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Schéma procest, kterym podléhaji znecist’ujici
latky v ovzdusi
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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

CELKOVA
ATMOSFERICKA DEPOZICE

/\

MOKRA ATM. DEPOZICE SUCHA ATM. DEPOZICE
(spojena s atmosférickymi srazkami) (plyny, pevné latky)

T

VERTIKALNI HORIZONTALNI
- dést’ - mlha

- snih - namraza

- kroupy - jinovatka
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Atmosféra — acidifikace

O'“L‘-:-::
AN $0,+1,0,+ H,0 — H,S0,
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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
EMITTED POLLUTANTS

WET
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Emise, transport a depozice acidifikujicich

polutantii
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Kysela mokra atmosféricka depozice

long-distance s

transport
interception
deposition s
= an
sources of emission

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

pH
—— — Acidic
Battery acid
Tomato juice \ l.emon juice
Vinegar Apples
Lemon juice—\
Battery acid Rain in remote areas Wine ar beer
N an: Acidic precipitation
Ave. 1983 NJ Rain Acidic lakes
Normal rain =
Ave. Whiteface Mt., (NY) cloudwater I ~6 ik
| Healthy ~ 7 —— Neutral—distilled water
. lakes —— Human blood
Most acidic LA fog =
15 Seawater —=8 = Baking soda

Milk of magnesia
Ammonia

Lime

Lye (caustic soda)

14 —— Basic
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Acidifik kré atmosférické depozi
H* H+ H+ Change
imales per liter) imales per liter) pH imales per liter) In acldity
[ 1 0 Battery acid -
: y Acidic 6.3x 10 +900%
107 0.01 2 Stomach acid, lemon juice 5.0%10° +604%
3 40x 10° +531%
1ot Q.00 4
-3
: Black coffea 3.2 10 +401%
1ot 0.000001 & itk 5% 10 +208%
) N 2.0x 10 +216%
) - Human blood (7.35-7.45) Azt I
£ ]
o 0.00000001 8 Seawater (8.1%) 3 1.6% 10°° +151%
g Baking soda g
1.3 x 10" +100%
g 00000000001 10
1.0 10rE +58%
" Housshold ammonia
10 0.000000000001 12 7.9 % 107 +26%
13 Household bleach Basic (or
. ‘alkaline’) 6.3 %107
1o 0.00000000000001 14 Caustic soda
*Average globao! surfece oosan pH
Source: Modified from MNational Oceanic and Atmospheric Administration (NOAA) Pacific Marine Environmental Laboratory (PMEL).
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Acidifikace mokré atmosférické depozice

Acid-base pH scale

More acidic ! More basic

=< 1 >

Hydronium ion concentration mol/L

1 187 1072 0% 407% 40791070 1077 10724072 10° 0 MHor Rig 107"
< [ | IR ! .1 1 ¥ .1 [ I >
I L Lol B o ] T I
0 1 2 3 4 5 6 7 8 9 10 = 12 13 14
pH
~€«— Strong acids (>0.1 M) Strong bases (>0.1 M) ——>

H,SO,, HCI, HNQg, etc. NaOH, KOH, Na,PO,, etc.
Battery acid= Beer — Fresh eggs
Human _ Cow's milk Sodium bicarbonate - Lye
stomach fluids Human saliva Mild soaps
Lemon juice =————— Human blood = —— Milk of Magnesia
Soft drinks——— Human urine- ———— Household ammonia
Wines Tap water
Vinegar —— Pure watert
Oranges - natural surface fresh
Tomatoes — lakes and streams
Usual range of acid rain=——————————— — pure rainwater
Most acidic rainfall = = Mean pH of rainfall, ~— Sea water
recorded in United States Toronto, Feb. 1979
Mean pH of Adirondack lakes, 1975 = = Mean pH of Adirondack lakes, 1930

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.
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Schéma oblacnych procesu aerosolové Castice

GAS PHASE
WATER CONDENSATION

Fog or cloud

000 ==, @ =A@ | (AW
=1
B(a) B(r)

WATER EVAPORATION

New
aerosol
particle

FIGURE 15.20 Schematic of the cloud processing of an aerosol particle.
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Mozné depozicni cesty hlavnich

DRY DEPOSITION SUBSTANCE WET DEPOSITION | . : v
kyselinotvornych sloZek
SO, <% SO,
water —T—% S0,
05~ r=—=t= 07" S0}~ —1—» soi”
water i SO;~
NO
|
NO, = NO,
/ \ water = == of<— P> NO,
|
PAN ————t= pAN — = =|= = — e -:-——-----» PAN
HNO, < HNO, ;
NOZ e Oy
v
water > NOy
NH, < NH,
/ \ water
NH; <——w—t- NH; NH] st NH}
water > NH:

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 18

€2 Uncertain pathways. Reproduced from Whelpdale (1982).
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Kysela depozice — vliv na vodni ekosystémy
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Figure 3.2.11 Pathways of emitted acid producers and their effects on animals in water
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Kysela depozice — vliv na vodni ekosystémy

Roste kyselost jezer a toku

Roste obsah toxickych latek a Zivin v disledku vymyvani a
splachi z pud

Klesa rozmanitost a produkce vétSiny spoleCenstev vodnich
rostlin a Zivocichu 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 dobé jarniho tani

Research Centre for Environmental Chemistry and Ecotoxicology 21
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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 —
méni 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 — preZiva pouze uhof

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

. Liming of a lake in Sweden by helicopter. Photo by Tero Niemi, available from
Naturbild.
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Acidifikace oceanu

Fishermen Consumers face
experience decreases changes in prices
in harvest

° Oceans absorb about /4 of

anthropogenic CO2 emissions
Fish Market

H
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Mozna neutralizace kyselé mokré atmosférické

o o | A e r Ny

% &
ek
/

NGy
A

/
/.

/a4
/// pH 4 1//// Pref:ipitation

Dug  Drilled/’/”
well well /" //
//PH 4 /
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oo
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Fracture

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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Changes in carbonate species concentration with changes

in seawater pH

Fractional contribution

[H*] (molfkag)
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Figure 2.1. Changes in carbonate
species concentration with
changes in seawater pH. The light
grey band indicates the decline
in surface seawater pH since the
Industrial Revolution and the dark
grey band represents the projected
change to the end of the century.




Recent changes in surface pH — Iceland and Norwegian

PH; PH;
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Figure 2.8. Recent changes in surface pH in the Iceland Sea and the Norwegian Sea. Source: after Olafsson et al. (2009).
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Kysela depozice — vliv

o 14 A4 r

potassium in potassium adsorbed to interlayer
minerals (water surface of potash of
subsequent soluble) clay clay minerals
delivery via minerals
) weathering )
100% = oA b e 0.1% 50%
delivery
washing out
very slight availability directly available to most important litle .anilnble after
(only by mineral plants potassium storage form, eahaumaw
weathering) high availability potassium
Figure 4.3.1 Potassium dynamics in the soil (after Heintz and Reinhardt, 1993)
biocides dust, rain fosure treated sludge plants
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Figure 4.3.2 Balancing out heavy metals in the upper soil layer
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Figure 4.3.3 Soil pH and uptake of metals
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Kysela depozice — ovlivhéni ptidnich procesu

forest soil 0; CO; rain + dry deposition forest
CO; O
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Figure 4.3.14 Processes in the soil
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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

Zvysuje se pohyblivost Al a dalsich iontu

SniZuje se dostupnost Zivin (P..)

& & & & & & & & &

Dochazi ke vzrastu pohyblivosti nékterych pudnich sloZek
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direct acid effect
via cloud and fog droplets
acid formation
(H.SO,,
HNO,, LI
HCD acid rain
A
direct effect of
HO" pollution gases via
1 cloud and fog droplets
primary pollution gases
SO,
NO,

CO

photochemical
successive products
(ozone,
aldchydes,

/ PAN)

hydrocarbons

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

Znecisténi ovzdu§
jako stresovy faktor
lesnim ekosystémy
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Kysela depozice — vliv na lesni ekosystémy

clay minerals as storage
for mineral substances

nutrient dcﬁcism_ﬁ

release of toxic
Al 'ions

soil pores as
water storage

luchatengoundww

Figure 4.3.13 Influence of acid rain on the ecosystem of the forests

root damage,
decreased
resistance stability

acid deposition acid deposition 4
mi washing out of acid deposition
Ca and Mg + heavy metal

accumulation

further
acidification

damage to soil
inhabitants

inhibited
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Kysela depozice — vliv na lesni ekosystémy

Vlivy acidifikace na vegetaci:

S

Za nizkych koncentraci mizZe dojit ke stimulovani Zivotnich
procesu rostlin

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

Akumulace Skodlivin v asimilacnich otrganech
Negativni vliv na pfijem a metabolismus CO,
Zmény ve vodnim provozu rostlin
Vyplavovani Zivin z asimilacnich organi

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

Vlivy acidifikace na lesy:

% SniZovani produkcEni schopnosti lesti
% Chronické poskozeni lesnich porostii
% Zhorsena kvalita ptdy
S

Naruseni vodniho reZimu krajiny, sniZeni kvality vody
odtékajici z povodi

% Castéjsi vyskyt povodni, erozi, sniZena protilavinova ochrana

Research Centre for Environmental Chemistry and Ecotoxicology
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deficit evaporation
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deposition

secondary
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impaired water
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deficiency

washing out
of nutrients

release of
o metal ions

soil acidification groundwater L5
due to dryness effects

Figure 4.3.15 Acid rain as the cause of new-type forest decline (after Heintz and Reinhardt, 1993)

Kysela depozice — vliv
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Kysela depozice — vliv

n ] r ] I | 4

(a)

A

X 77—l LIL

=2

(b)

(a) Acidified forest, Oberwiesenthal, Germany, near the border with the
CzechosI0vak1a 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. /recetox.munl.cz
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Generalized Arctic food web — affected by ocean
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Kysela depozice — vlivy na stavby
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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

Katedrala v Rennes,

Francie

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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Sites of Water Substances
attack solubility
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Figure 2.4.8 Points of attack in the respiratory tract
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