Chemistry C1-  Air Quality

[bookmark: _GoBack]The atmosphere today 

The atmosphere is the layer of gases, which surrounds Earth, it is like a very thin skin around the Earth.
The atmosphere (air) that surrounds the Earth is mainly made up of:
· 72% Nitrogen 
· 21% Oxygen
· 1% Argon
· 0.04% Carbon Dioxide
· Plus small amounts of (carbon dioxide) water vapour and other gases

 Air is a mixture of different gases made up of small molecules with large spaces in between. (Molecules are groups of atoms joined together.)

Other gases or particulates may be released by human activity or by natural processes (e.g volcanoes) (or burning fossil fuels (combustion)) and these processes may affect air quality.

Volcanoes release some gases fir example, sulphur dioxide, carbon dioxide and monoxide, water vapour, nitrogen dioxide and particulates in form of smoke and ash. These particulates are small enough to stay suspended in the air.

Formation of the atmosphere

The formation of the atmosphere can be shown by
· Iron pyrite is made up of iron sulphide which only forms if there is no oxygen present
· Air bubbles trapped in ice cored drilled in Antarctica allow scientists to analyse the composition of air from hundreds of thousands of years ago. However the Earth is about 4.5 billion years old. Ice cores don’t go back far enough in time to provide evidence of the earliest atmosphere
· Red iron oxide rocks only form if there is oxygen present/

Phase 1)

· The Earth’s early atmosphere was probably formed by volcanic activity and consisted mainly of carbon dioxide and water vapour.
· The Earth’s surface was originally molten for many millions of years and when it cooled down, a thin crust formed and formed volcanoes and tectonic plates.
· These volcanoes erupted and gave out lots of gas including carbon dioxide, water vapour and nitrogen
· Therefore the early atmosphere was mainly carbon dioxide and water vapour.
· Water vapour condensed to form oceans when the Earth cooled

Phase 2)

· Simple basic plants evolved over most of the Earth 
· A lot of the early carbon dioxide dissolved into the oceans
· These organisms photosynthesize which means they remove carbon dioxide and produce oxygen.
· When the plants died, they were buried under layers of sediment and the carbon they had removed from the air as carbon dioxide became locked up in sedimentary rocks as insoluble carbonates and fossil fuels.

Phase 3)
· The build up of oxygen meant that early organisms couldn’t tolerate it so were killed off.
· This allowed more complex organisms to evolve
· There is hardly any carbon dioxide left as most of it was dissolved, and taken out by the plants
· The burning of fossil fuels is adding carbon dioxide to the atmosphere faster than it can be removed meaning that the level of carbon dioxide in the atmosphere is increasing.

Human activity and the atmosphere

Human activity has changed the composition of the atmosphere by adding small amounts of carbon monoxide, nitrogen oxides and sulphur dioxide to the atmosphere.

They have also added extra carbon dioxide and small particulates (e.g of carbon) to the atmosphere.

· Some of these substances, called pollutants are directly harmful to human beings. E.g carbon monoxide reduces the amount of oxygen the blood can carry

· Some of these harmful to the environment and so cause harm to humans indirectly e.g sulphur dioxide and nitrogen dioxide causes acid rain

This has been mainly done by the combustion (process of burning) fossil fuels

What are the main pollutants?
· Carbon dioxide
· Carbon monoxide
· Sulphur dioxide
· Nitrogen monoxide
· Nitrogen dioxide
· Particulates (tiny bits of solid suspended in the air)
· Water (H20)


Other products from burning fuel

· Particulates- small pieces of unburned carbon
· Carbon monoxide- formed when carbon burns in a limited supply of oxygen
· Sulphur dioxide – formed if the fuel contains some sulphur impurities 
· Nitrogen monoxide- formed when some of the nitrogen in the air reacts with oxygen and this is possible at high temperatures in the furnace.
· Nitrogen monoxide can  react with oxygen to form nitrogen dioxide which is an oxidisation reaction and together NO and NO2 are jointly referred to as nitrogen oxides.

Oxidisation and reduction

A substance chemically combines with oxygen is an example of oxidisation.
A substance loosing oxygen is an example of reduction.
Therefore combustion reactions therefore involve oxidisation as they gain oxygen.

Burning fuel 

Petrol, diesel fuel and fuel oil are mainly compounds of hydrogen and carbon (hydrocarbons)

When fuel burns, hydrogen and/or carbon atoms from the fuel combines with atoms of oxygen from the air to produce carbon dioxide and/ or water (hydrogen oxide)

This is an oxidisation reaction, as is any form of combustion as the atoms in the fuel gain oxygen atoms thus are oxidised.

Fuels burn more rapidly in pure oxygen than in air as it is easier in pure oxygen to obtain oxygen needed for combustion.
Oxygen can be obtained from the atmosphere and can be used to support combustion (e.g in oxy-fuel welding torches). This is when pure oxygen can be obtained from the atmosphere and kept in pressurised cylinders. The oxygen allows the fuel to burn more rapidly so a higher temperature can be reached.

Chemical reactions

Any change that forms a new chemical is called a chemical change or a chemical reaction.

In a chemical reaction, the properties of the reactants and the products are different.

During the chemical reaction, the numbers of atoms of each element must be the same in the products as in the reactants thus conserving mass.

Measuring air quality

Automatic instruments collect air samples and measure the concentration of a range of pollutants. This data is recorded automatically.
Much of the data is regularly displayed in real time on websites so it is available to the public.
Newspapers and TV stations summarise the data in reports, therefore they may give the day’s overall air quality on a number scale or describe it  as low, medium or high quality.

A low concentration of pollutants means that there are very few pollutant molecules in a certain volume of air. This is an indication of good air quality.

A high concentration of pollutants mans there is a large number of pollutant molecules in a certain volume of air. This shows that the air quality is poor.

‘Concentration’ is the amount of pollutant in a certain volume of air.

What influences air quality?

The quality of the air where you live depends mostly on nearby sources of air pollutants ant the weather.

Sources: vehicles, power stations and industry
Weather: pollutants are mixed up and arrived around by the wind. The wind can move pollutants many miles and even carry them from one country to another.

Making measurements

When measuring air concentration, you may get different results this is because 
· You used the equipment differently
· There were differences in the equipment itseld.

If you take just one reading, you canoot be sure it is very accurate so it is better to take several measurements which you can use to estimate the true vale.

The true value is what the measurement should really be.
The accuracy of a result is how close it is to the true value.

Outlier- a result very different to the others
Best estimate- the mean value is used as the best estimate of the true value
Data set- all your collected data
Mean value- total divided by number

There is a real difference between two data sets of the ranges do not overlap. 

How are air pollutants formed?
Power stations are fuelled by either coal or natural gas, fuel and air go into the furnace and waste chemicals come out of the chimney.

Air pollution- Carbon

Carbon Dioxide, carbon monoxide and carbon particulates are all pollutants.

Carbon dioxide is produced (in power stations and transport) by burning coal for fuel in coal-fired power stations.

All atmospheric pollutants can’t disappear and the all have to go somewhere.

Coal-fired power station

Coal is mainly made up of carbon atoms. Oxygen atoms from the air is needed for coal to burn.

The main product that comes out of the chimney of a coal-fired power station is carbon dioxide.

This is formed when oxygen molecules (02) separate into oxygen atoms. These oxygen atoms in the carbon fuel combine with oxygen atoms in the air to produce carbon dioxide.

A reaction where oxygen is added is called an oxidisation reaction.
Any reaction where oxygen is lost is called a reduction reaction.
Combustion is therefore an oxidisation reaction as the carbon fuel gains oxygen.

                       Carbon + oxygen  carbon dioxide
                               C        + 02                CO2

Gas-fired power station

Natural gas is mainly methane and methane is a hydrocarbon which is mainly made up of carbon and hydrogen atoms.

The carbon atoms and hydrogen atoms in the fuel (ch4) separate. 
The carbon atoms combine with oxygen atoms in the air to form carbon dioxide. (co2)
The hydrogen atoms combine with oxygen atoms to form water (h2o)

Therefore the main products in gas-fired power stations is h20 (water) and co2 (carbon dioxide).
This is also a oxidisation reaction as the fuel gains oxygen.
Therefore all reactions where burning fuels is involved is an example of oxidisation.

    Natural gas (methane) + oxygen  carbon dioxide + water    
                  Ch4 + oxygen  carbon dioxide + water
Fuels for transport

Petrol, diesel fuel and fuel oil are mainly compounds of hydrogen and carbon (hydrocarbons)

When fuel burns, hydrogen and/or carbon atoms from the fuel combines with atoms of oxygen from the air to produce carbon dioxide and/ or water (hydrogen oxide)

Complete combustion
Complete combustion needs a plentiful supply of air so that the elements in the fuel react fully with oxygen.
Fuels such as natural gas, petrol, diesel fuel and fuel oil contain hydrocarbons.

When the burn, the carbon oxidises to for carbon dioxide.
The hydrogen oxidises to form hydrogen oxide (H2O)

                       Hydrocarbon + oxygen  carbon dioxide + water

Incomplete combustion
Incomplete combustion occurs when there isn’t enough oxygen available for the reaction to tale place, then small amounts of carbon monoxide and carbon particulates are produced as a result of it.
This mainly occurs in places with very little oxygen e.g cars engine.
Water is still produced, but carbon monoxide and carbon (particulates) are produced instead of carbon dioxide.
Carbon is released as soot (carbon particulates)

       Hydrocarbon + oxygen  carbon monoxide + carbon (particulates) + water

Effects of carbon dioxide:
· Will stay in the atmosphere until it is removed 
· Can be removed by plants when they photosynthesize
· Dissolved in rainwater and seawater.
· Excess levels of carbon dioxide increases the greenhouse effect which is warming up the Earth which causes Global warming and problems e.g sea levels rising
· Can increase if human activity (e.g burning fuels) increases

Effects of carbon monoxide:
· A poisonous gas, which reduces the amount of oxygen the blood, can carry, directly harmful to humans. This can make existing heart conditions worse.
· It can also leave you feeling drowsy, give you a headache and if this occurs for too long it can be fatal.

Effects of particulate carbon (carbon particulates):
· Tiny particles of carbon produced by incomplete combustion often formed by small pieces of unburned carbon.
· If they escape into the atmosphere they can deposit on surfaces making them look dirty.
· The particulates can be breathed into lungs and make asthma and lung infections worse

Air-pollution- Sulphur (dioxide)

Many of our fuels we use for transport and power stations are made up of hydrocarbons or just carbon.
However, these fuels contain lots of impurities as they are extracted straight from the Earth’s crust.
Some of these fuels contain traces of the element sulphur.

When the fuel burns, the sulphur impurities burn too, when sulphur atoms burn they combine with the oxygen in the air to produce the pollutant sulphur dioxide.

Therefore if the fuels burnt in power stations and vehicle engines burn fossil fuels which contain sulphur impurities- sulphur dioxide is produced.

Effects of Sulphur dioxide pollution:
· Sulphur dioxide produces acid rain.
· It will react with the moisture (water and oxygen) in clouds to produce dilute sulphuric acid.
· Eventually, most of this acid will fall as acid rain which is harmful to the environment and to humans indirectly
· Acid rain causes lakes to become acidic, killing plants and animals.
· It also kills trees, and damages buildings and statues made from weak stone e.g limestone.

Air pollution- Nitrogen

Nitrogen monoxide (NO) is formed during the combustion of fuels in the air.
It is subsequently oxidised with more oxygen in the air when it is released to form nitrogen dioxide.

Both nitrogen monoxide (NO) and nitrogen dioxide (no2) are jointly referred to as (NOx).

Fuels burn at such high temperatures that nearby atoms have the capability to react with each other.

When nitrogen and oxygen are exposed to very high temperatures, nitrogen in the air reacts with oxygen in the air to produce nitrogen monoxide.

Nitrogen monoxide subsequently goes on to be oxidised further to produce nitrogen dioxide.

This happens at the high temperatures usually inside (car) engines.


Effects of Nitrogen monoxide:
· Nitrogen monoxide is produced when nitrogen and oxygen in the air are exposed to very high temperatures e.g in engines.
· The nitrogen monoxide is subsequently oxidised with more oxygen in the air when it is realised to produce nitrogen dioxide.


Effects of Nitrogen dioxide:
· Nitrogen dioxide will react with the moisture (water and oxygen) to produce dilute nitric acid.
· This nitric acid will fall to Earth as acid rain which is harmful to the environment.
· Acid rain causes lakes to become acidic, killing plants and animals.
· It also kills trees, and damages buildings and statues made from weak stone e.g limestone.

Reducing pollution from power stations

· Use less electricity
By using less electricity, it means that less fossil fuels will have to be burnt to provide for this. Therefore less pollution  into the atmosphere will be released as a result of this.

· Remove sulphur from natural gas and fuel oil
Natural gas and fuel oil can be refined to remove sulphur before they are burnt in a power station. This means that less sulphur dioxide will be released into the atmosphere during the combustion of these fuels.

· Remove sulphur dioxide and particulates from the flue gases emitted by coal-burning power stations
This means that it will be removed so there will be less sulphur dioxide and particulates before it is released into the atmosphere.
This is called wet scrubbing and can be done by using an alkaline slurry e.g calcium oxide and water, or seawater.

 The only way of producing less carbon dioxide is to burn less fossil fuels.

West-scrubbing
Wet scrubbing is the process of removing  acidic gas sulphur dioxide and particulates before they are released from the flue (chimney) gases before they are entered into the atmosphere

· Use an alkaline slurry e.g spray of calcium oxide and water 

An alkaline slurry can be sprayed onto the flue (chimney) gases before it can escape from the power-station chimney.

Since sulphur dioxide is an acidic gas, it reacts with alkaline chemicals.
Wet scrubbing is a process used to remove pollutants from flue gases. It uses an alkali to react with acidic sulphur dioxide and remove it from flue gases.

Powdered lime (calcium oxide) and water is mixed together to form an alkaline slurry.
A slurry is a mixture of a liquid and a ground-up solid.
The flue gases are mixed with air and sprayed with this alkaline slurry.
The sulphur dioxide in the flue gas reacts with the alkaline slurry and anf forms a new solid chemical called calcium sulphate. 
The solid is collected and removed, and the cleaned gases continued up the chimney.
Calcium sulphate can be sold and used as building plaster.




· Using sea water

Wet scrubbing is a process used to remove pollutants from flue gases. It uses an alkali to react with acidic sulphur dioxide and remove it from flue gases.
Seawater is naturally alkaline and sulphur dioxide is an acidic gas.

The sulphur dioxide is dissolved in seawater, producing carbon dioxide, water and dissolved sulphate.

The flue gases are sprayed with seawater droplets which absorb and react with sulphur dioxide.
It produces carbon dioxide, water and a dissolved sulphate.
The droplets are collected and removed, and the cleaned flue gases are released through the power station chimney.

Removing particulates from power station flue gases

Particulates (tiny particulates of carbon and ash) are also present in power station flue gases.

These cause a problem, as they can be deposited to make buildings dirty and cause breathing problems.

These can easily be removed by passing them through an electrostatic precipitator.
This contains electrically charged plates.
The particulates pick up a negative charge so are attracted to the positive plate, and then are collected and removed.
Removing particulates from a power station chimney prevents them from being released into the atmosphere where they can cause problems as mentioned above.

Reducing pollution caused by exhaust emissions from motor vehicles
· Burn less fuel
Less fuel burnt means fewer pollutants released.

· Use low sulphur fuels
Many fuels contain impurities and some of these contain sulphur compound impurities.
Low-sulphur fuels have these compound impurities removed.
This reduces the amount of sulphur dioxide in the exhaust emissions and thus the amount of sulphur dioxide released into the atmosphere is less.
Means less of the harmful sulphur dioxide is emitted from the exhaust, reduces the about of s02 and therefore acid rain.

· Use catalytic converters
All new cars have catalytic converter fitted to their exhaust systems.
They convert harmful pollutants to less harmful pollutants. 
The waste gases pass through a metal honeycomb structure with a large surface area.
The metal surface speeds up certain chemical reactions.

Carbon monoxide is oxidised to produce carbon dioxide by the gain of oxygen.
       Carbon monoxide + oxygen  carbon dioxide 
       Oxygen is added to carbon monoxide so it is an oxidisation reaction.

Nitrogen dioxide is reduced to produce nitrogen monoxide as it looses oxygen.
Nitrogen dioxide  nitrogen + oxygen
Oxygen is removed from nitrogen therefore it is a reduction reaction.

Even with a catalytic converter, carbon dioxide is released. This is a convert as rising carbon dioxide levels have a link with global warming. The only way of producing less carbon dioxide is to burn less fossil fuel.


· Adjust the balance between public and private transport
If everyone used public transport often instead of individual cars, then less fuel will be burnt per person overall, reducing individual emissions.
Less fuel burnt means less pollutants release, therefore it improves the air quality compared to everyone using private cars.

· Have legal limits to exhaust emissions (MOT tests)
There is a legal limit on the amount of polluting emissions that cars can produce  set by the government therefore there won’t be too much pollution given out.
In Britain, MOT tests include a vehicle emissions test, to test the amount of exhaust pollution a car produces. 
A car which produces more than the legal limit isn’t allowed on the road.
Regulations state that (old) vehicles over 3 years old have to have an MOT test every year.

Alternatives to fossil fuels for motor vehicles

Biofuels-
	Advantages 
	Disadvantages

	· Renewable energy source
· Only produce c02 and h20 when they are burnt.
· Carbon neutral- plants used take in as much carbon through photosynthesis as is produced when it is burnt
· It is convenient because a small amount of biofuels can be mixed into petrol or diesel without changing engines or fuel stations.
	· Large amounts of land may need to be cleared to grow plants needed to make biofuels resulting in species losing their natural habitats.
· This would also mean more land would be given over to growing plants for biofuels instead of fuel.




Electric batteries – powered by electricity stored in batteries
	Advantages
	Disadvantages

	· Produce no exhaust gases when they are used 
· This means that using electric vehicles in congested cities means that the pollutants are not released in the city but elsewhere ( where the fuel is being burnt for the electricity)
	· Non renewable
· However still requires burning fossil fuels, just moves the source elsewhere to a power station so doesn’t get rid of the pollution just moves it somewhere else.
· Needs to be filled up when wasted battery by recharging them at stations where the electricity comes from power stations through the national grid.




How does air quality affect our health?

TO find out what causes something you have to look at the factors linked with it.
Factors are the variables that may affect the outcome.
For example pollen is a factor that may affect the outcome (hay fever).

An increase in two things could be caused by a third factor, which hasn’t been mentioned-, a causal link.
However it could be a coincidence that two things increase at the same time.
There can be a correlation between two things but there needs to be a causal factor to prove that one thing causes another.


C2- Material Choices

Polymeric Materials

A polymer is  a material which is made of very long molecules formed by joining lots of small molecules called monomers together.

Small molecules called monomers can join together to create very long molecules called polymers and this process is called polymerisation.

	Polymers occur naturally:
· Cotton
· Leather
· Wool
	Polymers can be synthetic:
· Polythene
· Nylon
· Neoprene



Every material we use is made up of chemicals either individual chemicals or mixtures of chemicals. They can be made up of elements, mixtures or molecules. This includes metals, ceramics and polymers. 

The materials we use can be obtained or made from living things:

	Animals :
· Silk- a protein fibre obtained from the cocoons of the silkworm larva. (made by them)

· Wool- a protein fibre obtained from animals such as sheep.

· Leather- cows skin

· Fibres-animal fur
	Plants
· Cotton grows around the seeds of the cotton plant

· Paper-made from wood fibres which contains cellulose fibres.

· Rubber-  latex is tapped from some plants including the rubber tree



There are synthetic materials that are alternatives to materials from living things.

Raw materials obtained from  the Earth’s crust can be used to make synthetic material’s.

Many items that used to be made from natural polymers are now made from synthetic polymers.

Many of these polymers have different properties, which may be superior to those available in nature.
· Natural fibres for clothing are replaced with synthetic fibres, these may be easier to wash, hold their shape better or be available in a wider range of colours. Synthetic fibres may also be water-resistant and cheaper. This is why fibres like nylon and polyester are often used to replace cotton, wool or silk.

· Wood is often replaced with plastics, as a material for new window frames, there are lighter and do not rot or require painting. They are also more weather resistant, strong and durable and cheaper and easier to manufacture.

· Paper bags are often replaced with plastic ones, these are lighter and also waterproof.

· Fur and leather may be replaced with synthetic polymers which avoids using animal products.

Properties of materials

Solid materials can differ with properties, therefore manufacturers and designers have to consider these properties when the choose the right materials to make their products. 

They decide which materials to use basted on their properties and costs. In many products these materials include polymers.

Melting point- the temperature at which the solid material turns to liquid

Strength- how good a material is at resisting a force
Materials can be strong in tension or strong in compression.
A material is strong if it takes a large force to break it.

Tensile strength- how much a material can resist a pulling force, when two materials are trying to stretch it or pull it apart.
Compressive strength- how much a material  can resist a pushing force, when two materials are trying to push it together and make it smaller.

Stiffness-  how difficult it is to stretch of bend a material (and permanently deform it)
A material can be strong but not stiff e.g rubber

Hardness- how difficult a material is to scratch or dent or cut into.
Softness- how easy a material is to scratch or dent
The softer a material, the easier it is to dent or scratch it.

Density- density is a material’s mass per unit volume (g/cm3).
It is mass divided by volume.
If a material has a low density then it is light for their volume and will float in water. A less dense material is light for its size.
If a material has a high density then it is heavy for their volume and will sink in water. A dense material is heavy for its size.

Examples:
	Plastics
· Hard
· Strong
· Stiff
· Mouldable
· Low density (lightweight)
	Rubber
· Strong
· Flexible
· Mouldable
	Fibres
· Soft
· Flexible
· Good tensile strength



CD’s (Compact Discs) are made from a plastic called polycarbonate and is srrong and hard (used in bulletproof glass) and  could possibly last even longer than PVC which was previously used.

Repeatable and reproducible data

A measurement is repeatable if it gives the same result when it is repeated under the same conditions.

A measurement is reproducible if it gives the same result when carried out under different conditions for example by different people, using different equipment or different methods

A measurement is accurate if it is close to the true value.

Structures and properties of polymers

It is possible to produce a wide range of different polymers with properties that make them each suited to a particular use. 

The properties of polymers depend on how their molecules are arranged and held together.

Arranged:
If the polymer chains are packed close together, it will have a high density.
If a polymer chains are spread out the material will have a low density

Held together:
If polymer chains are held together by weak forces then they are free to slide over each other. The bonds holding the atoms together are strong but the forces between molecules are weak. This means that the material (plastic) can be stretched easily (is flexible),will have a low melting point won’t be stiff, won’t be hard.

If a polymer chain is held together by strong forces then they have high melting points and can’t easily be stretched as the crosslinks hold the chains firmly together. Crosslinks are chemical bonds between the polymer chains  and hold them in a regular structure. It means  it will be very strong, stiff hard and have a high melting point.


The stronger the forces between the particles, the more energy is needed to break the particles out of a solid structure into a liquid formation. The more energy that is needed, the higher the melting point of the solid.

Modifications to polymers:

Increased chain length

Polymers can be modified to increase their chain length. 

Polymers with short chains have weaker forces of attraction between molecules  (compared to long chains) so the polymer chains can easily slide past each other, making the material flexible.

Also, as a polymer with short chains have weak forces of attraction, it requires less energy to separate the molecules out of the solid structure and into a liquid formation, therefore it will have a low(er) melting point than a long chained polymer.

Polymers with long chains have stronger forces between molecules (strong forces of attraction). As a result, it is less flexible and more stiffer  (than short chains) as it is hard to make the chains slide past each other. This also means that it is stronger because of this.

 Also, it has a higher melting point because more energy is required to 
Separate the molecules from each other out of a solid structure into a liquid formation so it melts at a higher temperature.

Making a polymer chain longer will mean it will be less flexible, a higher melting point, stiffer and stronger.
Making a polymer chain longer will mean it will be flexible, low melting point, less stiff and weaker.


Cross-linking

Polymers can be improved by adding crosslinking agents. 
These agents chemically bond the polymer chains linking them together.
These cross-links between the molecules mean that the molecules are locked in a regular arrangement which stops the chains from uncoiling and  slipping over each other.
The result of this is that is makes the rubber less flexible, stronger , stiffer and harder.
It also gives the rubber a high melting point because more energy is needed for the molecules to separate and break out of the solid thus more heat resistant.

Use of plasticisers

Plasticisers can be added to a polymer. 
Plasticisers are usually an oily liquid with small molecules which can be added to polymers during their manufacture.
The small molecules sit between the polymer chains, they push the polymer chains further apart, which weakens the forces between them.
This means that less energy is needed to separate them and they slide over each other more easily.

This means that the polymer is softer, more flexible and with a lower melting point.


Increased crystallinity

A polymer can be made more crystalline.
In a crystalline polymer, the molecules are lined up in a regular way (in neat lines) as in a crystal.
It has straight chains with no branches so that the chains can fit close together.
This means that the forces between the molecules are slightly stronger and more energy is needed to separate them so it has a higher melting point.
As more chains are packed in, it has a higher density, and is stronger.
The branches stop the molecules from packing neatly.

	Low-density polyethene has side branches that stop the polymer molecules from not lining up regularly.This means that it has a lower density, the forces of attraction between the molecules are weaker, and the material is less strong and has a low melting point.
This is made under pressure which has branched chains

	High-density polyethene lines up regularly to give a crystalline structure.
The material has a density than LDPE.
The forces of attraction between the polymer molecules are strong.
The material is stronger, and has a higher melting point than LDPE.


Crude Oil

Crude oil is a thick, sticky dark coloured liquid which is formed over millions of years from the remains of tiny plants and animals called plankton.
It is pumped out of the Earth’s crust from wells under the ground or sea.

Crude oil is a mixture of hydrocarbons, which are chains of hydrogen and carbon atoms only. These hydrocarbon chains are of varying lengths.

Since it is a mixture, crude oil is not very useful as it is. Therefore it needs to be separated into groups of molecules of similar size.

The petrochemical industry refines crude oil by fractional distillation where hydrocarbons are separated into different fractions of varying boiling points.


Fractional distillation

The petrochemical industry refines crude oil by fractional distillation where hydrocarbons are separated into different fractions of varying boiling points.

Hydrocarbons are separated into fractions of different boiling points to produce fuel, lubricants and raw materials needed for chemical synthesis.

Crude oil is heated in a furnace this supplies the molecules with extra energy.

This makes the molecules move about and provides energy to overcome the intermolecular forces to turn into a gas.

The hydrocarbons in crude oil then go into the fractioning tower which is hottest at the bottom and coolest at the top.

The hydrocarbon molecules are separated by their boiling points.

The smallest hydrocarbon molecules have the lowest boiling points therefore go to the very top of the tower. This fraction contains some of the shortest hydrocarbon chains.  There is strong covalent bonds between the hydrogen and carbon within each hydrocarbon molecule. However there is weak forces of attraction (intermolecular) between the different hydrocarbon molecules in the mixture.
This is because the force between these molecules are very weak and only a little energy is needed for them to break out of the liquid form and into a gas., giving them a low boiling point.

The biggest molecules have the highest boiling point because the forces between the molecules are slightly stronger. There is strong covalent bonds between the hydrogen and carbon within each hydrocarbon molecule. There is also strong forces of attraction between the hydrocarbon molecules in the mixture.
These molecules stay at the bottom of the tower where it is hotter.  The forces between them get stronger which means there is a lot more energy needed for them to break out of the liquid form and into the gas giving them a high boiling point. The bottom of the fraction is hotter. These molecules stay at the bottom of the tower.

Each fraction produced is still a mixture of molecules but they are of similar size and boiling point. Each fraction has different uses related to its properties. Most of crude oil is used as fuels and a small percentage is used for chemical synthesis. It produces fuel, lubricants and raw materials needed for chemical synthesis

.In short:

The fractioning tower separates the hydrocarbons into groups of molecules called fractions. These groups of molecules are still mixtures but they contain a different number of different hydrocarbons than the original crude oil. The hydrocarbon molecules in a fraction are similar in size

Nano technology

Nanotechnology is the use and control of structures that are very small (1 to 100 nanometres in size)

Nanotechnology involves structures that are about the same size as some molecules.

The particles used in nanotechnology are measured in nanometres (nm)
Nanoparticles can occur by accident, naturally or by design.

Some nanoparticles are made using specialist tools that build up new structures atoms by atoms.
Other nanoparticles are made by chemical synthesis or other techniques such as etching.

Nanoparticles can  occur naturally:
· Sea spray- The sea produces nanoscale salt particles formed by ocean waves in wind conditions, which help in forming rain and snow and these are present in the atmosphere.
· Proteins that control biological systems very precisely
· Enamel in your teeth is partly made up of nanoparticles.

They can also occur by accident:
· Combustion when solid fuels are burnt they produce nanoscale soot particles (along with other waste).

Nanoparticles of material show different properties compared to larger particles of the same material.
One of the reasons for this is because the surface-area-to-volume-ratio is very large for nanoparticles.
This means that materials containing nanoparticles are often highly reactive or have unusual properties.

They can be used to modify properties of materials.

Uses of Nanotechnology

Examples:

· Silver nanoparticles to give fibres antibacterial properties

Nanoparticles of silver have different properties compared to larger particles of the same material.  
Silver nanoparticles have antibacterial properties; they kill bacteria in serious wounds, which is important before they can cause infections.
Tiny nanoparticles of silver dissolve very quickly once they are moistened (for example by blood from the wound) and the silver can get to work straight away. This makes them suitable for would properties.

They can be added to polymer fibres used to make surgical masks and wound dressings and gives the fibres antibacterial properties.

Sports Equipment
· Adding nanoparticles to plastics or sports equipment to make them stronger
Nanoparticles can be added to materials such as carbon fibre, used to make tennis rackets resulting in the material to be lighter and stronger.

They are added to plastics in sports equipment e.g tennis rackets, golf cubs and golf balls.
They make the plastic much stronger and more durable and they don’t add weight.

They have also been used in tennis balls. The ‘double core’ balls have an extra layer of clay nanoparticles mixed with rubber. This helps slow down the air escaping from the balls which keeps them inflated for longer.

              Clothing
· Scientists have developed pieces of clothing which contain zinc oxide nanoparticles. These are the same particles as those use in sunscreen.
Clothes with these in offer better UV protection.

Stain-resistant clothes have also been produced as they contain tiny nano-scale hairs which repel water and other materials.
This has the potential to reduce the amount of water and energy used in washing clothes.

Socks have been made that contain nanoparticles of silver or other chemicals.
This gives the socks antibacterial properties to help prevent feet from smelling.

Sunscreen
· Main sunscreen products contain nanoparticles of zinc oxide or titanium oxide which are both white solids.
In other formulas, the particles are relatively large and leave the skin looking white. These products with nanoparticles can be rubbed in and have a more natural appearance which still offers UV protection.

Nanotechnology and risk

Nanoparticles have different properties compared to larger particles of the same material.
This may mean that nanoparticles have a different effect on humans, animals plants and the environment.
Some doctors are concerned that nanoparticles are so small they may be able to enter the brain from the bloodstream.
If this is true, it could mean that normally harmless chemicals can become highly toxic at the nanoscale.

It is not fully understood exactly how all the various nanoscale substances differ from larger versions of the same material.
At present, there are no requirements for health and safety studies for nanoparticles to be different from those for larger particles, but some group think that there should be.
It causes a concern that there may have harmful effects on health and these products with nanoparticles are being introduced too earl before these effects have bee fully investigated.

We don’t currently know the long-term impact of these nanoparticles and it may take years before these effects are known.

Therefore, many people believe that products containing nanoscale particles should be clearly labelled so that consumers can chose whether or not to use them.




C3-  Chemicals in our Lives

Tectonic plates

Geologists  can explain most of the past history of the surface of the Earth in terms of processes that can be observed today.

The Earth’s outer layers (crust and mantle) are divided into a number of tectonic plates.

Each plate contains dense oceanic crust often carrying lighter continental crust on top of it. 

These plates are able to move due to the very slow convection currents in the underlying solid mantle.
These plates move roughly a few cm per year.

The movement of tectonic plates can cause oceans to slowly open up between continents in some parts of the world. In other parts of the world, plate movements can bring continents together with great force creating mountain ranges. Most major volcanic eruptions and earthquakes happen at plate boundaries.

The movements of tectonic plates mean that parts of ancient continents that now make up Britain today have moved over the surface of the Earth.
This means that different rocks in Britain formed in different climates.


Magnetic clues 

Geologists can use magnetic clues in rocks to track the very slow movement of the continents over the surface.

The movement of continents can be tracked by studying magnetic particles contained in some rocks.

When tectonic plates move away from each other, new crust forms. Under the sea, the exposed mantle rises up through the seafloor and solidifies to for new crust.

Many volcanic lavas and some sediments contain the mineral magnetite, which has crystals with magnetic properties. The Magnetite in lava can be magnetised in a fixed direction (of the Earth’s magnetic field at that particular time) once the rock has cooled enough.

Near the equator, the magnetisation lies horizontally and near the Poles, the magnetisation is at an angle to the horizontal. The rocks will either have normal polarity or reversed polarity when they cool.

The Earth’s magnetic field swaps direction every half a million years or so.By measuring the angle at which crystals are magnetised in rocks, scientists can work out the latitude at which the rock was originally formed.  

Comparing the predicted historical location and magnetic direction to the present location, it allows a map of continental movement to be developed.

The pattern of normal and reversed polarised rocks can be used to estimate the age of different parts of the crust and track the very slow movement of the tectonic plates.

Studying sedimentary rocks

A sedimentary rock is a rock formed from layers of sediment. Geologists can study sedimentary rocks to find evidence of the conditions under which they were formed.

· Fossils
· Shapes of water borne grains compared to air blown grains
· Presence of shell fragments
· Ripples from sea of river bottom

Fossils

Some sedimentary rocks are rick in fossils of plants and animals. Fossils are the stony remains of an animal or plant that lived millions of years ago or an imprint that it made.

Geologists use fossils to put rock layers in order of their ages.
This is possible because rocks may contain distinctive fossilised plants and animals from different periods of geological time.
Comparing fossils with today’s living organisms gives clues about the past environment where the fossilised plants and animals lived.

They tell you about the age of the rock and the environment it existed in.

Grains

You can find out the history of a sedimentary rock by looking at the shape and size of the sand grains in the rock.
By comparing the sand grains in the rock with the sand grains found in deserts and rivers today, geologists can find out about the conditions when the rock formed. They can determine of they were air blown grains or water borne grains. 

Water-borne grains will tell you that the rock was formed underwater.
Air-blown grains will tell you that the rock was formed on the surface.

· Shell fragments
Shell fragments present in rocks will tell you that the rock formed underwater.
· Ripples
The  presence and shape of ripples present in rocks will tell you that the conditions where the rock formed as it could have been created by flowing water from  seas or river bottoms.  The ripples could also have been formed by the wind blowing which could show the rock was formed in the surface.
Formation of resources
Processes such as mountain building, erosion, sedimentation, dissolving and evaporation have all led to the formation of valuable resources found in England including coal, limestone and salt.
Different types of rocks in the Earth’s crust contain different minerals.
There is a rich variety of rocks in Britain and some are very important economically. Chemical industries grow up where resources are available locally e.g In the North West England, a chemical industry based on chlorine grew up by the River Mersey because underground salt deposits, coal mines and limestone quarries were nearby. These provided the raw materials for making chlorine.
The salt, coal and limestone formed at different time and in different climates during Britain’s long geological history.
Formation of limestone (sedimentation)
Limestone is a sedimentary rock, formed from layers of sediments laid down in seas or lakes.
The sediment comes from shells and bones of sea creatures or the erosion of pre-existing rocks.
Erosion is the movement of solids at the Earth’s surface caused by wind, water, ice, gravity and living organisms
As the animals died , they sank to the bottom and formed fossils in the thickening mass of pure limestone.
Erosion is the natural weathering of large pieces of rock by the rain or wind which creates tiny particles of sediment which are washed away and end up at the bottom of the lake or sea.
Over millions of years, the layers of sediment get buried under more layers, and the pressure of the weight pressing down squeezes out any remaining water.
The fluids flowing through pores in the sediment deposit natural mineral cement which holds the sediment particles together to form rock.
Formation of Coal
Coal is formed over millions of years and is also a sedimentary rock.
It is formed by the fossilisation of layers of plant matter.
When plants died, they formed a layer of peat due to a lack of oxygen. The peat was then buried (covered) by sediment, then compressed and heated which eventually formed coal.
During the process of mountain building (when high pressures and temperatures occur) , the rocks were pushed up towards the surface.
Formation of salt
Salt was formed when millions of years ago, seawater moved inland and created a chain of  shallow salt marshes across land. 
Deposits of rock salt formed as the water in the marshes evaporated, leaving salt behind.
Formation of sandstone
Sandstone is formed when the mountains are eroded by fast-flowing rivers carrying sediments . 
Sand and small pebbles were deposited in layers, which were then compacted to form coarse sandstones.
What is the importance of salt?
Salt has plated a vital part in human civilisation for thousands of years.
1. Before there were modern ways of keeping food fresh (canning or freezing) salt was the only way to preserve meat or fish. After salting these foods could be kept for a long time e.g on long sea voyages. It is still used by the food industry today to preserve food and to enhance the flavour in food.
2. It is also used to treat icy roads in winter, as the salt in the mixture melts ice lowers the freezing point of water to around -5 degrees.
3. It is also used as a source of chemicals such as chlorine.
Obtaining salt
Salt can be obtained from the sea or from underground salt deposits
· Salt mining (drilling)
· Solution mining
· Evaporation
Salt mining- rock salt
Miners use giant machines to extract rock salt.
1. The giant machines drill into the ground, and the rocks are then dug out using machinery.
2. This method of extraction leaves the salt with insoluble impurities such as reddish clay.
The rock salt is mainly used to spread on roads during freezing weather as it doesn’t need to be pure.
Adding salt means that ice and snow will melt because it lowers the freezing point of water as salty water has a lower freezing point then pure water.
Evaporation- sea salt
1. Salt can also be obtained from the sea.
2. This is done by collecting seawater as it contains a high concentration of salt.
3. The seawater flows into specially built shallow pools.
4. IT is then left to evaporate in the sun which leaves the salt behind.
5. This process is repeated several times and the salt is collected.
6. Small quantities of salt are obtained in this way for home uses
7. Large-scale extraction of salt from the sea is only economical on coasts with hot and dry climates.
8. In these places there is no need to burn fuels to separate the salt because the energy needed to evaporate the water comes from the Sun.
This method produces the purest salt and is used in cooking and cosmetics.
Solution Mining
1. The salt used for the chemical industry isn’t mined and is extracted by pumping water down into  a borehole into the rock through the outer pipe.
2. The salt dissolves and is carried to the surface in a solution. The solution of salt in water is called brine.
3. Pressure forces the brine up to the surface through the inner pipe.
4. The impurities such as clay do not dissolve and so stay underground.
5. The brine is then stored in wells above the surface and is pumped to a refining plant when needed.
6. There, the salt crystals are revered from brine by evaporating the water. 
7. On a large scale, the evaporators have to be as efficient as possible to minimise the energy needed to turn water into steam.
8. The salt crystallises as the water evaporates.
9. The crystals are separated from any remaining brine by filtering or using a centrifuge ( a piece of equipment used to separate a mixture of liquid and solids)
10. The salt produced from this is used for the chemical industry (for industrial purposes) because all the impurities will need to be removed.
Impact on the environment

Extracting salt in solution mining can cause subsidence.
Subsidence is the sinking of grounds surface when it collapses into a hole beneath it
This is when large-scale pumping creates large underground holes.
This can lead to widespread subsidence where the land above disused mines collapse into the hole beneath it.
This can cause the lowering of the Earth’s surface.
These collapses can destroy buildings above it near the mines, including peoples homes.

Now the risk of subsidence is reduced as pumping is planed so that holes in the rock are spaced out and separated/ supported by pillars of rock. 
The rock that is left behind helps prevent subsidence. This leaves well-supported caverns in mines.

Rock salt mining also causes problems. It uses up a lot of energy which usually comes from burning fossil fuels. The burning of fossil fuels uses up a finite resource and produces pollution.

Salt in the food industry

Uses of salt

Salt can be added to food.

1. Refined salt can be added to foods as flavouring to enhance the flavours.

2. The food industry also uses salt to preserve and process food.
This gives the food a longer life before they go ‘off’ due to the action of mould or bacteria.
This means it can be kept for a longer time than usual.
E.g when salt is added to meat, it tries out the beat by absorbing water and any bacterial cells. This kills the bacteria and preserves the meat.


Health implications

Humans need sodium in their diet to allow the body to carry out of essential functions. 
Eating too much salt can cause many bad health effects.

Government departments such as the Department of Health and the Department for Environment, Food and Rural Affairs have a role in
· Carrying out risk assessments concerning the chemicals in food
· Advising the public in relation to the effect of food on health

UK Government agencies say that eating an excessive (too much) amount of salt can raise people’s blood pressure. This can increase the risk of developing heart disease and thus having a stroke.
There is also evidence to suggest that eating too much salt could increase the chance of getting stomach cancer, osteoporosis and renal failure.
It isn’t easy to keep track of how much salt you eat as most of it is in processed foots and the salt you sprinkle on foods only makes up a small percentage.

However, many food manufacturers may still include salt in their products because:
· Reformulating the recipes is too great of a cost
· If the recipe is changed to include less salt, the product may not taste as good
· The product may not last as long
= sales of the product won’t be as good

Perceived and measured risk

People’s perceptions of a particular risk can differ from the statistically calculated risk.

Sometimes there is not enough evidence to say for certain how great the risk is for an action. For example, the information offered by many reports on the adverse effects of a high-sodium diet is challenged by others who suggest there is no scientific proof for this, and that in fact a low-sodium diet could be harmful.

Alkalis

Traditional alkalis

Even before industrialisation, alkalis were needed:
· To neutralise acidic soils
· Make chemicals that bind natural dyes to cloth
· To convert fats and oils into soap
· To manufacture glass

Traditional sources of alkalis to enable these processes include:
· Burnt wood (potash)
· Stale urine (ammonia)



Alkalis and their reactions

Neutralisation

Alkalis are soluble in water to some extend and when they dissolve, they raise the PH of water to over 7.

Alkalis form hydroxide ions (OH-) when they are dissolved in water.

Alkalis are important because the neutralise acids to create salts.
When an acid and an alkalis react together, they form a salt and a water. 

During neutralisation, the hydrogen ions in the aid solution react with the hydroxide ions in the alkaline solution to create water molecules which are neutral.


Carbonates and hydroxides

Common types of alkalis include soluble hydroxides and carbonates e.g sodium hydroxide and calcium carbonate.

Hydroxide reactions

Alkaline hydroxide + acid  salt + water

Carbonate reactions

Alkaline carbonate + acid  salt + carbon dioxide + water

The salt takes the first name from the  metal used in the alkali and the second name from the acid used.
· If the acid used is hydrochloric acid, the salt will be chloride.
· IF the acid used is sulphuric acid, the salt will be sulphate.
· If the acid used is nitric acid, the salt will be a nitrate.

Manufacturing alkalis on a large scale

Due to increased industrialisation in the 1700’s, there was a shortage of alkali in the 19th century (1800’s).
This led to the need for manufacture of alkalis on a large scale

LeBlanc Process

The first process for manufacturing alkali was from salt and limestone which used coal as a fuel. 
The LeBlanc process was the first process for manufacturing alkalis on a large scale. Nicolas Leblanc invented a new process that used chalk or limestone (calcium carbonate), salt (sodium chloride) and coal to make the alkali sodium carbonate.
Sodium chloride (salt) was mixed with sulphuric acid before being heated with charcoal and limestone (calcium carbonate).

The LeBlanc process was highly polluting 
It caused pollution by releasing large volumes of an acidic gas (hydrogen chloride) This gas wrecked the surrounding land. This acidic gas devastated all the land around. . For every tone of the alkali sodium carbonate, the process created two tonnes of solid waste. The process also  created great heaps of solid waste. The solid waste was dumped in vast heaps outside the factory where it slowly gave off a toxic and foul smelling gas hydrogen sulphide. This gas had the sickening smell of a bad egg. 

Regulating the chemical industry

As industrialisation increased, the public began to demand action from the government to control pollution.

At the time, the government was anxious not to restrict the chemical industry because it brought money to the economy and provided jobs.

Instead, Parliament passed laws to regulate working conditions and control pollution from railway engines and factory smoke.

Parliament soon passed the first of the Alkali acts, this set up an Alkali Inspectorate which travelled around the country to check that at least 95% of fumes were removed from the chimneys.

Tackling the pollution problem

Pollution problem can be sometimes solved by turning waste products into useful chemicals.

The first response of the LeBlanc industry was to dissolve the hydrogen chloride (acidic gas) in water. They had no use for the hydrogen chloride gas formed. In the beginning they let it flow into the sewers and local rivers where it killed all the life in the water.

Then a better way to use the acidic gas hydrogen chloride was invented.
It was discovered that it was possible to oxidise hydrogen chloride to chlorine (oxidisation is the gain of oxygen by a substance). 

The properties of the compound hydrogen chloride are very different to the element (Chlorine) from which it is made.
Hydrogen Chloride is corrosive and acidic but chlorine can be used as bleach.

He converted hydrogen chloride into chlorine by mixing hydrogen chloride with oxygen and he let the two gases flow over a hot catalyst.
The products were chlorine and steam. This could be used to bleach paper and textiles.

Chlorination

Chlorine can be used to kill microorganisms in domestic water supplies (chlorination)  and as a bleach.

Chlorination is the process of adding chlorine to domestic water supplies to kill bacteria so that it is safe enough to drink.

The introduction of chlorination to treat drinking water made a major contribution to public health.
This is because, it led to a steep decline in water-borne disease such as cholera, typhoid and dysentery and so increasing the life expectancy.

Advantages:

· Adding Chlorine to a domestic water supply so kills bacteria
· If the correct amount is added,  enough chlorine remains in the water to kill any bacteria and protect against possible contamination that might enter the supply after treatment further down the pipes as it is carried from the treatment works to the consumer.
· As well as being part of the water purification process, It prevents the growth of algae, removes any unpleasant tastes or smells and removes discoloration caused by organic compounds.
· It also helps stop microorganisms growing in water storage tanks.
Disadvantages:
· Chlorination may lead to the formation of a group of chemicals known as trihalomethanes (THMs). These can form when chlorine reacts with naturally found organic matter in water (such as fragments of leaves) some by-products called THMs can be formed.During the cleaning process, very small amounts of THMs may be formed. When people drink the water, the THMs may be absorbed into their bodies. There is a suspicion that THMs could lead to some forms of cancer they could be carcinogenic. This increased cancer risk is small compared to the risks of waterborne diseases from untreated water.

· Water companies have devised methods to limit the level of THMs in the water supply. Ozone gas is used to break down the organic material, then carbon filters can remove it before disinfection by chlorine.

· Chlorine gas is very harmful if breathed in and irritates the respiratory system. Liquid chlorine on the skin or eyes can cause severe chemical burns. Accidents during the chlorination process could be very serious or even fata.

Electrolysis of salt solution (brine)

Chlorine is now obtained by the electrolysis of salt solution (brine).
Brine is a solution of sodium chloride (NaCl) and water (H20).

There are just four elements in brine which can be rearranged to make chlorine (Cl2) and sodium hydroxide (Na0h) and hydrogen (H2).

Electrolysis involves using an electric current to bring about chemical change and make new chemicals.

The equipment for the electrolysis solution brine has to be carefully designed to keep the two main products, chlorine and sodium hydroxide separate.
These two chemicals have to be kept apart from each other because they react with each other when they mix.

They (electrolyse) pass an electric current through the solution of brine, and it causes a chemical change and the products, sodium hydroxide, chlorine and hydrogen to form.

Uses of chemicals from salt

The products of the electrolysis  of brine have many important uses in the chemical industry:

	Chlorine
	Sodium hydroxide
	Hydrogen

	· Used to treat drinking water and waste water in domestic water supplies

· To make bleach

· To make 
hydrochloric acid

· To make plastics including PVC

· To make solvents
	· To make bleach

· To make soap and paper


· TO process food products

· TO remove pollutants from water
· For chemical processing and products

· To make fibres
	· To make hydrochloric acid

· As a fuel to produce steam


· TO make ammonia

· To change oils into fats for making margarine


Sodium hydroxide + chlorine= bleach                chlorine +hydrogen= hydrogen chloride gas

Environmental impacts of large-scale electrolysis of brine:

· The process uses a lot of energy to power it. At the moment, most of the electricity for the electrolysis of brine is generated using fossil fuels. This products pollutants which are harmful to the environment and uses up a finite resource. Therefore, it needs to consider renewable resources e.g a power plant to generate energy by burning household and industrial wastes that can’t be recycled.

· The process for the electrolysis of brine uses mercury as one of the metals which must be in contact with the solution of brine. This is so that chlorine can form in one part of the apparatus while sodium hydroxide forms in another part. Unfortunately, this method produces products that are contaminated with very tiny amounts of mercury. Also, some of the toxic mercury escapes into the environment. This is a toxic chemical which can be harmful or even fatal.

Now, the industry is trying to use equipment with a sophisticated polymer membrane to keep chlorine and sodium hydroxide apart. This uses less energy for electrolysis but the sodium hydroxide formed is more dilute so has to become concentrated by evaporation. Although, this is the more efficient process.

Safety of chemicals in industry

There are a large number of chemicals that are used in the industry in a wide range of products with many widespread uses including in consumer products.

The safety of these chemicals to identify if they pose any risks to human health and the environment.

Some of the chemicals used in synthetic (man-made) materials may be harmful in large doses, but not at the low concentrations usually found in people’s bodies where it is less then one part per billion in human blood.

There are so many chemicals and the can’t all be tested as thoroughly as we’d like.

There is inadequate data to judge whether they are likely to present a risk to the environment and/or human health.

The chemicals may not be completely safe but there is no evidence to show that tiny traces of it are unsafe.

European Union’s programme for testing

The EU introduced the REACH system which collects information about the hazards of chemicals and to assess their risks. The REACH programme switches the responsibility for control and safety of the chemicals from the authorities to the companies  that us or make the chemicals.

Now the industry has to manage the risks of chemicals on human health and the environment.


POPs and pollution

There are some synthetic chemicals that everyone agrees are harmful even in very small amounts.
These are called Persistent organic pollutants (POPs) which are a class of chemicals that take time to break down and can harm people and wildlife. 
This is because they take so long to break down it means they can spread widely around the world in air and in water so spread over a large area as the water and air moves from place to place.
POPs accumulate in the fatty tissues of animals, including humans and food. This means they can harm people and wildlife.
Exposure can lead to illness and in severe cases death as POPs may be toxic.

Since they accumulate in the fatty tissues of animals, humans may then eat them so they can be passed along a food chain and cause harm to more animals and humans.


The chemicals known as the ‘dirty dozen’ include:
· Eight pesticides (two include DDT and DDE)
· Two types od compounds used by industries (including PCBs)
· Two by-products of industrial activity (including dioxins)

Many countries have outlawed these chemicals, for example in the UK many of these chemicals are banned already.

PVC

PVC is a synthetic polymer that contains chlorine a well as carbon and hydrogen.

Making PVC
PVC is made by the process of polymerisation where molecules of vinyl chloride monomers combine to make long chain molecules of polyvinyl chloride (PVC).
PVC molecules are made up of three different elements: carbon, hydrogen and chlorine.
The PVC granules are sent to factories where they are moulded under intense heat and pressure. For example the hot plastic can be extruded (forced through a mould) into popes or blown to make bottles.

Using PVC
It is strong, easy to mould and quite cheap, hard wearing and durable.
There are different types of PVC that are manufactured, serving a wide range of uses. This includes pipes carrying drinking water, sewage and gas to thinner films used in packaging.

Disposing of PVC products

Recycling
The best way of getting rid of old PVC products is by recycling.
This is done by grinding the waste into pellets, which can be reheated and moulded into new products.

Recycling cuts down on the amount of raw materials used to make PVC. It also reduces the amount of waste from PVC products that have reached the end of their life. (use)

A problem with recycling PVC is that it is often mixed with other materials therefore it can make separating, sorting and recycling difficult and expensive.
New methods of recycling are being developed for thee mixed sources of PVC.

Energy recovery
Some polymer waste can be burnt, this energy released can be used to generate electricity. This is done in special incinerators.

Plastics have to be burnt at very high temperatures to avoid releasing hazardous chemicals.  This is a particular problem with PVC because it produces hydrogen chloride gas when it burns. Acid gases can be removed from the fumes produced by burning before they are released into the air. Burning PVC may also produced toxic dioxins if the conditions in the incinerator are not controlled correctly.
Landfill
A lot of polymer waste still ends up being tipped into holes in the ground known as ‘landfill’. This is a waste as it means we have to use more energy to produce new PVC and takes up land which could be used for a better purpose.

Risks and benefits of plasticisers

Plasticisers are chemicals that make PVC soft and flexible. The most common plasticisers for PVC are called phthalates.

Plasticisers can modify the properties of PVC and can leach out of the plastic into the surroundings where they may have harmful effects.

Plasticisers are made up of quite small molecules which can escape from the plastic and dissolve in liquids that are in contact with it.

For example:
· Plasticisers can escape from a PVC toy into the saliva of a baby that chews it
· They can leach out of plastic used to make blood bags
· Or can leach out of drip bags and therefore enter patients’ bloods.

Some may argue that phthalates should be banned as there is evidence linking plasticisers with health problems such as cancer, liver problems and infertility.

However, they have been used for over 50 years and since then there hasn’t been single case of anyone being harmed due to the use of phthalates.

Regulators and plasticisers

Regulators in Europe and the USA are concerned with the possible effects of plasticisers on young children and new-born babies.

The EU has restricted two common phthalate plasticisers to toys that cannot be placed in the mouth and a third plasticiser DEHP has been banned completely from toys.

DEHP has shown to affect the development of the reproductive system and  sperm in young male animals. These effects have not been found in human babies but it has not been possible to show that there is no risk.

Plasticiser in medical devides

PVC is used in many medical device as it is flexible, strong and transparent and keeps its properties at high temperatures neede for sterilisation (to kill microorganisms) and the low tempertures used for cold storage. It is one of the very few materials with all the right properties and it is at an affordable cost.

DEHP can leach out of PVC into liquids to treat patients. Seriously ill patients need treatment for a long time and can increase their exposure to DEHP.

Others exposed are new born babies or young children needing blood transfusions.

The alternatives for DEHP are expensive and not always reliable so if it was banned from medical devices, the risk of not treating a patient is far greater than the very small risk from exposure to the plasticiser.

However, as a precaution the regulators have recommended that alternatives when treating male, new born babies and woman who are known to be pregnant with male foetuses.

Life Cycle Assessments 

All the manufactured products have three main life stages

1. Making the material from natural raw materials
2. Manufactures making the product from the material
3. Using the product
4. Disposing of the product

At each stage in the life the things that are measured are:
· The raw materials used
· The water used
· The amount of energy used
· The environmental impact

Cradle
· Raw materials obtained and processed to make useful materials
· Materials used to make the product
· Energy and water used in processing manufacturing

Use:
· Energy needed to use the product
· Energy needed to maintain the product
· Water and chemicals used to maintain it

Grace:
· Energy needed to dispose of the product
· Space needed to dispose of it

An LCA involves collecting data about each stage in the life of a product. 
The assessment includes the use of materials and water, energy inputs and outputs and environmental impact.

Biodegradable means  materials that are broken down in the environment by microorganisms. Most synthetic polymers are not biodegradable. 
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