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Excretion 
(IGCSE Biology Syllabus 2016-2018)  

 

Structure of the Kidney 

  

Excretion is the removal from organisms of toxic materials, the waste products of metabolism 

and substances in excess of requirements (carbon dioxide, urea, salts…). 

 

The relative position of the ureters, bladder and urethra in the body 
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Structure of a kidney 
The kidney has 3 main parts: the cortex, medulla, and pelvis. Leading form the pelvis is a tube, 

called the ureter. The ureter carries urine that the kidney has made to the bladder.  

 

 
 

 

Kidneys are made up of thousands of tiny tubules, or nephrons.  Each nephron begins in the 

cortex, loops down into the medulla, back into the cortex, and then goes down again through the 

medulla to the pelvis. In the pelvis, the nephrons join up with the ureter. 
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Function of the kidney - Filtration and Reabsorption 

 
The function of the kidney is to filter blood, removing urea and excess 

H2O, reabsorbing glucose, some H2O and some mineral salts.  

 

 

Urine is made by filtration and selective reabsorption  
 As blood passes through the kidneys, it is filtered. This removes most of the urea from it, 

and also excess H2O and salts.  

 As this liquid moves through the kidneys, any glucose in it is reabsorbed back into the 

blood. Most of the H2O is also reabsorbed along with some of the salts.   

Remove from blood 
 

Reabsorb into the blood 

 most urea 

 excess H2O  

 excess salts  

 all glucose 

 most H2O  

 some salts  

 

The final liquid produced by the kidneys is a solution of urea  and salts in water. It is 

called urine, and it flows out of the kidneys, along the ureters and into the bladder. It is stored in 

the bladder for a while, before being released from the body through the urethra.  

 

Filtration happens in renal capsules  
 

Blood is brought to the renal capsule in a branch of the renal artery. Small molecules, including 

water and most of the things dissolved in its, are squeezed out of the blood into the renal 

capsule.  
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There are thousands of renal capsules in the cortex of each kidney. Each one is shaped like a cup. 

It has a tangle of blood capillaries, called a glomerulus, in the middle. The blood vessels 

bringing blood to each glomerulus is quite wide, but the one taking blood away is narrow. This 

means that the blood in the glomerulus cannot get away easily. Quite a high pressure builds up, 

squeezing the blood in the glomerulus against the capillary walls. 

 

These walls have small holes in them. So do the walls of the renal capsules. Any molecules small 

enough to go through these holes will be squeezed through, into the space in the renal capsule. 

 

Only small molecules can go through. These include water, salt, glucose and urea. Most protein 

molecules are too big, so they stay in the blood, along with the blood cells. 

 

 

 

Useful substances are reabsorbed  

The fluid in the renal capsule is a solution of glucose, salts and urea dissolved in water. Some of 

the substances in this fluid are needed by the body. All of the glucose, some of the water ans 

some of the salts need to be kept in the blood.  
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Wrapped around each kidney tubule are blood capillaries. Useful substances from the fluid in the 

kidney tubule are reabsorbed, and pass back into the blood in these capillaries. 

 

The remaining fluid continues on its way along the tubule. By the time it gets to the collecting 

duct, it is mostly water, with urea and salts dissolved in its. It is called urine. The kidneys are 

extremely efficient at reabsorbing water. Over 99% of the water entering the tubules is 

reabsorbed. 

 

The relative amount of water reabsorbed depends on the state of hydration of the body (how 

much water is in the blood), and is controlled by secretion of the hormone ADH. 

 On a hot day: we sweat more to cool down à the body needs to conserve water à produce 

a small amount of concentrated urine. 

 On a cold day: little sweat is being produced à we tend to produce a larger volume of 

dilute urine. 

Filtered blood returns to the vena cava (main vein) via a renal vein. The urine formed in the 

kidney passes down a ureter into the bladder, where it is stored. A sphincter muscle controls the 

release of urine through urethra. 

 

Urea Formation, Breakdown of Alcohol & Drugs in Liver 

Surplus amino acids in the bloodstream cannot be stored. They are removed by the liver and 

broken down into the urea (which is the nitrogen-containing part of the amino acid) and 

a sugar residue, which can be respired to release energy. The breakdown of amino acids is 

called deamination. 

 

Urea is returned to the bloodstream (into the hepatic vein) and filtered out when it reaches the 

kidneys. 

The body treats alcohol as a poison. The liver removes poisons, such as alcohol and drugs, from 

the blood and breaks them down. Prolonged and excessive use of alcohol damages the liver and 

may cause it to fail. An overdose of drugs, such as paracetamol, can result in death due to liver 

failure, because the liver cannot cope with breaking down such a high concentration of the 

chemical. 

 

The liver also converts hormones into inactive compounds. These are filterd out of the blood by 

the kidneys. 
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Dialysis  

 
The usual treatment for a person with kidney failure is to have several sessions a week using 

a dialysis unit (a kidney machine), to maintain the glucose and protein concentration in blood 

diffusion of urea from blood to dialysis fluid.   

 

Dialysis is a method of removing one or more components from a solution using the process of 

diffusion. The solution is separated from a bathing liquid contains none of the components that 

need to be removed from the solution, so these pass from the solution, through the membrane, 

into the bathing dilution by diffusion. The bathing solution needs to be changed regularly to 

maintain a concentration gradient. 

 

 

 

Kidney dialysis. 
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A patient with kidney failure needs to have toxic chemicals removed from the blood to stay alive. 

Blood is removed from a vein in the arm, and is kept moving through dialysis tubing in the 

dialysis machine using a pump. The tubing is very long to provide a large surface area. The 

dialysis fluid has a composition similar to blood plasma, but with no urea or uric 

acid. Urea or uric acid and excess mineral salts are removed from the blood, by diffusion, into 

the dialysis fluid. The cleaned blood is then passed through a bubble trap to remove any air 

bubbles, before being returned to the patient’s vein.  

 

 

 

How kidney dialysis works. 
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Advantages and disadvantages of kidney transplants compared with dialysis.  
 

Advantages 
 The patients can return to a normal lifestyle – dialysis may require a lengthy session in 

hospital, 3 times a week, leaving the patient very tired after each session. 

 A dialysis machine will be available for other patients to use. 

 Dialysis machines are expensive to buy and maintain. 

 

Disadvantages 
 Transplants require a suitable donor – with a good tissue match. The donor may be a dead 

person, or a close living relative who is prepared to donate a healthy kidney (we can survive with 

one kidney_. 

 The operation is very expensive. 

 There is a risk of rejection of the donate kidney – immunosuppressive drugs have to be 

used. 

 Transplantation is not accepted by some religions. 
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Homeostasis 

 
Homeostasis is the maintenance of a constant internal environment, which is vital for an 

organism to stay healthy. Fluctuations in temperature, water levels and nutrient concentrations … 

could lead to death. 

 

Temperature regulation is one homeostatic function. Mammals and birds are warm-blooded – 

they maintain a constant body temperature despite external environment changes. 

Human maintain a body temperature of 37
0
C – we have mechanisms to lose heat when we get 

too hot, and ways of retaining heat when we get too cold. 

 

 

A section through human skin.  
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The hypothalamus coordinates temperature control 
 

The hypothalamus (part of brain) acts like a thermostat. It detects t
o
 of the blood running 

through it. 

 

If t
o
 > or < 37

0
C, it sends electrical impulses, along nerves, to parts of the body which function in 

regulating body t
o
. 

 

 
 

 

When you are cold, body produces and saves heat 
 

- shivering: muscles contract and relax spontaneously ---> produces heat ---> warms blood 

 

- vasoconstriction: arterioles near skin become narrower so little blood can flow through them 

(the blood flows through the deep-lying capillaries instead)---> conserve heat 

 

- metabolism may increase ---> release energy 

 

- hair stands up. In human, it just produces ‘goose pimples’. But in hair animals (cat), it acts as 

an insulator: trap a thicker layer of warm air next to the skin, prevent skin from loosing more 

warmth.   
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When you are hot, the body loses more heat: 
 

- sweating: droplets of sweat evaporate, cooling the body 

 

- vasodilation: more blood flows near skin surface ---> lose heat 

 

- hair lies flat. 
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Control of Blood Glucose Content 

 
The control of glucose concentration in the blood is a very important part of homeostasis.  

 

Two hormones insulin and glucagon control blood glucose levels.  

 

Both hormones are secreted by the pancreas and are transported to the liver in the bloodstream. 

 

When blood glucose levels get too high or too low, a person may: 

 

- lose consciousness 

- fall into a coma 

- die 

 

Too little glucose ---> Cells can not release enough energy they need. Brain cells are especially 

dependent on glucose for respiration, and die quite quickly if they are deprived of it.  

 

Too much glucose in the blood ---> water moves out of cells and into the blood by osmosis ---> 

Cell has too little water to carry out normal metabolic process. 

 

The control of blood glucose concentration is carried out by the pancreas and the liver.  

 

Pancreas secretes insulin and glucagon: 2 hormones that work side-by-side. 
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Left-side: When glucose levels drop below normal, glycogen is broken down to glucose, which is 

released into the bloodstream.  
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glucagon: glycogen ---> glucose 

 

Right-side: Excess glucose is stored in the liver and muscles as the polysaccharide glycogen 

(animal starch). 

 

             insulin:          glucose       ---> glycogen  

                                   ↑ respiration rates ---> cells consume more glucose  

 

  

Negative Feedback in Homeostasis 

 
Temperature and glucose blood levels regulation involvenegative feedback:  

 

- a change from normal conditions (body temperature, blood glucose levels…)  

 

- triggers a sensor,  

 

- stimulates a response in an effectors. 
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Glucose blood levels regulation 

 If glucose levels rise, the sensor will instruct an effector (the pancreas) to secret insulin-

--> glucose levels drop below normal. 

 If glucose levels drop, the sensor will instruct the pancreas to stop secreting insulin ---> 

glucose levels rise. 

 This is negative feedback – the change is fed back to the effector. 

 

Temperature regulation 
 

 All the time, the hypothalamus is monitoring small changes in the temperature of your 

blood. 

 If temperature rise above normal, actions take place that help to reduce it. 

 If temperature is lower than normal, the hypothalamus stops these actions and start 

actions that help to raise the blood temperature. 

 This is negative feedback - the information that the blood has cool down stop the 

hypothalamus making your skin to increase heat loss.     

 

 

Maintaining temperature in steady state.  
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