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$ÕĤÁÎ *!.$!I+!ȟ $ÁÎÉÅÌÁ L52I!.3+< 

10:25 ɀ 10:40  
35"-)+2/./6¸ !%2/3/, .! $6/5 -Q343+¸#( 34!.)#^#( 6 02!:% 

0ÅÔÒÁ 0/+/2.<ȟ .ÁÄñĿÄÁ :^+/6<ȟ 0ÅÔÒ 6/$)I+!ȟ Radek LHOTKA, Jakub 

/.$2<I%+ȟ *ÁÒÏÓÌÁÖ 3#(7!2:ȟ 6ÌÁÄÉÍþÒ ¼$^-!,ȟ 0ÈÉÌÉÐ +Ȣ (/0+% 
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6%,)+/34.^ $)342)"5#% !%2/3/,/6¸#( I<34)# 6 %-)3^#( : ,/$^ 

V "!,43+O- -/~) -Q~%.O 3 695¼)4^- 6:$5#(/,/$Q ! I,5.5 

*ÁÎ (/6/2+!ȟ $ÏÍÉÎÉË £-/+ȟ 0ÁÖÅÌ 0!I%3ȟ Sandra Katharina PIER, 

4ÈÏÍÁÓ '2v'%2ȟ (ÅÌÅÎÁ /34%2(/,: 
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chairman  

Jan Hovorka 
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6ÌÁÄÉÍþÒ (!62<.%+ 
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A NEW AEROSOL ACTRIS COMPLIANT 34!4)/. ). 2!#)"s2: ɉ2!4)"/~Ɋ .%!2 
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0ÅÔÒ 6/$)I+!ȟ +ÉÍÉÔÁËÁ +!7!-52!ȟ $ÈÁÎÁÎÊÁÙ +Ȣ $%3(-5+(ȟ 0ÅÔÒÁ 0/+/2.<ȟ 
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*ÁÒÏÓÌÁÖ 3#(7!2:ȟ 0ÅÔÒ 6/$)I+!ȟ 2ÁÄÅË ,(/4+!ȟ 0ÅÔÒÁ 0/+/2.<ȟ .ÁÄñĿÄÁ 
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Á ÚÁËÏÎéÅÎþ ËÏÎÆÅÒÅÎÃÅɀ DEKATI AWARD ANNOUNCEMENT and 

the end of conference  

 

 

 

 

 

 

 

 

 

 



10 

 

30/.:/~) ɀ SPONSORS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



11 

 

0~%$-,56!  

6ÜĿÅÎï ËÏÌÅÇÙÎñȟ ÖÜĿÅÎþ ËÏÌÅÇÏÖïȟ ÐĠÜÔÅÌïȟ ÒÜÄ ÂÙÃÈ ÖÜÓ ÖĤÅÃÈÎÙ ÐĠÉÖþÔÁÌ ÎÁ ςςȢ 

ÖĻÒÏéÎþ ËÏÎÆÅÒÅÎÃÉ IÅÓËï ÁÅÒÏÓÏÌÏÖï ÓÐÏÌÅéÎÏÓÔÉȟ ÔÅÎÔÏËÒÜÔ Ö ÌÏËÁÌÉÔñ ËÒÜÓÎĻÃÈ "ÅÓËÙÄ ɀ 

IÅÌÁÄÎïȢ $ÏÖÏÌÕÊÉ ÓÉ ÖÜÓ ÐĠÉÖþÔÁÔ Ú ÐÏÚÉÃÅ ÐĠÅÄÓÅÄÙ IÅÓËï ÁÅÒÏÓÏÌÏÖï ÓÐÏÌÅéÎÏÓÔÉȢ *ÁË ÊÉÓÔñ 

ÍÎÏÚþ Ú ÖÜÓ ÚÁÚÎÁÍÅÎÁÌÉȟ ÂÙÌ ÊÓÅÍ ÎÏÍÉÎÏÖÜÎ ÎÁ ÔÕÔÏ ÐÏÚÉÃÉ ÂñÈÅÍ ÌÏĐÓËï ÖĻÒÏéÎþ 

ËÏÎÆÅÒÅÎÃÉ Ö +ÕÔÎï ÈÏĠÅȢ -ÎÏÚþ Ú ÖÜÓ Íñ ÚÎÁÊþ ÄÅÌĤþ éÉ ËÒÁÔĤþ ÄÏÂÕ Á Ó ÔñÍÉȟ ËÄÏ Íñ ÎÅÚÎÁÊþ 

ÓÅ ÖÅÌÍÉ ÒÜÄ ÓÅÚÎÜÍþÍȢ 2ÜÄ ÂÙÃÈ ÖÜÍ ÖĤÅÍ ÓÌþÂÉÌȟ ĿÅ ÓÅ ÂÕÄÕ ÓÎÁĿÉÔ ÂĻÔ ÄĳÓÔÏÊÎĻÍ 

ÎÜÓÔÕÐÃÅÍ ÄÖÏÕ ÐĠÅÄÃÈÏÚþÃÈ ÐĠÅÄÓÅÄĳ I!3 ɀ Jirky SmoÌþËÁ Á 6ÌÜÄÉ ¼ÄþÍÁÌÁȢ 0ĠÉ ÔïÔÏ 

ÐĠþÌÅĿÉÔÏÓÔÉ ÍÉ ÄÏÖÏÌÔÅ ÐÜÒ ÓÌÏÖ Ë ÏÂñÍÁ ÖÜĿÅÎĻÍ ÐÜÎĳÍȢ 

*ÉÒËÕ 3ÍÏÌþËÁ ÚÁÊÉÓÔï ÍÎÏÚþ Ú ÖÜÓ ÚÎÁÊþ ÊÁËÏ ÖÅÌÍÉ ÐĠÜÔÅÌÓËÏÕȟ ÖÓÔĠþÃÎÏÕ Á 
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ÎÅÕÔÕÃÈÁÊþÃþ ÒÁÄÏÓÔÉ ÚÅ ĿÉÖÏÔÁȢ *ÉÒËÏȟ ÎÁ ÚÄÒÁÖþȦ 
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ËÒÜÔËï ÐÒÅÚÅÎÔÁÃÅȢ $ÜÌÅ ÊÓÅÍ Ö ÓÏÕÌÁÄÕ Ó ÐĠÅÄÃÈÏÚþÍ ÐÌÜÎÅÍȟ ÔÁËï ÄÉÓËÕÔÏÖÁÎĻÍ Ö ÒÜÍÃÉ 
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PREFACE 
Dear colleagues, dear friends, I would like to welcome you all to the 22nd annual 

conference of the Czech Aerosol Society, this time in the location of the beautiful Beskydy 

ɀ IÅÌÁÄÎÜȢ ) ×ÏÕÌÄ ÌÉËÅ ÔÏ ×ÅÌÃÏÍÅ ÙÏÕ ÆÒÏÍ ÍÙ ÐÏÓÉÔÉÏÎ ÁÓ ÔÈÅ ÐÒÅÓÉÄÅÎÔ ÏÆ ÔÈÅ #Úech 

Aerosol Society. As many of you may know, I was nominated for this position during last 

ÙÅÁÒͻÓ ÁÎÎÕÁÌ ÃÏÎÆÅÒÅÎÃÅ ÉÎ +ÕÔÎÜ (ÏÒÁȢ -ÁÎÙ ÏÆ ÙÏÕ ÈÁÖÅ ËÎÏ×Î ÍÅ ÆÏÒ Á ÌÏÎÇÅÒ ÏÒ 

shorter time, and I would be very happy to meet those who do not know me yet. I would 

like to promise you that I will try to be a worthy successor to the two previous presidents 

of CAS ɀ *ÉÒËÁ 3ÍÏÌþË ÁÎÄ 6ÌÁÄÉÁ ¼ÄþÍÁÌȢ !ÌÌÏ× ÍÅ ÔÏ ÔÁËÅ ÔÈÉÓ ÏÐÐÏÒÔÕÎÉÔÙ ÔÏ ÓÁÙ Á ÆÅ× 

words about these honorable gentlemen. 

-ÁÎÙ ÏÆ ÙÏÕ ×ÏÕÌÄ ËÎÏ× *ÉÒËÁ 3ÍÏÌþË ÁÓ Á ÖÅÒÙ ÆÒÉÅÎÄÌÙȟ ÁÃÃÏÍÍÏÄÁÔÉÎÇ ÁÎÄ 

sociable person, with deep professional knowledge, not only in the field of aerosols. We 

owe Jirka greatly, from- the founding of the Czech Aerosol Society, the inclusion of the 

Czech aerosol scientific community in the rest of the field, not only within the European 

space, but also throughout the world, and many more achievements (unfortunately, there 

is little space to include everything). This year, Jirka celebrated a wonderful life 

anniversary and I would like to wish him, also on behalf of the Czech Aerosol Society, good 

health, satisfaction and, above all, unceasing joy in life. Jirka, cheers! 

*ÉÒËÁͻÓ ÓÕÃÃÅÓÓÏÒȟ 6ÌÁÄÉÁ ¼ÄþÍÁÌȟ ×ÁÓ Á ÍÏÒÅ ÔÈÁÎ ×ÏÒÔÈÙ ÆÏÌÌÏ×ÅÒ ÏÆ *ÉÒËÁ 3ÍÏÌþËȟ 

not only in the position of chairman of the Czech Aerosol Society, but unfortunately his 

health situation did not allow him to continue in this position. I would like to take this 

opportunity to thank Vladia, again on behalf of the entire Czech Aerosol Society, for all the 

effort, time, patience, professional dedicationand great attitude (again, the space is too 

limited to mention all the considerable merits) that he devoted to his position as chairman 

of CAS. Vladia, many thanks and sunshine in your soul! 

In the framework of the Czech Aerosol Society, in addition to the change of 

chairman, several interesting events took place in the past year, which I would like to 

briefly inform you about. As many of you probably know from the last meeting of CAS 

members, the Czech Aerosol Society participated (also financially) in the foundation of a 

new aerosol journal - Aerosol Research. I would like to inform you more about this journal 

ÄÕÒÉÎÇ ÔÈÉÓ ÙÅÁÒͻÓ #!3 ÍÅÍÂÅÒÓȭ ÍÅÅÔÉÎÇ ÉÎ Á ÓÈÏÒÔ ÐÒÅÓÅÎÔÁÔÉÏÎȢ &ÕÒÔÈÅÒÍÏÒÅȟ ÉÎ 

acÃÏÒÄÁÎÃÅ ×ÉÔÈ ÔÈÅ ÐÒÅÖÉÏÕÓ ÐÌÁÎȟ ×ÈÉÃÈ ×ÁÓ ÁÌÓÏ ÄÉÓÃÕÓÓÅÄ ÁÔ ÔÈÅ #!3 ÍÅÍÂÅÒÓȬ 

meeting, I expressed the intention of CAS to organize the European Aerosol Conference in 

the Czech Republic in 2028 (announced to the European Aerosol Assembly committee 

during the meeting of the EAA board, EAC2023, Malaga). The members of the CAS board 

will deal intensively with this matter in the coming years, and you will of course be kept 

fully informed. Negotiations are also currently taking place regarding the possible 

conneÃÔÉÏÎ ÏÆ 6+ #!3 ×ÉÔÈ ÔÈÅ /ÖÚÄÕĤþ ÃÏÎÆÅÒÅÎÃÅȟ ×ÈÉÃÈ ×ÁÓ ÔÒÁÄÉÔÉÏÎÁÌÌÙ ÏÒÇÁÎÉÚÅÄ ÉÎ 

Brno by colleagues from RECETOX, and which has now essentially disappeared. I think it 

could bring all of us a broadening of our horizons and the possibility of meeting colleagues 

ÔÈÁÔ ×Å ×ÏÕÌÄÎȭÔ ÕÓÕÁÌÌÙ ÍÅÅÔ ÄÕÒÉÎÇ 6+ #!3Ȣ .ÅØÔ ÙÅÁÒ ×ÉÌÌ ÁÌÓÏ ÂÅ ÔÈÅ ςυÔÈ ÁÎÎÉÖÅÒÓÁÒÙ 

of the founding of the Czech Aerosol Society, and I think we should properly celebrate this 

important anniversary together. Last but not least, I would also like to draw your 
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attention to the plenary lecture of this year's VK CAS, which will be given by our special 

guest Prof. Philip Hopke. Phil is one of the founders of receptor pollution source modeling 

(PMF) and a highly respected expert in the aerosol community worldwide. 

Of course, I would also like to thank all the traditional and new sponsors of VK CAS 

ɀ ECM ECO MONITORING (TSI), Biowell (Dekati), Envitech Bohemia (Palas). 

Representatives of these companies will be present during the conference, and some will 

also have contributions during the conference program, so you will have more 

opportunities to meet them in person and discuss the latest trends and developments in 

aerosol instrumentation. 

A big thanks to Lenka Suchankova for all the work in the editing of the book of 

abstracts, which is not an enviable task. 

I hope I haven't forgotten anything important (I'm new after all ;o) and I'm looking 

ÆÏÒ×ÁÒÄ ÔÏ ÍÅÅÔ ÙÏÕ ÁÌÌ ÉÎ ÐÅÒÓÏÎ ÉÎ IÅÌÁÄÎÜȢ !ÌÌ ÉÄÅÁÓȟ ÓÕÇÇÅÓÔÉÏÎÓȟ ÃÒÉÔÉÃÉÓÍÓȟ ÁÎÄ ÐÒÁÉÓÅÓ 

are welcome. 

 

Yours, 

Jakub Ondracek 
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INTRODUCTION 
 

The United States has made substantial progress in reducing ambient air pollution 
since the passage of the Clean Air Act Amendments of 1970. Thus, by 2005, there had been 
decrease from an approximate national mean PM2.5 ÃÏÎÃÅÎÔÒÁÔÉÏÎ ÏÆ ςσȢςψ АÇȾÍσ 
measured between April 1, 1979 and June 30, 1980 in the Inhalable Particulate Network 
(USEPA, 1981) ÔÏ Á ςππυ ÎÁÔÉÏÎÁÌ ÍÅÁÎ ÖÁÌÕÅ ÏÆ ρςȢψφυ АÇȾÍ3 (USEPA, 2023).  However, 
there were many areas out of compliance with the National Ambient Air Quality Standard 
for PM2.5. Thus, additional policies were implemented in the period of 2005 to 2016 that 
have specified improvement in liquid fuel quality, increase fuel economy for light-duty, 
spark-ignition vehicles, put controls on heavy-duty diesel and non-road vehicle emissions, 
and reduced emissions from electricity generating units (EGUs) particularly coal-fired 
power plants. During this same period, there have been significant economic drivers that 
have resulted in a substantial change in fuel use in EGUs because of the low cost of fracked 
natural gas.  To assess these changes in emissions, air quality, and health indicators in 
New York State, several studies were conducted to assess trends in pollutant emissions 
and concentrations (Squizzato et al. 2018a), identify the major sources and their trends 
(Squizzato et al., 2018b; Masiol et al., 2019). These results were used to examine the 
changes in the associations of PM2.5 and source specific PM2.5 hospitalizations and 
emergency department visits for cardiovascular disease (Zhang et al., 2018, Rich et al., 
2019). 

 
EXPERIMENTAL SETUP 

 The data utilized in the previously noted studies were all obtained from the U.S. 
Environmental Protection Agency (USEPA).  They are accessible directly from the USEPA 
(https://aqs.epa.gov/aqsweb/airdata/download_files.html#Raw) or the Federal Land 
Manager Environmental Database 
(http://views.cira.colostate.edu/fed/Auth/Login.aspx?ReturnUrl=%2ffed%2fQueryWiz
ard%2fDefault.aspx). During the period of 2005 to 2016, there were up to 63 monitoring 
sites across New York State operated by the New York State Department of Environmental 
Conservation.  The focus here will be on six urban sites (Buffalo, Rochester, Albany and 3 
sites in New York City) since these urban areas represent the bulk of the population of the 
state and provided both the PM monitoring data and the health data that supported the 
epidemiological studies. Data on PM2.5 measured using Federal Equivalence Method 
(FEM) technology and PM2.5 compositional data obtained from the Chemical Speciation 
Network (Solomon et al., 2014) were used in the original work. The health data for these 
studies was obtained from the New York State Department of Health Statewide Planning 
and Research Cooperative System (SPARCS) database. 
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BACKGROUND 

A number of reduction strategies have been implemented to reduce emissions from 
electricity generating units (EGUs) including the 1998 NOx SIP (State Implementation 
Plan) Call and the 2003 NOx Budget Trading Program. The SIP Call required states to 
undertake programs to reduce NOx emissions during the ozone season. The trading 
program established a cap-and-trade program to be able to meet their emission reduction 
goals. To further reduce interstate transport of NOx and SO2, USEPA promulgated the 
Clean Air Interstate Rule (CAIR) in 2005. EPA was required to replace CAIR with the Cross 
State Air Pollution Rule (CSAPR).   
The recession of 2007-2009 reduced the demand for electricity at the same time that low-
cost fracked natural gas was becoming plentiful. The low price of gas changed the 
economics of electricity generation such that it was more effective to build and operate 
new combined cycle gas turbines than to restart the coal-fired power plants after the 
demand for electricity returned to the prerecession level. 
A second major contributor to urban PM2.5 chemistry are the emissions from vehicles and 
transportation.  In the US, the monthly production of vehicles added 750 thousand to 
1.5 million to the existing fleet, most of which reside in an urban environment. Major 
changes in these emissions have occurred in response to extensive regulations 
implemented since the 1970s. 

Emission limits for both light-duty and heavy-duty on-road vehicles were set as 
well as limits on sulfur in on-road vehicular fuels. Light-duty vehicles (max 8500 lb Gross 
Vehicle Weight Rating (GVWR)) include passenger vehicles, light-duty trucks, and 
medium-duty passenger vehicles (max. 10000 lb GVWR). These regulations were to be 
phased in from 2004 to 2009. For new passenger cars (LDVs) and LLDTs, Tier 2 standards 
phase-in begins in 2004, with full implementation in the 2007 model year. For HLDTs and 
MDPVs, the Tier 2 standards are phased in beginning in 2008, with full compliance in 
2009. 
For heavy-duty engines and related fuel, PM emission standards took effect for all new 
heavy-duty vehicles sold after July 1, 2007. To meet the PM emission limits required the 
use of catalytic regenerative particulate traps. The NOx standard was phased-in for diesel 
engines between 2007 and 2010. The phase-in was defined on a percent-of-sales basis: 
50% from 2007 to 2009 and 100% in 2010. To avoid poisoning the catalyst in the traps, 
it was necessary to reduce the sulfur content in on-road diesel fuel to ultralow sulfur (<15 
ppm S). As of October 1, 2006, 80% of all on-road diesel fuel was to be ultralow S with 
100% attained by January 1, 2010. In 2004, emission standards were promulgated to 
control air pollution from nonroad diesel engines and fuel phased-in between 2008 and 
2015.  Beginning on July 1, 2012, New York required that all distillate oils including No. 2 
oil sold within the state for any purpose be ultralow sulfur. 

Large building space heatings in New York City were typically heated by burning 
residual (No. 6) oil. Typically, No. 2 oil was mixed 50/50 with No. 6 to produce No. 4 oil. 
Beginning in 2011, New York City started a phase-out of No. 6 so by 2015, only No. 4 or 
cleaner oils could be used. However, No. 4 oil could still contain 1500 ppm S. A 16% 
reduction in PM2.5 between 2008 and 2014 was attributed to reductions in emissions from 
building heating because of the switch to cleaner fuels [Kheirbek et al., 2018].  
Based on the timing of the implementation of these regulations and economic drivers, 
changes in the period of 2005 to 2016 were divided into three subperiods; Before (2005-
2007) that represents time prior to or early in the implementation of the regulations; 
During (2008 to 2013) when many of the regulations were being implemented; and After 
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(2014 to 2016) when most of the required changes had been made. Differences in 
concentrations, source contributions, and health effects were assessed for each 
subperiod. The differences appeared in net reductions of SO2, NOx, VOCs, and PM 
(including composition) emissions.  
 

RESULTS AND CONCLUSIONS 
Squizzato et al. (2018a) examined the monotonic trends in PM2.5 concentrations from 

2005 to 2016 using Thiel-Sen slopes. The slope and related confidence intervals for the 
whole year and seasonal trends demonstrated substantial reductions in PM2.5 at all 6 New 
York State sites in the range of 3 to 4% per year. 
Squizzato et al. (2018b) found 6 sources at all the urban sites. These sources were: 
secondary sulfate (SS), secondary nitrate (SN), gasoline emissions (GAS), diesel emissions 
(DIE), biomass burning (BB), and road dust (RD). Road salt was found in each of the 
upstate sites (Buffalo, Rochester, and Albany) where the roads need to be cleared of the 
substantial winter snowfalls. In New York City (NYC), 3 additional sources were resolved: 
fresh sea salt (FSS), aged sea salt (AGS), and residual oil (RO). In Buffalo, an unknown 
ȰÉÎÄÕÓÔÒÉÁÌȱ ÓÏÕÒÃÅ ×ÁÓ ÆÏÕÎÄȢ 4ÈÅ ÔÅÍÐÏÒÁÌ ÐÁÔÔÅÒÎÓ ɉÓÅÁÓÏÎÁÌȟ ÍÏÎÔÈÌÙȟ ÁÎÄ ÄÁÙ ÏÆ 
week) were discussed in detail by Squizzato et al. (2018b).  
To examine the differences among the 3 defined periods (Before, During, and After), the 
distributions of the source contributions were compared among them.  Fig. 1 shows the 
distributions for SS, SN, GAS, and DIE. A Kruskal Wallis ANOVA on ranks was used to 
compare the distributions across the 3 periods and the results are provided in the figure. 

In general, the source-
specific concentrations 
for all of the sources 
were the highest during 
the Before period with 
decreasing trends in 
the following periods. 
GAS is a notable 
exception where there 
is an increasing trend 
across the 3 periods 
with a substantial 
increase in the After 
period. Large decreases 
in SS and SN with the 
increases in GAS and a 
relatively smaller 
decline in diesel means 
that vehicular 

emissions-related 
PM2.5 represented an 
increasing fraction of 

the remaining PM2.5 concentrations. 
The excess rates of hospitalizations for cardiovascular diseases (CVD) (Total CVD, 
arrhythmias, cerebrovascular disease, ischemic stroke, chronic rheumatic heart disease, 
congestive heart failure, hypertension, ischemic heart disease, myocardial infarctions, 
and pulmonary embolisms) were estimated for the whole 12-year period and for the three 

Fig. 1:   Box and whisker plots for SS, SN, GAS, and DIE for each 
of the 3 periods. 
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subperiods. These results 
are based on a total of 
1,922,918 cardiovascular 
hospital admissions during 
the study period. These 
whole period results for lag 
days from 0 to 0-6 are 
presented in Fig. 2. There 
are statistically significant 
associations for Total CVD, 
arrhythmias, ischemic 
stroke, congestive heart 
failure, ischemic heart 
disease, and myocardial 
infarctions.   
The excess rates (%) 
associated with 
interquartile range (IQR) 
increases in PM2.5 for the 
cardiovascular diseases 
among the three periods 
are shown in Fig. 3 for the 
outcomes that had 
significant values over the 
whole period. There are 

several significant shifts in the lag-day patterns as well as the magnitude of the effects. 
There is a particular increase in the excess rates per IQR for Total CVD, ischemic heart 
disease, and myocardial infarctions. To further explore the changes in inferred toxicity 
per IQR PM2.5 mass among the periods, source specific PM2.5 associations with 
hospitalizations for the various cardiovascular outcomes were determined. Because 
samples are collected on only every 3rd or every 6th day, lag days here can only represent 
the average of day 0 and day 3 (0-3) or days 0, 3, and 6 (0-6). Fig. 4 shows the results for 
selected source types where statistically significant excess rates have been observed. 
GAS was the source type most strongly associated with arrythmias and less strongly with 
ischemic stroke and myocardial infarctions and GAS was the only source that increased 
significantly in the After period. DIE also was strongly associated as are RO and RD and at 
most sites did not change in concentration across the study period. There were no 
observable associations with SS and SN was only associated with myocardial infarctions. 
BB had a significant protective effect on ischemic heart disease. The reason for such an 
association is unclear except that it may reflect personal behaviors that keep the 
individuals away from exposure sources. 
The reductions in sulfate and nitrate measured in the PM2.5 closely followed the 
reductions in emissions of SO2 and NOx, respectively. The precursor gases react more 
quickly with hydroxyl radicals than with organic species so the reductions in SO2 and NOx 
would allow more reactions with VOCs and IVOCs to produce additional SOA as was 
observed between the During and After periods. Primary organic carbon declined across 
the period, but SOA declined from Before to During and then rose in the After period. It is 
likely that some of the SOA attributed to the Before period may have been oxidized 
primary organic carbon (OPOC) as noted by Robinson et al. (2007). Li et al. (2019) found 

Fig. 2: Excess rates (%) for cardiovascular hospitalizations 
per interquartile range of PM2.5 over the whole study 
period.  
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significant water-soluble and humic-like organic carbon (HULIS) emitted from wood 
combustion in Chinese residential stoves particularly in the start-up and burn-out phases 
of the burn cycle. Thus, SOA-like materials can be directly emitted or formed through the 
reaction of oxidants with the primary organic aerosol constituents. These substances 

would include reactive oxygen 
species such as peroxy and alkoxy 
radicals and peroxides [Hopke, 
2015]. 

The effects of the various Federal 
regulations along with the fuel shift 
in electricity generation operations 
to natural gas driven by economic 
considerations has been to 
substantially reduce PM2.5 
concentrations across New York 
State with concomitant reductions 
in ED visits and hospitalizations for 
cardiovascular and respiratory 
diseases and respiratory 
infections. However, there appear 
to be some unintended 
consequences of the shift in light 
duty engine technology from PFI to 
GDI engines when coupled with the 
reformulation of gasoline to reduce 
its benzene content. This 
combination may have increased 
the potential emission of IVOCs 
which with the increased 
availability of oxidants that were 
not used to oxidize NOx and SO2 led 

to increases in SOA and related atmospheric ROS. The higher content of exogenous and 
endogenous ROS associated with the PM2.5 in the most recent period could be the cause 
of the increased per unit mass toxicity of the remaining PM2.5. 

The effects of the various Federal regulations along with the fuel shift in electricity 
generation operations to natural gas driven by economic considerations has substantially 
reduced PM2.5 concentrations across New York State with concomitant reductions in ED 
visits and hospitalizations for cardiovascular diseases. However, there appear to be some 
unintended consequences of the shift in light duty engine technology from PFI to GDI 
engines when coupled with the reformulation of gasoline to reduce its benzene content. 
This combination may have increased the potential emission of IVOCs which with the 
increased availability of oxidants that were not used to oxidize NOx and SO2 led to 
increases in SOA and related atmospheric ROS. The higher content of exogenous and 
endogenous ROS associated with the PM2.5 in the most recent period could be the cause 
of the increased per unit mass toxicity of the remaining PM2.5. 

 

 

Fig. 3:  Plot of excess rates (%) for an increase in 
the IQR for each of the cardiovascular outcomes 
in the Before (top), During (middle) and After 
(bottom) periods. 
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Fig. 4:  Excess rates for various cardiovascular diseases associated with the IQR increases 
in source speific PM2.5 concentrations. Ȱ*ȱ indicates statistical significance at p< 0.016. 
 

https://www.epa.gov/air-trends/particulate-matter-pm25-trends
https://www.epa.gov/air-trends/particulate-matter-pm25-trends


21 

 

INTRODUCTION TO PRAGUE AEROSOL CALIBRATION CENTER  

*ÁËÕÂ /.$2<I%+ȟ 0ÅÔÒ 2/:4/I), 

 
Institute of Chemical Process Fundamentals, CAS, Prague, Czech Republic, 

ondracek@icpf.cas.cz 
 

Keywords: Calibration laboratory, ACTRIS, CPC, MPSS, APSS 
 

INTRODUCTION 
 

Prague Aerosol Calibration Center (PACC) is a node of Central Facility for Aerosol In-
Situ measurements CAIS-ECAC (Centre for Aerosol In-Situ - European Centre for Aerosol 
Calibration and Characterisation) of a pan-European research infrastructure called 
ACTRIS ERIC (Aerosols, Clouds and Trace gases Research Infrastructure). ACTRIS ERIC is 
associating research performing organizations all over Europe, concentrating on high-
quality observations of different atmospheric variables and processes. Main goal of 
ACTRIS large research infrastructure is to provide high-quality open-access data on 
aerosols, clouds and trace gases. ACTRIS also creates a platform for researchers to 
combine their efforts to tackle the most important challenges related to different fields of 
science (e.g. air quality, health, climate change). The ACTRIS community currently 
comprises over 100 research performing institutions and organisations from 22 
European countries.  

The ACTRIS data are measured and provided to central database by ACTRIS National 
Facilities (NF), which are in other words the observational (ground-based measurement 
stations) or exploratory platforms (mobile labs, UAVs, experimental chambers) operated 
by the research performing organizations. ACTRIS NFs are supported by ACTRIS Central 
Facilities (CF), which provide the operational support to the NFs, QA/QC measures, SOPs, 
calibration services, as well as services to ACTRIS and non-ACTRIS users (including 
instrument manufacturers and authorities on national and international levels).  

The PACC is a newly built calibration laboratory within ACTRIS CAIS-ECAC CF. The 
PACC is equipped with state-of-the-art aerosol instrumentation and currently offers 
calibration/validation of Condensation Particle Counters (CPC), Mobility Particle Sizer 
Spectrometers (MPSS) and Aerodynamic Particle Sizer Spectrometers (APSS). The 
services of the PACC will be expanded in the near future to offer calibration/verification 
of instruments measuring optical properties of aerosol particles. Futhermore, the PACC is 
capable of performing characterization of size-resolved penetration of aerosol particles 
through various parts of aerosol sampling lines (such as membrane dryers, flow splitters, 
etc.). The PACC is closely linked and harmonized with the World Calibration Centre for 
Aerosol Physics (WCCAP, TROPOS, IfT, Leipzig). Regular intercomparisons between the 
two calibration centers are performed in order to assure high quality 
calibration/verificati on services. The PACC is offering also hands-on training for ACTRIS 
NF operators and technicians, consultancy and knowledge transfer to ACTRIS and non-
ACTRIS users from academic and commercial sector. 
 

CALIBRATION SET-UPS 
 

The state-of-the-art calibration set-up includes three separate calibration lines for 
CPC, MPSS and APSS calibration/validation. On top of the calibration lines, the PACC is 
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also equipped with flexible set-up for characterization of size-resolved aerosol particle 
losses in various parts of sampling lines. 

The calibration setup for CPC counting efficiency and concentration linearity 
response (see Fig. 1) is based on a two-furnace design using silver as a source of well-
defined spherical reference aerosol particles. The polydisperse aerosol is then 
transported to the reference electrostatic classifier which enables the precise selection of 
the monodisperse fraction of the reference aerosol. The monodisperse aerosol is then 
diluted and distributed to the reference CPC and reference aerosol electrometer (the 
pri mary standard) and the candidate CPCs. The whole set-up complies with the ISO 27891 
standard. 

 
Fig. 1: CPC calibration set-up. 

 
 The MPSS validation set-up (see Fig. 2) enables the sampling of atmospheric 

aerosols or well-defined standard aerosol particles (such as NIST polystyrene Latex 
spheres), assures smooth size distribution in well-mixed homogenization volume and  

 
Fig. 2: MPSS calibration set-up. 

distributes them correctly to MPSS validation candidates as well as to the ACTRIS 
reference MPSS. The validation set-up follows CEN/TS 17434 standard. 



23 

 

The APSS verification set-up (see Fig. 3) includes aerosol generators for the 
production of well-defined supermicron aerosol particles, followed by an electrostatic 
ÃÌÁÓÓÉÆÉÅÒ ×ÉÔÈ ȰÌÁÒÇÅȱ $-!Ȣ 4ÈÅ ÄÉÓÔÒÉÂÕÔÉÏÎ ÏÆ ÔÈÅ ÒÅÐÒÅÓÅÎÔÁÔÉÖÅ ÓÁÍÐÌÅ ÔÏ ÔÈÅ !033 
verification candidates and the reference instrument is secured by means of mixing 
volume and proper isokinetic subsampling. 

 

Fig. 3: APSS calibration set-up. 
 

The set-up for characterization of size resolved aerosol particle loses (see Fig. 4) 
allows to select any flowrate in the range 2-100 l/min and the size of challenging aerosol 
particles in the size range 20-400 nm. The challenging aerosol is generated by aerosol 
generator, then i tis dried in the diffusion drier containing silica-gel and after that the 
Boltzmann charge distribution on aerosol particles is achieved by passing through a 
neutralizer with 85Kr and then the treated aerosol continues into an electrostatic classifier 
(Electrostatic Classifier, EC Goliath, Research Workshop of ICPF CAS). The monodisperse 
fraction of the generated aerosol, selected in the classifier by corresponding voltage on 
the inner electrode, is diluted in the mixing volume so, that the required flow rate through 
the tested part is reached. The number concentration of aerosol particles of given size is 
determined at the same time upstream and downstream the tested part of sampling line 
by two CPCs.  

The position of the two CPCS is alternated for every selected size of the particles using 
the pair of electromagnetic valves. The valve switching allows avoiding any errors in 
measurement due to possible differences in the measurement of both counters. The 
pressure drop across the tested part of the aerosol sampling line is monitored during the 
whole measurement. 
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Fig. 4: Set-up for characterization of size-resolved particle losses. 
 

RESULTS AND CONCLUSIONS 
 

In general, the PACC offers a range of services, from calibration and consulting to 
methodology and technical development. Furthermore, the PACC has the capacity to 
organize and perform training for microphysical (including optical in the near future) 
aerosol in-situ instrumentation. The equipment at the PACC is fully in-line with the state-
of-the-art aerosol instrumentation (starting from various aerosol generators for well-
defined nanoparticles, reference instruments, and newly designed calibration lines) and 
the laboratory space is flexible for various types of instrument 
calibration/verification/intercomparison or testing of newly developed, cutting -edge 
equipment.  
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VLIV SUCHA NA KONCENTRACE PM V I%3+O 2%05",)#% 

 

!ÄïÌÁ (/,5"/6< £-%*+!,/6<ȟ *ÜÃÈÙÍ "2:%:).! 

 
IÅÓËĻ ÈÙÄÒÏÍÅÔÅÏÒÏÌÏÇÉÃËĻ ĭÓÔÁÖ, Praha, IÅÓËÜ 2ÅÐÕÂÌÉËÁ, adela.holubova@chmi.cz 

 
+ÌþéÏÖÜ slova: :ÎÅéÉĤÔñÎþ ÏÖÚÄÕĤþ, Sucho, PM, %ÒÏÚÅ ÐĳÄÙ 

 
SUMMARY 

 
This work focuses on the effect of drought and PM concentrations at different types of 

air quality monitoring stations (rural, suburban, urban) in the Czech Republic. The data used 

covers a 10-year period from 2010 through 2019, looking only at data from the vegetation 

season (Apr-Sep). Correlation between dry/wet days and PM concentrations, the effect of other 

meteorological variables such as wind speed, air and soil temperature and soil moisture were 

studied. 

 
ª6/$ 

 
:ÖĻĤÅÎÜ ÆÒÅËÖÅÎÃÅ ÖĻÓËÙÔĳ ÖÌÎ ÖÅÄÅÒ Á ÓÕÃÈÁ ÊÓÏÕ Ö ÐÏÓÌÅÄÎþÃÈ ÌÅÔÅÃÈ ÓÐÏÊÏÖÜÎÙ ÓÅ 

ÚÍñÎÏÕ ËÌÉÍÁÔÕȢ .ÜÒĳÓÔ ÐÏéÔÕ ÔñÃÈÔÏ ÕÄÜÌÏÓÔþ ÍĳĿÅ ÏÖÌÉÎÉÔ É ËÖÁÌÉÔÕ ÏÖÚÄĤþ ÎÁÐĠþËÌÁÄ 
ÚÖĻĤÅÎþÍ ËÏÎÃÅÎÔÒÁÃþ ÐÒÁÃÈÕ Ö ÏÖÚÄÕĤþ éÉ ÚÖĻĤÅÎþÍ ËÏÎÃÅÎÔÒÁÃþ ÔÒÏÐÏÓÆïÒÉÃËïÈÏ ÏÚÏÎÕȢ 
4ÁÔÏ ÐÒÜÃÅ ÓÅ ÚÁÍñĠÕÊÅ ÎÁ ÖÌÉÖ ÓÕÃÈÁ ÎÁ ËÏÎÃÅÎÔÒÁÃÅ éÜÓÔÉÃ PM10 a PM2,5 v IÅÓËï ÒÅÐÕÂÌÉÃÅȟ 
ÐÒÏ ÏÄÓÔÒÁÎñÎþ ÖÌÉÖÕ ÖÙÔÜÐñÎþ ÂÙÌÏ ÈÏÄÎÏÃÅÎÏ ÐÏÕÚÅ ÖÅÇÅÔÁéÎþ ÏÂÄÏÂþȢ  

 

 
  

Obr. 1: 0ÏÌÏÈÁ ÖÙÂÒÁÎĻÃÈ ÓÔÁÎÉÃ Ó ÍñĠÅÎþÍ ËÏÎÃÅÎÔÒÁÃþ PM10 3ÔÜÔÎþ ÓþÔñ ÉÍÉÓÎþÈÏ 
ÍÏÎÉÔÏÒÉÎÇÕȢ :ÅÌÅÎï ÂÏÄÙ ÏÚÎÁéÕÊþ ÖÅÎËÏÖÓËï ÓÔÁÎÉÃÅȟ ÍÏÄÒï ÐĠÅÄÍñÓÔÓËï Á éÅÒÖÅÎï 
ÍñÓÔÓËï ÓÔÁÎÉÃÅȢ 3ÔÁÎÉÃÅȟ ËÄÅ ÐÒÏÂþÈÜ ÓÌÅÄÏÖÜÎþ É ËÏÎÃÅÎÔÒÁÃþ PM2,5 ÊÓÏÕ ÏÚÎÁéÅÎÙ éÅÒÎĻÍ 
ÓÔĠÅÄÏÖĻÍ ÂÏÄÅÍȢ  

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

 
6 IÅÓËï ÒÅÐÕÂÌÉÃÅ ÊÅ ÐÒÏÖÏÚÏÖÜÎÁ Óþĩ ÓÔÁÎÉÃ ÍñĠÉÃþ ËÖÁÌÉÔÕ ÏÖÚÄÕĤþ Ö ÒÜÍÃÉ 3ÔÜÔÎþ ÓþÔñ 

ÉÍÉÓÎþÈÏ ÍÏÎÉÔÏÒÉÎÇÕ IÅÓËïÈÏ ÈÙÄÒÏÍÅÔÅÏÒÏÌÏÇÉÃËïÈÏ ĭÓÔÁÖÕȢ 0ÒÏ ĭéÅÌÙ ÔïÔÏ ÓÔÕÄÉÅ ÂÙÌÙ 
ÖÙÂÒÜÎÙ ÓÔÁÎÉÃÅȟ ËÔÅÒï ÄÉÓÐÏÎÕÊþ éÁÓÏÖÏÕ ĠÁÄÏÕ ËÏÎÃÅÎÔÒÁÃþ PM10 a PM2,5 v letech 2010ɀ
ςπρωȢ 6ĻÂñÒ ÓÔÁÎÉÃ ÂÙÌ ÚĭĿÅÎ ÎÁ ÓÔÁÎÉÃÅȟ ËÔÅÒï ÍÁÊþ ÖÅ ÓÖïÍ ÏËÏÌþ ÍÁØÉÍÜÌÎñ ςππ Í 
ÖÚÄÜÌÅÎÏÕ ÍÅÔÅÏÒÏÌÏÇÉÃËÏÕ ÓÔÁÎÉÃÉ Ó ÍñĠÅÎþÍ ÓÒÜĿÅËȢ 4ÙÔÏ ËÒÉÔïÒÉÁ ÓÐÌĐÏÖÁÌÏ ςρ ÓÔÁÎÉÃ 



26 

 

ɉ/ÂÒȢ ρɊȢ -ñĠÅÎï ÏÂÄÏÂþ ÂÙÌÏ ÒÏÚÄñÌÅÎÏ ÎÁ ÅÐÉÚÏÄÙ ÓÕÃÈÁ Á ÅÐÉÚÏÄÙ Ó ÄÅĤÔñÍȟ ËÄÙ 
ËÒÉÔïÒÉÅÍ ÐÒÏ ÅÐÉÚÏÄÕ ÓÕÃÈÁ ÂÙÌÏ υ ÐÏ ÓÏÂñ ÊÄÏÕÃþÃÈ ÄÎþȟ ËÄÙ ÎÅÂÙÌ ÐĠÅËÒÏéÅÎ ĭÈÒÎ ÓÒÜĿÅË 
Ö ÊÅÄÎÏÔÌÉÖĻÃÈ ÄÎÅÃÈ πȟς ÍÍȢ  

 
6¸3,%$+9, DISKUSEȟ :<6Q29 

 
6ĻÓÌÅÄËÙ ÐÒÏËÜÚÁÌÙ ÎÜÒĳÓÔ ËÏÎÃÅÎÔÒÁÃþ PM10 v ÒÏÚÍÅÚþ ÏÄ ςφȟχ ÄÏ τφȟχ Ϸ ÂñÈÅÍ 

ÓÕÃÈï ÐÅÒÉÏÄÙ Ö ÐÏÒÏÖÎÜÎþ Ó ËÏÎÃÅÎÔÒÁÃÅÍÉ ÍñĠÅÎĻÍÉ Ö ÏÂÄÏÂþÃÈ ÓÅ ÓÒÜĿËÏÕȢ  $ÁÌĤþÍ 
ÆÁËÔÏÒÅÍ ÐĳÓÏÂþÃþ ÎÁ ËÏÎÃÅÎÔÒÁÃÅ 0- ÊÅ ÖÅÇÅÔÁéÎþ ËÒÙÔȟ ËÔÅÒĻ éÜÓÔÅéÎñ ËÏÍÐÅÎÚÏÖÁÌ ÖÌÉÖ 
ÓÕÃÈÁȢ .ÅÊÎÉĿĤþ ÒÏÚÄþÌÙ ËÏÎÃÅÎÔÒÁÃþ 0- ÍÅÚÉ ÓÕÃÈÏÕ Á ÖÌÈËÏÕ ÐÅÒÉÏÄÏÕ ÂÙÌÙ ÍñĠÅÎÙ 
v éÅÒÖÅÎÃÉ ÏÐÒÏÔÉ ÎÅÊÖÙĤĤþÍ ÈÏÄÎÏÔÜÍ Ö ÓÒÐÎÕȟ ËÄÙ ÖÒÃÈÏÌþ ÓËÌÉÚÅĐ ɉ4ÁÂȢ ρɊȢ  
0ÏÔÖÒÄÉÌ ÓÅ ÖÌÉÖ ÔÅÐÌÏÔÙ Á ÖÌÈËÏÓÔÉ ÐĳÄÙ ÎÁ ËÏÎÃÅÎÔÒÁÃÅ 0-Ȣ (ÏÄÎÏÔÎĻÍ ÖĻÓÌÅÄËÅÍ ÊÅ 
ÚÊÉĤÔñÎþȟ ĿÅ ÎÅÐĠþÚÎÉÖï ÐÏÄÍþÎËÙ ÐÒÏ ÅÒÏÚÉ éÉ ÒÅÓÐÕÓÐÅÎÚÉ ÐĳÓÏÂþ ÐĳÄÁ Ó ÖÌÈËÏÓÔþ ÎÁÄ  
36 % i v ÐĠþÐÁÄÅÃÈȟ ĿÅ ÊÅÊþ ÔÅÐÌÏÔÁ ÐĠÅÓÁÈÕÊÅ ςπ Ј#Ȣ  
 
4ÁÂȢρȡ -ÅÄÉÜÎÏÖï ËÏÎÃÅÎÔÒÁÃÅ PM10 Ö éÅÒÖÅÎÃÉ Á ÓÒÐÎÕ ÎÁ ÖÅÎËÏÖÓËĻÃÈȟ ÐĠÅÄÍñÓÔÓËĻÃÈ  
Á ÍñÓÔÓËĻÃÈ ÓÔÁÎÉÃþÃÈ Ö ÌÅÔÅÃÈ 2010ɀ2019. 
 Koncentrace PM10 éÅÒÖÅÎÅÃ 

ɍАÇɇÍ-3] 
Koncentrace  PM10 srpen       

ɍАÇɇÍ-3] 
Typ stanice  ÓÕÃÈÜ ÐÅÒÉÏÄÁ ÖÌÈËÜ ÐÅÒÉÏÄÁ ÓÕÃÈÜ ÐÅÒÉÏÄÁ ÖÌÈËÜ ÐÅÒÉÏÄÁ 
ÖÅÎËÏÖÓËÜ 18,9 15,5 23,9 15,2 
ÐĠÅÄÍñÓÔÓËÜ 20,5 16,4 27,2 16,6 
ÍñÓÔÓËÜ 20,7 17,8 25,5 18,2 

 
0/$Q+/6<.^ 

 
!ÕÔÏĠÉ ÐÒÜÃÅ ÄñËÕÊþ ÚÁ ÐÏÄÐÏÒÕ IÅÓËïÍÕ hydrometeorologickïÍÕ ĭÓÔÁÖÕȟ ËÔÅÒĻ 

ÓÔÕÄÉÉ ÐÏÄÐÏĠÉÌ Ö ÒÜÍÃÉ Dlouhodobï ËÏÎÃÅÐÃÅ ÒÏÚÖÏÊÅ ÖĻÚËÕÍÎï ÏÒÇÁÎÉÚÁÃÅ ÎÁ ÏÂÄÏÂþ 
2018ɀ2022. 
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ɉ.%Ɋ:<6)3,/34 !+4)6!#% !%2/3/,5 .! 0/:)#) 6 /",!+5 

 

.ÁÄñĿÄÁ :^+/6<1ȟ 0ÅÔÒÁ 0/+/2.<1ȟ 0ÁÖÅÌ 3%$,<+2ȟ :ÂÙÎñË 3/+/,2, 6ÌÁÄÉÍþÒ ¼$^-!,1 
  

1ªÓÔÁÖ ÃÈÅÍÉÃËĻÃÈ ÐÒÏÃÅÓĳȟ !6 I2ȟ 0ÒÁÈÁȟ IÅÓËÜ ÒÅÐÕÂÌÉËÁȟ zikova@icpf.cas.cz 
2/ÄÄñÌÅÎþ ÍÅÔÅÏÒÏÌÏÇÉÅȟ ªÓÔÁÖ ÆÙÚÉËÙ ÁÔÍÏÓÆïÒÙ !6 I2ȟ 0ÒÁÈÁȟ IÅÓËÜ ÒÅÐÕÂÌÉËÁ 

 
+ÌþéÏÖÜ ÓÌÏÖÁȡ !ÔÍÏÓÆïÒÉÃËï ÁÅÒÏÓÏÌÙȟ !ËÔÉÖÁÃÅȟ :ÜËÌÁÄÎÁ ÏÂÌÁéÎÏÓÔÉ 

 
SUMMARY 

 
Five in situ campaigns focused on aerosol-cloud interactions were conducted at 

-ÏÕÎÔ -ÉÌÅĤÏÖËÁ in the Czech Republic to gain more insight into aerosol activation and 
its dependence on meteorological parameters, mainly vertical air velocity and position 
within the cloud. The activated fraction was calculated from the difference of 
concentrations measured behind the whole air inlet and the PM2.5 inlet. The liquid water 
content (LWC) was calculated from visibility, cloud base position was estimated from 
ceilometer data. Vertical air velocity was estimated from cloud radar. No strong 
dependence was found between visibility and vertical velocity, suggesting that the clouds 
at the station are mostly of advection or inversion origin. Both visibility and LWC depend 
on the position within the cloud, with the highest LWC values found when the station was 
between 100 and 400 m above the cloud base, independently of the actual value. 

 
ª6/$ 

 
6 ĤÅÓÔï ÈÏÄÎÏÔþÃþ ÚÐÒÜÖñ )0## ÂÙÌÁ ÎÅÊÖÙĤĤþ ÈÏÄÎÏÔÁ ÁÅÒÏÓÏÌÏÖïÈÏ ÆÏÒÃÉÎÇÕ ÐĠÉÐÓÜÎÁ 
ÉÎÔÅÒÁËÃÉ ÍÅÚÉ ÁÔÍÏÓÆïÒÉÃËĻÍ ÁÅÒÏÓÏÌÅÍ ɉ!!Ɋ Á ÏÂÌÁéÎÏÓÔþ (Arias et al., 2021). Pro jeho 
ÌÅÐĤþ ÐÏÐÉÓ Á ÂÕÄÏÕÃþ ÏÄÈÁÄ ÂÙÌÁ ÚËÏÕÍÜÎÁ ÚÜÖÉÓÌÏÓÔ ÁËÔÉÖÁÃÅ !! ÎÁ ÍÅÔÅÏÒÏÌÏÇÉÃËĻÃÈ 
ÖÅÌÉéÉÎÜÃÈ Á jevech. 

 
METODY 

 
0ñÔ ÉÎ ÓÉÔÕ ËÁÍÐÁÎþ ÚÁÍñĠÅÎĻÃÈ ÎÁ ÖÅÌÉËÏÓÔÎñ ÒÏÚÄñÌÅÎÏÕ ÁËÔÉÖÁÃÉ ÁÅÒÏÓÏÌÕ ÐĠÉ ÍÌÚÅȟ 
ÍÒÚÎÏÕÃþ ÍÌÚÅ Á ÄÅĤÔÉ Ó ÍÌÈÏÕ Á ÊÅÊþ ÚÜÖÉÓÌÏÓÔ ÎÁ ÖÅÒÔÉËÜÌÎþ ÒÙÃÈÌÏÓÔÉ ÖÚÄÕÃÈÕ Á poloze 
v ÏÂÌÁËÕ ÐÒÏÂñÈÌÏ ÎÁ ÈÏĠÅ -ÉÌÅĤÏÖËÁ ɉυπȟυυ .ȟ ρσȟωσ %ȟ ψσπ Í n. m.) v ÊÁÒÎþÃÈ 
a ÐÏÄÚÉÍÎþÃÈ ÍñÓþÃþÃÈ ÌÅÔ ςπρψ ÁĿ ςπςπȢ !ËÔÉÖÏÖÁÎĻ !! ÂÙÌ ÖÙÐÏéþÔÜÎ Ú ÒÏÚÄþÌÕ 
ËÏÎÃÅÎÔÒÁÃþ ÎÁÍñĠÅÎĻÃÈ ÓÐÅËÔÒÏÍÅÔÒÙ 3-03 Á !03 ÚÁ ×ÈÏÌÅ ÁÉÒ ÉÎÌÅÔÅÍ ɉ7!)Ɋ Á 0-2.5 
ÈÌÁÖÏÕ ɉ:þËÏÖÜ a kol.ȟ ςπςπȟ ςπςρɊȢ /ÂÓÁÈ ËÁÐÁÌÎï ÖÏÄÙ ɉ,7#Ɋ ÂÙÌ ÖÙÐÏéþÔÜÎ Ú ÄÏÈÌÅÄÎÏÓÔÉ 
ɉ&ÉĤÜË a kol., 2006)ȟ ÐÏÌÏÈÁ ÚÜËÌÁÄÎÙ ÏÂÌÁËĳ ÂÙÌÁ ÏÄÈÁÄÎÕÔÁ Ú ÃÅÉÌÏÍÅÔÒÕ ɉ#,υρȟ 6ÁÉÓÁÌÁȟ 
&ÉÎÓËÏɊȢ "ÙÌÁ ÐÏÕĿÉÔÁ ÄÁÔÁ Ú ÃÅÉÌÏÍÅÔÒĳ ÎÁ -ÉÌÅĤÏÖÃÅ Á Ö +ÏÐÉÓÔÅÃÈ ɉυπȟυτ N, 13,62 E, 
240 m n. ÍȢɊȟ ËÔÅÒï ÓÅ ÎÁÃÈÜÚþ ςπ ËÍ ÚÜÐÁÄÎñ Á υωπ ÖĻĤËÏÖĻÃÈ ÍÅÔÒĳ ÎþĿÅ ÏÄ -ÉÌÅĤÏÖËÙȢ 
Ceilometr v +ÏÐÉÓÔÅÃÈ ÂÙÌ ÐÏÕĿÉÔ Ë ÏÄÈÁÄÕ ÖĻĤËÙ ÚÜËÌÁÄÎÙ ÏÂÌÁËÕ Ö ÐĠþÐÁÄñȟ ËÄÙ ÂÙÌÁ 
-ÉÌÅĤÏÖËÁ ÚÁÈÁÌÅÎÁ ÄÏ ÏÂÌÁéÎÏÓÔÉ Á ÄÁÔÁ ÃÅÉÌÏÍÅÔÒÕ Ú -ÉÌÅĤÏÖËÙ ÎÅÂÙÌÁ ÐÏÕĿÉÔÅÌÎÜȢ 

6ÅÒÔÉËÜÌÎþ ÒÙÃÈÌÏÓÔ ÖÚÄÕÃÈÕ ÂÙÌÁ ÏÄÖÏÚÅÎÁ Ú ÖÅÒÔÉËÜÌÎñ ÏÒÉÅÎÔÏÖÁÎïÈÏ ÏÂÌÁéÎïÈÏ 
ÒÁÄÁÒÕ ɉ-)2!συ#ȟ -%4%+ȟ .ñÍÅÃËÏɊ ÕÍþÓÔñÎïÈÏ ÎÁ ÖÒÃÈÏÌÕ -ÉÌÅĤÏÖËÙȢ .ÅÊÎÉĿĤþ 
ÄÏÓÔÕÐÎĻ ÒÁÄÁÒÏÖĻ ÇÁÔÅ ÖĤÁË ÂÙÌ ςππ Í ÎÁÄ ÖÒÃÈÏÌÅÍ -ÉÌÅĤÏÖËÙȟ ÔÁËĿÅ ÊÄÅ ÊÅÎ Ï ÏÄÈÁÄ 
ÐÏÄÍþÎÅË ÐĠþÍÏ Ö mþÓÔñ ÍñĠÅÎþȢ 
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6¸3,%$+9ȟ $)3+53%ȟ :<6Q29 

 
Jak dohlednost, ÔÁË ,7# ÓÅ ÓÉÌÎñ ÌÉĤþ Ö ÚÜÖÉÓÌÏÓÔÉ ÎÁ ÐÏÌÏÚÅ ÎÁÄ ÚÜËÌÁÄÎÏÕ ÏÂÌÁéÎÏÓÔÉȟ 
ÐĠÅÓÔÏĿÅ ÓÅ ÎÅÚÖÙĤÕÊþ ͼÔïÍñĠ ÌÉÎÅÜÒÎñ Ó ÖĻĤËÏÕ ÎÁÄ ÚÜËÌÁÄÎÏÕ ÏÂÌÁËÕȟ ÄÏÓÁÈÕÊþÃe maxima 
ÐĠÉÂÌÉĿÎñ ÖÅ ψπɀωπ Ϸ ÔÌÏÕĤĩËÙ ÏÂÌÁËÕͼ (Acker a kol., 2002)ȟ ÊÁË ÔÏÍÕ ÊÅ Õ ÏÂÌÁéÎÏÓÔÉ 
ÖÚÎÉËÌï ÁÄÉÁÂÁÔÉÃËĻÍ ÏÃÈÌÁÚÏÖÜÎþÍȢ .ÅÊÖÙĤĤþ ÈÏÄÎÏÔÙ ,7# É ÄÏÈÌÅÄÎÏÓÔÉ ÂÙÌÙ 
ÐÏÚÏÒÏÖÜÎÙȟ ËÄÙĿ ÂÙÌÁ ÓÔÁÎÉÃÅ ÍÅÚÉ ρππ Á τππ Í ÎÁÄ ÚÜËÌÁÄÎÏÕ oblaku ɉ/ÂÒȢ ρɊȟ ÎÅÚÜÖÉÓÌÅ 
ÎÁ ÁËÔÕÜÌÎþ ÖĻĤÃÅ ÎÁÄ ÚÜËÌÁÄÎÏÕȢ !ËÔÉÖÁÃÅ ÊÅ ÔÅÄÙ ÚÐĳÓÏÂÅÎÁ ÉÚÏÂÁÒÉÃËĻÍ ÏÃÈÌÁÚÏÖÜÎþÍȟ 
ÎÉËÏÌÉ ÁÄÉÁÂÁÔÉÃËĻÍȢ 

.ÅÂÙÌÁ ÚÊÉĤÔñÎÁ ÚÜÖÉÓÌÏÓÔ ÍÅÚÉ ÄÏÈÌÅÄÎÏÓÔþ Á ÖÅÒÔÉËÜÌÎþ ÒÙÃÈÌÏÓÔþȟ ÃÏĿ ÐÏÔÖÒÚÕÊÅȟ ĿÅ 
ÏÂÌÁéÎÏÓÔ ÎÁ ÓÔÁÎÉÃÉ ÊÅ ÐĠÅÖÜĿÎñ ÐĳÖÏÄÕ ÁÄÖÅËéÎþÈÏ ÎÅÂÏ ÉÎÖÅÒÚÎþÈÏȟ Á ÎÁÏÐÁË ÎÅÎþ 
spojena s ÏÒÏÇÒÁÆÉÃËĻÍÉ ÐÏÈÙÂÙȢ 0ÏËÕÄ ÕÐÄÒÁÆÔ ÄÏÓÜÈÎÅ ÒÙÃÈÌÏÓÔþ ÐĠÅÓ ρ ÍȾÓȟ ÊÅ 
dohlednost ÎÁ ÓÔÁÎÉÃÉ éÁÓÔÏ ÖñÔĤþ ÎÅĿ ρπππ ÍȢ 

 

 
 

Obr. 1: :ÜÖÉÓÌÏÓÔ ÄÏÈÌÅÄÎÏÓÔÉ ÎÁ ÐÏÌÏÚÅ ÎÁÄ ÚÜËÌÁÄÎÏÕ ÏÂÌÁéÎÏÓÔÉ. 
 

0/$Q+/6<.^ 
 

0ĠþÓÐñÖÅË ÖÚÎÉËÌ ÚÁ ÆÉÎÁÎéÎþ ÐÏÄÐÏÒÙ '!I2 Ö ÒÜÍÃÉ ÐÒÏÊÅËÔÕ 0ςπωȾρψȾρυπφυ9 Á 
-£-4 Ö ÒÜÍÃÉ ÐÒÏÊÅËÔÕ !#42)3-CZ-RI LM2023030 a projektu ACTRIS IMP H2020-
INFRADEV-2019-2), Grant éȢȡ 871115. 
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PROCESSING OF THE DATA MEASURED WITH CLOUD CONDENSATION NUCLEI 
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INTRODUCTION 
 

Aerosol particles in the atmosphere that allow water vapor to condense and form 
cloud droplets are called Cloud Condensation Nuclei (CCN). Elevated concentrations of 
CCN tend to increase the concentration and decrease the size of cloud droplets. This can 
lead to suppression of precipitation in shallow and short-lived clouds and to greater 
convective overturning and more precipitation in deep convective clouds, Rose et al. 
(2010). The response of cloud properties and precipitation processes to increasing 
anthropogenic aerosol concentrations represents one of the largest uncertainties in the 
current understanding of climate change. One of the fundamental challenges is to 
determine the ability of aerosol particles to act as CCN under relevant atmospheric 
conditions. Knowledge of the spatial and temporal distribution in the atmosphere is 
essential to incorporate the effects of CCN into meteorological models of all scales, Huang 
et al. (2007). Long-term CCN measurements are performed at aerosol monitoring sites 
such as those forming ACTRIS (Aerosols, Clouds, and Trace Gases Research 
Infrastructure) network. Measured data are then submitted to the EBAS database, where 
they are available for the other ACTRIS researchers. In this paper, we present our 
experience with the processing of the data measured with CCNC for submission to the 
EBAS database. The data prepared for submission to EBAS from year 2020 are also 
presented. 

 

EXPERIMENTAL SETUP 
 

The instrument we are using for the CCN concentration measurements is a Dual 
Column Cloud Condensation Nuclei Counter (CCN-200) purchased from Droplet 
Measurements Technologies, USA. The DMT CCNC operates on the principle that heat 
conduction in the air is slower than molecular diffusion of water vapor (Roberts and 
Nenes, 2005). The CCNC operates by maintaining a positive temperature difference 
between the bottom and top of the column. Inside the column, the supersaturated water 
vapor condition is caused by diffusion of water vapor from the warm, moist column wall 
toward the centerline, at faster rate than heat. The CCN-200 counter allows making two 
simultaneous measurements of CCN concentrations, which offers interesting possibilities: 
¶ measurement at different combinations of supersaturations (SSs) in each column, 

so that data for more SSs can be collected during one measurement cycle, 
¶ polydisperse measurement of CCN in one column and monodisperse measurement 

in the other, 
¶ measurements of CCN concentrations from different locations in each column. 
Until now, we mostly used the same SSs in both columns during the measurement cycle. 

CCNC data are to be submitted to EBAS at three levels. In this work we processed the data 
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for submission as level zero (EBAS Data Submission Manual). However, the data collected 
by CCNC contain a lot of ballast that is unusable for scientific purposes. Therefore, it is 
necessary to cure the data before submission. CCN-200 collects approximately a hundred 
items of data each second. They consist of time, CCN concentration, particle size 
distribution, and a number of parameters describing the state of the instrument: 
temperatures, flow rates, voltages etc. One measuring cycle consists of 5 or 6 SSs. 
Measurement at each SS consists of a transition period when parameters of the 
instrument, mainly temperatures, stabilize, which should be followed by a sufficiently 
long period of measurement with stable parameters of the CCNC. The data from those 
steady state periods have to be averaged. An example of processing of CCN concentration 
is shown in Fig. 1 for three hours of measurement, 60 minutes long measuring cycle and 
5 SSs per cycle. 

 

Fig. 1: Time dependencies of CCN concentrations and SSs during three measuring cycles, 
10.9.2020. 

 

Tab. 1: SS settings of measurement cycles in 2020. No 1 - period from 1.1. to 26. 2. 2020, 
No. 2 - period from 24. 6. to 21. 9. 2020, No. 3 - period from 21. 9. to 14. 10. 2020. 

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

Time [min]  10 6 6 7 8 8 

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

Time [min]  20 10 10 10 10  

No. 3 

SSA [%]  0.15 0.2 0.25 0.5 0.7  

SSB [%]  0.1 0.2 0.3 0.5 1  

Time [min]  20 10 10 10 10  

For averaging we selected last three minutes of measurement for each SS. Resulting 
average values of CCN Conc A show yellow points and we can see that this procedure 
reduced 10800 values of Conc A on 15. Consequently, 10800 rows with 100 items of data 
each was reduced to 15. 
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RESULTS AND CONCLUSIONS 
 

In 2020, measurements were carried out using three variants of measuring cycle with 
parameters specified in Tab. 1. In the first period from 1.1. to 25.2.2020, we used 45 min 
measuring cycle with 6 SSs. The processed data from this period are shown in Fig. 2. Three 
months long gap between time periods 1 and 2 was caused by taking part on Calibration 
and comparison workshop at TROPOS, Leipzig and, predominantly by COVID-19 
restrictions. 

 

Fig. 2: Averaged values of CCN concentrations for 6 SSs and time period 1 in Tab. 1. 

 

Fig. 3: Averaged values of CCN concentrations for 5 SSs and time periods 2 and 3 in Tab. 
1. 
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Missing data from the end of the year were caused by sending CCN-200 to DMT for 
Win10 System Upgrade. During the workshop at TROPOS, we found that longer time 
periods are more suitable for measurements at individual SSs, especially for SS = 0.1%. 
Therefore, in the following measurements we applied 60 min measuring cycle with only 
5 SSs, see Tab. 1 for details. CCN concentrations from time periods 2 and 3 are shown in 
Fig. 3. Nevertheless, the data collected during the 1st period (Tab. 1) are still valid because 
differences in temperatures were within allowed limits (Operator Manual, 2018). To date 
we already submitted to EBAS the data from year 2020 and the data from year 2019 are 
almost ready for submission. The data from year 2019 were already presented by Mishra 
et al. (2022). However, for data collected after CCN-200 - WIN10 System Upgrade, the 
procedure for submission to the EBAS database needs to be worked out and approved by 
NILU, because SS settings are somehow different in the new software. 
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INTRODUCTION 
 

Reactive compounds of nitrogen belong to significant pollutants presented in the 
atmosphere. Their interconnected reactions form a large ratio of atmospheric processes 
(Warneck, 1988). Gaseous nitric acid (HNO3) and particulate nitrates (NO3-) are important 
in several aspects of tropospheric chemistry, especially in photochemistry of nitrogen 
oxides and ozone. HNO3 is one of the main components of acidic deposition. Adhering to 
surfaces gets to equilibrium  with NO3-, which has been associated with incidents of 
decreased visibility in some areas (Tanner et al., 1989). 

Low concentration of HNO3 in atmosphere is difficult to measure with requisite 
precision and accuracy in the presence of the several other nitrogen species. Most 
analytical procedures are based on filter sampling, with subsequent extraction and 
detection. Although the measurement can in principle be performed accurately, the 
sampling leads to several problems, resulting in artefacts in both gas and particle phases 
(Forrest et al., 1982). The lack of information about fast concentration changes is the other 
disadvantage followed from this type of measurement. 

The presented paper describes methods for continuous determination of gaseous 
nitric acid and particulate nitrates in ambient air with small time resolution. 

 
EXPERIMENTAL SETUP 

The measurement apparatus is assembled from two independent parts: the sampling 
unit for HNO3 with analyser on the principle of continuous flow system (CFS) with 
chemiluminescent detection (CLD), and sampling unit for NO3- with other CFS-CLD. 

The sampling unit for HNO3 consists of cylindrical wet effluent diffusion denuder 
(CWEDD) where HNO3 from analysed air (1 L min-1) is continuously collected into 
ÄÅÉÏÎÉÚÅÄ ×ÁÔÅÒ ɉτυπ А, ÍÉÎ-1). Subsequently the collected HNO3 is detected via CLD 
ɉ-ÉËÕĤËÁ ÅÔ ÁÌȢȟ ςπρτɊ ÂÁÓÅÄ ÏÎ ÔÈÅ ÐÈÏÔÏÃÏÎÖÅÒÓÉÏÎ ÏÆ ./3- to peroxynitrite by UV 
convertor with subsequent chemiluminescence reaction with luminol detected by 
photomultiplier. The sampling unit for NO3- ÃÏÎÓÉÓÔÓ ÏÆ ÃÙÃÌÏÎÅ ÉÎÌÅÔ ɉςȢυ АÍ ÃÕÔ-off 
diameter, 10 L min-1), annular diffusion denuder for removing gaseous pollutants, 
continuous aerosol sampler (CGU-ACTJU) for collecting the aerosol particles into 
deionized water (1.3 mL min-1) and the second CFS-FLD. 

The measurement of HNO3/NO3- in ambient air in Brno using the developed method 
carried out during two campaigns. The winter campaign was going on 6ɀ17th February 
2023 and the summer campaign 14ɀ28th July 2023 (Fig. 1). Both campaigns were 
performed on a terrace on the first floor of the Institute of Analytical Chemistry (UIACH) 
ÁÔ 6ÅÖÅĠþ 3ÔÒÅÅÔȢ 4ÈÅ ÃÏÎÃÅÎÔÒÁÔÉÏÎÓ ÏÆ ÁÎÁÌÙÔÅÓ ×ÅÒÅ ÍÅÁÓÕÒÅÄ ÉÎ ρÓ ÉÎÔÅÒÖÁÌÓȢ 4ÈÅ 
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particulate number concentration and size distribution of PM in the size range 6.73ɀ294 
nm was measured with the SMPS spectrometer (model 3936L72, TSI, USA). The 
temperature, relative humidity, wind speed and direction, irradiation and precipitations 
were measured using meteorological station (UIACH, roof). 

 
RESULTS AND CONCLUSIONS 

 

The innovated method for the simultaneous online determination of HNO3/NO3- in 
ambient air was developed. Due to high sensitivity of CLD (LOD = 5.1 nM in water solution, 
3 s/n) no preconcentration method is required. The online methods were compared with 
the results obtained with the offline method based on sampling using filters and dry 
denuders (DD) covered by 0.5% NaF with subsequent analysis by ion chromatography 
(model ICS-2100, Dionex, USA) and capillary electrophoresis (model Agilent 7100, Agilent 
Technologies, USA). 

 

 

 

 

 

 

 

 

Fig. 1: Variations of HNO3/NO3- concentration in ambient air during July 2023. 
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INTRODUCTION 
 

For the study of the mass concentration of particulate matter and its constituents, the 
reference methods should be the gravimetric method (GM) followed by an analysis by 
atomic absorption spectrometry (AAS), while other methods may be used if their 
equivalence to the reference method has been demonstrated (EC 2000). 

In addition to the AAS technique, non-destructive techniques are applicable and are 
generally referred to as X-Ray Fluorescence (XRF) (Bilo et al., 2018). The detailed 
characterisation and application of AAS and XRF were presented in a paper by 'ÁÌÖÞÏ ÅÔ 
al. (2018).  

This study presents and analyses data on PM10 concentrations and their chemical 
composition. In addition to checking the air quality in the rural area, the main aim of the 
study was to compare the aforementioned methods in terms of the possible compatibility 
of the results. Simultaneously, potential differences in air quality over the two seasons 
were checked. 

The scope, type, place, apparatus and conditions of observation enabled the 
verification of the following hypotheses:  

1. Concentration levels of PM10 are identical regardless of the method of sampling and 
analysis; 

2. Concentration levels of PM10-bound elements are identical regardless of the 
method of analysis; and 

3. Concentration levels of PM10 and PM10-bound elements are identical regardless of 
the season (winter״spring relation).  
 

EXPERIMENTAL SETUP 
 

As the receptor, the measurement point in the northern part of the village was 
ÓÅÌÅÃÔÅÄȟ ×ÈÉÃÈ ÉÓ ÓÉÔÕÁÔÅÄ ÎÅÁÒ Á ÍÏÄÅÒÁÔÅÌÙ ÉÎÈÁÂÉÔÅÄ ÒÕÒÁÌ ÁÒÅÁ ɉ+ÏÔĕÒÚ -ÁčÙȟ /ÐÏÌÓËÉÅ 
Voivodeship) surrounded by meadows, farmlands low shrubs and trees (50OχσȭφφȢπςȱ 
N;18OπυȭπφȢψπȱ %ȟ ρφς ÍȢ ÁȢ ÓȢ ÌȢȟ ωφψ ÉÎÈÁÂÉÔÁÎÔÓɊȢ A reference gravimetric method (GM) 
with LVS aspirator (Atmoservice PNS-15) + AAS and continuous particle monitor + energy 
dispersive X-ray fluorescence (CPM+EDXRF; PX-σχυ (ÏÒÉÂÁ΅ȟ *ÁÐÁÎɊ ÔÅÃÈÎÉÑÕÅ ×ÅÒÅ 
used to examine PM10 concentrations and their chemical composition (nine elements Cu, 
Zn, Cr, Ni, Fe, Mn, K, Ca and Pb were selected for analysis). All samples grabbed by GM 
were analysed by AAS in the laboratory. Because of the need to meet technical conditions, 
apparatuses were located at 18 metres from each other. Both methods were applied at 

mailto:justyna.rybak@pwr.edu.pl
mailto:t.olszowski@po.edu.pl
mailto:wrogula@sgsp.edu.pl
mailto:ziembik@uni.opole.pl
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the same time, that is, for 49 consecutive days during the winter period (January״
February 2019) and 15 consecutive days during the spring period (April 2019).  

TIBCO STATISTICA version 13.3 was used to prepare charts and perform statistical 
analyses. The result of the Shapiro״Wilk test indicated that none of the recorded cases 
were found to correspond to a normal distribution of data; therefore, non-parametric 
tests were used to assess differences between the concentrations as determined by two 
different methods (Wilcoxon). The winter״spring relation was checked by using the U 
Mann״Whitney test. For comparison of elements, EDXRFɀASS relation in the selected 
season, the Wilcoxon test was used. The relationships between variables were examined 
using Spearman's rank correlation coefficient. The significance level of 0.05 was adopted. 
 

RESULTS AND CONCLUSIONS 
 

Fig. 1 shows the distribution of PM10 mass concentrations determined using both 
methods. The average concentration of PM10 for the whole measurement period in 
January״February was below the daily PM10 limit value determined by the European 
#ÏÍÍÉÓÓÉÏÎ ɉυπ АÇȾÍ3), which must not be exceeded on more than 35 days a year. Days 
which exceeded the daily limit value were also observed, that is, days 120 ,12 ,10 ,9 ,6״, 
21 and 121״19 15״9 ,6״ in the CPM and GM measurements, respectively. The coefficient 
of variation was at a similar level, that is, 51% for CPM and 65% for GM. 

 

 
Fig. 1:  Average 24-hrs PM10 mass concentration obtained by two methods in winter (on 

the left) and spring (on the right) campaign. 

At the beginning of the second observation period (early April), the concentrations 
determined by the two methods were clearly different.  A significant difference was also 
observed in the average values for the whole spring period. Despite the observed 
fluctuations, it can be concluded that the PM10 concentrations measured with CPM and 
GM were similar only during the winter period. In addition, only two days with 
exceedances of CPM were recorded, while there were four such days in the case of GM. 
For both CPM and GM, the coefficient of variation was at almost the same level as it was 
during the winter periodɂ52% and 67%, respectively. Furthermore, in the case of GM, 
the relation of PM10 concentrationɂvalues of meteorological parameters (Ws, T, P) - was 
identical to that observed for winter. Such a relationship did not occur for concentrations 
determined using CPM. 

For both winter and spring periods, a statistically significant, high (spring) and almost 
full (winter) correlation was obtained between PM10 concentrations determined by both 
methods. The result of the Wilcoxon test (for p<0.05) confirmed the consistency of the 
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results from both methods only for the winter period. The p-values of the Wilcoxon test 
for winter and spring sessions were 0.08 and 0.01, respectively. Thus, hypothesis #1 can 
only be considered true for the winter campaign period. In the season-to-season 
comparison (U Mann״Whitney test, p<0.05), no statistically significant differences were 
found. In the winter״spring relationship for PM10 concentrations determined by CPM, the 
test probability was 0.40 and by GM 0.86. 

Fig. 2 shows the full measurement data for PM10-bound elements. The mean 
concentrations of selected elements associated with PM10 ranged widely. For both 
techniques, Ca, K and Fe were the most abundant among the determining elements. Toxic 
trace elements were present in very low concentrations (Ni, Cr, Mn) not exceeding 10 
ng/m 3 (mean daily value) or low (Pb). When considering the position of the median, it 
may appear that for both methods, the concentrations of Mn, Ni, Zn and Ca can be taken 
as equivalent. There was much more variability in the elements determined by the AAS 
method. Significant discrepancies were observed between the results of the two 
techniques, particularly in the mass concentration of Cr (more than 4 times the median 
value for AAS) and Cu (more than 3 times the median value for AAS). 

 

 
Fig. 2: PM10-bound elements data for winter (on the left) and spring (on the right) period. 
Boxes show the range between the 25th and 75th percentiles. The whiskers extend from 
the edge of the box to the 5th and 95th percentiles of the data. The horizontal line inside 
indicates the median value. 

In the case of spring observations, the mean concentrations of selected elements 
associated with PM10 and determined by two techniques also ranged widely. Also, Ca, K 
and Fe were the most abundant among the determining elements. The mean 
ÃÏÎÃÅÎÔÒÁÔÉÏÎÓ ÏÆ .É ÁÎÄ 0Â ÉÎ +ÏÔĕÒÚ -ÁčÙ ÄÉÄ ÎÏÔ ÅØÃÅÅÄ ÔÈÅ ÐÅÒÍÉÓÓÉÂÌÅ ÖÁÌÕÅÓ ÏÆ 
annual concentrations established by the European Commission (20 ng/m3, and 
0.5 АÇȾÍ3, respectively). The position of the median may suggest that for both methods, 
the Fe and Zn concentrations can be taken as equivalent. Very significant discrepancies 
were observed between the results of the two techniques, especially in the mass 
concentrations of Cu (more than 20-fold higher median value for AAS), Ni (more than 13-
fold higher median value for AAS), Cr (more than 8-fold higher median value for AAS), Ca 
(more than 5-fold higher median value for AAS) and Pb (more than 5-fold higher median 
value for EDXRF). 

Fig. 3 presents the results of the cluster analysis in the form of dendrograms. The 
clusters were separately created for winter and spring data. Dendrograms were 
constructed to assess the multidimensional structure of the elemental concentration. The 
assembled Euclidean distances between the compositional points with clr-transformed 
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coordinates were used to create a dissimilarity matrix. For the winter campaign, there 
were two clearly distinguished clusters in the dendrogram, with the structure 
predominantly defined by groups of metals, namely Ca, Fe and K in the first group and Zn, 
Pb, Cu, Mn, Cr and Ni in the second group. The elements in the first group come mainly 
from natural sources, including form surface erosion of soils and from plants (*ÁÎÄÁéËÁ 
and LÕÒéÁÎÓËÜ, 2014). Elements in the second group are associated with anthropogenic 
sources, mainly from coal and biomass burning ("ÒÁÎÉĤ ÅÔ ÁÌȢȟ ςππχɊ and from the 
exploitation of motor vehicles (Kulshrestha et al., 2009).  

 

  

Fig. 3: Dendrograms of the elemental composition of PM10 in relation to the analytical 
method EDXRF and AAS (winter on the left, spring on the right). 

 
For spring observations, three main clusters were found. At first glance, two of them 

would be known as winter clusters, but the situation with AAS Ca is interesting and 
definitely stands out. This is most likely the result of human activity and represents an 
isolated incident related to local gardening. As mentioned earlier, the GM sampler was 
located close to domestic gardens where the inhabitants very often fertilised with ground 
eggshells to enrich the soil. 

Tab. 1 summarises the results of the Wilcoxon test, Tab. 2 results of the U Mann-
Whitney test which aim to verify the hypotheses #2 and #3. 

The results of the Wilcoxon test clearly indicate that these suggestions were true for 
the observations from the second measurement campaign (in spring) and only for Ca in 
winter. For the winter campaign, only the contributions of Mn, Ni and Zn to PM10 are 
equivalent for both techniques. Thus, hypothesis #2 can be considered true only to a very 
limited range. 
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Tab. 1: EDXRF״AAS p-values of Wilcoxon test for winter and spring sessions. Bold values 
indicate that the results are significant with p>0.05. 

Relation  Mass concentration  
Elements share in 

PM10 

Winter session  

EDXRF-AAS Cr 0.000 0.000 

EDXRF-AAS Mn 0.001 0.368 

EDXRF-AAS Fe 0.000 0.000 

EDXRF-AAS Ni 0.000 0.250 

EDXRF-AAS Cu 0.000 0.000 

EDXRF-AAS Zn 0.000 0.082 

EDXRF-AAS Pb 0.000 0.000 

EDXRF-AAS K 0.000 0.000 

EDXRF-AAS Ca 0.238 0.001 

Spring session 

EDXRF-AAS Cr 0.000 0.001 

EDXRF-AAS Mn 0.001 0.035 

EDXRF-AAS Fe 0.099 0.609 

EDXRF-AAS Ni 0.000 0.001 

EDXRF-AAS Cu 0.000 0.001 

EDXRF-AAS Zn 0.820 0.023 

EDXRF-AAS Pb 0.001 0.001 

EDXRF-AAS K 0.005 0.035 

EDXRF-AAS Ca 0.000 0.003 
 

Tab. 2: EDXRF״AAS p-values of U Mann״Whitney test for season-to-season data. Bold 
values indicate that the results are significant with p>0.05. 

 
CPM 
PM10 

GM 
PM10 

Cr Mn Fe Ni Cu Zn Pb K Ca 

CPM-
EDXRF 

0.40  0.00 0.00 0.00 0.82 0.26 0.17 0.28 0.78 0.01 

GM-AAS  0.86 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.05 0.00 

 
Hypothesis #3 (Tab. 2) may be considered true to a much larger range. The levels of 

PM10 concentrations determined by the compared methods for the winter״spring 
relationship are very similar. As far as elements are concerned, the comparison of winter 
and spring results from the EDXRF technique did not provide different results except for 
chromium and elements of mainly natural origin. In the case of AAS, the hypothesis is true 
only for one element. 

  Finally, comparing the results using different methods (GM vs. CPM and AAS vs. 
EDXRF) showed that: 

- Hypothesis 1 is only true for the winter campaign period.  
- Hypothesis 2 can be considered true only for the second measurement 

campaign in the case of spring measurements and only for Ca in the winter.  
- Hypothesis 3 may be considered true for PM10 and PM10-bound elements 

except for chromium and crustal elements for EDXRF. For AAS the hypothesis is 
true only for potassium.  
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In order to compare the results obtained with different methods, it is necessary to 
ensure that both types of measuring and sampling equipment are located directly next to 
each other. The conducted research indicated that even a small distance (18 m in this 
study) may influence the variability of the results. 

 
ACKNOWLEDGEMENT 

 
4ÈÅ ÁÕÔÈÏÒÓ ×ÏÕÌÄ ÌÉËÅ ÔÏ ÇÉÖÅ ÓÐÅÃÉÁÌ ÔÈÁÎËÓ ÔÏ -ÒȢ 0ÉÏÔÒ $čÕÇÏÓÚ ÆÏÒ ÁÌÌÏ×ÉÎÇ ÔÈÅ 

research apparatus to be located on his property and for providing a source of electricity. 
The aÕÔÈÏÒÓ ×ÉÓÈ ÔÏ ËÉÎÄÌÙ ÔÈÁÎË -ÒÓȢ +ÒÙÓÔÙÎÁ 7ÉÅÃÚÏÒÅË ÁÎÄ -ÒȢ 7ÁÃčÁ× 3ÉÕÄÙčÁ ÆÏÒ 
ÔÈÅÉÒ ÈÅÌÐ ÉÎ ÃÏÎÄÕÃÔÉÎÇ ÓÕÒÖÅÙÓ ÁÍÏÎÇ ÔÈÅ ÒÅÓÉÄÅÎÔÓ ÏÆ +ÏÔĕÒÚ -ÁčÙ. 

This abstract is based on the contents of the article by Mach et al. (2022). 
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ÃÅÎÔÒÕÍȟ /ÓÔÒÁÖÁȟ IÅÓËÜ ÒÅÐÕÂÌÉËÁȟ ÆÒÁÎÔÉÓÅËȢÈÏÐÁÎͽÖÓÂȢÃÚ 
 

+ÌþéÏÖÜ ÓÌÏÖÁȡ ÐÅÖÎÜ ÐÁÌÉÖÁȟ ÐÒÁÃÈȟ ÓÐÁÌÏÖÁÃþ zdroje, spaliny 
 

SUMMARY 
 

This study focuses on evaluating the suitability of the Bacharach method as a fast and cost-
effective alternative to portable devices for measuring particulate matter mass 
concentrations in the flue gas originated from solid fuel combustion in small scale units 
for household heating. The Bacharach method's accuracy was evaluated based on the 330 
separate measurements differs by type of sources and used fuel. Results indicate that the 
Bacharach method correctly categorizes emissions as compliant or non-compliant with 
legal limits in 80 % of cases. The method shows higher accuracy for fossil fuels (83 %) 
compared to biomass (74 %). 

 

ª6/$ 
 

:ÎÅéÉĤÔñÎþ ÏÖÚÄÕĤþ ÊÅ ËÁĿÄÏÒÏéÎñ ÐÁÌéÉÖĻÍ Á ÖÅÌÍÉ ÁËÃÅÎÔÏÖÁÎĻÍ ÔïÍÁÔÅÍ ÎÁÐĠþé 
ÓÐÏÌÅéÅÎÓËĻm spektrem, Á ÔÏ ÐĠÅÄÅÖĤþÍ Ö ÏÂÄÏÂþ ÚÉÍÙ Ú ÄĳÖÏÄÕ ÚÈÏÒĤÅÎĻÃÈ 
ÒÏÚÐÔÙÌÏÖĻÃÈ ÐÏÄÍþÎÅË Á ÐÒĳÂñÈÕ ÔÏÐÎï ÓÅÚĕÎÙȢ Zdroje ÚÎÅéÉĤĩÏÖÜÎþ ÐÏÄþÌÅÊþÃþ ÓÅ ÎÁ 
ÚÈÏÒĤÅÎï ËÖÁÌÉÔñ ÏÖÚÄÕĤþ ÊÅ ÍÏĿÎï ÒÏÚÄñÌÉÔ ÎÁ ÔĠÉ ÚÜËÌÁÄÎþ ËÁÔÅÇÏÒÉÅȡ ÐÒĳÍÙÓÌȟ ÄÏÐÒÁÖÁ Á 
ÌÏËÜÌÎþ ÖÙÔÜÐñÎþȢ 5 ÐÒÖÎþÃÈ ÄÖÏÕ ÚÄÒÏÊĳ ÊÅ ÂñĿÎÜ ÐÒÁÖÉÄÅÌÎÜ ËÏÎÔÒÏÌÁ ÓÔÁÖÕ ÚÄÒÏÊÅ ÓÐÏÊÅÎÜ 
s ÁÎÁÌĻÚÏÕ ÓÐÁÌÉÎȟ ÐĠÉéÅÍĿ ÄïÌËÁ ÐÅÒÉÏÄÙ ÍÅÚÉ ËÏÎÔÒÏÌÁÍÉ ÓÅ Ö ÎÜÖÁÚÎÏÓÔÉ ÎÁ ĠÁÄñ 
ÐÁÒÁÍÅÔÒĳ ÌÉĤþȢ 6 ÐĠþÐÁÄñ ÓÐÁÌÏÖÁÃþÃÈ ÓÔÁÃÉÏÎÜÒÎþÃÈ ÚÄÒÏÊĳ ÓÐÁÌÕÊþÃþÃÈ ÐÅÖÎÜ ÐÁÌÉÖÁ ÄÏ 
tepeÌÎïÈÏ ÐĠþËÏÎÕ σππË7 ɉÕÒéÅÎÜ ÐĠÅÄÅÖĤþÍ ÐÒÏ ÖÙÔÜÐñÎþ ÄÏÍÜÃÎÏÓÔþȠ ÄÜÌÅ ÊÅÎ 
ÓÐÁÌÏÖÁÃþ ÚÄÒÏÊÅɊ ÎÅÊÓÏÕ ĿÜÄÎï ÐÅÒÉÏÄÉÃËï ËÏÎÔÒÏÌÙ ÓÌÏĿÅÎþ ÓÐÁÌÉÎ ÎÁĠþÚÅÎÙȢ *ÅÄÉÎÏÕ 
ËÏÎÔÒÏÌÏÕ ÚÄÒÏÊÅ ÐĠÅÄ ÊÅÈÏ ÖÐÕĤÔñÎþÍ ÎÁ ÔÒÈ ÊÅ ÃÅÒÔÉÆÉËÁéÎþ ÐÒÏÃÅÓ ÐÒÏÂþÈÁÊþÃþ Ö ÉÄÅÜÌÎþÃÈ 
ÐÏÄÍþÎËÜÃÈ ÁËÒÅÄÉÔÏÖÁÎï ÚËÕĤÅÂÎÙ ɉ(ÏÒÜËȟ ςπρφɊȢ :ÜËÏÎÅÍ ÎÁĠþÚÅÎï ÐÒÁÖÉÄÅÌÎï 
kontroly ÓÐÁÌÏÖÁÃþÃÈ ÚÄÒÏÊĳ ÐĠþÍÏ Ö ÍþÓÔñ ÉÎÓÔÁÌÁÃÅ ɉÉÎÔÅÒÖÁÌ ÍÁØÉÍÜÌÎñ σ ÒÏËÙɊ 
ÎÅÚÁÈÒÎÕÊþ ÐÒÏÖÅÄÅÎþ ÁÎÁÌĻÚÙ spalin, ÁÌÅ ÊÅÎ ÖÉÚÕÜÌÎþ ÚÈÏÄÎÏÃÅÎþ ÓÔÁÖÕ ÓÐÁÌÏÖÁÃþÈÏ zdroje 
Á ÓÏÕÖÉÓÅÊþÃþÃÈ ÐÒÖËĳ ɉ0I2ȟ ςπρςɊȢ /ÄÌÉĤÎñ ÊÅ ÔÏÍÕ ÎÁÐĠȢ Ö .ñÍÅÃËÕ ɉÚÜËÏÎ Ï ÏÃÈÒÁÎñ 
ÏÖÚÄÕĤþȠ ÉÎÔÅÒÖÁÌ ÄÌÅ ÖĻËÏÎÕ ς ɀ τ ÒÏËÙɊȟ 2ÁËÏÕÓËÕ ɉÚÜËÏÎ Ï ÏÖÚÄÕĤþȠ ÉÎÔÅÒÖÁÌ ÄÌÅ ÖĻËÏÎÕ 
2 ɀ σ ÒÏËÙɊȟ 6ÅÌËï "ÒÉÔÜÎÉÉ ɉÒÅÇÉÏÎÜÌÎþ ÐĠÅÄÐÉÓÙȠ ÉÎÔÅÒÖÁÌ ρ ɀ ς ÒÏËÙɊȟ 53! ɉÒÅÇÉÏÎÜÌÎþ 
ÐĠÅÄÐÉÓÙȠ ÉÎÔÅÒÖÁÌ ρ ɀ 3 roky; a £ÖĻÃÁÒÓËÕ ɉÚÜËÏÎ Ï ÏÃÈÒÁÎñ ĿÉÖÏÔÎþÈÏ ÐÒÏÓÔĠÅÄþȠ ÉÎÔÅÒÖÁÌ 
1 ɀ ς ÒÏËÙɊȢ :ÜËÏÎÙ Á ÐĠÅÄÐÉÓÙ ÊÓÏÕ ÐÁË ÚÐÒÁÖÉÄÌÁ ÄÏÐÌÎñÎÙ Ï ÄÁÌĤþ ÄÏËÕÍÅÎÔÙ ÚÁÈÒÎÕÊþÃþ 
ÄÅÔÁÉÌÙ ÊÁËÏ ÎÁÐĠȢ ÍÅÔÏÄÉËÕ ÐÒÏÖÜÄñÎþ ÏÄÂñÒĳ ÁÔÄȢ  
*ÅÄÎÏÕ Ú ËÏÎÔÒÏÌÏÖÁÎĻÃÈ ÓÌÏĿÅË ÓÐÁÌÉÎ ÖÚÎÉËÁÊþÃþÃÈ ÐĠÉ ÐÒÏÖÏÚÕ ÓÐÁÌÏÖÁÃþÃÈ ÚÄÒÏÊĳ ÊÅ 

ÐÒÁÃÈȢ *ÅÈÏ ÈÍÏÔÎÏÓÔÎþ ËÏÎÃÅÎÔÒÁÃÅ ÊÅ ÂñÈÅÍ ÃÅÒÔÉÆÉËÁÃÅ ÓÔÁÎÏÖÏÖÜÎÁ ÔÚÖȢ 
ÇÒÁÖÉÍÅÔÒÉÃËÏÕ ÍÅÔÏÄÏÕ ÐÏÒÏÖÎÜÖÁÊþÃþ ÓÔÁÎÏÖÅÎÏÕ ÈÍÏÔÎÏÓÔ ÆÉÌÔÒÕ ÐĠÅÄ Á ÐÏ ÅØÐÏÚÉÃÉȟ 
ÖÚÔÁĿÅÎÏÕ Ë ÍñĠÅÎïÍÕ ÏÂÊÅÍÕ ÐÒÏÓÜÔĻÃÈ ÓÐÁÌÉÎȢ 0ĠÉ ÔÅÓÔÕ ÓÐÁÌÏÖÁÃþÃÈ ÚÄÒÏÊĳ 
v ÄÏÍÜÃÎÏÓÔÅÃÈ ÊÅ ÚÖÙËÅÍ ÐÏÕĿþÖÁÔ ÊÅÄÎÏÄÕĤĤþ ɉËÕÆĠþËÏÖïɊ ÐĠþÓÔÒÏÊÅ ÍÎÏÈÄÙ ÕÍÏĿĐÕÊþÃþ 
ÁÎÁÌĻÚÕ ÖþÃÅ ÓÌÏĿÅË ÓÐÁÌÉÎ ÎÁÊÅÄÎÏÕ ÎÁÐĠȢ 3-υππ ɉ7ĘÈÌÅÒȠ .ñÍÅÃËÏɊ ÎÅÂÏ 34- ςςυ 
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ɉ!ÆÒÉÓÏȟ .ñÍÅÃËÏɊȢ 0ÒÖÎþ ÚÍþÎñÎĻ ÓÔÁÎÏÖÕÊÅ ÈÍÏÔÎÏÓÔÎþ ËÏÎÃÅÎÔÒÁÃÉ ÐÒÁÃÈÕ ÎÁ ÚÜËÌÁÄñ 
ÇÒÁÖÉÍÅÔÒÉÃËï ÍÅÔÏÄÙ ÒÏÖÎÏÕ Ö ÚÁĠþÚÅÎþȟ ÐĠÉéÅÍĿ ÄÒÕÈĻ ÓÔÁÎÏÖÕÊÅ ÈÍÏÔÎÏÓÔÎþ 
ËÏÎÃÅÎÔÒÁÃÉ ÐÒÁÃÈÕ ÐÏÍÏÃþ ÏÐÔÉÃËï ÍÅÔÏÄÙȢ +ÏÍÐÌÅØÎÏÓÔ ÐĠþÓÔÒÏÊĳȟ ÐÏĿÁÄÁÖÅË ÎÁ ÎþÚËĻ 
objem i hmotnÏÓÔ ÐĠþÓÔÒÏÊĳ Ö ËÏÍÂÉÎÁÃÉ Ó ÔÙÐÅÍ ÐÏÕĿÉÔĻÃÈ éÉÄÅÌȟ Á ÎÜÒÏËÅÍ ÎÁ ÏËÁÍĿÉÔï 
ÖÙÈÏÄÎÏÃÅÎþ ÖĻÚÎÁÍÎñ ÏÖÌÉÖĐÕÊþ ÐÏĠÉÚÏÖÁÃþ É ÓÅÒÖÉÓÎþ ÎÜËÌÁÄÙȢ -ÅÚÉ ÄÁÌĤþ ÎÅÖĻÈÏÄÙ 
ÔñÃÈÔÏ ÐĠþÓÔÒÏÊĳ ÐÁÔĠþ ÏÍÅÚÅÎÜ ÏÄÏÌÎÏÓÔ ÖĳéÉ ÖĻÚÎÁÍÎñ ÚÎÅéÉĤÔñÎĻÍ ÓÐÁÌÉÎÜÍ Á ÏÍÅÚÅÎÜ 
ÐĠÅÓÎÏÓÔ ÍñĠÅÎþȢ 
0ÒÏÔÉÐĕÌÅÍ ËÕÆĠþËÏÖĻÃÈ ÐĠþÓÔÒÏÊĳ Ú ÐÏÈÌÅÄÕ ÐĠÅÓÎÏÓÔÉ ÁÎÁÌĻÚÙ Á ÎÜÒÏËĳ ÎÁ ÖÙÂÁÖÅÎþ 

ÊÅ ÔÚÖȢ 2ÉÎÇÅÌÍÁÎÎÏÖÁ ÍÅÔÏÄÁ ÐÏÒÏÖÎÜÖÁÊþÃþ ÔÍÁÖÏÓÔÉ ÓÐÁÌÉÎ ÏÄÃÈÜÚÅÊþÃþÃÈ Ú ËÏÍþÎÁ 
s ÏÄÐÏÖþÄÁÊþÃþÍ ÓÔÕÐÎñÍ 2ÉÎÇÅÌÍÁÎÎÏÖÙ ÓÔÕÐÎÉÃÅ ÔÍÁÖÏÓÔÉ ÌÉÄÓËĻÍ ÚÒÁËÅÍȢ 4ÁÔÏ 
ÍÅÔÏÄÁ ÊÅ ÕÖÅÄÅÎÁ ÖÅ 3ÄñÌÅÎþ ÍÉÎÉÓÔÅÒÓÔÖÁ ĿÉÖÏÔÎþÈÏ ÐÒÏÓÔĠÅÄþȟ ÏÄÂÏÒÕ ÏÃÈÒÁÎÙ ÏÖÚÄÕĤþ 
jako metoda pro kontrolu provozu ÓÐÁÌÏÖÁÃþÃÈ ÚÄÒÏÊĳȢ 4ÕÔÏ ÍÅÔÏÄÕ ÌÚÅ ÐÏÖÁĿÏÖÁÔ ÚÁ 
ÖÅÌÍÉ ÎÅÐĠÅÓÎÏÕ ÖÌÉÖÅÍ ÖÎÅÓÅÎþ ÌÉÄÓËïÈÏ ÆÁËÔÏÒÕ Á ÚÜÒÏÖÅĐ ÚÁ ÖÅÌÍÉ ÎÅÒÏÂÕÓÔÎþ Ú ÄĳÖÏÄÕ 
ÎÕÔÎÏÓÔÉ ÄÏÄÒĿÅÎþ ÓÔÁÎÏÖÅÎĻÃÈ ÓÖñÔÅÌÎĻÃÈ ÐÏÄÍþÎÅË a pozice pozorovatele. Naopak 
ÎÜËÌÁÄÙ ÎÁ ÐÏĠþÚÅÎþ ÓÔÕÐÎÉÃÅ ÊÓÏÕ ÚÁÎÅÄÂÁÔÅÌÎïȢ 

 #þÌÅÍ ÔïÔÏ ÓÔÕÄÉÅ ÊÅ ĭÐÒÁÖÁ Á ÚÈÏÄÎÏÃÅÎþ ÍþÒÙ ÖÈÏÄÎÏÓÔÉ ÐÏÕĿÉÔþ ÔÚÖȢ "ÁÃÈÁÒÁÃÈÏÖÙ 
ÍÅÔÏÄÙ ÐÒÏ ÓÔÁÎÏÖÅÎþ ÐĠþÐÕÓÔÎï ÔÍÁÖÏÓÔÉ ËÏÕĠÅȟ ÊÁËÏ ÏÒÉÅÎÔÁéÎþȟ ÒÙÃÈÌï Á ÌÅÖÎï 
ÁÌÔÅÒÎÁÔÉÖÙ ËÅ ËÕÆĠþËÏÖĻÍ ÐĠþÓÔÒÏÊĳÍ Ó ÍÏĿÎÏÓÔþ ÚÁĠÁÚÅÎþ ÚÄÒÏÊÅ ÄÏ ËÁÔÅÇÏÒÉÅ 
ÖÙÈÏÖÕÊþÃþȾÎÅÖÙÈÏÖÕÊþÃþ ÄÌÅ ÌÉÍÉÔÎþ ÈÏÄÎÏÔÙ ÈÍÏÔÎÏÓÔÎþ ËÏÎÃÅÎÔÒÁÃÅ ÐÒÁÃÈÕ ÖÅ ÓÐÁÌÉÎÜÃÈ 
ÓÔÁÎÏÖÅÎïÈÏ ÚÜËÏÎÅÍȢ  

Bacharachova metoda v souvislosti s ÓÐÁÌÏÖÁÃþÍÉ zdroji ÓÐÁÌÕÊþÃþÍÉ ËÁÐÁÌÎÜ ÐÁÌÉÖÁ 
ÂÙÌÁ ÚÍþÎñÎÁ ÖÅ ÓÔÕÄÉÉ ,ÅÁÒÙÈÏ Á ËÏÌȢ (1987)ȟ ËÄÙ ÂÙÌÁ ÐÏÚÏÒÏÖÜÎÁ ÓÏÕÖÉÓÌÏÓÔ ÍÅÚÉ 
ÓÁÚÏÖĻÍ éþÓÌÅÍ a ÈÍÏÔÎÏÓÔÎþ ËÏÎÃÅÎÔÒÁÃþ ÏÒÇÁÎÉÃËĻÃÈ ÐÌÙÎÎĻÃÈ ÓÌÏÕéÅÎÉÎȟ ËÔÅÒÜ ÎÅÂÙÌÁ 
ÐÒÏËÜÚÜÎÁȢ -Ã$Ï× Á ËÏÌȢ (1990) ÐÏÐÓÁÌ ÚÜÖÉÓÌÏÓÔ ÍÅÚÉ ÈÍÏÔÎÏÓÔÎþ ËÏÎÃÅÎÔÒÁÃþ 
ÐÏÌÙÃÙËÌÉÃËĻÃÈ ÁÒÏÍÁÔÉÃËĻÃÈ ÕÈÌÏÖÏÄþËĳ ÖÅ ÓÐÁÌÉÎÜÃÈ ÚÅ ÓÐÁÌÏÖÁÃþÈÏ ÚÄÒÏÊÅ ÓÐÁÌÕÊþÃþÈÏ 
ËÁÐÁÌÎÜ ÐÁÌÉÖÁ ÊÁËÏ ÌÉÎÅÜÒÎþȟ ÐĠÉéÅÍĿ ÐĠþÍËÁ ÃÈÁÒÁËÔÅÒÉÚÏÖÁÌÁ ÄÁÎĻ ÔÒÅÎÄ ÖÅÌÍÉ 
ÓÐÏÌÅÈÌÉÖñ ɉ22 Ѐ πȢωφɊȢ *ÉÍïÎÅÚ Á ËÏÌȢ (2016) ÐÏÐÓÁÌ ÓÉÌÎÏÕ ËÏÒÅÌÁÃÉ ÍÅÚÉ ÈÍÏÔÎÏÓÔÎþ 
ËÏÎÃÅÎÔÒÁÃþ ÓÁÚþ Á ÓÁÚÏÖĻÍ éþÓÌÅÍ ÐĠÉ ÓÐÁÌÏÖÜÎþ ÐÌÙÎÎĻÃÈ Á ËÁÐÁÌÎĻÃÈ ÐÁÌÉÖ 
v ÅØÐÅÒÉÍÅÎÔÜÌÎñ ÎÁÖÒĿÅÎïÍ ÚÄrÏÊÉȢ 6ĻÓÌÅÄËÙ Ö ÕÖÅÄÅÎĻÃÈ ÓÔÕÄÉþÃÈȟ ÂÙĩ ÚþÓËÁÎĻÃÈ 
ÁÎÁÌĻÚÏÕ ÓÐÁÌÉÎ ÖÚÎÉËÌĻÃÈ ÐĠÉ ÓÐÁÌÏÖÜÎþ ËÁÐÁÌÎĻÃÈ Á ÐÌÙÎÎĻÃÈ ÐÁÌÉÖ ÐÏÔÖÒÚÕÊþ ÈÙÐÏÔïÚÕ 
ÖÈÏÄÎÏÓÔÉ ÐÏÕĿÉÔþ ÔïÔÏ ÍÅÔÏÄÙ ÐÒÏ ÓÐÁÌÏÖÁÃþ ÚÄÒÏÊÅ ÓÐÁÌÕÊþÃþ ÐÅÖÎÜ ÐÁÌÉÖÁȢ 
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"ÁÃÈÁÒÁÃÈÏÖÁ ÍÅÔÏÄÁ ÓÔÁÎÏÖÅÎþ ÔÍÁÖÏÓÔÉ ËÏÕĠÅ 
Bacharachova ÍÅÔÏÄÁ ÓÔÁÎÏÖÅÎþ ÔÍÁÖÏÓÔÉ ËÏÕĠÅ ÊÅ ÚÁÌÏĿÅÎÁ ÎÁ ÏÂÄÏÂÎïÍ ÐÒÉÎÃÉÐÕ 

ÊÁËÏ 2ÉÎÇÅÌÍÁÎÎÏÖÁ ÍÅÔÏÄÁȟ ÁÖĤÁË Ó ÔþÍ ÒÏÚÄþÌÅÍȟ ĿÅ ÎÅÎþ ÐÏÒÏÖÎÜÖÜÎÁ ÔÍÁÖÏÓÔ ËÏÕĠÅ 
ÎÁÄ ËÏÍþÎÅÍȟ ÎĻÂÒĿ Ö ËÏÕĠÏÖÏÄÕ ÚÁ ÚÄÒÏÊÅÍ ÐÒÏÓÔĠÅÄÎÉÃÔÖþÍ ÔÍÁÖÏÓÔÉ ÏÂÌÁÓÔÉ ÆÉÌÔÒÕȟ ÐĠÅÓ 
ËÔÅÒĻ ÂÙÌ ÐÒÏÓÜÔ ÚÎÜÍĻ ÏÂÊÅÍ ÖÚÏÒËÕ ÓÐÁÌÉÎȢ .ÅÖĻÈÏÄÁ ÖÉÚÕÜÌÎþ ËÏÎÔÒÏÌÙȟ Á ÔÅÄÙ ÖÎÅÓÅÎþ 
ÌÉÄÓËïÈÏ ÆÁËÔÏÒÕ ÄÏ ÖÙÈÏÄÎÏÃÅÎþ ɉÄÌÅ ÓÔÁÎÄÁÒÔÎþÈÏ ÐÒÏÖÅÄÅÎþ ÏÄÅéÔÅÎþ ÖĻÓÌÅÄÎï 
ÈÏÄÎÏÔÙɊ ÚĳÓÔÜÖÜȢ 0ÒÏ ÔÕÔÏ ÍÅÔÏÄÕ ÊÅ ÐÏÕĿþÖÜÎÁ ÓÐÅÃÉÜÌÎþ ÐÕÍÐÉéËÁ ÓÅ ÚÎÜÍĻÍ ÏÂÊÅÍÅÍ 
(0,163 dm3Ɋ ÕÍÏĿĐÕÊþÃþ ÕÃÈÙÃÅÎþ ÆÉÌÔÒÕȢ 6 ÓÁÄñ ÊÅ ÒÏÖÎñĿ "ÁÃÈÁÒÁÃÈÏÖÁ ÓÔÕÐÎÉÃÅ ÔÖÏĠÅÎÁ 
ÄÅÓþÔÉ ÂÁÒÅÖÎĻÍÉ ÍÅÚÉËÒÕĿþÍÉ Ó ÏÄÓÔþÎÙ ĤÅÄÉ ÏéþÓÌÏÖÁÎĻÍÉ π ÁĿ ω ɉÄÜÌÅ ÏÚÎÁéÏÖÜÎÏ ÊÁËÏ 
ÓÁÚÏÖï éþÓÌÏɊȟ ÐĠÉéÅÍĿ ÓÁÚÏÖï éþÓÌÏ π ÊÅ éÉÓÔÜ ÂþÌÜȢ 6 ÐĠþÐÁÄñ ÓÐÁÌÏÖÁÃþÃÈ ÚÄÒÏÊĳ ÎÁ ËÁÐÁÌÎÜ 
paliva ÚÎÁÍÅÎÜ ÓÁÚÏÖï éþÓÌÏ π ÁĿ ρ ÓÔÁÎÄÁÒÔÎþ ÓÐÁÌÏÖÁÃþ ÐÏÄÍþÎËÙȟ ÐĠÉéÅÍĿ ÓÁÚÏÖï éþÓÌÏ ς 
Á ÖþÃÅ ÒÅÐÒÅÚÅÎÔÕÊÅ ĤÐÁÔÎï ÐÏÄÍþÎËÙ ÓÐÁÌÏÖÁÃþÈÏ ÐÒÏÃÅÓÕ (Steiner and Burtscher, 1993). 
0ÏÓÔÕÐ ÍñĠÅÎþ éÜÓÔÅéÎñ ÏÄÐÏÖþÄÁÌ ÓÔÁÎÄÁÒÔÎþÍÕ ÐÏÓÔÕÐÕȟ ÐĠÉéÅÍĿ ÂñÈÅÍ 

ρυÍÉÎÕÔÏÖï ÐÅÒÉÏÄÙ ÂÙÌÏ ÏÄÅÂÒÜÎÏ ÖĿÄÙ χ ÖÚÏÒËĳ ÓÐÁÌÉÎ ɉÓ ÒÏÚÅÓÔÕÐÅÍ ς ÍÉÎÕÔɊȢ "ñÈÅÍ 
ÔïÔÏ ÐÅÒÉÏÄÙ ÂÙÌ ÒÏÖÎñĿ ÐÒÏÖÜÄñÎ ÏÄÂñÒ ÒÅÆÅÒÅÎéÎþÍ ÚÁĠþÚÅÎþÍ 3- 96 (WĘhler, 
.ñÍÅÃËÏɊȟ ËÔÅÒï ÊÅ ÐÏÕĿþÖÜÎÏ ÐĠÉ ÃÅÒÔÉÆÉËÁÃÉ ÓÐÁÌÏÖÁÃþÃÈ ÚÄÒÏÊĳ Ö ÁËÒÅÄÉÔÏÖÁÎï ÚËÕĤÅÂÎñȢ 
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:ÜÃÈÙÔ ÐÒÁÃÈÕ Õ ÔÏÈÏÔÏ ÐĠþÓÔÒÏÊÅ ÐÒÏÂþÈÜ ÎÁ ÆÉÌÔÒ ÖÅ ÔÖÁÒÕ ÐÕÎéÏĤËÙ ÕÍþÓÔñÎïÈÏ ÖÅ 
ÖÙÈĠþÖÁÎï ÓÏÎÄñ Ö ÂÅÚÐÒÏÓÔĠÅÄÎþ ÂÌþÚËÏÓÔÉ ËÏÕĠÏÖÏÄÕȢ $ÜÌÅ ÊÅ ÐĠþÓÔÒÏÊ ÖÙÂÁÖÅÎ ÃÈÌÁÄÉÃþÍ 
ÚÁĠþÚÅÎþÍȟ éÅÒÐÁÄÌÅÍ Á ÐÒĳÔÏËÏÍñÒÅÍ ÐÒÏ ÓtÁÎÏÖÅÎþ ÏÂÊÅÍÕ ÏÄÅÂÒÁÎïÈÏ ÖÚÏÒËÕȢ 
6ÙÈÏÄÎÏÃÅÎþ ÖĻÓÌÅÄËĳ ÐĠþÓÔÒÏÊÅ 3- ωφ ÐÒÏÂþÈÁÌÏ ÅØ ÐÏÓÔ ÐÏÍÏÃþ ÇÒÁÖÉÍÅÔÒÉÃËï ÍÅÔÏÄÙȢ 
/ÂÊÅÍÏÖĻ ÚÌÏÍÅË ËÙÓÌþËÕ ÖÅ ÓÐÁÌÉÎÜÃÈ ÂÙÌ ÍñĠÅÎ ÐÏÍÏÃþ ÁÎÁÌÙÚÜÔÏÒÕ !/ςπςπ ɉ!""ȟ 
.ñÍÅÃËÏɊ ÐÁÒÁÍÁÇÎÅÔÉÃËÏÕ ÍÅÔÏÄÏÕȢ 

 
3ÁÚÏÖï éþÓÌÏ Á ÈÍÏÔÎÏÓÔÎþ koncentrace  prachu  
 -ÅÔÏÄÁ ÖÙÈÏÄÎÏÃÅÎþ ÂÙÌÁ ÎÁÖÒĿÅÎÁ ÔÁËȟ ÁÂÙ ÂÙÌ ÅÌÉÍÉÎÏÖÜÎ ÌÉÄÓËĻ ÆÁËÔÏÒ Á ÚÜÒÏÖÅĐȟ 

ÁÂÙ ÂÙÌÏ ÍÏĿÎï ÖĻÓÌÅÄËÙ ÎÜÓÌÅÄÎñ ÐÏÒÏÖÎÁÔ Ó ÒÅÆÅÒÅÎéÎþÍÉ ÈÏÄÎÏÔÁÍÉ ÈÍÏÔÎÏÓÔÎþ 
ËÏÎÃÅÎÔÒÁÃÅ ÐÒÁÃÈÕ ÖÅ ÓÐÁÌÉÎÜÃÈȢ 6ĤÅÃÈ χ ÅØÐÏÎÏÖÁÎĻÃÈ ÆÉÌÔÒĳ z ËÁĿÄïÈÏ ÍñĠÅÎþ ÂÙÌÏ 
ÕÍþÓÔñÎÏ ÎÁ ÕÒéÅÎï ÐÏÚÉÃÅ ɉÖĿÄÙ ÓÔÅÊÎïɊ Á ÖÌÏĿÅÎÏ ÄÏ ÆÏÔÏ ÓÔÕÄÉÁ Ï ÒÏÚÍñÒÅÃÈ 
240 x 240 x ςτπ ÍÍ ÖÙÂÁÖÅÎïÈÏ ÄÖñÍa ÌÅÄ ÐÜÓÙ ÕÍþÓÔñÎĻÍÉ ÎÁ ÓÔÒÏÐñ ÅÍÉÔÕÊþÃþ ÄÅÎÎþ 
ÓÖñÔÌÏ ɉυ χππ +ɊȢ 3ÔÒÏÐ ÓÔÕÄÉÁ ÂÙÌ ÖÙÂÁÖÅÎ ÏÔÖÏÒÅÍ ÐÒÏ ÆÏÃÅÎþ ÓÈÏÒÁȟ ËÔÅÒĻÍ ÐÒÏÂþÈÁÌÏ 
ÆÏÃÅÎþ ÐÏÍÏÃþ ÍÏÂÉÌÎþÈÏ ÔÅÌÅÆÏÎÕ )ÐÈÏÎÅ 82 ɉ!ÐÐÌÅȟ 53!Ɋȟ ËÔÅÒĻ ÂÙÌ ÖĿÄÙ ÕÍþÓÔñÎ 
v ÔÏÔÏĿÎï ÐÏÌÏÚÅȢ &ÏÔÏÇÒÁÆÉÅ ÂÙÌÙ ÐÏĠÉÚÏÖÜÎÙ Ó bleskem a v ÒÅĿÉÍÕ ÏÄÓÔþÎĳ ĤÅÄÉȢ 
6ĻÓÌÅÄÎï ÆÏÔÏÇÒÁÆÉÅ ÂÙÌÙ ÐĠÅÖÅÄÅÎÙ ÄÏ ÐÏéþÔÁéÅ Á ÏÔÅÖĠÅÎÙ Ö ÐÒÏÇÒÁÍÕ -ÁÌÏÖÜÎþȟ ËÄÅ 

ÂÙÌÁ ÖÙÂÒÜÎÁ ÐÌÏÃÈÁ ÁÌÅÓÐÏĐ σπ Ø σπ ÐØ Ú ÅØÐÏÎÏÖÁÎï ÏÂÌÁÓÔÉ ËÁĿÄïÈÏ ÆÉÌÔÒÕȢ 6ÙÂÒÁÎÜ 
ÐÌÏÃÈÁ ÂÙÌÁ ÖĿÄÙ ÖÙĐÁÔÁ Á ÂÙÌ ÓÔÁÎÏÖÅÎ ÊÅÊþ ÐÒĳÍñÒÎĻ ÊÁÓ ɉÒÏÚÓÁÈ πɀ240; 0 ɀ éÅÒÎÜȟ ςτπ ɀ 
ÂþÌÜɊȢ *ÁÓ ÓÅ ÚÄÅ ÎÅÖÙÊÁÄĠÕÊÅ Ö ÊÅÄÎÏÔËÜÃÈ ÊÁËÏ ËÁÎÄÅÌÁ ÎÁ ÍÅÔÒ éÔÖÅÒÅéÎþ ɉÃÄȾÍόɊȟ ÊÁËÏ ÊÅ 
ÔÏÍÕ Õ ÐÒÏÆÅÓÉÏÎÜÌÎþÃÈ ËÁÌÉÂÒÏÖÁÎĻÃÈ ÍÏÎÉÔÏÒĳ ÎÅÂÏ Ö ÔÅÃÈÎÉÃËĻÃÈ ÓÐÅÃÉÆÉËÁÃþÃÈ 
ÏÂÒÁÚÏÖĻÃÈ ÚÁĠþÚÅÎþȟ ÁÌÅ ÊÅ ÔÏ ÂÅÚÒÏÚÍñÒÎÜ ÖÅÌÉéÉÎÁ ÒÅÐÒÅÚÅÎÔÕÊþÃþ ÉÎÔÅÎÚÉÔÕ ÂÁÒÖÙ ÎÁ 
ÐÉØÅÌÏÖï ĭÒÏÖÎÉȢ $ÌÅ ÊÁÓÕ ÂÙÌÏ ÐĠÉĠÁÚÅÎÏ ÓÁÚÏÖï éþÓÌÏ ÐÏÍÏÃþ ÆÕÎËÃÅ ɉρɊ ÚþÓËÁÎï ÐĠÉ 
ËÁÌÉÂÒÁÃÉ ÖÙÈÏÄÎÏÃÏÖÁÃþ ÍÅÔÏÄÙȢ 4Á ÂÙÌÁ ÐÒÏÖÅÄÅÎÁ ÔÁËȟ ĿÅ "ÁÃÈÁÒÁÃÈÏÖÁ ÓÔÕÐÎÉÃÅ ÂÙÌÁ 
ÕÍþÓÔñÎÁ ÄÏ ÆÏÔÏ ÓÔÕÄÉÁ ÖÅ éÔÙĠÅÃÈ ÒĳÚÎĻÃÈ ÐÏÌÏÈÜÃÈ ɉÖĿÄÙ ÐÏÏÔÏéÅÎÜ Ï ωπЈɊȢ : 
ÊÅÄÎÏÔÌÉÖĻÃÈ ÍÅÚÉËÒÕĿþ ÓÔÕÐĐĳ ĤÅÄÉ ÃÈÁÒÁËÔÅÒÉÚÕÊþÃþÃÈ ÓÁÚÏÖï éþÓÌÏ ÂÙÌÙ ÖÙĠþÚÎÕÔÙ ÖĿÄÙ 
éÔÙĠÉ ÐÌÏÃÈÙ Ï ÒÏÚÍñÒÅÃÈ ÁÌÅÓÐÏĐ σπ Ø σπ ÐØȟ ËÔÅÒĻÍ ÂÙÌ ÖĻĤÅ ÕÖÅÄÅÎĻÍ ÚÐĳÓÏÂÅÍ 
ÐĠÉĠÁÚÅÎ ÐÒĳÍñÒÎĻ ÊÁÓȢ 4ÁËÔÏ ÂÙÌÏ ÖĿÄÙ Ë ÊÅÄÎï ÈÏÄÎÏÔñ ÓÁÚÏÖïÈÏ éþÓÌÁ ÐĠÉĠÁÚÅÎÏ ρφ 
ÈÏÄÎÏÔ ÊÁÓĳ ÖÉÚ 4ÁÂȢ ρȢ 

 
4ÁÂȢ ρȡ ÈÏÄÎÏÔÙ ÚþÓËÁÎï ÐĠÉ ËÁÌÉÂÒÁÃÉ ÖÙÈÏÄÎÏÃÏÖÁÃþ ÍÅÔÏÄÙ ÓÁÚÏÖïÈÏ éþÓÌÁ 

Sazov® 

ļ²slo 

Jas 

(prŢmŊr) 

Jas 

(minimum) 

Jas 

(maximum) 

SmŊrodatn§ 

odchylka 

0 211.1 206 215 3.4 

1 200.5 197 206 3.4 

2 174.8 168 183 6.1 

3 143.6 134 153 7.2 

4 120.4 119 123 1.2 

5 104.5 99 109 3.3 

6 86.1 81 90 2.8 

7 65.7 63 68 1.8 

8 42.0 40 43 1.4 

9 22.2 20 24 1.5 

 
0ÒÏÌÏĿÅÎþÍ ÚþÓËÁÎĻÃÈ ÄÁÔ ÐĠþÍËÏÕ ÂÙÌÁ ÚþÓËÁÎÜ funkce (R2 Ѐ πȢωωυɊ ɉρɊȟ ËÔÅÒÜ ÂÙÌÁ 

ÄÜÌÅ ÖÙÕĿþÖÜÎÁ ÊÁËÏ ÐĠÅÐÏéÅÔ ÍÅÚÉ ÊÁÓÅÍ Á ÓÁÚÏÖĻÍ éþÓÌÅÍȢ  
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                                                      ὛI πȢπτφσὐ  ωȢωςσω               (1)  
  
3I ɀ ÓÁÚÏÖï éþÓÌÏ ɍ-], 
J ɀ Jas [-]. 

 
3ÁÚÏÖï éþÓÌÏ ÂÙÌÏ ÖĻĤÅ ÕÖÅÄÅÎÏÕ ÍÅÔÏÄÏÕ ÕÒéÏÖÜÎÏ ÐÒÏ ËÁĿÄĻ ÊÅÄÎÏÔÌÉÖĻ ÆÉÌÔÒ ÚÖÌÜĤĩ 

Á ÄÜÌÅ ÐÁË ÊÁËÏ ÐÒĳÍñÒ ÖĤÅÃÈ ÓÅÄÍÉ ÆÉÌÔÒĳȢ 3ÁÚÏÖï éþÓÌÏ ÂÙÌÏ ÎÁ ÈÍÏÔÎÏÓÔÎþ ËÏÎÃÅÎÔÒÁÃÉ 
ÐÒÁÃÈÕ ÐĠÅÐÏéþÔÜÖÜÎÏ ÐÏÍÏÃþ ÒÏÖÎÉÃÅ ɉςɊ 

 
                                                               ”ͺ ςπὛI     (2)  
 

B́_O2M ɀ ÈÍÏÔÎÏÓÔÎþ ËÏÎÃÅÎÔÒÁÃÅ ÐÒÁÃÈÕ ÄÌÅ ÍÅÔÏÄÙ "ÁÃÈÁÒÁÃÈ ÐĠÉ ÍñĠÅÎïÍ ÏÂÊÅÍÏÖïÍ 
ÚÌÏÍËÕ ËÙÓÌþËÕ ɍÍÇϊm-3]  

 
0ĠÉ ÎÜÖÒÈÕ ÖĻÐÏéÔÕ ÂÙÌÙ zhodnoceny ÒÏÖÎñĿ É ÅØÐÅÒÉÍÅÎÔÜÌÎñ ÓÔÁÎÏÖÅÎï ÒÏÖÎÉÃÅ 

ÐĠÅÄÃÈÏÚþÍÉ ÓÔÕÄÉÅÍÉȟ ÊÁËÏ ÎÁÐĠȢ ÖÅ ÓÔÕÄÉÉ *ÉÍïÎÅÚÅ Á ËÏÌȢ (2016)ȟ ËÔÅÒï ÖĤÁË ÐÒÅÚÅÎÔÏÖÁÌÙ 
ÎÉĿĤþ ÐĠÅÓÎÏÓÔ, Á ÔÏ ÐĠÅÄÅÖĤþÍ Ú ÄĳÖÏÄÕ ÊÅÊÉÃÈ ÏÍÅÚÅÎï ÏÂÌÁÓÔÉ ÐĳÓÏÂÎÏÓÔÉ ÎÁ ÓÐÁÌÏÖÜÎþ 
ËÁÐÁÌÎĻÃÈ Á ÐÅÖÎĻÃÈ ÐÁÌÉÖȢ 
(ÍÏÔÎÏÓÔÎþ ËÏÎÃÅÎÔÒÁÃÅ ÐÒÁÃÈÕ ÄÌÅ ÍÅÔÏÄÙ "ÁÃÈÁÒÁÃÈ ÐĠÉ ÍñĠÅÎïÍ ÏÂÊÅÍÏÖïÍ 

ÚÌÏÍËÕ ËÙÓÌþËÕ ÂÙÌÁ ÐĠÅÐÏéþÔÜÎÁ ÎÁ ÒÅÆÅÒÅÎéÎþ ÏÂÊÅÍÏÖĻ ÚÌÏÍÅË ËÙÓÌþËÕ ÖÅ ÓÐÁÌÉÎÜÃÈ ÄÌÅ 
rovnice (3). 

 

                                                       ” ”ͺ
ͺ

ͺ ñĠ
     (3)  

 
ʍB ɀ ÈÍÏÔÎÏÓÔÎþ ËÏÎÃÅÎÔÒÁÃÅ ÐÒÁÃÈÕ ÄÌÅ ÍÅÔÏÄÙ "ÁÃÈÁÒÁÃÈ ÐĠÉ ÒÅÆÅÒÅÎéÎþÍ ÏÂÊÅÍÏÖïÍ 
ÚÌÏÍËÕ ËÙÓÌþËÕ ÖÅ ÓÐÁÌÉÎÜÃÈ ɍÍÇϊm-3], 
ʒO2_ref - ÒÅÆÅÒÅÎéÎþ ÏÂÊÅÍÏÖĻ ÚÌÏÍÅË ËÙÓÌþËÕ ÖÅ ÓÐÁÌÉÎÜÃÈȠ ÐÒÏ ÄÁÎÏÕ ËÁÔÅÇÏÒÉÉ ÄÌÅ 
ÓÐÁÌÏÖÁÃþÃÈ ÚÄÒÏÊĳ ÄÌÅ I3. %. σπσ-5 (CEN, 2021) ʒO2_ref  = 10 %, 
ʒ/ςͺÍñĠ - ÍñĠÅÎĻ ÏÂÊÅÍÏÖĻ ÚÌÏÍÅË ËÙÓÌþËÕ ÖÅ ÓÐÁÌÉÎÜÃÈ ɍϷɎȢ 
 
2ÏÖÎÉÃÅ ɉσɊ ÂÙÌÁ ÐÏÕĿþÖÜÎÁ ÐÒÏ ÓÈÏÄÎĻ ÐĠÅÐÏéÅÔ É ÐÒÏ ÒÅÆÅÒÅÎéÎþ ÍÅÔÏÄÕ ÁÎÁÌĻÚÙ 

ÈÍÏÔÎÏÓÔÎþ koncentrace ÐÒÁÃÈÕ ÖÅ ÓÐÁÌÉÎÜÃÈȟ ÐĠÉéÅÍĿ ÐÒÏ ÏÂÁ ÖĻÐÏéÔÙ ÂÙÌÏ ʒ/ςͺÍñĠ 
ÓÔÁÎÏÖÅÎÏ ÊÁËÏ ÐÒĳÍñÒ Ú ρυ ÍÉÎÕÔ ÏÄÂñÒÕȢ 

 
3ÁÚÏÖï éþÓÌÏ Á ÈÍÏÔÎÏÓÔÎþ koncentrace  prachu  
#ÅÌËÅÍ ÂÙÌÏ ÐÒÏ ÖÙÈÏÄÎÏÃÅÎþ ÖÈÏÄÎÏÓÔÉ ÐÏÕĿÉÔþ ÖĻĤÅ ÕÖÅÄÅÎï metody ÖÙÂÒÜÎÏ ρρρ 

ÓÐÁÌÏÖÁÃþÃÈ ÚÄÒÏÊĳ ÖĤÅÃÈ ÚÜËÌÁÄÎþÃÈ ÔÙÐĳ ËÏÎÓÔÒÕËÃþ ɉÐÒÏÈÏĠÉÖÁÃþȟ ÏÄÈÏĠþÖÁÃþȟ ÚÐÌÙĐÏÖÁÃþ 
a ÁÕÔÏÍÁÔÉÃËĻɊȟ ÐĠÉ ÓÐÁÌÏÖÜÎþ ĤÉÒÏËïÈÏ ÓÐÅËÔÒÁ ÐÁÌÉÖȟ ÊÁË Ú pohledu jejich ÓÌÏĿÅÎþȟ ÔÁË 
z ÐÏÈÌÅÄÕ ÊÅÊÉÃÈ ÃÈÁÒÁËÔÅÒÉÓÔÉÃËïÈÏ ÒÏÚÍñÒÕ ɉËÕÓÏÖï ÄĠþÖþȟ ÈÎñÄï ÕÈÌþȟ éÅÒÎï ÕÈÌþȟ ÄĠÅÖÎþ 
ÐÅÌÅÔÙȟ ÄĠÅÖÎþ ÂÒÉËÅÔÙɊȟ ÐĠÉéÅÍĿ ÔÙÔÏ ÚÄÒÏÊÅ ÂÙÌÙ ÔïÍñĠ ÖĻÈÒÁÄÎñ ÏÂÓÌÕÈÏÖÜÎÙ ÊÅÊÉÃÈ 
ÐÒÏÖÏÚÏÖÁÔÅÌÉȟ ÎÉËÏÌÉÖ ĤËÏÌÅÎĻÍÉ ÔÅÃÈÎÉËÙȟ ÃÏĿ ÚÁÊÉÓÔÉÌÏ ÏÂÄÒĿÅÎþ ĤÉÒÏËïÈÏ ÓÐÅËÔÒÁ ÄÁÔ 
s ÖÅÌÍÉ ÒĳÚÎÏÒÏÄĻÍÉ ÖĻÓÌÅÄËÙ ɉσσπ ÊÅÄÎÏÔÌÉÖĻÃÈ ÏÄÂñÒĳɊ ÉÎÔÅÒÐÒÅÔÏÖÁÎĻÍÉ Ö ÎÜÓÌÅÄÕÊþÃþ 
kapitole. 

 

6¸3,%$+9 ! $)3+5:% 
 

0ÏÒÏÖÎÜÎþ ÚþÓËÁÎĻÃÈ ÖĻÓÌÅÄËÕ ÎÁÍñĠÅÎĻÃÈ ÐÏÍÏÃþ "ÁÃÈÁÒÁÃÈÏÖÙ Á ÒÅÆÅÒÅÎéÎþ 
ɉÇÒÁÖÉÍÅÔÒÉÃËïɊ ÍÅÔÏÄÙ ÊÅ ÕÖÅÄÅÎÏ ÎÁ /ÂÒȢ ρȢ  
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Z ÖĻÓÌÅÄËĳ ÖÙÐÌĻÖÜ ĿÅ ÖÅ ÖñÔĤÉÎñ ÐĠþÐÁÄĳ ɉχτ ϷɊ "ÁÃÈÁÒÁÃÈÏÖÁ ÍÅÔÏÄÁ ÐÒÅÚÅÎÔÕÊÅ 
ÈÍÏÔÎÏÓÔÎþ ËÏÎÃÅÎÔÒÁÃÉ ÐÒÁÃÈÕ Ö ÎÉĿĤþ ÎÅĿ ÒÅÆÅÒÅÎéÎþ ÍÅÔÏÄÁȢ ,ÉÎÅÜÒÎþ ËĠÉÖËÁ ÐÏÐÉÓÕÊþÃþ 
ÖÚÔÁÈ ÍÅÚÉ ÈÏÄÎÏÔÁÍÉ ÓÔÁÎÏÖÅÎĻÍÉ ÏÂñÍa ÍÅÔÏÄÁÍÉ ÐÒÏÃÈÜÚÅÊþÃþ ÎÕÌÏÕ ÄÉÓÐÏÎÕÊÅ 
koeficientem korelace R2 Ѐ πȢυυσςȟ ÃÏĿ ÚÎÁÍÅÎÜ ĿÅ ÐĠÅÄÓÔÁÖÅÎĻ ÍÏÄÅÌ Ö ÕÒéÉÔï ÍþĠÅ 
ÖÙÓÖñÔÌÕÊÅ ÖÁÒÉÁÂÉÌÉÔÕ Ö ÄÁÔÅÃÈȟ ÁÌÅ ÎÅ ÚÃÅÌÁȢ 3ÔñĿÅÊÎþÍ ÖĻÓÌÅÄËÅÍ ÖĤÁË ÊÅ ÒÏÚÄñÌÅÎþ 
ÊÅÄÎÏÔÌÉÖĻÃÈ ÍñĠÅÎþ ÄÏ ËÖÁÄÒÁÎÔĳ ÄÌÅ ÌÉÍÉÔÎþÃÈ ÈÏÄÎÏÔ ÈÍÏÔÎÏÓÔÎþ ËÏÎÃÅÎÔÒÁÃÅ ÐÒÁÃÈÕ 
ÖÅ ÓÐÁÌÉÎÜÃÈ ÓÔÁÎÏÖÅÎï :ÜËÏÎÅÍ Ï ÏÃÈÒÁÎñ ÏÖÚÄÕĤþ ɉ0I2ȟ ςπρςɊ, tedy 125 mgϊm-3 pro 
ÂÉÏÇÅÎÎþ ÐÁÌÉÖÁ Á ρυπ mgϊm-3 ÐÒÏ ÆÏÓÉÌÎþ ÐÁÌÉÖÁȢ #þÌÅÍ ÏÒÉÅÎÔÁéÎþ ÚËÏÕĤËÙ ÊÅ ÊÅÄÎÏÄÕĤÅ 
rozhodnout, zdali ÓÐÁÌÏÖÁÃþ ÚÄÒÏÊ ÓÐÌĐÕÊÅ ÐÏĿÁÄÁÖËÙ ÚÜËÏÎÁȟ éÉ ÎÉËÏÌÉÖȢ #ÅÌËÏÖï 
ÖÙÈÏÄÎÏÃÅÎþ Bacharachovy metody z ÐÏÈÌÅÄÕ ÌÉÍÉÔÎþÃÈ ÈÏÄÎÏÔ ÕÒéÅÎĻÃÈ ÌÅÇÉÓÌÁÔÉÖÏÕ ÊÅ 
uvedeno v Tab. 2. 

 

 
/ÂÒȢ ρȡ 0ÏÒÏÖÎÜÎþ ÖĻÓÌÅÄËĳ ÈÍÏÔÎÏÓÔÎþ ËÏÎÃÅÎÔÒÁÃÅ ÐÒÁÃÈÕ ÓÔÁÎÏÖÅÎĻÃÈ "ÁÃÈÁÒÁÃÈÏÖÏÕ 
Á ÒÅÆÅÒÅÎéÎþ ÍÅÔÏÄÏÕ. 

 
4ÁÂȢ ςȡ #ÅÌËÏÖï ÖÙÈÏÄÎÏÃÅÎþ ÖĻÓÌÅÄËĳ "acharachovy metody z ÐÏÈÌÅÄÕ ÌÉÍÉÔÎþÃÈ ÈÏÄÎÏÔ 
ÕÒéÅÎĻÃÈ ÌÅÇÉÓÌÁÔÉÖÏÕ. 

    Vyhovuje Nevyhovuje Suma 

Celkem 
[ks]  182 19 82 47 330 

[%]  55.2 5.8 24.8 14.2 80.0 20.0 

&ÏÓÉÌÎþ 
[ks]  144 10 41 28 233 

[%]  64.6 4.5 18.4 12.5 83.0 17.0 

Biomasa 
[ks]  38 9 41 19 107 

[%]  35.5 8.4 38.3 17.8 73.8 26.2 

0ÏÚÎȢȡ éÅÒÎñ ɀ ÓÐÒÜÖÎñ ÕÒéÅÎÜ ËÁÔÅÇÏÒÉÅ ÈÍÏÔÎÏÓÔÎþ ËÏÎÃÅÎÔÒÁÃÅ "ÁÃÈÁÒÁÃÈÏÖÏÕ 
ÍÅÔÏÄÏÕ ɉÐÏÄ ÌÉÍÉÔȟ ÎÁÄ ÌÉÍÉÔɊȟ éÅÒÖÅÎñ ɀ ÎÅÓÐÒÜÖÎñ ÕÒéÅÎÜ ËÁÔÅÇÏÒÉÅ ÈÍÏÔÎÏÓÔÎþ 
koncentrace Bacharachovou metodou (pod limit, nad limit) 

 
Z pohledu legislativy bylo z 330 ÐÒÏÖÅÄÅÎĻÃÈ ÍñĠÅÎþ metodou Bacharach 182 

ÓÐÒÜÖÎñ ÕÒéÅÎÏ ÊÁËÏ ȵÖÙÈÏÖÕÊþÃþȰ Á ψς ÂÙÌÏ ÓÐÒÜÖÎñ ÕÒéÅÎÏ ÊÁËÏ ȵÎÅÖÙÈÏÖÕÊþÃþȰȢ .ÁÏÐÁË 
ÎÅÓÐÒÜÖÎñ ÕÒéÅÎÏ ÂÙÌÏ ρω ÍñĠÅÎþȟ ËÔÅÒï ÂÙÌÙ ÍÅÔÏÄÏÕ "ÁÃÈÁÒÁÃÈ ÏÚÎÁéÅÎÙ ÊÁËÏ 
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]

(ÍÏÔÎÏÓÔÎþ ËÏÎÃÅÎÔÒÁÃÅ ÐÒÁÃÈÕ ÓÔÁÎÏÖÅÎÜ ÒÅÆÅÒÅÎéÎþ 
ɉÇÒÁÖÉÍÅÔÒÉÃËÏÕɊ ÍÅÔÏÄÏÕȟ ÐĠÅÐÏéÔÅÎÜ ÎÁ ÒÅÆÅÒÅÎéÎþ ÏÂÊÅÍÏÖĻ 

ÚÌÏÍÅË ËÙÌÓþËÕ ɍÍÇɇÍ-3]

&ÏÓÉÌÎþ"ÉÏÌÏÇÉÃËï

y = 0.2247x 
R2 = 0.5532 
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ÖÙÈÏÖÕÊþÃþȟ ÐĠÉéÅÍĿ ÒÅÆÅÒÅÎéÎþ ÍÅÔÏÄÁ ÐÒÏËÜÚÁÌÁ ÐĠÅËÒÏéÅÎþ ÚÜËÏÎÅÍ ÓÔÁÎÏÖÅÎĻÃÈ 
ÌÉÍÉÔĳȢ 0ÏÓÌÅÄÎþ ËÁÔÅÇÏÒÉþ ÊÓÏÕ ÔÅÓÔÙ ÍÅÔÏÄÏÕ "ÁÃÈÁÒÁÃÈ ÏÚÎÁéÅÎï ÊÁËÏ ÎÅÖÙÈÏÖÕÊþÃþȟ ÁÌÅ 
ÒÅÆÅÒÅÎéÎþ ÍÅÔÏÄÏÕ ÏÚÎÁéÅÎï ÊÁËÏ ÖÙÈÏÖÕÊþÃþȢ *ÅÄÎÜ ÓÅ celkem Ï τχ ÔÅÓÔĳȟ ËÔÅÒï ÂÙ 
znamenaly v ÒÅÜÌÎïÍ ÐÒÏÖÏÚÕ ÏÐÁËÏÖÜÎþ ÍñĠÅÎþȢ #ÅÌËÅÍ ÔÅÄÙ ÂÙÌÏ ÓÐÒÜÖÎñ ÓÔÁÎÏÖÅÎÏ 
80 Ϸ ÖĤÅÃÈ ÍñĠÅÎþȢ 
0ĠÉ ÂÌÉĿĤþÍ ÐÏÈÌÅÄÕ ÎÁ ËÁÔÅÇÏÒÉÚÁÃÉ ÊÅÄÎÏÔÌÉÖĻÃÈ ÍñĠÅÎþ ÄÌÅ ÐĳÖÏÄÕ ÐÏÕĿþÖÁÎïÈÏ 

ÐÁÌÉÖÁȟ ÊÅ ÚĠÅÊÍïȟ ĿÅ ÐĠÅÓÎÏÓÔ ÍñĠÅÎþ ÂÙÌÁ ÖÙĤĤþ Õ ÆÏÓÉÌÎþÃÈ ÐÁÌÉÖȟ ËÄÙ ÂÙÌÏ ÓÐÒÜÖÎñ ÕÒéÅÎÏ 
ψσ Ϸȟ ÚÁÔþÍÃÏ Õ ÂÉÏÇÅÎÎþÃÈ ÐÁÌÉÖ ÐÏÕÚÅ χτ ϷȢ 
6ĻÓÌÅÄËÙ ÊÅ ÍÏĿÎï ÒÏÖÎñĿ ÉÎÔÅÒÐÒÅÔÏÖÁÔ ÄÌÅ ÊÅÄÎÏÔÌÉÖĻÃÈ ËÏÎÓÔÒÕËéÎþÃÈ ÔÙÐĳ 

ÓÐÁÌÏÖÁÃþ ÚÄÒÏÊĳ ɉÐÒÏÈÏĠÉÖÁÃþȟ ÏÄÈÏĠÉÖÁÃþȟ ÚÐÌÙĐÏÖÁÃþ Á ÁÕÔÏÍÁÔÉÃËĻɊȟ ÐĠÉéÅÍĿ ÎÅÊÌïÐÅ 
"ÁÃÈÁÒÁÃÈÏÖÁ ÍÅÔÏÄÁ ÆÕÎÇÏÖÁÌÁ Õ ÚÐÌÙĐÏÖÁÃþÃÈ ËÏÔÌĳȟ ËÄÅ ÂÙÌÏ ÓÐÒÜÖÎñ ËÁÔÅÇÏÒÉÚÏÖÜÎÏ 
ψχȢχ Ϸ ÏÄÂñÒĳ. -ñĠÅÎþ ÕÓËÕÔÅéÎñÎï Õ ÏÄÈÏĠÉÖÁÃþÃÈ Á ÁÕÔÏÍÁÔÉÃËĻÃÈ ËÏÔÌĳ ÂÙÌÙ 
ËÁÔÅÇÏÒÉÚÏÖÜÎÙ ÓÐÒÜÖÎñ Ó ÔïÍñĠ ψρ Ϸ ĭÓÐñĤÎÏÓÔþȟ ÚÁÔþÍÃÏ Õ ÐÒÏÈÏĠÉÖÁÃþÃÈ ËÏÔÌĳ ÂÙÌÁ 
ĭÓÐñĤÎÏÓÔ ÊÅÊÉÃÈ ËÁÔÅÇÏÒÉÚÁÃÅ ÎÅÊÎÉĿĤþ Á ÔÏ χσȢφ ϷȢ 

 

:<6Q2 
 

"ÁÃÈÁÒÁÃÈÏÖÁ ÍÅÔÏÄÁ ÓÐÏÊÅÎÜ Ó ÎÅÚÜÖÉÓÌĻÍ ÖÙÈÏÄÎÏÃÅÎþÍ ÄÁÔ ÐĠÅÄÓÔÁÖÕÊÅ ÍÏĿÎÏÕ 
alternativu k ÂñĿÎñ ÐÏÕĿþÖÁÎĻÍ ËÕÆĠþËÏÖĻÍ ÁÎÁÌÙÚÜÔÏÒĳÍ ÓÐÁÌÉÎ ÓÅ ÚÌÏÍËÅÍ 
ÐÏĠÉÚÏÖÁÃþÃÈ É ÐÒÏÖÏÚÎþÃÈ ÎÜËÌÁÄĳȢ #ÅÌËÏÖñ ÄÏÓÁĿÅÎÜ ÐĠÅÓÎÏÓÔ ÕÒéÅÎþ ËÁÔÅÇÏÒÉÅ ÄÌÅ 
ÕÖÅÄÅÎïÈÏ ÚÐĳÓÏÂÕ ÖÙÈÏÄÎÏÃÅÎþ ÂÙÌÁ ÃÃÁ ψπ Ϸȟ ÐĠÉéÅÍĿ ÄÌÅ ÔÙÐÕ ÐÁÌÉÖÁȟ ÎÅÂÏ ÄÌÅ ÔÙÐÕ 
zdroje se pohybovala Ö ÒÏÚÍÅÚþ 73.6 a 87.7 %. 
$ÁÌĤþ ÖĻÚËÕÍ ÂÙ ÍñÌ ÂĻÔ ÚÁÍñĠÅÎ ÎÁ ÚÖĻĤÅÎþ ÍÎÏĿÓÔÖþ ÚÄÒÏÊÏÖĻÃÈ ÄÁÔ Á ÚÌÅÐĤÅÎþ 

ÐĠÅÐÏéÔÕ ÓÁÚÏÖïÈÏ éþÓÌÁ ÎÁ ÈÍÏÔÎÏÓÔÎþ ËÏÎÃÅÎÔÒÁÃÉ ÐÒÁÃÈÕ. 
 

0/$Q+/6<.^ 
  
0ÒÜÃÅ ÖÚÎÉËÌÁ Ö ÒÜÍÃÉ ĠÅĤÅÎþ ÐÒÏÊÅËÔÕ 4!I2ȟ 0ÒÏÇÒÁÍ ÐÒÏÓÔĠÅÄþ ÐÒÏ ĿÉÖÏÔȟ 

SS01010121 s ÎÜÚÖÅÍ !ÎÁÌĻÚÁ ÓËÕÔÅéÎïÈÏ ÐÒÏÖÏÚÕ ÚÁĠþÚÅÎþ ÐÒÏ ÖÙÔÜÐñÎþ ÄÏÍÜÃÎÏÓÔþ 
ÐÅÖÎĻÍÉ ÐÁÌÉÖÙȢ 
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#(!2!+4%2):!#% 026+° 6 -Q343+O- !%2/3/,5 

 

(ÁÎÁ (,!6<I+/6<1,2ȟ (ÁÎÁ #)'<.+/6<2ȟ 0ÁÖÅÌ -)+5£+!2ȟ *ÉÔËÁ (%'2/6<3 
 

16ÙÓÏËï ÕéÅÎþ ÔÅÃÈÎÉÃËï Ö "ÒÎñȟ &ÁËÕÌÔÁ ÃÈÅÍÉÃËÜȟ #ÈÅÍÉÅ Á ÔÅÃÈÎÏÌÏÇÉÅ ÏÃÈÒÁÎÙ 
ĿÉÖÏÔÎþÈÏ ÐÒÏÓÔĠÅÄþȟ 0ÕÒËÙĐÏÖÁȟ "ÒÎÏȟ IÅÓËÜ ÒÅÐÕÂÌÉËÁȟ ØÃÈÌÁÖÁÃËÏÖÁÈͽÖÕÔÂÒȢÃÚ 

2/ÄÄñÌÅÎþ ÁÎÁÌÙÔÉÃËï ÃÈÅÍÉÅ ĿÉÖÏÔÎþÈÏ ÐÒÏÓÔĠÅÄþȟ ªÓÔÁÖ ÁÎÁÌÙÔÉÃËï ÃÈÅÍÉÅ !ËÁÄÅÍÉÅ ÖñÄ 
IÅÓËï ÒÅÐÕÂÌÉËÙȟ ÖȢ ÖȢ ÉȢȟ "ÒÎÏȟ IÅÓËÜ ÒÅÐÕÂÌÉËÁ 

3#ÅÎÔÒÕÍ ÄÏÐÒÁÖÎþÈÏ ÖĻÚËÕÍÕȟ ÖȢ ÖȢ ÉȢȟ $ÉÖÉÚÅ ÄÏÐÒÁÖÎþ ÉÎÆÒÁÓÔÒÕËÔÕÒÙ Á ĿÉÖÏÔÎþÈÏ 
ÐÒÏÓÔĠÅÄþȟ "ÒÎÏȟ IÅÓËÜ ÒÅÐÕÂÌÉËÁ 

 
+ÌþéÏÖÜ ÓÌÏÖÁȡ -ñÓÔÓËĻ ÁÅÒÏÓÏÌȟ /ØÉÄÁÔÉÖÎþ ÐÏÔÅÎÃÉÜÌȟ +ÙÓÅÌÉÎÁ ÁÓËÏÒÂÏÖÜ 

 
SUMMARY 

 
Elements are important components of atmospheric aerosols. Heavy metals are 

known environmental pollutants due to their toxicity and their ability to accumulate in 
the human body (Mitra et al., 2022). Heavy metals can exhibit toxicological effects even in 
trace amounts. Oxidative potential (OP) is defined as the potential of aerosol particles to 
induce the production of reactive oxygen species (ROS). The oxidative potential is 
influenced by heavy metals that are present in the environment (Charrier and Anastasio, 
2012).  

 
ª6/$ 

 
:ÎÅéÉĤÔñÎþ ÏÖÚÄÕĤþ ÊÅ ÊÅÄÎþÍ Ú ÖÜĿÎĻÃÈ ÇÌÏÂÜÌÎþÃÈ ÅËÏÌÏÇÉÃËĻÃÈ ÐÒÏÂÌïÍĳȢ 

!ÔÍÏÓÆïÒÉÃËĻ ÁÅÒÏÓÏÌ ÊÅ ÚÎÜÍĻ ÊÁËÏ ÚÄÒÏÊ ĠÁÄÙ ÚÄÒÁÖÏÔÎþÃÈ ÎÜÓÌÅÄËĳȢ 0ÒÖËÙ ÐĠÅÄÓÔÁÖÕÊþ 
ÄĳÌÅĿÉÔÏÕ ËÁÔÅÇÏÒÉÉ ÚÎÅéÉĤĩÕÊþÃþÃÈ ÌÜÔÅËȟ ËÔÅÒĻÍ ÊÅ ÖñÎÏÖÜÎÁ ÐÏÚÏÒÎÏÓÔȢ -ÁÊþ ÖÅÌËĻ 
ÐÏÔÅÎÃÉÜÌ ÂĻÔ ÖÜÚÜÎÙ ÎÁ ÁÔÍÏÓÆïÒÉÃËï éÜÓÔÉÃÅ Á ÎÜÓÌÅÄÎñ ÓÅ ÖÄÅÃÈÎÕÔþÍ ÁÅÒÏÓÏÌĳ ÄÏÓÔÜÖÁÔ 
ÄÏ ÌÉÄÓËïÈÏ ÔñÌÁȟ ÃÏĿ ÍÜ ÚÁ ÎÜÓÌÅÄÅË ÍÎÏÈÏ ÚÄÒÁÖÏÔÎþÃÈ ËÏÍÐÌÉËÁÃþ ɉÒÅÓÐÉÒÁéÎþ 
ÏÎÅÍÏÃÎñÎþȟ ÒÁËÏÖÉÎÁ ÐÌÉÃȟ ÁÓÔÍÁȟ ËÁÒÄÉÏÖÁÓËÕÌÜÒÎþ ÐÏÔþĿÅɊȢ 0ÒÖËÙ ÓÅ ÄÏ ÏÖÚÄÕĤþ ÕÖÏÌĐÕÊþ 
z ÐĠþÒÏÄÎþÃÈ É ÁÎÔÒÏÐÏÇÅÎÎþÃÈ ÚÄÒÏÊĳ ɉÄÏÐÒÁÖÁȟ ÐÒĳÍÙÓÌɊȢ 0ÒÏ ÐÏÃÈÏÐÅÎþ ÖÌÉÖÕ ÐÒÖËĳ ÎÁ 
ĿÉÖÏÔÎþ ÐÒÏÓÔĠÅÄþ Á ÎÁ ÌÉÄÓËï ÚÄÒÁÖþ ÊÅ ÎÅÚÂÙÔÎï ÓÔÕÄÉÕÍ ÊÅÊÉÃÈ ËÏÎÃÅÎÔÒÁÃÅ Ö ÏÖÚÄÕĤþ ɉ,É 
a kol., 2013). 

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

 
!ÅÒÏÓÏÌÏÖï éÜÓÔÉÃÅ ÆÒÁËÃÅ 0-1 a PM10 ÂÙÌÙ ÓÏÕÂñĿÎñ ÖÚÏÒËÏÖÜÎÙ ÎÁ ÖÅÌËÏÏÂÊÅÍÏÖï 

ÖÚÏÒËÏÖÁéÅ $(!-80 a DHA-χχ ɉ$ÉÇÉÔÅÌȟ ÐÒĳÔÏË ÖÚÄÕÃÈÕ σπ Í3ȾÈɊȢ 6ÚÏÒËÙ ÂÙÌÙ ÏÄÅÂþÒÜÎÙ 
ÖÅ τψ ÈÏÄÉÎÏÖĻÃÈ ÉÎÔÅÒÖÁÌÅÃÈ ÐÏ ÄÏÂÕ τ ÔĻÄÎĳ Ö ÚÉÍÎþÍ ÏÂÄÏÂþ ɉφȢςȢ-6.3.2023) a v ÌÅÔÎþÍ 
ÏÂÄÏÂþ ɉρςȢχȢ-9.8.2023) v "ÒÎñȢ 6ÚÏÒËÏÖÜÎþ ÐÒÏÂþÈÁÌÏ ÎÁ ÎÉÔÒÏÃÅÌÕÌĕÚÏÖï ÆÉÌÔÒÙ ɉÐÒĳÍñÒ 
ρυπ ÍÍȟ ÐÏÒÏÚÉÔÁ σ АÍȟ 3ÁÒÔÏÒÉÕÓɊȢ 

(ÍÏÔÎÏÓÔÎþ ËÏÎÃÅÎÔÒÁÃÅ ÁÅÒÏÓÏÌÕ ÂÙÌÁ ÓÔÁÎÏÖÅÎÁ ÇÒÁÖÉÍÅÔÒÉÃËÏÕ ÍÅÔÏÄÏÕ 
ÒÏÚÄþÌĳ ÈÍÏÔÎÏÓÔþ ÆÉÌÔÒĳ ÐĠÅÄ Á ÐÏ ÏÄÂñÒÕ ÁÅÒÏÓÏÌÕȢ 

.ÁÖÚÏÒËÏÖÁÎï ÆÉÌÔÒÙ Ó ÁÅÒÏÓÏÌÅÍ ÂÙÌÙ ÐÁË ÒÏÚÓÔĠþÈÜÎÙ ÎÁ éÔÖÒÔÉÎÙȢ 0ÒÖÎþ éÔÖÒÔÉÎÁ 
ÆÉÌÔÒÕ ÂÙÌÁ ÒÏÚÌÏĿÅÎÁ Ö ËÙÓÅÌÉÎñ ÄÕÓÉéÎï ÐÏÍÏÃþ ÍÉËÒÏÖÌÎÎïÈÏ ÒÏÚËÌÁÄÕ ɉ5ÌÔÒÁ7!6%ȟ 
-ÉÌÅÓÔÏÎÅɊȢ 2ÏÚÌÏĿÅÎĻ ÆÉÌÔÒ ÂÙÌ ÐÏÕĿÉÔ ÎÁ ÁÎÁÌĻÚÕ ÃÅÌËÏÖïÈÏ ÏÂÓÁÈÕ ÊÅÄÎÏÔÌÉÖĻÃÈ ÐÒÖËĳ 
ÖÙÕĿÉÔþm ICP-MS s ÔÒÏÊÉÔĻÍ ËÖÁÄÒÕÐĕÌÅÍ ɉ)#0-MS 8800, Agilent). 
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0ÏÍÏÃþ ÓÔÁÎÄÁÒÄÎþÃÈ ÒÏÚÔÏËĳ ÐÒÖËĳ ÂÙÌ ÐÒÏÍñĠÅÎ ÖÌÉÖ ÐÒÖËĳ ÎÁ ÏØÉÄÁÔÉÖÎþ 
ÐÏÔÅÎÃÉÜÌȟ ËÔÅÒĻ ÂÙÌ ÍñĠÅÎ ÏØÉÄÁÃþ ËÙÓÅÌÉÎÙ ÁÓËÏÒÂÏÖï ɉ!!ɊȢ 3ÔÁÎÄÁÒÄ ÖÙÂÒÁÎïÈÏ ÐÒÖËÕ 
ÂÙÌ ÉÎËÕÂÏÖÜÎ ÐĠÉ σχ Ј# Ó kyselinou askorbovou o koncentraci 10 mM v éÁÓÏÖïÍ ÒÏÚÍÅÚþ 
5ɀ35 min. V ÐĠÅÄÅÍ ÓÔÁÎÏÖÅÎĻ éÁÓ ÂÙÌ ÖÚÏÒÅË ÓÐÅËÔÒÏÆÏÔÏÍÅÔÒÉÃËÙ ÐÒÏÍñĠÅÎ ÖÙÕĿÉÔþÍ 
UV-6)3 ÓÐÅËÔÒÏÆÏÔÏÍÅÔÒÕ ɉ$5 υςπȟ "ÅÃËÍÁÎɊ ÐĠÉ ÖÌÎÏÖï ÄïÌÃÅ ςφυ ÎÍȢ 

 
6¸3,%$+9 ! :<6Q2 

 
0ÒĳÍñÒÎï ÈÏÄÎÏÔÙ ÈÍÏÔÎÏÓÔÎþÃÈ ËÏÎÃÅÎÔÒÁÃþ ÐÒÏ ÆÒÁËÃÉ 0-1 ρφȟσψ АÇȾÍ3 a pro 

frakci PM10 ςψȟσσ АÇȾÍ3 v ÚÉÍÎþÍ ÏÂÄÏÂþ ÂÙÌÙ ÄÖÁËÒÜÔ ÖÙĤĤþ ÎÅĿ Ö ÏÂÄÏÂþ ÌÅÔÎþÍȢ 6 ÌÅÔÎþÍ 
ÏÂÄÏÂþ ÂÙÌÙ ÐÒĳÍñÒÎï ÈÍÏÔÎÏÓÔÎþ ËÏÎÃÅÎÔÒÁÃÅ ÆÒÁËÃÅ 0-1 ψȟπτ АÇȾÍ3 a pro frakci PM10 
ρτȟρφ АÇȾÍ3. 

Frakce PM1 a PM10 ÍñÓÔÓËïÈÏ ÁÅÒÏÓÏÌÕ ÂÙÌÙ ÐÏÄÒÏÂÅÎÙ ÁÎÁÌĻÚÅ ÎÁ ÏÂÓÁÈ ςρ ÐÒÖËĳ 
ɉ.Áȟ +ȟ #Áȟ 3Òȟ "Áȟ 4Éȟ 6ȟ #Òȟ -Ïȟ -Îȟ &Åȟ #Ïȟ .Éȟ #Õȟ #Äȟ !Ìȟ 3Îȟ 0Âȟ !Óȟ 3Âȟ 3ÅɊȢ 6ñÔĤÉÎÏÕ ÂÙÌÁ 
ËÏÎÃÅÎÔÒÁÃÅ ÐÒÖËĳ Ö ÚÉÍÎþÍ ÏÂÄÏÂþ ÖÙĤĤþ ÎÅĿ Ö ÌÅÔÎþÍ ÏÂÄÏÂþȢ #ÈÅÍÉÃËï ÓÌÏĿÅÎþ ÁÅÒÏÓÏÌĳ 
ÊÅ ÚÜÖÉÓÌï ÎÁ ÍÅÔÅÏÒÏÌÏÇÉÃËĻÃÈ ÐÏÄÍþÎËÜÃÈ Á ÎÁ ÚÄÒÏÊþÃÈ ÚÎÅéÉĤĩÕÊþÃþÃÈ ÏÖÚÄÕĤþȟ ÐÒÏÔÏ ÊÅ 
ÊÅÈÏ ÓÌÏĿÅÎþ ÐÒÏÍñÎÌÉÖïȢ 

ªÂÙÔÅË ËÙÓÅÌÉÎÙ ÁÓËÏÒÂÏÖï ÂÙÌ ÚÍñĠÅÎ Ö ÓÉÍÕÌÏÖÁÎï ÔÅËÕÔÉÎñ ÐÌÉÃÎþÃÈ ÓËÌþÐËĳ 
ɉ3ÉÍÕÌÁÔÅÄ ÁÌÖÅÏÌÉ ÆÌÕÉÄȟ 3!&Ɋ ÐÒÏ ÓÔÁÎÄÁÒÄÙ ËÁÔÉÏÎÔĳ ψ ËÏÖĳ ɉ#Õȟ .Éȟ &Åȟ 0Âȟ :Îȟ 3Òȟ 6ȟ #ÒɊȢ 
Z ÖĻĤÅ ÕÖÅÄÅÎĻÃÈ ÐÒÏÍñĠÅÎĻÃÈ ËÏÖĳ ÚÐĳÓÏÂÕÊþ ÎÅÊÖÙĤĤþ ĭÂÙÔÅË ËÙÓÅÌÉÎÙ ÁÓËÏÒÂÏÖï #Õȟ 
Pb Á &Å Á ÎÅÊÎÉĿĤþ ĭÂÙÔÅË ËÙÓÅÌÉÎÙ ÁÓËÏÒÂÏÖï ÂÙÌ Õ #Ò Á 6Ȣ 

 
0/$Q+/6<.^ 

 
4ÁÔÏ ÐÒÜÃÅ ÂÙÌÁ ÐÏÄÐÏÒÏÖÜÎÁ ÇÒÁÎÔÅÍ &#(-S-23-ψςωχ !ÐÌÉËÏÖÁÎÜ 

ÅÎÖÉÒÏÎÍÅÎÔÜÌÎþ ÃÈÅÍÉÅ Á ÔÅÃÈÎÏÌÏÇÉÅ Á ÖĻÚËÕÍÎĻÍ ÐÒÏÇÒÁÍÅÍ 3ÔÒÁÔÅÇÉÅ !6ςρ 6ÏÄÁ 
ÐÒÏ ĿÉÖÏÔȢ 
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INTRODUCTION 
 

Black Carbon (BC) aerosols are primary particles emitted into the atmosphere as 
a by-product of incomplete combustion processes. BC absorbs solar radiation and alters 
the radiation budget of the Earth(Bond et al., 2013). The radiative properties of BC heavily 
depend on its vertical profiles(Haywood and Ramaswamy, 1998). For example, BC in the 
free troposphere can enhance its radiative forcing by trapping energy emitted from lower 
cloud layers.  

The modeling-based studies on BC vertical distribution are particularly poor (Chen 
et al., 2022), creating a need to measure the vertical distribution of BC on a regional scale, 
from areas characterized by anthropogenic emissions from the ground to those 
characterized by long-range transport(Ramana et al., 2010). Among all the other methods, 
drones have recently gained popularity because of their high-cost efficiency, flexibility, 
and mobility. Besides comparing BC aerosol vertical distribution at an urban and a 
regional background site, this study also calibrates drone measurements using a 230-
meter tower. 
 

EXPERIMENTAL SETUP 
 
This study aims to measure the vertical profile of BC aerosols using a drone at two 
ÌÏÃÁÔÉÏÎÓȡ ρȢ .!/+ ɉ.ÁÔÉÏÎÁÌ !ÔÍÏÓÐÈÅÒÉÃ /ÂÓÅÒÖÁÔÏÒÙ +ÏĤÅÔÉÃÅɊȟ which represents 
a regional background site, and 2. MFF (Faculty of Mathematics and Physics in Prague), 
which represents an urban location. At NAOK, a 250-meter measurement tower is also 
available, serving as a way to calibrate the drone measurements. Aethalometer AE33 
(Aerosol Magee Scientific) is operating on the ground as well as on top of the tower.  

 Two instruments have been deployed on the drone (DJI Mavic 3). The micro-
Aethalometer AE51 (AethLabs San Francisco, CA) provides real-time equivalent BC (eBC) 
concentration, while meteorological data (temperature and relative humidity) were 
sampled using a COMET data logger. The measurement interval is ten seconds to cover 
the high temporal variability of eBC concentrations at the polluted site and to cover 
changes in height during the flight. During the flights, the drone climbed vertically from 
the ground to 230 m and 100m AGL at a constant speed of 1 m sϺ1 along the tower at NAOK 
and the MFF building, respectively. The drone hovered at different heights for at least 5 
minutes and then ascended in the same vertical direction at the same speed. The 
descended flights were not considered due to the propellers' effect on aerosols' flow. All 
inlets of the instruments were placed 30 cm above the drone to minimize the downwash 
effect (Villa et al., 2016). 
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RESULTS AND CONCLUSIONS 
 

Vertical profiles of black carbon aerosols were measured from July 31 - Aug 4, 2023 
at NAOK and Aug 14 - Aug 20, 2023 at MFF. The weather conditions during the campaigns 
were rainy and gusty at NAOK, while at MFF temperatures were high. The vertical profile 
exhibits very little change from 4m to 100m at MFF, suggesting a well-mixed layer, while 
a slight concentration decrease above 100m elevation can be observed at NAOK (Fig. 1). 
The comparison of eBC concentrations from micro-Aethalometer AE51 on the drone and 
Aethalometer AE33 at the top of the tower (230m) can also be seen, establishing the 
comparability of the data. 

The morning, noon, and evening profiles were also computed for both sites. The 
morning profiles were found to be the highest at both sites, while afternoon profiles were 
higher compared to the evening profiles at MFF due to traffic emissions (people leaving 
early from the office during the summertime).  
 

   
Fig. 1: Left: boxplot of eBC concentration from AE51 on the drone and from the reference 
device AE33 on the NAOK tower, right: boxplot of eBC concentration from AE51 on the 
drone at MFF. 
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INTRODUCTION 
 
 Atmospheric aerosols (AA) belong to short-lived climate forcers with high spatial 
and temporal variability. Although the radiative effects of AA are greatest on regional 
scales, changes in aerosol emissions can induce long-term global climate effects (Szopa et 
al., 2021). Thus, the measurement of aerosol properties is essential for better 
ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ÁÅÒÏÓÏÌȭÓ ÉÍÐÁÃÔ ÏÎ ÈÅÁÌÔÈ ÁÎÄ ÃÌÉÍÁÔÅȢ !ÌÔÈÏÕÇÈ ÓÅÖÅÒÁÌ ÉÎÔÅÒÎÁÔÉÏÎÁÌ 
projects and platforms have been monitoring AA properties worldwide (GAW, WMO, 
ACTRIS, EMEP, EUCAARI, etc., Pandolfi et al., 2018), only PM10 or PM2.5 cutoff sizes have 
been used for measurements, and information about PM1 particles is missing.  

The aim of this study is to present aerosol scattering properties with supporting data 
of absorption and particle number size distribution in PM1 in years 2018-2022 at peri-
urban atmospheric site ȰAtmospheric Observations in LiLLEȱ ɉATOLL) in Lille, France. 
This study is the first to present results dedicated to aerosol scattering properties at this 
site.  

 

EXPERIMENTAL SETUP 
 

ATOLL is a peri-urban atmospheric ÓÔÁÔÉÏÎ ÌÏÃÁÔÅÄ ÉÎ 6ÉÌÌÅÎÅÕÖÅ Äȭ!ÓÃÑȟ .ÏÒÔÈÅÒÎ 
France (50.6114 N, 3.1406 E, 60 m a.s.l.), 6 km away from the city center of Lille. The 
station is part of the Aerosols, Clouds, and Trace gases Research InfraStructure (ACTRIS, 
http://www.actris.net), providing high -quality long-term atmospheric data in northern  
France. Measurements used for the present study were performed between January 1, 
2018, and December 31, 2022. 

Measurements of the dry ÔÏÔÁÌ ÓÃÁÔÔÅÒÉÎÇ ɉʎspɊ ÁÎÄ ÂÁÃËÓÃÁÔÔÅÒÉÎÇ ɉʎbsp) 
coefficients are performed using Aurora 3000 nephelometer (ECOTECH) operating at 
450, 525, and 635 nm at 5 L min-1 with a Nafion dryer upstream of the instrument (<40% 
RH) and a PM1 cyclone. The nephelometer is adjusted daily using particle free air and 
calibrated monthly using CO2. Both scattering coefficients have been corrected from 
angular truncation errors and illumination intensity non-idealities based on -İÌÌÅÒ ÅÔ ÁÌȢ 
(2009)Ȣ #ÌÉÍÁÔÅ ÒÅÌÅÖÁÎÔ ÖÁÒÉÁÂÌÅÓ ÓÕÃÈ ÁÓ ÔÈÅ ÓÃÁÔÔÅÒÉÎÇ BÎÇÓÔÒĘÍ ÅØÐÏÎÅÎÔÓ ɉ3!%Ɋȟ 
hemispheric backscattering ratio b and the asymmetry factor g were calculated. 

mailto:suchankova.l@czechglobe.cz


52 

 

  Dry aÂÓÏÒÐÔÉÏÎ ÃÏÅÆÆÉÃÉÅÎÔÓ ɉʎabs) were continuously measured with a seven-
wavelength aethalometer (AE33, Magee Scientific Inc., (Cuesta-Mosquera et al., 2021)) at 
a sampling flow rate of 5 L min-1 downstream of a PM1 cyclone (BGI SCC1.197, Mesa Labs).   
4ÈÅ ÓÐÅÃÔÒÁÌ ÄÅÐÅÎÄÅÎÃÙ ÏÆ ʎabs was used to determine the contributions of traffic (fossil 
fuel ɀ BCff) and biomass burning (BCbb) to eBC via a source apportionment model 
(Sandradewi et al., 2008). The concentration of Brown carbon (BrC) was also calculated. 

The Scanning Mobility Particle Sizer (SMPS) measures every 5 minutes the particle 
number size distribution between 15.7-800 nm (divided into more than 100 bins) at an 
aerosol flow rate 1 L min-1 downstream of a Nafion membrane. The SMPS system 
consisted of a condensation particle counter (TSI model 3775), a differential mobility 
analyzer (DMA, TSI 3081A) as described by Villani et al. (2007) and a Nickel aerosol 
neutralizer (Ni-63 95MBq). The sheath flow rate 4.8 L min-1 was controlled with a critical 
orifice in a closed-loop arrangement ɉ*ÏËÉÎÅÎ ÁÎÄ -ßËÅÌßȟ ρωωχɊ. The scan time was 300 
seconds, and the particle concentrations were corrected by considering multiple charge 
effects and diffusion losses calculated using the manufacturer software and algorithms 
(AIM 10.2.0.11). 

To identify origin of air masses coming to ATOLL, HYSPLIT air mass back 
trajectories of 72 hours and exceptionally 10 days (for December 2022) were run (Stein 
et al., 2015). 

 
RESULTS AND CONCLUSIONS 

 
The overall data coverage of the aerosol light scattering data was 81 % (2018-

2022). 4ÈÅ ÍÅÄÉÁÎÓ ÏÆ ʎsp over the entire observed period were 31.5 Mm-1, 24.8 Mm-1 and 
19.3 Mm-1, while ʎbsp medians were around 4.0 Mm-1, 3.3 Mm-1, and 2.8 Mm-1 at 450, 525 
and 635 nm, respectively. The Mann-Kendall seasonal test showed a significant decrease 
ÏÆ ʎsp at 525 (Fig. 2) and 635 nm over the observed time, both of 2.0 Mm-1 year-1, 
ÒÅÓÐÅÃÔÉÖÅÌÙȢ .Ï ÓÉÇÎÉÆÉÃÁÎÔ ÄÅÃÒÅÁÓÅ ×ÁÓ ÏÂÓÅÒÖÅÄ ÆÏÒ ʎbsp at any wavelength, suggesting 
a relative increase in the backscattering fraction relative to total scattering. This 
observation is supported by a significant increase in b and significant decrease in g at all 
wavelengths. 

4ÈÅ ÍÅÄÉÁÎ ÏÆ ʎap at 525 nm was 5.1 Mm-1, the median concentration of eBC at 880 
nm was 330 ng.m-3 and median concentration of BrC at 370 nm was 100 ng.m-3 throughout 
the whole period. Analysis of the contribution ÏÆ ÆÏÓÓÉÌ ÆÕÅÌ ɉʎap_ff) and biomass burning 
ɉʎap _bb) to absorption showed an ÏÖÅÒÁÌÌ ʎap_ff median of 4.0 Mm-1 ÁÎÄ ʎap _bb median of 
2.0 Mm-1. Although no significant interannual change ×ÁÓ ÆÏÕÎÄ ÆÏÒ ʎap, Å"# ÏÒ "Ò#ȟ ʎap_ff 
showed a significant decrease in all seasons in total light absorption by aerosols in Lille 
(Tab. 1). 

The size distribution was divided into two modes: particles 20-300 nm and 300-
800 nm. A closer look has also been taken at the particles in sizes 20-30 and 30-60 nm.  
All size modes except 300-800 nm showed a statistically significant increase in 
ÃÏÎÃÅÎÔÒÁÔÉÏÎ ÏÖÅÒ ÔÉÍÅ ɉÐЃπȢπυȟ ɻЀπȢπυɊ ×ÉÔÈ ÔÈÅ ÓÔÅÅÐÅÓÔ ÉÎÃÒÅÁÓÅ ÏÂÓÅÒÖÅÄ for the 20-
30 nm size fraction (Tab. 1). The median concentrations of 20-30 nm, 30-60 nm, 20-300 
nm and 300-800 nm were 1216, 2012, 5736 and 43 # cm-3, respectively. Crumeyrolle et 
al. (2023) observed strong influence of new particle formation events (NPF) on the 
number concentration from 15.7 to 100 nm in summer and spring at ATOLL site.  
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Fig. 2: Seasonal and annual variation of ʎsp at 525 nm. The widths of boxplots are 
proportional to the square roots of number of observations in separate seasons and 
extend to the minimum and maximum values within a range defined by the 1.5 times the 
interquartile range.  
 
Tab. 1: Slopes (variable/year) and Mann-Kendall Seasonal test results (tau and p-value) 
of selected optical properties and particle number size distribution modes. Significant 
trends are highlighted. 

 Slopes 
Mann-Kendall Seasonal test  

tau p-value 
ʎsp at 450 nm -2.1 Mm-1/year  -0.16 0.08 
ʎsp at 525 nm -2.0 Mm-1/year  -0.18 0.05 
ʎsp at 635 nm -2.0 Mm-1/year  -0.16 0.03 
ʎbsp at 450 nm -0.3 Mm-1/year  -0.15 0.08 
ʎbsp at 525 nm -0.2 Mm-1/year  -0.15 0.10 
ʎbsp at 635 nm -0.2 Mm-1/year  -0.16 0.07 
ʎap at 250 nm -0.3 Mm-1/year  -0.14 0.14 
ʎap_ff  -0.3 Mm-1/year  -0.20 0.03 
ʎap _bb -0.1 Mm-1/year  -0.05 0.59 
eBC -23 ng m-3/year  -0.17 0.07 
BrC -4 ng m-3/year  -0.09 0.35 

Mode 20-30 nm 239 # ccm-3/year  0.56 <0.001 
Mode 30-60 nm 132 # ccm-3/year  0.32 <0.001 

Mode 20-300 nm 596 # ccm-3/ year 0.35 <0.001 
Mode 300-800 nm -1 # ccm-3/year  -0.03 0.76 
Mass concentration 271 ng.m-3/ year 0.03 0.76 
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Further investigation must be performed to link NPF with the significant increase in 
particle concentration in 20-30 nm size mode over time. The observed median PM1 mass 
ÃÏÎÃÅÎÔÒÁÔÉÏÎ ×ÁÓ ψȢσ АÇ Í-3 (assuming a constant over size distribution and over time 
density of 1.8 g cm-3) with no significant interannual change due to the small contribution 
of particles in the 20-300 nm size mode to the overall mass concentration of aerosols.  

 Regarding the data COVID-19 pandemic, the analysis did not show a significant 
influence on any of the aerosol properties.  Concerning the European oil and gas crisis, it 
has been noticed that December 2022 influenced the trend of winter and annual 
variations of all observed variables: The war in Ukraine caused restrictions ÏÎ 2ÕÓÓÉÁȭÓ 
gas supply to Europe. The resulting gas and oil prices led to the European oil and gas crisis, 
which was noticeable mainly in December 2022 due to the need for residential heating. 
As a result, citizens and industry returned to a higher consumption of biomass, wood, and 
coal. In addition, a significant increase in coal usage for electricity generation was 
observed in December 2022 for the whole of United Kingdom (gov.uk, 2023), resulting in 
increased levels of ʎsp,  ʎbsp, ʎap at all wavelengths, SAE, eBC, BrC, particle effective radius, 
mass concentration and number concentration of particles from 300-800 nm  in 
December 2022.   
Alongside of local residential sources, analysis of ten-day backward trajectories from 
HYSPLIT model in December 2022 ( 
Fig. 3) showed the significant air mass transport coming from southwest of France 
(Cordemais power plant) and northwest of United Kingdom (Ratcliffe-on-Soar power 
station). Each of the two suspected coal-fired power plants are one of only two 
remaining active coal power plants in France and the United Kingdom.  

Fig. 3: 10-day hourly back-trajectories arriving at ATOLL in December 2022. Back-
trajectories were calculated for each hour at ATOLL arriving at half the boundary layer 
ÈÅÉÇÈÔ ÕÓÉÎÇ '$!3 ρЈ³ ρЈ ÍÅÔÅÏÒÏÌÏÇÉÃÁÌ ÄÁÔÁȢ 4ÈÅ ÃÏÌÏÒ ÃÏÎÔÏÕÒ ÒÅÐÒÅÓÅÎÔÓ ÔÈÅ number 
of back-ÔÒÁÊÅÃÔÏÒÙ ÃÒÏÓÓÉÎÇ ÃÏÕÎÔÓ ÉÎ ÅÁÃÈ ÇÒÉÄ ÃÅÌÌ ɉÒÅÓÏÌÕÔÉÏÎ πȢςЈ³πȢςЈɊȢ 4ÈÅ ÌÏÃÁÔÉÏÎÓ ÏÆ 
coal-supplied power plants in France and the United Kingdom are indicated with red 
circles. 
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 Metal content in traffic emissions is often overlooked during regulation and 
policymaking. Exhaust and non-exhaust traffic emissions, including tire and brake wear 
and resuspended dust, contribute significantly to particulate matter and pose significant 
health effects to humans in urban areas (Johansson et al., 2009). The current lack of strict 
regulations on these metal emissions draws attention to the need for controls and 
monitoring, as reflected in the recent Euro 7 standards proposal on traffic emissions.  
 This work aims to quantify metal emissions from traffic at an urban traffic site in 
Prague, Czech Republic, identify key tracers of emissions, and investigate exhaust and 
non-exhaust emissions observable in fine particulate matter (PM2.5). This project signifies 
the first high-time resolution elemental analysis of Prague aerosols. 
 

EXPERIMENTAL METHODS 
 
 A one-month-long measurement campaign was conducted from February to March 
2020 at an urban traffic site in Prague (16,500 vehicles and 700 trams per day). Elemental 
data were obtained from an Xact625i Ambient Metals Monitor (nondestructive energy 
dispersive X-ray fluorescence, EDXRF) and elemental/organic carbon from a Sunset 
Laboratory EC/OC analyzer, both equipped with a PM2.5 head at a two-hour time 
resolution.  
 Source apportionment was used to identify individual sources using Positive Matrix 
Factorization (US EPA PMF 5.0). HYSPLIT was used for air mass backtrajectory analysis 
(Stein et al., 2015). 

RESULTS AND CONCLUSIONS 
 

 Five factors were identified: i) Dust, ii) Local heating, iii) Marine, iv) Secondary 
sulfate and v) Traffic (Fig. 1). Dust was characterized by crustal elements resuspended by 
traffic activity. Local heating, the dominant factor, was associated with K and OC, related 
to heating through coal and biomass burning. The Marine factor was associated with 
marine salts originating from the Atlantic alongside road salts. Secondary sulfate was 
characterized by S, As and EC, representing regional transport of coal-fired power plant 
emissions. Traffic consisted of exhaust (Mn, Cr and EC) and non-exhaust (Zn, Fe) 
emissions from vehicles, with a lower contribution than expected for a traffic site.  
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Fig. 1: PMF source profile. Bars represent mass concentrations (ng/m 3), open bars 
represent mean DISP (distributed source pathway) values, and error bars represent 
confidence intervals. 

 Local heating dominated local emissions, while traffic had a low percentage 
contribution to total emissions, contrary to expectations. Markers of both exhaust and 
non-exhaust emissions from traffic were detected. Evidence of long-distance transported 
coal emissions was found, with significant implications for air quality in Prague. 
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INTRODUCTION 
 

The inhalation of fibers has long been recognized for its potential to induce a range of 
health-related concerns, primarily stemming from their ability to deeply penetrate the 
lower regions of the human respiratory system (Aust et al., 2011). However, instead of 
merely perceiving this behavior as a source of health risks, it presents an intriguing 
opportunity for the targeted delivery of therapeutic agents to the alveoli. This prospect 
not only captivates with its potential benefits but also holds significant commercial 
promise. Addressing this challenge, partly due to the limitations of our existing 
mathematical and computational models, which struggle to accurately predict the 
delivered dose for individual patients and advancing our understanding of fiber dynamics 
in turbulent flows, this contribution introduces new data acquired within a replica of the 
human trachea and the first airway bifurcation. The measurements were performed 
under realistic inhalation conditions. 

The critical parameter for any calculation of the fate of inhaled fibers and precise 
predictions of deposited fractions in human airways is the orientation of fibers during 
their flow through bifurcating channels. Therefore, the analysis primarily focuses on 
orientations of fibres upstream and downstream of the first airway bifurcation. 

 
EXPERIMENTAL SETUP 

 
 4ÈÅ ÅØÐÅÒÉÍÅÎÔ ÉÎÖÏÌÖÅÄ ÔÈÅ ÕÓÅ ÏÆ ÆÉÂÅÒÓ ÐÒÅÐÁÒÅÄ ÆÒÏÍ 3ÕÐÁÆÉÌ΅ ,ÏÆÔ ÇÌÁÓÓ ×ÏÏÌ 
(Knauf Insulation GmbH, Simbach am Inn, Germany). The fibers were produced by 
crushing the wool with a mechanical press. The fibres were dispersed by a fluidized-bed-
type disperser and introduced into the replica of airways made of glass tubes with 
diameters corresponding to that of the human trachea and main bronchi. The first airway 
bifurcation, i.e. the piece connecting the trachea and left and right daughter branches was 
produced by 3D-printing from the realistic geometry originating from CT scans.  
4ÈÅ ÆÉÂÅÒÓ ÈÁÄ Á ÄÉÁÍÅÔÅÒ ÒÁÎÇÉÎÇ ÆÒÏÍ τ ÔÏ φ АÍ ÁÎÄ Á ÌÅngth ranging from 30 to 

50 АÍȢ 2ÅÃÏÒÄÉÎÇ ÏÆ ÔÈÅ ÆÉÂÅÒ ÆÌÏ× ×ÁÓ ÃÁÒÒÉÅÄ ÏÕÔ ÕÓÉÎÇ Á ÈÉÇÈ-speed camera, the 
FASTCAM SA-Z (Photron, Japan), equipped with a long-distance microscope with a 12X 
Zoom lens from NAVITAR (New York, USA), which included a 2X F-mount adapter (type 
1-62922) and a 12 mm F.F zoom lens (type 1-50486). The images were captured at a 
ÓÐÁÔÉÁÌ ÒÅÓÏÌÕÔÉÏÎ ÏÆ ρȢυ ʈÍ ÐÅÒ ÐÉØÅÌȟ ×ÉÔÈ ÍÁØÉÍÕÍ ÉÍÁÇÅ ÄÉÍÅÎÓÉÏÎÓ ÏÆ ρȢυϼ1.5 mm for 
a resolution of ρπςτϼρπςτ ÐÉØÅÌÓȢ 4ÈÅ ÆÌÏ× ×ÁÓ ÉÌÌÕÍÉÎÁÔÅÄ ÂÙ ÂÁÃËÇÒÏÕÎÄ ÌÉÇÈÔÉÎÇȟ ×ÈÉÃÈ 
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was provided by a pulse LED light model HPLS-36DD18B (Lightspeed Technologies, USA), 
with a light pulse duration of 400ɀ800 ns. 

 
RESULTS  

The recorded data were processed using in-house image-processing software to 
recognize fiber orientations. Tab. 1 displays the numbers of horizontally and vertically 
oriented fibers at various measurement points. The coordinates are consistently provided 
within the cross-section as distances from the right side of the specific airway, or from the 
back of the airways, marked with the letter "B." Horizontal orientations indicate 
alignment parallel to streamlines, and while this orientation was frequent, it was not 
typically dominant. 

 
Tab. 1: Numbers of horizontally and vertically oriented fibers recorded at various 
locations within the replica of the human airways under light breathing conditions. 
(T=trachea, L/R=left/right bronchus, F/S=frontal/sagittal cross-section, R1=cross-
section immediately downstream of the bifurcation, R3=3 mm below R1). 

Breathing 
regime and 
measured 
cross-section  

Measured 
point  

Inlet  Outlet  Observed flips  

H V H V 6 ( ( 6 

T-F 

1.5 mm  16 14 16 14 0 0 
3.1 mm   20 10 20 10 0 0 

7.75 mm  14 16 14 16 0 0 
12.4 mm  14 16 14 16 0 0 
14.0 mm 17 13 17 13 0 0 

L-F (R1) 
1.5 mm  16 14 17 13 1 0 
2.15 mm 18 12 19 11 1 0 
5.35 mm  22 8 24 6 2 0 

T-S 

1.5 mm 16 14 17 13 1 0 
3.1 mm 11 19 11 19 0 0 

7.75 mm  14 16 14 16 0 0 
12.4 mm  21 9 21 9 0 0 
14.0 mm  25 5 25 5 0 0 

R-S (R1)  B 5.35 mm  17 13 19 11 2 0 
L-S (R1)  B 5.35 mm  13 17 12 18 0 1 

L-F (R3) 
1.5 mm  15 15 15 15 0 0 

2.15 mm  23 7 23 7 1 1 
5.35 mm 20 10 24 6 4 0 
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INTRODUCTION 
 

Pressurized metered dose inhalers (MDI) and dry powder inhalers (DPI) are an 
integral part of the treatment of lung diseases such as asthma and chronic obstructive 
pulmonary disease (COPD) (Vichrow et al., 2008). An important characteristic of particles 
dosed by MDI and DPI is particle size distribution (PSD) (Byron, 1990). This may vary 
depending on the formulation, but also on the temperature and relative humidity (RH) 
changes during the transport from the inhaler to the human respiratory tract. The aim of 
this study was to determine the influence of RH and inspiratory flow rates on the PSD 
characteristics and predict deposition efficiency of inhalable particles in the lungs.  

 
EXPERIMENTAL SETUP 

 
Four commercially available inhalers used to treat asthma and COPD were tested. The 

list of inhalers together with manufacturer information is provided in Tab. 1. To measure 
particle number size distribution an on-line spectrometer APS 3321 (TSI) was used. 
Aerosol samples from individual inhalers were led through a stainless steel tubing 
simulating the geometry of the human respiratory tract with the first bend behind the oral 
cavity. The flow rates were 30, 60 and 90 lpm and the size distributions were measured 
in 52 size channels in the range of 0.5 - ςπ ʈÍȢ !ÌÌ ÍÅÁÓÕÒÅÍÅÎÔÓ ×ÅÒÅ ÐÅÒÆÏÒÍÅÄ ÕÎÄÅÒ 
ÌÁÂÏÒÁÔÏÒÙ ÃÏÎÄÉÔÉÏÎÓ Ô Ѐ ςυ ϻ πȢυ Ј# ÁÎÄ 2( Ѐ συ ϻ υϷȟ ÔÈÁÔ ×ÅÒÅ ÍÅÁÓÕÒÅÄ ÂÙ ÕÓÉÎÇ ÏÆ 
datalogger View2 (Tinytag). The influence of increased RH was measured under 
ÃÏÎÄÉÔÉÏÎÓ Ô Ѐ ςυ ϻ πȢυ Ј#ȟ 2( Ѐ ωπ ϻ ρϷ ÁÎÄ ÆÌÏ× ÒÁÔÅ σπ ÌÐÍȢ &ÏÒ ÔÈÅÓÅ ÍÅÁÓÕÒÅÍÅÎÔÓȟ Á 
humidifier connected to the cryostat and T/RH sensor were installed between the elbow 
and the isokinetic sampling for the APS spectrometer. 

 
Tab. 1: List of inhalers with manufacturer information. 

Inhaler  Type !ÃÔÉÖÅ ÓÕÂÓÔÁÎÃÅ ɉАÇȾÄÏÓÅɊ Excipient  

Flutiform  MDI 
Fluticasone propionate (50) 

Formoterol Fumarate 
Dihydrate (5) 

Ethanol, Apaflurane 

Fullhale MDI 
Salmeterol xinafoate (25) 

Fluticasone propionate (125) 
Norflurane 

Ventolin MDI Sulbutamoli sulfas (120,5) Norflurane 

Spiriva DPI Tiotropia (18)  Lactose monohydrate 
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RESULTS AND CONCLUSIONS 
 

An example of PSDs measured at different inspiratory flow rates are shown in Fig. 1a 
and under ambient condition and at higher relative humidity in Fig. 1b. The results 
showed that the increasing inspiratory flow rate had a minimal effect on the position of 
the modes of the individual distributions of all tested inhalers. The differences in PSD, 
measured under ambient conditions and at RH of 90%, were minimal and did not affect 
the assumed probability of inhalant deposition. 
 

a)        b)  

 
  
Fig. 1: Number particle size distributions of the Fulhale inhaler under different a) 
inspiration flow rates and b) RH 
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INTRODUCTION 

 
 Springs are generally classified as underground water sources. Springs often serve 
as a source of drinking water, either for random tourists or are specifically targeted by 
local residents who use them as an alternative to tap water. For most springs, no 
information on the water quality is available, which in the case of potential pollution can 
lead to very serious health consequences for consumers, and therefore regular 
monitoring of the quality of these waters is very important. The aim of this study was to 
determine the physical parameters and chemical and bacteriological composition of 
water in selected forest springs around Brno. 

 
EXPERIMENTAL SETUP 

 

 Samples were collected in spring and autumn 2023. During sample collection we 
measured in situ water temperature and spring yield and in the laboratory pH, 
conductivity, chemical oxygen demand, acid neutralizing capacity, chemical and 
bacteriological composition. 
 Chemical analyses of samples included measurement of anions by ion 
chromatography (ICS 2100, Dionex), cations by capillary electrophoresis (Agilent 7100, 
Agilent Technologies), NH4+ by continuous flow method with fluorescence detection 
ɉ!ÌÅØÁ ÁÎÄ -ÉËÕĤËÁȟ ςπςπɊȟ ÅÌÅÍÅÎÔÓ ÂÙ )#0-MS (model Agilent 7700x, Agilent 
Technologies), total organic carbon (TOC) and dissolved organic carbon by TOC-VCPH 
analyser (Shimadzu). Bacteriological analysis (Intestinal Enterococci, Escherichia coli and 
Coliform bacteria) of water samples was provided by the Public Health Institute Ostrava. 
 

RESULTS AND DISCUSSION 
 

 25 easily accessible forest springs with running water, guided in the database of 
estudanky.eu as a source of drinking water, have been selected for monitoring. Quality of 
spring water was evaluated according to the requirements for drinking water. 
 Conductivity  and pH of most samples satisfied the required limit. The 
concentrations of NH4+, anions and elements in none of the samples exceeded the limit 
value set for drinking water. Higher chemical oxygen demand and exceeded limit for TOC 
show increased concentration of organic compounds in several spring samples. 
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 Water from 16 springs was contaminated with at least one of the studied bacteria 
(mostly with Coliform bacteria), indicating faecal pollution of the source area of water. 
 A comparison of the overall results of spring and autumn samples will be 
presented. 

 
CONCLUSIONS 

 
 Water from 25 forest springs was characterized for basic physical parameters and 
chemical and bacteriological composition. Chemical composition was mostly within limits 
for drinking water, but bacteriological results indicate faecal pollution of water in 
majority of studied springs. 
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SUMMARY 

 
Based on the experience with testing stationary combustion sources for solid fuels during 
research and certification activities in the testing room, a procedure for testing these 
sources in real operation in households was developed. The aim was to use this testing 
procedure to determine the operating parameters of the combustion sources under 
realistic conditions. A total of 111 boilers of different designs burning different types of 
solid fuels were measured in real operation. For each tested boiler measured, the mass 
concentrations of CO, OGC and dust were determined as well as the energy efficiency was 
also determined. The results are statistically evaluated and compared with the 
requirements of EN 303-5 and the legislative requirements of the Air Protection Act 
201/2012 Coll. 
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.Á ÚÜËÌÁÄñ ÚËÕĤÅÎÏÓÔþ Ó ÔÅÓÔÏÖÜÎþÍ ÓÔÁÃÉÏÎÜÒÎþÃÈ ÓÐÁÌÏÖÁÃþÃÈ ÚÄÒÏÊĳ ÎÁ ÐÅÖÎÜ ÐÁÌÉÖÁ 

ɉÄÜÌÅ ÊÅÎ ÓÐÁÌÏÖÁÃþ ÚÄÒÏÊÅɊ ÐĠÉ ÖĻÚËÕÍÎĻÃÈ Á ÃÅÒÔÉÆÉËÁéÎþÃÈ éÉÎÎÏÓÔÅÃÈ ÖÅ ÚËÕĤÅÂÎñ ÂÙÌ 
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bylo ÐÏÍÏÃþ ÔÏÈÏÔÏ ÐÏÓÔÕÐÕ ÔÅÓÔÏÖÜÎþ ÚÊÉÓÔÉÔ ÐÒÏÖÏÚÎþ ÐÁÒÁÍÅÔÒÙ ÓÐÁÌÏÖÁÃþÃÈ ÚÄÒÏÊĳ 
v ÒÅÜÌÎĻÃÈ ÐÏÄÍþÎËÜÃÈ. #ÅÌËÅÍ ÂÙÌÏ ÚÍñĠÅÎÏ ρρρ ÒÅÜÌÎñ ÐÒÏÖÏÚÏÖÁÎĻÃÈ ÓÐÁÌÏÖÁÃþÃÈ 
ÚÄÒÏÊĳ ÒĳÚÎĻÃÈ ËÏÎÓÔÒÕËÃþ ÓÐÁÌÕÊþÃþ ÒĳÚÎï ÔÙÐÙ ÐÅÖÎĻÃÈ ÐÁÌÉÖȢ 0ÒÏ ËÁĿÄĻ ÍñĠÅÎĻ ÓÐÁÌÏÖÁÃþ 
ÚÄÒÏÊ ÂÙÌÙ ÓÔÁÎÏÖÅÎÙ ÈÍÏÔÎÏÓÔÎþ ËÏÎÃÅÎÔÒÁÃÅ #/ȟ /'# Á ÐÒÁÃÈÕ Á ÔÁËï ÂÙÌÁ ÓÔÁÎÏÖÅÎÁ 
ÅÎÅÒÇÅÔÉÃËÜ ĭéÉÎÎÏÓÔȢ 6ĻÓÌedky jsou ÓÔÁÔÉÓÔÉÃËÙ ÖÙÈÏÄÎÏÃÅÎÙ Á ÓÒÏÖÎÜÎÙ Ó ÐÏĿÁÄÁÖËÙ 
ÎÏÒÍÙ I3. %. σπσ-5 ɉª.-:ȟ ςπςσɊ a s ÌÅÇÉÓÌÁÔÉÖÎþÍÉ ÐÏĿÁÄÁÖËÙ ÚÜËÏÎÁ Ï ÏÃÈÒÁÎñ 
ÏÖÚÄÕĤþ ςπρȾςπρς 3ÂȢ ɉ0ÁÒÌÁÍÅÎÔ IÅÓËï 2ÅÐÕÂÌÉËÙȟ ςπρςɊ. 

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

 
Metodika ÔÅÓÔÏÖÜÎþ ÓÐÁÌÏÖÁÃþÃÈ ÚÄÒÏÊĳ 
+ÏÎÔÉÎÕÜÌÎñ ÂÙÌÙ ÍñĠÅÎÙ ÏÂÊÅÍÏÖï ÚÌÏÍËÙ #/ ɉ.$)2ȟ !"" 52!3 ςφɊȟ /'# ɉ&)$ȟ !"" 

FIDAS 24), O2 ɉÐÁÒÁÍÁÇÎÅÔÉÃËÙȟ !"" -!'./3 ςπφɊȢ $ÜÌÅ ÂÙÌÁ ËÏÎÔÉÎÕÜÌÎñ ÍñĠÅÎÁ ÔÅÐÌÏÔÁ 
spalin v ÂÌþÚËÏÓÔÉ ÖĻÓÔÕÐÕ ÓÐÁÌÉÎ ÚÅ ÓÐÁÌÏÖÁÃþÈÏ ÚÄÒÏÊÅȢ $ÉÓËÏÎÔÉÎÕÜÌÎñ ÂÙÌÁ ÇÒÁÖÉÍÅÔÒÉÃËÙ 
ÓÔÁÎÏÖÏÖÜÎÁ ÈÍÏÔÎÏÓÔÎþ ËÏÎÃÅÎÔÒÁÃÅ ÐÒÁÃÈÕȢ 0ĠÉ ËÁĿÄïÍ ÍñĠÅÎþ ÂÙÌÙ ÐÒÏÖÅÄÅÎÙ ÔĠÉ 
ÐÁÔÎÜÃÔÉÍÉÎÕÔÏÖï ÏÄÂñÒÙ ɉÖÉÚȢ /ÂÒȢ ρɊȢ 0Ï ËÁĿÄïÍ ÍñĠÅÎþ ÂÙÌ ÏÄÅÂÒÜÎ ÐÏÐÅÌ Á Ö ÎñÍ 
ÓÔÁÎÏÖÅÎ ÎÅÄÏÐÁÌ ÕÈÌþËÕȢ 0ÒÏ ËÁĿÄï ÐÅÖÎï ÐÁÌÉÖÏ ÂÙÌ ÐÒÏÖÅÄÅÎ ÚÜËÌÁÄÎþ ÔÅÃÈÎÏÌÏÇÉÃËĻ 
ÒÏÚÂÏÒ Á ÐÒÖËÏÖï ÓÌÏĿÅÎþ ɉ#r, Hr, Nr, Or, Srȟ ÈÍÏÔÎÏÓÔÎþ ÐÏÄþÌ ÖÏÄÙ ×r, popele Ar 
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a ÖĻÈĠÅÖÎÏÓÔ ÐÁÌÉÖÁ 1rɊȢ "ÙÌ ÖÙÐÏéþÔÜÎ ÍñÒÎĻ ÖĻÖÉÎ ÓÐÁÌÉÎȟ ËÔÅÒĻ ÓÐÏÌÕ Ó ÏÂÊÅÍÏÖĻÍ 
zlomkem O2ȟ ÔÅÐÌÏÔÏÕ ÓÐÁÌÉÎ ÎÁ ÖĻÓÔÕÐÕ ÓÐÁÌÏÖÁÃþÈÏ ÚÄÒÏÊÅ Á nedopalem v ÐÏÐÅÌÕ ÓÌÏÕĿÉÌ 
ÐÒÏ ÓÔÁÎÏÖÅÎþ ÅÎÅÒÇÅÔÉÃËï ĭéÉÎÎÏÓÔÉ ÓÐÁÌÏÖÁÃþÈÏ ÚÄÒÏÊÅ ÎÅÐĠþÍÏÕ ÍÅÔÏÄÏÕȢ +ÁĿÄĻ 
ÓÐÁÌÏÖÁÃþ ÚÄÒÏÊ ÂÙÌ ÐĠÅÄ ÍñĠÅÎþÍ ÖÙéÉĤÔñÎȟ ÏÓÁÚÅÎ ÍñĠÉÃþ ÔÅÃÈÎÉËÏÕ Á ÎÜÓÌÅÄÎñ ÂÙÌÏ 
ÐÒÏÖÅÄÅÎÏ ÊÅÈÏ ÚÁÐÜÌÅÎþȟ ËÔÅÒï ÏÂÖÙËÌÅ ÔÒÖÁÌÏ v ÒÏÚÍÅÚþ ÐĳÌ ÁĿ ÊÅÄÎï hodinyȟ ÂñÈÅÍ ÔïÔÏ 
doby ÊÉĿ ÂÙÌÙ ËÏÎÔÉÎÕÜÌÎñ ÓÌÅÄÏÖÁÎï ÖÅÌÉéÉÎÙ ÚÁÚÎÁÍÅÎÜÖÜÎÙ, ale jejich hodnoty nejsou 
ÓÏÕéÜÓÔþ ÎþĿÅ ÄÉÓËÕÔÏÖÁÎĻÃÈ ÈÏÄÎÏÔȢ 0Ï ÄÏÓÁĿÅÎþ ÏÂÖÙËÌïÈÏ ÐÒÏÖÏÚÎþÈÏ ÖĻËÏÎÕ ÚÄÒÏÊÅȟ 
byl ÚÁÐÏéÁÔ ÔĠþÈÏÄÉÎÏÖĻ ÔÅÓÔÏÖÁÃþ éÁÓÏÖĻ ĭÓÅË (viz Obr. 1)ȟ ËÔÅÒĻ ÊÅ ÃÅÌĻ ÓÏÕéÜÓÔþ ÎþĿÅ 
ÄÉÓËÕÔÏÖÁÎĻÃÈ ÐÒĳÍñÒÎĻÃÈ ÈÏÄÎÏÔ. V ËÁĿÄï ÈÏÄÉÎñ ÔÅÓÔÏÖÜÎþ byl proveden jeden ÏÄÂñÒ 
ÐÒÏ ÓÔÁÎÏÖÅÎþ ÈÍÏÔÎÏÓÔÎþ ËÏÎÃÅÎÔÒÁÃÅ prachu. 0Ï ρψπ ÍÉÎÕÔÜÃÈ ÏÄ ÐÏéÜÔËÕ ÔÅÓÔÏÖÜÎþ 
ÂÙÌÏ ÍñĠÅÎþ ÕËÏÎéÅÎÏ Á ÓÐÁÌÏÖÁÃþ ÚÄÒÏÊ ÂÙÌȟ ÂÕì ÄÜÌÅ ÐÒÏÖÏÚÏÖÜÎȟ ÎÅÂÏ ÏÄÓÔÁÖÅÎ Ú 
ÐÒÏÖÏÚÕ Ö ÚÜÖÉÓÌÏÓÔÉ ÎÁ ÁËÔÕÜÌÎþ ÐÏÔĠÅÂñ ÔÅÐÌÁ ÐÒÏÖÏÚÏÖÁÔÅÌÅȢ 3ÐÁÌÏÖÁÃþ ÚÄÒÏÊÅ ÂÙÌÙ ÔïÍñĠ 
ÖĻÈÒÁÄÎñ ÏÂÓÌÕÈÏÖÜÎÙ ÐÒÏÖÏÚÏÖÁÔÅÌÅÍȢ 

 
Obr. 1: 0ĠþËÌÁÄ ÐÒĳÂñÈÕ ÔÅÓÔÏÖÜÎþ ÊÅÄÎÏÈÏ ÓÐÁÌÏÖÁÃþÈÏ ÚÄÒÏÊÅ ɉÂÁÒÅÖÎĻÍÉ ÏÂÄïÌÎþËÙ ÊÓÏÕ 
ÏÚÎÁéÅÎÙ ÊÅÄÎÏÔÌÉÖï ÈÏÄÉÎÙ ÔÅÓÔÏÖÜÎþȟ ÐĠÉéÅÍĿ Ö ËÁĿÄï Ú ÎÉÃÈ ÖĿÄÙ ÐÒÏÂñÈÌ ÊÅÄÅÎ 
ρυÍÉÎÕÔÏÖĻ ÏÄÂñÒ ÖÚÏÒËÕ ÐÒÁÃÈÕ). 

 
4ÅÓÔÏÖÜÎþ ÓÐÁÌÏÖÁÃþÃÈ ÚÄÒÏÊĳ 
Celkem bylo provedeno 111 ÔÅÓÔĳ ÒÅÜÌÎĻÃÈ ÓÐÁÌÏÖÁÃþÃÈ ÚÄÒÏÊĳ Ö ÄÏÍÜÃÎÏÓÔÅÃÈȢ 

Tab. 1 ÓÈÒÎÕÊÅ ÐÏéÔÙ ÐÒÏÍñĠÅÎĻÃÈ ÓÐÁÌÏÖÁÃþÃÈ ÚÄÒÏÊĳ ÐÏÄÌÅ ÔĠþÄÙ ËÏÔÌÅ ÄÌÅ I3. EN 303-
υȟ ÐÏÄÌÅ ËÏÎÓÔÒÕËÃÅ Á ÐÏÄÌÅ ÐÏÕĿÉÔïÈÏ ÐÁÌÉÖÁȢ 

 
Tab. 1: 3ÏÕÈÒÎ ÐÏéÔĳ ÐÒÏÍñĠÅÎĻÃÈ ÓÐÁÌÏÖÁÃþÃÈ ÚÄÒÏÊĳ ÐÏÄÌÅ ÔĠþÄÙ ËÏÔÌÅ ÄÌÅ I3. %. σπσ-
υȟ ÐÏÄÌÅ ËÏÎÓÔÒÕËÃÅ Á ÐÏÄÌÅ ÐÏÕĿÉÔïÈÏ ÐÁÌÉÖÁ. 
4ĠþÄÁ ËÏÔÌÅ ÄÌÅ 
I3. %. σπσ-5 

Konstrukce kotle  "ÉÏÌÏÇÉÃËï ÐÁÌÉÖÏ &ÏÓÉÌÎþ ÐÁÌÉÖÏ #ÅÌËÏÖĻ 
ÓÏÕéÅÔ 

ÂÅÚ ÔĠþÄÙ ÐÒÏÈÏĠþÖÁÃþ 8 2 10 
ÏÄÈÏĠþÖÁÃþ 3 2 5 
ÚÐÌÙĐÏÖÁÃþ 1 

 
1 

1 ÐÒÏÈÏĠþÖÁÃþ 3 4 7 
2 ÏÄÈÏĠþÖÁÃþ 1 

 
1 

3 ÏÄÈÏĠþÖÁÃþ 3 4 7 
ÚÐÌÙĐÏÖÁÃþ 5 1 6 
ÁÕÔÏÍÁÔÉÃËĻ 1 6 7 

4 ÏÄÈÏĠþÖÁÃþ 3 4 7 
ÚÐÌÙĐÏÖÁÃþ 1 

 
1 

ÁÕÔÏÍÁÔÉÃËĻ 1 2 3 
5 ÏÄÈÏĠþÖÁÃþ 7 6 13 

ÚÐÌÙĐÏÖÁÃþ 26 
 

26 
ÁÕÔÏÍÁÔÉÃËĻ 10 7 17 

#ÅÌËÏÖĻ ÓÏÕéÅÔ 
 

73 38 111  

12:15 12:45 13:15 13:45 14:15 14:45 15:15

о ƘƻŘƛƴƻǾȇ ǘŜǎǘ

1Φ ƻŘōŠǊ ǇǊŀŎƘǳнΦ ƻŘōŠǊ ǇǊŀŎƘǳоΦ ƻŘōŠǊ ǇǊŀŎƘǳ

½łǘƻǇ ƪƻǘƭŜ
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-ÅÚÎþ ÈÏÄÎÏÔÙ ÈÍÏÔÎÏÓÔÎþÃÈ ËÏÎÃÅÎÔÒÁÃþ #/ȟ /'#ȟ ÐÒÁÃÈÕ Á ÅÎÅÒÇÅÔÉÃËï ĭéÉÎÎÏÓÔÉ 
3ÔÁÎÏÖÅÎï ÈÏÄÎÏÔÙ ÈÍÏÔÎÏÓÔÎþÃÈ ËÏÎÃÅÎÔÒÁÃþ #/ȟ /'#ȟ ÐÒÁÃÈÕ Á ÅÎÅÒÇÅÔÉÃËï 

ĭéÉÎÎÏÓÔÉ ÂÙÌÙ ÐÏÒÏÖÎÜÖÜÎÙ Ó ÌÉÍÉÔÎþÍÉ ÈÏÄÎÏÔÁÍÉ ÕÖÅÄÅÎĻÍÉ Ö I3. %. σπσ-5 ɉª.-:ȟ 
2023)Ȣ 6 ÎÏÒÍñ I3. %. σπσ-5 jsou uvedeny ÌÉÍÉÔÎþ ÈÏÄÎÏÔÙ ÈÍÏÔÎÏÓÔÎþÃÈ ËÏÎÃÅÎÔÒÁÃþ 
CO, OGC a ÐÒÁÃÈÕ ÐÒÏ ËÏÔÌÅ ÄÏ ÖĻËÏÎÕ υπ Ë7 ɉÖÉÚ Tab. ςɊȟ Ö ÔïÔÏ ÖĻËÏÎÏÖï ÈÌÁÄÉÎñ ÂÙÌÙ 
ÖĤÅÃÈÎÙ ÖĻĤÅ ÕÖÅÄÅÎï ÓÐÁÌÏÖÁÃþ ÚÄÒÏÊÅȢ 4ÙÔÏ ÌÉÍÉÔÙ ÈÍÏÔÎÏÓÔÎþÃÈ ËÏÎÃÅÎÔÒÁÃþ #/ȟ /'# Á 
ÐÒÁÃÈÕ ÐÒÏ ÔĠþÄÕ ËÏÔÌÅ σ ÊÓÏÕ ÔÏÔÏĿÎï Ó ÍÉÎÉÍÜÌÎþÍÉ ÅÍÉÓÎþÍÉ ÐÏĿÁÄÁÖËÙ ÐÒÏ ÔÅÐÌÏÖÏÄÎþ 
kotle s ÊÍÅÎÏÖÉÔĻÍ ÔÅÐÅÌÎĻÍ ÐĠþËÏÎÅÍ ÄÏ φυ Ë7 ÖéÅÔÎñȟ ÕÖÅÄÅÎĻÍÉ Ö ÐĠþÌÏÚÅ éȢ ρρ 
ÚÜËÏÎÁ ςπρȾςπρς 3ÂȢ ȵ/ ÏÃÈÒÁÎñ ÏÖÚÄÕĤþȰ ɉ0ÁÒÌÁÍÅÎÔ IÅÓËï 2ÅÐÕÂÌÉËÙȟ ςπρςɊȢ /Ä ÚÜĠþ 
ςπςτ ÍÕÓþ ËÁĿÄĻ ÐÒÏÖÏÚÏÖÁÎĻ ÓÔÁÃÉÏÎÜÒÎþ ÓÐÁÌÏÖÁÃþ ÚÄÒÏÊ ÎÁ ÐÅÖÎÜ ÐÁÌÉÖÁ Ï ÊÍÅÎÏÖÉÔïÍ 
ÔÅÐÅÌÎïÍ ÐĠþËÏÎÕ ÄÏ φυ Ë7 ÖéÅÔÎñȟ ËÔÅÒĻ ÓÌÏÕĿþ ÊÁËÏ ÚÄÒÏÊ ÔÅÐÌÁ ÐÒÏ ÔÅÐÌÏÖÏÄÎþ ÓÏÕÓÔÁÖÕ 
ĭÓÔĠÅÄÎþÈÏ ÖÙÔÜÐñÎþȟ ÔÙÔÏ ÌÉÍÉÔÙ ÐÌÎÉÔȢ /Ä ÒÏËÕ ςπςπ ÊÅ ÍÏĿÎÏ ÕÖÜÄñÔ ÎÁ ÔÒÈ ÊÅÎ ËÏÔÌÅ 
ÓÐÌĐÕÊþÃþ ÓÍñÒÎÉÃÅ Ï %ËÏÄÅÓÉÇÎÕ ɉ%ÖÒÏÐÓËÜ ËÏÍÉÓÅȟ ςπρυɊ, ÔÏ Ö ÐÒÁØÉ Ö ÐÏÄÓÔÁÔñ ÚÎÁÍÅÎÜ 
ÍÏĿÎÏÓÔ ÚÁËÏÕÐÉÔ ÐÏÕÚÅ ËÏÔÌÅ ÔĠþÄÙ υȢ 
6 ÎÏÒÍñ I3. %. σπσ-5 ɉª.-:ȟ ςπςσɊ ÊÅ ÔÁËï ÄÅÆÉÎÏÖÜÎ ÍÉÎÉÍÜÌÎþ ÐÏĿÁÄÁÖÅË ÎÁ 

ÅÎÅÒÇÅÔÉÃËÏÕ ĭéÉÎÎÏÓÔ ÖÉÚ 4ÁÂȢ σȢ 
 

Tab. 2: ,ÉÍÉÔÎþ ÈÏÄÎÏÔÙ ÐÁÒÁÍÅÔÒĳ ÄÌÅ I3. %. σπσ-υ ÐÒÏ ÔÅÐÌÏÖÏÄÎþ ËÏÔÌÅ ÓÅ ÊÍÅÎÏÖÉÔĻÍ 
ÖĻËÏÎÅÍ ÄÏ υπ Ë7. 

parametr  
ÔĠþÄÁ 
kotle  

ÒÕéÎþa) 
ÂÉÏÌÏÇÉÃËïb) 

ÒÕéÎþa) 
ÆÏÓÉÌÎþ b) 

ÓÁÍÏéÉÎÎÜa) 
ÂÉÏÌÏÇÉÃËï b) 

ÓÁÍÏéÉÎÎÜa) 
ÆÏÓÉÌÎþ b) 

CO* mg/m 3 3 5,000 5,000 3,000 3,000 
 4 1,200 1,200 1,000 1000 
 5 700 700 500 500 
OGC* mg/m 3 3 150 150 100 100 
 4 50 50 30 30 
 5 30 30 20 20 
prach * mg/m 3 3 150 125 150 125 
 4 75 75 60 60 
 5 60 60 40 40 
* 3ÕÃÈï ÓÐÁÌÉÎÙȠ π Ј#Ƞ ρπρȢσ Ë0ÁȠ ρπ Ϸ /2 

a) :ÐĳÓÏÂ ÄÏÄÜÖËÙ ÐÁÌÉÖÁ 
b) Typ paliva 

  

 
Tab. 3: ,ÉÍÉÔÎþ ÈÏÄÎÏÔÙ ÅÎÅÒÇÅÔÉÃËï ĭéÉÎÎÏÓÔÉ ÄÌÅ I3. %. σπσ-υ ÐÒÏ ÔÅÐÌÏÖÏÄÎþ ËÏÔÌÅ ÓÅ 
ÊÍÅÎÏÖÉÔĻÍ ÖĻËÏÎÅÍ ÄÏ υπ Ë7 ɉÓÔÁÎÏÖÅÎÏ ÐÒÏ ÊÍÅÎÏÖÉÔï ÖĻËÏÎÙ ËÏÔÌĳ ρυȟ ςπȟ ςυ 
a 30 kW). 
parametr  ÔĠþÄÁ 15 20 25 30 
ĭéÉÎÎÏÓÔ Ϸ 1 54.1 54.8 55.4 55.9 

 2 64.1 64.8 65.4 65.9 
 3 74.1 74.8 75.4 75.9 
 4 82.4 82.6 82.8 83.0 
 5 88.2 88.3 88.4 88.5 

 
6¸3,%$+9ȟ $)3+53% 

 
3ÔÁÔÉÓÔÉÃËï ÖÙÈÏÄÎÏÃÅÎþ ÓÔÁÎÏÖÅÎĻÃÈ ÔĠþÈÏÄÉÎÏÖĻÃÈ ÐÒĳÍñÒÎĻÃÈ ÈÏÄÎÏÔ 

a ÊÅÊÉÃÈ ÐÏÒÏÖÎÜÎþ Ó ÖÙÂÒÁÎĻÍÉ ÍÅÚÎþÍÉ ÌÉÍÉÔÎþÍÉ ÈÏÄÎÏÔÁÍÉ 
(ÏÄÎÏÃÅÎþ ÊÅ ÐÒÏÖÅÄÅÎÏȡ ÁɊ ÐÏÄÌÅ ËÏÎÓÔÒÕËÃÅ ÍñĠÅÎĻÃÈ ËÏÔÌĳȟ ÂɊ ÐÏÄÌÅ ÔĠþÄÙ ËÏÔÌĳ 

ÄÏÓÁĿÅÎï ÐĠÉ ÃÅÒÔÉÆÉËÁÃÉȢ 
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a) 6ĻÓÌÅÄËÙ ÍñĠÅÎþ ÓÅÓËÕÐÅÎï ÐÏÄÌÅ ËÏÎÓÔÒÕËÃÅ ÍñĠÅÎĻÃÈ ËÏÔÌĳ 

 

 
Obr. 2: 3ÔÁÔÉÓÔÉÃËï ÖÙÈÏÄÎÏÃÅÎþ #/ȟ /'#ȟ ÐÒÁÃÈÕ Á ĭéÉÎÎÏÓÔÉ ÄÌÅ ËÏÎÓÔÒÕËÃÅ ËÏÔÌĳ. 

 
3ÒÏÖÎÜÎþÍ ÚÜËÏÎÎĻÃÈ ÌÉÍÉÔĳ #/ ɉÐÒÏ ÔĠþÄÕ ËÏÔÌÅ σ ÊÓÏÕ ÕÖÅÄÅÎÙ ÈÏÄÎÏÔÙ 5 000 nebo 

3 000 mg/m3, viz Tab. ςɊ Ó ÎÁÍñĠÅÎĻÍÉ ÐÒĳÍñÒÎĻÍÉ ÈÍÏÔÎÏÓÔÎþÍÉ ËÏÎÃÅÎÔÒÁÃÅÍÉ #/ 
(viz Obr. 2 ÖÌÅÖÏ ÎÁÈÏĠÅɊ ÊÅ ÍÏĿÎÏ ËÏÎÓÔÁÔÏÖÁÔȟ ĿÅ ÚÜËÏÎÎĻ ÌÉÍÉÔ Ó ÖÙÓÏËÏÕ 
ÐÒÁÖÄñÐÏÄÏÂÎÏÓÔþ ÐÌÎþ ÐÏÕÚÅ ÁÕÔÏÍÁÔÉÃËï ËÏÔÌÅȢ $ÜÌÅ ÊÅ ÍÏĿÎÏ ËÏÎÓÔÁÔÏÖÁÔȟ ĿÅ 
ÐÒÏÈÏĠþÖÁÃþ ËÏÔÌÅ ÔÅÎÔÏ ÚÜËÏÎÎĻ ÌÉÍÉÔ ÍÏÈÏÕ ÓÐÌÎÉÔ ÊÅÎ ÖÅ ÖĻÊÉÍÅéÎĻÃÈ ÐĠþÐÁÄÅÃÈȢ 
/ÄÈÏĠþÖÁÃþ Á ÚÐÌÙĐÏÖÁÃþ ËÏÔÌÅ ÍÁÊþ ÍÅÄÉÜÎ ÌÅĿþÃþ ÂÌþÚËÏ ÈÒÁÎÉÃÅ ÚÜËÏÎÎïÈÏ ÌÉÍÉÔÕȟ Á ÔÅÄÙ 
ÐĠÉÂÌÉĿÎñ ÐÏÌÏÖÉÎÁ ÄÏÓÁĿÅÎĻÃÈ ÖĻÓÌÅÄËĳ ÊÅ ÎÁÄ ÌÉÍÉÔÅÍ Á polovina pod limitem. 
3ÒÏÖÎÜÎþÍ ÚÜËÏÎÎĻÃÈ ÌÉÍÉÔĳ /'# ɉÐÒÏ ÔĠþÄÕ ËÏÔÌÅ σ ÊÓÏÕ ÕÖÅÄÅÎÙ ÈÏÄÎÏÔÙ 150 nebo 

100 mg/m3, viz Tab. ςɊ Ó ÎÁÍñĠÅÎĻÍÉ ÐÒĳÍñÒÎĻÍÉ ÈÍÏÔÎÏÓÔÎþÍÉ ËÏÎÃÅÎÔÒÁÃÅÍÉ /'# 
(viz Obr. 2 ÖÐÒÁÖÏ ÎÁÈÏĠÅɊ ÊÅ ÍÏĿÎÏ ËÏÎÓÔÁÔÏÖÁÔȟ ĿÅ ÚÜËÏÎÎĻ ÌÉÍÉÔ Ó ÖÙÓÏËÏÕ 
ÐÒÁÖÄñÐÏÄÏÂÎÏÓÔþ ÐÌÎþ ÐÏÕÚÅ ÁÕÔÏÍÁÔÉÃËï ËÏÔÌÅȢ $ÜÌÅ ÊÅ ÍÏĿÎÏ ËÏÎÓÔÁÔÏÖÁÔȟ ĿÅ ÖĤÅÃÈÎÙ 
ÏÓÔÁÔÎþ ËÏÔÌÅ ÔÅÎÔÏ ÚÜËÏÎÎĻ ÌÉÍÉÔ ÐÌÎþ ÊÅÎ ÖÅ ÖĻÊÉÍÅéÎĻÃÈ ÐĠþÐÁÄÅÃÈȢ 
3ÒÏÖÎÜÎþÍ ÚÜËÏÎÎĻÃÈ ÌÉÍÉÔĳ ÐÒÁÃÈÕ ɉÐÒÏ ÔĠþÄÕ ËÏÔÌÅ σ ÊÓÏÕ ÕÖÅÄÅÎÙ ÈÏÄÎÏÔÙ 150 

nebo 125 mg/m3, viz Tab. ςɊ Ó ÎÁÍñĠÅÎĻÍÉ ÐÒĳÍñÒÎĻÍÉ ÈÍÏÔÎÏÓÔÎþÍÉ ËÏÎÃÅÎÔÒÁÃÅÍÉ 
CO (viz Obr. 2 ÖÌÅÖÏ ÄÏÌÅɊ ÊÅ ÍÏĿÎÏ ËÏÎÓÔÁÔÏÖÁÔȟ ĿÅ ÚÜËÏÎÎĻ ÌÉÍÉÔ Ó ÖÙÓÏËÏÕ 
ÐÒÁÖÄñÐÏÄÏÂÎÏÓÔþ ÎÅÄÏÓÁÈÕÊþ ÐÒÏÈÏĠþÖÁÃþ Á ÏÄÈÏĠþÖÁÃþ ËÏÔÌÅȢ :ÐÌÙĐÏÖÁÃþ Á ÁÕÔÏÍÁÔÉÃËï 
ËÏÔÌÅ ÍÁÊþ ÍÅÄÉÜÎ ÌÅĿþÃþ ÂÌþÚËÏ ÈÒÁÎÉÃÅ ÚÜËÏÎÎïÈÏ ÌÉÍÉÔÕȟ Á ÔÅÄÙ ÐĠÉÂÌÉĿÎñ ÐÏÌÏÖÉÎÁ 
ÄÏÓÁĿÅÎĻÃÈ ÖĻÓÌÅÄËĳ ÊÅ ÎÁÄ ÌÉÍÉÔÅÍ Á polovina pod limitem. 
3ÒÏÖÎÜÎþÍ ÌÉÍÉÔÕ ÅÎÅÒÇÅÔÉÃËï ĭéÉÎÎÏÓÔÉ ÄÌÅ I3. %. σπσ-υ ɉÐÒÏ ÔĠþÄÕ kotle 3 je 

ÈÏÄÎÏÔÁ ÃÃÁ χυ Ϸ ÐÒÏ ËÏÔÌÅ Ó ÖĻËÏÎÅÍ ÃÃÁ ςυ Ë7ȟ ÖÉÚ Tab. 2) se stanovenou energetickou 
ĭéÉÎÎÏÓÔþ ɉÖÉÚ /ÂÒ. 2 ÖÐÒÁÖÏ ÄÏÌÅɊ ÊÅ ÍÏĿÎÏ ËÏÎÓÔÁÔÏÖÁÔȟ ĿÅ ÊÅÊ ÐÏÍñÒÎñ ÂÅÚÐÅéÎñ ÓÐÌĐÕÊþ 
ÁÕÔÏÍÁÔÉÃËï Á ÚÐÌÙĐÏÖÁÃþ ËÏÔÌÅȟ ÔÅÄÙ ÍÏÄÅÒÎþ ËÏÎÓÔÒÕËÃÅ ËÏÔÌĳȢ 3ÔÁÒĤþ ËÏÎÓÔÒÕËÃÅ ËÏÔÌĳȟ 
ÐÒÏÈÏĠþÖÁÃþ Á ÏÄÈÏĠþÖÁÃþ Ó ÖÙÓÏËÏÕ ÐÒÁÖÄñÐÏÄÏÂÎÏÓÔþ ÌÉÍÉÔÎþ ÅÎÅÒÇÅÔÉÃËï ĭéÉÎÎÏÓÔÉ 
ÎÅÄÏÓÁÈÕÊþȢ 
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b)  6ĻÓÌÅÄËÙ ÍñĠÅÎþ ÓÅÓËÕÐÅÎï podle ÔĠþÄÙ ËÏÔÌĳ ÄÏÓÁĿÅÎï ÐĠÉ ÃÅÒÔÉÆÉËÁÃÉ 

 
Obr. 3: 3ÔÁÔÉÓÔÉÃËï ÖÙÈÏÄÎÏÃÅÎþ #/ȟ /'#ȟ ÐÒÁÃÈÕ Á ĭéÉÎÎÏÓÔÉ ÐÏÄÌÅ ÔĠþÄÙ ËÏÔÌĳ ÄÌÅ I3. EN 
303-υ ÄÏÓÁĿÅÎï ÐĠÉ ÃÅÒÔÉÆÉËÁÃÉȢ 

 
3ÒÏÖÎÜÎþÍ ÚÜËÏÎÎĻÃÈ ÌÉÍÉÔĳ #/ ɉÐÒÏ ÔĠþÄÕ ËÏÔÌÅ σ ÊÓÏÕ ÕÖÅÄÅÎÙ ÈÏÄÎÏÔÙ 5 000 nebo 

3 000 mg/m3, viz Tab. ςɊ Ó ÎÁÍñĠÅÎĻÍÉ ÐÒĳÍñÒÎĻÍÉ ÈÍÏÔÎÏÓÔÎþÍÉ ËÏÎÃÅÎÔÒÁÃÅÍÉ #/ 
(viz Obr. 3 ÖÌÅÖÏ ÎÁÈÏĠÅɊ ÊÅ ÍÏĿÎÏ ËÏÎÓÔÁÔÏÖÁÔȟ ĿÅ ÚÜËÏÎÎĻ ÌÉÍÉÔ Ó ÖÙÓÏËÏÕ 
ÐÒÁÖÄñÐÏÄÏÂÎÏÓÔþ ÐÌÎþ ÐÏÕÚÅ ËÏÔÌÅ ÐÜÔï ÔĠþÄÙȢ $ÜÌÅ ÊÅ ÍÏĿÎÏ ËÏÎÓÔÁÔÏÖÁÔȟ ĿÅ ËÏÔÌÅ ÔĠÅÔþ 
a éÔÖÒÔï ÔĠþÄÙ ÍÁÊþ ÍÅÄÉÜÎ ÌÅĿþÃþ ÂÌþÚËÏ ÈÒÁÎÉÃÅ ÚÜËÏÎÎïÈÏ ÌÉÍÉÔÕȟ Á ÔÅÄÙ ÐĠÉÂÌÉĿÎñ ÐÏÌÏÖÉÎÁ 
ÄÏÓÁĿÅÎĻÃÈ ÖĻÓÌÅÄËĳ ÊÅ ÎÁÄ ÌÉÍÉÔÅÍ Á polovina pod limitem. Kotle bez certifikace a kotle 
ÐÒÖÎþ Á ÄÒÕÈï ÔĠþÄÙ ÔÅÎÔÏ ÚÜËÏÎÎĻ ÌÉÍÉÔ ÍÏÈÏÕ ÓÐÌÎÉÔ ÊÅÎ ÖÅ ÖĻÊÉÍÅéÎĻÃÈ ÐĠþÐÁÄÅÃÈȢ 
3ÒÏÖÎÜÎþÍ ÚÜËÏÎÎĻÃÈ ÌÉÍÉÔĳ /'# ɉÐÒÏ ÔĠþÄÕ ËÏÔÌÅ σ ÊÓÏÕ ÕÖÅÄÅÎÙ ÈÏÄÎÏÔÙ 150 nebo 

100 mg/m3, viz Tab. ςɊ Ó ÎÁÍñĠÅÎĻÍÉ ÐÒĳÍñÒÎĻÍÉ ÈÍÏÔÎÏÓÔÎþÍÉ ËÏÎÃÅÎÔÒÁÃÅÍÉ /'# 
(viz Obr. 3 ÖÐÒÁÖÏ ÎÁÈÏĠÅɊ ÊÅ ÍÏĿÎÏ ËÏÎÓÔÁÔÏÖÁÔȟ ĿÅ ËÏÔÌÅ ÐÜÔï ÔĠþÄÙ ÍÁÊþ ÍÅÄÉÜÎ ÌÅĿþÃþ 
ÂÌþÚËÏ ÈÒÁÎÉÃÅ ÚÜËÏÎÎïÈÏ ÌÉÍÉÔÕȟ Á ÔÅÄÙ ÐĠÉÂÌÉĿÎñ ÐÏÌÏÖÉÎÁ ÄÏÓÁĿÅÎĻÃÈ ÖĻÓÌÅÄËĳ ÊÅ ÎÁÄ 
ÌÉÍÉÔÅÍ Á ÐÏÌÏÖÉÎÁ ÐÏÄ ÌÉÍÉÔÅÍȢ +ÏÔÌÅ ÔĠÅÔþ Á éÔÖÒÔï ÔĠþÄÙ ÐÌÎþ ÚÜËÏÎÎĻ ÌÉÍÉÔ ÊÅÎ ÖÅ 
ÖĻÊÉÍÅéÎĻÃÈ ÐĠþÐÁÄÅÃÈȢ +ÏÔÌÅ ÂÅÚ ÃÅÒÔÉÆÉËÁÃÅ Á ËÏÔÌÅ ÐÒÖÎþ Á ÄÒÕÈï ÔĠþÄÙ ÄÏÓÁÈÕÊþ ÖĻÓÌÅÄËĳ 
ÎÁÄ ÓÔÁÎÏÖÅÎĻÍ ÚÜËÏÎÎĻÍ ÌÉÍÉÔÅÍȢ 
3ÒÏÖÎÜÎþÍ ÚÜËÏÎÎĻÃÈ ÌÉÍÉÔĳ ÐÒÁÃÈÕ ɉÐÒÏ ÔĠþÄÕ ËÏÔÌÅ σ ÊÓÏÕ ÕÖÅÄÅÎÙ ÈÏÄÎÏÔÙ 150 

nebo 125 mg/m3, viz Tab. ςɊ Ó ÎÁÍñĠÅÎĻÍÉ ÐÒĳÍñÒÎĻÍÉ ÈÍÏÔÎÏÓÔÎþÍÉ ËÏÎÃÅÎÔÒÁÃÅÍÉ 
prachu (viz Obr. 3 ÖÌÅÖÏ ÄÏÌÅɊ ÊÅ ÍÏĿÎÏ ËÏÎÓÔÁÔÏÖÁÔȟ ĿÅ ÚÜËÏÎÎĻ ÌÉÍÉÔ Ó ÖÙÓÏËÏÕ 
ÐÒÁÖÄñÐÏÄÏÂÎÏÓÔþ ÐÌÎþ ÐÏÕÚÅ ËÏÔÌÅ ÐÜÔï ÔĠþÄÙȢ +ÏÔÌÅ ÂÅÚ ÃÅÒÔÉÆÉËÁÃÅ Á ËÏÔÌÅ ÐÒÖÎþȟ ÄÒÕÈïȟ 
ÔĠÅÔþ Á éÔÖÒÔï ÔĠþÄÙ ÍÁÊþ ÍÅÄÉÜÎ ÌÅĿþÃþ ÂÌþÚËÏ ÈÒÁÎÉÃÅ ÚÜËÏÎÎïÈÏ ÌÉÍÉÔÕȟ Á ÔÅÄÙ ÐĠÉÂÌÉĿÎñ 
ÐÏÌÏÖÉÎÁ ÄÏÓÁĿÅÎĻÃÈ ÖĻÓÌÅÄËĳ ÊÅ ÎÁÄ ÌÉÍÉÔÅÍ Á ÐÏÌÏÖÉÎÁ ÐÏÄ ÌÉÍÉÔÅÍȢ 
3ÒÏÖÎÜÎþÍ ÌÉÍÉÔÕ ÅÎÅÒÇÅÔÉÃËï ĭéÉÎÎÏÓÔÉ ÄÌÅ I3. %. σπσ-υ ɉÐÒÏ ÔĠþÄÕ kotle 3 je 

ÈÏÄÎÏÔÁ ÃÃÁ χυ Ϸ ÐÒÏ ËÏÔÌÅ Ó ÖĻËÏÎÅÍ ÃÃÁ ςυ Ë7ȟ ÖÉÚ Tab. 3) se stanovenou energetickou 
ĭéÉÎÎÏÓÔþ ɉÖÉÚ /ÂÒ. 3 ÖÐÒÁÖÏ ÄÏÌÅɊ ÊÅ ÍÏĿÎÏ ËÏÎÓÔÁÔÏÖÁÔȟ ĿÅ ÊÅÊ ÐÏÍñÒÎñ ÂÅÚÐÅéÎñ ÄÏÓÁÈÕÊþ 
ËÏÔÌÅ ÐÜÔï ÔĠþÄÙȢ +ÏÔÌÅ ÔĠÅÔþ Á éÔÖÒÔï ÔĠþÄÙ ÄÏÓÁÈÕÊþ ÍÅÄÉÜÎÕ ËÏÌÅÍ χπ Ϸ Á ÚĠþÄËÁ ÄÏÓÜÈÎÏÕ 
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ÌÉÍÉÔÕ ÄÌÅ I3. %. σπσ-υȢ +ÏÔÌÅ ÂÅÚ ÃÅÒÔÉÆÉËÁÃÅ Á ËÏÔÌÅ ÐÒÖÎþ ÄÒÕÈï ÔĠþÄÙ ÐÏĿÁÄÏÖÁÎïÈÏ 
ÌÉÍÉÔÕ Ö ÂñĿÎï ÐÒÏÖÏÚÕ ÎÅÄÏÓÁÈÕÊþȢ 

 
:<6Q29 

 
*ÅÎ ÖĻÊÉÍÅéÎñ ÂÙÌÏ ÐÏÚÏÒÏÖÜÎÏȟ ĿÅ ËÏÔÅÌ Ö ÒÅÜÌÎĻÃÈ ÐÏÄÍþÎËÜÃÈ ÄÏÓÁÈÏÖÁÌ ÓÔÅÊÎï 

ÐÁÒÁÍÅÔÒÙ ÊÁËÏ ÐĠÉ ÃÅÒÔÉÆÉËÁÃÉ ÎÁ ÚËÕĤÅÂÎñȢ $ÒÔÉÖÜ ÖñÔĤÉÎÁ ÓÐÁÌÏÖÁÃþÃÈ ÚÄÒÏÊĳ ɉËÏÔÌĳɊ 
v ÂñĿÎïÍ ÐÒÏÖÏÚÕ ÄÏÓÁÈÕÊÅ ÈÏÒĤþÃÈ ÐÁÒÁÍÅÔÒĳȢ 
:ÜËÏÎÎï ÌÉÍÉÔÙ Ö ÂñĿÎïÍ ÐÒÏÖÏÚÕ ÄÏÓÁÈÕÊþ ÊÅÎ ÎñËÔÅÒï ÍÏÄÅÒÎþ ËÏÔÌÅ ɉÔĠþÄÙ σȟ τ Á υ 

ÄÌÅ I3. %. σπσ-5). 
.ÅÊéÁÓÔñÊÉ ÚÜËÏÎÎï ÐÏĿÁÄÁÖËÙ ÐÌÎþ ÁÕÔÏÍÁÔÉÃËï ËÏÔÌÅȢ 0ÏËÕÄ ÁÕÔÏÍÁÔÉÃËï ËÏÔÌÅ 

ÚÜËÏÎÎï ÐÏĿÁÄÁÖËÙ ÎÅÐÌÎþȟ ÊÅ ÔÏ ÎÅÊéÁÓÔñÊÉ ÚÁÐĠþéÉÎñÎÏ ÎÅÓÐÒÜÖÎĻÍ ÎÁÓÔÁÖÅÎþÍ ÚÅ ÓÔÒÁÎÙ 
ÍÏÎÔÜĿÎþ ÆÉÒÍÙ ÎÅÂÏ ÎÅÄÏÓÔÁÔÅéÎĻÍ ÓÅÒÖÉÓÅÍ ËÏÔÌÅȢ 
-ÏÄÅÒÎþ ËÏÔÌÅ Ó ÒÕéÎþ ÐĠÉËÌÜÄËÏÕ ÐÁÌÉÖÁ ÓÐÌĐÕÊþ ÚÜËÏÎÎï ÐÏĿÁÄÁÖËÙ ÐÏÕÚÅ ÚÁ 

ÐĠÅÄÐÏËÌÁÄÕȟ ĿÅ ÊÓÏÕ ÏÂÓÌÕÈÏÖÜÎÙ ÚËÕĤÅÎĻÍ ÏÐÅÒÜÔÏÒÅÍȟ ËÔÅÒĻ ÄÁÎĻ ÔÙÐ ËÏÔÌÅ ÐÏÍñÒÎñ 
ÄÏÂĠÅ ÚÎÜȢ V ÏÐÁéÎïÍ ÐĠþÐÁÄñ ÊÓÏÕ ÔÙÔÏ ËÏÔÌÅ ÎÅÖÈÏÄÎñ ÎÁÓÔÁÖÅÎÙ ÎÅÂÏ ÂñĿÎñ ÓÐÁÌÏÖÁÎï 
ÐÁÌÉÖÏ ÎÅÍÜ ÉÄÅÜÌÎþ ÖÅÌÉËÏÓÔ Á ÖÌÈËÏÓÔ ÎÅÂÏ ËÏÔÅÌ ÎÅÎþ ÓÐÒÜÖÎñ ÓÅÒÖÉÓÏÖÜÎȢ /ÂÅÃÎñ ÊÅ 
ÍÏĿÎÏ ËÏÎÓÔÁÔÏÖÁÔȟ ĿÅ ËÏÔÌÅ Ó ÒÕéÎþ ÐĠÉËÌÜÄËÏÕ ÐÁÌÉÖÁ ÊÓÏÕ ÖÅÌÍÉ ÃÉÔÌÉÖï ÎÁ ÚÜÓÁÈÙ ÚÅ 
strany obsluhy. 
$ÏÓÁÈÏÖÜÎþ ÚÜËÏÎÎĻÃÈ ÌÉÍÉÔĳ Ö ÂñĿÎï ÐÒÁØÉ ÊÅ ÐÏÄÍþÎñÎÏ ÐÏÕĿþÖÜÎþÍ ÍÏÄÅÒÎþÃÈ 

ÓÐÁÌÏÖÁÃþÃÈ ÚÄÒÏÊĳ Ö kombinaci s ÄÏÓÔÁÔÅéÎñ ÚÎÁÌÏÕ ÏÂÓÌÕÈÏÕȢ 
 

0/$Q+/6<.^ 
 

PÒÜÃÅ vznikla v ÒÜÍÃÉ ĠÅĤÅÎþ ÐÒÏÊÅËÔÕ 4!I2ȟ 0ÒÏÇÒÁÍ ÐÒÏÓÔĠÅÄþ ÐÒÏ ĿÉÖÏÔȟ 
SS01010121 s ÎÜÚÖÅÍ !ÎÁÌĻÚÁ ÓËÕÔÅéÎïÈÏ ÐÒÏÖÏÚÕ ÚÁĠþÚÅÎþ ÐÒÏ ÖÙÔÜÐñÎþ ÄÏÍÜÃÎÏÓÔþ 
ÐÅÖÎĻÍÉ ÐÁÌÉÖÙ. 
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%ÖÒÏÐÓËÜ ËÏÍÉÓÅȟ ςπρυȢ .!~^:%.^ +/-)3% ɉ%5Ɋ ςπρυȾρρψω ÚÅ ÄÎÅ ςψȢ ÄÕÂÎÁ ςπρυȟ 
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ÊÄÅ Ï ÐÏĿÁÄÁÖËÙ ÎÁ ÅËÏÄÅÓÉÇÎ ËÏÔÌĳ ÎÁ ÔÕÈÜ ÐÁÌÉÖÁ, (2015). 

0ÁÒÌÁÍÅÎÔ IÅÓËï 2ÅÐÕÂÌÉËÙȟ :ÜËÏÎ éȢ ςπρȾςπρς 3ÂȢ:ÜËÏÎ Ï ÏÃÈÒÁÎñ ÏÖÚÄÕĤþ, (2012).  
ª.-:ȟ I3. %. σπσ-υϹ!ρ +ÏÔÌÅ ÐÒÏ ĭÓÔĠÅÄÎþ ÖÙÔÜÐñÎþ - IÜÓÔ υȡ +ÏÔÌÅ ÐÒÏ ĭÓÔĠÅÄÎþ ÖÙÔÜÐñÎþ 
ÎÁ ÐÅÖÎÜ ÐÁÌÉÖÁȟ Ó ÒÕéÎþ ÎÅÂÏ ÓÁÍÏéÉÎÎÏÕ ÄÏÄÜÖËÏÕȟ Ï ÊÍÅÎÏÖÉÔïÍ ÔÅÐÅÌÎïÍ ÖĻËÏÎÕ 
ÎÅÊÖĻĤÅ υππ Ë7 - 4ÅÒÍÉÎÏÌÏÇÉÅȟ ÐÏĿÁÄÁÖËÙȟ ÚËÏÕĤÅÎþ Á ÚÎÁéÅÎþ, (2023).  
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/ÌÅËÓÁÎÄÒ -/,#(!./6ȟ +ÁÍÉÌ +20%#ȟ *ÉĠþ (/2<+ȟ &ÒÁÎÔÉĤÅË (/0!.ȟ *ÉĠþ 29£!6¸ 
 

 6ÙÓÏËÜ ĤËÏÌÁ ÂÜĐÓËÜ ɀ 4ÅÃÈÎÉÃËÜ ÕÎÉÖÅÒÚÉÔÁ /ÓÔÒÁÖÁȟ #%%4ȟ 6ĻÚËÕÍÎï ÅÎÅÒÇÅÔÉÃËï 
ÃÅÎÔÒÕÍȟ /ÓÔÒÁÖÁȟ IÅÓËÜ 2ÅÐÕÂÌÉËÁȟ frantisek.hopan@vsb.cz 

 
+ÌþéÏÖÜ ÓÌÏÖÁȡ !ÅÒÏÓÏÌÙȟ ./Øȟ +ÏÒÏÎÏÖĻ ÖÙÂÏÊȟ +ÏÔÌÅ 

 
SUMMARY 

 
The potential of corona discharge to regulate PM and NOx emissions from small-scale 

biomass combustion was examined. The electrostatic precipitator was designed and 
applied to control these emissions from a 15-kW heating unit. The ESP was tested in 
different power modes at both polarities and demonstrated 100-% efficiency for particle 
precipitation and a reduction in NOx emissions of 78 %. The removal efficiency in both 
emissions reductions was evaluated in view of the usual technological parameters of ESP 
operation, namely the reduced electric field, Nt-product, and specific input energy. The 
results of this work may contribute to reducing the labour intensity associated with the 
design of ESP. 

 
ª6/$ 

 
3ÐÁÌÏÖÜÎþÍ ÔÕÈĻÃÈ ÐÁÌÉÖ Ö ÍÁÌĻÃÈ ÚÄÒÏÊþÃÈ Ï ÔÅÐÅÌÎïÍ ÖĻËÏÎÕ ÍÅÎĤþÍ ÎÅĿ υππ Ë7 

ÅÍÉÔÕÊþ ÄÏ ÁÔÍÏÓÆïÒÙ ÚÎÅéÉĤĩÕÊþÃþ ÌÜÔËÙȟ éþÍĿ ÐĠÉÓÐþÖÜ ËÅ ËÁÒÄÉÏÖÁÓËÕÌÜÒÎþÍ Á ÒÅÓÐÉÒÁéÎþÍ 
ÏÎÅÍÏÃÎñÎþÍ Á ÚÐĳÓÏÂÕÊÅ ÐĠÅÄéÁÓÎÏÕ ĭÍÒÔÎÏÓÔ ÓÒÏÖÎÁÔÅÌÎÏÕ Ó ĭÍÒÔÎÏÓÔþ ÖÜÌÅË Á ÎÜÓÉÌþ 
ÐĠÅÄ rokem 2015 (Landrigan et al., 2018)Ȣ .ÅÊÖþÃÅ ÐĠÉÓÐþÖÁÊþÃþÍÉ Ë ÔÏÍÕ ÅÍÉÓÅÍÉ ÊÓÏÕ 
pevnï éÜÓÔÉÃe ɉ0-Ɋ Á ÏØÉÄÙ ÄÕÓþËÕ ɉ./x). 
0ĠÅÓÔÏĿÅ ÓÅ ÖÅÌÉËÏÓÔ éÜÓÔÉÃ Ú ÍÏÄÅÒÎþÃÈ ÍÁÌĻÃÈ ËÏÔÌĳ ÌÉĤþ ÐÏÄÌÅ ÔÙÐÕ ËÏÔÌÅ Á ÚÜÖÉÓÅÊþ ÎÁ 

ÊÅÈÏ ÐÒÏÖÏÚÎþÍ ÒÅĿÉÍÕȟ 0- ÅÍÉÓÅ ÓÅ ÖñÔĤÉÎÏÕ ÓËÌÜÄÁÊþ Ú ÕÌÔÒÁÊÅÍÎĻÃÈ éÜÓÔÉÃȟ ÍÅÎĤþÃÈ ÎÅĿ 
ςππ ÎÍȢ ,ÚÅ ÔÙÔÏ ÅÍÉÓÅ ÅÆÅËÔÉÖÎñ ĠÅĤÉÔ ÅÌÅËÔÒÏÓÔÁÔÉÃËĻÍ ÏÄÌÕéÏÖÜÎþÍ ɀ procesem 
ÚÁÌÏĿÅÎĻÍ ÎÁ ÎÁÂþÊÅÎþ Á ÏÄÓÔÒÁĐÏÖÜÎþ éÜÓÔÉÃ ÅÌÅËÔÒÉÃËï ÐÏÌÅȢ .ÁÂþÊÅÎþ ÔÁË ÊÅÍÎĻÃÈ éÜÓÔÉÃ 
ÓÅ ÎÅÊéÁÓÔñÊÉ ÐÏÐÉÓÕÊÅ ÄÉÆĭÚÎþÍ ÍÅÃÈÁÎÉÓÍÅÍȟ ËÔÅÒĻ ÐĠÅÄÐÏËÌÜÄÜȟ ĿÅ éÜÓÔÉÃÅ ÚþÓËÜÖÁÊþ 
ÎÜÂÏÊ ËÖĳÌÉ ÓÒÜĿËÜÍ Ó ÉÏÎÔÙ ÐÏÃÈÙÂÕÊþÃþÍÉ ÐÏÄÌÅ ÇÒÁÄÉÅÎÔĳ ËÏÎÃÅÎÔÒÁÃþ ÉÏÎÔĳ Á ÔÅÐÌÏÔȢ 
.ÜÂÏÊ ÎÁ éÜÓÔÉÃþÃÈ ÊÅ ÔÅÄÙ ÖÙÓÏÃÅ ÚÜÖÉÓÌĻ ÎÁ ËÏÎÃÅÎÔÒÁÃÉ ÉÏÎÔĳȢ 
/ÄÓÔÒÁĐÏÖÜÎþ ./x ÓÅ ÏÂÖÙËÌÅ ÐÒÏÖÜÄþ ÚÅ ÓÐÁÌÉÎ ÐĠÅÄÂñĿÎñ ÐÏÄÒÏÂÅÎĻÃÈ éÉĤÔñÎþ ÏÄ 

ÐÒÁÃÈÕ ÐÏÍÏÃþ ÅÌÅËÔÒÏÓÔÁÔÉÃËïÈÏ ÏÄÌÕéÏÖÜÎþ ÎÅÂÏ ÆÉÌÔÒÁÃþȢ ./x ÍÏÈÏÕ ÂĻÔ ÓÐÁÌÉÎ 
ÅÌÉÍÉÎÏÖÜÎÙ ÐÏÍÏÃþ ÓÅÌÅËÔÉÖÎþȾÎÅÓÅÌÅËÔÉÖÎþ ËÁÔÁÌĻÚÙȢ 4ÙÔÏ ÔÅÃÈÎÏÌÏÇÉÅ ÊÓÏÕ ĤÉÒÏÃÅ 
ÒÏÚĤþĠÅÎÙ Ö ÐÒĳÍÙÓÌÕȟ ÁÌÅ ÚËÕĤÅÎÏÓÔÉ Ó ÊÅÊÉÃÈ ÐÒÏÖÏÚÅÍ ÕËÜÚÁÌÙ ÚÎÁéÎÏÕ ÚÜÖÉÓÌÏÓÔ ÊÅÊþÃÈ 
ĭéÉÎÎÏÓÔþ ÎÁ ÓÔÁÂÉÌÉÔñ ÏÂÊÅÍÕȟ ÓÌÏĿÅÎþ Á ÖÙÓÏËï ÔÅÐÌÏÔñ ÓÐÁÌÉÎȢ .ñËÔÅÒï ÁÐÌÉËÁÃÅ 3#2 ÎÁ 
ÓÐÁÌÏÖÜÎþ Ö ÍÁÌïÍ ÍñĠþÔËÕ ÊÓÏÕ ÚÎÜÍÙȢ 0ĠþËÌÁÄÙ ÁÐÌÉËÁÃÅ ÔñÃÈÔÏ ÔÅÃÈÎÏÌÏÇÉÅ ÎÁ ÍÁÌï 
ÓÐÁÌÏÖÜÎþ ÊÓÏÕ ÚÎÜÍÙ Á ÐÒÏËÜÚÁÌÉ ĤÐÁÔÎÏÕ ÐÏÕĿÉÔÅÌÎÏÓÔ ËÁÔÁÌĻÚÙ ÖÚÈÌÅÄÅÍ Ë 
ÔÅÃÈÎÏÌÏÇÉÃËĻÍ ÁÓÐÅËÔĳÍ (Ozgen et al., 2021). 
!ÌÔÅÒÎÁÔÉÖÎñȟ ./x ÌÚÅ ÅÌÉÍÉÎÏÖÁÔ Ö ÎÅÔÅÐÅÌÎïÍ ÐÌÁÚÍÁÔÕ ɉ.40Ɋȟ ÖÚÎÉËÁÊþÃþÍ 

ÅÌÅËÔÒÉÃËĻÍÉ ÖĻÂÏÊÉȢ .40 ÊÅ ÉÏÎÉÚÏÖÁÎĻ ÐÌÙÎ Ó ÎþÚËÏÕ ÏÂÊÅÍÏÖÏÕ ÔÅÐÌÏÔÏÕ Á ÏÂÓÁÈÕÊÅ 
ÖÙÓÏÃÅ ÅÎÅÒÇÅÔÉÚÏÖÁÎï ÅÌÅËÔÒÏÎÙ Á ÉÏÎÔÙȢ 4ÙÔÏ ÐÒÖËÙ ÍÏÈÏÕ É ÐĠÉ ÐÏËÏÊÏÖï ÔÅÐÌÏÔñ 
ÉÎÉÃÉÏÖÁÔ ÒĳÚÎï ÃÈÅÍÉÃËï ÒÅÁËÃÅȟ ÖÅÄÏÕÃþ Ë ÒÙÃÈÌïÍÕ Á ĭéÉÎÎïÍÕ ÏÄÓÔÒÁÎñÎþ ÐÌÙÎÎĻÃÈ 
ÚÎÅéÉĤĩÕÊþÃþÃÈ ÌÜÔÅËȟ Á ÔÏ ÂÅÚ ÓÉÌÎï ÚÜÖÉÓÌÏÓÔÉ ÎÁ ÐÁÒÁÍÅÔÒÅÃÈ ÓÐÁÌÉÎȢ  
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+ÏÒĕÎÏÖĻ ÖĻÂÏÊ ÇÅÎÅÒÕÊÅ .40 ÊÅÎ Ö ÏÍÅÚÅÎïÍ ÁËÔÉÖÎþÍÕ ÏÂÊÅÍÕ ÅÌÅËÔÒÏÓÔÁÔÉÃËïÈÏ 
ÏÄÌÕéÏÖÁéÅ ɉ%/ɊȢ 0ĠÅÓÔÏ ÓÅ ÅÌÅËÔÒÏÓÔÁÔÉÃËï ÏÄÌÕéÏÖÜÎþ ÊÅÖþ ÊÁËÏ ÓÌÉÂÎÜ ÔÅÃÈÎÏÌÏÇÉÅ ÐÒÏ 
ÄÅËÏÎÔÁÍÉÎÁÃÉ ÎÅÂÅÚÐÅéÎĻÃÈ ÐÌÙÎĳ Ö ËÏÍÂÉÎÁÃÉ Ó ĭéÉÎÎĻÍ ÏÄÓÔÒÁÎñÎþÍ ÔÕÈĻÃÈ éÜÓÔÉÃȢ 
4ÅÎÔÏ éÌÜÎÅË ÓÅ ÖñÎÕÊÅ ÐÒÏÃÅÓĳÍ ÏÄÌÕéÏÖÜÎþ 0- Á ./x Ö %/ Ó ÐÏÖÁÚÏÖÜÎþÍ ÂñĿÎĻÃÈ 

ÔÅÃÈÎÏÌÏÇÉÃËĻÃÈ ÐÁÒÁÍÅÔÒĳ ÅÌÅËÔÒÉÃËïÈÏ ÖĻÂÏÊÅȢ 0ÒÖÎþ ÊÅ ÍñÒÎÜ ÓÐÏÔĠÅÂÁ energie (MSE) 
ɍ*Ⱦ,Ɏȟ ËÔÅÒÜ ÐĠÅÄÓÔÁÖÕÊÅ ÅÌÅËÔÒÉÃËĻ ÖĻËÏÎ ÖĻÂÏÊÅ ɍ7Ɏ ÐĠÉÌÏĿÅÎĻ ËÅ ÐÒĳÔÏËÕ ÐÌÙÎÕ ɍ,ȾÓɎȢ 
ªéÉÎÎÏÓÔ ÏÄÓÔÒÁĐÏÖÜÎþ ÐÒÏ ÒĳÚÎï ÚÎÅéÉĤĩÕÊþÃþ ÌÜÔËÙ ÏÂÖÙËÌÅ ÓÏÕÖÉÓþ Ó ÔþÍÔÏ ÐÁÒÁÍÅÔÒÅÍȢ 
$ÒÕÈĻÍ ÊÅ .Ô-produkt ɀ ÓÏÕéÉÎ ËÏÎÃÅÎÔÒÁÃÅ ÉÏÎÔĳ Á ÄÏÂÙ ÓÅÔÒÖÜÎþ Ö ÅÌÅËÔÒÉÃËïÍ ÐÏÌÉ ɉÔɊ - 
ÃÈÁÒÁËÔÅÒÉÚÕÊÅ ÄÏÂÕ ÓÔÒÜÖÅÎÏÕ ËÏÎÔÁÍÉÎÁÎÔÅÍ Ö ÍïÄÉÕ ÓÅ ÓÐÅÃÉÆÉÃËÏÕ ËÏÎÃÅÎÔÒÁÃþ ÉÏÎÔĳȢ 
Nt-ÐÒÏÄÕËÔ ÔÁË ÐĠÅÄÓÔÁÖÕÊÅ ÒÏÖÎÏÖÜÈÕ ÍÅÚÉ ËÏÎÓÔÒÕËéÎþÍÉ Á ÐÒÏÖÏÚÎþÍÉ ÐÁÒÁÍÅÔÒÙ 
ÁÐÁÒÜÔÕȢ 

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

 
%ØÐÅÒÉÍÅÎÔÜÌÎþ ÓÅÓÔÁÖÁ ÚÁĠþÚÅÎþ ÊÅ ÚÎÜÚÏÒÎñÎÏ ÎÁ Obr. 1. 
 

 
Obr. 1: %ØÐÅÒÉÍÅÎÔÜÌÎþ ÓÅÓÔÁÖÁ ÚÁĠþÚÅÎþ. 

 
3ÐÁÌÉÎÙ ÖÚÎÉËÁÌÙ Ö ÂñĿÎïÍ ËÏÍÅÒéÎñ ÄÏÓÔÕÐÎïÍ ÁÕÔÏÍÁÔÉÃËïÍ ËÏÔÌÉ ÎÁ ÓÐÁÌÏÖÜÎþ 

pelet Ï ÔÅÐÅÌÎïÍ ÖĻËÏÎÕ ρυ Ë7Ȣ 0ÌÙÎÙ ÚÅ ÓÐÁÌÏÖÜÎþ ÂÙÌÙ ÏÄÓÔÒÁĐÏÖÜÎÙ ÖÅÎÔÉÌÜÔÏÒÅÍȟ ËÔÅÒĻ 
ÂÙÌÁ ÐÒÏÖÏÚÏÖÜÎ ÁÕÔÏÍÁÔÉÃËÙ Ó ÕÄÒĿÅÎþÍ ÓÔÜÌïÈÏ ÐÏÄÔÌÁËÕȢ 

Emise PM a NOx ËÏÔÌÅ ÂÙÌÙ ÒÅÄÕËÏÖÜÎÙ %/ Ó ÖÏĤÔÉÎÏÖĻÍÉ ÕÓÁÚÏÖÁÃþÍÉ ÅÌÅËÔÒÏÄÁÍÉ Ó 
ÁËÔÉÖÎþ ÄïÌËÏÕ ρπππ ÍÍ ÔÖÏĠÅÎĻÍÉ ςπ ĤÅÓÔÉĭÈÅÌÎþËÙ ÓÅ ÓÔÒÁÎÏÕ Ï ςυ ÍÍȢ #ÅÌËÏÖÜ 
ÕÓÁÚÏÖÁÃþ ÐÌÏÃÈÁ %/ ɉ!Ɋ ÂÙÌÁ ÐĠÅÓ σ ÍȢ 3ÒĤþÃþ ÅÌÅËÔÒÏÄÙ Ú ÎÅÒÅÚÏÖïÈÏ ÄÒÜÔÕ ɉÐÒĳÍñÒ πȟσυ 
ÍÍɊ ÂÙÌÙ ÉÎÓÔÁÌÏÖÜÎÙ ÐÏÄïÌ ÏÓÙ ËÁĿÄï ÖÏĤÔÉÎÙȢ 
%/ ÂÙÌ ÎÁÐÜÊÅÎ ÎÁ ÖÙÓÏËÏÎÁÐñĩÏÖÏÕ ÊÅÄÎÏÔËÕ 80 'ÌÁÓÓÍÁÎÎ ÍÏÄÅÌ 03Ⱦπσπ2πτπ-22 

Ó ÍÁØÉÍÜÌÎþÍ ÖĻÓÔÕÐÎþÍ ÎÁÐñÔþÍ σπ Ë6 Á ÐÒÏÕÄÅÍ τπ Í!Ȣ ĭéÉÎÎÏÓÔ %30 ÂÙÌÁ ÔÅÓÔÏÖÜÎÁ 
Ó ÎÁÐñÔþÍÉ ÏÂÏÕ ÐÏÌÁÒÉÔ ÓÔÏÕÐÁÌÁ Ú ÎÁÐñÔþ ÉÎÉÃÉÁÃÅ ÖĻÂÏÊÅ ÎÁ ÈÏÄÎÏÔÕ ÅÌÅËÔÒÉÃËïÈÏ 
ÐÒĳÒÁÚÕȟ ÐĠÉÔÏÍ ÅÌÅËÔÒÉÃËĻ ÐÒÏÕÄ %/ ÓÅ ÐÏÓÔÕÐÎñ ÎÁÒĳÓÔÁÌ ÏÄ πȟρ ÄÏ τπ Í!Ȣ 4þÍÔÏ ÒĳÚÎï 
ÐÏÄÍþÎËÙ ÐÒÏ ÕÓÁÚÅÎþ éÜÓÔÉÃ Á ÄÅËÏÎÔÁÍÉÎÁÃÉ ./x ÂÙÌÙ ÓÉÍÕÌÏÖÜÎÙȢ 6ĤÅÃÈÎÙ ÔÅÓÔÙ ÂÙÌÙ 
ÏÐÁËÏÖÜÎÙ ÐñÔËÒÜÔ Á ÅØÐÅÒÉÍÅÎÔÜÌÎþ ÐÏÄÍþÎËÙ ÐÒÏ ËÁĿÄĻ ÔÅÓÔ ÂÙÌÙ ÕÄÒĿÏÖÜÎÙ ÔïÍñĠ 
ËÏÎÓÔÁÎÔÎþȢ 
3ÌÏĿÅÎþ ÓÐÁÌÉÎ ÂÙÌÏ ÄÅÔÅËÏÖÜÎÏ ÉÎÆÒÁéÅÒÖÅÎĻÍ ÄÅÔÅËÔÏÒÅÍ ÓÐÏÌÅéÎÏÓÔÉ !"" ɉ.$)2ɊȢ 

0ÏéÅÔÎþ ËÏÎÃÅÎÔÒÁÃÅ ɉ0.Ɋ Á ÖÅÌÉËÏÓÔÎþ ÄÉÓÔÒÉÂÕÃÅ éÜÓÔÉÃ ÂÙÌÙ ÄÅÆÉÎÏÖÜÎÙ ÅÌÅËÔÒÉÃËĻÍ 

ELPI

ϲC

NOx

ǌŜŘŠƴƝ
FPS 4000

Compresor

HEPA filtr 
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ÎþÚËÏÔÌÁËĻÍ ÉÍÐÁËÔÏÒÅÍ ɉ%,0)Ɋ $ÅËÁÔÉȢ + ÐĠÉÚÐĳÓÏÂÅÎþ ÖÚÏÒËĳ ÐÒÏÖÏÚÎþÍ ÓÃÈÏÐÎÏÓÔÅÍ 
%,0) ÂÙÌÁ ÐÏÕĿÉÔÁ ĠÅÄÉÃþ ÊÅÄÎÏÔËÁ &03-τπππȢ ~ÅÄÉÃþ ÐÏÍñÒ ÂÙÌ ÎÁÓÔÁÖÅÎ ÎÁ ρȡψπ Á 
ËÏÎÔÒÏÌÏÖÜÎ ÐÏÒÏÖÎÜÎþÍ ËÏÎÃÅÎÔÒÁÃþ #/2 ÖÅ ÓÐÁÌÉÎÜÃÈ Á ÖÅ ÖÚÏÒËÕȢ 6ĤÅÃÈÎÙ ÎÁÍñĠÅÎï 
ËÏÎÃÅÎÔÒÁÃÅ ÂÙÌÙ ÎÏÒÍÁÌÉÚÏÖÜÎÙ ÎÁ ÓÕÃÈĻ ÐÌÙÎ ÐĠÉ ρπρȟσςυ Ë0Áȟ π Ј# Á ÒÅÆÅÒÅÎéÎþÍÕ 
O2=10 %. 
0ÒĳÍñÒÎÜ ËÏÎÃÅÎÔÒÁÃÅ ÉÏÎÔĳ ÂÙÌÁ ÚþÓËÜÎÁ ÔÁËÔÏȡ 
 

.       (1) 

 
ÐĠÉÔÏÍ ÂÙÌÏ ÖÙÈÏÄÎÏÃÅÎþ ÐÒĳÍñÒÎï ÉÎÔÅÎÚÉÔÙ ÅÌÅËÔÒÉÃËïÈÏ ÐÏÌÅ %  ÚÊÅÄÎÏÄÕĤÅÎÏ ÎÁ 

ÐÏÍñÒ ÈÏÄÎÏÔÙ ÐÏÕĿÉÔïÈÏ ÎÁÐñÔþ 5 ËÅ ÖÚÄÜÌÅÎÏÓÔÉ ÍÅÚÉ ÅÌÅËÔÒÏÄÁÍÉ 2 Á ÐÏÈÙÂÌÉÖÏÓÔ ÉÏÎÔĳ 
Õ byla 2.1³10-4 m2Ⱦ6ϼÓ ÐÒÏ ÚÜÐÏÒÎÏÕ Á ρȢτ³10-4 m2Ⱦ6ϼÓ ÐÒÏ ËÌÁÄÎÏÕ ÐÏÌÁÒÉÔÕ ÖĻÂÏÊÅȢ 
-ñÒÎÜ ÓÐÏÔĠÅÂÁ ÅÎÅÒÇÉÅ ÂÙÌÁ ÖÙÈÏÄÎÏÃÅÎÁ ÎÜÓÌÅÄÏÖÎñȡ 
 

3)%
³

      (2) 

 
ªéÉÎÎÏÓÔ ÏÄÓÔÒÁĐÏÖÜÎþ ./x ɉéÜÓÔÉÃɊ ÂÙÌÁ ÈÏÄÎÏÃÅÎÁ ÐÏÍÏÃþ ÈÏÄÎÏÔ ËÏÎÃÅÎÔÒÁÃþ ./x 

ɉéÜÓÔÉÃɊ ÍñĠÅÎĻÃÈ ÐĠÉ ÖÙÐÎÕÔïÍȾÚÁÐÎÕÔïÍ %/ȡ 
 

ʂ ρȤ
 

 
ρππϷ   (3) 

 
6¸3,%$+9, DISKUSE A :<6Q29 

 
)ÎÆÏÒÍÁÃÅ Ï ÅØÐÅÒÉÍÅÎÔÜÌÎþÃÈ ÐÏÄÍþÎËÜÃÈ ÊÅ ÕÖÅÄÅÎÁ Ö ÔÁÂÕÌÃÅ ρ Á ÖÏÌÔ-ÁÍÐïÒÏÖÜ 

charakteristika EO je vyobrazena na Obr. 2. 
 

Tab. 1: )ÎÆÏÒÍÁÃÅ Ï ÐÏÄÍþÎËÜÃÈ ÅØÐÅÒÉÍÅÎÔĳ. 

Parametr Hodnota 

Teplota spalin, Ј# 110 

0ÒĳÔÏË ÓÐÁÌÉÎ, L/s  10 
Obsah N2 ÖÅ ÓÐÁÌÉÎÜÃÈ, vol % 63.48 

Obsah CO2 ÖÅ ÓÐÁÌÉÎÜÃÈ, vol % 14.06 

Obsah O2 ÖÅ ÓÐÁÌÉÎÜÃÈ, vol % 14.15 

Vlhkost spalin, vol % 8.31 

Koncentrace CO, mg/m 3 200/(500*)  

Koncentrace NOx, mg/m 3 200/(200*)  

Koncentrace PM, mg/m 3 48/(40*)  

ɕ 0ÏĿÁÄÁÖËÙ Ekodesignu 

 
-ÉÎÉÍÜÌÎþ ÍñĠÉÔÅÌÎÜ ÈÏÄÎÏÔÁ ÐÒÏÕÄÕ v EOȟ πȟρ Í!ȟ ÂÙÌÁ ÚþÓËÜÎÁ ÐĠÉ ÚÜÐÏÒÎïÍ ÎÁÐñÔþ 

υȟπ Ë6 Á χȟχ Ë6 ÐĠÉ ËÌÁÄÎï ÐÏÌÁÒÉÔñ ɉÖþÚ /ÂÒȢςɊȢ +ÌÁÄÎÜ ËÏÒĕÎÁ ÂÙÌÁ ÏÍÅÚÅÎÁ ÐÒĳÒÁÚÙ Ö %30 
ÐĠÉ ÎÁÐñÔþ ρρȟω Ë6 Á ÐÒÏÕÄÕ σπ Í!Ȣ .ÅÇÁÔÉÖÎþ ËÏÒĕÎÁ ÂÙÌÁ ÓÔÁÂÉÌÎþȟ ÁÌÅ ÍÁØÉÍÜÌÎþÍ 
ÍÏĿÎĻÍ ÐÒÏÕÄÅÍ, 40 mA, ÏÍÅÚÅÎÜ ÎÁ ρς Ë6Ȣ 
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Obr. 2: volt-ÁÍÐïÒÏÖÜ ÃÈÁÒÁËÔÅÒÉÓÔÉËÁ %/. 

 
:ÍñÎÙ ËÏÎÃÅÎÔÒÁÃþ obou ÚÎÅéÉĤĩÕÊþÃþÃÈ ÌÜÔÅË Ö ÚÜÖÉÓÌÏÓÔþ ÎÁ ÐĠÉÌÏĿÅÎïÍ ÎÁÐñÔþ ÊÓÏÕ 

ÐÒÏ ËÁĿÄĻ ÐÒÏÖÏÚÎþ ÒÅĿÉÍ %O uvedeny na Obr.3. 0ÏéÜÔÅéÎþ ËÏÎÃÅÎÔÒÁÃÅ ./x 200 mg/m3 s 
ÎÜÒĳÓÔÅÍ ÅÌÅËÔÒÉÃËïÈÏ ÐÏÌÅ ÖĻÚÎÁÍÎñ ËÌÅÓala Á ÂÙÌÁ ÐĠÉ ÍÁØÉÍÜÌÎþÍ ÎÁÐñÔþ ÎÁ %/ Ï ρς 
Ë6 ÓÎþĿÅÎÁ ÎÁ ÍÉÎÉÍÜÌÎþ hodnotu 44/46 mg/m 3 pĠÉ ÐÏÚÉÔÉÖÎþȾÎÅÇÁÔÉÖÎþ ËÏÒĕÎñ. #ÅÌËÏÖÜ 
ÐÏéÅÔÎþ ËÏÎÃÅÎÔÒÁÃÅ éÜÓÔÉÃ ÓÅ ÓÎþĿÉÌÁ Ú 8Ĭ105 #/cm3 ÎÁ ÈÏÄÎÏÔÕ ÓÐÁÄÁÊþÃþ ÐÏÄ ÄÅÔÅËéÎþ ÌÉÍÉÔ 
EPLI.  

 
Obr. 3: 6ÌÉÖ ÐĠÉÌÏĿÅÎïÈÏ ÎÁÐñÔþ ÎÁ ËÏÎÃÅÎÔÒÁÃþ éÜÓÔÉÃ Á ./x. 

 
%ÌÅËÔÒÉÃËï ÐÏÌÅ ÓÅÌÅËÔÉÖÎñ ÐĠÅÄÜÖÜ energii nabitĻÍ prvkĳÍȟ ÐĠÅÄÅÖĤþÍ elektronĳÍ. 

EnergetizoÖÁÎï ÅÌÅËÔÒÏÎÙ ÓÅ ÓÒÜĿÅÊþ ÖÅ ÓÐÁÌÉÎÜÃÈ s ÎÅÕÔÒÜÌÎþÍÉ molekulami. 0ĠÉéÅÍĿ 
ÅÎÅÒÇÉÅ ÐĠÅÄÁÎÜ ÅÌÅËÔÒÏÎĳÍ ÏÖÌÉÖĐÕÊÅ ÖĻÓÌÅÄËÙ ÔÁËÏÖĻÃÈ ÓÒÜĿÅË: vysoce energetizoÖÁÎï 
elektrony ÚÁÊÉĤÔÕÊþ ÄÉÓÏÃÉÁÃÉ ÍÏÌÅËÕÌ ÎÁ ÖÏÌÎï ÒÁÄÉËÜÌÙȟ ËÁÔÉÏÎÔÙ Á ÄÁÌĤþ ÅÌÅËÔÒÏÎÙȟ ÚÁÔþÍÃÏ 
ÓÌÁÂĤþ ÅÌÅËÔÒÏÎÙ ÍÏÈÏÕ ÚÐĳÓÏÂÉÔ ÍÅÔÁÓÔÁÂÉÌÎþ stav molekul. 
$ÉÓÏÃÉÁÃÅ ÍÏÌÅËÕÌÙ ÓÅ ÕÓËÕÔÅéÎþȟ ÐÏËÕÄ ÅÎÅÒÇÉÅ ÐĠÅÎÅÓÅÎÜ ÅÌÅËÔÒÏÎÅÍ ÎÁ ÔÕÔÏ 

ÍÏÌÅËÕÌÕ ÐĠÅÖĻĤþ ÈÏÄÎÏÔÕ ÅÎÅÒÇÅÔÉÃËï ÄÉÓÏÃÉÁéÎþ ÂÁÒÉÅÒÙ ÔïÔÏ ÍÏÌÅËÕÌÙ. Disociace H2O a 
O2 ÔÅÄÙ ÐĠÅÖÌÜÄÜ ËÖĳÌÉ ÎþÚËĻÍ energetickĻÍ ÂÁÒÉÅÒÜÍȢ (ÌÁÖÎþÍÉ ÐÒÏÄÕËÔÙ ÄÉÓÏÃÉÁÃÅ ÊÓÏÕ 
OH-ÒÁÄÉËÜÌÙ Á ÅØÃÉÔÏÖÁÎï ÁÔÏÍy O(1D) nebo atomy ËÙÓÌþËÕ Ö ÚÜËÌÁÄÎþÍ ÓÔÁÖÕ /ɉ3P) 
ËÙÓÌþËÕȢ 0ÏÓÌÅÄÎþ Ú ÎÉÃÈ ÒÅÁÇÕÊþ s ÍÏÌÅËÕÌÜÒÎþm ËÙÓÌþËem se vznikem ozonu.  
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6ĻĤÅ ÕÖÅÄÅÎï ÐÒÏÄÕËÔÙ ÉÎÉÃÉÕÊþ ÐĠÅÍñÎÕ ./ ÎÁ ÖÙĤĤþ ÏØÉÄÙ Á ĭÒÏÖÅĐ ÏÚÏÎÕ hraje v 
ÔÏÍ ËÌþéÏÖÏÕ ÒÏÌÉȡ nþÚËÜ ËÏÎÃÅÎÔÒÁÃÅ ÏÚÏÎÕ ÄñÌÜ Ú ./2 ÈÌÁÖÎþ ÏØÉÄÁéÎþ ÐÒÏÄÕËÔ ./ȟ 
ÚÁÔþÍÃÏ ÖÙĤĤþ ÏÂÓÁÈ ÏÚÏÎÕ ÚÐĳÓÏÂÕÊÅ ÔÖÏÒÂÕ ÖÙĤĤþÃÈ ÏØÉÄĳ ÄÕÓþËÕȟ ÖñÔĤÉÎÏÕ .2O5 (Sun et 
al., 2014). 6ĤÅÃÈÎÙ ÐÒÏÄÕËÔÙ ÏØÉÄÁÃÅ ./ ÒÅÁÇÕÊþ Ó /( ÒÁÄÉËÜÌÙ Á ÖÏÄÎþ ÐÜÒÏÕ ÚÁ ÖÚÎÉËÕ 
ËÙÓÅÌÉÎÙ ÄÕÓÉéÎï ɉ(./3Ɋ Á ÄÕÓÉÔï ɉ(./2) v ÐÌÙÎÎïÍ ÓÔÁÖÕȢ 0ÒÏÓÔĠÅÄþ ËÏÒĕÎÏÖïÈÏ ÖĻÂÏÊÅ 
ÓÔÉÍÕÌÕÊÅ ÎÕËÌÅÁÃÉȟ ËÔÅÒÜ ÐĠÅÍñĐÕÊÅ ÐÌÙÎÎï ÐÏÌÕÔÁÎÔÙ ÎÁ ËÁÐÁÌÎï ÁÅÒÏÓÏÌÙȢ .ÏÖñ ÖÚÎÉËÌï 
éÜÓÔÉÃÅ ÓÅ ÎÜÓÌÅÄÎñ ÖÙÓÒÜĿÅÌÙ ÓÐÏÌÅéÎñ Ó ÐĳÖÏÄÎþÍÉ éÜÓÔÉÃÅÍÉ ÐÏÐþÌËÕ (Skalska et al., 
2010). 
:ÖĻĤÅÎþ ÎÁÐñÔþ v EO ÍñÌÏ ÚÁ ÎÜÓÌÅÄÅË ÖñÔĤþ ÅÎÅÒÇÅÔÉÚÁÃÉ ÅÌÅËÔÒÏÎĳ Á ÚÖĻĤÅÎþ ÊÅÊÉÃÈ 

koncentrace. Proto ÄÉÓÏÃÉÁÃÅ ÐÒÏÂþÈÁÌÁ Ó ÖñÔĤþ ÉÎÔÅÎÚÉÔÏÕȟ ÃÏĿ ÚÐĳÓÏÂÏÖÁÌÏ ÖÅÔĤþ 
ÐÒÏÄÕËÔÉÖÉÔÕ ÁËÔÉÖÎþÃÈ ÒÁÄÉËÜÌĳ Á ÁÔÏÍĳ Á ÎÜÓÌÅÄÎÏÕ ÉÎÔÅÎÓÉÆÉËÁÃÉ ÃÈÅÍÉÃËĻÃÈ ÒÅÁËÃþ 
dekontaminaci NOx.  
0ÏÄÍþÎËÙ ÎÁÂþÊÅÎþ éÜÓÔÉÃ ÄÉÆÕÚÎþÍ ÎÜÂÏÊÅÍ ÓÅ ÕÒéÕÊþ ËÏÎÃÅÎÔÒÁÃþ ÉÏÎÔĳ Á ÄÏÂÏÕ 

ÓÅÔÒÖÜÎþ éÜÓÔÉÃ Ö ÉÏÎÔÏÖïÍ ÐÒÏÓÔĠÅÄþȟ Á ÐÒÏÔÏ ÄÏÓÔÜÖÁÊþ éÜÓÔÉÃÅ ÓÔÅÊÎĻ ÎÜÂÏÊ ÐĠÉ ÈÏÄÎÏÔñ .Ô-
ÐÒÏÄÕËÔÕ ÓÔÅÊÎï ÐĠÉ ËÌÁÄÎï Á ÚÜÐÏÒÎï Á ËÏÒÏÎñȢ Generace Nt-produkt ÖÙĿÁÄÕÊÅ ÐĠÉÌÏĿÅÎþ 
ÒÅÌÁÔÉÖÎñ ÖÙĤĤþÈÏ ÎÁÐñÔþ ÐĠÉ ËÌÁÄÎï ÐÏÌÁÒÉÔñȟ éþÍĿ ÊÅ ÄÅÆÉÎÏÖÜÎÁ ÖÙĤĤþ ÄÒÉÆÔÏÖÜ ÒÙÃÈÌÏÓÔ 
ÎÁÂÉÔĻÃÈ éÜÓÔÉÃȢ PÒÏÔÏ ÓÅ ĭéÉÎÎÏÓÔ ÏÄÌÕéÏÖÜÎþ ÐĠÉ ÓÔÅÊÎïÍ .4 ÐÒÏÄÕËÔÕ ÖÙĤĤþ ÐÒÏ ËÌÁÄÎÏÕ 
ÐÏÌÁÒÉÔÕ ÖĻÂÏÊÅ ɉÖþÚ /ÂÒȢ τɊȢ  
+ ÉÎÉÃÉÁÌÉÚÁÃÅ ÒÅÄÕËÃÅ ./Ø ÄÏÃÈÜÚÅÌÏ ÐĠÉ ÚÜÐÏÒÎï Á ËÌÁÄÎï ËÏÒÏÎñ ÕĿ ÐĠÉ ÈÏÄÎÏÔñ .Ô-

produktu o 0,8³109 s/cm3 a 1³109 s/cm3 resp.; ÎÁÒĳÓÔ .Ô-ÐÒÏÄÕËÔÕ ÖÅÄÌ Ë ÄÏÓÁĿÅÎþ χψ-% 
ĭéÉÎÎÏÓÔÉ ÄÅËÏÎÔÁÍÉÎÁÃÉ ./Ø Õ ÏÂÏÕ ÐÏÌÁÒÉÔȢ 

 

 
Obr. 4: Vliv Nt-produktu  na ĭéÉÎÎÏÓÔ %/. 

 
Vliv ÓÐÏÔĠÅÂy ÅÎÅÒÇÉÅ ÎÁ ĭéÉÎÎÏÓÔ ÏÄÌÕéÏÖÜÎþ (Obr. 5) byl v souladu s ÎÁĤþ ÐĠÅÄÃÈÏÚþ 

ÓÔÕÄÉþ (Molchanov et al., 2021) a v pracþÍÉ ÊÉÎĻÃÈ ÖĻÚËÕÍÎþËĳȟ ÖéÅÔÎñ ɉ#ÉÄ ÅÔ ÁÌȢȟ ςπςςɊȟ Á 
(Fischer et al., 2012). 
/Âñ ÐÏÌÁÒÉÔÙ ÖÙËÁÚÏÖÁÌÙ inicializace ÏÄÓÔÒÁĐÏÖÜÎþ ./xȟ ËÄÙĿ 3)% ÐĠÅÓÜÈÌÁ ρ *Ⱦ,Ȣ 

-ÁØÉÍÜÌÎþ ÄÏÓÁĿÅÎÜ ĭéÉÎÎÏÓÔ ÏÄÓÔÒÁĐÏÖÜÎþ ./x byla 77,60/78,41 % pro 
ÚÜÐÏÒÎÏÕ/ kladnou ÐÏÌÁÒÉÔÕ ÖĻÂÏÊÅȢ 4ïÔÏ ĭéÉÎÎÏÓÔÉ ÏÄÐÏÖþÄÁÌÁ ÓÔÅÊÎÁ ÈÏÄÎÏÔÁ ÐÏÕĿÉÔïÈÏ 
ÎÁÐñÔþ Ï ρς Ë6Ȣ 0ÒÏÕÄ ÐÒÏ ÎÅÇÁÔÉÖÎþ ËÏÒĕÎÕ ÖĤÁË ÂÙÌ τπ Í! Á ÐĠÅÖÙĤÏÖÁÌ ÐÒÏÕÄ ÐÒÏ 
ÐÏÚÉÔÉÖÎþ ËÏÒĕÎÕ σπ Í!ȟ ÃÏĿ ÚÁÊÉÓÔÉÌÏ 3)% τψȟτȾσυȟχ *Ⱦ, ÐÒÏ ÚÜÐÏÒÎÏÕ/ kladnou ËÏÒĕÎÕȢ 

Dopad ÓÐÏÔĠÅÂÎñ energie na ĭéÉÎÎÏÓÔÉ ÏÄÓÔÒÁĐÏÖÜÎþ ./x ÊÅ ÐÒÏ ËÌÁÄÎÏÕ Á ÚÜÐÏÒÎÏÕ 
ÐÏÌÁÒÉÔÕ ÖĻÂÏÊÅ ÏÄÌÉĤÎĻȢ To lze ÖÙÓÖñÔÌÉÔ reakcemi generace ozonu. 0ÏÚÉÔÉÖÎþ ÖĻÂÏÊ 
ÇÅÎÅÒÏÖÁÌ ÏÚĕÎ Ö ÎÅÐÁÔÒÎï ËÏÎÃÅÎÔÒÁÃÉȟ ÔÁËĿÅ jen O(30Ɋ Á /( ÄÅÆÉÎÕÊþ ÄÅËÏÎÔÁÍÉÎÁÃÉ ./x. 
.ÉÃÍïÎñ ÒÅÁËÃÅ generace ÏÚÏÎÕ ÂÙÌÙ ÐÒÏ ÎÅÇÁÔÉÖÎþ ËÏÒĕÎÕ ÐĠþÎÏÓÎñÊĤþȟ ÃÏĿ ÓÉ ÖÙÎÕÔÉÌÏ 
ÖÙĤĤþ ËÏÎÃÅÎÔÒÁÃÅ ÏÚÏÎÕ. 
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Obr. 5: Vliv MSE na ĭéÉÎÎÏÓÔ %/. 

'ÅÎÅÒÁÃÅ ÏÚÏÎÕ ÖĤÁË ÊÅ ÄÏÐÒÏÖÜÚÅÎÁ ÊÅÈÏ ÄÅÇÒÁÄÁÃÉȟ ËÔÅÒï ÐĠÉ ÉÎÔÅÎÓÉÆÉËÁÃÉ 
elektrickĻÃÈ parametrĳ EO se intenzifikovalo  ÖþÃ ÎÅĿ ÔÖÏÒÂÁ ÏÚÏÎÕ. :ÖĻĤÅÎÜ ÁËÔÉÖÁÃÅ %30 
ÓÉ ÎÁÖþÃ ÖÙÎÕÔÉÌÁ ÄĳÌÅĿÉÔÏÕ ÚÐñÔÎÏÕ ÒÅÁËÃÉ NO2+O3 ᴼ./Ϲ/2 kterÜ ÓÅ ÚÉÎÔÅÎÚÉÖĐÕÊÅ Ó 
ÒÏÓÔÏÕÃþ ËÏÎÃÅÎÔÒÁÃþ ÏÚÏÎÕ Á se ÖþÃÅ projevuje ÐĠÉ ÎÅÇÁÔÉÖÎþ ËÏÒÏÎñ ɉ*ėÇÉ ÅÔ ÁÌȢȟ ςπρφɊ. To 
ÖÅÄÌÏ Ë ÔÏÍÕȟ ĿÅ ÏÄÓÔÒÁĐÏÖÁÎþ ./x ÂÙÌÏ ÐĠÉ ÎÅÇÁÔÉÖÎþ ËÏÒĕÎÁ ÅÎÅÒÇÅÔÉÃËÙ ÎÜÒÏéÎñÊĤþm, 
ËÄÙĿ ĭéÉÎÎÏÓÔ ÏÄÓÔÒÁĐÏÖÜÎþ .˛x ÐĠÅÓÜÈÌÁ σπ ϷȢ 
4ÅÎÔÏ ÖĻÚËÕÍ ÐÒÏËÜÚÁÌ ÍÏĿÎÏÓÔ ÓÎÉĿÏÖÜÎþ ÅÍÉÓþ ./x a PM ÍÁÌĻÃÈ ËÏÔÌĳ pomoci 

ÅÌÅËÔÒÏÓÔÁÔÉÃËïÈÏ ÏÄÌÕéÏÖÜÎþ. EO ÂÙÌ ÐÒÏÖÏÚÏÖÜÎ ÐĠÉ ÒĳÚÎĻÃÈ ÒÅĿÉÍÅÃÈ a byl vyhodnocen 
vliv  Nt-produktu a ÓÐÏÔĠÅÂy energie na jeho ĭéÉÎÎÏÓÔ EO. 3ÔÕÄÏÖÁÎĻ %O ÐÒÏËÜÚÁÌ ÓÎþĿÅÎþ 
NOx z 200 mg/m3 na 44/46 mg/m 3 pro ÚÜÐÏÒÎÏÕ/ kladnou ËÏÒĕÎÕȟ ÃÏĿ ÏÄÐÏÖþÄÜ 78% 
ĭéÉÎÎÏÓÔi ÏÄÓÔÒÁĐÏÖÜÎþ ./ØȢ 6 ÔÏÍÔÏ ÂÙÌÁ MSE ÆÉØÏÖÜÎÁ ÎÁ τψȟτȾσυȟχ *ȾÌ ÐÒÏ 
ÚÜÐÏÒÎÏÕ/ kladnou ËÏÒĕÎÕȢ +ÏÎÃÅÎÔÒÁÃÅ ÓÕÓÐÅÎÄÏÖÁÎĻÃÈ éÜÓÔÉÃ ÂÙÌÙ Ö ÅÍÉÓþÃÈ ËÏÔÌÅ 
ÓÎþĿÅÎÙ ÎÁ ÈÏÄÎÏÔÕ ÏÄÐÏÖþÄÁÊþÃþ ÊÅÊÉÃÈ ËÏÎÃÅÎÔÒÁÃþ Ö ÏËÏÌÎþÍ ÖÚÄÕÃÈÕȢ 

 
LITERATURA 

 
*ėÇÉȟ )Ȣȟ ,ÅÖÏÌÌȟ %Ȣȟ 2ÁÕÄȟ *Ȣȟ 0ÌÁÓÍÁ ÏØÉÄÁÔÉÏÎ ÏÆ ./ ÉÎ /ςȡ.ς ÍÉØÔÕÒÅÓȡ 4ÈÅ ÉÍÐÏÒÔÁÎÃÅ ÏÆ 

back-reaction, Chemical Engineering Journal, 301, 149-157, (2016). 
,ÁÎÄÒÉÇÁÎȟ 0Ȣ*Ȣȟ &ÕÌÌÅÒȟ 2Ȣȟ !ÃÏÓÔÁȟ .Ȣ*Ȣ2Ȣȟ !ÄÅÙÉȟ /Ȣȟ !ÒÎÏÌÄȟ 2Ȣȟ "ÁÓÕȟ .Ȣȟ "ÁÌÄïȟ !Ȣ"Ȣȟ Bertollini, 

R., Bose-O'Reilly, S., Boufford, J.I., Breysse, P.N., Chiles, T., Mahidol, C., Coll-Seck, A.M., 
Cropper, M.L., Fobil, J., Fuster, V., Greenstone, M., Haines, A., Hanrahan, D., Hunter, 
D., Khare, M., Krupnick, A., Lanphear, B., Lohani, B., Martin, K., Mathiasen, K.V., 
-Ã4ÅÅÒȟ -Ȣ!Ȣȟ -ÕÒÒÁÙȟ #Ȣ*Ȣ,Ȣȟ .ÄÁÈÉÍÁÎÁÎÊÁÒÁȟ *Ȣ$Ȣȟ 0ÅÒÅÒÁȟ &Ȣȟ 0ÏÔÏéÎÉËȟ *Ȣȟ 0ÒÅËÅÒȟ !Ȣ3Ȣȟ 
2ÁÍÅÓÈȟ *Ȣȟ 2ÏÃËÓÔÒĘÍȟ *Ȣȟ 3ÁÌÉÎÁÓȟ #Ȣȟ 3ÁÍÓÏÎȟ ,Ȣ$Ȣȟ 3ÁÎÄÉÌÙÁȟ +Ȣȟ 3ÌÙȟ 0Ȣ$Ȣȟ 3ÍÉÔÈȟ +Ȣ2Ȣȟ 
Steiner, A., Stewart, R.B., Suk, W.A., van Schayck, O.C.P., Yadama, G.N., Yumkella, K., 
Zhong, M., The Lancet Commission on pollution and health, The Lancet, 391(10119), 
462-512, (2018). 

Ozgen, S., Cernuschi, S., Caserini, S., An overview of nitrogen oxides emissions from 
biomass combustion for domestic heat production, Renewable and Sustainable 
Energy Reviews, 135, 110113, (2021). 

Skalska, K., Miller, J.S., Ledakowicz, S., Trends in NOx abatement: A review, Science of The 
Total Environment, 408(19), 3976-3989, (2010). 

 

 

0

10

20

30

40

50

60

70

80

90

100

0.01 0.1 1 10 100

ǳ
ő
ƛ
ƴ
ƴ
ƻ
ǎ
ǘ
 
9
h

[%
]

MSE [J/L]

bhȄ όƪŀŘƴł ǇƻƭŀǊƛǘŀύ

bhȄ όȊŀǇƻǊƴł ǇƻƭŀǊƛǘŀύ

tb όƪƭŀŘƴł ǇƻƭŀǊƛǘŀύ

tb όȊŀǇƻǊƴł ǇƻƭŀǊƛǘŀύ



77 

 

02/'2!- :+/5£%.^ :0°3/"),/34) ɉ0::Ɋ 02/ 34!./6%.^ (-/4./34.^(/ 

TOKU A KONCENTRACE PM ɀ 02!£.< 42!¦ 
 

&ÒÁÎÔÉĤÅË (/0!.ȟ *ÉĠþ (/2<+ȟ *ÉĠþ 29£!6¸ȟ -ÁÒÔÉÎ #(-%,<~ȟ *ÉĠþ +2%-%2ȟ /ÌÅËÓÁÎÄÒ 

MOLCHANOV 

 
6ÙÓÏËÜ ĤËÏÌÁ ÂÜĐÓËÜ ɀ 4ÅÃÈÎÉÃËÜ ÕÎÉÖÅÒÚÉÔÁ /ÓÔÒÁÖÁȟ #%%4ȟ 6ĻÚËÕÍÎï ÅÎÅÒÇÅÔÉÃËï 

ÃÅÎÔÒÕÍȟ /ÓÔÒÁÖÁȟ IÅÓËÜ 2ÅÐÕÂÌÉËÁȟ ÆÒÁÎÔÉÓÅËȢÈÏÐÁÎͽÖÓÂȢÃÚ 
 

+ÌþéÏÖÜ ÓÌÏÖÁȡ :ËÏÕĤÅÎþ ÚÐĳÓÏÂÉÌÏÓÔÉȟ 4ÅÓÔÏÖÁÃþ ÔÒÁĩȟ 0-ȟ GÒÁÖÉÍÅÔÒÉÃËĻ ÏÄÂñÒ ÖÚÏÒËÕ 
 

SUMMARY 
The Czech Institute for Accreditation (CIA, www.cai.cz) has issued the Association of 
Laboratories for Measurement of Emissions (ALME, www.alme.cz) Certificate of 
Accreditation No. 376/2015 for Proficiency Testing Programmes in the field of emission 
(waste gas) measurement and sampling, among other things, for the method: ALME-OR-
06: Determination of particulate matter (TSP) mass flow in flowing air mass. 
The proficiency testing programme for the ALME-OR-06 method is carried out annually 
on the Test Track installed at the Energy Research Centre test facility. Proficiency testing 
is the evaluation of a participant's performance against predetermined criteria through 
interlaboratory comparison. The need for continued confidence in laboratory 
performance is not only essential for laboratories and their customers, but also for other 
stakeholders such as regulators, laboratory accreditation bodies and other organisations 
that specify laboratory requirements. 

 
ª6/$ 

IÅÓËĻ ÉÎÓÔÉÔÕÔ ÐÒÏ ÁËÒÅÄÉÔÁÃÉ ɉI)!ȟ ×××ȢÃÁÉȢÃÚɊ Ö ÓÏÕÖÉÓÌÏÓÔÉ ÓÅ ÚËÏÕĤÅÎþÍ 
ÚÐĳÓÏÂÉÌÏÓÔÉ ÌÁÂÏÒÁÔÏĠþ ɉ0ÒÏÆÉÃÉÅÎÃÙ ÔÅÓÔÉÎÇ ɀ 04Ɋ ÐÒÏÓÔĠÅÄÎÉÃÔÖþÍ ÐÒÏÇÒÁÍÕ ÚËÏÕĤÅÎþ 
ÚÐĳÓÏÂÉÌÏÓÔÉ ɉ0::Ɋ Ö ÓÏÕÌÁÄÕ Ó I3. %. )3/Ⱦ)%# ρχπτσ Á Ö ÓÏÕÌÁÄÕ Ó -0! σπɀ03ɀ12 bod 4 
vydal AsociÁÃÉ ÌÁÂÏÒÁÔÏĠþ ÐÒÏ ÍñĠÅÎþ ÅÍÉÓþ ɉ#%%4 6£" 45/ȟ ςπςσɊ /ÓÖñÄéÅÎþ Ï ÁËÒÅÄÉÔÁÃÉ 
éȢ σχφȾςπρυ ÐÒÏ ÐÒÏÇÒÁÍÙ ÚËÏÕĤÅÎþ ÚÐĳÓÏÂÉÌÏÓÔÉ Ö ÏÂÌÁÓÔÉ ÍñĠÅÎþ ÅÍÉÓþ ɉÏÄÐÁÄÎþÈÏ 
ÐÌÙÎÕɊ Á ÖÚÏÒËÏÖÜÎþ ÍÉÍÏ ÊÉÎï ÔÁËï ÐÒÏ ÍÅÔÏÄÕȡ !,-%-OR-πφȡ 3ÔÁÎÏÖÅÎþ ÈÍÏÔÎÏÓÔÎþÈÏ 
ÔÏËÕ ÔÕÈĻÃÈ ÚÎÅéÉĤĩÕÊþÃþÃÈ ÌÜÔÅË ɉ4:,Ɋ Ö ÐÒÏÕÄþÃþ ÖÚÄÕĤÉÎñȢ 
0ÒÏÇÒÁÍ ÚËÏÕĤÅÎþ ÚÐĳÓÏÂÉÌÏÓÔÉ ÐÒÏ ÍÅÔÏÄÕ !,-%-OR-πφ ÊÅ ËÁĿÄÏÒÏéÎñ ÒÅÁÌÉÚÏÖÜÎ ÎÁ 

4ÅÓÔÏÖÁÃþ ÔÒÁÔÉ ÉÎÓÔÁÌÏÖÁÎï ÎÁ ÚËÕĤÅÂÎñ 6ĻÚËÕÍÎïÈÏ ÅÎÅÒÇÅÔÉÃËïÈÏ ÃÅÎÔÒÁ (ALME, 
2023)Ȣ :ËÏÕĤÅÎþ ÚÐĳÓÏÂÉÌÏÓÔÉ ÊÅ ÖÙÈÏÄÎÏÃÅÎþ ÖĻËÏÎÎÏÓÔÉ ĭéÁÓÔÎþËÁ ÖĳéÉ ÐĠÅÄÅÍ 
ÓÔÁÎÏÖÅÎĻÍ ËÒÉÔïÒÉþÍ ÐÏÍÏÃþ ÍÅÚÉÌÁÂÏÒÁÔÏÒÎþÈÏ ÐÏÒÏÖÎÜÎþȢ 0ÏÔĠÅÂÁ ÔÒÖÁÌï ÄĳÖñÒÙ ÖÅ 
ÖĻËÏÎÎÏÓÔ ÌÁÂÏÒÁÔÏĠÅ ÎÅÎþ ÐÏÄÓÔÁÔÎÜ ÊÅÎ ÐÒÏ ÌÁÂÏÒÁÔÏĠÅ Á ÊÅÊÉÃÈ ÚÜËÁÚÎþËÙȟ ÁÌÅ ÔïĿ ÐÒÏ 
ÄÁÌĤþ ÚÁÉÎÔÅÒÅÓÏÖÁÎï ÓÔÒÁÎÙȟ ÊÁËÏ ÊÓÏÕ ÒÅÇÕÌÁéÎþ ÏÒÇÜÎÙȟ ÁËÒÅÄÉÔÁéÎþ ÏÒÇÜÎÙ ÁËÒÅÄÉÔÕÊþÃþ 
ÌÁÂÏÒÁÔÏĠÅ Á ÄÁÌĤþ ÏÒÇÁÎÉÚÁÃÅȟ ËÔÅÒï ÓÐÅÃÉÆÉËÕÊþ ÐÏĿÁÄÁÖËÙ ÌÁÂÏÒÁÔÏĠÅȢ 

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

4ÅÃÈÎÉÃËĻ ÐÏÐÉÓ 4ÅÓÔÏÖÁÃþ ÔÒÁÔñ 
4ÅÓÔÏÖÁÃþ ÔÒÁĩ ÕÍÏĿĐÕÊÅ ÖÅ ÖÅÒÔÉËÜÌÎþÍ ÐÏÔÒÕÂþ ÐĠþÐÒÁÖÕ ÒÅÆÅÒÅÎéÎþ ɉȵÐÒÁÖÄÉÖïȰɊ 

ÈÏÄÎÏÔÙ ÔñÃÈÔÏ ÖÅÌÉéÉÎȡ 
¶ ÈÍÏÔÎÏÓÔÎþ ÔÏË 4:, ɉςυɀ2500 g/h)  
¶ ÓÔĠÅÄÎþ ËÏÎÃÅÎÔÒÁÃÅ 4:, Ö ÍñĠÉÃþÍ ÐÒÏÆÉÌÕ ɉυ ÁĿ υππ ÍÇȾÍ3 @ 0 Ј#ȟ 

101 325 Pa) 
¶ ÓÔĠÅÄÎþ ÒÙÃÈÌÏÓÔ ÖÚÄÕĤÉÎÙ Ö ÍñĠÉÃþÍ ÐÒÏÆÉÌÕ ɉυ ÁĿ ςπ ÍȾÓɊ 
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"ÙÌÁ ÏÖñĠÅÎÁ ÍÏĿÎÏÓÔ ÐÒÏÖÏÚÕ ÐÒÁĤÎï ÔÒÁÔÉ Ó ÅØÔÒïÍÎþÍ ÔÏËÅÍ ÕÈÅÌÎïÈÏ ÐÒÁÃÈÕȢ 
+ÒÜÔËÏÄÏÂï ÒÅĿÉÍÙ ɉÃÃÁ υ ÍÉÎɊ ÂÙÌÙ ÐÒÏÖÏÚÏÖÜÎÙ ÎÁ ÈÏÄÎÏÔÜÃÈ ÃÃÁ ρσυ ËÇȾÈ ÐÒÏ 
ËÁÌÉÂÒÁÃÉ ÐÒÁÃÈÏÍñÒĳ ÓÌÅÄÕÊþÃþÃÈ ÎÅÂÅÚÐÅéÎï ÍÅÚÎþ ËÏÎÃÅÎÔÒÁÃÅ ÐÒÁÃÈÕȢ 

 

 
/ÂÒȢ ρȡ 3ÃÈïÍÁ ÔÒÁÔÉ ÐÒÏ ÐĠþÐÒÁÖÕ ÁÅÒÏÄÉÓÐÅÒÚÎþ ÓÍñÓÉ. 

 
Princip funkce  
0ĠþÐÒÁÖÁ ËÏÎÃÅÎÔÒÏÖÁÎï ÁÅÒÏÄÉÓÐÅÒÚÎþ ÓÍñÓÉ ÊÅ ÚÁÊÉĤÔñÎÁ ÖÉÂÒÁéÎþÍ ÄÜÖËÏÖÁéÅÍȟ 

ËÔÅÒĻ ÓÙÐÅ ÚÎÜÍï ÍÎÏĿÓÔÖþ ÐÒÁÃÈÕ ɉ4:,Ɋ ÄÏ ÔÒÙÃÈÔĻĠÅȟ ÚÅ ËÔÅÒïÈÏ ÊÅ ÓÍñÓ ÖÚÄÕÃÈÕ Á 
ÐÒÁÃÈÕ ÄÏÐÒÁÖÏÖÜÎÁ Ë ÅÊÅËÔÏÒÕȢ %ÊÅËÔÏÒ ÎÁÓÜÖÜ ÄÜÖËÏÖÁÎĻ ÐÒÁÃÈ ÓÅ ÖÚÄÕÃÈÅÍ Á Ö 
ÄÉÆÕÚÏÒÕ ÄÏÃÈÜÚþ Ë ÓÍþÃÈÜÎþ ÔïÔÏ ÓÍñÓÉ ÓÅ ÖÚÄÕÃÈÅÍ ÔÒÙÓËÙ ÅÊÅËÔÏÒÕȢ .ÜÓÌÅÄÎñ ÊÅ ÔÁÔÏ 
ÓÍñÓ ÄÏÐÒÁÖÏÖÜÎÁ ÐÏÔÒÕÂþÍ ςπ ÍÍ ÐĠÅÓ ËĕÎÉÃËĻ ÓÍñĤÏÖÁÃþ ËÕÓ ɉÐÅÒÆÏÒÏÖÁÎĻ ÐÌÅÃÈɊ ÎÁ 
ÖÓÔÕÐ ÄÏ ÏÄÂñÒÏÖïÈÏ ĭÓÅËÕ ÔÅÓÔÏÖÁÃþ ÔÒÁÔñȟ ËÔÅÒĻ ÊÅ ÔÖÏĠÅÎ ÖÅÒÔÉËÜÌÎþÍ ÐÏÔÒÕÂþÍ σρυ ÍÍ 
Ï ÄïÌÃÅ ÃÃÁ χ ÍȢ .Á ÖÅÒÔÉËÜÌÎþÍ ÏÄÂñÒÏÖïÍ ĭÓÅËÕ ÊÓÏÕ ÄÖñ ÓÔÁÎÏÖÉĤÔñ ÕÍÏĿĐÕÊþÃþ ÒÅÁÌÉÚÁÃÉ 
ÒÅÐÒÅÚÅÎÔÁÔÉÖÎþÈÏ ÏÄÂñÒÕ ÖÚÏÒËÕ ÐÌÙÎÕ ÐÒÏ ÓÔÁÎÏÖÅÎþ ÓÔĠÅÄÎþ ËÏÎÃÅÎÔÒÁÃÅ 4:, Á ÊÅÊÉÃÈ 
ÈÍÏÔÎÏÓÔÎþÈÏ ÔÏËÕȢ $ÜÌÅ ÊÅ ÖÚÄÕĤÉÎÁ ÖÅÄÅÎÁ ÄÏ ÆÉÌÔÒÁéÎþÈÏ ÚÁĠþÚÅÎþȟ ËÄÅ ÄÏÊÄÅ Ë ÚÜÃÈÙÔÕ 
ÐÏÄÓÔÁÔÎï éÜÓÔÉ ÎÁÄÜÖËÏÖÁÎïÈÏ ÐÒÁÃÈÕȢ &ÉÌÔÒÁéÎþ ÚÁĠþÚÅÎþ ÊÅ ÎÜÓÌÅÄÎñ ÓÐÏÊÅÎÏ 
s ÖÅÎÔÉÌÜÔÏÒÅÍȟ ËÔÅÒĻ ÐĠÅÄÓÔÁÖÕÊÅ ÚÄÒÏÊ ÓÜÎþ ÐÒÏ ÍñĠþÃþ ÔÒÁĩȢ 2ÅÆÅÒÅÎéÎþ ÈÏÄÎÏÔÁ 
ÈÍÏÔÎÏÓÔÎþÈÏ ÔÏËÕ 4:, ÊÅ ÓÔÁÎÏÖÅÎÁ ÎÁ ÚÜËÌÁÄñ ÚÖÜĿÅÎïÈÏ ÍÎÏĿÓÔÖþ ÎÁÄÜÖËÏÖÁÎïÈÏ 
ÐÒÁÃÈÕ Á ÄïÌËÙ ÄÏÂÙ ÄÜÖËÏÖÜÎþȢ +ÏÎÃÅÎÔÒÁÃÅ ÊÅ ÓÔÁÎÏÖÅÎÁ Ú ÈÍÏÔÎÏÓÔÎþÈÏ ÔÏËÕ 4:, Á Ú 
ÏÂÊÅÍÏÖïÈÏ ÐÒĳÔÏËÕ ÖÚÄÕĤÉÎÙ Ö ÔÅÓÔÏÖÁÃþ ÔÒÁÔÉ ɉ0ÒÁÎÄÔÌÏÖÁ ÓÏÎÄÁɊȢ 
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0ÒÉÎÃÉÐ Á ÖÙÈÏÄÎÏÃÅÎþ ÚËÏÕĤÅË 
.Á ÕÖÅÄÅÎï ÔÅÓÔÏÖÁÃþ ÔÒÁÔÉ ÊÅ ÐĠÉÐÒÁÖÏÖÜÎ ÒÅÆÅÒÅÎéÎþ ÁÅÒÏÓÏÌ ÐÏ ÄÏÂÕ ÐĠÉÂÌÉĿÎñ ÊÅÄÎï 

ÈÏÄÉÎÙȢ /ÖñĠÏÖÁÎÜ ÍñĠÉÃþ ÌÁÂÏÒÁÔÏĠ ɉĭéÁÓÔÎþËɊ ÍÜ Ö ÍñĠÉÃþÍ ÐÒÏÆÉÌÕ éȢρ ÎÅÂÏ éȢ ς ɉÖÉÚ 
Obr. ρɊ ÎÁÉÎÓÔÁÌÏÖÁÎÏÕ ÓÖÏÕ ÁÐÁÒÁÔÕÒÕ ÐÒÏ ÇÒÁÖÉÍÅÔÒÉÃËï ÓÔÁÎÏÖÅÎþ ËÏÎÃÅÎÔÒÁÃÅ 
ÃÅÌËÏÖïÈÏ ÐÒÁÃÈÕ Ö ÕÚÁÖĠÅÎïÍ ÐÒÏÆÉÌÕ Á ÐÒÏ ÍñĠÅÎþ ÐÒĳÔÏËÕ ÐÌÙÎÕ Ö ÍñĠÉÃþÍ ÐÒÏÆÉÌÕȢ .Á 
ÚÜËÌÁÄñ ÍñĠÅÎĻÃÈ ĭÄÁÊĳ ÌÁÂÏÒÁÔÏĠ ÓÔÁÎÏÖÕÊÅ ÈÍÏÔÎÏÓÔÎþ ÔÏË 4:, Ö ÍñĠÉÃþÍ ÐÒÏÆÉÌÕȢ 
+ÁĿÄÜ ÍñĠÉÃþ ÌÁÂÏÒÁÔÏĠ ÐÒÏÖÜÄþ ÔĠÉ ÓÁÍÏÓÔÁÔÎÜ ÓÔÁÎÏÖÅÎþȟ ËÔÅÒÜ ÊÓÏÕ ÐÏÒÏÖÎÜÖÜÎÁ 
s ÒÅÆÅÒÅÎéÎþÍÉ ÈÏÄÎÏÔÁÍÉȢ 0ÒÏ ÖÙÈÏÄÎÏÃÅÎþ 0:: ÂÙÌÏ ÖÙÈÏÄÎÏÃÏÖÜÎÏ ÄÏÓÁĿÅÎþ ÁÂÓÏÌÕÔÎþ 
hodnoty Z-ÓËÏÒÅ ЅςȢ *Å ÈÏÄÎÏÃÅÎÏ ÓÔÁÎÏÖÅÎþ ÓÔĠÅÄÎþ ÒÙÃÈÌÏÓÔÉ ÐÒÏÕÄñÎþ ÖÚÄÕĤÉÎÙ 
v ÍñĠÉÃþÍ ÐÒÏÆÉÌÕȟ ÓÔĠÅÄÎþ ÈÍÏÔÎÏÓÔÎþ ËÏÎÃÅÎÔÒÁÃÅ 4:, Ö ÍñĠÉÃþÍ ÐÒÏÆÉÌÕ Á ÈÍÏÔÎÏÓÔÎþ 
tok TZL. Z-ÓËÏÒÅ ɉ:Ɋ ÊÅ ÐÏéþÔÜÎÏ ÄÌÅ ÖÚÏÒÃÅ ɉρɊȢ 

ὤ ,      (1)  

kde (ὼɊ ÊÅ ÈÏÄÎÏÔÁ ÎÁÍñĠÅÎï ÖÅÌÉéÉÎÙȟ ɉ‘Ɋ ÏÚÎÁéÕÊÅ ÎÅÚÜÖÉÓÌÏÕ ÒÅÆÅÒÅÎéÎþ ÈÏÄÎÏÔÕ 
ÎÁ ÐĠþÓÌÕĤÎï ĭÒÏÖÎÉ ÖÅÌÉéÉÎÙ Á ɉ„Ɋ ÊÅ ÖÁÒÉÁÂÉÌÉÔÁ ÍñĠÅÎï ÖÅÌÉéÉÎÙ Ö intervalu <0;1>. 

Hodnota variability „ ÂÙÌÁ ÐÒÏ ÓÔĠÅÄÎþ ÒÙÃÈÌÏÓÔ ÐÒÏÕÄñÎþ ÖÚÄÕĤÉÎÙ ÓÔÁÎÏÖÅÎÁ ÏÂÖÙËÌÅ 
ÎÁ ÈÏÄÎÏÔñ πȟπψȟ ÐÏÕÚÅ Ö ÌÅÔÅÃÈ ςππω Á ςπρπ ÎÁ ÈÏÄÎÏÔñ πȢρπȢ (ÏÄÎÏÔÁ ÖÁÒÉÁÂÉÌÉÔÙ „ byla 
ÐÒÏ ËÏÎÃÅÎÔÒÁÃÉ 4:, Á ÐÒÏ ÈÍÏÔÏÖĻ ÔÏË ÂÙÌÁ ÏÂÖÙËÌÅ ÓÔÁÎÏÖÅÎÁ ÎÁ ÈÏÄÎÏÔñ πȢςȟ ÐÏÕÚÅ 
v ÌÅÔÅÃÈ ςππω ÁĿ ςπρσ ÎÁ ÈÏÄÎÏÔñ πȢρυȢ 6 ÌÅÔÅÃÈ ςππω Á ςπρπ ÓÔÁéÉÌÏ ÐÒÏ ĭÓÐñĤÎï 
ÁÂÓÏÌÖÏÖÜÎþ 0:: ÄÏÓÜÈÎÏÕÔ ÐÏÕÚÅ ÊÅÄÎï ÈÏÄÎÏÔÙ :-skore s ÁÂÓÏÌÕÔÎþ ÈÏÄÎÏÔÏÕ Ѓς ÚÅ ÔĠþ 
prÏÖÅÄÅÎĻÃÈ ÓÔÁÎÏÖÅÎþȢ 6 ÄÁÌĤþÃÈ ÌÅÔÅÃÈ ÂÙÌÏ ÐÏĿÁÄÏÖÜÎÏ ÄÏÓÁĿÅÎþ ÖĤÅÃÈ ÔĠþ :-skore s 
absolÕÔÎþ ÈÏÄÎÏÔÏÕ ЃςȢ 

 
6¸3,%$+9ȟ $)3+53% ! :<6Q29 

:ËÏÕĤËÙ ÊÓÏÕ ÎÁ 6%# ËÁĿÄÏÒÏéÎñ ÐÏĠÜÄÜÎÙ ÊÉĿ ÏÄ ÒÏËÕ ςππωȢ 6 ÒÏÃÅ ςπςσ ÐÒÏÂñÈÌ ÊÉĿ 
ρυȢ ÒÏéÎþË ÚËÏÕĤÅÎþ ÚÐĳÓÏÂÉÌÏÓÔÉȢ #ÅÌËÅÍ ÓÅ ÔÕÔÏ ÄÏÂÕ 0:: 4:, ÚĭéÁÓÔÎÉÌÏ σχπ ÍñĠþÃþÃÈ 
ÌÁÂÏÒÁÔÏĠþȟ Ú ÔÏÈÏ ÐÏéÔÕ ÊÅ χχ ÊÅÄÉÎÅéÎĻÃÈ ÍÅĠÉÃþÃÈ ÌÁÂÏÒÁÔÏĠþ Ú I2ȟ 32ȟ 0ÏÌÓËÁȟ .ñÍÅÃËÁ, 
3ÒÂÓËÁ Á ~ÅÃËÁȢ 4ĠÉ ÌÁÂÏÒÁÔÏĠÅ ÓÅ ÚĭéÁÓÔÎÉÌÙ 0:: ÖþÃÅ ÎÅĿ ÄÅÓÅÔ ËÒÜÔȢ $ÖÁÃÅÔ ÌÁÂÏÒÁÔÏĠþ ÓÅ 
ÚĭéÁÓÔÎÉÌÏ 0:: ÐñÔ ÁĿ ÄÅÓÅÔ ËÒÜÔȢ 4ĠÉÃÅÔ ÌÁÂÏÒÁÔÏĠþ ÓÅ ÚĭéÁÓÔÎÉÌÏ 0:: ÄÖÁ ÁĿ éÔÙĠÉ ËÒÜÔȢ 
$ÖÁÃÅÔ éÔÙĠÉ ÌÁÂÏÒÁÔÏĠþ ÓÅ ÚĭéÁÓÔÎÉÌÏ 0:: ÐÏÕÚÅ ÊÅÄÎÏÕȢ 
ªéÁÓÔ Ö ÐÒÏÇÒÁÍÅÃÈ ÚËÏÕĤÅÎþ ÚÐĳÓÏÂÉÌÏÓÔÉ ÊÅ ÐÏÖÉÎÎÜ ÐÒÏ ĭÓÐñĤÎï ÚþÓËÜÎþ Á ÕÄÒĿÅÎþ 

ÁËÒÅÄÉÔÁÃÅȢ ªÓÐñĤÎÏÓÔ ÊÅ ÖÙÈÏÄÎÏÃÏÖÜÎÁ ÐÏÍÏÃþ :-ÓËÏÒÅȟ ÊÅÈÏĿ ÁÂÓÏÌÕÔÎþ ÈÏÄÎÏÔÁ ÍÕÓþ 
ÂĻÔ ÐÒÏ ÖĤÅÃÈÎÙ ÔĠÉ ÚËÏÕĤËÙ Ѓς ɉÖĻÊÉÍËÙ ÊÓÏÕ ÕÖÅÄÅÎÙ ÖĻĤÅɊȢ 6 praxi z ÔÏÈÏ ÖÙÐÌĻÖÜ ɉÐĠÉ 
hoÄÎÏÔñ ÖÁÒÉÁÂÉÌÉÔÙ ÎÁÓÔÁÖÅÎï ÎÁ πȢςɊȟ ĿÅ ÊÅ ÔÏÌÅÒÏÖÜÎÁ ÏÄÃÈÙÌËÁ ÏÄ ÒÅÆÅÒÅÎéÎþ ÈÏÄÎÏÔÙ 
o ÖÅÌÉËÏÓÔÉ τπ Ϸ ÏÂñÍÁ ÓÍñÒÙȢ 4ÏÈÏÔÏ ÒÅÌÁÔÉÖÎñ ÂÅÎÅÖÏÌÅÎÔÎñ ÚÖÏÌÅÎïÈÏ ËÒÉÔïÒÉÁ 
ËÁĿÄÏÒÏéÎñ ÎÅÄÏÓÜÈÎÅ ÐÏÍñÒÎñ ÖÙÓÏËĻ ÐÏÄþÌ ĭéÁÓÔÎþËĳ ɉÖÉÚ /ÂÒȢ ςɊȢ 

 

 
/ÂÒȢ ςȡ 0ÏÄþÌ ÎÅĭÓÐñĤÎĻÃÈ ĭéÁÓÔÎþËĳ Ö ÊÅÄÎÏÔÌÉÖĻÃÈ ÌÅÔÅÃÈ 0::. 
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0ÏéÔÙ Á ÐÒÏÃÅÎÔÕÜÌÎþ ĭÓÐñĤÎÏÓÔ ĭéÁÓÔÎþËĳ ÐÒÏ σ ÏÖñĠÏÖÁÎï ÐÁÒÁÍÅÔÒÙ ÊÓÏÕ ÕÖÅÄÅÎÙ 

v Tab. 1. V ÌÅÔÅÃÈ ςππω ÁĿ ςπρς ÂÙÌÁ ÐĠÉÐÒÁÖÏÖÜÎÁ ÒÅÆÅÒÅÎéÎþ ÈÍÏÔÎÏÓÔÎþ ËÏÎÃÅÎÔÒÁÃÅ 
4:, ÎÁ ÖÙĤĤþÃÈ ĭÒÏÖÎþÃÈ ɉτπ ÁĿ ρππ ÍÇȾÍ3), v ÎÜÓÌÅÄÕÊþÃþÃÈ ÌÅÔÅÃÈ ÂÙÌÁ ÔÁÔÏ ÒÅÆÅÒÅÎéÎþ 
ÈÏÄÎÏÔÁ ÐĠÉÐÒÁÖÏÖÜÎÁ ÎÁ ĭÒÏÖÎþÃÈ ËÏÌÅÍ ςπ ÁĿ σπ ÍÇȾÍ3Ȣ 4ÁËï ÂÙÌÁ ÐÏÓÔÕÐÎñ 
v ÊÅÄÎÏÔÌÉÖĻÃÈ ÌÅÔÅÃÈ ÓÎÉĿÏÖÜÎÁ ÓÔĠÅÄÎþ ÒÙÃÈÌÏÓÔ ÖÚÄÕĤÉÎÙ Ö ÍñĠÉÃþÍ ÐÒÏÆÉÌÕ Á Ó ÔþÍ ÓÏÕÖÉÓþ 
ÔÁËï ÐÏÓÔÕÐÎï ÓÎÉĿÏÖÜÎþ ÈÍÏÔÎÏÓÔÎþÈÏ ÔÏËÕ 4:,Ȣ 

 
4ÁÂȢ ρȡ 0ĠÅÈÌÅÄ ÐÏéÔÕ ĭéÁÓÔÎþËĳȟ ÊÅÊÉÃÈ ĭÓÐñĤÎÏÓÔÉ Á ÐĠÉÐÒÁÖÅÎĻÃÈ ÓÔĠÅÄÎþÃÈ ÈÏÄÎÏÔ 
v ÕÐÌÙÎÕÌĻÃÈ ÌÅÔÅÃÈ. 

Rok 0ÏéÅÔɕ 
a) ªÓÐñĤÎÏÓÔɕ b) ªÓÐñĤÎÏÓÔɕ c)  ªÓÐñĤÎÏÓÔɕ 

g/h  % mg/m 3 % m/s  % 

2009 49 310 91.5 96 83.0 13.0 95.9 
2010 37 93 86.5 30 86.5 12.9 100.0 
2011 27 88 70.4 29 77.8 12.2 88.9 
2012 26 104 80.8 40 76.9 10.7 92.3 

2013 28 60 85.7 20 64.3 12.6 89.3 
2014 30 64 86.7 21 80.0 12.7 96.7 
2015 19 78 94.7 25 89.5 12.6 89.5 
2016 17 77 70.6 25 70.6 12.6 100.0 
2017 23 75 82.6 25 73.9 12.1 91.3 
2018 17 51 94.1 24 94.1 10.4 88.2 
2019 19 78 78.9 26 73.7 11.8 89.5 
2020 16 59 56.3 21 56.3 11.3 93.8 

2021 19 69 63.2 26 63.2 10.8 94.7 
2022 21 53 81.0 23 76.2 9.7 95.2 

2023 22 46 63.6 20 68.2 9.7 90.9 
,ÅÇÅÎÄÁ Ë ÔÁÂÕÌÃÅȡ ɕ ĭéÁÓÔÎþËĳ 
ÁɊ (ÍÏÔÎÏÓÔÎþ ÔÏË 4:, ɀ ÐÒĳÍñÒÎÜ ÈÏÄÎÏÔÁ 
ÂɊ 3ÔĠÅÄÎþ ËÏÎÃÅÎÔÒÁÃÅ 4:, Ö ÍñĠÉÃþÍ ÐÒÏÆÉÌÕ ɀ ÐÒĳÍñÒÎÜ ÈÏÄÎÏÔÁ 
c) 3ÔĠÅÄÎþ ÒÙÃÈÌÏÓÔ ÖÚÄÕĤÉÎÙ Ö ÍñĠÉÃþÍ ÐÒÏÆÉÌÕ ɀ ÐÒĳÍñÒÎÜ ÈÏÄÎÏÔÁ 

 
Z ÕÖÅÄÅÎïÈÏ ÊÅ ÚĠÅÊÍïȟ ĿÅ ÓÐÒÜÖÎï ÓÔÁÎÏÖÏÖÜÎþ ÈÍÏÔÎÏÓÔÎþ ËÏÎÃÅÎÔÒÁÃÅ ÃÅÌËÏÖĻÃÈ 

éÜÓÔÉÃ Á ÎÜÓÌÅÄÎñ ÈÍÏÔÎÏÓÔÎþÈÏ ÔÏËÕ ÃÅÌËÏÖĻÃÈ éÜÓÔÉÃ ÊÅ ÚÎÁéÎñ ÎÜÒÏéÎÏÕ ÄÉÓÃÉÐÌþÎÏÕ 
ÍñĠÅÎþȢ *ÅĤÔñ ÎÜÒÏéÎñÊĤþ ÊÅ ÈÍÏÔÎÏÓÔÎþ ɉéÉ ÐÏéÅÔÎþɊ ÓÔÁÎÏÖÏÖÜÎþ ÊÅÄÎÏÔÌÉÖĻÃÈ ÖÅÌÉËÏÓÔÎþÃÈ 
fraËÃþ éÜÓÔÉÃȢ 4ÏÔÏ ÊÅ ÒÅÁÌÉÚÏÖÜÎÏ ÐÏÍÏÃþ ÒĳÚÎĻÃÈ ÓÅÐÁÒÜÔÏÒĳ éÜÓÔÉÃ ɉÉÍÐÁËÔÏÒȟ 
cyklon, ÄÉÆÆÅÒÅÎÃÉÁÌ ÍÏÂÉÌÉÔÙ ÁÎÁÌÙÚÅÒȟ ȣɊ Á ÃÈÙÂÙ ÓÔÁÎÏÖÅÎþ ÂÕÄÏÕ ÊÉÓÔñ ÎÁ ÖÙĤĤþÃÈ 
ĭÒÏÖÎþÃÈȢ 
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INTRODUCTION 

 
The concentrations in the South Coast Air Basin in California often exceed the national 

ambient air quality standards (NAAQS) for carbon monoxide, ozone, PM2.5 and PM10 due 
to surrounding mountains and marine inversions which trap the air pollutants along with 
the cooler air near the surface by a layer of warmer air. Los Angeles was pronounced the 
most polluted city in the U.S. in the Ȱ3ÔÁÔÅ ÏÆ ÔÈÅ !ÉÒ ςππωȱ report (ALA, 2009) issued by 
the American Lung Association.  

To meet the NAAQS, California was granted by the U.S. Environmental Protection 
Agency (EPA) the authority to implement independent mobile emission standards that 
must be at least as stringent as those introduced at national level. Thus, the U.S. EPA, the 
California Air Resources Board (CARB) and the South Coast Air Quality Management 
District (SCAQMD) initiated an Air Quality Management Plan at the end of 2008. The AQM 
plan included various programs putting reduced emissions requirements on passenger 
cars, medium-duty passenger vehicles, and light-trucks and introduced the 10 ppm sulfur 
limit for gasoline fuel in 2015. Along with many other programs directed toward a 
substantial reduction of VOCs, NOx and SO2 ÅÍÉÓÓÉÏÎÓ ÉÎÃÌÕÄÉÎÇ ÔÈÅ #ÁÌÉÆÏÒÎÉÁȭÓ ,Ï×-
Emission Vehicle (LEV) regulations and zero-emission vehicle (ZEV) regulation 
introduced in 2017 as part of the Advanced Clean Cars package, the North American 
Emissions Control Area required that ocean vessels must switch to fuel with 1,000 ppm 
of sulfur after January 1, 2015. For comparison, the sulfur fuel standard for ocean-going 
vessels after 2015 was 5,000 ppm, worldwide.  

The goals of this study were: i) to identify the pollution sources and their 
contributions to the ambient PM2.5 concentrations at two sampling sites located in the 
South Coast Air Basin (Los Angeles and Rubidoux) in California from 2005 to 2019, and 
ii) to determine how the air quality control changes affected the temporal and spatial 
variations of pollution source contributions.  
 

METHODS FOR DATA ANALYSIS 
 

Dispersion-normalized positive matrix factorization, DN-PMF (Dai et al., 2020), was 
employed for data apportionment of the ambient PM2.5 composition data for LA and 
Rubidoux. Both datasets were downloaded from the EPA (AQS, www.epa.gov/aqs). DN-
PMF was the method of choice here to correct for meteorological dilution effect improving 

http://www.epa.gov/aqs
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the accuracy of the results and reducing the rotational ambiguity. Since the sampling and 
analytical protocols (Solomon et al., 2014) for the determination of organic carbon (OC) 
and elemental carbon (EC) fractions have changed in 2007 at both sampling sites, the 
source apportionment was performed separately for the pre- and post-OC/EC data from 
each sampling site. The long-term trends of the resolved pollution source contributions 
were analyzed further using the seasonal-trend decomposition (STL) method with the 
loess smoothing operator, Theil-Sen non-parametric estimator of slope with the Mann-

Kendall trend statistics and piecewise regression. To identify the local major sources of pollution 
depending on the wind speed and direction, the conditional bivariate probability function 
(CBPF) estimates and back trajectory analysis were used. The methodology for the 
analysis of data from a given sampling site is schematically presented in Fig. 1. 
 

 

Fig. 1: A scheme for data analysis. 
 

RESULTS AND CONCLUSIONS 
 

Among the pollution sources resolved at LA and Rubidoux using DN-PMF (see Fig. 2), 
seven of them were common. The common sources were secondary sulfate (SS), 
secondary nitrate (SN), biomass burning (BB), aged sea salt (AGS), fresh sea salt (FSS), 
soil, and road dust (Soil/RD), and OP-rich. The OP-rich factor was identified only using 
the data after the OC/EC protocol change at both sampling sites. The concentrations of 
secondary sulfate and secondary nitrate substantially decreased over the study period 
and specifically, after 2008 most likely due to the implementation of California programs 
for stricter NOx emission control from motor vehicles than at national level, the LEV 
programs and the low carbon standard which were implemented to lower the SO2 
emissions.  
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Fig. 2: Pollution sources resolved at LA and Rubidoux. 

 
An overall decreasing trend was also observed for the biomass burning 

concentrations at both sampling sites except for one episode of higher concentrations in 
December 2005 in LA. The elevated concentrations in December 2005 were probably due 
to an increased short-term residual wood burning caused by the strong winter storms and 
unusually low atmospheric temperatures.  

The long-term drought in California and many wildfires in the surrounding area led 
to an increasing trend in dust in Rubidoux and LA. The elevated OP-rich emissions in 
December 2017 were observed most likely as the result of the devastating Ventura 
wildfir e and severe storms. 
4ÈÅ ȰÒÅÓÉÄÕÁÌ ÏÉÌȱ ɉ2/Ɋ ÁÎÄ ȰÔÒÁÆÆÉÃȱ ÓÏÕÒÃÅÓ ×ÅÒÅ ÉÄÅÎÔÉÆÉÅÄ ÏÎÌÙ ÉÎ ,!Ȣ 2ÅÓÉÄÕÁÌ ÏÉÌ 

emissions dropped after April 2017 after the implementation of the cleaner on-going 
vessels fuel and electrification of the LA Port Piers for container ships. The major reason 
ÆÏÒ ÌÏ×ÅÒ ȰÔÒÁÆÆÉÃȱ ÅÍÉÓÓÉÏÎÓ ÏÂÓÅÒÖÅÄ ÁÆÔÅÒ ςπρπ ÍÁÙ ÂÅ ÔÈÅ ÉÍÐÌÅÍÅÎÔÁÔÉÏÎ ÏÆ ÔÈÅ :%6 
program and introduction of the Low Carbon Fuel Standard for gasoline and diesel fuels. 
4ÈÅ ȰÇÁÓÏÌÉÎÅȱ ɉ'!3Ɋ ÁÎÄ ȰÄÉÅÓÅÌȱ ÖÅÈÉÃÌÅÓ ×ÅÒÅ ÃÈÁÒÁÃÔÅÒÉÓÔÉÃ ÓÏÕÒÃÅÓ ÏÎÌÙ ÆÏÒ 

Rubidoux. Emissions from both region-specific sources decreased over time. The decline 
ÉÎ ÔÈÅ ȰÄÉÅÓÅÌȱ ÅÍÉÓÓÉÏÎÓ ÂÅÔ×ÅÅÎ ςππχ ÁÎÄ ςπρρ ×ÁÓ ÐÒÏÂÁÂÌÙ ÒÅÌÁÔÅÄ ÔÏ ÔÈÅ 5Ȣ3Ȣ 
economic recession period from late 2007 to in early 2009, while the overall decreasing 
ÔÒÅÎÄ ÉÎ ȰÇÁÓÏÌÉÎÅȱ ÖÅÈÉÃÌÅ ÅÍÉÓÓÉÏÎÓ ÁÆÔÅÒ ςπρχ ×ÁÓ ÌÉÎËÅÄ ÔÏ ÔÈÅ ÉÍÐÌÅÍÅÎÔÁÔÉÏÎ ÏÆ ÔÈÅ 
ultra -low sulfur standard of 10 ppm in 2015. 

The concentrations of PM2.5 decreased over the study period at both sampling sites, 
while not all of the identified source emissions decreased proportionally.    
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INTRODUCTION 
 

The problem of environmental pollution from road transport (passenger and freight 
transport, transport infrastructure, road pavement) is compounded by the fact that the 
number of vehicles and the number of kilometers driven increases every year (OECD, 
2020; EEA, 2020). Road transport is a source of exhaust and non-exhaust emissions of 
particulate matter (PM). Non-exhaust PM emissions include road surface wear, tires, 
brakes and road dust resuspension. This study focused on the analysis of the 
physicochemical properties of road dust and PM10, PM2.5 and PM1  in the air (size, 
concentration, distribution, content of chemical elements), the properties of urban 
aerosol (number, mass and area distribution), and at the same time, the interconnection 
between the detected chemical elements in road dust and individual PM fractions in the 
ÁÉÒ ÉÎ ÏÒÄÅÒ ÔÏ ÒÅÖÅÁÌ ÔÈÅ ÓÏÕÒÃÅÓ ÏÆ 0- ÉÎ ÔÈÅ ¼ÉÌÉÎÁ #ÉÔÙȟ 3ÌÏÖÁËÉÁȢ  

The physicochemical properties of road dust have been analyzed in different studies 
using different approaches, which may introduce differences in the documented chemical 
compositions (Amato et al., 2011; Casotti Rienda et al., 2023; Fussell et al., 2022; Hong et 
al., 2022)Ȣ 4ÈÅ ÃÈÅÍÉÃÁÌ ÐÒÏÆÉÌÅ ÏÆ ÒÏÁÄ ÄÕÓÔ ÆÏÒ ÔÈÅ ÆÒÁÃÔÉÏÎ ÂÅÌÏ× ρπ АÍ ÓÔÒÏÎÇÌÙ ÄÅÐÅÎÄÓ 
on the sources of these particles, but in general, it is composed of different minerals 
containing silicon, aluminum, calcium, titanium, strontium (road wear and crustal 
material), antimony, tin, barium, iron, copper and manganese (brake wear), zinc (tire 
wear) and carbon (elemental and organic) (Harrison et al., 2021; Casotti Rienda et al., 
2023; Jandacka et al., 2021; Alves et al., 2019; Gustafsson, 2018). 

This study provides a comprehensive view of the properties of road dust, airborne 
PM and aerosol (up to the size of nanoparticles), which can contribute to the expansion of 
knowledge in this field (Jandacka et al., 2023). 

 
EXPERIMENTAL SETUP 

 
4ÈÅ ÍÅÁÓÕÒÅÍÅÎÔ ×ÁÓ ÃÁÒÒÉÅÄ ÏÕÔ ÉÎ ÔÈÅ ÃÉÔÙ ÏÆ ¼ÉÌÉÎÁ ÉÎ ÔÈÅ 6ÌéÉÎÃÅ ÈÏÕÓÉÎÇ ÅÓÔÁÔÅȟ 

6ÙÓÏËÏĤËÏÌÜËÏÖ 3ÔÒÅÅÔȟ ÄÕÒÉÎÇ ÔÈÅ ÍÅÁÓÕÒÅÍÅÎÔ ÐÅÒÉÏÄ ω !ÐÒÉÌ ςπρωɀ16 April 2019. 
The measurement of PM was carried out using two measurement methods: the 

accredited reference gravimetric method with 3x Leckel LVS3 devices (STN EN 12341) 
and the optical method with a Fidas 200S device (Fig. 1). 

Spectrometers from TSI SMPS 3080 (scanning mobility particle sizer) and CPC 3772 
(a condensation particle counter) and APS 3321 (an aerodynamic particle sizer) (Fig. 1) 
were used to determine the characteristics of the aerosol in the air in the range of 12 nmɀ
ςπ АÍȢ 

mailto:dusan.jandacka@uniza.sk
mailto:daniela.durcanska@uniza.sk
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In order to determine the size distribution of the road dust, we took test samples of 
the dust directly at the edge of the local road at four sampling sites (RDS1 ɀ RDS4). The 
test to determine the granularity of road dust was carried out with the help of control 
sieves, where the residuals and overflows through these control sieves were evaluated as 
a percentage. 

 

 
Fig. 1: Measurement devices Leckel LVS3ɂ3x and Fidas 200S (left ) and SMPS and 

APS (right ). 
 
Inorganic elements in the collected road dust samples were detected using an ARLΆ 

15!.4ȭ8 %$82& ÓÐÅÃÔÒÏÍÅÔÅÒȢ The elemental chemical analysis of the PM collected from 
the air using the gravimetric method on nitrocellulose filters was performed using mass 
spectrometry with inductively coupled plasma (ICP-MS). 

 
RESULTS AND CONCLUSIONS 

 
The collected road dust samples were subjected to a sieving test to determine the 

grain size line of the road dust, or for the determination of the share of individual size 
fractions according to standard sieves. Overflows through a standard sieve with an 
opening of 2 mm represented the following values from individual sampling points: RDS1 
54.3%, RDS2 39.9%, RDS3 52.6% and RDS4 47.1%. 

The fine fraction of PM2.5 represented an average of 67% of the total fraction of PM10 
during weekdays. On average, PM1 accounted for 51% of the total PM10 fraction during 
weekdays. The PM2.5ɀ10 fraction represented, on average, 33% of the PM10 fraction during 
weekdays. During the weekend, the share of PM2.5 and PM1 fractions increased to values 
of 85% and 60%, respectively, and the share of PM2.5ɀ10 decreased to 15%. 
4ÈÅ ÍÁÓÓ ÃÏÎÃÅÎÔÒÁÔÉÏÎ ɝÍȟ ÓÕÒÆÁÃÅ ɝ3 ÁÎÄ ÎÕÍÂÅÒ ɝ. ÆÏÒ ÔÈÅ ÔÈÒÅÅ ÓÉÚÅ ÇÒÏÕÐÓ ÏÆ 

urban aerosol particles are shown in the following table (Tab. 1). 
 

Tab. 1: Number, surface area and mass of particles of urban aerosol divided into three 
size groups taken at the PMS using SMPS and APS devices. 

0ÁÒÔÉÃÌÅ 3ÉÚÅ )ÎÔÅÒÖÁÌ ɉʈÍɊ 
.ÕÍÂÅÒ ɝ. ɉΠȾÃÍ3) 3ÕÒÆÁÃÅ ɝ3 ɉʈÍ2/cm 3) -ÁÓÓ ɝÍ ɉʈÇȾÍ3) 

Lower Bound Upper Bound 
0.0129 0.104 5820 36 0.5 
0.104 2.46 2510 519 37.9 
2.46 10.4 0.2 7.9 7.1 

 
Chemical analysis using the EDXRF method was performed on road dust samples that 

ÐÁÓÓÅÄ ÔÈÒÏÕÇÈ Á ÃÏÎÔÒÏÌ ÓÉÅÖÅ ×ÉÔÈ Á ÈÏÌÅ ÓÉÚÅ ÏÆ ρςυ ʈÍȢ !ÃÃÏÒÄÉÎÇ ÔÏ ÔÈÅ ÁÎÁÌÙÓÉÓȟ ÔÈÅ 
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chemical elements Ca, Si, Al, Mg, Fe, K, S, Ti, Sr, Mn, Zr, Zn, Cr and Cu were detected in the 
road dust samples (Fig. 2). 

 

 
Fig. 2: Percentage representation of chemical elements in road dust samples from 

sampling sites RDS1ɀRDS4. 
 
Chemical analyses of PM were performed using ICP-MS. Using this method, the 

concentrations of the elements Mg, Al, Si, K, Ca, S, Cr, Cu, Fe, Cd, Sb, Ba, Pb, Ni and Zn in the 
PM fractions were determined. Different representations of elements in the total PM10 
fraction were demonstrated, with some elements being more represented in the fine PM2.5 

fraction and some in the coarse PM2.5ɀ10 fraction. While in the PM2.5ɀ10 fraction, mainly 
chemical elements were represented (>60%), such as Ca 90.9%, Fe 74.8%, Al 82.5%, Si 
79.5%, Mg 82.2%, Cu 67.5%, Cr 65.4% and Ba 80.7%, in the PM2.5 fraction, the 
predominant elements (>60%) were S 92.0%, K 70.5%, Cd 98.1%, Sb 68.3%, Pb 96.6%, 
Ni 63.8% and Zn 86.3% (Fig. 3). 

 

 
Fig. 3: Percentage representation of chemical elements in PM fractions from the 

total PM10 fraction. 
 

From the comparison of the chemical composition of road dust and PM, we observed the 
connection of road dust primarily with the coarse fraction PM2.5ɀ10. It follows from the 
above that resuspended road dust had a significant effect on increased concentrations, 
especially the PM2.5ɀ10 fraction. In the PM2.5ɀ10 fraction, the most important elements were 
calcium, silicon, magnesium and iron (most represented in terms of quantity). Based on 
the established characteristics and connections between the chemical composition of 
road dust and PM and the performed correlation analysis, the possible sources of the 
ÆÏÒÍÁÔÉÏÎ ÏÆ 0- ÉÎ ÔÈÅ ÁÉÒ ×ÅÒÅ ÉÎÔÅÒÐÒÅÔÅÄȡ ÍÁÔÅÒÉÁÌ ÏÆ ÔÈÅ %ÁÒÔÈȭÓ ÃÒÕÓÔ ɉ!Ì, Si, K); brake 
lining wear (Fe, Cu, Ba, Zn, Al, Cr, K); road surface wear (Si, Ca, K, Fe); tire wear (Zn, S, Si); 
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and winter maintenance sprinkler material, winter sprinkler and inert materials (Mg, Ca) 
(Jandacka et al., 2023). 
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+ÌþéÏÖÜ ÓÌÏÖÁȡ 6ÅÌÉËÏÓÔÎþ ÄÉÓÔÒÉÂÕÃÅ ÐÏéÔÕ éÜÓÔÉÃȟ PM1, #ÈÅÍÉÃËï ÓÌÏĿÅÎþ, Identifikace 

ÚÄÒÏÊĳ 
 

SUMMARY 
 

The aim of this work was to determine the submicron aerosol dynamics, chemical 
compositions, and origins at two sites in Prague based on the particle number size 
distribution (PNSD) and chemical composition of 2/12/24h atmospheric aerosol samples 
(PM1) collected in parallel for half-year/ with in two seasons at two urban sites (suburban 
ɀ Suchdol and traffic ɀ 6ÒĤÏÖÉÃÅɊ. Chemical analysis of PM1 for carbon (elemental, 
equivalent black ɀ eBC and organic) by thermo-optical method and for water-soluble 
inorganic ions by IC was performed. For most months, both number and mass median 
concentrations based on the SMPS data differed. Higher eBC concentrations were 
ÍÅÁÓÕÒÅÄ ÉÎ 6ÒĤÏÖÉÃÅ ÈÏ×ÅÖÅÒ Å"# ÃÏÎÃÅÎÔÒÁÔÉÏÎÓ ÓÈÏ×ÅÄ ÇÏÏÄ ÃÏÒÒÅÌÁÔÉÏÎ ɉÒЀπȢψπȟ Ù-
intercept=0) at the two stations. Higher average PM1 at the traffic site in summer and at 
the suburban site in winter, and seasonal differences in ionic PM1 composition reflected 
the seasonality of the local sources. Nevertheless, there were no statistically significant 
differences in PM1 concentration and ionic composition between the sites.  
 

ª6/$ 
 

:ÌÅÐĤÅÎþ ËÖÁÌÉÔÙ ÏÖÚÄÕĤþ ÖÅ ÍñÓÔÅÃÈ ÊÅ ÍÏĿÎï ÚÁ ÐĠÅÄÐÏËÌÁÄÕ ÐÏÃÈÏÐÅÎþ ÚÜËÌÁÄÎþÃÈ 
ÍÅÃÈÁÎÉÓÍĳ ÐĠÅÄÅÖĤþÍ ÐÏËÕÄ ÓÅ ÊÅÄÎÜ Ï ÁÔÍÏÓÆïÒÉÃËĻ ÁÅÒÏÓÏÌ ɉ!!Ɋ a jeho koncentrace, 
ÚÄÒÏÊÅ Á ÐĳÖÏÄ ɉ6ÉÁÎÁ ÅÔ ÁÌȢȟ ςππψɊȢ 0ÒÜÃÅ ÓÅ ÚÁÂĻÖÜ ÓÔÕÄÉÅÍ ÄÙÎÁÍÉËÙȟ ÃÈÅÍÉÃËïÈÏ 
ÓÌÏĿÅÎþ Á ÚÄÒÏÊĳ ÓÕÂÍÉËÒÏÎÏÖïÈÏ ÁÅÒÏÓÏÌÕ ÎÁ ÄÖÏÕ ÍñÓÔÓËĻÃÈ ÓÔÁÎÉÃþÃÈ Ö Praze.  
 

-%4/$9 -Q~%.^ 
 
-ñĠÅÎþ ÖÅÌÉËÏÓÔÎþÃÈ ÄÉÓÔÒÉÂÕÃþ ÐÏéÔÕ éÜÓÔÉÃ Á ÏÄÂñÒ ÖÚÏÒËĳ 0-1 ɉςȾρςȾςτ ÈɊ ÐÒÏÂþÈÁÌÙ 

na ÐÏÚÁìÏÖï ÓÔÁÎÉÃÉ 0ÒÁÈÁ-Suchdol (SUCH) Á ÄÏÐÒÁÖÎþ ÓÔÁÎÉÃÉ 0ÒÁÈÁ-6ÒĤÏÖÉÃÅ (VRS) od 
éÅÒÖÎÁ ÄÏ ÐÒÏÓÉÎÃÅ ςπςπ, respektive v ÒÜÍÃÉ ÉÎÔÅÎÚÉÖÎþ ÏÄÂñÒÏÖï ËÁÍÐÁÎñ ÂñÈÅÍ 
éÅÒÖÅÎÃÅ a srpna ɉÌÅÔÎþɊ Á ÌÉÓÔÏÐÁÄÕ ɉÐÏÄÚÉÍÎþɊ ςπςπȢ 6ÚÏÒËÙ 0-1 ÂÙÌÙ ÁÎÁÌÙÚÏÖÜÎÙ ÎÁ 
ÅÌÅÍÅÎÔÜÒÎþȟ ÅËÖÉÖÁÌÅÎÔÎþ éÅÒÎĻ (eBC) Á ÏÒÇÁÎÉÃËĻ ÕÈÌþË ɉÔÅÐÌÏÔÎñ-ÏÐÔÉÃËÜ ÍÅÔÏÄÁɊ Á ÎÁ 
ÖÅ ÖÏÄñ ÒÏÚÐÕÓÔÎï ÉÏÎÔÙ Á ÃÕËÒÙ ɉ)#ɊȢ 3ÔÁÔÉÓÔÉÃËï Á ÇÒÁÆÉÃËï ÐÒÁÃÏÖÜÎþ ÄÁÔ ÂÙÌÏ ÐÒÏÖÅÄÅÎÏ 
v ÐÒÏÇÒÁÍÅÃÈ 2 Á )ÇÏÒ ψȢ 0ÒÏ ÖĻÐÏéÅÔ ÚÐñÔÎĻÃÈ ÔÒÁÊÅËÔÏÒÉþ ÂÙÌ ÖÙÕĿÉÔ model HYSPLIT. 
K ÚþÓËÜÎþ ÐÒÏÆÉÌĳ ÚÄÒÏÊĳ Á ÊÅÊÉÃÈ ÐĠþÓÐñÖËÕ k ÃÅÌËÏÖïÍÕ ÐÏéÔÕ éÜÓÔÉÃ (N15-500) a PM1 byl 
ÐÏÕĿÉÔ ÍÏÄÅÌ 0ÏÓÉÔÉÖÅ -atrix Factorization (EPA PMF).  
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6¸3,%$+9 ! $)3+53% 
 
0ÒÏ ÏÂÄÏÂþ éÅÒÖÅÎ ÁĿ ÐÒÏÓÉÎÅÃ ςπςπ ÂÙÌ ÚÊÉĤÔñÎ ÍÅÚÉÍñÓþéÎþ ÓÔÁÔÉÓÔÉÃËĻ ÒÏÚÄþÌ 

ÍÅÄÉÜÎĳ ÐÏéÔĳ É ÈÍÏÔÙ éÜÓÔÉÃ ÍñĠÅÎĻÃÈ 3-03 pÒÏ ÏÂñ staniceȢ -ÅÚÉÍñÓþéÎþ ÒÏÚÄþÌ 
ÍÅÄÉÜÎĳ ËÏÎÃÅÎÔÒÁÃþ Å"# ÂÙÌÙ ÔÁËï ÓÔÁÔÉÓÔÉÃËÙ ÖĻÚÎÁÍÎĻ ɉÖÙĤĤþ ËÏÎÃÅÎÔÒÁÃÅ ÎÁÍñĠÅÎÙ 
ÎÁ ÓÔÁÎÉÃÉ 623Ɋ ÎÉÃÍïÎñ ËÏÎÃÅÎÔÒÁÃÅ Å"# ÖÙËÁÚÏÖÁÌÙ ÄÏÂÒÏÕ ËÏÒÅÌÁÃÉ ɉ/ÂÒȢ ρɊȢ 

 

 
 

/ÂÒȢ ρȡ 6ÚÔÁÈ ËÏÎÃÅÎÔÒÁÃþ Å"# Ö PM1 ÍÅÚÉ ÓÔÁÎÉÃÅÍÉ 3ÕÃÈÄÏÌ Á 6ÒĤÏÖÉÃÅȢ 
 

6ĻÓÌÅÄËÅÍ ÒÅÃÅÐÔÏÒÏÖïÈÏ ÍÏÄÅÌÏÖÜÎþ ÖÅÌÉËÏÓÔÎþÃÈ ÄÉÓÔÒÉÂÕÃþ ÐÏéÔÕ ÁÅÒÏÓÏÌÏÖĻÃÈ 
éÜÓÔÉÃ ÚÁ ÓÌÅÄÏÖÁÎï ÏÂÄÏÂþ ÂÙÌÏ ĤÅÓÔ ÆÁËÔÏÒĳȢ *ÅÄÎÁÌÏ ÓÅ Ï éÜÓÔÉÃÅ ÎÕËÌÅÁéÎþÈÏ ÍÏÄÕ (15 
nm), Aitkenova modu (SUCH ɀ 33 a 57 nm, VRS ɀ σπ Á υρ ÎÍɊȟ ÄÏÌÎþho ÁËÕÍÕÌÁéÎþho 
modu (SUCH ɀ 136 nm, VRS ɀ ρπω ÎÍɊ Á ÈÏÒÎþho ÁËÕÍÕÌÁéÎþho modu (SUCH ɀ 260 a 461 
nm, VRS ɀ 233 a 461 nm). 
"ñÈÅÍ ÌÅÔÎþ Á ÐÏÄÚÉÍÎþ ÉÎÔÅÎÚÉÖÎþ ÏÄÂñÒÏÖï ËÁÍÐÁÎñ ÂÙÌÙ ÐÒĳÍñÒÎï 0-1 

koncentrace v Suchdole ςυȟωϻψȟω ʈÇȢÍ-3 Á ςωȟςϻχȟπ ʈÇȢÍ-3, ÖÅ 6ÒĤÏÖÉÃþÃÈ ςψȟτϻφȟψ ʈÇȢÍ-3 
Á ςςȟρϻφȟψ ʈÇȢÍ-3. "ÙÌÙ ÎÁÍñĠÅÎÙ ÖÙĤĤþ ÐÒĳÍñÒÎï ËÏÎÃÅÎÔÒÁÃÅ 0-1 na stanici VRS Ö ÚÉÍñ 
Á ÖÙĤĤþ ÐÒĳÍñÒÎï ËÏÎÃÅÎÔÒÁÃÅ 0-1 na stanici SUCH v ÌïÔñȢ 0ĠÅËÖÁÐÉÖñ ÎÅÂÙÌ ÚÊÉĤÔñÎ 
ÓÔÁÔÉÓÔÉÃËÙ ÖĻÚÎÁÍÎĻ ÒÏÚÄþÌ ÍÅÚÉ 0-1 Á ÖÅ ÖÏÄñ ÒÏÚÐÕÓÔÎĻÍÉ ionty a cukry s ohledem na 
lokalitu. 
 

:<6Q29 
 

!ékoli  ÂÙÌÙ ÂñÈÅÍ ÓÌÅÄÏÖÁÎïÈÏ ÏÂÄÏÂþ ÚÊÉĤÔñÎÙ ÓÔÁÔÉÓÔÉÃËï ÒÏÚÄþÌÙ u ÎñËÔÅÒĻÃÈ 
ÍñĠÅÎĻÃÈ ÐÒÏÍñÎÎĻÃÈȟ ÎÅÂÙÌÙ ÔÙÔÏ ÒÏÚÄþÌÙ ÔÁË ÖĻÒÁÚÎïȟ ÊÁË ÊÓÍÅ ÏéÅËÜÖÁÌi vzhledem 
k ÚÄÜÎÌÉÖñ ÒÏÚÄþÌÎï charakteristice stanic. $ĳÖÏÄÅÍ ÂÙÌÏ velmi ÄÏÂÒï ÐÒÏÍþÃÈÜÎþ AA 
v ÒÜÍÃÉ ÃÅÌïÈÏ ĭÚÅÍþ 0ÒÁÈÙȟ Á É ÐĠÅÓ ÒÏÚÄþÌÎÏÕ ËÌÁÓÉÆÉËÁÃÉ ÐÏÄÏÂÎÏÓÔ ÓÔÁÎÉÃ ÖÅ ÓÍÙÓÌÕ 
ÚÄÒÏÊĳ AA. 
 

0/$Q+/6<.^ 
 

3ÔÕÄÉÅ ÂÙÌÁ ÐÏÄÐÏĠÅÎÁ -£-4 v ÒÜÍÃÉ grantu LTAUSA19006, ACTRIS-CZ LM2023030 
a projektu ACTRIS IMP H2020-INFRADEV-2019-2), Grant éȢȡ 871115. 
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Jan HOVORKA1ȟ $ÏÍÉÎÉË £-/+1ȟ 0ÁÖÅÌ 0!I%31, Sandra Katharina PIER2, 

4ÈÏÍÁÓ '2v'%23, Helena OSTERHOLZ4 

 
1,ÁÂÏÒÁÔÏĠ ÐÒÏ ÓÔÕÄÉÕÍ ËÖÁÌÉÔÙ ÏÖÚÄÕĤþȟ ªÓÔÁÖ ÐÒÏ ĿÉÖÏÔÎþ ÐÒÏÓÔĠÅÄþȟ 
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3(ÅÌÍÈÏÌÔÚ :ÅÎÔÒÕÍ -İÎÃÈÅÎȟ .ÅÕÈÅÒÂÅÒÇȟ .ñÍÅÃËÏ 

4Leibniz-)ÎÓÔÉÔÕÔÅ ÆÏÒ "ÁÌÔÉÃ 3ÅÁ 2ÅÓÅÁÒÃÈ 7ÁÒÎÅÍİÎÄÅ ɉ)/7Ɋȟ 2ÏÓÔÏÃËȟ .ñÍÅÃËÏ 
 

+ÌþéÏÖÜ ÓÌÏÖÁȡ ,ÏÄÎþ ÄÉÅÓÅÌȟ -ÏĠÅȟ !ÅÒÏÓÏÌȟ 3ÔÜÒÎÕÔþ ÁÅÒÏÓÏÌÕ  
 

SUMMARY 
 

Aerosol particle size distributions (PSDs) were determined in ship plumes from 
diesel engines equipped/not equipped with scrubber, running on marine diesel, marine 
gas oil or LNG. The PSDs were determined downwind of chased ships at heights/distances 
70/75 0-830 m or 25/60 m by an airship while at 1.5/100-600 m on board of working 
boat. At heights of 70 m, there were PSDs monomodal, with CMD at 120 nm for scrubbed 
emissions, and at about 60-70 nm with a small shoulder at 20 nm for engines not equipped 
with scrubber regardless fuel type. In contrast, measurments by boat close to the sea level, 
there were PSDs monomodal with CMD at 23 nm for engines not equipped with scrubber, 
running on marine diesel; total particle number concentrations for size range 5-5000 nm 
reached 106 cm-3, one and half order of magnitude higher than at the height of 70 m. 
Interestingly, boat measurements revealed fast decrease of nanoparticle concentrations 
in a plume when increasing the distance between the boat and chased ships. The decrease 
was 3-4 times faster than appropriate plume dilution  traced by CO2. Self-coagulation or 
coagulation of nanoparticles on accumulation mode sea aerosol were too slow to explain 
such a fast decrease. Therefore, a plausible explanation could be that nanoparticles were 
scavenged and fast deposited to sea level with sea water mist, generated by the ship 
propellers. The suggested mechanism would explain low counts of nanoparticles at higher 
heights and also predict nanoparticle limited dispersal from the ships with large 
environmental consequences.  

 
ª6/$ 

 
,ÏÄÎþ ÐĠÅÐÒÁÖÁ ÐÁÔĠþ ÇÌÏÂÜÌÎñ ÍÅÚÉ ÎÅÊÖĻÚÎÁÍñÊĤþ ÁÎÔÒÏÐÏÇÅÎÎþ ÚÄÒÏÊÅ ÁÅÒÏÓÏÌÏÖĻÃÈ 
éÜÓÔÉÃȢ +ÏÌÅÍ 15% ÓÖñÔÏÖï ÌÏÄÎþ ÐĠÅÐÒÁÖÙ ÐÒÏÂþÈÜ Ö "ÁÌÔÓËïÍ ÍÏĠÉ Eyring a spol. 
(2005). +ÖÁÌÉÆÉËÏÖÁÎĻ ÏÄÈÁÄ ÄÉÓÐÅÒÚÅ éÜÓÔÉÃ ÐÒÉÍÜÒÎþÈÏ ÁÅÒÏÓÏÌÕ Ú ÌÏÄÎþÃÈ ÅÍÉÓþ 
ÖÙĿÁÄÕÊÅ ÐÏÄÒÏÂÎÏÕ ÚÎÁÌÏÓÔ ÐÒÏÃÅÓĳ Á ÖĻÓÌÅÄËĳ ĠÅÄñÎþ ÅÍÉÓþ Á ÊÅÊÉÃÈ ÍþÓÅÎþ Ó ÍÏĠÓËĻÍ 
ÁÅÒÏÓÏÌÅÍȟ ÎÅÂÏÌÉ ËÒÜÔËÏÄÏÂï ÓÔÜÒÎÕÔþ ÁÅÒÏÓÏÌÕ Ö ÏÂÌÁËÕ ÌÏÄÎþÃÈ ÅÍÉÓþȢ  
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-%4/$9 -Q~%.^ 
 

-ñĠÅÎþ ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃ Ö ÌÏÄÎþÃÈ ÅÍÉÓþÃÈ ÐÒÏÂñÈÌÁ Ö ÏÂÄÏÂþ ÏÄ σπȢ ÂĠÅÚÎÁ ÄÏ ρςȢ 
ÄÕÂÎÁ ςπςσ ÂÌþÚËÏ +ÁÄÅÔÒÉÎÎÅÒȟ ÖĻÚÎÁÍÎï ÔÒÁÓÙ ÌÏÄþ Ö "ÁÌÔÓËïÍ ÍÏĠÉȢ + ÍñĠÅÎþ ÂÙÌÁ 
ÖÙÕĿÉÔÁ ÔïÍñĠ ÉÄÅÎÔÉÃËÜ ÉÎÓÔÒÕÍÅÎÔÁÃÅ ɉ4ÁÂȢρɊ ÕÍþÓÔñÎÜ ÎÁ ÄÜÌËÏÖñ ĠþÚÅÎï ÖÚÄÕÃÈÏÌÏÄÉ 
Leoni a spol. (2016) Á ÎÁÆÕËÏÖÁÃþÍ éÌÕÎÕȢ ,ÅÔÅÃËÜ ÍñĠÅÎþ ÐÒÏÂþÈÁÌÁ ÖÅ ÖĻĤÃÅ ςυȾχπÍ ÎÁÄ 
ÈÌÁÄÉÎÏÕ ÏÃÅÜÎÕ ÖÅ ÖÚÄÜÌÅÎÏÓÔÉ ÍÅÚÉ φπȾχυπ-ψσπ Í ÏÄ ÓÌÅÄÏÖÁÎĻÃÈ ÌÏÄþȢ 0ĠÉ ÍñĠÅÎþ Ó 
ÎÁÆÕËÏÖÁÃþÍ éÌÕÎÅÍ ÂÙÌÙ ÖÚÏÒËÏÖÁÃþ ÈÌÁÖÉÃÅ ÓÔÁÂÉÌÎñ ÖÅ ÖĻĤÃÅ ÚÈÒÕÂÁ ρȟυ Í ÎÁÄ ÈÌÁÄÉÎÏÕ 
a ve ÖÚÄÜÌÅÎÏÓÔÉ 100-600 m ÏÄ ÓÌÅÄÏÖÁÎĻÃÈ ÌÏÄþȢ 4Ù ÂÙÌÙ ÐÏÈÜÎñÎÙ ÄÉÅÓÅÌÏÖĻÍÉ ÍÏÔÏÒÙ 
ÓÐÁÌÕÊþÃþ -ÁÒÉÎÅ ÄÉÅÓÅÌ ɉ-$Ɋȟ -ÁÒÉÎÅ ÇÁÓ ÏÉÌ ɉ-'/Ɋ ÎÅÂÏ ,.'Ȣ 0ÏÕÚÅ ÊÅÄÎÁ ÓÌÅÄÏÖÁÎÜ ÌÏì 
ÂÙÌÁ ÖÙÂÁÖÅÎÁ ÓÃÒÕÂÒÅÍ ÅÍÉÓþȢ 

 
Tab. 1: )ÎÓÔÒÕÍÅÎÔÁÃÅ ÍñĠÅÎþ ÎÁ ÖÚÄÕÃÈÏÌÏÄÉ Á ÎÁ éÌÕÎÕȢ )ÎÓÔÒÕÍÅÎÔÁÃÅ ÏÚÎÁéÅÎÜ ɕ ÂÙÌÁ 
ÖÙÕĿÉÔÁ ÐÏÕÚÅ ÎÁ éÌÕÎÕ. 
Parameter  Instrument  IntÅÇÒÁéÎþ ÄÏÂÁ 

5 - 320 nm mSEMS 9403 + mCPC 9404 (Brechtel)  60-sec 
300 ɀ 5000 nm OPS 3300 (TSI)  1-sec 

*523 ɀ 5000 nm APS 3321 (TSI)  1-sec 
*PNC, 20 - 1000 nm  P-Trak 8525 (TSI) 1-sec 
CO2, GPS  IR monitor, GPS  1-sec 

0.# Ѐ #ÅÌËÏÖĻ ÐÏéÅÔ éÜÓÔÉÃ ÄÁÎï ÖÅÌÉËÏÓÔÉ 
 

V¸3,%$+9 ! $)3+53% 
 

 0ĠÉ ÌÅÔÏÖĻÃÈ ÍñĠÅÎþȟ ÖÅ ÖÙÂÒÁÎĻÃÈ ÌÅÔÏÖĻÃÈ ÈÌÁÄÉÎÜÃÈ Á ÖÚÄÜÌÅÎÏÓÔÅÃÈ ÏÄ ÌÏÄþȟ ÓÅ 
ÍÅÄÉÜÎ ÖÅÌÉËÏÓÔÎþÃÈ ÄÉÓÔÒÉÂÕÃþ ÐÏéÔÕ ɉ#-$Ɋ ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃ ÐÏÈÙÂÏÖÁÌ ÏÂÖÙËÌÅ 
ËÏÌÅÍ φυ ÎÍ ÂÅÚ ÏÈÌÅÄÕ ÎÁ ÐÁÌÉÖÏ ɉ/ÂÒȢρȟ ÖÌÅÖÏ Á ÕÐÒÏÓÔĠÅÄɊ ÁÌÅ Ö ÐĠþÐÁÄñ ÌÏÄñ ÖÙÂÁÖÅÎï 
scruberem kolem 120 nm (Obr.1, vpravo). 

 
Obr. 1: $ÙÎÁÍÉËÁ ÖÅÌÉËÏÓÔÎþÃÈ ÄÉÓÔÒÉÂÕÃþ ÐÏéÔÕ ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃ ÖĻĤÃÅ ςυ Í ÐÒÏ ÌÏì Ó 
ÍÏÔÏÒÅÍ ÎÁ -'/ ɉÖÌÅÖÏɊȟ Á ÖÅ ÖĻĤÃÅ χπ Í Ó ÍÏÔÏÒÅÍ ÎÁ -$ ɉÕÐÒÏÓÔĠÅÄɊ ÎÅÂÏ ÎÁ -$ 
ÖÙÂÁÖÅÎĻ ÓÃÒÕÂÅÒÅÍ ɉÖÐÒÁÖÏɊ. 

 
0Ï ÏÄÅéÔÅÎþ ÐÏÚÁÄþ ÂÙÌÙ ÄÉÓÔÒÉÂÕÃÅ ÐÏéÔÕ ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃ Ö ÅÍÉÓþÃÈ Ú ÌÏÄþ ÂÅÚ 

ÓÃÒÕÂÅÒÕ ÂÉÍÏÄÜÌÎþȟ Ó ÈÌÁÖÎþÍ ÍÏÄÅÍ ËÏÌÅÍ φυ ÎÍ Á ÖÅÄÌÅÊĤþÍ ËÏÌÅÍ ςπ-30 nm (Obr. 2, 
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ËĠÉÖËÙ ρȢȟ ςȟ σɊȢ .ÁÏÐÁËȟ ÅÍÉÓÅ Ú ÌÏÄþ ÓÅ ÓÃÒÕÂÅÒÅÍ ÂÙÌÙ ÖĻÒÁÚÎñ ÍÏÎÏÍÏÄÜÌÎþȟ #-$ ËÏÌÅÍ 
ρςπ ÎÍ ɉ/ÂÒȢςȢȟ ËĠÉÖËÁ τɊȢ 

 
Obr. 2: 6ÅÌÉËÏÓÔÎþ ÄÉÓÔÒÉÂÕÃÅ ÐÏéÔÕ ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃ ËÏÒÉÇÏÖÁÎï ÎÁ ÐÏÚÁÄþ ÐÒÏ ÌÏÄñ 
bez ÓÃÒÕÂÅÒÕ ɉËĠÉÖËÙ ρȢȟ ς Á σɊ Á ÖÙÂÁÖÅÎï ÓÃÒÕÂÅÒÅÍ ɉËĠÉÖËÁ τȢɊ. 

 
 0ĠÉ ÍñĠÅÎþ Ö éÌÕÎÕ ÐĠÉ ÈÌÁÄÉÎñ ÍÏĠÅȟ ÂÙÌÙ ÄÉÓÔÒÉÂÕÃÅ ÖĻÒÁÚÎñ ÍÏÎÏÍÏÄÜÌÎþ Ó #-$ 
ËÏÌÅÍ ςσ ÎÍȟ ËÔÅÒĻ ÓÅ Ö ÐÏÄÓÔÁÔñ ÎÅÍñÎÉÌ Ö éÁÓÅ Ó ÒÏÓÔÏÕÃþ ÖÚÄÜÌÅÎÏÓÔþ ÍÅÚÉ éÌÕÎÅÍ Á ÌÏÄþ 
(Obr.3). 

 

 
Obr. 3ȡ $ÙÎÁÍÉËÁ ÖÅÌÉËÏÓÔÎþÃÈ ÄÉÓÔÒÉÂÕÃþ ÐÏéÔÕ ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃ ÖÅ ÖÚÄÜÌÅÎÏÓÔÅÃÈ 
120-600 m, nebo 100-330 m v éÁÓÅÃÈ ÏÄ ψȡυυ ÎÅÂÏ ωȡρφ ÐĠÉ ÈÌÁÄÉÎñ ÍÏĠÅ pro loÄñ s 
motorem na M$ ÎÅÖÙÂÁÖÅÎï ÓÃÒÕÂÅÒÅÍȢ 

 
0Ï ÏÄÅéÔÅÎþ ÐÏÚÁÄþ ÂÙÌÙ ÄÉÓÔÒÉÂÕÃÅ ÐÏéÔÕ ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃ Ö ÅÍÉÓþÃÈ Ú ÌÏÄþ ÐĠÉ 

ÍÏĠÓËï ÈÌÁÄÉÎñ ÂÅÚ ÓÃÒÕÂÅÒÕ ÖĻÒÁÚÎñ ÍÏÎÏÍÏÄÜÌÎþȟ #-$ kolem 23 nm (Obr.4. vlevo). 
.ÁÍñĠÅÎï ÃÈÁÒÁËÔÅÒÉÓÔÉËÙ ÖÅÌÉËÏÓÔÎþÃÈ ÄÉÓÔÒÉÂÕÃþ ÏÂÅÃÎñ ÏÄÐÏÖþÄÁÊþ ÔÅÒïÎÎþÍ ÍñĠÅÎþÍ 
Petzolt a kol. ɉςππψɊ É ÇÌÏÂÜÌÎþÍ ÍÏÄÅÌÏÖĻÍ ĠÅĤÅÎþÍ -ÏÒÅÎÏ- Gutierrez and Duran-
Grados ɉςπςρɊȢ :ÊÉĤÔñÎþȟ ËÔÅÒï ÎÁÏÐÁË ÄÏÐÌĐÕÊÅ ÏÂñ ÕÖÅÄÅÎï ÓÔÕÄÉÅ Á ÖÙĿÁÄÕÊÅ ÖÙÓÖñÔÌÅÎþȟ 
ÊÅ ÔïÍñĠ σ ËÒÜÔ ÒÙÃÈÌÅÊĤþ ÐÏËÌÅÓ ËÏÎÃÅÎÔÒÁÃþ éÜÓÔÉÃ #-$ ςσ ÎÍȟ ÎÅĿ ÂÙ ÏÄÐÏÖþÄÁÌÏ ĠÅÄñÎþ 
oblaku sÐÁÌÉÎ ÓÌÅÄÏÖÁÎï ËÏÎÃÅÎÔÒÁÃþ #/2ȟ ɉ/ÂÒȢτȢ ÖÐÒÁÖÏɊȢ +ÏÁÇÕÌÁÃÅ ÔñÃÈÔÏ ÎÁÎÏéÜÓÔÉÃ 
sama se sebou nebo nebo s éÜÓÔÉÃÅÍÉ ÍÏĠÓËïÈÏ ÁÅÒÏÓÏÌÕ ÊÅ ÔÏÔÉĿ ÐĠþÌÉĤ ÐÏÍÁÌÜȢ .ÁÏÐÁËȟ 
ËÏÁÇÕÌÁÃÅȾÚÜÃÈÙÔ ÔñÃÈÔÏ ÎÁÎÏéÜÓÔÉÃ ÎÁ ÍÉËÒÏËÁÐÉéËÙ ÍÏĠÓËï ÖÏÄÙ Ï ÖÅÌÉËÏÓÔÉ υπ-300 mm, 

1

1 

2 

3 4 
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ËÔÅÒï ÖÚÎÉËÁÊþ ÒÏÔÁÃþ ÖÒÔÕÌþ ÓÌÅÄÏÖÁÎï ÌÏÄÉȟ Ó ÎÜÓÌÅÄÎÏÕ ÒÙÃÈÌÏÕ ÄÅÐÏÚÉÃþ ÎÁÎÏéÜÓÔÉÃ ÎÁ 
ÍÏĠÓËÏÕ ÈÌÁÄÉÎÕ ÂÙ ÍÏÈÌ ÖÙÓÖñÔÌÉÔ ÊÅÊÉÃÈ ÍÁÌĻ ÐÏéÅÔ ÖÅ ÖñÔĤþÃÈ ÖĻĤËÜÃÈȢ 5ÖÁĿÏÖÜÎþ 
ÔÁËÏÖïÈÏ ÍÅÃÈÁÎÉÓÍÕÓ ÚÜÃÈÙÔÕ ÐÒÉÍÜÒÎþÃÈ ÎÁÎÏéÜÓÔÉÃ ÚÜÈÙ ÐÏ ÊÅÊÉÃÈ ÅÍÉÓÉ ÄÏ ÖÏÌÎïÈÏ 
ovzÄÕĤþ ÂÙ ÖÅÄÌ ËÅ ÚÐĠÅÓÎñÎþ ÍÏÄÅÌÏÖĻÃÈ ĠÅĤÅÎþ ÊÅÊÉÃÈ ÄÉÓÐÅÒÚÅ Á ÌÏËÁÌÉÚÁÃÉ ÄÅÐÏÚÉÃÅ ÎÁ 
ÍÏĠÓËÏÕ ÈÌÁÄÉÎÕȢ 
 

   
Obr. 4: 6ÅÌÉËÏÓÔÎþ ÄÉÓÔÒÉÂÕÃÅ ÐÏéÔÕ ÁÅÒÏÓÏÌÏÖĻÃÈ éÜÓÔÉÃ ËÏÒÉÇÏÖÁÎï ÎÁ ÐÏÚÁÄþ ÐĠÉ ÍÏĠÓËï 
ÈÌÁÄÉÎñ ÐÒÏ ÌÏÄñ ÂÅÚ ÓÃÒÕÂÅÒÕ ɉÖÌÅÖÏɊ ÖÅ ÖÚÄÜÌÅÎÏÓÔÉ σσπ Í ɉéÅÒÖÅÎÜ ËĠÉÖËÁɊ Á φππ Í 
ɉÚÅÌÅÎÜ ËĠÉÖËÁɊ Á ÐÏËÌÅÓ ÎÏÒÍÁÌÉÚÏÖÁÎĻÃÈ ÈÏÄÎÏÔ ÐÏéÔÕ éÜÓÔÉÃ #-$ ςσ ÎÍ Á #/2. 
 

 
0/$Q+/6<.^ 

 

!ÕÔÏĠÉ ÐÒÜÃÅ ÄñËÕÊþ ÚÁ ÐÏÄÐÏÒÕ ÇÒÁÎÔÕ '! I2 22-03426L ȵ %ÍÉÓÅ ÄÏ ÁÔÍÏÓÆïÒÙ Ú 
ÌÏÄÎþ ÄÏÐÒÁÖÙȡ #ÈÁÒÁËÔÅÒÉÚÁÃÅȟ ÓÌÅÄÏÖÜÎþ Á ÄÏÐÁÄ ÎÁ ËÖÁÌÉÔÕ ÍÏĠÓËï ÖÏÄÙ. 
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INTRODUCTION 

 
Nuclear analytical techniques still play an important role in elemental 

characterization of aerosol samples of different origin. It includes atmospheric aerosols, 
combustion aerosols, dust deposits as well as artificially prepared aerosols samples.   
Especially combination of different methods mainly as PIXE (Particle induced X-ray 
emission),  PIGE (Particle induced gamma-ray emission), RBS (Rutherford backscattering 
spectrometry), PESA (Proton elastic scattering analysis) or NAA (Neutron activation 
analysis) can provide rather comprehensive information about sample elemental 
composition covering almost entire information of its main and trace elemental content. 
If special sampling conditions are used (stretch teflon filters, thin backing foils, atc.), they 
can also provide information about carbon, nitrogen, oxygen and hydrogen concentration. 
When using focused ion beam (High energy ion microbeam) also an elemental 
composition of individual aerosol particles can be determined. 

 
%80%2)-%.4!, %15)0-%.4 ). .0) ~%¼ 

 
.Ï× ×Å ÈÁÖÅ ÍÏÒÅ ÔÈÁÎ ÔÈÉÒÔÙ ÙÅÁÒÓȭ ÅØÐÅÒÉÅÎÃÅ ÉÎ ÕÓÉÎÇ ÎÕÃÌÅÁÒ ÁÎÁÌÙÔÉÃÁÌ 

techniques in aerosol research in our institute. First we started on 5MV Van de Graff 
accelerator and continued on a new 3MV TANDETRON 4130 MC accelerator since 2005. 
The analysis of aerosol samples on new Tandetron accelerator can be now performed at 
two experimental lines. In the multipurpose chamber for simultaneous analysis by the 
PIXE, RBS, PIGE and PESA methods and on the ion microbeam with the beam resolution 
ÏÆ ÁÂÏÕÔ ρАÍ ÁÎÄ lateral scan 1 x 1 mm.  

In our contribution we will deal with the basic principles and utilization of ion beam 
analysis of different kinds of aerosol samples. The examples of analysis of samples from 
different sampling devices and evaluation of data will be presented. Some comments on 
the evaluation of uncertainty budget originated from sampling, spectra evaluation, 
calibration of used experimental techniques and statistical evaluation of data on obtained 
elemental concentrations will be discussed. This is of great importance in the further 
processing of determined raw elemental data. Especially when they are used for 
extraction of elemental mass size distribution or in use for multivariate techniques as 
PCA, PMF or Monte Carlo PCA.  

In some cases, the homogenity of aerosol deposit on filters or the lateral distribution 
of elements on cascade impactor samples are important and ion beam techniques are a 
nice tool to evaluate them. 
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 &ÉÇȢ ρȡ 3ÁÍÐÌÅ ÈÏÌÄÅÒ ÉÎ ÔÈÅ ÍÉÃÒÏÂÅÁÍ ÔÁÒÇÅÔ ÃÈÁÍÂÅÒ ×ÉÔÈ ÐÒÅÃÉÓÅ АÍ ÆÕÌÌ ÁÄÊÕÓÔÍÅÎÔ 
in X, Y, Z directions and full 360 deg. rotation. 
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INTRODUCTION 

 

Institute of Geophysics of the Polish Academy of Sciences has operated a 
ÇÅÏÐÈÙÓÉÃÁÌ ÏÂÓÅÒÖÁÔÏÒÙ ÉÎ 2ÁÃÉÂĕÒÚ ɉ2ÁÔÉÂÏĠɊ ÓÉÎÃÅ ρωςωȢ 7ÈÉÌÅ ÔÈÅ ÓÔÁÔÉÏÎ ×ÁÓ 
established as a seismic observatory and operated as such for almost a century, its focus 
has strongly shifted towards atmospheric observations in recent years with the 
installation of remote aerosol detectors and a weather station in 2015. Furthermore, a 
wide range of in-situ aerosol instruments were installed earlier this year in a designated 
measurement container positioned at the station. 

 
REGIONAL CONTEXT 

 

The vicinity of the station is interesting for pollution studies as the region 
demonstrates an industrial-urban aerosol mixture with episodes of very high near-
ÇÒÏÕÎÄ ÃÏÎÃÅÎÔÒÁÔÉÏÎÓȢ 2ÁÃÉÂĕÒÚ ÉÓ ÓÉÔÕÁÔÅÄ ÎÅÁÒ /ÄÒÁ ÒÉÖÅÒȭÓ ÂÒÅÁË ÔÈÒÏÕÇÈ ÔÈÅ 
mountains from Czechia to Poland (the so called Moravian Gate) that results in strong 
pollution advection between the two countries. 

 

&ÉÇȢ ρȡ ,ÏÃÁÌÉÚÁÔÉÏÎ ÏÆ ÔÈÅ 2ÁÃÉÂĕÒÚ ɉ2ÁÔÉÂÏĠɊ ÓÔÁÔÉÏÎ ÉÎ ÃÌÏÓÅ ÐÒÏØÉÍÉÔÙ ÔÏ ÂÏÔÈ +ÁÔÏÖÉÃÅ 
and Ostrava industrial regions. 
 

 STATION SETUP 

 

The current instrumentation setup includes a sub-micrometre scanning mobility 
particle sizer (TSI 3082 SMPS) that measures number concentration of aerosol particles 
with Stokes diameters in 10-800 nm range, an aerosol particle size spectrometer TSI 3321 

mailto:aszkop@igf.edu.pl
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APS capable of measuring coarse fraction with aerodynamic diameters from 
approximately 500 nm ÕÐ ÔÏ ρπ ʈÍȟ %ÃÏÔÅÃÈ !ÕÒÏÒÁ τπππ polar integrating nephelometer 
ÍÅÁÓÕÒÉÎÇ ÌÉÇÈÔȭÓ ÓÉÄÅ ÓÃÁÔÔÅÒÉÎÇ ÁÔ ÔÈÒÅÅ ×ÁÖÅÌÅÎÇÔÈÓ ÁÔ ÄÉÆÆÅÒÅÎÔ ÁÎÇÕÌÁÒ ÓÅÃÔÏÒÓȟ ÁÎÄ 
Magee AE33 aethalometer for optical measurements of absorption on aerosols. All 
instruments have ACTRIS compliant sampling and drying setups and are placed in a 
measurement container. These new instruments are an addition to the already 
continuously operating Cimel sunphotometer (federated in AERONET) with moon 
ÃÁÐÁÂÉÌÉÔÉÅÓ ÁÎÄ Á #(-ρυË Ȱ.ÉÍÂÕÓȱ ÃÅÉÌÏÍÅÔÅÒȢ &ÉÎÁÌÌÙȟ ÔÈÅÒÅ ÉÓ Á ÓÅÔ ÏÆ ÔÒÁÃÅ ÇÁÓ 
analysers (NOx, O3 and SO2) maintained on the station. 

 
CHALLENGES 

¶ High pollution environment 

High aerosol concentrations, predominantly observed during the winter season, 
necessitate increased frequency of equipment maintenance, including filter exchange, and 
manual cleaning of the sampling components. We have also identified a problem with the 
liÆÅÓÐÁÎ ÏÆ .ÁÆÉÏÎ ÍÅÍÂÒÁÎÅÓ ÉÎ ÏÕÒ ÄÒÙÉÎÇ ÓÏÌÕÔÉÏÎÓȢ 4ÈÅ -ÁÇÅÅȭÓ ȬÓÁÍÐÌÅ ÓÔÒÅÁÍ ÄÒÙÅÒȭ 
became clogged after less than two years of operation, and is currently capable of 
ÌÏ×ÅÒÉÎÇ ÏÆ ÔÈÅ ÄÅ× ÐÏÉÎÔ ÔÅÍÐÅÒÁÔÕÒÅ ɉ$04Ɋ ÂÙ ÎÏ ÍÏÒÅ ÔÈÁÎ φЈ#ȟ ÃÏÍÐÁÒÅÄ ÔÏ ÔÈÅ 
manufaÃÔÕÒÅÒȭÓ ÃÌÁÉÍ ÏÆ ÎÏ ÌÅÓÓ ÔÈÁÎ ρτЈ#Ȣ 

¶ Extreme DPT episodes 

$ÕÒÉÎÇ ÔÈÅ ÉÎÓÔÒÕÍÅÎÔÁÔÉÏÎȭÓ ÔÅÓÔ ÒÕÎ ÔÈÒÏÕÇÈ ÔÈÅ ÓÕÍÍÅÒ ÓÅÁÓÏÎȟ ×Å ÅÎÃÏÕÎÔÅÒÅÄ Á 
few instances during heat waves where both temperatures and relative humilities were 
uncharacteristically high. The result was that even almost brand new 90 cm long Nafion 
membranes operating at 5 lpm flows struggled to maintain sub 40% RH values (the 
highest value registered topped at 40.6%). For context, the calculated DPT values exceed 
ςσЈ# ÏÎ Á ÆÅ× ÏÃÃÁÓÉÏÎÓȢ  

FUTURE PLANS 

 

In the very near future, the station will undergo ACTRIS labelling process of the 
aerosol in-situ component. Even after initial acceptance a two-year test period of 
continuous quality assured data delivery is required before the station can achieve full 
ACTRIS component status. 

Further plans include the installation of a multi-wavelength LIDAR system with 
Raman and depolarization channels that, together with the on-site photometer, will 
constitute ACTRIS compliant aerosol remote sensing component. Concurrently, the in-situ 
component will be complemented with filter based aerosol sampler that will enable 
ÃÈÅÍÉÃÁÌ ÁÎÁÌÙÓÉÓ ÉÎ ÏÕÒ !#42)3 ÐÁÒÔÎÅÒȭÓ ɉ)0)¡ 0!. ÉÎ :ÁÂÒÚÅɊ ÃÈÅÍÉÃÁÌ ÌÁÂÏÒÁÔÏÒÙȢ 
Moreover, we are currently investigating special representativeness of such a multi-
component station. A series of field experiments with mobile in-situ and remote detectors 
will ÂÅ ÐÅÒÆÏÒÍÅÄ ÉÎ ÔÈÅ ÖÉÃÉÎÉÔÙ ɉς ÓÉÔÅÓ ÁÔ ͯρπËÍ Á×ÁÙ ×ÉÔÈ ÔÈÅ 2ÁÃÉÂĕÒÚ ÓÔÁÔÉÏÎ ÓÅÒÖÉÎÇ 
ÁÓ Á ȬÓÕÐÅÒÓÉÔÅȭȢ  
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INTRODUCTION 

 
Combustion of biomass, waste or some other inhomogeneous fuels has a potential 

in the formation of aggressive species in the flue gas. These usually occur in the form of 
nanoparticles or are attached to the particles and are carried by the flue gases into the 
heat exchanger. They can be very sticky (such as alkaline salts) and are virtually 
undetectable after flue gas cleaning in a separator when discharged through a chimney. 
Finding out the cause of the corrosion of the pipes in the heat exchanger after it has 
already corroded is very expensive (costs for boiler shutdown, for replacement of pipes, 
missing income from unproduced energy...) 
Therefore, it may be appropriate to detect the presence of aggressive species during the 
operation of the boiler, but this only makes sense if this detection occurs before the flue 
gas enters the heat exchanger = at high temperature. 
Such measurements were made at Salmisaari biomass power plant, Helsinki 2019 
November-December. 

EXPERIMENTAL SETUP 
 

Used instrumental setup: 
Sampling was performed using a Dekati eDiluter Pro 1200C at two points. Sampling point 
1 ~200 ɀ τππЈ# ÁÎÄ 3ÁÍÐÌÉÎÇ ÐÏÉÎÔ ς ͯφππ ɀ ωππЈ#Ȣ 
Measurements were performed at three boiler load levels: 30%, 60% and 100% using a 
Dekati HR-ELPI+.  
It was a part of a larger, joint measurement campaign and the sample from eDiluter Pro 
ρςππ# ×ÁÓ ÐÒÏÖÉÄÅÄ ÁÌÓÏ ÆÏÒ ÓÅÖÅÒÁÌ #0#ǰÓȟ !ÅÔÈÁÌÏÍÅÔÅÒȟ $') ÉÍÐÁÃÔÏÒ ÁÎÄ ÆÉÌÔÅÒ 
collections.  
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RESULTS AND CONCLUSIONS 
 

Almost two weeks installed, flush was used when not sampling. 6 full measurement 
days.  

 
 

Tab. 2: The results of experiment. 

 
 
Å The root cause of corrosion is directly and quantitatively measured. 
Å Effect of process changes on corrosive species can be seen in real-time and 

detection of corrosive species is not limited by chemical composition. 
ï Fuel quality 
ï Temperature 

Å Additive or co-combustion corrosion mitigation can be quickly optimized for 
different power outputs and fuels. 

Å The aim is to achieve higher combustion temperature without corrosion, this 
increases power plant efficiency  and profit  directly. 

 
 
 
 
 

Fig.1: HR-%,0)΅Ϲ distributions of 

three load points. 
Fig. 2: Normalized HR-%,0)΅Ϲ ÉÎÔÅÎÓÉÔÙ ÇÒÁÐÈ ÏÖÅÒ 

the load changes. 
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INTRODUCTION 
 

Since their introduction, the oxidation flow reactors (OFR, Kang et al., 2007) have 
become increasingly important tools for investigating secondary aerosol formation 
ÐÒÏÃÅÓÓÅÓȢ %ÓÐÅÃÉÁÌÌÙȟ /&2ȭÓ ÁÒÅ ÕÓÅÆÕÌ ÔÏÏÌÓ ÉÎ ÓÔÕÄÙÉÎÇ ÔÈÅ ÐÈÏÔÏÃÈÅÍÉÃÁÌ ÁÇÉÎÇ ÏÆ 
transient emissions sources due their high time resolution compared to environmental 
chambers and compact size (see e.g. Kuittinen 2021; Karjalainen, 2016). The high time 
resolution stems from the short aerosol physical residence time (~1 min) compared to 
environmental chambers (~hours). Despite of the short physical residence time of the 
OFRs, the equivalent photochemical aging time can be in the order of several days 
accomplished by the high concentration of oxidants compared to atmospheric conditions. 
Despite the fact, that accelerated photochemistry of OFRs have some limitations on how 
accurately they simulate atmospheric aging (Peng, 2020), OFRs provide properly used a 
joint metrics that can be used to compare the potential of different emission sources to 
produce secondary aerosols.  
 

EXPERIMENTAL SETUP 
 

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

Particle size distribution measurements were conducted using the ELPI+ (Dekati 
Ltd.) and SMPS (TSI Inc.) instruments. The particle RTD were measured using two CPCs 
with polydisperse solid particles. The photochemical age was determined with CO-trace 
gas method. The toluene ageing in DOFR was also modelled with the modified PAM-
chemistry model (Brune, W.) 

 
RESULTS AND CONCLUSIONS 

 
The photochemical age was determined for several relative humidities (RH) and 

UV-light intensities as a function of O3 concentration. The ageing range was found to be in 
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1 ɀ 17 days with the CO tracer and was varied by switching the no. of UV lamps on (the 
ozone was 50 ppm and RH 50%). The toluene precursor oxidation experiments showed 
comparable results to previous studies showing 0.1 ɀ 0.3 yields for tested toluene 
concentrations. The emission measurements showed that tested gasoline vehicles could 
produce 1 to 4 orders of magnitude more SA mass compared to primary mass with a cold 
engine. 

 

 
Fig. 1: The determined OH-exposure and the photochemical age as a function of active UV 
lamps of the DOFR. 
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INTRODUCTION 

 
Zero emission cars are to play one of key roles in application of Clean Air Strategies 

till 2050. First zero emission cars are already on horizon, like Prototype Zero Emission 
Drive Unit ɀ 'ÅÎÅÒÁÔÉÏÎ ρȟ ÄÅÖÅÌÏÐÅÄ ÂÙ $,2 ɉ$ÅÕÔÓÃÈÅ :ÅÎÔÒÕÍ ÆİÒ ,ÕÆÔ- und Raumfahrt) 
and the automotive company HWA. The ZEDU-1 was first introduced to public on the 28th 
of September 2022 on the Karlsplatz in Stuttgart, Germany. However up to now it`s still a 
long way to reach zero emission level. Many studies and research works were published 
with respect of non-exhaust emissions like break wear emissions, tyre abrasion and road 
abrasion during last years. The goal was to get a full footprint of the car emissions to 
provide scientific background for new standards and guidelines like new UN 
GTR/GRPE/2023/4 (Global Technical Regulation (GTR)), which was adopted in early 
2023. This is the first regulatory tool in the world to look at non-exhaust particle 
emissions from cars and vans. With the upcoming EURO 7 standard, which will determine 
related emission ceilings, this new brake emission guideline on Laboratory Measurement 
of Brake Emissions for Light-Duty Vehicles is to be applied to practise. The Working Party 
on Pollution and Energy (GRPE) is also already working on a procedure to measure tyre 
abrasion, where a draft regulation is expected in 2025. 

 

 

Fig. 1: Prototype Zero Emission Drive Unit ɀ Generation 1, (.İÓÓÌÅ et al., 2022). 
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PARTICLE NUMBER CALIBRATION IN PMP MEASUREMENT CHAIN 
 

The Particle Measurement Programme (PMP) was driving car exhaust emission 
testing during last years, advancing the particle measurement technique for particulate 
vehicle exhaust gases, and lead us to the mandatory use of DPF filters in the automotive 
industry. It is prescribed the calibration of test systems under PMP should be done with a 
test aerosol like the aerosol used in practice, e. g. an car exhaust, the test aerosol should 
resemble the aerosol to be tested in terms of size, structure, material, and concentration. 
During the measurement, even at temperature and pressure changes, the test aerosol 
should be stable regarding the size, concentration, and charge characteristics.  

For this application, Palas̈́  has optimized the well known GFG 1000 soot generator 
into the DNP digital 3000 Spark Discharge Aerosol Generator (SDAG). Due to its great 
reproducibility, repeatability, stability and easy handling, is the DNP digital 3000, 
together with the REF 3000 reference exhaust, one of the mostly used solutions for 
calibration of single components and the complete PMP measurement chains in the 
Particle Measurement Program, e.g. CVS tunnels, at corresponding temperatures of up to 
τππ Ј#Ȣ 

 
Fig. 2: DNP digital 3000 ȰGolden SÔÁÎÄÁÒÄȱ ÆÏÒ #63 Tunnel Calibration . 

 
A Round Robin test at various CVS tunnels around European Union, has proven the 

usage of the DNP digital 3000 for the PMP application several years ago. The device could 
ÂÅ ÃÏÎÓÉÄÅÒÅÄ ÁÓ Á ȰÇÏÌÄÅÎ ÓÔÁÎÄÁÒÄȱ ÆÏÒ ÔÈÅ ÃÁÌÉÂÒÁÔÉÏÎ ÏÆ #63 ÔÕÎÎÅÌÓȢ $NP digital 3000 
can produce any Metallic, Carbon and Metal-Alloy Nanoparticles. Due to its high level of 
functional reliability, the DNP digital 3000 is as well suitable for the calibration of particle 
measurement devices in the nano particle size range, e. g. SMPS (Scanning Mobility 
Particle Sizer) or CPC (Condensation Particle Counter) also used in the Break Wear 
Emission testing systems. 
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Fig. 3: DNP Digital 3000 Stability Evaluation (Terres et al., 2020). 

 
EU LEGISTLATION ON BRAKE WEAR EMISSIONS 

 
The New UN GTR/GRPE/2023/4 guideline requires the particle counts PN 

concentration sampling and measurement together with PM mass quantification of the 
particulate matter - gravimetric measurement of PM2.5 and PM10. Palas̈́ supported 
several break wear emission studies and research projects during the last decade, where 
several key Palas̈́ instruments were used. 
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Fig. 4: Brake Wear Emission Testing Setup (UN GTR/GRPE/2023/4). 

 
The PN concentration sampling and measurement to quantify the number of particles 

generated by the brake during the test provide the emissions factors for the brake under 
testing in #/km capable of measuring Total-PN (TPN10) and Solid-PN (SPN10) at a 
nominal particle size of approximately 10 nm electrical mobility diameter and larger. For 
the SPN10 measurement a volatile particle remover has to be used, for example a catalytic 
stripper. 

 
Fig. 5: Setup of the PN Sampling and Measurement Unit (UN GTR/GRPE/2023/4). 
 
The PM mass quantification of the particulate matter mass generated by the brake 

during the test provide the emissions factors for the brake under testing in mg/km. The 
test system shall measure brake PM10 and PM2.5 emissions gravimetrically using separate 
sampling systems for each cut-ÏÆÆ ÄÉÁÍÅÔÅÒ ɉςȢυ ʈÍ ÁÎÄ ρπ ʈÍɊȢ 4ÈÅ 0- ÍÅÁÓÕÒÅÍÅÎÔ ÉÓ 
defined in a lot of different steps to provide a good gravimetric result, including a mass 
loss measurement section.  
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Fig. 6: Setup of the PM Sampling and Measurement Unit (UN GTR/GRPE/2023/4). 
 

BRAKE EMISSIONS MEASURING SYSTEM 
 

The Palas̈́  instruments like nano particle measurement systems (Condensation 
Particle Counters, Scanning Mobility Particle Sizers, electrometers, dilution units and 
discharge units) are used in several testing setups related to both exhaust and non-
exhaust emission testing around the globe. Palas̈́ components are also used in GTR 
compliant brake wear emission testing systems these days. A globally well-known 
supplier of break emission test systems, the Link Engineering Company (LINK) with their 
Headquarters in Plymouth, Michigan, USA, has chosen Palas ̈́products as a part of their 
new M4222 Brake Emissions Measuring System, which is already well established on the 
market. 

 
Fig. 7: Brake Emissions Measuring System by LINK (LINK, 2023). 

 
Measuring the brake emissions under known conditions in a laboratory-like LINK, 

which is meeting industry standards and replicating the vehicle behaviour, is an integral 
part of developing cleaner and better braking systems, fully in compliance to new UN 






















