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Mechanismy zneciSténi mokré atmosféricke
depozice
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Procesy vedouci k atmosférické depozici
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Schéma rozdéleni celkové atmosférické depozice
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Atmosféra — acidifikace
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Oxidy S a N — transport, chemicka konverze, depozice,
environmentalni vlivy — acidifikace prostfedi

Oxides of sulphur and of nitrogen: transport, chemical
conversions, deposition, environmental effects
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Emise, transport a depozice acidifikujicich

polutantii

Emisslon, transport and deposition of acidifying pollutants
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Emise, transport a depozice acidifikujicich

polutantii
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Kysela mokra atmosféricka depozice
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Figure 4.3.12 Deposition of acid rain
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Atmosféra — vznik kyselin z NOy a SO,

gas phase
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Acidifikace mokré atmosférické depozice
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Acidifikace mokré atmosférické depozice

Acid-base pH scale

More acidic | More basic
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Wines Tap water
Vinegar =—— Pure wateri
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recorded in United States Toronto, Feb. 1979
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acid mine drainage
— lethal to most fish

FIGURE 3.1 pH scale and typical pH values of some common substances.
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Interakce, které urCuji sloZeni vodni kapky v

Cax

Dust

Organic acids
hydrocarbons

Figure 5.2. Various interactions that determine the composition of a water droplet in
the atmosphere (e.g., cloud, fog). Aerosol particles, which to a large extent consist of
(NH,),SO, and NH,NO;, can form the nuclei for the condensation of liquid water.
Various gases can become absorbed into the aqueous phase. The atmosphere is an
oxidative environment; the water phase, often assisted by light, promotes oxidation
reactions, for example, the oxidation of SO, to H,SO, and of organic matter to CO,.
NH; neutralizes mineral acids and buffers the solution phase.

Research Centre for Environmental Chemistry and Ecotoxicology

http:/ /recetox.muni.cz



Schéma oblacnych procesi aerosolové Castice
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FIGURE 15.20 Schematic of the cloud processing of an aerosol particle.
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Mozné depozicni cesty hlavnich
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Fig. 7.5. Schematic diagram of possible deposition pathways for the
major acidic species. (The middle column depicts processes or steps . .
along the pathway prior to deposition.) & Important pathways; lemistry and Ecotoxicology 17
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Kysela depozice — vliv na vodni ekosystémy

: 1 crabs, snails, mussels ’
* “' i ‘
, m ' European trout ,'

- : insects, plankton i |
a >§ | ; |
] whncﬁ\h

%-‘é’-?» i [
i iS =0 ﬁpcwpt |

‘brook trout,
m % reel 1
acidification of
I. Principal pathways  waters  soils 7,5 70 6,0 5,0 .4-5 4,0 pH 35
of emitted acid-formers 4 $ 2. Sensitivity of aquatic ammals to acids
release of metals

Figure 3.2.11 Pathways of emitted acid producers and their effects on animals in water

e\\1ERS17,

Research Centre for Environmental Chemistry and Ecotoxicology

o SVI. v
4
%Elvms -©

s http://recetox.muni.cz

18



Kysela depozice — vliv na vodni ekosystémy

Roste kyselost jezer a toku

Roste obsah toxickych latek a Zivin v disledku vymyvani a
splacht z pad

Klesa rozmanitost a produkce vétsiny spoleCenstev vodnich
rostlin a ZivocCichu v disledku okyseleni a zvySeni
koncentrace toxickych kationtt (Al,..) vede k zahubé mnoha
druht ryb
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Kysela depozice — vliv na vodni ekosystémy

Tti faze acidifikace jezer:

% Nejvyssi ovlivnéni — povrchové vody v oblasti mélkych a
kyselych ptid, s vysokymi srazkovymi uhrny, podloZi Zuly, ruly
apod. =& pH < 5 (4,5) — nejvétsi problémy — USA, Skandinavie
(Svédsko — 10 000 jezer)

% Jarni kyselé Soky — pfivalové vody v dob¢ jarniho tani
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Kysela depozice — vliv na vodni ekosystémy

Okyseleni — zvySeni rozpustnosti a mobility kationtt (Al, Mn,
Zn, ...), vyluhovani Zivin (K, Ca, Mg..) — transport do vod —
meéni se potravni fetézce a sloZeni fauny - pH 7,0 — 6,3 - mizi
plzi, néktefi mékkysi, raci, pstruzi, lososi, bélice, dafnie,
citlivy vodni hmyz, plankton

Prvni stadium odumirani vodniho ekosystému — pH 5,5 — 5,0
— prudké ochuzeni spoleCenstva ryb, pfeZiva okoun, Stika, jen
z Casti jiker se vSak vyvinou ryby

pH 4,5 — 4,0 — pfeziva pouze uhoft

pH < 4,0 — silné vzrista viditelnost — 20 m a vice (odumfeni
fytoplanktonu a vysrazZeni organickych latek) — voda je bez
Zivota
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Kysela depozice — vliv na vodni ekosystémy

Fig Liming of a lake in Sweden by helicopter. Photo by Tero Niemi, available from
Naturbild.
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Mozna neutralizace kyselé mokré atmosférické

////// pé/c////// Precipitation
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pH7 '/ //

g

\
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zone

Normally acid rain will become less acid as it percolates through the ground, even to the
extent of being neutralized if it goes down deep enough and takes sufficient time in pas-
sage. If the soil becomes acidified, however, the effect will be reduced until it finally ceases.
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Kysela d ice — vliv
ysela depozice — vli
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Kysela depozice — ovlivhéni ptidnich procesu
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Kysela depozice — ovlivhéni ptidnich procesu

SniZuje se pH pudy

Zrychluje se vymyvani rostlinnych Zivin a ostatnich prvku
Zrychluje se rozpusténi pidnich mineralt

Méni se pudni biota

Redukuje se pudni organicka hmota

SniZuje se nitrifikace
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Znecisténi ovzdus

direct acid effect
via cloud and fog droplets
acid formation
(H,S0,,
HNO,, Lo
HCD) acid rain
A
direct effect of
HO- pollution gases via
1 cloud and fog droplets
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O

photochemical
successive products
(ozone,
aldehydes,

/ PAN)

acid deposition —p washing out of nutrients and release of
toxic heavy metal ions —» damage to roots, fungi, bacteria and
structural changes in soil due to colloid destruction

Figure 2.4.6 Air pollution as a stress factor in the ecosystem of a forest
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Kysela depozice — vliv na lesni ekosystémy

acid deposition acid deposition 4
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Kysela depozice — vliv na lesni ekosystémy

Vlivy acidifikace na vegetaci:

S

Za nizkych koncentraci muizZe dojit ke stimulovani Zivotnich
procesu rostlin

Pfi vySSich koncentracich se projevuje fytotoxicita (SO,, HE,
fotooxidanty, prach) — chronicka, akutni

Akumulace Skodlivin v asimila¢nich organech
Negativni vliv na pfijem a metabolismus CO,
Zmény ve vodnim provozu rostlin
Vyplavovani Zivin z asimilacnich organu

Ovliviiovani vegetace zménami v pudé
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Kysela depozice — vliv na lesni ekosystémy

Vlivy acidifikace na lesy:

Y% SniZovani produkcEni schopnosti lest
% Chronické poskozeni lesnich porostil
%, Zhorsena kvalita pady
S

Naruseni vodniho reZimu krajiny, sniZeni kvality vody
odtékajici z povodi

% Castéjsi vyskyt povodni, erozi, sniZena protilavinova ochrana
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Kysela depozice — vliv
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Figure 4.3.15 Acid rain as the cause of new-type forest decline (after Heintz and Reinhardt, 1993) etox.muni.cz
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(b)

g (a) Acidified forest, Oberwiesenthal, Germany, near the border with the
Czechoslovakta taken in 1991. The trees are of the Picea family. Photo by Stefan Rosengren,
available from Naturbild. (b) Acidified forest in the Erzgebirge Mountains, north of the town of
Most, Czechoslovakia, taken in 1987. Photo by Owen Bricker, USGS.

Kysela depozice — vliv
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Kysela depozice — vlivy na stavby

& Koroze materialu
% Negativni pisobeni na stavebni
materialy
bl S
. %,  Znehodnoceni a pokles hodnoty
N 4 )
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Figure 4.3.16 Effects of acid emissions on Cologne Cathederal (source: Cologne Cathedral site office)
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Kysela depozice — vlivy na stavby

Figure 10.6. Sandstone figure over the portal of a castle, built in 1702, in Westphalia,
Germany, photographed in 1908 (left) and in 1968 (right). The erosion of the figure is due to
a combination of acid deposition and air pollution produced from the industrialized Ruhr
region of Germany. Courtesy Herr Schmidt-Thomsen.
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Kysela depozice — vlivy na stavby

Figure 10.8. Soiling of the limestone exterior of the Cathedral of Learning at the University of
Pittsburgh between (a) 1930 and (b) 1934 (Davidson et al., 1999). The building was con-
structed between 1929 and 1937. Sulfate and soot from coal smoke caused erosion and
darkening of the building after only 4 years. Photo courtesy of the University Archives,
University of Pittsburgh.
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Figure 2.4.8 Points of attack in the respiratory tract vegetace
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