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IV. KVALITA OVzZDUSIi V CESKE
REPUBLICE

IV.1 SUSPENDOVANE CASTICE

Znecisténi ovzdusi suspendovanymi c¢asticemi
frakci PM,, a PM, z(stdva jednim z hlavnich
problémi, které je tfeba fesit pti zajisStovani kvality
ovzdusi CR. Piekradovani imisnich limitd PM,,
aPM,; se stile vyznamnym zplsobem podili na
vymezovani oblasti s nadlimitnim znecisténim
ovzdusi. Od roku 2008 se postupné na nékterych
lokalitdch zacaly méfit jemné Castice frakce PM,.

IV.1.1 Znecisténi ovzdusi suspendovanymi
Casticemivroce 2017

Suspendované ¢astice PM,,

Imisni limit pro primérmou 24hodinovou koncen-
traci PM,, byl vroce 2017 piekro¢en na 8,3 % uzemi
CR s cca 23,1 % obyvatel (obr. IV.1.1). V piipadé
pramérné ro¢ni koncentrace PM,, doslo v roce 2017
k prekroeni imisniho limitu na 0,02 % tzemi CR
scca0,01 % obyvatel (obr. IV.1.3).

K piekroceni 24hodinového imisniho limitu PM,,
doslo v roce 2017 na 35 % stanic (50 stanic z cel-
kového poctu 143 s dostatecnym poctem dat pro
hodnocenti). To je narist o 120 % oproti roku 2016,
kdy bylo prekroceni denniho imisniho limitu PM,,
zaznamenano na 15,9 % stanic (23 stanic ze 145;
tab, XIII.1, obr. IV.1.2 a IV.1.13). VétSina piekro-
¢eni imisniho limitu nastala béhem ledna a prvni
poloviny Unora, a to z dvodu nepfiznivych mete-
orologickych a rozptylovych podminek. Rok 2017
tak prozatim zastavil trend zmenSovani plochy
tizemi CR, na které doslo k piekroteni denniho
imisniho limitu PM,,, jenz byl s menSimi vykyvy
patrny od roku 2010. Doslo k nardstu z 1,4 % tizemi,
kde Zilo cca 7,3 % obyvatel CR v roce 2016, na jiz
zminénych 8,3 % plochy s cca 23,1 % obyvatel
vroce 2017. Meziro¢ni narist plochy s prekro¢enim
24hodinového limitu se projevil zejména v zong
Stfedni Morava podél toku feky Moravy a v Mo-
ravskoslezském, Stiedodeském a Usteckém kraji.
K ptekro¢eni imisniho limitu rovnéz doslo na uze-
mi aglomerace Brno. Nejvice zatizenou souvislou
oblasti byla, stejn¢ jako v predeslych letech (obr.
IV.1.9a1V.1.10), aglomerace O/K/F-M, ve které byl
denni imisni limit PM,, v roce 2017 ptekroc¢en na
vétsing stanic. 24hodinovy imisni limit PM,, vSak
byva prekracovan i v dalSich zénach a aglomera-
cich. V roce 2016 doslo k prekroceni ve vSech

IV. AIR QUALITY IN THE CZECH
REPUBLIC

IV.1 SUSPENDED PARTICULATE MATTER

Air pollution by suspended particulate matter of
PM,, and PM,; fractions remains one of the main
problems to be resolved in ensuring air quality in the
Czech Republic. Exceeding of the pollution limit
levels for PM,, and PM, ; continues to make a signi-
ficant contribution to the extent of areas with above-
limit air pollution. Since 2008, measurements have
begun of the fine parts of the fraction, PM,, at some
locations.

IV.1.1 Air pollution by suspended
particulates in 2017

Suspended particulate matter PM,,

The pollution limit level for the average 24-hour
concentration of PM,, was exceeded in 2017 over
8.3% of the territory of the Czech Republic with
approx. 23.1% of the population (Fig. IV.1.1). Con-
cerning the average annual concentration of PM,,
the pollution limit level was exceeded at 0.02% of
the territory of the Czech Republic with approx.
0.01% inhabitants in 2017 (Fig. IV.1.3).

The 24-hour pollution limit level for PM,, was exce-
eded in 2017 at 35% of stations (50 stations of
atotal number of 143 with sufficient data for eva-
luation). This is an increase by 120% compared to
2016, when exceeding of the daily pollution limit
value for PM,,was recorded at 15.9% of stations (23
stations of 145, Tab. XI11.1, Fig. IV.1.2 and 1V.1.13).
A majority of cases exceeding the pollution limit
occurred during January and first half of February
due to unfavourable meteorological and dispersion
conditions. Thus, 2017 has temporarily terminated
the trend of decreasing the area of the Czech
Republic in which the daily pollution limit level for
PM,, was exceeded, which has been apparent since
2010 with minor deviations. There was an increase
Jfrom 1.4% of territories, where approx. 7.3% of the
population of the Czech Republic lived in 2016, to
the above-mentioned 8.3% with approx. 23.1% of
the population in 2017. Inter-annual increase of the
territory where the 24-hour limit value was exce-
eded was manifested particularly in the Central
Moravian zone along the Morava River and in the
Moravian-Silesian, Central Bohemian and Usti nad
Labem region. The pollution limit was also exce-
eded in the Brno agglomeration. The most exposed
continuous area, as in previous years (Fig. 1V.1.9
and 1V.1.10), was the O/K/F-M agglomeration,
where the daily pollution limit level for PM,, was
exceeded at the majority of stations in 2017.
However, the 24-hour pollution limit value for PM,,
is being exceeded in other zones and agglomera-
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zonach a aglomeracich s vyjimkou zén Severovy-
chod, Stiedni Cechy, Jihozapad, Jihovychod a aglo-
merace Praha (CHMU 2017). V roce 2017 nebylo
prekroCeni denniho imisniho limitu PM,, zazna-
menano pouze v zén¢ Jihovychod (obr. IV.1.2
alV.1.12). V aglomeraci Praha byl v roce 2017
24hodinovy imisni limit pekro¢en na dopravnich
lokalitich Praha 10-VrSovice, Praha 5-Smichov,
Praha 9-Vysocany, Praha 8-Karlin, Praha 10-Pra-
myslova (kap. V.1; obr. V.1.3). V aglomeraci Brno
doslo v roce 2017 k ptekroceni 24hodinového imis-
niho limitu PM,, na dopravni lokalit¢ Brno-Zvo-
narka a na méstskych pozad’ovych lokalitach Brno-
Masnd a Brno-Détska nemocnice (kap. V.2; obr.
V.2.3). V aglomeracich Praha a Brno byva pre-
kroceni imisniho limitu spojeno piedev$im s do-
pravnim zatiZenim, v aglomeraci O/K/F-M a ostat-
nich zonach vsak dochazi k ptekroceni i na poza-
d’ovych stanicich.

Imisni limit pro primérnou ro¢ni koncentraci PM,,
byl v roce 2017 ptekrocen na 1,4 % stanic, tj. na2 z
celkového poétu 146 stanic v CR s dostate¢nym
poctem dat pro hodnoceni, a to na pramyslové lo-
kalité Ostrava-Radvanice ZU a na venkovské loka-
lit¢ Vérnovice v aglomeraci O/K/F-M (obr. 1V.1.4;
tab. XIII.2 a XIII.5). O rok dfive, v roce 2016, doslo
k prekro¢eni roéniho imisniho limitu pouze na jedné
lokalité. Toto lokalni prekroceni se v roce 2016
nepromitlo do mapy ro¢ni primérné koncentrace
v méftitku, ve kterém jsou reprezentovany.

V roce 2017 doslo k nartistu poctu stanic s piekro-
¢enim ro¢niho imisniho limitu PM,,, coz se pro-
jeviloiv plosné imisni mapé, a ro¢ni imisni limit tak
byl piekrocen na 0,02 % uzemi CR s 0,01 % oby-
vatel. V obou letech se jedna o takika identickou
oblast s ptekro¢enim ro¢niho imisniho limitu PM,.

Koncentrace PM,, vykazuji zfetelny ro¢ni chod
snejvyssimi hodnotami v chladnych mésicich roku
(obr. IV.1.14). Vyssi koncentrace PM,, v ovzdusi
béhem chladného obdobi roku souviseji jak s vys-
$imi hodnotami emisi Castic ze sezonné provozo-
vanych tepelnych zdrojd, tak i se zhorSenymi
rozptylovymi podminkami. Napf. lokalni topenisté
se na emisich PM,, (resp. PM,;) v CR podileji vice
nez 57 % (resp. 74 %; obr. IV.1.20a1V.1.22).

Ro¢ni chod koncentraci PM,, v roce 2017 mél spe-
cificky pribéh s jasnou dominanci mésicti leden
aunor, které s sebou pfinesly velmi nepiiznivé
rozptylové podminky a doslo k vyhlaseni smogo-
vych situaci a regulaci z divodu vysokych koncen-
traci suspendovanych c¢astic (kap. III a VI). V po-
rovnani s rokem 2016 pak doslo k poklesu koncen-

tions. Values exceeding the limit value were mea-
sured in 2016 in other zones and agglomerations,
with the exception of the North-East, Central Bohe-
mia, South-West and South-East zones and the
agglomeration of Prague (CHMU 2017). In 2017,
exceeding of the daily PM,, limit value was not
recorded in the South East zone only (Fig. IV.1.2 and
IV 1.12). In the Prague agglomeration, the 24-hour
pollution limit level was exceeded in 2017 at the
traffic locations of Prague 10-VrSovice, Prague 5-
Smichov, Prague 9-Vysocany, Prague §-Karlin,
Prague 10-Primyslova (Chap. V.1; Fig. V.1.3). In
the Brno agglomeration, the 24-hour pollution limit
level for PM,, was exceeded in 2017 at the Brno-
Zvonarka traffic location and the Brno-Masna and
Brno-Détskd nemocnice urban background
locations (Chap. V.2; Fig. V.2.3). Exceeding of the
pollution limit levels in Prague and Brno is being
related primarily to high traffic intensity, in the
O/K/F-M agglomeration and the other zones,
however, the pollution limit levels are also being
exceeded at the background stations.

The pollution limit levels for the average annual
concentration of PM,, were exceeded in 2017 at
1.4% of stations, i.e. at 2 of the total number of 146
stations in the Czech Republic with a sufficient
amount of data for the evaluation, namely at the
Ostrava-Radvanice ZU industrial location and in
the Vérnovice rural location of the O/K/F-M
agglomeration (Fig. IV.1.4; Tab. XII1.2 and XII1.5).
A year earlier, in 2016, the annual pollution limit
level was exceeded at a single location only. This
local above-limit value of 2016 was not reflected in
the map of the average annual concentration at the
scale inwhich it is presented.

In 2017, the number of stations with exceeding the
annual PM,, pollution limit increased, which was
reflected in the areal pollution map, and the annual
pollution limit value was thus exceeded at 0.02% of
the territory of the Czech Republic with 0.01% of
inhabitants. In both years it concerned nearly
identical area with exceeded PM,, pollution limit.

The PM,, concentrations exhibit a clear annual
variation with the highest values in the colder
months of the year (Fig. IV.1.14). Higher PM,, con-
centrations in the air during the colder season are
related both to greater emissions of particulates
from the seasonally operated heating sources and
also to deteriorated dispersion conditions. For
example, local heating sources contribute more
than 57% to PM,, emissions and almost 74% to
PM, ; emissions in the Czech Republic (Fig. IV.1.20
andl1V.1.22).

The annual variation of PM,, concentrations in
2017 exhibited a clear dominance of January and
February with very unfavourable dispersion condi-
tions and announcement of smog situations and
regulations due to high concentrations of suspended
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traci PM,, v mésicich srpen—prosinec, ke kterému

dopomohly ptiznivéjsi rozptylové podminky.

Suspendované ¢astice PM,

K nariistu Grovné znecisténi ovzdusi v roce 2017
vporovnani s rokem 2016 doslo i v piipadé Castic
PM, . Imisni limit pro primérnou ro¢ni koncentraci
PM, ; byl prekroc¢en na 0,9 % tizemi CRscca4,9%
obyvatel (obr. IV.1.5) oproti 0,5 % plochy s 3 % oby-
vatel v roce 2016. Rozsah ptekroceni imisniho limi-
tu se tak dostal na uroven roku 2015 (ptekroc¢eni na
0,9 % uzemi s 5,1 % obyvatel; obr. IV.1.11). Pte-
kroceni imisniho limitu bylo zaznamenano na
10 stanicich (12,7 %) z celkového poctu 79, pfi-
¢emz v roce 2016 byla situace obdobnd — doslo
k ptekroceni na 10 stanicich (12,4 %) z 81 (tab.
XII1.3; obr. IV.1.13). VSechny stanice, u nichz doslo
v roce 2017 k prekroceni rocniho imisniho limitu,
lezi na izemi Moravskoslezského kraje (obr. IV.1.6
alV.1.11).

Vyssi hodnoty koncentraci PM,; se vyskytuji ze-
jména v chladném obdobi roku (obr. IV.1.15) a jsou,
podobné jako u PM,, disledkem emisi z vytapéni
azhorSenych rozptylovych podminek. Stejné jako
vpiipadé PM,, byly nejvyssi primérné mési¢ni
koncentrace PM,; v roce 2017 naméfeny v lednu
aunoru.

Suspendované ¢astice PM,

Jemna frakce ¢astic PM, byla vroce 2017 méiena na
14 lokalitach, z toho na ¢tyfech stanicich v Plzni, na
Ctyfech v okrese Brno-mésto, na dvou stanicich
v okrese Brno-venkov a v aglomeraci O/K/F-M apo
jedné v okrese Zlin a v aglomeraci Praha (tab.
XII1.4). Nejvyssi roéni koncentrace (23,8 pg.m”)
byla naméfena na predméstské lokalité Ttinec-Ka-
nada, maximdlni denni koncentrace (268,8 pg.m")
pak byla dosazena na dopravni lokalité¢ Ostrava-
Ceskobratrska (hot spot).

Pomér suspendovanych ¢astic frakce PM,
a PM,,

Pomér frakci PM, ; a PM, neni konstantni, vykazuje
sezonni prubéh a je zaroven zavisly na charakteru
lokality (obr. IV.1.16). V roce 2017 se tento poméer
pohyboval v priméru z 55 lokalit v CR, kde se
soucasné¢ méti PM,; a PM,, a lokality maji do-
statecny pocet hodnot, v rozmezi 0,64 (Cervenec) az
0,85 (leden) s niz§imi hodnotami v letnim obdobi.
V Praze, kde je ro¢ni chod ovlivnén vysokym
podilem dopravnich lokalit, byl tento pomér v roz-
mezi 0,54 (Cervenec) az 0,81 (leden), v Brn¢ 0,61

particulates (Chap. Il and VI). Compared to 2016,
PM,, concentrations decreased thereafter from
August to December with a positive effect of more
favourable dispersion conditions.

Suspended particulate matter PM, ;

An increase of the level of air pollution in 2017
compared to 2016 also occurred for PM,, parti-
culates. The pollution limit level for the average
annual concentration of PM,; was exceeded over
0.9% of the territory of the Czech Republic with
approx. 4.9% of the population (Fig. IV.1.5),
compared to 0.5% of the area with 3% of the
population in 2016. The extent of the area exceeding
the pollution limit has thus reached the level of 2015
(0.9% of the territory with 5.1% of population
affected; Fig. 1V.1.11). Exceeding of the pollution
limit level was recorded at 10 (12.7%) of a total of
79 stations, similarly to 2016 when the level was
exceeded at 10 stations (12.4%) of 81 (Tab. XII1.3;
Fig. 1V.1.13). All the stations with the annual
pollution limit exceeded in 2017 are located at the
territory of the Moravian-Silesian region (Fig.
V.1.6andlV.1.11).

Higher concentrations of PM, ; occurred mainly in
the colder part of the year (Fig. IV.1.15) and, similar
to PM,, are a consequence of emissions from he-
ating and worsened dispersion conditions. Simi-
larly as for PM,, the highest average monthly
concentration of PM,; in 2017 was measured in
January and February.

Suspended particulate matter PM,

The fine particulate fraction PM, was measured at
14 locations in 2017, of which _four stations were in
Plzen, four were in the Brno-city district, two
stations were in the Brno-rural district and in the
O/K/F-M agglomeration and one in each the Zlin
district and the Prague agglomeration (Tab. XI111.4).
The highest annual concentration (23.8 ug.m") was
observed at the Trinec-Kanada suburban location,
and the maximum daily concentration (268.8
ug.m’) was attained at the Ostrava-Ceskobratrska
(hot spot) traffic location.

Ratio of the PM, ; and PM,, suspended particle
fractions

The ratio of the PM,; and PM,, fractions is not
constant, but exhibits seasonal variations and is
also dependent on the character of the location (Fig.
1V.1.16). In 2017, this ratio varied on an average
from measurements at 55 locations in the Czech
Republic where PM,; and PM,, are measured
simultaneously and the locations have a sufficient
number of values, in the range from 0.64 (July) to
0.85 (January) with lower values in the summer
season. In Prague, where the annual variations are
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(Cerven) az 0,84 (leden), v aglomeraci O/K/F—M
0,64 (Cerven a Cervenec) az 0,86 (leden) a v Ustec-
kém kraji 0,66 (tijen) az 0,83 (leden).

Pfi porovnani poméru frakci PM,; a PM,, podle
klasifikace lokalit je na venkovskych lokalitach
pomeér v rozmezi 0,62 (Cervenec) az 0,86 (leden), na
meéstskych 0,65 (Cervenec) az 0,87 (leden), na pted-
meéstskych 0,67 (srpen) az 0,86 (leden a prosinec)
ana dopravnich lokalitach je pomér v rozmezi 0,58
(Cervenec)az 0,79 (leden).

Ro¢ni chod poméru frakei PM,;a PM,, souvisi se
sezonnim charakterem n¢kterych emisnich zdroja.
Emise ze spalovacich zdroji vykazuji vyssi za-
stoupeni frakce PM, ; nez napt. emise ze zeme&d&lské
¢innosti a resuspenze pii suchém a vétrném pocasi.
Vytapéni v zimnim obdobi mtize byt tedy diivodem
vySSiho podilu frakce PM,; oproti frakci PM,,.
Pokles béhem jarniho obdobi a zacatku Iéta je
vnékterych studiich vysvétlovan také narGstem
mnozstvi vétS§ich biogennich ¢astic, napt. pylu
(Gehrig, Buchmann 2003).

Na dopravnich lokalitach je pomér PM,; a PM,,
nejnizsi (obr. IV.1.16). Pii spalovani paliv v dopravé
se emitované ¢astice nalézaji prfedevsim ve frakci
PM, .a pomér by mé¢l tudiZ byt u dopravnich lokalit
vysoky. To, ze tomu tak neni, zdlraziiuje vyznam
emisi vétSich castic z otérl pneumatik, brzdového
obloZeni a ze silnic. Zastoupeni hrubé frakce na do-
pravnich stanicich nartista i v disledku resuspenze
castic ze zimniho posypu. K navySeni koncentrace
PM,, mtize dojit i v disledku zvySené abraze sil-
ni¢niho povrchu posypem a naslednou resuspenzi
obrouseného materialu (EC 2011). Naproti tomu
vyssi pomér frakci PM, ; a PM,, v diisledku emisi ze
spalovacich procest je pozorovan na primyslovych
stanicich.

IV.1.2 Vyvoj koncentraci suspendovanych
castic PM,, a PM,;

Koncentrace suspendovanych ¢astic PM,,, podobné
jako 1 dalSich latek znecistujicich ovzdusi, vy-
znamn¢ poklesly v 90. letech minulého stoleti. Dt-
vodem bylo vyrazné snizeni emisi TZL a prekurzori
suspendovanych castic (SO,, NO,, NH, a VOC)
vletech 1990-2001 v diisledku legislativnich zmén,
restrukturalizace hospodafstvi a modernizace nebo
ukonceni provozu zdroju (kap. II; obr. I1.1 a11.2). Po
roce 2001 pokles emisi pokracuje jiz pomaleji, proto
jsou vysledné imisni koncentrace znecist'ujicich 1a-
tek podminény zejména prevazujicimi meteorolo-
gickymi a rozptylovymi podminkami v daném roce.
Témér na vSech lokalitach CR v letech 2001-2003
znecisténi ovzdusi PM,  naristalo. V roce 2003 byly
nameteny zatim nejvyssi hodnoty koncentraci PM,,

affected by the high fraction of traffic locations, this
ratio was in the range from 0.54 (July) to 0.81 (Ja-
nuary), in Brno from 0.61 (June) to 0.84 (January),
in the O/K/F-M agglomeration from 0.64 (June and
July) to 0.86 (January) and in the Usti nad Labem
region from (.66 (October) to 0.83 (January).

When the ratio of PM, ; and PM,, fractions is compa-
red by a type of location, the ratio at rural locations
ranges from 0.62 (July) to 0.86 (January), at urban
from 0.65 (July) to 0.87 (January), at suburban from
0.67 (August) to 0.86 (January and December) and
at traffic locations from 0.58 (July) to 0.79 (January).

The annual variation in the ratio of the PM,; and
PM,, fractions is related to a seasonal character of
certain emission sources. Emissions from combus-
tion sources exhibit a greater content of the PM,
fraction than, e.g., emissions from agricultural acti-
vities and resuspension during dry and windy
weather. Heating in the winter season can thus lead
to a greater content of the PM, ; fraction compared
to the PM,, fraction. The decrease during the spring
and beginning of the summer is explained by some
studies also as being a result in the amount of larger
biogenic particulates, e.g. pollen (Gehrig, Buch-
mann 2003).

The PM,; and PM,, ratio is the smallest at traffic
locations (Fig. 1V.1.16). In combustion of fuel in
traffic, the particulates belong mainly to the PM,
fraction and the ratio should therefore be high at
traffic locations. The fact that this is not the case
emphasises the importance of emissions of the
largest particulates from abrasion of tyres, brake
linings and highways. The content of the larger
fraction at traffic stations also increases as a con-
sequence of resuspension of particulates from
winter grit scattering. An increase in the PM,,
concentration can also occur as a result of greater
abrasion of the road surface by grit and subsequent
resuspension of the abraded material (EC 2011). On
the contrary, the higher ratio of PM, ; and PM,, frac-
tions resulting from emissions from combustion
processes is observed at industrial stations.

1V.1.2 Trends in the concentrations of suspended
particulates PM ,,and PM, ,

The concentration of suspended particulates PM,,
similar as for other air pollutants, decreased sub-
stantially in the 1990s. This was because of a sub-
stantial reduction in emissions of SPM and precur-
sors of suspended particulates (SO,, NO,, NH,and
VOC) in 1990-2001 as a consequence of legislative
changes, restructuring of the economy and moder-
nisation or termination of operation of the sources
(Chap. II; Fig. 11.1 and I1.2). The reduction in emis-
sions after 2001 was slower and thus the resultant
pollutant concentrations were determined mainly
by the predominant meteorological and dispersion
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v obdobi po roce 2000. Vysoké koncentrace PM,,
vroce 2003 byly disledkem jak nepfiznivych
rozptylovych podminek v tinoru a prosinci, tak
ipodnormalniho mnozstvi srazek. Po prechodném
poklesu v roce 2004 byly vysoké koncentrace sus-
pendovanych castic zaznamenany opét v letech
2005 a 2006, a to zejména v dasledku dlouhych
epizod s nepfiznivymi rozptylovymi podminkami
vzimnim obdobi. V letech 2007-2009 panovaly
centrace ¢astic v porovnani s lety 2003, 2005 a 2006
vyrazné poklesly. V roce 2008 byly nizsi koncen-
trace Castic pravdépodobné dany i vyraznéjsim
poklesem emisi nékterych prekurzor castic pii
pfechodném utlumu nékterych hospodaiskych
odvétvi v disledku ekonomické krize. Nasledny
vzestup koncentraci suspendovanych ¢astic v roce
tem nepfiznivych meteorologickych a rozptylo-
vych podminek v zimnim obdobi a nejchladné;jsi
topnou sezonou od roku 1996 (obr. II1.1). V obdobi
2011-2016 praimérné koncentrace suspendovanych
¢astic klesaly (obr. IV.1.17-19). Pokles koncentraci
PM,, se projevil na lokalitach vSech kategorii (obr.
IV.IL17). V roce 2017 doslo k mirnému nartstu
koncentraci, a to pfevazné z divodu neptiznivych
rozptylovych podminek z pocatku roku.

Nicméné i tak se rocni praimérnéd koncentrace PM,,
dlouhodobé drzi pod hodnotou imisniho limitu,
naopak ro¢ni priimérna koncentrace PM, ;a nejvyssi
36. denni koncentrace PM, kolisaji kolem hodnoty
imisniho limitu (ve vSech ptipadech zprimérovano
pro viechny typy lokalit a celou CR; obr. IV.1.17
alV.1.18).

Ro¢ni nadlimitni koncentrace PM,, a PM, ; zasahuji
dlouhodobé 0,1 %, resp. 1,2 % tzemi CR (obr.
IV.1.7, resp. IV.1.8). Jedna se predevSim o uzemi
aglomerace O/K/F-M a ¢asti zdny Moravskoslezsko
snavaznosti na polské ptihranici.

IV.1.3 Emise PM,, a PM,,

P1i spalovani paliv a pfi dalSich primyslovych ¢in-
nostech vznikaji aerosoly, které mohou byt pevné,
kapalné nebo smésné. Souhrnné se tyto aerosoly v
ceské legislativé oznacuji jako tuhé znecistujici
latky (TZL), v zahrani¢ni literatute pak jako Total
Suspended Particulates (TSP). Emise TZL maji
rizné velikostni a chemické sloZeni podle cha-
rakteru zdroje a zptisobu vzniku. Mohou obsahovat
tézké kovy a predstavuji nosné médium pro VOC
aPAH. Nejcastéji se pfi inventarizaci emisi v navaz-
nosti na imisni limity rozliSuje velikostni frakce
PM,,aPM,..

Emisni inventury PM,, a PM,; provadéné podle

conditions in a particular year. Air pollution by
PM,, increased in the 2001-2003 period at almost
all the locations in the Czech Republic. The highest
values of PM,, concentrations in the period after
2000 were measured in 2003. The higher PM,,
concentrations in 2003 were a consequence of both
unfavourable dispersion conditions in February
and December and a subnormal amount of pre-
cipitation. After a temporary decrease in 2004, high
concentrations of suspended particulate matter
were again recorded in 2005 and 2006, particularly
as a consequence of long episodes with unfa-
vourable dispersion conditions in the winter. In
2007-2009, the dispersion conditions were better
and the concentrations of particulates decreased
substantially compared to 2003. 2005 and 2006. In
2008, lower concentrations of particulates were
probably a result of the substantial reduction in
emissions of some precursors during temporarily
reduced operations in some branches of the eco-
nomy as a consequence of the economic crisis. The
subsequent increase in the concentrations of sus-
pended particulates in 2010 was caused especially
by the occurrence of unfavourable meteorological
conditions in the winter season and the coldest
heating season since 1996 (Fig. I11.1). The average
concentrations of suspended particulates decreased
over the 2011-2016 period (Fig. IV.1.17—-19). A de-
crease in the PM,, concentrations was manifested at
locations in all the categories (Fig. IV.1.17). A slight
increase of concentrations occurred in 2017 mainly
due to unfavourable dispersion conditions at the
beginning of the year.

Nevertheless, the average annual concentration of
PM,, has long remained below the pollution limit
value, while the annual average PM, ,concentration
and the highest 36-day concentration of PM,,vary
around the pollution limit level value (in all cases
averaged for all types of locations and all of the
Czech Republic; Figs. IV.1.17 and1V.1.18).

Annual above-limit concentrations of PM,, and
PM, ; have long affected 0.1% and 1.2% respectively
of the territory of Czech Republic (Fig. 1V.1.7 and
1V 1.8, resp.). These areas are primarily the territory
of the O/K/F-M agglomeration and a part of the
Moravian-Silesian zone close to the Polish border
area.

IV.1.3 Emissions of PM,, and PM,

Aerosols originating from fuel combustion and
other industrial activities can exist in a form of
solid, liquid or mixed suspended matter. In their
complexity, these aerosols are denoted as solid
pollutants (SP) in the Czech legislation and as Total
Suspended Particulates (TSP) in foreign literature.
SP emissions have varying size and chemical
composition resulting from the characteristics of the
source and the mode of formation. They can contain
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soucasnych metodik zahrnuji pouze primarni emise
téchto latek. Na koncentracich PM,, a PM,; mé-
fenych v ovzdusi se pfitom vyznamné podili sekun-
darni aerosolové ¢astice vznikajici piimo v ovzdusi
ze svych plynnych prekurzort fyzikalné-chemic-
kymi reakcemi. Podil sekundarnich anorga-nickych
aerosolii na celkové koncentraci PM,; se mize
v méstském prostiedi pohybovat mezi 20 a 40 %
(VIcek, Corbet 2011). Prispévek sekundarnich
organickych aerosolti biogenniho plivodu miize
v evropskych podminkach ¢init 2—4 pg.m* (Fuzzi et
al.2015).

Ve srovnani s emisemi jinych znecist'ujicich latek
jsou emise castic vnaSeny do ovzdusi z velkého
poctu vyznamng&jSich skupin zdrojt. Kromé zdrojt,
ze kterych jsou tyto latky vypoustény fizené komi-
nem nebo vyduchy (pramyslové zdroje, lokalni to-
penisté, doprava), pochdzi vyznamné mnozstvi
emisi PM ze zdroju fugitivnich (kamenolomy,
skladky prasnych materiali, manipulace s prasnymi
materialy apod.). Zahrnuty jsou rovnéZz emise z oté-
ri pneumatik, brzdového oblozeni a abraze vozovek
vypocitavané z dopravnich vykont. Kvalitu ovzdu-
$1 ovliviluje rovne€z resuspenze Castic (znovu-
zviteni), ktera do standardné provadénych emisnich
inventur neni zahrnuta. Mezi hlavni zdroje emisi
¢astic v roce 2016 patril sektor 1A4bi — Lokalni
vytapéni domacnosti, ktery se podilel na zne-
¢isStovani ovzdusi v celorepublikovém méritku
latkami PM,, 57,2 % a PM,; 74,1 %. Mezi dalsi
vyznamné zdroje emisi PM,, patfil sektor 3Dc —
Polni prace, kde tyto emise vznikaji pii obdélavani
ptdy, sklizni a ¢isténi zemédelskych plodin. Tento
sektor predstavoval 8,7 % emisi PM,,. Z hlediska
ucinku na lidské zdravi jsou velkym rizikem emise
¢astic pochazejici z dopravy, pfedev§im ze spa-
lovani paliv ve vznétovych motorech, které pro-
dukuji ¢astice o velikosti jednotek az stovek na-
nometri (Vojtisek 2010). Doprava se na emisich
PM,, podilela 10,6 % a na emisich PM, ; 10,9 % (obr.
IV.1.20aobr.IV.1.22).

Spotiebu pevnych paliv v domacnostech v obdobi
2008-2016 lze charakterizovat rostoucim trendem,
souvisejicim pravdépodobné s ekonomickou
situact, ktery se ustalil az po roce 2013. Proti tomuto
vlivu ptsobila pfirozena obnova vozového parku,
snizeni zeméd¢€lské produkce a aplikace nejlepSich
dostupnych technik pro snizovani emisi TZL (tka-
ninové filtry) v energetice a primyslu. Celkové emi-
se PM,, a PM,; v obdobi 2008-2016 maji klesajici
trend (obr. IV.1.21 aobr. IV.1.23).

V jednotlivych oblastech CR se podil sektorii na
celkovych emisich 1i§i podle konkrétni skladby
zdrojl v dané oblasti. Vzhledem k tomu, Ze hlavni

heavy metals and act as a carrier medium for VOC
and PAH. PM,, and PM,; size fractions are most
frequently distinguished in emission inventories in
relation to pollution limit levels.

Emission inventories of PM,, and PM,; prepared
according to current regulations include only the
primary emissions of these substances. Simul-
taneously, a considerable contribution to concen-
trations of PM,,and PM, ; measured in the air comes
from secondary suspended particulates formed
directly in the air from their gaseous precursors by
physical-chemical reactions. The fraction of se-
condary suspended inorganic particulates in total
PM,; concentrations in urban environments can
vary between 20 and 40% (Vicek, Corbet 2011). The
contribution of secondary suspended organic
particulates of biogenic origin under European
conditions can equal 2—4 ug.m” (Fuzziet al. 2015).

Compared to emissions of other pollutants, parti-
culate matter emissions in the air originate from
agreat many significant groups of sources. In
addition to sources from which these substances are
emitted through controlled chimneys or stacks
(industrial sources, local heating units, transport),
significant amounts of PM emissions originate from
fugitive sources (quarries, dusty material dumps,
handling involving dusty materials, etc.). Emis-
sions from abrasion of tyres, brake linings and
abrasion of roads calculated from traffic levels are
also included. The quality of the air is also affected
by resuspension of particles (stirring-up), which is
not included in the standard emission inventories.
The main sources of particulate matter emissions
in 2016 included the 1A4bi sector — Residential:
Stationary, which contributed to air pollution on
a country-wide scale with 57.2% PM,, substances
and 74.1% PM,; substances. Further important
sources of PM,, emissions included the 3Dc sector —
Farm-level agricultural operations including
storage, handling and transport of agricultural
products where these emissions are formed during
tillage of the soil, harvesting and cleaning agri-
cultural cvops. This sector represented 8.7% of PM,,
emissions. A substantial visk to human health is
caused by particulates coming from transport,
especially from fuel combustion in diesel engines
which produce particles with a size of units to
hundreds of nanometres (Vojtisek 2010). Transport
contributed 10.6% to PM,, emissions and 10.0% to
PM, ;emissions (Fig. IV.1.20 and Fig. IV.1.22).

Consumption of solid fuels by households in the
2008-2016 period can be characterised by an in-
creasing trend stabilised just after 2013 related
probably to economic conditions. Against this
influence natural renewal of the vehicle fleet,
reduction of agricultural production and appli-
cation of the best available technology (textile
filters) for reducing SP acted towards the reduction
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zdroj emisi PM,, a PM,; predstavuje lokalni vy-
tapéni, je i produkce emisi téchto latek rozlozena po
celém uzemi CR s obytnou zastavbou (obr. IV.1.24
aobr. IV.1.25). V uzemi CR rozdé&leném do &tverct
5 x 5 km emisné vynikaji lokality, ve kterych jsou
provozovany vyznamné energetické zdroje spa-
lujici pevna fosilni paliva, a velké pramyslové
komplexy (predeviim Moravskoslezsky a Ustecky
kraj). Podil emisi z dopravy je vyssi predevsim ve
velkych méstech.

IV.1.4 Méfeni pocetni velikostni distribuce
aerosolovych ¢astic

Atmosférické aerosoly (AA), definované jako pev-
né a kapalné Castice suspendované v ovzdusi, jsou
jeho pfirozenou soucasti. AA umoziuji pozorovat
optické jevy v atmosféie (napf. jevy pii zapadu
slunce, duha a halové jevy). AA odrazeji a absorbuji
slune¢ni zatfeni, hraji vyznamnou roli pfi vzniku
oblakti a srazek — slouZzi jako zarode¢na jadra (Hinds
1999; Poschl 2005; Seinfeld, Pandis 2006). Veli-
kostni rozsah A A zahrnuje pét velikostnich fadd (od
jednotek nm po stovky pm), jedna se tedy o Siroké
spektrum ¢astic rtznych tvart, vlastnosti a che-
mického slozeni.

Vlivem suspendovanych ¢astic (PM,, a PM,;) na
lidské zdravi a jejich métitelnému dopadu se vénuje
mnoho studii (napf. Goldberg et al. 2018; Brook et
al. 2004; Kumar et al. 2013; Schladitz et al. 2015;
ultrajemné Castice (o velikosti mensi nez 100 nm).
Ty snadno prostupuji z dychaciho systému do
krevniho fecisté a mohou byt pfendseny do citlivych
organi ¢i do centralniho nervového systému. Jejich
pritomnost v krvi miize ovlivnit jeji funkce a vlast-
nosti (Borsds et al. 2012; Pdschl 2005). Ultrajemné
Castice jsou vysoce reaktivni a mohou obsahovat
tézké kovy a toxické latky (Chen et al. 2016).
Hmotnost ultrajemnych Castic je ve standardné
méfeném velikostnim spektru PM,, a PM, ; zaned-
batelnd, proto je pro hodnoceni zdravotnich vlivl
vhodnéjsi méfeni poctu castic a jejich velikostni
distribuce (Tuch et al. 1997), ktera je také vyznam-
nym parametrem pro hodnoceni rozsahu piimych
anepiimych vliviinaklima (Stanier et al. 2004).

V ramci spolupréce (:3HMU s Ustavem chemickych
procestt UCHP AV CR je od kvétna roku 2008 na
Narodni atmosférické observatoii Kosetice (NAO
Kosetice) provozovano méfeni velikostni distribuce
aerosolovych ¢astic. Realizace méteni je podpotfena
také diky zapojeni stanice do projekti ACTRIS-2
aACTRIS-CZ (Aerosols, Clouds, and Trace gases
Research InfraStructure Network). Pozad’ova sta-
nice Kosetice je lokalizovana mimo ptfimé zdroje

in emissions in the energy and industry sector. The
total PM,, and PM, ; emissions in the 2008-2016
period exhibit decreasing trend (Fig. 1V.1.21 and
Fig IV.1.23).

In individual regions of the Czech Republic, the
contribution by sectors varies depending on the
composition of sources in a given area. As the main
source of PM,,and PM, ; emissions is represented by
local heating, the production of these substances is
also distributed throughout the territory of the
Czech Republic with residential buildings (Fig.
1V.1.24 and Fig. IV.1.25). When the territory of the
Czech Republic is divided into 5 x 5 km grid, areas
with higher emissions correspond to sites where
important energy sources burning solid fossil fuels
and large industrial complexes (especially the
Moravian-Silesian and Usti nad Labem districts)
are located. The fraction of emissions from trans-
portis greater primarily in large cities.

IV.1.4 Measurement of the numerical size
distribution of aerosol particles

Atmospheric aerosols (AA), defined as solid and
liquid particles suspended in the atmosphere, are its
natural component. AA enable observation of
optical phenomena (e.g. phenomena during sunsets,
rainbows and halo phenomena). AA reflect and
absorb solar radiation and also play an important
role in the formation of clouds and precipitation (as
cloud condensation nuclei; Hinds 1999; Podschl
2005; Seinfeld, Pandis 2006). The range of AA
particle sizes spans five orders of magnitude (from
units of nm to hundreds of um) and thus encom-
passes a broad spectrum of particles with various
shapes, properties and chemical compositions.

The impact of suspended particles (PM,, and PM, )
on human health has been described in a great many
studies (e.g. Brook et al. 2004, Schladitz et al. 2015,
WHO 2013). However, the most serious problem is
associated with ultra-fine particles (with a size
below 100 nm). These particles can readily pass
from the respiratory system into the blood stream
and can then be transported to sensitive organs or to
the central nervous system. The presence of these
particles in the blood can affect their functioning
and properties (Borsos et al. 2012; Pdschl 2005).
Ultra-fine particles are highly reactive and can
contain heavy metals and toxic substances (Chen et
al. 2016). The weight of ultrafine particles is ne-
gligible in the normally measured PM,, a PM, ; size
spectrum and thus measurement of the health
impact is better performed by measuring the
number of particles and their size distribution (Tuch
et al. 1997), which is also an important parameter
for evaluating the extent of direct and indirect
impacts on the climate (Stanier et al. 2004).

In the context of cooperation of CHMI with the
Institute of Chemical Process Fundamentals of the
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zneCisténi. V dennim spektru velikosti ¢astic v roce
2017 dochazi od rannich hodin k postupnému
narustu poctu castic nukleaéniho modu (velikost
¢astic do 20 nm), ktery pokracuje az do dosazeni
maxima mezi 16. a 18. hodinou. Vyvoj poctu Castic
ve zbyl¢ ¢asti spektra (Aitkentiv a akumula¢ni mod)
dosahuje nejvysSich hodnot po 17. hodiné (obr.
IV.1.26). Nartst poctu Castic v odpolednich hodi-
nach je pravdépodobné spojen i s procesem vzniku
¢astic a jejich nasledném rustu do vyssich velikosti.
Céstice nukleaéniho médu jsou bud’ emitovany
pfimo do ovzdusi, nebo vznikaji diky pfitomnosti
plynnych prekurzor (napt. SO,, NO,, O,, VOC)
vatmosfére. V této lokalité¢ je proto nardst poctu
castic nukleacniho médu pravdépodobné zptisoben
udalostmi, pti kterych dochazi ke vzniku novych
castic.

Prikladem vlivu antropogenni ¢innosti mohou byt
hodinova spektra poctu Castic z posledniho dub-
nového dne, kdy jsou v okoli potadany vecerni ohné
pti pftilezitosti ,,paleni ¢arod&jnic™ (obr. 1V.1.27).
Dne 30. 4. 2017 na dennim spektru dominuje ve-
cerni nartist poctu castic Aitkenova mdédu (mezi 20
a 100 nm), jehoz Castice jsou mimo jiné vysledkem
spalovacich procesti z lokalnich zdrojt.

Vyrazn€jsi denni chod poctu €astic pozorujeme na
stanici Usti nad Labem-mésto, kde méfeni veli-
kostni distribuce Castic probiha od poloviny roku
2011. Stoupajici pocet Castic od rannich hodin ve
vSech castech spektra reflektuje nejen dopravni
$picku, ale i narustajici vyskyt produktt spalovani
zprumyslovych zdrojt. S t€mito zdroji je spojena
jak zvySena produkce ¢astic, tak i jejich plynnych
prekurzorti, ze kterych mohou fotochemickymi
procesy vznikat sekundarni ¢astice. Nejvyraznéji se
projevuje narust ¢astic mezi 20 a 70 nm kulminujici
v 9 hodin rano. Pokles koncentraci ve vsech ¢astech
spektra mezi 14. a 16. hodinou je vystfidan opé-
tovnym nartistem ve vecernich a no¢nich hodinach.
Zatimco v noci dochazi k poklesu poctu castic
nuklea¢niho mdédu, dominantni se stavaji Castice
velikostni kategorie 30 az 70 nm (obr. 1V.1.28).
Zmeény v pocetni koncentraci jsou ovlivnény nejen
zdroji, ale i stabilitou atmosféry. Zatimco béhem
dne je atmosféra dobie promichavana diky turbu-
lentnimu proudéni, ve vecCernich hodinach, kdy
turbulence ustava, se atmosféra stabilizuje (Stull
2003).

V roce 2017 bylo spusténo méfeni velikostni distri-
buce castic prostfednictvim spektrometru SMPS
(Scanning mobility particle sizer) na stanici Lom
v Usteckém kraji. Tato pozad’ova stanice je lokali-
zovana ptiblizn¢ 4 km od petrochemického
komplexu a asi 500 m od mésta Lom. V dennim

Czech Academy of Sciences (ICPF CAS), measure-
ment of the size distribution of aerosol particles has
been performed since 2008 at the National Atmos-
pheric Observatory Kosetice (NAO Kosetice). The
performance of these measurements is also sup-
ported by participation of the station in the ACTRIS-
2 and ACTRIS-CZ (Aerosols, Clouds and Trace
gases Research InfraStructure Network) projects.
The Kosetice background station is located away
from direct pollution sources. The daily spectrum of
particle sizes in 2017 exhibits a gradual increase in
the number of particles in the nucleation mode
(smaller than 20 nm) that continues until a maxi-
mum is attained between 4 and 6 PM. The trends in
the number of particles in the remaining parts of the
spectrum (the Aitken and accumulation modes)
attain the greatest values after 5 PM (Fig. 1V.1.26).
The increase of the number of particles in the
afternoon hours is also probably linked with the
process of formation of the particles and their
growth to bigger sizes. Particles in the nucleation
mode are either emitted directly into the air or are
formed as a result of the presence of gaseous pre-
cursors (e.g. SO,, NO,, O,, VOC) in the atmosphere.
At this location, the increase in the number of par-
ticles in the nucleation mode is probably caused by
events in which new particles are being formed.

An example of the impact of human activity could be
the hourly spectra of the number of particles on the
last day of April when traditional evening bonfires
are lit to mark Walpurgis (Witches’) Night (Fig.

1V.1.27). The daily spectrum of 30 April 2017 is
dominated by the evening increase of a number of
the Aitken mode particles (between 20 and 100 nm)

resulting, among others, from combustion processes
of local sources.

Stronger daily variation of the number of particles is
observed at the Usti nad Labem-mésto station,
where measuring of the size distribution of particles
has been performed since mid-2011. The increasing
number of particles in all parts of the spectrum
starting in the morning reflects not only peak traffic
conditions, but also the increasing occurrence of
combustion products from industrial sources. These
sources are connected with elevated production of
both particles and their gaseous precursors, from
which secondary particles can be formed by photo-
chemical processes. The most extensive formation
of particles between 20 and 70 nm culminates at
9o'clock in the morning. A reduction in concentra-
tion of particles in all parts of the spectrum is
followed by a resumed increase in the evening and at
night. While the number of particles in the nucle-
ation mode decreases at night, particles in the 30 to
70 mm category become predominant (Fig. IV.1.28).
The changes in the counting concentration are
affected not only by the sources but also by stability
of the atmosphere. While during a day the atmos-
phere is well mixed due to turbulent flow, at the
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spektru prevladaji celodenni vysoké pocty castic
v kategorii mezi 30 a 70 nm. V rannich a no¢nich
hodinach vynikaji pocty ¢astic v intervalu 30-50
nm. Mezi 9. a 15. hodinou se v medianovém spektru
projevuje 1 vyssi pocet castic nuklea¢niho modu.
Popsané denni spektrum pravdépodobné reflektuje
vliv primyslovych zdroju, ale i dopravy a velkych
mést v okoli (obr. IV.1.29).

Stanice Ostrava-Fifejdy a Véfnovice jsou vybaveny
analyzatory GRIMM, pomoci nichz probiha
sledovani poctu Castic ve 32 velikostnich frakcich
vrozsahu 0,25 az 3,20 um'. Na pozad’ové méstské
lokalit¢ Ostrava-Fifejdy probiha sledovani poctu
¢astic od roku 2008. V letech 2012 az 2015 pro-
bihalo méfeni poctu Castic rovnéz na pozadové
predméstské lokalité v Ostravé-Porubé, odkud bylo
na zacatku roku 2016 piesunuto na pozadovou
venkovskou lokalitu do Véinovic.

Primérny pocet sledovanych ¢astic byl v roce 2017
na stanici Ostrava-Fifejdy i Véfmovice ve srovnani
srokem 2016 velmi podobny. V Ostravé-Fifejdach
byl v roce 2017 primérny pocet sledovanych ¢astic
1061, ve Vétnovicich pak 1607. Vyssi pocet sle-
dovanych ¢astic byl stejné jako v predeslych letech
sledovan na lokalité ve Véfnovicich, rozdil v me-
dianech ro¢niho poctu ¢astic mezi obéma stanicemi
¢ini zarok 2017 asi 20 %. Nejvyssi pocet Castic je ze
sledovanych velikostnich intervalli zastoupen
vmensich velikostnich frakcich do 0,30 um a ¢ini
asi 65 % vSech méfenych ¢astic na lokalit¢ v Ostra-
veé-Fifejdach a asi 61 % na lokalité ve Vérnovicich.
Pocty ¢astic vykazuji vyrazny roc¢ni chod, kdy
vchladnych mésicich roku (leden—bfezen a fi-
jen—prosinec) dosahuji na obou stanicich vyssich
hodnot nez v mésicich teplych (duben—zarii).
Rozdily v primérnych poctech ¢astic mezi teplou a
chladnou polovinou roku pak c¢ini na Fifejdach
zhruba 36 %, ve Véinovicich je rozdil jesté o néco
vy$s§ia ¢ini zhruba 44 %.

Pocetné vyssi hodnoty ¢astic ve Vérnovicich mimo
jiné poukazuji na vyssi podil zdroji znecistovani
vpiihrani¢ni oblasti s Polskem a zemédélskych
ploch v okoli stanice. V chladné ¢asti roku se na
poctu Castic vyrazné podili také vyssi koncentrace
plynnych prekurzorti oxidu sific¢itého a oxidi du-
siku, coz je typické pro celou oblast Ostravsko-
Karvinska. Medianovy denni chod poctu ¢astic je
vyrazn&j$i ve Vérnovicich (obr. IV.1.31), a to i ve
vétSich frakeich nad 1 um, na Fifejdach je v téchto
velikostnich frakcich denni chod vyrovnangjsi (obr.
IV.1.30). Nejnizsich hodnot v pribéhu dne je
dosahovano v odpolednich hodinach, nejvyssich

evening when the turbulence ceases the atmosphere
gets stabilized (Stull 2003).

Starting in 2017, measuring of the particle size dis-
tribution was initiated at the Lom station in the Usti
nad Labem region using the SMPS spectrometer
(Scanning mobility particle sizer). This background
station is located approximately 4 km from a pe-
trochemical complex and approximately 500 m from
the Lom city. Particles of the 30—70 nm interval sizes
predominate in the daily spectrum throughout the
day. Particles of the the 30-50 interval sizes prevail
during the morning and evening hours. A higher
number of particles of the nucleation mode in the
median spectrum also appears between 9 AM and
3PM. The described daily spectrum reflects
probably the impact of industrial sources but also
transport and of large cities in the vicinity (Fig.
1V.1.29).

The Ostrava-Fifejdy and Vérnovice stations are
equipped by the GRIMM analysers using which
observation of the number of particles in 32 size
fractions ranging between 0.25 and 3.20 um? is
carried out. Monitoring of the number of particles is
carried out at the background urban site of Ostrava-
Fifejdy since 2008. In the 2012-2015 period, the
measurement of the number of particles was also
carried out at the background suburban site at
Ostrava-Poruba from which it was relocated to the
background rural locality of Vérnovice at the
beginning of 2016. In 2017, the average number of
monitored particles at the Ostrava-Fifejdy and
Vernovice stations was rather comparable. In 2017,
the average number of monitored particles was
1061 at Ostrava-Fifejdy and 1607 at Vérnovice. The
higher number of monitored particles was recorded
at the Vernovice locality, similarly to previous years
and the difference in medians of the annual number
of particles between both stations is about 20% for
2017. The highest number of particles of the moni
tored size intervals appears at the lower size range
up to 0.30 um representing approximately 65% of
all the particles measured at the Ostrava-Fifejdy
locality and approximately 61% at the Vérnovice
locality. The number of particles demonstrate
significant annual fluctuation with higher values
reached at both stations in cold months of the year
(January—March and October—December) than in
warm months (April-September). The difference in
the average number of particles between the warm
and cold half of the year reaches approximately
36% at Fifejdy and even slightly more, approxi
mately 44%, at Veérnovice.

The higher values in the number of particles at the
Vernovice station indicate, among others, a higher
proportion of pollution sources in the border region
with Poland and the agricultural areas around the

1V obdobi 31. 7. az 21. 9. 2017 méFeni podtu &astic na zminénych lokali-
tach neprobihalo z diivodu nezbytnych kalibraci obou pfistroja.

1 Measurements of the number of particles at the respective localities was
not carried out in the period from 31 July to 21 September 2017 due to
necessary calibration of both instruments.
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naopak b&hem vecernich, no¢nich a rannich hodin.
Na zadné z obou lokalit neni zfejmy nardst poctu
¢astic v dobach dopravnich $picek, nepiedpo-
kladame tedy vyznamné ovlivnéni dopravou nebo
neni tato metoda schopna tento vliv postihnout.

IV.1.5 Monitorovani koncentraci
elementarniho, organického
a ¢erného uhliku

Uhlikaté aerosolové ¢astice v atmosféte jsou tvo-
feny hlavné elementarnim uhlikem a organickymi
slouc¢eninami (Seinfeld, Pandis 2006). Elementarni
(EC) 1 organicky (OC) uhlik jsou produkty
nedokonalého spalovani organickych materiald
(uhli, oleje, benzinu, dfeva a biomasy), ke zdrojim
OC patii také resuspenze prachu spojena s dopravou
a biogenni castice (viry, bakterie, pyl, houbové
spory a vSechny druhy fragmentd z vegetace;
Schwarz et al. 2008). Zatimco EC je emitovan do
ovzdusi pouze ptimo (primdrni ¢astice), OC mize
vznikat reakcemi plynnych organickych prekur-
zord. Krom¢ oznaceni uhlikatych aerosolovych
castic jako EC a OC je pouzivan také termin Cerny
uhlik (BC). Cerny a elementarni uhlik v podstaté
oznacuji stejny komponent atmostéry. Zatimco EC
obsahuje pouze uhlik, BC mize obsahovat krom¢
EC i organické ptimési (Chow et al. 2009; Husain et
al. 2007; Petzold et al. 2013). Pouzivani spravné
terminologie pro oznaceni elementarniho a ¢erného
uhliku se 1i8i v pojeti charakteru této latky. Termin
EC definuje tekavé vlastnosti, oznaceni ¢erny uhlik
(BC) popisuje absorpe¢ni vlastnosti naptic spektrem
viditelnych vinovych délek (Seinfeld, Pandis 2006).

Uhlikaté ¢astice jsou soucasti jemné frakce aero-
solovych castic (PM,;). Z hodnoceni zdravotnich
dopadii PM,; na lidské zdravi vyplynulo, ze vari-
abilitu epidemiologickych vysledkti nelze vysvétlit
pouze proménlivosti koncentraci PM,; v prostoru.
Pti¢inou mohou byt pravé vice toxikologicky
aktivni slozky PM,; (Luben et al. 2017). EC (resp.
BC) oproti OC [épe prostupuje do lidského téla
azhorSuje onemocnéni srdce a plic (Na, Cocker
2005). Organické castice (vcetné¢ organického
uhliku), jez mohou obsahovat mimo jiné frakce
polycyklickych aromatickych uhlovodiki (PAH),
jsou studovany pro jejich karcinogenitu a muta-
genni uc¢inky (Seinfeld, Pandis 2006; Satsangi et al.
2012). Uginkam uhlikatych astic na lidské zdravi
se vénuje mnoho odbornych studii, jejich vysledky
reviduji naptiklad prace Grahame et al. 2014;
Magalhaes et al. 2018; Luben et al. 2017 a WHO
2012.

Prvni pravidelné méteni EC/OC v CR bylo zahajeno
v unoru 2009 na Narodni atmosférické observatori

station. In the cooler part of the year, the number of
particles is also substantially affected by higher
concentrations of the gaseous precursors of sulphur
dioxide and nitrogen oxides, which is typical for the
entire Ostrava-Karvind area.

The median daily progression in the number of
particles is more explicit at Vérnovice (Fig. IV.1.31)

even for the larger fractions over 1 um, the daily

variation in these size fractions is more balanced at
Fifejdy (Fig. IV.1.30). The lowest values during the

day are attained in the afternoon and the highest
values occur during the evening, night and morning
hours. There is no obvious increase in the number of
particles during peak traffic hours at neither of the
locations, so no significant impact by transport can

be assumed, or, the methodology may not be capable

to establish such an impact.

IV.1.5 Monitoring concentrations of
elemental, organic and black carbon

Carbonaceous aerosol particles in the atmosphere
are formed mainly of elemental carbon and organic
compounds (Seinfeld, Pandis 2006). Elemental
(EC) and organic carbon (OC) are products of
incomplete combustion of organic materials (coal,
oil, petrol, wood and biomass); OC sources also
include the resuspension of dust particles related to
traffic, and biogenic particles (viruses, bacteria,
pollen, fungal spores and all kinds of vegetation
fragments; Schwarz et al. 2008). While EC is
emitted into the air only directly (primary particles),
OC can be formed by the reactions of gaseous
organic precursors. In addition to designating
carbonaceous aerosol particles as EC and OC, the
term black carbon (BC) is also used. Black and
elemental carbon basically designate the same
component appearing in the atmosphere. While EC
contains only carbon, BC can contain, apart from
EC, also organic ingredients (Chow et al. 2009,
Husain et al. 2007, Petzold et al. 2013). The correct
use of the terminology designating elemental and
black carbon relates to the conception of the sub-
stance characteristics. The term EC denotes vola-
tility properties, while black carbon (BC) entails
absorption properties across the spectrum of visible
wavelengths (Seinfeld, Pandis 2006).

Carbonaceous particles form fine fraction of
aerosol particles (PM, ). It has been concluded from
the evaluation of health impacts of PM, ; on human
health that variability of epidemiologic results
cannot be explained by only variance of concen-
trations of PM,; in the environment. Causes can
include just more active toxicological components
of PM,; (Luben et al. 2017). Compared to OC, EC
(or BC) penetrates more readily into the human
body and aggravates heart and lung diseases (Na,
Cocker 2005). Organic particles (including organic
carbon), which can contain among other com-
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Kosetice (NAO Kosetice). Primérna koncentrace
celkového uhliku (TC) v letech 2009-2017 ve vzor-
kované frakci PM,;je 3,4 pg.m", z &ehoz EC tvoii
0,4 pgm” a OC 3,0 pg.m". Nejvyssi koncentrace
TC nametené v lednu a unoru 2017 odrazi zvysenou
produkci uhlikovych castic v dasledku vytapéni.
Vprubéhu méfeni byl zaznamenan pokles kon-
centraci EC 1 OC. Primérmné ro¢ni koncentrace EC
0,3 ng.m " vroce 2017 jsou oproti vysledkiim z roku
2009 polovic¢ni. Koncentrace OC se snizily z roc¢-
niho priméru 3,5 pg.m " v roce 2009 na 2,1 pg.m"
vroce 2017. Mirny nardst koncentraci EC i OC byl
zaznamenan v letech2012a2013 (obr. 1V.1.32).

Meéteni koncentraci BC probihd na tfech stanicich,
ato na stanici Usti nad Labem-mé&sto, Lom a NAO
Kogetice. Stanice Usti nad Labem-mésto a NAO
Kosetice méii BC od roku 2012, Lom od roku2017.

Roc¢ni variabilita koncentraci BC odrazi zvysené
mnozstvi emisi produkovanych b&éhem topné
sezony, zvysen¢ hodnoty jsou méfeny v chladné
¢asti roku. Mimo topnou sezonu lze v dennich cho-
dech identifikovat maxima pochézejici zejména
zdopravy.

Na stanici Usti nad Labem-mésto praimé&mé roéni
koncentrace BC za Sestileté obdobi (2012-2017)
poklesly z hodnoty 2,09 pg.m v roce 2012 na 1,52
ng.m " vroce 2017. Béhem tohoto obdobi se snizila i
variabilita hodnot, ktera byla nejvys$si v roce 2014.
Zatimco v roce 2014 hodnoty 1. a 3. kvartilu dosa-
hovaly 0,72 a 2,71 pg.m" v daném pofadi, v roce
2017 mél 1. kvartil hodnotu 0,49 pg.m a 3. kvartil
¢inil 1,98 pg.m . Na stanici Lom byla v roce 2017
zaznamenana prumérna rocni koncentrace 1,12
pg.m’. NAO Kosetice dlouhodobé méfi koncen-
trace BC, které jsou v porovnani s vysledky stanice
Usti nad Labem-mé&sto pfiblizng tfikrat nizsi.
Primérna ro¢ni koncentrace od roku 2013 poklesla
20,87 pg.m 'na 0,58 pg.m" v roce 2017. Variabilita
naméienych hodnot byla nejnizsivroce 2016 (1.a 3.
kvartil dosahoval 0,25 pg.m”, resp. 0,67 pg.m"),
vnasledujicim roce pak variabilita mirn¢ vzrostla,
stejné jako primérna koncentrace (obr. [V.1.33).

V Ceské republice pochéazelo dle vysledki inventa-
rizace emisi v roce 2016 az 47,3 % emisi BC ze
sektoru dopravy, a to piedevsim ze spalovani paliv
ve vznétovych motorech. Z toho se na celkovych
emisich BC nejvice podilely sektory: Zemédélstvi,
lesnictvi, rybolov: Nesilni¢ni vozidla a ostatni stroje
(1A4cii) 18,1 %, Silni¢ni doprava: Nakladni do-
prava nad 3,5 tuny (1A3biii) 13,1 % a Silni¢ni
doprava: Osobni automobily (1A3bi) 8,9 %. Ze
stacionarnich zdroji vzniklo nejvice emisi BC
vsektoru Lokalni vytdpéni domdacnosti (1A4bi)
spodilem 51,6 % na celkovych emisich (obr.

ponents fractions of polycyclic aromatic hydro-
carbon (PAH), are studied for their carcinogenic
and mutagenic effects (Seinfeld, Pandis 2006, Sat-
sangi et al. 2012). A range of professional studies
deals with the effects of carbonaceous particles on
human health, the results of which are revised, for
example, in studies by Grahame et al. 2014, Maga-
lhaesetal. 2018; Lubenetal 2017 and WHO 2012.

The first regular measurement of EC/OC in the
Czech Republic commencedin February 2009 at the
National Atmospheric Observatory Kosetice (NAO
Kosetice). The average concentration of total
carbon (TC) in the perzod from 2009 to 2017 in the
sampled PM, fractlon is 3.4 ug.m”’ of whzch EC
amounts to 0.4 ug.m” and OC to 3.0 ,ugm . The
highest concentration of TC recorded in January
and February 2017 reflects increased production of
carbonaceous particles due to heating. During the
period of monitoring a decrease of concentrations
of EC and also OC has been recorded. The average
annual concentration of EC at 0.3 ug.m” in 2017 is
half the value of 2009. Concentration of OC de—
creased from the annual average of 3.5 ug.m” in
2009 to the level of 2.1 ug.m” in 2017. Moderate
increase of concentration of EC and OC was
recordedin 2012 and 2013 (Fig. IV.1.32).

Measurements of concentrations of BC take place at
three stations, namely the Usti nad Labem-mésto,
Lom, and NAO Kosetice. The Usti nad Labem-mésto
and NAO Kosetice stations measure BC since 2012,
the station Lom since 2017.

The annual variability of concentrations of BC re-
flects increased amount of emissions produced
during the heating season, increased values are
recorded during the cold part of the year. Apart from
the heating season, weekly maxima can be identified
namely due to traffic.

The six year (2012-2017) annual average concen-
tration of BC at the Usti nad Labem mésto station
dropped from the level 0f2.09 ug.m” in 2012 to the
value of 1.52 ug.m” in 2017. During this period
varzabllzty of data also decreased reachzng the peak
in 2014. Although the levels of 1" and 3" quartiles in
201 4 reached 0.72 and 2.71 ug.m respectlvely the
1" quartlle of 2017 amoum‘ed 10 0.49 ug.m” and the
3" quartile to 1.98 ug.m”. At the Lom station the
average annual concentratzon was recorded at the
level of 1.12 ug.m” in 2017. The long-term moni-
toring of BC concentrations at the NAO KoSetice
station gives approximately three times lower the
values recorded at the Usti nad Labem-mésto
station. The annual average concentration dropped
from the level of 0.87 ug.m’in 2013 to 0.58 ug.m " in
2017. The varlablllly of measured data was the
lowest in 2016 (the 1 and 3" quartzles reached the
values of 0.25 ug.m” and 0.67 ug.m respectively),

the following year the variability moderately
increased, similarly to the average concentration
(Fig. 1V.1.33)
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IV.1.34). Vyvoj celkovych emisi BC v obdobi
2008-2016 lze charakterizovat klesajicim trendem,
ktery je zpusoben zejména opatfenimi v sektoru
dopravy (obr.1V.1.35).2

Based on the results of inventories in the Czech
Republic in 2016, up to 47.3% of BC emissions
originated from the transport sector, particularly
from combustion of fuel in diesel engines. Of this,
the following sectors contributed the most to the
total BC emissions: Agriculture, forestry, fishing:
Off-road vehicles and other machinery (1A4cii)
18.1%, Road transport: heavy-duty vehicles and
buses (1A3biii) 13.1% and Road transport: Pas-
senger cars (143bi) 8.9%. Of stationary sources,
the most BC emissions were produced by the sector
of Residential: Stationary (1A4bi) contributing
51.6% of total emissions (Fig. 1V.1.34). Develop-
ments in total BC emissions in the 2008-2016
period can be characterised by a decreasing trend,
particularly due to measures in the transport sector
(Fig. 1V.1.35).2

2 Podily emisi BC na jednotlivych sektorech jsou nové prepogitany,
proto se mohou vysledky uvadéné v minulych letech lisit.

2 The share of BC emission by sectors has recently been recalculated
and the results given in previous years can therefore differ.
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Obr. IV.1.1 Pole 36. nejvyssi 24hod. koncentrace PMq, 2017
Fig. IV.1.1 Field of the 36th highest 24-hour concentration of PMy,, 2017
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Obr. IV.1.2 36. nejvyssi 24hod. koncentrace PM;, mérené na stanicich imisniho monitoringu, 2017
Fig. IV.1.2 36th highest concentration of PMy, in the ambient air quality network, 2017
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Obr. IV.1.3 Pole roéni praimérné koncentrace PM,,, 2017
Fig. IV.1.3 Field of annual average concentration of PM4y, 2017
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Obr. IV.1.4 Roéni primérné koncentrace PM;o mérené na stanicich imisniho monitoringu, 2017
Fig. IV.1.4 Annual average concentrations of PM,q in the ambient air quality network, 2017
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Obr. IV.1.5 Pole roéni primérné koncentrace PM, 5, 2017
Fig. IV.1.5 Field of annual average concentration of PM, 5, 2017
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Obr. IV.1.6 Roéni primérné koncentrace PM; 5 méfené na stanicich imisniho monitoringu, 2017
Fig. IV.1.6 Annual average concentrations of PM, 5 in the ambient air quality network, 2017
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Obr. IV.1.7 Pétilety primér ro¢nich primérnych koncentraci PM,, 2013-2017
Fig. IV.1.7 Five-year average of annual average concentrations of PMy,, 2013-2017
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Obr. IV.1.8 Pétilety pramér ro¢nich primérnych koncentraci PM; 5, 2013-2017
Fig. IV.1.8 Five-year average of annual average concentrations of PM, 5, 2013-2017
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Obr. IV.1.10 36. nejvyssi 24hod. koncentrace a ro¢ni primérné koncentrace PM,y na vybranych
venkovskych (R) stanicich, 2007-2017

Fig. IV.1.10 36th highest 24-hour concentrations and annual average concentrations of PM4,
at selected rural (R) stations, 2007-2017
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Obr. IV.1.11 Roéni primérné koncentrace PM, 5 v ovzdusi na vybranych stanicich, 2007-2017
Fig. IV.1.11 Annual average concentrations of PM, 5 in the ambient air at selected stations,

2007-2017
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Obr. IV.1.12 Pocty prekro€eni hodnoty imisniho limitu pro 24hod. koncentrace PM,q, 2017
Fig. IV.1.12 Numbers of exceedances of the limit value for 24-hour concentration of PMyy, 2017
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Pozn. / Note:

Cislo u kazdého sloupce vyjadfuje podet stanic, na kterych doslo k prekrogeni imisniho limitu (pfed lomitkem) z celkového
poctu stanic (za lomitkem) s dostatenym mérenim pro hodnoceni.

The figures next to each column separated by a slash show the number of stations with the limit value exceedance of the
total number of stations with sufficient number of valid data.

Obr. IV.1.13 Podil lokalit, kde doslo k prekroéeni imisniho limitu pro priimérnou 24hod.
koncentraci PM4q a primérnou roéni koncentraci PM4g a PM; 5, 2001-2017

Fig. IV.1.13 Share of localities with the exceedance of the limit value for 24-hour concentration
of PM4o and annual average concentrations of PM;y, and PM, 5, 2001-2017
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Obr. IV.1.14 Roéni chod primérnych mésiénich koncentraci PM;g
(praméry pro dany typ stanice), 2017

Fig. IV.1.14 Annual course of average monthly concentrations of PM,
(averages for the given type of station), 2017
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Obr. IV.1.15 Roéni chod primérnych mési¢nich koncentraci PM; 5 (priméry pro dany typ stanice),

2017

Fig. IV.1.15 Annual course of average monthly concentrations of PM, 5 (averages for the given

type of station), 2017
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Obr. IV.1.16 Primérné mésicni poméry PM, 5/PM4,, 2017
Fig. IV.1.16 Average monthly PM, 5/PM4, ratio, 2017
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Obr. IV.1.17 Trendy roénich charakteristik PM,, v Ceské republice, 2001-2017
Fig. IV.1.17 Trends of PM4o annual characteristics in the Czech Republic, 2001-2017
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Obr. IV.1.18 Trendy rocnich charakteristik PM; 5 v Ceské republice, 2005-2017
Fig. IV.1.18 Trends of PM, 5 annual characteristics in the Czech Republic, 2005-2017
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Obr. IV.1.19 Trendy vybranych imisnich charakteristik PM4q (index, rok 2001 = 100), 2001-2017
a PM, 5 (index, rok 2005 = 100), 2005-2017

Fig. IV.1.19 Trends of selected characteristics of PM, (index, year 2001 = 100), 2001-2017
and PMj, 5 (index, year 2005 = 100), 2005-2017
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Obr. IV.1.24 Emisni hustoty PM4q ze ¢tvercu 5x5 km, 2016
Fig. IV.1.24 PM, emission density from 5x5 km squares, 2016
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Obr. IV.1.25 Emisni hustoty PM; 5 ze Etverc(i 5x5 km, 2016
Fig. IV.1.25 PM, 5 emission density from 5x5 km squares, 2016
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Obr. IV.1.26 Medianové spektrum denniho chodu poctu ¢astic, NAO Kosetice, 2017
Fig. IV.1.26 Median spectrum of the daily progression of the number of particles, NAO KoSetice,
2017
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Pozn.: Cas uveden v UTC. / Note: Time in UTC.

Obr. IV.1.27 Medianové spektrum denniho chodu poctu ¢astic, NAO Kosetice, 30. dubna 2017
Fig. IV.1.27 Median spectrum of the daily progression of the number of particles, NAO KoSetice,
30. April 2017
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Obr. 1V.1.28 Medianové spektrum denniho chodu poétu éastic, Usti nad Labem-mésto, 2017
Fig. IV.1.28 Median spectrum of the daily progression of the number of particles,
Usti nad Labem-mésto, 2017
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Pozn.: Cas uveden v UTC. / Note: Time in UTC.

Obr. IV.1.29 Medianové spektrum denniho chodu po¢tu ¢astic, Lom, 2017
Fig. IV.1.29 Median spectrum of the daily progression of the number of particles, Lom, 2017
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Obr. IV.1.30 Medianové spektrum denniho chodu poétu ¢astic, Ostrava-Fifejdy, 2017
Fig. IV.1.30 Median spectrum of the daily progression of the number of particles,
Ostrava-Fifejdy, 2017
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Obr. IV.1.31 Medianové spektrum denniho chodu poétu ¢astic, Véimnovice, 2017
Fig. IV.1.31 Median spectrum of the daily progression of the number of particles, Vérriovice, 2017
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Pozn. / Note:

Rozpéti dennich hodnot reprezentuje horni/dolni okraj obdélnikd znazorriujici hodnotu 75. a 25. percentilu, vodorovna
¢ara oznacuje median.

The range of daily values is indicated by the top/bottom border of the boxes representing the value of 75" and 25"
percentile respectively; the horizontal line indicates the median.

Obr. IV.1.32 Roc¢ni primérné koncentrace EC a OC, NAO Kosetice, 2009-2017
Fig. IV.1.32 Annual average concentrations of EC and OC, NAO KoSetice, 2009—-2017
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Rozpéti dennich hodnot reprezentuje horni/dolni okraj obdélnikd znazormiujici hodnotu 75. a 25. percentilu, vodorovna
Cara oznacuje median.

The range of daily values is indicated by the top/bottom border of the boxes representing the value of 75" and 25"
percentile respectively; the horizontal line indicates the median.

Obr. IV.1.33 Ro¢ni primérné koncentrace BC, NAO Kosetice, Lom a Usti nad Labem-mésto,
2012-2017

Fig. IV.1.33 Annual average concentrations of BC, NAO KoSetice, Lom and Usti nad Labem-
mésto, 2012-2017
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IV.1 KVALITA O0VzZDUSi V CESKE REPUBLICE — SUSPENDOVANE CASTICE
IV.1 AIR QUALITY IN THE CZECH REPUBLIC — SUSPENDED PARTICULATE MATTER

Il 1A4bi — Lokalni vytapéni doméacnosti / Residential: Stationary
1A4cii — Zemédelstvi, lesnictvi, rybolov: Nesilniéni vozidla a ostatni stroje / Agriculture, Forestry, Fishing: Off-road vehicles and other machinery
[ 1A3biii — Silni¢ni doprava: Nakladni doprava nad 3,5 tuny / Road transport: Heavy duty vehicles and buses
Il 1A3bi - Silniéni doprava: Osobni automobily / Road transport: Passenger cars
B 1A3c - Zelezniéni doprava / Railways
Il 1A3bvi - Silniéni doprava: Otéry pneumatik a brzd / Road transport: Automobile tyre and brake wear
1A1a - Vefejna energetika a vyroba tepla / Public electricity and heat production
Il 1Adai - Sluzby, instituce: Stacionarni spalovaci zdroje / Commercial, institutional: Stationary
I 1A2gviii — Spalovaci procesy v primyslu a stavebnictvi: Ostatni / Stationary combustion in manufacturing industries and construction: Other
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Obr. IV.1.34 Podil sektorii NFR na celkovych Obr. IV.1.35 Vyvoj celkovych emisi BC,
emisich BC, 2016 2008-2016
Fig. IV.1.34 Total emissions of BC sorted out Fig. 1V.1.35 The development of BC
by NFR sectors, 2016 total emissions, 2008-2016
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