
 

 
 

GASEOUS EXCHANGE IN HUMANS       06 AUGUST 2014 

 
Lesson Description 

In this lesson we: 

 Look at gaseous exchange in humans in terms of  
o Ventilation 
o Inspiration 
o Expiration 
o Transport of gases 
o Homeostatic control of breathing 
o Study some diseases and their effects on the body 

 
Summary 

Gaseous Exchange in Humans  

Inspiration  

 The external intercostal muscles contract, raising the rib cage upwards and outwards. 

 The muscles of the diaphragm contract, the diaphragm flattens and the volume of the thoracic 
cavity increases. 

 The air pressure inside the lungs decreases below the pressure of air in the atmosphere 
therefore air outside the body flows into the lungs to equalise the pressure and the lungs 
inflate with air. 

Expiration 

 The external intercostal muscles relax and the rib cage moves inwards and downwards due to 
gravity. 

 The diaphragm relaxes and becomes dome-shaped and the volume of the thoracic cavity 
decreases. 

 The air pressure inside the lungs increases above atmospheric pressure therefore air is 
forced out of the lungs into the atmosphere. 

 

(Solutions for all Life Sciences, Macmillan, p217) 

Gas Transport in Humans 

 Gas exchange takes place in the lungs between the air in the alveoli and the blood in the 
capillaries surrounding the alveoli and in the body tissues between the blood and the cells. 

 Deoxygenated blood flows into the capillaries around the alveoli from the body tissues.  

 The air breathed into the alveoli contains a higher concentration of oxygen than the blood. 



 

 
 

 The steep concentration gradient results in diffusion of oxygen from the air in the alveoli to the 
blood capillaries. 

 Oxygen dissolves in the moisture lining each alveolus and diffuses through the thin wall of the 
alveolus and the thin wall of the capillary into the blood. The blood becomes oxygenated. 

 The oxygenated blood leaves the lungs and passes through the heart to the tissues of the 
body.  

 The deoxygenated blood in the capillaries around the alveoli contains a high concentration of 
carbon dioxide.  

 Again because of a steep concentration gradient, carbon dioxide diffuses from the blood into 
the air in the alveoli to be exhaled from the lungs. 

 

(Solutions for all Life Sciences, Macmillan, p217) 

 A small amount of oxygen dissolves in the blood plasma and the rest is transported by 
combining with a substance called haemoglobin to form oxyhaemoglobin.  
 

 All cells of body tissues have a network of blood capillaries between them. When blood 
reaches the tissues, oxyhaemoglobin releases its oxygen. 

 The blood arriving at the cells from the lungs has a high concentration of oxygen. The cells 
have a lower concentration of oxygen since they use oxygen for respiration. The oxygen 
diffuses from the blood into the body cells.  

 Respiring cells produce carbon dioxide. Carbon dioxide diffuses from a higher concentration 
in the cells into the blood in the capillaries, where it is at a lower concentration. Carbon 
dioxide is transported in the blood to the alveoli of the lungs. 
 

 Carbon dioxide is transported in the blood in three different ways: 
o Some dissolves in the blood plasma, 
o Some of it binds to haemoglobin in the red blood cells  
o And the rest is carried as bicarbonate ions in the plasma. 

  



 

 
 

 Breathing is controlled by the respiratory centre in the medulla oblongata.  Carbon dioxide is 
released by the cells and diffuses from the blood into the air in the alveoli in the lungs. 

 An increase in the carbon dioxide concentration in the blood causes the blood’s pH to drop 
and stimulates breathing by stimulating the respiratory centre. 

Diseases related to Gaseous Exchange 

 Tuberculosis 

 Asthma - air passages become inflamed and swollen, the smooth muscles of the bronchi or 
bronchioles contract and the air passages produce an increased amount of mucus. This 
causes the air passages that lead to the alveoli to narrow so that less air can pass through 
them. 

 Hay fever - is an allergy caused by the body’s response to allergens such as dust or pollen.  
The allergens in the air irritate the membranes of the eyes, the nose and the air passages and 
cause itchy, watery eyes, a runny nose and sneezing. A person suffering from hay fever can 
be treated with antihistamines, which are drugs that reduce the body’s allergic response. 

 Bronchitis - an inflammation of the lining of the bronchi of the lungs. Some of the causes of 
bronchitis are viral infections, irritants in polluted air that is breathed in and smoking. An 
excess of mucus is produced that can obstruct the air passages. Less air is able to enter or 
leave the lungs and there is less gas exchange.  

 Emphysema - a condition in which the thin walls of the alveoli break down forming large air 
spaces in the lungs. The alveoli lose part of their blood supply and they also become less 
elastic making it difficult for the person to force air out of their lungs when they exhale.  

 Lung cancer - results from uncontrolled cell division in the tissues of the lungs. The cancer 
cells form harmful masses of tissue called malignant tumours. The cancer cells within a 
malignant tumour may spread to other parts of the lungs and to other parts of the body. Some 
symptoms of lung cancer include a cough, coughing up blood, chest pain and shortness of 
breath. About 90% of lung cancers are caused by the inhaling of carcinogens (cancer-causing 
substances) in cigarette smoke.  

 
Test Yourself 

Question 1 

Air breathed out is different from air breathed in because it  

A. contains less carbon dioxide 

B. is cooler 

C.  is drier    

D. contains less oxygen 

Question 2 

The lungs of a long term smoker will have ... 

A. constricted bronchioles 

B. thinner walls 

C.  a larger surface area      

D. an increased capacity for gaseous exchange 

  



 

 
 

Question 3 

Which of the following does not occur during inhalation in a human? 

A. Pressure within the thoracic cavity increases 

B. The lungs expand. 

C. The diaphragm contracts.      

D. Pressure in the abdominal cavity increases. 

Question 4 

The rate of breathing is regulated by the medulla oblongata, mainly …  

A. under voluntary control. 

B.  according to the oxygen level of blood. 

C. according to the blood pressure.    

D. according to the carbon dioxide level of blood. 

QUESTIONS 5 and 6 are based on the diagram below showing the human thorax.  

 

Question 5 

Which of the following are represented by A, D and G?  

A. Larynx, trachea, diaphragm  

B. Intercostal muscle, bronchus, larynx  

C. Larynx, lung, alveolus  

D.  Bronchiole, lung, alveolus  

Question 6 

Which ONE of the following is a function of structure H?  

A. During inhalation it contracts and during exhalation it relaxes.  

B. During inhalation it relaxes and during exhalation it contracts.  

C. During inhalation it is arched and during exhalation it relaxes.  

D. During inhalation it contracts and during exhalation it is flattened. 

  



 

 
 

Question 7 

Study the features listed below.  

1. Lined by hair to remove dust  

2. Has cartilage rings that are C-shaped to allow the oesophagus to stretch during swallowing  

3. Lined by ciliated columnar tissue with goblet cells to secrete mucus to trap dust and germs  

Which combination of features are adaptations of the trachea?  

A. 1, 2 and 3  

B. 1 only  

C. 2 and 3 only  

D. 3 only  

Question 8 

Several features are listed below.  

1. Large surface area 
2. Thin surface 
3. Moist surface 
4. Many capillaries 

Which of the above are features of an efficient gaseous exchange surface?  

A. 1, 2, 3 and 4 

B. 1, 2 and 4 

C. 1, 3 and 4 

D. 2, 3 and 4 

 
Improve your Skills 

Question 1 

The diagram below represents a section through an alveolus and a surrounding blood capillary in the 
human body. Study the diagram and answer the questions.  

 



 

 
 

1.1 Name the type of epithelial tissue numbered 1 and 2.      (2) 

1.2 Identify the blood cell labeled 3.         (1) 

1.3 What pigment is found in the cell mentioned in QUESTION 1.2?     (1) 

1.4 Which type of blood:  

a) enters the blood capillary at A?        (1) 

b) leaves the blood capillary at B?        (1) 

1.5 Supply any THREE structural adaptations of the alveoli which make them well suitable for 
gaseous exchange.          (2) 

Question 2 

 

Study the figure above  

2.1 Provide labels for parts A–G.        (7) 

2.2 Explain two ways in which the structure labelled A is suited to its function.   (4) 

2.3 Describe the role of the parts labelled B, C and E in inspiration.    (6) 

  



 

 
 

Question 3 

(Adapted from Solutions for all Life Sciences, Macmillan, p237 – 238) 

 

The graph above shows the results of an investigation into the annual death rate from lung cancer of 

male smokers over the age of 60, according to the age when they started smoking.  

The men in Group A smoked 10 to 20 cigarettes per day. The men in Group B smoked 21 to 40 

cigarettes per day.  

3.1 Study the graph and draw up a table to summarise the results of the investigation as shown 

in the graph.           (8) 

3.2 Answer the following questions: 

(i)  Use the graph to determine the annual death rate from lung cancer of the men who 

started to smoke at 17 and continued smoking about 20 cigarettes a day.  (2) 

(ii) How does increasing the number of cigarettes smoked per day affect the annual 

death rate  from lung cancer?        (1) 

(iii)  How does starting to smoke earlier in life affect the annual death rate from lung 

cancer?          (1) 

(iv)  Do the results of the investigation support the hypothesis that people who smoke are 

more likely to die of lung cancer? Explain your answer.     (3) 

(v)  Name two other respiratory diseases caused by cigarette smoke.   (2)  

 
Links 

 http://www.s-cool.co.uk/a-level/biology/gas-exchange/revise-it/gas-exchange-in-humans 

 http://www.enotes.com/homework-help/what-process-gas-exchange-human-body-467185 

 http://www.mrothery.co.uk/exchange/exchange.htm 
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