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IV.2BENZO[A]PYREN

IV.2.1 Znecisténi ovzdusi benzo[a]pyrenem
v roce 2017

Znecisténi ovzdusi benzo[a]pyrenem patii k hlav-
nim problémim zajidténi kvality ovzdusi v CR.
V roce 2017 prekrocily ro¢ni primérné koncentrace
benzo[a]pyrenu imisni limit (1 ng.m’) na téméf
66 % stanic (tj. na 25 z celkového poctu 38 stanic
s dostateCnym poctem méfeni pro hodnoceni; obr.
IV.2.2). V meziro¢nim srovnani tak doslo k poklesu,
nebot v roce 2016 bylo zaznamenano piekroceni na
71 % stanic (tj. na 31 z 44 stanic s dostate¢nym
poctem namétenych dat pro hodnoceni). Primérné
ro¢ni koncentrace v roce 2017 v porovnani s rokem
2016 (hodnoceno na zéklad¢ souboru stanic, pro
které jsou k dispozici datazarok 2016 12017) klesly
na 36 % stanic. Primérna ro¢ni koncentrace (zpru-
meérovano pro stejny soubor stanic, na kterych se
méftilo v letech 2016 1 2017) byla v roce 2017
nepatrné vyssi (1,92 ng.m”) v porovnini s rokem
2016(1,84ng.m").

Rada mést a obci byla vyhodnocena, stejné jako
v predchozich letech, jako uzemi s prekrocenym
imisnim limitem (obr. IV.2.1). V roce 2017 byl imis-
ni limit piekroen na 26,0 % plochy uzemi CR
(vroce 2016 na 25,9 % plochy izemi CR) s cca 61,8
% obyvatel CR (v roce 2016 piiblizné 55,7 %).

Je tfeba mit na zfeteli, Ze odhad poli ro¢nich pru-
meérnych koncentraci benzo[a]pyrenu (obr. IV.2.1)
je zatizen vyrazné vEétSimi nejistotami ve srovnani
s ostatnimi mapovanymi latkami. Na nejistoté mapy
se podili nedostate¢ny pocCet méfeni na venkov-
skych regionalnich stanicich i absence rozsahlejsich
méfeni v malych sidlech CR, ktera by z hlediska
zne¢isténi ovzdusi benzo[a]pyrenem reprezen-
tovala zasadni vliv lokalnich topenist. VéEtsi ne-
jistotou je tedy zatizeno i posuzovani meziro¢ni
zmény podilu zasaZzeného uzemi a obyvatel nad-
limitnimi koncentracemi benzo[a]pyrenu. Pocet
lokalit s méfenim benzo[a]pyrenu je limitovan
zejména vysokymi naklady na laboratorni analyzy
a kapacitou laboratofe pro zpracovani vzorkl ben-
zo[a]pyrenu. Nejistoty map jsou podrobné popsany
v Priloze L.

Nejvyssi ro¢ni primérna koncentrace v roce 2017
byla, podobné¢ jako v ptedeslych letech, namétrena
na primyslové lokalitd Ostrava-Radvanice ZU (9,6
ng.m", coZ znamend devitindsobné piekrodeni
imisniho limitu). Nadlimitnich koncentraci bylo
dosazeno ina dalsich dvou primyslovych lokalitach

IV.2 BENZO(A)PYRENE

IV.2.1 Air pollution by benzo[a]pyrene
in 2017

Air pollution by benzo[a]pyrene is one of the main
problems associated with ensuring air quality in the
Czech Republic. In 2017, the annual average con-
centration of benzo[alpyrene exceeded the pol-
lution limit value (1 ng.m”) at almost 66% of stati-
ons (i.e. 25 of a total of 38 stations with sufficient
number of measurements for evaluation; Fig.
1V.2.2). Thus there was an inter-annual decrease, as
exceeding of the limit was recorded at 71% of sta-
tions in 2016 (i.e. at 31 of 44 stations with sufficient
number of stations for evaluation). Compared with
2016, the average annual concentrations in 2017
(evaluated on the basis of a set of stations for which
data are available for both 2016 and 2017) decre-
ased at 36% of stations. The average annual con-
centration (averaged for the same set of stations as
those at which measurements were performed in
2016 and 2017) was slightly higher in 2017 (1.92
ng.m’) comparedto 2016 (1.84 ng.m”).

A number of cities and municipalities, similar to
previous years, were evaluated as territories where
the pollution limit levels were exceeded (Fig.
1V.2.1). In 2017, the pollution limit level was ex-
ceeded over 26.0 % of the area of the Czech
Republic (in 2016 over 35.9% of the area of the
Czech Republic), with approx. 61.8% of the
population of the Czech Republic (in 2016 with
approx. 55.7%).

It must be borne in mind that the estimate of the
fields of annual average concentrations of ben-
zofalpyrene (Fig. IV.2.1) is accompanied by
considerably greater uncertainties than for the
other mapped substances. The uncertainty of the
map is a result of the inadequate number of me-
asuring stations and the absence of more extensive
measurements in smaller settlements in the Czech
Republic where the fundamental effect of local
heating plants would be represented in the air
pollution by benzo[a]pyrene. Thus assessment of
the inter-annual changes in the affected territory
and population by above-limit concentrations of
benzo[a]pyrene will also be accompanied by a gre-
ater error. The number of locations with measure-
ments of benzo[a]pyrene is limited particularly by
the high costs for laboratory analyses and a ca-
pacity of the laboratory for processing the
benzo[a]pyrene samples. The uncertainties in the
maps are described in detail in Annex No. 1.

The highest average annual concentration in 2017,
similarly as in previous years, was detected at the
industrial location of the Ostrava-Radvanice ZU
(9.6 ng.m”, which is nine times the pollution limit
level. Above-limit concentrations were also attained
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ana 59 % méstskych a ptedmeéstskych pozadovych
stanic. Koncentrace benzo[a]pyrenu jsou méfeny na
Sesti dopravnich stanicich, pficemz na péti z nich
byl imisni limit pfekrocen (tab. XIII.6). Pfekroceni
imisniho limitu benzo[a]pyrenu je na vétsing stanic
dano viceméné rovnomérnym rozmisténim hlav-
niho emisniho zdroje této skodliviny, tj. vytapénim
domacnosti. Nejvyssi koncentrace jsou méfeny,
podobn¢ jako u vétsiny ostatnich polutantt, v aglo-
meraci O/K/F-M v dusledku nejvyssiho emisniho
zatizeni v ramei CR (z réiznych typa zdrojt) a vlivu
preshrani¢niho ptenosu z Polska (podrobnéji kap.
1v.2.3).

Na stanicich Ostrava-Radvanice ZU, Ostrava-
Radvanice OZO, Ostrava-Piivoz a Cesky T&in jsou
kazdoro¢né méfeny nejvyssi koncentrace ben-
zo[a]pyrenu v CR. Dlouhodobé nepfiznivou situaci
na Ostravsko-Karvinsku a celoro¢ni vliv emisi
v této oblasti doklada skute¢nost, Ze v letnim ob-
dobi, kdy se koncentrace benzo[a]pyrenu na jinych
stanicich neziidka pohybuji kolem meze detekce
(0,04 ng.m™), se na uvedenych lokalitach vyskytuji
i denni koncentrace vy$i nez 1 ng.m” (napf.
Ostrava-Radvanice ZU 19,0 ng.m’3 dne 25.7.2017,
Ostrava-Radvanice OZO 15,0 ng.m” dne 19. 7.
2017, Ostrava-Piivoz 2,5 ng.m” dne 19. 7. 2017
a Cesky T&8in 1,2 ng.m " dne 30.8.2017).

Nadlimitni arovni benzo[a]pyrenu jsou zatiZzeny
i obce, ve kterych nejsou jeho koncentrace rutinné
sledovany. Tato skutecnost je opakované potvr-
zovana proméfovanim riznych lokalit dotovanych z
rozpoctu Moravskoslezského kraje!, naptiklad
Cesky T&sin-autobusové nadrazi (4,4 ng.m’),
Vrazné (3,3 ng.m”) a Opava-univerzitni zahrada
(1,8 ng.m”) v roce 2017, Sudice a Osoblaha v roce
2016, ¢i Valasské Meziti¢i (v provozu od roku
umisténa na pozemku Skoly v sidlisti, neni pfimo
ovlivnéna emisemi benzo[a|pyrenu z individual-
niho vytapéni. Piesto se s ro¢ni primérnou kon-
centraci 2,8 ng.m" (resp. 2,2 ng.m" v roce 2016)
radi tato lokalita k siln€ znec¢iSténym (obr. [V.2.4).

V roce 2017 byly v ramci jiz tetiho roku kampa-
fového méfeni pro Jihomoravsky kraj prométeny
v topné sezoné¢ dvé malé obce Ostopovice
a Moravany. Méfeni probihala na pielomu fijna
a listopadu v dob¢, kdy postupné klesaly venkovni
teploty, a zapocala topna sezona. Naméfené denni
koncentrace benzo[a]pyrenu dosahovaly nékolika-
nasobné vyssich hodnot nez hodnoty méfené v lo-
kalité¢ Brno-Lisen, ktera lezi ve stejném kraji, avSak

at the other two industrial locations and at 59% of
urban and suburban background stations. The
concentrations of benzo[alpyrene are measured at
six traffic stations, where the pollution limit level
was exceeded at five of them (Tab. XIII.6). The
exceeding of the pollution limit level for ben-
zo[a]pyrene at most of the stations is a result of the
more-or-less even distribution of the main emission
sources of this pollutant, i.e. household heating
systems. Similar to the other pollutants, the highest
concentrations are measured in the O/K/F-M ag-
glomeration as a consequence of the greatest
emission burdens in all of the Czech Republic (from
various kinds of sources) and the effect of trans-
boundary transmission (for more details, see Chap.

1V.2.3).

The highest concentrations of benzo[a]pyrene in the
Czech Republic are annually measured at the Ostra-
va-Radvanice ZU, Ostrava-Radvanice OZ0O, Ostra-
va-Privoz and Cesky Tésin stations. The long-term
unfavourable conditions in the Ostrava-Karvina
area and the year-round effect of emissions in this
area are reflected in the fact that, in the summer,
when the concentration of benzo[a[pyrene at other
Stations are frequently around the detection limit
(0.04 ng.m”), daily concentrations at these loca-
tions higher than 1 ng.m” occur (e.g. Ostrava-Rad-
vanice ZU 19.0 ng.m”’ on 25 July 2017, Ostrava-
Radvanice OZO 15.0 ng.m”’ on 19 July 2017,
Ostrava-Privoz 2.5 ng.m” on 19 July 2017 and
Cesky Tésin 1.2 ng.m™ on 30 August 2017).

Above-limit benzo[a]pyrene levels also occur in
municipalities in which its concentration is not
routinely monitored. This fact has been repeatedly
confirmed by measurements at various locations
with a grant from the budget of the Moravian-
Silesian region?, e.g. Cesky Tésin-autobusové nd-
drazi (4.4 ng.m”), Vrazné (3.3 ng.m”) and Opava-
univerzitni zahrada (1.8 ng.m”) in 2017, Sudice and
Osoblaha in 2016 and Valasské Mezirici (in
operation since 2013). The station at Valasské
Mezirici, located on the property of a school in
a residential district, is indirectly affected by
emissions of benzo[a]pyrene from individual hea-
ting facilities. Nonetheless, the average annual con-
centration of 2.8 ng.m” (or 2.2 ng.m" in 2016) clas-
sifies this location as highly polluted (Fig. 1V.2.4).

In 2017 in the context of the third year of the cam-
paign for measurement in the Southern Moravian
region, measurements were performed in the
heating season at two small municipalities (Osto-
povice and Moravany). The measurements were
performed at the end of October and beginning of
November at a time when outdoor temperatures
gradually decreased and the heating season began.
The measured daily concentrations of benzo[a]py-
rene attained several-fold higher values than those

1 Podrobné kazdoro&ni vyhodnoceni viz www.chmi.cz.

1 For detailed annual evaluation, see www.chmi.cz.
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obydli v nejbliz§im okoli jsou napojena na centralni
zdroj tepla. Nejvyraznéjsi rozdil v koncentracich
byl naméfen koncem listopadu, kdy hodnoty den-
nich koncentraci benzo[a]pyrenu v Ostopovicich
osmnactinasobn¢ prevysSovaly hodnoty naméfené
v Brngé-Lisni. Vzhledem k tomu, Ze pocet hodnot
koncentraci ziskanych kampafiovym métenim ne-
umoziiuje dle platné legislativy vypocet roc¢nich
pramérnych koncentraci, je vySe uvedené hodno-
ceni zalozeno pouze na porovnani primérnych
dennich koncentraci (obr. IV.2.6).

Koncentrace benzo[alpyrenu vykazuji vyrazny
ro¢ni chod (obr. IV.2.7) s maximy v zimnim obdobi
a minimy v letnim obdobi. V zimnim obdobi zvy-
Sené koncentrace v atmosféfe souvisi se zvySenymi
emisemi polycyklickych aromatickych uhlovodikt
(PAH) ze sezonnich antropogennich zdroji — z lo-
kalnich topenist’ (tj. nejvyznamnéjsiho zdroje emisi
benzo[a]pyrenu; obr. IV.2.10). Vyznamnym
zdrojem emisi PAH je i doprava, u které v zimnim
obdobi dochazi navic k navySeni emisi PAH
v dasledku studenych startt. Dale jsou zvysené
koncentrace zplsobeny zhorSenymi rozptylovymi
podminkami v zimnim obdobi, jednodussi konverzi
plyn-Castice pfi nizkych teplotach a niz$im foto-
chemickym rozkladem PAH. V letnim obdobi na-
opak dochazi k poklesu koncentraci diky zlepSeni
rozptylovych podminek, zvyseni chemického a fo-
tochemického rozkladu PAH za vyssi intenzity
slune¢niho zafeni a vysokych teplot a samoziejmeé
také diky poklesu emisi z antropogennich zdroji (Li
etal. 2009; Ludykar etal. 1999; Teixeiraetal. 2012).

IV.2.2 Vyvoj koncentraci benzo[a]pyrenu

Trendy primérnych ro¢nich koncentraci benzo-
[a]pyrenu jsou znazornény od roku 2006. V celore-
publikovém priméru je uroven této Skodliviny
dlouhodobé¢ nadlimitni, a to pfiblizné dvojnasobné
(obr. IV.2.5). Nejvyssi koncentrace benzo[a|pyrenu
byly naméteny v roce 2006 (vice nez trojnasobné
prekroc¢eni hodnoty imisniho limitu) v disledku
zhorSenych meteorologickych a rozptylovych pod-
minek. Od roku 2007 koncentrace benzo[a]pyrenu
kolisaly a nevykazovaly vyrazny trend; v mezi-
ro¢nim srovnani 2016/2017 1ze konstatovat mirny
nartist koncentraci na vsech typech lokalit. Nej-
vysSich koncentraci je dosahovano na lokalitach
pramyslovych, nadlimitni koncentrace se vSak vy-
skytuji i na stanicich dopravnich, méstskych a pied-
meéstskych (obr. 1V.2.5). Jak jiz bylo zminéno,
nedostatecny pocet méfeni na venkovskych loka-
litach nedovoluje blize odhadnout vysi koncentraci

measured at the Brno-LiSen location, which is in the
same region, but residences in the vicinity are
connected to a central heating source. The greatest
difference in concentrations was measured at the
end of November, when the the values of daily
concentrations of benzo[alpyrene at Ostopovice
were eighteen-times higher than those measured at
Brno-Lisen. As, according to the valid legislation,
the number of concentration values obtained in the
campaign measurements is not sufficient for
calculation of the average annual concentrations,
the above-mentioned evaluation is based only on

comparison of the average daily concentrations
(Fig. 1V.2.6).

The concentrations of benzo[alpyrene exhibit
a marked annual progression (Fig. IV.2.7) with
maxima in the winter and minima in the summer.
The elevated concentrations in the atmosphere in
the winter are related to the elevated emissions of
polycyclic aromatic hydrocarbons (PAH) from se-
asonal anthropogenic sources — local heating faci-
lities (i.e. the most important sources of ben-
zo[a]pyrene emissions; Fig. IV.2.10). Traffic is also
a significant source of PAH and this is exacerbated
in the winter by elevated PAH emissions as a con-
sequence of cold engine starts. Elevated concen-
trations are also caused by deteriorated dispersion
conditions in the winter, easier gas-particulate
conversion at low temperatures and lower pho-
tochemical decomposition of PAH. On the other
hand, in the summer, the concentration of PAH
decreases because of better dispersion conditions,
elevated photochemical decomposition of PAH with
greater intensity of solar radiation and higher
temperatures and, of course, because of lower emis-
sions from anthropogenic sources (Li et al. 2009;
Ludykar et al. 1999, Teixeiraetal. 2012).

IV.2.2 Trends in benzo[a]pyrene
concentrations

Trends in the average annual concentrations of
benzo[alpyrene are presented from 2006. On
a country-wide scale, the level of this pollutant has
long been approx. twice the limit value (Fig. IV.2.5).
The highest benzo[alpyrene concentrations were
measured in 2006 (more than three times the
pollution limit level) as a result of worsened me-
teorological and dispersion conditions. Since 2007,
the concentration of benzo[a]pyrene has fluctuated
and has not exhibited any clear trend; inter-annual
comparison for 2016/2017 indicates a slight in-
crease in the concentrations at all types of locations.
The highest concentrations are attained at indus-
trial locations, however, above-limit concentrations
also occur at traffic, urban and suburban stations
(Fig. 1V.2.5). As it was already mentioned, the
inadequate number of measurements at rural lo-
cations does not offer a better estimate of the
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benzo[a]pyrenu v mensich sidlech, nicméné na za-
kladé skladby zdroji emisi a napt. studie Krejéi
(2012) lze predpokladat, Ze i zde jsou koncentrace
nadlimitni. Vztah mezi koncentracemi benzo[a]py-
renu a ¢astic PM,, v zimnich mésicich 2013-2017
znazoriiuje obr. IV.2.8, pétilety primér rocnich
primérnych koncentraci benzo[a]pyrenu pak obr.
Iv.2.3.

IV.2.3 Emise benzo[a]pyrenu

PAH, z nichz je v oblasti ochrany ovzdusi sledovan
zejména benzo[a]pyren, jsou produkovany témér
vyhradné spalovacimi procesy, pii nichz nedochazi
k dostate¢né oxidaci pfitomnych organickych spa-
litelnych latek. Benzo[a]pyren je produktem nedo-
konalého spalovani pii teplotach 300 az 600 °C.
Mezi jeho nejvyznamnéj$i zdroje se proto fadi
spalovani pevnych paliv v kotlich niz$ich vykontl,
predevsim v domadcich topenistich.

Sektor 1A4bi — Lokalni vytapéni domacnosti se
na emisich benzo[a]pyrenu v roce 2016 v celo-
republikovém méritku podilel 98,4 %. Hlavni
pri¢inou takto vysokého podilu je spalovani
pevnych paliv, pfedev§im uhli, v kotlich starSich
typt (odhofivaci, prohotivaci). Podle vysledki
statistického Setfeni ENERGO ptedstavovaly v roce
2015 odhotivaci a prohotivaci kotle az 79 % vSech
kotl@i na spalovani pevnych paliv v domacnostech
CR. Vliv sektoru dopravy je odhadovan na 1,3 %
(obr.1V.2.9).

Vzhledem k dominantnimu podilu sektoru 1A4bi
jsou emise benzo[a]pyrenu rozlozeny na uzemi
obydlené zastavby celé CR a jejich mnoZstvi
v obdobi 2008-2016 bylo zavislé pfedevsim na
vyvoji spotfeby pevnych paliv v domacnostech
(obr. IV.2.10). Vliv dopravy se uplatiiuje predevsim
podél dalnic, komunikaci s intenzivni dopravou
a na uzemi vétSich méstskych celkll. Nejvetsimi
emisemi benzo[a]pyrenu je zatizen Moravsko-
slezsky kraj z dGvodu vyssiho podilu spalovani
¢erného uhli v domacnostech v kotlich prohofti-
vaciho typu (obr. IV.2.11).

concentrations of benzo[alpyrene in smaller set-
tlements, nonetheless, on the basis of the compo-
sition of sources of emissions and, e.g., the study by
Krejci (2012), it can be assumed that the con-
centrations are above the limit here too. The rela-
tionship between the concentrations of benzo[a]py-
rene and PM,, particulates in the winter months of
2013-2017 is presented in Fig. IV.2.8, and the five-
year average concentration of benzo[a]pyrene then
inFig. IV.2.3.

IV.2.3 Emissions of benzo[a]pyrene

PAH, of which benzo[a]pyrene is monitored in view
of air protection in particular, are produced almost
exclusively by combustion processes during which
the organic combustible substances present are not
sufficiently oxidised. Benzo[a]pyrene is a product of
incomplete combustion at temperatures of 300 to
600 °C. Thus, one of its most important sources is
the combustion of solid fuels in low-capacity boi-
lers, particularly household heating systems.

Sector 1A4bi— Residential: Stationary contributed
98.4% to national benzolalpyrene emissions in
2016. The combustion of solid fuels, especially coal,
in older types of boilers (top-burning, bulk-bur-
ning), especially in older types, is the main reason
for such a large percentage. According to results of
the ENERGO statistical evaluation up to 79% of all
boilers for burning solid fuel in households in the
Czech Republic in 2015 consisted of top-burning
and bulk-burning boilers. The impact of the trans-
portsectoris estimated at 1.3% (Fig. [V.2.9).

Inview of predominant contribution of sector 1A4bi
emissions of benzo[alpyrene are distributed over
the territory of residential buildings throughout the
Czech Republic and their amounts in the 2008—2016
period depended primarily on evolution of con-
sumption of solid fuels in households (Fig. IV.2.10).
The impact of transportation is apparent mainly
along motorways, roadways with high traffic and in
the territories of larger urban units. The greatest
burden by emissions of benzo[a]pyrene occurs in
the Moravian-Silesian region due to higher pro-
portion of black coal combustion in bulk-burning
type boilers in households (Fig. IV.2.11).
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Obr. IV.2.1 Pole ro¢ni primérné koncentrace benzo[a]pyrenu, 2017
Fig. IV.2.1 Field of annual average concentration of benzo[a]pyrene, 2017
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Obr. IV.2.2 Roéni primérné koncentrace benzo[a]pyrenu méfené na stanicich imisniho
monitoringu, 2017

Fig. IV.2.2 Annual average concentrations of benzo[a]pyrene in the ambient air quality
network, 2017
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Obr. IV.2.3 Pétilety pramér ro¢nich pramérnych koncentraci benzo[a]pyrenu, 2013-2017
Fig. IV.2.3 Five-year average of annual average concentrations of benzo[a]pyrene, 2013-2017
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Obr. IV.2.4 Rocni primérné koncentrace benzo[a]pyrenu v ovzdusi na vybranych
stanicich, 2007-2017

Fig. IV.2.4 Annual average concentrations of benzo[a]pyrene in the ambient air at selected
stations, 2007-2017
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stanice / stations: [ primyslové / industrial [[] méstské a pfedméstské pozad. / urban and suburban backgr.
B dopravni / traffic B venkovské / rural =#= vsechny / all — LV

Pozn. / Note: Neni uvedeno znecisténi v malych sidlech (malo méfeni). Lze prfedpokladat, ze mnohde je nadlimitni.
Pollution in small settlements is not presented (due to a low number of measurements).
It can be assumed that in many places it exceeds the permissible limits.
Obr. IV.2.5 Trendy roénich charakteristik benzo[a]pyrenu v Ceské republice, 20062017
Fig. IV.2.5 Trends of benzo[a]pyrene annual characteristics in the Czech Republic, 2006-2017
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Obr. IV.2.6 24hodinové koncentrace benzo[a]pyrenu mérené v malych sidlech Jihomoravského
kraje a v Brné, 2017

Fig. IV.2.6 24-hour concentrations of benzo[a]Jpyrene measured in small settlements in the South
Moravian region and Brno, 2017
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Obr. IV.2.7 Roéni chod primérnych mésicnich koncentraci benzo[a]pyrenu (priiméry pro dany typ
stanice), 2017

Fig. IV.2.7 Annual course of average monthly concentrations of benzo[a]pyrene (averages for the
given type of station), 2017
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v zimnich mésicich, 2013-2017
Fig. IV.2.8 Concentrations of benzo[a]pyrene and PMy, particles at selected localities

in winter months, 2013-2017
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Obr. IV.2.8 Koncentrace benzo[a]pyrenu a ¢astic PM, na vybranych lokalitach
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Fig. IV.2.9 Total emissions of benzo[a]pyrene Fig. IV.2.10 The development of benzo[a]pyrene
sorted out by NFR sectors, 2016 total emissions, 2008—-2016
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Obr. IV.2.11 Emisni hustoty benzo[a]pyrenu ze ¢tvercl 5x5 km, 2016
Fig. IV.2.11 Benzo[a]pyrene emission density from 5x5 km squares, 2016
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