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IV.9 LATKY BEZ IMISNIHO LIMITU

IV.9.1 Tékavé organické latky

Tekavé organické latky (VOC) hraji dilezitou ulo-
hu v chemii ovzdusi, a tedy i v oxidaéni sile atmos-
féry, coz ovliviiuje stav a kvalitu ovzdusi. Spolu
s oxidy dusiku se VOC vyznamné podili na procesu
tvorby ptizemniho ozonu a dalsich fotooxidaénich
zneCistujicich latek. Pfemény a odbouravani VOC
zpravidla zacinaji reakci s hydroxylovym radikalem
(Viden 2005). Podle zadkona o ochrané ovzdusi je
tékavou organickou latkou jakakoli organicka slou-
¢enina nebo smés organickych sloucenin, s vyjim-
kou metanu, ktera ma pii 20 °C tlak par 0,01 kPa
nebo vice, nebo ma odpovidajici tékavost za kon-
krétnich podminek jejiho pouziti. Vzhledem k roz-
sahu rizn¢ dlouhé reaktivity jednotlivych VOC
akjejich mnozstvi nebyl u téchto latek stanoven
imisni limit.

Monitoring VOC byl do programu EMEP zatazen
na zakladé rozhodnuti EMEP Workshop on Mea-
surements of Hydrocarbons/VOC v Lindau 1989
(EMEP 1990). Vlastni méfeni bylo na Narodni at-
mosférické observatoii (NAQO) Kosetice zahajeno
vprabéhu roku 1992, o tfi roky pozdéji jej pak
doplnilo identické méfeni na stanici Praha-Libus.
Vramci EMEP byl zpocatku monitoring realizovan
na péti stanicich, ale v pribéhu 20 let se pocet stanic
i rozsah méfenych uhlovodikii nékolikrat zménil.
Na NAO Kosetice se podatilo udrzet homogenni
fadu méfeni az do soucasnosti. Od roku 2011 je
NAO Kosetice zapojena do projektu ACTRIS, rea-
lizovaného v ramci EU 7" Framework Programme
INFRA-2010-1-1.1.16: Research Infrastructures for
Atmospheric Research. Na tento projekt navazal na-
stupnicky projekt ACTRIS-2 pod H2020-INFRAIA-
20142015, realizovany v obdobi 5/2015-4/2019.
Problematika VOC je feSena v pracovni skupiné
Trace gases networking: Volatile organic carbon
and nitrogen oxides s cilem zkvalitnit a harmo-
nizovat méteni VOC v Evropé.

V ramci projektu jsou vyvijeny standardni operacni
postupy a testovany nejlepsi méfici techniky pro
zajisténi kvality. Laboratof CHMU se pravidelng
ucastni round robin testu, kde v oblasti vlastni ana-
lyzy VOC vysledky potvrzuji, Ze laboratot vyho-
vuje doporuovanym parametrim GC-systému
aspliiuje u vétsiny latek poZzadované nejistoty jak ve
standardech, tak v realnych vzorcich. Primérné
ro¢ni koncentrace vétSiny VOC na stanicich NAO
Kosetice 1 Praha 4-Libu$ vykazuji béhem 25 let
monitoringu statisticky vyznamny sestupny trend,

IV.9 POLLUTANTS WITHOUT SET
LIMIT VALUES

IV.9.1 Volatile organic compounds

Volatile organic compounds (VOCs) play an im-
portant role in atmospheric chemistry and thus in
the oxidation strength of the atmosphere, affecting
the condition and quality of the air. Together with
nitrogen oxides, VOCs play an important role in the
process of formation of tropospheric ozone and
other photo-oxidation pollutants. Conversion and
decomposition of VOCs is usually initiated by re-
action with a hydroxyl radical (Viden 2005). Ac-
cording to the Air Protection Act, a volatile organic
compound is any organic compound or mixture of
organic compounds, with the exception of methane,
that has a vapour pressure of 0.01 kPa at 20 °C or
has corresponding volatility under the specific con-
ditions of its use. Because of the range of variously
long reactivities of various VOC and their amounts,
pollution limit levels were not established for these
substances.

Monitoring of VOCs was included in the EMEP
programme on the basis of a decision by the EMEP
Workshop on Measurements of Hydrocarbons/
VOCs in Lindau in 1989 (EMEP 1990). Regular
measurement at the National Atmospheric Obser-
vatory KoSetice (NAO Kosetice) was launched
during 1992 and three years later it was
supplemented by the identical measurement at the
Praha-Libus station. In the framework of EMEP,
initially measurements were made at five stations;
however, over 20 years the number of stations and
range of measured hydrocarbons has changed
several times. A homogeneous series of measure-
ments has well been maintained at NAO Kosetice
until now. Since 2011, NAO Kosetice has been
involved in the ACTRIS project, carried out in the
context of the EU 7th Framework Programme
INFRA-2010-1-1.1.16: Research Infrastructures
for Atmospheric Research. The successor project
ACTRIS-2 under H2020INFRAIA-20142015 fol-
lowed on from this project and is being implemented
in the May 2015—April 2019 period. The subject of
VOCs is part of the work of the Trace gases net-
working working group: Volatile organic carbon
and nitrogen oxides, in an attempt to improve and
harmonise VOC measurements in Europe.

In the framework of the project, standard opera-
tional procedures are being developed and the best
measuring techniques for ensuring quality are
being tested. The CHMI laboratory regularly
participates in a round robin test, where the results
of the analyses of VOCs confirmed that the
laboratory complies with the recommended
parameters of the GC system and meet the required
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Tab. IV.9.1.1 Stanice s pridmérnymi ro¢nimi koncentracemi VOC v ovzdusi
Tab. IV.9.1.1 Stations with average annual concentrations of VOC in the ambient air

Ro¢ni pramér / Annual average [ug-m-3]
VL;';?;’;‘;?;Q'?;;?;E? J Kosetice Praha 4-Libus

1995 | 2000 | 2005 | 2010 | 2017 | 1995 | 2000 | 2005 | 2010 | 2017

Etan 233 | 1.83 | 208 | 253 | 219 | 362 | 275 | 243 | 194 | 175

Propan 180 | 128 | 121 | 128 | 101 | 215 | 171 | 165 | 182 | 1.01

Butan 116 | 076 | 0.60 | 071 | 047 | 176 | 135 | 1.02 | 1.15| 062

2-methylpropan 068 | 061 | 037 | 047 | 029 | 114 | 080 | 0.80 | 1.03| 049

Alkany Pentan 039 | 029 | 035| 020 | 121 | 079 | 052 | 174 | 027
2+3 - methylpentan 0.05 | 003 | 006 | 014 | 090 | 0.83 | 047 | 031 | 0.20

Hexan 017 | 009 | 011 | 0.08 | 060 | 041 | 016 | 0.18 | 0.14

Heptan 0.05 | 0.03 | 006 | 0.08| 030 | 0.14 | 0.07 | 0.14 | 0.10

Oktan 0.05| 0.02| 005 0.17 0.12 | 0.06 | 0.09 | 0.18

Eten 128 | 082 | 078 | 055 | 077 | 252 | 169 | 132 | 045 | 0.83

Propen 032 | 021 | 015| 016 | 017 | 0.68 | 045 | 034 | 0.30 | 0.21

Alkeny suma Buteny 020 | 014 | 020 | 0.34 | 0.87 | 0.51 042 | 0.38 | 043
suma Penteny 0.05| 0.05| 007 | 0.06 026 | 027 | 014 | 0.08

Isopren 0.14 | 011 | 0.09 | 013 | 0.28 0.34 | 0.38 | 047 | 0.50

Benzen 104 | 074 | 042 | 058 | 056 | 151 | 120 | 062 | 072 | 055

AferEice Toluen 0.99 06| 031| 040 | 031 | 207 | 163 | 0.86 | 094 | 0.52
:';(')‘;)‘;gg(‘tky Ethylbenzen 012 | 006 | 006 | 032 | 042 | 037 | 019 | 018 | 0.39
hydrocarbons m,p-Xylen 128 | 082 | 078 | 055 | 039 | 142 | 092 | 055 | 057 | 047
o-Xylen 0.10 | 0.05 | 0.04 | 0.31 033 | 016 | 014 | 0.34

ktery reflektuje pokles emisi VOC jak v CR, tak
vcelém stfedoevropském prostoru (tab. IV.9.1.1).
Trend koncentraci etanu je mnohem vyraznéjsi na
predmeéstské stanici Praha 4-Libus nez na pozad’ové
NAO Kosetice. Vyjimkou je pouze isopren, ktery je
pfirodniho ptivodu (je emitovan listnatymi stromy)
a na obou stanicich vykazuje vzestupny trend.
Obecné lze konstatovat, ze koncentrace hlavnich
VOC byly v 90. letech minulého stoleti na pted-
meéstské urovni o cca 150-200 % vyssi nez na
pozadové stanici. V posledni dekad¢ se rozdily
mezi obéma stanicemi vyrazné zmensuji.

Vysledky ziskané v roce 2017 nijak nevybocuji
zdlouhodobych trendt (tab. IV.9.1.1). Ro¢ni
chod vétSiny VOC reflektuje emisni trovné,
tedy maximalni hodnoty v zim¢ a minima v Iét¢,
pouze u isoprenu je tomu naopak (obr.
IV9.1.1).

Z aktualni zpravy o méfeni VOC v ramci EMEP
(Solberg et al. 2017) vyplyva, ze koncentrace VOC
v regiondlnim méfitku kontinudlné klesaji a re-
flektuji tak sestupny trend emisi. Uroveii koncen-

traci na NAO Kosetice je srovnatelna s némeckymi,

uncertainty values for all the substances in both
standards and real samples. The average annual
VOC concentrations at the NAO KoSetice and the
Praha 4-Libus stations over 25 years of monitoring
exhibit a statistically significant decreasing trend
reflecting the decrease in VOC emissions both in the
Czech Republic and also in the entire European
area (Tab. IV.9.1.1). The trend in ethane concentra-
tions is much stronger at the suburban station of
Praha 4-Libus than at the background NAO Kose-
tice. The only exception is isoprene which is of na-
tural origin (emitted by broad-leaved trees), which
exhibited an increasing trend at both stations. In
general, it can be stated that the concentrations of
the main VOCs at the suburban levels in the 1990's
were approx. 150-200% higher than at the back-
ground station. The differences between the two sta-
tions have decreased substantially in the past decade.

The results obtained in 2017 do not in any way
deviate from the long-term trends (Tab. 1V.9.1.1).
The annual variation in most VOC concentrations
reflects the emission levels and thus maximum
values in the winter and minima in the summer; the
situation is the opposite only for isoprene (Fig.
9.1.1).
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Svycarskymi a francouzskymi stanicemi. U etanu je
¢eska stanice dlouhodobé charakterizovana niz§imi
ro¢nimi praméry. U vétSiny VOC jsou naméfené
hodnoty v zimé obvykle velmi podobné némeckym
stanicim, zatimco v 1ét€ jsou u hodnoty na NAO

svvr

Zenevsky protokol o redukci emisi VOC a jejich
transhrani¢nim pfenosu byl pfijat v listopadu 1991
avstoupil v platnost v zati 1997 (UN-ECE 1991).
Protokol obsahoval tfi moznosti redukce VOC:

1. 30% redukce emisi VOC do roku 1999, pricemz
jako zéklad byly pouzity roky 1984 a 1990;

2. Stejna redukce jako v bod¢ (1) a zajistit, aby
celkové narodni emise 1999 neptesahly urovei
roku 1988;

3 Kde emise 1988 nepickracuji stanovené limity,
mohou staty pfijmout jako emisni strop tiroven
roku 1999.

V roce 1999 byl ptijat Géteborsky protokol ke zmir-
néni acidifikace, eutrofizace a dopadl piizemniho
ozonu, ktery vstoupil v platnost 17. kvétna 2005
(UN-ECE 1999). Protokol obsahuje emisni stropy
pro rok 2010 pro Ctyfi polutanty véetné VOC. Podle
protokolu mély byt evropské emise VOC sniZzeny
alespoti 0 40 % proti roku 1990. CR, podobné jako
vétsSina stfedoevropskych zemi (s vyjimkou Pol-
ska), tento limit splnila — emise VOC v CR obdobi
1990-2010 poklesly 0 51 % (EEA 2013b).

Emise tékavych organickych latek

Chemické produkty obsahujici VOC jsou pouzi-
vany v celé fadé aplikaci v domacnostech i pri-
myslu jako Cistici prostfedky, rozpoustédla a od-
mastovadla. Mohou byt soucasti barev, lak, lepidel
a farmaceutickych ptipravki. Uvoliuji se pfi skla-
dovani a pouziti ropnych produkti. VOC vznikaji
také pti nedokonalém spalovani.

Nejvétsi mnozstvi emisi VOC vzniklo v roce 2016
v sektoru 1A4bi — Lokalni vytapéni domacnosti
(46,8 %). Podil dopravy vcetné odpart z palivo-
vého systému vozidel ¢inil 7,5 %. Vyznamné zdroje
emisi VOC v CR se nachazeji v sektoru uziti
aaplikace organickych rozpoustédel (NFR 2D3),
ktery se na znecistovani ovzdusi témito latkami
podilel 33,9 %. Do tohoto sektoru spadaji ¢innosti
2D3a — Pouziti rozpoustédel v domacnostech (5,0
%), 2D3d — Aplikace natérovych hmot (14,7 %),
2D3e — Odmastovani (3,6 %), 2D3f — Chemické
¢isténi (0,03 %), 2D3g — Vyroba a zpracovani
chemickych produktt (5,2 %), 2D3h — Tiskarensky
primysl (1,8 %) a 2D3i — Ostatni pouziti roz-
poustédel (3,6 %). Cast t&chto emisi je do ovzdusi

It follows from the current report on VOC
measurements in the context of EMEP (Solberg et al.
2017) that the VOC concentrations continuously
decrease on a regional scale and thus reflect the
decreasing trend in emissions. The concentration
level at NAO Kosetice is comparable with those at
the German, Swiss and French stations The Czech
station has long been characterised by lower annual
average ethane concentrations. For most VOCs the
concentrations measured in the winter are usually
similar to those at German stations, while the values
at NAO Kosetice are slightly lower in the summer.

The Geneva Protocol concerning the Control of
Emissions of Volatile Organic Compounds or their
Transboundary Transmission was adopted in No-
vember of 1991 and came into effect in September of
1997 (UN-ECE 1991). The Protocol contained three
options for reducing VOCs:

1. 30% reduction in VOC emissions by 1999, where
the base values were those for 1984 and 1990

2. the same reduction as under (1) and the
provision that the overall national emissions in
1999 do not exceed the 1988 level;

3. where 1988 emissions did not exceed the set
limits, countries could adopt the 1999 level as the
emission ceiling.

In 1999, the Géteborg Protocol to Abate Acidifica-
tion, Eutrophication and Ground-level Ozone was
adopted and it came into effect on 17 May 2005
(UN-ECE 1999). The Protocol contains the emis-
sion ceilings for 2010 for four pollutants including
VOCs. According to the Protocol, European VOC
emissions were to be reduced by at least 40%
compared to 1990. The Czech Republic, similarly to
most Central European countries (except Poland),
has fulfilled this limit — VOC emissions in the Czech
Republic decreased by 51% in the 1990-2010
period (EEA2013b).

Emissions of volatile organic compounds

Chemical products containing VOCs are used in
awide range of applications in households and
industry as cleaning agents, solvents and degre-
asing agents. They can find use as components of
coatings, varnishes, adhesives and pharmaceutical
products. VOCs are released during the storage and
use of petroleum products. They are also formed in
incomplete combustion.

In 2016, the largest amount of VOC emissions
originated from the sector 144bi — Residential:
Stationary (46.8%). The share of tramnsport in-
cluding releases from the vehicle fuel systems re-
ached 7.5%. Significant amounts of VOC emissions
in the CR originate from the sector of the use and
application of organic solvents (NFR 2D3) which
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vnasena fizen¢, ale velka Cast jich unika do ovzdusi
ve formé fugitivnich emisi, jejichz omezovani je
obtizné (obr. 1V.9.1.2).

Celkové emise VOC mely v obdobi let 2008-2016
klesajici trend (obr. 1V.9.1.3), ktery byl zptisoben
aplikaci produktli s niz§im obsahem tékavych orga-
nickych latek, napt. vodou feditelnych barev nebo
praskovych plasti. U maloodbératelskych baleni
natérovych hmot je uplatiiovana legislativni re-
gulace, omezujici maximalni obsah rozpoustédel
vproduktech dodavanych na trh. Vlivem neustalé
obnovy vozového parku dochdzi i k pribéznému
snizovani emisi VOC z dopravy.

contributed by 33.9% to pollution of the air by the-
se substances. This sector encompasses activities
2D3a — Domestic solvent use including fungicides
(5.0%), 2D3d — Coating applications (14.7%),
2D3e — Degreasing (3.6%), 2D3f — Dry cleaning
(0.03%), 2D3g— Chemical products (5.2%,), 2D3h—
Printing (1.8%) and 2D3i — Other solvent use
(3.6%). Some of these emissions are released into
the air in a controlled manner, but a substantial part
of them escape into the air in the form of fugitive
emissions, which are difficult to control (Fig.
1V9.1.2).

Total VOC emissions in the 2008-2016 period
exhibited a decreasing trend (Fig. 1V.9.1.3), caused
by the use of products with lower volatile organic
compound contents, e.g. water-based coatings and
plastic powders. Legislative regulations apply to
retail packaging of coatings, limiting the maximum
solvent contents in products placed on the market.
The constant renewal of the vehicle fleet is leading
to a continuous reduction in VOC emissions from
transport.
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Obr. 1V.9.1.1 Roéni chod primérnych mésiénich koncentraci VOC, 2017
Fig. IV.9.1.1 Annual course of average monthly concentrations of VOC, 2017
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Fig. IV.9.1.2 Total emissions of VOC Fig. IV.9.1.3 The development of VOC
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