
Questions 
 
Q1. 
  
Water moves through xylem vessels in a plant during transpiration. 

A student used the potometer shown in the diagram to investigate the rate of water uptake in 
a leafy shoot. 

 

The student investigated the effect of a combination of environmental conditions on the rate 
of water uptake. 

The table shows the results of this investigation. 

 

(i)  The internal diameter of the capillary tubing is 0.3 mm. 

The volume of a cylinder is calculated using the formula 

πr2h 

Calculate the mean rate of water uptake for the shoot in moving air, in the light. 
Give your answer in mm3 min–1 to two significant figures. 

(3) 

 
 
 
 
 
 
 
 
 
 

Answer ........................................................... mm3 min–1 

Edexcel (B) Biology A-level -  Gas Exchange PhysicsAndMathsTutor.com



(ii)  Analyse the data to explain the results of this investigation. 

(3) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

(iii)  Describe how this investigation could be modified to make a valid comparison of water 
loss from the upper and lower surfaces of the leaves. 

(4) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  

(Total for question = 10 marks) 
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Q2. 
  

* Acute respiratory distress syndrome (ARDS) is a condition that can occur in babies. 

In ARDS, cells in the alveoli do not produce enough of a substance called surfactant. 

The alveoli cannot expand sufficiently when the baby inhales. 

The diagram shows the alveoli of a baby with ARDS and the alveoli of an  
unaffected baby. 

 

Scientists investigated the effect of two synthetic surfactants, A and B, for treating ARDS. 

Four groups of rabbits with ARDS were used. 

Each group of rabbits was given a different treatment. 

 

•  One group received compound A. 

•  One group received compound B. 

•  One group received both compound A and compound B. 

•  One group received a natural surfactant control.  

The mean Carrico index of each group of rabbits and the ability of the alveoli to  
expand were determined every 15 minutes. 

Graph 1 and Graph 2 show the results of this investigation. 
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Analyse the data to explain the potential use of these two compounds to treat ARDS in 
human babies. 

(6) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  

(Total for question = 6 marks) 
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Q3. 
  

Acute respiratory distress syndrome (ARDS) is a condition that can occur in babies. 

In ARDS, cells in the alveoli do not produce enough of a substance called surfactant. 

The alveoli cannot expand sufficiently when the baby inhales. 

The diagram shows the alveoli of a baby with ARDS and the alveoli of an  
unaffected baby. 

 

The efficiency of the lungs is calculated using the formula for the Carrico index. 

 

The table shows the Carrico index for an unaffected baby and a baby with ARDS. 

 

(i)  Calculate the partial pressure of oxygen in arterial blood for the unaffected 

baby, if the proportion of oxygen in inhaled air is 0.21. 
(1) 

 
 
 
 
 
 
 
 
 
 

Answer ........................................................... kPa 
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(ii)  Explain why the Carrico index for the baby with ARDS is lower than the Carrico 

index for the unaffected baby. 
(4) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  

(Total for question = 5 marks) 
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Q4. 
  

Answer the questions with a cross in the boxes you think are correct . If you 
change your mind about an answer, put a line through the box  and then mark your 
new answer with a cross . 

Genetically modified (GM) crop plants have been produced that have stomata with a  
wider aperture than non-modified crop plants. 

This difference in the width of the aperture is only evident in daylight. 

The photographs show the appearance of each type of stoma in daylight. 

 

The flow chart shows some of the steps involved in opening the aperture of a stoma. 

 

(i)  What happens when hydrogen ions are actively transported out of the guard cells? 

(1) 
   A    ADP and phosphate ions are converted into ATP by a hydrolysis reaction 
   B    ADP and phosphate ions are converted into ATP by a condensation reaction 
   C    ATP is broken down into ADP and phosphate ions by a condensation reaction 
   D    ATP is broken down into ADP and phosphate ions by a hydrolysis reaction 
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(ii)  Which of the following explains why water moves into the guard cells? 

(1) 
   A    malate lowers the water potential of the cytoplasm 
   B    malate raises the water potential of the cytoplasm 
   C    starch lowers the water potential of the cytoplasm 
   D    starch raises the water potential of the cytoplasm 

 
(iii)  Which of the following explains why the aperture of the stoma widens? 

(1) 
   A    The guard cells become smaller and the inner wall of the guard cell is more 

flexible than the outer wall 
   B    The guard cells become smaller and the inner wall of the guard cell is less 

flexible than the outer wall 
   C    The guard cells become larger and the inner wall of the guard cell is more 

flexible than the outer wall 
   D    The guard cells become larger and the inner wall of the guard cell is less flexible 

than the outer wall 

 
  

(Total for question = 3 marks) 

  

 
 

Edexcel (B) Biology A-level -  Gas Exchange PhysicsAndMathsTutor.com



Q5. 
  

Gills are the site of gas exchange in fish. 

The table shows some information for five species of fish. 

 

(i)   The comparison of surface area to mass of mullet is 

(1) 
   A    1010 cm2 g–1 
   B    10.10 cm2 g–1 
   C    1.01 cm2 g–1 
   D    0.99 cm2 g–1 

 
(ii)  Analyse the data to explain the difference in the activity levels of these fish species. 

(3) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  

(Total for question = 4 marks) 
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Q6. 
  

The lungs do not consist of two large spheres. They contain 6000 million small, spherical 
alveoli. 

(i)  Explain how having many alveoli increases the efficiency of the diffusion in the lungs. 

(2) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

(ii)  Explain how other features of alveoli enable efficient diffusion in the lungs. 

(3) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  

(Total for question = 5 marks) 
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Q7. 
  

The CFTR protein is also found in the membrane of epithelial cells in the lungs. 

Cystic fibrosis is a recessive genetic condition caused by mutations of the allele for the 
CFTR protein. 

This can result in the production of thick, highly viscous mucus in the bronchioles and 
bronchi. 

Explain why the blood of people with cystic fibrosis has a low oxygen concentration. 

(2) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  

(Total for question = 2 marks) 
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Q8. 
  

Gills are the site of gas exchange in fish. 

Water polluted with heavy metal ions can cause the death of fish. 

The photographs show cross-sections of the lamellae from a fish caught in unpolluted water 
and from a fish caught in water polluted with heavy metal ions. 

 

Use the photographs to explain why fish die in water polluted with heavy metal ions. 

(2) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  

(Total for question = 2 marks) 
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Q9. 
  

The adult American bullfrog, Rana catesbeiana, can live in water or on land. 

Adult frogs lay eggs in water where they are fertilised. 

The fertilised eggs develop into tadpoles that live only in water. 

The photograph shows a tadpole. 

 

Adult frogs use lungs for gas exchange but tadpoles use gills. 

Explain how gills are adapted for gas exchange. 

(3) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  

(Total for question = 3 marks) 
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Q10. 
  

Marram grass leaves are adapted to enable the plants to survive in dry soil. 

The photograph shows a section of a marram grass leaf, as seen using a light microscope. 

 

Explain how the structure of this leaf ensures that the water potential at X remains high. 

(3) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  

(Total for question = 3 marks) 
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Q11. 
  

Explain the features of gas exchange surfaces that are common to both insects and 
mammals. 

(4) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  

(Total for question = 4 marks) 
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Q12. 
  

Plants and animals are adapted for gas exchange. 

The gas exchange surfaces of fish are the gills. 

The diagram shows part of the structure of a gill. 

 

Fish can be divided into two groups: species of fish that are active and species of fish that 
are inactive. 

The table shows some information about some species of fish and their gills. 

 

(i)  Lamellae are present on both sides of the gill filaments. 

The mean length of a gill filament is 25 mm. 
Calculate the total number of lamellae on the gill filaments of Thunnus. 
Express your answer in standard form. 

(1) 

 
 

Answer ...........................................................  
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* (ii) Analyse the data to explain the relationships between the activity of these fish and the 
structure of their gills. 

(6) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  

(Total for question = 7 marks) 
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Q13. 
  

The photographs show leaves from six species of plant. 

 

In an investigation into transpiration, a survey was carried out to measure the distribution of 
stomata on leaves. 

The table shows the results of this investigation. 
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Analyse the data and the photographs to explain the distribution of the stomata. 

(5) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  

(Total for question = 5 marks) 
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Q14. 
  

The photographs show leaves from six species of plant. 

 

As part of this investigation, the effect of light on the transpiration rate of seven-day-old 
maize seedlings was measured. 

The transpiration rate of maize seedlings placed in dim light was measured every 30 minutes 
for 3.5 hours. Extra illumination was then added and the transpiration rate again measured 
every 30 minutes for another 3.5 hours. 

The graph shows the results of this investigation. 
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(i)  Calculate the approximate percentage increase in the transpiration rate due to the extra 
illumination. 

(2) 

 
 
 
 
 

Answer ...........................................................  

(ii)  Explain two factors that should have been controlled in this investigation. 

(2) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  

(Total for question = 4 marks) 
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Q15. 
  
The effect of gas composition on the breathing rate of locusts was investigated. 

The method used was: 

 

Analyse the data to comment on the effect gas composition has on the breathing rate of this 
locust. 

(4) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

(Total for question = 4 marks) 
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Q16. 
  

Plants and animals are adapted for gas exchange. 

(i)  Which row of the table describes gas exchange in the root of a plant? 

(1) 

 

(ii)  Which is the gas exchange surface in the stem of a woody plant? 

(1) 
   A    lenticel 
   B    pit 
   C    plasmodesmata 
   D    stomata 

 
  

(Total for question = 2 marks) 
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Q17. 
  

The photograph shows an insect. 

 

Explain how the gas exchange system of an insect is adapted for the efficient uptake of 
oxygen. 

(4) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  

(Total for question = 4 marks) 
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Q18. 
  

Describe how oxygen from the air is able to reach insect muscle cells. 

(3) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  

(Total for question = 3 marks) 

  

 
 

Edexcel (B) Biology A-level -  Gas Exchange PhysicsAndMathsTutor.com



Q19. 
  

The photograph shows a cross-section of a leaf from marram grass, Ammophila arenaria, as 
seen using a light microscope. 

 

Marram grass grows in sand dunes where little freshwater is available. 

(i)  The line AB shown on the actual leaf sample is 4 mm. 

Calculate the magnification of the photograph. 
(2) 

 
 
 
 

Answer ...........................................................  

(ii)  Explain how two of these adaptations enable this plant to survive in dry sand. 

(2) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

(iii)  Marram grass also contains extra xylem tissue that strengthens the leaves. 

Explain why these plants need extra xylem in their leaves. 
(2) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

(Total for question = 6 marks) 
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Q20. 
  

Insects such as locusts do not breathe through the mouth. 

The gas exchange system of a locust includes air sacs, tracheae and tracheoles. 

The diagram shows a locust before dissection. 

 

Explain the role of air sacs in the gas exchange system of locusts. 

(2) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  

(Total for question = 2 marks) 
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Q21. 
  

Plants and animals are adapted for gas exchange. 

Spiracles are small openings in the exoskeletons of insects that allow air to enter the 
respiratory system. 

Water can evaporate out of the spiracles when they are open. The insect can close the 
spiracles to reduce water loss. 

In an investigation, the water loss from insects in air with different humidities was measured. 

The insects were kept in air with 80% humidity and then moved into air with a lower 
humidity. Water loss was then measured. 

The investigation was repeated in air high in carbon dioxide to keep the spiracles open. 

The table shows the results of this investigation. 

 

(i)  State how the water loss could have been measured in this investigation. 

(1) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

(ii)  Calculate the percentage increase in water loss from the insects kept in air at 0% 
humidity compared with those kept at 80% humidity. 

Give your answer to two decimal places. 
(1) 

 
 
 

Answer ........................................................... % 

Edexcel (B) Biology A-level -  Gas Exchange PhysicsAndMathsTutor.com



(iii)  Explain why the insects were kept in air with 80% humidity at the start of this 
investigation. 

(2) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

(iv)  Explain the results of this investigation. 

(3) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  

(Total for question = 7 marks) 
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Q22. 
  

The photograph shows an adult mayfly. 

 

Mayfly eggs hatch into immature insects called nymphs. The nymphs live in the water and 
develop to form adult mayflies. 

The photograph shows a mayfly nymph. 

 

Compare and contrast the structure of the gas exchange system of the mayfly nymph with 
the adult mayfly. 

(3) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

  

(Total for question = 3 marks) 
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Q23. 
  

The insect Dytiscus marginalis is a beetle that can dive underwater to feed. 

Before diving underwater, the beetle traps an air bubble underneath its wings. 

The air bubble is connected to its spiracles. 

The diagram shows a beetle with an air bubble attached to its body. 

 

State how the oxygen in the air bubble reaches the cells in the beetle. 

(1) 

 .............................................................................................................................................  

 .............................................................................................................................................  

  

(Total for question = 1 mark) 

  

 
 

Edexcel (B) Biology A-level -  Gas Exchange PhysicsAndMathsTutor.com



Q24. 
  

The insect Dytiscus marginalis is a beetle that can dive underwater to feed. 

Before diving underwater, the beetle traps an air bubble underneath its wings. 

The air bubble is connected to its spiracles. 

The diagram shows a beetle with an air bubble attached to its body. 

 

When the beetle is underwater, gases can enter or leave the air bubble. 

These gas movements affect the size of the bubble. 

When the beetle first dives, the concentration of oxygen is higher in the bubble than in the 
water. 

Explain why these facts will affect the time the beetle can stay underwater. 

(3) 

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

 .............................................................................................................................................  

(Total for question = 3 marks) 
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Q25. 
  

Gills are the site of gas exchange in fish. 

The diagram shows some of the gill lamellae from a bony fish. 

 

Draw one arrow on the diagram to show the direction of water flow across the lamellae. 
(1) 

  

(Total for question = 1 mark) 

  

 
 
Q26. 
  

The diagram shows a section through the head of a bony fish. 

The graph shows the pressure changes in the buccal cavity and opercular cavity during 
ventilation. 

 

The operculum will be closed between 

(1) 
   A    0.4 s and 0.5 s 
   B    0.0 s and 0.4 s 
   C    0.4 s and 0.6 s 
   D    0.2 s and 0.4 s 

  
(Total for question = 1 mark) 
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Q2. 
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