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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. 

Å Troposphere 

Å Stratosphere 

Å Mesosphere 

Å Thermosphere 

 

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

Å 9ŀǊǘƘΩǎ ǊŀŘƛǳǎ Ϥ спллƪƳ 

Å Atmospheric thickness ~ 100km 

 

 

 



Structure of Atmosphere 

Troposphere: 

Å Innermost layer 

Å75-80% of air mass 

Å11-5 miles thick 

ÅEarth Apple, Skin 
Troposphere  

ÅAll weather found here 







 

Air pollutants concentration expression 
methods: 

 

ÅVolume concentration; 

 

ÅMass concentration; 

 

ÅPart concentration. 



Air pollutants concentration expression 
methods (volume concentration) 

ÅParts-per notation. One part per trillion  (1 ppt) is a 

proportion equivalent to one-twentieth of a drop of water 

diluted into an Olympic-size swimming pool. 

ÅThe parts-per notation is a set of pseudo units to 

describe small values of miscellaneous dimensionless 

quanities, e.g. mole fraction or mass fraction. Since these 

fractions are quantity-per-quantity measures, they are 

pure numbers with no associated units of measurement. 

Commonly used are: 

Åppm (parts-per-million, 10ï6),  

Åppb (parts-per-billion, 10ï9),  

Åppt (parts-per-trillion, 10ï12)  

Åppq (parts-per-quadrillion, 10-15). 

 



Air pollutants concentration expression 
methods (mass concentration) 

 

Åfg/m3  femtogram (10-15) 

Åpg/m3 picogram    (10-12) 

Ång/m3 nanogram   (10-9) 

Åµg/m3; microgram (10-6)  

Åmg/m3; milligram   (10-3)  

Åg/m3;    gram          (100)  

 



Air pollutants concentration expression 
methods (Part concentration ) 

 

ÅPart concentration 
Concentration expressed as number of 
particles of substance per a certain 
number of particles. 

 

 



 
 
 

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

Substances mean any natural or anthropogenic (man-made) chemical 
compounds capable of being airborne. They may exist in the atmosphere 
as gases, liquid drops, or solid particles.  
 

Measurable effects on humans and environment due to:  
Å ΨƛƴŘƻƻǊΩ ŀƛǊ Ǉƻƭƭǳǘŀƴǘǎ Σ 
Å air toxics, radioactivity 
Å urban photochemical smog, 
Å acid rain,  
Å visibility reduction,  
Å greenhouse warming, 
Å depletion of the ozone layer, 
Å climate forcing due to anthropogenic atmospheric aerosols. 



 

 

 

ÅFigure. The air pollution problem can be 
schematically presented as a system consisting 
of three basic components: 

 



Major emission sources:  

ÅTransportation;  

Å Industrial and domestic fuel burning;  

Å Industrial processes. 

 

Receptors:  

ÅHumans;  

ÅAnimals;  

ÅPlans;  

ÅMaterials. 

 

Atmosphere  

Åacts as a medium for transport and dispersion, 

Åphysical and chemical transformations 



 

 

 

 

In Lithuania per year to atmosphere is emitted about 1 mln. t of pollutants: 

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

 

Last century statistical data: 

     1. particulate matter (PM) ς 13.5%; 
2. SO2 ς 47.0%; 
3. NOx ς 6.8%; 
4. CO ς 13.1%. 
5. volatile organic compounds (VOC) ς 16.3%; 
6. other ς 3.3%. 

 

 



 

 

 

At this moment emission of SO2 decreased several times 
and  NOx increased several times, due of  changes of fuel 
type. 

According to United Nations data in the world emitted 
pollutants: 

Å1. NOx ς 500 mln. t; 

Å2. SO2 ς 160 mln. t; 

Å3. CO2 ς 200 mln. t; 

Å4. particulate matter (PM) ς 250 mln. t; 

Å5. volatile organic compounds (VOC) ς 50 mln. t 

 



There are most air polluted countries in the world: 

Å 1. USA ς 23.0%;  

Å 2. China ς 13.9%; 

Å 3. Russia ς 7.2%; 

Å 4. Germany ς 3.8%. 

 

/Ƙƛƴŀ Ƙŀǎ ǘƘŜ ǿƻǊƭŘΩǎ ǿƻǊǎǘ ŀƛǊ Ǉƻƭƭǳǘƛƻƴ 

ï80% of Chinese cities have emissions above the safety threshold 

 

There are most air polluted sectors of economy: 

Å 1. transport ς 58%;  

Å 2. industry ς 25%;  

Å 3. energetic ς 12%; 

Å 4. other ς 5%. 

 

 



Emission of main  
pollutants in Lithuania 



EXHAUST GAS CLEANING EQUIPMENT  
(Classification in Lithuania) 



Air pollution classification according to  
chemical composition: 
Å Sulfur-containing compounds.  
Å Nitrogen-containing compounds.  
Å Carbon-containing compounds.  
Å Halogen-containing compounds.  
Å Toxic substances (any of about).  
Å Radiative compounds. 
Å   
Air pollution classification according to physical state: 
Å Gaseous.  
Å Liquid (aqueous).  
Å Solid. 



according to the manner in which they reach the atmosphere: 

ÅPrimary pollutants (those emitted directly from the sources).  

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

 

according to the space scales of their effects: 

ÅLocal (or indoor).  

ÅRegional.  

ÅGlobal. 

 



Criteria air pollutants are six major  

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

 

Criteria pollutants (defined by EPA): 

ÅOzone, O3.  

ÅCarbon monoxide, CO.  

ÅSulfur dioxide, SO2.  

ÅNitrogen oxides, NOx.  

ÅLead, Pb.  

ÅParticulates, PM10. 

 



Industrializing nations face increasing 
pollution 

ÅOutdoor pollution is increasing 

ÅFactories and power plants do not control 
emissions 

ÅCitizens burn traditional fuels (wood and 
charcoal) 
ïAsian brown cloud = a 2-mile thick layer of pollution 

that reduces sunlight, affects climate, decreases 
productivity, and kills thousands each year 

Å/Ƙƛƴŀ Ƙŀǎ ǘƘŜ ǿƻǊƭŘΩǎ ǿƻǊǎǘ ŀƛǊ Ǉƻƭƭǳǘƛƻƴ 

ï80% of Chinese cities have emissions above the 
safety threshold 

 

 



Synthetic chemicals  
deplete stratospheric  

ozone 

 

ÅOzone layer = ozone in the lower stratosphere 

ï12 ppm concentrations effectively block incoming 
damaging ultraviolet ((UV) radiation 

ÅChlorofluorocarbons (CFCs) = chemicals that 
attack ozone 

ï1 million metric tons/year were produced 

ïReleases chlorine atoms that split ozone 



The hole in the ozone 
ÅOzone hole = ozone levels over Antarctica had 

declined by 40-60%  

ïDepletion also in the Arctic and globally 

ïCauses skin cancer, harms crops and decreases 
ocean productivity 



The Montreal Protocol addressed ozone 
depletion 

 

ÅMontreal Protocol = 180 nations agreed to cut CFC 
production in half 

ïFollow-up agreements deepened cuts, advanced timetables 
and addresses other ozone-depleting chemicals 

ïToday, production and use of ozone-depleting chemicals has 
decreased 95% 

ïThe ozone layer is beginning to recover 

ÅChallenges still face us 

ïCFCs will remain in the stratosphere for a long time 

ïNations can ask for exemptions to the ban 



The Montreal Protocol is  
a success  

ÅConsidered the biggest environmental success 
story 

ïPolicymakers included industry in helping solve the 
problem 

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

ÅThe Montreal Protocol can serve as a model for 
international environmental cooperation 



Acid deposition 
 is another  
transboundary issue 

ÅAcidic deposition = the deposition of acid, or 
acid-forming pollutants, from the atmosphere 
ƻƴǘƻ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜ 

ïAcid rain = precipitation of acid 

ïAtmospheric deposition = the wet or dry deposition 
on land of pollutants 



Sources of acid deposition 

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 

Sources Natural 
Stationary 

CO CO2 

SO2 NO NO2 

Most hydrocarbons 

Most suspended 
particles 

SO3 

HNO3 H2SO4 

H2O2 O3 PANs 

Most and salts NO3 
ς 

Mobile 

SO4 
2 ς 

Primary vs. Secondary 



Effects of acid deposition 

ÅNutrients are leached from topsoil 

ÅSoil chemistry is changed 

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

ÅWidespread tree mortality 

ÅAffects surface water and kills fish 

ÅDamages agricultural crops 

ÅErodes stone buildings, corrodes cars, 
erases writing on tombstones 



 



Emissions classification 

ïBy pollutant 

 

ïBy source type 

 



Classification ς by Pollutant 

ÅSome general pollutant categories include 

ïCriteria air pollutants 

 

ïCriteria Pre-cursor air pollutants 

 

ïHazardous Air Pollutants (HAPs)  

 

 



Classification ς by Source Type 

Stationary - sources with a fixed location 

ÅPoint: usually a large source, often a stack 

ÅArea: sources that are considered as a group 

 

Mobile - sources that move 
 

ÅOn-road: highway vehicles 

 

ÅNon-road:  

 non-highway vehicles 

 



 



 



 



 



Emission Estimation 

ÅMOBILE6 is a model for predicting 

emissions from vehicles. Capabilities: 

ïPollutants predicted: CO, CO2, NOx, PM, 

toxics, hydrocarbons 

ïVehicle types: cars, trucks, motorcycles 

ïOperating conditions: speed, temperature, 

etc. 

ïFuel types: gasoline, diesel 

 



 



 



 


