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Atmospheric Pollution
 
Syllabus content:
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Atmospheric Pollution

Atmospheric pollution behaves very differently to water or ground pollution as it moves very rapidly by the wind and so can be carried over large areas; can interact with electromagnetic radiation from the sun; can interact with Infrared radiation from the earth.

Acid Rain
Natural acidity of rain
Normal unpolluted rainfall is naturally acidic (pH 5.6) as carbon dioxide will dissolve to produce a dilute solution of carbonic acid.

Acid rain includes snow, sleet, fog, cloud water and dew.

Enhanced Acidity

Acid rain usually refers to enhanced acidity produced by human activities. The table below summarise the main causes of acid rain.

	GAS
	ACTION
	MAJOR SOURCES

	Sulfur dioxide (gas)
	Dissolves to form sulfurous acid (weak)
	Combustion of coal & oil

	Sulfur trioxide (gas)
	Dissolves to form sulfuric acid (strong)
	Oxidation of sulfur dioxide by ozone

	Oxides of nitrogen (gas)
	Dissolves to form nitric acid (strong)
	High temperature combustion in power stations & petrol and diesel combustion engines.

	Ozone (tropospheric)
	Secondary pollutant that oxidises sulfur dioxide to sulfur trioxide
	Photochemical reactions involving oxides of nitrogen & oxygen

	Hydrogen chloride (gas)
	Dissolves to form hydrochloric acid
	Combustion of coal and incineration of wastes containing chlorine (e.g. PVC plastic waste)


 

Task:

Research the effects on acid rain and summarise your findings on a poster.  Ensure that you indicate whether you effects are direct or indirect.  Attach the poster to this booklet.





General strategies to control Pollution

Critical pathway analysis

Used to predict the movement of pollutants and to plan monitoring programmes.  It can’t be assumed that any discharge will be diluted and dispersed.  In the atmosphere and water it can become re-concentrated.  (Think & link – water cycle)

Mainly used for movement of radioactive materials released from a nuclear power station or waste processing site.  Ensures that sites at most risk are sampled

Factors to take into account:
State of pollutant (s,l,g)Properties of the pollutant

Density
[bookmark: _GoBack]Solubility in water/lipids
Chemical stability
Wind speed and direction
Geology – porosity /permeabilityFeatures of the environment

Effect of pH and O2 on solubility
Temperature

Ctitical group monitoring
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Emission control strategies

Control of emission location
· Some choices may affect the severity of the pollution caused:
· Marine discharges where water currents will dilute and disperse emissions.
· Emissions downwind of urban areas
· Not discharging waste onto permeable rock above an aquifer
Control of emission timing
· Tidal cycle
· emissions into incoming tide will carry upstream.  Emission into outgoing tide will disperse them
· Temperature inversions
· Atmospheric emissions in a temperature inversion will not disperse.  Restrict emissions in cities where temperature inversions are common 





Principles of pollution control

The polluter pays principle:

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

The precautionary principle:

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Selection of control

	Control method
	Example

	Production prevention
	Desulfuristion of fossil fuels

	Prevention of release
	Electrostatic precipitators for smoke control
Catalytic converters for NOx, CO and hydrocarbons

	Post-release prevention
	Oil spill clean-up methods
Phytoremediation of land contaminated with heavy metals

	Alternative processes
	Use of electric vehicles instead of diesel or petrol
Using pyrethroid pesticides instead of more polluting organochlorides (e.g. DDT)
Using renewable energy sources



Efficiency of pollution control

[image: ]Explain the economic principle behind the cost of removing pollutants using the graph. 
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Control of Acid Rain

Control of oxides of sulfur

Ways to reduce sulfur dioxide in waste gases.  For each method explain how it works and include any relevant equations

1. Natural gas desulfurisation:





2. Crude oil desulfurisation:





3. Coal desulfurisation:





4. Dry flue-gas deslfurisation (dry FGD)
Label the diagram below.
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What waste product is produced by dry flue gas desulphurisation and can it be used for?


5. Wet flue-gas desulfurisation (wet FGD)
Explain the basic details of wet flue gas desulphurisation and label the diagram below.
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What waste product is produced by dry flue gas desulphurisation and can it be used for?




Control of oxides of nitrogen

Ways to reduce nitrogen oxides (NOx) in waste gases.  For each method explain how it works and include any relevant equations

1. Low temperature combustion





2. Catalytic converters






3. Urea sprays






Smoke Pollution and Smogs
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Smoke Smogs

Smog is an interaction between smoke and fog.
Fog is formed when moist air is cooled so water vapour condenses forming a layer of airbourne droplets of water.
Fog + smoke = Smog


The great London smog of 1052 – Case Study

· During the smog in London in 1952 over 4000 people died of respiratory problems in a single week.  This led to the Clean Air Act (1956) being introduced.
· This allowed local authorities to ban the release of excessive smoke and the burning of smokey fuel in urban smokeless zones where smoke control orders had been made.

Watch the video about the great London smog and in the space below make notes on the causes and effects during this time.
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Control of Smoke Pollution

Ensure you have explained how each of the following control measures reduce smoke pollution:

Legislation:
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Domestic sources:
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Transport sources:
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Industrial sources:
Electrostatic precipitator: 
[image: ]
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
__________________________________________________________________________________________________________________________________________________________________









[image: ]Cyclone separator: 
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

[image: ]Scrubber: 

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Coal treatment:
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________


Bag filters:
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________












Tropospheric ozone and Photochemical Smogs

Photochemical smogs involve a wide variety of reactions between primary and secondary pollutants in the presence of sunlight including UV light

Tropospheric ozone
Tropospheric ozone is a secondary pollutant produced by chemical reactions with primary pollutants released due to human activities
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[image: ]Effects of ozone:____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________


Photochemical smog
[image: ]
Like smoke smogs, these are caused by a build up of atmospheric pollutants, often when there is a temperature inversion.  They involve the chemical reactions of vehicle exhaust emissions during sunny conditions, usually with a temperature inversion that causes the pollutants to become more concentrated.  The word ‘smog’ is misused here are photochemical smogs do not involve smoke or fog. 

Formation of photochemical smogs

Write the equation below that are involved in producing PANs and explain how they occur:Equations






Explanation of how PANs are formed:
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Effects of PANs
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________


Control of photochemical smogs
Summarise below the main ways in which photochemical smogs can he reduced.
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Research
· Which cities tend to be affected? What do they have in common?
· What are the effects on people and living things?
· Can you find a news story to illustrate these ideas?












Lichens as Biotic Indicators of Pollution
Research:
· What are lichens?
· What basic types of lichen are there?
· What is a biotic index?
· What features of a species are needed to be a good biotic indicator?
· How can lichens be used to measure pollution?
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3.4.3 Strategies to control pollutants based on their properties and
features of the environment

3.4.3.1 Principles of control

Content Additional information

Crcal Pathway Analysis: to predict | Application to monitoring discharges of pollutants

polutant mobilty and inform monitoring | such as radioactive materials, heavy metals and

programmes persistent organic pollutants eg chlorinated organic
compounds.

Criical Group Monitoring: to dentify | Application to monitoring the health risks caused by

members of the public most at risk polutants such s radioactive discharges and heavy
metals.

Emission location Increased concentrations in valleys, enclosed water
bodies.

Emission fiming Restriction of actvities during temperature inversions.

3.4.3.2 Selection of control technologies: to reduce production, reduce release and
‘mitigate damage caused

Students should consider the following pollutants to identiy their properties to analyse their
environmental impacts and to plan control strategies

‘Students should understand the properties of pollutants and environmental features so they can
analyse and evaluate the changes in human activiies and strategies that can be used to minimize
poliuton

3.4.3.2.1 Smoke/PM10 (Particulate matter less than 10 microns in diameter)

‘Sources Incomplete combustion of coal, diesel, wood, crop
waste.
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Impacts. * Respiratory disease.

« Increased albedo of atmosphere.

« Smoke smogs during temperature inversions.
Controls « Legislation: Clean Air Act (1956).

34322 Acid precipitation

Content

Primary and secondary pollutants:
+ S0, sulfurous and sulfuric acids
« NO,: nitric acid

« ozone involved in production of
secondary pollutants.

+ Coal treatment: heating to remove tar.
« Electrostatic precipitators.

+ Cyclone separators.

- Bagfiters.

Sources.

« Combustion of fossil fuels.
+ Smelting of sulphide ores.

Impacts

« Noniving objects: damage to imestone buildings,
metal structures.

« Living organisms

- Direct effects of acids.

- Damage to proteins.

- Damage to exoskeletons.

- Respiratory effects in humans

Controls

SO¢
« fuel desulfurization

- Flue Gas Desulfurization (FGD) wet FGD and dry
FGD.

No,

« catalytic converters.

- urea sprays.

‘Ozone: control of NO, reduces ozone formation.
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3.4.3.2.3 Oxides of nitrogen (NO,)

Content

Additional information

Sources « Reaction of nitrogen and oxygen in hot combustion
processes.
« NO, release due to fertiiser use.
Effects. « Photochemical smogs.
- Global cimate change.
Controls - Catalytic converters.
- Ureasprays.
« Control of fertiizer use.
3.432.4 Hyarocarbons
Content Additional information
Sources « Unbumt hydrocarbon fuels.
« Gaseous emissions from fossilfuel exploitation.
- Solvents
« Aerosol propellants.
Effects. « Greenhouse gases
« Photochemical smogs.
Controls - Catalytic converters.
- Improved combustion efficiency.
« Vapour collection and incineration.
« Activated carbon fiters

3.43.2.5 Carbon monoxide

Content

Additional information

Source Incomplete combustion of hydrocarbons.

Effect Ifinhaled reduced carriage of oxygen by
haemoglobin.

Controls « Catalytic converters.

« Improved combustion efficiency.




image5.jpeg
)

N}

The Economic Impact of Pollution

Although there is an economic cost to pollution, placing a
monetary value on it is difficult and controversial. The various
sectors involved (health officials, economists, and industry)
often disagree about how to estimate the cost of pollution, as
it is difficult to assign monetary values to environment, health,
and human life. It can also be difficult to determine the economic
impact of pollution because, while a region as a whole may
benefit from the economic activities of a polluter, specific groups
within the region may suffer. Some economic costs associated

costs (e.g. cleaning up an oil spill) are easily calculated, but
indirect costs (e.g. estimating revenue losses) or repercussion
costs (e.g. loss of public confidence) can be harder to quantify.
Cost-benefit analysis is used to assess the cost of controlling
pollution. The short-term and long-term costs and benefits for
a variety of pollution control measures are compared and used
to determine whether a control or regulation should be put in
place. Environmental regulations, taxes, and pollution quotas
are commonly used to control levels of pollution and to promote

with pollution are more easily determined than others. Direct  sustainable use of resources and the environment.

The Costs of Environmental Clean-Up In December 2007, a barge collided with the Hebei Spirit oil tanker,

spilling almost 11,000 tonnes of oil into the Yellow Sea off the coast
of Korea. Warm weather, wind, and wave conditions dispersed the oil,
producing a 33 km oil slick that affected 300 km of the coastline of the
ecologically significant Taean region. This region is home to one of
Asia's largest wetlands. It is used by migratory birds, contains a maritime
park and hundreds of sea farms, and includes many beautiful beaches
popular with tourists. A comprehensive and rapid ciean up was achieved
using over 200,000 people and a number of expert international teams.
The immediate cost of the environmental clean-up (US$330 million)
was relatively easy to determine. However, the full costs, including
costs due to the long-term effects of pollutants on the environment, lost
revenue from contaminated aquaculture activities, and reduced tourism,
are more difficult to estimate.

As a comparison, the Hebei Spirit oil spill is one third the size of the
1989 Exxon Valdez oil spill, which cost US$2.5 billion to clean up. The
environmental impacts from the Exxon Valdez oil spill are still being felt
in Prince William Sound today.

There is a high cost in
attempting to achieve
zero pollution

The cost of removing each
additional unit of pollution
rises as more pollutants
are added

Increasing cost
of cleanup

Cost per unit of pollution removed ($)

Graphs modified after Miller, 2002
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GRAPHS: The cost of removing pollutants rises sharply as more pollutants are
removed (top left), until the cleanup costs exceed the harmful costs of the pollution.
Low The point at which the costs of the pollution and the costs of clean-up are equal marks
560 = 5 5 5 the break-even point. This point is determined by separately plotting the clean-up cost

and the cost of the pollution to society. The two curves are then added together to

Percentage of pollution remaining reveal the total costs (below left).

1. With reference to the break-even point, explain why total pollutant removal is often not cost effective:

2. Describe the following costs associated with a named major pollution incident:

(a) Direct costs:

(b) Indirect costs:
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