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Chemie Zivotniho prostfedi II —
Znecisténi sloZek prostfedi

Atmosféra
(03)

ZneciSténi atmosféry obecné

Ivan Holoubek

RECETOX, Masaryk University, Brno, CR

holoubek@recetox.muni.cz; http:/ /recetox.muni.cz




Problémy chemického znecisténi prostfedi - chemicka
rizika souCasnosti
Bintry ara "
40
2 acidifying sulphur
S R
a5 | eutrophying nitrogen
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Problémy chemického zneciSténi prostfedi - chemicka
rizika soucCasnosti

i | ®
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http://www.solcomhouse.com/globalwarming.htm

ZneciSténi atmosféry

/ A AN
Lokalni — Regionalni — Globalni —
stovnani s NPK zmény globalni
ekosystému zmény

Emise, imise, transport

Emisni, imisni limity — dlouhodobé, kratkodobé
Intenzita zdroje — hmotnostni tok [g.h™}; kg.h]

Mérna emise — zatiZeni uréité oblasti [g.m2.d", t.km2.1"!]
Stfedni doba setrvani
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Zdroje zneclisténi atmosféry

radiation 1s taken up

acrosols smssmsend) | NEW compounds

precipitate as
dust particles

Traffic Industry CokRay

Figure 2.3.1 Sources of air pollution
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OhroZeni globalni atmosféry
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Environmental history
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Sumerian/Babylonian attitudes towards smoke

my mood and heart. As if during the
night watch ......like excrement.......
my countenance like smoke. Don't
cause the oven in a man's house to
smoke...it will ruin the bread.

A hymn to Inanafor ISme-Dagan:
c.2.5.4

Temple of Inana

é\\IERSI7~

~gq‘:‘,‘fildl. v
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Victory Stela of King Piankhi

“Ur was a stench to the
nose for lack of air to
breathe and threw
itself on its belly...”

Seige of Hermopolis
734 BC

Research Centre for Toxic Compounds in the Environment
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Anthracosis, silocosis

Archeological evidence shows air pollutants in the lungs of
mummies

Research Centre for Toxic Compounds in the Environment
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Astymomoi

In Aristotle’s Athenian Politics-duties of the astymomoi who
are responsible among other things for rubbish to be
deposited beyond city walls

Research Centre for Toxic Compounds in the Environment
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Air and health

% The Hippocratic Corpus had linked air and health

% Vitruvius on Architecture sought the proper location of
dwellings

% Seneca and culinary odours

Y Initiated a long standing miasmatic approach to disease
origin

Research Centre for Toxic Compounds in the Environment
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Pleurosy in Roman times

Rib lesions: evidence of indoor pollution from burning vegetable
matter lamp oils at Herculaneum

PLEUROSY IN
ROMAN TIMES

esions: evidence of
or pollution from

Ing vegetable matter
) oils at Herculaneum

>

356, 1774 (2000)
L. Capasso
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Legislating the urban environment

Frontinus The Aqueducts of Rome

Sextus Julius Frontinus (Curator Aquarum)

Governor Of Br|ta|n ~AD75'78 “Infamis aer”.”
“Gravioris caeli...”

Improved Rome's water improved the air
(miasmatic theory)

Rise of the professional administrator
Moving industry (glass making) to suburbs

Research Centre for Toxic Compounds in the Environment
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Smoke like water

Urban servitudes

Roman nuisance law treated neighbourly behaviour

Smoke often treated like water...you could no more let water
drain across a house than smoke

Research Centre for Toxic Compounds in the Environment
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Blackenned buildings

Your fathers' guilt you still must pay,
Till, Roman, you restore each shrine,
Each temple, mouldering in decay,
And smoke-grimed statue, scarce
divine

Odes and Carmen Saeculare

Research Centre for Toxic Compounds in the Environment
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Middle East

Arab inheritance of classical learning meant an
understanding of focus air pollution and

health by 10th C.

Hebrew Bava Batraand Ktubot describe laws: “You can't take a
wife out of the village to a city...”

Rabbi Shlomo Yitzhaqi (“Rashi”1040-1105) says this is “because
the city is crowded and has no air.... In the village the air is

nice"'

Research Centre for Toxic Compounds in the Environment
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Sinusitis

Common in Saxon times

SINUSITIS

Common in Saxon
times

Medieval

Saxon

Often related to
lack of
chimneys

Roman
Iron Age

Bronze Age

Research Centre for Toxic Compounds in the Environment
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Rain and fertilization (IN)

Vitruvius [~5 BC]

“Itaquequaex imbribrusaqua colligitursalubriores...”

John Evelyn [16706]

“rain impregnated with celestial nitre...”
Samuel Johnston

“rain 1s good for vegetables”

Research Centre for Toxic Compounds in the Environment
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Rain and damage

Pliny the Elder (23-79AD)

Saline rain damage to crops

oy |t

Hildegard von Bingen [1140AD]

Dust unhealthy for plants
John Evelyn [1661]

. "‘"P"P‘-_."- BN e gl

@
ﬁ

SO, damages plants
Fabri [1670]

Volcanic acid rain damages fruit

Research Centre for Toxic Compounds in the Environment
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Air pollution incidents

AIR POLLUTION INCIDENTS

BIG CHANGE LATE 13tu C

Royal proclamations
in 1285, 1288, 1306
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=
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Air pollution problems

FUEL FOR
MAKING CEMENT

Building at Westminster
1253 Henry lll ordered oak
brushwood

Order of 23 July 1264 “purvey for
the King in London... a boat load

of sea-coal”

Research Centre for Toxic Compounds in the Environment
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Air pollution problems

PRESSURES TO CHANGE FUEL
30

O Wood
O Coal | | |

© & @ @ @ o &
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Pollution seasons ¢ 1300

SEASONS ¢1300 | e

Summer building works:
extensive production of lime

~ 1 fm_

J FMAMUJJ AS OND

Air pollution incidents
mostly in summer

W Smoke
today

In 1950s smoke a winter

J FMAMJJ A S OND
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Pollution in the West ¢ 1300

Problems near the River Fleet
Odour and miasma

Coal use

Socio-political context

Research Centre for Toxic Compounds in the Environment

http://recetox.muni.cz



Salt mining in Lunebiirg

SALT n LUNEBU

R~ G
S — .'.--
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Salt mining in Lunebiirg

o ' ” s Fa—

J “l.

27
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Braun and Hogenberg
Civitates Orbis Terrarum (1572) from
woodcut Sebastian Munster (1550)

e e o
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Chimney heights or economics

“...the chimney is lower by 12 feet than it should be.... And the
stench of smoke from the sea-coal used in the forge

penetrates their hall and chambers so that (earnings drop to a

third)”

London Assize of Nuisance (1301-1431)

Research Centre for Toxic Compounds in the Environment
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Nocturnal inversions

A group of black smiths in 14" C London thought that sea-coal
should not be burnt at night.

Cal Early Mayor’s Court Rolls

Research Centre for Toxic Compounds in the Environment
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Industrial pollution in Asia

Use of coal relatively
late, so sulphur
emissions comparatively
low.

Nevertheless early
complaints of pollution,
e.g 18" C breweries in
Bang kok Hiroshige: Lime kilns

at Hashiba Ferry, Sumida Rive
One Hundred Famous Views of Edo

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz




| 4 ‘ ¥ 2 - "-A:' ' "
) E .
g ﬁ e b _
004, p68 |E ,

Apollo November 2

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz



Air pollution incidents

AIR POLLUTION INCIDENTS

BIG CHANGE

LATE 16t C 1
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William LAUD

Losing you head over air pollutants

Boring or brewing

Research Centre for Toxic Compounds in the Environment
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Air pollution problems

Sir Kenelme DIGBY “Coal hath...

volatile salt very sharp...”
VRO eH dissapated to atoms

In smoke

Alkali
atoms

Ak )

Acid atoms

Research Centre for Toxic Compounds in the Environment
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Death by fog

Weekly observations

John GRAUNT

The winter of 1679

Deaths very high after weeks
of fog

Especially from tisick and
among elderly

Research Centre for Toxic Compounds in the Environment
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Air pollution problems

NERS/
< 29
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Percival Potts and the climbing boys

PERCIVAL POTTS
AND THE CLIMBING BOYS

Potts first recognised
occupational cancer through
exposure to coal tars (1775)..

Scrotal and nasal cancers
among chimney sweeps

PAH

The Water-Babies,
Charles Kingsley (1862-1863)

Research Centre for Toxic Compounds in the Environment
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History of PCDDs/Fs

Long record of deposition at Rothamsted — coal and wood burning

1881 soil
1986 soil

R. E. Alcock et al (1998) : : L gl
Environ. Sci. Technol. 32, 1580 4DD SDD 6DD 7DD 8DD 4DF 5DF

6DF 7DF 8DF
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Poverty and pollution
Pollution of rain 1870

R. A. Smith placed tin cans on fire-stations in London

Hamstead Stoke
Sulfate mmolil Heath @

Newingto _

Barking

Brixton

Putney

Richmond
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~gJ‘SVIAI v

4
%Elvms -©

Research Centre for Toxic Compounds in the Environment
Wana w°

39
http:/ /recetox.muni.cz




Auckland

Auckland, isthmus with sea breezes

Shallow harbours - emissions from mudflats gave odour
problems or fume attacks 1840's problems from putrefying
waste in the Port of Auckland
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LONDON FOG
and AIR POLLUTION

Research Centre for Toxic Compounds in the Environment
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Burn your own smoke

Go fly a kite! ; Uty of Sted
| .

Benjamin Franklin advised
Boulton and Watt

Smoke as waste fuel (lost

profit)

3z I'IIIS —NINTTHEW lnoun‘nw =109

1736 — JAMESEWATT ~1819 |
(754 '\'\’l[..Ll,\:‘-x Mummcin—mq
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Alkali Act (1863) - Best practical means (now

BPEO)
Robert Angus Smith

The first Alkali Inspector to stop HCI emisionsin Caustic Soda
production for soap making 4 _

Basis for Success
Manufacturers tired of litigation

Generated profit (sell HCI)
National: affected all equally

Emission control
Best practical means as an alternative legislative

Research Centre for Toxic Compounds in the Environment
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Best practical means

( o )& ( FIBLIG )
¥ !
iﬁ GOV'T (:;
) COUNCIL
( COUNCIL
H SANITARY
| QPOL'CE ) CINSF’ECTOR )
»”
INDUSTRY )

FAILS - WEAK LEGISLATION

b e

T L N N S ————

INDUSTRY )

D4 N\ |
PUBLIC HEALTH HEALTH OF TOWNS THE PUBLIC HEALTH
ACT 1848 ACT 1853 ACTS 1872.1875
CITY OF LONDON | | [SMOKE NUISANGE ABATEMENT PUBLIC HEALTH London
SEWERS ACT 1851 (METROPOLIS) ACT 1853 (LONDON ACT 1891) Acts
YORK DRAINAGE SANITARY .
IMPROVEMENT & FOSS NAVIGATION A$ts n
ACT 1853 ork
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CALCUTTA - problems from the 18thC

NICHOLSON
VISIT

Victorian experts Grover and
Nicholson went and pushed
for stringent smoke inspection

Some measure of success

smoke observation are not always
reliable
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Controlling furnaces key to controlling smoke

Smoke abatement clauses in Public Health Acts
Developed an inspectorate
Often emphasised training of stokers

Encouraged the adoption of automatic stoking

Research Centre for Toxic Compounds in the Environment
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Environmental inspection

PROFESSIONALIZATION

key characteristic of the development
of Public Health in the late 19"

. . v 3B : epi LS AN
Examinations for | e l o o LA
sanitary o LS
inspectots

Smoke inspectors

Specialization
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Environmental inspection

Selby Smelter commission in US c1900
Smoke inspectorates developed

Public Health widespread in Europe and North
America

Big debate in Germany on science of pollution
damage to crops

Germany emphasised training of stokers

Black Point. Selby Smelter 1865
Courtesy of The Bancroft Library. University of California

N ERS/
S 2
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Early meteorological office, air pollution monitoring

didmeIer
crone

vessel

Collection
botrlz
29

-

" S
7 oh TS ) M

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz




Early measurements
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Post world was 1
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BATTERSEA POWER STATION

Electricity (Supply) Act 1926 created

National grid, large power stations

1927 London
Power Co.
gained
consent to
build

Battersea

Research Centre for Toxic Compounds in the Environment
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Approaches

TRIGGERS OF ENVIRONMENTAL
INTEREST

TRIGGER EVENT

ELITES‘

PUBLIC

Research Centre for Toxic Compounds in the Environment
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Trigger-Barton Manchester “scorching hedges

Manchester Corporation said statutes
required them to produce electricity...

House of Lords (1929/1930) statutory powers
cannot excuse nuisance

Shock!
A decision of
great moment

Research Centre for Toxic Compounds in the Environment
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BATTERSEA HEADLINES 1929

FAILURE TO FORSEE ALARM

A DEPLORABLE STEP THE SITE
SULPHUR CLOUD GAS WASHING
BUILDING IN SPITE FUMES
SUNLIGHT AND SMOKE MENACE
OUTPOURINGS OF GREAT © NOXIOUS GAS

CHIMNEYS FUME STATION
BATTERSEA’S FOLLY

“This will kill every green thing within
two miles of Battersea, rot all the
buildings and bleach all the babies.”

G. Fry Prime Minister’s personal secretary

Research Centre for Toxic Compounds in the Environment
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Pollution worry from outset...but only among
elites

Could attach conditions (1927)

Not practical to revoke consent
Chimney heights
Gas washing (scrubbing)

Research Centre for Toxic Compounds in the Environment
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At Battersea

As with Chelsea Works scrubbing not an entire success

Even blamed for 1952 fog

Research Centre for Toxic Compounds in the Environment
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BATTERSEA COMPLAINTS GRAPH

PLANNING STAGE

CONSTRCTION AND
SMOKE ABATEMENT
STUDIES

CLOSURE
0 -

1927 1937 1947 19567 1967 1977 1987
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Headlines after commissioning (1934)

& & & EE 6

Power

Smoke without fumes

A Riverside nocturne

Biggest power station in the world
The giant robot of Battersea
Industry’s smoke becomes beautiful

Research Centre for Toxic Compounds in the Environment
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Temple of power

Fluted white smoke
stacks — Greek Temple

Turbine Hall as nave

“:% Architects Journal 1939 _
celebrities vote it their 2nd favourite building

vy [ 35 SN

iqSVW v
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Photographic competition

Memorable output can still be seen
in retrospective exhibitions today

! Photogenic, an exhibition of work

’ from the RPS collection, is on show in
Bath /2 20V E ‘Battersea Power

l Station’, 1937, by Noel Griggs

Research Centre for Toxic Compounds in the Environment
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Still photographed
PHOTOGRAPHED

Research Centre for Toxic Compounds in the Environment
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Painted

PAINTED
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Symbol of pride and modernty

EVERY WEDNESDAY TWOPRENCE

BIGGEST POWER STATION IN
THE WORLD

THE GIANT ROBOT OF
BATTERSEA

!
i ?x ’!‘WV!ER
;/ .mmmoomms

S THRILLING STORIES
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Iconic status

Pink Floyd

Animals 1977
Songbook
Album cover

N ERS/
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Iconic status

The Who
Quadrophenia (1973)

Hitomi Yaida
The First Reflection (2001)

N 9
AT, B SR L.
AT SR UL DA R S,
GAT. Raln SR TLALASAL,

The Orb's Adventures

e Beyond The Ultraworld and
B ~ Les Claypool's Frog

Brigade's Live Frogs
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Iconic status

[CONIC STATUS

lan McKellen 1995 film

version of Richard /Il used |||
the Battersea as a '.w |
backdrop

\! H
lnH “ g

...also

Alfred Hitchcock Sabotage (1936) . ||
! TAN M cKBLLEN Monty Python S The Meanmg Of Life
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Symbol of community

Keeping Battersea as a living symbol

A e
A “ﬁ%i 3
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Decommisioning and destruction

Battersea Power Station has been standing mute defying that
fate and death...its rebirth and the removal of a major central
London area of blight ...would re-energise this part of town

Research Centre for Toxic Compounds in the Environment
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Irony

Inversion of protest
The grid and relocation
The loss of urban power-stations

Reminds us that control is complex because of the way it
interacts with society....

Research Centre for Toxic Compounds in the Environment
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Zdroje zneclisténi atmosféry

Pfirodni

Horniny a ptdy Tézké kovy — Cd, Mn, Hg
Vegetace Se, Zn
Baziny H,S, VOCs
Vulkanicka ¢innost Tézké kovy
PoZary (lesni, prérijni..) PAHs, kovy

Antropogenni
Chemicka vyroba Kovy, OCs, pesticidy
Doprava HCs, PAHs, hetero-PAHs
Likvidace odpadu Kovy, organokovy, OCs

Spalovaci procesy

Kovy, PAHs, PCCs
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Typicky gradient zneciSténi

A
Solution of pollution is not dilution
S
S
E
S Zied’ovani
Q
-
¥
Disperse
Degradace
>
Vzdalenost
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Dalkovy transport aerosola a plynut
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Alhtropogenni vlivy — vztahy
mezi hlavnimi problémy

Greenhouse
Effect

Destruction of
Phytoplankton

Tropospheric
l Ozone Formation

€O, NOx, CO2, CHa, CFCs,
7 N20, Halons, CCla, CH3CCI3

Forest Dieback

Stratospheric
Ozone Depletion

S Air Chemistry

Fig. 6: Schematic illustration of the correlations between the three threats to the Earth’s atmos- Is in the Environment 75
phere.
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A

Casové a prostoroveé rozméry atmosférickych
chemickych jevi

i H . Spatial iabili : :
M | cro U rb a n o r Re gl o n al O r Syn O ptl C Or patial and temporal scales of variability for atmospheric constituents.
Scale Local Scale Mesoscale Global Scale 1. Microscale. Phenomena occurring on scales of the order of 0 to 100 m, such as the
I I I I I meandering and dispersion of a chimney plume and the complicated flow regime in
the wake of a large building.
I‘ + >l< 2. Mesoscale. Phenomena occurring on scales of tens to hundreds of kilometers,
such as land-sea breezes, mountain-valley winds, and migratory high- and low-

pressure fronts.

3. Synoptic Scale. Motions of whole weather systems, on scales of hundreds to thou-
sands of kilometers.

4. Global Scale. Phenomena occurring on scales exceeding 5 X 10° km.

Inter-Hemispheric
Mixing Time

10 yrs 100 yrs

1yr

Intra-Hemispheric
Mixing Time

<« Boundary Layer
Mixing Time

1 day

o
£ TABLE L3 Dpaual dCaies 01 AUNUdPULCTIC LUCHULal £ UCUvIIena
Phenomenon Length Scale (km)
7)) Urban air pollution 1-100
8 Regional air pollution 10-1000
= Acid rain/deposition 100-2000
Toxic air pollutants 0.1-100
Stratospheric ozone depletion 1000—40,000
Greenhouse gas increases 1000—40,000
Aerosol—limate interactions 100-40,000
2 e Tropospheric transport and oxidation processes 1-40,000
Stratospheric-tropospheric exchange 0.1-100
1 m 1 om 1 OOm 1 km 1 Okm 1 OOkm 1 000km 1 O’OOOkm Stratospheric transport and oxidation processes 1-40,000
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Latky s kratkou dobou Zivota v atmosféfe VSLS (Very short-
live substances) (SGI — source gas injection, PGI — product gas injection)

Stratosphere
Intermediate Final
Source » degradation q product
gas product

From Chapter 2 of Scientific Assessment of Ozone Depletion: 2002 (WMO, 2003).

— = {1l n

Chemical transformation

Washout Convection
Strat/trop exchange
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Chemické a dynamické procesy ovliviiujici VSLS v
troposféfe a stratosféfe

Chemical and Transport Processes Affecting VSLS

Key
VSLS - Very Short-Lived Source gases
and organic intermediates
28 km XHal - intermediate products and
large-scale inorganic halogen reservoirs
transport XO - halogen radicals, X=ClI, Br, |

TTT -Thermal Tropical Tropopause
r\/’ TTL - Tropical Tropopause Layer
i STT - Secondary Tropical Tropopause
ExTL - Extra-tropical Transition Layer

20 km TTT PBL - Planetary Boundary Layer

[xHal] X0 JvsLs]_

cross-tropopause cirrus TTL

S

=

=

exchange STT s

11 km 5
clouds éf

5

S

VSLS §

3

5km E
subsidence convection 3

1-2 km ]
5

§

' (el > @B~ oy WS o > @D«
PBL 08O« vs;s on >@Bo

WINTER EQUATOR SUMMER
Sulfur dry/wet

OH o s
chemistry deposition®t (222 0MS ( ::§ )——»| SO,” |—> wet deposition
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Atmosféricka chemie primyslovych emisi

e

3 @Z(Er?‘plet reactions \2
.°H02-~H20ﬂ :
. HO

3 ——
0O,
G

NO  NO,——

el O™ ~ - -0
/'/' EC

Nightime:
O3, H,O

HNO3N_aC'I NaNO4

//
voc =,
emissions

/ NH,NO,

HO*® :
SO,, NO,, Hg Daytime o .
emissions RO,/HO,* RO,HO* g HT)' g

Bergin MS, et al. 2005.
Annu. Rev. Environ. Resour. 30:1-37
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Hlavni problémy znecisténi atmosféry

Pollutant = Main anthropogenic Lifetime in the Potential effects:
SOUrces atmosphere
AQ/health Acid Tropospheric Radiative forcing Oxidising
effects deposition/ o,k fclimate capacity of
Eutrophication atmosphere
S0, (=50,7) Fossil fuel combustion  ~ days SO, & 50,* Acid deposition S0,* short-term cooling
aerosol
MO, (NO+MO.) Stationary combustion  ~ days MO, & NOS Acid MO indirect effect on v
(—}F\IOJ'} and transport aerosaol depostion and CH, and O,
eutrophication MO, short-term coaoling
NH, (—=NH_*) Agriculture ~ days (MNH,* aerosal) Acid NH,* short-term cooling
depostion and
eutrophication
N,O Soils, biomass =100 years Warming
Co, Combustion 50— 200 years Warming
CH, Fossil fuel, agriculture, 12 years Warming o
landfills tadjustment time)
co Traffic ~1 month Yes Indirect effect on CH, o
and O,
VOCs Fuel combustion, Waries by Some species Indirect effect on CH, o
solverts, traffic compound and 03
Primary particles  Combustion, traffic ~ days Yes in combination Short-term warming and

PM IUJIIP MZ.S

and grinding/dusty
process

with secondary
PM: SO, NO_,
organic, etc.

cooling




I carbohydrates NO, SO,
transformation traffic

households
and small users

industry __/

1. Fractions of individual air

pollutants by emitter
2000 {—4——— L
SO, lrdnsformallon
J - houschold
] industry
1990 —1— - traffic

0 05 1,0 1,5 20 2,5 30 3,5

100t yr!
2. SO, und NO,,
status and prognosis

Figure 2.3.2 Quantification of air
pollutants according to source

Kvantifikace atmosférickych
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Figure 2.3.3 Emissions from
burning vegetation
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Pfirodni zdroje znecisténi ovzdusi

Figure 3.10. Natural forest fire in Yellowstone National Park on August 1, 1988. Emissions
from the fire include gases (e.g., carbon dioxide, carbon monoxide, nitric oxide, organics) and
aerosol particles (e.g., soot, organic matter). Photo by U.S. Forest Service, available from
National Renewable Energy Laboratory.
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Ptirodni zdroje znecisténi ovzdusi

Figure 5.7. Soot emissions from a prescribed burn at Horse Creek Mesa, Big Horn National

Forest, Wyoming, October 9, 1981. Photo by U.S. Forest Service staff, available from the
National Renewable Energy Laboratory.
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Ptirodni zdroje znecisténi ovzdusi

Figure 5.4. Dome-shattering eruption from
Mount St. Helens in the fall of 1982. Photo by
Peter Frenzen, available from Mount St. Helens
National Monument photo gallery.
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Atmosféra — zneciSténi ze spalovani odpadu

1

combustion chumbcrgsteam boiler H electrofilter H flue gas scrubber

exha%‘ gases (SO2, NO, HCI, HF, CO), CnHm,

PCBs, PAHs, dioxins, furans, dust, heavy metals
e .

£

heavy metals

3 ¥ 1

slag fly ash filter dust flue gas
RS cleaning products
road construction with slag -
¥ ¥3
leaching of dioxins, furans,

heavy metals underground deposits

Figure 2.4.3 Pollutant flows during waste incineration
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Pollution-bearing emissions
rise and are dispersed

Warrn air
near ground

A.
Polluted air is trapped and
concentrated at low level
Warm air
Cool air

near ground

Rozptyl skodlivin v
atmosféfe
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Znecisténi ovzdusi méstskych aglomeraci

Figure 4.2. Panoramic views of (a) Reading, Pennsylvania, ¢. 1909; (b) Youngstown, Ohio, ¢. 1910; and (c)
Indiana Steel Co.'s big mills, Gary Indiana, ¢. 1912. Photos (a) and (b) by O. Conneaut, (c) by Crose Photo
Company, all available from the Library of Congress Prints and Photographs Division, Washington, DC.
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Emise a depozice za riznych meteorologickych
podminek

E'lNormal weather pattern 2. Inversion pattern

3

wind

i i

smog

&

&
iy

deposition:
SO,, NOy, deposition:
HNO3, H>S0s, SO, NO,, HNO;,
05, PAN B, {5 H,S0y, O3,
b 4
emission: emission:
NO,, SO,, CO, NO,, SO,, CO,
carbohydrates carbohydrates

Figure 2.2.2 Emission and deposition under different weather conditions
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Negativni vlivy znecCiSténi atmosféry

drazdéni sliznic o¢i, dychacich cest, plic,
genotoxické ucinky;,

Skody na vegetaci,

sniZeni viditelnosti,

poskozeni stavebnich materiali,
poskozeni biosféry,

neznameé ucinky.
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Pfirodni a antropogenni zdroje stopovych plyni
v troposféfe

Latka Pfirodni zdroje Antropogenni zdroje
Uhlikaté latky
Oxid uhelnaty (CO) Oxidace pfirodniho methanu a uhlovodikii C,- | Oxidace antropogennich uhlovodikd,
C,p» oceany, lesni poZary nedokonalé spalovani dfeva, ropy, plynu a

uhli, zvlasté v dopravé, pramyslovych
procesech, metalurgii

Oxid uhlicity (CO,) Oxidace pfirodniho CO, destrukce lesti, Spalovani ropy, plynu, uhli a dfeva, paleni
respirace rostlin vapence
Methan (CH,) Produkty fermentace volné Zijicich zvifat, Produkty fermentace velkochovti zvifat,
emise z baZin, pfirodnich mokrych ploch, emise z ryZovych poli, aniky pfirodnich
oceanu plyna, kalové plyny, spalovaci zdroje, dilni
plyny
Lehké alkany (C,-C/) Aerobni biologické zdroje Uniky pfirodnich plyni, emise z dopravy,
emise z rafinerii
Alkeny (C,-C() Emise z automobilové dopravy
Aromatické uhlovodiky Emise z dopravy, vypafovani z aplikace

barev, rozpoustédel, benzinu

Semiterpeny (C.H,) Stromy, rostliny
Terpeny (CjH,o)
Diterpeny (C,,H;,)
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Pfirodni a antropogenni zdroje stopovych plyni
v troposféfe

Latka Pfirodni zdroje Antropogenni zdroje
Dusikaté latky
Oxid dusnaty (NO) Lesni poZary, anaerobni procesy Vysokoteplotni spalovaci procesy (ropa,
v pudach, atmosférické vyboje plyn, uhli)
Oxid dusicity (NO,) Lesni poZary, elektrické vyboje Vysokoteplotni spalovaci procesy (ropa,

plyn, uhli), atmosférické transformace

Oxid dusny (N,0) Emise z denitrifika¢nich procestt | Spalovani ropy a uhli
v pudach, oceany
Peroxyacylnitraty Degradace isoprenu Degradace uhlovodika
(PAN) Aerobni biologické zdroje Spalovani uhli a ropnych paliv, likvidace
Amoniak (NH,) v pudach odpadu
Rozklad aminokyselin
v organickych odpadnich
materialech
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Pfirodni a antropogenni zdroje stopovych plyni

v troposféfe

Latka Pfirodni zdroje Antropogenni zdroje
Sirné latky

Oxid sificity (SO,) Oxidace H,S, vulkanicka aktivita Spalovani uhli a ropy, spékani sulfidickych rud

Sulfan (H,S) Anaerobni fermentace, vulkanicka ¢innost Petrochemické rafinerie, velkochovy zvifat, vyroba
buniciny, vyroba umélého hedvabi, emise plyni
z koksoven

Sirouhlik (CS,) Anaerobni fermentace Vyroba viskézového hedvabi, zpracovani rybiho masa,
vyroba cihel

Karbonyl sulfid (COS) Oxidace CS,, vulkanicka Cinnost Oxidace CS,, vyroba cihel, vytoky z vyroby buniciny,

metalurgie, vyroba koksu

Oxid sifiity (SO,)

Spalovani paliv s obsahem S

Methyl merkaptan (CH,SH)

Anaerobni biologické zdroje

Velkochovy zvifat, vyroba buniciny a papiru, vyroba
cihel, petrochemické rafinerie

Dimethyl sulfid (CH,SCH,)

Aerobni biologické zdroje

Velkochovy zvifat, vyroba buniciny a papiru

Dimethyl disulfid (CH,S,CH,)

Anaerobni biologické zdroje

Velkochovy zvifat, zpracovani rybiho masa

Dalsi organické slouceniny S: C2-C4 merkaptany,
dialkyl disulfidy, dimethyl trisulfidy, alkyl
thiofeny, benzothiofeny

Anaerobni biologické zdroje

Velkochovy zvifat, zpracovani rybiho masa, vyroba
cihel
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Pfirodni a antropogenni zdroje stopovych plyni

v troposféfe

Latka

Pf-iro%ni zdroje

Antropogenni zdroje

Halogenované latky

Fluorovodik (HF)

Atmosféricka degradace HCFCs a HFCs

Chlorovodik (HCI)

Vulkanicka Cinnost, degradace CH,Cl

Spalovani uhli, degradace halogenovanych
uhlovodikta, CFCs a HCFCs

Methyl chlorid (CH,CI)

Pomalé spalovani organické hmoty, mikrobialni ¢innost
v oceanech, fasy

Vyroba a degradace PVC, spotfeba tabaku

Methyl bromid (CH,Br)

Aerobni biologické zdroje

Fumigace ptd a obili; zpomalovace hofeni

Methyl jodid (CH,I)

Aerobni biologické zdroje

Dichlormethan (CH,CL,)

Rozpoustédlo

Chloroform (CH,CI)

Farmaceuticky pramysl, rozpoustédlo, spalovani

benzinu, béleni dfevné buniciny, degradace
CClL,=CCl,

Tetrachlormethan (CCL,)

Rozpoustédlo, napli hasicich pfistroju,
degradace CCl,=CCl,

Tetrafluoromethan (CF,)

Vyroba hliniku

Fluorid sirovy (SF()

Elektroizolator zvlasté v transformatorech

Trichlorethan (CH,CCl,)

Rozpoustédla, odmast’ovaci ¢inidlo

Trichlorethylen (CHCI=CCL)

Rozpoustédla, odmast’ovaci a Cistici ¢inidlo

Tetrachlorethylen (CCL,=CCl,)

Rozpoustédla, odmast’ovaci a Cistici ¢inidlo

CFCs, HCFCs, HFCs (CF,Cl,, CFCl,,
CF,CHCL,, CF,CH,F)

Napné chladicich systému, propelent
v aerosolech, nadouvadlo
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Pfirodni a antropogenni zdroje stopovych plyni

v troposféfe

N ERS/
S 2

Latka Pfirodni zdroje Antropogenni zdroje
Ostatni stopové plyny
Vodik (H,) Emise z dopravy,
oxidace methanu pfes
formaldehyd
Vodni para (H,O)
Ozon (O,) Antropogenni konverze

NO na NO,

~gq‘:‘,VI/\I v

%Elvms -©

“ana B
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MozZnosti méfeni koncentraci stopovych plynu

\ 4 troposféi‘e

A 4
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Metody pro stanoveni koncentraci statosférického
ozonu

A selection of techniques that can be used for measuring stratospheric ozone concentrations from the ground, from airborne
platforms, and from satellites.

Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz




Emise znecist’ujicich latek

Clenéni zne&ist’ujicich latek

Latky zneciSt’ujici ovzdusi (resp. latky, u kterych tato mozZnost pfipada v uivahu) jsou s
ohledem zejména na chemické a toxikologické vlastnosti ve shodé s
Vyhlasky MZP &. 356/2002 Sb. roz&lenény do 9 skupin.

1) Zakladni znecist’ujici latky

% tuhé znecist'ujici latky TZL, dle velikosti ¢astic pak PM 10 (<10 pm) a PM 2,5
(<2.5 pm)

G oxid sific¢ity SO,, oxid sificity a sirovy (oxidy siry) SO_

oxid dusnaty NO a oxid dusiCity vyjadfené jako oxid dusicity NO, (oxidy dusiku

NO,)

oxid uhelnaty CO

organické latky OC vyjadfené jako celkovy organicky uhlik TOC

tékavé organické latky celkem VOC vyjadiené jako celkovy organicky uhlik TOC

organicka rozpoustédla vyjadfena celkovou hmotnosti jejich rocni spotfeby dle

bilance

% uhlovodiky vyjadiené jako celkovy organicky uhlik TOC

Y%  amoniak NH;, amoniak a soli amonné vyjadfené jako amoniak NH,

Y%  methan CH,

@

& & & &
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Emise znecist’ujicich latek

2) Azbest a tézké kovy a jejich anorganické slouCeniny vyjadfené jako kov
jmenovité viz citovana pfiloha ¢.1.

3) Persistentni organické latky (POPs)

% polychlorované dibenzodioxiny PCDD a dibenzofurany PCDF celkem,
vykazované v ekvivalentech toxicity (I-TEQ) 2,3,7,8 —= TCDD
polychlorované dibenzodioxiny PCDD

polychlorované dibenzofurany PCDF

polycyklické aromatické uhlovodiky PAH celkem

fluoranten

pyren

chrysen

polychlorované bifenyly (PCB) celkem

hexachlorcyklohexan

hexachlotbenzen

FEEEEEEEEE

a dalsi latky uvedené v citované pfiloze ¢.1.
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Emise znecist’ujicich latek

4) Organické slouceniny klasifikované podle nafizeni vlady 25/1999 Sb. jako
karcinogeny, mutageny nebo jedy pro reprodukcni proces neuvedené ad 1
a3

1,2-dichlorethan (ethylendichlorid)

1,3-butadien®

2-naftylamin

akrylonitryl (vinylkyanid)

benzen*

hydrazin

trichlormethan (chloroform)*

vinylchlorid*

EEEEEEEESE

a dalsi latky uvedené v citované pfiloze €. 1.

5) Organické slouceniny halogenované klasifikované podle nafizeni vlady
25/1999 Sb. neuvedené v pfedchozich bodech
latky typu benzylchlorid, dichlormethan*, chlorethan*, 1,1-dichlorethylen*
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Emise znecist’ujicich latek

6) T¢kavé organické latky podle definice uvedené v . zakona o
ochrané ovzdusi neuvedené v pfedchozich bodech

7) Organické latky a jejich stanovené skupiny neuvedené v pfedchozich bodech

8) Anorganické latky a jejich stanovené skupiny neuvedené v pfedchozich bodech
antimonovodik (stibin)

arsenovodik (arsan)

fosforovodik (fosfan)

fosgen

chlorkyan

fluoridy vyjadifené jako F

kyanidy vyjadfené jako CN

kyanovodik

sirovodik (sulfan)

silné anorganické kyseliny vyjadfené jako H kromé HCI
chlor, fluor, brom

EEEEEEEEEEEE

a dalsi latky uvedené v citované pfiloze ¢.1.

9) Pachové latky

JERS; «
<& 7:7 &
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Méfeni emisi

Kontinualni

In situ - pfimo v prostfedi koufovodu, bez odbéru vzorku. Zpravidla jsou takto
méfeny TZL, 1ze méfit i nékteré plynné znecist’ujici latky. Méfeni in situ
je zaloZeno na optickém principu, pouZivaji se elektro-optické méfici
systémy.

S kontinualnim odbérem vzorku, zpravidla v jednom misté.

Manualni

Vzorek odpadnich plyni zpravidla odebrany na vice mistech je analyzovan
nasledné v laboratofi pfimymi analytickymi metodami.

PoZzadavky na to, jaky typ méfeni ma byt pro konkrétni skupiny znecist’ujicich
latek u jednotlivych kategorii zdroji provadén, jsou specifikovany
legislativné - viz kapitola "Legislativni systém ochrany ovzdusi".

Z hlediska technickych a analytickych moZnosti v§ak 1ze kontinualni zptisob
prakticky uplatnit pouze pfi méfeni zakladnich zneclist’ujicich latek

(1.skupina).
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Evidence zdrojt znecist’ovani ovzdusi a

r r o r

Zdroje

Zdroje emitujici do ovzdusi zneciSt’ujici latky jsou celostatné
sledovany v ramci tzv. Registru emisi a zdroji znecist’ovani
ovzdusi (REZZO).

Spravou databaze REZZO za celou Ceskou republiku je povéien
CHMU.

Jednotlivé dil¢i databaze REZZO 1-4, které slouZi k archivaci a
prezentaci udaju o stacionarnich a mobilnich zdrojich
znecist’ovani ovzdusi, tvofi soucast Informacniho systému
kvality ovzdusi (ISKO) provozovaného rovné&z CHMU jako
jeden ze zakladnich €lankua soustavy nastroji pro sledovani a
hodnoceni kvality ovzdusi CR.

«\er“ Rese N
.

()‘ Research Centre for Toxic Compounds in the Environment

http:/ /recetox.muni.cz




Emise znecist’ujicich latek

Velké a stfedni zdroje emisi jsou sledovany jako bodové zdroje
jednotlivé, malé zdroje plosné na urovni obci, mobilni zdroje
liniové (silnicni doprava na usecich zahrnutych do scitani
dopravy) a ploSné na urovni okresu (ostatni mobilni zdroje).

Velké zdroje znecist’ovani - REZZ0 1
Stfedni zdroje znecist’ovani - REZZ0 2
Malé zdroje znecistovani - REZZ0 3
Mobilni zdroje zneciSt’ovani - REZZO 4

& & & &
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Emise latek znecist’ujicich ovzdusi

Vychozim podkladem bilance emisi latek zneciSt’ujicich ovzdusi z velkych
zdroji (celkem 2 220 zdroji1) jsou tidaje souhrnné provozni evidence,
pfedané provozovateli zdroju Ceské inspekci Zivotniho prostfedi (CIZP),
ktera zajiSt’uje jejich sbér a verifikaci dat.

V kategorii stftednich zdroji jsou evidovany udaje o cca 30 000 zdrojich.
Kompetence tykajici se zpoplatiiovani emisi a ovéfovani idaji souhrnné
provozni evidence stfednich zdroja jsou od 1. 1. 2003 pfevedeny na urady
obci s rozsifenou pusobnosti (ORP).

V kategorii malych zdroja jsou vypocitavany emise z lokalnich topenist’.
Primarnimi podklady pro vypocet jsou udaje ze Sc¢itani lidu, domu a byt
(SLDB) provedenych v letech 1991 a 2001. Emisni bilance je modelové
zpracovavana z aktualizovanych udaji o klimatickych podminkach,
spotfebach tepla pro vytapéni byt a z nich vypoctenych spotieb
jednotlivych druhu paliv.
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Skladba paliv vychazi z podkladd SLDB o pfevladajicim zptasobu vytapéni a
pouZzivanych druzich energii, které jsou kazdoro¢né aktualizovany z
udajii poskytnutych centralnimi dodavateli paliv a energii.

Bilance emisi z dopravy, ktera je v kompetenci ministerstva dopravy, je
zpracovana podle metodiky stanoveni emisi znecist’ujicich latek z

dopravy.

Emise z provozu zemédélskych a lesnich strojii a dalsich mobilnich
prostfedkt jsou vypocitany z adaji o prodeji a spotiebé pohonnych
hmot.

Emisni bilance VOC je provadéna odliSnym zptisobem a zahrnuje také odhad
mnoZstvi emisi z pouZivani rozpoustédel a natérovych hmot u zdrojq,
které nejsou evidovany v databazi REZZO — venkovni pouZiti natérovych
hmot a rozpoustédel, spotieba v domacnostech apod. Z tohoto diivodu je

uvadén pouze tdaj o celkovych emisich VOC.
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Odkazy na podrobné informace:
CHMU
odkaz Emisni bilance

Emisni bilance - tabelarni idaje v t/rok pro jednotlivé kategorie
zdroju (REZZO 1-4) roz&lenéné po okresech CR
odkaz Zdroje znecist’'ovani

aktualni idaje (nyni zpracovan rok 2001) o rocnich emisich
zakladnich znecist’ujicich latek (prach, SO,, NO_, CO,
C.H)) pro jednotlivé zdroje REZZO 1 (Clenéni po okresech)

MZP
odkaz Ovzdusi a dale Emisni faktory motorovych vozidel
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Inovace tohoto pfedmétu je spolufinancovana
Evropskym socialnim fondem a statnim rozpoctem
Ceské republiky
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