊÅ Ö ÓÏÕéÁÓÎï ÄÏÂñ ÊÅÄÎþÍ Ú ÎÅÊÐÏËÒÏéÉÌÅÊĤþÃÈ ÍÏÄÅÌĳ ÐÒÏ ÚÐÒÁÃÏÖÜÎþ 

ÄÁÔ ÚþÓËÁÎĻÃÈ ÌÅÔÏÖĻÍ ÍñĠÅÎþÍȢ ,ÉÍÉÔÁÃþ ÍÏÄÅÌÕ ÊÅ ÖĤÁË ÓËÕÔÅéÎÏÓÔȟ ĿÅ poskytuje 
ËÏÒÅËÔÎþ ĠÅĤÅÎþ ÅÍÉÓÎþÃÈ ÔÏËĳ éÜÓÔÉÃ ÓÔÒÉËÔÎñ ÐĠÉ ÐÏÄÍþÎËÜÃÈ ÄÏÂĠÅ ÐÒÏÍþÃÈÁÎï 
ËÏÎÖÅËÔÉÖÎþ ÍÅÚÎþ ÖÒÓÔÖÙ ɉ#",Ɋ Ó ÉÎÔÅÎÚÉÖÎþÍ ÔÕÒÂÕÌÅÎÔÎþÍ ÍþÓÅÎþÍȟ ÊÅÊþĿ ÖĻÓËÙÔ ÊÅ 
ÔÙÐÉÃËĻ Ö ÔÅÐÌï ÐÏÌÏÖÉÎñ ÒÏËÕȢ 4ÁËÏÖÜ ÐÏÄÍþÎËÁ ÂÙÌÁ ÓÐÌÎñÎÁ ÐÒÏ ÚÅÍñÄñÌÓËÜ ÐÏÌÅȢ 0ÒÏ 
ÄĳÌÅĿÉÔï ÔÙÐÙ ÚÄÒÏÊĳ ÁÅÒÏÓÏÌÕ ÚÁ ÉÎÖÅÒÚÎþÃÈ ÐÏÄÍþÎÅË ÔÅÐÌÏÔÎþÈÏ ÚÖÒÓÔÖÅÎþ ÎÅÎþ 
v ÓÏÕéÁÓÎï ÄÏÂñ ÖÈÏÄÎï ÍÏÄÅÌÏÖï ĠÅĤÅÎþ ÅÍÉÓÎþÃÈ ÔÏËĳ ÚÅ ÖÚÄÕÃÈÏÌÏÄÉȢ 
 

 
 

0/$Q+/6<.^ 
 

!ÕÔÏĠÉ ÐÒÜÃÅ ÄñËÕÊþ ÚÁ ÐÏÄÐÏÒÕ ÇÒÁÎÔÕ projektu 4!I2 TH02030238 ȵMetodika 
ÅØÐÅÒÉÍÅÎÔÜÌÎþÈÏ ÓÔÁÎÏÖÅÎþ ÅÍÉÓÎþ ÍÏÈÕÔÎÏÓÔÉ ÖÙÂÒÁÎĻÃÈ ÚÄÒÏÊĳ ÁÅÒÏÓÏÌÕȱȢ 
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+ÌþéÏÖÜ ÓÌÏÖÁȡ ÃÅÌËÏÖï ÓÕÓÐÅÎÄÏÖÁÎï éÜÓÔÉÃÅȟ ÕÈÌþËÁÔï ÁÅÒÏÓÏÌÙȟ ËÁÒÂÏÎÜÔÙȟ ɿ13C, Arktida 

 
SUMMARY 

 
Two-years of measurements (summer 2016 - spring 2018) of carbonaceous aerosols 

at the High Arctic station Alert, Canada, showed that in addition to organic carbon (OC) 
and elemental carbon (EC), carbonate carbon (CC) was not negligibly present. The relative 
abundances of CC in total carbon (TC) was 15% on average for the whole period. Based 
on analysis of air mass back trajectories, we infer two possible sources of CC in the Arctic 
total suspended particles (TSP). The CC content was significantly reflected in the stable 
ÃÁÒÂÏÎ ÉÓÏÔÏÐÉÃ ÃÏÍÐÏÓÉÔÉÏÎ ɉɿ13C) of TC. Thus, carbonates in Arctic TSP have to be taken 
into account both in isÏÔÏÐÉÃ ÓÔÕÄÉÅÓ ÕÓÉÎÇ ɿ13C analyses as well as when considering the 
impact of carbonaceous aerosols on Arctic climate. 

 
ª6/$ 

 
+ÏÌÏÂñÈ ÕÈÌþËÕ Ö ÁÒËÔÉÃËï ÁÔÍÏÓÆïĠÅ ÊÅ ÄĳÌÅĿÉÔĻ ÐÒÏ ÐÏÃÈÏÐÅÎþ ÎÜÈÌĻÃÈ ËÌÉÍÁÔÉÃËĻÃÈ 

ÚÍñÎ Ö ÔïÔÏ ÏÂÌÁÓÔÉȢ !ÅÒÏÓÏÌÙ ÊÓÏÕ ÊÅÄÎþÍ Ú ÆÁËÔÏÒĳ ÏÖÌÉÖĐÕÊþÃþÃÈ ËÌÉÍÁȟ ÁÌÅ ÊÅÊÉÃÈ ÖÌÉÖ ÎÁ 
ÎñÊ ÐÏÄÌïÈÜ ÚÎÁéÎĻÍ ÎÅÊÉÓÔÏÔÜÍȢ .ÅÊÉÓÔÏÔÙ Ö ÊÅÊÉÃÈ ÒÁÄÉÁéÎþÍ ÐĳÓÏÂÅÎþ ÊÓÏÕ ÓÐÏÊÅÎÙ 
ÐĠÅÄÅÖĤþÍ Ó ÕÈÌþËÁÔĻÍÉ ÁÅÒÏÓÏÌÙȢ 6 ÔïÔÏ ÓÔÕÄÉÉ ÐĠÅÄÓÔÁÖÕÊÅÍÅ ÄÖÁ ÒÏËÙ ÐÏÚÏÒÏÖÜÎþ 
ÕÈÌþËÁÔĻÃÈ ÁÅÒÏÓÏÌĳ ÎÁ ÁÒËÔÉÃËï ÓÔÁÎÉÃÉ !ÌÅÒÔ ɉ+ÁÎÁÄÁɊ ÓÅ ÚÁÍñĠÅÎþÍ ÎÁ ÏÂÓÁÈ ÕÈÌÉéÉÔÁÎĳ 
Á ÉÚÏÔÏÐÏÖï ÓÌÏĿÅÎþ ɿ13# ÃÅÌËÏÖïÈÏ ÕÈÌþËÕȢ 

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

 
-ñĠÅÎþ ÕÈÌþËÁÔĻÃÈ ÁÅÒÏÓÏÌĳ ÂÙÌÏ ÐÒÏÖÅÄÅÎÏ ÎÁ ÄÖÏÕÌÅÔïÍ ÓÅÔÕ ÖÚÏÒËĳ ɉ. Ѐ ωσȟ éÅÒÖÅÎ 

2016 - ÄÕÂÅÎ ςπρψɊ ÃÅÌËÏÖĻÃÈ ÓÕÓÐÅÎÄÏÖÁÎĻÃÈ éÜÓÔÉÃ ɉ430Ɋ ÏÄÅÂÒÁÎĻÃÈ Ö ÔĻÄÅÎÎþÃÈ 
ÉÎÔÅÒÖÁÌÅÃÈ ÎÁ ÁÒËÔÉÃËï ÓÔÁÎÉÃÉ !ÌÅÒÔȟ .ÕÎÁÖÕÔȟ +ÁÎÁÄÁ ɉψςЈςχͻ.ȟ φςЈσπͻ7ȟ ςρπ Í !3,ɊȢ 
"ÙÌÏ ÐÒÏÖÅÄÅÎÏ ÍñĠÅÎþ ÏÒÇÁÎÉÃËïÈÏ ÕÈÌþËÕ ɉ/#Ɋȟ ÅÌÅÍÅÎÔÜÒÎþÈÏ ÕÈÌþËÕ ɉ%#Ɋ Á ÃÅÌËÏÖïÈÏ 
ÕÈÌþËÕ ɉ4# Ѐ /# Ϲ %#Ɋ ÔÅÐÌÏÔÎþÍ ÐÒÏÔÏËÏÌÅÍ )ÍÐÒÏÖÅͺ! (Chow et al., 2007)Ȣ  3ÔÅÊÎï ÖÚÏÒËÙ 
ÂÙÌÙ ÄÜÌÅ ÁÎÁÌÙÚÏÖÜÎÙ ÎÁ ÓÔÁÂÉÌÎþ ÉÚÏÔÏÐÉÃËï ÓÌÏĿÅÎþ ÕÈÌþËÕ ɉɿ13#Ɋ Ö 4# ÐÏÍÏÃþ EA-IRMS. 
6ĤÅÃÈÎÙ ÖĻĤÅ ÕÖÅÄÅÎï ÁÎÁÌĻÚÙ ɉ%#ȟ /#ȟ 4# Á ɿ13# Ö 4#Ɋ ÂÙÌÙ ÐÏÔï ÏÐÁËÏÖÜÎÙ ÐÏ ÖÙÓÔÁÖÅÎþ 
ÖÚÏÒËĳ ÐĳÓÏÂÅÎþ ÐÁÒ (#ÌȢ : ÒÏÚÄþÌÕ 4# Á 4# ÐÏ ÏĤÅÔĠÅÎþ (#Ì ɉ4#HClɊ ÂÙÌ ÖÙÐÏéÔÅÎ ÏÂÓÁÈ ## 
(CC = TC - TCHClɊȟ ËÔÅÒĻ ÚÈÒÕÂÁ ÒÅÐÒÅÚÅÎÔÕÊÅ ÏÂÓÁÈ ÕÈÌÉéÉÔÁÎĳ Ö ÄÁÎĻÃÈ ÖÚÏÒÃþÃÈȢ 

 
6¸3,%$+9 
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0ÏÄþÌ ÁÅÒÏÓÏÌÕ ## ɉÔÊȢ ÕÈÌÉéÉÔÁÎÏÖïÈÏ ÕÈÌþËÕɊ Ö ÁÒËÔÉÃËïÍ 430 ÎÁ ÓÔÁÎÉÃÉ !ÌÅÒÔ ÎÅÎþ 
ÚÁÎÅÄÂÁÔÅÌÎĻȢ 2ÅÌÁÔÉÖÎþ ÚÁÓÔÏÕÐÅÎþ ## Ö 4# ÓÅ ÐÏÈÙÂÏÖÁÌÏ ÏÄ π ÄÏ φπ Ϸ Ó ÐÒĳÍñÒÅÍ  
ρυ Ϸ ÚÁ ÃÅÌï ÏÂÄÏÂþ ÍñĠÅÎþȢ 6 ÐÒĳÍñÒÕ ÚÄÅ ÂÙÌÏ ςυ Ϸ ɉÒÏÚÍÅÚþ π ÁĿ ψρ Ϸ) EC a 12 % 
ɉÒÏÚÍÅÚþ π ÁĿ τφ ϷɊ /# ÁÎÁÌÙÚÏÖÁÎĻÃÈ ÐÒÏÔÏËÏÌÅÍ )ÍÐÒÏÖÅͺ! ÉÄÅÎÔÉÆÉËÏÖÜÎÏ ÊÁËÏ ##Ȣ 
6ÌÉÖ ÏÄÓÔÒÁÎñÎþ ## ÚÅ ÖÚÏÒËÕ ÓÅ ÖĻÚÎÁÍÎñ ÐÒÏÊÅÖÉÌ É Ö ÉÚÏÔÏÐÏÖïÍ ÓÌÏĿÅÎþ ɿ13C TC (Obr.1). 
6ÌÉÖ ## ÎÁ ɿ13# ÓÅ ÐÒÏÊÅÖÉÌ ÚÅÊÍïÎÁ Ö ÌïÔñ ςπρφ Á ςπρχ Á ÔÁËï ÂñÈÅÍ ÐÏÄÚimu 2016 v 
ÄĳÓÌÅÄËÕ ÓÉÌÎïÈÏ ÌÏËÜÌÎþÈÏ ÔÒÁÎÓÐÏÒÔÕ ÁÒËÔÉÃËïÈÏ ÐÒÁÃÈÕȢ .ÁÏÐÁË ÖÌÉÖ ÏÄÓÔÒÁĐÏÖÜÎþ ## 
ÎÁ ɿ13# ÂÙÌ ÎÅÊÎÉĿĤþ ÎÁ ÊÁĠÅȢ  

  .Á ÚÜËÌÁÄñ ÁÎÁÌĻÚ ÚÐñÔÎĻÃÈ ÔÒÁÊÅËÔÏÒÉþ ÖÚÄÕĤÎĻÃÈ ÈÍÏÔ ÊÓÍÅ ÉÄÅÎÔÉÆÉËÏÖÁÌÉ ÄÖÁ 
ÍÏĿÎï ÚÄÒÏÊÅ ÕÈÌÉéÉÔÁÎĳȢ 0ÒÖÎþÍ ÊÓÏÕ ÅÒÏÄÏÖÁÎï Á ÒÅÓÕÓÐÅÎÄÏÖÁÎï ÖÜÐÅÎÃÏÖï ÓÅÄÉÍÅÎÔÙ 
Ö ÓÅÖÅÒÎþ éÜÓÔÉ +ÁÎÁÄÙȢ $ÒÕÈĻÍ ÚÄÒÏÊÅÍ ÍÏÈÏÕ ÂĻÔ ÖÜÐÅÎÁÔï ÓÃÈÒÜÎËÙ ɉËÏËÏÌÉÔÙɊ 
ÐÒÏÄÕËÏÖÁÎï ÍÏĠÓËĻÍ ÆÙÔÏÐÌÁÎËÔÏÎÅÍ Á ÐĠÅÎÜĤÅÎï ÚÅ 3ÅÖÅÒÎþÈÏ ÌÅÄÏÖïÈÏ ÏÃÅÜÎÕ É ÚÅ 
ÓÅÖÅÒÎþÈÏ !ÔÌÁÎÔÉËÕȢ $ÅÔÁÉÌÙ ÂÕÄÏÕ ÄÉÓËÕÔÏÖÜÎÙ ÂñÈÅÍ ÐĠÅÄÎÜĤËÙ.  
 

 
/ÂÒȢ ρȡ 3ÅÚĕÎÎþ ÖÁÒÉÁÃÅ ÉÚÏÔÏÐÏÖïÈÏ ÓÌÏĿÅÎþ ɿ13# Ö ÃÅÌËÏÖïÍ ÕÈÌþËÕ ɉ4#Ɋ ÏÂÓÁĿÅÎïÍ Ö 
ÃÅÌËÏÖĻÃÈ ÓÕÓÐÅÎÄÏÖÁÎĻÃÈ éÜÓÔÉÃþÃÈ ɉ430Ɋ ÐĠÅÄ Á ÐÏ ÆÕÍÉÇÁÃÉ (#Ì Õ ÖÚÏÒËĳ ÏÄÅÂÒÁÎĻÃÈ 

na vysoko-ÁÒËÔÉÃËï ÓÔÁÎÉÃÉ !ÌÅÒÔ Ö ÏÂÄÏÂþ ÏÄ ÌïÔÁ ςπρφ ÄÏ ÊÁÒÁ ςπρψȢ 
       

0/$Q+/6<.^ 
 

4ÅÎÔÏ ËÏÎÆÅÒÅÎéÎþ ÐĠþÓÐñÖÅË ÂÙÌ ÐÏÄÐÏĠÅÎ ÇÒÁÎÔÅÍ -£-4 I2 !#42)3-CZ 
,-ςπςσπσπ Á ÇÒÁÎÔÅÍ ÊÁÐÏÎÓËï ÓÐÏÌÅéÎÏÓÔÉ *303 éȢ ςτςςρππρȢ !ÕÔÏĠÉ ÄñËÕÊþ #&3 
ɉ#ÁÎÁÄÉÁÎ &ÏÒÃÅÓ 3ÔÁÔÉÏÎɊ !ÌÅÒÔ ÚÁ ĭÄÒĿÂÕ ÚÜËÌÁÄÎÙȟ Á ÄÜÌÅ !ÎÄÒÅ× 0ÌÁÔÔÏÖÉȟ ÏÐÅÒÜÔÏÒÏÖÉ 
pro ECCC (Environment and Climate Change Canada) na stanici Alert, za koordinaci 
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69(/$./#%.^ 3%.:/2/6¸#( -Q~%.^ +/.#%.42!#^ !%2/3/,/6¸#( I<34)# 
V PROJEKTECH FINANCO6!.¸#( : ./23+¸#( &/.$° 

 
0ÁÖÅÌ #(!,/50%#+¸ȟ /ÎÄĠÅÊ 36!I).+! 

 
%.6)ÔÅÃÈ "ÏÈÅÍÉÁ ÓȢÒȢÏȢȟ 0ÒÁÈÁȟ IÅÓËÜ 2ÅÐÕÂÌÉËÁȟ ÃÈÁÌÏÕÐÅÃËÙͽÅÎÖÉÔÅÃÈ-bohemia.cz 

 
+ÌþéÏÖÜ ÓÌÏÖÁȡ 0ÒÁĤÎĻ ÁÅÒÏÓÏÌȟ 3ÅÎÚÏÒÉÃËÜ ÍñĠÅÎþ 

 
 

SUMMARY 
 

This study focuses on the evaluation of sensor-based measurements of aerosol 
particle concentrations in environmental projects funded by the Norwegian grants 
realized during the years 2023 and 2024. The projects funded by the Norway Grants 
focused on monitoring the concentration of dust particles in relation to the assessment of 
the impact of local heating. ENVItech Bohemia s.r.o. has implemented directly or 
indirectly (e.g. by subcontracting) 14 projects financed from this grant. During the 
implementation of these projects, a great deal of experience has been gained from the 
operation of sensor units for the measurement of dust particles. These experiences, 
operational lessons and recommendations for the use of sensor units are summarised in 
this paper. 

 
 

ª6/$ 
 

Tato studie se ÚÁÍñĠÕÊÅ ÎÁ ÈÏÄÎÏÃÅÎþ ÓÅÎÚÏÒÏÖĻÃÈ ÍñĠÅÎþ ËÏÎÃÅÎÔÒÁÃþ ÁÅÒÏÓÏÌÏÖĻÃÈ 
éÜÓÔÉÃ Ö ÅÎÖÉÒÏÎÍÅÎÔÜÌÎþÃÈ ÐÒÏÊÅËÔÅÃÈ ÆÉÎÁÎÃÏÖÁÎĻÃÈ Ú .ÏÒÓËĻÃÈ ÆÏÎÄĳ ÒÅÁÌÉÚÏÖÁÎĻÃÈ Ö 
ÌÅÔÅÃÈ ςπςσ Á ςπςτȢ 0ÒÏÊÅËÔÙ ÆÉÎÁÎÃÏÖÁÎï Ú .ÏÒÓËĻÃÈ ÆÏÎÄĳ ÓÅ ÚÁÍñĠÏÖÁÌÙ ÎÁ ÓÌÅÄÏÖÜÎþ 
koncentrace aerosoloÖĻÃÈ éÜÓÔÉÃ Ö ÎÜÖÁÎÏÓÔÉ ÎÁ ÈÏÄÎÏÃÅÎþ ÖÌÉÖÕ ÌÏËÜÌÎþÈÏ ÖÙÔÜÐñÎþȢ 
3ÐÏÌÅéÎÏÓÔ %.6)ÔÅÃÈ "ÏÈÅÍÉÁ ÓȢÒȢÏȢ ÒÅÁÌÉÚÏÖÁÌÁ ÐĠþÍÏ ÎÅÂÏ ÎÅÐĠþÍÏ ɉÎÁÐĠȢ ÆÏÒÍÏÕ 
ÓÕÂÄÏÄÜÖËÙɊ ρτ ÐÒÏÊÅËÔĳ ÆÉÎÁÎÃÏÖÁÎĻÃÈ Ú ÖĻÚÖÙ ȵ3ÖÁÌÂÁÒÄ ɀ Monitoring a identifikace 
ÍþÓÔÎþÈÏ ÚÎÅéÉĤÔñÎþ ÏÖÚÄÕĤþ ÚÁÐĠþéÉÎñÎïÈÏ ÌÏËÜÌÎþÍÉ ÔÏÐÅÎÉĤÔÉȰ ɀ v éÜÓÔÉ !Ɋ 0ÏĠþÚÅÎþ Á 
ÉÎÓÔÁÌÁÃÅ ÓÅÎÚÏÒĳ ËÖÁÌÉÔÙ ÏÖÚÄÕĤþ ÚÁ ĭéÅÌÅÍ ÐÒÏÖÜÄñÎþ ÌÏËÜÌÎþÈÏ ÍÏÎÉÔÏÒÉÎÇÕȢ "ñÈÅÍ 
ÒÅÁÌÉÚÁÃÅ ÔñÃÈÔÏ ÐÒÏÊÅËÔĳ ÂÙÌÏ ÚþÓËÜÎÏ ÍÎÏÈÏ ÚËÕĤÅÎÏÓÔþ Ú ÐÒÏÖÏÚÕ ÓÅÎÚÏÒÏÖĻÃÈ ÊÅÄÎÏÔÅË 
ÐÒÏ ÍñĠÅÎþ ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃȢ 4ÙÔÏ ÚËÕĤÅÎÏÓÔÉȟ ÐÏÚÎÁÔËÙ Ú ÐÒÏÖÏÚÕ Á ÄÏÐÏÒÕéÅÎþ ÐÒÏ 
ÐÏÕĿþÖÜÎþ ÓÅÎÚÏÒÏÖĻÃÈ ÊÅÄÎÏÔÅË ÊÓÏÕ ÓÈÒÎÕÔÙ Ö ÔÏÍÔÏ ÄÏËÕÍÅÎÔÕȢ 

 
 

:<+,!$.^ ).&/2-!#% / PROJEKTECH A METODIKA 
 

V ÒÜÍÃÉ éÜÓÔÉ !Ɋ 0ÏĠþÚÅÎþ Á ÉÎÓÔÁÌÁÃÅ ÓÅÎÚÏÒĳ ËÖÁÌÉÔÙ ÏÖÚÄÕĤþ ÚÁ ĭéÅÌÅÍ ÐÒÏÖÜÄñÎþ 
ÌÏËÜÌÎþÈÏ ÍÏÎÉÔÏÒÉÎÇÕ ÖĻÚÖÙ 3ÖÁÌÂÁÒÄ ɀ -ÏÎÉÔÏÒÉÎÇ Á ÉÄÅÎÔÉÆÉËÁÃÅ ÍþÓÔÎþÈÏ ÚÎÅéÉĤÔñÎþ 
ÏÖÚÄÕĤþ ÚÁÐĠþéÉÎñÎïÈÏ ÌÏËÜÌÎþÍÉ ÔÏÐÅÎÉĤÔÉ ÂÙÌÙ ÐÏÄÐÏÒÏÖÁÎĻÍÉ ÁËÔÉÖÉÔÁÍÉ ÐÏĠþÚÅÎþ Á 
ÉÎÓÔÁÌÁÃÅ ÓÅÎÚÏÒĳ ËÖÁÌÉÔÙ ÏÖÚÄÕĤþ ÚÁ ĭéÅÌÅÍ ÐÒÏÖÜÄñÎþ ÌÏËÜÌÎþÈÏ ÍÏÎÉÔÏÒÉÎÇÕ Ó ÄĳÒÁÚÅÍ 
na ÐÒÏÂÌÅÍÁÔÉËÕ ÖÙÔÜÐñÎþ ÄÏÍÜÃÎÏÓÔþ ɉÔÚÖȢ ÌÏËÜÌÎþÃÈ ÔÏÐÅÎÉĤĩɊȟ ÐĠÉéÅÍĿ ÐÒÏÖÜÄñÎþ 
ÓÅÎÚÏÒÏÖïÈÏ ÍñĠÅÎþ ËÖÁÌÉÔÙ ÏÖÚÄÕĤþ ÍÕÓÅÌÏ ÂĻÔ ÓÏÕéÁÓÎñ ÏÖñĠÅÎÏ ÒÅÆÅÒÅÎéÎþÍ ÍñĠÅÎþÍȢ 

V ÒÜÍÃÉ ÉÍÐÌÅÍÅÎÔÁÃÅ ÖĻĤÅ ÕÖÅÄÅÎĻÃÈ ρτ ÐÒÏÊÅËÔĳ ÂÙÌÏ ÎÁÉÎÓÔÁÌÏÖÜÎÏ ςωφ 
ÐÒÁÃÈÏÍñÒÎĻÃÈ ÏÐÔÉÃËĻÃÈ ÓÅÎÚÏÒÉÃËĻÃÈ ÊÅÄÎÏÔÅË Á σχ ÍÅÔÅÏÒÏÌÏÇÉÃËĻÃÈ ÊÅÄÎÏÔÅË Ó 



97 
 

ÍñĠÅÎþÍ ÒÙÃÈÌÏÓÔÉ Á ÓÍñÒÕ ÖñÔÒÕȟ ÔÅÐÌÏÔÙȟ ÔÌÁËÕ Á ÖÌÈËÏÓÔÉ ÖÚÄÕÃÈÕ ÎÁÐĠþé IÅÓËÏÕ 
republikou. 
0ÒÏ ÍÏÎÉÔÏÒÉÎÇ ÂÙÌÙ ÐÏÕĿÉÔÙ ÏÐÔÉÃËï ÓÅÎÚÏÒÙ ÖÈÏÄÎï ÐÒÏ ÐÏÕĿÉÔþ ÖÅ ÖÅÎËÏÖÎþÍ 

ÐÒÏÓÔĠÅÄþȢ 0ÒÏ ÍñĠÅÎþ ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃ 0-10, PM2.5 a PM1 ÂÙÌÙ ÖÙÕĿÉÔÙ ÓÅÎÚÏÒÉÃËï 
ÊÅÄÎÏÔËÙ ÅÎÖÉ$534 ÍñĠþÃþ ÎÁ ÏÐÔÉÃËïÍ ÐÒÉÎÃÉÐÕȢ +ÏÎÃÅÎÔÒÁéÎþ ÒÏÚÓÁÈ ÊÅÄÎÏÔÅË ÊÅ π ɀ 500 
ʈÇȾÍ3 Á ÎÅÊÉÓÔÏÔÁ ÍñĠÅÎþ ÎÅÐĠÅÓÁÈÕÊÅ συϷȢ + ÍñĠÅÎþ ÍÅÔÅÏÒÏÌÏÇÉÃËĻÃÈ ÖÅÌÉéÉÎ ÂÙÌÙ 
ÖÙÕĿÉÔÙ ÓÅÎÚÏÒÉÃËï ÍÅÔÅÏÓÔÁÎÉÃÅ ÅÎÖÉ-%4 ÓÃÈÏÐÎï ÄÅÔÅËÏÖÁÔ ÔÅÐÌÏÔÙ -ςπ Ј# ÁĿ Ϲυπ Ј#ȟ 
ÒÅÌÁÔÉÖÎþ ÖÌÈËÏÓÔȟ ÁÔÍÏÓÆïÒÉÃËĻ ÔÌÁËȟ ÓÍñÒ Á ÓþÌÕ ÖñÔÒÕȢ 
-ñĠþÃþ ÊÅÄÎÏÔËÙ ÂÙÌÙ ÖñÔĤÉÎÏÕ ÎÁÉÎÓÔÁÌÏÖÜÎÙ ÎÁ ÍþÓÔÅÃÈ Ó ÍÏĿÎÏÓÔþ ÐĠÉÐÏÊÅÎþ ÎÁ ςσπ 

6 ÖÅ ÖĻĤÃÅ ς ɀ τ Í ÎÁÄ ÚÅÍÓËĻÍ ÐÏÖÒÃÈÅÍȟ Ö ÂÅÚÐÅéÎï ÚĕÎñȟ ËÄÅ ÎÅÈÒÏÚþ ÊÅÊÉÃÈ ÐÏĤËÏÚÅÎþ 
ÌÉÄÍÉ éÉ ÊÉÎĻÍÉ ÖÌÉÖÙȟ ÍÉÍÏ ÐĠþÍĻ ÄÏÓÁÈ ÅÍÉÓÎþÃÈ ÚÄÒÏÊĳȟ ÁÌÅ ÚÜÒÏÖÅĐ Ö ÌÏËÁÌÉÔÜÃÈȟ ËÄÅ ÌÚÅ 
ÏéÅËÜÖÁÔ ÚÖĻĤÅÎï ÉÍÉÓÎþ ËÏÎÃÅÎÔÒÁÃÅ ÖÌÉÖÅÍ ÌÏËÜÌÎþÃÈ ÔÏÐÅÎÉĤĩȢ 0ĠÉ ÒÏÚÍþÓÔñÎþ éÉÄÅÌ ÂÙÌ 
ÚÏÈÌÅÄÎñÎ ÚÜÍñÒ ËÁĿÄïÈÏ ÊÅÄÎÏÔÌÉÖïÈÏ ÐÒÏÊÅËÔÕȟ ÎÁÐĠȢ ÐÏÒÏÖÎÜÎþ ËÏÎÃÅÎÔÒÁÃÅ ÌÜÔÅË Ö 
ÎÉĿĤþÃÈ ĭÄÏÌÎþÃÈ ÐÏÌÏÈÜÃÈ Ó ÈÏÒĤþÍÉ ÒÏÚÐÔÙÌÏÖĻÍÉ ÐÏÄÍþÎËÁÍÉ Á Ö ÌïÐÅ ÐÒÏÖñÔÒÜÖÁÎĻÃÈ 
ÖÙĤĤþÃÈ ÐÏÌÏÈÜÃÈȠ ÐÏÒÏÖÎÜÎþ ÌÏËÁÌÉÔ s ÒĳÚÎĻÍ ÄÒÕÈÅÍ ÖÙÔÜÐñÎþȟ ÁÐÏÄȢ 

 

 
/ÂÒȢ ρȡ 0ÒÁÃÈÏÍñÒÎÜ ÓÅÎÚÏÒÉÃËÜ ÊÅÄÎÏÔËÁ ÅÎÖÉ$534 ɉÖÌÅÖÏɊȟ ÓÅÎÚÏÒÉÃËÜ ÍÅÔÅÏÓÔÁÎÉÃÅ 

enviMET 
 
0Ï ÃÅÌÏÕ ÄÏÂÕ ÍÏÎÉÔÏÒÉÎÇÕ ÂÙÌÁ ÎÁÍñĠÅÎÜ ÄÁÔÁ ÄÏÓÔÕÐÎÜ ÎÁ ×ÅÂÏÖïÍ ÐÏÒÔÜÌÕ 

ÓÍÁÒÔ%.6)Ȣ ÓÍÁÒÔ%.6) ÎÁÂþÚþ ÐĠÅÈÌÅÄÎï ÇÅÏÇÒÁÆÉÃËï ÚÏÂÒÁÚÅÎþ ÍÏÎÉÔÏÒÏÖÁÎĻÃÈ ÌÏËÁÌÉÔȟ 
ÕÍÏĿĐÕÊÅ ÒÏÚÄñÌÅÎþ ÄÏ ÐÒÏÊÅËÔĳȟ ÐÏÓËÙÔÕÊÅ ÇÒÁÆÉÃËï ÚÏÂÒÁÚÅÎþ ÄÅÔÁÉÌĳ ÓÔÁÎÉÃ Ó ÁËÔÕÜÌÎþÍÉ 
ÈÏÄÎÏÔÁÍÉȟ ÕÍÏĿĐÕÊÅ ÓÎÁÄÎï Á ÐĠÅÈÌÅÄÎï ÓÒÏÖÎÜÎþ ÒĳÚÎĻÃÈ ÖÅÌÉéÉÎ ÍÅÚÉ ÓÔÁÎÉÃÅÍÉȟ ÎÁÂþÚþ 
ÎÜÖĤÔñÖÎþËĳÍ ÍÏĿÎÏÓÔ ÓÔÁÈÏÖÁÔ ÄÁÔÁ Á ÖÙÔÖÜĠÅÔ ÔÁË ÖÌÁÓÔÎþ ÁÎÁÌĻÚÙ Ï ÓÔÁÖÕ ÏÖÚÄÕĤþȢ 
3ÍÁÒÔ%.6) ÚÏÂÒÁÚÕÊÅ ÄÁÔÁ ÊÁË ÚÅ ÓÅÎÚÏÒÉÃËĻÃÈȟ ÔÁË ÖÙÂÒÁÎĻÃÈ ÒÅÆÅÒÅÎéÎþÃÈ ÓÔÁÎÉÃ Á 
ÕÍÏĿĐÕÊÅ ÔÁË ÌÁÉÃËï ÖÅĠÅÊÎÏÓÔÉ É ÏÄÂÏÒÎþËĳÍ ÓÌÅÄÏÖÁÔ ÓÔÁÖ ÏÖÚÄÕĤþ Ö ÍÉËÒÏÒÅÇÉÏÎÜÌÎþÍ É 
ÃÅÌÏÓÔÜÔÎþÍ ÍñĠþÔËÕȢ 
7ÅÂÏÖÜ ÁÐÌÉËÁÃÅ 3ÍÁÒÔ%.6) - https://www.smartenvi.eu/   

https://www.smartenvi.eu/
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/ÂÒȢ ςȡ 5ËÜÚËÁ ×ÅÂÏÖïÈÏ ÐÏÒÔÜÌÕ ÓÍÁÒÔ%.6) 
 
6Å ÖĤÅÃÈ ÍñĠþÃþÃÈ ÌÏËÁÌÉÔÜÃÈ ÐÒÏÂþÈÁÌ ÍÏÎÉÔÏÒÉÎÇ ÂñÈÅÍ ÔÏÐÎï ÓÅÚĕÎÙ ςπςσȾςπςτȢ 

)ÎÓÔÁÌÁÃÅ ÊÅÄÎÏÔÌÉÖĻÃÈ ÓÅÎÚÏÒÏÖĻÃÈ ÊÅÄÎÏÔÅË ÐÒÏÂþÈÁÌÙ ÂñÈÅÍ ĠþÊÎÁ ÁĿ ÐÒÏÓÉÎÃÅ ςπςσ Á 
ÍñĠÅÎþ Ö ÒÜÍÃÉ ÖñÔĤÉÎÙ ÐÒÏÊÅËÔĳ ÂÙÌÏ ÕËÏÎéÅÎÏ Ë 31.3.2024.  
:ÁÊÉĤÔñÎþ ÍÅÔÒÏÌÏÇÉÃËï ÎÜÖÁÚÎÏÓÔÉ ÂÙÌÏ ÚÁÊÉĤÔñÎÏ ÆÏÒÍÏÕ ÓÒÏÖÎÜÖÁÃþÈÏ ÍñĠÅÎþ ɉÔÚÖȢ 

ÓÏÕÍñĠÅÎþɊ ÓÅÎÚÏÒÏÖĻÃÈ ÊÅÄÎÏÔÅË Ó ÅËÖÉÖÁÌÅÎÔÎþÍÉ ÐÒÁÃÈÏÍñÒÙ %.6%! -0ρπρ- Á 
0!,!3 &)$!3 ςππ ɉÔÊȢ ÚÁĠþÚÅÎþ ÐÒÁÖÉÄÅÌÎñ ÍÅÔÒÏÌÏÇÉÃËÙ ÎÁÖÁÚÏÖÁÎï ÎÁ ÃÅÒÔÉÆÉËÏÖÁÎï 
ÒÅÆÅÒÅÎéÎþ ÍÁÔÅÒÉÜÌÙ ÎÅÂÏ ËÁÌÉÂÒÏÖÁÎï ËÁÌÉÂÒÁéÎþÍÉ ÌÁÂÏÒÁÔÏĠÅÍÉɊ Ö ÒÅÜÌÎĻÃÈ ÖÅÎËÏÖÎþÃÈ 
ÐÏÄÍþÎËÜÃÈ ÎÁ ÚÜËÌÁÄñ ËÏÌÏËÁÃÅ ɉÖĤÅÃÈÎÁ éÉÄÌÁ ÎÁ ÊÅÄÎÏÍ ÍþÓÔñɊȢ 0ĠÅÄ ÐÒÖÏÔÎþ ÉÎÓÔÁÌÁÃþ 
ÂÙÌÏ ÐÒÏÖÅÄÅÎÏ ÓÏÕÍñĠÅÎþ ÎÁ ÓÔÁÎÉÃþÃÈ !)- ÐÒÏÖÏÚÏÖÁÎĻÃÈ I(-ª ɀ Brno ɀ ,þĤÅĐȟ 
4ñĤÎÏÖÉÃÅ Á +ÕÃÈÁĠÏÖÉÃÅ ÔÁËȟ ÁÂÙ ÂÙÌÏ ÓÉÍÕÌÏÖÜÎÏ ÍñÓÔÓËïȟ ÖÅÎËÏÖÓËï É ÐÏÚÁìÏÖï 
ÐÒÏÓÔĠÅÄþȢ 4ÏÔÏ ÓÏÕÍñĠÅÎþ ÐÒÏÂþÈÁÌÏ τπ ÄÎþ Ö ÍñÓþÃþÃÈ ÚÜĠþ Á ĠþÊÎÕȢ "ÏÈÕĿÅÌ ÐÏ ÃÅÌÏÕ ÄÏÂÕ 
ÓÏÕÍñĠÅÎþ ÂÙÌÙ ÖÅÌÍÉ ÎþÚËï ËÏÎÃÅÎÔÒÁÃÅ ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃ Ö ÏÖÚÄÕĤþȟ ÃÏĿ ÓÅ ÕËÜÚÁÌÏ 
ÊÁËÏ ÖĻÚÎÁÍÎĻ ÆÁËÔÏÒ ÐÒÏ ÎÜÓÌÅÄÕÊþÃþ ÐÒĳÂñÈ ÍñĠÅÎþȢ : ÔÏÈÏÔÏ ÓÏÕÍñĠÅÎþ ÂÙÌÙ ÖÙÐÏéÔÅÎÙ 
ÐÒÏ ËÁĿÄÏÕ ÊÅÄÎÏÔËÕ ËÏÒÅËéÎþ ËÏÅÆÉÃÉÅÎÔÙȟ ËÔÅÒï ÂÙÌÙ ÚÁÐÒÁÃÏÖÜÎÙ ÄÏ ÓÙÓÔïÍÕ ÚÐÒÁÃÏÖÜÎþ 
ÎÁÍñĠÅÎĻÃÈ ÄÁÔ Á ÎÅÊÉÓÔÏÔÙ ÍñĠÅÎþȢ  
 

 
/ÂÒȢ σȡ 3ÏÕÍñĠÅÎþ ÓÅÎÚÏÒÉÃËĻÃÈ ÊÅÄÎÏÔÅË ÎÁ ÓÔÁÎÉÃÉ !)- 4ñĤÎÏÖÉÃÅ 
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.ñËÔÅÒï ÐÒÏÊÅËÔÙ ÕÍÏĿĐÏÖÁÌÙ ÐÒĳÂñĿÎï ÖÁÌÉÄÏÖÜÎþ ÄÁÔ ÚÅ ÓÅÎÚÏÒÏÖĻÃÈ ÊÅÄÎÏÔÅË 
v ÎÜÖÁÚÎÏÓÔÉ ÎÁ ÃÅÒÔÉÆÉËÏÖÁÎï ÊÅÄÎÏÔËÙ ÉÎÓÔÁÌÏÖÁÎï Ö ÒÜÍÃÉ ÏÂÃÅ éÉ ÍñÓÔÁȢ 6 ÒÜÍÃÉ ÚÂÙÌĻÃÈ 
ÐÒÏÊÅËÔĳ ÐÒÏÂñÈÌÏ ÄÁÌĤþ ÓÏÕÍñĠÅÎþ Ó ÍñĠþÃþÍ ÖÏÚÅÍ %ÎÖÉÔÅÃÈ ÖÙÂÁÖÅÎĻÍ ÐÒÁÃÈÏÍñÒÅÍ 
Palas FidÁÓ ςππ ÂñÈÅÍ ĭÎÏÒÁ Á ÚÁéÜÔËÕ ÂĠÅÚÎÁ ςπςτȢ +ÏÒÅËéÎþ ËÏÅÆÉÃÉÅÎÔÙ ÔÁË ÂÙÌÙ 
ÎñËÏÌÉËÒÜÔ ÂñÈÅÍ ÓÌÅÄÏÖÁÎïÈÏ ÏÂÄÏÂþ ÁËÔÕÁÌÉÚÏÖÜÎÙ ɉÐĠÅÄÅÖĤþÍ ÐÏ ÅÐÉÚÏÄÜÃÈ Ó ÖÙĤĤþÍÉ 
ËÏÎÃÅÎÔÒÁÃÅÍÉ ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃȟ ËÔÅÒï ÓÅ ÂñÈÅÍ ĭÖÏÄÎþÈÏ ÓÏÕÍñĠÅÎþ ÂÏÈÕĿÅÌ 
nevyskytovaly). 
 

 
6¸3,%$+9ȟ $)3+53%ȟ :<6Q29 

 
"ñÈÅÍ ÖĻĤÅ ÚÍþÎñÎïÈÏ ÍñĠÅÎþ ÂÙÌÙ ÚÊÉĤÔñÎÙ ÎñËÔÅÒï ÏÂÅÃÎï ÃÈÁÒÁËÔÅÒÉÓÔÉËÙ ÓÅÎÚÏÒĳ 

ÎÁ ÍñĠÅÎþ ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃȟ ËÔÅÒï ÊÓÏÕ ÓÈÒÎÕÔÙ ÎþĿÅȢ 
 
3ÍÙÓÌÕÐÌÎï ÖÙÕĿÉÔþ ÓÅÎÚÏÒÏÖĻÃÈ ÊÅÄÎÏÔÅË 
$ÒÔÉÖÜ ÖñÔĤÉÎÁ ÍñĠÅÎþ ÊÅÄÎÏÔÌÉÖĻÍÉ ÓÅÎÚÏÒÙ ÖÙËÁÚÕÊÅ ÖÅÌÍÉ ÐÏÄÏÂÎï ÁĿ ÓÈÏÄÎï 

ÔÒÅÎÄÙ Á ÐÏËÕÄ ÊÅ ÐÏÕĿÉÔĻ ÖÈÏÄÎĻ ËÏÒÅËéÎþ ËÏÅÆÉÃÉÅÎÔȟ ÊÅ ÖÙÕĿÉÔþ ÓÅÎÚÏÒĳ ÐÒÏ ÉÎÄÉËÁÔÉÖÎþ 
ÍÏÎÉÔÏÒÉÎÇ ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃ ÉÄÅÜÌÎþÍ ÎÜÓÔÒÏÊÅÍȢ -ÏĿÎÏÓÔ ÖÙÂÕÄÏÖÜÎþ ÈÕÓÔï ÓþÔñ 
ÍñĠÅÎþ Ö ÒÜÍÃÉ ÊÅÄÎÏÈÏ ÍñÓÔÁ éÉ Ö ÒÜÍÃÉ ÒÅÇÉÏÎÕ ÖÙËÁÚÕÊÅ ÚÁÊþÍÁÖĻ ÐÏÔÅÎÃÉÜÌȢ  

 

 
/ÂÒȢ τȡ 0ĠþËÌÁÄ ÓÒÏÖÎÜÎþ ÔÒÅÎÄĳ ÎÁÍñĠÅÎĻÃÈ ÓÅÎÚÏÒÏÖĻÍÉ ÊÅÄÎÏÔËÁÍÉ Á ÚÁĠþÚÅÎþÍ 0ÁÌÁÓ 

Fidas 200 v ÒÜÍÃÉ ÓþÔñ Ö 2ÏĿÎÏÖñ ÐÏÄ 2ÁÄÈÏĤÔñÍ 
 

-ñĠÅÎþ ÊÅÄÎÏÔÌÉÖĻÃÈ ÆÒÁËÃþ 0- 
3ÅÎÚÏÒÏÖÜ ÊÅÄÎÏÔËÁ ÅÎÖÉ$534 ÖÙÕĿþÖÁÊþÃþ ÐÒÁÃÈÏÖĻ ÓÅÎÚÏÒ 0ÌÁÎÔÏ×ÅÒ υππσ ÍñĠþ 

ÐÌÎÏÈÏÄÎÏÔÎñ ÍÅÎĤþ ÆÒÁËÃÅ 0-1 Á ÐĠÅÄÅÖĤþÍ 0-2.5ȟ ÐĠÉéÅÍĿ ÆÒÁËÃÅ 0-10 Á ÊÅ éÜÓÔÅéÎñ 
ÄÏÐÏéþÔÜÖÜÎÁȢ : ÍñĠÅÎþ ÂÙÌÏ ÚÊÉĤÔñÎÏȟ ĿÅ ËÖÁÌÉÔÁ ÍñĠÅÎþ 0-2.5 ɉÐÒĳÍñÒÎï ËÏÅÆÉÃÉÅÎÔÙ 
determinace R2 ÚÅ ÓÏÕÍñĠÅÎþ Ó ÅËÖÉÖÁÌÅÎÔÎþÍÉ ÐĠþÓÔÒÏÊÉ πȟχρɊ ÊÅ Ï ÐÏÚÎÜÎþ ÌÅÐĤþ ÎÅĿ ËÖÁÌÉta 
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ÍñĠÅÎþ ÆÒÁËÃÅ 0-10 ɉÐÒĳÍñÒÎï ËÏÅÆÉÃÉÅÎÔÙ ÄÅÔÅÒÍÉÎÁÃÅ 22 ÚÅ ÓÏÕÍñĠÅÎþ Ó ÅËÖÉÖÁÌÅÎÔÎþÍÉ 
ÐĠþÓÔÒÏÊÉ πȟφςɊȢ &ÒÁËÃÅ 0-10 ÖÙËÁÚÕÊÅ ÍÎÏÈÅÍ éÅÔÎñÊĤþ ÖĻÓËÙÔ ÎÅÒÅÜÌÎĻÃÈ ÈÏÄÎÏÔ ɉÐþËĳɊȢ 
 

+ÖÁÌÉÔÁ ÍñĠÅÎþ ÐĠÉ ÎþÚËĻÃÈ Á ÖÙÓÏËĻÃÈ ËÏÎÃÅÎÔÒÁÃþ 
3ÅÎÚÏÒÏÖï ÊÅÄÎÏÔËÙ ÅÎÖÉ$534 ÖÙËÁÚÕÊþ ÎÅÊÌÅÐĤþ ËÖÁÌÉÔÕ ÎÁÍñĠÅÎĻÃÈ ÄÁÔ ɉÖ ÐÏÒÏÖÎÜÎþ 

s ÅËÖÉÖÁÌÅÎÔÎþÍÉ ÐĠþÓÔÒÏÊÉɊ ÐĠÉ ËÏÎÃÅÎÔÒÁÃþÍ Ö ÒÏÚÍÅÚþ ÐĠÉÂÌÉĿÎñ ρυ ɀ σπ АÇȾÍ3. "ñÈÅÍ 
ÍñĠþÃþ ËÁÍÐÁÎñ ÂÙÌÏ ÚÊÉĤÔñÎÏȟ ĿÅ ÄÒÔÉÖÜ ÖñÔĤÉÎÁ ÓÅÎÚÏÒÏÖĻÃÈ ÊÅÄÎÏÔÅË ÐĠÉ ÖÅÌÍÉ ÎþÚËĻÃÈ 
ËÏÎÃÅÎÔÒÁÃþÃÈ ɉÐÏÄ ρπ АÇȾÍ3) mþÒÎñ ÐÏÄÍñĠÕÊÅ Á ÎÁÏÐÁË ÐĠÉ ÖÙĤĤþÃÈ ËÏÎÃÅÎÔÒÁÃþÃÈ ɉÎÁÄ 
τπ АÇȾÍ3Ɋ ÐĠÅÍñĠÕÊÅȟ Á ÔÏ É ÖÅÌÍÉ ÖĻÒÁÚÎñ ɉÖ ÅØÔÒïÍÎþÃÈ ÐĠþÐÁÄÅÃÈ É ÄÖÏÊ- ÁĿ 
ÔÒÏÊÎÜÓÏÂÎñɊȢ 
  

$ÌÏÕÈÏÄÏÂÜ ÓÔÁÂÉÌÉÔÁ ÍñĠÅÎþ 
¼ÉÖÏÔÎÏÓÔ ÊÅÄÎÏÔÌÉÖĻÃÈ ÓÅÎÚÏÒĳ 0ÌÁÎÔÏ×ÅÒ υππσ ÊÅ ÐÁÔÒÎñ ÏÄÌÉĤÎÜ ËÕÓ ÏÄ ËÕÓÕȢ 6ñÔĤÉÎÁ 

z ÉÎÓÔÁÌÏÖÁÎĻÃÈ ÊÅÄÎÏÔÅË ÖÙËÁÚÏÖÁÌÁ ÂñÈÅÍ ÃÅÌï ËÁÍÐÁÎñ ÓÔÁÂÉÌÎþ ËÖÁÌÉÔÕ ÍñĠÅÎþ Á ÔïÍñĠ 
ÎÅÚÔÒÜÃÅÌÁ ÃÉÔÌÉÖÏÓÔȟ ÎÅÂÏ ÊÅÎ ÎÅÐÁÔÒÎñȢ 0ĠÉÂÌÉĿÎñ ρυϷ ÓÅÎÚÏÒĳ 0ÌÁÎÔÏ×ÅÒ υππσ ÂÙÌÏ ÔĠÅÂÁ 
ÂñÈÅÍ ËÁÍÐÁÎñ ÂÕì ÖÙÍñÎÉÔ ÚÁ ÎÏÖï ÎÅÂÏ ÁÐÌÉËÏÖÁÔ ÎÏÖï ËÏÒÅËéÎþ ËÏÅÆÉÃÉÅÎÔÙ ÄþËÙ 
ÚÎÁÔÅÌÎï ÚÔÒÜÔñ ÃÉÔÌÉÖÏÓÔÉȢ : ÔÏÈÏ ÊÁÓÎñ ÖÙÐÌĻÖÜȟ ĿÅ ÊÅ ÔĠÅÂÁ ÂñÈÅÍ ÍñĠÅÎþ ÐÒÁÖÉÄÅÌÎñ 
ÐÒÏÖÜÄñÔ ÓÏÕÍñĠÅÎþ Ó ÒÅÆÅÒÅÎéÎþÍÉ éÉ ÅËÖÉÖÁÌÅÎÔÎþÍÉ ÐĠþÓÔÒÏÊÉȢ 

 
Interference vlhkosti vzduchu  

*ÓÏÕ ÌÏËÁÌÉÔÙȟ ËÄÅ ÎÅÂÙÌÁ ÚÊÉĤÔñÎÁ ĿÜÄÎï ÖĻÚÎÁÍÎï ÏÖÌÉÖÎñÎþ ÎÁÍñĠÅÎĻÃÈ ËÏÎÃÅÎÔÒÁÃþ 
0- ÖÌÈËÏÓÔþ ÖÚÄÕÃÈÕȢ .ÁÏÐÁË ÎñËÔÅÒï ÌÏËÁÌÉÔÙ ÖÙËÁÚÕÊþ ÖĻÚÎÁÍÎÏÕ ÉÎÔÅÒÆÅÒÅÎÃÉ ÖÌÈËÏÓÔÉ 
vzduchu. Na Obr. 5 jsou zobrazeny 2 grafy z lokalit Lhotka a Velvary. V oboÕ ÌÏËÁÌÉÔÜÃÈ 
ÂÙÌÙ ÓÅÎÚÏÒÏÖï ÊÅÄÎÏÔËÙ ÎÁÉÎÁÓÔÁÌÏÖÜÎÙ ÍÉÍÏ ÏÖÌÉÖÎñÎþ ÖÅĤËÅÒĻÃÈ ÐÏÔÅÎÃÉÜÌÎþÃÈ 
ÅÍÉÓÎþÃÈ ÚÄÒÏÊĳ Á ÊÅÄÎÜ ÓÅ Ï ÐÏÚÁìÏÖï ÌÏËÁÌÉÔÙȟ ËÔÅÒï ÍñÌÙ ÖÙËÁÚÏÖÁÔ ÐÏÔÅÎÃÉÜÌÎñ ÎÅÊÎÉĿĤþ 
ÎÁÍñĠÅÎï ÈÏÄÎÏÔÙȢ 6 ÏÂÏÕ ÐĠþÐÁÄÅÃÈ ÏÖĤÅÍ ÎÁÍñĠÅÎï ÈÏÄÎÏÔÙ 0- ÖĻÒÁÚÎñ ÐĠÅÖÙĤovaly 
ÈÏÄÎÏÔÙ ÎÁÍñĠÅÎï Ö ÏËÏÌÎþÃÈ ÌÏËÁÌÉÔÜÃÈȢ *Å ÖÅÌÍÉ ÐÒÁÖÄñÐÏÄÏÂÎïȟ ĿÅ ÔÅÎÔÏ ÊÅÖ ÊÅ 
ÚÐĳÓÏÂÅÎĻ ÔþÍȟ ĿÅ Ö ÎÁÐÒÏÓÔï ÂÌþÚËÏÓÔÉ ÓÅÎÚÏÒÕ ÓÅ ÎÁÃÈÜÚþ ÖÏÄÎþ ÐÌÏÃÈÁȢ 4ÅÎÔÏ ÊÅÖ ÂÙÌ 
ÖÙÐÏÚÏÒÏÖÜÎ É Ö ÎñËÔÅÒĻÃÈ ÄÁÌĤþÃÈ ÌÏËÁÌÉÔÜÃÈ Ö ÒÜÍÃÉ ÊÉÎĻÃÈ ÐÒÏÊÅËÔĳȢ *Å ÔÁË ÔĠÅÂÁ ÄÂÜÔ ÎÁ 
ÔÏȟ ÁÂÙ ÎÅÂÙÌÙ ÓÅÎÚÏÒÏÖï ÊÅÄÎÏÔËÙ ÉÎÓÔÁÌÏÖÁÎï ÐÏÂÌþĿ ÖÏÄÎþÃÈ ÐÌÏÃÈȢ 

 
/ÂÒȢ υȡ 5ËÜÚËÁ ÖÌÉÖÕ ÉÎÓÔÁÌÁÃÅ ÐÏÂÌþĿ ÖÏÄÎþ ÐÌÏÃÈÙ ɀ lokality Lhotka (vlevo) a Velvary 

 
4ÙÐÏÌÏÇÉÅ ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃ  

"ñÈÅÍ ÍñĠþÃþ ËÁÍÐÁÎñ ÂÙÌ ÖÙÐÏÚÏÒÏÖÜÎ ÖĻÚÎÁÍÎĻ ÖÌÉÖ ÔÙÐÏÌÏÇÉÅ ÁÅÒÏÓÏÌÏÖĻÃÈ 
éÜÓÔÉÃ ÎÁ ÎÁÍñĠÅÎï ËÏÎÃÅÎÔÒÁÃÅ ÐÏÍÏÃþ ÓÅÎÚÏÒÏÖĻÃÈ ÊÅÄÎÏÔÅË ÅÎÖÉ$534Ȣ "ÙÌÙ 
ÉÄÅÎÔÉÆÏÖÜÎÙ ÌÏËÁÌÉÔÙȟ ÖÅ ËÔÅÒĻÃÈ ĿÜÄÎÜ Ú ÎÁÉÎÓÔÁÌÏÖÁÎĻÃÈ ÓÅÎÚÏÒÏÖĻÃÈ ÊÅÄÎÏÔÅË ÎÅÍñĠÉÌÁ 
ËÏÒÅËÔÎñȟ Á ÔÏ É ÐÏ ÎñËÏÌÉËÁ ÖĻÍñÎÜÃÈ ÓÅÎÚÏÒĳ 0ÌÁÎÔÏ×ÅÒȢ  
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.Á /ÂÒȢ φ ÊÅ ÚÎÜÚÏÒÎñÎ ÇÒÁÆ ÐÒĳÂñÈÕ ÍñĠÅÎþ 0-ρπ Ú .ÉĿÎþÃÈ ,ÈÏÔ ɉρυ ÓÅÎÚÏÒÏÖĻÃÈ 
ÊÅÄÎÏÔÅË ÅÎÖÉ$534Ɋ Á .ÏĤÏÖÉÃ ɉ!)- ÖÚÄÜÌÅÎĻ ÃÃÁ ρ ËÍ ÏÄ .ÉĿÎþÃÈ ,ÈÏÔɊ Ú ÏÂÄÏÂþ ςωȢσȢ ɀ 
ρȢτȢςπςτȟ ËÄÙ ÓÅÎÁ ÎÁĤÅÍ ĭÚÅÍþ ÖÙÓËÙÔÌÁ ÅÐÉÚÏÄÁ ÚÖĻĤÅÎĻÃÈ ËÏÎÃÅÎÔÒÁÃþ ÁÅÒÏÓÏÌÏÖĻÃÈ 
éÜÓÔÉÃ ÎÜÓÌÅÄËÅÍ ÄÜÌËÏÖïÈÏ ÔÒÁÎÓÐÏÒÔÕ ÓÁÈÁÒÓËïÈÏ ÐþÓËÕȢ : ÇÒÁÆÕ ÊÅ ÚĠÅÊÍïȟ ĿÅ ÚÁÔþÍÃÏ 
ÈÏÄÎÏÔÙ ÎÁÍñĠÅÎï ÐÏÍÏÃþ ÐÒÁÃÈÏÍñÒÕ 0ÁÌÁÓ &ÉÄÁÓ ςππ ÎÁ !)- .ÏĤÏÖÉÃÅ ÄÏÓÁÈÏÖÁÌÙ ÁĿ 
ςσπ АÇȾÍ3ȟ ÓÅÎÚÏÒÏÖï ÊÅÄÎÏÔËÙ ÅÎÖÉ$534 ÎÁÍñĠÉÌÙ ÍÁØÉÍÜÌÎþ ÈÏÄÎÏÔÙ ÏËÏÌÏ σπ АÇȾÍ3. 
4ÅÎÔÏ ÊÅÖ ÂÙÌ ÄÅÔÅËÏÖÜÎ ÎÁ ÖĤÅÃÈ ÓÅÎÚÏÒÏÖĻÃÈ ÊÅÄÎÏÔËÜÃÈ ÎÁÐĠþé IÅÓËÏÕ ÒÅÐÕÂÌÉËÏÕȢ  

 
 

/ÂÒȢ φȡ 3ÁÈÁÒÓËĻ ÐÒÁÃÈ ɀ ÍñĠÅÎþ ÓÅÎÚÏÒÏÖĻÍÉ ÊÅÄÎÏÔËÁÍÉ Á ÅËÖÉÖÁÌÅÎÔÎþÍ ÐĠþÓÔÒÏÊÅÍ 
Palas Fidas 200 
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AIRBORNE DETECTION OF AEROSOL PARTICLE SIZE DISTRIBUTIONS  
IN MARINE ATMOSPHERIC BOUNDARY LAYER AT BALTIC SEA 

 
Jan HOVORKA1ȟ $ÏÍÉÎÉË £-/+1ȟ 0ÁÖÅÌ 0!I%31, Mykhailo FEDORENKO1, Sandra 
Katharina PIER2ȟ 4ÈÏÍÁÓ '2v'%23, Ralf ZIMMERMANN2, Helena OSTERHOLZ4 

 
1 &ÁÃÕÌÔÙ ÏÆ 3ÃÉÅÎÃÅȟ #ÈÁÒÌÅÓ 5ÎÉÖÅÒÓÉÔÙȟ "ÅÎÜÔÓËÜ ςȟ ρςψπρ 0ÒÁÈÁ ςȟ #ÚÅÃÈÉÁ 
2 Joint Mass Spectrometry, University of Rostock, 18059 Rostock, Germany 

3(ÅÌÍÈÏÌÔÚ :ÅÎÔÒÕÍ -İÎÃÈÅÎȟ ,ÁÎÄÓÔÒÁħÅ ρȟ $-85764 Neuherberg, Germany 
4 Leibniz-)ÎÓÔÉÔÕÔÅ ÆÏÒ "ÁÌÔÉÃ 3ÅÁ 2ÅÓÅÁÒÃÈ 7ÁÒÎÅÍİÎÄÅ ɉ)/7Ɋȟ 3ÅÅÓÔÒÁħÅ ρυȟ 

8069 Rostock, Germany 
 

jan.hovorka@natur.cuni.cz 
 

Keywords: ship emission, marine, aerosol, temperature inversion  
 

INTRODUCTION 
 

Ship diesel emissions significantly pollute marine atmospheric boundary layer 
(MABL) with aerosol nanoparticles (Eyring, V., et. al., 2005). Their interception at the sea 
level or seashore is determined by aerosol aging and spatial distribution within the MABL. 

 
EXPERIMENTAL SETUP 

 
Aerosol spatial distribution within the MABL and profiling for T/RH were determined 

by an airship (Leoni et. al., 2016) and drone respectively (Tab.1.), during the cruise of the 
IOW research vessel - RV at Baltic Sea in late summer (24-31.8.2024) 

 
Tab. 1: Instrumentation at the airship/drone*  

Parameter  Instrument  Integration time  

5 - 320 nm mSEMS 9403 + mCPC 9404 (Brechtel)  60 s 
300 ɀ 5000 nm OPS 3300 (TSI)  1-s 
O3 2B Technologies 2 sec 
CO2, GPS, T, p IR monitor, GPS  1 sec 
T*, p*, RH* iMet-XQ2 1 sec 
 

RESULTS AND CONCLUSIONS 
 

As an example (Fig. 1), on August 29: until 18:05, CMD ~50 nm and O3 ~ 88 ppb (up) 
and no ship, indicate aged ship plumes at height about 75 m with inversion layer heigh - 
ILH at ~90 m (down). During landing on board of the research vessel at 18:10 ɀ 18:18 
similar CMD but O3 ~ 72 ppb indicates fresh ship diesel plume from the research vessel. 
In time segments of 18:20 ɀ 18:30 and 18:50 ɀ 19:20, flying above the ILH at 60 and 40 m 
respectively (down), CMD ~ 120 nm and O3 ~ 88 ppb indicate background aerosol, though 
there were three ships concurrently passing by. In contrast at 18:40 ɀ 18:50, at fly height 
ͯτπ Íȟ ÃÌÏÓÅ ÂÙ ÔÈÅ ),( ͯ υπ Íȟ #-$ȭÓ ͯ υπȾρςπ ÎÍ ÁÎÄ /3 ~ 88 ppb while there was no 
ship, indicate background and aged ship plumes. Aerosol spatial distribution in the MABL 
was mostly determined by T inversion during this day. 
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Fig. 1: Dynamics of particle size distribution and ozone concentration (up) and of 

vertical profile for potential temperature q, RH and the airship flight height (down). 
 

ACKNOWLEDGMENT 
 

Supported by the Czech Science Foundation (22-03426L) and German Research 
Foundation (471841824). 

REFERENCES 
 
%ÙÒÉÎÇȟ 6Ȣȟ (Ȣ7Ȣ +ĘÈÌÅÒȟ *Ȣ ÖÁÎ !ÁÒÄÅÎÎÅȟ ÁÎÄ !Ȣ ,ÁÕÅÒȢ %ÍÉÓÓÉÏÎÓ ÆÒÏÍ ÉÎÔÅÒÎÁÔÉÏÎÁÌ 

shipping: 1.: The last 50 years -: art. no. D17305, J. Geophys. Res. Atmos., 110(D17). 
(2005) 

 
Leoni C., Hovorka J., DoéÅËÁÌÏÖÜ 6Ȣȟ #ÁÊÔÈÁÍÌ 4Ȣȟ -ÁÒÖÁÎÏÖÜ 3Ȣȟ Source impact 

determination using airborne and ground measurements of industrial plumes, 
Environ. Sci. Techol., 50, 9881, (2016).  


























































































































