
Ventilation is the movement of air into and out of the lungs facilitating gaseous 

exchange by the alveoli 

Movement of air into the mouth 

Inside your nose, there are 3 ridges of bone covered by a layer of tissue. These layers of 

tissue are called _________. Turbinates play an important role in the functioning of your 

nose, such as keeping the inside of your nose moist and protecting the body from being 

infected with bacteria. If they're damaged or removed, the remaining tissue can become 

inflamed, crusty, and prone to infection. 

A type of rhinitis called atrophic _________ can occur if the turbinates become damaged.  

Rhinitis develops as the result of an infection attacking the lining of the nose and throat.  This 

is usually a viral infection, such as a cold, but bacterial or fungal infections can occasionally 

cause rhinitis. 

The _________, which act as an air filter to ensure that the air that gets passed into our lungs 

is properly cleansed.  The air then passes through to the sinuses, in our noses which are 

designed to help humidify and moisturize the air.  The word sinus really means a space that is 

created between the bone ridges. 

This makes up the _______ passage, the channel through which air flows through the nose. 

The __________ passage is the space between the cavity of the mouth and the pharynx 

The pharynx, commonly called the throat, is a muscular, funnel-shaped passageway inside 

the body. It connects the mouth and nose to the oesophagus (leading to the stomach) and 

larynx (leading to the trachea and then lungs). 

The __________ is a flap in the throat that keeps food from entering the windpipe and the 

lungs. 

Possible words: epiglottis, oropharyngeal, nasal, turbinates, rhinitis, sinuses 



Head to savemyexams.co.uk for more awesome resources

Page 25 of 143 
© 2015-2021 Save My Exams, Ltd. · Revision Notes, Topic Questions, Past Papers

The Human Gas Exchange System: Structure
Gas exchange takes place in the human thorax. This is a collection of organs and

tissues in the chest cavity

The main structures of the human gas exchange system

Thorax Structures Table

3.2 Human Gas Exchange

3.2.1 The Human Gas Exchange System

YOUR NOTES  
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Gas Exchange Tissues

Cartilage is a strong and flexible tissue found in various places around the body

One place is in rings along the trachea, called Tracheal rings

These rings help to support the trachea and ensure it stays open, while

allowing it to move and flex while we breathe

Ciliated epithelium is a specialised tissue found along the trachea down to the

bronchi. Each cell has small projections of cilia which sweep mucus, dust and

bacteria upwards and away from the lungs and the epithelium itself

YOUR NOTES  
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Ciliated epithelium showing microvilli, basement membrane, goblet cell and nucleus

Goblet cells can be found scattered throughout the ciliated epithelium in the

trachea

They are mucus-producing cells that secrete viscous mucus which traps dust,

bacteria and other microorganisms and prevents them from reaching the lungs

The mucus is then swept along by the cilia of the ciliated epithelium upwards

and is swallowed

The mucus and any microorganisms will then be destroyed by the acid in the

stomach

The alveoli have a lining of thin and squamous epithelium, that allows for gas

exchange

The squamous epithelium forms the structure of the alveolar wall and so is

very thin and permeable for the easy diffusion of gases

Smooth muscle can be found throughout the walls of the bronchi and bronchioles

It helps to regulate the flow of air into the lungs by dilating when more air is

needed and constricting when less air is needed

Each alveolus is surrounded by an extensive network of capillaries

Carbon dioxide diffuses out of the capillaries and into the alveoli to be

exhaled, while oxygen diffuses the other way from alveoli and into the

capillaries to be carried around the body

These capillaries have a diameter of around 3-4µm, which is only wide enough for

one red blood cell to travel through at any one time

YOUR NOTES  
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This ensures that there is sufficient time and opportunity for gas exchange to

occur

Worked Example

Explain how the lining of the trachea, bronchus and bronchioles provide
protection against pathogens.

Exemplar answer:

Cilia beat to move mucus away from the lungs and up towards the mouth. Mucus is

produced by goblet cells and acts as a barrier to pathogens from entering the

ciliated epithelium. The mucus also traps bacteria and microorganisms, while

blood vessels bring macrophages to engulf any pathogens in phagocytosis.

Exam Tip

Remember to pay attention to command words in exams, as they will be

asking different things. For example, a question asking you to “Describe” the

structure of the alveoli is different from a question asking you to “Explain”

the structure of the alveoli.“Describe” questions are asking you to give an

account of something or to write events or processes in a logical

order.“Explain” questions are asking you to write why something happens or

to link its structure to its function – as a result of this, “because” will be an

important part of your answer.
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Apparatus & Techniques: Dissection
Dissections are a vital part of scientific research

They allow for the internal structures of organs to be examined so that theories

can be made about how they function

There are ethical concerns surrounding dissections

People worry about how the animals for dissections are raised and killed

It goes against the religious beliefs of some individuals

The biological specimen used for dissection should be from a reputable source

and should be disposed of in the correct manner

If multiple specimens are being dissected then they should be taken from

individual organisms of the same species and roughly the same age

Image showing a heart dissection. The pencil passes through the right ventricle into
the right atrium via the tricuspid valve. Remember that just like in diagrams the right
ventricle appears on the left side of the heart. You can distinguish between the left

and right ventricles also by looking at their size; the left ventricle is much larger than
the right.

Apparatus

Scissors

Scalpel

Tweezers / Forceps

Dissection board

Paper towels

Biological specimen

Pins

Method

3.2.2 Dissecting the Gas Exchange System YOUR NOTES  
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A lab coat, gloves and eye protection should be worn

To avoid contamination with biological material (which could cause an allergic

reaction)

Place the specimen on the dissecting board

Use the tools to access the desired structure

When using the scalpel cut away from your body and keep your fingers far

from the blade to reduce the chance of cutting yourself

Scissors can be used for cutting large sections of tissue (cuts do not need to

be precise)

Scalpel enables finer, more precise cutting and needs to be sharp to ensure

this

Use pins to move the other sections of the specimen aside to leave the desired

structure exposed

Limitations

It can be hard to see some of the smaller, finer structures within organs

The specimens do not reflect how the tissue would look in a living organism

If only a single specimen is dissected then anomalies found within that specimen

may be ignored or glossed over

Exam Tip

You may be asked to suggest a method of dissection for a particular organ.

Make sure you name the specific tools (e.g. scissors and forceps) that

should be used in order to get the marks.
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Dissection of a Gas Exchange System
The main structures of the gas exchange systems in mammals and fish can be

revealed in dissections

The much smaller gas exchange systems of organisms such as insects can be

more difficult to examine by dissection

Mammalian lungs

The key structures that can be seen from a dissection of mammalian lungs are

shown in the image below

Trachea
Bronchi
Bronchioles

The smaller structures such as the alveoli can be hard to distinguish in a dissected

lung

Image showing the visible structures of the lungs after dissection.

Bony fish gills

The key structures that can be seen from a dissection of fish gills are shown in the

image below

Gill arch
Filaments

The smaller structures such as the lamellae can be hard to distinguish in a

dissected fish
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The Alveolar Epithelium
The exchange of oxygen and carbon dioxide occurs between the alveoli and the

capillaries in the lungs

Oxygen and carbon dioxide are exchanged in a process of simple diffusion;

(passive movement from high to low concentration)

The air in the alveoli contains a high concentration of oxygen. The oxygen diffuses

from the alveoli and into the blood capillaries, before being carried away to the

rest of the body for aerobic respiration

The blood in the capillaries has a relatively low concentration of oxygen and a high

concentration of carbon dioxide. The carbon dioxide diffuses from the blood and

into the alveoli and is then exhaled

The movement of blood through the capillaries surrounding the alveoli maintains a
concentration gradient to drive diffusion of oxygen into the blood

Features of the alveoli

Large number of alveoli

3.2.5 The Alveolar Epithelium YOUR NOTES  





Head to savemyexams.co.uk for more awesome resources

Page 43 of 143 
© 2015-2021 Save My Exams, Ltd. · Revision Notes, Topic Questions, Past Papers

The average human adult has around 480 - 500 million alveoli in their lungs.

This equals a surface area of 40 - 75 m

The large number of alveoli increases the surface area available for oxygen

and carbon dioxide to diffuse across

Thin walls

The walls of the alveoli are only one cell thick and these cells are flattened

This means that gases have a very short diffusion distance so gas exchange is

quick and efficient

Extensive capillary network

The walls of the capillaries are only one cell thick and these cells are flattened,

keeping the diffusion distance for gases short
The constant flow of blood through the capillaries means that oxygenated

blood is brought away from the alveoli and deoxygenated blood is brought to

them

This maintains the concentration gradient necessary for gas exchange to

occur

Exam Tip

Remember that a membrane that is permeable to oxygen is usually

permeable to water. As a result, moist surfaces are an unavoidable

consequence of gas exchange surfaces. This layer of moisture increases the

diffusion distance.

2
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Ventilation & Gas Exchange
Gas exchange in the lungs requires a concentration gradient

Ventilation (mass flow of gases) in the lungs and the continuous flow of blood in

the capillaries helps to ensure that there is always a higher concentration of
oxygen in the alveoli than in the blood
The movements involved in breathing causes the air in the alveoli to change, which

supplies fresh oxygen and takes away carbon dioxide

The oxygen in the alveoli diffuses into the red blood cells which are rapidly carried

away in the blood and replaced by oxygen-depleted red blood cells

Exercise causes oxygen demands to increase which can be facilitated by an

increased rate of ventilation

Passage of Air

1. Nose / mouth

2. Trachea (windpipe)

3. Bronchi

4. Bronchioles

5. Alveoli

Breathing In

The breathing-in process causes the volume in the chest to increase and the air
pressure in the lungs to decrease until it is slightly lower than the atmospheric

pressure

As a result, air moves down the pressure gradient and rushes into the lungs

Mechanism when at rest:

The diaphragm contracts and flattens, increasing chest volume

Mechanism when exercising

In addition to the flattening of the diaphragm the external intercostal muscles

contract, causing the ribcage to move upwards and outwards

3.2.6 Ventilation & Gas Exchange YOUR NOTES  
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The process of breathing in (inhalation)

Breathing Out

When at rest breathing out occurs mostly due to the recoil of the lungs after they

have been stretched

Volume in the chest decreases and pressure increases, causing air to be forced

out

Mechanism when at rest:

External intercostal muscles relax

The recoil of elastic fibres surrounding alveoli causes the air to be forced out

Diaphragm becomes dome-shaped

Mechanism when exercising:

Internal intercostal muscles contract to pull the ribs down and back

YOUR NOTES  
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Abdominal muscles contract to push organs upwards against the diaphragm,

increasing the internal pressure

This causes forced exhalation

The process of breathing out (exhalation)

YOUR NOTES  
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Exam Tip

The intercostal muscles work in an antagonistic manner; as one contracts

the other relaxes!You may see the terms inhalation OR inspiration
(breathing in), and exhalation OR expiration (breathing out). Both sets of

terms mean exactly the same thing, so donʼt let them confuse you!This

sequence of events is a common exam question and you should be able to

explain in detail what is happening to the external and internal intercostal

muscles, the rib cage, the diaphragm, the volume and the pressure of the

lungs when breathing in and out.Remember, if you learn one, the other is

almost exactly the opposite.
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Role of chemoreceptors in increasing breathing rate 

 

The medulla oblongata is a brain region found at the bottom of the brain, in the brain stem. 

It is involved in unconscious processes, such as controlling heart rate and breathing rate.  

 

A part of the medulla oblongata called the cardiovascular control centre is responsible for 

changing heart rate according to our body’s needs. It works by sending impulses along 

sympathetic or parasympathetic neurones which release different neurotransmitters onto 

the SAN - the SAN then modifies its rate of firing to slow down or speed up the heart rate. 

  

Two types of receptors, baroreceptors (pressure receptors) and chemoreceptors (chemical 

receptors) are responsible for detecting stimuli in the blood and signalling to the medulla 

oblongata to modify our heart rate.  

 

 
 

Baroreceptors detect changes in blood pressure and are found in the aortic and carotid 

bodies. Chemoreceptors detect the concentration of oxygen in the blood. They are also 

sensitive to changes in pH resulting from the carbon dioxide dissolved in the blood (it 

reacts with the water to form carbonic acid), which is an indication of oxygen availability. 

Chemoreceptors are also located in the aortic and carotid bodies. 

 

When the medulla oblongata receives signals from baroreceptors and chemoreceptors, it 

changes the rate at which the sino-atrial node (SAN) fires (learn more about the SAN here). 

If blood pressure or oxygen concentration is low, the cardiovascular control centre increases 

the rate of SAN firing through activation of the sympathetic nervous system.  

 

The sympathetic nervous system is involved in the ‘fight and flight’ response and increases 

heart rate through the release of a neurotransmitter called noradrenaline, which binds to 

receptors on the SAN. On the other hand, high blood pressure and high oxygen concentration 

causes the cardiovascular control centre to reduce the rate of SAN firing by activating the 

parasympathetic nervous system.  

 

https://www.thesciencehive.co.uk/electrical-activity-in-the-heart-a-level


This is involved in the ‘rest and digest’ response and decreases heart rate through the release 

of another neurotransmitter called acetylcholine. Acetylcholine binds to receptors on the 

SAN to slow down its rate of firing.  

 

When we exercise, respiration increases so more carbon dioxide is produced. Carbon dioxide 

dissolves in the blood to form a weakly acidic solution (carbonic acid). The slight decrease in 

pH that occurs during exercise is detected by special receptors which can detect the presence 

of chemicals, called chemoreceptors.  

 

Chemoreceptors are found in the medulla oblongata, in aortic bodies and in carotid bodies 

(aortic and carotid bodies are clusters of cells located in the aorta and carotid artery 

respectively).  

 

When blood pH drops, the chemoreceptors are activated and send a nerve impulse to the 

medulla oblongata. The ventilation centres in the medulla oblongata respond by increasing 

the frequency of nerve impulses sent to the diaphragm and intercostal muscles.  

 

The diaphragm and intercostal muscles contract and relax faster, increasing the rate of 

breathing.  
 


