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Answer all the questions.

1 	 Middle East Respiratory Syndrome (MERS-CoV) is a disease of the respiratory system.

MERS-CoV is caused by a new strain of a virus called a coronavirus.

(a)	 The virus has been transmitted from infected patients to other patients and workers within 
hospitals.

Suggest two ways in which the transmission of the virus could be reduced in hospitals.

1.............................................................................................................................................

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

2.............................................................................................................................................

...............................................................................................................................................
[2]

(b)	 In 2014 it emerged that camels in the Middle East were the main source of the virus.

The link to camels was established when scientists analysed blood samples from infected 
camels.

(i)	 Suggest two precautions the scientists should take when they are taking blood 
samples from camels.

1......................................................................................................................................

2......................................................................................................................................
[2]

(ii)	 Suggest two precautions the scientists should take when they are analysing blood 
samples that may be contaminated with microorganisms.

1......................................................................................................................................

2......................................................................................................................................
[2]
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(c)	 The virus is thought to have been infecting camels since 1992.

Blood samples collected from camels have been stored since 1992. These have now 
been analysed for evidence of the virus, and to see if the virus has changed.

(i)	 Scientists are planning to compare the information about the virus found in blood 
samples taken in 1992 with that from blood samples taken in 2014.

Explain how the scientists could ensure the comparisons of the 1992 and 2014 
viruses are valid.

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

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

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

...................................................................................................................................[2]

(ii)	 Suggest how the blood samples from 1992 would have been stored and explain why 
they were stored in such a way.

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

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

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

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

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

...................................................................................................................................[3]

(d)	 The DNA of disease-causing (pathogenic) microorganisms in tissue samples is often 
analysed.

(i)	 Suggest why tissue samples are sent to specific laboratories rather than analysed in 
laboratories in their country of origin.

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

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

(ii)	 Describe two ways biological samples, such as tissue samples, are transported.

1.....................................................................................................................................

2.....................................................................................................................................
[2]
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(iii)	 A laboratory receives tissue samples for analysis.

Identify the type of sample to be removed for analysis.

Put a tick () in the box next to the correct answer.

random

representative

whole

[1]
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2 	 A DNA-sequencing laboratory in the UK receives tissue samples for analysis.

(a)	 Suggest two features of the DNA sample to be checked before sequencing.

1.............................................................................................................................................

2.............................................................................................................................................
[2]

(b)	 When DNA from tissue samples is analysed the DNA has to first be broken into 
fragments.

One of the next stages of analysis of DNA from tissue samples is the Polymerase Chain 
Reaction (PCR).

Describe two of the steps carried out during PCR.

1.............................................................................................................................................

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

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

2.............................................................................................................................................

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

...............................................................................................................................................
[2]
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(c)	 The DNA fragments are then separated by gel electrophoresis.

(i)	 Describe how gel electrophoresis can be carried out in a school or college laboratory.

You may draw a diagram in the space below to help with your description of the 
process.

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

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

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

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

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

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

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

...........................................................................................................................................[4]

(ii)	 Explain how gel electrophoresis separates the fragments of DNA.

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

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

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

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

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

...........................................................................................................................................[3]
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(d)	 DNA samples must contain the optimum amount of DNA for analysis.

The mass of the human genome is 6 picograms.

1000 picograms = 1 nanogram 

The DNA-sequencing laboratory prepares samples for fragmentation containing 

400 nanograms of DNA / 100 μl.

Calculate the number of complete genomes that are contained in a 1 μl fragmented 
sample.

Show your working.

number of complete genomes = .................................
[3]

(e)	 State the name of an alternative technique that can be used to separate components 
within a mixture of DNA. 

...........................................................................................................................................[1]
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3 	 Scientists are finding out more about the use of algae as ‘superfoods’.

(a)	 Scientists in India have recently analysed the composition of a blue-green alga called 
Spirulina.

The main elements found in Spirulina are shown in Table 3.1.

Element Concentration in Spirulina 
(mg of element 100 g-1 of alga)

calcium 876

iron 29

magnesium 205

phosphorus 230

potassium 930

sodium 32

Table 3.1

(i)	 Some cations can be detected in samples using flame tests.

Describe the procedure followed to carry out a flame test on a sample of dried and 
powdered Spirulina.

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

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

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

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

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

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

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

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

....................................................................................................................................[4]
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(ii)	 Complete Table 3.2 to show the flame test results for the three cations listed.

Cation Colour in a flame

calcium

potassium

sodium

Table 3.2 [3]

(iii)	 Explain why a flame test could not be used to identify all of the elements in a sample 
of Spirulina.

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

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

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

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

....................................................................................................................................[2]
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(b)	 The scientists use inductively–coupled plasma–atomic emission spectroscopy (ICP–AES) 
to carry out their analyses.

Explain the principles of this technique and the advantages of using this technique for the 
analysis of elements in a sample of Spirulina.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

...........................................................................................................................................[6]
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4 	 Helena is a quality control scientist analysing the vitamin C content of a sample of liquid 
vitamin supplement.

(a)	 Vitamin C is a monoprotic acid. One way of estimating the concentration of vitamn C in a 
sample is by titrating against sodium hydroxide.

(i)	 The formula of vitamin C is HC6H7O6.

Complete the balanced symbol equation for the reaction between vitamin C and 
sodium hydroxide.

…………….      + NaOH NaC6H7O6 + …………….

[2]

(ii)	 The properties of some indicators are shown in Table 4.1.

Indicator Colour change pH range

bromophenol blue yellow – blue 2.8 – 4.6

methyl red red – yellow 4.2 – 6.3

bromothymol blue yellow – blue 6.0 – 7.6

phenol red yellow – red 6.8 – 8.4

thymol blue yellow – blue 8.0 – 9.6

Table 4.1

Vitamin C is a weak acid and sodium hydroxide is a strong base.  
Using this information, select the most appropriate indicator from Table 4.1 for a 
titration of a sample containing vitamin C against sodium hydroxide solution.

Justify your selection.

Indicator.........................................................................................................................

Justification ...................................................................................................................

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

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

.......................................................................................................................................
[2]

"

www.xtrapapers.com



12

© OCR 2018

(b)	 Helena begins to carry out the titration.

(i)	 She makes up a solution of sodium hydroxide and finds that its concentration is 
0.2445 mol dm-3.

Suggest how Helena finds the concentration of the sodium hydroxide solution.

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

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

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

...................................................................................................................................[2]

(ii)	 She measures out 5 cm3 of the liquid vitamin supplement into a conical flask.

Name the piece of equipment Helena would use to measure out the liquid vitamin 
supplement.

Put a tick () in the box next to the correct answer. 

gas syringe 

graduated pipette

beaker

dropper

[1]

(c)	 Helena’s titration results are shown in Table 4.2.

titration
rough 1 2 3

final reading (cm3) 24.00 23.65 47.35 23.60
initial reading (cm3)   0.00   0.00 23.65   0.00

volume of sodium hydroxide used (cm3)
average volume of sodium hydroxide used (cm3)

Table 4.2

(i)	 Complete Table 4.2 by calculating:

•	 the volume of sodium hydroxide used for each titration
•	 the average volume of sodium hydroxide used.

[1]
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(ii)	 Calculate the average number of moles of sodium hydroxide that reacted with the 
vitamin C in the liquid vitamin supplement.

Use the formula:
n = c × V

c = concentration in mol dm-3

n = number of moles
V = volume in dm-3

Show your working.

average = ….….…………  moles
[3]

(iii)	 The molar mass of vitamin C is 176.12 g mol-1.

Calculate the concentration of vitamin C in the liquid vitamin supplement.

Give your answer to two decimal places.

Show your working.

concentration = ………………. mg cm-3

[3]
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5 	 Forensic microscopy is often used in cases of industrial hygiene, environmental monitoring 
and forensic investigations.

(a)	 Steve is an industrial forensic technician.

He analyses the fumes produced during welding.

Steve examines deposits from the fumes with a transmission electron microscope. A 
number of soot particles are visible in the transmission electron micrographs.

(i)	 One of the transmission electron micrographs he produces is shown in Fig. 5.1. 

Fig. 5.1

The magnification of the micrograph shown in Fig. 5.1 is ×120 000.

Calculate the diameter of Soot particle A.

Use the formula:
magnification = measured size

                                                  actual size

Show your working. 

diameter = ….….………… nm
[3]

Soot particle A
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(ii)	 Suggest two reasons why Steve uses a transmission electron microscopy (TEM), 
rather than other forms of microscopy.

1.............................................................................................................................................

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

2.............................................................................................................................................
[2]

(b)	 A team of firefighters was exposed to dust clouds when tackling an industrial fire.

They were asked to provide sputum samples from their lower airways for analysis. 

The samples were examined by Steve using scanning electron microscopy.

Fig. 5.2 shows a micrograph of a particle removed from one of the firefighter’s lungs.

Fig. 5.2

(i)	 The length of the particle is 125 μm.

Draw a scale bar of appropriate length next to Fig. 5.2.

Show your working.

[4]
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(ii)	 Some of the particles discovered were larger, metallic particles.

Explain how a different type of microscopical technique could be used to view these.

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

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

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

...................................................................................................................................[2]

(c)	 Healthcare professionals monitored the health of the firefighters’ nine months after the 
industrial fire.

Figure 5.3 is a stained light micrograph of white blood cells in the sputum of a firefighter. 

One of the white blood cells contains particles of dust.

Figure 5.3

Explain why, in this instance, light microscopy was preferred to other forms of 
microscopy.

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

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

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

...................................................................................................................................[2]

One of many 
dust particles 
in cytoplasm 
of white blood 
cell.

Nucleus of white 
blood cell.

Two small 
white blood 
cells.
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(d)	 The level of detail in an image depends on the resolving power of the microscope.

The theoretical resolving power of an objective lens of a light microscope can be 
calculated using the following equation:

0.61 . .N A#=f
m

f     =     resolving power, in micrometres (μm)

		 m     =     the wavelength of light, in μm. Assume this to be 0.55 μm

N.A.     =     the Numerical Aperture of the lens

For a lens with a N.A. of 0.90, calculate its theoretical resolving power.

resolving power = ……………. μm 
[2]
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6  Polyethylene terephthalate (PET) is a plastic often described by polymer chemists as 
indestructible. PET is very slow to biodegrade.

In 2016, scientists discovered a soil bacterium, called Ideonella sakaiensis. This bacterium is 
able to live on the surface of, and biodegrade, PET. 

The bacterium, along with other soil-living bacteria, is shown on the surface of a waste PET 
bottle in Fig. 6.1.

waste PET 
bottle in soil

surface of PET 
bottle 

other soil bacteria

Ideonella sakaiensis bacteria

Fig. 6.1
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(a)	 You are given a waste PET bottle known to have Ideonella sakaiensis on its surface.

Describe in detail how aseptic techniques could be used to prepare a pure culture of the 
bacterium Ideonella sakaiensis in the laboratory.

Assume that Ideonella sakaiensis is the bacterium likely to be in the highest concentration 
on the bottle.										        

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

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

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

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

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

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

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

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

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

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

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

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

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

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

...........................................................................................................................................[6]
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(b)	 Aseptic technique is essential in all microbiological work.

(i)	 Give two reasons for the importance of aseptic technique.

1.....................................................................................................................................

2.....................................................................................................................................
[2]

(ii)	 Give two other examples of laboratory work, other than culturing bacteria, in which 
the use of aseptic technique is essential.

1.....................................................................................................................................

2.....................................................................................................................................  
[2]

(c)	 Describe how the waste PET bottle, along with other waste, is treated after isolating the 
bacterium from its surface.

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

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

...........................................................................................................................................[2]

(d)	 Scientists in another lab prepare a liquid culture of the bacterium.

They use a counting chamber and a microscope to estimate the concentration of the 
bacterial cells in the liquid culture.

The surface of the counting chamber is shown in Fig. 6.2.

The chamber has a (0.05mm × 0.05mm × 0.10 mm) volume of liquid culture beneath 
each of the smallest squares.

1 mm

Fig. 6.2

Smallest 
squares used 
to count 
bacterial cells

Surface of 
counting 
chamber
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The results of the cell counts for 10 of the smallest squares are shown in Table 6.1.

Cell count (0.05 mm × 0.05 mm × 0.10 mm square)

Replicate 1 3 3 4 5 6 7 8 9 10 Mean cell 
count

Cell count 
recorded 50 48 48 52 49 53 52 50 49 51

Table 6.1

(i)	 Calculate the mean cell count and complete Table 6.1.

[1]

(ii)	 Calculate the concentration of bacterial cells in the liquid culture.

Show your working and include the units.

concentration = …………………. (units) ……………..
[3]

END OF QUESTION PAPER
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ADDITIONAL ANSWER SPACE

If additional answer space is required, you should use the following lined page(s). The question 
number(s) must be clearly shown in the margin(s) – for example 1(d) or 4(c).
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