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AS 90950 (Science 1.11) Internally assessed 
4 credits

Investigate biological ideas relating to interactions between humans  
and micro-organisms

The complete requirements for AS90950 are available at http://www.nzqa.govt.nz/nqfdocs/ncea-resource/
achievements/2017/as90950.pdf and can be obtained through  at www.esa.co.nz

For Achievement Standard 90950 (Science 1.11) you investigate how humans use, or are affected by micro-
organisms, and write a report.

The information in the following units helps you to investigate micro-organisms (bacteria, fungi and viruses) 
and to use biological ideas to explain how or why humans use or are affected by micro-organisms. 

Learning needed to achieve this standard includes the following. 
• Culturing of micro-organisms, e.g. on nutrient agar plates (Unit 5).
• Disease-causing micro-organisms (Units 5, 6, 8).
• Lifestyles – saprophytes, parasites / pathogens, mutualists (Units 5, 6, 7 and 8). 

Bacteria:
• Structure – shapes and cell parts (Units 1 and 6).
• Life processes – extracellular digestion, reproduction by binary fission, respiration, fermentation, and 

population growth (Units 2, 3, 5, 6, 9). 
• Factors that affect the life processes – temperature, pH, toxins, poisons (e.g. ozone, chlorine), antibiotics 

and antiseptics, vaccination (Units 2, 3, 5, 6).

Fungi: 
• Structure – body shapes, parts, size, multicellular structure (Units 1, 5, 7).
• Life processes – extracellular digestion, reproduction, respiration, fermentation, decomposition, and 

recycling (Units 4, 7, 9).
• Factors that affect the life processes – temperature, pH, oxygen, antibiotics and antiseptics, vaccination 

(Units 5, 7).

Viruses:
• Structure – shapes, size, parts (Units 1, 8).
• Life process – reproduction (Units 8, 9).
• Factors that affect the life process – vaccination (Unit 8).

Influenza viruses
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Unit 1 – Are there micro-organisms on a mobile phone?
Micro-organisms such as bacteria, fungi and viruses survive in a number of different 
places but are often impossible to see without a microscope. 

Is your mobile phone covered in micro-organisms? A study of mobile phones showed 80% 
of the phones had bacteria on them and 100% carried at least one type of fungus. When 
was the last time you cleaned your phone with an anti-bacterial wipe?

People carry and use cell phones everywhere they go – sometimes including when going 
to the toilet. This increases the chance that harmful micro-organisms are transferred to the 
phone. Research has shown that a common bacterium from the human intestine, E. coli, is 
often found on phones.

The following table describes some micro-organisms found on phones.

Micro-organism Description

E. coli bacteria

On a phone, E. coli can survive 
for several hours and still 
be able to be transferred 
to another host. A host is 
a living organism or cell in 
which the micro-organism 
can survive. In large numbers, 
E. coli can cause illnesses with 
stomach cramps, nausea and 
diarrhoea.

Part of an E.coli colony

E. coli bacterium

A fungus from the 
Candida group

This fungus lives in the 
mouths of around 80% of 
people without causing a 
problem. However, the fungus 
can occasionally change 
from the usual, single-celled 
individual to a long thread of 
several cells that grow out of 
control, causing the disease 
known as ‘thrush’.

fungal threads that 
cause ‘thrush’ seen 
under a microscope

Herpes-1 virus

Viruses released from a cold 
sore can be transferred to the 
phone and from the phone 
to another person. The circles 
in the photo are the Herpes 
virus seen under an electron 
microscope.
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Size of micro-organisms
Viruses are very small. They do not 
contain cells. The photo, taken using a 
very powerful electron microscope, shows 
a single virus. Each virus contains genetic 
material covered in protein. 

genetic material, e.g. DNA or RNA

protein covering

A single virus

Some viruses are only a few nanometres long. The following drawing shows the size and shape of three viruses 
compared with an average-sized bacterium. A nanometre (nm) is a unit of length equal to one billionth of a metre.

Ebola
970 nm

smallpox 
350 nm

bacterium

polio
30 nm

1 000 nm

Bacteria and fungi are larger than viruses, but some are still difficult to see because each individual organism is 
only a single cell. An example is yeast, a type of fungus, seen in the following photo under a light microscope. 
Each cell is a separate individual.

Yeast cells

Most fungi are easier to see than bacteria are, because the fungi form multicellular bodies. ‘Multicellular’ means 
‘made of many cells’. Some fungi are easy to see because they form very large reproductive structures. Examples 
are mushrooms and toadstools, the reproductive parts of the fungus, which appear above the food source. 

cap

gills

stalk

Reproductive structures of a multicellular fungus
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The ‘body’ of a fungus, the mycelium, is made of many fine threads called hyphae, which grow through the 
food source of the fungus.

Mycelium of a multicellular fungus

Are there micro-organisms on a mobile phone?
1. a. Name three types of micro-organism.

    

b.  Colour the two mobile-phone screens to show the percentage (%) of phones the study showed had 
bacteria and the percentage that had fungi on the surface. 

Percentage of phones with  
bacteria on their surface

Percentage of phones with  
fungi on their surface

80%

60%

40%

20%

80%

60%

40%

20%

 c. Describe what you should use to clean a mobile phone.

2. a. Where in the human body is the bacterium E. coli usually found?

b. Explain how E. coli can be transferred to the surface of a phone.

 c. What is a ‘host’ organism?

d. What symptoms of illness are caused by some types of E. coli?

3. a. About what percentage of people are thought to have Candida fungi in their mouth?

b. What can happen when Candida changes from being a single cell to forming a long thread?

hyphae – many 
cells joined

Answers
p.  285
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c. What disease does the Herpes-1 virus cause? 

d.  The diagrams are of three different viruses. Place their label letters, A to F, into the correct column on the 
following table.

A

B

C

D

E

F

Capsid (protein covering) Genetic material (RNA or DNA)

e. Why are viruses impossible to see without an electron microscope?

4. a. What does the term ‘multicellular’ mean?

b. Yeast is a unicellular organism – what do you think the word ‘unicellular’ means? 

5. Name the parts of a mushroom fungus shown in the following two pictures.

a. 

b. 

c. 

d. 

e. 
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Unit 2 – Is my yoghurt alive?
Maybe yes, and maybe no, depending on the type of yoghurt you eat. Yoghurt is fermented milk. Many brands of 
yoghurt contain living bacteria. 

A ‘starter culture’ of bacteria added to milk during the yoghurt-making process contains a mixture of two or more 
different species of living bacteria. The types of bacteria added in the starter culture determine the texture, flavour 
and sharp/sour lactic-acid taste that give different brands of yoghurt their unique taste. When the milk is warmed, 
the bacteria grow and reproduce very quickly by binary fission. Binary fission is a form of reproduction in 
which one cell divides into two cells. Each bacterium divides into two as fast as every 20 minutes, so that, after 

five hours, the final concentration 
of bacteria can be at least 1 million 
bacterial cells in each gram of 
yoghurt.

1

2

3

4

5

cell wall

DNA
plasma membrane

extension

division

division complete

two cells

Binary fission

Types of bacteria in yoghurt

The living bacteria in yoghurt are usually 
from three species: Lactobacillus acidophilus, 
Lactobacillus bulgaricus and Streptococcus 
thermophilus. The Lactobacillus species are 
rod shaped and Streptococcus is round.

 Bacilli – rod shaped Cocci – round

Lactobacillus acidophilus 

These bacteria are long and thin. Under the microscope, they look like a chocolate bar, or sometimes several bars in a 
heap. Their name comes from ‘lacto’, meaning milk; ‘bacillus’, meaning ‘rod-like in shape’, and ‘acidophilus’, meaning 
‘acid-loving’. Lactobacillus acidophilus is also present in the intestines and mouths of humans and other animals. 

Lactobacillus bulgaricus

These bacteria are very long and thin. They grow best at 45 °C and have adaptations that allow them to live and 
grow in conditions where the pH is 4.5 or lower, which is more acidic than most micro-organisms can tolerate.

Streptococcus thermophilus

These bacteria are small and round. Under the microscope, each looks like a squashed ball. Sometimes several 
individuals join to make a chain of cells. The ‘coccus’ part of the name means ‘ball shaped’ and ‘thermophilus’ is 
to do with surviving in high temperatures. 

New Zealanders eat a lot of yoghurt. One production plant in Palmerston 
North produces up to 1 million pots of yoghurt each week, just for the 
New Zealand market, and some people make their own yoghurt.
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Probiotics
Lactobacillus acidophilus in yoghurt is considered a probiotic. The World Health Organization (WHO) defines 
a probiotic as any living micro-organism which, when ingested in suitable amounts, can survive the acid 
environment in the stomach and give a health benefit. Containing a probiotic is one of the reasons yoghurt is a 
common, healthy food for people of all ages. Health benefits include:

•	 increased numbers of helpful bacteria in the gut 
•	 reduced growth of harmful or disease-causing bacteria
•	 improved digestion and gut function.

Lactose intolerance
Some people suffer from lactose intolerance because their digestive system does not produce lactase, the enzyme 
that digests lactose (lactose is also called ‘milk sugar’). Lactose-intolerant people are often able to eat yoghurt, 
because the bacteria have removed most of the lactose by changing it into lactic acid.

Is my yoghurt alive?
1. a. What is a ‘starter culture’?

 b. How many different species of bacteria are usually in a starter culture?

c. How do starter cultures give each brand of yoghurt its own taste?

2. a. What is binary fission?

 b. How quickly can binary fission occur?

3. Label the following diagram of a bacterium undergoing binary fission, using words and phrases from the 
word list.

 cell wall    DNA    division 

 division almost complete    extension    two daughter cells 

a.

b.

c.
d.

e.

f.

Answers
p.  285
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4. The following photo, from an electron microscope, shows binary fission. Describe which stage of binary 
fission the bacterium is in, and explain your answer. 

     Binary fission

5. a.  For the name Lactobacillus acidophilus, draw lines to match the words in List A with their meaning in List B.

List A List B

lacto rod-like in shape

bacillus milk

acidophilus acid loving

b. Name two parts of the human body where Lactobacillus acidophilus can live. 

    

c. What ability do Lactobacillus bulgaricus bacteria have that most other micro-organisms do not have?

d. Complete the following sentence. 

  Streptococcus thermophilus bacteria are  shaped. Sometimes the cells are joined 

together in .
e. Colour the ‘bacillus’ cells one colour and the ‘coccus’ cells a different colour. Complete the key.

Key

bacillus
coccus

6. a. What is a ‘probiotic’, as defined by the World Health Organization?

b. Describe three possible health benefits of a probiotic.

  i.

  ii. 

  iii. 

c. Which enzyme is not in the digestive system of people who suffer from lactose intolerance?

d. Explain why lactose-intolerant people can sometimes eat yoghurt.
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Unit 3 – Fermentation in yoghurt making 
When the starter culture, containing lactic-acid bacteria, is added to milk, the bacteria absorb lactose, a sugar in 
milk. Inside the bacteria, a fermentation process turns lactose to lactic acid, which gives yoghurt its sour taste. 
Fermentation releases energy, carried in a molecule called ATP. Bacteria need the energy from ATP to carry out 
life processes, such as growth and reproduction. 

The word equation for the fermentation of lactose is:

lactose → lactic acid + energy (ATP)

As lactic acid forms, the pH of the milk slowly falls. This causes the molecules of casein (a protein) in the milk 
to join and become the thick creamy gel we call yoghurt. The production of lactic acid also helps to preserve the 
milk, because the lowered pH slows the growth of harmful and decomposing micro-organisms. This increases the 
‘shelf life’ of the product – the time yoghurt stays fresh and able to be eaten.

casein

Lactobacillus bulgaricus

Streptococcus thermophilus

Yoghurt formation

Case study: Yoghurt production
The following flow chart shows the process of commercial yoghurt production.

Pasteurise the milk by heating to 85–95 °C for 15 to 30 minutes. 
Pasteurising kills any micro-organisms in the milk.

Homogenise the milk – this mixes the cream into the rest of the 
milk and stops the cream separating out.

Cool the milk to 40–46 °C, to make the milk a suitable 
temperature for bacteria.

Add the starter culture of live lactic-acid bacteria, which will 
ferment the milk and turn lactose into lactic acid.
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Incubate the mixture at 40–46 °C for 4 to 5 hours until the pH 
has fallen to around 4.3. This temperature and amount of time 
allow the bacteria to grow quickly, reproduce and ferment the 
milk. The low pH slows the growth of other types of bacteria.

Stir and cool the yoghurt to 5 °C. The low temperature slows the 
activity of the lactic-acid bacteria but does not kill them.

Add flavourings and fruit as required, to change the flavour of 
the yoghurt and obtain the different tastes people enjoy.

Pack yoghurt in sterile sealed containers and refrigerate (below 
4 °C) to prevent the yoghurt becoming contaminated by other 
micro-organisms, such as yeast.

Fermentation in yoghurt making
1. a. Explain how bacterial activity gives yoghurt its sour taste. 

b. Describe what happens to the energy in the ATP that is produced during fermentation of lactose.

c. Describe how yoghurt becomes a ‘thick creamy gel’.

d. Explain how bacteria, apart from those in the starter, are prevented from growing in yoghurt.
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AnSwerS

Achievement Standard 90943 (Science 1.4)
Unit 1: What is heat? (page 5)
1. a.  Heat energy is the total energy of all the moving particles in a 

substance.

b. number of particles; speed of particles; type of particles

c. Joule (J)

2. Here are three examples, but check with your teacher if you have a different 
example: lighting a match – mechanical energy changes to heat (and 
sound) energy; turning on a light bulb – electrical energy changes to heat 
(and light) energy; eating food – chemical energy (in food) changes to 
heat energy (in body).

3. Iceberg. Both the iceberg and ice have the same type of particles and 
(probably) the same temperature, but there are far more particles in the 
iceberg, which means it has more heat energy.

4. Cup A has the most heat energy. Both cups contain the same type of 
particles (coffee and water), and the same number of particles (volume of 
100 mL). However, cup A has a temperature of 100 °C, so its particles are 
moving faster than those in cup B, giving it the most heat energy.

5. Both the oil and the water have the same number of particles (mass of 
1 000 g), and they are heated for the same amount of time. The oil has 
more heat energy (shown by its higher temperature) than the water at 
the end of three minutes because of the type of particles it contains.

6. Across: 4. kilojoule; 6. vibrate; 8. electrical; 9. heat; 11. Joule; 
12. particles

 Down: 1. number; 2. chemical; 3. hot; 5. speeds; 7. thermal; 10. calorie

Unit 2: Temperature (page 8)
1. a.  Kinetic energy is moving energy; the energy an object has because of 

its motion.

b. Temperature is the average kinetic energy of all the particles in a 
substance.

2. a. Celsius and Fahrenheit scales

b. Celsius

3. a.  Absolute zero is the temperature at which all particle motion stops, 
and no heat energy is produced.

b. Celsius scale: –273 °C; Fahrenheit scale: –460 °F

c. The universe, in outer space

4. As water molecules move, they bump into the food colouring particles 
causing the food colouring to spread. The food colouring spreads more 
quickly in the hot water because the water molecules are moving faster 
since the water is at a higher temperature than cold water. The water 
molecules are therefore bumping into the food colouring more quickly, 
causing it to spread more quickly.

5. The glass and bowl can have the same temperature because temperature 
does not depend on the number of particles or the size of the container 
the substance is in. Temperature depends only on the kinetic energy 
of the particles. Since in both the glass and bowl the water particles 
have the same average kinetic energy, the water in both is the same 
temperature.

6. Both boil at the same temperature because the boiling temperature  
of water is not related to how many particles there are.

7. a. Celsius     b. absolute zero

c. temperature   d. Fahrenheit

e. thermometer   f. universe

g. freezing point   h. energy

i. kinetic

A F R E E Z I N G P O I N T

B T E M P E R A T U R E C K

S S B F G R C A H O I V Y I

O J Q A B A E X E A S J G N

L A M H R I L V R P L R X E

U T N R O P S N M Z E E R T

T E Q E M E I N O N C N Y I

E X B N N H U P M M U L D C

Z E M H E R S T E N E R G Y

E T I E H N E R T A F A E X

R Q H I U N I V E R S E V L

O R I T U C T J R P X E R E

Unit 3: Temperature and animals (page 13)
1. Living things need heat energy to stay alive, since heat energy is needed 

for all bodily functions.

2. a.  ‘Warm-blooded’ means ‘able to keep a constant body temperature’.

b. All mammals (e.g. dogs, cats, sheep) and all birds (e.g. penguins, 
chickens)

3. a.  ‘Cold-blooded’ means unable to keep a constant body temperature.

b. Any insect, reptile, amphibian, or fish (check with your teacher if you 
have something different)

4. a.  Sweating, panting, moulting, having increased surface area of body 
parts (any three)

b. Fur, hair, wool, blubber, feathers, dark pigmentation, shivering, 
hibernation, migration (any three)

c. Lying in the sun, increasing surface area exposed to sun, dark 
pigmentation (any two)

d. They can hibernate, migrate, or crowd together (any two).

5. Tuatara are reptiles. All reptiles are cold-blooded, so they depend on the 
environmental temperature to warm them up. In cold conditions, their 
body temperature is low. As a result, their body movements are slow 
when it is cold. They can warm up by moving to a place in the sun. 

6. Mammals are found in all environments because they are warm-blooded. 
Because they are warm-blooded, mammals are not dependent on the 
environmental temperature, and can be active regardless of the external 
temperature. As a result, mammals can live all over the world, in many 
different environments.
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7. Reptiles are cold-blooded; their body temperature remains the same as 
that of their environment. In Antarctica, temperatures are far too low 
for reptiles to warm themselves, so they cannot survive there. However, 
birds are warm-blooded. Their body temperature stays constant and they 
can survive in the low Antarctic temperatures.

8. (Example answer)

 The walrus has hair covering its body, which helps to insulate the 
body and prevents heat loss as air is trapped between the hairs. It 
has a thick layer of blubber beneath its skin, which also insulates the 
body, preventing loss of heat from inside organs, because heat does 
not move through blubber easily. The walrus’s skin is dark coloured. 
The dark pigmentation absorbs sunlight, helping to warm its body. 
Although not obvious from the photo, walrus shiver when they are 
cold. The movement generates body heat. All these methods help the 
walrus maintain a constant body temperature despite the very low 
environmental temperature of the Atlantic Ocean.

Unit 4: Expansion and contraction (page 16)
1. a.  Thermal expansion occurs when a substance gets bigger because 

of an increase in temperature. The substance expands because the 
particles move further apart as they gain heat energy.

b. The particles in a solid move more quickly and become further apart 
when they are heated.

c. The substance’s length, or area, or volume

2. a.   One example is using thermal expansion to help remove a metal jar lid. 

b. One example is the shattering of a hot glass in cold water.

3. In a warm room, the particles in the balloon are far apart. When the 
balloon is put in a freezer, the particles slow down and move much 
closer together, causing the air inside to contract. As a result, the balloon 
deflates.

4. On a hot day, the bridge would expand because of the increase in 
temperature. If there were no gap for the bridge to expand into, the 
bridge might bend/buckle. Expansion joints are put in a bridge to prevent 
damage to the bridge.

5. Aerosol cans are full of liquid. When the liquid is heated, its particles 
move faster and as a result move further apart, causing the liquid to 
expand. As the liquid has nowhere to expand into, it will bend out the 
sides of the can. The pressure on the sides could be enough to cause the 
can to explode.

6. In summer, the particles in the power lines are far apart and as a result the 
wire has expanded and lengthened. In winter, when the temperature falls, 
particles move closer together, causing the wire to contract and shorten. If 
the engineers tightened the wires during summer, in winter the contraction 
of the wires could cause the wires to snap.

7. If you put a sealed tin in a fire, or if you heat the tin, you cause the 
particles inside to move further apart, and the substance inside expands. 
If the substance has nowhere to expand into, it puts pressure on the 
sides of the tin and could cause the tin to explode.

8. The increased temperature of the water in lakes and oceans causes water 
particles to move further apart and the water to expand. The volume of 
the water increases. With an increase in volume, there is a rise in water 
levels – which could put homes beside lakes and oceans under water.

9. Observations: The balloon inflates as the water heats. Once the pot cools, 
the balloon deflates.

 Explanation: The heat from the warm water causes the air in the bottle 
to expand, which causes the balloon to inflate. When the heat source is 
removed, the air cools. The air contracts, causing the balloon to deflate.

Unit 5: Specific heat capacity (page 20)
1. a.   What the substance is; the amount of substance being heated; the 

temperature change that occurs.

b. Specific heat capacity of a substance is the amount of heat energy 
required to change the temperature of 1 kg of the substance by 1 °C.

c.  100 J kg–1 °C–1 means that 100 J of heat energy is required to change 
the temperature of 1 kg of a substance by 1 °C.

2. a.  For example: A substance with a high specific heat capacity takes 
longer to heat up. Or:  A substance with a high specific heat capacity 
requires large amounts of heat energy to change its temperature.

b. i. high   ii. short    iii. low

3. a.  For example: car radiators; hot-water bottles; as a coolant in 
refrigerators or air-conditioning systems

b. For example: in cooking utensils; in building materials; for heat 
storage devices such as clay ovens

4. An object with a high specific heat capacity requires a large amount 
of heat energy to change its temperature. This is because specific 
heat capacity tells us how much heat energy is required to change the 
temperature of 1 kg of a substance by 1 °C; therefore if the amount is 
large it means a lot of energy is needed.

5. Sand has a lower specific heat capacity than water; therefore sand 
increases in temperature more, for the same amount of heat energy 
absorbed, than water does.

6. The cooking oil would reach a higher temperature than the water in one 
minute because oil has a lower specific heat capacity than water and will 
therefore increase in temperature more in the same amount of time.

7. Order: lead (highest), copper, iron, aluminium (lowest)

 Explanation: Lead has a very low specific heat capacity (130 J kg–1 °C–1) 
compared with the other three metals, so it will increase in temperature 
far more quickly than the others, because it needs less heat energy 
to increase its temperature. Aluminium has the highest specific heat 
capacity of the four metals (900 J kg–1 °C–1) and therefore will reach 
the lowest temperature of the four metals, because it needs more heat 
energy to change its temperature.

Unit 6: Phase changes and latent heat (page 23)
1. a.  A phase change takes place when matter changes from one state to 

another.

b.  i. melting   ii. condensation  iii. sublimation 

c. i. heat added  ii. heat removed  iii. heat added 

2. a.  For example: The latent heat of a substance is the amount of heat 
energy required to change the state of 1 kg of a substance.

b. Possible examples are steam burns; storing fish/meat in ice; perfume or 
aftershave feeling cold; using sprinklers to prevent frost damage on 
grapes/stone fruit; feeling cold when you get out of the shower or pool. 

3. When water evaporates the water changes into water vapour. The 
particles in the water (liquid) must move more quickly and move further 
apart in order for water to change to water vapour (gas).  

4. The temperature does not increase during the first two minutes because 
during this time the heat energy is being used to cause the change of 
state rather than to increase the temperature. The heat energy causes 
the particles to vibrate more and move further apart, changing the ice to 
water.

5. Sweat is a liquid. When the liquid is on your skin, it absorbs heat from 
your body to cause it to evaporate. As the liquid absorbs your body heat, 
you feel cooler.

6. Ice has a high latent heat, so it absorbs large amounts of heat from its 
surroundings to melt. When food is stored around ice, the ice absorbs 
heat energy from the food, reducing the temperature of the food, 
whereas if food is stored in a cardboard box it will absorb heat from the 
surroundings.

7. When the water lands on the cow it absorbs heat energy from the cow’s 
skin, causing the water to evaporate. The loss of heat energy from their 
skin cools the cows.

8.  Across: 6. condensation; 7. latent; 8. sublimation; 9. freezing

 Down: 1. phase; 2. melting; 3. gas; 4. boiling; 5. energy; 8. same
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