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Chapter 15
Air Pollution and Stratospheric Ozone Depletion

Air Pollution

© Air pollution- the introduction of chemicals, 
particulate matter, or microorganisms into the 
atmosphere at concentrations high enough to harm 
plants, animals, and materials such as buildings, or 
to alter ecosystems.
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Major Air Pollutants

© Sulfur Dioxide

© Nitrogen Oxides

© Carbon Oxides

© Particulate Matter

© Volatiles Organic Compounds

© Ozone

© Lead

© Mercury



10/9/18

3

Primary Pollutants

© Primary pollutants- polluting compounds that come 
directly out of the smoke-stack, exhaust pip, or 
natural emission source.  

© Examples:  CO, CO2, SO2, NOx, and most 
suspended particulate matter.
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Secondary Pollutants

© Secondary pollutants- pollutants that have 
undergone transformation in the presence of 
sunlight, water, oxygen, or other compounds.  

© Examples:  ozone, sulfate and nitrate
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Natural Sources of Air Pollution

© Volcanoes

© Lightning

© Forest fires

© Plants

Anthropogenic Sources of Air Pollution

© On-road vehicles

© Power plants

© Industrial processes

© Waste disposal
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Photochemical Smog
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Thermal Inversions

© Thermal Inversion- when a relatively warm layer of 
air at mid-altitude covers a layer of cold, dense air 
below.

© The warm inversion layer traps emissions that then 
accumulate beneath it.
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Acid Deposition

Acid Deposition

© Acid deposition- occurs when nitrogen oxides and 
sulfur oxides are released into the atmosphere and 
combine with atmospheric oxygen and water.  
These form the secondary pollutants nitric acid and 
sulfuric acid.

© These secondary pollutants further break down into 
nitrate and sulfate which cause the acid in acid 
deposition. 
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Effects of Acid Deposition

© Lowering the pH of lake water

© Decreasing species diversity of aquatic organisms

© Mobilizing metals that are found in soils and releasing 
these into surface waters

© Damaging statues, monuments, and buildings

Ways to Prevent Air Pollution

© Removing sulfur dioxide from coal by fluidized bed 
combustion

© Catalytic converters on cars

© Scrubbers on smoke stacks

© Baghouse filters

© Electrostatic precipitators 
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Stratospheric Ozone 

© The stratospheric ozone layer exists roughly 45-60 
kilometers above the Earth.

© Ozone has the ability to absorb ultraviolet radiation 
and protect life on Earth.
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The Causes of Ozone Depletion

Scientific evidence indicates that stratospheric ozone is being destroyed by a group of manufactured 
chemicals, containing chlorine and/or bromine. These chemicals are called "ozone-depleting substances" 

(ODS).

ODS are very stable, nontoxic and environmentally safe in the lower atmosphere, which is why they became 
so popular in the first place. However, their very stability allows them to float up, intact, to the stratosphere. 
Once there, they are broken apart by the intense ultraviolet light, releasing chlorine and bromine. Chlorine 
and bromine demolish ozone at an alarming rate, by stripping an atom from the ozone molecule. A single 

molecule of chlorine can break apart thousands of molecules of ozone.

What's more, ODS have a long lifetime in our atmosphere — up to several centuries. This means most of 
the ODS we've released over the last 80 years are still making their way to the stratosphere, where they 

will add to the ozone destruction.

The main ODS are chlorofluorocarbons (CFCs), hydrochlorofluorcarbons (HCFCs), carbon tetrachloride 
and methyl chloroform. Halons (brominated fluorocarbons) also play a large role. Their application is quite 

limited: they're used in specialized fire extinguishers. But the problem with halons is they can destroy up to 
10 times as much ozone as CFCs can. For this reason, halons are the most serious ozone-depleting group of 

chemicals emitted in British Columbia.

Hydrofluorocarbons (HFCs) are being developed to replace CFCs and HCFCs, for uses such as vehicle air 
conditioning. HFCs do not deplete ozone, but they are strong greenhouse gases. CFCs are even more 

powerful contributors to global climate change, though, so HFCs are still the better option until even safer 
substitutes are discovered.

Formation and Breakdown of Ozone

© First, UV-C radiation breaks the bonds holding together the 
oxygen molecule )2, leaving two free oxygen atoms:                       
O2 + UV-C -> 2O

© Sometimes the free oxygen atoms result in ozone:                        
O2 + O -> O3

© Ozone is broken down into O2 and free oxygen atoms when it 
absorbs both UV-C and UV-B ultraviolet light:                                 
O3 + UV-B or UV-C -> O2 + O
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Anthropogenic Contributions to Ozone 
Destruction

© Certain chemicals can break down ozone, particularly 
chlorine.

© The major source of chlorine in the stratosphere is a 
compound known as chlorofluorocarbons (CFCs)

© CFCs are used in refrigeration and air conditioning, as 
propellants in aerosol cans and as “blowing agents” to 
inject air into foam products like Styrofoam.

Anthropogenic Contributions to Ozone 
Destruction

© When CFCs are released into the troposphere they 
make their way to the stratosphere.

© The ultraviolet radiation present has enough energy 
to break the bond connecting chlorine to the CFC 
molecule.

© which can then break apart the ozone molecules.
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Anthropogenic Contributions to 
Ozone Destruction

© First, chlorine breaks ozone’s bonds and pulls off one atom 
of oxygen, forming a chlorine monoxide molecule and O2:  
O3 + Cl -> ClO + O2

© Next, a free oxygen atoms pulls the oxygen atom from ClO, 
liberating the chlorine and creating one oxygen molecule:  
ClO + O -> Cl + O2

© One chlorine atom can catalyze the breakdown of as many 
as 100,000 ozone molecules before it leaves the stratosphere.

Depletion of the Ozone Layer

© Global Ozone concentrations had decreased by more than 
10%.

© Depletion was greatest at the poles

© Decreased stratospheric ozone has increased the amount of 
UV-B radiation that reaches the surface of Earth. 
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Indoor Air Pollutants

© Wood, animal manure or coal used for cooking and heating 
in developing countries.

© Asbestos

© Carbon Monoxide

© Radon

© VOCs in home products


