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The diagram below shows a single nephron, with its blood supply, from a kidney.

(a) (i) Name A, B and C shown on the diagram above.

[3]

A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(ii) Use two arrows, clearly labelled, on the nephron above, to show where the following processes take place:

[2]

1.
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I ultrafiltration;

II selective reabsorption.

(b) Name the blood vessels supplying the kidney which would connect at points X and Y shown on the diagram

opposite.

[1]

X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

.

Y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

.

(c) Explain the function of the Loop of Henle in osmoregulation.

[4]

(d) Describe how hormonal control affects the final concentration and volume of urine produced when someone is

dehydrated.

[4]
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(a) Explain what is meant by the term homeostasis.

[2]

(b) Complete the diagram below showing the process of osmoregulation in the human body.

[6]

2.
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Roughly 60% of the mass of the body is water and despite wide variation in the quantity of water taken in each day, 

body water content remains incredibly stable.

One hormone responsible for this homeostatic control is antidiuretic hormone (ADH).

(a) Describe the mechanisms that are triggered in the mammalian body when water intake is reduced.

[6]
4.
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(i) Describe the relationship shown in the graph opposite.

[2]

(ii) Suggest why a person only begins to feel thirsty at a plasma solute concentration of 293 AU.

[2]

Secretion of antidiuretic hormone is stimulated by decreases in blood pressure and volume.

These are conditions sensed by stretch receptors in the heart and large arteries. Severe diarrhoea is one condition

which stimulates ADH secretion.

(b) The graph below shows how the plasma concentration of antidiuretic hormone changes as plasma solute

concentration rises.
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(c) Suggest another condition which might stimulate ADH secretion.

[1]

5.
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(a) (i) Using your knowledge of osmoregulation, explain the change in the volume of urine between 0 - 60 minutes. [4]

(ii) Explain the change of concentration of salt in the urine between 0 and 60 minutes.

[1]

(iii) State two variables which would need to be considered when comparing results from a number of people who

had drunk similar volumes of water.

[2]

A student gave a sample of urine and then drank 1000 cm³ of distilled water rapidly. Urine was then collected at

regular intervals and measurements made of the volume of each sample and its salt concentration. The results are

shown on the following graphs.

8.
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(b) The diagram below represents part of a kidney nephron showing a glomerulus and Bowman's capsule.

(i) Explain how the high hydrostatic pressure (10 kPa) is achieved in the glomerulus

[1]

(ii) Suggest which type of organic molecule in the blood is responsible for maintaining the blood osmotic pressure at 4

kPa.

[1]

(iii) The net movement of water is from A to B. Explain the process by which some water molecules will move from B

to A.

[2]
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(iv) The net filtration pressure is the overall pressure responsible for ultrafiltration. From the data shown on the

diagram calculate this value. Show your working include units with your answer.

[2]

Answer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(c) There is a feedback system in the kidneys which maintains the hydrostatic pressure in the glomerulus at a

constant level despite changes in the arterial blood pressure. The regulatory mechanism involves the contraction of

the circular muscles in the afferent arteriole.

(i) Explain how this prevents changes in the hydrostatic pressure in the glomerulus.

[2]

(ii) Suggest what would happen in the body if the arterial blood pressure increased and the feedback system in the

kidney described did not function.

[1]
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(a) Kidneys can become damaged by injury or disease.

(i) Give four possible effects of kidney failure.

[4]

(ii) Suggest why heart disease or the loss of a large volume of blood can lead to kidney failure.

[2]

12.
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Patients with kidney failure can be treated using dialysis.

During dialysis blood can be taken from an artery, large vein or a fistula which is created by surgically connecting an

artery directly to a vein. The picture below shows the appearance of such a fistula.

(b) Explain the appearance of the vein shown in the photograph above which forms the fistula.

[2]

(c) The blood from the patient is passed through a haemodialysis tube. The tube is made from thousands of very

small hollow fibres each made from a partially permeable membrane with pores of various sizes. The partially

permeable membrane blocks the passage of cells, platelets and large proteins but will allow solute molecules
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through. The dialysisfluid lacks substances such as urea, contains the same concentration of ions such as potassium

and calcium and has the same water potential as blood from a person who has functional kidneys.

The following show a picture of a haemodialysis tube and a diagram representing how it is used.

(i) State why the dialysis fluid has to be constantly replaced.

[1]

(ii) Explain why the dialysis fluid moves in the opposite direction to the flow of blood.
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[1]

(iii) Explain why during some dialysis treatments calcium ions diffuse from the patient's blood into the dialysis fluid but

during others they diffuse from the dialysis fluid into the patient's blood.

[1]

(d) Transplanted kidneys are more efficient than dialysis but there are some issues concerning the technique.

Suggest two reasons against the use of kidney transplants.

[2]

(e) The kidney also acts as an endocrine organ. What is meant by the term endocrine organ?

[1]

(a) Name the vessel that brings blood to the kidney.

[1]

(b) Describe two structural features of glomeruli that allow ultrafiltration to occur.

[2]

1.

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

13.
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2.

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

Ultrafiltration in the glomerulus results in the production of glomerular filtrate. The pie charts below show the

percentage composition of solutes in human glomerular filtrate and in urine.

(c) Using your knowledge of processes occurring in the nephron, explain the difference in glucose concentration

between glomerular filtrate and urine shown in the pie charts.

[2]

(d) (i) The urea concentration of urine is much higher than that of glomerular filtrate.

Describe the role of the nephron and collecting duct in achieving this increase in concentration.

[5]
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(ii) Suggest an advantage to mammals of excreting urine with a high concentration of urea.

[2]

(e) The concentration of sodium ions in the urine of a person varies. The concentration is affected by the level of a

hormone. Name this hormone and explain how it affects the concentration of ions in urine.

[2]
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(a) (i) Name the structures labelled A-F in the diagram opposite.

A = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

B = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

C = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

[3]

14. The diagram below shows a kidney nephron and part of its blood supply.
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D = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

E = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

F = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(ii) Draw a line labelled X on the diagram opposite, to show the part of the nephron where most of the water is

reabsorbed.

[1]

(iii) Draw a line labelled Y on the diagram opposite, to show the part of the nephron where glucose is reabsorbed.

[1]

(iv) Explain the significance of the differences in diameter between structure B and structure D.

[2]

(b) The composition of filtrate for a particular substance in a nephron can be expressed as its renal : plasma ratio.

This compares the concentration of a substance in the filtrate with that in the blood plasma.

This can be calculated by using the following formula.

Samples of filtrate were taken from different parts of a nephron and the concentrations of glucose and urea were

measured. Their renal : plasma ratios were then calculated.

The kidney was treated with a chemical Z and the process was repeated.

The results of this investigation are shown in the graph below.
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(i) Explain why urea and glucose have a renal : plasma ratio of 1.0 in the Bowman's capsule.

[3]

(ii) Use figures from the graph opposite to explain why the renal : plasma ratio of urea increases in the proximal

convoluted tubule.

[4]

(iii) Use figures from the graph opposite to describe and explain the renal : plasma ratio for glucose in both the

untreated healthy kidney and the kidney treated with chemical Z.
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[3]

(iv) Suggest how chemical Z could have caused the effect described in part (iii) above.

[1]
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