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Get the most from this book


Everyone has to decide his or her own revision strategy, but it is essential to review your work, learn it and test your understanding. These Revision Notes will help you to do that in a planned way, topic by topic. Use this book as the cornerstone of your revision and don’t hesitate to write in it — personalise your notes and check your progress by ticking off each section as you revise.


Tick your progress


Use the revision planner on pages iv to xii to plan your revision, topic by topic. Make a note when you have:





•  revised and understood a topic



•  tested yourself



•  checked your answers.





You can also keep track of your revision by noting each topic heading in the book. You may find it helpful to add your own notes as you work through each topic.
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Features to help you succeed




[image: ]


Exam tips


Expert tips are given throughout the book to help you polish your exam technique in order to maximise your chances in the exam.
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Now test yourself


These short, knowledge-based questions provide the first step in testing your learning. Answers Online (see below).
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Definitions and key words


Clear, concise definitions of essential key terms are provided in the glossary.
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Worked examples


Worked examples are given throughout the book.
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Exam practice


Practice exam questions are provided for each topic.


Use them to consolidate your revision and practise your exam skills.
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Online


Go online to check your answers www.hoddereducation.co.uk/myrevisionnotes
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Level coding


If you are taking GCSE Double Award Foundation-tier you need to study only the material with no bars.
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If you are taking GCSE Double Award Higher-tier you need to study the material with no bars, plus the material with the purple H bar.
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My revision planner
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Leaf structure


3   Food and energy
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Countdown to my exams
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6–8 weeks to go





•  Start by looking at the specification — make sure you know exactly what material you need to revise and the style of the examination. Use the revision planner on pages iv to xii to familiarise yourself with the topics.



•  Organise your notes, making sure you have covered everything on the specification. The revision planner will help you to group your notes into topics.



•  Work out a realistic revision plan that will allow you time for relaxation. Set aside days and times for all the subjects that you need to study, and stick to your timetable.



•  Set yourself sensible targets. Break your revision down into focused sessions of around 40 minutes, divided by breaks. These Revision Notes organise the basic facts into short, memorable sections to make revising easier.
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2–6 weeks to go





•  Read through the relevant sections of this book and refer to the exam tips and key terms. Tick off the topics as you feel confident about them. Highlight those topics you find difficult and look at them again in detail.



•  Test your understanding of each topic by working through the ‘Now test yourself’ questions in the book. Look up the answers online (see below).



•  Make a note of any problem areas as you revise, and ask your teacher to go over these in class.



•  Look at past papers. They are one of the best ways to revise and practise your exam skills. Write or prepare planned answers to the exam practice questions provided in this book. Check your answers online at www.hoddereducation.co.uk/myrevisionnotesdownloads




•  Try out different revision methods. For example, you can make notes using mind maps, spider diagrams or flash cards.



•  Track your progress using the revision planner and give yourself a reward when you have achieved your target.
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One week to go





•  Try to fit in at least one more timed practice of an entire past paper and seek feedback from your teacher, comparing your work closely with the mark scheme.



•  Check the revision planner to make sure you haven’t missed out any topics. Brush up on any areas of difficulty by talking them over with a friend or getting help from your teacher.



•  Attend any revision classes put on by your teacher. Remember, he or she is an expert at preparing people for examinations.
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The day before the examination





•  Flick through these Revision Notes for useful reminders, for example the exam tips and key terms.



•  Check the time and place of your examination.



•  Make sure you have everything you need — extra pens and pencils, tissues, a watch, bottled water.



•  Allow some time to relax and have an early night to ensure you are fresh and alert for the examinations.
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1 Cells



The cell is the basic building block of animals and plants. Bacteria are formed of single cells.


Animal, plant and bacterial cells


Table 1.1 summarises the main features of animal, plant and bacterial cells (see also Figure 1.1).
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Exam tip


The only structures present in all three types of cell are cell membranes and cytoplasm.
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Using a microscope to examine plant and animal cells


Making a slide of plant cells
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•  Peel a small section of onion tissue and place on the centre of a microscope slide.



•  Add water using a drop pipette to the onion tissue to stop it drying out.



•  Gently lower a coverslip onto the onion tissue. The coverslip will help protect the lens should the lens make contact with the slide, and it also prevents the cells from drying out.



•  Set the slide onto the stage of the microscope and examine using low power first and then high power.
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Exam tip


The coverslip should be lowered one end first on to the onion tissue, to avoid trapping air bubbles (seen as black rings if air is trapped between the slide and the coverslip).
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Making a slide of animal cells
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•  Using your nail or an inter-tooth brush, gently scrape the inside of your cheek.



•  Smear the material gathered onto the centre of a microscope slide.



•  Carefully lower a coverslip on top, as described above.



•  Observe using a light microscope; first at low power, then using high power.
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Exam tips





•  When looking at onion cells under a microscope you will probably see the cell walls, cytoplasm, nuclei (if stained, with iodine for example) and possibly the vacuole. You are unlikely to see cell membranes and will not see chloroplasts or mitochondria.



•  Plant cells are much more regularly shaped than animal cells – they are usually much larger as well.



•  When using a microscope you should always use low power first. You can see more at low power – there is a greater field of view – so it is easier to find what you are looking for. It is also easier to focus at low power than high power.
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Now test yourself





1  State the function of the cell membrane in cells.



2  Name one structure that is present in bacterial cells but not in plant or animal cells.



3  Give one reason for using a coverslip when making slides of plant or animal cells.
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Multicelled organisms and specialisation


In multicelled organisms cells and regions of the body become specialised, as summarised in Table 1.2.




Table 1.2 Specialisation in multicelled organisms






	Structure

	Description






	Cell

	Basic building block of living organisms, e.g. animal cell






	Tissue

	Groups of cells with similar structures and functions, e.g. skin






	Organ

	Groups of different tissues working together to form a structure with a particular function, e.g. brain






	Organ system

	Organs organised into organ systems, e.g. the nervous system






	Organism

	Different organ systems make up the organism, e.g. human
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Exam tip


In terms of increasing complexity, you should remember the order:
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Exam practice





1  (a)  Figure 1.2 represents a plant cell.
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          (i)   Name the parts labelled A, B and C.


[3]


          (ii)  Give the letters of three structures that are also present in animal cells.


[3]







    (b)  Complete the sentences below.


The ……………………. is the part of the cell that contains chromosomes. Chemical reactions take place in the ………………………….


[2]


    (c)  State two structures that are found in bacterial cells but are not in plant or animal cells.


[2]








2  (a)  A thin piece of onion epidermis (skin) is placed onto a microscope slide. What else must you do before the slide is ready for observation using a microscope?


[3]


    (b)  Suggest why onion cells do not contain chloroplasts.


[1]





Answers online
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2 Photosynthesis and plants



Photosynthesis


In photosynthesis plants make food (sugars and starch) using light energy. The light is trapped by chlorophyll in chloroplasts in plant leaves.


The word equation for photosynthesis is:
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The balanced chemical equation is:
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As photosynthesis requires (light) energy to work, it is an endothermic reaction.


Photosynthesis experiments


The glucose produced during photosynthesis is usually converted into starch for storage. One way of showing that photosynthesis has taken place is by showing that starch is present in a leaf.


This can be done using a starch test, as described in Table 2.1.




Table 2.1 Carrying out the test for starch






	Step

	Method

	Reason






	1

	Put the leaf in boiling water

	This kills the leaf and stops further reactions






	2

	Boil the leaf in ethanol (alcohol) – this must be done in a water bath with the very hot/boiling water poured from an electrical kettle, as alcohol is flammable (Bunsen burners should not be used)

	This removes chlorophyll (green colour) from the leaf






	3

	Dip the leaf in boiling water again

	This makes the leaf soft and less brittle (boiling in ethanol makes the leaf rigid)






	4

	Spread the leaf on a white tile and add iodine

	If starch is present, the iodine will turn from yellow-brown to blue-black
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Exam tips





•  The chlorophyll is removed as it makes it easier to see any colour change with iodine.



•  If asked to give the colour change of a positive starch test make sure you give the actual colour change and not just the final colour – if starch is present the colour change is yellow-brown to blue-black.





[image: ]





Before carrying out investigations into photosynthesis, it is usually necessary to destarch the plant. This involves leaving the plant in darkness (e.g. a dark cupboard) for 48 hours. This is necessary to make sure that any starch produced is only produced during the investigation.
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Exam tip


If plants were not destarched in these investigations the investigation would not be valid, as it would be impossible to say whether any starch present was produced during the investigation or was there before the investigation started.


[image: ]





You should carry out investigations that can show that light, carbon dioxide and chlorophyll are necessary for photosynthesis.


Showing that light is needed for photosynthesis





•  Destarch a plant.



•  Partially cover a leaf on a plant with foil.



•  Put the plant in bright light for at least 6 hours.



•  Test the leaf for starch (Figure 2.1).







[image: ]




The results show that starch is only produced in the parts of the leaf that received light – showing that light is necessary for photosynthesis.


Showing that chlorophyll is needed for photosynthesis


Some plants have leaves that are part green and part white. These leaves are described as variegated leaves.





•  Destarch a variegated plant.



•  Put the plant in bright light for at least 6 hours.



•  Test the leaf for starch.





The starch test will show that starch is only produced in those parts of the leaf that had chlorophyll (were green).


Showing that carbon dioxide is needed for photosynthesis





•  Destarch a plant.



•  Set up as shown in Figure 2.2 – the sodium hydroxide absorbs carbon dioxide from the air inside the plastic bag.



•  Leave the plant in bright light for at least 6 hours.



•  Test one of the leaves for starch.
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A negative starch test will show that carbon dioxide is necessary for photosynthesis.


Showing that oxygen is produced


Using apparatus similar to that in Figure 2.3, it is possible to demonstrate that oxygen is produced in photosynthesis.


The rate of photosynthesis affects the rate at which the bubbles of oxygen are given off, and this can be used to compare photosynthesis rates in different conditions. For example, by moving the position of the lamp it is possible to investigate the effect of light intensity on photosynthesis.
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Now test yourself





1  State why leaves are dipped in boiling water after the chlorophyll is removed during the starch test.



2  Name the chemical used in photosynthesis investigations to absorb carbon dioxide.



3  What is a variegated leaf?
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Prescribed practical B1


Investigate the need for light and chlorophyll in photosynthesis by testing a leaf for starch


[image: ]





Limiting factors in photosynthesis


The environmental factors light, carbon dioxide and temperature all affect the rate of photosynthesis. If all three are present in sufficient quantities, the rate of photosynthesis will be at its optimum.


If any of these factors are at sub-optimal levels, the rate of photosynthesis will be reduced. A limiting factor is a factor that limits the rate of photosynthesis due to that factor being present at a sub-optimal level.
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Exam tip


Light (to provide energy) and carbon dioxide (a raw material) are necessary for photosynthesis, so normally the more of these are present the faster the photosynthesis reaction takes place (up to a maximum). As temperature affects the rate of all reactions (e.g. through the speed of molecules diffusing and its effect on enzyme activity), it will affect the rate of the photosynthesis reaction.
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Higher tier candidates need to be able to interpret data on limiting factors – typically in the form of graphs or tables. Figure 2.4 is a graph providing data on all three limiting factors. In this graph, lines A, B and C represent the rates of photosynthesis in three different regimes (A – low carbon dioxide and low temperature; B – high carbon dioxide and low temperature; and C – high carbon dioxide and high temperature).
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At point *1 both carbon dioxide and temperature levels are limiting the rate of photosynthesis. At point *2 temperature is limiting the rate.


The relationship between photosynthesis and respiration


Hydrogencarbonate (bicarbonate) indicator is red in normal atmospheric (0.04%) carbon dioxide levels. It turns yellow in increased carbon dioxide levels but purple in decreased carbon dioxide levels.


Figure 2.5 shows how hydrogencarbonate indicator can be used to demonstrate the processes respiration and photosynthesis in plants.
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Interpretation of results





•  In boiling tube A the rate of photosynthesis exceeded the rate of respiration, resulting in the concentration of carbon dioxide in the tubes decreasing and turning the indicator purple.



•  In boiling tube B there was only respiration taking place (the foil prevented photosynthesis). The carbon dioxide concentration in the boiling tube increased, turning the indicator yellow.



•  In boiling tube C both photosynthesis and respiration were taking place but the rate of photosynthesis was much reduced (due to the partial shading) – the rates of photosynthesis and respiration were equal and the amount of carbon dioxide used in photosynthesis was the same as the amount released in respiration. There was no change in carbon dioxide levels and the indicator remained red. The point at which the rates of photosynthesis and respiration are equal is referred to as the compensation point.
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Example


Describe how to use hydrogencarbonate indicator to find the amount of light required to reach the compensation point (the point at which the rates of photosynthesis are equal) in pondweed.


Answer





1  Add a section of pondweed to hydrogencarbonate indicator in a boiling tube.



2  Add a bung.



3  Leave the pondweed for 20–30 minutes in a particular light intensity and check the colour of the hydrogencarbonate indicator.



4  Increase or decrease the light intensity by moving a lamp or using a dimmer switch and repeat step 3.



5  Repeat step 4 until the indicator remains red.
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Leaf structure


Leaves are plant organs in which photosynthesis occurs. Figure 2.6 shows a cross-section of a mesophytic leaf.
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Exam tip


A mesophytic leaf is a typical unspecialised leaf – the plants have reasonable supplies of water, but not so much that they don’t need to have some adaptations to reduce water loss.
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Leaves are highly adapted for light absorption and gas exchange, as summarised in Figure 2.7.
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Now test yourself





4  What is the function of the waxy cuticle in leaves?



5  Why do the epidermal cells at the top of the leaf have no chloroplasts?



6  What is the function of the intercellular spaces in leaves?
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Exam practice





1  (a)  Give the word equation for photosynthesis.


[2]







    (b)  (i)   Name the chemical that absorbs light in plants.


[1]


          (ii)  Name the cellular structures that contain this chemical.


[1]







    (c)  Photosynthesis is an endothermic reaction. What is meant by the term ‘endothermic reaction’?


[1]








2  (a)  (i)   Describe how you would destarch a plant.


[1]


          (ii)  Why is it necessary to destarch a plant in a photosynthesis investigation?


[1]







    (b)  Give one safety precaution necessary when carrying out a starch test.


[1]


    (c)  Explain fully why leaves are boiled in ethanol when testing for starch.


[2]








3  Explain the changes in carbon dioxide level between the periods A and B in Figure 2.8.


[4]
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4  Figure 2.9 shows a cross-section through a leaf.
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    (a)  (i)   Identify the layer X.


[1]


          (ii)  Using the diagram, give three reasons why more light will be absorbed in layer X than in layer Y.


[3]


    (b)  (i)   Name the cells labelled Z.


[1]


          (ii)  Give the function of these cells.


[1]





Answers online
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3 Food and energy



Food tests


Food tests can be used to identify the food types present in food.
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Exam tips





•  The Benedict’s test is the only food test that requires heating.



•  The Benedict’s test is the only food test in the table that is partially quantitative – i.e. it can give an estimate of the amount of sugar present. The reagent will change from blue to green or orange or brick red, depending on how much sugar is present.



•  Most foods contain more than one food type – e.g. bacon contains protein and fat.
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Now test yourself





1  Name the reagent used to test for protein.



2  Name the food group that gives a positive test with ethanol.
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Biological molecules


Carbohydrates, proteins and fats are very important biological molecules. Each of them contains the elements carbon, hydrogen and oxygen, and protein also contains nitrogen.


Carbohydrates


‘Simple’ carbohydrates are sugars such as glucose and lactose – they are described as ‘simple’ as they are made up of one (e.g. glucose) or two (e.g. lactose) basic sugar units. They are good sources of energy. Glucose is the sugar that is normally used in respiration. Lactose is the sugar and energy source in milk. Sugars are ‘fast-release’ energy stores, which means that they can be quickly metabolised to release energy. Examples of foods rich in sugars are some fizzy drinks and cakes.
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Complex carbohydrates include starch, glycogen and cellulose. They are made up of many glucose (sugar) units linked together, as shown in Figure 3.2. Starch and glycogen are very important storage molecules – starch is the main storage molecule in plants and glycogen (stored in the liver and muscles) is an important storage molecule in animals. Cellulose is a structural carbohydrate, providing support in plant cell walls.
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Example


Using Figure 3.2, explain how starch and glycogen are adapted as storage molecules.


Answer


They are made up of many glucose molecules that can be used for respiration. They can be packed (coiled) into small spaces, allowing many glucose units to be contained in a very small volume.
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Proteins


Proteins are long chains of amino acids bonded together. As there are 20 different types of amino acid, there are many different arrangements in which the amino acids can be linked together (Figure 3.3). Proteins can be structural (e.g. in muscle) or functional (e.g. as enzymes or antibodies). Sources of protein include lean meat, lentils and fish.
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Fats


The basic sub-unit of a fat consists of one molecule of glycerol and three fatty acid molecules, as shown in Figure 3.4. Fats are high in energy (1 gram of fat contains approximately twice as much energy as 1 gram of carbohydrate or protein) so are excellent storage molecules. Oils such as olive and rapeseed oil are fats. Rich sources of fat are sausages, streaky bacon, butter and lard.
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Exam tip


You need to be aware that too much fat in the diet can lead to health problems – see Chapter 13.
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[image: ] Higher tier candidates need to be aware that fats are also called lipids.
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Now test yourself





3  Name one complex carbohydrate that has a structural role.



4  Explain precisely what fats are formed from.
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Prescribed practical B2


Investigate the energy content of food by burning food samples


The apparatus shown in Figure 3.5 can be used to investigate the energy in food or to compare the energy in different foods. The difference in temperature of the water between the start of the investigation and when the food has completely burned gives an indication of the amount of energy in the food.
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Exam tips





•  If the same mass of food is burned each time, the result of this equation can be used to compare foods.



•  As 1 g of water = 1 cm3 of water the volume of water can be substituted into the equation instead of mass.



•  Many exam questions ask about validity and why all the energy in a food is not used to heat the water (i.e. why some is lost – Figure 3.6).
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The energy released when burning food is calculated using the following equation:
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Exam practice





1  (a)  Copy and complete Table 3.2, which is about food tests.


[3]







Table 3.2






	Reagent

	Initial colour

	End colour if food present






	Iodine

	Yellow-brown

	 






	Biuret

	 

	Purple (lilac)






	 

	Clear

	White emulsion












    (b)  Name the food test that requires heating.


[1]



2  (a)  Name the sub-units of protein.


[1]


    (b)  There are only 20 different amino acids, yet there are thousands of different proteins in the body. Explain this statement.


[1]







    (c)  (i)   Give one example of a functional protein.


[1]


          (ii)  Name one structure in the body that you would expect to contain structural proteins.


[1]








3  The amount of energy in food can be calculated by burning it under a boiling tube of a known volume of water, measuring the temperature increase and then applying the formula below:


[image: ]


25 cm3 of water was used in each boiling tube and 1 g of each food sample was burned.


Table 3.3 shows the results for three foods.
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    (a)  Calculate the energy per gram for food C.


[2]


    (b)  Apart from information provided above, give one other variable that should have been controlled in this investigation.


[1]


    (c)  The energy values in the table for foods A and B are probably an underestimation of their real values. Suggest one reason for this.


[1]





Answers online
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4 Enzymes and digestion



Enzymes


Enzymes are proteins that act as biological catalysts, speeding up the rates of reactions in the body. The enzymes themselves are not used up in the reaction. Enzymes can both build up and break down molecules.


How enzymes work


In enzyme action the substrate fits snugly into the active site of the enzyme. This tight fit enables the enzyme to catalyse the reaction and split the substrate into its products, as shown in Figure 4.1.
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Exam tip


The shape of the active site and the substrate are complementary (mirror images) to each other – they are not the same!


[image: ]





The action of enzymes as described in Figure 4.1 is referred to as the ‘lock and key’ model due to the importance of the tight fit between the enzyme’s active site and the substrate. This tight fit explains the process of enzyme specificity – each enzyme is specific in that it will only work on one (or a very small range of) substrates.


Factors affecting enzyme action


Temperature, pH and enzyme concentration all affect the action of enzymes. The effect of each of these factors is shown in Figures 4.2–4.4. The maximum rate of enzyme activity is described as the optimum.



Temperature
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Exam tip


The changes in enzyme active site shape that take place when enzymes are heated above their optimum temperatures are irreversible.
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pH
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Enzyme concentration
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Now test yourself





1  Enzymes are biological catalysts. Explain the term ‘biological catalyst’.



2  ‘Enzymes become denatured at high temperatures.’ Explain this statement.



3  State the term that describes the temperature at which enzymes work at their maximum rate.
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Example


You should be able to interpret graphs and tables showing enzyme activity in different temperatures, pH or enzyme concentrations.


Use Figure 4.5 to answer the questions which follow.
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1  Describe and explain the activity of pepsin in different pHs.



2  Trypsin is a protease found in the upper parts of the small intestine. Use Figure 4.5 to suggest the pH of that part of the small intestine.





Answers





1  Pepsin has a pH optimum of around 2.5, and its activity decreases either side of this optimum. Its activity decreases as the enzyme’s active site becomes denatured when the pH is not the same as the optimum pH of the enzyme.



2  The pH is probably around 8, as the pH optimum of enzymes in the body reflect the pH of the environment in which they are found.
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Exam tip


Describe and explain – if you are asked to describe a feature such as enzyme activity, as in this worked example, you should answer in terms of what is taking place. Explanation refers to why it taking place. In summary, describe = what and explain = why.
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Inhibitors


Some molecules or substances can fit loosely into an enzyme’s active site – they may not be an exact fit, but they can fit well enough to stop the normal substrate from fitting. These are referred to as inhibitors. Inhibitors are not broken down by the enzyme.
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Exam tip


Inhibitor molecules inhibit (reduce) normal enzyme activity.
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Prescribed practical B3


Investigate the effect of temperature on the action of an enzyme


[image: ]






Digestion and absorption in the digestive system


The two main processes taking place in the digestive system are digestion and absorption.


Enzymes in the digestive system


In the digestive system, enzymes are needed to break down (digest) large, insoluble food molecules into small, soluble ones that can be absorbed into the bloodstream.


Most of the digestion of food takes place in the stomach and the first part of the ileum.


There are three main groups of enzyme involved in the digestive system, as shown in Table 4.1.




Table 4.1 The main groups of enzymes in the digestive system






	Enzyme

	Food digested (substrate)

	Products of digestion






	Carbohydrase (amylase)

	Starch

	Glucose (and other sugars)






	Protease

	Protein

	Amino acids






	Lipase

	Fat

	Glycerol and fatty acids












[image: ]


Now test yourself





4  Define the term ‘digestion’.
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Commercial enzymes


Many commercial processes now use enzymes. For example, they are used in biological washing powders. These enzymes are very effective at breaking down a wide range of stains, but they are also thermostable – they can work effectively at a wide range of temperatures.


Commercial enzymes are widely used in the food industry, for example, amylases are used to break down starch into sweeter and more soluble sugars in many products.
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Exam tip


Many detergents (washing powders) contain both lipases and proteases – this is because some of the most difficult stains to remove are fats and proteins.
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Exam practice





1  (a)  Give the function of enzymes.


[2]


    (b)  Copy and complete Table 4.2.


[3]







Table 4.2






	Enzyme

	Food digested (substrate)

	Products of digestion






	Carbohydrase (amylase)

	Starch

	 






	 

	Protein

	Amino acids






	Lipase

	 

	Glycerol and fatty acids












    (c)  Explain what is meant by the term ‘enzyme specificity’.


[2]



2  (a)  Figure 4.6 shows the effect of temperature on an enzyme.







          (i)   Give the optimum temperature of this enzyme.


[1]


          (ii)  Explain the sub-optimum enzyme activity at point W.


[2]


          (iii) Explain the shape of the graph at point X.


[2]








[image: ] (b)  Explain fully how an enzyme inhibitor affects enzyme activity.


[3]
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Answers online
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5 The respiratory system and cell respiration



Respiration


Respiration (cell respiration) is a biological process that continually releases energy from food (usually glucose). The energy released is used for heat, movement, growth, reproduction and [image: ] active transport (uptake).


The word equation for aerobic respiration is:
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Respiration is an exothermic reaction (it releases energy to the surroundings) and the sites of respiration are the mitochondria, which are found in the cytoplasm of animal and plant cells.


The balanced chemical equation for aerobic respiration is:


[image: ]
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Exam tip


Energy is released from food in respiration – it is not produced!
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Aerobic and anaerobic respiration


The type of respiration described in the equations above is aerobic respiration – respiration in the presence of oxygen.


Anaerobic respiration is respiration without oxygen.


We can respire anaerobically in our muscles for short periods of time. The equation for anaerobic respiration in mammalian muscle is:


[image: ]


Yeast can also respire anaerobically and the equation is:
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Exam tips





•  Anaerobic respiration releases much less energy than aerobic respiration – this is why we cannot live in anaerobic conditions for any length of time – we need more energy to stay alive.



•  Anaerobic respiration in yeast is a very useful commercial process – it is important in beer and wine making and also baking (the carbon dioxide released causes bread and cakes to rise).





Anaerobic respiration in muscles is only likely to take place during strenuous exercise – it is only then that we are respiring at a rate at which we cannot supply enough oxygen to our muscles to respire aerobically.
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Table 5.1 summarises the similarities and differences between aerobic and anaerobic respiration.




Table 5.1 Similarities and differences between aerobic and anaerobic respiration






	Similarities

	Differences






	




•  They both produce energy



•  They both use glucose as an energy source





	




•  Aerobic respiration produces more energy than anaerobic respiration



•  Oxygen is not used in anaerobic respiration



•  Water is not produced in anaerobic respiration



•  Lactic acid is produced in anaerobic respiration in mammalian muscle and alcohol is produced in yeast – carbon dioxide is produced in yeast but not in mammalian muscle














Figure 5.1 shows how anaerobic respiration can be demonstrated in yeast.
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Exam tip


You need to be able to describe the differences between aerobic and anaerobic respiration, and also the differences between anaerobic respiration in mammalian muscle and in yeast.
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This apparatus can be used to investigate how different factors, such as temperature and the type of sugars added, affect the rate of anaerobic respiration in yeast. You should be able to work out the controlled variables when investigating different independent variables.
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Now test yourself





1  Give the word equation for anaerobic respiration in mammalian muscle.
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The effect of exercise on the depth and rate of breathing


Breathing is a process which brings air rich in oxygen into the lungs and thus supplies the oxygen the body needs for respiration. It also removes carbon dioxide produced during respiration from the body.


When someone is active, he or she will need to respire more to produce the extra energy required. Extra respiration requires extra oxygen (Figure 5.2).
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Example


Describe and explain what happens to a person’s depth of breathing during exercise.


Answer


The depth of breathing increases. This means that more oxygen is taken in during each breath. This extra oxygen is used in respiration to release the extra energy required during exercise. The increased depth of breathing also removes the extra carbon dioxide produced.
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Exam tip


Do not confuse the terms ‘respiration’ and ‘breathing’. Respiration is the release of energy from food, and breathing is the process in which oxygen is taken into the lungs and carbon dioxide removed.
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Respiratory surfaces


Respiratory surfaces are parts of a living organism in which respiratory gases (oxygen and carbon dioxide) are exchanged between the atmosphere and cells (or blood).


Respiratory surfaces in humans (animals)


Figure 5.3 shows that lungs consist of many microscopic air sacs called alveoli. Gas exchange takes place between the alveoli and the blood.
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Figure 5.4 shows the gas exchange that takes place between the alveoli and the blood and also summarises adaptations that maximise the exchange of gases.
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Exam tips


Double Award students do not need to be able to draw this diagram. They do need to be able to identify the features of respiratory surfaces if displayed in a diagram and explain how they are adapted to increase gas exchange.


In animals, respiratory surfaces usually have large surface areas, are thin (have a short diffusion distance), are moist, are permeable, have a good blood supply and have steep concentration (diffusion) gradients.
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Respiratory surfaces in plants


The main respiratory surfaces in plants are the cells surrounding the intercellular air spaces in leaves. Plant respiratory surfaces also are adapted by having:





•  a large surface area



•  thin exchange surfaces



•  moist and permeable walls



•  a diffusion gradient caused by respiration (and photosynthesis during the day) in cells, leading to the diffusing gases being in lower or higher concentrations than in the intercellular air spaces.
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Exam tip


Plants do not have an active breathing system to further increase concentration gradients or a blood system to carry diffusing gases to and from the gas exchange surfaces.
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Exam practice





1  (a)  Give the word equation for aerobic respiration.


[2]


    (b)  In terms of products, give two differences between anaerobic respiration in mammalian muscle and in yeast.


[2]








2  Describe and explain the effect of exercise on the rate of breathing.


[3]








3  (a)  Respiratory surfaces in plants and animals normally have a large surface area and are thin (involve short diffusion distances).







          (i)   What is the advantage of respiratory surfaces having a large surface area?


[1]


          (ii)  How is a large surface area achieved in the lungs?


[1]


          (iii) How is a short diffusion distance achieved between the alveoli and capillaries in the lungs?


[2]







    (b)  Explain fully why a diffusion gradient exists between the intercellular air spaces in leaves and the spongy mesophyll cells, allowing oxygen to diffuse in.


[2]





Answers online
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6 Coordination and control



The nervous system


We are able to respond to the environment around us. Anything that we respond to is called a stimulus.


In animals, stimuli (e.g. sound, smell, visual stimuli) affect receptors in the body. There are many types of receptor, each responding to a particular type of stimulus. If a receptor is stimulated, it may cause an effector such as a muscle or gland to produce a response.


Nerve cells, or neurones, link the receptors to a coordinator. The coordinator is the central nervous system (CNS), consisting of the brain and spinal cord. In effect, the role of the CNS is to make sure the correct receptor is linked to the correct effector. A neurone carries information in the form of small electrical charges called nerve impulses.


The role of the nervous system in animals is summarised in Figure 6.1.




[image: ]
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Exam tip


Remember that the CNS includes both the brain and the spinal cord.
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Voluntary and reflex actions


Voluntary and reflex actions are the two main types of nervous action, as summarised in Table 6.1.




Table 6.1 Voluntary and reflex actions






	 

	Voluntary

	Reflex






	Conscious control (brain and thinking time) involved

	Yes

	No






	Speed of action

	Variable – usually much slower

	Fast












[image: ]


Exam tip


Reflexes are automatic and often protective – such as the withdrawal of a hand from a hot object.
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Now test yourself





1  Name the two parts of the central nervous system.



2  Give two differences between reflex and voluntary actions.
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The reflex arc


The pathway of neurones in a reflex action is described as a reflex arc. The reflex arc for the reflex that occurs when someone puts his or her hand on a hot object is shown in Figure 6.2.
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Example


You need to be able to draw or complete and label diagrams of a reflex arc.


Students were asked to add the three neurones to an outline of the spinal cord. One student’s answer is shown in Figure 6.3, but there are a number of mistakes. Can you spot them?
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Answer





•  The neurones should extend into the grey matter of the spinal cord.



•  There is no association neurone.



•  The motor neurone should follow the same route out of the spinal cord through which the sensory neurone enters, i.e. it leaves the spinal cord too early.
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Hormones


Hormones are chemical messengers, produced by glands, that travel in the blood to bring about a response in a target organ.


The main differences between the hormones and the nervous system are summarised in Table 6.2.




Table 6.2 The main differences between hormone and nervous communication






	 

	Nervous system

	Hormones






	Method of communication

	Electrical impulses along neurones

	Chemicals in blood






	Speed of action

	Fast-acting

	Usually slow-acting










Insulin


Insulin is a hormone that lowers blood glucose concentrations (Figure 6.4). It is important that the amount of glucose (sugar) in the blood is kept at the optimum concentration.





[image: ]
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Exam tips





•  In an exam you need to state that insulin lowers/reduces blood glucose concentrations – it is not enough to say that it controls blood glucose concentrations.



•  The action of insulin highlights the definition of a hormone. Insulin is a chemical messenger, produced by the pancreas (a gland) that travels in the blood to bring about a response (converting glucose to glycogen and/or causing glucose to move from the blood to cells for respiration) in the liver and/or muscles (target organs).
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[image: ]


Example





1  Explain why the body needs glucose in the blood.



2  Suggest why the concentration of insulin in the blood is usually at its lowest in the middle of the night.





Answer





1  The glucose is transported to body cells to provide energy in respiration.



2  Glucose concentrations will also be low during the night. By this time the glucose from the last meal of the day has been used up in respiration or converted to glycogen for storage.
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Diabetes


Diabetes is a lifelong condition in which the body does not produce enough insulin (or the insulin produced does not work). Therefore, people with diabetes have very high (and dangerous) blood glucose concentrations unless treated.


The symptoms (signs that show something is wrong) of diabetes include:





•  high blood glucose concentrations



•  glucose in the urine



•  lethargy



•  thirst.
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Exam tip


Diabetes is a condition in which the blood glucose control mechanism fails.
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There are two types of diabetes: type 1 and type 2. The main differences between type 1 and type 2 diabetes are summarised in Table 6.3.





Table 6.3 The main differences between type 1 and type 2 diabetes






	 

	Type 1

	Type 2






	Main effect

	Insulin is not produced by the pancreas

	Insulin is produced but stops working properly or the pancreas does not produce enough insulin






	Treatment

	Insulin injections for life (plus controlled diet and exercise)

	Usually controlled by diet initially but later requires medication and/or insulin injections






	Preventative measures

	None – not caused by lifestyle

	Take exercise, reduce sugar intake, avoid obesity






	Age of first occurrence

	Often in childhood

	Usually as an adult










Long-term effects and future trends


People who have had diabetes for a long time and whose blood glucose concentration is not tightly controlled are at risk of developing long-term complications. These include:





•  eye damage (and blindness)



•  heart disease and strokes (circulatory diseases)



•  kidney damage.







[image: ]


Exam tip


Type 2 diabetes is linked to lifestyle but type 1 diabetes is not caused by lifestyle.
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The number of people who suffer diabetes is increasing rapidly, and the cost of treatment is becoming very high. The large increase in the number of people with type 2 diabetes is linked to poor diet and a lack of exercise.


The excretory system and osmoregulation


The kidney has two main roles in the body. It is important in the excretion of waste products such as urea, and osmoregulation –controlling the water balance in the body (Figure 6.5).
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The kidney filters the blood and excretes waste products. Within the kidney most of the blood is filtered out of the blood vessels but only the useful material, such as glucose and water, is reabsorbed back into the blood. Most of this takes place in the cortex. The waste materials (those not reabsorbed, such as urea) are drained into special structures called collecting ducts, which pass through the medulla and into the pelvis (base) of the kidney before emptying into the ureters for excretion.


Homeostasis and osmoregulation


Homeostasis means maintaining a constant internal environment in the body for the proper functioning of cells and enzymes in response to internal and external change.
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Exam tips





•  Osmoregulation effectively means keeping the concentration of the blood correct.



•  The control of blood glucose is another example of homeostatic control.
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Osmoregulation means maintaining the water balance at a constant level in the body.


Table 6.4 shows some of the different ways in which we can gain and lose water.




Table 6.4 Taking in and losing water






	Gain water

	Lose water






	




•  Drinking liquids



•  In food



•  Water produced in body cells as a waste product in respiration





	




•  Evaporation of sweat



•  Breathing out water vapour



•  In urine
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Exam tip


The only bullet point in Table 6.4 that can be ‘fine-tuned’ to control water balance is the amount of water lost in the urine.


[image: ]





The kidney is the organ that controls water balance, and it does this by controlling the amount of water that is reabsorbed back into the blood during the filtering process.


Figure 6.6 shows the role of the kidney in osmoregulation.
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Figure 6.6 shows that the kidney can control water balance by reabsorbing more or less water back into the blood (following filtration), depending on the concentration of the blood.
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The amount of water reabsorbed is controlled by antidiuretic hormone (ADH). If the blood is too concentrated, more ADH is produced, and this results in more water reabsorption and less urine produced. (If the blood is too dilute, less ADH is produced, and this results in less water reabsorption with more urine produced.)
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Now test yourself





3  Name the two main functions of the kidney.



4  Name the three ways in which the body gains water.



[image: ] 5  Name the hormone that controls the amount of water reabsorbed in the kidneys.
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Plant hormones


Hormones are also important in coordination in plants. Phototropism is the growth response involving plants bending in the direction of light. When a plant experiences uneven light (unidirectional or unilateral light), more of the hormone auxin passes to the shaded side. The auxin causes increased elongation of cells on the shaded side, resulting in uneven growth and the plant bending towards the light.
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Exam tip


By bending in the direction of the light, the plant gets more light and so undergoes more photosynthesis and more growth.
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Figure 6.7 shows that the auxin is produced in the tip of the plant but more passes down the shaded (non-illuminated side) than the illuminated side. This means that the cells in this region get more auxin and therefore grow more (compared with the cells in the side getting most light).
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Exam practice




[image: ]
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1  (a)  Figure 6.8 shows a reflex arc.
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          (i)   Name neurone X.


[1]


          (ii)  Give the name for the small gap Y.


[1]


          (iii) What is structure Z called?


[1]


          (iv)  Which part of the diagram (A, B or C) is the receptor?


[1]


          (v)  Which part (A, B or C) is the effector?


[1]







    (b)  One feature of reflex actions is that the response is rapid. In terms of neurone pathways, explain why reflex actions are usually very fast.


[2]
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2  (a)  Complete the sentence below about hormones.


A hormone is a chemical ……………………………. that travels in the ……………………………. to a target organ, where it acts.


[2]


    (b)  Figure 6.9 shows how a person’s blood glucose concentration changes over a period of time.
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          (i)   Name the organ that produces insulin.


[1]


          (ii)  Suggest what caused the blood glucose concentration to rise after 1 hour.


[1]


          (iii) Describe the role of insulin in causing the blood glucose concentration to decrease.


[2]









3  (a)  Table 6.5 shows the numbers of people being treated for type 1 and type 2 diabetes in a hospital over a 5-year period.




Table 6.5






	Year

	Number of people treated with diabetes







	Type 1


	Type 2







	2005

	14


	94







	2006

	15


	99







	2007

	17


	105







	2008

	17


	121







	2009

	19


	133







	2010

	20


	141
















          (i)   Calculate the percentage increase in type 2 diabetes between 2005 and 2010.


[2]


          (ii)  The table shows that the number of patients with type 2 diabetes is increasing over time. Describe one other trend shown by the information in the table.


[1]


          (iii) Suggest two reasons for the increase in number of people with type 2 diabetes.


[2]







    (b)  Give two long-term complications of diabetes.


[2]



4  (a)  Name one substance that is filtered out of the blood in the kidney but not reabsorbed back.


[1]







    (b)  (i)   Define the term ‘osmoregulation’.


[1]


          (ii)  Explain why only small amounts of urine are produced on a very hot day.


[2]



[image: ] (iii) Explain the role of ADH in kidney function.


[2]








5  (a)  Figure 6.10 shows some seedlings that receive light from one side only.
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          (i)   Name this growth response in plants.


[1]


          (ii)  Explain how this response benefits the seedlings.


[2]
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    (b)  Figure 6.11 shows a plant shoot bending towards a light source. Use the diagram and your knowledge to explain why this plant shoot is bending to the right.


[3]
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Answers online
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7 Ecological relationships and energy flow



Ecology deals with the distribution of living organisms and the relationships between them.


Some key terms that you need to know are: habitat, population, community, biodiversity, environment and ecosystem.


The environment can be subdivided into:





•  abiotic (physical, or non-living) factors, such as temperature and light



•  biotic (living) factors, such as the effect of predators or competitors.





Fieldwork


Fieldwork normally involves sampling the numbers or distribution of organisms in an area. Additionally, fieldwork often involves the measurement of environmental factors, such as light intensity.


Sampling


With most fieldwork it is impossible to count all the individuals of a species in an area, so the species is sampled. This is usually done using quadrats.


When using quadrats, the abundance of individuals can be estimated by recording:





•  number – this is used when the number of individuals is easy to determine, e.g. limpets on a shore or thistles (which stand out above the grass)



•  percentage cover – this is used when it is difficult to see where one individual stops and another one starts, e.g. many grass and moss plants. Percentage cover is usually rounded to the nearest 10%.





Random sampling is carried out when the area to be sampled is uniform.


When random sampling:





•  enough samples (quadrats) should be used to give a representative sample of the area



•  the quadrats should be positioned using random numbers to avoid bias (Figure 7.1).
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A belt transect is used if zonation is evident (there is a clear transition from one area into another) – examples include sampling from a grassland into woodland or on a rocky shore from the low tide line to the high tide line. Here the sampling is not random but along a transect line.


In a belt transect, the quadrats are typically placed end to end along a transect tape stretching from one end of the area to be sampled to the other – alternatively, if the transect is very long, the quadrats could be placed every 5 m or at other set intervals along the tape.
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Exam tip


Using quadrats to count the number of each species in an area measures biodiversity (the number of species in an area) as well as the number of individuals for each species.
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Example


You are asked to estimate the number of thistles in a field measuring 100 m × 50 m. You are also provided with a 50 cm × 50 cm quadrat. Describe how you could sample the field to estimate the number of thistles.


Answer





•  Use a random number to identify, e.g. 20, places where the quadrat will be placed.



•  Count the number of thistles in the quadrat at each position.



•  Calculate the average number of thistles in the 20 quadrats.



•  The overall area is 5000 m2 and the area of the quadrat is 0.25 m2 – so the estimated number of thistles in the field is the average in 20 quadrats × 20 000 (5000 × 4).
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Measuring environmental factors


Table 7.1 shows how many of the environmental factors that affect plant and animal numbers and distributions can be measured.




Table 7.1 Measuring environmental factors






	Factor

	Means of measurement

	Comment






	Wind speed

	Using an anemometer


	Wind speed can be very important in exposed habitats, such as a rocky shore or sand dune system.






	Water

	Weighing soil mass then drying in an oven until completely dry (constant mass), then reweighing; the percentage moisture is the difference divided by the initial mass × 100

	Most plant species are restricted to soils of a particular moisture range, e.g. rushes are usually found in wetter soils.






	pH

	Using soil test kits or pH probes or sensors


	Heathers are found in acid soils (soils with a low pH), but most plants prefer soils around neutral pH (pH 7).






	Light

	Using a light meter


	Many woodland plants are adapted to growing in moderate or low light levels.






	Temperature

	Using a thermometer


	Temperature is important in plant and animal distribution on a global scale (rather than at a local level).
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