Topic 5: Pollution Management

5.1 Nature of Pollution
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Pollution: is the addition to the biosphere of a substance or agent, by human activity, at a greater rate than that which it can be rendered harmless by the environment. It is a substance that has a great effect on the health of the organisms. 
5.1.2

Point source pollution: is the release of pollutants from a single clearly identifiable site, e.g. a factory or sewerage pipe.

Non-point source pollution: is the release of pollutants from numerous, widely dispersed origins, e.g. chemicals spread on fields. 

Obviously point source pollution is easier to manage as it can be found more easily, and thus the problem addressed. As non-point source pollution may have many sources it may be virtually impossible to detect where it originates and therefore solve the problem. 
5.1.3
The major sources of pollution are the following:

· Combustion of fossil fuels

· Domestic waste

· Industrial waste

· Agricultural waste

Combustion of fossil fuels: 

Pollutants include: carbon dioxide; sulphur dioxide; nitrogen oxides; and photochemical smog (including ozone).

Effects include: Greenhouse gas emissions – Global Warming/Climate Change

Acid deposition/acid rain – trees, fish, and respiratory diseases

Domestic Waste: 

Pollutants include: Organic waste (food and sewerage); waste paper; plastics, tins and glass

Effects include: Eutrophication; water borne diseases; landfills (forests cut to make space etc…); energy required to manufacture it, recyclables often not recycled

Industrial Waste: 

Pollutants include: heavy metals; fluorides; lead; acids etc…

Effects include: Poisoning, e.g. mercury, lead etc..; reduces solubility of gases in water therefore less dissolved oxygen for aquatic organisms. 

Agricultural Waste: 

Pollutants include: Nitrates (fertilizers); organic waste and pesticides

Effects include: Eutrophication; spread of disease, bioaccumulation in food chains.

5.2 Detection and monitoring of pollution
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5.2.1

Pollution can be measured directly or indirectly. Direct measurements record the amount of a pollutant in water, the air or soil. Indirect measurements record changes in an abiotic or biotic factor resulting from pollutants. Direct methods of measurement of air pollution include measuring the acidity of rainwater; or amount of a gas present e.g. carbon dioxide in the atmosphere. Direct measurements of water or soil pollutants include testing for nitrates, amount of organic matter, or heavy metal concentrations. 

5.2.2 
Biochemical Oxygen Demand (BOD): is the measure of the amount of dissolved oxygen required to break down the organic matter in a given volume of water through aerobic biological activity (micro-organisms). 
The measurement of the rate of oxygen uptake is used as a standard indirect test to detect the polluting capacity of effluent (e.g. sewerage). The greater the quantity of organic pollutant the more oxygen-consuming microbes are required to break it down, and therefore the greater the BOD. The test measures the mass of dissolved oxygen consumed per litre of water when a water sample is incubated in a dark chamber at 20ºC for five days.
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5.2.3


Indirect measurements of pollution include measuring abiotic factors that change as a result of the pollutant, e.g. oxygen content of water, and recording the presence of or absence of indicator species (species that are only found if the conditions are either polluted, e.g. rat-tailed maggot in water, or unpolluted, e.g. leafy lichens on trees. 

Indicator species are plants and animals that show the condition of the environments condition based on their presence, absence, abundance or scarcity. A biotic index is a scale that gives a measure of the quality of an ecosystem by the presence and abundance of the species living in it. The pollutants are not measured directly but their effect on biodiversity is measured. Invertebrates are used to estimate levels of pollution, as they are sensitive to decreases in oxygen concentration in water, caused by the action of aerobic bacteria as they decompose organic matter. The presence of various indicator species that can tolerate various levels of oxygen is used to calculate a biotic index (a semi-quantitative estimate of pollution levels). BOD gives a measure of pollution at an instant that the sample is taken but indicator species give a summary of recent history. 
5.3 Approaches to pollution management
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5.3.1
The approach to pollution management is three-fold. It is often called the ‘replace’, ‘regulate’, and ‘restore’.  Replace with alternatives, regulate the release, and restore the environment.  SEE Figure 5. Below
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5.3.2
It is impossible not to pollute at all as we have requirements to survive. Economies depend on production of goods and these need raw materials. Politicians are forced to make difficult decisions as it often comes down to jobs or the environment. 
SEE Case Studies on Pg. 282/283.

5.3.3
See Case Study 1 Pg. 280.

5.4 Eutrophication
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5.4.1
Eutrophication: is the addition of excess nutrients to a freshwater ecosystem. It can be a natural process but anthropogenic eutrophication has accelerated it. The nutrients are usually nitrates and phosphates which come from: detergents; fertilizers; sewerage; and increased erosion of top soil. 
The process: 

· Fertilizers wash into river or lake
· High levels of phosphate allow algae grow faster

· Algal blooms form that block light to plants beneath them – die

· More algae means more food for zooplankton and small animals, which causes fish to multiply as there is lots of food. This causes decrease in zooplankton to eat algae.

· Algae then die and are decomposed by aerobic bacteria

· Soon there is not enough oxygen in the water and all food chains collapse

· Oxygen levels fall lower and dead organic matter forms sediments on lake or river bed and turbidity increases

· Eventually all life is gone and the sediment settles to leave a clear blue lake. 

In slow-moving bodies of water eutrophication leads to damaging changes which severely affect the biodiversity, but in slower-moving water recovery and restoration are possible.
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5.4.2
Anthropogenic eutrophication leads to unsightly rivers, ponds and lakes. They give off bad-smelling gases like hydrogen sulphide. 

Other changes include: 

· Oxygen-deficient  water

· Loss of biodiversity and shortened food chains

· Death of higher plants

· Death of aerobic organisms, e.g. fish

· Increased turbidity of water.

[image: image10.emf]
5.4.3
See figure 5 and notes in table above and diagram below.
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5.5 Solid domestic waste
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5.5.1

Solid domestic waste or municipal solid waste is our trash, garbage, or rubbish. It includes glass, paper. Packaging organic materials, metals etc…

We produce waste in most of the processes we carry out, for example energy production, transport, industrial processes etc…
Almost 3kg of waste is produced per person per day in the USA, and about 500kg per person per year in the EU.
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5.5.2
Reduce, reuse, and recycle

The best action that we can take is obviously to produce less waste, to reuse and of course to recycle.

Recycling; involves the collection and separating of waste materials for reuse. Recycling of materials with a high cost of production is commercially more worthwhile. Aluminium cans are a good example of a commercially worthwhile raw material for recycling. It is the most cost effective material to recycle. A recycled aluminium can saves enough energy to run a television for three hours. Glass bottles and jars can also be recycled indefinitely and therefore save energy. 
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Landfill: waste is taken to a suitable site and buried there. The initial cost is relatively cheap. They are carefully selected to be not too close to areas of high population density, water courses and aquifers. They are lined with special plastic liner in order to prevent leachate (liquid waste) seeping out. 
Incinerators: burn waste at high temperatures of up to 2000ºC. The steam that is generated is often used to drive turbines or heat buildings directly. This is called waste-to-energy incineration. It can cause air pollution, however, from burning things like plastic or heavy metals. 

Organic Waste (Compost): can be composed or put into anaerobic digesters and the methane used as fuel and the waste as fertilizer or soil conditioner. 

5.6 Depletion of Stratospheric Ozone
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5.6.1
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Ozone is found in two layers of the atmosphere: the troposphere (considered good) and stratosphere (where it is considered bad). In the troposphere it is considered a pollutant and a danger to human life. In the stratosphere it blocks incoming ultraviolet radiation from the sun and protects life from damaging UV radiation. It is a chemical made up of three oxygen molecules, O3. 

5.6.2

As stated above ozone present in the stratosphere protects life from incoming UV radiation. UV radiation is absorbed during the process of formation and destruction of ozone and oxygen. This is an example of a dynamic equilibrium as oxygen and ozone are continuously breaking down and reforming. Under the influence of UV radiation oxygen breaks down into oxygen atoms. Oxygen atoms are very reactive so they can combine with an oxygen molecule to form ozone (O3). The absorption of UV radiation by ozone is crucial as UV radiation has a number of damaging effects: mutation and effects on health; damage to photosynthetic organisms especially phytoplankton. Most notably in humans UV radiation causes skin cancer.  
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5.6.3
Ozone depletion is the result of air pollution. The most important ozone-depleting gases are the chlorofluorocarbons or CFCs. Others include HCFCs (hydrochlorofluorocarbons), halons (fire extinguishers which release bromine atoms), and methyl bromide (pesticides which release bromine atoms).

SEE Above Information in Table.
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5.6.4
See Above Table and Information from 5.6.2
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5.6.5

Ways to reduce the need/demand for CFCs are: replace CFCs with Carbon dioxide, propane or air as a propellant; replace aerosol propellants; recover and recycle CFCs from refrigerators and air-conditioning units; create legislature to have fridges returned to manufacturers; add ozone to or remove chlorine from the stratosphere (not practical).  Also see above.
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5.6.6
The discovery of the ozone hole led to a rapid response at a national and international level. UNEP (United Nations Environment Programme), forges international agreements, studies the effectiveness of these agreements, and the difficulties implementing and enforcing them. One of these treaties was the Montreal Protocol (1987), which is an international agreement on reduction of emission of ozne-depleting substances. The signatories agreed to freeze production of many CFCs and halons and strongly reduce consumption and production of these substances by 2000. Most countries followed the rules but China and India continued to produce and use huge amounts of CFCs. But they have since both agreed to phase out the use of CFCs. 

This is a good example of intergovernmental co-operation but unfortunately CFCs have a long lifespan and it has been estimated that the levels will not return to normal before 2050. SEE ALSO TIMELINE FOR REDUCTION Pg 292.
5.7 Urban air pollution
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5.7.1
See above information in table.
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5.7.2
Formation: See above information in table.

Burning almost any organic material or fossil fuel releases small particles of carbon and other substances, referred to as particulates. Poorly maintained diesel engines release large amounts of particulates in exhaust fumes. The problem with most particulates is that we can not filter them out in our respiratory pathways, so they enter our respiratory pathways causing problems such as asthma, lung cancer and even premature death. 
[image: image30.jpg]


Effects: Tropospheric ozone is absorbed by plant leaves, which degrades chlorophyll so photosynthesis and productivity are reduced. At low concentrations photochemical smog can cause reduced lung function and can cause eye, nose and throat irritation. At higher concentrations smog can cause coughs and reduce the ability to concentrate.
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5.7.3
See above information in table as well as Figure 5 in 5.3.1
5.8 Acid deposition
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5.8.1
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Acid deposition is the general term given for acids coming down to the Earth’s surface from the air. Often the acid comes down in the form of rain (or snow); this is called wet deposition. Sometimes the acid comes down as a gas or dry particles, which is called dry deposition.
Acids are chemicals that are able to donate a hydrogen ion (H+) to other chemicals. The acidity of a solution is measured using the pH scale. A pH of 7 is neutral (pure water) while an acid has a low pH (strong acid 2). Normal unpolluted rain is slightly acidic and has a pH of about 5.6, which is caused by the presence of carbon dioxide in the atmosphere. Precipitation with a pH of below 5 is considered acidic.   

Sources of pollutants: air pollutants can be divided into primary and secondary air pollutants. Primary pollutants: are those that are emitted directly into the atmosphere, e.g. pollutants from a chimney of a factory or exhaust pipe of a car. Primary pollutants can change into secondary pollutants by reacting with other substances in the atmosphere. The main primary pollutants are sulphur dioxide and nitrogen dioxides. The most important human activity that leads to the emission of these pollutants is the combustion of fossil fuels in motor cars, industry and electric plants. Sulphur dioxide is formed when sulphur containing fossil fuels, like coal and oil in particular, are combusted. Nitrogen oxides form at high temperatures (during burning of fossil fuels) when nitrogen and oxygen in the air can combine. Sulphur dioxide can also combine with oxygen in the atmosphere if it is present for long periods of time to form sulphur trioxide. Both sulphur trioxide and sulphur dioxide can combine with water vapour in the atmosphere to form sulphuric (H2SO4) and sulphurous acid (H2SO3) respectively. Nitrogen oxides can also combine with water to form nitric acid (HNO3). All of these secondary pollutants are very soluble in water and are removed from the air by precipitation in the form of rain, hail, and snow (wet deposition). 
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5.8.2
Acid deposition can have: direct effects, e.g. by weakening tree growth; toxic effects, e.g. effect of aluminium ions on fish and plant roots; and nutrient effects, e.g. leaching of nutrients. 

Direct effects: acid rain became the attention of many in the 1970s when Germany’s Black Forest showed dieback when trees of all ages, both coniferous and deciduous, showed signs of physical damage. Acid rain affects forest biology in several ways: leaves and buds show yellowing from loss of chlorophyll (which reduces growth and allows nutrients to be leached out of the soil and washed away); causes microbes (e.g. nitrogen-fixing bacteria) in the soil to die which greatly reduces the availability of nutrients; it also effects the soil directly by reducing the ability of the soil to be able to hold onto nutrients such as calcium, magnesium and potassium, which are leached out.

Toxic effects: aluminium is a common mineral element in the soil. Acid rain decreases the pH of the soil, making aluminium ions more soluble. This aluminium is then released from the soil and eventually ends up in streams and rivers. Fish are particularly sensitive to aluminium ions in water. At low concentration it disturbs the fish’s ability to regulate the amount of water and salt in their body, which inhibits the normal intake of oxygen and salt. At higher concentrations a solid is formed on the fish’s gills, leading to death by suffocation. 
Nutrient effects: see above discussion (direct effects) on decreased ability of soil to hold onto nutrients.
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5.8.3
The effects of acid deposition are regional, in contrast to global issues such as global warming and ozone depletion, as before pollutants can spread over long distances they return to the earth’s surface. It is therefore mainly the downwind areas of major industrial regions that are strongly affected. For example Scandinavian forests and lakes were mainly affected by acid rain originating in Britain, brought by prevailing south-western winds. Industrial pollution from the USA is blown by winds towards Canadian forests. 
Soils or bodies of water are most often affected by acid rain. However, the impact of acid rain will depend very much on the geology of the area on which it falls. Acid rain does little to affect soils based on calcium carbonate rock, i.e. limestone and chalk. These soils are alkaline, which neutralize the acids. However, non-alkaline rocks produce soils which are very sensitive to acid rain. Acid rain leaches out minerals from these soils. This reduces biodiversity and causes runoff issues for nearby lakes. 
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5.8.4

SEE TABLE 15.7 Pg 298
Role of international agreements in effecting change:

SEE TIMELINE Pg. 298

An average of 50% reductions was achieved by Europe by 2000. LEDCs are rapidly industrializing and emissions are set to increase unless MEDCs can help LEDCs jump to cleaner technologies and eco-centric lifestyles. Due to the regional nature of acid deposition international agreements tend to be bilateral or regional in character. For example the EU Large Combustion Plant Directive, which regulates the emissions by large by larger industries. 
Reduction of effects of acid deposition:

The loss of many fish from Scandinavian lakes in the 1950s was linked to high levels of lake acidity. By 1990 over 400 lakes were virtually lifeless. In the 1980s Sweden experimented with adding powdered limestone to their lakes and rivers. Results were mixed, as the pH rose but was short-lived as it only treated the symptoms and not the cause. 
One way to reduce emissions of sulphur dioxide and nitrogen oxides is to reduce the combustion of fossil fuels. Reducing the need for electricity, the use of cars, and by developing wind and solar energy can achieve reductions in emissions. Pre-combustion techniques aim at removing sulphur from fuel before it is burned. This can then be used in the chemical industry. ‘End of pipe’ measures remove sulphur dioxides and nitrogen oxides from waste gases before they can be released into the atmosphere. Catalytic converters in cars can remove nitrogen oxides and other pollutants. 
