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The atmosphere can be divided into layers based on temperature
characteristics.

This layering of the atmosphere also represents real physical barriers in that
within the layers there is lots of vertical motion and mixing of air.

This does not happen between layers.
A Troposphere

A Stratosphere

A Mesosphere

A Thermosphere

The atmosphere is a very thin (relatively) layer of gas over the surface of the
Earth

A9IFINIKQAE NIRAdzZA 9 cnnnly
A Atmospheric thickness ~ 100km



Structure of Atmosphereé &
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Troposphere

A Innermostlayer
A 75-80%o0f air mass
A 11-5 milesthick

A Earth Apple,
Troposphere

A Allweatherfound here

Skin



Comp osition of (
dry atmosp here, by volume J
Prmn; parts pey nellion by volune PlasTEP

Cas Vo lume s fo evironment protection
Hitrozen (Mg Tal 240 ppncw (75 08 4%

Caerrgen (D) 209 440 pyncw (20 . 946%0)

Argon (At 9,340 popam v (0.9340%)

Cathon dioide

(C0) 373 ppny

HNeoniHe) 1515 ppam v

Heliuan (He) 524 ppnv

Il ethane (CHy) 1.745 ppam v

Eirypton (Kt 1.14 pynw

Hdrogen (Ha 0.55 ppmv
Not mcluded in above dry atmosphere:

Water vapor
(b ghly wariable)

typically 1%



Minor components of air not listed above mclude: ( .

Gas Volume PlasTEP
fuitrous oo for emironment s
ide 0.5 ppmv

xenon 009 ppmv
ozotie D0 to 007 ppme

tittrogen
dioxide 004 ppm

iodine 001 ppmew
cathon
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Alr pollutants concentration expression,
methods:

A Volume concentration:
A Mass concentration:

A Part concentration.

asma for environment protection



AIr pollutants concentration expression (J
methods yolume concentratior) .

A Parts-per notation. One part per trillion (1 ppt) is a
proportionequivalento onetwentiethof a drop of water
dilutedinto anOlympic-sizeswimmingpool.

A The parts-per notation is a set of pseudounits to
describe small values of miscellaneousdimensionless
guanitiese.g. molefractionor massfraction Sincethese
fractions are quantityperquantity measuresthey are
pure numberswith no associatedinits of measurement
Commonlyusedare

A ppm (partspermillion, 10°9),

A ppb (partsperbillion, 10°9),

A ppt (partspertrillion, 1012

A ppq (partsperquadrillion,1015).

plasma for environment protection



Alr pollutants concentration expression C
methods (nass concentratioh

ma for environment protection

A fg/m3 femtogram (169
A pg/m3 picogram  (16?)
A ng/mé nanogram (16)
A pg/md; microgram (160)
A mg/m3; milligram (16)
Ag/ms, gram (20



AIr pollutants concentration expression C
methods Part concentration)

plasma for environment protection

A Part concentration
Concentrationexpressed as number of
particles of substance per a certain
number of particles.
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plasma for environment protection

Air pollution may be defined as any atmospheric condition in which
substancesre present at concentrations high enough above their normal
ambient levels to produce measurable effeabn man, animals,
vegetation, or materials.

Substancemean any natural or anthropogenic (mamade) chemical
compounds capable of being airborne. They may exist in the atmosphere
as gases, liquid drops, or solid particles.

Measurable effect®n humans and environment due to:
WAYR22NX AN LRftftdzityda =
alr toxics, radioactivity

urban photochemical smog,

acid rain,

visibility reduction,

greenhouse warming,

depletion of the ozone layer,

climate forcing due to anthropogenic atmospheric aerosols.

Too Joo oo o o o o o
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A Figure. The air pollution problem can be
schematically presented as a system consystin
of three basic components:

mixing and chemical

pollutants transformation
- ES"Z'S::::;‘. ] [P ——+ | . Receptors e
™ = = o.: = : oy o 18




Major emission sources: (J

A Transportation; PlasTEP

A Industrial and domestic fuel burning; o e
A Industrial processes.

Receptors:

A Humans:;
A Animals;

A Plans:

A Materials.

Atmosphere
A acts as a medium for transport and dispersion,
A physical and chemical transformations




In Lithuania per year to atmosphere is emitted aboutnln. t of pollutants:.

2/3 ¢ pollutants from mobile sources;
1/3 ¢ pollutants from stationary sources.

Last century statistical data:

1. particulate matter (PMg 13.5%;

2. 5Q ¢ 47.0%;

3.NQ, ¢ 6.8%;

4. CC; 13.1%.

5. volatile organic compounds (VQL)6.3%;
6. other¢ 3.3%.
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At this moment emission of S@ecreased several times
and NQ, increased several times, due of changes of fuel

type.
According tdJnited Nationsdata in the world emitted
pollutants:

A 1.NQ¢500 min. t;

A 2.5Q¢ 160 min. t;

A 3.CQ¢200min. t;

A 4. particulate matter (PMY 250mlin. t;

A 5. volatile organic compounds (V&0 min. t



There are most air polluted countries in the world: C
A 1. USK; 23.0%; PlasTEP
A 2. Chinag 13.9%; J—
A 3. Russig 7.2%;

A 4. Germany 3.8%.

| KAYl KlF&a 0KS ¢g2NIRQa ¢2NBRG I ANJ LR
I 80% of Chinese cities have emissions above the safety threshold

There are most air polluted sectors of economy:
A 1. transportc 58%:

A 2. industryc 25%:

A 3. energetia; 12%:

A 4. otherc 5%.



Emission of main
pollutants in Lithuania e
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EXHAUST GAS CLEANING EQUIPMENT
(Classificqtion In Lithuania)

PlasTEP

Code Name

10 Absorber

20 Adsorber

30 Cvclone, rotoclone

40 i]ust catcher

51 Electro filter

52 Hvdro filer

53 Fibrous. 1onic filter

54 Bag filter

55 Oil filter

56 Other filters

60 Catalvtic reactor

70 Catalvtic or thermokatalvtic incinerators
o0 Other cleaning devices

110 The two-stage cleaning (drv + wet)
120 The two-stage cleaning (drv + drv)

130 Other two-step cleaning methods



Air pollution classificationaccording to
chemical composition:
Sulfurcontaining compounds.
Nitrogencontaining compounds.
Carboncontaining compounds.
Halogencontaining compounds.
Toxic substances (any of about).
Radiative compounds.

o oo To Too T T I

Air pollution classification according to physical state:
A Gaseous.

A Liquid (agueous).

A Solid.
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according to the manner in which they reach the atm gwm
A Primary pollutants (those emitted directly from the sources).

A Secondary pollutants (those formed in the atmosphere by
chemical interactions among primary pollutants and normal
atmospheric conditions).

according to the space scales of their effects:
A Local (or indoor).

A Regional.

A Global.
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Criteria air pollutantg®re six major

A pollutants defined by EPA (Environmental R
Agency) for which ambient air standards have been
set to protect human health and welfare.

Criteria pollutantgdefined by EPA):
A Ozone, O3.

A Carbon monoxide, CO.

A Sulfur dioxide, SO2.

A Nitrogen oxides, NOXx.

A Lead, Pb.

A Particulates, PM10.




Industrializing nations face incre C
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I I . I l
p O u t I O plasma for environment protection

A Outdoor pollution is increasing

A Factories and power plants do not control
emissions

A Citizens burn traditional fuels (wood and
charcoal)

I Asian brown cloud = anile thick layer of pollution
that reduces sunlight, affects climate, decreases
productivity, and kills thousands each year
Al KAYlF Kla 0KS ¢g2NI RQa ¢2NAI
I 80% of Chinese cities have emissions above the
safety threshold



Synthetic chemicals C
deplete stratospheric i

a for environment protection

oZone

A Ozone layer ozone in the lower stratosphere

I 12 ppmconcentrations effectively block incoming
damaging ultraviolet ((UV) radiation

A Chlorofluorocarbons (CFCs)chemicals that
attack ozone
I 1 million metric tons/year were produced
I Releases chlorine atoms that split ozone



The hole In the ozone C
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A Ozone hole= ozone levels over Antal&E == d
declined by 4660%
I Depletion also in the Arctic and globally

I Causes skin cancer, harms crops and decreases
ocean productivity
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The Montreal Protocol addressed o C
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depletion

A Montreal Protocol= 180 nations agreed to cut CFC

production in half
I Followrup agreements deepened cuts, advanced timetables
and addresses other ozowkepleting chemicals

I Today, production and use of ozedepleting chemicals has
decreased 95%
I The ozone layer is beginning to recover

A Challenges still face us
I CFCs will remain in the stratosphere for a long time
I Nations can ask for exemptions to the ban



The Montreal Protocol Is C
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ad SUCCESS

A Considered the biggest environmental success
story

I Policymakers included industry in helping solve the
oroblem

I Implementation of the plan allowed an adaptive
management strategy that changed strategies In
response to new scientific data, technological
advances, and economic figures

A The Montreal Protocol can serve as a model for
iInternational environmental cooperation




Acid deposition G
IS another
transboundaryissue

A Acidic depositiore the deposition of acid, or
acidforming pollutants, from the atmosphere
2Vi02 9FNIKQa adzNF!Il OS
I Acid rain= precipitation of acid
I Atmospheric depositiors the wet or dry deposition

on land of pollutants



Sources of acid deposition
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Originates from burning fossil fuels that release sulfur dioxide
and nitrogen oxides
These compounds react with water to form sulfuric and nitric acids

Primary pollutants Secondary pollutants
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Effects of acid deposit &
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A Nutrients are leached from topsoil
A Soil chemistry is changed

A Metal ions (aluminum, zinc, etc.) are
converted into soluble forms that
pollute water

A Widespread tree mortality O
A Affects surface water and kills fish
A Damages agricultural crops

A Erodes stone buildings, corrodes cars, !
erases writing on tombstones '
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WHAT ARE EMISSIONS? s

for

® The amount of pollutant(s) a source
puts into the air during a fixed time.

® Units: mass/time
® Emissions vary — making air quality
management a challenge!

1 Source activity
) T h ase

e 7 2 Economic health
Emissionsl’ Time influence -
var . . Population
y ¢ Location source -
over: _ Pollutant issi Climate
g//////////ﬂ//////////g em I 5 SI 0 n 5 ) C D n trC!l S

Traffic




Emissions classifica

| By pollutant

I By source type



Classificatiorg, by Pollu -+

A Some general pollutant categories include
i Criteria air pollutants

i Criteria Pre-cursor air pollutants

| Hazardous Air Pollutants (HAPSs)



Classificationg by Source Ty:

Stationary - sources with a fixed location
APoint: usually a large source, often a stack
AArea: sources that are considered as a group

Mobile - sources that move L nToOMERY. PAIR Ko

.. ~.. ‘_‘,
TITYER R Y B K O

: |-----------|
S .-y i

AOn-road: highway vehicles § --------..::'-

ANon-road:
non-highway vehicles




Classification — by Source Type =

® Emissions from source types modeled
differently

Point Gaussian plume model
source (e.g. ISC-AERMQD)
Mobile Roadway models

source (e.9. CALINE, CAL3QHC)
Area Flexible source models

source (e.g. CALPUFF)
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Clbssification — by Source Type .7

B B B B B S bbb

W Stationary sources

® Mobile sources

Stationary

Point
source
M Oblle Examples: power plant,
Mobile chemical plant, etc.
source
Area
Examples: on-road: gas, diesel; source E‘%S—S/—
off-road: marine, air, agricultural Examples: gas stations,
dry cleaners, fireplaces,

lawn mowers, tanks farms, etc.



Emission Classification Sulfur Dioxide (SO,)| .7

Power plants are major sources of (SO,)
They are stationary (point) sources
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Emission Classification Nitrogen Oxides (NO,)

® Passenger vehicles are a major source of NO...

® These are mobile (on-road) sources.
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Emission Estimatior -

A MOBILESG is a model for predicting
emissions from vehicles. Capabillities:

I Pollutants predicted: CO, CO,, NO,, PM,
toxics, hydrocarbons

I Vehicle types: cars, trucks, motorcycles

I Operating conditions: speed, temperature,
etc.

I Fuel types: gasoline, diesel



Emission Classification - Miscellaneous

® Fugitive sources that often contribute to
ambient particulate matter: 3% ,o,

W Construction sites

_ 18%
® Agriculture

®Unpaved roads
47%

[ On-road vehicles
[ off-road vehicles
B Unpaved roads
[ Paved roads

[[] Fuel combustion 10%

9%

[ ] Indiustrial processes

[[] Waste disposal PM Emissions e
_ 25 _ 5%
[l Miscellaneous 2000 7%
Source: Bureau of Transportation Statistics

hitpeffwwnan. bts. g o’ publicationsfn ation al_transpotatio n_statisti csr2002himlsftable_04 949 himl
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Emission Estimation

® After identifying possible sources of air
pollutant emissions, the next challenge is
quantifying their magnitude.

® Methods:
¥ Direct measurement CEM, stack test
¥ Indirect measurement Mass balance
¥ Process modeling Tanks and Mobile6

® Emission factor modeling AP-42







