Unit 2 – Materials Science

AO6

Industrial Processes

All industrial processes lead to the production of wastes, and their disposal is a major problem for industry.  Discharge of gases, liquids and solid wastes into the air, sewers and ground has caused untold damage since the beginning of the Industrial Revolution.  The main pollutants have been:

· The discharge of combustion products into the air.  The combustion products of fossil fuels and other gases.  The smogs - “pea soupers” - of London and other industrial areas resulted from the discharge of gases into the atmosphere.  Photochemical smogs, where the composition of the pollutant gases is affected by sunlight, are a major problem in many industrial cities, e.g. Los Angeles, particularly where the geography of the region does not readily remove them.

A group of gases that has been causing major concern in the last twenty years are the chlorofluorocarbons or CFCs.  CFCs have been used as refrigerants, fire extinguishers and cleaning agents in the computer industry.  These have been forming dangerous free radicals which lead to the breakdown of the gas ozone:
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Ozone is made up of three oxygen atoms, is a toxic gas and a major contributor to photochemical smog.  In the stratosphere (11 – 50 km above the Earth’s surface) however, the gas forms a layer that protects us, and other organisms, from harmful ultra violet rays.

Ozone is very reactive and in the lower atmosphere (troposphere) reacts with pollutant gases such as nitrogen oxides and hydrocarbons to cause smogs.  Higher up in the stratosphere, however, ozone absorbs damaging ultra violet radiation (uv-B) and therefore plays an important role in protecting the skin.

In 1974 two American scientists, Sherwood Rowland and Mario Molina suggested that the use of CFCs could cause damage to the ozone layer, and scientists first detected a gap in the ozone layer the size of the USA above Antarctica in 1982.  After four years of measurements the British Antarctic Survey published findings in Nature (1985) showing a fall in the ozone concentration over the Antarctic, described as an "ozone hole".  This has become larger over the years and one is now forming over the Arctic.  One of the effects of ultra-violet light is skin cancer, and this is showing a marked increase in the human population.

· The release of organic and metal-rich liquids into sewers and natural waters, i.e. rivers.  This was carried out indiscriminately until recently to such an extent that life in many rivers in the UK was killed.

· The dumping of heavy metals, radioactive materials and organic substances into the ground.  From the industry of Victorian times to the present, many of these toxic materials have been deposited in the ground – the Lower Swansea Valley provides an excellent example of this, with soil being ridden with heavy metals and arsenic until the 1980s.

Landfill sites are still being used today to dispose of wastes.  A study published in the British Medical Journal in August 2001 suggested that women within 2 km of landfill sites produce babies with a higher incidence of birth defects.  

Many releases of industrial chemicals into the environment are accidental.  The twentieth century, from the 1960s onwards, is littered with examples of oil spills into the sea.  These have had a devastating effect on sea life.

Summary Tables of Industrial Processes and their Effects on the Environment

Table 1: Industrial Processes
	
	Problems
	Effects
	Rectify by

	Emissions from chimney:

CO2/CO, SO2, NOx

	Emissions from chimneys pollute atmosphere 
	· Contribute to the Greenhouse effect and global warming

· Contribute to acid rain

· Pollutant gases and particles affect human health, e.g. increase asthma
	· Introduce more efficient technology

· Use filter systems

· Wet and dry ‘scrubbing’ of pollutant gases

· Electron beam purification

	Chemical wastes poured into river

Skip with waste


	· Wastes poured into river

· Chemical, plastic and metal waste – raw materials or from industrial processes – are released into the environment 
	· Toxic to ecosystems and humans

· Toxic to environment (may kill animals and inhibit plant growth) and/or may not break down for many years
	· Waste is processed and made non-toxic, and useful chemicals are reclaimed
· More effective use of resources (wastage of raw materials can be as high as 25%)

· Separate waste and send for recycling

· Use plants to remove toxins from soil

	Boiler house
	· Burns coal, producing emissions of CO2/CO, SO2, NOx
· Leaves waste (ash) 
	
	· Convert to alternative source of power

· Use as plant fertiliser or hardcore in building

	Refrigeration unit
	· Can leak CFCs if the unit is old
	· CFCs deplete the ozone layer, removing protection against skin cancer and mutation
	· Use environmentally friendly refrigeration agents

	Electronics unit
	· CFCs used as solvents

· Solder and other waste contains tin and lead (along with copper, silver, antimony and nickel)
	· CFCs deplete the ozone layer, removing protection against skin cancer and mutation
	· Use CFC substitutes as solvents

· Send metal waste to recycling company

	Transport
	· Emissions of CO2/CO, SO2, NOx
· Noise pollution
	· Contribute to the Greenhouse effect and global warming

· Contribute to acid rain.

· Pollutant gases and particles affect human health, e.g. increase asthma

· Local residents disturbed by noise
	· Use catalytic converter

· Use alternative fuels, e.g. biodiesel, hydrogen, gasohol

· Use alternative means of transport.  Make sure transportation carried out during sociable hours


Table 2: Mining
	
	Problems
	Effects
	Rectify by

	Tunnelling


	· Equipment leaks oil into the environment 

· Tunnelling weakens ground strata

· Chemical stabilisation of ground

· Mining through ground water can alter water tables 
	· Mineral oils toxic and carcinogenic and affect human health

· Toxic organic compounds slow to break down and pollute the environment for many years

· Tunnelling results in surface collapse

· The cements, bentonites and metals used to stabilise the tunnels produce a chemical imbalance within soils

· The ground water becomes polluted
	· Use non-toxic vegetable oils

· Vegetable oils are biodegradable

· Good structural support within the tunnel and back filling of old tunnels

· Use inert materials (sometimes, though, materials scientists think to be inert turn out not to be!)

· If the tunnel is pressurised, the inflow of water is prevented

	Spoil heaps


	· As a result of the excavation of the ground, heaps of mineral rich rock are produced
	· The waste is toxic to ecosystems and humans

· The wastes make the soil infertile/poisonous, possibly for a long period
	· Use biotechnological methods (bacteria) to remove minerals and ores from the ground

· Grow mineral tolerant plants

· Grow plants that will remove toxic wastes from the soil.  These can be harvested and burnt, and metals can even be reclaimed


Table 3: Marine

	
	Problems
	Effects
	Rectify by

	Oil tanker


	· Releases oil on collision with rocks
	· The sea becomes polluted with oil

· The oil forms a layer on the sea and is washed onto the shore

· The oil kills sea birds, fish and marine invertebrates

· Oil accumulates in food chains

· Bioaccumulation of oil chemicals makes seafood toxic to humans
	· Prevention – use caution, change shipping routes or transport oil in another way

· Use detergents to remove oil from rocks and seabirds

· Use oil-degrading bacteria to decompose oil 

	Fishing boat


	· Fishing of sea fish

· Oil from boat leaks into sea
	· Over fishing

· Because of the mesh size of the fishing nets, all sizes of fish are caught, whether they’re suitable for eating or not.   This reduces numbers of fish in future catches and generations.

· Dead fish are thrown back into the sea.  As they decompose, this leads to eutrophication.

· The oil forms a layer on the sea and is washed onto the shore

· The oil kills sea birds, fish and marine invertebrates

· Oil accumulates in food chains

· Bioaccumulation of oil chemicals makes seafood toxic to humans

· Exhaust fumes from engine 
	· Quotas reduce numbers caught

· The net size is changed so that only fish suitable for eating are caught.  Small fish are released and can reach maturity.

· Dead fish not discarded in sea

· Use biodegradable, non-toxic vegetable oils to lubricate moving parts

· Convert engine to use cleaner fuels

	Climbers
	· Disturb nesting sea birds

· Damage cliff face
	· Birds desert nests, leaving eggs and young

· Climbing can lead to destruction of habitats and coastal erosion 
	· Prohibit the climbing of cliffs

	Cruise ship – broken glass/plastic on beach
	· Passengers dispose of biodegradable and non-biodegradable rubbish overboard
	· Rubbish deposited on the beach may be a health hazard
	· Educate passengers as to the potential harm – to humans, sea life and the environment, caused by throwing rubbish overboard

	Sewage outlet
	· Raw sewage discharged into sea
	· Organic chemicals lead to eutrophication of seawater, and death of plant and animal life

· Microorganisms in sewage can cause disease in bathers
	· Sewage is treated before it is discharged into the sea, or the length of the outlet pipe is lengthened.



	Holidaymakers on beach

Beach shop
	· Leave litter/broken glass

· Increase numbers of people using the beach
	· Contaminate ecosystem

· Glass dangerous to bathers
	· Educate people as to hazards related to leaving litter

· Provide litter bins

· Have penalties for dropping litter 

	People stealing rare orchids from sand dunes
	· People removing rare orchids and other plants for their gardens
	· Loss of rare and endangered species


	· Make the plant a protected species

· Fence off areas containing rare plants

	Digger removing rocks and stones for garden centre
	· Digger is removing rocks and stones for the garden centre
	· The protection that the coastline gets from the large rocks is lost, leading to coastal erosion 
	· Prevent the removal of the beach

· Build structures to reduce coastal erosion, but this may cause other major changes to the coastline 

	People sliding down sand dunes
	· People sliding down sand dunes will remove marram grass
	· Without the marram grass, the wind will blow away sand and lead to gaps in the dunes or blow-outs.  
	· Fence off the dunes

· Form a barrier in the dune to collect sand, so that gap in the dune is replaced

	Beach party around fire
	· Beach party
	· The fire party will contribute to Greenhouse gas emissions 
	· Prohibit beach parties

· BUT, collection of rubbish and its disposal will help to clean the beach

· Ash will promote growth of dune plants but may lead to eutrophication of the water 

	Beachcombers turn over rocks
	· Beachcombers exploring rock pools turn over rocks
	· Animals and plants removed from their usual habitat
	· Beachcombers should always return rocks to their original positions after examining them for rock pool flora and fauna 

	Car park
	· Emissions of CO2/CO, SO2, NOx
· Noise pollution
	· Contribute to the Greenhouse effect and global warming

· Contribute to acid rain.

· Pollutant gases and particles affect human health, e.g. increase asthma

· Local residents disturbed by noise
	· Use catalytic converter

· Use alternative fuels, e.g. biodiesel, hydrogen, gasohol

· Use alternative means of transport to beach. 
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