
TOPIC 7
GASEOUS EXCHANGE
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During this topic we will be looking 
at the following:
7.1 Introduction 

7.2 Requirements of an efficient gaseous exchange surface

7.3 Gaseous exchange in Aquatic and Terrestrial organisms

7.4 Structure of human gas exchange

7.5 Ventilation of the lungs:

7.5.1 Inhalation

7.5.2 Exhalation

7.6 Gaseous exchange in the body

7.7 Homeostatic control of breathing
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7.1 Introduction

The three concepts of breathing, gaseous exchange and cellular 
respiration are often confused. Therefore note the definition of 
each:

Breathing: is the mechanical process that is responsible for the 
movement of air into and out of the lung of an organism.

Gaseous exchange: is a physical process where gases replace 
each other. The movement of gasses occurs by means of 
diffusion. In living organisms the gases involved are oxygen and 
carbon dioxide .

Cellular respiration: chemical process that occur in all living cells. 
It is the gradual, controlled release of energy in the form of ATP 
from glucose and oxygen. Water and carbon dioxide is released 
as waste products. 
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WHY IS GASEOUS EXCHANGE SO IMPORTANT FOR LIVING 
ORGANISMS?

Gaseous exchange is vital to the survival of all living organism 
because   it enables oxygen to enter the body of an organism 
efficiently so that aerobic cellular respiration can occur. It also 
enables the carbon dioxide produced during cellular respiration 
to be removed from an organisms efficiently. 

In small organisms gaseous exchange occurs directly and 
efficiently between the surrounding environment and all the 
body cells through the body wall. This happens due to diffusion.  

Diffusion, however is a slow process and larger animals need a 
specialised surface area for diffusion, as well as an effective 
transport system for the movement of the respiratory gases 
through the body. 
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7.2 Requirements of an efficient 
gaseous exchange surface 
(1) Large surface area relative to body size: allowing sufficient 

quantities of the gases to pass through the surface.

(2) Thin: allowing diffusion to occur easily.

(3) Moist: facilitating the process of diffusion.

(4) Well-ventilated: allowing the oxygen-rich external 
environment to be brought into close contact with the 
gaseous exchange surface.

(5) Protected: preventing injury

(6) Vascular/transport system: to take oxygen to the cells and 
carbon dioxide away from the cells. 
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7.3 Gaseous exchange in aquatic and 
terrestrial organisms
The requirement mentioned in 7.2 are met in different ways in 
different environments:

Aquatic organisms

The water provides support for the thin gas exchange surface

The gas exchange surface area kept moist by the water in which 
the organism lives.

The oxygen is available in the water but it is not as abundant as 
in the air so the gas exchange surface has to be very large. 

Terrestrial organisms

The gas exchange surface area inside the organisms body to 
prevent the from drying out. 

Sufficient ventilation/breathing system present. 6



7.4 Structure of human gas exchange
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(1) Nose: Nostrils leading into the nasal cavity. The lining of the 
nasal cavity is ciliated epithelium tissue. Nasal cavity direct the 
flow of air towards the pharynx.

(2) Epiglottis: valve that closes the glottis when food or liquid is 
swallowed to prevent them from entering the trachea and 
subsequently the lungs.

(3) Larynx: The “voice box’. This is a widening of the trachea 
housing a cartilaginous ‘voice box’ containing the vocal cords.

(4) Trachea: carries air to and from the lungs. Lined with a 
mucus membrane of ciliated epithelium. Mucus traps solid 
particles and is then expelled by wave-like movements of the 
cilia to the pharynx where it is then swallowed. Any pathogens 
that may  have been trapped in the mucus are now destroyed in 
the stomach.

(5) C-shaped cartilaginous rings: keeps trachea open. Opening 
of the ring is adjacent to the oesophagus allowing the 
oesophagus to expand as food moves down the oesophagus. 
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(6) Bronchi: left and right branch of trachea that conduct air to 
and from the lungs.

(7) Lungs: Left lung- two lobes but slightly longer than right lung. 
Right lung – three lobes but slightly shorter than the left lung. 
The pleura is a double membrane surrounding the lungs that 
helps to prevent friction during the ventilation process 

(8) Intercostal muscles:  responsible for the protection of the 
lungs and play a role in the ventilation process of the lungs.

(9) Bronchioles: sub-division of the bronchi inside the lungs.

(10) Ribs: form the ribcage. Protects the lungs and heart. 

(11) Diaphragm: a dome-shaped muscular sheet separating the 
thoracic cavity from the abdominal cavity. Plays a role in the 
ventilation process of the lungs.

(12) Capillary network: provides large surface area for external 
gaseous exchange to occur.

(13) Alveoli: small, thin-walled, sac-like structures surrounded 
by a network of capillaries. The alveoli provide the surface that 
meets the requirements for efficient gaseous exchange 
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7.5 Ventilation of the lungs

7.5.1 INHALATION

Inhalation occurs as a result of muscle contractions, making it an 
active process.

• The diaphragm contacts and flattens, moving forward.

• This increases the volume of the thoracic cavity.

• The external intercostal muscles contract.

• This lifts the ribcage upward and outward.

• This results in a decrease in the air pressure inside the lungs in 
comparison to the external air pressure.

• Air rushes in. 
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7.5.2 EXHALATION

Exhalation occurs as a result of muscle relaxation, making it a 
passive process.

• The diaphragm relaxes, moving upwards.

• This decreases the volume of the thoracic cavity.

• The external intercostal muscles relax.

• This allows the ribcage to move downward and inward.

• This results in an increase in the air pressure inside the lung to 
equalise the pressure inside the lung with that of the 
atmosphere. 
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7.6 Gaseous exchange in the 
body
Both oxygen and carbon dioxide is carried around the body in 
the blood:

• Oxygen enters the blood in the lungs by means of diffusion.

• Oxygen attach to the pigment haemoglobin (part of the red 
blood cells) to form oxyhaemoglobin. 

• Carbon dioxide enters the blood easily from the tissue cells by 
means of diffusion.

• Carbon dioxide attach to the pigment haemoglobin (part of 
the red blood cells) to form carbominohaemoglobin. 

Diffusion occurs twice: first in the lungs (alveoli) when oxygen 
enters the blood (oxygenated blood form) and second in the 
body (cells) when carbon dioxide enters the blood 
(deoxygenated blood) 
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Gaseous exchange in the alveoli 
(lungs) 
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How does the alveoli meet gaseous 
exchange requirements?
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Gaseous exchange at cell level 
(body cells) 
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7.7 Homeostatic control of 
breathing 
• Oxygen needs of any individual are not always the same.

• The rate of breathing changes according to the oxygen 
requirements of the tissues.

• A person is able to consciously control their breathing rate if 
they need to do so. 

• BUT, the normal, rhythmical, involuntary breathing rate is 
controlled homeostatically by the respiratory centre in the 
medulla oblongata of the brain.

• The change in breathing rate is involuntary.

• This involuntary breathing rate is controlled by a negative 
feedback mechanism. 
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Negative feedback mechanism of breathing 
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