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HOW TO GET THE MOST FROM THIS BOOK


Welcome to the CCEA GCSE Single Award Science Student Book.

This book covers all of the content for the 2017 CCEA GCSE Single Award specification.

The following features have been included to help you get the most from this book.
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Specification points

Check that you are covering all the required content for your course, with specification references and a brief overview of each chapter.
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Show you can

Complete the Show you can tasks to prove that you are confident in your understanding of each topic.
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Tip

These highlight important facts, common misconceptions and signpost you towards other relevant chapters. They also offer useful ideas for remembering difficult topics.
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Practicals

These practical tasks contain full instructions on apparatus, method and results analysis and will help develop your practical skills.

CCEA’s prescribed practicals are clearly highlighted.
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Examples

Examples of questions and calculations that feature full workings and sample answers.
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Material for Higher tier only is marked with
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Practice questions

You will find Practice questions at the end of every chapter. These follow the style of the different types of questions you might see in your examination and have marks allocated to each question part.
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Test yourself

These short questions, found throughout each chapter, allow you to check your understanding as you progress through a topic.

[image: ]






[image: ]

Answers

Answers for all questions in this book can be found online at:

www.hoddereducation.co.uk/cceagcsesingleaward
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UNIT 1

1 Cells
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Specification points

This chapter covers points 1.1.1 to 1.1.6 of the specification. It is about using microscopes, animal and plant cells, stem cells and the specialisation of cells.
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Living organisms are made up of microscopic units called cells. However, the structure of animal cells is different from plant cells.


Animal cells

Figure 1.1 shows a typical animal cell.
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Figure 1.1 A typical animal cell



Animal cells contain a selectively permeable cell membrane that forms a boundary to the cell and controls what enters or leaves. Chemical reactions take place in the cytoplasm. The nucleus is the control centre of the cell and genetic information is stored in chromosomes inside it.



Plant cells

Figure 1.2 shows a typical plant cell.

Like animal cells, plant cells have a cell membrane, cytoplasm and nucleus. However, in addition they also have:


•  a cellulose cell wall – a rigid (stiff) structure immediately outside the cell membrane that provides support

•  a large permanent vacuole – contains cell sap and when full pushes the cell membrane against the cell wall, making the cell rigid and providing support

•  chloroplasts – contain chlorophyll, which traps light and helps the plant make food during photosynthesis. Chloroplasts are not found in all plant cells – they are only found in the green parts of plants, particularly the leaves.
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Figure 1.2 A typical plant cell
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Tip

Chloroplasts are only present in leaf (green) cells so will be absent from cells from other parts of a plant, such as roots.
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Prescribed practical

Prescribed practical B1: Make a temporary slide and use a light microscope to examine and identify the structures of a typical plant and animal cell

In this practical, you will carry out practical work to make a temporary slide and use a light microscope to examine and identify the structures of a typical plant and animal cell.

In this practical you will use a light microscope to examine the structures of plant and animal cells.


[image: ]

Figure 1.3 The light microscope



Using microscopes

When using a microscope it is important to clip the slide containing the cells (the specimen) you want to look at tightly into place on the microscope stage. It is also important to focus at low power first. With low power you have a wider field of view (can see more cells) and it is easier to find what you are looking for. It is also much easier to focus at low power.

After you have observed the specimen at low power you may want to look at it at a higher magnification. Change the objective lens to give you a higher power then refocus.

The magnification of a microscope is the eyepiece lens magnification × the objective lens magnification.

When focusing it is very important that the objective lens does not come into contact with the slide – this is particularly likely to happen at high power. To prevent this you can move the lens down until it is almost touching the slide before you attempt to focus, and then focus as you move the lens and slide further apart.
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Example

What is the magnification when there is an eyepiece lens × 10 and an objective lens × 10?

Answer

10 × 10 = 100
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Making slides of plant cells

Procedure


1  Peel a small section of thin and transparent tissue from the inside of an onion.

2  Using forceps, place the onion tissue evenly on the centre of a microscope slide.

3  Use a drop pipette to add water to the onion tissue to stop it drying out. Your teacher might suggest you use iodine instead of water – this is because iodine stains some parts of the cell, for example the nucleus, making these parts easier to see.

4  Gently lower a coverslip onto the onion tissue. It is better to load the coverslip one end first as this prevents trapping air bubbles. The coverslip will help protect the lens should the lens make contact with the slide and also prevents the cells drying out. Figure 1.4 shows how to do this.

5  Set the slide onto the stage of the microscope and examine it using low power first and then high power.




[image: ]

Figure 1.4 Making a microscope slide



When using thin sections of an onion you should be able to see the cell wall and probably the nucleus in some cells. You are unlikely to see other parts such as the cell membrane (too thin to see) or the chloroplasts (onion cells are taken from the part of the onion that grows underground and therefore will not contain any chloroplasts).
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Tip

The onion cells in Figure 1.5 have been stained with iodine – this makes the nucleus more obvious. With water the nuclei are often very difficult to see.
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Figure 1.5 Onion cells as seen under the microscope at high power



Making slides of animal cells

Procedure


1  Using your nail or an inter-tooth brush gently scrape the inside of your cheek.

2  Smear the material gathered onto the centre of a microscope slide. Your teacher may suggest you add a stain such as methylene blue which makes the cells more obvious.

3  Carefully lower a coverslip on top as described before.

4  Observe using a light microscope; first at low power, then using high power.



Note: As with all practical work it is important to be safety aware. Your teacher will tell you how to dispose of the used slides.
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Tip

Animal cells are usually much smaller than plant cells, so they may be harder to find on the slide.
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Questions


1  Give two reasons why it is important to observe cells at low power first (before using high power).

2  Give two differences between onion cells and animal cells as seen under the microscope.
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Show you can

A student was using a microscope to observe some onion cells but the image appeared blurry. Suggest a reason for this and describe how he could fix the problem.

[image: ]






[image: ]

Test yourself


1  State three structures that are present in both plant and animal cells.

2  Name two structures that are present in plant cells but not in animal cells.

3  What is the function of the nucleus?

4  A microscope has an eyepiece of magnification × 4 and a lower power objective lens of × 10. What is the total magnification at low power?
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Stem cells

Stem cells are very simple cells found in animals and plants that can divide to form other cells of the same general type. Animals and plants grow by increasing their number of cells.

Stem cells are only found in certain parts of the body. For example, stem cells can be found in the bone marrow. These bone marrow cells can make the different types of blood cells (but only blood cells). In plants, stem cells are found in the tips of shoots and roots.

Once stem cells become specialised into particular cell types they lose their ability to differentiate into other cell types.
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Stem cells in medicine

Leukaemia is a type of cancer of the blood. Bone marrow transplants can be used as a form of treatment (see Figure 1.6). The stem cells in the bone marrow from a donor have the ability to produce the different types of blood cells in the right proportions (which doesn’t happen in a person with leukaemia).



[image: ]

Tip

Bone marrow is a jelly-like material found inside many of our bones.
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Although stem cell research is an important area of medical research, some people are very concerned, for a number of reasons:


•  Stem cell research has ethical implications. Some people think that stem cell research using embryo stem cells could lead to ‘designer babies’.

•  There may be a risk of the process going wrong and viruses or diseases being transferred into the patient from the bone marrow cells being used.

•  There may be a risk that tumours (cancer) or other unwanted cell types will develop.

•  Before carrying out a bone marrow transplant (with bone stem cells) in the treatment of leukaemia, it is often necessary to destroy the cancerous cells in the patient using radiotherapy or chemotherapy during pre-treatment. This pre-treatment can kill the cancerous cells, but also the healthy cells in the region too. Killing other healthy cells can leave the patient with a very weak immune system and unable to fight off disease.
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Figure 1.6 Obtaining bone marrow from a donor before it is transplanted into someone with leukaemia
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Tip

An ethical issue is one where some people have concerns for religious or moral reasons.
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As a result of the ethical implications, and potential risks involved, the government carefully monitors and regulates research in this area. Most scientists agree that stem cell research will have huge benefits for human health in the coming decades.
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Tip

Radiotherapy is a cancer treatment using high energy X-rays that can kill cells. Chemotherapy is a treatment using special cancer drugs.
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Cell specialisation

The function of stem cells in multicellular organisms is to ensure that all the different types of cells needed by these organisms are formed. There are a number of levels of organisation. In animals there are:


•  cells – the basic building blocks of all living organisms

•  tissues – groups of cells with similar structures and functions

•  organs – groups of tissues that have similar functions

•  organ systems – organs are organised into organ systems

•  organisms – the different organ systems make up the organisms.



Table 1.1 gives some examples of these levels of organisation.


[image: ]


Plants are also organised at different levels. For example, the leaf is an organ containing leaf tissue.
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Test yourself


5  Define the term ‘stem cell’.

6  Name the organisation level between cell and organ.
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Show you can

Give the arguments for and against using stem cells in medicine.
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Practice questions


1  Copy and complete the following sentences.



Choose from:

cell wall : nucleus : vacuole : cell membrane

Plant and animal cells both have a

………………… and a ……………………….

However, only plant cells have a
…………………… and a……………………

(2 marks)


2  a)  You have been given a thin section of onion cells (onion epidermis). Describe how you would make a temporary slide of onion cells suitable for viewing under the microscope.

(3 marks)

    b)  When observing a specimen on a slide, give one reason why it is important to focus at low power before focusing at high power.

(1 mark)

3  a)  What is a stem cell?

(1 mark)

    b)  Give two places where stem cells can be found.

(2 marks)
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4  a)  i)   Describe the role of stem cells in bone marrow transplants in the treatment of leukaemia.

(1 mark)

          ii) Explain why a stem cell transplant is needed.

(1 mark)




    b)  Give two risks associated with using stem cells in bone marrow transplants.

(2 marks)
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2 Food and energy



[image: ]



[image: ]

Specification points

This chapter covers sections 1.2.1 to 1.2.13 of the specification. It is about food and energy, biological molecules, nutrition and food tests, food and health, and exercise and respiration.
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Food and diet

We all know we need to eat food, but do we know why? The different types of food have a wide range of different functions. Therefore, we need a wide range of different food types in our diet.


Food types

Table 2.1 shows the main food types (biological molecules) that we need to keep us healthy.
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Food tests

Some food types can be identified by carrying out food tests. The tests you need to know about are described in Table 2.2.
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Tip

Remember that these food tests show which food types are present but they do not really show how much is present. The Benedict’s test is an exception as if there is only a small amount of sugar present the colour will change to green or orange (but not brick red).
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Figure 2.1 Testing with Benedict’s solution



You should be able to carry out a food test on a food sample to find out which food types are present using one or more of the tests in Table 2.2.
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Tip

Remember that an unknown food being tested could contain more than one food type. For example, bacon will contain both protein and fat.
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Show you can

Use Tables 2.1 and 2.2 to describe what will happen if you test a potato chip with iodine.
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Test yourself


1  Name the food types (biological molecules) that provide energy.

2  Fish is a good source of two food types, name both.

3  Name the food tests (reagents) that test for different types of carbohydrate.
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As well as being able to identify food types, you need to be able to compare the amount of energy in different foods.



[image: ]

Prescribed practical

Prescribed practical B2: Investigate the energy content of food by burning food samples

Set up the apparatus shown in Figure 2.2 and use a range of food types such as crisps, dried pasta and bread.
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Figure 2.2 Measuring the energy content of food



Procedure


1  Add a specific volume of water (for example 20 cm3) to a boiling tube.

2  Prepare equal masses of the food types you are going to compare.

3  Use a thermometer to measure the temperature of water in the boiling tube at the start.

4  Set fire to the first food type and using forceps or a mounted needle hold it a set distance under the boiling tube.

5  Once the food has stopped burning, measure the temperature of the water.

6  Calculate the difference between the temperature at the start and finish.

7  Replace the water in the boiling tube and repeat with a different food.



You could use a table similar to Table 2.3 to record results.
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The food that produces the biggest temperature increase is the food that contains the most energy.

Controlled variables (things you need to keep the same) in this investigation include:


•  the mass of each food

•  the volume of water in the boiling tube

•  the distance between the burning food and the boiling tube.



It is important to understand that in this investigation not all the energy in the food will be used to heat the water.

Some of the energy in the food:


•  is lost to the air

•  is used in heating the glass

•  is left in the remains of the food.



Questions and sample data


1  In an investigation comparing the amount of energy in food, a student obtained the following results.
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    a)  Which food sample (A or B) contained more energy?

    b)  One of the foods was bacon and the other one was bread. Suggest which food was bacon. Explain your answer.

    c)  State one thing that should have been kept the same in this investigation (controlled variable).
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How much energy do we need?

Different people need different amounts of energy.


[image: ]

Figure 2.3 Factors that affect energy needs



You should understand that the factors are often interlinked. For example, teenagers usually need more energy than elderly people because they are more active.

There are exceptions; for example, some girls may be more active than some of the boys in the same class and therefore they need more energy.



Food and health

A poor diet can lead to ill health. Coronary heart disease (CHD), which kills many people in Northern Ireland, is often linked to a poor diet.


How heart attacks happen
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Figure 2.4 Flow chart showing how heart attacks happen
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Figure 2.5a A healthy coronary artery
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Fig 2.5b A coronary artery that is almost blocked and at risk of causing a heart attack



There are many factors that contribute to heart disease. There are therefore many things we can do to reduce our chances of getting heart disease. These factors can be grouped into lifestyle factors and dietary factors.
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Figure 2.6 Lifestyle and dietary factors that can reduce the risk of heart disease
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Tip

Many students mix up dietary factors and lifestyle factors in exams. In Single Award Science, diet is not classified as a lifestyle factor.
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As well as the factors listed above, it is very important to avoid obesity if possible. Being obese increases the risk of poor health. However, it is very hard to convince some people that there is a link between diet, lifestyle and heart disease.

Strokes affect the brain. People who have strokes may become partially paralysed as parts of the brain stop working. The sections above show that there is a link between CHD, lifestyle and poor diet. These links exist for the development of strokes too. In general, positive lifestyle changes and dietary changes also protect against strokes.



The costs of circulatory diseases to society

Strokes and heart disease are both circulatory diseases. They affect much more than just the patient involved.

Whole families are affected as patients are often very ill and need a lot of care. Heart disease and stroke patients are often unable to work for a long time.

Heart disease and strokes are very expensive to treat because:


•  patients are often in hospital for a long time

•  expensive drugs and medicines are often needed

•  many highly-trained staff are needed to care for the patients.






The effect of exercise on heart rate and recovery rate

We can help our heart by taking regular exercise. The graph in Figure 2.7 shows the effect of exercise on pulse (heart) rate and recovery rate.

The recovery rate is the time it takes for the pulse or heart rate to return to normal. This will usually be shorter for people who exercise regularly or play a lot of sport.
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Figure 2.7 The effect of exercise on heart rate
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Tip

Graphs (or tables) showing the effect of exercise on pulse rate (heart rate) are common in exams. As well as being able to interpret the graphs, you could be asked to calculate the increase (or decrease) in rate or even the % change. Remember that % change is the change in pulse rate divided by the value at the start multiplied by 100.
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Example

Jane had a resting heart rate of 70 bpm. She exercised for 5 minutes and her heart rate had increased to 98 bpm by the time she finished exercising. What was the percentage increase in Jane’s heart rate?

Answer

Increase was

98−70 = 28

Percentage increase was

[image: ]
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The effect of exercise on the heart

Regular exercise also strengthens the heart muscle (as it does any muscle).

A stronger heart muscle can increase the cardiac (heart) output (even when not exercising) – this means the heart can pump more blood in each beat and therefore more each minute. An advantage of this is that the heart has to beat less often to pump the same amount of blood. If the heart pumps less often it will suffer less wear and tear.
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Respiration

Carbohydrates and fats in the body provide chemical energy. The energy in these foods can be converted into a form of energy that the body can use by the process of respiration.

The word equation for respiration is:
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Respiration is an exothermic reaction that releases energy. This means that heat energy is given off during the reaction. In mammals, it is the heat given off that gives us our high body temperature.
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The balanced symbol equation for respiration is:
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Test yourself


4  State two lifestyle factors that can help protect against CHD.

5  Why is it important to reduce the amount of saturated fat in the diet?

6  Give one reason why we need to have fat in our diet.

7  Why do we need to respire?
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Show you can

Explain why our heart rate increases when we exercise. To answer this, you should think about the relationship between the role of respiration in the body and the role of the blood in transporting oxygen and glucose to body cells.

[image: ]






[image: ]

Practice questions


1  a)  Copy and complete Table 2.5 about food tests.

(3 marks)
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    b)  Name the food test that requires heating.

(1 mark)




2  a)  Table 2.6 shows the results produced when a student compared the amount of energy in three foods (A, B and C).
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          i)  Copy and complete the table to show the temperature rise for B.

(1 mark)

          ii) Which food (A, B or C) contained the most energy?

(1 mark)




    b)  State two things that the student would need to have done to obtain valid results (keep the test fair).

(2 marks)

    c)  The temperature increases shown in the table are probably an underestimation of the actual amount of energy in the food. Give one reason for this.

(1 mark)




3  a)  We can reduce our chances of having heart disease by making certain lifestyle changes. Which of the following changes is a lifestyle change that can reduce our risk?

(1 mark)



  reduce saturated fat in the diet

  increase stress

  stop smoking


    b)  In which part of the body do strokes occur?

(1 mark)

    c)  Give one reason why the cost of treating heart disease is so expensive.

(1 mark)




4  a)  The graph in Figure 2.8 shows the effect of exercise on the pulse rate of two girls.
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Figure 2.8




          i)  Calculate the increase in Sorca’s pulse rate during exercise.

(1 mark)

          ii) Calculate the percentage increase in Sorca’s pulse rate during exercise.

(1 mark)




    b)  Use the graph to suggest which girl exercises more regularly. Explain your choice giving two pieces of evidence from the graph.

(2 marks)

    c)  If the girls continued to exercise for a period of time, suggest the effect this would have, if any, on recovery time.

(1 mark)




5  Exercise helps strengthen the heart.
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    a)  What is meant by the term cardiac output?

(1 mark)




    b)  i)  State the effect of a stronger heart on cardiac output.

(1 mark)

          ii) How does this benefit the heart?

(2 marks)
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