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Carbon monoxide in blood 

Specification references 

 3.1.2 Risk factors for non-communicable diseases 

 MS 1c, 3a 

 WS 1.5 

Aims 

The aim of this worksheet is to extend your knowledge of oxygen carriage by the 
blood and to demonstrate how this volume can be measured. This task develops 
by looking at the impact of carbon monoxide on oxygen transport and the 
associated risks to babies. 

Learning outcomes 

After completing this worksheet, you should be able to: 

 perform simple calculations to work out oxygen volumes in blood samples 
from experimental data 

 predict oxygen release from blood using dissociation curves 

 understand that carbon monoxide binds to haemoglobin, which reduces the 
oxygen content of the blood 

 interpret risk factors for sudden infant death syndrome (SIDS). 

Task 

Use the diagrams and data to answer the questions. You may also need to refer 
to your student book. 

Questions 

1 The volume of oxygen that can be held in fully oxygenated blood can be found 
by using a chemical to displace the oxygen from a blood sample. If this is done 
in a capillary tube the volumes are easy to calculate using πr2h. 
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 Figure 1 shows a sample of oxygenated blood before and after treatment with 
the chemical. The capillary tube diameter is 1 mm. 

  

 Figure 1 

a Calculate the volume of oxygen contained in the sample.  

  

  

  (2 marks) 

b Calculate the volume of oxygen contained in 100 cm3 of fully oxygenated blood.  

  

  

  

  

  (3 marks) 

2 Carbon monoxide permanently attaches to haemoglobin and blocks the 
binding of oxygen. A person who smokes can have up to 15% of their 
haemoglobin blocked by carbon monoxide. 

 Calculate the volume of oxygen carried in 100 cm3 of the blood of a smoker.  

 

 

 (2 marks) 
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3 The volume of oxygen held in oxygenated blood depends on the amount of 
oxygen in the tissues next to the blood. The relationship can be shown on a 
dissociation curve. 

Figure 2 shows a dissociation curve for human haemoglobin. The PO2 is a 
measure of how much oxygen is available in the tissues. Here it is 
100 mmHg in the lungs and 20 mmHg in the placental tissues. 

  

 Figure 2 

a Starting with fully oxygenated blood in the lungs, read the graph to find the 
proportion of oxygen that would be released by the blood when it reaches 
the tissues.  

  

  (2 marks) 

b Use your answer to 1b to calculate the volume of oxygen that could be 
released by 300 cm3 of oxygenated blood when it reaches the placental 
tissues.  

  

  

  (2 marks) 
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c What would be the volume of oxygen released in a pregnant woman who 
smoked?  

  

  

  (2 marks) 

4 The reduced oxygen available in the placenta has serious consequences for 
the foetus, which is unable to get enough oxygen. This causes growth to be 
slower and increases the risks of problems such as brain damage and sudden 
infant death syndrome (SIDS). Table 1 outlines the percentage risk associated 
with smoking during pregnancy. 

Table 1 

SIDS risk factor 
increased risk in 

% 
Relative risk 

smoking during pregnancy 419  

smoking before pregnancy 407  

baby passive smoking 6–8 hours per day 578  

baby passive smoking >8 hours per day 729  

a Relative risk is the number of times more likely it is that the foetus of a 
smoker will die will compared with the foetus of a non-smoker. Complete 
the table to include the relative risks. For example, an increased risk of 
200% means it is twice as likely, so the relative risk is 2.  (2 marks) 

b Cigarette smoke contains carbon monoxide. Explain why the foetal growth 
rate reduces when a pregnant woman smokes.  

  

  

  

  

  (3 marks) 
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c Suggest why we cannot conclude that all deaths attributed to smoking are 
due to carbon monoxide in cigarette smoke.  

  

  

  (2 marks) 

d According to one source, of the 695 233 babies born in England and Wales in 
2014, 0.1% of them died of causes linked with smoking. Calculate the daily 
death rate attributed to smoking for babies in England and Wales in 2014. 

  

  (2 marks) 
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