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POLLUTION
Presenter: Dr. Georgios Florides
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POLLUTION 
• Pollution is the introduction of harmful substances or products into the environment
• We will examine three main areas of pollution

– Water Pollution
– Air Pollution
– Land Pollution 

Definition
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1. Water Pollution
•Point sources:easy to identify and control
•Non-point sources: not clearly defined and harder to control

3

Point Sources
• Some point sources of water pollution include waste from: 

– factories
– sewage systems
– conventional and atomic power plants
– underground mines-coalmines
– oil wells

4
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Non-point Sources
• Include a large range of sources such as:

– Diluted pollutants in rain or snow and carried into a major body of water
– the runoff of fertilizers from animal farms and crop land 
– air pollutants getting washed or deposited to earth 
– storm water drainage from lawns, parking lots, and streets 

http://www.weather.com/blog/weather/8_24226.html
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Water Pollution Effects
– Pollution of ground water from nonpoint sources
– Loss of habitats such as wetlands. 
– Contamination of life (fish etc) by the remaining discharges and sources of toxic substances.
– Also, microbial contamination of drinking water still presents problems in many communities. 
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• Eutrophication: Rapid growth of algae in bodies of water due to nutrients like phosphates. When the algae decay, the process depletes the supply of oxygen and results in premature "aging" of a lake or pond, including the disappearance of desirable varieties of fish. 
7

2. Air pollution

8
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Air pollution
• Natural pollutants (volcanoes)
• Greenhouse effect
• Ozone depletion
• acidification 
• smog formation
• human health
• ecosystem health

Natural Air Pollutants
• Natural air pollutants can include:

– Smoke from wild fires
– Methane released from live stock
– Volcanic eruptions

10
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Greenhouse effect
• What changes climate?
• Is greenhouse effect real?
• How do we know?
• Why should we care?
• How sure are scientists?

11

What changes climate?
• Changes in:

– Sun’s output
– Earth’s orbit
– Interplanetary and galactic space
– Drifting continents
– Volcanic eruptions
– Greenhouse gases

12
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http://www.ipcc.ch/publications_and_data/ar4/wg1/en/faq-1-3-figure-1.html
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How do we know?
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Wood rings Ice cores

Palaeontological material corals
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CO2 levels and Temperature through the geological aeons
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Greenhouse gases
Nitrous oxide

Water

Carbon dioxide Methane

Sulfur hexafluoride
17

IPCC Fourth Assessment Report: Climate Change 

Climate Change 2007: Working Group I: The Physical Science Basis 18
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Climate Change 2007: Working Group I: The Physical Science Basis 19
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Global average radiative forcing (RF) in 2005 with respect to 1750 and the assessed level of scientific understanding (LOSU) as given in IPCC (2007).
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Global average lower tropospheric temperature (LT) anomaly 

http://www.drroyspencer.com/ 23
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Ozone depletion describes two distinct but related phenomena observed since the late 1970s:
•A steady decline of about 4% per decade in the total volume of ozone in Earth's stratosphere (the ozone layer) and
•A much larger springtime decrease in stratospheric ozone over Earth's polar regions referred to as the ozone hole.

Ozone depletion 

26



12/04/2016

14

Pollution is not always disastrous!

27

Plant dry weight (biomass) responses to atmospheric CO2 enrichment, for 600 ppmatmospheric CO2 concentration.

Ozone depletion: CFCs
• Chlorofluorocarbons (CFCs) contribute to air pollution by reducing the amount of ozone of the stratosphere. CFCs come from a variety of places such as:

– the burning of plastic foam items
– leaking refrigerator equipment
– spray cans

28
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•UVB (the higher energy UV radiation absorbed by ozone) is generally accepted to be a contributory factor to skin cancer and to produce Vitamin D. 
•For the present ozone layer depletion in most locations has been typically a few percent and no direct evidence of health damage is available in most latitudes. 

Biological effects

Image of the largest Antarctic ozone hole ever recorded (September 2006), over the Southern pole

http://en.wikipedia.org/wiki/Ozone_depletion29

Summary of CFCs and Other Chlorine-Containing Compounds that Destroy Ozone

30
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•The depletion of the stratospheric ozone layer leads to global warming and was identified as a major environmental problem during the last 30 years.
•Air conditioners, heat pumps and refrigerating machines are thought to be major contributors to the ozone depletion. 
•Examination of the global warming impact of these machines requires consideration of both direct and indirect effects.
• The direct component relates to release of refrigerants that are greenhouse gases, and the indirect one to carbon dioxide production in powering the equipment.

GLOBAL WARMING IMPACT (GWI)

31

http://www.engineeringtoolbox.com/Refrigerants-Environment-Properties-d_1220.html
•Global Warming Potential (GWP) is a measure of how much a given mass of a gas contributes to global warming. GWP is a relative scale which compares the amount of heat trapped by greenhouse gas to the amount of heat trapped in the same mass of Carbon Dioxide. The GWP of Carbon Dioxide is by definition 1 and is the reference. Be aware that GWPs are highly controversial.
•Ozone Depletion Potential (ODP) of a chemical compound is the relative amount of degradation it can cause to the ozone layer 32
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Acid Rain
• When emissions of sulfur dioxide and nitric oxide from stationary sources are transported long distances by winds, they form secondary pollutants such as nitrogen dioxide, nitric acid vapor, and droplets containing solutions of sulfuric acid, sulfate, and nitrate salts
• These chemicals drop to the earth's surface in wet form as rain or snow known as acid rain, and in dry form as  gases fog, dew, or solid acid deposition  

34
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Acid Rain and its effects

35

Smog
• Smog is caused by the burning of large amounts of coal within a city; this smog contains soot particulates from smoke, sulfur dioxide and other components. Modern smog, is derived from vehicular emission from internal combustion engines and industrial fumes that react in the atmosphere with sunlight to form secondary pollutants that also combine with the primary emissions to form photochemical smog.
• photochemical smog has become predominant in many cities, which are located in sunny, warm, and dry climates with many motor vehicles 
• Worst episodes of photochemical smog tend to occur in summer

36
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Smoggy cities

Beijing

São Paulo 37

38http://www.epa.gov/airquality/takingtoxics/p1.html

EPA- Environmental Protection Agency: hazardous air pollutants are those pollutants that are known or suspected to cause cancer or other serious health effects, such as reproductive effects or birth defects, or to cause adverse environmental effects. 

Human health
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39http://www.epa.gov/airquality/takingtoxics/p1.html

Mobile sources: cars and trucks."Major" sources: chemical plants, steel mills, oil refineries, and hazardous waste incinerators."Area" sources: neighborhood dry cleaners and gas stations.Accidental releases: leaks and spills.

Based on 1996 US NationalToxics Inventory data

Toxic Air Pollutants

EPA established for each pollutant a maximum concentration above which adverse effects on human health may occur. 

40

Air pollutants
• Nitrogen Dioxide:  NO2– brownish gas irritates the respiratory system. Originates from combustion (N2 in air is oxidized); NOx sum of NO, NO2, other oxides of N
• Ozone:  ground level O3

– primary constituent of urban smog
– chemical reactions between oxides of nitrogen (NOx) and volatile organic compounds (VOC).  VOC + NOx in presence of heat +sun light
– Breathing ozone can trigger a variety of health problems including chest pain, coughing, throat irritation, and congestion

• Carbon monoxide: CO
– product of incomplete combustion
– reduces blood ability to carry O2
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• Lead:  Pb
– causes learning disabilities in children, toxic to liver, kidney, blood forming organs
– tetraethyl lead – anti knock agent in gasoline

• leaded gasoline has been phased out
• Particulate Matter:  PM, is a complex mixture of extremely small particles and liquid droplets made up of acids (such as nitrates and sulfates), organic chemicals, metals, and soil or dust particles.

– respiratory disorders
• Sulfur Dioxide:  SO2– formed when fuel (coal, oil) containing S is burned and in metal smelting

– precursor to acid rain along with NOx

http://www.epa.gov/airtrends/images/comparison70.jpg

Comparison of US Growth Areas and Emissions, 1980-2011
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http://www.zazzle.co.uk/health_effects_of_pollution_on_the_human_body_poster-228782244084071646

3. Land Pollution

44
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Causes of Land Pollution
• Four Main causes of land pollution

– Construction
– Agriculture
– Domestic waste
– Industrial Waste

45

Constructions
• Buildings take up resources and land, the trees are chopped down and used to make buildings 
• Destroy ecosystem

46



12/04/2016

24

Agriculture
• As there are more and more people inhabiting the earth, food is in higher demand and so forests are chopped down and turned into farmland
• In addition, herbicides, pesticides, artificial fertilizers etc are washed into the soil and pollute it

47

Domestic Waste
• Tons of domestic waste is dumped every day. Some waste from homes, offices and industries can be recycled or burnt in incinerators 
• There is still a lot of garbage, such as refrigerators and washing machines that are dumped in landfills simply because they cannot be reused in anyway, nor recycled 

48
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Industrial Waste
• Plastics factories, chemical plants, oil refineries, nuclear waste disposal activity, large animal farms, coal-fired power plants, metals production factories and other heavy industry all contribute to land pollution 

49

Energy79%

Agriculture
10%

Industry 
Processes8%

Other0%

Waste
3%

ENERGY USE IS A MAJOR SOURCE OF EMISSIONS

Source: EEA 2010

Share of greenhouse gas emissions in 2008

The use of energy is responsible for the majority of greenhouse gas emissions, with the energy sector representing 31%, transport 19%, industry 13%, households 9% and others 7%.
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MEETING ALL THREE “20-20-20 BY 2020” GOALS BECOMES A MATTER OF URGENCY
Reduce greenhouse
gas levels by 20%

Increase share of 
renewables to 20% 100%

Reduce energy
consumption by 20%

-10%Current trend to 2020-20%

20%

Current trend to 2020

Current trend to 2020
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http://ec.europa.eu/environment/policies_en.htm

52
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EU in 2020
Percentage of energy to be derived from renewable 

energy sources in 2020

53

CO2 Capture and Storage (CCS)

http://www.zeroemissionsplatform.eu/ 54
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We Still Rely on Fossil Fuels
• Fossil fuels (coal, gas and oil) represent 80%of the global energy mix
• Renewablesonly account for 13% of our total energy supply

55Source: IEA, Key World Energy Statistics, 2009

Fossil Fuels81.1%Renewables
13%

Nuclear
5.9%

World total primary energy supply (2007)Today:

How can we minimize pollution?

56http://www.zeroemissionsplatform.eu/
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Carbon Capture alone will provide up to 20% of the CO2 emission reductions needed to be made by 2050. 
Here’s how it works...

57
http://www.zeroemissionsplatform.eu/

58

We can capture at least 90% of emissions from fixed emitters
We have been transporting CO2for decades

CO2 can be stored safely and permanently using natural trapping mechanisms



12/04/2016

30

• Pre-combustion: Where CO2 is captured before fuel is burned
• Oxy-fuel: Where CO2 is captured during fuel combustion
• Post-combustion: Where CO2 is captured after fuel has been burned 

(This technology can also be retrofitted to existing power and industrial plants)

There are 3 technologies to capture CO2 :

59http://www.zeroemissionsplatform.eu/

Pre-combustion

60

CO2 is captured before fuel is burned
http://www.zeroemissionsplatform.eu/
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Oxy-fuel

61

CO2 is captured during fuel combustion

http://www.zeroemissionsplatform.eu/

Oxy-fuel combustion burns fuel in pure oxygen instead of air.

Post-combustion

62

CO2 is captured after fuel has been burned http://www.zeroemissionsplatform.eu/
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CO2Transport
• Once captured, the CO2 is compressed into a liquid state and dehydrated for transport and storage
• CO2 is preferably transported by pipelines
• Or by ships when a storage site is too far from the Carbon capture and storage (CCS) plant

63 http://www.zeroemissionsplatform.eu/

Safely Storing CO2• CCS uses a natural mechanism that has trapped CO2, gas and oil for millions of years
• Liquid CO2 is pumped deep underground into one of two types of reservoirs: 

– deep saline aquifers (700m-3,000m) 
– depleted gas and oil fields (up to 5,000m)

• Both types of reservoirs have a layer of porous rock to absorb the CO2 and an impermeable layer of cap rock to seal the porous layer
64

http://www.zeroemissionsplatform.eu/
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Safely Storing CO2

65

The liquid CO2 is pumped deep underground into one of two types of CO2 storage reservoir (porous rock)
Cap rock

Cap rock

Deep saline aquifer 700m - 3,000m

up to 5,000m
Depleted oil and gas fields

http://www.zeroemissionsplatform.eu/

The Safety of Stored CO2 Increases Over Time

66

Mineral trapping
CO2-rich water sinks to the bottom of the reservoir and reacts to form minerals

1

2

3

Dissolution trapping
CO2 dissolves into surrounding salt water

Residual trapping
CO2 is trapped in tiny rock pores and cannot move

... due to 3 natural mechanisms
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Monitoring CO2 Storage Sites
• To ensure that a CO2 storage site functions as it should, a rigorous monitoring process begins at the reservoir selection stage and continues for as long as required
• Monitoring continues even after a CO2 injection well is closed and EU legislation requires that stored CO2 is kept safely and permanentlyunderground

67http://www.zeroemissionsplatform.eu/

Thank you for your attention

68


