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Terminology

1. Breathing

2. Gaseous exchange

3. Diffusion

4. Spongy mesophyll cells

5. Tracheae

6. Gills

7. Alveoli

8. Larynx

9. Diaphragm

10. Endothelium

1. Antibiotics

2. Allergen

3. Emphysema

4. Nicotine

5. Tar

6. Ventilator 

1. Pleura

2. Squamous epithelium

3. Intercostal muscles

4. Inhalation

5. Haemoglobin

6. Medulla oblongata

7. Cardiovascular centre

8. Tidal volume

9. Residual volume

10. Antibiotics
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WHAT YOU ALREADY KNOW

1. The heart pumps (oxygenated/ deoxygenated) blood into the 

(pulmonary artery/ pulmonary vein), which carries blood to the lungs. 

In the lungs the blood takes up (oxygen/ carbon dioxide).

2. (Oxygenated/ Deoxygenated) blood travels in the (pulmonary 

arteries/ pulmonary veins) from the lungs to the heart and is pumped 

to the tissues of the body.

3. The cells making up the body tissue receives (oxygen/ carbon 

dioxide) from the blood and releases (oxygen/ carbon dioxide) into 

the blood.

4. Blood with (less/ more) oxygen and (less/ more) carbon dioxide 

returns from the body cells to the heart.



z Why oxygen is necessary

▪ Green plants trap light energy and manufacture 

organic compounds during photosynthesis.

▪ Most animals obtain their energy by eating plants or 

other animals that in turn may have eaten plants

▪ In this way energy from the sun is transferred to all 

living organisms.

▪ Humans like all animals need to find some way of 

releasing the energy that is locked in the food that 

we have eaten and digested

▪ Without oxygen we will not be able to make use of 

the energy that is within the food we eat
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Why gas exchange is necessary?

▪ Oxygen is used by the cells during cellular 

respiration to release energy from food

▪ Carbon dioxide is also released during cellular 

respiration

▪ If carbon dioxide accumulates in the body it would: 

Combine with water to form carbonic acid which in 

turn reduces the pH (increased carbonic acid is toxic 

to the body)

▪ It allows oxygen to enter the body of an organism 

efficiently.

▪ It allows carbon dioxide produced during cellular 

respiration to be removed from an organism 

efficiently
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Requirements of an efficient gas exchange system

Requirements Why it is important

Surface area of the gas exchange 

organ must be large

in order to allow sufficient oxygen to 

diffuse inwards and sufficient carbon 

dioxide to diffuse outwards

Surface area must be moist To prevent desiccation of the gas 

exchange tissues

Surface must be thin To allow for rapid diffusion of gases 

across it

A transport system must be available To transport the gases to and from the 

gas exchange surfaces

An adequate ventilating mechanism 

must be present

To ensure that oxygen-loaded air is 

brought in and carbon dioxide loaded air 

is driven out

The gas exchange surface must be 

protected

Because the gas exchange system is 

thin and delicate
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These requirements are met in various ways 
by different organisms in different 

environments e.g.

▪ Terrestrial and aquatic animals have different adaptations as do 

plants.

▪ Some organisms are small and shaped in such a way that their entire 

external surface is able to function as the gaseous exchange surface.

▪ In other, more complex organisms this is not possible and they 

therefore need a specific, specialised gaseous exchange surface.
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▪ The earthworm is a terrestrial animal and lives in moist habitats.

▪ It doesn’t have specialised organs for gas exchange.

▪ Cylindrical body with high surface area to volume ratio

▪ Exchange gas by diffusion across its thin, permeable body surface

▪ Gland cells that secrete mucus to keep its body surface moist

▪ Gasses diffuse through its moist skin into and out of a network of capillaries below the 

skin surface.

▪ Blood transports gases to and from its body cells
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GIANT EARTHWORM
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▪ Terrestrial animal

▪ Waterproof body and impermeable to gases

▪ Exchange system consists of a branching network of tubes or trachea

▪ Air enters the trachea through openings called spiracles on the body

▪ Gasses move by diffusion across the moist lining of the tracheal system to and from 

its body cells without blood

▪ Air flow in and out by spiracles. (Opening and Closing)

▪ Rhythmic body movement to regulate airflow from trachea









z

V
a

ri
o

u
s
 s

o
lu

ti
o
n
s
 t

o
 m

e
e
t 
th

e
 g

a
s
e
o
u
s
 

e
x
c
h
a
n
g
e
 r

e
q
u
ir
e
m

e
n
ts

Organism Habitat Exchange 

surface

Structure Reasons why this system 

is efficient

Mammal 

(e.g.

human)

Terrestrial Lungs Lungs consist of numerous sac-like structures, 

the alveoli. Air constantly flows into and out of 

the lungs. The lungs are highly vascular 

respiratory gases are transported in a closed 

blood system

Alveoli increase surface area, the 

oxygen carrying capacity of the 

blood is increased by the presence 

of haemoglobin.

Dicot plant

(e.g. daisy)

Terrestrial Leaves Leaves are flat, stomata are present. The 

mesophyll is a loose arrangement of cells that 

have moist  surfaces with air spaces between 

them

There is a high surface area to 

volume ratio because the leaves 

are flat. The atmospheric air is in 

direct contact with the air between 

the spongy mesophyll due to 

stomata

Annelid 

(e.g. 

earthworm)

Terrestrial Body wall Skin is moist due to mucus glands, vascular 

and in direct contact with air. Respiratory 

gases are transported throughout the body by 

the blood plasma

The capillaries of the blood system 

branch throughout the entire 

organism. Erythrocruorin increase 

the oxygen carrying capacity

Insect 

(e.g. bee)

Terrestrial Trachea & 

tracheoli

This system of spiracles, tubes and tubules 

allows the air to be conducted directly to the 

tissues and cells.

The tips of the tracheoli contain a 

watery fluid that facilitates diffusion. 

The spiracles allow for efficient 

exchange

Bony fish

(e.g. Sole)

Aquatic Gills Consist of numerous gill filaments that 

increase the surface area of gills. The gill 

filaments are highly vascular.

Gill filaments provide a large 

surface area. Haemoglobin 

increases oxygen carrying 

capacity.
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Role of the surface area: volume ratio

▪ The surface area to volume ratio expresses the relationship between 

the surface area and the volume of a cell or organism, as the size of 

that cell or organism changes. As the cell or organism gets bigger, its 

volume and surface area get bigger.

▪ Consider book 1 and calculate the outer surface 

volume.

Volume = 20 x 10 x 3

= 600 𝑐𝑚3

Outer surface =           2(20x3)+2(10x3)+2(10x20)

= 120+60+400

= 580 𝑐𝑚2

10cm

20cm

3cm

Ratio = SA/V

= 580/600

= 0.97
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Structure of the gaseous exchange 
system of humans
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Adaptations of the air passages to their functions
Adaptation Function

Nostrils lined by hair To remove dust from the air that enters

• Nasal passages lined by ciliated columnar tissues with 

goblet cells

• Richly supplied with superficial capillaries

• Cilia perform sweeping movements

• To secrete mucus that traps dust and germs

• Warms the incoming air

• Antiseptic

• Prevents gaseous exchange surface from drying out

• Carries dust and germ-carrying mucus toward the 

outside

Opening to the trachea closed by the epiglottis Trachea closed during swallowing to prevent choking

Cartilage rings around trachea Keep the trachea and bronchi open at all times

The cartilage rings of the trachea are C-shaped with the 

incomplete portion of the cartilage in contact with the 

oesophagus

To allow the oesophagus to stretch and bulges into the 

trachea preventing the oesophagus from becoming 

blocked (preventing choking)
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Adaptations of the lungs for their functions
Adaptation Function

The lungs are spongy and elastic Can expand and contract easily during breathing

Lungs are surrounded by a double membrane, 

with intrapleural fluid between the two 

membranes

Prevents friction during breathing

Bronchioli eventually end in millions of alveoli Increase the gaseous exchange surface
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Adaptations of alveolus/capillary/blood for their function.

Adaptation Function

Alveolus is lobed To increase the surface area for gas 

exchange

Alveolus lined by single layer of squamous 

epithelium

To provide a thin surface for the exchange 

of gases

Alveoli are surrounded by a network of 

blood capillaries

Transport of oxygen to the tissues and 

carbon dioxide to the lungs

Capillary has a narrow diameter that 

allows red blood cells to pass in a single 

file

Blood contains haemoglobin

Red blood cells are biconcave discs

To allow every red blood cell to absorb 

oxygen from the alveolus

For the transport of oxygen to the tissues 

and carbon dioxide from the tissues

To increase the surface area for the 

absorption of oxygen
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Ventilation of the lungs/the mechanism of breathing

▪ It’s a mechanical process that involves the movement of air into and out 

of the lungs

▪ The movement of the air occurs as a result of differences in the air 

pressure between the atmospheric air and the air inside the lungs

▪ The change inside the lungs occurs due to the change in the size and 

the volume of the lungs

▪ The lungs themselves don’t have muscles which means they cannot 

change their volume on their own

▪ Therefore the process that allows the lungs to be ventilated involves 

increasing or decreasing the size of the ribcage or thorax



z

The process of breathing or ventilation occurs 
in two steps: Inhalation and exhalation
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Inhalation Exhalation 

During inhalation the diaphragm contracts and 

becomes flattened

During exhalation the diaphragm relaxes and 

becomes arched

The length of the thoracic cavity is increased The length of the thoracic cavity is decreased

The external intercostal muscles contract and the 

rib cage is lifted

The external intercostal muscles relax and the rib 

cage is lowered

This causes the thoracic cavity to be enlarged from 

side to side and from back to front 

This causes the side to side and back to front 

distance of the thoracic cavity to decrease

The total volume of the thoracic cavity increases 

and pressure on the lungs decreases

The total volume of the thoracic cavity decreases 

and pressure on the lungs increase

Since atmospheric pressure is greater than the 

pressure on the lungs, air rich in oxygen is drawn 

in through the air passages into the lungs

Air rich in carbon dioxide is forced out of the lungs
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Transport of oxygen

▪ Oxygen enters the blood in the lungs by 

means of diffusion

▪ It is carried in the blood in two ways, 

namely:

1. 1-2%, dissolves in the plasma and is 

therefore transported in solution in the 

blood plasma

2. 99-98% diffuses into the erythrocytes and 

bonds, temporarily and reversibly, to the 

haemoglobin groups in the blood pigment 

haemoglobin to form oxyhaemoglobin

▪ The formula that represents this is: 
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▪ C𝑂2 enters the blood easily from the tissue cells by means of diffusion

▪ IT IS CARRIED IN THE BLOOD IN THREE WAYS, NAMELY:

1. 5-7% dissolves directly in the blood plasma and is therefore 

transported in solution in the blood plasma in the form of carbonic 

acid.

▪ ALL OF THE REST OF THE CARBON DIOXIDE ENTERS THE 

ERYTHROCYTES

2. . 23-30% of all the C𝑂2 will then bond, temporarily and reversibly, to 

amino group of the blood pigment haemoglobin to form 

carbaminohaemoglobin

▪ THE FORMULA THAT REPRESENTS THIS REACTION IS: 

Hb + C𝑂2 ↔ Hb.C𝑂2

3. The remaining of the C𝑂2 dissolves in the plasma of the erythrocyte 

to form bicarbonate ions (HC𝑂3). This then dissolves into the blood 

plasma where they remain as they are transported to the lungs.
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Gaseous exchange takes place in the alveoli as well as in the tissues, 
from where the gases are then transported to their destinations in 

different ways

Exchange in the alveoli

▪ The inhaled air in the alveoli has a higher 𝑂2
concentration than the blood in the surrounding 

blood capillaries.

▪ A diffusion gradient is therefore created between 

the air in the alveoli and the blood in the 

capillaries

▪ The 𝑂2 dissolves in a thin layer of moisture that 

lines the alveoli and diffuses through the thin walls 

of the squamous epithelium of the alveoli and 

endothelial walls of the capillaries into the blood
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Exchange of C𝑶𝟐 in 
the alveoli

The blood that reaches the alveoli from 

the tissues has a higher C𝑂2
concentration than the air in the alveoli

A diffusion gradient is therefore created 

between the blood in the capillaries and 

the air in the alveoli.

C𝑂2 diffuses from the blood in the 

capillaries through the endothelial walls 

of the capillaries and thin squamous 

epithelial walls of alveoli into the air in 

the alveoli
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Exchange of 𝑂2

▪ Oxygenated blood reaches the 

tissues

▪ Blood in the capillaries has a 

higher 𝑂2 concentration than the 

cells of the tissues

▪ A diffusion gradient is therefore 

created

▪ The 𝑂2 diffuses through the 

endothelial walls of the capillaries 

into the tissues fluid that surrounds 

the cells and into the cells.

Exchange of 𝐶𝑂2

▪ The cells have a higher 𝐶𝑂2
concentration than the blood in 

the capillaries

▪ A diffusion gradient is therefore 

created between the cells and 

the blood in the capillaries

▪ The 𝐶𝑂2 diffuses from the cells 

into the tissue fluid and then 

diffuses into the blood in the 

capillaries
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Effects of exercise on the rate and depth of 
breathing

▪ During exercise the body needs more 𝑂2 so 

that respiration can occur faster and more 

energy can be released.

▪ As a result of increased cellular respiration 

more 𝐶𝑂2 is released and the body has to 

get rid of this excess 𝐶𝑂2

▪ In order to control this there is an increase 

in the rate and depth of breathing.

▪ The heart rate also accelerates in order to 

increase the supply of 𝑂2 to the muscle 

tissues and removal of 𝐶𝑂2 in the tissues
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Lung capacity

1. Lung capacity refers to the total 

volume of air that the lungs can 

accommodate

2. The human lung capacity is about 

5ℓ

3. The amount of air that is breathed 

in and out during normal 

breathing is called the tidal 

volume

4. After normal inhalation it is 

possible to breathe in additional 

air (inspiratory reserve 

volume). 

1. Similarly, it is possible to breathe out 

additional air after a normal exhalation 

(expiratory reserve volume)

2. These two reserve volumes as well as 

the tidal volume are known as the vital 

capacity of the lungs

3. Even after the full expiratory reserve 

volume has been exhaled, there is still 

air in the lungs, this is known as the 

residual volume that is never exhaled

4. With each inhalation fresh air mixes with 

the residual volume



• During times of exercise the tidal volume increases by using the 

reserve air volume to get more fresh air into the lungs

• The result is that the depth and rate of breathing increases

• The depth of breathing can be determined before and after 

exercise by measuring the tidal volume before and after 

exercise

Lung capacity
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Homeostatic control of breathing

▪ Chemoreceptors in the wall of the aorta and at the base of the jugular 

arteries are very sensitive to changes in the 𝐶𝑂2 concentration in the 

blood.

▪ As soon as the 𝐶𝑂2 concentration in the blood increases, the 

chemoreceptors send nerve impulses to the respiratory and 

cardiovascular centres in the medulla oblongata of the brain.

▪ The respiratory center in turn sends nerve impulses to the diaphragm 

and intercostal muscles to accelerate contraction and relaxation

▪ The rate and depth of breathing thus increases and more 𝐶𝑂2 laden air 

is exhaled.
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▪ The cardiovascular centre sends nerve impulses to the heart muscle 

and arterioles

▪ The heart rate increases, the arterioles constrict and the blood flows 

faster

▪ 𝐶𝑂2 is transported to the lungs faster, where it can be exhaled

▪ The 𝐶𝑂2 concentration in the blood thus returns to normal. 
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