
Diffusion

Particles in a liquid and a gas are continuously moving. Because of this movement, particles will spread 
themselves evenly throughout a liquid or a gas.
If there is a situation where particles of a substance are in a higher concentration, they will move from 
this region to where they are in a lower concentration. This is called diffusion.
It is important to remember that the particles:
•will move in both directions, but there will be a net movement from high to low concentration
•will end up evenly spread throughout the liquid or gas, but will continue to move

To make sure a lot of particles diffuse quickly. The surfaces through which they move:
•Are thin – so that particles do not need to diffuse very far
•Have a large surface area – so that there is more room for particles to diffuse.

Surface area:volume ratio

Unicellular organisms, such as bacteria, have a very small 
surface area:volume ratio. Substances can diffuse in and out at 

a high rate and easily reach all parts of the cell.
Because of their smaller surface area: volume ratio, larger 

organisms need transport systems to move substances, such as 
oxygen, around the body to where they are needed. In many 
animals, this is the bloodstream. They also need specialised 

exchange surfaces where substances can enter and leave the 
transport system by diffusion. An example is the lungs in 

mammals. Exchange surfaces are adapted to increase their 
surface area to maximise the rate of diffusion.

Organisms living in harsh environmental conditions may reduce 
their surface area, eg cacti, to reduce loss of substances such 

as water.
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Blood vessels
Blood is transported in arteries, veins and capillaries.

Blood is pumped from the heart in the arteries. It is returned to the heart in the 
veins.

The capillaries connect the two types of blood vessel and molecules are exchanged 
between the blood and the cells across their walls.

Capillaries
Capillaries connect the smallest branches of arteries and veins

The walls of capillaries are just one cell thick. Capillaries therefore allow the 
exchange of molecules between the blood and the body's cells - molecules 

can diffuse across their walls. This exchange of molecules is not possible across the 
walls of other types of blood vessel.

Blood flows under low pressure 
in veins and so they only need 

thin walls. As you move, 
muscles in your skeleton help 
to push blood along the veins. 

Veins contain calves to 
prevent blood flowing the 
wrong way (as shown in 

diagram B).

Arteries Veins

Always carry blood away from the heart Always carry blood to the heart

Carry oxygenated blood, except for the 
pulmonary artery

Always carry deoxygenated blood, except 
for the pulmonary vein

Carry blood under high pressure
Carry blood under low or negative 

pressure

Have thick muscular and elastic walls to 
pump and accommodate blood

Have thin walls - have less muscular tissue 
than arteries

A type of supporting tissue called 
connective tissue provides strength

Have less connective tissue than arteries

The channel in the blood vessel that 
carries blood - the lumen - is narrow

Have a wide lumen
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Component Function(s)

Plasma

Transporting dissolved carbon 
dioxide, digested food molecules, 
urea and hormones; distributing 

heat

Red blood cells Transporting oxygen

White blood cells
Ingesting pathogens and producing 

antibodies

Platelets Involved in blood clotting

The composition of blood
Blood transports materials and distributes heat around the body. It also helps to protect against 

disease. Blood contains plasma, which is a liquid that the other components of blood are suspended 
in.

Plasma is a straw-coloured liquid that makes up just over half the volume of blood.

Red blood cells
Red blood cells (also called erythrocytes) transport the oxygen required for aerobic respiration.
Red blood cells have several adaptations that enable them to carry out this function:
•They contain the protein haemoglobin, which gives them their red colour
•They have no nucleus so they can contain more haemoglobin.
•They are small and flexible so that they can fit through narrow blood capillaries.
•They have a biconcave shape - they are the shape of a disc that is curved inwards on both sides -
to maximise their surface area for oxygen absorption.
•They are thin, so there is only a short distance for the oxygen to diffuse.

White blood cells
There are several types of white blood cell.
Phagocytes: About 70 per cent of white blood cells are phagocytes. Phagocytes engulf and destroy 
unwanted microorganisms that enter the blood, by the process of phagocytosis.
Lymphocytes: Lymphocytes make up about 25 per cent of white blood cells. Lymphocytes produce 
soluble proteins called antibodies when a foreign body such as a microorganism enters the body.
Antibodies neutralise the pathogens. 
Both phagocytes and lymphocytes are part of the body's immune system.

Platelets
Platelets are cell fragments produced by cells in the bone marrow, they help blood to clot by:
Platelets stop bleeding in two main ways:
•they have proteins on their surface that enable them to stick to breaks in a blood vessel and clump 
together
•they secrete proteins that make blood clot, which plugs a wound.
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Heart Structure

There are four chambers in the heart. Blood from most of the body 
enters the right atrium through the vena cava (a large vein). At the 
same time, blood from the lungs enters the left atrium through the 

pulmonary vein. When these top chambers are full, the muscles 
around the contract to push blood into the ventricles. The muscles in 
the ventricle walls then contract, forcing blood out of the heart. As 

this is happening, the muscles in the atria walls relax and these 
chambers will refill with blood. 

Cardiac output

Cardiac output is the total volume of blood pumped out by 
the left ventricle every minute. It can be calculated using 
the following equation:

Units:
•CO - cm3 per minute (cm3/min)
•SV - cm3

•HR - beats per minute (bpm) (beats/min)
Stroke volume is the volume of blood 
pumped out of the left ventricle each 
time the heart beats
Heart rate is the number of beats per 
minute and is the same as your pulse 
rate. If the heart rate increases, 
cardiac output increases. Also if 
stroke volume increases, 
cardiac output will 
increase. 



Aerobic respiration
Respiration using oxygen to break down food molecules is called aerobic respiration. Glucose 
is the molecule normally used for respiration - it is the main respiratory substrate. Glucose 

is oxidised to release its energy.

The word equation for aerobic respiration is:
glucose + oxygen → carbon dioxide + water (+ energy released)

You need to be able to recognise the chemical symbols:
C6H12O6 + 6O2 → 6CO2 + 6H2O

Respiration is a series of reactions, but this summarises the overall process.
The first stages of respiration occur in the cytoplasm of cells, but most of the energy 

released is in the mitochondria.

Anaerobic respiration
During anaerobic respiration, the oxidation of glucose is incomplete. The reaction therefore 

releases much less energy - around a nineteenth of the energy released during aerobic 
respiration.
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In animals
Most organisms cannot respire without oxygen. But some 

organisms and tissues can continue to respire if the oxygen 
runs out. These organisms and tissues use the process 

of anaerobic respiration.
Animal muscles can respire anaerobically for short periods of 
time - even though the process is relatively inefficient, it's 
better to continue respiring and be able to run away from 

danger - or run a race.
The glucose in muscle is converted to lactic acid:

glucose → lactic acid (+ energy released)


