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  TOPIC 16
Health science 

  16.1  Overview 
 Numerous  videos  and  interactivities  are embedded just where you need them, at the point of learning, in 
your learnON title at  www.jacplus.com.au . They will help you to learn the content and concepts covered 
in this topic. 

 16.1.1 Why learn this? 
  Understanding the workings of the human body and how to treat the sick has long been a human endeavour. In 
this chapter, you will learn about the science that led to important discoveries in the area of health and medicine, 
as well as some current aspects of research and development in health science and some careers in this fi eld.      

 LEARNING SEQUENCE 
16.1    Overview    638
16.2    Looking for patterns to address health issues    640
16.3    Discovering germs    645
16.4    Germs all around us    649
16.5    A weapon against bacteria    652
16.6    A little knowledge goes a long way    656
16.7    Bacteria at your service    662
16.8    Replacement parts    666
16.9    Healthy careers    670

16.10    Review    674

  There are many career opportunities in the area of health and medicine. 
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Curiosity about the human body and health 
across cultures
The quest for knowledge about the human body and how it works and about the 
treatment of disease is not new and it is not restricted to western cultures. Knowledge of 
the internal biology and physiological process in art appears in rock paintings in caves in 
Australia that are thousands of years old. Examples of Aboriginal X-ray art also provide 
evidence that this type of knowledge dates back to more than 6000 years ago.

The culture and scientifi c knowledge of the times often determine the types of treatment 
given for various diseases of the human body. In medieval times, astrology played a 
key role in medicine and medical prognosis. It was believed that the ‘movement of the 
heavens’ could infl uence human physiology, with each part of the body being associated 
with a different astrological sign. An image of the ‘Zodiac Man’ in the medical texts of the 
time was used to assist practitioners in their medical treatments.

Chinese traditional medicine is an ancient medical system that has been practised for over fi ve thousand years 
and applies understanding of the laws and patterns of nature to the human body. It views health as the changing 
fl ow throughout the body of vital energy (qi ) that, if hindered, can lead to illness. Acupressure is an application of 
this practice that aims to release blocked energy by stimulating specifi c points along the body’s energy channels.
1. Find other examples of X-ray paintings. What are the common features of this type of painting?
2. The Warlpiri are one of the largest Aboriginal groups in the Northern Territory. Research and report on their 

traditional health system and the involvement of ngangkayikirili (or ngangkari or ngangkayi) and Yawulyu 
ceremonies of the Warlpiri.

3. How could you test the following hypotheses scientifi cally?
(a) People whose star sign is Taurus are more likely to have digestive problems than other star signs.
(b) Colds and fl us are more likely when the Leo constellation is visible in the sky at night.

4. Prepare an information leafl et about a type of therapy based on traditional Chinese medicine principles (such 
as Qigong, herbal therapy, acupuncture, healing foods and Chinese psychology). Your leafl et should include 
information about what the therapy involves, the type of conditions that are treated and any other information 
patients need to be aware of before beginning treatment, including possible side effects.

5. We now understand that astrology and star signs are not linked to health, but there are some diseases that 
are more likely to affect people born at a particular time of the year. It has nothing to do with star signs though! 
Use the Star sign health weblink in your eBookPLUS and summarise the key points made in the article.

Aboriginal ‘X-ray 
style’ rock painting 
fi gure from Kakadu 
National Park, 
Northern Territory

The ‘Zodiac Man’ chart was 
based on astrology and 
provided advice on when, 
for example, to ‘bloodlet’ (a 
medical treatment involving 
bleeding the patient), regulated 
by the position of the moon.
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An example of an acupressure refl exology chart
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16.2 Looking for patterns to address health issues
Why do so many Australian children suffer from asthma? How does smoking cause lung cancer? Should 
babies be placed on their back or tummy in their cots to reduce the incidence of cot death? To find answers 
to questions such as these, scientists sometimes turn to statistics. Looking for patterns in large amounts of 
data can provide answers to important questions.

16.2.1 Asthma — on the rise?
Even if you do not suffer from asthma, it is very likely that you know someone who does. Asthma is a 
very common condition that affects about one in seven Australian adolescents. About one in ten, or 10 per 
cent, of adults are affected. Young children are the greatest sufferers of asthma, with one in four affected. 
One alarming fact about asthma is that the number of people who suffer from it has greatly increased in the 
last 30 years. The reasons for this increase are not clear but you might have some ideas of your own after 
reading this information.

What is asthma?
Asthma is a narrowing of the air pipes that join the mouth 
and nose to the lungs. The pipes most affected are the 
bronchi. They become narrower as:
 • the muscle wall of the air pipes contracts
 • the lining of the air pipes swells
 • too much mucus is produced.

The narrow pipes make breathing difficult and can 
result  in wheezing, coughing and a tight feeling in 
the chest. The coughing is usually worse at night.

Triggers
Some of the common triggers of an asthma attack are:
 • vigorous exercise
 • cold weather
 • cigarette smoke
 • dust and dust mites
 • moulds
 • pollen
 • air pollution
 • some foods and food additives
 • some animals.

Not all asthma sufferers are affected by the same triggers. Some people suffer attacks only as a result 
of exercise. Others might be affected by any one or more of the triggers. It is important that those who get 
asthma try to find out what triggers the attacks. Many of the triggers can be avoided.

The best way to control asthma is to try to avoid the triggers as far as possible.

What causes asthma?
The exact reason why some people suffer from asthma and others do not is not known, but there appear to 
be a number of contributing factors. One way to find out about the causes of asthma is to look for patterns 
in data. Data about asthma have revealed the following trends:
 • Children who have a parent with asthma, eczema or hay fever are more likely to develop asthma. This 

suggests that heredity plays a part in asthma.
 • Being overweight increases the risk of asthma.

Normal

Lining
swells

Too much
mucus
produced

Muscles
contract

Asthma is a narrowing of the air pipes.
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 •   Children whose parents smoke are more likely to have respiratory infections in infancy and, in turn, 
develop asthma.  

 •   People who are exposed to certain chemicals through their work are at higher risk of developing asthma.   
 Some researchers are particularly concerned about the increase in the incidence of asthma over recent 

times. A number of hypotheses have been put forward, but perhaps the most interesting one is the hygiene 
hypothesis (see  page XXX ).  

 16.2.2 Up in smoke 
 It seems hard to believe but there was a time when people did not know that smoking causes lung cancer. 
Over time it became obvious that people who developed lung cancer tended to be smokers. Now we know 
that there is a clear link between smoking and lung cancer, as well as other diseases including other types 
of cancer and cardiovascular diseases. 

 16.2.3 What is lung cancer? 
 Lung cancer starts as a lump of cells multiplying 
out of control in the lungs. Unlike normal lung cells, 
cancer cells are not specialised, so they cannot do 
the job of healthy lung cells. This interferes with 
the normal functioning of the lungs. As the cancer 
grows, the mass of cells can block some of the bron-
chioles, causing breathing problems. The cancer can 
also spread to other organs and cause further prob-
lems. Unfortunately, lung cancer has the highest 
death rate of any cancer. 

 16.2.4 The link between smoking 
and lung cancer 
 A number of studies have shown that there is a clear 
link between smoking and the likelihood of devel-
oping lung cancer. The two graphs right show the 
results of two of these studies. Can you make sense 
of these graphs?    
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  Graph 1: The risk of dying from 
lung cancer increases with the 
number of cigarettes smoked 
daily. 

  A lung X-ray can be used to detect lung cancer. 
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Graph 2: This graph shows that the number of 
deaths from lung cancer has risen as cigarette 
consumption has increased, but there is a 20-year 
lag time because lung cancer takes many years to 
develop.
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 16.2.5 SIDS — can we reduce the risk? 
 Each year, apparently healthy babies die from sudden infant death syndrome (SIDS). The exact cause of 
SIDS is not known, and it is likely that a number of factors are involved. The good news is that the rate 
of death from SIDS has been decreasing, due to advice that has been given to new parents about mini-
mising the risk. To work out the best 
advice to give parents, researchers 
collected data about babies, including 
information about the type of bed-
ding, whether the babies were placed 
in their cots on their tummy, back 
or side and whether their parents 
smoked. The incidence of SIDS is 
lower in babies who sleep on their 
back rather than their tummy, and in 
their own cot rather than sharing a 
bed with a parent or sibling. Avoiding 
bulky doonas, pillows and soft toys 
in the baby’s cot also reduces the risk 
of SIDS whereas having parents who 
smoke increases the risk     .  

 16.2.6 The hygiene hypothesis 
 According to this hypothesis, diseases such as asthma, eczema, hay fever and some other allergies might 
be increasing because children are being brought up in an environment that is too clean. If children are not 
exposed to enough germs as children, their immune system (the system that fi ghts off germs that invade the 
body) does not develop properly. The result is that sometimes the immune system will mistake harmless 
substances (such as pollen) for nasty germs and go into full attack mode when exposed to these. The result 
is an asthma attack or an allergic reaction. 

 The following data have been used to support this hypothesis.  
 •   Children who grow up on farms (where there are a lot more germs) are less likely to get asthma than 

children who grow up in cities. The more children are exposed to the faeces (poo) of animals, the less 
likely they are to get asthma.  

 •   Young children who live in a house where there is a pet (a source of germs) are less likely to develop 
asthma.  

 •   Children who go to day care or have older brothers and sisters are less likely to get asthma than children 
who are not exposed to the germs of other children.   
 At present, the ‘hygiene hypothesis’ is just that — a hypothesis. That means scientists are not sure 

whether it is correct or not. Further scientifi c studies may either support or disagree with this hypothesis. 
For now, many doctors are advising parents that a bit of dirt is not such a bad thing for toddlers.    

The incidence of SIDS is lower in babies who sleep on their back.

 Professor Robyn E. O’Hehir 
 BSc, MBBS (Hons I), FRACP, PhD, FRCP, FRCPath  
1.    What is your current science-related title?  
 I am a Professor of Medicine, with particular responsibilities for allergy, clinical immunology and respiratory 
medicine, at Monash University, Melbourne. I am also the Director of the Department of Allergy, Immunology 
and Respiratory Medicine at the Alfred Hospital in Melbourne.  
2.    What fi eld of science are you in?  
 Allergy, cellular immunology and respiratory medicine. I was appointed to the fi rst Chair in Allergy and Clinical 
Immunology in Australia.  
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3. Describe some science that you are involved in at the moment.  
 Millions of people around the world suffer from allergies. I am sure you know several friends who have asthma 
or hay fever, or you may even have them yourself. Asthma and hay fever are usually triggered by proteins called 
allergens, from house dust mites or grass pollens. Allergies to peanuts and shellfi sh are less common but 
often more serious, because they can trigger life-threatening allergic reactions called anaphylaxis. Allergies are 
caused by reactions between white blood cells (‘T cells’) and environmental proteins that are usually harmless. 
My research group is trying to fi nd ways to damp down the allergic T-cell responses. 

 Allergen immunotherapy (allergy shots) is the only treatment that can prevent allergic diseases, but currently it 
can’t be used for peanut, even though this is one of the most serious allergens. To develop a safe and effective 
vaccine against peanut allergies, we are identifying parts of critical peanut proteins that can build up tolerance 
in allergic patients without risking anaphylaxis.  
4. What do you enjoy about being a scientist?  
 I enjoy the fact that my research not only is laboratory based, exploring novel methods for switching off allergic 
responses, but also lets me see patients and train other doctors in how to do research from bench to bedside 
to the community. I head an active clinical department, still carry out clinics with patients, and am actively 
engaged in national and international tests of new preventions and treatments for allergies. My combined 
research and clinical duties allow us to put our research fi ndings into better clinical practice.  
5. What triggered your interest in science?  
 I decided to specialise in allergy and respiratory medicine, focusing on asthma, following my experiences as a 
young trainee physician at the Alfred Hospital in Melbourne. Asthma was 
a huge problem in Australia at that time, and many times I resuscitated 
young adults in the hospital emergency room — and I watched them 
return, with appropriate medication and careful education, to confi dent, 
full lives. Some remain my patients today. The ability to dissect underlying 
mechanisms of disease and then work towards new therapies and 
practices to benefi t patients is a great excitement and honour. The 
diversity of patients and their needs ensures that every day is quite 
different.  
6. Do you have any other comments that may be of interest to 

Science students?  
 Training for a career in science combined with medicine may take a bit 
longer, but it gives you a fantastic ability to do interesting work that is 
intellectually demanding and also involves working with lots of people 
who need your help. I am very glad that I chose a career in science and 
medicine.         

Professor Robyn O’Hehir

 16.2 Exercise: Remember and think 
 To answer questions online and to receive  immediate feedback  and  sample responses  for every question, 
go to your learnON title at  www.jacplus.com.au .  Note:  Question numbers may vary slightly. 

 Remember  
1.     Describe   what happens to the air pipes in the lungs during an asthma attack to make breathing diffi cult.  
2.     Explain   why an asthma attack is more likely to be triggered in a person with a cold.  
3.     Defi ne   the term ‘asthma trigger’.  
4.     Recall   what SIDS stands for.  
5.     Defi ne   the terms ‘allergen’ and ‘anaphylaxis’.  
6.   How is Professor O’Hehir contributing to fi nding a cure for life-threatening peanut allergies?   

 Think and discuss  
7.   If you were part of an audience of 1400 students in a concert hall for a music excursion,   calculate   how many 

of them would be likely to be asthma sufferers. ( Hint:  Use the information on  page XXX .)  
8.   The number of people who suffer from asthma has doubled in the last 30 years. The hygiene hypothesis is 

just one possible explanation for this.  
(a)     Outline   some other possible reasons why the number of people suffering from asthma has increased so 

dramatically.  
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(b) Write down two hypotheses suggesting why there has been a sharp increase in the incidence of asthma.
(c) Outline how each of your hypotheses could be tested.

9. (a) In a group, brainstorm ideas about the common triggers of asthma and how they can be controlled.
(b) Summarise your discussion in a table similar to the one below.

Trigger How the trigger can be controlled

Moulds Air the house regularly.

   

   

10. Design an investigation based on statistical evidence to test the following hypothesis: ‘Babies who sleep on 
their back have a reduced risk of cot death’. (Note: Your investigation must be ethical.)

Skill Builder
11. The table below shows how the rate of smoking has changed over the past 60 years or so.

Percentage of adult Australians who smoke

Year 1945 1964 1969 1974 1976 1980 1983 1986 1989 1992 1998 2004

Males (%) 72 58 45 41 40 40 37 33 30 28 29 26

Females (%) 26 28 28 29 31 31 30 28 27 24 24 20

(a) Construct a line graph for the data in the table. Use ‘Year’ on the x-axis and ‘% of adult Australians who 
smoke’ on the y-axis. Draw lines for males and females in different colours.

(b) Suggest why the percentage of females who smoke has changed little while the percentage of males who 
smoke has declined greatly.

(c) Use dotted lines to predict the trends up to the year 2020. What percentage of males and females do you 
predict will be smoking in the year 2020?

12. Study graph 1 on page XXX.
(a) Copy and complete the following statements:

(i) People who smoke 10 cigarettes a day are__________ times more likely to develop lung cancer than 
non-smokers.

(ii) People who smoke 30 cigarettes a day are__________ times more likely to develop lung cancer than 
people who smoke 10 cigarettes a day.

(b)  If a packet of cigarettes costs $15 and contains 20 cigarettes, calculate how much a person smoking  
40 cigarettes a day spends on smoking:
(i) each day
(ii) each week
(iii) each year.

13. Study graph 2 on page XXX.
(a) Describe how the number of deaths from lung cancer changed between 1900 and 1980.
(b) Identify when the number of male smokers peaked.
(c) Identify when the number of deaths from lung cancer peaked.
(d) Explain why there is a 20-year gap between the two numbers.
(e) The graph shows data for male smokers only. Predict when the number of cases of lung cancer in women 

peaked (use the graph you drew for question 12 to answer this).

Discuss
14. Smoking-related diseases cost taxpayers many millions of dollars because hospitals are mostly paid for by 

governments. Write down your opinion of each of the proposals below. Justify your opinion.
(a) The cost of hospital treatment for diseases caused by smoking should be paid by the patient because it 

was their fault that they got sick.
(b) Cigarettes should cost more. The extra money made from them could then be given to hospitals to help 

pay for treating people with smoking-related diseases.
(c) Cigarette companies who make profits from smoking should be made to pay for hospital treatment of 

patients with diseases caused by smoking.
15. Although smoking is now banned in many places, including public transport vehicles, workplaces and 

some restaurants, it is still legal. Propose why smoking has not been made illegal when it causes so much 
damage?
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16.   In 2013 Australia was the fi rst country in the world to introduce plain packaging of cigarettes. Cigarettes 
must now be sold in a plain dull green package and display graphic images depicting the health effects of 
smoking. Tobacco companies cannot use their logo, special lettering or colours other than dull green on the 
cigarette packages.  
(a)   Tobacco companies were opposed to the introduction of plain packaging for cigarettes. Suggest why.  
(b)   If you were a researcher in charge of testing the impact of the introduction of plain packaging on 

smoking rate, what type of data would you need to collect?  
(c)   When plain packaging was fi rst introduced some smokers reported that the taste of the cigarettes had 

changed. Design an experiment involving smokers to test whether the type of packaging affects the 
perceived taste of cigarettes.    

17.   Use the  Quit Now   weblink  in the Resources tab to learn about the national tobacco campaign. Create a 
poster that sends one single important message about smoking.   

18.   Use the  Red Nose Day   weblink  in the Resources tab to fi nd out what this day is about.   

   Complete this digital doc:   Worksheet 16.1: Smoking and diseases    (doc-0000)   

Explore this web link for terms: Quit Now

Explore this web link for terms: Red Nose Day

  RESOURCES — ONLINE ONLY  

  16.3  Discovering germs 
 Today, a surgeon would not dream of performing an operation without fi rst washing their hands thoroughly 
and donning gloves and medical scrubs. Waste from toilets is now collected in pipes and no longer runs 
down city streets, and strict health regulations apply to the preparation and storage of food in supermarkets 
and restaurants. This was not always the case. Over time, increasing knowledge about microbes and the 
causes of disease has led to changes in hygiene practices and the way we store food and deal with waste. 

 16.3.1 Dispelling the myth of spontaneous generation 
 Until the nineteenth century, it was generally accepted that life could arise spontaneously. It was thought 
possible for living organisms to arise out of non-living matter. It had been noticed that maggots could 
appear on meat and that mice could emerge from a pile of old rags. Microbes seemed to simply appear on 
rotting food. 

 In 1668 Francesco Redi carried out a simple experiment to show that maggots do not form spontane-
ously on rotting meat; they form only when fl ies are able to lay eggs on the meat. He placed meat in jars. 
Some of the jars were left open, some were sealed and some had fi ne gauze covering the opening of the jar. 
Maggots appeared on the meat that had been left in the open jars, but not in the sealed jars or the jars where 
gauze prevented fl ies from 
laying eggs on the meat. 

 An experiment set up by 
Louis Pasteur in 1859 fi nally 
dispelled the myth of spon-
taneous generation. Pasteur 
heated some broth in fl asks. 
He then heated the neck of the 
fl ask and bent it into the shape 
of a swan’s neck. The shape of 
the neck of the fl ask meant that 
the fl ask was not sealed from 
the outside air but microbes 

Open jars
Tightly sealed

jars
Jars covered
 with gauze

Redi’s experiment
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could not fall from the air into the broth; they would get stuck in the lowest part of the fl ask’s curved 
neck. As predicted by Pasteur, the broth remained clear, with no evidence of microbial growth. If he broke 
the neck of the fl ask or tipped it sideways so that 
the broth reached the lower part of the curved neck 
(where microbes would be expected to settle), the 
broth rapidly spoiled.       

 Pasteur’s experiment showed that food can be 
prevented from spoiling by fi rstly using heat to kill 
any microbes growing in or on the food, and then 
ensuring that germs are not able to settle on the 
food. This is the principle behind preserving food. 
The food is placed in metal or glass containers and 
heated to high temperatures. Provided the con-
tainer is not damaged or unsealed, the food inside 
will not decay.       

No
growthBoil

Boil Microbial
growth

Pasteur’s experiment

INVESTIGATION 16.1

Pasteur’s experiment
AIM: To demonstrate Pasteur’s experiment

You will need:
broth
2 conical fl asks
2 corks with a piece of glass tubing inserted in each; one of the tubes 
should be straight and the other bent, as in the photo right
• Quarter-fi ll each fl ask with broth.
• Using a Bunsen burner or microwave oven, heat the fl asks until the 

broth has boiled. Then leave them on low heat for a further minute. 
(If using a microwave oven, heat the broth for short bursts of time after 
boiling rather than for a continuous 60 seconds.)

• Insert one of the corks with glass tubing into each fl ask. Ensure that the broth is still very hot when you do 
this so that the steam from the broth can pass through the glass tubing to sterilise it.

• Leave the fl asks undisturbed for at least 2 weeks. Inspect the fl asks each lesson for signs of microbial 
growth. Record your results in a table.

Discussion
1. Could air enter or leave the fl asks? Explain your answer.
2. Could microbes enter the fl asks? Explain your answer.
3. Which fl ask is the control?
4. Write a conclusion for this experiment.

 16.3.2 Improving hygiene in hospitals 
 Sir Joseph Lister was a surgeon in the nineteenth century. When he began his surgical career it was not 
common practice for surgeons to wash their hands between patients or even wear clean clothes for surgery. 
A smelly apron with stains of dried blood was considered a status symbol. Lister read some of Pasteur’s 
research about microbes and became interested in ways of eliminating the germs that cause gangrene. 

 Gangrene was a common problem following surgery. The area around the incision became infected and the 
tissue around the infection died and turned black. To stop the infection from spreading and killing the patient, 
it was often necessary to amputate the part of the body where gangrene had set in. Lister tested the effec-
tiveness of spraying a solution of carbolic acid on surgical instruments, surgical incisions and dressings. He 
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found that this greatly reduced the incidence of gangrene. Further work led him to publish a paper in which he 
described some techniques to reduce the risk of infection during surgery. These techniques included wearing 
clean gloves and using carbolic acid to clean surgical instruments and the hands of the surgeon.

Florence Nightingale also played an important role in improving hygiene standards in hospitals. She 
was a British nurse who spent some time working in a military hospital during the Crimean War where she 
observed the high rate of infections and deaths in unsanitary conditions. On her return to Britain she started 
collecting data about hygiene practices and patient outcomes. In the second half of the nineteenth century 
she set up a training school and wrote a training guide for nurses in which she outlined some of the sanitary 
practices that are still used in hospitals today.

16.3.3 Finding patterns in cholera outbreaks led to improved 
sanitation
In 1854 there was an outbreak of cholera in London. To identify the cause of the outbreak, John Snow, a 
doctor, had earlier hypothesised that cholera was spread by drinking water or eating food contaminated 

Oxford Street
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What can you infer from this map? What could be causing the cholera outbreak?
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with sewage. At the time, most people thought cholera was transmitted through the air. Snow plotted the 
location of deaths due to cholera on a map, similar to that shown below. A large number of the cholera 
cases were clustered around a particular water well. The handle of the well was removed so it could no 
longer be used and the epidemic soon ended. This confi rmed that the water from the well must have been 
making people sick.  

 In 1883 Robert Koch, a German doctor, identifi ed the cause of cholera: the bacterium  Vibrio cholera . 
He discovered that the bacterium was transmitted when drinking water or food was contaminated with 
the faeces of an infected person. The work of Snow and Koch showed the importance of adequate sewage 
treatment.  

 16.3 Exercise: Remember and think 
 To answer questions online and to receive  immediate feedback  and  sample responses  for every question, go 
to your learnON title at  www.jacplus.com.au .  Note:  Question numbers may vary slightly. 

 Remember  
1.     Outline   the theory of spontaneous generation. Is it still accepted today?  
2.   Draw a sketch of Pasteur’s swan-neck fl ask. Show where microbes falling in from the air might accumulate.  
3.     Explain   why canned food does not decay unless the tin is damaged or has been opened.  
4.   Why was gangrene a common problem following surgery in the nineteenth century?  
5.     Outline   Lister’s contribution to modern medicine.  
6.   What is the cause of cholera?  
7.   How is cholera transmitted?   

 Think  
8.   Study the diagram of Redi’s experiment on page XXX.  

(a)   Which were the control fl asks?  
(b)   Why did Redi have jars covered with gauze in addition to the open and sealed jars?  
(c)   Could the same experiment be used to show that bacteria cannot generate spontaneously?   Explain   

your answer.    
9.   When health professionals give an injection, they fi rst swipe the skin with alcohol or another antiseptic 

solution.  
(a)   What is the purpose of swiping the skin with alcohol?  
(b)   How could the effectiveness of this procedure be assessed? ( Hint:  Animals other than humans could be 

used to test the procedure.)    
10.   Florence Nightingale collected and recorded a great deal of data about hygiene conditions in hospitals and 

patient outcomes. Why was this important?  
11.   Examine the map above.  

(a)   On which street was the pump that was the suspected source of the cholera outbreak.  
(b)   If cholera had been spread via the air, would the deaths from cholera have shown the same distribution? 

  Explain   your answer.     

 Investigate  
12.   Canning is one way of preserving food. Other techniques used to preserve food include freezing, salting, 

pickling and freeze drying. Find out what each technique involves and how it works.  
13.   Find out what pasteurisation involves.  
14.   John Snow’s plotting of cholera cases on a map was an early example of epidemiology. Find out the meaning 

of the term ‘epidemiology’.   UNCORRECTED P
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 16.4.2 From one to many 
 Bacteria reproduce by  binary fi ssion ; a single cell divides into two cells. These two cells then grow until 
they reach a certain size. Each of them then divides into two to produce four cells. These four cells in turn 
divide to produce eight cells. If the bacteria are in ideal conditions, this process can occur quite rapidly. In 
fact, if a single bacterium is kept in a moist environment, provided with a supply of nutrients and kept at 
the right temperature, it can give rise to a colony of bacteria that is so large it can be seen without a micro-
scope in just 24 hours.  

 Microbiologists are scientists who study microbes. They can fi nd out a lot about bacteria by growing 
them on agar, which is a jelly-like substance. (Some people eat agar as a dessert.) The agar is poured into a 
shallow dish called a  Petri dish  and allowed to set. Substances such as vegemite can be added to the agar 
to help bacteria grow. When microbiologists grow bacteria that live in blood, they use blood agar, which is 
a mixture of blood and agar that sets like jelly. 

 To grow colonies of bacteria, a very small amount is wiped onto the surface of the agar; at this stage, 
they cannot be seen. The agar plate is then  incubated ; that is, it is left in a cabinet that maintains the 
optimum temperature for bacterial growth. The bacteria divide over and over by binary fi ssion. After one 
or two days, the agar plates are removed from the incubator. Colonies of bacteria can be seen on the agar. 
Colonies contain thousands of bacteria. Each colony is formed from one bacterium by binary fi ssion.      

  16.4  Germs all around us 
 The number of bacterial cells living in and on your body is about ten times as high as the number of human 
cells that make up your body. Bacteria live on your skin, in your ears, nose and mouth, and in your intes-
tine. Bacteria are also found in soil, in oceans and rivers, on the food we eat and on the objects we touch. 

 16.4.1 Bacterial shapes 
 Bacteria come in different shapes and their names often indicate their shapes and how they clump together. 
Some bacteria are round (coccus) and some are rod shaped (bacillus). Some are spiral shaped (spirillum) 
and some are comma shaped (vibrio). The prefi x strepto- is used to describe bacteria that form chains. 
Streptococcus  consists of round cells that organise themselves in chains, whereas  Streptobacillus  are rod-
shaped cells arranged in a chain. When bacteria are organised in pairs, the prefi x diplo- is used.  Diplo-
coccus  consists of two round cells inside a capsule. The prefi x staphylo- indicates bacteria that clump 
together like a bunch of grapes.    

Vibrio  bacteria    Streptococcus  bacteria 
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  Bacteria reproduce by binary fi ssion.   Colonies of bacteria on an agar plate 

 INVESTIGATION 16.2 

 Where are those germs? 
  AIM:  To examine the types of microbes found in various places 

   You will need:   
  sterile cotton buds  
  nutrient agar plates in Petri dishes (3 per group)  
  sticky tape  
  marker pen  
  sterile Pasteur pipette  

   CAUTION:   Agar plates should not be opened after incubation.    

•   Seal the spare plate (only one is needed for the whole class). Label this plate ‘control’. Incubate it with the 
other plates.  

•   Swipe a sterile cotton bud across a surface of your choice (such as canteen counter, computer keyboard, 
phone mouthpiece or bin lid).  

•   Swipe the cotton bud across the surface of the agar. Be careful not to push down too hard. The cotton bud 
should not leave a mark on the agar.  

•   Use sticky tape to seal the plate around the edge.  
•   Use a marker pen to write your group’s name and where you collected the sample from.  
•   Use a different cotton bud to swipe a part of your body (such as the inside of your nose, your teeth, inside 

your ear or your scalp).  
•   Swipe the cotton bud on the surface of the second agar plate, then seal and label it as before.  
•   Use the sterile Pasteur pipette to collect about 1 mL water from a location of your choice (such as a fi sh tank, 

puddle, local creek, school swimming pool or drain pipe).  
•   Drip the sample of water over the surface of the agar and swish it around. Seal and label the agar as before.  
•   Incubate the three plates upside down at 30 °C for 48 hours. Remove the plates from the incubator and 

observe the colonies of bacteria through the lid of the Petri dishes (do not open the Petri dishes).   
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Discussion
1. Describe five of the colonies of microbes on each plate. Include information about the colour and size of the 

colonies, whether the colony has a smooth or rough edge, whether it is flat, raised or furry and whether it 
has a dull or glossy appearance. Remember to look at the microbes through the plastic lid. Do not open the 
plates.

2. Colonies of bacteria tend to be smooth whereas colonies of fungi appear furry and are often larger. Do you 
have colonies of bacteria or fungi or both on your plates?

3. Look at the other groups’ plates.
(a) Which of the surfaces tested by your class had the most microbes? How can you tell?
(b) Which body part tested had the most microbes?
(c) Which of the water samples tested contained the most microbes?

4. Explain why it would be dangerous to unseal the agar plates and lift the lid to look at the colonies of 
microbes.

5. Explain why a control plate was needed.
6. Find out from your teacher how the plates are disposed of safely at your school.
7. Design an experiment to test whether antibacterial surface spray really does kill bacteria.

HOW ABOUT THAT!
It is possible to grow bacteria on gelatine (the substance that makes jelly set). Gelatine is not as suitable as agar 
though because it melts in hot weather and some bacteria can digest gelatine and turn it into liquid. These are 
the problems that the microbiologist Walther Hesse faced until he asked his wife how she managed to make 
jellies that did not melt in hot weather. Lina Hesse’s secret recipe was agar. She had got the idea of using agar 
in her jellies from a neighbour who had emigrated from Java. Walther Hesse switched from using gelatine to 
agar with great success. This technique was then adopted by Robert Koch, a famous microbiologist Hesse was 
working with, and today agar is one of the most common substances used to grow bacteria.

16.4 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. List some places where bacteria are found.
2. Match each word part on the left with one of the descriptions on the right.

Word part Description

(a) Coccus A Comma shaped

(b) Strepto B Spiral shaped

(c) Staphylo C Chain of bacterial cells

(d) Spirillum D Round

(e) Diplo E Bacterial cells organised in a clump like grapes

(f) Vibrio F Rod shaped

(g) Bacillus G Two bacterial cells enclosed by a capsule

3. Outline how bacteria reproduce.
4. Recall what bacteria need to grow and reproduce.
5. What is agar? Explain why it is an ideal substance to grow bacteria on.

Think and analyse
6. Draw a diagram of Streptobacillus.
7. The number of bacteria living on and in your body is about 10 times the number of human cells that make up 

your body, yet bacteria make up only about one to two per cent of your body’s dry mass. Suggest why.
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8. Escherichia coli is a species of bacteria. Under ideal conditions, the generation time for E. coli is 
40 minutes. That means that every 40 minutes the E. coli cells divide to produce two cells.

(a) Copy and complete the table below.

Generation Time (min) Number of cells

1 0 1

2 40 2

3 80 4

4 120 8

5 160  

6 200  

7    

8    

9    

10    

(b) Construct a graph showing how the number of cells changes over time. Time should be on the 
horizontal axis and the number of cells on the vertical axis.

(c) Describe the shape of the graph.
(d) Deduce how long it would take for a colony of E. coli to reach over 2000 cells.

9. When microbiologists prepare agar to grow bacteria, they boil the agar mixture for a few minutes to ensure 
that the agar is sterile (free of microbes). Explain why it is important for the agar to be sterile.

10. The Petri dish was named after Julius Richard Petri, the person who invented it. He was an assistant for 
Robert Koch and he found that a shallow dish with a lid that was slightly bigger than the base was ideal to 
grow microbes.
(a) Why does a shallow dish work better than a beaker to grow bacteria on agar?
(b) Why do Petri dishes need a lid?
(c) The lid of a Petri dish can be sealed with sticky tape but, when unsealed, it is easy to lift with one hand. 

Why is this an important feature of Petri dishes?

Investigate
11. Your Science teacher regularly tells the class not to leave wet cleaning cloths in the sink. Instead cloths 

should be wrung and allowed to dry. Design an experiment to test whether there are more germs on a cloth 
that has been left in the sink overnight or on a cloth that was rinsed, wrung and allowed to dry.

12. Robert Koch made some important contributions to microbiology. Write a report about some of the 
discoveries made by Koch.

Watch this eLesson: Mystery of the flesh eaters: Watch an ABC Catalyst video to learn about flesh-eating bacteria 
(eles-1082)

Complete this digital doc: Worksheet 16.2: Classifying bacteria (doc-0000)

RESOURCES — ONLINE ONLY

16.5 A weapon against bacteria
Science as a human endeavour
One hundred years ago, many children died both from infectious diseases and bacterial infections. A small 
scratch was sometimes enough to allow deadly bacteria to enter the body and cause swelling, the formation 
of pus and severe pain. Children born today can avoid the harsh consequences of many bacterial infections.

16.5.1 An accidental discovery
The first antibiotic to be used successfully to treat a patient was penicillin. Alexander Fleming discovered 
the antibacterial properties of penicillin by accident. He had been growing bacteria on agar plates, and when 
he went on holidays he forgot that he had left some open agar plates on a bench near a window sill. When 
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Fleming came back from his 
holiday, he noticed that mould 
was growing on some of the 
plates. No bacteria had grown 
around the mould but the rest 
of the plates were covered with 
bacteria. He concluded that the 
mould must be producing a sub-
stance that prevents the growth 
of bacteria. He called the sub-
stance penicillin, but he was 
not able to extract it, so it could 
not yet be used to treat bacterial 
infections. 

 The Australian connection 
 It was a team of scientists, led by an Australian named 
Howard Florey, that discovered how to extract penicillin. 
Howard Florey was born in Adelaide in South Australia in 
1898. He was a keen student who loved sport and chem-
istry. He studied medicine at the University of Adelaide 
where he won a Rhodes scholarship to Oxford University, 
England. While in England he led the team that fi nally 
extracted  penicillin  in 1940. In 1945 he shared his Nobel 
prize with Alexander Fleming and Ernst Chain. In speaking 
of his discovery, he modestly stated, ‘All we did was to do 
some experiments and have the luck to hit on a substance 
with astonishing properties’. 

 Penicillin was so successful in saving lives that popu-
lation control became an issue for medical researchers. 
Florey later worked on contraception research. In honour 
of his contribution to medicine, he was knighted in 1944. 
His likeness appeared on an Australian $50 banknote and a 
suburb of Canberra was named after him.  

 Scientists working in teams 
 In the 1940s, it was unusual for scientists to work in teams. Yet Howard Florey gathered together a group 
of experts and divided the problem up so each one worked in an area that best suited their talents. The 
researchers and their responsibilities were as follows:  
 •   Ernst Chain shared the Nobel prize for the discovery of penicillin. Chain found Fleming’s notes and 

brought them to the attention of the team. He worked with Edward Abrahams looking for ways to purify 
penicillin.  

 •   Norman Heatley used ether and bedpans to develop ways to extract penicillin.  
 •   AD Gardner and Jena Orr-Ewing worked together to see how organisms reacted to penicillin.  
 •   Margaret Jennings worked with Florey to conduct animal trials with the substance. Their most impor-

tant test was conducted on Saturday 24 May 1940. They gave eight mice a lethal dose of streptococcus 
bacteria. They then gave four mice penicillin. Within 24 hours these four had recovered while the four 
control mice were dead. They knew they had something worth telling the world about.  

 •   Ethel Florey worked with her husband on the clinical trials of penicillin.   

    Today, we take antibiotics to avoid the harsh consequences of bacterial 
infections. These photographs of a young patient in 1942 show how 
serious an infection can be. After being treated with penicillin, the patient’s 
condition improved and she recovered fully. 

  Howard Florey 
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Albert Alexander was the first human to be treated with penicillin. He had been scratched by a rose 
thorn, and his face was so terribly swollen with a bacterial infection that his only remaining eye had to 
be lanced. He was given penicillin and started to recover, but unfortunately not enough penicillin was 
available to control his horrendous infection and he died. Florey’s team then worked hard to make large 
quantities of penicillin. The war in Europe meant there was little financial support for their work. However, 
Fleming went to America and got assistance to begin mass production of the drug, and it was used to treat 
wounded soldiers in the last months of World War II.

Miracle cure-all?
Initially penicillin had to be injected in the bloodstream, as natural penicillin is destroyed by stomach acid. 
Today, it is possible to treat many infections by taking syrup or tablets containing chemicals derived from 
penicillin. These chemicals are not broken down by stomach acid. Once the penicillin reaches the blood-
stream, it works by stopping bacteria from forming cell walls as they try to divide. This is why penicillin is 
useful for treating bacterial infections only; it is powerless against viruses. A case of the flu or chickenpox, 
both viral infections, cannot be cured with antibiotics.

Are antibiotics overused?
Penicillin and other antibiotics have some drawbacks including allergic reactions. Also, there is concern 
that they are being overused. A small percentage of the population is allergic to penicillin. If you develop 
any signs of allergy while taking antibiotics, it is important to go back to the doctor as you may need to 
change to a different type of medication. Another problem is antibiotic resistance. When penicillin was 
first discovered it was effective against a large number of bacteria. Increasingly there are instances where a 
patient may show no improvement after taking penicillin to treat a bacterial infection, or they might show 
some improvement initially and then relapse rather than continue to improve. The bacteria making them 
sick may be resistant to penicillin.

Bacteria reproduce quickly, so they can evolve rapidly. Each time a new antibiotic is discovered and 
used to treat disease it acts as a selecting 
agent. Over time, the proportion of bacteria 
that are resistant to that particular antibiotic 
increases. A drug called vancomycin is cur-
rently reserved for cases where other antibi-
otics have failed. It is used to treat so called 
‘superbugs’ — bacteria that are resistant to a 
number of antibiotics. Some vancomycin-re-
sistant bacteria have been found in hospitals, 
though, so it is important for scientists to 
continue to search for new weapons against 
bacteria.

Another problem associated with the 
use of antibiotics is their impact on bene-
ficial bacteria. The bacteria that live in our 
gut, in particular, play an important role in 
digestion. Antibacterial drugs do not differ-
entiate between good and bad bacteria. That 
is the reason why taking antibiotics some-
times causes problems such as diarrhoea and 
stomach aches. Eating yoghurt or other foods 
containing friendly bacteria can help reduce 
the side effects of antibiotics.

In these photographs, bacteria were grown in penicillin for 
30 minutes. The bacteria grew longer as shown at (b), but 
eventually ruptured (d), unable to divide due to the influence 
of the penicillin.

(a)

(c) (d)

(b)
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 There is concern that overuse of antibiotics will 
increase the rate at which bacteria become resistant 
to a wide range of antibacterial drugs. Doctors 
are now more cautious in their use of antibiotics 
to treat infection. Antibiotics are used intensively 
in farming to treat sick animals but also as a pre-
ventative measure to reduce the risk of infection 
that may slow down the growth of animals. This 
practice is controversial as there are fears that 
the antibiotics may remain in the meat and could 
contribute to the problem of antibiotic resistance. 
Some consumers have responded to these concerns 
by buying only organic meat, despite the increased 
cost, although farmers who use antibiotics as a pre-
ventative measure argue that the risk to humans is 
minimal. Ensuring that animals are treated with different antibiotics from those used in humans and allowing 
a suffi cient time gap between the last dose of antibiotics and slaughter are two ways to reduce the risk to 
human consumers.   

  Vancomycin-resistant bacteria 

 16.5 Exercise: Remember and think 
 To answer questions online and to receive  immediate feedback  and  sample responses  for every question, go 
to your learnON title at  www.jacplus.com.au .  Note:  Question numbers may vary slightly. 

 Remember  
1.     Defi ne   the term ‘antibiotics’.  
2.     Recall   what produces penicillin.  
3.     Recall   who discovered penicillin.  
4.     Outline   the role that Howard Florey played in the development of penicillin as a drug.  
5.     Explain   how penicillin works.  
6.     Outline   what superbugs are and why they are a cause for concern.   

 Think  
7.     Describe   what would have happened if you had an ear infection before antibiotics were invented.  
8.   Why are antibiotics prescription-only medicines? (Prescription medicines can be purchased from a 

chemist only if you have a written prescription for that particular medicine from a doctor.)   Discuss   whether 
antibiotics should be available without a prescription.  

9.   What precautions must we all take to ensure that antibiotics remain useful to us?  
10.     Assess   whether Florey would have been successful in extracting penicillin if he had been working on his 

own rather than as part of a team. What are the advantages and disadvantages of working in a team?  
11.   Antibiotics are used by some farmers as a preventative measure.   Discuss   whether this is a good practice, 

taking into account the benefi ts and disadvantages to farmers, consumers and other members of society.   

 Investigate  
12.   Meningococcal meningitis is a bacterial infection.   Investigate   why people can die from this disease despite 

antibiotics being readily available in hospitals.  
13.   Use the  Superbugs   weblink  in the Resources tab to fi nd out more about superbugs.    

   Complete this digital doc:   Worksheet 16.3: Penicillin    (doc-0000)   

Explore more with this weblink: Superbugs

   RESOURCES — ONLINE ONLY  
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16.6 A little knowledge goes a long way
Improvements in technology have increased our knowledge of microbes. We can use this knowledge to 
solve problems that affect society.

16.6.1 Safe to drink
On page xxx we saw that the work of Snow and Koch was 
important in making people aware of the need for proper 
sewage treatment. Contamination of drinking water with 
human waste or other sources of dangerous micro-organ-
isms can cause disease. Our water supply is generally quite 
safe and is tested regularly to ensure its quality. Occasion-
ally, problems do occur and remind us that despite being tiny, 
micro-organisms can have a serious impact.

For a short period in 1998, Sydneysiders could not drink 
the water from their taps without first boiling it. Many public 
swimming pools were closed. Salad vegetables had to be 
washed with water that had been boiled and allowed to cool, 
and in some child care centres the children were not even 
allowed to wash their hands with water that had not been 
previously boiled. The culprit? Protozoans by the name of 
Giardia lamblia and Cryptosporidium parvum. Significant 
levels of these microscopic organisms were detected in the 

Giardia lamblia are pear-shaped and quite 
large, usually being more than 6 μm in size.

Where do you fit into the life cycle of Giardia lamblia?

Ingestion 
of dormant 
cysts

Cysts can survive for 
weeks to months in 
cold water.

Not everyone 
exhibits 
symptoms.

Only cysts can survive 
outside the host. Trophozoite 

undergoes asexual 
replication.

Encystation 
during transit 
towards the 
colon

Cysts and 
trophozoites  
expelled in the faeces

Excystation: 
trophozoite emerges in 
an active state.
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water supply. These parasites are the cause of one of the most common gastrointestinal infections in humans 
worldwide. Giardia lamblia use their flagella to move around, and they have a complex life cycle. The par-
asite can survive for a long period outside the body in an inactive form called a cyst. Once swallowed, the 
cyst is activated by your stomach acid and develops into the disease-causing stage. Using a huge sucker, 
they then attach themselves to the lining of your intestine, sucking your blood as their food source. After 
about ten days of infection, you could have a million of them living off your blood supply and causing 
symptoms associated with gastrointestinal complaints. Some of their reproductive cysts pass through your 
digestive system and are excreted, so that another host can become infected.

16.6.2 Solving the problem
To minimise the risk of infection by Giardia and Cryptosporidium the following measures can be used:
 • Regular testing of the water supply so that outbreaks can be identified early and citizens can be provided 

with appropriate advice to avoid taking in protozoans
 • Proper treatment of drinking water. Filtration can be used to remove Giardia cysts from water. To make 

filtration more effective, substances are added to the water to make small particles (including the Giardia 
cysts) clump together. Cryptosporidium cysts are smaller that Giardia cysts, so it is important to care-
fully select the type of membrane used to filter the water to ensure that both are removed. Chlorine and 
other disinfectants at sufficiently high levels can also inactivate these cysts.

16.6.3 Sewage treatment
Ever thought about where the water goes when you flush the toilet? Unless you have a septic tank, it’s likely 
that the water ends up in a system of pipes — the sewerage system — that takes it to a treatment plant. 
What happens at the treatment plant depends on where you live. Most of Sydney’s sewage receives only 
primary treatment at the North Head Treatment Plant. Primary treatment involves screening and filtration 

Flows
into plant Sludge

drying

Land�ll

Primary treatment Secondary treatment

Screenings Grit

Sludge
digestion

Sludge

Preliminary treatment

Sludge
thickening

Sludge recycling

(Screening and
sedimentation
to remove solids)

(Removes contaminants,
settles activated sludge and
produces a clari�ed ef�uent

Sludge

Ef�uent
Recycled
water

Ef�uent
holding
basin

Outfall
pumping
station

Disharge
to ocean
under EPA
Victoria
licence

Biogas
Biogas

Eastern Treatment Plant
process �ow chart

Biogas

Biosolids

Biosolids

Clari�ersAeration
tanks

Micro
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Disinfection
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Water treatment at the Melbourne Eastern Treatment Plant
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to remove solids and sedimentation, a process where the water is held in tanks to allow oils to rise to the 
surface and small particles of solids to settle. The oil can be skimmed off and the sludge at the bottom is 
further processed. After this treatment has been applied, the effl uent (waste water) is pumped out to sea a 
number of kilometres from the shore. 

 Some sewage treatment plants provide secondary and, in some instances, tertiary treatment of water. 
This has two advantages. Firstly, the treated water can be used for a variety of purposes rather than being 
pumped out to sea. Secondly, the sludge removed from the sewage can have useful applications as well. 
Secondary treatment uses bacteria. These feed on the organic material and use up some of the nutrients in 
the water. The water is then allowed to settle again. After further fi ltration and disinfection with chlorine, 
water that has gone through this process is clear. It can then be used on food crops that will be cooked 
before being eaten, on grazing lands and in industry. Further pathogen treatment leads to ‘Class B’ water, 
which may be used for watering land with restricted public use, for grazing land and for industry in which 
a higher standard of water is required. The sludge has a variety of applications as well. It can be used to 
make fertiliser. At the Melbourne Eastern Treatment Plant, biogas released from the sludge is collected and 
used as a fuel.  

 Tertiary treatment leads to ‘Class A’ water. It can involve several steps and, at the highest level, advanced 
technologies such as microfi ltration, reverse osmosis and UV disinfection are used to make the water 
potable. At present, however, Class A water is used for food crops that are to be eaten raw, industrial pro-
cesses, stock watering and toilet fl ushing. The diagram above shows the processes involved in conventional 
sewage treatment and also in the low-cost treatment that is increasingly fi nding favour in rural areas. This 
latter method relies on carefully managed wetlands, micro-organisms and sunlight. This type of sewage 
treatment encourages biodiversity. 

 Can recycled water ever be safe? 
 There are two main types of contaminants in sewage — microbial contaminants (pathogens) from faecal 
wastes, and other contaminants such as pharmaceuticals, industrial chemicals and toxins arising from chlo-
rination. Many of these are removed at the secondary treatment level. If any contaminants do slip through 
the process, they are measurable in parts per trillion (ppt). It is now possible to measure extremely low 
levels of contamination. Understanding this is important if we are to avoid being alarmed by their exist-
ence. Advocates of recycled water insist that the risks involved are extremely low. 

 16.6.4 Can I go for a swim? 
 You have probably heard that it is not a good idea to swim at some beaches after heavy rain. The reason has 
to do with the sewerage system. Sewerage pipes are designed in such a way that a blockage causes them to 
overfl ow into rivers and creeks rather than backing up into homes. In wet weather, rain water can get into 
the pipes, causing overfl ow. Untreated sewage ends up in rivers and creeks that run to the ocean.  

  Sometimes, untreated sewage can overfl ow into 
waterways that run to the ocean. 

  Electron micrograph of  E. coli  
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 INVESTIGATION 16.3 

 Modelling a sewage treatment plant 
  AIM : To demonstrate methods of removing impurities from water in a sewage treatment plant 

   You will need:   
  3 beakers  
  500 mL dirty water (500 mL warm water with the following added: contents of 2 teabags; actual tea bags, chopped 

up into small pieces; fi nely crushed dried leaves; half a handful of dirt; 2 tablespoons oil; 2 tablespoons sugar)  
2 rubber bands  
fl yscreen mesh or tulle  
cottonwool  
spatula  
effervescent antacid powder (such as Eno)  
sterilising solution (such as Milton)  
fi ne sand   
•   Half-fi ll beaker 1 with dirty water and label it ‘Control’.  
•   Use the rubber band to attach a piece of the fl yscreen mesh 

over the top of another beaker (beaker 2).    
•   Pour some of the dirty water into beaker 2 through the 

mesh. Observe which substances remain on the mesh and 
which pass through. Compare the water in beaker 2 with the 
control.  

•   Stir the water in beaker 2 vigorously, and then allow it to 
stand for at least 1 minute. Take a photo or draw a diagram, 
and label the substances that have sunk to the bottom and 
those that have fl oated to the top.  

•   Make a scraper by wrapping a wad of cottonwool around a spatula. Use a piece of fl yscreen mesh and a 
rubber band to keep the cottonwool in place.  

•   Remove the mesh from beaker 2. Tilt the beaker gently and use the scraper to skim off the layer fl oating 
over the water into another beaker (beaker 3). ( Note:  The contents of 
beaker 3 should not go down the sink. Your teacher will advise you of 
the best method of disposal.)    

•   Carefully decant the water from beaker 2 into beaker 4, leaving the 
sludge behind that has settled at the bottom. Compare the water in 
beaker 4 with the control.  

•   Add 2 tablespoons of fi ne sand and two spatulas of antacid powder 
to beaker 4 and stir until the fi zzing stops. The sand and antacid 
powder are meant to represent the bacteria that are normally used in 
secondary treatment. ( Note:  In this instance, we are not actually using 
bacteria for secondary treatment, but simulating the effect of the 
bacteria.)  

•   Allow beaker 4 to settle for at least 1 minute. Draw or take a photo of the water and label the substances that 
have sunk to the bottom. Compare the water with the control.  

•   Add 20 mL of sterilising solution to beaker 4. Compare the water with the control.   

 Discussion  
1.   Draw a fl ow chart to summarise the steps in this experiment.  
2.   Which step(s) in the above procedure model the following stages of sewage treatment?  

 We can use our knowledge of bacteria to identify times when it is not safe to swim at the beach.  Escher-
ichia coli  ( E. coli ) is a type of bacterium found in the intestines of warm-blooded animals, including 
humans. Most strains of  E. coli  are not harmful to humans, but their presence in water indicates that the 
water has been contaminated by faecal matter (poo!) produced by a warm-blooded animal. So high levels 
of  E. coli  in water collected from a beach are a good indication of sewage pollution. Wherever  E. coli  is 
found, more dangerous microbes could also be lurking, and swimming is not advisable.    
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(a) Screening
(b) Sedimentation
(c) Secondary treatment
(d) Disinfection

3. In this investigation we did not use real sewage.
(a) Why would it be unsafe to use real sewage?
(b) Which component of real sewage might have properties similar to:

(i) tiny pieces of tea bag
(ii) tea leaves and crushed leaves (Hint: These are organic matter.)
(iii) oil?

4. In what ways was our model different from what happens in a real sewage treatment plant?
5. In a real sewage treatment plant it is important to add the correct dose of disinfectant to the water. What 

might be the consequences of adding too little or too much disinfectant?
6. Did we obtain pure water? What are some impurities that were left in the water? Would these be a problem if 

the water was to be recycled as drinking water? Explain your answer.

16.6 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Why did Sydneysiders have to boil their tap water for a short period in 1998 before drinking it?
2. (a) Describe how Giardia lamblia obtains its food.

(b) In which form can Giardia lamblia survive for weeks outside its host?
3. Outline why it is important to test the water supply for the presence of harmful micro-organisms including 

Giardia and Cryptosporidium.
4. Outline two ways of removing or inactivating Giardia cysts from drinking water.
5. Explain why it is not advisable to swim at some beaches after heavy rain.
6. Explain why protozoans that produce cysts are more likely to be transmitted via drinking water.
7. Explain why levels of E. coli are measured in water.

Skill builder
8. Use the graph below to answer the following questions.
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 The graph shows the results of tests on drinking water from three water supplies. Samples of water were 
tested for  E. coli  and thermotolerant bacteria. A nil count means that no  E. coli  or thermotolerant bacteria 
were found. If the count is not nil, then it means that  E. coli  or thermotolerant bacteria were found. This 
indicates that the water supply may have been contaminated with sewage.  
(a)   Approximately what percentage of samples from the Sydney water supply had a nil count for  E. coli  and 

thermotolerant bacteria? Is this a good thing?  
(b)   Which water supply might give cause for concern?   Justify   your answer.  
(c)   Generally, has the quality of the regional water supply improved or become worse over time?     

 Research  
9.   Research and report on one of the 

following.  
(a)    Escherichia coli   
(b)    Microcystis  spp.  
(c)    Giardia lamblia   
(d)    Cryptosporidium parvum     

10.   Find out how  E. coli  levels are measured 
and give examples of other micro-
organisms that may indicate the 
presence of sewage pollution.  

11.   Research and report on the diagnosis, 
symptoms and treatment of:  
(a)   cryptosporidiosis  
(b)   giardiasis.    

12.   Use the  Water quality   weblink  in the 
Resources tab to check out the latest 
daily water quality results from water 
fi ltration plants in Sydney and obtain 
current  Giardia  and  Cryptosporidium  
data.   

13.   Use the  Treatment plant   weblink  in 
the Resources tab to take a virtual 
tour of the Eastern treatment plant in 
Melbourne.    

  A water treatment plant 

Explore more with this weblink: Water quality

Explore more with this weblink: Treatment plant

Watch this eLesson:   Treating sewage    ( eles-0059  )

RESOURCES — ONLINE ONLY
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  16.7  Bacteria at your service 
 Increased knowledge of microbes and other living things has led to great advances in biotechnology — 
using living things to make products that are useful to humans. Microbes have been used in food produc-
tion for a long time but, more recently, we have discovered ways of using bacteria to make products as 
varied as plastic, life-saving medicines, food additives and even anti-wrinkle treatments. We’re even getting 
bacteria do some of our cleaning up. 

 16.7.1 Using bacteria 
to make food 
 There is evidence that cheese was 
already being produced in Europe 
7000 years ago.  Fragments of 
ancient pottery used for cheese 
making have been found in 
Poland. It is likely that the fi rst 
cheese makers worked out that it 
was more convenient to transport 
and keep cheese than milk. They 
may also have found cheese easier 
to digest than milk. 

 In South America, archaeologists 
have found drinking vessels with 
traces of chocolate dating back to 
600 BCE. Cocoa powder, which 
was used in those days to prepare 
unsweetened chocolate drinks, is produced 
from the fruit of the cacao tree. The fruit and 
seeds of the tree need to be fermented together. 
It is the action of microbes that gives choco-
late its fl avour. Of course, in these early exam-
ples of biotechnology, it was not known that 
micro-organisms were involved. The proce-
dures had probably been discovered by chance 
and refi ned through trial and error.  

 Today, microbes are used to produce a 
wide range of products. Different strains 
of bacteria are added to milk to produce a 
variety of cheeses, yoghurts and other dairy 
products. Yeast is involved in the production 
of bread and alcoholic beverages. Products 
as diverse as sauerkraut, soy sauce and olives 
all require the action of bacteria. And, of 
course, chocolate is produced in larger quan-
tities than ever. 

 I’ll have slime with that! 
 The next time you eat ice-cream or add 
dressing to a salad, take a close look at the 

  Chocolate would not have its unique fl avour without the action of 
microbes. 

  Xanthan gum is a common ingredient in ice-cream. It has 
the remarkable ability to thicken a liquid; only a tiny quantity 
of the powdered gum needs to be added. As little as 0.5 
per cent will thicken a liquid such as salad dressing. A salad 
dressing with xanthan gum becomes less viscous when 
shaken so it can be poured, but it will thicken again when 
allowed to rest. 
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list of ingredients. Many ice-creams, sauces and some microwaveable meals contain an ingredient called 
xanthan gum, which is used as a thickener. Xanthan gum can be bought in powder form, but it is derived 
from ooze produced by a bacterium called  Xanthomonas campestris . The bacteria produce xanthan gum as 
a mucus-like protective outer layer.  

 16.7.2 Bacteria making plastic 
 Plastic, it’s everywhere! Cheap to produce and easy to make into a variety of shapes, fi lms and foams, 
plastic has become a symbol of our modern way of life. Unfortunately, most plastics are derived from 
petroleum, a substance that is fast running out. Also, most plastics are non-biodegradable. Unlike paper 
and wood they are not broken down by the action of microbes and remain in the environment for a very 
long time after disposal. The solution? A new type of plastic that is made by bacteria and is biodegrad-
able. A range of bacteria, including  Alcaligenes eutrophus , produce plastic when grown in certain condi-
tions. The bacteria are fi rst allowed to replicate rapidly by giving them all the nutrients they need. Then 
they are placed in a different growth medium that lacks a particular nutrient. Instead of replicating, the 
bacteria begin to make plastic, which accumulates inside the bacterial cells. A plastic called PHB can be 
made in this way. It has similar properties to polyethylene, the plastic used to make plastic bags, but it is 
biodegradable. 

 16.7.3 Life-saving medicine 
 On page XXX we saw that type I diabetes is a disease where the pancreas does not produce suffi cient 
insulin. Treatment usually involves regular injections with insulin, either using a syringe or an insulin pump. 
Prior to the 1980s, insulin was extracted from the pancreases of animals, usually pigs or cattle. The insulin 
produced by these animals is very similar but not identical to human insulin, so in a few cases it caused 
immune reactions. Although many pigs and cattle are killed for meat, the pancreases of these animals are 

 Insulin — who most deserved the Nobel prize? 
 Insulin was discovered in 1921, about 100 years ago. Before that, a diagnosis of diabetes was usually a death 
sentence. Once diagnosed, the only way to prolong a patient’s life was to put them on a very strict diet, low in 
sugar and high in fat and protein. Most patients died within a year. 

 In 1889, two scientists called Minkowski and Von Mering showed that removing the pancreas of a dog 
caused it to develop diabetes and die. They also tried tying off the duct through which pancreatic juices fl ow 
from the pancreas into the small intestine. The dog did not develop diabetes; therefore the pancreas had to 
be producing a substance involved in regulating blood sugar, but that substance could not pass into the small 
intestine via the pancreatic duct. 

 In 1921 Dr Frederick Banting, a surgeon, built on this experiment. He removed the pancreas from a dog, 
which then developed diabetes. He then injected the dog with an extract prepared from the pancreas of other 
dogs. The dog’s blood sugar levels dropped and it regained energy. With regular injections of the pancreas 
extract, Banting was able to keep the dog free of symptoms. 

 Banting and another scientist called Best carried out further tests using pancreases from cattle rather than 
dogs. Their research was supported by Professor John McLeod from the University of Toronto who specialised 
in the study of diabetes. In 1921 another person called Bertram Collip joined their team. He was a biochemist 
and his task was to extract the insulin from the pancreas concoction that Banting and Best had been using 
in their experiment. The next step was to test the insulin on human patients. Banting and Best initially tested 
the insulin on themselves. It made them feel weak and dizzy but otherwise unharmed. During this time, Collip 
continued experimenting on animals to determine dosages. Eventually, in 1922, insulin was tested on a 14-year-
old Canadian diabetic who was near death. He responded well to the insulin. Further human testing was later 
carried out on volunteer diabetics. 

 In 1923, Banting and McLeod were awarded a Nobel prize for the discovery of insulin. Banting was upset that 
McLeod rather than Best had been acknowledged and so shared his cash prize with Best. In response to this 
McLeod shared his prize money with Collip. 
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not a limitless resource. Also, within our society 
there is a range of views about the use of animal 
organs to produce medicines. Some patients or 
their families may object to being injected with 
insulin from pigs or cows for ethical or religious  
reasons.

Today, the main source of insulin is genet-
ically engineered bacteria. Scientists have 
worked out that bacteria can make insulin pro-
vided that the human gene that codes for the 
manufacture of insulin is inserted in a plasmid 
(a ring of DNA) in the bacteria. As the bacteria 
replicate, they also make copies of the human 
insulin gene and they produce insulin.

Plasmid

Plasmid

Gene

Restriction
enzyme

Restriction
enzyme

Human cellBacterium

Bacterium

DNA

1.

3.

4.

2.

DNA

Bacteria can produce human insulin if the insulin gene 
is inserted into the bacterial cells.

INVESTIGATION 16.4

Optimal conditions for fermentation
AIM: To investigate some of the factors that affect fermentation
The use of yeast to make bread is an example of biotechnology. Yeast converts sugars into alcohol and carbon 
dioxide gas. This is called fermentation. The bubbles of carbon dioxide gas released in fermentation cause 
bread dough to ‘rise’ and give bread its fluffy texture.

You will be investigating the effect of a factor of your choice on fermentation. Before you begin your 
investigation, plan your procedure by answering the following questions.
• Which factor will you investigate (examples: the effect of temperature, the amount of yeast suspension used, 

the addition of sugar or glucose powder to the standard bread dough)?
• Which variables need to be controlled? How will this be achieved?
• How will you compare the rate of fermentation? What will you measure? (Hint: Bread dough expands when 

fermentation occurs.)
The standard bread recipe below can be used as a starting point. Modify the standard recipe as needed to 

test the effect of the variable you have chosen to investigate.

You will need:
baking paper  sticky tape
flour   salt
glucose powder  sugar
yeast suspension (prepared by combining a sachet of dry yeast with lukewarm water).
• Protect your desk by covering it with a large piece of baking paper stuck down with sticky tape.

Standard bread recipe
• Place about ½ cup flour and a pinch of salt in the middle of the piece of baking paper and form it into a well.
• Pour about 30 mL of yeast suspension into the well and mix by hand until a batter forms. You may need to 

add a small amount of water if the batter is too dry. If it is too sticky or runny add more flour. Ideally, you 
should be able to knead the dough without it sticking to your hands or the paper on the desk.

• Leave the dough to rise in a warm spot, such as on a sunny windowsill.

Discussion
1. Write a report for your investigation. Include the aim, method, results and conclusion.
2. Fermentation produces alcohol and carbon dioxide. Uncooked bread dough thus contains small amounts of 

alcohol. Explain why you cannot get drunk from eating large quantities of cooked bread.
3. Another technique used in baking to make batter fluffy is to add baking powder (sodium bicarbonate) to the flour. 

Self-raising flour contains some baking powder. Find out why baking powder causes bubbles to form in the batter.
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 16.7.4 Frozen in time 
 You have probably heard of celebrities having botox treatment, but did you know botox is produced by bac-
teria? Botox injections contain a protein produced by the bacterium  Clostridium botulinum . The protein is 
a toxin that paralyses muscles. It is used in the beauty 
industry to paralyse some of the muscles responsible 
for facial expressions. This can prevent or improve 
the appearance of wrinkles. Botox is also used to 
treat a variety of medical conditions. In patients who 
have cerebral palsy, botox is injected into muscles 
that have become shortened as a result of overactivity 
and are thus locking joints in particular positions. 
This can improve mobility and greatly improve the 
patient’s quality of life.  

 16.7.5 Cleaning up the mess! 
 Oil spills can have devastating consequences, and 
cleaning up an oil-soaked beach can be a painstaking 
task as the oil clings to the rocks and soaks into 
the sand. French researchers are getting some help 
from hungry bacteria. The researchers have found 
that sprinkling oil-soaked beaches with fi sh meal 
might be an effective way of increasing the rate at 
which bacteria munch through the oil. They set up 
an experiment on a beach where they simulated an 
oil spill by pouring oil over four large square patches 
of sand. They sprinkled two of the squares with fi sh 
meal fortifi ed with nitrogen and phosphorus. One 
square was left untreated and the fourth square was treated with the same detergent that was used to clean 
up after the  Exxon Valdez  oil spill. The scientists collected sand samples each week and found that the 
bacteria in the plots that had been sprinkled with fi sh meal were breaking down the oil faster than in the 
other two plots. 

 An Australian company called MBD Energy specialises in the use of algae and microbes to clean up 
messy situations. The company grows strains of algae and bacteria that have been selected for their ability to 
feed on particular waste, including 
water contaminated with heavy 
metals, mining waste and waste 
from certain types of farming 
businesses (such as piggeries). 
Some bacteria can also be used to 
convert methane from coal mines 
into carbon dioxide. The carbon 
dioxide, in turn, can be taken up 
by growing algae. The bacteria 
and algae feed on the waste and 
multiply. They can then be sepa-
rated from the water and used for 
a range of applications, such as 
conversion to fuel or fertiliser.   

  Botox injections paralyse the muscles responsible 
for some facial expressions. 

  Cleaning up beaches affected by an oil spill is a diffi cult task. 
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16.8 Replacement parts
There are some body parts we can survive without. The loss of a finger, while making certain tasks more 
challenging, is not life threatening and does not affect general health (provided appropriate medical treat-
ment is used to prevent infection). Your kidneys, liver, lungs, heart, and many other organs are essential for 
health. They carry out critically important functions. When these organs fail an organ transplant may be 
required. This involves obtaining a healthy organ from another person, usually a person who has recently 
deceased. It presents a number of medical challenges, but also raises ethical considerations. The biggest 
challenge to overcome is the shortage of suitable organs that are available for transplant. Growing spare 
organs from the patient’s own cells may one day provide a solution to this problem.

16.7 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. List some foods that are produced using bacteria.
2. What role do bacteria play in the manufacture of chocolate?
3. What is xanthan gum?
4. Name the raw material from which most plastics are produced.
5. Define the term ‘biodegradable’.
6. Outline how the plastic PHB can be produced.
7. Identify the source of the insulin needed for the treatment of diabetes prior to the 1980s.
8. Outline how most of the insulin is produced today.
9. What is botox?

Think
10. Explain why some people may be reluctant to use insulin obtained from the pancreas of pigs or cows.
11. Why did Banting have to keep injecting the dog with pancreas extract to keep it healthy?
12. Banting carried out a number of experiments where he removed the pancreases of dogs. Many of the dogs 

died. Discuss whether animals should be used in medical research. In your answer consider the following.
(a) Does the species of animal used make a difference?
(b) Are there certain experiments that are justified, and others that should not be carried out?
(c) Who should decide which experiments are allowed (scientists, group of citizens, university leaders)?

13. When Banting and Best tested the insulin on themselves, it made them weak and dizzy. Suggest why.
14. Eventually all medical treatments have to be tested on humans. Outline some considerations that may be 

taken into account when deciding which person should be the first test subject.

Skill builder
15. An experiment carried out by French researchers is described on pages xxx-xxx. In the experiment the 

researchers spread some fish meal over some parts of a beach that had oil spilled over it. Answer the 
following questions about the experiment.
(a) What was the aim of the experiment?
(b) What was the dependent variable?
(c) Why was one of the plots left untreated?
(d) Suggest why the fish meal increased the rate at which the bacteria broke down the oil.

16. Use the Diabetic dog weblink in the Resources tab to play a game that involves caring for a diabetic dog.

Explore more with this weblink: Diabetic dog

RESOURCES — ONLINE ONLY
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 16.8.1 Organ shortage 
 Currently there are close to 2000 people waiting for organs in 
 Australia. Some are in hospital, experiencing very poor health. 
Others are able to keep living at home and go to school or work, 
but need regular medical treatment. For example people waiting 
for a kidney transplant may need to have regular dialysis (see  page 
xxx ). Unfortunately there is a shortage of organs suitable for trans-
plant and the average waiting list is between 6 months to 4 years, 
although this depends on the type or organ. Some of the reasons for 
the shortage of organs include:  
 •   Since most organs are essential, they cannot be obtained from 

live donors. Kidneys are an exception. We have two kidneys and 
can manage quite well with just one. Provided the kidney is a 
match (see below), it is possible to donate a kidney to another 
person whose kidneys have failed.  

 •   In most instances the organs need to be harvested from recently 
deceased patients, or patients who might be on life support with 
no brain function and no vchance of recovery. The organs must 
be healthy. In instances when a patient is not on life support, 
there is only a short window of time after death before organs 
become damaged from lack of oxygen.  

 •   In Australia organs can only be harvested with the permission of the family of the donor. Only about 
60 per cent of families give permission. To overcome this a new procedure was introduced in 2000 for 
people to be on a donor register. People can register as an organ donor when applying for a driver’s 
licence. Even if a person is on the donor register, their family can still refuse permission for organ 
donation, but in most instances, knowing that the deceased was registered as an organ donor makes the 
family’s decision easier.  

 •   The organ and the recipient must ‘match’. The blood types must match. When you need a blood trans-
fusion you can receive only certain blood types; the same rule applies to organ transplants. There are 
other ways the organ must match. Our immune system is designed to fi ght off bacteria, viruses and any 
other foreign particles that enter our bodies. The immune system can also cause the transplant organ to 
be rejected. By matching special proteins called antigens between the donor and recipients, the immune 
system will not fi ght off the donated organ as much, but even with careful matching the recipient will 
need to take drugs to suppress (turn down) their immune system for the rest of their life to prevent rejec-
tion of the organ.    

 16.8.2 Ethical issues 
 Ethical issues relate to whether something is the right thing to do. In many instances it is very clear whether 
an action is right or wrong. Killing a healthy person to harvest their organs for transplant would clearly be 
wrong. Sometimes it can be more diffi cult to decide, and opinions vary. Examples of ethical issues relating 
to organ transplants include:  
 •   Is it necessary to ask permission from the donor’s family before harvesting organs? Whose opinion mat-

ters most when family members disagree?  
 •   Can a child under the age of 18 donate a kidney to a sibling? What about a parent or an elderly 

grandparent?  
 •   Is it right for parents to have another child in the hope that the baby’s kidney will be a match for his 

older sibling?  
 •   Should the family of a recently deceased organ donor receive payment for the organs?  

Pancreas
transplant
37

Kidney
transplant
446

Liver
transplant
185

Lung
transplant
112

Heart
and lung
transplant
2

Heart
transplant
59

  Number of transplants performed in 
Australia in 2009 

UNCORRECTED P
AGE P

ROOFS

diacriTech
Highlight



c16HealthScience Page 668 11/07/17  4:57 PM

668 Jacaranda Core Science Stage 4

c16HealthScience Page 668 11/07/17  4:57 PM

 •   Are there any organs that should not be transplanted (e.g. a face)?  
 •   How can doctors be certain that an unconscious patient on life support has no chance of regaining 

 consciousness. What tests should be carried out to determine whether a patient is likely to come out of 
a coma?  

 •   Should certain people be given a higher priority on the waiting list for organs (e.g. children, parents of 
young children)?  

 •   Do the recipients of organs have an obligation to look after the donated organ? Should there be conse-
quences for organ recipients who do not take the required medicine or smoke and drink?   

 16.8.3 The future of organ transplants 
 The shortage of donor organs means that some patients die while waiting for an organ. The ultimate solu-
tion would be to grow organs in a lab. If the patient’s own cells could be used issues relating to organ 
rejection would be addressed as well. One day it may be possible to grow complex organs such as hearts, 
kidneys and lungs, but for now scientists have had some success growing bladders from the patient’s own 
stem cells. A bladder is easier to grow than other organs because it is hollow and has quite thin walls. 
Stem cells are cells that are not fully differentiated yet. They have not yet taken on their fi nal form. They 
are found in certain parts of the body, including the bone marrow. Depending on the part of the body from 
which they are harvested they can be used to grow certain types of cells under the right conditions. 

 Another promising area of research involves growing transplant organs using a combination of the 
patient’s own stem cells and animal organs. One day it may be possible to produce a heart suitable for 
transplant into a human, starting with a pig’s heart. The pig’s heart itself cannot be transplanted into a 

HOW ABOUT THAT!
Victor Chang was an Australian doctor who carried out some pioneering work in the fi eld of organ transplants. 
He performed his fi rst successful heart transplant in 1984 on a young girl named Fiona Coote. Victor Chang 
helped to establish the heart transplant unit at St Vincent’s hospital in Sydney, he assembled a team of experts 
and developed new procedures and techniques that led to an improved success rate. He also developed an 
artifi cial heart valve and at the time of his death — he was murdered in 1991 — he was working on developing 
an artifi cial heart.

HOW ABOUT THAT!
In 2005 Isabelle Dinoire was mauled by a dog. Her 
injuries left her disfi gured and unable to speak or eat 
normally. She became the fi rst recipient of a face 
transplant. A triangular fl ap of tissue including a nose, 
lips and chin from a recently deceased woman was 
transplanted. Isabelle now looks normal, although she 
looks quite different from the way she used to look 
before her injury. She has regained many functions, 
including the ability to open her lips, eat and drink from 
a glass. Her speech has greatly improved and she 
is likely to see further improvements with continued 
physiotherapy and medication.

Including muscles and nerves in the graft is 
likely to be crucial to the success of the world’s 
fi rst partial face transplant. But it will be months 
before surgeons know whether enough nerve 
connections have been forged for the women to 
move her lips normally
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human because it would be rejected by the immune system. If all the fl esh is removed from the heart, the 
remaining parts can be used as a scaffold on which human cells can be grown. If the patient’s own cells 
are used, the heart will not be rejected. A team of scientists from Minnnesota have already succeeded in 
making a beating rat heart using this technique. A year later they made further progress and produced rat 
hearts connected with some of the blood vessels they need.     

 16.8.4 Replacement parts made from man-made materials 
 While progress is being made towards producing 
replacement organs made from living tissue, some 
body parts can be replaced by parts made from syn-
thetic materials. Damaged knee or hip joints can 
reduce mobility and are one of the most common rea-
sons for having diffi culty walking or climbing stairs in 
old age. It is sometimes possible to replace a damaged 
joint with an artifi cial joint made of plastic and tita-
nium or ceramic. 

 Following an amputation a person might be fi tted 
with a prosthetic limb. These vary greatly depending 
on the type of injury and the person’s lifestyle. Some 
prosthetics are designed to look very similar to the 
missing limb but may have limited function. For ath-
letes, performance is usually more important. In 
fact some individuals might have a number of pros-
thetics that they use for different purposes. Australian 
paralympian John Eden has a choice of three legs: one 
for running, one for discus and one for everyday use.  

 A team of scientists in Melbourne are testing a new 
type of prosthesis, one that screws onto the amputee’s 
stump. Traditional artifi cial limbs have a socket that 
fi ts over the stump and are held by suction or using 
a belt or strap. This can irritate the stump and cause 
pain and other problems. The new type of prosthetic 
limb will address this problem and also give the wearer 
greater control over the limb.   

  A titanium and plastic hip joint 

  Different types of prosthetics are suited to 
particular activities. 

 16.8 Exercise: Remember and think 
 To answer questions online and to receive  immediate feedback  and  sample responses  for every question, go 
to your learnON title at  www.jacplus.com.au .  Note:  Question numbers may vary slightly. 

 Remember  
1.   Why is an organ transplant sometimes necessary?  
2.   What are immunosuppressant drugs?  
3.  Outline   why a kidney can be donated by a live donor but a heart can be donated only by a deceased donor.  
4.   What materials are artifi cial joints made from?  
5.   What are the advantages of a prosthetic limb that can be screwed directly into an amputee’s stump.   

 Think  
6.  Explain   why doctors only have a short time frame in which to harvest organs after a person dies.  
7.   Recently scientists succeeded in transplanting an ovary that had been frozen then thawed out. It is hoped 

that in the future this may be possible with larger organs as well. What would be the benefi ts of being able 
to freeze transplant organs?  
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16.9 Healthy careers
Science as a human endeavour
Most of us are familiar with a small number of careers in health and medicine, including nursing, phar-
macy, dentistry and general medicine. However, a staff list for a hospital or medical research centre would 
show you that there are many more careers dedicated to getting people back to health. Numerous scientists 
work in the field of medicine and play an important role in identifying the causes of diseases and devel-
oping and testing treatments.

16.9.1 Scientists playing detective
Medical pathologists are scientists who study disease. They do tests to determine the cause of a disease. If 
you go to a doctor’s surgery or hospital and have a sample of blood taken, a pathologist will organise tech-
nicians to run tests on the blood sample and prepare a report on the results of the tests. Pathologists also 
test tissue samples. If you had a mole removed, a pathologist would determine if the mole was harmless 
or a type of skin cancer likely to spread to other parts of your body. During surgery, a surgeon often sends 
body tissue to pathology. The results of pathology tests help the surgeon decide whether to finish the oper-
ation or keep looking for other things that might be wrong with the patient.

8. Pig and cow heart valves have successfully been implanted in humans. The valves are treated to prevent 
rejection. What would be some of the advantages of being able to transplant whole animal organs?

Discuss
9. Choose any two of the following questions and construct a PMI for each.

(a) In Australia it is currently illegal to buy transplant organs either from a live donor or from the family of a 
deceased donor. Should it be legal to exchange money for organs?

(b) When a person dies doctors should be allowed to harvest any useful organs without the need to seek 
permission from the relatives of the deceased.

(c) The organ donor register was established in 2000. It allows Australians to register which organs (if any) 
they are willing to donate in the event that they die. Should it be compulsory for all Australians over the 
age of 18 to sign up to the register?

(d) People who have a healthy lifestyle should be placed ahead of smokers, heavy drinkers and drug users 
on the organ transplant waiting list.

(e) Children and parents of young families should be placed ahead of the elderly and people without 
dependants on the organ transplant waiting list.

10. Use the Kidney transplant weblink in the Resources tab to watch an animation and explain what a kidney 
transplant involves.

11. Use the Religious rulings weblink in the Resources tab to find out which religions are against organ 
donation.

12. How can you register to be an organ donor? Find out by using the Organ donor register weblink in the 
Resources tab.

Explore more with this weblink: Kidney transplant

Explore more with this weblink: Religious rulings

Explore more with this weblink: Organ donor register

Watch this eLesson: Heart valve (eles-0858)

RESOURCES — ONLINE ONLY
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 Some pathologists do post-mortem examinations (‘postmortem’ means ‘after death’). A post-mortem 
examination is done if the cause of a person’s death is unclear. The pathologist examines and tests the 
organs to determine the cause of death. Forensic pathologists are called in when foul play is suspected. 
They collect evidence that may lead to the conviction of criminals. In reality, only a small proportion of 
post-mortem examinations are concerned with solving crimes. 

 16.9.2 Medical scientists 
 Many scientists carry out research in the fi eld of medicine. Some are employed by drug companies to 
develop and test new drugs to treat diseases. Others work for government agencies and universities on par-
ticular diseases. Teams of Australian scientists are currently trying to fi nd cures for certain types of cancers 
and developing new vaccines.  

 AUSTRALIAN CONTRIBUTIONS TO MEDICAL SCIENCE       
 A team of scientists led by Howard Florey discovered how penicillin could be extracted, purifi ed and produced 
(see  pages xxx-xxx ) and, recently, an Australian company has developed a treatment for some skin cancers 
(see  page xxx ). Some other contributions to medical science by Australian scientists are summarised below.  

•   Aspro, the fi zzy headache tablet, was invented by the Australian chemist George 
Nicholas. Aspirin itself had been developed earlier by the German company Bayer, 
but it was Nicholas who fi rst produced the convenient Aspro tablets in Melbourne 
between 1915 and 1917. By the 1940s, it had become the world’s leading 
headache treatment.  

•   Before the 1990s, it was widely believed that painful stomach ulcers were caused 
by stress. In 1982, Barry Marshall and Robin Warren showed that bacteria called 
Helicobacter pylori  cause stomach ulcers and that it was possible to treat ulcers 
successfully with antibiotics. To prove that these bacteria cause ulcers, Barry 
Marshall swallowed the bacteria and soon developed symptoms associated with 
the formation of a stomach ulcer. Both scientists were awarded a Nobel prize in 
2005 for their discovery. 

  

 Robin Warren and Barry Marshall were awarded a 
Nobel prize for their work on the cause and treatment of 
stomach ulcers. 

•    Dr Fiona Wood pioneered the development of spray-on skin to treat 
burns patients, including victims of the Bali bombing in 2002. She 
started a company that makes the spray-on skin using the patient’s 
own skin cells. It can be applied to burnt areas of the body or to 
scars. It is also used in cosmetic surgery. The main advantage of 
spray-on skin is that it reduces scarring. She was named Australian 
of the Year in 2005.     

Dr Fiona Wood, pioneer of 
‘spray-on skin’

An Australian 
scientist developed 
Aspro tablets.
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•    The world’s fi rst vaccine against cervical cancer is also an Australian 
invention. It was developed by Professor Ian Frazer in the 1990s and was 
fi rst approved for use in countries including the USA and Australia in 2006. 
The vaccine protects against a virus that is the cause of many cases of 
cervical cancers.   

‘Spray-on skin’ in action

 Career profi les  
    Name: Arianne Lee 
 Job title: Clinical trials assistant 
 Field of science: Medical clinical research  

  

  First interest in science   
Arianne’s interest in science was fi rst sparked in Year 4, after learning about famous scientists from the past. 
She has always been fascinated by how relevant science is to everyday life. 

 Some time ago, Arianne was a patient in clinical trials for asthma medication and has since taken an interest 
in the health sciences. Her father’s work in the  pharmaceutical industry  has also given her an interest in this 
fi eld of science. 

  The job  
 Arianne is a link between a research company that tests  pacemakers  and the hospitals that run the tests. She 
decides who will test the pacemakers and in which hospitals. Arianne seeks permission from ethics committees 
before any tests are conducted. These committees decide whether the tests are appropriate and also make 
sure that proper procedures will be followed. After collecting data from the clinical tests, she reports on the 
results. 

  Study  
 Arianne has a Bachelor of Science. Her major areas are  physiology  and  pharmacology . These areas are 
related to human biology and chemistry.   
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Name: Paula Fisher
Job title: Laboratory scientist
Field of science: Histology

Paula Fisher is a histologist. Histology is the study of the cells and tissues that make up animals, including 
humans. Histologists look at small samples of cells and tissues under microscopes.

The job
Cancer is a condition where cells grow abnormally. Each year, many people are diagnosed with cancer. Experts 
agree that the earlier treatment starts, the better the chances of survival.

Paula and her team help engineers to design machines. Their machines make diagnosing cancer a much 
faster process. Paula’s job requires her to run the machines and make sure that the cells are clear and easy to 
see. This makes diagnosing cancer more accurate as well as faster.

Study
Paula enjoyed biology and chemistry at high school. She studied Applied Science at university and followed this 
up with a Graduate Diploma in Medical Laboratory Science. Many universities require students wanting to get 
into this fi eld to have studied chemistry and one other science, usually physics or biology.

 16.9.3 Careers in fi tness 
 If you have a passion for fi tness, an 
interest in learning more about the 
human body and you enjoy working 
with people, a career in the sport and 
fi tness industry might be just the thing 
for you. For students achieving good 
results in Maths and Science, physi-
otherapy could allow you to combine 
your interests in science and fi tness. 
Many physiotherapists work in hos-
pitals or medical practices. They help 
patients recover from injuries or sur-
gery. They can also prescribe exercise 
programs or other treatment for people 
who have recurring or chronic (long-
term) pain, such as people with back 

  A physiotherapist at work 
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16.9 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Describe the work of a medical pathologist.
2. Explain why post-mortem examinations are sometimes done by pathologists.
3. What medical trials did Arianne participate in herself?
4. What does a physiotherapist’s job involve?

Think
5. Which sciences would you need to study in senior school to become a histologist?
6. Identify what the two professions described in on pages xxx–xxx have in common.
7. In groups of two or three, make a list of the skills and other qualities people in the health sciences need.
8. Make a list of at least 20 careers that relate to health. For each career, explain in one sentence what that 

particular occupation involves.
9. Would doctors have prescribed antibiotics to treat a stomach ulcer before it was discovered that stomach 

ulcers were caused by a bacterial infection? Justify your answer.

Investigate
10. Interview a person who works in a health-related profession. Summarise the interview in a report with the 

following headings.
(a) Name
(b) Occupation
(c) Place of work
(d) A typical day at work
(e) Personal attributes required for this occupation
(f) Study required for this profession

11. Find out what ingredients make Aspro tablets fizz in water.

problems. Some physiotherapists work closely with athletes and coaches to design training programs that 
reduce the risk of injury while maximising performance.

Entry into physiotherapy courses at university is highly competitive but there are other exercise-related 
careers. The fitness industry employs people with a range of qualifications to design exercise programs and 
motivate fitness club members to stick to their exercise programs. A degree in exercise science is an advan-
tage when seeking work in the fitness industry but there are shorter courses that qualify you to become a 
personal trainer or group exercise instructor.

16.10 Review
16.10.1 Looking for patterns in health data
 • outline some reasons for collecting and analysing health data from large groups of people 16.2
 • explain how scientific knowledge is contributing to the management and treatment of asthma 16.2
 • interpret graphs and tables  16.2
 • outline some reasons for researching allergies  16.2

16.10.2 Microbes
 • describe experiments carried out by Pasteur and Redi that supported the hypothesis that life 

cannot arise spontaneously but arises from other living things 16.3
 • outline some hygiene and sanitation practices that can help reduce the spread of disease 16.3
 • describe how bacteria reproduce 16.4
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16.10 Review 1: Looking back
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.
1. Use an example from pages xxx–xxx to explain how analysing health data can lead to new knowledge about 

the cause and prevention of particular diseases.
2. Describe experiments carried out by Redi and Pasteur that showed that life cannot arise spontaneously 

from non-living matter.
3. Lister and Nightingale have both contributed to the improvement of hygiene standards in hospitals. Outline 

some of their main achievements.
4. Draw a diagram to show how bacteria reproduce.

 • outline some of the conditions needed for bacteria to grow  16.4
 • outline the roles of Alexander Fleming and Howard Florey in the discovery of antibiotics 16.5
 • discuss the benefits of antibiotics  16.5
 • describe some ways that bacteria are used to produce food and other useful products 16.7

16.10.3 Water treatment
 • explain the importance of treating drinking water to reduce the spread of disease 16.6
 • describe some sewage treatment methods 16.6
 • explain why it is important to test water for the presence of certain micro-organisms 16.6

16.10.4 Organ transplants
 • outline some reasons why organ transplants are sometimes carried out 16.8
 • discuss ethical issues associated with organ transplants 16.8
 • describe some technological advances in the design of replacement body parts made from 

human-made materials 16.8

16.10.5 Healthy careers
 • identify some careers in the area of health science 16.9
 • outline significant medical discoveries made by Australian health scientists 16.9

Individual pathways

 U ACTIVITY 16.1
Revising health science
doc-10589

 U ACTIVITY 16.2
Investigating health science
doc-10590

 U ACTIVITY 16.3
Investigating health science 
further
doc-10591

  ONLINE ONLY

FOCUS ACTIVITY
Use EBSCO or another database to locate a newspaper or journal article about a recent development in the area of 
health science. Write a summary of the key points in the article.

Access more details about focus activities for this topic in the Resources tab (doc-10588)
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5. Use the table below to answer the following questions.

Major causes of death in Australia

Year: 1919 Year: 2011

20% pneumonia 30% cancer

10% heart disease 20% heart disease

8% tuberculosis 8% stroke

7% accidents 7% Alzheimer’s disease, dementia

5% cancer 4% asthma, emphysema, bronchitis

4% stroke 4% accidents

  3% diabetes

(a) Account for the fact that the percentage of people dying from diseases such as pneumonia has 
decreased greatly since 1919.

(b) Explain why the percentage of people dying from heart disease has increased so much.
(c) What new additions to the major causes of death are listed in 2011?
(d) Explain why you think each of the diseases in part (c) has emerged as a major killer.
(e) Account for the fact that accidental deaths have decreased so much.

6. Charlotte wanted to fi nd out if antibacterial soap really works. She prepared two agar plates. She swiped her 
fi ngers over the surface of plate A. She then washed her hands with antiseptic soap and swiped her fi ngers 
over the surface of plate B. She incubated both plates. Her results are shown below.
(a) Write a conclusion for Charlotte’s experiment.
(b) Which plate was the control?
(c) What were the independent and dependent variables in this experiment?
(d) Which variables need to be controlled in this experiment so that it is a fair test?

7. Jossie wanted to fi nd out the best conditions for growing bread mould. She put a slice of bread on each of 
fi ve plates and left the plates in various locations around her house. Her results are shown below.

Location Observations after 3 days Observations after 6 days

Fridge No mould Small amount of mould

Freezer No mould No mould

Kitchen bench Small amount of mould 50% of bread covered with mould

Top of fridge(a) 25% of bread covered with mould 75% of bread covered with mould

Bathroom cupboard(b) 50% of bread covered with mould 100% of bread covered with mould

(a) The top of the fridge is warmer than room temperature.
(b) The bathroom is humid for most of the day.

(a) What conditions promoted the growth of mould?
(b) Why did the bread go mouldy a lot more slowly inside than on top of the fridge? Why did the bread not 

go mouldy in the freezer?
(c) Suggest some improvements to Jossie’s experiment.

8. Equipment used in a doctor’s surgery must be sterilised before use. Suggest why.
9. Explain why:

(a) Antibiotics have greatly decreased the number of deaths from infectious diseases.
(b) The discovery of penicillin is often used as an example of accidental discovery.
(c) The work of Florey and his team was instrumental in making penicillin a useful treatment for bacterial 

infections.

BA
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10. When antibiotics fi rst became widely available, doctors prescribed them to treat even minor coughs and 
colds. Today, doctors usually prescribe antibiotics only if the patient does not improve after a few days and 
the disease is highly likely to be caused by a bacterial infection. Explain why doctors have become more 
cautious.

11. Explain how increased knowledge about the transmission of diseases such as cholera can be used to 
prevent their spread.

12. Why is drinking water routinely tested for the presence of Giardia and Cryptosporidium in Australia?
13. Distinguish between primary, secondary and tertiary water treatment.
14. Choose two foods that are produced using microbes and outline how the microbes are involved in the 

production of these foods.
15. Identify two ways that bacteria might be used to address environmental problems.
16. Give two examples of body parts that can be replaced by parts made from synthetic (human-made) 

materials. Why is it important to continue researching ways of making better replacement parts from 
synthetic materials?

17. Distinguish between an artifi cial hand and a hand transplant.
18. Explain why patients often need to wait a long time for an organ transplant.
19. How might science provide a solution to the shortage of organs suitable for transplant?
20. Using organ transplants as an example, explain the meaning of the term ‘ethical issue’.
21. Describe the type of work that is involved in the following health professions.

(a) Pathology
(b) Histology
(c) Physiotherapy

22. Outline four examples of medical discoveries that have been made by Australian scientists.

Test yourself
1. Which of the following statements about asthma is not correct?

(A) Cigarette smoke is a trigger for asthma.
(B) Having a parent who has asthma does not increase your chance of developing the disease.
(C) Babies who are put to sleep on their tummies are more likely to develop asthma.
(D) An asthma attack involves widening of the air pipes in the lung. (1 mark)

2. A particular type of bacteria divides every 20 minutes. If you started with one bacterium, after 20 minutes, 
there would be two bacteria; after another 20 minutes, there would be four bacteria. How many bacteria 
would there be after 80 minutes?
(A) 6
(B) 6
(C) 16
(D) 32 (1 mark)

3. Which of the following foods uses microbes as part of its manufacturing process?
(A) Chocolate
(B) Bread
(C) Ham
(D) Cheese (1 mark)

4. The diagram below shows an experiment set up by Louis Pasteur. There was no microbial growth in the top 
fl ask because boiling the broth had killed all the microbes in the fl ask and the tube shaped like a swan’s neck

No
growth

Boil

Boil Microbial
growth
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(A) prevented air from coming in contact with the broth.
(B) prevented flies from laying their eggs in the broth.
(C) prevented bacterial and fungal spores from falling into the broth.
(D) trapped the heat inside the flask. (1 mark)

5. Which of the following statements about antibiotics is correct?
(A) Antibiotics are an effective treatment for the flu.
(B) Penicillin, a common antibiotic, is produced by mould.
(C) Antibiotics were discovered about 200 years ago.
(D) Alexander Fleming, the person who discovered penicillin, was Australian. (1 mark)

6. Describe an experiment you could do to test the following hypothesis: ‘There are more bacteria on a kitchen 
chopping board than on a toilet seat.’ (3 marks)

7. ‘Increased knowledge about the human body and disease has resulted in advances in the field of medicine.’ 
Use examples from this chapter to illustrate this statement. (5 marks)

Complete this digital doc: Worksheet 16.4: Staying healthy puzzles (doc-0000)

Complete this digital doc: Worksheet 16.5: Staying healthy summary (doc-0000)
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UNCORRECTED P
AGE P

ROOFS




