
ESCI 107/109 – The Atmosphere 

Lesson 18 – Air Pollution 

 

Reading:  Meteorology Today, Chapter 18 

 

GENERAL 

� Many of the chemicals and aerosols that we classify as pollutants are found in 

the “clean” atmosphere.  It is only when they are unnaturally increased by 

man’s activities that they become pollution. 

� Different pollutants are more important in different seasons. 

� Sources of pollution are categorized as follows 

ο Point source – fixed sources such as power plants and factories 

ο Mobile source – movable sources such as cars, trucks, and airplanes 

ο Biogenic source – sources that are not man generated (such as oil and gas 

seeps) 

ο Area source – numerous small sources such as dry cleaners and other small 

industries. 

� Types of pollutants 

ο Primary pollutants – those pollutants that are emitted directly from sources. 

ο Secondary pollutants – those pollutants that are formed from the emissions 

from sources. 

ο Secondary pollutants are just as important as primary pollutants. 

 

STABILITY AND AIR POLLUTION 

� Atmospheric stability effects pollution 

ο When the atmosphere is stable there is little vertical mixing.  Since most 

sources of pollution are ground-based, the pollution remains near the ground 

and builds up. 

ο When the atmosphere is unstable, vertical mixing lifts the pollution upward 

and reduces concentrations at the ground.  However, the pollution can then 

travel far and effect regions downstream. 
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CHEMISTRY OF THE ATMOSPHERE 

� The most important chemical species for cleansing the atmosphere is the 

hydroxyl radical (OH). 

� It is through reaction with the hydroxyl radical that chemicals are broken down 

and removed from the atmosphere 

� Chemicals that rapidly react with OH are quickly removed. 

� Chemicals that don’t rapidly react with OH are not removed, and linger in the 

atmosphere. 

 

OZONE DEPLETION 

� In the 1980’s a “hole” in the ozone layer over the South Polar regions was 

discovered. 

� The hole was caused by the presence of chlorofluorocarbons (CFCs) in the 

atmosphere. 

ο CFC’s were invented in the 1930’s and have many uses as refrigerants.  They 

were also used in the manufacturing of Styrofoam. 

ο CFC’s are very stable in the troposphere.  They are very unreactive with the 

hydroxyl radical (OH) so they can last a long time (60 years or more). 

ο When CFC’s make their way into the stratosphere the intense radiation from 

the sun splits them apart and releases chlorine atoms. 

ο Atoms of chlorine destroy ozone very efficiently. 

ο The destruction is catalytic, meaning that one chlorine atom doesn’t just 

destroy one ozone molecule…it can destroy hundreds or thousands of ozone 

molecules! 

� CFC’s are now being phased out and banned.  However, their effects will be long 

lasting since there are so much of them already in the atmosphere and they are 

so long lived. 

ο CFC’s have been replaced with hydrochlorofluorocarbons (HCFCs).  By 

adding a hydrogen atom the molecule is much more reactive with the 

hydroxyl radical, and is broken down and removed from the atmosphere 

before it can reach the stratosphere. 
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PHOTOCHEMICAL SMOG 

� Photochemical smog is a summertime pollution phenomena. 

� It was first noted in Los Angeles during the 1930’s and 40’s. 

� It is now common in most major metropolitan areas. 

� The main component of photochemical smog is ozone. 

ο This is the same ozone that is found in the stratosphere and protects us from 

harmful UV radiation 

ο Ozone is also found in the clean troposphere, and is very important in the 

production of the hydroxyl radical. 

ο Ozone is a powerful oxidant.  In high concentrations it is harmful, and causes 

���� lung and respiratory damage in humans and animals 

���� damage to crops 

���� damage to rubber and other materials 

� Ozone is a secondary pollutant.  It is not directly emitted from sources. 

� Ozone is formed in a series of reactions involving hydrocarbons and oxides of 

nitrogen (called NOX). 

ο The hydrocarbons and NOX are the primary pollutants.  Their reaction is 

what forms the ozone. 

� The necessary conditions to form photochemical smog are 

ο a source of Volatile Organic Compounds (VOC) – hydrocarbons, usually 

from unburned or partially burned fossil fuel.  However, a major source of 

VOC  is trees and vegetation! 

ο a source of NOX – from combustion of fossil fuel 

ο warm temperatures (in the 80’s or 90’s Fahrenheit) 

ο sunlight 

ο stagnant air (high pressure system) 

� Controlling photochemical smog 

ο It was once thought that the key to controlling photochemical smog was to 

limit the amount of hydrocarbons emitted.  However, it was later realized 

that trees emit an enormous quantity of hydrocarbons. 

ο The control strategy now is to also limit the emissions of NOX. 
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WINTERTIME (LONDON-TYPE) SMOG 

� Pollution episodes during winter do not involve ozone.  Instead, they result in 

high concentrations of SO2, liquid aerosols, carbon monoxide (CO), and 

particulate matter. 

� The SO2 is emitted from factories and power plants.  It then reacts with water 

vapor in the air to form droplets of sulfuric acid. 

� The acidic droplets and particulate matter damage lung tissue and cause 

respiratory problems. 

� The conditions for wintertime smog are 

ο A strong inversion near the ground 

ο Light or no wind 

� These conditions are associated with high-pressure systems. 

 

ACID RAIN 

� Acidity is measured on the pH scale, with numbers below 7 being acidic, and 

numbers above 7 being basic. 

� Cloud droplets and rain are normally acidic (with a pH averaging around 5.6) 

because of the CO2 present in the atmosphere, which forms carbonic acid in 

water. 

� Acid rain forms when emissions of sulfur dioxide (SO2) and NOX form sulfuric 

acid and nitric acid in the cloud droplets. 

� Acid rain damages statues and stone. 

� Acid rain also damages forests, streams, and lakes. 

ο Some streams and lakes are relatively undamaged because the soil around 

them contains calcite or other minerals and elements that neutralize the acid. 

 

MERCURY 

� Mercury (Hg) is a toxic metal that affects the development of children, and has 

other health effects. 

� Mercury in the atmosphere comes from the burning of coal, which has trace 

amounts of mercury. 
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� The mercury settles to the ground, and gets concentrated in the food chain, 

primarily in fish and seafood. 

� Mercury is one of the reasons why most states have recommended restrictions on 

the consumption of wild-caught fish, particularly for children and pregnant 

women. 

� Pennsylvania has a general advisory of no more than one meal per week (8 oz.) of 

sport fish, with many species and areas having further recommendations of no 

more than one meal per month (see link below for more information if 

interested.) 

http://sites.state.pa.us/PA_Exec/Fish_Boat/fishpub/summary/00consumption_advisory.pdf. 

� Mercury could be greatly reduced through the use of scrubbers on coal-fired 

power plants, but economic interests have so far out weighed health and 

environmental concerns. 

 

THE EPA’S CRITERIA POLLUTANTS 

� The Environmental Protection Agency is charged by congress (via the Clean Air 

Act and amendments) to manage pollution regulation. 

� The EPA has established National Air Quality Standards for 7 criteria pollutants.  

These are: 

ο Carbon monoxide (CO) – A primary pollutant emitted from fossil fuel 

combustion.  It attaches itself to the hemoglobin in the blood, and limits the 

bloods ability to carry oxygen. 

ο Nitrogen dioxide (NO2) – A primary pollutant, it is emitted from fossil fuel 

combustion.  It is a necessary ingredient in the formation of ozone in 

photochemical smog.  It also contributes to acid rain. 

ο Ozone (O3) – A secondary pollutant, and the main component of 

photochemical smog.  It is a powerful oxidant that can damage respiratory 

tissue, as well as crops. 

ο Lead (Pb) – Once a component of most gasoline.  It builds up in the body and 

can impair the function of organs. 

ο Particulates  – These can be either primary or secondary pollutants.  They 

reduce visibility, and also cause respiratory problems. 
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����  < 10 microns (PM10) 

����  <2.5 microns (PM2.5) 

ο Sulfur Dioxide (SO2) – A primary pollutant, and a main component of 

wintertime smog.  It causes breathing impairment, and can also react with 

water vapor to form sulfuric acid. 

 

IS THE ATMOSPHERE GETTING CLEANER? 

� Concentrations of the criteria pollutants appear to have decreased. 

� However, the variability of the climate must be taken into account when 

analyzing the data (particularly for ozone). 

ο For example, there is a strong correlation between the number of ozone alert 

days during the summer and the number of days where the temperature 

exceeds 90°°°°F. 

 


