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ENVIRONMENTALNA REGIONALIZACIA SLOVENSKE REPUBLIKY

Ovzdusie

Zakladny pristup k environmentalnej regionalizacii Slovenska si vyzaduje
celoplosné hodnotenie Uzemia, Co je osobitne obtazné prave v ramci zlozky zivot-
neho prostredia ovzdusie. Splnenie tejto ulohy nie je mozné len pomocou merani.
Preto je nevyhnutna kombinacia merani s modelovymi vypoctami. Na SHMU boli
vyvinuté dva modely (CEMOD a IDW-A) pre hodnotenie Urovne kvality ovzdusia na
celom uzemi statu. Pomocou tychto modelov je mozne, v kombinacii s vysledkami
automatickych monitorovacich stanic a regionalnych pozadovych stanic, hodnotit
kvalitu ovzdusia na celom uzemi Slovenska, a to vsetkych pozadovanych indikato-
rov. Samozrejme v ramci pripustnej neurcitosti modelovych vypoctov. Tieto vysled-
ky prac boli vyuzité aj v procese environmentalnej regionalizacie Slovenska. Pre
znecistujuce latky SO2, NO2, NOx, CO a benzén bol pouzity model CEMOD. V pripa-
de prizemného ozonu, PM10 (tuhé latky do 10 pm) a benzo(a)pyrénu pre modelovy
vypocet bola pouzita interpolacia IDW-A.
Uvodna mapa predstavuje mapu zatazenia Uzemia SR prizemnymi inverziami, kto-
rej problematika vyznamne ovplyviAuje Sirenie skodlivych latok v ovzdusi. Dalsich
Sest map (1.2 - 1.7) predstavuje hodnotenie priemernych rocnych koncentracii vy-
branych znecistujucich latok - SO2, tuhych latok, NO2, CO, olova benzo(alpyrénu a
benzénu. Su v nich adekvatne premietnute vplyvy stacionarnych zdrojov zneciste-
nia ovzdusia, automobilovej dopravy i hodnoty ,pozadia”.
Mapy 1.8 az 1.10 zobrazuju hodnotenia stavu prizemného ozonu. Zmeny ukazova-
telov koncentracie prizemného 0zonu suvisia so zmenami emisii prekurzorov ozénu
(NOx, VOC, CO) z automobilovej dopravy, energetiky a priemyslu.
Mapa 1.11 prezentuje najvyznamnejsich znecistovatelov ovzdusia v SR podla mnoz-
stva emisii zakladnych znecistujucich latok TZL, SO2, NOx, CO, ktore boli spraco-
vané v Narodnom emisnom informacnom systéme (NEIS). Kazdému zdroju je pri-
radeny graf znazornujuci mnozstvo produkovanych emisii a podielové hodnotenie
uvedenych znecistujucich latok.
Mapa 1.12 zobrazuje vymedzenie oblasti riadenia kvality ovzdusia na zaklade hod-
notenia kvality ovzdusia podla § 9 ods. 3 zakona €. 137/2010 Z. z. 0 ovzdusi v zneni
zakona €. 318/2012 Z. z. neskorsich predpisov, vratane meracich stanic Narodnej
monitorovacej siete kvality ovzdusia.
Synteticka mapa 1.13 predstavuje jeden zo vstupov do celkovej syntézy zloziek
zivotného prostredia, pricom premieta predpokladaneé znecistenie uzemia SR
zakladnymi znecistujucimi latkami.
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Air

The basic approach for ERS requires an evaluation of the whole national
territory, which poses a specific issue for the air component of the environment.
Measurement data alone are not sufficient for meeting the requirements for this
task, therefore these data are complemented and combined with outputs of model-
ling. The Slovak Hydrometeorological Institute (SHMU) has developed two models
(CEMOD and IDW-A) for evaluation of air quality within the national territory. Using
these models it is possible to, together with outputs from the automated monitor-
ing stations and regional background stations, evaluate the air quality for the whole
territory of Slovakia for all required indicators, of course within the uncertainty range
of such models. These results were also used in the proces of ERS. For pollutants
S02,NO2, NOx, CO and benzene, the model CEMOD was used. In cases of ground
ozone, PM10 and benzo(a)pyrene, interpolation IDW-A was used for modelling.
The Introduction map represents ground-level inversion load upon the territory,
which has a significant impact on the potential spread of pollutants in the air. The
following six maps (1.2 -1.7) represent evaluation of average annual concentrations
of selected pollutants - SO2,particulate matter, NO2, CO, lead, benzo(a)pyrene and
benzene. The maps accordingly project impacts of stationary sources of air pollu-
tion, road transport and ,background"” values.
The maps 1.8 - 1.10 display evaluation of the status of ground ozone. Changes of
the indicators of ground ozone concentration are related to changes of emissions
of ozone precursors (NOx, VOC, CO) from road transport, energetics and industry.
Map 1.11 represents the most significant sources of air pollution in SR by total emis-
sions of 4 basic pollutants (PM, SO2, NOx, CO), processed in the National Emissions
Information System (NEIS). Each source is characterized with a diagram depicting
total amount of emissions produced and proportions of stated pollutants.
Map 1.12 represents delineation of air quality management areas based on air qual-
ity evaluation according to section 9, paragraph 3 of the Act Nr. 137/2010 on air
as amended by Act Nr. 318/2012, including measuring stations of the National Air
Quality Monitoring Network.
The synthetic map 1.13 represents one of the inputs to the overall synthesis of the
components of the environment, projecting expected environmental load by basic
air pollutants.



ZataZenie uzemia prizemnymi inverziami
Ground-level inversion load upon territory

Zdroj dat/Data source: Aflas krajiny SR / Landscape Allas of the SR
Spracoval/Compiled: SAZP, 2014

Zaktadny mapovy podkladBasic map background:
1: 500 000

Zat'aZenie tizemia prizemnymi inverziami
Ground-level inversion load upon territory

Zriedkavo inverzné plochy
rare inverse areas

mala inverzne plochy
weakly inverse areas
mierne inverzné plochy
maderately inverse areas
priemerne inverzne plochy
EWJ‘EQ‘B‘ INvVerse areas

silne inverzné plochy
strongly Imverse areas
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Priemerné roéné koncentrdacie SO, zo stacionarnych zdrojov, automobilovej dopravy a pozadia
Average annual concentrations of SO, from stationary sources, road transport and background concentrations

Zdroj dal/Data source: SHMU Bratislava, 2011
ZostavillCompiled: SHMU Kosice — metdda matematického modelovania/mathematical modeling method CEMOD, SAZP - CPPEZ Presov, 2013

Zakladry mapovy podkladBasic map background:
1 500 000

Najvyznamnejsie zdroje zneéistovania ovzdusia Koncentrdcia SO, v ovzdusi fgg’m{l
emisiami SO: (t/rok) S50, concentrations in air {pgim”)
The main sources of air pollution by SO <10

emissions (t/year) 1001 -5.0
; 5007-100
. . 5, ,
‘ + <5000 B 10.001-200 o rou e o 20 waim®
Mapa vyjadruje plosné rozlotenie prizemngich koncentracii oxidu ©  500.1-5000,0 essesmseosaciie SIS ROCNOM 0 20 Lgim
siricitého vo vol'nom ovzdusi v dychacej zéne Eloveka. Stav 3 i " . > 20,007 limit value is 20 pg/m
Znedistenia jo konfrontovany & najvyznammedimi 2drafimi Znedistovania, 5000.1 - 10 000.0 g

The map express spatial dissemination of the sulphur dioxide ground
concentrations in the free air of human breath zone. The polution = 100001
siafe is compared with the main poliution sourges.
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Priemerné roéné koncentrédcie tuhych latok zo staciondrnych zdrojov, automobilovej dopravy a pozadia
Average annual concentrations of particular matters from stationary sources, road transport and background concentrations

) Zdroj dat/Dafa source; SHMU Bratislava, 2011
Zostavil/Compiled: SHMU Kosice - priestorovd interpoléciaspace interpolation IDW-A, SAZP - CPPEZ Presov, 2013

Zakiagy mapovy podidacdBagic map background:

1: 500 000

Najvyznamnejsie zdroje zneéistovania ovzdusia Koncentrdcia PM, v ovzdusi (ug/m’)
emisiami tuhych znecistujucich latok (t'rok) PM,, concentrations in air (ug/m®)
The main sources of air pollution <150

by particular matters (t/year) 15.01 - 20,00
Mapa vigadruje plodné rozlofenie prizemnych koncentracii PMya @ < 1000 — ﬁg: ig%
{tuhé latky do velkosti 10 pm) vo vol'nom ovzdusi v dychacej — e limitnd hodnots je 40 pgim’
6ne Eloveka. Stav znedistenia fe konfrantovany s najfvyznamnejsimi 3 1001 - 400,0 TTIITIIIIIIIIIIIITTT  limit value is 40 pgim?
zdrojmi znedistovania, B > 4007
400,1 - 1000,0

The map express spatial dissemination of the PM,, (particulate matiers
up to 10 pm) ground concentration in the free air of human breath > 1000.1
zone. The poliution stalus is compared with the main pollution sources. '
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Priemerné ro¢éné koncentracie NO: zo staciondrnych zdrojov, automobilovej dopravy a pozadia
Average annual concentrations of NO: from stationary sources, road transport and background concentrations

Zdroj dét/Data source: SHMU Bratislava, 2011
ZostaviliCompiled: SHMU Kogice — metéda matematického modelovania/mathematical modeling method CEMOD, SAZP - CPPEZ Pregov, 2013

Zikiadny mapovy podkipd'Basic map background:
12 500 000
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D Najvyznamnejsie zdroje zneéistovania Koncentrécia NO; v ovzdusi (ug/m®)
ovzdusia emisiami NO: (t'rok) NO, concentrations in air (ug/m>)
d The main sources of air pollution by NO:
e ]
emissions (tyear) 51-100
@ < 5000 10.1- 200
Mapa vyjadruje plosné rozlofenie prizemnych koncentracii oxidu & 500.1-10000 o 20.1- 400 ;
dusicitého vo vofnom ovzdusi v dychacej zdne cloveka. Stav @ 10001-20000 0 mmoeemeeseses J’-fmama‘r nﬂd_ncr!a e 40 yg.fm
znedistenia fe konfrontavany s najvyznamnefsimi zdrojmi znedistovania, ! : B -0 fimit value is 40 ygim

2.000,1 - 5 000,0
The map express spalial dissemination of the nitrogen dioxide
ground concentration in the free air of human breath zone. > 5 000,1
The pollufion stalus is compared with the main poliufion sources.
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Priemerné roéné koncentracie CO zo staciondrnych zdrojov, automobilovej dopravy a pozadia
Average annual concentrations of CO from stationary sources, road transport and background concentrations

; Zdroj dét/Data source: SHMU Bratislava, 2011
Zostavil/Compiled: SHMU Koice — metdda matematického modelovania‘mathematical modeling method CEMOD, SAZP - CPPEZ Predov, 2013

Zikigdny mapovy podiadBasic map background:
1: 500 000

£

o

LN Najvyznamnejsie zdroje znedistovania  Koncentrdcia CO v ovzdusi f}.lg.r'm"_]
ovzdusia emisiami CO (trok) CO concentrations in air (pg/m-)
\H The main sources of air poliution <200.0
IO by CO emissions (t/year) 200.1 - 600,0
» <5000 = E00.7 -7 0000
Mapa vijadruje plodné rozlofenie prizemnych koncentricli oxidu I- 1000.1-3000.0
uholnatého vo vofnom ovzdusi v dychacej zéne Cloveka Stav @  500,1-10000,0 =200 limitnd hodnota nie je stanovens
rnedistenia ovzduiia je konfronfovany s najvyznamnejsimi zdrojmi Trmmmmmmmmmmmmmmmmm o limit value nof set out
znedistovania. 10 000.1 - 20 000,0
The map express spatial dissemination of the carbon oxide ground > 20 000.1
conceniration in the free air of human breath zone. The pollution state ’

is compared with e main pollution sources.
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Priemerné roéné koncentracie Pb z automobilovej dopravy a pozadia
Average annual concentrations of Pb from road transport and background concentrations

Zdroj dat/Data source: SHMU Bratislava, 2008
Zostavil'Campiled: SHMU Kosice — priestoravd interpolécia/space interpolation IDW-A, SAZP - CPPEZ Presov, 2011

Zakladny mapovy podkiadBasic map background:
1: 500 000

Koncentricia Pb v ovzdusi (ug/m’)
Lead concentrations in air (ug/m?)

= 0,010

0.017-0020
Mapa vyjadruje plogné rozlozenie prizemnych koncentricii THOER 2 e

apa mnyc cen E
olova vo volnom ovzdusi v dychacej zone cloveka. S 0.041- 0,080
Bl - 0081

The map express spatfal dissemination ofthefead s fimitna hodnota je 0.5 yy.e‘i-n’
ground concentration in the free air of human breath zone. it viadue is 0.5 pgdm
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Priemerné roéné koncentrdcie benzénu z automobilovej dopravy a pozadia
Average annual concentrations of benzene from road transport and background concentrations

3 Zdroj dat/Data source: SHMU Bratislava, 2011
ZostaviCompiled: SHMU Kosice — metéda matematického modelovania/mathematical modeling method CEMOD, SAZP - CPPEZ Presov, 2013
Zékiadny mapovy podkladBasic map background!

1; 500 000

Koncentrdcia benzénu v ovzdusi (ug/m’)
Benzene concentrations in air (ug/m~)

=05

0.5-08
Mapa vijadruje plognd roziofenie prizemnych koncentracii —_ o&-12
benzénu ve volnom ovedudi v dychacef zéne éloveka. ; 1,2-18

=16

limitnd hodnota je 5 pg/m”

The map express spatial dissemination of the benzene R r o T
limit value is 5 pgim

ground concentration in the free air of human breath rone.
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Priemernd koncentrdcia prizemného ozénu
Average concentration of the ground - level ozone

Zdroj dét/Data source: SHMU Bratislava, 2011
Zostavil'Compiled: SAZP - CPPEZ Presov, 2013

Zikiadny mapovy podkipd'Basic map background:
12 500 000

Priemerna koncentrdcia (ug.m™.h)
Average concentration (u g.m~.h)

<40

Koncentracie prizemného ozénu narastajd s nadmorskouw vydkou, Vletnem obdobi 40.001 - 50
cez den ja tdte viSkovd zdvisiost mensia. Koncentracie sa najma popoludnl farmaou Eﬂ.ﬂﬂf 60
vertikdinef vymeny vzduchy prakiicky vyrovndvajd, ' g

0 60,001 - 70
Ground - level ozone concentration increase up with an altitude. This aifitude Bl = 70001 ; _
dependence is lower during the day in summer perod. Concentrations are equalized R L ciefova hodnota pre ochranu fludského zdravia
especially in affernoons by verfical air circulation, target value for the human health profection
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Pocet prekroceni ciefovej hodnoty ozénu pre ochranu F'udského zdravia
Number of overruns of the ozone target value for human health protection

Zdroj dat/Data source: SHMU Bratislava, 2011
Zostavil/Compiled: SAZP - CPPEZ Prefov, 2013

Zakladny mapovy podkiadBasic map background:
1: 500 000

Pocet prekroceni cielovej hodnoty ozénu

Ciefové hodnota pre ochranu ludského zdravia 120 ug.m™ sa v siéasnosti prekracuje na vietiych

/ B ‘ X M . ! & Number of overruns of the ozone target value
moniforovacich staniciach, na niektorych bol tento limit prekroéeny vo viac ako powvolenych 25 dni,
Paocty prekrocenia informaéného hraniéného prahu 180 pg.m” za 1 hodinu s nizdle (vr. 2011 3 pripady),
a majii kesajiey tendeneiu. <20
20,001 - 30
Targef value for the human health protection of 120 pg.m™ is at the present time exceeded in ail 30007 - 40
monitoring stalions, in some stalions this limit was exceeded in more than permitted 25 days — !
per calendar year. Number of overruns of the next boundary thrashold of mﬂpg.m" per 1 hour L 40,001 - 50
are lower (in 2011 in 3 cases), and have falling tendency. W = 50,001
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Priemerné hodnoty AOT40 prizemného ozénu na ochranu vegetécie
Average values of AOT40 of the ground - level ozone for vegetation protection

Zdrof dat/Data source; S!:IMEI Bralislava, 2011
Zostavil’'Compiled: SHMU Kodice — priestorové interpoldcia/space interpolation IDWA, SAZP - CPPEZ Predov, 2013

Zartadny mapovy podkipdBasic map backgroumd:
1: 500 000

Expoziény index AOT 40 (ug.m ~.h)
AOT 40 exposure index (ug.m ~.h)

kniticka hodnota AQT 40 je 3000 ppb.h
critical vaiuve of AQT 40 is 3000 ppb.h

=15 000
Mapa vyfadruje namerané hodnoty expoziéného indexu AOT — 40 15 000,007 - 20 000
(suma hodinovych koncenfracil previysuilcich 40 ppb za vegelafné obdobig). 20 000,001 - 23 000
The map presents the AOT — 40 exposure index measured values 23 000,001 - 25 000
(sum of the houry concentrations exceeding 40 ppb for vegetation periad). Bl = 25000001
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Najvyznamnejsie staciondrne zdroje znecéistovania ovzdusia
Most significant sources of air poliution

Zdroj dat/Data source: SHMU Bratislava, 2013
Zostavil'Compiled: SAZP, 2015

2Zakladny mapevy podilacdiBasic map background:
1: 500 600

Zikladné znedistujuce latky
Basic pollutants

oxid uhalnaty tuhé I4tky
carbon oxide . particular maiters
oxidy duslka ouid siffcity
nitrogen oxides sulphur dicxide
Sumdrne mnoZstvo emisil z najvyznamnejsich Mnoistve emisii zo zdroja (t'rok)
'8 zdrojov v jednotlivych krajoch (t/rok) Amount of emissions from sources (t/year)
w Total emissions from the most significant sources Y <10000
in individual regions (t'year) '
Lo 10001-30000
< 2000 ; —
! ! 30001-100000
Mapa zobrazuje najvicsie zdroje znecistovania, vySpecifikovand AN s S IO g
na rakiade sumdmeho mno2stva vypustenych amisil 4 zdkladnych 10 000, 1 - 30 000 ( | 100007 - 50 000.0
Fnedistujicich Iatok do ovzdusia, \. 3
30 000, 1 - 60 000 e
The map presenis the largest pollution sources, specifed > 60 000.1 ( .: = 50 000,1

on the base of total emissions of 4 basic pollutan!s, N
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Oblasti riadenia kvality ovzdusia
Air quality management areas

Zdroj dét/Data source: SHMU Bratislava, 2012
SpracovaliCompiled: SAZP, 2015

Zdktadng mapovy podkladBasic map background:
1: 500 000

I Vymedzené oblasti riadenia kvality ovzdusia / Delineated air quality management areas

1- Uzemie hl. mesta Bratislava 11 - dzemie mesta Rufombearok
2 - dzemis mesta Kosice a obci Bodiar, 12 - (zemis masta Krompachy
Haniska, Sokolany, Velka lda 13 - Uzemis mesta Sfréfske
3- Ozemie mesta Tmava 14 - Gzemie mesta Prefov a obee Lubotice
4 - Gzemie mesta Nitra 15 - Uzemie mesta Vranov n. Toplou a obei Hencovee,
5- uzemie mesta Trendin Kuéin, Nifny Hrabovec a Kladzany
? - dzemie D-‘fmrw ;:fﬁzg _ 16 - Ozemie masta Hnusta a m.¢. Bradno, Hacava,
: ’ - Uzemie mesta Ban. strica (hrer, i, Im I m.¢. Rim Fil
Oblasti riadenia kvality ovzdusia s idenlifikované a vymedzené 5~ Uzemis nasia Joldava's obel Lubenik, ChyZné, Mhﬁm}@ Eﬁ;ﬁ” veea —
na zaklade vysledkov hodnotenia kvality ovzdusia SR. Pravny . . A g }
zaklad tvorl 2akon & 137/2010 2.2, © evzdusi (§ 9, ods. 2, 3). Magnezitovee, Mokra Lika, Revicka Lehota 17 - Uzemie mesta Senica
9 - dremie mesta Zilina 18 - Yzemie mesta Malacky
Alr quality management areas are indentified and determined 10 - dzemie mesta Martin a Vritky
o the results of air poliution assessmeant in the SR. Legal basic . " = 2 = " Gt 2
is the At No. 137/2010 Coll. on air profection (Artiche 8 - 2, 3), ¢ Meracie stanice kvality ovzdugia / Air quality monitoring stations
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Zat'aZenie zakladnymi znecistujucimi latkami
Environmental load by basic air pollutants

Zdroj dét/Data source: Priestorovd syniéza mdp "Ovzdusie" & 1.2, 1.3, 1.4, 1.5/Spalial synthesis of "Air" maps No 1.2, 1.3, 1.4, 1.5

Mapa vyjadruje priestorovil syntézu pléch rozlofenia koncentracii zakladnych
nedistuficich ldtok (30 fubé (&1Ky - PM o, NO. a COJ,

The map express spatial synthesis of dessemination areas of concentrations
of basic air pollutants (50, particular matfers - PM,,, NO; and CO).
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Zostavil/Compiled: SAZP - CPPEZ Prasov, 2013

Fakladny mapovy podkiad/Basic map background:
1. 500 000

Triedy znecistenia ovzdusia podla miery prekrocenia
nadhraniénych hodndt koncentracii (NHK)

Air pollution classes according to the level

of concentration limits (CL) exceeding

1 - minimalne znedistenie (nevyskytuje sa v NHK Ziadna latka)
1 = minimal pollution level {no substance in CL)
2 - mierne znedistenie {vyskyiuje sa v NHK 1 latka)
2 - moderate pofiulion fevel (1 substance in CL)
= 3 - stredné znedistenie (vyskyluyl sa v NHK 2 ldtky)
3 - medium level of pollution (2 substances in CL)
= - _zv;réané Znedistenie !_"l.ryskyfujﬂ 58V .'{.I'HK 3 lathy)
4 - increased level of pollution (3 substances in CL)
= 5 - silng znecistenie (vyskytull sa v NHK 4 1atky)
5 - high level of pollution {4 subsfances in CL)



