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Emise a depozice za riznych meteorologickych
podminek

E,i Normal weather pattern 2. Inversion pattern

&

il

T
1 1 § smog

F a_l deposition:
SO, NO,, deposition:

wind

&
o

= HNO3, H,S0,, EHLE SO,, NO,, HNO;,
S 05, PAN el H,SO,, Os,
000 | 000 | o000 000 | 000 | 000 PAN
emission: emission:
NOy, SO,, CO, NO,, SO,, CO,
carbohydrates carbohydrates

Figure 2.2.2 Emission and deposition under different weather conditions
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Smogy — meteorologické podminky vzniku

Kalabatic Pollutants absorb solar radiation. Tall stacks may

~ flow .. . Warming in upper layers increases penetr_ate the

N ' Mixing height temperature gradient of inversion. inversion.
... reduced by Pl

\ B rising ground. / n

/ ISR e N e LI ;

AT 4-—/*"‘ -.\’,/Countrybreeze —
e 2w s ‘/ redistributes \ Y e
S s / -.-'....\po'llutants ; .

-

Reduced thermally-induced
turbulence due to less solar

radiation penetrating the fog. Ui anlitpal e aue ey

>2°C induces a country breeze.

Figure 2.2 Meteorology-pollution relationships during a smog in a valley location
Source: Modif ed from Elsom, 1978b
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Smogy

CHARAKTERISTIKY

KILLASICKY

FOTOCHEMICKY

Misto prvniho vyskytu

Londyn

Los Angeles

Zikladni komponenty

SO_, tuhé Castice

0O,, NO_, HCs, CO,
volné radikaly

Ziakladni zdroje Primyslové a domaci Automobilova doprava
spalovani fosilnich paliv (benzin, nafta)
(uhli, nafta)

Vlivy na ¢lovéka Drazdéni hornich a Oc¢ni iritant

dolnich cest dychacich

Vlivy na chemické latky

Redukc¢ni

Oxidacni

Cas vyskytu nejhorsich
epizod

Zimni mésice, zvlasté
¢asné rano (0 - 5 °C)

Okolo poledne v letnich
mésicich (25 - 30 °C)
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Fotochemicky smog — Los Angeles
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Fotochemicky smog —

Los Angeles |

ic Compounds in the Environment 7

Figure 4.8. Photochemical smog in Los Angeles, California, on July 23, 2000. The smog hides .
the high-rise buildings in downtown Los Angeles and the mountains in the background. /tecetox.muni.cz




Views of: a) intrusion of Los Angeles smog at the inversion layer into the Orange County air space neat
El Toro airport and Santiago Peak; b) Ocean fog entering the Aliso/Wood Canyons near El Toro air
pace; c) Representative volume of air space affected by fuel combustion of aircraft in landing and take

~£f T'TO
O, 110,

14

Sanlaga Feak
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Oxidacni smog

% (fotochemicky, los Angelsky smog) — vytvafi se v méstskych
oblastech vlivem dopravy a slunec¢niho zafeni, hlavni sloZkou
je fotochemicky vznikly ozon, reakce je katalyzovana NO_

% poskozuje sliznici, ztéZuje dychani, zptisobuje alergicka
onemocnéni ,

NERS/
N\ 7,

Research Centre for Toxic Compounds in the Environment
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Schéma vzniku fotochemického smogu

Solar
radiation

0,
(molecular oxygen)

o
(atomic oxygen)
UL W///I‘
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Vznik pfizemniho ozonu

Ground-Level Ozone Formation

O3 03 03 03

Uv + VOC+NOx = Qzone 03
O3 O3 O3 |

Research Centre for Toxic Compounds in the Environment
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Vznik fotochemického smogu

Pfi spalovani, napf. v motorech, vznika NO:

Ny(g) + O,(g) > 2 NO(g)
Ve vzduchu se NO rychle oxiduje:

2NO + O,(g) > 2 NO,(g2)
Slunecnim zafenim se NO, rozklada:

NO,(g) + hv 5> NO(g) + O(g)

Radikal kysliku vznikly fotodisociaci NO, muZe reagovat s
O, na O;, klicovou sloZzku smogu:

O(g) + O,(g) + M(g) = O;(g) + M*(g)

V troposféfe je 0zon nezadouci pfimés, protoze O; je toxicky
a reaktivni.

Ozodnu ubyva ve stratosféfe, a jeho koncentrace nartsta v
troposféfe, kde vytvafi neZadouci smog.

ent Reg,
00«\ es’c M 1 g
& E~N\" Research Centre for Toxic Compounds in the Environment
(©).
%0’700 wo? 30@\

http:/ /recetox.muni.cz
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Vznik pfizemniho ozonu

Table 2.7 Highest hourly concentration of ozone observed at selected city sites in 1974°

1-h !

concentration® ]
City wg/m’ ppm l
Riverside, USA 744 0.37 |
Los Angeles, USA 548 0.27 ;
Eindhoven, The Netherlands 420 0.21 \
Tokyo, Japan 380 0.19 ~
Osaka, Japan 320 0.16 S \s
Washington, D.C., USA 312 0.16 o b
London, UK 294 0.15 Francisco
Bonn, FRG 290 0.15

30 1 ppm =200 ug/m>.

“In Europe, PAN concentrations during summer months are typically 1-2 ppb or less. with isolated peaks
during episodes of 16-20 ppb. while in Japan they may reach 30 ppb. In contrast, the Los Angeles
basin expernences peaks of 40-210 ppb and monthly means of 4-9 ppb (Temple and Taylor, 1983)

Source: World Health Organization. 1979b
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¥

Aldehydes

Eye irritation

Complex
organics

very small
amount
}
NO, + U.V———NOz 03 + HC —=
NO,——=NO+0 | 0 | Ozone-HC complex
0+ 0%) 03 ! 5 8 e
O3 + NO=NO. + 0, Aldehydes and other
| oxidation products
NO
{
Auto
exhauts
Aerosol
H‘C NOe s|E nuclei
5|2
| | I
HC + 0, +‘N02 + U.v. . Oxi%ation Po|yrnaenridzation
products .
Ozone + aldehydes + nuclei growth
peroxacyl nitrates (PAN)
+ oxidation products
| A 1
03 PAN Formaldehyde,
acrolein, etc.
Plant Plant damage
damage and

Eye irritation
eye irritation

Figure 2.7 Photochemical smog formation
Source: modified from Faith and Atkisson, 1972
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Fotochemicky smog — denni variace

0.5
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Fotochemicky smog
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Fotochemicky smog — reakce

R'CG = an acylradical (R'—C% )

Q0
R'C(Djﬂjg = an acylperoxy radical (RI_CE“O G )

R'C(OYO;NO, = an acylperoxy nitrate (R'—Cf: NO, )
0—0"
"When E' 1z a tnethyl group (CHz—) this substance 15 called Peroxyacyl nitrate, or PAT)

eq. 1 NO, + hh—=NO + O RH + OH*—H,0 + R®
eg. 5
eq. 2 0 +0, +M—0; + M Make O and O R*+ O, — RD; very fast
€q 3 NO + O, ™ NO, + O, . [ROI+ NO—NO, + RO®
. . eq.
eq. 4 O+ H,0—~20OH RO®+ O, — R'CHO + HO®, very fast
R'CHO + OH®—R'CO"+ H,0
eq. 7 2
[R'CO®+ O, — R'C(0) O3 very fast
FH = anyhydrocarben (Le., CH3CH2CHs or CH3CHz)
O
F'CHO = an aldehyde { R'—C\H ) eq. 8 R’C{D}D; + NDE R,C{D}ZNDE
O

Research Centre for Toxic Compounds in the Environment
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Peroxyacylnitraty (PANs)

R-C(=0) -0 -0 - NO,
R = CH,-, CH,CH,-,
CH,CH,CH,-, Ph-

Vyskyt PAN v atmosféfe:

Fytotoxicita = 10 ppb / 5 hod.
Misto vyskytu Doba sledovani Maximalni koncentrace Drazdi Sliznice,
PAN [ppb] fytotoxicita,

Los Angeles, CA 1965 210 inaktivace enzymil
Riverside, CA 1968 58 oxidaci SH- skupin,
Padasena, CA 1972 53 negativni ovlivhéni

Salt Lake City, UT 1966 57 syntézy mastnych
Calgery, CAN 1982 7 kyselin, inhibice
Essen, FRG 1973 20 fixace COZ} redukce
- N nukleotidua a
Londyn, UK 1974-5 16 o
fotosyntetické
Tokyo, JPN 1973 32
- fosforylace
Litvinov, CSSR 1979 40
o ar Research Centre for Toxic Compounds in the Environment 19
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Fotochemické oxidacni reakce organickych latek

RO,NO,

Peroxynitrates

R'O,°
2> ROH + RR'CO

NO, Alcohols
Aldehydes
. 02 HOZ’
VOC 525> R ———=ROOH  Ketones
PR K d Hydroperoxides
NO
RONO,
Dissociation Organic nitrates
Tsomenization \ RO °
0,

HO, + RCHO, RC(O)R" Aldehydes

Ketones

RC(O)OOH  Peroxyacids
Peroxyacyl RC(O)OH Carboxylic acids

T lNoz

RC(0)OONO,

Peroxyacyl nitrates

FIGURE 5.13 Organic radicals and products in the photooxidation of an organic molecule.
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Redukc¢ni (primyslovy, londynsky) smog

& &

Vhodna atmosféricka situace - dlouhodoba teplotni inverze

Hlavni slozkou je SO,, PM (popilek saze) a kyseliny (sirova,
dusi¢na, chlorovodikova).

Vznika interakci méstského a pramyslového koufe s mlhou,
vyskytujici se zimnich podminkach s vyraznymi pfizemnimi
inverzemi teploty - nedochazi k pohybu vzdusnych mas =
prudky narast koncentrace SO, a tuhych castic a pokles
koncentrace kysliku. SO, je oxidovan na H,SO, -
mechanismy viz SO,

Milha je nezbytnou podminkou vzniku - dominantni typ
v noCnich hodinach

Ztézuje dychani, drazdi sliznice, duseni
V roce 1952 zemfelo v Londyné béhem dni 4 000 lidi

Research Centre for Toxic Compounds in the Environment
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Londynsky smog

FIGURE 3-1 Sulfur dioxide and smoke concentrations and daily deaths in London
Administrative County belore, during, and after the great smog of December 5 to 9,

1952. [5, 6]
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Londynsky smog

THE IMPORTANCE OF THE
LONDON SMOG OF 1952
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Londynsky smog

WEEKLY DEATH RATE IN
LONDON ADMINISTRATIVE COUNTY 1952

Research Centre for Toxic Compounds in the Environment
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Londynsky smog a problémy obyvatel

BEN TRUM&N “"-

1.

&, Zastaven provoz autobusi, zruSeny fotbalové zapasy
%  Problémy hospodatskych zvifat
%  NemozZnost najit cestu domu

Research Centre for Toxic Compounds in the Environment
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Struktura pfijatého zakona

Many clauses

- PHA (1936) 6
. CAA (1956) > 40

Detail in memoranda

* chimney heights
. smoke control areas
* industrial premises

Compare with EC/96/62
Air Quality Monitoring and Management Directive

Research Centre for Toxic Compounds in the Environment
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Problémy

Nedostatek vhodného paliva

I
|
|
|

Smokeless fuel grates were being installed in

the Corporation's houses. Unfortunately, however,

there was notenough smokeless fuel so that the

house-holders were having to burn smoky fuel on these

new grates and the Corporation was having to incar

e good deal of expendlture on cleaning and altering

flues,

R.W.B. CLARKE
CRAWLEY: CLEAN AIR 30th June, 1955

Research Centre for Toxic Compounds in the Environment
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Dnes

CAA(1956) affects our concept of environment

Personal freedom and the automobile

Doubts - public transport will never cope
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Smogy — Ostravsko, unor, 2011
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Smogy — Ostravsko, 07/11/2011
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Smogy - Ceska kotlina
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Smogy — Usti nad Labem
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Dusledky pusobeni imisi - souhrn

ohroZeni Zivota lidi - drazdi oCni sliznici, poskozovani
hornich cest dychacich, alergicka onemocnéni

okyseleni ptady a vodnich tokt - projevuje se hlavné tam kde
je nedostatek vapniku, ktery by kyseliny neutralizoval. Skody
na rybach se projevuji pod hodnoty 6,5 pH, pod 5 pH je voda
s, Mreva‘s

Skody na lesnich porostech — od pol. 70 let rozsah skod
daleko nad pfirozenou urovefl — hlavné stfedni Evropa, Sev.
Amerika. V souCasné dobé je ve stfedni Evropé poskozena
vice neZ /2 lesnich porostii — pfiCiny jsou rizné, casto se
vzajemné (synergicky) posiluji.

Skody na majetku a uméleckych dilech — zejména oxid sifiCity
rozrusuje strukturu staveb a uméleckych pamatek, zptisobuje
korozi skla, kovu

Research Centre for Toxic Compounds in the Environment 33
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Poskozovani lest imisemi

a) zachytavani skodlivin na listech a jehlic¢i — vede k poskozovani
chlorofylu a xantofylu (zelené a Zluté barvivo), porusSovani
bunécnych membran, odumirani bunék a tkani, k porucham
dychani, u ZivoCichu lepta sliznici

b) klimatické pfiCiny — v nékterych pfipadech jsou stromy ne
zcela zniCeny, ale pouze oslabeny a potom jsou velmi
nachylné ke klimatickym podminkam — zejména sucha léta,
mrazivé zimy a silny vitr (normalné se les zotavi, pokud neni
oslaben imisemi)

c) nakazy a hmyz — napf. kurovec. Pasobi podobné jako
klimatické skody synergicky s poSkozenim imisemi a
nevhodnym hospodafenim v lesich

d) odumirani symbiotickych hub

Research Centre for Toxic Compounds in the Environment
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Poskozovani lest imisemi

e) okyseleni piidy — pfi nizkém pH dochazi k vyplavovani
mineralnich Zivin z pidy (Ca, Mg, Na, K) — jsou uvolnény a
vyplaveny a misto nich nastupuji toxické ionty, zejména AP+ —
dochazi k postupné otravé

f) disproporce ve vyZivé stromu — kyselé desté jsou dobrym
hnojivem, protoZe obsahuji mnozstvi NO_— v pudé se vSak
nedostava hofcCiku, ktery je nezbytnou soucasti chlorofylu —
sttom rychle dortsta, ale do novych jehlic si musi ptijCovat
Ziviny ze starSich — ty Zloutnou a opadavaji. Pfirastky dfeva
jsou proto mnohdy vysoké, dfevo je vSak fidsi, méné pevné a
nachylné ke zlomum
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