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There is a wide variety of water quality problems which
can affect our streams. However, only those that affect
stream ecology are of concern to us in this manual, thus
leaving out of consideration parameters important for
drinking water, such as faecal coliforms, taste and odour.
There are six ecologically important categories of water
quality problem:

1. turbidity and fine sediments, that will restrict the area
where photosynthesis can occur, clog the gills and guts
of animals, and smother the stream bed;

2. nutrients that, under certain environmental conditions,
will lead to nuisance plant growth, and in extreme
cases eutrophication;

3. low dissolved oxygen that will cause the suffocation of
stream organisms;

4. high and low temperature that will affect dissolved
oxygen levels and the metabolism of stream fauna;

5. salinity that can have toxic effects on stream
organisms, and also reduces dissolved oxygen
concentrations; and

6. toxicants, a large group of toxic materials that includes
heavy metals, oils, pesticides and herbicides, and a
large variety of naturally occurring and synthetic
chemicals used in fuels, manufacturing, and just about
anything else one can think of.

WATER QUALITY: AN INTRODUCTION

Every water quality problem shares some common
attributes.

1.1. The natural concentrations were variable and
are now difficult to determine

Except for the synthetic toxicants, all of these forms of
water pollution did exist naturally, although usually not to
the extent now seen. Lowland rivers have probably always
had higher turbidity and nutrient levels and temperatures
than mountain streams. Terminal river systems, such as in
the Wimmera River in Victoria’s west, are naturally saline.
Such lowland streams, with warmer, more saline waters,
would always have had lower oxygen levels than cold,
turbulent mountain streams. Even heavy metals are found
naturally (in very small concentrations) in some streams,
because of their presence in the local rock. It is clear that
the natural levels of these water quality parameters varied
from place to place, depending on geology, soils, climate
and topography. Unfortunately, but not surprisingly, no one
took too much notice of the natural levels during

European settlement, unless the quality was noticeably
bad. For example, Sturt commented on the salinity of the
Darling River in 1829 because the water was too salty for
him or his stock to drink (ANZECC, 1992a).

Why do the natural levels of these water quality parameters
matter? The purpose of this manual is to help rehabilitate
streams; that is, to return them to their natural state. If a
stream was naturally saline, turbid, and had high nutrient
loads, then these are not problems in terms of rehabilitation.
Indeed, they represent a distinct habitat, often with a
correspondingly distinct flora and fauna that should be
preserved.Also, it is unlikely that we would have any success
in ‘improving’ such problems beyond their natural condition.
So, the guidelines for water quality should reflect the
geographical variation in natural conditions.
Unfortunately, in most cases the natural conditions are not
known, and much historical, chemical and biological
detective work is required to work out what they might have
been. This means that almost all water quality guidelines are
either not always appropriate, or given as a range of
concentrations that are far too generalised to be very useful.

1. Common attributes of water quality problems

Please note:

That by mid-2000 a new version of the “Australian Water
Quality Guidelines for Fresh and Marine Systems “ is to be
published by the Australia and New Zealand Environment and
Conservation Council.These comprehensive guidelines will
probably supersede the following sections.
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There are two possible approaches to narrowing this range to
make it more specific to your stream.You should consider
the potential effect of geology, soils, climate and topography,
in combination with searching for historical records of water
quality.A complementary approach would be to consider any
historical records of plants or animals once found in the
stream. The tolerances of these species (where these are
known) will be indicative of the natural water quality (see
Biological site assessment in Natural channel design, this
Volume).

1.2. The concentrations of pollutants vary with
flow

Stream flow is a major determinant of the concentration of
pollutants. High flows will dilute some, while others
become more concentrated.

Dilution occurs for pollutants that are delivered to the
stream at a steady rate. For example, salts often enter
saline streams directly from salty groundwater. The rate at
which this occurs is not affected by a single flood.
However, because of the larger volume of fresh water, the
saline groundwater is diluted, and the salt concentration in
the stream will drop. A similar situation would occur
where there is a constant discharge of industrial
wastewater.

By contrast, some pollutants, such as turbidity and
nutrients, will become more concentrated during high
flows. There are two reasons for this. Firstly, these
pollutants are delivered to the stream chiefly by run-off,
which increases during rain. Another example is the mix
of toxicants that are washed off urban roads, houses and
gardens in the first hour of a storm. Secondly, during high
flows there is sufficient stream power to erode and
transport sediment in the channel. This combination of
factors results in high concentrations of these pollutants,
often peaking before the flood itself peaks. A general rule-
of-thumb is that 90% of sediment is transported in only
10% of the flow.

The variation in concentration with flow has serious
implications for water quality monitoring. Large
proportions of some pollutants are carried in peak flood
events, which are difficult to monitor—they have
unpredictable timing, and require multiple measurements
through the flood hydrograph as there is not a predictable
relationship between concentration of pollutants and flow.

1.3. The effects of pollution are not always 
well known

There has been relatively little research on the effects of
pollutants on the Australian aquatic biota. Mostly, the
guidelines are derived from northern hemisphere data.
While this may result in suitable guidelines for Australian
conditions, this will not always be the case. Trout, for
example, are more tolerant of cold water and more
sensitive to high temperatures than many native fish
species. Temperature guidelines based on this fish would
be inappropriate.

Mostly, water quality guidelines are based on the level of
pollution that causes death in an organism. However, long-
term exposure to lower levels of a pollutant may cause
stress, resulting in lower rates of growth and development,
which may flow through to lower reproductive success. Over
generations, this can lead to the local extinction of a species.

If there is considerable variation in natural water quality,
and in many cases we are uncertain of the effects of the
water quality on stream plants and animals, how will you
know if water quality is a problem in your stream? In the
following chapters, we present ÔThresholds of concernÕ
for our six water quality problems. These are the levels at
which the pollutants in question are likely to become a
serious worry.

1.4. Options for biological monitoring

One way of getting around the problems of water quality
monitoring is through biological indicators. This involves
examining the species of plants or animals present in the
stream. Possible water quality problems will be indicated
by the sensitivity of species that are absent, and the
tolerances of species that are present.

There are several advantages to biological monitoring. To
an extent, it will bypass the issue of establishing accurate
thresholds of concern, because you are measuring the
biological effect directly, rather than relying on laboratory
studies of a few species to tell you what important
concentrations are. It also allows you to assess the
cumulative effect of pollutants in different flows. Moreover,
biological monitoring allows you to look for a large variety
of possible pollutants in one test. For more information on
this, see Biological site assessment in Natural channel
design, this volume.
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Large quantities of fine sediment in streams will affect the
stream biota in three ways. When travelling in the water
column, the suspended sediment has optical effects, in
that it creates muddiness or cloudiness that reflects or
absorbs light. This effect is known as turbidity. Fine
sediment also has physical effects. During high flows,
sediment can abrade and scour plants and animals. At
lower flows, material may be deposited, and can reduce
habitat in the stream bed by filling the gaps between larger
bed material, smothering benthic invertebrates, algae and
fish eggs in the process.

1.1. Natural state

There is little doubt that, before European disturbance of
catchments and channels, levels of turbidity and unstable
fine sediment in many of Australia’s streams would have
been much lower than present levels, particularly at base
flow. Flood events would naturally have been turbid,
though again possibly not to the extent of present day
floods. Australian rivers are generally thought to have high
natural turbidity, because of the naturally sparse
vegetation cover and high levels of fine clay in the readily
erodible soils (Kirk, 1985). It is assumed that aquatic
plants and animals have adapted to these levels. However,
the lack of historical data means it is unclear just how
turbid rivers would naturally be. Anecdotal evidence
suggests that the Brisbane River (Stock and Neller, 1990),
and even inland rivers such as the Lachlan and the
Murray, were ‘clear’ until the early part of this century.

For undisturbed rivers at base flows, suspended sediment
and turbidity levels are usually quite low, around 5 NTU
(Nephelometric Turbidity Units) or 2–5 mg/L (Parliament of
Victoria, 1994). During floods, fast-flowing streams are able
to carry a lot more sediment, which may be eroded from the
stream bed and banks, and also by the floodplain run-off.
However, in undisturbed streams the increases in turbidity
during floods are relatively small; in the order of 100 NTU in
the southern States (Parliament of Victoria, 1994).

1.2. How has it changed

A variety of land management practices has contributed to
increased levels of turbidity and sedimentation. In-
channel sources of fine material include channel erosion,
instream works such as bridge and dam construction, and
sand and gravel extraction. Out of channel sources include
run-off from tilled land and farm tracks, forestry tracks
and stream crossings in upland areas, and run-off from
urban areas and construction areas.

Extreme examples of the gross effects of accumulated
sediment can be found in some lowland streams in the
cane lands of far north Queensland. Bunn et al. (1997)
estimated that approximately 20,000 tonnes of inorganic
sediment had accumulated per kilometre of stream
channel in the exotic ‘Para’ grass in Bamboo Creek, near
Innisfail. Oxygen penetration was limited to a few
millimetres and few benthic invertebrates were recorded
by Bunn et al. (1997) in their study of the food web.

TURBIDITY AND FINE SEDIMENT
1. Introduction

2.1. Aquatic plants 

Aquatic plants include macrophytes and benthic and
planktonic algae. Benthic algae refers to the mixture of
algae, diatoms, bacteria and fungi which forms the
‘biofilm’ on submerged surfaces. This layer is the food
source for many macroinvertebrates.

Fine sediment:Benthic algae is susceptible to damage in

turbid environments by the scouring and abrading effect of
the mobile sediment during high flows. Deposition of the
suspended sediment is also a problem as it will smother
algal growth. Even when very little deposition occurs,
sediment can adhere to the biofilm and reduce its potential
as a food source. Emergent aquatic plants such as water
ribbons (Triglochinspp.) and cumbungi (Typhaspp.) are
less vulnerable to damage by high sediment loads, because
their photosynthetically active areas are above the water.

2. Biological impacts of 
turbidity and fine sediment 
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Turbidity:Turbidity also affects the growth and health of
benthic algae and submerged macrophytes. Again, the
emergent macrophytes are less susceptible to damage. The
decrease in light and heat transmitted through turbid
water, reduces the rate of photosynthesis and thus the
production of new algal material. Davies-Colley et al.
(1992), working in New Zealand, found an increase of
25 NTU in a previously clear stream resulted in a 50%
reduction in plant production, and levels as low as 7 NTU
(9 mg/L) could have a significant effect (Davies-Colley
et al.,1992; in Parliament of Victoria, 1994). In muddier
waters, when suspended solids reach 150 mg/L, almost no
light penetrates beyond 8 cm depth (US EPA, 1971; in
Garvin et al.,1979). The depth of light penetration limits
the depth at which algae, the primary producer, can grow.
In effect, low flow turbidity will limit the volume of stream
habitat that is actually available to the stream biota.

The effect of the nutrient loads commonly associated with
suspended sediment loads cannot be ignored. Though high
turbidity will reduce light penetration into water, and so
reduce plant productivity, in shallow water or in the upper
layer of stable water it can have a dramatically opposite
effect.Algal productivity which was previously limited by
low phosphorus and nitrogen levels can dramatically
increase (Grayson et al.,1996). This can lead to nuisance
growth of aquatic macrophytes, and also to eutrophication of
the stream or water body—an excess of algae smothering all
other life, and sometimes poisoning the water. It is thought
the 1000 km long blue-green algal bloom on the Darling
River in 1991 was largely a result of high nutrient loads.

2.2. Aquatic macroinvertebrates

Fine sediment:Density of macroinvertebrates has been
shown to decrease in response to increased fine sediment
levels. Invertebrates are affected by the decrease in quality of
a major food source, the benthic algae. Deposition of
sediment may smother individual invertebrates and their
eggs, and can decrease habitat diversity by filling spaces
between the stones and reducing dissolved oxygen in the
stream bed (Quinn et al.,1992). Sedimentation will also
decrease the area of clean surfaces available for those species
which require such conditions to attach themselves to the
stream bed. High levels of suspended sediment may also
damage the gills of all aquatic invertebrates, and the feeding
organs of filter feeders such as mussels or blackfly larvae.
Metzling et al.(1995) reviewed several studies on the effects
of sedimentation during dam construction in south-eastern
Australia. Over 40 genera of macroinvertebrates were found
to decrease in abundance downstream of construction sites.
A review of North American research by Newcombe and

MacDonald (1991) emphasised the importance of
considering the duration as well as the concentration of
suspended sediment. They reported lethal effects of
suspended sediment at levels as low as 8 mg/L (a short
exposure of 2.5 hours resulted in less than 20% mortality,
while prolonged exposure of 60 days resulted in up to 50%
mortality). In New Zealand, Quinn et al.(1992) reported that
turbidity increases of 7–154 NTU over several months
resulted in decreases in invertebrate density of 9–45%.

Turbidity:Turbidity appears to have little direct effect on
macroinvertebrates. The biggest impact is on the growth of
benthic algae, which is a major food source for many
macroinvertebrates.

2.3. Fish

High turbidity levels can cause stress in fish, reduce feeding
efficiency and growth rates, and increase disease (Koehn
and O’Connor, 1990). These reactions have been reported at
levels as low as 14 mg/L for one North American fish
species (coho salmon), though generally reactions are
noted when suspended sediment levels reach three figures
(Newcombe and MacDonald, 1991).Aside from the direct
effects outlined below, fish will also suffer a decrease in
food supply because of the effects on algae and invertebrate
densities. The European Inland Fisheries Advisory
Commission (1965) (in Garvin et al.,1979) suggested that
less than 25 mg/L suspended sediment would have no
harmful effect on fisheries, between 25 and 80 mg/L would
have only a moderate effect, while between 80 to 400 mg/L
would be ‘unlikely to support good fisheries’.

Fine sediment:Damage to gills has been reported after
exposure to over 1,500 mg/L (for rainbow trout, a
commercially valuable species in Australia), though fish
survived concentrations of 5,000–300,000 mg/L despite
damage to their gills (Slanina, 1962). One of the few
experiments done on Australian fish found 28, 38 and 60%
mortality in common galaxias in response to laboratory
exposure to 800, 1,700 and 3,600 mg/L, respectively 
(J. Koehn, unpublished data in Parliament of Victoria,
1994). Breeding also suffers when deposition occurs.
Sediment can smother fish eggs, and may prevent
spawning in species which require clean surfaces on which
to attach their eggs. Deposition can also reduce habitat
used by juveniles and species of small fish. The reduced
distribution of Macquarie perch, which deposits its eggs in
gravel, is thought to be related to sedimentation in streams
(Metzeling et al.,1995). Table 5 lists the native fish in
Victoria that are susceptible to egg damage by
sedimentation.
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Turbidity:The effects of turbidity on fish are not known,
but it is likely that significant turbidity would reduce the
hunting success of those carnivorous species which rely on
sight to catch their food.

2.4. Frogs

Frog eggs, like fish eggs, are prone to smothering by
deposition of sediment. Once hatched, tadpoles rely on
gills to extract oxygen from the water. Like fish and
macroinvertebrates, they are susceptible to damage under
extremely turbid conditions, as are the feeding organs of
those species which filter feed. Other species graze on
algae, and will thus suffer a reduction in food source as
lower light levels decrease algae productivity. Adult frogs
are less likely to be disadvantaged by high turbidity, as
they are largely terrestrial.

2.5. Reptiles

High levels of turbidity are unlikely to have a direct
adverse effect on reptiles (Parliament of Victoria, 1994).
However, species such as the long-necked tortoise and the
red-bellied black snake which rely on aquatic systems as a
food source may be affected by the decreases in frog and
fish numbers.

2.6. Birds

Turbidity will affect the hunting success of kingfishers,
which need to see their prey. Small rises in turbidity are
sufficient to shield fish from the gaze of searching
kingfishers. The azure kingfisher, which relies solely on
aquatic food sources would be particularly disadvantaged.

2.6. Platypus

Platypus hunt with their eyes, ears and nostrils shut,
relying on the sensitive skin and electroreceptors in the bill
to detect the macroinvertebrates which are their prey
(Grant, 1995). As such, their hunting ability should not be
directly affected by high turbidity levels. However, they
may be affected by the decreases in macroinvertebrate
density.

2.7. Water rats

Water rats do not depend solely on aquatic systems for
food, though much of their food does come from this
environment. As such, it is likely they are able to find
alternative food sources, at least during short term
turbidity events.

Species Conservation status 

Geotria australis (pouched lamprey) Potentially threatened 
Galaxias oldidus (mountain galaxias) Indeterminate 
Galaxias brevipinnis(climbing galaxias) Potentially threatened 
Galaxias rostratus(flat-headed galaxias) Indeterminate 
Retropinna semoni (Australian smelt) Common/widespread 
Protrocetes maraena(Australian grayling) Vulnerable 
Tandanus tandanus(freshwater catfish) Vulnerable 
Craterocephalus stercusmuscarum(freshwater hardyhead) Indeterminate 
Nannoperca australis(southern pygmy perch) Common/widespread 
Gobiomorphus coxii (CoxÕs gudgeon) Indeterminate 
Maccullochella peelii (Murray cod) Vulnerable 
Maccullochella macquariensis(trout cod) Endangered 
Arenigobius bifrenatus(bridled goby) Common/widespread 

Table 5.Native Victorian fish species which lay eggs on or amongst the stream bed and would be liable to smothering due to increased sediment
deposition.Source Metzelinget al.(1995),adapted from Koehn and Morison (1990).
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When considering the reasons for a lack of stream biota
(or perhaps an excess of algae), it is important to
remember turbidity is only one of many aspects of water
quality that could be responsible. High turbidity is often
correlated with the presence of other pollutants, such as
fertilisers, pesticides and heavy metals. This is partly
because these are often transported bound to sediment
particles. However, there may be more efficient ways of

tackling water quality problems than through turbidity
alone. In some cases, turbidity may not be high enough to
cause problems in itself, but the chemicals associated with
that turbidity can have major impacts on the stream. The
main sources of sediment may not be the main sources of
nutrients and toxic compounds. All aspects of water
quality should be considered when attempting to reinstate
the stream biota.

3. Other water quality issues

4.1. Field characteristics

Fine sediment:Suspended sediment refers to the load of
sediment carried in suspension in the water rather than
moving on the bed of the stream. Without actually
measuring this sediment, it is not easy to judge how much
is present. The turbidity of water is an unreliable guide to
the amount of suspended sediment present, as different
sized particles have different optical effects. Fine sand in
suspension will have a less muddy appearance than a
much smaller quantity of clay.

After high flows, the coarser portion of suspended
sediment will settle on the stream bed, where it will
smother invertebrates and algae. From here it can be
resuspended in subsequent high flows. It can be difficult to
tell if such deposition is occurring on a stream bed, as
some fine material is naturally present in most systems.
However, if silt or mud is blanketing the stream bed or
totally filling spaces beneath gravel and cobbles, it is likely
there is a problem.

Turbidity:While suspended, the turbidity effect of fine
sediment is easily recognisable as cloudy or muddy water.
At low levels, variation in turbidity can be detected by eye,
but it is important to be aware that the depth you look
through will influence how turbid the water seems to be.
Purely visual surveys of turbidity are not accurate.

4.2. Measurement techniques

Fine sediment: Ignoring the more complex issues of
suspended sediment distribution through the stream,
measurement is a simple matter of taking a water sample
of known volume, and filtering, drying and weighing the
sediment. The results are expressed as milligrams of
sediment per litre of water (mg/L).

Turbidity:Turbidity is a measure of how the suspended
sediment affects visibility. Turbidity is measured by the
amount of light reflected or absorbed as it passes through
the water (usually in NTU—Nephelometric Turbidity
Units).

Table 6 gives some idea of how turbidity and suspended
sediment levels relate to the water you see around you.

4. How do you recognise turbidity 
and fine sediment? 
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A big issue with measurement of turbidity and suspended
sediment is the great variability in concentrations observed
at different flows. By far the highest turbidity, and greatest
quantity of suspended sediment is transported during
peak flows (about 90% of the sediment is transported in
less than 10% of the time in most streams). This poses
several problems. Firstly, do you attempt to take
measurements during high flows, and secondly, which
flows will actually cause problems for the stream biota? The
impact of fine sediment and turbidity on stream biota
depends on the duration as well as the intensity.As far as
turbidity is concerned, it may well be the extended low flow
levels that are critical; thus, this is probably what should be
measured. Conversely, the scouring effects of fine
sediments occur at high flows, and the smothering effects
are probably greatest just after periods of high flow.

Where turbidity is caused by organic rather than inorganic
solids, such as downstream of a sewage farm or a wood-
pulping plant, decomposition of the organics can
dramatically lower the dissolved oxygen and suffocate the
stream biota. Inorganic turbidity composed of metal
particulates can have toxic effects beyond those of
biologically inactive sediment. The following comments
relate to inactive inorganic sediment, though they may also
be applicable to organic and toxic sediment.

NTU mg/L 

5 NK Maximum turbidity for drinking water (just visible in a glass of water) (NHMRC Environmental Health Committee,1994).

5 2Ð5 Natural levels for Victorian highland streams at base flow (Parliament of Victoria,1994).

5.3 10 Yarra River at Launching Place,Victoria (well before it reaches Melbourne) (unpublished EPA data in Parliament of Victoria (1994)).

32 50 Yarra River at the Chandler Highway,in Melbourne,Victoria (unpublished EPA data in Parliament of Victoria (1994)).

1 NK Mitchell River,Queensland,normal background levels (Frankcombe and Whitfield (1992);in Parliament of Victoria (1994)).

70Ð80 NK Mitchell River,Queensland,in times of flood (Frankcombe and Whitfield (1992);in Parliament of Victoria (1994)).

NK 705 Mean during a flood (recurrence 1 in 2) on the Annan River,northern Queensland (Hart and McKelvie,1986).

NK 12 Mean during low flows on the Annan River,northern Queensland (Hart and McKelvie,1986).

NK 40 Murray River at low flow (Ian Rutherfurd,personal communication).

NK 300 Murray River at high flow (Ian Rutherfurd,personal communication).

NK 3000 The Queen River,Tasmania (Locher,1996).

The impact of a turbidity event depends on its intensity and
the duration (Newcombe and MacDonald, 1991).Thus, long-
term low levels of suspended sediment can have effects on the
stream biota as profound as much higher levels lasting only a
short time.

As mentioned above, the great difficulty in measuring
turbidity and suspended sediment is the huge variation in
concentrations depending on flow.The same can be said for
setting reasonable guidelines for turbidity.Even in the best
systems, an extreme flood could be accompanied by extreme
turbidity.The best way to get around this problem is to look at
the frequency distribution of turbidity levels.For example,
the Victorian EPA (EPA State Environment Policy in

Parliament of Victoria, 1994) requires suspended sediment to
be below 80 mg/L for 90% of the time.The Index of Stream
Condition (DNRE, 1997a) uses a similar system, examining
turbidity in terms of the median value (that is, at this point,
50% of the readings fall above the median, and 50% fall
below).This system does require regular monitoring in order
to get an appreciation of the range of values.Table 7 rates
various turbidity levels for Victorian streams.

5. At what stage does turbidity and fine 
sediment become a problem? 

Table 6.Examples of levels of turbidity or suspended sediment concentration (mg/L) seen in water in Australian streams (NTU =Nephelometric Turbidity Units;
NK = data not known).
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It is beyond the scope of this manual to provide
information on controlling erosion and suspended
sediment. There are detailed guides that assist with the
three approaches to managing turbidity: (a) reducing the
erosion at its source; (b) trapping the sediment before it
reaches the stream; and (c) trapping the sediment in the
stream. The most effective of these techniques is the first:
reducing the erosion rate. The finer sediment is, the less
effective sediment traps become, so dams, detention
basins and buffer strips are a second-best option for
managing sediment.

Reducing the erosion of sediment relies on identifying
where this erosion is occurring. There are many studies
that identify sediment sources and sinks (eg. Erskine and
Saynor, 1995), but most stream managers cannot afford to
do complex isotope tracing or sediment budget studies, or
measure large numbers of suspended sediment
concentrations. We would suggest that a good start for
stream managers (especially in small catchments) is to
hunt for turbidity sources themselves.

Turbidity cannot be accurately estimated by eye, because it
appears to increase with depth, when in fact the
suspended sediment concentration does not change.
Therefore, when hunting for turbidity sources, it is
important to use a turbidity meter. Take measurements of
turbidity throughout your stream network, perhaps
running down the trunk stream first. Divide the stream
into segments, based on tributary inputs and obvious
land-use boundaries. Sediment sources may vary,
depending on flow, so complete this survey at both high
and low flows. During low flows, the survey can be

completed over several days. However, during high flows,
the turbidity levels will change with the flow. For this
reason, a high flow turbidity survey should follow the flood
peak downstream. In such surveys, it is not unusual to find
that a single road crossing is the major source of turbidity
in a small catchment, as shown in Figure 13.

If you have identified a discrete sediment source such as a
gully, an eroding stream bank, a road culvert, or even a
particular type of land use in the catchment, then there is
a range of techniques available for you to manage the
erosion, such as revegetation, check banks, buffer strips,
and so on. A huge amount of information is available on
managing such point sources of erosion. We stress here
that the main problem is often identifying a source that
can be managed, not managing the sediment.

The most difficult problem is managing sediment from
diffuse general sources. Riparian vegetation may be a very

Mountain Valley Floodplain Rating 

<5 <10 <15 Ideal 
<7.5 <12.5 <17.5 Close to ideal 
<10 <15 <20 Moderately different from ideal 
<12.5 <22.5 <30 Substantially different from ideal 
>12.5 >22.5 >30 Far from ideal 

6. Possible treatments of turbidity

Figure 13.A plume of sediment entering a stream from a road crossing
in the headwaters of the Mary River,Queensland.

Table 7.Guidelines for median turbidity levels (NTU).From the Office of the Chief Commissioner for the Environment cited in DNRE,(1997a).Note that these
values are applicable only to streams in the south-east of Australia.
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useful buffer, but this relies on run-off being filtered
through grass, leaf litter and soil. Often water will flow
through a buffer strip in small channels, and this will
dramatically reduce the effectiveness of the buffer strip.
Thus, wholesale riparian revegetation is not necessarily a
panacea for high turbidity levels. The Riparian Zone
Guidelines, published by LWRRDC, provide information
on buffer strips (see www.rivers.gov.au).

Key points about
turbidity
• Turbidity and fine sediment can damage organisms.

• Australian streams have very variable turbidity levels. Some
streams have naturally high turbidity.

• When monitoring, you need to distinguish between high
and low-flow turbidity.

• Is your problem high or low-flow turbidity? Each could
have a different source.

• A turbidity survey of your catchment could help to track
down whether there are obvious sources of high or low-
flow turbidity.

• Whilst there are many good techniques for managing
point sources of turbidity, managing diffuse sources
requires a catchment-wide and long-term approach.

• Turbidity can be difficult to manage, particularly if it is
associated with a high percentage of clay (ie. sediments
smaller than say 0.004 mm diameter).
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High levels of the main plant nutrients, nitrogen and
phosphorus, can have important impacts on the biota of
our streams. Increasing the nutrients available can result
in increases in algae and macrophytes in the stream, in
extreme cases leading to blooms of toxic planktonic algae,
streams choked with macrophytes, or smothering of the
stream bed with algae. Extreme quantities of plant
material can severely deplete the oxygen in the water,
leading to fish kills. Even where plant growth is not
obviously excessive, nutrient levels may be high enough to
cause changes to invertebrate communities, and may have
the potential to cause algal blooms or eutrophication,
given the appropriate flow and temperature regime.

1.1. Natural state

Australia has some of the most nutrient-poor soils in the
world. It follows from this that natural nutrient levels
should also be low. Nevertheless, natural nutrient
concentrations are not the same across Australia: they vary
depending on variables such as geology, soil type, climate
and topography. An alpine stream will have naturally lower
nutrient levels than the lower Darling, for example. Present
nutrient levels in forest streams of south-western Western
Australia are so low they approach the extremely low
concentrations found in the open oceans. It is of course
impossible to establish with certainty the pre-European
levels of nutrients in those streams where land-use
changes and wastewater discharge have so altered water

quality (ie. most of Australia’s rivers). However, some
information is available from streams in relatively
untouched catchments, and from the relationship between
nutrient concentrations and the distribution of nutrient
sensitive invertebrate species. It is possible to make a good
judgment of at least the nutrient load that will not
adversely affect the healthy functioning of aquatic
ecosystems, if not the natural level. To the best of our
knowledge, such information exists only for Victoria,
in a report published by the Victorian EPA
(Tiller and Newall, 1995).

1.2. How it has changed

Diffuse and point source impacts such as nutrient-rich
run-off and irrigation wastewater from fertilised
farmland, erosion of nutrient-carrying sediment, animal
wastes, discharges from sewage-treatment plants, urban
drains and industrial sources of organic rich wastewater
have all contributed to increased nutrient loads in
Australia’s streams, in extreme cases two orders of
magnitude higher than estimated natural loads (ANZECC,
1992a). This increase is partly due to increases in
turbidity. Phosphorus readily becomes adsorbed onto clay
particles. This means that erosion of soil and stream banks
can be a significant source of nutrient. Once in the stream,
most of the phosphorus is transported with the clay. Thus,
high turbidity usually correlates with high levels of
phosphorus (Grayson et al.,1996).

NUTRIENT ENRICHMENT 
1. Introduction

There are four ways in which nutrient enrichment can affect
stream ecology.You should remember that these effects will
be magnified at downstream sites where sediment and
nutrients collect in lakes, reservoirs and estuaries.

1. Relatively small increases in nutrient enrichment can
increase plant and algal productivity, which in turn
provides increased food for some invertebrate species.
This can result in sensitive species (eg. many stoneflies,
mayflies and caddis flies) being lost, and pollution-
tolerant species (eg. various snails, worms, and
chironomids) becoming more common.

2. In combination with appropriate environmental
conditions (light, temperature, flow etc.) nutrient
enrichment can lead to prolific growth of filamentous
green algae and macrophytes. These can reduce water
velocities and trap sediments and in extreme cases
effectively choke the stream channel resulting in a
considerable direct loss of aquatic habitat (see Bunn
et al.,1998). Such stands can form barriers to fish
passage.

2. Biological impacts of nutrient enrichment
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3. Where conditions favour the development of
planktonic algae there is the possibility of an algal
bloom developing. The most famous example of this is
probably the algal bloom that turned over 1,000 km of
the Darling River bright green during November 1991.
In such situations, algae cell numbers can reach
surprisingly high levels (over 10 million cells per mL
(ANZECC, 1992a). Algal blooms cause the same
eutrophication problems as filamentous algae and
macrophytes. To make matters worse, cyanobacteria, or
blue-green algae, are often found in large numbers
during algal blooms. Also, some species of
cyanobacteria produce toxins, including liver toxins,
neurotoxins (attack nerves), cytotoxins (attack cells)
and endotoxins (mainly contact irritants).

4. When high nutrient levels and suitable environmental
conditions allow excessive plant growth, either of
macrophytes or algae, this can lead to eutrophication.
The decomposition of large quantities of plant

material, combined with the respiration needs of the
living plants, will deplete the water of oxygen, and alter
the pH, particularly in the deeper pools. This results in
the death of fish and macrocrustaceans. The same
process will occur if large quantities of organic waste
(eg. sewage, animal wastes) are dumped into streams.

Figure 14.Filamentous algae in a rural stream,probably associated
with high nutrients and water temperatures.

3.1. Field characteristics

The obvious way to recognise high-nutrient problems is
through searching for excess growth of algae and
macrophytes. Shallow, faster-flowing streams are prone to
infestations of filamentous algae and macrophytes, while
deeper, slower flowing rivers are more likely to suffer
planktonic (free floating) algal blooms (ANZECC, 1992a).
This is largely because light is often limiting in the larger
streams, and many planktonic algae can cope with this
problem by altering buoyancy to keep near the surface of the
water.

3.2. How to recognise algal blooms

While well-developed blooms are unmistakable, early stages,
or small blooms can be more difficult to detect.

• A bloom will increase the turbidity, because the algae
cells disperse through the water.

• The colour of the water will change.As the concentration of
cells increases,so does the amount of chlorophyll, the

green pigment in plants.Some blue-green algae form
floating colonies of hundreds of cells,which look like green
sawdust (Sainty and Jacobs,1994).

• As the bloom develops, a scum of cells may appear on the
water surface.

• Well-developed blooms may smell. Some species of blue-
green algae are ‘earthy or muddy smelling’ (Sainty and
Jacobs, 1994).Also, whatever the dominant species of
algae, when blooms are decaying, they can produce a
rancid, putrid smell.

There are two very important limits to using excess plant
growth to mark high nutrient levels.

1. An absence of nuisance plant growth does not
necessarily mean there is no nutrient problem.

Though prolific growths of macrophytes and algae do
indicate high nutrient levels, the absence of them does
not necessarily mean there is no problem. This is because
there are other factors which also regulate plant growth;
namely light, temperature, current velocity, substrate

3. How do you recognise nutrient enrichment ? 
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suitability and grazing pressure (ANZECC, 1992a).
Macrophytes require some fine sediment to root in, and,
as with filamentous and other attached algae, need a
stable bed. Plants and algae also need light, so deep
turbid streams are unlikely to develop infestations. This is
despite the way high turbidity often correlates with high
nutrient levels. Some planktonic algae can cope with
turbid water by altering buoyancy, and floating near the
surface. However, the turbulence of flowing water will
prevent these algae from remaining near the surface, and
so limit growth. For example, nutrient levels in the lower
Goulburn River in Victoria are probably always high
enough to sustain an algal bloom, but usually the low
light penetration through the turbid water, and the
turbulence in the moving water prevent a bloom from
developing (Tiller and Newall, 1995). Such nutrient-rich
streams will suffer blooms during periods of low flow
when turbidity and turbulence decrease.

2. Even if nutrient levels are not producing algal blooms at
your site, they may be causing a problem downstream.

Nutrients are transported downstream and will
accumulate in the sediments of lakes, reservoirs and
estuaries. Moderately high nutrients upstream may
eventually cause severe nutrient problems at these
downstream sites, so reducing nutrient inputs into
streams is always important.

3.3. Measurement techniques

Water samples should be taken from midstream, and about
mid-depth. Field test kits that measure nutrient
concentration are available, but tests done in an accredited
laboratory are more reliable. Talk to the laboratory about
what techniques you should use to preserve samples.

• How should you analyse the nutrient concentration in
your water sample? Water samples can be analysed using
field test kits, such as those used by Waterwatch, or sent
to a laboratory for analysis. Though the first option is
cheaper, there are two important limits to field test kits.
Firstly, they may be unable to detect low concentrations
of nutrients.As natural levels of nutrient are very low,
these tests will be unable to detect the smaller increases
in concentration. Secondly, such tests measure only the
dissolved nutrients, which will underestimate the
nutrient present. Nitrogen and phosphorus will attach to
fine sediment particles, and a significant proportion of

the nutrient will travel in this way rather than dissolved
in the water.Also, nutrient guidelines given here are
based on the total nutrient concentration, rather than the
dissolved fraction.

• Is there a existing monitoring program you can use?
There are already many groups who monitor water
quality, and it may be that enough information already
exists to assess the nutrient status of your stream.Ask the
EPA or equivalent in your State, as well as any local
bodies such as catchment management authorities.
When searching for relevant data, a single sampling site
can be indicative of the nutrient concentrations for 40 or
50 km upstream, so long as it is distant from point
sources of nutrients (and land use does not substantially
change) (David Tiller, EPA, Melbourne, personal
communication).

• Where should you sample? It is important to think
carefully about where you take samples. The sites you
choose will depend on whether you wish to assess the
impact of a possible point source of nutrients, or measure
the background level of nutrient. If you wish to monitor a
point source, then obviously you should sample just
downstream of that point source. However, if it is the
background nutrient levels then it is important to avoid
possible point sources.

• How often should you monitor? So long as the sample
was taken at a representative base flow (that is, not
during a drought, but not just after rain), one sample may
be indicative of the background nutrient concentrations
for that location. However, it is always safer to have more
than one sampling site if you want to be sure that your
measurements are representative of the water body.

• When should you measure? Nutrient concentrations vary,
depending partly on stream flow.The large majority of the
nutrient carried by a stream is moved during flood events,
when run-off delivers nutrient from the catchment
straight into the stream, and the high flows carry more
suspended sediment with its associated nutrient load. It is
the total annual nutrient load, dominated by peak flows,
that is most important to the ecology of lakes and
estuaries downstream.However, intensive sampling
during flood events is required to calculate this. It is the
concentration of nutrient in the water during base flow
that contributes to the growth of nuisance plants in
streams, so it is this measure that is used in Victoria’s
nutrient guidelines (Tiller and Newall, 1995).
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present water quality. An updated set of guidelines is due
to be released towards the end of 1999.

4.3. Highlands river region

This region includes most areas in Victoria above 1000 m
altitude. Most of the area is minimally disturbed, and is
covered by forest or alpine vegetation. Streams are
typically small (less than 4 m), shallow and very clear.

Threshold of concern for total phosphorus 0.020 mg/L
Threshold of concern for total nitrogen 0.150 mg/L 

4.4. Murray foothills river region

This region is part of the eastern Victorian uplands to the
north of the Great Dividing Range. Pre-European
vegetation ranged from open forest to woodland, but has
mostly been cleared and converted to pasture. Streams
typically have pool and riffle sequences and well-shaded
banks (where the riparian vegetation remains).

Threshold of concern for total phosphorus 0.030 mg/L
Threshold of concern for total nitrogen 0.200 mg/L 

4.5. Southern and isolated foothills river region

This region is the southern equivalent of the Murray
foothills, draining the lower relief areas to the south of the
Great Dividing Range. It extends from East Gippsland,
through central Victoria, to the upper Hopkins catchment.
The isolated foothills component consists of the
Grampians, the Otway Ranges, the Strezlecki Ranges and

4.1. What are fatal nutrient levels?

There is no need to assign numbers to describe fatal
concentrations of phosphorus and nitrogen. When your
stream has reached a fatal level, it will become obvious
because of the nuisance growth of macrophytes or algae
that smother all instream habitat, or the regular algal
blooms, that cause eutrophication, leading to regular fish
kills. In this situation, nutrient enrichment is the limiting
factor. Any attempt to improve the ecology of such a
stream should start with strategies to reduce nutrient
inputs, and to reduce the likelihood of further
eutrophication by managing the other factors that can
control algal growth—namely light, temperature, current
velocity, substrate suitability and grazing pressure.

4.2. Thresholds of concern

As described in the introduction, natural concentrations of
nitrogen and phosphorus would have varied from region
to region. For this reason, Australia-wide guidelines are
relatively meaningless. The Australian Water Quality
Guidelines for Fresh and Marine Waters (ANZECC, 1992a)
acknowledge this variability, and suggest the following
range of concentrations as indicative of potential nuisance
plant growth. They recommend site-specific studies to
provide more specific guidelines.

Total phosphorus 0.001–0.1 mg/L 
Total nitrogen 0.1–0.75 mg/L 

To the best of the authors’ knowledge,Victoria is the only
State having region-specific nutrient guidelines. Tiller and
Newall (1995) divided the State into seven ecoregions, on
the basis of topography, run-off, and tract type (see Figure
15). The regions, and their respective guidelines, are
summarised below. Most of these regions could probably
be extended into at least southern New South Wales and
south-eastern South Australia (David Tiller, EPA,
Melbourne, personal communication). The report,
available from the Victorian EPA, contains more detailed
descriptions of the regions, a discussion of how the
guideline values were obtained, and the limits to these
guidelines. These are preliminary guidelines. For some
regions, where adequate information was not available,
guidelines were based on the principle of no worsening of

4. What nutrient concentration is a problem?

Important: Where possible, the following nutrient
guidelines are based on ‘threshold levels beyond
which marked ecosystem degradation has been
observed’, rather than ‘fatal’ concentrations. If your
stream is above these threshold concentrations, then
reducing nutrient load should be an aim of your
rehabilitation. If your stream is below the guidelines,
you should aim to at least maintain current
concentrations.
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Figure 15.River regions of Victoria,corresponding to the regional
guidelines given in the text (from Tiller and Newall,1995).Reproduced
with permission from the Victorian EPA.
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Wilsons Promontory. Natural vegetation cover was mostly
medium open forest, which today is largely undisturbed or
subject to logging in the east of the region. To the west, the
land has been converted to pasture and crops. Streams are
similar to those in the Murray foothills.

Threshold of concern for total phosphorus 0.030 mg/L
Threshold of concern for total nitrogen 0.200 mg/L 

4.6. Murray plains river region

This is a low relief region in the north-eastern and north-
central parts of the State, and includes the lower reaches of
the Ovens and Goulbourn catchments, and most of the
Broken, Campaspe and Loddon catchments. The pre-
European vegetation was woodland.Low woodland has
mostly been cleared, and the region now supports irrigated
and dryland pasture and crops. Rivers are typically deep,
clay-bottomed, and turbid.

Threshold of concern for total phosphorus 0.050 mg/L
Threshold of concern for total nitrogen 0.600 mg/L 

4.7. Northwest plains river region

This region is typically low elevation sandy plains and
dune fields with low run-off. The natural open scrub,
shrublands and grasslands have been mostly replaced by
dryland cropping or grazing. Streams in this region may
be intermittent, and tend to run into terminal lakes. There
is a lack of information on the effects of nutrient
concentrations in these systems, so these guidelines are
based on no deterioration of the current water quality.

Threshold of concern for total phosphorus 0.050 mg/L
Threshold of concern for total nitrogen 0.900 mg/L 

4.8. Southwest river region

The southwest region consists of basalt lava plains and
coastal plains. The woodlands and tussock grasslands
vegetation have mostly been replaced by crops and
grassland. A few streams in the area are intermittent.
Streams are often slightly turbid, and many have high
salinities. Once again, a lack of information on these
streams means these guidelines are based on no
deterioration of present water quality.

Threshold of concern for total phosphorus 0.035 mg/L
Threshold of concern for total nitrogen 1.000 mg/L 

4.9. Southern lowlands and urban river region

This region is delineated by human influences. It includes
Melbourne, Geelong and the Latrobe Valley. The non-
urban portion of the region is mostly under intensive
agriculture. The streams are typically the most disturbed
in the State, and are often slow-flowing, turbid, incised and
polluted with litter, high nutrient concentrations, heavy
metals and petroleum hydrocarbons. Because of the
differences in condition of rural and urban streams in the
region, the streams have been divided into three classes:
rural lowland rivers and tributaries; large lowland urban
rivers; and urban tributary streams. Due to the high
concentration of nutrients in urban streams, it was
recognised that guidelines aiming at no impact on stream
ecology would be impossible to meet, at least in the short
term. For this reason, compromise, interim guidelines are
proposed to offer more achievable goals. Meeting these
interim guidelines will not reduce plant production, but
will still represent a significant improvement in the water
quality of most urban streams.

Rural lowland rivers and tributaries:

Threshold of concern for total phosphorus 0.050 mg/L
Threshold of concern (TOC) for total nitrogen 0.600 mg/L 

Large lowland urban rivers:

Interim Long term 

TOC for total phosphorus 0.080 mg/L 0.050 mg/L 
TOC for total nitrogen 0.900 mg/L 0.600 mg/L 

Urban tributary streams

Interim Long term 

TOC for total phosphorus 0.100 mg/L 0.030 mg/L 
TOC for total nitrogen 1.000 mg/L 0.200 mg/L 
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It is far easier to prevent nutrients from entering our
streams than it is to remove nutrients already in the
stream. There are three types of nutrient source: point
sources; diffuse sources; and instream sources.

1. Point sources are discrete sources of nutrient, such as a
stormwater drain, wastewater treatment plant outlets,
or farm effluent from dairy sheds or feedlots.

2. Diffuse sources have no clearly defined source, but
enter the stream from a large area of the catchment.
Examples are farm run-off containing fertiliser or
animal wastes, animal wastes entering the stream
directly because of stock access, soil erosion, or run-off
from forestry areas.

3. Instream sources are usually nutrient that has been
stored in sediment in the stream banks or bed. When
these are eroded, the nutrient once again enters the
water body. This source of nutrient is difficult to treat.

Further Reading

For further information see State of Victoria (1995).

5. Possible solutions/treatments for 
nutrient enrichment 
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All animals and plants require oxygen. It is essential for
respiration, the process by which sugar is converted into
the energy needed for every part of life. Oxygen from the
air is dissolved in water, where it is available to aquatic
organisms. Without sufficient dissolved oxygen, aquatic
animals would die, just as we would if there was no oxygen
in the air we breath.

1.1. Natural state

The concentration of oxygen in water depends on how
easily oxygen can dissolve, and the balance between
oxygen input and use within the water.

The amount of oxygen that will dissolve depends on the
temperature and salinity of the water. Increases in both
temperature and salinity will cause a decrease in dissolved
oxygen. In fresh water at 10°C, the maximum
concentration possible (ie. the water is saturated with
oxygen) is just over 11 mg/L. At 25°C, this will fall to
around 8 mg/L. This effect is visible when water is heated.
Well before boiling, small bubbles will form, as gases
which were previously dissolved, leave solution.

Oxygen enters water by diffusing from the air through the
water surface. In turbulent streams, where the water is well
mixed, the dissolved oxygen concentration is usually fairly
close to saturated. However, in deeper, slow-flowing
streams, the oxygen concentration may fall below
saturation. When deep pools stratify, as can occur with
saline pools (see Salinity, below), no mixing occurs and
the bottom waters may become extremely low in oxygen.

The other source of oxygen is photosynthesis of submerged
plants. Oxygen is a waste product of photosynthesis, so in
bright sunlight, submerged macrophytes can contribute
significantly to dissolved oxygen. However, during
darkness, photosynthesis ceases and respiration, which
uses oxygen, becomes the dominant process.Where there is
a large mass of plants in the water, either algae or
macrophytes, this can lead to large differences between day
and night levels of dissolved oxygen.

Oxygen is used in the respiration of animals, and by the
microorganisms which decompose dead plant and animal
material. Low dissolved oxygen concentration can be
caused by the presence of too many animals in water that
is not well mixed. This biological demand for oxygen will
increase with temperature. This effect can be a problem
during droughts, when animals are crowded into pools. It
is the same process that kills fish if you leave them in a
bucket on the stream bank while fishing.

When dissolved oxygen is totally absent, the water
becomes anaerobic.Virtually nothing but certain
microorganisms will live under these conditions. However,
this situation has more serious ramifications. The
decomposition of organic material under anaerobic
conditions will produce bad smelling gases such as
methane and hydrogen sulfide. The latter can be toxic to
aquatic insects. Under anaerobic conditions, nutrients that
were bound to the sediment (particularly phosphorus)
become soluble, and thus available to promote plant
growth.

Thus, the concentration of dissolved oxygen depends on
the temperature and salinity of the water, how well-mixed
the water is, and the balance between photosynthesis and
respiration in the water. Mountain streams, with cold,
turbulent water and relatively small populations of plants
and animals will have high dissolved oxygen, while slow-
moving, warm lowland streams will have lower dissolved
oxygen. The lowest oxygen concentrations will occur on
warm summer nights, when the temperature of the water
means concentrations are low anyway and respiration
rates are high, low flow reduces turbulence, and the oxygen
requirements of plants are greatest.

1.2. How it has changed

Human activities have not changed the biology or physics
that regulate dissolved oxygen concentrations. However, we
have increased the frequency with which low dissolved
oxygen events occur.

DISSOLVED OXYGEN CONCENTRATION
1. Introduction
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• The high nutrient levels now so common in streams
(see Nutrient enrichment, above) lead to nuisance plant
growth under appropriate conditions. The growth of so
much plant biomass will lead to low oxygen levels,
partly because of the respiration of those plants, and
partly because of the decomposition of dead plant
material.

• A similar process will occur where large quantities of
organic waste are discharged into streams. The
decomposition of the organic matter can strip the
oxygen from the water.

• Dissolved oxygen will be lower during very low flows,
because of the lack of turbulence mixing the water. This
occurs particularly in summer (at least in temperate
Australia), when the low flow is combined with high
water temperatures. Where water is extracted from the
river for irrigation and town water use, the extent of
this problem increases. Similarly, long stretches of
unnaturally shallow water (as may occur over a sand
slug) can have low dissolved oxygen.

• Increased salinity will decrease dissolved oxygen
concentration. This will affect the large areas of
Australia now suffering from increased salinity due to
watertable rises. Salinity can also cause stratification of
water in deep pools, leading to anoxia in the bottom
waters.

• Various toxicants will affect the oxygen concentration
in water. For example, sulfate, sulfites, bicarbonate,
ammonia, nitrate and iron salts will all deplete the
dissolved oxygen as they are oxidised in the stream.

• Clearing the riparian zone reduces shading, leading in
some situations to increased water temperatures which
in turn will lower oxygen concentrations.

• Discharges of hot cooling-water from power stations
and some industrial plants will have very little oxygen,
as will releases from the bottom waters of stratified
reservoirs.

The biological impact of an absence of dissolved oxygen is
quite simple—suffocation. As mentioned above, oxygen is
necessary for respiration, the process by which food is
turned into energy. Many types of microorganisms have
developed ways of coping with this situation, but the rest
of us living things die without oxygen.

This is of course the extreme situation. Smaller-scale
variations will cause changes in the stream fauna, as
species vary in their ability to cope with low dissolved
oxygen. Adaptations to low dissolved oxygen environments

include surface breathing (eg. mosquito larvae), a very
slow metabolic rate, and therefore low oxygen
requirements, having lots of gills, and increasing storage
capacity within the body (ie. developing haemoglobin—
this is why worms that are adapted to live in fine
sediments are often bright red). Even animals used to high
oxygen environments can cope with short periods of low
oxygen, using strategies such as beating gills more
frequently, or, where possible, leaving the area
(Wiederholm, 1984).

2. Biological impacts of low dissolved oxygen 

3. How do you recognise low dissolved oxygen?
3.1. Field characteristics 

Cases of anaerobia—a lack of dissolved oxygen—can
often be detected by smell. Under such conditions, anoxic
decomposition will create rotten egg gas and methane.

Less extreme situations may be detectable by the

behaviour of animals. Fish under oxygen stress may float
near the water surface gasping.

Low dissolved oxygen can also be inferred from the water
temperature. Because the solubility of oxygen decreases
with increasing temperature, warm waters are more likely
to be oxygen deficient.



The treatment of low dissolved oxygen concentration should
tackle the specific causes.Where low dissolved oxygen is
caused by polluted discharges from a dam, sewage-treatment
plant, industry or similar, then the sources of those
discharges should be approached with a view to treating the
wastewater before it reaches the stream.Where nutrients are
leading to eutrophication, then this problem must be tackled.
However, as well as treating the source of the problem, which
is not always possible, there are several things which can be
done when low dissolved oxygen is a very serious problem:

• build instream structures such as riffles which will
introduce a stretch of turbulent flow. This will mix
more oxygen into the water;

• replant the riparian zone to give more shade to the
stream, and so reduce temperatures; and

• in reservoirs, water is artificially aerated with bubblers.
It is unlikely the expense of this practice would ever be
justified in a stream.

oxygen should not fall below 6 mg/L or 80–90% saturation
at any stage during at least one 24-hour period.
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3.2. Measurement techniques

Dissolved oxygen is easy to measure using a portable meter
or several chemical tests (West, 1988). The most important
thing to remember when monitoring dissolved oxygen is the
inherent variability. Dissolved oxygen varies with
temperature, and will also change through 24 hours because
of contributions from plants. During the day, plants produce
more oxygen than they need, but during the night, they will
contribute to the use of oxygen. So, particularly at plant-rich
sites, oxygen will be higher during daylight, and decrease
during the night. This will even vary from day to day,
depending on the weather—plants photosynthesise more in
bright light. Because of all this variation, single
measurements of dissolved oxygen are of little use (ANZECC,
1992a). So, when monitoring oxygen levels, you should:

• always remember to measure temperature when you
take your sample;

• try to take several measurements over at least a 24-
hour period, to give you an idea of the daily variation;
and

• remember that dissolved oxygen will be highest
sometime during the day, and lowest during the night.

Biochemical oxygen demand is not a measure of oxygen
concentration as such; rather it indicates the oxygen needs
of biological or chemical processes occurring in the water.
It is a measure of the amount of oxygen that would be
required to process the chemicals in the water.

The standard dissolved oxygen guidelines are based on the
requirements of Victorian fish (ANZECC, 1992a). Dissolved

5. Possible solutions/treatments for 
low dissolved oxygen

4. At what stage does low oxygen concentration 
become a problem?
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Changes to the temperature regime of streams include
increases (discharges of cooling-water) and decreases
(discharges from the bottom of reservoirs). Temperature is
a very important component of the environment—it has
an influence on the rate of all biological activity. Both
increases and decreases in temperature can have
important effects on the stream biota, from minor
changes, such as altering the timing of insects emerging
from the stream, to extreme changes, where the stream
may become uninhabitable for many creatures.

1.1. Natural state

Water temperatures vary naturally, depending largely on
altitude and the time of year. There can also be a smaller
daily variation. However, natural temperature variation is
fairly regular and predictable, in terms of both timing and
magnitude. Stream fauna are adapted to this regular
change.

1.2. How temperature has changed

There are several human activities that affect stream water
temperatures. Temperature may be altered by discharges
of wastewater. Some industrial plants will have hot
effluents to dispose of, and may discharge these into
nearby streams. Another source of heat is cooling-water
from power stations. Cold water discharges are usually
associated with reservoirs that do not have multiple level
offtake towers. All releases from such reservoirs are of
cold, bottom water. Changes in temperature may also come
about through changes to the riparian zone and channel
form. Clearing the riparian vegetation reduces shading,
and can have an appreciable effect on water temperature,
particularly where flow is uniform and shallow, as may be
the case in channelised or incised streams. Channels filled
by sand slugs can have a flat, shallow bed that will heat up
in the sun.

HIGH AND LOW TEMPERATURES
1. Introduction

Temperature changes can affect stream ecology in four
ways: changes may exclude some animals from the
affected area; temperature increase can affect other water
quality parameters; temperature changes can affect timing
and development of life cycles; and they can influence
algae and plant growth. Through all these mechanisms,
species may be lost from a reach either through an
inability to cope at all with the changed water
temperatures, or through competition with species that
can cope better. In some cases, water temperature changes
have assisted the spread of exotic species by creating
favourable conditions.

2.1. Exclusion

Like other animals, aquatic animals have tolerance limits
to both high and low temperatures, outside which they
cannot survive because of the effects on metabolism. The

tolerance limit will depend on the exposure time, and will
vary between species. Murray cod, for example, can cope
with temperatures between 2°C and 33°C, while the Lake
Eyre hardyhead (also a fish) can tolerate between 10°C and
37°C (Koehn and O’Connor, 1990). When the temperature
is outside the tolerance range of a species, that species will
be lost from the affected area.

2.2. Effects on other water quality requirements

Raising temperature will reduce concentrations of
dissolved oxygen, which, depending on the concentration,
can lead to stress, evasive behaviour or death in animals. It
is also possible that higher temperatures and lower oxygen
concentrations increase the impact of toxic chemicals on
stream animals. See Dissolved oxygen concentration,above,
for more detail.

2. Biological impacts of changes in temperature
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2.3. Life cycles

Changes in temperature can have serious implications for
life cycles of stream organisms. The different life stages of
many animals are triggered by changes in stream
temperature (as well as daylength, flow characteristics,
phase of the moon etc.). When these triggers operate at the
wrong times the life history of the organism is affected,
perhaps fatally.

For stream insects, for example, changes in the
temperature regime (so long as it is within the tolerance of
the species in question) may affect growth rate and
development, and alter the timing of emergence (the
change from an aquatic pupa to a terrestrial adult) and the
size of adults. These can be serious effects: warmer water
may trick insects into emerging too early, when the
weather is till too cold for them to survive. Also, insects
that emerge earlier are often smaller than those which had
longer to develop as larvae. Smaller adults may also have
fewer offspring, leading eventually to a decline in the

species at the temperature-affected site. Similarly, cold
water can retard development, so adults emerge late,
having missed their appropriate season altogether.

Many fish may be similarly reliant on water temperature
cues for certain stages in the life cycle. Silver eels, for
example, may begin their downstream migration when
stream water temperature rises above 12°C (Koehn and
O’Connor, 1990). Macquarie perch begin upstream
spawning migrations in response to temperature increases
(Koehn and O’Connor, 1990).

2.4. Plant and algal growth

Temperature affects plant growth, through its effect on the
rate of photosynthesis. Within a range of temperature
tolerance, plants become more productive with increasing
temperature. Thus, high temperature may be a factor
influencing the production of nuisance plant growth
leading to algal blooms or excess macrophytes.

3.1. Field characteristics

Temperature changes are not readily apparent in the field.
However, you can look for the causes of temperature change.
Expanses of very shallow water and a lack of shade lead to
temperature increases in smaller streams. Possible point
sources of temperature polluted water include wastewater
discharge points, drains or dam outlets. Bear in mind that a
dam must be quite large (over several metres deep) before it
will stratify and allow the bottom waters to cool.

3.2. Measurement

Temperature can be measured easily using a thermometer.
It is important to be aware of factors that will influence
temperature locally, so that your results are comparable.
Depth, flow rate, and shading or sunlight will all affect
temperature.

3. How do you recognise changes in temperature?

Unfortunately, detailed guidelines are not available for
appropriate temperature regimes throughout Australia.
The ANZECC guidelines (ANZECC, 1992a) suggest that any
increase in temperature should be less than 2°C above the
natural temperature. There is insufficient information to
give guidelines for decreases in temperature.

4. At what stage do changes in temperature 
become a problem? 
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Potential solutions to temperature problems depend on
their causes.

If a shallow stream with no riparian shading has led to
temperature increases, in-channel works to create pools,
and revegetating the riparian zone may be effective tools.

If hot-water discharges are causing the problem, you may
be able to come to an arrangement with the body
producing the wastewater, where the discharge rate is
carefully calculated so that at any given stream flow, the
hot water will cause, for example, less than a 2°C increase
in temperature.

If releases of cold, bottom water from a dam are causing
your problem, then the only solution is likely to be
constructing a multilevel offtake tower or destratifying the
dam. Unfortunately, this is expensive.

5. Possible solutions/treatments for changes 
in temperature

The effects of 
shade on stream
temperature
Rutherford et al.(1999) looked at how fast the daily maximum
temperature of a stream increases once it emerges from the
dense shade of a native forest and into pasture.They found
that the initial increase in temperature was quite rapid,
especially for small streams. As the water warms up, the
temperature rises more slowly.They found that retaining some
shade will slow the temperature rise considerably (see Table
8). On small streams, to 2 m wide, 70% shade can be achieved
by planting trees 7–10 m apart. If the stream banks provide
some shade, trees may be planted further than 10 m apart.

Table 8.The distance required for water temperature to increase
from 15 to 20¡C after the stream flows from native vegetation
(with 95Ð98% shade) into pasture (from Rutherfordet al.,
1999).

Stream Distance for temp. Distance for temp.

order to increase to 20°C to increase to 20°C

with 0% shade with 70% shade

First order 250 m 500 m 

Second order 500 m 1,500 m 

Third order 1,500 m 5,000 m 
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Salinity refers to the concentration of salts dissolved in
water. This includes not only sodium chloride (table salt),
but also the salts of calcium, phosphorus, potassium, iron
and sulfur. The changes made to the Australian
environment since European settlement have resulted in
increased salinity in many of our streams. Such increases
have the potential to make major changes to our stream
biota.

1.1. Natural state

High levels of salinity do occur naturally in inland streams,
particularly in terminal river systems, which are never
flushed out, allowing salt to gradually accumulate in the
terminal lakes. Lake Eyre is an example of such a system.
Streams through basalt plains are often slightly saline, as
various salts are a product of the weathering process of

basalt. Many inland streams were naturally saline, especially
in deep pools. This means that there are native macrophytes,
algae and animals that have adapted to quite high salinity.

1.2. How it has changed

The present salinisation is not due to natural processes, but
rather is a response to two major changes in land use since
European settlement. Firstly, many of the deep-rooted forests
and woodlands have been cleared for cropping and pastures.
The second change is irrigation. Both these changes mean an
increase in water infiltrating to the naturally saline
groundwater, causing the watertable to rise. Eventually, the
watertable becomes close enough to the surface for salt to
affect the land and streams.Areas that previously were not
saline have become so, and areas previously only mildly
saline have suffered increased salt concentration.

SALINITY
1. Introduction

For those interested in a detailed discussion of the effects
of salinity on stream biota, there are two excellent reviews
of the subject by Hart et al.(1990; 1991). High levels of
salinity make it harder for organisms to regulate their
water and salt content. Too much salt outside a plant or
animal will ‘suck’ the water out, causing dehydration and
eventually death. Alternatively, some organisms are unable
to keep the salt out, and as well as water being drawn out
of the animal, salt will be drawn in. Higher concentrations
of salt in the cells are toxic, and will eventually cause
problems with basic cell functions, leading to the death of
the plant or animal.

2.1. Riparian vegetation 

Trees will suffer from high salt concentrations in the short
term by having difficulty absorbing water with the roots,
and in the longer term by salt accumulating in leaves. Such
effects can often be seen when salinity reaches 2,000

mg/L. Seed germination can also be inhibited, as can the
growth, survival and yield of seedlings (Hart et al.,1991).
There is considerable variation in the tolerances of
common species of riparian vegetation. Most research in
this area has involved eucalypts, casuarinas and
melaleucas (paperbarks) (Hart et al.,1991). Results show
that there can be great variation between different species
of the same genus (eg. different Eucalyptusspecies). There
can also be variation within the one species, depending on
the long-term salinity of the area in which they are
growing. For example, seedlings of E.camaldulensisgrown
from seed collected from Lake Albacutya (a varyingly
saline lake in western Victoria) were far more tolerant of
salinity than seedlings from the freshwater Goulburn
River, near Shepparton (Sands, 1981; in Hart et al.,1991).

2. Biological impacts of salinity 



Volume 2 Common Stream Problems:Water quality problems 6 1

2.2. Aquatic plants

High levels of salinity will make it harder for plants to extract
water from their surroundings, effectively exposing them to
drought.This can kill the plant, or at lower concentrations will
result in reduced vigour, which shows up as slower growth
rates, reduced leaf or shoot development, development of
dead areas and death of growing tips (Metzeling et al.,1995).
The salt concentrations at which such symptoms occur will
vary between species.Very sensitive species will show such
symptoms by 1,000 mg/L, and by 4,000 mg/L most sensitive
species will be lost from the community (Hart et al.,1991).
Many micro algae are also sensitive, and will be lost at similar
concentrations. Increases in salinity will cause a decrease in
species diversity as freshwater species are lost and replaced by
a few salt-tolerant species.

2.3. Aquatic macroinvertebrates

In Australia’s naturally saline streams and lakes there is a
variety of salinity tolerant invertebrates. However, some
invertebrates in freshwater systems appear to be quite
sensitive to increasing salt concentrations. To an extent,
sensitivity will vary with the condition of the animal, the
time allowed for acclimatisation, the life stage and the
water temperature. Sensitive invertebrates include
stoneflies, some mayflies, caddis flies and dragonflies, and
some water-bugs, as well as some species of snails. Hart et
al.(1991) concluded that these more sensitive species will
show adverse effects at 1,000 mg/L salt. However, there are
many species that can survive in saline environments.

2.4. Fish

Adult fish tend to be salt tolerant, with most species coping
with salinities of above and around 10,000 mg/L (Hart
et al.,1991). However, some species are considerably less
tolerant. For example, freshwater blackfish show noticeable
effects above 2,000 mg/L (Bacher and Garnham in
Metzeling et al.,1995). Fish larvae, however, are considerably
more sensitive to salinity than adults. The skin, kidneys, gut
and gills may not be fully developed, and all of these organs
are needed to regulate the body’s salt and water content
(Hart et al.,1991). Unfortunately, few studies have been
made to evaluate the salt sensitivity of the larval stages of
freshwater Australian fish (Hart et al.,1991).

2.5. Frogs

Very little is known about the salinity tolerances of
Australian native frogs. However, some information is
available from overseas studies. The skin of adult frogs is
permeable to water and some ions. Because of this, frogs
will quickly die when placed in sea water, partly from a

dehydration effect, and partly from absorbing toxic
quantities of salt into their bodies (Bentley and Schmidt-
Neilsen in Hart et al.,1991). Little is known of the effects of
salinity on tadpoles, but it is likely they also are sensitive.

2.6. Reptiles

Crocodiles and turtles are the only freshwater reptiles at
any risk of adverse effects from salinity, but very little is
known of their response.

2.7. Birds

Most waterfowl have a salt gland near the eye, through
which excess salt from the environment can be excreted. It
is not known how birds cope with saline water, but
possible strategies include seeking a freshwater drinking
supply, and extracting fresh water from their food. It is the
young animals which may be most susceptible to damage
in saline conditions. Australasian shelduck ducklings do
not develop salt glands before they are six-days old, and
must have access to fresh water during this time (Riggert
in Hart et al.,1991). However, evidence indicates that
waterfowl experience low breeding success at salt
concentrations above 3,000 mg/L. Such birds are likely to
suffer from the death of the macrophytes and invertebrates
they rely on for shelter and food, before suffering the direct
effects of salinity (Hart et al.,1991).

2.8. Platypus and water rats

Nothing is known of the salt tolerances of platypus. Both
species of water rat are found in coastal environments, so
presumably are tolerant of salinity, although they may still
require access to fresh water.

2.9. Saline pools

As well as these direct effects of salinity, in some
circumstances salinisation of a stream can lead to the loss
of pool habitat. In areas where saline groundwater is
discharging into the streambed, the denser, salty water can
collect in the pools, eventually causing a stable
stratification of the water. The freshwater stream flows
over the pool, and the bottom of the pool becomes
hypersaline. Because no mixing occurs with surface water,
the saline pools have very low dissolved oxygen. This in
turn leads to high nutrient concentrations. Saline pools are
common in the larger streams of northern and western
Victoria (McGuckin et al.,1991). The low dissolved oxygen
effectively remove these pools from the available stream
habitat. Flood events may flush out such pools, but
salinisation and stratification of the bottom waters will re-
establish over several months (Metzeling et al.,1995).
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3.1. Field characteristics

Salinity can be recognised in the field in three ways: from
the appearance of the water; from the presence of salt-
tolerant species of macrophyte and invertebrates; and
measurement.

1. Unusually clear water can indicate high salinity levels.
Calcium and magnesium salts will cause clay particles
to clump together (flocculate) and sink, thus
dramatically reducing the turbidity of the stream. This
process will not occur in all saline streams, as it
depends on the type of salts present. Sometimes, a salty
stream will be appear unnaturally black.

2. Saline streams can be recognised by the loss of
sensitive species of macrophytes, macroinvertebrates
and riparian vegetation, and increase in populations of
salt-tolerant species. This will happen gradually with
increasing salinity, but should be obvious when salts
reach around 4,000 mg/L. Sensitive species of
invertebrates are well documented and are identified in
Hart et al.(1991). They include the mayflies,
dragonflies, and some caddis flies. Some sensitive and
salt-tolerant macrophyte species are listed in Table 9.
This is by no means a comprehensive list, and the
macrophyte community will not necessarily change
overnight from salt sensitive to salt tolerant. Rather, the

salt-sensitive species will show less vigour and be
gradually overwhelmed by salt-tolerant species.

The effects of salinity may also be seen in the riparian
vegetation, particularly in areas that are periodically
waterlogged. Many species of riparian trees show
decreased vigour and dieback from levels of salinity of
less than 2,000 mg/L (Hart et al.,1991).

3. Under severely saline conditions, riparian vegetation
may be killed by the salt. This occurs particularly in
small, ephemeral streams. The result is a stream with a
strip of bare ground running either side of the saline
channel (see Figure 16). Areas of white salt crystals can
sometimes be seen on the surface.

3. How do you recognise salinity?

Salt-sensitive species. Found in water with a salt concentration below 4,000 mg/L 

Myriophyllum propinquum Water-milfoil 

Triglochin procera Water ribbon 

Isoetes muelleri Quillwort (a fern) 

Salt-tolerant species. Found in water with a salt concentration of up to 7,000 mg/L 

Potomogeton pectinatus Sago pondweed 

Lemna minor Duckweed halophytes (salt-loving) 

Found in water with a salt concentration up to and above 10,000 mg/L 

Ruppiaspp. Sea tassel 

Lepilaena spp. Water mat 

Lamprothamnium spp. A plant-like algae 

Table 9.Some examples of salt-sensitive,salt-tolerant and halophytic (salt-loving) species.From Hart et al.(1991).

Figure 16.A salt-affected stream in the Kalgan catchment in 
south-western Western Australia.
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3.2. Measurement techniques

Salinity can be measured in terms of the weight of salts
per litre of water (mg/L), or in terms of electrical
conductivity, usually measured in microsiemens per
centimetre (µS/cm). It is possible to convert one to the
other using the formula:

filterable residue (mg/L) = 
0.68 ´ conductivity (µS/cm at 25°C) 

The easiest way to measure salinity is using a conductivity
meter, which may present the results in µS/cm, or may
convert them into mg/L for you. When taking water
samples for the measurement of salinity, bear in mind the
discussion above on saline pools, and consider taking
samples from deep water.

4.1. What are fatal salinity levels?

Fatal levels of salinity depend on your overall goals, as the
tolerances of different groups of organisms vary
considerably (Table 10). However, you should remember
the interactions between different groups, and that though
fish, for example, may be able to cope with quite saline
water, the habitat is not much use to them if their food
requirements are not met because of the dearth of
sensitive macrophytes and invertebrates.

4.2. Thresholds of concern

As with most water quality guidelines, you should be
aware of variation in the natural background levels of
salinity. Salt concentrations can increase slightly from the
headwaters to the lowland reaches. Also, streams tend to
be more saline in areas with low rainfall and little run-off.
Streams in such regions are often terminal systems that

end in a series of lakes of variable salinity. The guidelines
below relate to freshwater streams, rather than streams
that are naturally saline, though this is not to say that
salinisation of naturally mildly saline streams is a good
thing.

The Australian Water Quality Guidelines for Fresh and
Marine Waters (ANZECC, 1992a) recommend that salinity
‘should not be permitted to increase above 1,000 mg/L
(about 1,500 µS)’. The Guidelines go on to point out that
for other uses, salinity should be much lower (for example,
below 500 mg/L for irrigating clover pastures, and many
fruit and vegetable crops).

In developing the Index of Stream Condition in Victoria
(DNRE, 1997a), salinity ratings established by the Office of
the Commissioner for the Environment (1988) were
modified using data from six Victorian catchments. These
ratings are presented in Table 11.

Table 10:Fatal salinity levels for different organisms.

Goals relating to: Fatal salinity:

Freshwater invertebrate 2,000 mg/L (3,000 µS/cm) 
communities 

Macrophytes 4,000 mg/L (5,900 µS/cm) 
and algae (Metzelinget al.,1995) 

Native fish (adult) 10,000 mg/L (15,000 µS/cm) 
(Metzelinget al.,1995) 

Native fish (larvae) unknown (Hart et al.,1991) 

4. At what stage does salinity become a 
problem? 
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High salinity is at best a catchment-scale hydrological
problem. At worst, it is a regional-scale issue. In short, it is
not something that can usually be successfully treated in
drainage lines alone.

Table 11.Salinity ratings for streams in Victoria.From (DNRE,1997a).

Mountain Valley Floodplain Rating 

< 34 mg/L (50 µS/cm) < 68 mg/L (100 µS/cm) < 68 mg/L (100 µS/cm) Ideal 

< 102 mg/L (150 µS/cm) < 170 mg/L (250 µS/cm) < 204 mg/L (300 µS/cm) Close to ideal 

< 204 mg/L (300 µS/cm) < 272 mg/L (400 µS/cm) < 340 mg/L (500 µS/cm) Moderately different to ideal 

< 340 mg/L (500 µS/cm) < 476 mg/L (700 µS/cm) < 544 mg/L (800 µS/cm) Substantially different to ideal 

> 340 mg/L (500 µS/cm) > 476 mg/L (700 µS/cm) >544 mg/L (800 µS/cm) Far from ideal 

5. Possible solutions/treatments for salinity
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Not surprisingly, there is a vast array of organic and
inorganic chemicals that find their way into streams where
they can potentially cause considerable problems for the
stream biota. These chemicals are grouped under the
general category of toxicants. The Australian Water Quality
Guidelines for Marine and Fresh Waters lists 18 inorganic
toxicants— mainly heavy metals—and many more
organic toxicants, including several pesticides, detergents,
and many chemicals used in industry as solvents,
chemical intermediates, and so on.

1.1. The natural state and how it has changed

Many of the inorganic toxicants are naturally found in
streams in very low quantities, coming mainly from the

weathering and erosion of various rocks and minerals.
However, there are many anthropogenic sources, including
mining waste, sewage and industrial effluent, the
combustion of fossil fuels (eg. beryllium and sulfur), street
run-off (eg. lead), photographic waste (silver), tanneries,
paper mills, chemical plants, gas works, waste
incineration, metal production and so on. Many of the
organic toxicants are manufactured chemicals, and so are
not naturally found in water in any concentration. These
chemicals enter the environment through various routes
such as industrial and manufacturing emissions and
discharges, run-off from agricultural land, municipal
effluents, and fuel combustion. In Victoria, one of the most
common toxicants in streams is mercury, due to its use in
gold mining.

TOXICANTS
1. Introduction

The biological impacts of toxicants are too many to list
separately, but they range from a reduction in growth rate
and development, and pathological changes in gill, liver
and kidney tissue (salmonid fish response to chronic
exposure to ammonia), to impaired reproduction

(response of Daphnia to lead) and spinal deformities
(response of trout to lead) (ANZECC, 1992b). Some
chemicals, such as selenium and some pesticides, are toxic
to plants as well as animals. See (ANZECC, 1992a) for a
brief description.

2. Biological impacts of toxicants 

3.1. Field characteristics 

Because there is such a variety of different toxicants, there
is no easy generalisation to be made about how you
identify the effects of these chemicals, other than a lack of
aquatic organisms. Unless you have a particular reason to
suspect the presence of some toxicants (eg. a source such
as an urban or industrial drains, of mining effluent), your
first step should be to consider if water quality is actually a
problem.You should:

1. Search for the macrophytes, macroinvertebrates and
fish you would expect to find in a healthy stream.

2. If you don’t find any, look around and see if there is
suitable habitat and sufficient water for the animals
and plants you expect.

3. If there is suitable habitat, check other water quality
variables.

3. How do you recognise the presence of 
toxicants? 
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4. If none of these can explain the lack of life, talk to a
laboratory about testing for possible toxic chemicals in
your stream.

3.2. Measurement techniques

Measurement techniques vary for different toxicants.
Unfortunately, there are no easy field tests for these
chemicals as there are for the other water-quality
variables. Collection and analysis of samples for analysis of
toxicant concentration is complex. Tests for each chemical
will have different requirements for sample collection and
preservation. For many of these chemicals, there is a
variety of different methods for determining concentration,
which may arrive at different results. Seek professional help
if you suspect contamination with any of these chemicals.

The critical concentration depends on the chemical in
question. How toxic a chemical is may vary depending on
the pH and hardness of the water, and whether it is a
‘bioaccumulant’ (some chemicals will be absorbed by
animals, and not excreted, so they eventually accumulate
in the animal in much higher concentrations that the
surrounding water). For many chemicals, a suitable
threshold of concern is not known. See the ANZECC
concentration guidelines for further information.

Again this will depend on the chemical: seek professional
advice.

5. Possible solutions/treatments for toxicants

4. At what stage do toxicants become a problem?
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