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In addition to this paper you may require  
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pen or correction fluid.
You may use a pencil for graphs and diagrams only.
Write your name, centre number and candidate number in the spaces at the top of this page.
Answer all questions.
Write your answers in the spaces provided in this booklet. If you run out of space, use the 
additional page(s) at the back of the booklet, taking care to number the question(s) correctly.
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The number of marks is given in brackets at the end of each question or part-question.
Question 7 is a quality of extended response (QER) question where your writing skills will be 
assessed.
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6

Answer all questions.

1.	 Down’s syndrome is a genetic condition caused by an irregularity in the chromosomes found 
in human cells.  

	 (a)	 In humans, most cells contain 23 pairs of chromosomes. 

		  Tick (√) the correct statement for individuals with Down’s syndrome. 	 [1]

		  There are fewer chromosomes in individuals with Down’s syndrome.	

		  The chromosomes are longer in individuals with Down’s syndrome.	

		  There are more chromosomes in individuals with Down’s syndrome.	

	 (b)	 Complete the following sentences using the words below.

DNA        nucleus         alleles         heterozygous       glucose

	 (i) 	 Chromosomes are found in the . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . of a cell. 	 [1]

	 (ii) 	 Chromosomes contain genes that are made of a molecule called 

		  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 	 [1]

	 (iii) 	 Different forms of genes are called . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .	 [1]

	 (c) 	 The genetic make-up of a cell can be changed by mutations.

		  Complete the sentences below by underlining the correct term in brackets.

	 (i)  	 Mutations can be caused by ( radiowaves / ionising radiation / visible light ).
� [1] 

	 (ii) 	 Mutations can cause ( cancer / measles / bronchitis ).  	 [1] 
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2. 	 Athletes can suffer injuries to bones, muscles and joints. 
 	 Ultrasound and MRI scans can be used to investigate damage to knee joints.

	 (a) 	 (i)	 State one other method that can be used to image the knee joint.	 [1]

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

	 (ii)	 Choose the correct statement (A, B or C ) which describes how an ultrasound 
scan produces an image of the knee.	 [1]

		  A. Ultrasound waves pass through the knee undeflected 
		  B. Ultrasound waves are only reflected by bones
		  C. Ultrasound waves are reflected at the boundaries of different tissues

		  answer =   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	 (iii)	 State one advantage of using MRI over ultrasound for investigating the knee joint.
				   [1]
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7

	 (b)	 The diagram shows a knee joint.
 

backwards
movement

fowards
movement

knee cap

quadriceps

hamstring

	 (i)	 State the name of this type of joint.	 [1]

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

	 (ii)	 Two muscles are needed to bend the knee joint. 
		  Complete the table by ticking (√) the boxes next to the three correct statements 

about how these muscles act to move the leg.	 [3]

Statement Tick (√)

The quadriceps contract to straighten the leg.

The quadriceps and hamstring relax at the same time.

The quadriceps and hamstring contract at the same time.

The quadriceps and hamstring are an antagonistic pair of muscles.

The hamstring relaxes when the leg straightens.

Muscles push bones.
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3.	 Radioisotopes are used in medicine to diagnose and treat cancer.

	 (a) 	 Name another type of treatment for cancer that uses drugs to kill cancer cells.	 [1]

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

	 (b)	 The table below gives details of some radioisotopes used in medicine. 

Radioisotope Half-life Radiation emitted

bismuth-213 46 minutes alpha

cobalt-60 5 years gamma

iodine-125 25 minutes beta

thallium-201 73 hours gamma

technetium-99m 6 hours gamma

		  Use the information in the table to answer the questions below.

		  (i)	 I.	 Give one reason why cobalt-60 is too dangerous to use as a tracer inside 
the body.	 [1]

	

	 II.	 Give the name of one other radioisotope from the table that should not be 
used as a tracer.	 [1]

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

	 (ii) 	 Technetium-99m is a radioisotope which is a gamma emitter and has a short  
half-life. Explain why it can be used inside the body as a tracer.	 [2]
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	 (iii) 	 Iodine-125 can be used inside the body to treat cancer.

		  The patient is isolated from other people until its activity drops to a sixteenth ( 1
16 ) 

of its original value.

			   I.	 Calculate how many half-lives are needed to drop from an activity 
				    of 1 to 1

16  .	 [2]

� number of half-lives =  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

			   II. 	 Iodine-125 has a half-life of 25 minutes. 
				    Calculate the time the patient needs to be isolated from other people.	 [2]

� time =  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  min

	 (iv)	 Give one reason why cobalt-60 has not decayed to a safe level after 10 years.
� [1]

	

10
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4.	 In 2018, New York declared a state of emergency following a severe outbreak of measles. 

	 (a)	 In the ten-year period leading to the state of emergency, the number of measles cases 
increased from 50 to 640.

 	 (i)	 Calculate the increase in the number of cases.	 [1]

	�  increase in cases =  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

	 (ii)	 Use the equation:

percentage increase  =  increase in cases  × 100
				        50

 		  to calculate the percentage increase in cases.	 [2]

� percentage increase =  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	 (b)	 In the year 2000 there were no cases of measles in New York. Since then the measles 
vaccination rate has dropped and the number of measles cases has increased.

	 (i) 	 Suggest one reason why the number of cases of measles has increased. 	 [1]

	

	 (ii) 	 Suggest one reason why the rate of vaccination has dropped.� [1]

	

	 (c) 	 State why most people can catch flu many times but measles only once. 	 [1]

	

6
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5.  	 Sion is investigating his recovery time. He does this by monitoring his heart rate using the 
method below.

	 1. 	 While at rest, count the number of heartbeats for 5 seconds. 
	 2. 	 Carry out exercise. 
	 3.	 Count the number of heartbeats immediately after the exercise. 
	 4.	 Count the number of heartbeats after 15 seconds of rest. 
	 5.	 Calculate the heart rate in beats per minute for each result.

	 (a) 	 Sion obtained the following results.

Activity Number of beats 
in 5 seconds

Heart rate
(beats per minute)

before exercise 6 72

immediately after exercise 9 108

after 15 seconds of rest 8
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 	 (i) 	 Complete the results table.  	 [1]

	 (ii) 	 Describe the changes in Sion’s heart rate during this investigation.	 [2]

	

	

	

	 (iii)	 Explain why the heart rate changes during exercise.	 [2]

	

	

	

	 (b)  	 State one improvement Sion needs to make to his method in both Step 1 and Step 4.
� [2]

		  Step 1: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

		  Step 4:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

7
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6.	 Josie walked from her back door to the bottom of the garden and back. The graph of Josie’s 
journey is shown below.
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	 (a) 	 (i)  	 State the length of time that Josie was stationary.	 [1]

� time =  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   s

		  (ii) 	 State the length of time that Josie took to return to her house from the bottom of 
the garden.	 [1]

� time =  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   s

		  (iii)	 I.	 State the region of the graph (AB, BC, CD or DE) where Josie was moving 
fastest.	 [1]

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

	 II.	 Give a reason for your answer.	 [1]
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	 (iv)	 Use the equation

mean speed  =  distance
		        time

 		  to calculate her mean speed while walking from A to C on the graph.	 [4]

� mean speed =  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  m/s

	 (b)	 The graph of Josie’s journey is shown again below.
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 		  Add a straight line to show what would happen if Josie returned to the house twice as 
fast.	 [2]
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	 (c)	 Josie’s twin brother Jacob, thinks that Josie will have a higher BMI than him because 
she is shorter.

		  Use the data in the table and the equation below to explain if he is correct.	 [4]

Jacob Josie

height (m) 1.7 1.5

mass (kg) 74 50

	

	

	

	

	

14

BMI  =   mass  
	 height2
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7. 	 Name and describe the functions of parts A, B, C and D in the blood as shown below.
� [6 QER]

A

B

C

D
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8.	 Malcolm carried out an investigation to find how the rate of reaction between hydrochloric acid 
and calcium carbonate depended on whether the calcium carbonate was in chip or powder 
form. The volume of gas produced was measured in a gas syringe.

gas syringe

rubber
bung

hydrochloric acid

calcium carbonate

 	 He obtained the following results.

Time (s)
Volume of gas produced (cm3)

chips powder

0 0 0

60 14 28

120 27 38

180 34 40

240 38 40

300 40 40

360 40 40
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	 (a) 	 State three variables that should be controlled in this experiment.	 [3]

	 1.	 		

	 2.	 		

	 3.	 		

	 (b) 	 (i)	 State the volume of gas produced when the reaction had finished. 	 [1]

volume =  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   cm3

	 (ii)	 Using data from the table, Malcolm calculated the mean rate of reaction when 
using chips to be 0.133 cm3/s.  

		  Calculate the mean rate of reaction when using powder.	 [2]

mean rate of reaction =  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   cm3/s

	 (c)	 State the conclusion that can be drawn from Malcolm’s experiment and explain it using 
collision theory.	 [3]
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9.	 Rhian goes shopping in a local supermarket and buys two ready meals with the following 
	 traffic-light labels. The percentages shown are of an adult’s guideline daily amount (GDA).

15%12.5% 4.3% 6% 38%

23%21% 29% 7.4%

Each serving (150 g) contains

Each serving (100 g) contains

of an adult’s Guideline Daily Amount (GDA)

of an adult’s Guideline Daily Amount (GDA)

Meal B

Meal A

Energy
1046 kJ
250 kcal LOW LOW HIGH MED

Fat
3.0 g

Saturates
1.2 g

Sugars
34 g

Salt
0.9 g

Energy
1852 kJ
422 kcal

Fat
20.4 g

Saturates
9.6 g

Sugars
6.7 g

Salt
1.39 g

 

	 Use the information in the labels to answer the following questions.

	 (a) 	 (i)	 There are 9.6 g of saturates in meal B. The GDA for saturates is 20 g.
		  Calculate the amount of saturates in each serving of meal B as a percentage of 

the GDA.	 [2]

� % of GDA  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

	 	 (ii)  	 Calculate the GDA for sugars for meal A.	 [2]

� GDA for sugars =  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .g        

MED HIGH LOW MED
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	 (b)	 On Monday Rhian eats 3 servings of meal A and on Thursday she eats 2 servings of 
meal B. She is concerned about the effect of salt on blood pressure. She thinks that the 
effect on her blood pressure will be greater on Monday than on Thursday.

		  Use the information to explain whether you agree.	 [3]

	

	

	

	

	

	 (c)	 Rhian wants to ensure that she uses the energy from the ready meals.

		  The table shows the energy used for different exercises. 

Type of exercise Energy used 
(kcal /min)

jogging 8.5

cycling 5.5

swimming 5.3

 		  In order to work off all the calories in the food she has eaten, Rhian would rather cycle 
than do any other exercise.  

		  Calculate how much longer she would need to cycle rather than jog if she eats 
		  one serving of meal A.	  [3]

	

END OF PAPER
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