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SECTION 4
Background to the water
quality tests
There are a number of water quality parameters that can provide information
about the health of your waterway. Understanding these parameters and how
they affect aquatic ecosystems is important if monitoring is to lead to actions to
protect aquatic ecosystems.
This section provides detailed background information on all the tests performed
as part of the Waterwatch program – what they measure and why they are
important in the context of healthy waterways.
Included in this section:
4.1
Water quality testing
4.2
Temperature
4.3
pH
4.4
Electrical conductivity (salinity)
4.5
Turbidity
4.6
Rate of ﬂow
4.7
Available phosphate
4.8
Dissolved oxygen
4.9
Faecal coliforms and E. coli
Section 4 of the Waterwatch Field Manual contains detailed procedure
sheets for all the water quality tests described in this section.
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4.1 Water quality testing
Why test water quality?
Water quality is the ‘suitability’ of water for particular purposes.
Human activities can have a major effect on water quality.
There are two aspects to think about when testing water quality: the usefulness of
water for human use, and the impact that changes in water quality have on plants
and animals living in the aquatic environment.
When the quality of the water declines, it is said to be polluted.
Pollution can occur directly, such as by wastewater disposal or urban stormwater.
This is called point source pollution. Pollution can also occur indirectly from
runoff from agricultural land or by the removal of native vegetation leading to
increased erosion.
Water quality tests will give an indication of the health of the waterway. It is
important to know what the problem is in order to fix it up!
By testing water over a period of time the changes in water quality can be noted.
It is important to record changes in water quality so something can be done to
reduce the problem.
Waterwatch provides the tools and methods that allow the community and
schools to conduct investigations at their local creek or river and to report any
changes.
Monitoring water quality promotes an interest in and awareness of environmental
issues, while collecting quality assured community data. The Waterwatch program
complements environmental education components of Science, Agriculture and
Geography within schools.
 he Waterwatch Curriculum Links booklet outlines how student
T
participation in Waterwatch can be linked to curriculum outcomes.
The booklet is available from your Waterwatch Coordinator or can be
downloaded from the Waterwatch website: www.waterwatch.nsw.gov.au.
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Water quality in catchments
Issue

Caused by

Consequences

Nutrients and
eutrophication

Nutrients in runoff
Treated sewage discharge
Fertilisers
Low stream flow

Algal blooms – death of aquatic organisms
Eutrophication
Low oxygen

Turbidity

Erosion
Sediment runoff
Chemicals and organic matter

Poor water clarity
Death of aquatic organisms (including fish)
Channel obstructions

Salinity

Land clearing
Increased application of water
Overuse of water
Reduced stream flow
Underlying geology

Reduced agricultural output
Damage to infrastructure
Poor drinking water
Death of aquatic organisms
Reduced biodiversity

Faecal coliforms

Sewer overflows and leakage
Stormwater runoff

Unsuitability for recreation
Unsuitability for drinking

Acid sulfate soils

Poor construction practices in low-lying
coastal areas
Wetting and drying of inland wetlands

Death of aquatic organisms
Damage to infrastructure

Thermal pollution

Discharges from dams and other large
water storages
Industrial discharges
Concrete channels

Death of aquatic organisms
Reduced biodiversity

Source: NSW State of the Environment 2000, NSW Environment Protection Authority.

The tests
The tests conducted as part of the Waterwatch program include:
•

temperature

•

electrical conductivity (salinity)

•

pH

•

turbidity

•

rate of flow

•

available phosphate

•

dissolved oxygen

•

faecal coliforms or E. coli.

These tests have been selected because:
•

they can be conducted in the field

•

the results will be very accurate as long as the procedures are accurately
followed

•

they inform us about important catchment issues

•

they develop an understanding of water quality and how the interaction of
land and water affects water quality results.
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4.2 Temperature
What is temperature?
Temperature is a measure of heat and cold. Temperature is measured in
degrees Celsius (°C).

Why is it important?
The main effect of water temperature on the environment is related to oxygen in
the water. The amount of oxygen that water can hold decreases as the temperature
of the water increases. So if water gets too hot there is less available oxygen for
living things to extract, for example, aquatic animals that need oxygen to breathe.
Temperature also affects the metabolic rate of aquatic animals, rates of
development, breeding cycles, mobility, migration patterns and the sensitivity
of organisms to toxins, parasites and disease. Life cycles of many organisms are
related to temperature. Organisms can tolerate slow changes in temperature, but
thermal stress can occur where the temperature changes more than 1 or 2oC in
24 hours.

Things which affect water temperature
Temperature is directly affected by:
• depth of water
• flow rate
• season
• time of day.
Other influences on temperature include:
• air temperature
• altitude – high altitudes are colder
• the amount of sunlight and shade
• surrounding vegetation – provides shade and traps sediment
• turbidity – high turbidity warms the water and smothers aquatic plants
and habitat
• stormwater and urban runoff from hard surfaces such as streets and footpaths
• cold water releases from dams.
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Protecting waterways
Cool to moderate water temperatures increase oxygen levels, which promotes
healthy ecosystems. Protecting the plants that grow on the stream banks (riparian
plants), or replanting where they have been removed, will help our waterways to
stay cool and healthy.
The lowering of water temperature through cold water releases from dams can
delay summer peak temperatures by up to 10 weeks, the rapid temperature
rise in spring is eliminated, and the annual range of maximum and minimum
temperatures is much smaller. This has very big impacts on breeding patterns
for fish and other animals living in water. Keeping the right temperature balance
means maintaining natural patterns of water flow and vegetation as much as
possible.
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4.3 pH
What is pH?
pH is a measure of the acidity or alkalinity of a substance. The pH scale ranges
from 0 to 14, 7 is classed as neutral, 0 to less than 7 is acidic and greater than
7 to 14 is alkaline or basic. Rainwater usually has a pH value between 5.5 and 6.0.
Natural sea water has a pH of 8.2. A pH range of 6.5 to 8.2 is best for most fish and
other freshwater aquatic organisms.

pH
Neutral
0

Acid

<6.5 poor

7

6.5–8 healthy

Alkaline

14

>8 poor

Note: Sudden changes in pH are undesirable and may cause a loss of native plants
and animals.

Why is it important?
The best pH level for most organisms in Australian freshwater waterways is pH
6.5 to pH 8.2. Changes in pH outside this normal range can cause a reduction in
species diversity, with many of the more sensitive species disappearing.

Things which affect pH
Natural factors – pH will vary depending on the geology of the area.
Water flowing through limestone country will be alkaline but in basalt and
sandstone country the water will be slightly acidic. Water from a forested
catchment will be slightly acidic after draining through the leaf litter.
Human activity – Industrial runoff and sewage may affect the pH of water.
Chemicals on road surfaces washing into the water after rain can affect pH. The
application of lime to agricultural land may raise the pH if washed into waterways,
while fertilisers may lower it.

B A C K G R O U N D T O T H E W AT E R Q U A L I T Y T E S T S    4 – 7

Daily changes – pH will rise (become more alkaline) during the day due to plant
photosynthesis. During the night, pH may fall.
Chemical changes in the water – When carbon dioxide is removed from the
water pH increases, and when carbon dioxide is added, pH decreases. pH can also
change if polluting chemicals are added to the water.

How acid affects waterways
Water with a pH of less than 5.5 may cause the release of heavy metals trapped
in sediments. Fish and other aquatic species may suffer skin irritations, tumours,
ulcers and impaired gill functioning. People may get irritated skin or eyes in
affected water.

How alkalinity affects waterways
If the water is too alkaline, fish and other aquatic species may suffer skin
irritations, tumours, ulcers and impaired gill functioning. People may suffer skin
or eye irritations in affected water.

pH of some common substances
The approximate pH reading for each of these substances is:
Acid

Neutral

Basic or alkaline

Hydrochloric acid 0

Blood 7.4

Vinegar 2.2

Baking soda 8.3

Orange juice 4.4

Ammonia 11

Rainwater 5.8

Lime (calcium hydroxide) 12.4

Milk 6.6

Bleach 12.9
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4.4 Electrical conductivity (salinity)
What is salinity?
Salinity is the presence of salt in the landscape, in soil or rocks, or dissolved in
water or groundwater. The most common salts include not only sodium chloride
(table salt), but also the chlorides of calcium, magnesium, potassium and the
bicarbonates and sulfates of these.

Why is it important?
Salt is present naturally in our land and water, but human changes due to land use
have mobilised natural salt, concentrating it in certain areas of land and water,
where it causes major economic and environmental problems.
Salinity is measured by electrical conductivity (EC). Salts conduct electricity,
so electrical conductivity can be used to estimate the amount of salt in a water
sample or soil/water solution. EC readings increase as salinity levels increase. EC is
recorded in microsiemens per centimetre (µS/cm) or millisiemens per centimetre
(mS/cm).

Causes and consequences of increased salinity
Increases in salt in the landscape can be caused by:
•

erosion of rocks containing salts

•

salty groundwater storage (aquifers)

•

cyclic salt – salt deposited over millions of years from the atmosphere,
including salt from soil particles

•

rainfall

•

runoff from urban and agricultural land

•

discharges from industrial areas and sewage treatment plants (STPs).

Salts can be stored in soil or water. Human activities that change the natural
balance can move more salts into waterways. This can be caused by:
•

removing perennial native plants (trees, shrubs and grasses)

•

poor irrigation practices that use too much water

•

saline groundwater seepage into creeks and rivers

•

industrial and sewage effluent

•

agricultural runoff

•

urban development in saline areas.

Increased salinity can have a range of environmental consequences:
•

salt scalds, causing areas that are bare or have only salt-tolerant species

•

inability to use saline waters for irrigation, drinking, industry, etc.

•

dieback of trees and other vegetation

•

changes to the number and diversity of living things in waterways

•

damage to roads, building foundations and other infrastructure

•

high water treatment costs.
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Salinity levels
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SALINITY LEVELS

550,000 - Dead Sea
58,000 - Pacific Ocean
23,000 - Maximum for
drinking water for sheep
16,500 - Maximum for
drinking water for beef cattle

11,000 - Maximum for drinking water
for lambs, weaners and breeders ewes
10,000 - Maximum for drinking
water for horses

7,500 - Maximum for drinking water for pigs
5,800 - Maximum for drinking water
for milking cows and poultry

2,500 - Maximum for drinking water for humans
1,600 - Maximum for hot water systems
400 - Tap water
66 - Rain water
0 - Deionised water

Source: Ribbons of blue: in and out of the classroom, WA Dept of Education and Training.
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4.5 Turbidity
What is turbidity?
Turbidity is the cloudiness or muddiness of water. Particles of clay, silt, sand, algae,
plankton and other substances increase turbidity.
‘Blackwater’ is discolouration due to natural dyes in wetland/aquatic plants or
caused by leaf litter as it breaks down. Blackwater also increases turbidity.

Why is it important?
Increased turbidity can affect:
• how much light can penetrate the water, reducing plant growth and oxygen
production
• breeding and survival of fish and other aquatic animals
• water temperature, because sediments absorb more sunlight, raising the
temperature
• oxygen levels, which decrease as water temperature rises
• visual clarity of water.

Causes and consequences of increased turbidity
Some waterways are naturally turbid, e.g. in clay soil areas; however, many human
activities increase turbidity to unnatural levels:
• agriculture
• animals accessing water ways, particularly livestock, leading to erosion
• removal of vegetation along stream banks
• stormwater and other urban runoff
• sewage treatment plants (STPs)
• building sites not using sediment and erosion control
• land-use changes in catchments
• industrial discharges.
When the turbidity of waterways increases beyond natural levels, the
consequences may include:
• reduced light penetration leading to reduced growth of aquatic plants
• clogged fish gills
• suffocation of aquatic plants
• siltation of stream beds leading to the loss of breeding habitat
• death of water bugs or disruption to breeding cycles
• increased temperature and reduced oxygen
• reduced long-term biodiversity.
 ug fact: Many water bugs are filter feeders. This means they filter food particles out of the water
B
with special feeding mechanisms. When these are blocked by sediment, the numbers of these
species will decline. For example, water boatmen have siphon mouthparts (sucking tubes) that
clog up in turbid water, affecting the behaviour of the boatmen. If turbid water is replaced with
fresh, clear water, the boatmen resume their normal behaviour.
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4.6 Rate of flow
What is the rate of flow?
Flow is the volume of water passing a particular point in a stream at any given
time. Flow rates affect water temperature, dissolved oxygen, turbidity, salinity and
the concentrations of pollution levels.

Why is it important?
Stream flow will vary due to the natural variability of rainfall. However, more
permanent changes have occurred due to human modifications to the water cycle,
such as the construction of dams, weirs and other channel obstructions. These
obstructions even out the natural high and low flows to which many ecosystems
have adapted, especially wetlands.
The best water quality usually occurs under conditions where there is sufficient
flow to ensure:
• good oxygenation of the water
• dilution and flushing of pollutants
• limits to the build-up of algae.
High flows after heavy rain can also cause problems such as erosion and turbidity,
especially in heavily developed areas with hard surfaces.

Consequences of changes in rates of flow
Low flows
Low flow rates can lead to:
• low oxygen levels
• reduced flushing of pollutants that build up over time
• increased salinity
• larger temperature variations, placing stress on aquatic life
• increased algal growth.

High flows
High flows due to heavy rainfall or releases of water from dams can result in:
• increased sediment load
• increased turbidity
• increased nutrients
• reduced salt concentrations
• increased salt loads.
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Flows in estuaries
In estuaries tidal movements almost totally dominate flow patterns, except in
periods of flooding. This affects the movement of litter and sediment, and the
movement of discharges from stormwater pipes and sewerage systems. It is usually
the practice to monitor water quality on the ebb tide (going out).

Consequences for macroinvertebrates
The diversity and types of macroinvertebrates will vary with flow. Some are
tolerant of low oxygen levels and prefer still pools, e.g. bloodworms, yabbies.
However, many bugs are adapted to resist currents. Many have streamlined bodies
and can swim fast or grip with claws, e.g. damselfly nymphs, dragonfly nymphs,
beetles, mayfly nymphs, stonefly nymphs, snails and water boatmen.
Other water bugs have no mechanism to resist currents and may be washed away
during high flows, e.g. mosquito larvae, water scorpions, lesser water striders.
Water striders are able to hop upstream on the water’s surface during periods of
high flow because of pads on the ends of their legs.
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4.7 Available phosphate
What is phosphate?
Phosphorus (P) is a nutrient essential to the growth of plants and animals.
Waterwatch measures available phosphate (PO4 ).
Total phosphate is a measurement of all forms of phosphate compounds in
a sample: orthophosphate (or available phosphate), condensed phosphates and
organically bound phosphates.
Available phosphate is a measurement of the phosphate compounds that are
soluble in water and therefore available to be absorbed by plants.

Why test phosphate?
The concentrations of phosphorus in Australian soils and water are naturally low.
Native vegetation (both aquatic and terrestrial) has adapted to these low levels. In
contrast, many introduced plants and weeds are adapted to the higher phosphorus
levels of the Northern Hemisphere.
Phosphorus is derived from the weathering of rocks and the decomposition of
organic material. It occurs as phosphate compounds. These compounds limit and
control the rate and the abundance of plant growth.
Consequences of high phosphate levels are:
• an overabundance of algae and aquatic weeds, e.g. blue-green algal blooms
• waterways choked with vegetation resulting in reduced penetration of light
• increased biological oxygen demand
• reduced dissolved oxygen which can lead to fish kills
• reduced animal and plant diversity (exotic species are favoured, to the
detriment of native species)
• eutrophication.
Sources of phosphate compounds in a waterway may be:
• sediment from erosion
• manure from feedlots, dairies and pet droppings
• sewage
• phosphate-based detergents
• decaying plant material
• fertilisers, e.g. superphosphate
• industrial waste.

Phosphate and algal blooms
Favourable conditions for algal blooms occur when there are high levels of
nutrients including phosphate. Blue-green algal blooms lead to a decrease in
dissolved oxygen at night, increases in pH and turbidity, the production of toxins
and unpleasant odours, and the reduction in biodiversity. The toxins can cause
the death of stock and are dangerous to humans.
When an algal bloom dies off and decays, dissolved oxygen in the water is
consumed by decomposers. This sudden loss of oxygen in the water can cause a
fish kill.
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4.8 Dissolved oxygen
What is dissolved oxygen?
Dissolved oxygen (DO) is the volume of oxygen that is contained in water.

Why is it important?
Dissolved oxygen is vital for the survival
of fish, aquatic invertebrates and
amphibians. Dissolved oxygen levels
in waterways depend on the physical,
chemical and biochemical activities that
are occurring in the water body.

Aquatic Plant Photosynthesis & Respiration

Oxygen enters the water:
• as a waste product from the
photosynthesis of aquatic plants
and algae
• via the transfer of oxygen across
the water surface
• through wave action, waterfalls
and riffles.
Oxygen is lost from water when:
• water temperature rises
• salinity increases
• plants and animals increase respiration
• micro-organisms are feeding on
decaying organic matter (e.g. sewage,
leaf litter).

Day

Carbon
Dioxide

pH
Photosynthesis
& Respiration
Source: The Pond Water Kit, LaMotte Company.

Prolonged exposure to low dissolved oxygen levels (<5 – 6 mg/L) may
not directly kill an organism but will increase its susceptibility to other
environmental stresses.
Exposure to very low dissolved oxygen levels (<2 mg/L) will kill aquatic life and
only the air-breathing organisms will remain.
If still water undergoes less internal mixing, the upper layer of oxygen-rich water
tends to stay at the surface, resulting in lower dissolved oxygen levels throughout
the rest of the water levels.

Daily variations in oxygen
•
•

DO levels are highest in the afternoon as plants photosynthesise during
the day.
DO levels are lowest just before dawn as oxygen is used for respiration by
aquatic plants and animals through the night.

Night

Carbon
Dioxide

pH
Respiration Only
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4.9 Faecal coliforms and E. coli
What are faecal coliforms, including E. coli ?
Faecal coliforms are bacteria that are found in the intestinal tract of warm-blooded
animals. E. coli is the primary bacterium and this makes it a good indicator of
faecal contamination.
E. coli is the abbreviated name of the bacterium Escherichia (genus) coli (species)
and is in the family Enterobacteriaceae.
The relationship between E. coli and other thermo-tolerant coliforms is shown in
the diagram below.

All bacteria

obacteriaceae
Enter
Total coliforms
mo-toler
Ther liforms ant
co

E. coli

Diagram courtesy of Waterwatch Tasmania.

Why test faecal bacteria?
Faecal coliforms are used as an indicator in assessing the level of risk to
human health.
The presence of faecal coliforms and E. coli in freshwater environments may be
due to wastewater contamination, runoff from agriculture, waterbird and livestock
defecation and stormwater contamination.

4 –16    S E N I O R W AT E R W AT C H T E A C H E R S ’ G U I D E

How do faecal coliforms enter streams?
Faecal coliforms, including E. coli, can enter streams via:
• sewer and septic systems
• feedlot and dairy runoff, i.e. from intensive farming
• runoff from broad acre farming
• stormwater carrying dog and cat droppings
• waterfowl and livestock defecating directly into the water.

Faecal coliform limits for primary and
secondary contact
Primary contact refers to activities where you are completely immersed in
water – swimming, diving or surfing. The level of faecal coliforms should not
exceed 150 faecal coliforms per 100 mL.

Secondary contact refers to activities where you come into contact with water
but are not completely immersed in it – boating and fishing. The level of faecal
coliforms should not exceed 1000 faecal coliforms per 100 mL.
No contact should be made with water containing more than 1000 faecal
coliforms per 100 mL, as serious illness may result.

