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Section A 
 
Q1a Cells can be categorised as prokaryotic or eukaryotic.   
 

Complete the following table by inserting a  if the component is present and 
a x if it is absent. (All boxes must be completed.)  [3] 

 
Student’s response 

Component  Prokaryotic cell  Eukaryotic cell  
Endoplasmic reticulum  

X 
 

 
 

DNA   
 

 

 
 

Histone protein   
X 

 

 
 

 
Ribosome   

 
 

 
 

 
Golgi apparatus   

X 
 

 
 

 
Plasmid   

 
 

 
X 

 

 
 
Q1b State one structure that contains microtubules in a eukaryotic cell.  [1] 
 
Student’s response 

Centrioles 

Examiner’s comments 

While this was a reasonably straightforward first question, answering correctly 
required candidates to know the components of both prokaryotic and eukaryotic cells 
in some detail.  This candidate did achieve the full 4 marks in the question however 
too many failed to correctly read the question and did not insert an ‘X’ if the 
component was absent this meant the maximum mark they could achieve in (a) was 
one mark.  Candidates cannot afford to be careless and throw away marks, 
especially at this early stage in the paper.  There were a number of appropriate 
answers for part (b) including spindle fibres, cilia and centrioles as seen here.  
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Q2 Fatty acids can be saturated or unsaturated. Palmitic acid is a saturated fatty 
acid (C15H31COOH) and α-linolenic acid is an unsaturated fatty acid 
(C17H29COOH).  

Q2a Define the term ‘unsaturated’.  [1]  

Student’s response 

A fatty acid which has at least one double band between two adjacent Carbon atom. 
 
 
Q2b The diagram below represents a triglyceride containing three palmitic  

acid chains.  [1] 
 

 

 

 

 

 
 
Q2b(i) Identify the part of the triglyceride labelled A.  [1] 

Student’s response 

A glycerol 
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Q2b(ii) Describe how the structure of a phospholipid differs from the triglyceride 
shown above.  [1] 

 
Student’s response 

In a phospholipid one fatty acid is replaced with a phosphate group. 

Triglycerides perform several functions in living organisms.  They are synthesised in 
the smooth endoplasmic reticulum of cells and can be broken down in a number of 
metabolic processes. 
 
 
Q2c(i) Name the types of reactions that occur during the synthesis and 

breakdown of triglycerides.  [2] 
 
Student’s response 
 
Synthesis  Condensation 

Breakdown  hydrolysis 
 
 
Q2c(ii) State two functions of triglycerides in living organisms.  [2] 

 
Student’s response 
 
1  They provide energy and act as an energy store. 

2  They can be stored in the skin of mammals as heat insulators or for 
protection. 

Examiner’s comments 

This candidate achieved full mark (7) in this question and answered it very 
succinctly.  The question on fatty acids and triglycerides tended to be well answered 
in general, however a number of candidates had difficulties throughout the different 
question parts.  
 
In (a) there were some vague references to double bonds, whereas it can be see 
here that the candidate is very precise in noting that there are double bonds and they 
are between carbon atoms, both pieces of information were required for a mark. 
 
Glycerol as the correct answer for (b)(i) was seen in the majority of responses 
however a few did mix it up with glycogen.  In (b)(ii) some candidates were unable to 
describe the difference between a phospholipid and a triglyceride with some 
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forgetting about the addition of a phosphate group and simply stated ‘has two fatty 
acids rather than three’, there is a subtle but important difference between that and 
what this candidate has written as they have made it clear that one of the fatty acids 
was replaced with a phosphate group, therefore giving much more detail. 
 
For part (c)(i) it was pleasing to see that the majority of candidates answered it 
correctly like this, some however did talk about anabolic and catabolic which would 
not have gained them any marks.  In (ii) we can see that this candidate has achieved 
full marks, however if they had only said provide energy for the first function they 
would not have gained a mark for that as it is too vague a response.  Some other 
suitable responses included for buoyancy and waterproofing. 
 
 
Q3 Human Immunodeficiency Virus (HIV) is a retrovirus which invades and 

destroys lymphocytes. HIV can lead to Acquired Immunodeficiency Syndrome 
(AIDS).  The number of viral particles (viral load) detected in a sample of blood 
can contribute to a diagnosis of AIDS.  

 
AZT is a drug which can be used to treat HIV, either on its own or in 
combination with other drugs.  After drug treatment, measuring viral load can 
determine the drug’s effectiveness for an infected individual.  The aim of the 
treatment is to reduce the viral load to below 50 particles in one cubic 
centimetre of blood.  

 
The blood of an infected individual was tested monthly after beginning AZT 
treatment. The results are shown in the table below.  
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Q3a Calculate the percentage reduction in viral load between the beginning of 
treatment with AZT and the lowest viral load.  [2] 

Student’s response 

 
 
 
Q3b(i) Describe the effect of AZT treatment on viral load and evaluate its 

effectiveness for this individual.  [3] 

Student’s response 

The AZT treatment works over time to affect viral load and rapidly decreases viral 
load up until two months to the lowest point of viral load of 10,320.  After two months 
the AZT start to become in effective as viral load and it starts to rapidly rise.  The 
effectiveness is very good as it lowers it dramatically in two months but then starts to 
become ineffective and a rise occurs again. 
 
 
Q3b(ii) Using the information provided, suggest a future treatment plan for  

this individual.  [1] 
 

Student’s response 

Use other drugs on their own or with the AZT drug to treat HIV. 
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Q3c Suggest how scientists in a laboratory could ensure reliability and validity 
when testing blood samples.  [2] 

 
Student’s response 

Reliability 
Take many blood samples from the same section to get repeals and accurate 
results. 

Validity 
Make sure that variables are kept the same such as temperature. 
 
 
Q3d AZT can also be used to treat other conditions caused by retroviruses.  Using 

this information and your knowledge of the genetic make-up of retroviruses, 
suggest how AZT works.  [1] 
 

Student’s response 

It inhibits the enzyme reverse transcriptase so RNA can not be made to DNA and 
create more retroviruses. 

Examiner’s comments 

In (a) many candidates found this calculation difficult.  However as shown by this 
candidate’s working, it is relatively straightforward and is in reality a simple 
percentage change question.  Candidates lost marks by not reading the question 
carefully.  It asked for ‘the percentage reduction in viral load between the beginning 
of the treatment with AZT and the lowest viral load.’  Many candidates looked at 
month 0 and month 4, not realizing that the lowest viral load was actually at month 2.  
With ECF however they would still have achieved 1 mark for this if the calculation 
was correct.  Candidates should remember to be accurate when carrying out 
calculations and it is preferable to see answers to 2 dp like this candidate provided 
and so achieved full marks for (a). 
 
Part (b)(i) proved to be very discriminating within this question with very few 
achieving 3 marks.  This candidate, like many others, missed the cue in the stem of 
the question which stated that ‘aim of the treatment is to reduce the viral load below 
50 particles’ and stated that because the viral load dropped initially it was effective at 
the start and then wasn’t effective after 3 months.  They did achieve 2 of the 3 
marks; it was only those that evaluated the results in terms of the 50 particles per 
cubic centimetre and so stated the treatment was not effective.  This 
misunderstanding did not follow through for this candidate into (b)(ii) and they gained 
a mark for recognizing the need for other drugs to be used.  However, many 
candidates stated that as the drug was effective it could be used for two months and 
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then take a break for two months and then use it again, so they had missed the fact 
that viral load was not being lowered effectively with this treatment dose alone.  
 
In (c) it was obvious that many candidates were unsure what the terms reliability and 
validity meant and how to apply them to novel situations.  Frequently they listed 
some of possible controlled variables or vague statements about taking lots of blood 
samples rather than testing the same sample several times.  To achieve an A grade 
in AS these are some of the fundamental terms that require not just an awareness of 
the names but also an understanding of the meaning and the ability to apply them to 
novel situations.  This candidate although unsure of reliability did manage to gain a 
mark for validity.   
 
It is pleasing to see that this candidate, like the majority of candidates, was able to 
answer (d) well and it was obvious to see they understood the mechanism of reverse 
transcriptase.  This candidate achieved 7 marks overall in question 3. 
 
 
Q4 The Indian muntjac deer (Muntiacus muntjak) is a small deer that was 

introduced to England in the early 20th Century.  This species has the lowest 
number of chromosomes recorded for any mammal.  

The nuclei of diploid cells in the female M. muntjak contain six chromosomes 
(2n = 6).  

 
The simplified diagram below represents a stage of mitosis in such a cell, 
where the six chromosomes are aligned at the cell equator. 

 

 
 
 
Q4a State the stage of mitosis represented.  [1] 
 
Student’s response 

metaphase  
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Q4b Complete the diagram below to show how chromosomes align at the equator 
during the second division of meiosis, in a cell from the same species.  [2] 

 
Student’s response 

 

Q4c Describe and explain two features of meiosis that contribute to  
genetic variation.  [4] 

 
Student’s response 

1  During prophase 1, when homologous pairs join up to form bivalents , 2 non-
sister chromatids may exchange genetic material.  This is called crossing over 
and the point where chromosomes cross is called chiasmatic.  It creates 
recombinant DNA. 

2 Only one chromosome from each homologous pair can enter into a gamete.  
The one which enters each gamete is totally random and depends on how the 
chromosome randomly arrange themselves on the equator of the cell in 
metaphase. 

 
 
Q4d The cell cycle can be targeted by anti-cancer drugs such as 5’ Fluorouracil.   

State the stage of the cell cycle which is affected by this drug.  [1] 
 

Student’s response 

Synthesis stage of interphase.  
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Examiner’s comments 

Part (a) was well answered with the candidate correctly identifying the stage as 
metaphase.  In Part (b) many students struggled with converting this phase in 
mitosis to its equivalent in meiosis and therefore there were frequently many more 
than three chromosomes drawn.  This candidate however, managed to draw the 
three chromosomes and in three different sizes to show they were three different 
chromosomes and had them aligned along the equator and so obtained full marks 
for this part. 
 
In (c) most candidates could describe two features contributing to genetic variation, 
but only the candidates of higher ability, were then able to explain the outcome of 
this and how genetic variation was achieved.  Even this candidate did not manage to 
identify the outcome for random alignment along the equator – i.e. that it results in 
new combinations of chromosomes in the gametes. 
 
Part (d) drew on material new to the revised specification and is answered fully here.  
 
 
Q5a Plants require a number of inorganic ions in order to synthesise biologically 

important compounds.  State the name of one biologically important 
compound in plants which contains calcium and one which contains 
magnesium.  [2] 

 
Student’s response 

Calcium  Calcium pectate 
Magnesium  Chlorophyll 
 
 
Q5b Plant cell walls are composed of cellulose.  Explain how the structure of 

cellulose provides plant cell walls with high tensile strength.  [2] 
 
Student’s response 

Cellulose is composed of many β-glucose molecules, bonded by 1, 4 glycosidic 
bonds.  The β-glucose monomers alternate orientation, in order to for a tighter, 
straighter chain.  This compact straight chain of cellulose forms hydrogen bonds 
between adjacent chains, forming microfibrils, which have tensile strength 
(eventually form a mesh, or cell wall). 
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Q5c(i) The virus cannot pass through plant cell walls.  Suggest how it spreads 
from cell to cell.  [1] 

 
Student’s response 

Plasmodesmata. 
 
 
Q5c (ii) Plants that are infected with TMV often have chloroplasts in the palisade 

layer that have an unusual shape.  The chloroplasts appear to contain a 
large vacuole-like structure within the stroma.  

Suggest and explain how the presence of this structure might affect the 
functioning of the chloroplast.  [2] 

Student’s response 

This large structure will reduce the surface area available in the chloroplast for 
thylakoids, lamella and grana.  Therefore the amount of chlorophyll molecules 
attached to the lamella are reduced, meaning less light can be trapped and 
converted by photosynthesis. 
 
 
Q5d Plant cells contain mitochondria as well as chloroplasts.  State two similarities 

between the structures of mitochondria and chloroplasts.  [2] 
 
Student’s response 

1 Both the mitochondria and chloroplasts contain an envelope (double membrane) 

2 Both contain a fluid substance within the cell i.e. Mitochondria contains Matrix and 
chloroplasts contain stroma. 

Examiner’s comments 

It was surprising in (a) to see so many candidates referring to middle lamella and 
chlorophyll, so they obviously failed to read the question correctly and had missed 
the fact that they had to identify the compound.  This candidate however achieved 
full marks for part (a) after correcting themselves with magnesium. 
 
Part (b) was very well answered by this candidate and they have managed to avoid 
some of the common mistakes such as the inclusion of 1-6 glyosidic bonds or 
confusing β glucose with β pleated protein.  
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This candidate correctly identified the plasmodesmata as the possible route for viral 
spread within a plant cell.  However for (c)(ii) they missed the idea of the thylakoid 
displacement/damage and instead suggested that less chlorophyll would be attached 
to the lamella.  This was a common mistake with many candidates also suggesting 
there would be ‘less’ thylakoids, obviously forgetting the thylakoids and chlorophyll 
molecules would have been formed before being infected with the virus so there 
would not be less of them, but those that were there would be pushed to one side.  
This candidate did state that light absorption had been reduced and still achieved 
one of the two marks available. 
 
Many candidates struggled with the higher order thinking skill that was required to 
make the comparison between mitochondria and chloroplasts in (d).  However this 
candidate made a good attempt and recognized the fact that both were surrounded 
by a double membrane.  Some other possible answers include both contain DNA or 
ribosomes or both have internal membranes to increase surface area. 
 
 
Q6 Cholera is a disease caused by the bacterium Vibrio cholerae and is 

transmitted through drinking contaminated water.  
 

In the ileum, V. cholerae produces a toxin which activates a type of membrane 
glycoprotein called CFTR.  

 
The presence of the toxin causes the CFTR glycoprotein to pump excessive 
levels of chloride ions out of the cells and into the gut lumen.  This in turn 
affects the osmotic balance. 

 

 

 

 

 

Q6a(i) Describe how the structure of a glycoprotein differs from a  
typical protein.  [1] 

 
Student’s response 

A glycoprotein has a carbohydrate attached. 
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Q6a(ii) Define the term ‘osmosis’.  [1] 
 
Student’s response 

Osmosis is the overall net movement of water from where it is in a high water 
potential to a lower water potential through a selectively permeable membrane. 

One effect of V. cholerae infection is dehydration of the cells lining the ileum. 
 
Q6b(i) Using the information provided and your knowledge, suggest an  

explanation for this.  [4] 
 
Student’s response 

When the V.cholerae produces the toxin and the chloride ions get pumped out of the 
ileum lining, the solute potential of the lining will become less negative.  Thus, the 
solute potential of the lumen will become more negative as it becomes more 
concentrated.  This will lower the water potential of the Lumen.  Therefore water will 
move out of the lining of the ileum to the lumen from an area of high water potential 
to an area of lower water potential.  Therefore eventually all water will be lost from 
the lining causing dehydration. 
 
 
Q6b(ii) Treatments such as Dioralyte can help replace the chloride ions lost from 

the cells lining the ileum.  Suggest how this will reduce dehydration of 
these cells.  [2] 
 

Student’s response 

If the chloride ions within the cell are increased the water potential of the cell will 
become more negative, as there are less free water molecules as they form shells 
around the chloride ions.  This will restore an osmotic balance and water wont move 
out of the cell to the extent of dehydration. 
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The CFTR glycoprotein is also involved in the condition cystic fibrosis.  Cystic 
fibrosis affects several systems in the body, including the respiratory system. 
 
In individuals with cystic fibrosis the CFTR glycoprotein does not form correctly and 
therefore does not function normally.  The mucus in the respiratory system is 
normally thin and watery.  However, in patients with cystic fibrosis, it becomes thick 
and sticky. 
 
Q6c Using the information provided (including the diagram at the start of this 

question), suggest how the mucus becomes thick and sticky in individuals with 
cystic fibrosis.  [2] 

 

Student’s response 

CFTR glycoprotein doesn’t function correctly to pump chloride ions out, meaning 
their there is less negative water potential in the cell so osmosis causes water to 
move into the cell instead of diluting mucus outside the cell. 

Examiner’s comments 

This question on water potential showed that there is still much confusion among the 
weaker candidates between solute potential and water potential in general.  
 
Part (a) was answered well by this candidate although there were a few references 
to glycogen in (i) and a surprising number of the candidature either forgot about the 
movement through a semi permeable membrane or using concentration rather than 
water potential in (ii).  At AS level, one would expect to see a higher order 
understanding of osmosis beyond the concentration of the solute, especially for 
those hoping to achieve top grades.  
 
This candidate achieved three of the four marks available for (b)(i).  The mark they 
lost was for not identifying from the stem of the question the fact that excess chloride 
ions are pumped out compared to normal and that it is the extra ions which are 
having the effect.  However, unlike some other candidates, they did not lose marks 
on this question with confusion of water potential and direction of movement of 
water.  In (b)(ii) they were able to apply their knowledge successfully to comprehend 
that Dioralyte reverses the process by decreasing the water potential in the cells and 
therefore water was drawn back into the cell.  Candidates need to remember that 
only a small percentage of an AS paper is direct recall; for the majority of it they will 
have to apply their knowledge to unfamiliar contexts. 
 
Part (c) appeared to be quite discriminating with only the minority of students 
achieving full marks.  They had to identify that more chloride ions remained in the 
cells and so less water moves out into the mucus layer.  Many candidates also 
continued to frame their answer in terms of the ileum rather than the respiratory tract 
which again raises the question of whether candidates are taking the time to read 
questions properly rather than skimming through the stem.  
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Q7 When a tadpole changes to an adult frog, its tail is broken down and  
 reabsorbed into the body. A major component of the tail is the protein  
 collagen, which provides support.  
 

Collagen in the tail is broken down by the enzyme collagenase, which has a  
zinc cofactor. 
 

Q7a(i) Define the term ‘cofactor’.  [1] 
 

Student’s response 

A cofactor is an organic molecule (non protein), that generally attaches to an 
enzyme, to aid activity by changing the active site shape, to facilitate formation of 
enzyme-substrate complexs or even transport a substrate/product to another 
enzyme. 
 
 
Q7a(ii)  Describe how the structure of the protein collagen is related to its 

function of support.  [3] 
 

Student’s response 

Collagen has a quaternary structure, with 3 identical poplypeptide chains hydrogen 
bonded together. 

These fibres wrap around each other, to increase strength and to provide support in 
e.g. skin. 
 
 
Q7b An investigation was carried out to determine how zinc availability affects the 

rate of collagenase activity and therefore the reabsorption of tadpole tails. 
 

Tadpoles of the clawed frog (Xenopus laevis) were allowed to mature in 
water containing normal zinc concentrations and in water containing no zinc.  
The average diameters of the collagen fibrils in tadpole tails during the first 
25 minutes of the investigation are shown in the table below. 
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Q7b(i) Plot the results, using an appropriate graphical technique.  
(Use the graph paper below) The caption is already included.  [4] 

 
Student’s response 

  

Q7b(ii)  Describe and explain the trend evident in the results.  [3] 

Student’s response 

The average collagen fibril diameter/nm decreases drastically from 27nm to 1nm in 
25 minutes in the water with zinc, as zinc increase the effect of collagenase and 
collagen is broken down more than the 4nm decrease in zinc absent waters where 
collagenase had less impact. 
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Q7c  Collagen is also found at joints in the human body.  The breakdown of 
this collagen by collagenase is a factor in arthritis.  Use the information 
provided and your knowledge of enzymes to suggest how a therapeutic 
drug could treat arthritis.  Explain your answer.  [2] 

 
Student’s response 

The use of a therapeutic drug that was an enzyme inhibitor would compete for the 
active site of the collagenase, meaning less collagen is broken down, reducing 
arthritis effect.  (A non-competitive inhibitor could permanently change the active site 
and prevent enzyme substrate complex forming, further reducing arthritis impact.  
however a competive cannot.) 

Examiner’s comments 

In the penultimate question, candidates were assessed in a number of skills, 
including the drawing of a graph.  
 
This candidate correctly identified a cofactor as not just a non-protein substance but 
that it was required to help an enzyme function.  Too often it can be seen that 
candidates do not give full answers for 1 mark questions; often the answer they 
provide is just GCSE standard, and they therefore lose out on what should be the 
easy marks.  Full marks were again achieved in (a)(ii) by a concise but detailed 
description of collagen which was also linked to the fact that it is strong to provide 
support.  A number of candidates did not relate collagen to its function as the 
question directed them to. 
 
This candidate achieved full marks for their graph which was well drawn.  They did 
not need to include the axis on the right hand-side of the paper and the examining 
team felt they had done this to make sure their plotting was accurate.  However it is 
not a common practice that would be recommended.  Candidates should also 
remember to add 0 to their axis; a large number of graphs did not have their origin 
marked.  There also still appears to be many of the candidates that struggle with 
choosing an appropriate graphical technique and a number of bar graphs were 
submitted for assessment.  This candidate also provided a detailed legend, which is 
essential in a graph where two values are being plotted.  Candidates should be 
aware that the scanning process is completed in black and white and therefore 
coloured lines are not seen by the examiners. 
 
In Part (b)(ii), this candidate, like the majority, was able to describe the trend shown 
in the graph.  However only a minority of them were then able to extend this to 
explain why this trend occurred; they did not appear to be making the link between 
the zinc cofactor and the functioning of an enzyme.  Therefore, they only achieved 1 
of the 3 available marks here. 
 
In part (c) this candidate has successfully applied their knowledge to a novel 
situation and achieved full marks in this part.  
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Section B 

Quality of written communication will be assessed in this section. 
 
Q8 A wealth of knowledge about biological structures has been obtained using the 

different types of microscope, including the light microscope (LM), the 
transmission electron microscope (TEM) and the scanning electron 
microscope (SEM). 

 
 
 
 
Q8a Discuss the advantages and disadvantages of the light microscope (LM), the 

transmission electron microscope (TEM), and the scanning electron 
microscope (SEM) to observe biological structures.  [6] 

 
Student’s response 

One advantage of the light microscope is that it is easy to transport as it is small in 
size.  It is also inexpensive compared to the electron microscopes.  However, it 
doesn’t give a very detailed image of the specimen only able to view large structures 
and cant produce high resolution images.  The Transmission electron microscope is 
very effective at producing images with high resolution and it can also be used at 
high magnifications, allowing detailed images to be produced.  One disadvantage is 
that it is very expensive and specimens must be very thin and dead which may 
produce artefacts.  The scanning electron microscope can produce 3D images of the 
surface structure which is an advantage.  However, the specimens must be dead or 
dried in order for them to be viewed using an electron microscope.  It also cant 
produce images with as high resolution or magnification as the TEM.  The electron 
micrographs produced are often in black and white.  Magnetic objects also affect the 
functioning of the microscope.  
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Q8b Microscopy has enabled extensive study of the tissue layers of the ileum.  
Describe the structure and function of each of the tissue layers of the ileum.  
[9] 

 
Student’s response  

The serosa is the outer layer of the ileum and is mainly composed of connective 
tissue.  It provides support and a protective lining of the ileum. 

The muscularis externa has an outer layer of longitudinal muscular which contract to 
give peristaltic movements and an inner layer of circular muscles which contract to 
give local constrictions.  The contractions help mix food and churn it.  The contrcition 
of the circular muscles help move food along the gut by peristaltic waves. 

The sub-mucosa is largely composed of connective tissue and large amounts of 
blood vessels and lymphatic vessels.  It helps transport away absorbed food 
molecules from the ileum.  

The next layer is the muscularis mucosa.  It is a thin layer of muscle between the sub 
mucosa and the mucosa.  It is important in moving the villi in the mucosa, thus 
increasing contact with digested food in the gut lumen.  It does so by having thin 
strands of muscle which extend into each villus and when they contract, the villi 
move in a ‘wafting’ movement. 

The inner layer of the ileum is the mucosa.  It is the layer in contact with food in the 
gut lumen.  Its role is to absorb digested food molecules.  Thus, it is adapted by 
having villi and microvilli to provide a large surface area for absorption. 
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Examiner’s comments 

The inclusion of the new banded mark scheme for marking the essay has continued 
to allow for good differentiation among the candidates.  And this candidates’ answers 
were worthy of Band 3 and 5 marks for (a) and Band 2 and 6 marks for (b). 
 
In part (a), candidates were required to explain in sufficient detail the advantages 
and disadvantages of the light microscope and both electron microscopes.  This 
candidate had obviously studied this in detail and was able to confidently discuss the 
different varieties of microscopes.  This was not the case across the entire 
candidature however with the majority only able to give vague points such as ‘light 
microscopes are easier to use’ or included terms they had heard but it was obvious 
they had limited understanding of them for example ‘the inclusion of artefacts in 
electron micrographs is an advantage’.  
 
In part (b), it was clear that this candidate had a reasonable knowledge and 
understanding of the main structures of the tissues and were able to link these 
structures to the functions within the ileum.  However they did not achieve enough 
points to get them into Band 3 of the mark scheme as they failed to consider some of 
the features such as goblet cells producing mucus for lubrication or epithelial cells 
containing mitochondria for active transport.  
 
This question on microscopy techniques and the structure and function of the ileum 
divided candidates, since many knew the topic to a high level of detail and were able 
to score accordingly, while others had only a superficial knowledge of microscopy or 
failed to relate the structure of the tissues to the function within the ileum.  This 
underlines the need for a thorough knowledge and understanding of all parts of the 
course for those who are seeking a top grade in this subject. 
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Section A 

Q1a Using the key below, identify the five kingdoms of living organisms labelled  
A–E.  [5] 

 

 
 
Student’s response 

A Prokaryotes  

B Protocista 

C Fungai 

D Anamalia 

E Plantae  
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Q1b The largest taxonomic rank shown in the classification system in (a) is 
kingdom. 

 
In another classification system, two or more kingdoms may form part of a 
larger taxonomic rank. 

 
Identify this larger taxonomic rank, by completing the list below. 

 
Species 

 
Genus 

 
Family 

 
Order 

 
Class 

 
Phylum 

 
Kingdom [1] 

Student’s response 

Dominion 

Examiner’s comments 

The candidate obtained all five marks for question one. 
 
In part (a) they all identified the five kingdoms in the correct sequence, using the 
dichotomous key.  Their handwriting and spelling ensured that prokaryote and 
protoctista were clearly distinguished.  Candidates lost marks for naming bacteria in 
place of prokaryote. 
 
In part (b) they were also able to name the level of classification above kingdom and 
either domain or super kingdom.  Superior was accepted in place of super for this 
candidate. 
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Q2a Describe how a wave of excitation, which originates in the sinoatrial node 
(SAN) of the heart, eventually results in ventricular systole.  [4] 

 
Student’s response 

The impulse generated in the SAN moves across both atrias causing them to 
contract.  The wave does not spread to the ventricles as there is a buyer of non-
conductive tissue between the atria and ventricles.  When the wave of excitation 
reaches the atrioventricular mode (AVN), it is relayed, down the bundle of His, once 
past the septum, the impulse spreads through special fibres called the purkinje 
fibres, these cause the ventricular muscles to contract from the bottom-up during 
systole. 
 
 
Q2b Sick Sinus Syndrome (SSS) is a condition where the SAN malfunctions.   

The ECGs below are from a healthy individual and an individual with SSS. 
 

 
Symptoms of this condition include tiredness and fainting.  Using the 
information in the ECGs, suggest a reason for these symptoms.  [1] 

 
Student’s response 

The patient has an irregular heartbeat (QRS wave) which means they are pumping 
less blood round their body and therefore their organs are getting less oxygen, 
hence why they feel tired. 
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Examiner’s comments 

In part (a) the candidate obtained all four marks available. 
 
For the first mark, the candidate was able to describe the spreading of the electrical 
impulse across the atria.  They correctly identified the non-conductive tissue 
between the atria and the ventricles for the second mark.  For the third mark they 
correctly named the AVN and for their fourth mark the correctly stated the direction 
of the impulse as down the bundle of His.  The candidate also further explained the 
direction of the impulse as going up the purkinje fibers. 
 
In (b) the candidate incorrectly described the heart beat as irregular, the description 
required was actually fewer heartbeats.  This candidate did however correctly 
explain the effect of this as reducing the oxygen supply to tissues/organs.  Many 
candidates failed to provide both the description and the explanation required in this 
suggest question to access this mark. 
 
 
Q3a Many farmers apply chemicals to their fields to kill weeds.  An investigation 

was carried out into the effect of one of these chemicals on biodiversity.  The 
results are summarised in the graph below.  (Simpson’s index is a measure of 
biodiversity.) 

 

 
 

Describe and explain the relationship shown in the graph.  [4] 
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Student’s response 

Description The more increased concentration used, the lower biodiversity was 
(higher Simpson’s index was). 

Explanation This is because ecosystems are complex and many animals may have 
relied on those weeds as a source of food, they may die out due to a 
lack of food.  Also, the chemicals may have affected/killed species 
other than the target weed, thereby reducing biodiversity.  From the 
graph it is evident increasing concentration caused a decrease in 
biodiversity. 

 
 
Q3b Government regulations are in place to ensure that farmers manage their 

hedgerows in a way that promotes biodiversity.  One such regulation states 
that hedgerows should only be cut at certain times of the year. 

 
Suggest when farmers should cut hedgerows and explain how this would 
promote biodiversity.  [2] 

Student’s response 

Farmers should cut their hedges every 2-3 years, and only during the winter.  This 
means they will not affect birds which are nesting and will also give the hedge a 
chance to grow. 

Examiner’s comments 

The candidate obtained all six marks available for this biodiversity question which 
proved to be quite discriminating. 
 
In part (a) this candidate was able to correctly describe the trend as shown in the 
graph for the first mark.  They then correctly stated this showed a lower/decreased 
biodiversity for the second mark.  These first two marks were accessed by the 
majority of candidates.  The last two marks for the explanation required candidates 
to clearly state how the biodiversity was reduced by linking it to habitat/food loss and 
that specifically animals would decrease in number.  Many candidates lost marks 
through using the general term ‘species loss’ which did not credit a mark. 
 
In part (b), the candidate got full marks.  This question was relatively straight forward 
recall of hedge management for the promotion of biodiversity.  They all correctly 
identified the time of year for cutting the hedge and linked this to preventing the loss 
of nests or berries for birds.  Candidates who lost marks in this section failed to state 
the appropriate time of year for cutting or incorrectly linked this to hibernation. 
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Q4a Breathing in mammals depends on changes in pressure within the thoracic 
(chest) cavity. 

 
Explain the mechanism of inspiration in mammals.  [3] 

Student’s response 

The external intercostal muscles contract (while the internal intercostal muscles 
relax) causing the ribs to move outwards and upwards.  The diaphragm flattens and 
the volume of the thorax is increased.  This decreases the pressure surrounding the 
lungs.  To counter balance this, air rushes into the lungs to achieve a pressure 
equilibrium with the pressure outside the thorax. 
 
 
Q4b(i) The volume of air in the lungs of an individual over a one-minute period is 

shown in the graph below. 

 

Name the process taking place at X.  [1] 

Student’s response 

Expiration  
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Q4b(ii) Describe two ways in which the breathing changes after 30 seconds 
(the period labelled Y).  [2] 

Student’s response 

1 The breathing becomes more frequent – the individual is breathing faster 

2 They are taking deeper breaths – the volume of air inhaled and exhaled increases 
 
 
Q4b(iii) Suggest an explanation for one of these differences.  [2] 
 
Student’s response 

The increase in frequency of the breathing could be caused by an increase in the 
individuals metabolic needs, for example, during exercise.  The individual takes more 
breaths to absorb more oxygen needed in times of high respiratory demands during 
exercise to produce more energy and exhales to remove the high levels of carbon 
dioxide also produced. 
 
 
Q4c(i) The breathing rates of five people were monitored over a five-week period, 

as shown in the table below. 
 

 
 

Which individual’s average breathing rate showed the largest range during 
the five-week period?  [1] 

 
Student’s response 

D 
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Individual C suffers from emphysema. 
 
Q4c(ii) Using the information provided, describe fully and explain the data 

shown for C.  [4] 
 
Student’s response 

Emphysema is caused by the breaking down the alveoli in the lungs and therefore 
their ability to facilitate the diffusion of oxygen into the capillaries.  As the individual’s 
alveolar lining becomes more damaged throughout each week, their average 
breathing rate increases from 19 breaths per minute (week 1) to 22 breaths per 
minute (week 5).  This is the body’s attempt to provide the oxygen needed for 
respiration.  As the damaged alveoli cannot diffuse enough oxygen for respirations 
under normal conditions, the breathing rate must be increased to meet respiratory 
demands. 

Examiner’s comments 

The candidate obtained twelve marks out of the possible thirteen available for question 
4 which required knowledge of the respiratory system and tested the ability to interpret 
data from graphs and tables. 
 
In part (a) the candidate fully explained the mechanism of inspiration including detail 
of the intercostal muscles and the volume and pressure in the thoracic cavity.  Many 
candidates lost marks in this section by incorrectly linking the volume and pressure 
changes to the lungs. 
 
Part (b)(i) involved application of knowledge and analysis of an unfamiliar graph; the 
candidate identified the downwards slope as representing expiration or exhalation.  
In part (ii) the candidate was able to correctly describe changes in breathing after 30 
seconds.  Descriptions of the volume were incorrect unless qualified by a link to 
breathing or inhalation and exhalation, as seen in the candidate’s second point.  In 
(iii) the candidate correctly linked the increase in breathing rate to exercise and fully 
explained the need for more oxygen for the increased rate of respiration. 
 
In (c) the candidates were tested on their ability to derive trends from a table of data.  
The candidate was able to state individual D as the person with the largest range in 
breathing rate, which showed good understanding of the term 'range'.  In (c)(ii) the 
candidate was not able to get all four marks available.  Two marks were for 
identifying the two trends and the second two marks were for describing these.  The 
candidate was able to identify this trend but failed to describe the higher breathing 
rate. 
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Q5a(i) A leaf on a photosynthesising plant was supplied with radioactive 
carbon dioxide (14CO2).  The numbers on the diagram below show 
relative levels of radioactivity in the plant after a period of time. 

 

 
 

Name the tissue in the stem where most radioactivity would be 
detected.  [1] 

 
Student’s response 

Phloem 
 
 
Q5a(ii) Name the organic substance which contains most of the radioactivity in 

the stem.  [1] 
 
Student’s response 

Sucrose 
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Q5b Describe and explain the distribution of radioactivity in the plant.  [4] 
 
Student’s response 

The radioactivity can be found all over the plant both above and below the leaf where 
it was added to.  This is because it was being transported through sieve tube 
elements of the phloem which is capable of two-way translocation due to active 
transport with the ATP being provided by the companion cells.  The phloem works by 
a source to sink mechanisms, the sucrose which contains the radio activity is 
transported from the leaf to areas of the plant which need the organic substances for 
growth’ Big Budding leafs above.  It also is required in the roots as lots of growth 
occurs there also the majority of radioactivity is found in the stem that is where the 
plasm transports through. 

Examiner’s comments 

The candidates achieved five out of the possible six marks for this question.  Section 
(b) was particularly discriminating for all candidates as many struggled with 
interpreting data displayed in a diagram. 
 
In part (a) the candidate correctly named the tissue as phloem and the organic 
substance as sucrose. 
 
Part (b) asked candidates to use data provided in a diagram to explain the 
distribution of a radioactive compound through a plant.  This unfamiliar context and 
data proved challenging for many candidates.  Two marks were available for the 
description and two for the explanation.  The candidates was able to describe the 
movement of the radioactivity both up and down the plant but failed to use the data 
to identify that more moved down compared to up the plant.  They were able to 
identify that most radioactivity was at the leaf were it was added and so got the 
second description mark.  They also were  awarded one of the two possible 
explanation marks of stating that the movement upwards was for growth of buds 
making this a very good and detailed answer. 
 
 
Q6a(i) It was suspected that a pollution incident involving slurry had occurred 

in a local river. 
 

Oxygen content of the water in the river was measured, both upstream 
and downstream from the suspected slurry leak.  Samples were taken 
at seven points along the river and the results are shown in the graph 
below. 
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Draw an arrow on the x-axis to indicate the point at which slurry is most 
likely to have entered the river.  [1] 
 

Student’s response 
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Q6a(ii) Describe and explain the effect of the slurry leak on the oxygen content 
of the river.  [4] 

 
Student’s response 

Originally the oxygen content was 7, when slurry was added at 20m this decreased 
dramatically to 1.6 and then slowly started to increase again and reached normal 
again at 120m.  This is because the increase in organic substances meant a rich 
source of nutrients for bacteria.  This lead to a population explosion of decomposing 
bacteria that used up all the oxygen in the water for aerobic respiration.  As all the 
slurry was decomposed the water became unpolluted and slowly the bacteria began 
to die off so oxygen content increased. 
 
 
Q6b(i) Calculate the percentage change in the oxygen content of the river 

between 40 and 120 metres. 
 

(Show your working.)  [2] 
 
Student’s response 

40 = 1.6 

120 = 7   7-1.6 = 5.4 
 
𝟓𝟓.𝟒𝟒
𝟕𝟕

 × 100 = 77 

 
_________77 % 
 
 
Q6b(ii) Suggest a reason for this change.  [1] 
 
Student’s response 

The bacteria began to die off as there was no slurry left to decompose so oxygen 
content increased. 
 
 
Q6b(iii) Suggest how the investigation could be improved in order to determine 

more precisely the site of the slurry leak.  [1] 
 
Student’s response 

Observe farms in the area and check for any leaks which run into waterways.  
Indicator species could also be used to identify where leak was.  
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Q6c Waterways can also be polluted by fertiliser run-off. 
The effects of fertiliser run-off and pollution by slurry are different in some 
ways. 
Suggest and explain two of these differences.  [4] 

 
Student’s response 

Fertiliser run-off leads to nutrient enrichment of waterways by nitrates and 
phosphates (in organic substances).  This leads to eutrophication where algae 
blooms grow, preventing light from penetrating to plants and depleting minerals.  
Algae and plants die and decomposing bacteria break them down using up the 
oxygen in the water for respiration.  Whereas pollution by slurry is due to organic 
substances and causes organic pollution by supplying a rich source of nutrients for 
bacteria to feed on. 

Examiner’s comments 

The candidate achieved eight out of a possible thirteen marks in this challenging 
question on water pollution, which is new to the AS specification. 
 
Part (a)(i) required candidates to place an arrow on the x axis indicating where the 
pollution entered the stream.  The candidate placed an arrow between 20 and 40m 
on the graph and received the mark. 
 
Part (a)(ii) the candidate received all four marks for a very detailed answer using 
information provided in the graph in (i).  This candidate also correctly described the 
drop in oxygen after 20m as dramatic; a drop alone was not sufficient unqualified.   
They then used A-level standard explanations for this decrease including; a bacteria 
population explosion, aerobic respiration and the fact that the pollution was organic 
as opposed to inorganic, as found in fertilizers. 
 
Part (b)(i) involved a calculation of percentage change, which proved difficult for 
many candidates, including this candidate who only received one out of the two 
marks for the first part of their calculation.  Most candidates failed to divide by 1.6, 
instead incorrectly dividing by 7.  In (b)(ii) candidates were challenged to give a 
reason for the increase in oxygen content at 120m.  This candidate gave a very 
concise answer, referencing the drop in bacteria numbers and linked this to their 
food source, slurry; running out. 
 
In (b)(iii) candidates were asked to suggest a way the accuracy of the investigation 
could be improved.  The candidate did not do this but could have suggested taking 
the samples at smaller intervals and further suggested the exact spacing of every 
5m. 
 
Part (c) proved to be the most challenging question within this paper.  There were 
four marks available, and this candidate was only able to achieve one mark.  The 
most common mark was the idea of the fertilizer causing an algal bloom.  The rest of 
their answer was too vague to be credited with any further marks.  Consideration of 
the level of detail required for this style of question needs to be taken when teaching 
this new section.  



38 
 

CCEA EXEMPLIFYING EXAMINATION PERFORMANCE 

Q7a(i) Plasma is the liquid part of the blood and transports carbon dioxide, 
urea, products of digestion, heat, prothrombin, fibrinogen and clotting 
factors. 

 
Exchange between the blood and the body cells takes place via 
capillaries, which have very thin walls.  Suggest one other way in which 
the capillary system is adapted for exchange.  [1] 

 
Student’s response 

There is a dense network of capillaries so no body cell is no more than a few cells 
away from a capillary. 
 
 
Q7a(ii) The diagram below shows the major blood vessels which carry blood to 

and from the liver. 
 

 
 

Suggest and explain one difference between the plasma in the hepatic 
vein and the plasma in the hepatic artery.  [2] 

 
Student’s response 

The plasma in the hepatic vein would contain more carbon dioxide as respiration 
occurs in the liver and produces carbon dioxide which will be transported away by 
the hepatic vein 
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Q7b(i) People suffering from the condition haemophilia are not able to produce 
Factor VIII.  Explain fully why the meshwork which traps blood cells to 
form a clot cannot be produced in haemophilia sufferers.  [2] 

 
Student’s response 

Factor VIII is a clotting factor that is needed for the conversion of prothrombin to 
thrombin and the conversion of fibrinogen to fibrin.  If this isn’t prevented, insoluble 
fibres cannot be formed so a clot is not produced. 
 
 
Q7b(ii) As haemophilia sufferers cannot form this meshwork, suggest why they 

should seek urgent medical attention if they cut themselves.  [1] 
 
Student’s response 

The blood will continue to leak out of the cut as there is no clot stopping it. 
 
 
Q7c(i) Red blood cells contain haemoglobin. 
 

The graph below shows the oxygen dissociation curves for the haemoglobin 
of three mammals common in the UK. 

 
The shrew is a small mammal with a higher metabolic rate than many larger 
mammals.  The mole lives in narrow burrows underground. 
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Suggest why the oxygen dissociation curve for the mole haemoglobin is to 
the left of those for the cow and the shrew.  [2] 

 
Student’s response 

The haemoglobin in the mole has a higher affinity for oxygen.  This is because the 
mole has less access to oxygen and its haemoglobin can remain saturated at lower 
partial pressures. 
 
 
Q7c(ii) Explain the difference between the oxygen dissociation curves for 

shrew and cow haemoglobin.  [3] 
 
Student’s response 

The shrew carries out more respiration so there’s an increased amount of CO2 which 
reduces the affinity haemoglobin unloads more to let aerobic respiration continue for 
longer (Bohr effect).  Whereas the cow haemoglobin is normal in that the rate of 
oxygen uptake and carbon dioxide output is equal so the haemoglobin becomes fully 
saturated at normal partial pressures. 
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Examiner’s comments 

This candidate obtained nine out of a possible eleven marks for this question on the 
mammalian circulatory system. 
 
Part (a) required candidates to describe adaptations of the circulatory system and 
use a simple diagram to help describe and explain a difference between the plasma 
in an artery and vein. 
 
In (a)(i) candidates struggled to go beyond GCSE level descriptions of adaptation.  
The candidate gave a correct statement about the amount of capillaries but failed to 
link this to increased surface area. 
 
In (a)(ii) the candidate gave a correct difference in the plasma content and then 
explained concisely why this difference occurs.  This was a very well written and 
complete answer to this section.  Many candidates referenced oxygen differences 
and where therefore incorrect. 
 
Part (b) tested candidate’s knowledge of blood clotting.  The candidate correctly 
identified both steps in blood clotting which would not occur if factor VIII was missing.  
In part (ii) this candidate also correctly deduced that if people with haemophilia did 
get cut they would continue to bleed. 
 
Part (c) tested candidates’ ability to apply their knowledge of dissociation curves for 
animals in different habitats.  In part (i) the candidate gave a concise and full answer 
to explain why the dissociation curve for the mole is to the left of the shrew.  They 
got both parts required for full marks.  They correctly identified that the mole had a 
higher affinity for oxygen and explained this in relation to its low oxygen environment.  
Part (ii) required more detail and was worth three marks.  This candidate was 
awarded two marks for identifying the lower affinity of the shrew’s haemoglobin and 
also linked this to increased rate of respiration.  This candidate failed to provided to 
state this required more oxygen so therefore did not get the last marking point. 
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Section B 
 

Quality of written communication will be assessed in this section. 
 

Q8a Marram grass (Ammophila arenaria) is a xerophytic species found in the 
sand dunes at Murlough Nature Reserve in Northern Ireland.  A.  arenaria 
is most abundant in the dunes closest to the shore, where the soil has very 
poor water retention. 

 
The European white waterlily (Nymphae alba) is a hydrophytic plant which 
can be found in ponds throughout the Mourne Mountains. 

 
Using the information above, explain two leaf adaptations expected to be 
found in A.  arenaria and one leaf adaptation expected to be found in N. 
alba.  [6] 

 
Student’s response 

A.arenaria is a xerophytic plant therefore it will have many adaptations.  One will be 
that it will have a very thick waxy cuticle, this helps to prevent water loss from the 
leaf by cuticular transpiration as it waterproofs the upper epidermis. 

Another adaption which the A.arenaria will posses would be the presence of 
stomatal hairs, these help reduce the water lost by the plant by stomatal transpiration 
as the hairs trap moisture outside of the stomata, this reduces the conc./ᴪ gradient 
from the plant to the air which therefore reduces the level of diffusion out of the plant. 

The N.alba is a hydrophitic plant, one adaptation which it would posses would be 
that the majority of stomata will be on the upper epidermis, this is because oxygen is 
in greater supply in air than in water (lower epidermis is in contact with lake surface) 
and also it prevents too much water entering via the stomata which would cause the 
plant to sink. 
 
 
Q8b Describe and explain how environmental factors affect the rate of 

transpiration in a mesophytic (typical) plant.  [9] 
 
Student’s response 
 
Many environmental factors are influence the rate of transpiration in a mesophytic 
plant. 

The first environmental factor is light intensity, greater light intensity increases the 
rate of transpiration as stomata are only open in light, so the main route of 
transpiration is available.  Another environmental factor is temperature, as 
temperature increases so does the rate of transpiration, this is because molecules 
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evaporating from the spongy mesoplays have greater kinetic energy and therefore 
will diffuse out of the plant at a faster rate, increasing transpiration. 

Wind speed also affects the rate of transpiration, as wind speed increases so does 
the rate of transpiration, this is because the wind blows away clusters of water 
molecules from outside of the stomata, which increases the concentration gradient, 
causing more water vapour to diffuse out of the stomata, increasing transpiration. 

Humidity also has an effect on the rate of transpiration, as humidity increases rate of 
transpiration decreases this is because the air outside of the stomata more moisture, 
decreasing the diffusion gradient, which results in less water vapour diffusing 
through the stomata, decreasing the rate of transpiration. 

Soil water availability also impacts the rate of transpiration as when there is limited 
water available in the soil plants are able to close their stomata which removes the 
major route of transpiration, therefore reducing the rate of transpiration. 

Examiner’s comments 
 
The final question of the paper tested candidates’ knowledge of xerophytic and 
hydrophytic leaf adaptations and the environmental factors that affect the tare of 
transpiration.  The banded mark scheme, new to this specification, required a high 
level of biological knowledge in order to access marks in the top band. 
 
The candidate received full marks in this section, with a very clear, detailed 
response.  When describing the effect of an external factor they were careful to 
include the direction of the trend, for example increasing temperature increases 
transpiration.  Many candidates lost marks by only stating temperature increases 
transpiration.  To achieve top marks this candidate listed a wide range of 
environmental factors, five in total.  They used a high level of biological language 
such as kinetic energy.  They were able to fully explain how each environmental 
factor affected the rate of transpiration, receiving all three possible marks for each 
factor.  They received thirteen marking points and their punctuation and spelling was 
of a high standard throughout, which put them in the top band and awarded nine 
marks. 
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Section A 

Q1a Benedict’s reagent can be used to detect the presence of reducing sugar.  
Describe how to carry out the Benedict’s test on a prepared sample.  [1] 

 
Student’s response 

Add the benedict’s reagent to an equal volume of the test sample in a test tube and 
heat in a water bath. 
 
 
Q1b Describe a positive result for the Benedict’s test.  [1] 
 
Student’s response 

The blue solution will form a brick-red precipitate after turning from blue to green to 
yellow and then to orange. 
 
 
Q1c Identify a second test which would confirm that the reducing sugar present 

in a sample was glucose.  [1] 
 
Student’s response 

The sample should be tested with Clinistix strips and if glucose is present the pink 
strips will turn dark purple. 

Examiner’s comments 

The candidate obtained all three marks for question 1. 
 
In part (a) their answer included both adding the Benedict’s reagent to the prepared 
sample and the need to heat this to obtain a positive result.   
 
In (b) the candidate answered that a brick-red precipitate was a positive result for the 
Benedict’s test.  Candidates who failed to get this question part correct usually failed 
to make reference to the presence of the precipitate as an indicator of a positive 
result. 
 
The candidate identified Clinistix as a suitable test for demonstrating the presence of 
glucose in a sample part (c). 
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Q2a(i) A colorimeter can be used when investigating the effect of amylase 
concentration on the rate of breakdown of starch. In order to obtain precise 
values for the starch remaining in the mixture, a calibration curve is used.  

 
To produce a calibration curve it is necessary to make a serial dilution of a 
stock starch solution to obtain the range of concentrations required.  

 
Describe how you would make a 0.1% starch solution from a 1% starch 
solution.  [1] 

 
Student’s response 

Take 1cm3 of the 1% starch solution and add this to 9cm3 of distilled water to form a 
starch solution with a concentration of 0.1%. 
 
 
Q2a(ii)  State two precautions that must be taken to ensure accuracy when 

preparing serial dilutions. 
 
Student’s response 

1 The solution prepared at each stage of the series should be thoroughly mixed 
before preparing the next dilution in the series. 

2 A fresh syringe should be used for each dilution in the series to prevent the carry-
over of solution from previous dilutions. 

 
 
Q2b Describe briefly how the serial dilutions can be used to produce a 

calibration curve, using a colorimeter.  [2] 
 
Student’s response 

A colorimeter should be set up and calibrated with a diluted iodine solution to 100% 
transmission.  A few drops of sodine should be added to each dilution of starch.  This 
will cause a blue-black colour to form and so a red filter should be placed in the 
colorimeter.  Measure the percentage transmission for each starch solution and plot 
a graph with the percentage transmission on the y-axis and the concentration of 
starch solution of the x-axis. 
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Examiner’s comments 

The candidate obtained all five marks available for question 2.   
 
In (a)(i) the answer correctly stated that 1 cm3 of 1% starch should be added to 9 cm3 
of (distilled) water to give a 0.1% solution – many candidates incorrectly added 1 to 
10. 
 
In (a)(ii) this candidate was able to identify two precautions that must be taken to 
ensure accuracy when preparing serial dilutions.  The candidate identified the need to 
use clean / fresh pipettes or syringes during transfer (to prevent carry over of previous 
solutions) and the importance of mixing the solutions thoroughly before transfer. 
 
Part (b) asked candidates to describe how serial dilutions can be used to produce a 
calibration curve, using a colorimeter.  This candidate obtained the two marks 
available for part (b) by answering that percentage transmission (or absorbance) 
should be measured for each concentration and that this data can then be used to 
plot a calibration curve.  The second mark was also achieved as sufficient detail was 
provided, i.e. percentage transmission/absorbance should be on the y-axis and 
concentration of (starch) solution should be on the x-axis.  Candidates who just 
made reference to the plotting of a calibration graph failed to obtain this mark. 
 
 
Q3a(i) A group of students investigated the distribution of the seaweed, egg wrack 

(Ascophyllum nodosum), on exposed and sheltered rocky shores. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Like most seaweeds, A. nodosum is firmly attached to underlying rock. The 
air bladders help the seaweed float when covered by water.  
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The students placed a transect tape from low tide mark to high tide mark 
on both an exposed rocky shore and a sheltered rocky shore.  They 
estimated the percentage cover of A. nodosum in quadrats placed end to 
end up the shore in each site.  

 
Explain why systematic sampling was used rather than random sampling.  
[1] 

Student’s response 

There is a graduation in conditions as you move from the low tide mark to the high 
tide mark and so there is clear evidence of zonation.  
 
 
Q3a(ii) When selecting areas to place their transect tape, the students chose 

positions that avoided their transect tape passing across any rock pools.  
(Rock pools are large hollows in the rock that contain water, even when the 
tide is out.)  

 
Suggest why the students avoided placing their transect tape across rock 
pools.   [1] 

Student’s response 

The rock pools will affect the validity of the results because the conditions in the rock 
pools (flooded with sea water all the time) is not representative of the overall 
conditions in that area up the shore.  Also, the seaweed present in the rock pools 
may not be visible and so cannot be identified. 
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Q3b(i) The graphs below show the distribution of A. nodosum on the two rocky 
shores. 

 

Q3b(i) State one similarity and two differences between the distributions of A. 
nodosum on the two rocky shores.  [3] 

Student’s response 

Similarity on both the sheltered shore and the exposed shore the A.nodosum 
is only found between 9m to 33m up the shore. 

Differences 

1 The A.nodosum has a much greater percentage cover in the areas where it is 
found on the sheltered shore (with a maximum of 100%) compared to its 
percentage cover in the areas the same distance up the shore on the exposured 
shore (with a maximum of only 56%)  
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2 The A.nodosum is only found in 11 quadrats between 9m and 33m up the shore 
on the exposed shore whereas it is present in all 24 quadrats between 9m and 
33m up the shore on the sheltered shore. 

 
 
Q3b(ii) Using the information provided, suggest a possible explanation for one of 

the differences.  [1] 
 
Student’s response 

The sheltered shore has a higher percentage cover of A.nodosum in each quadrat 
compared to the quadrats at the same distances up the shore on the exposed shore 
because the seaweed on the exposed shore will be open to much winder conditions 
than the seaweed on the sheltered shore.  The A.nodosum is not adapted for these 
windy conditions and so less is found along the exposure shore. 

Examiner’s comments 

The candidate obtained five of the six marks available for this rocky shore ecology 
question which proved to be very discriminating.   
 
The candidate achieved the two marks available for part (a).  In part (i) the candidate 
was able to explain that systematic sampling was used because there was an 
environmental gradient or graduation in conditions up the shore.  The candidate 
specified that the gradient was from the low tide mark to the high tide mark; 
candidates who referred to an environmental gradient along the shore failed to gain 
credit as did other answers that were too vague.  In (ii) the candidate was able to 
explain why rock pools were avoided when placing the transect tapes, either through 
referring to the rock pools not being representative or thorough explanation of this. 
 
Part (b) involved candidates having to compare and contrast data from sampling up 
an exposed and a sheltered rocky shore.  Part (i) required candidates to identify one 
similarity between the two graphs and two differences.  The candidate identified the 
fact that the Ascophyllum was found in the middle shore region as being the 
similarity.  This candidate also obtained the two marks for identifying the (major) 
differences between the two shores, these being that the sheltered shore had more 
Ascophyllum and that it was less patchy on the sheltered shore.  Many candidates 
lost marks through not giving overarching similarities or differences, i.e. taking 
account of the totality of the data, and answering very specific and meaningless 
answers such as ‘there is no Ascophyllum in quadrat 25 on the exposed shore but 
there is in this quadrat on the sheltered shore’ (answer given as a difference). 
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Q4 In an investigation to determine the average solute potential of onion cells at 
incipient plasmolysis, the following procedure was carried out:  

 
• sections of onion epidermal tissue were added to different beakers.  Each  

beaker contained either water or one of a range of sucrose solutions  
• each section of tissue was left in its beaker for 20 minutes  
• after 20 minutes, each section of tissue was removed from its immersing  

solution and mounted on a microscope slide  
• using a microscope, the number of plasmolysed cells in each section of  

tissue was counted.  
 

A summary of the investigation results is shown in the table below.  
 
Q4a State one other observation that needed to be made to obtain the data for the 

percentage of cells plasmolysed.  [1] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Student’s response 

The number of cells in total, the number of cells not plasmolysed in the section of 
tissue.  This is needed to be able to calculate the percentage of cells plasmolysed. 
 
  

Solute potential of 
immersing 
sucrose solution/kPa 

Percentage of cells 
plasmolysed 

0 0 
−500 14 

−1000 38 
−1500 48 
−2000 74 
−2500 90 
−3000 100 
−3500 100 
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Q4b Using the results, draw the most appropriate graph on the grid below.  
[3] 

 
Student’s response 

 

Q4c Using your graph, estimate the average solute potential of the onion 
cells at incipient plasmolysis. [1] 

 
Student’s response 

-1550 kPa 

Examiner’s comments 

The candidate obtained all five marks available for question 4 which mainly tested the 
ability to interpret and draw a graph. 
 
Part (a); the candidate explained that the overall number of cells observed in the 
section needs to be counted before the percentage of cells plasmolysed can be 
calculated.  Other similar answers, such as the number of turgid cells need to be 
counted (in addition to the number of plasmolysed cells) also gained credit.   
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Part (b); the candidate gained the three marks available for plotting the graph of 
percentage of cells plasmolysed against solute potential of the immersing sucrose 
solution.  In this exemplar script, the points are plotted accurately and a best fit line is 
drawn taking account of the key data (and ignoring the levelling off at very low solute 
potentials).  This graph also show the best fit line as going through the origin. 
 
In (c), the candidate was able to accurately identify the solute potential at which 50% 
of the cells were plasmolysed as being the point of incipient plasmolysis. 
 
 
Q5a Ecological investigations often involve the measurement of abiotic factors. 

For example, soil moisture content may be calculated when analysing plant 
distribution. This usually involves collecting soil samples and then bringing 
them back to the laboratory, where the soil is dried in an oven at 105°C 
until constant mass is achieved.  

 
The soil moisture data obtained for a particular sample is listed below:  
• mass of soil and container before drying = 46.55 g  
• mass of soil and container after drying = 36.87 g  
• mass of container = 22.04 g  

 
Calculate the percentage soil moisture of this sample.  
(Show your working.)  [3] 

 
Student’s response 

 
 
39.5  % 
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Q5b Describe how one other edaphic factor could be measured.  [1] 
 
Student’s response 

The soil pH could be measured using a soil testing kit. 

Examiner’s comments 

The candidate obtained all the marks available for this short four-mark question.   
 
In part (a) the candidate calculated accurately the percentage of moisture in the soil 
sample and gave their answers to at least one decimal place.   Many candidates 
were unable to gain the correct answer through failing to take account of the mass of 
the container.  The exemplar script shows logically presented stages of working 
through the calculation, an important feature in gaining some marks if there is an 
error in the calculation. 
 
Part (b) asked candidates to describe how one other edaphic factor could be 
measured.  The candidate selected pH as a measurable edaphic factor.  The answer 
required both the name of the factor (for example, pH) and an outline of how that 
factor could be measured. 
 
 
Q6a Cells at different stages of mitosis can be observed in plant root tips under 

a microscope. In order to allow chromosomes in individual cells to be seen 
clearly, the root tips undergo a series of treatments.  

 
Describe how to prepare a microscope slide of a root tip, for the purpose of  
observing stages of mitosis. Your answer should include how to obtain  
suitable tissue.  [5] 

 
Student’s response 

To obtain the tissue, plant bean seeds in moist soil.  7 days later they will be 
immerging from the soil.  Cut off the root containing yellow lateral roots as mitosis 
actively takes place here, but the lateral roots are too small to handle alone.  Place 
the root in a boiling tube using forceps, add acetic orcein and heat.  This stains the 
chromosomes and softens the cells.  Using forceps remove some cells from the root 
and place on a microscope slide.  Add more acetic orcein if the cells are drying out.  
Then gently place the cover slide over the top and tap gently with a needle.  Make 
sure not to tap too hard as it may damage the structure.  Tap until there is a single 
layer of cells.  The cells are now ready to be observed for mitosis. 
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Q6b(i)  The photograph below shows a plant cell undergoing mitosis. 
 

 
 

Draw the large central cell undergoing mitosis in the box below.  Label 
three structures visible in this cell.  (Your drawing should not include the 
other surrounding cells.)  [4] 

 
Student’s response 
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Q6b(ii) Identify the stage of mitosis shown.  [1] 
 
Student’s response 

Telophase. 

Examiner’s comments 

The candidate achieved all ten marks in this ten-mark question on mitosis in root 
tips.   
 
Part (a) was a five-mark question testing knowledge and understanding of how to 
prepare a root tip squash.  Unlike many candidates, this candidate described the 
process from the preparation of suitable plant material in order to obtain cells 
undergoing mitosis.  The method of softening and staining the plant tissue was well 
described as was the technique for producing a squash that was one cell thick. 
 
This candidate also obtained all four marks available for the drawing of the cell 
undergoing mitosis in part (b)(i).  In this example, the drawing is a good 
representation of the photograph, the cell plate is shown and the chromosomes are 
an accurate representation.  Additionally, three accurate labels are added to the 
drawing as asked – many candidates lost marks through adding more than three and 
losing marks if any of the ‘extra’ labels were incorrect.  In (b)(ii) the answer of 
telophase was also correct. 
 
 
Q7a The enzyme catalase breaks down hydrogen peroxide, a common waste 

product in plant and animal cells, producing oxygen and water.  
 

If a tissue containing catalase is added to hydrogen peroxide in a boiling 
tube, oxygen is produced very quickly and a froth develops in the boiling 
tube.  The maximum height of the froth can be measured and used as an 
indication of catalase activity.  
 
In an investigation, the activity of catalase in three tissues was compared 
using the following procedure:  
 
• three boiling tubes were set up, each half-filled with hydrogen peroxide  
• three 1 cm3 cubes, one each of liver, muscle (beef) and potato tissue 
  were prepared  
• each cube of tissue was added to a separate boiling tube  
• the maximum height of froth produced in each boiling tube was  
  measured.  
 
Complete the table below using a tick () to identify variables that should 
have been controlled to ensure the investigation was valid.  [2] 
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Student’s response 

 
 
 
 
 
 
 
 

 
 

 
 
Q7b Complete the table below that could be used for recording the results of this 

investigation.  
 

(You do not need to include a caption.)  [3] 
 
Student’s response 

Type of tissue being  
investigated 

Maximum height of 
froth produced / mm 

 
Liver 

 

 
Muscle 

 

 
Potato 

 

 
 
Q7c Suggest how the investigation could be modified to provide more accurate 

results.  [2] 
 
Student’s response 

The investigation for each tissue should be repeated and averaged for more 
accurate results.  The reaction should be carried out in measuring cylinder to obtain 
more accurate and precise measurements for both the hydrogen peroxide added to 
each tissue and the maximum height of froth produced.  The mass of the tissue 
should be measured rather than the volume as this is more accurate. 

  

Variable  Variable controlled?  

Temperature  

Concentration of enzyme  

Concentration of substrate  

Volume of substrate  
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Q7d In a similar investigation, the cubes of tissue were cut into thin slices.  
The maximum height of froth produced was greater.  Suggest an 
explanation for this.  [1] 

 
Student’s response 

When the tissue rubes were cut into thin slices the surface area was increased and 
therefore more catalase is available to react with the hydrogen peroxide. 

Examiner’s comments 

The candidate obtained full marks in this eight-mark question covering enzyme 
action. 
 
Part (a) required candidates to identify variables that should have been controlled in 
a described enzyme investigation.  This candidate obtained the two marks for 
showing that each of temperature, concentration of substrate and volume of 
substrate should be controlled but concentration of enzyme couldn’t be as it was 
indirectly the independent variable. 
 
The table was accurately completed in part (b) and was awarded the three marks.  
The headings were appropriate indicating that it is the ‘maximum height of froth 
produced’ that is the dependent variable; additionally, the units to be used were 
suitable and correctly separated from the dependent variable by a solidus. 
 
Credit was given in part (c) for the use of a measuring cylinder to measure the 
maximum height of the froth produced. 
 
Part (d) was awarded the mark as increased surface area was linked to more 
catalase being available to react with the hydrogen peroxide.  
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Q8a(i) When using a light microscope, an eyepiece graticule can be used to 
measure cell lengths.  Before using an eyepiece graticule, it is important 
that it is calibrated against a stage micrometer.  

 
The diagram below represents an eyepiece graticule alongside a stage 
micrometer, as viewed at low power. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Calculate the length (in μm) represented by each small division on the 
eyepiece graticule at this magnification.  

 
(Show your working.)  [3] 

 
Student’s response 
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Q8a(ii) Students may confuse the eyepiece graticule with the stage micrometer 
when looking down the microscope.  

 
Suggest one way that a student could distinguish between the eyepiece 
graticule and the stage micrometer when looking down the microscope.  
(Reference to relative lengths or colours of the two scales is not an 
appropriate answer.)  [1] 

 
Student’s response 

If you rotate the eyepiece the graticule will rotate but the stage micrometer will not 
change. 
 
 
Q8b(i) The photograph below shows cells from the pondweed Elodea as 

viewed using a light microscope. 
 

 
Suggest what the lighter zones, labelled X, represent.  [1] 

 
Student’s response 

Middle lamella 
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Q8b(ii) Once the eyepiece graticule has been calibrated, describe how you would 
use it to determine the mean length of Elodea cells, as accurately as 
possible.  (You do not need to describe how to prepare the slide containing 
the Elodea.)  [4] 

 
Student’s response 

Replace the stage micrometer with a slide containing elodea.  Using the calibrated 
eyepiece graticule measure the cell length of each cell using a standard method e.g. 
measure from the middle lamella either side of the cell.  Record how many SEUs the 
cell measure.  Multiply the number of small eyepiece units by the calibration result 
e.g. (8µm).  View under high power if possible as this is more accurate than low 
power as each SEU is less.  Repeat for other cells for reliability and to obtain an 
average and rule out anomalies. 

Examiner’s comments 

The final question of the paper tested candidates’ ability in understanding how to 
calibrate an eyepiece graticule and then its subsequent use in measuring cell size. 
 
The candidate obtained all nine marks available. 
 
In part (a)(i) the candidate was able to calculate the length of each small division on 
the eyepiece graticule as 8 µm.  The exemplar script provides a good range of 
alternative correct answers for part (a)(ii), for example if the eyepiece is rotated then 
the eyepiece graticule will rotate (but the stage micrometer will not move), when 
adjusting focus it is the stage micrometer that moves in and out of focus (but not the 
eyepiece graticule), and if the stage of the microscope is moved it is the stage 
micrometer that moves (but not the eyepiece graticule). 
 
In part (b)(i) the candidate was able to identify the lighter zones between adjacent 
cells as the middle lamella.  Part (b)(ii) concerned the use of the calibrated eyepiece 
graticule in the measurement of cell length.  To obtain full marks in part (ii) 
candidates had to be credited with at least four out of five marking points available.  
The exemplar script provided a very detailed answer providing both the technique of 
using the eyepiece graticule in measuring cell length (i.e. measuring the number of 
eyepiece units per cell and using the calibration value to convert cell lengths to µm) 
and measures to increase accuracy and reliability (i.e. using high power where 
possible and measuring a number of cells and calculating an average).  
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