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Introduction to the guide
Western Australia’s unique and diverse wetlands are rich in ecological and cultural values 
and form an integral part of the natural environment of the state. A guide to managing 
and restoring wetlands in Western Australia (the guide) provides information about the 
nature of WA’s wetlands, and practical guidance on how to manage and restore them for 
nature conservation. 

The focus of the guide is natural ‘standing’ wetlands that retain conservation value. 
Wetlands not addressed in this guide include waterways, estuaries, tidal and artifi cial 
wetlands. 

The guide consists of multiple topics within fi ve chapters. These topics are available in 
PDF format free of charge from the Western Australian Department of Environment and 
Conservation (DEC) website at www.dec.wa.gov.au/wetlandsguide. 

The guide is a DEC initiative. Topics of the guide have predominantly been prepared by 
the department’s Wetlands Section with input from reviewers and contributors from a 
wide range of fi elds and sectors. Through the guide and other initiatives, DEC seeks to 
assist individuals, groups and organisations to manage the state’s wetlands for nature 
conservation. 

The development of the guide has received funding from the Australian Government, the 
Government of Western Australia, DEC and the Department of Planning. It has received 
the support of the Western Australian Wetlands Coordinating Committee, the state’s 
peak wetland conservation policy coordinating body.

For more information about the guide, including scope, purpose and target audience, 
please refer to the topic ‘Introduction to the guide’.

DEC welcomes your feedback and suggestions on the guide. A publication feedback 
form is available from the DEC website at www.dec.wa.gov.au/wetlandsguide.
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Before you begin

Introduction
The quality of water in a wetland has a significant influence on the natural characteristics 
and values of the wetland. The native plants, animals, fungi, algae and bacteria of 
wetlands are adapted to particular water quality conditions, which are critical to 
their ability to survive. If water quality is changed to the extent that it exceeds the 
tolerance limits of wetland organisms, loss of individual organisms, species, habitat 
and ultimately biodiversity can occur. The nature of wetlands and the functions they 
perform can alter when water quality declines. For these reasons, understanding, 
protecting and managing water quality is essential to wetland management and critical 
to conserving wetland biodiversity in the long term. Poor water quality can also reduce 
people’s enjoyment and use of wetlands, with nuisance midge populations and odours 
among the problems it can cause. 

This topic focuses upon the management of human-caused changes to water quality 
in order to protect and maintain the natural characteristics of wetlands of conservation 
value in Western Australia. It includes individual sections on excess nutrients, 
acidification, turbidity and pollution by pesticides, metals, hydrocarbons (oils), pathogens, 
heated water and litter. While other water quality problems are beyond the scope of this 
version of this topic, many of the general principles for managing water quality covered 
in this topic will apply to other problems. 

h
Before embarking on management and restoration investigations and 
activities, you must consider and address the legal requirements, safety 
considerations, cultural issues and the complexity of the ecological 
processes which occur in wetlands to ensure that any proposed actions are 
legal, safe and appropriate. For more guidance, see the topic ‘Introduction 
to the guide’.

Tolerance limits: the upper 
and lower limit to the range of 
particular environmental factors 
(e.g. light, temperature, salinity) 
within which an organism can 
survive. Organisms with a wide 
range of tolerance are usually 
distributed widely, while those 
with a narrow range have a 
more restricted distribution.

Organism: any living thing

Species: a group of organisms 
capable of interbreeding and 
producing fertile offspring, 
for example, humans (Homo 
sapiens)

Biodiversity: encompasses the 
whole variety of life forms—
the different plants, animals, 
fungi and microorganisms—
the genes they contain, and 
the ecosystems they form. 
A contraction of ‘biological 
diversity’.
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What is water quality? 
Water quality is a term used to describe the condition of water relative to meeting certain 
standards for its intended purpose, such as drinking water or irrigation. Importantly, in 
this topic, the term water quality is used specifically to refer to the quality of water in 
the environment, such as a wetland, relative to its natural, undisturbed state. The closer 
it is to its natural state, the ‘better’ it is said to be.

However, wetlands each have their own individual natural water chemistry. This is 
the challenge in managing water quality - there is no simple water quality target that 
applies to all wetlands in WA. So what determines a wetland’s natural water chemistry? 
The incoming surface water and groundwater are an important influence upon the 
water quality of a wetland, and the incoming water in turn is heavily influenced by 
the characteristics of the surrounding geology (rocks and soils) that the water flows 
through to reach the wetland. For example, the water picks up various salts and other 
materials in various concentrations depending upon the local geology. This influences the 
salinity (concentration of salts) and water softness/hardness (concentration of calcium, 
magnesium and bicarbonate) of water. Wetlands in WA range from fresh to hypersaline 
(that is, many times more saline than seawater), and from soft to extremely hard. How 
fresh or saline water is, and how hard or soft it is, can influence the organisms that 
occur in a wetland and also influence how a wetland is affected by nutrients, acid and 
pollutants. 

Importantly, wetland water chemistry is not constant. It changes in response to 
environmental variables. In addition to the geology of an area and the quality of the 
incoming water, the water regime and sediment of the wetland also has a strong 
influence on its water chemistry. Wetting and drying, for example, dilute and concentrate 
salts, and drying exposes sediment to oxygen, triggering chemical changes in the 
sediment, which is typically where most of a wetland’s nutrients are stored. Nutrients can 
be bound to the sediment or liberated from sediment depending on the composition 
of the sediment and the prevailing conditions. Permanently inundated wetlands tend to 
have less pronounced changes in water chemistry compared to those that wet and dry. 
Because decomposition processes are less vigorous in these wetlands, they also usually 
have a greater store of organic matter in their sediments. In turn, the composition of 
the sediment has a strong influence on water chemistry, with the mineral and organic 
particles present having differing affinities for binding with nutrients, metals and 
pollutants and for buffering acidity. These factors are described in more detail in this 
topic.

Water quality is often measured against a range of physical, chemical and biological 
characteristics or parameters such as turbidity, salinity and algal concentration. These 
parameters often influence each other (that is, they interact) and may vary seasonally, 
depending on a variety of factors. 

Important noteh
Natural wetland water conditions are covered in more detail in the topic 
‘Conditions in wetland waters’ in Chapter 2. 

This topic has been written with the assumption that the reader has a 
certain amount of knowledge about natural wetland water conditions. 
This topic builds on the ‘Conditions in wetland waters’ topic by outlining 
the causes and effects of reduced water quality and strategies for 
preventing and managing impacts to water quality. 

Water quality: the quality of 
water relative to its natural, 
undisturbed state

Water regime: the specific 
pattern of when, where and to 
what extent water is present in 
a wetland. The components of 
water regime are the timing, 
frequency, duration, extent and 
depth and variability of water 
presence.

Sediment: in general terms, 
the accumulated layer of 
mineral and dead organic 
matter forming the earth 
surface of a wetland. Used 
interchangeably in this guide 
with the terms ‘wetland soil’ 
and ‘hydric soil’, although all 
three of these terms have more 
specific meaning in wetland 
pedology.

Physical parameters: physical 
characteristics of water such as 
temperature, turbidity, colour

Chemical parameters: 
chemicals found in water 
such as dissolved oxygen, pH, 
nutrients and pollutants

Biological parameters: 
organisms that inhabit 
wetlands such as algae, 
macroinvertebrates, fish
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What are the most common water quality problems 
in WA wetlands? 
Detrimental changes to wetland water quality have occurred in many wetlands in WA, 
particularly those in heavily populated, farmed, grazed and mined areas.  In the past, 
the value of wetlands as unique ecosystems worthy of conservation and protection in 
their natural condition has been secondary to their usefulness to humans. Wetlands have 
been cleared, filled, drained and modified as a result of urban, agricultural, mining and 
industrial development. A number have been dug out to look more like the deep lakes 
of the northern hemisphere and to contain large volumes of stormwater and pollutants. 
Table 1 summarises the most common water quality problems in WA wetlands. 

Table 1. A summary of common water quality problems applicable to WA wetlands.

Water quality 
problem

Potential impacts to plants, animals 
and humans

Indicators Causes Refer to

Excess nutrients 
(eutrophication)

Less nutrient-sensitive species and potentially 
more nutrient-tolerant species

Algal and cyanobacterial blooms

Odours

Bird illness and death (avian botulism)

Fish deaths

Weeds

Nuisance midge populations 

Reduced biodiversity of plants and animals

High nutrient levels in water

High chlorophyll a levels

Low dissolved oxygen levels/high 
biological oxygen demand 

High levels of ammonia

Low light levels

Nutrient pollution of 
surface water and 
groundwater in the 
catchment

Artificial permanent 
inundation of seasonally 
drying wetlands

Landfill within the wetland 
(uncommon)

Under some circumstances, 
wetland acidification

Page 36

Acidification Impaired health of plants and animals

Death of plants and animals

Less acid-sensitive species and more acid-
tolerant species 

Altered composition of plant and animal species

Reduced biodiversity of plants and animals

Increase in acid-tolerant mosquitoes

Marked reduction in pH of water or 
sediment

Increased net acidity 

Jarosite in sediment

Sediment scalds

Water that is crystal clear, yellow/
orange/brown or milky-white 

Reduction in oxygen levels

Release of metals from sediment 
to water 

Mobilisation of acidic 
groundwater via rising 
groundwater and deep 
drainage 

Generation of acids by 
exposing sulfides in soil to 
air, through drying and/or 
soil disturbance 

Page 82

Secondary salinity Impaired health of plants and animals

Death of plants and animals

Less salt-sensitive species and more salt-
tolerant species 

Altered composition of plant and animal species

Reduced biodiversity of plants and animals

Salinity of water (various 
measurements possible) 

Disappearance of salt-sensitive 
species

Appearance of salt-tolerant species

Death of trees and shrubs

Salt scalds

Deposits of solid salt

Rising saline groundwater

Seawater intrusion

Reduction in freshwater 
entering wetland due to 
various causes

‘Secondary 
salinity’ topic 
in Chapter 3

Pesticides Impaired health of plants and animals

Reduced ability of plants, algae and 
cyanobacteria to photosynthesise

Disrupted fertility, reproduction and growth in 
plants and animals

Death of plants and animals

Less pesticide-sensitive species and more 
pesticide-tolerant species 

Altered composition of plant and animal species

Reduced biodiversity of plants and animals

Pesticide levels in sediment and 
water 

Pesticide levels in incoming water 
(e.g. following heavy rain)

Pesticide levels in affected 
organisms

Pollution Page 111
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Water quality 
problem

Potential impacts to plants, animals 
and humans

Indicators Causes Refer to

Excess metals Impaired health of plants and animals

Reduced reproductive success of plants and 
animals

Birth defects 

Death of plants and animals

Less metal-sensitive species and more metal-
tolerant species 

Altered composition of plant and animal species

Metal levels in sediment and water

Water appearance (in the case of 
aluminium and iron pollution)

Metal levels in affected organisms

Pollution

Acidification

Page 117

Hydrocarbons Impaired health of plants and animals

Death of plants and animals

Altered habitat 

Altered composition of plant and animal species

Slicks on water

Hydrocarbons in sediment and 
water

Coatings on animals

Pollution Page 124

Excess pathogens Unusual behaviour and/or distress in animals

Disease in plants and animals

Death of plants and animals

Changes in abundance and diversity of sensitive 
species

Pathogen levels in water Pollution Page 127

Unnatural turbidity Reduced ability of plants, algae and 
cyanobacteria to photosynthesise

Impaired health of plants and animals

Death of plants and animals

Less turbidity-sensitive species and more 
turbidity-tolerant species 

Altered composition of plant and animal species

Increased cloudiness or muddiness 
of water

Smothering of benthic organisms

Vegetation clearing, grazing 
in catchment

Loss of wetland vegetation 

Other including 
waterskiing, fires, 
inappropriate stormwater 
management practices and 
introduced animals. 

Page 130

Thermal pollution Reduced ability of plants, algae and 
cyanobacteria to photosynthesise

Death of animals

Altered composition of plant and animal species

Fish ‘gasping’ for oxygen at the 
water surface

Temperature measurements

Pollution Page 137

Litter and debris Variable Foreign material in/around 
wetlands

Pollution Page 139

Loss of ‘colour’ (reduction 
in concentration of 
dissolved substances, 
commonly organic 
materials but may also 
include iron, manganese 
and copper). Colour affects 
the total incidence of light, 
and the wavelengths of 
light, that can penetrate 
the water column.

Increased susceptibility to algal and 
cyanobacterial blooms

Increased susceptibility to nuisance populations 
of midge 

Altered composition of plant and animal species

Reduction in colour (measured in 
gilvin or true colour units).

Clearing in wetland and/
or catchment reducing 
incoming dissolved organic 
matter

Acidification (oxidation 
of organic matter, 
and flocculation and 
precipitation of tannins 
under low pH conditions)

For more 
information 
on colour, 
see the topic 
‘Conditions 
in wetland 
waters’ in 
Chapter 2.
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What are the causes of poor water quality?
Wherever land is used for urbanisation, agriculture, mining or industry, water quality of 
associated wetlands will be at risk from becoming degraded as a result of these activities. 
Poor water quality is not just about pollution. There are in fact three main causes of poor 
water quality in WA wetlands: 

1. poor quality of incoming surface water or groundwater

2. poor quality of wetland water due to alterations to a wetland’s water regime (for 

example, wet or dry longer than natural)

3. poor quality of wetland water due to other wetland disturbances (for example, clearing, 

grazing and soil disturbance) 

Many wetlands in WA experience poor water quality because of one or more of these 
factors.

There is now a far greater appreciation that land uses and activities occurring kilometres 
away from wetlands can affect their water quality. The quality of the water a wetland 
receives from its surface water catchment and groundwater capture zone is critical. 
For example, one of the most common water quality problems in all types of aquatic 
ecosystems is an excess of nutrients, which can cause imbalances in their chemistry 
and ecology. A visible outcome of this is nuisance and toxic algal and cyanobacterial 
blooms. These are not uncommon in wetlands in highly developed areas of Perth, Peel, 
the south-west and south coast, and have also been reported from the Pilbara and 
Kimberley. Excess nutrients discharged from agricultural, urban and industrial land uses 
within the catchment of a wetland can enter wetlands from surface waters, such as 
overland flow, drains and waterways—that is, stormwater. They can also be washed 
into the soil, reaching the groundwater and then entering down-gradient wetlands via 
the groundwater. 

But pollution is only part of the problem. Poor water quality is also linked to alterations 
to surface water and groundwater flows. Urban areas are a good example. Before they 
are developed for urban land use, catchments are covered in native vegetation, and a 
high proportion of rainfall is transpired by vegetation or infiltrates into the ground to 
become groundwater. These two processes slow down the water, and as it travels over 
and through vegetation, soil and groundwater aquifers, it picks up materials in dissolved 
and particulate forms. For example, if the water flows through limestone on its way 
to a wetland, it may naturally pick up bicarbonates that buffer it against acidic water. 
Or, if it flows over granite, it may cause the water to naturally become more acidic. As 
it flows through vegetation, water can pick up soil particles, dissolved plant matter such 
as tannins, which have an influence on water chemistry, and other organic matter that 
provides energy that travels through wetland food webs. The process of flowing through 
soil and aquifer materials often also attenuates (removes) some materials in the water, 
such as nutrients. 

Links to more information on catchments 
and capture zonesh

Identifying surface water catchments and groundwater capture zones are 
covered in more detail in the topic ‘Wetland hydrology’ in Chapter 2. A 
quick guide to identifying a wetland’s surface water catchment is provided 
in the text box at the end of this section. 

Catchment: an area of land which 
is bounded by natural features such 
as hills or mountains from which 
surface water flows downslope to 
a particular low point or ‘sink’ (a 
place in the landscape where water 
collects)

Groundwater: water occurring 
beneath the ground surface in 
spaces between soil grains and 
pebbles and in fractures or crevices 
in rocks

Groundwater capture zones: 
the area within which any recharge 
(infiltrating water) eventually flows 
into the wetland

Algae: a general term referring 
to the mostly photosynthetic, 
unicellular or simply constructed, 
non-vascular, plant-like organisms 
that are usually aquatic and 
reproduce without antheridia and 
oogonia, that are jacketed by sterile 
cells derived from the reproductive 
cell primordium; includes a number 
of divisions, many of which are only 
remotely related to each other

Cyanobacteria: a large and varied 
group of bacteria which are able to 
photosynthesise

Stormwater: water flowing over 
ground surfaces, in natural streams 
and drains as a direct result of 
rainfall over a catchment. It consists 
of rainfall runoff and any material 
(soluble or insoluble) mobilised in 
its path of flow.

Transpiration: the process in 
which water is absorbed by the 
root systems of plants, moves up 
through the plant, passes through 
pores (stomata) in the leaves 
and other plant parts, and then 
evaporates into the atmosphere as 
water vapour 

Particulate: in the form of particles 
(small objects)
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In comparison, traditionally designed urban land uses in WA generate significantly 
more stormwater compared to undeveloped catchments. This is because the vegetation 
is cleared to make way for roads, houses and other buildings. These impermeable 
surfaces in urban areas don’t use water and they don’t allow the same volume of water 
to infiltrate into the soil, meaning that natural water loss is minimised, and that water 
flow paths and their associated filtration and accumulation processes are bypassed. As 
Perth and other urban areas around WA have grown, the easiest way to deal with this 
excess water has been to direct it into the most convenient receiving environment by 
pipe—be it a wetland, waterway or the ocean—or to create a depression to store the 
water. As a result, some wetlands are now much wetter for much longer, changing their 
water regime and altering the types of physical, chemical and biological changes that 
occur in the sediment. Because the water in these wetlands has not flowed through soil, 
vegetation and aquifers before reaching them, it hasn’t accumulated natural dissolved 
and particulate materials, but it has picked up pollutants from roads and other built 
surfaces. These pollutants compound the problems caused by alterations to their water 
regime. 

Changes to the natural stormwater and groundwater patterns, and their impacts on 
wetlands, are a legacy of historical urban and rural development. Without drains, many 
wetland areas of Perth and Peel, as well as other areas of WA, would not have been able 
to be used or converted to dryland for use as farming and residential land, and later for 
commercial and industrial land. Extensive networks of drains were installed to remove 
water from wetlands, and these remain today. As well as being a means of destroying 
or significantly altering many wetlands, the environmental impact of these drains was 
compounded, because the water from these drained wetlands were often directed into 
many of the remaining wetlands. In Perth, for example, large chains of wetlands are 
influenced by ‘main drains’. The excess of water has changed the character of many of 
these wetlands. Importantly, unlike the urban drainage of other Australian cities, Perth’s 
main drains are designed to intercept and convey shallow groundwater in addition to 
surface overland flow.1 

Stormwater has been a significant source of pollutants for many WA wetlands. In 
addition to rainfall runoff, stormwater consists of material (soluble or insoluble) mobilised 
in its path of flow. Stormwater may discharge nutrients, acidic waters, suspended 
particulates, pesticides, metals, hydrocarbons, pathogens and litter into wetlands. Some 
stormwater reaches wetlands by overland flow, while some is captured by stormwater 
infrastructure such as drains, pipes and basins (particularly in urban areas) which then 
discharges into wetlands, waterways or the ocean (Figure 1). For example, stormwater 

Impermeable: does not allow 
water to move through it

Figure 1. Pipes discharge stormwater into Lake Monger, Perth.  
Photo – L Mazzella/Department of Water. 
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pollutants discharged into Herdsman Lake have been described in the thesis Land use 
changes and the properties of stormwater entering a wetland on the sandy coastal plain 
in Western Australia.2 

Wetlands are also receiving environments for discharge water from mining operations, 
which in addition to altering natural water regime, can be laden with acids, salts and 
pollutants. 

Groundwater pollution is associated with a range of land uses. Groundwater 
plumes from a range of contaminants are evident in a number of locations in WA. 
For example, in the Perth metropolitan area, groundwater plumes are documented in 
association with landfill sites, residential development, waste recycling and treatment 
facilities, underground hydrocarbon storage tanks, liquid waste disposal sites, fertiliser 
manufacturing sites, railway workshops and mixed urban land uses.3

In a number of areas of WA, human alterations to groundwater are also a source of 
water quality problems in wetlands. Over-use of groundwater can cause groundwater 
dependent wetlands to become drier than natural, which is one of the causes of wetland 
acidification—via acid sulfate soils—that is especially prevalent in the south west of WA. 
In contrast, extensive clearing in the Wheatbelt has caused the groundwater table to rise 
significantly, making wetlands far wetter than natural, and far saltier than natural due to 
the mobilisation of salts present in the soil, and in some circumstances, far more acidic 
than natural.

➤	 Secondary salinity is a complex water quality issue, covered in more detail in the topic 
‘Secondary salinity’ in Chapter 3.

Groundwater plume: body of 
polluted water within an aquifer  

ex
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Determining the surface water catchment of a wetland
Topographic contours—lines showing the height of the land—and knowledge of the area are key to 
determining the surface water catchment of a wetland. Topographic contours can be obtained from sources 
such as Landgate’s WA Atlas (www2.landgate.wa.gov.au/web/guest/wa-atlas). Of most use is a map (hard 
copy or digital) that shows aerial photography and is overlain with topographic contours.

First, mark the location of your wetland on the map. In most cases the wetland will be at a low elevation and 
the height of the surrounding land will rise; the numbers showing the height in metres on the lines of the 
topographic map will increase. Start at the north end of your wetland and, moving northerly, follow the rising 
topography lines until you reach the spot where the land elevation starts to decrease. The highest elevation 
point marks the edge of the wetland’s catchment at that point. The water that falls on land north of this spot 
will flow away from your wetland; that which falls south of it will flow toward your wetland. Use this same 
exercise to mark the southern, eastern, and western boundaries of the watershed. Then connect the dots by a 
line between them that follows the land’s topography. This is the boundary of your natural catchment. If you 
have trouble drawing in the line, imagine dropping a ball in the area and think again about which direction it 
would roll. If it would roll toward your wetland, then the area is within your wetland’s watershed. However, 
sometimes the topography is not uniform, and the boundary can be complex, including water initially flowing 
away from the wetland before being directed back to it.  So you may need to follow the route the water takes 
where a clear catchment boundary is not evident. Urban drainage can also change the rules, where water is 
artificially moved between natural catchments. Planners in the relevant local government authority (council or 
shire) may be able to tell you when this is the case. 

Once you have determined what land drains to your wetland, it will be easier for you to recognise what or 
who else may be affecting your wetland. You may want to continue working with your map, labelling or 
marking where different activities are occurring and thinking about the likely effects on your wetland. For 
example, is there a new subdivision or a plan for one in the catchment? How about shopping malls? What 
fields are irrigated nearby? Where are animals pastured? Where are manure, fertilisers, or pesticides being 
spread or sprayed? 

Acknowledgement: adapted from At home with wetlands: a landowner’s guide.4
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Who is responsible for managing wetland water 
quality?
Responsibility for managing wetland water quality generally lies with the landowner 
or land manager. The three main groups with responsibility are landowners, local 
governments, and pastoral lessees; with DEC another major wetland manager in many 
areas the state. 

Of course, landowners often have little direct control over the quality of the water 
reaching their property from surrounding properties. There are many groups with a role 
or responsibility in ensuring that water that enters a wetland from the broader catchment 
is of an appropriate quality (as outlined in the next section). Landowners with concerns 
about the quality of water entering their property can liaise with these groups. There are 
also a range of government and non-government programs to assist private landowners 
with on-ground wetland water quality activities. For example, DEC’s Healthy Wetland 
Habitats program: eligible landowners on the Swan Coastal Plain (from Moore River to 
Dunsborough) can receive management advice and funding to manage water quality. For 
more information telephone the Healthy Wetland Habitats program coordinator on (08) 
9334 0333.

➤	 For more information on various programs that provide landowners with assistance, 
see the topic ‘Funding, training and resources’ in Chapter 1.

Land developers have a specific role in wetland water quality management during 
the course of, and in the years following, the subdivision and development of an area 
of land. If a wetland is located within the parcel of land, it may be required to be 
ceded to the Crown as ‘public open space’ (often abbreviated to POS) through the 
subdivision or development approval process. For wetlands retained in areas of public 
open space within a residential development, for example, it is common for developers 
to be assigned responsibility for the management of the wetland for a period (usually 
three years) following the completion of a development. They are generally required to 
manage the wetland and associated buffer in accordance with a wetland management 
plan that has been prepared in liaison with, and approved by, relevant authorities (for 
example, DEC and/or the local government). DEC’s Guidelines checklist for preparing a 
wetland management plan5 forms DEC’s key reference for this process, and includes a 
requirement to address wetland water quality. After the designated management period, 
if the developer has satisfied the requirements and implemented all management actions 
outlined in the approved wetland management plan, transfer of the open space and 
therefore responsibility for the management of the wetland passes to the nominated 
vesting body, typically the local government. The community can have an important 
role in the scoping, drafting and implementation of the wetland management plan and 
should be consulted by the land developer during the development of the plan. 

DEC is the state government agency with the lead role in the protection and 
management of wetlands. DEC contributes to the management of wetland water quality 
through various statutory and non-statutory processes. DEC also provides an online 
map and data for WA’s wetlands called WetlandBase. As well as showing the location 
of wetlands, it can display the survey data for individual wetlands. Survey data include 
water chemistry data, as well as survey records for waterbirds, aquatic invertebrates and 
vegetation, where available. The survey data is collated from a number of survey sources, 
including a range of government and university survey programs. It is available via http://
spatial.agric.wa.gov.au/wetlands. DEC is preparing an alternative to WetlandBase, 
scheduled for release in 2014, that will continue to make this data publicly available.

There is no dedicated program for surveying or monitoring the water quality of WA’s 
wetlands. Much of the surveying that occurs is a result of specific programs that may 
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apply to certain geographic areas for particular time periods, in response to particular 
concerns and as funding opportunities allow. Other monitoring is carried out by 
landowners or their consultants in accordance with government requirements (for 
example, by a developer’s environmental consultant in order to fulfil a condition of 
subdivision approval of a parcel of land containing the wetland).

Who is responsible for managing catchment 
water quality?
Wetland water quality is generally a product of actions in the broader catchment. In 
WA, there are many groups and organisations that have either a responsibility or role in 
ensuring that water in the catchment is of an appropriate quality. Effective management 
of water quality involves cooperation between member of the public, landholders, 
community groups, regional management authorities and local and state governments.

Individual responsibilities
All individuals are responsible for ensuring that their actions do not harm the 
environment. Releasing chemicals or carrying out activities that have an effect on the 
environment may constitute ‘environmental harm’ under the Environmental Protection 
Act 1986. 

➤	 For more information on environmental harm provisions, see the topic ‘Legislation and 
policy’ in Chapter 5.

There are many local, state and Australian government initiatives and community-based 
initiatives to assist individuals to use, store and dispose of chemicals such as nutrients, 
paints, oils, batteries and pesticides correctly and to manage other potentially harmful 
activities. A number of these are outlined in this topic.

There has been an overwhelmingly positive response amongst residential gardeners 
to reduce their fertiliser applications in order to reduce the impacts of nutrients on 
WA’s wetlands and waterways. Significant reductions in nutrient levels in some areas 
demonstrate what can be achieved by individuals collectively working to improve water 
quality of wetlands.

Community-based initiatives
The community is at the forefront of a range of on-ground catchment water quality 
management initiatives in WA. Individuals, organisations and community groups such as 
‘Friends of’ groups can play an important role in pollution prevention and control in the 
community. Grass-roots education activities and passive surveillance can be important 
drivers of behavioural change, improving compliance by industry and the uptake of best 
practice by businesses and the community in general. 

Regional natural resource management (NRM) organisations can also play an integral 
role. The Light Industry Audit Project is an example of one such program. The project was 
delivered by Perth Region NRM between 2007 and 2012. The aim of the project was to 
minimise the discharge of nutrients and contaminant sources from small and medium 
sized enterprises by auditing the use, storage and disposal of all types of solid and liquid 
materials with the requirements of relevant environmental legislation. Typical activities 
of small and medium sized enterprises include mechanical repair, vehicle smash repair, 
engineering and metal fabrication, metal finishing, machinery hire, chemical manufacture 
and blending, transport depots, concrete products, landscape supplies and printing. 
In WA these industrial premises have been identified as representing a significant 
cumulative risk to the health of water resources.6 Perth Region NRM completed a light 
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industry audit and education program at the end of the project. The report identified that 
the main areas where businesses failed to minimise or mitigate the risk of pollution were:

• inappropriate liquid storage and spill management infrastructure 

• inappropriate disposal of wastewater 

• wastewater containing detergents, degreasers or sediments not properly treated 

and/or being discharged to open ground, septic tank system or stormwater 

drainage 

• no emergency spill kit 

• no emergency spill management plan and/or staff training for managing spills 

• Material Safety Data Sheets not held on site for all chemicals used. 

➤	 Information on the Light Industry Audit Project is available on the Swan River 
Trust website: www.swanrivertrust.wa.gov.au/the-river-system/tackling-the-issues/
addressing-contaminants/light-industry-program

The extensive range of catchment water quality improvement initiatives being 
undertaken by the Peel-Harvey Catchment Council is another example of the pivotal 
role regional NRM groups can play. These include nutrient filtering projects, broader 
stormwater quality improvement projects, drainage reform projects and delivery of the 
Water quality improvement plan for the rivers and estuary of the Peel-Harvey system – 
phosphorus management.7 The Peel-Harvey Catchment Council has been recognised 
for this work, receiving the ‘Rivers, estuaries and wetlands’ award in the 2012 Western 
Australian Environment Awards.

The Phosphorus Action Project, hosted by the South East Regional Centre for Urban 
Landcare Inc. (SERCUL) and supported by the Swan River Trust, is another example of 
a water-quality focused community-based initiative. The Phosphorus Action Project 
has spearheaded a community education campaign to achieve greater awareness of 
how to minimise nutrient pollution. Its initiatives include an annual nutrient survey for 
local governments in the Perth metropolitan area, to identify the extent to which best 
management practices are being achieved and how improvements can be made.

➤	 More information on the role that community and regional NRM organisations 
can play in wetland management protection is provided in the topic ‘Roles and 
responsibilities’ in Chapter 5.

Government programs 
Various Western Australian government agencies coordinate and participate in the 
regulation, research and monitoring of water quality.

Industry regulation
Preventing the discharge of pollutants into the environment is the most effective and 
efficient way to protect wetlands from pollution. This may be achieved by preventing 
or minimising the generation of pollutants and their export from the source. Pollutants 
are generated by both industry and domestic sectors. DEC is responsible for regulating 
the emissions or discharge of a range of commercial and industrial activities that would 
otherwise pose a significant environmental risk. It has powers to investigate, enforce and 
to order pollution to be abated and remediated. DEC carries out these responsibilities 
in accordance with Part V of the Environmental Protection Act 1986. In particular, 
DEC manages ‘prescribed premises’ through works approvals and licences. Licensing 
of prescribed premises allows DEC to regulate emissions and discharges from these 
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premises, through conditions contained within licences that relate to the prevention, 
reduction or control of particular emissions and discharges, and to the monitoring and 
reporting of them.

➤	 DEC publishes details of granted and refused licences for prescribed premises. These 
are available to view at the ‘Licensing and regulation’ webpage of the DEC website 
www.dec.wa.gov.au/pollution-prevention/licensing-and-regulation.html. 

Relevant regulations under the Act include:

• Environmental Protection (Abattoirs) Regulations 2001

• Environmental Protection (Abrasive Blasting) Regulations 1998

• Environmental Protection (Concrete Batching and Cement Product Manufacturing) 

Regulations 1998

• Environmental Protection (Controlled Waste) Regulations 2004

• Environmental Protection (Fibre Reinforced Plastics) Regulations 1998

• Environmental Protection (Metal Coating) Regulations 2001

• Environmental Protection (NEPM-NPI) Regulations 1998

• Environmental Protection (Packaged Fertiliser) Regulations 2010

• Environmental Protection (Petrol) Regulations 1999

• Environmental Protection (Rural Landfill) Regulations 2002

• Environmental Protection (Unauthorised Discharges) Regulations 2004

Figure 2. A DEC Compliance Officer inspecting tyre and battery storage during an industry 
regulation compliance inspection. Photo – DEC.

A range of industry activities are regulated by local governments. Local government 
approval is required for a range of activities through land use planning, extractive 
industry and offensive trades approvals and local government by-laws. 

Department of Mines and Petroleum approvals apply to mine sites, petroleum industries 
and dangerous goods storage facilities.
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Hazardous household waste
There are eight metropolitan and six regional centre permanent hazardous household 
waste facilities in WA, which are complemented by collection days in other areas of the 
state. These services provide householders with the opportunity to dispose of flammable, 
toxic, explosive and corrosive materials including substances such as batteries, paints and 
pool chemicals, at no charge.

➤	 For more information on hazardous waste facilities, see the Western Australian Local 
Government Association website: www.walga.asn.au and Wastenet: www.wastenet.
net.au/programs/hhwprog 

Management of pollution incidents, contaminated sites and acid 
sulfate soils
DEC is responsible for investigating environmental harm caused by pollution. Wetlands 
are protected by environmental harm provisions under the Environmental Protection Act 
1986 (EP Act). Under the EP Act, an ‘alteration of the environment to its detriment or 
degradation or potential detriment or degradation’ or an ‘alteration of the environment 
to the detriment or potential detriment of an environmental value’ is considered 
environmental harm. 

➤	 To report pollution, call the Pollution Watch Hotline, 1300 784 782 (24 hours) or 
email pollutionwatch@dec.wa.gov.au.

➤	 In the event of a hazardous materials release or life-threatening incident, call 000 and 
ask for Fire and Rescue.   

➤	 In the event of pollution, DEC may issue an environmental field notice to the 
responsible person or organisation requiring site remediation under the Environmental 
Protection (Unauthorised Discharges) Regulations 2004.

Figure 3. Officers of DEC’s Pollution Response Unit. Photo – P Nicholas/DEC.
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DEC is also responsible for administering WA’s contaminated sites legislation, the 
Contaminated Sites Act 2003. This Act aims to protect people’s health and the 
environment from harm. Under the Act, contaminated sites must be reported to DEC, 
investigated and, if necessary, cleaned up. 

DEC is also the lead agency for the management of acid sulfate soils in WA. 

➤	 Contaminated wetlands and groundwater are identified in the Contaminated Sites 
Database, available from https://secure.dec.wa.gov.au/idelve/css/. This database also 
provides reports outlining the status of contamination for individual sites.

➤	 For more information on DEC’s role in pollution incidents, contaminated sites and acid 
sulfate soils, see www.dec.wa.gov.au/pollution-prevention.html. 

Management of pesticides 
Before a pesticide can be used in Australia, it must be registered by the Australian 
Pesticide and Veterinary Medicines Authority, an Australian Government body. The 
WA Department of Health and the Department of Agriculture and Food, as well as 
other state government agencies, play an important role in managing the use of 
registered pesticides to ensure they do not have untoward effects on humans, animals, 
agriculture or the environment. These agencies are represented on the Pesticide Advisory 
Committee. Local governments also play an important role in investigating pesticide 
misuse and minimising the approval of incompatible land uses in proximity to each other.

➤	 More information on the roles and responsibilities of organisations and individuals is 
outlined in the document Quick contacts for the use of pesticides in WA.8

Agricultural best practice
The Department of Agriculture and Food provides advice to agricultural producers 
regarding best practice farming methods, including the efficient use of water, pesticides 
and fertilisers and the minimisation of erosion and other off-site impacts.

The Department provides a range of resources, tools and services, such as the Small 
Landholder Information Service.  

➤	 More information for small landholders on the management of pesticides, fertilisers 
and other agricultural chemicals is available via www.agric.wa.gov.au/PC_92609.html 

Sewage and wastewater management
The Water Corporation removes about 432 million litres of wastewater a day and 
operates 106 wastewater treatment plants across the state. It also administers the Infill 
Sewerage Program, a WA Government initiative. It aims to provide sewerage connections 
to properties where the use of septic tanks poses a risk to public health and the 
environment. Infill sewerage is a system of buried pipes that takes wastewater away from 
residential properties for safe and healthy treatment and disposal.

A number of priority areas have been agreed with the State Government, based primarily 
on public health and environmental considerations. Current priorities are Bridgetown, 
Bunbury, Busselton, City Beach, Dawesville, Esperance, Falcon, Geraldton, Greenough, 
Kwinana, Mandurah, Port Hedland, Quinns Rocks, Ravenswood and Rockingham. 

There are also controls on the use of on-site sewerage systems near sensitive receiving 
environments. The WA Government is currently reviewing its draft policies for the use 
and siting of on-site sewerage systems such as septic tanks.
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Catchment water quality management and monitoring
The Department of Water is responsible for overseeing surface water and groundwater 
management policy in WA. It also has lead responsibility for policy regarding 
waterway management, while DEC has lead responsibility for policy regarding wetland 
management. The Department of Water provides advice on the quality of groundwater 
to support state development and the provision of drinking water. It carries out research 
and environmental investigations into salinity and conducts specific groundwater, river 
and estuary investigations into contamination. It provides a range of guidance material 
to assist people in understanding water quality issues and practical measures to protect 
water resources from harm (see www.water.wa.gov.au/Managing+water/Water+quality/
Overview/default.aspx for publications). The Department also monitors flows and water 
quality in a number of the state’s rivers.

Stormwater management in urban catchments
In liaison with the Department of Planning, the Department of Water provides guidance 
on appropriate stormwater management through guidelines including:

• Stormwater management manual for Western Australia9

• Better Urban Water Management10 

• Decision process for stormwater management in Western Australia11 

In collaboration with partners it also provides WA resources and training through the 
‘New WAter ways’ program (www.newwaterways.org.au), which was formed in 2006 to 
build the water sensitive urban design capacity of government and industry to improve 
the delivery of urban water management and water sensitive cities. Project partners 
are the Department of Planning, Department of Water, the Western Australian Local 
Government Association, Urban Development Institute of Australia (WA) and Swan River 
Trust. 

Over the past decade, significant reform in urban water management has been achieved 
in WA through the introduction and implementation of the above policies and associated 
initiatives. As a result, stormwater is much better managed to protect the environment 
in new urban developments in WA. However, there is much that can be done to improve 
stormwater management in older urbanised areas of the state as well as in rural areas, 
in collaboration with the relevant organisations. Table 2 outlines the roles of key water 
management organisations. 

Figure 4. A main drain in Baldivis, south of Perth. Photo – J Higbid/DEC.

Most urban drains are managed by local governments. In the Perth region, these are 
typically smaller drains. Many of these feed into a network of ‘main drains’ managed by 
the Water Corporation (Figure 4). The Main Roads Department and the Public Transport 
Authority also manage drainage associated with their infrastructure.
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While the Water Corporation is responsible for providing and managing part of the 
urban and rural drainage networks, the Economic Regulatory Authority operating 
licence does not require the Water Corporation to control water quality within the 
main drains. The Water Corporation’s stated responsibilities lie in design, construction, 
operation and maintenance of the drainage networks that convey drainage water to 
meet the flood protection requirements of the Economic Regulatory Authority operating 
licence.1 However the Water Corporation has recently stated that it recognises a holistic 
and integrated catchment scale approach is required for the adequate management 
of water quality.1 It has recently funded research into the water quality of its main 
drains1 and undertaken a revegetation trial for a section of a branch drain with the 
objective of developing a more environmentally sustainable approach to urban drainage 
management and reducing maintenance by installing long term native vegetation that, 
once established, would significantly reduce maintenance cost. 

Where resources allow, local governments are well placed to make significant 
improvements to the water quality of the estimated 3,000 kilometres of drains within 
their networks. In WA, there has been a significant uptake of water quality management 
initiatives by local governments. For example, more than forty local governments 
are participants of the Water Campaign™ run by the International Council for Local 
Environmental Initiatives. As participants, these councils have identified the changes that 
they will make to the management of water within the local government area. 

➤	 Individuals and community groups can find out if their local government is a 
participant, and what changes they have committed to, at the ICLEI website: http://
iclei.org/index.php?id=2389te.  

Water management in rural catchments
Outside of the Perth metropolitan area the Water Corporation is responsible for 
maintaining rural drainage in six gazetted drainage districts: Mundijong, Waroona, 
Harvey, Roelands, Busselton and Albany. The rural drainage service was initially provided 
only to make land viable for agriculture. It provides a limited flood protection service, 
allowing adjacent land to be inundated following major storms.

Rural drainage is also governed by the Soil and Land Conservation Regulations 1992 
under the Soil and Land Conservation Act 1945. The Act prescribes the assessment of 
proposals to construct drains or pump groundwater in agricultural regions by the Soil 
and Land Commissioner. The principles for assessing drainage proposals are outlined in 
the 2012 Department of Water document, Policy framework for inland drainage.12 

➤	 More information on the assessment of new drainage proposals is available from:

- the Department of Agriculture and Food website  
  www.agric.wa.gov.au/PC_93235.html 

- the topic ‘Legislation and policy’ in Chapter 5.

Landscape-scale salinity management in WA is primarily addressed by the Department 
of Water, Department of Agriculture and Food and Department of Environment and 
Conservation. One of the major programs that focus upon wetlands is the ‘Natural 
Diversity Recovery Catchments’ program. It is aimed at protecting areas of WA with high 
natural diversity that are threatened by rising water tables, salinity and associated poor 
water quality problems. A number of very significant wetlands are located within the 
six natural diversity recovery catchments: Buntine-Marchagee, Drummond, Lake Bryde 
complex, Lake Muir-Unicup, Lake Warden and Toolibin Lake.

➤	 Information on the natural diversity recovery catchments program can be found at 
DEC’s website and in the topic ‘Salinity’ in Chapter 3.
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Water use
The Department of Water is the state government agency with the lead protection for 
the management of water resources in WA. It regulates the use of groundwater, which is 
a very important factor affecting the water levels and water quality of wetlands that are 
fed by groundwater. It licenses the taking of water and through this process it can apply 
conditions in licences that outline a licensee’s responsibilities for managing the water 
resource. 

➤	 The allocation of groundwater and the regulation of its use is detailed in the topic 
‘Managing hydrology’ also in Chapter 3. 

➤	 More information is also available from the licensing pages of the Department of 
Water website: www.water.wa.gov.au/Business+with+water/Water+licensing/default.
aspx#1  

Collaborations: non-government and government 
working together
A number of collaborations exist between non-government and government to achieve 
outcomes that could not be achieved by either party acting in isolation. 

The Fertiliser Partnership
An important collaboration aiming to improve water quality in WA is the Fertiliser 
Partnership 2012–2016. This partnership between the State Government, the fertiliser 
industry, fertiliser user groups, and peak non-government organisations aims to 
foster a cooperative working relationship to reduce fertiliser nutrient loss to aquatic 
environments. The government also recognises that this can only be achieved through 
collaborative effort with, and involvement of, the broad community. The Fertiliser 
Partnership 2012–2016 supersedes the Fertiliser Action Plan (2007). 

The objectives of the Fertiliser Partnership 2012–2016 are to:
1. contribute to a goal of 50 per cent reduction in nutrient loss to waterways and wetlands 

on the Swan and Scott Coastal Plains 

2. optimise the content of fertiliser and nutrient binding soil amendment products to 
better suit conditions on the Swan and Scott Coastal Plains 

3. improve fertiliser and water use efficiency in both commercial and residential settings 
whilst maintaining productivity of agriculture and related commercial operations 

4. educate the community on the environmental and social values of aquatic ecosystems, 
including waterways and wetlands 

5. educate the community on fertiliser efficiency, water use efficiency and the benefits of 
managing soil acidity 

Strategies to achieve the objectives of the Fertiliser Partnership 2012–2016 are the:

• development and promotion of low phosphorus fertiliser products 

• development and promotion of ‘best practice’ fertiliser use and management in 
broadscale agriculture, horticulture and other related commercial activities and 
urban land use applications 

• development and promotion of ‘best practice’ based on relevant accredited 
programs and advisors 

• research, development and trials of nutrient binding soil amendment products to 
improve nutrient use efficiency and reduce nutrient loss to waterways

• development and promotion of educational material on fertiliser use efficiency. 

➤	 The webpage for the Fertiliser Partnership 2012–2016 is www.fertiliserpartnership.
agric.wa.gov.au 
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Table 2. The role of organisations in water management in Western Australia 
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POLICY
Develops policy for water resource management in WA 4

Provides input into policy and regulation that affects wetlands 4 4 4

LICENCES Licences groundwater and surface water abstraction 4

SERVICE 
DELIVERY

Delivers clean drinking water 4

Removes wastewater 4
Maintains drinking water, drainage network and sewage pipelines from 
residential and commercial properties to main network 4

Maintains local government drains 4

Pipes irrigation water from local dams to shareholders in Collie, Harvey and 
Waroona for agricultural use 4

Pipes irrigation water to shareholders from Lake Argyle to the Ord irrigation 
area in Kununurra for agricultural use 4

DEVELOPMENT 
/ LAND USE 
PLANNING

Ensures future development and land use planning enhances ecological 
health and amenity of the Swan- Canning Rivers 4

Provides advice on development and land use planning that has the potential 
to affect waterways, groundwater and catchments 4

Provides advice on development and land use planning that has the potential 
to affect wetlands 4 4

Decision-making authority for development proposals 4

PROTECTION / 
RESTORATION 

Protects waterways and catchments in WA 4

Protects wetlands in WA 4 4

Manages wetlands and waterways within reserves 4 4

Protects and enhances the ecological health and community benefit of the 
Swan-Canning rivers 4

Catchment management programs and activities e.g. conversion of 
stormwater drains to  ‘living streams’ 4 4 4 4

MONITORING

Monitors surface and groundwater (quality and water levels) 4 4 4

Monitors drinking water quality 4

Monitors water quality and water level of Swan-Canning rivers 4

Monitors water quality, quantity and treatment in dams, storage facilities and 
Perth desalination plant 4
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What water quality survey data exists in WA?
As outlined in the previous section, responsibility for water quality management lies 
with many agencies and individuals in WA. Table 3 outlines some of the larger sources 
of water quality data in WA but is by no means a comprehensive listing. The Australian 
Government has announced the National Plan for Environmental Information initiative 
(www.bom.gov.au/environment/NPEI_info_sheet.pdf; www.bom.gov.au/jsp/eiexplorer/), 
which in years to come may provide wetland water quality data access options. 

Table 3. A guide to sources of wetland water quality data in WA 

Group, database or 
program

Data type Available from

WetlandBase Compilation of various water quality studies 
including:

DEC’s Inland aquatic integrity resource 
condition monitoring (RCM), 45 significant WA 
wetlands 

40 Wetlands Study, Murdoch University 

South West Wetlands Monitoring Program, 
Department of Environment and Conservation 
(DEC) 

Aquatic Projects Database (Salinity Action Plan 
Survey), DEC 

South Coast Regional Wetland Monitoring 
Program, Department of Water 

Jandakot Mound Monitoring Program, Murdoch 
University 

Gnangara Mound Monitoring Program, Edith 
Cowan University 

http://spatial.agric.wa.gov.au/
wetlands

Note: DEC is preparing an 
alternative to WetlandBase, 
scheduled for release in 2014, 
that will continue to make this 
data publicly available.

Local government 
authorities

Data for wetlands under their management Relevant local government 
authority

Regional natural 
resource management 
organisation

Data for wetlands that fall within regional NRM 
organisation projects

Relevant regional NRM 
organisation

Department of Water Waterway water levels, flows and quality, 
drinking water and groundwater levels and 
quality; some wetland water quality and level 
data

http://wir.water.wa.gov.au/
SitePages/SiteExplorer.aspx

www.water.wa.gov.au/Tools/
Monitoring+and+data/default.
aspx

Natural diversity 
recovery catchment 
program monitoring

Data for wetlands in natural diversity recovery 
catchments program:

Buntine-Marchagee

Drummond

Lake Bryde complex

Lake Muir-Unicup

Lake Warden 

Toolibin Lake

DEC’s Natural Resources Branch

Ramsar wetland data Data for WA Ramsar wetlands DEC’s Wetlands Section
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How is wetland water quality measured?
A number of physical, chemical and biological parameters and indicators are used 
when characterising or assessing water quality. Common indicators of wetland water 
quality include dissolved oxygen, acidity, salinity and nutrients. Table 4 outlines why these 
indicators are useful.

Where concerns warrant further investigation, diagnostic tests can confirm the presence 
of metals, pathogens, pesticides and hydrocarbons (referred to as ‘pollutants’ where they 
are introduced into, or liberated in, wetlands as a result of human activities). 

Biological parameters that may be used as indicators of water quality condition include 
plants, animals, algae and cyanobacteria. Assessment of biota (living things) may involve 
studies of abundance, reproduction and health of individual organisms or populations. 
Biological indicators can provide a more direct measure of ecosystem health than episodic 
sampling of physical and chemical parameters.13 However, living things respond to a wide 
range of factors besides water quality, and it can be difficult to conclusively identify cause 
and effect, especially with limited data. For example, diversity of macroinvertebrates can 
be linked to the seasonal weather trends and amount of water in a wetland.

Many wetlands have a water column for periods of time—wetlands that are inundated 
either permanently, seasonally or intermittently. However many wetlands do not 
support a water column; these wetlands are waterlogged such that their sediment is 
saturated for a period of time, but standing water is not typically present above the soil 
surface except after heavy rainfall. Regardless of whether wetlands are waterlogged or 
inundated, the sediment pore waters (or interstitial waters) are extremely influential 
to water quality. The sediment, especially near the interface with overlying water, plays 
a very important role in the removal of many chemicals (natural or otherwise) from 
water and their release to water. Despite this, the characteristics of pore waters and 
sediment tend to be sampled less often than the water column. This is partly because the 
conservation and science of waterlogged wetland types lags behind that of inundated 
wetland types, and also because sediment pore waters can sometimes be more difficult 
to sample, particularly when there is an overlying water column. Managing the water 
quality of waterlogged wetlands is important and will improve as more stakeholders take 
an interest in their management and protection. 

In inundated wetlands, when the concentration of contaminants in sediment pore waters 
exceeds that of the overlying water column, diffusion to the water column will occur. 
Where required, the measurement of the fluxes of contaminants can be obtained using 
dialysis samplers (pore water peepers), benthic chambers or corer reactors.14

Indicators: the specific 
components and processes of a 
wetland that are measured in a 
monitoring program in order to 
assess changes in the conditions 
at a site.

Sediment pore waters: water 
which is present in the spaces 
between sediment grains at or just 
below the land surface. Also called 
interstitial waters. 
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Table 4. Common water chemistry parameters, their roles, measurement and effects of change 
on wetland ecosystems. For more detail, see the topic ‘Conditions in wetland waters’ in 
Chapter 2.
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Indicator: Light

What this indicator measures: Light penetration in the water column

Role in wetland ecosystems: Light enables primary producers (plants, algae, photosynthetic bacteria) to produce their own energy needed 
for growth and survival, via photosynthesis. In wetlands with a water column, the amount of light entering the water directly affects the growth 
and survival of primary producers, which in turn affects the animals that rely on them for food and shelter. Light is also the major source of heat, 
which affects water temperature, which influences which species can occur in a wetland. Water temperature also influences other water quality 
parameters such as dissolved oxygen and pH.

What is measured: Colour: a measure of how much light is absorbed or scattered by dissolved substances such as tannins and humic acids.

Clarity and penetration: a measure of how much light is absorbed or scattered by suspended particulate matter. 

Effects of changes on wetland ecosystems: Increasing colour and turbidity reduce light penetration, decreasing photosynthetic 
capability and productivity of wetlands.

Increased light penetration (e.g. as a result of removal of native overstorey wetland vegetation, changes in water depth, loss of colour) can lead to 
algal and cyanobacterial blooms and UV damage to wetland organisms.
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Indicator: Turbidity

What this indicator measures: Concentration and mass of suspended particulate matter in the water column. Turbid conditions (cloudy-
looking water) are caused by the presence of particulate matter such as silt and clay, organic and inorganic matter, and living or dead microscopic 
organisms, suspended in water.  

Role in wetland ecosystems: Turbidity affects the light and temperature in wetland waters. Increasing turbidity reduces light and increases 
temperature. Turbidity also affects predator-prey relationships. Some wetland species are adapted to naturally turbid conditions e.g. in claypans.

What is measured: Turbidity is a measure of light passing through the water—the extent to which light is scattered, absorbed and reflected 
by particles suspended in the water column—and is usually measured with a turbidity tube or meter, or secchi disk.

Effects of changes on wetland ecosystems: Increases in particulate matter can reduce light penetration and photosynthesis. Beyond 
normal variations it can smother or clog respiratory or feeding apparatus of aquatic fauna. It can contain metals and nutrients.
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Indicator: Temperature

What this indicator measures: Temperature variations and/or stratification 

Role in wetland ecosystems: Temperature varies naturally both over time (temporally) and over the area (spatially) in wetlands. It affects 
the growth and survival of plants and animals via their metabolic processes as well as via oxygen levels in water and the chemical form (dissolved 
or precipitated) that toxicants and other substances take.    

What is measured: Water temperature

Effects of changes on wetland ecosystems: Biota can be affected when temperature fluctuations exceed their thermal tolerance range 
e.g. affecting growth, spawning and reproduction.
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Indicator: Dissolved oxygen (DO)

What this indicator measures: The equilibrium between oxygen-consuming processes, such as respiration, and oxygen-releasing processes, 
such as photosynthesis and transfer of oxygen from the atmosphere to the wetland.

Role in wetland ecosystems: Most aquatic organisms depend on oxygen for respiration. Via redox reactions, dissolved oxygen levels also 
affect the solubility of a range of chemicals, including nutrients and metals, and so the levels at the top of the sediment pore water is particularly 
important. The amount of dissolved oxygen in the water is influenced by the amount of respiration and photosynthesis occurring, as well as 
atmospheric pressure, temperature and concentration of other dissolved substances in the water (e.g. salts). 

What is measured: Dissolved oxygen level

Effects of changes on wetland ecosystems: Reduced dissolved oxygen concentrations can have direct and indirect adverse effects 
on wetland organisms. An extreme reduction can result in the death of oxygen-dependent organisms (for example, fish, other vertebrates, 
invertebrates) and their replacement by a small suite of organisms that can tolerate very low oxygen levels. The toxicity of certain compounds such 
as many metals can increase at reduced DO concentrations, which can also have a detrimental effect on wetland organisms.
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Indicator: Acidity and alkalinity

What this indicator measures: The acidity and alkalinity of water 

Role in wetland ecosystems: Aquatic organisms are adapted to particular ranges of acidity or alkalinity in order to maintain normal 
physiological processes. Acidity also affects the solubility of compounds in water, including compounds that are required by or toxic to wetland 
organisms. The natural acidity or alkalinity of wetlands depends on factors such as the acidity of incoming water, sediment type, rate of 
photosynthesis and respiration occurring in the water and presence of humus. There are significant differences between wetlands that are naturally 
acidic and those that have become acidic due to human-induced changes, as explained in the ‘Managing acidification’ section later in this topic.

What is measured: 
pH: concentration of hydrogen ions (water becomes more acidic with increasing concentration of hydrogen ions)

Acidity, as total titratable acidity: the weight of calcium carbonate (pure limestone, CaCO3) or the equivalent such as sodium hydroxide (NaOH), 
needed to neutralise all of the acidity in a litre of water to pH 8.3. 

Alkalinity: in waters with a pH greater than 4.5 is the amount of hydrochloric acid (HCl) needed to lower pH of a litre of the solution to pH 4.5.

Effects of changes on wetland ecosystems: Changes beyond normal variations can have serious effects on wetland organisms. Very 
acidic or alkaline waters may be directly toxic to biota. Very acidic waters can liberate toxic compounds such as metals. Very alkaline waters can 
lead to increased ammonia levels which can have toxic effects on biota.
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Indicator: Water hardness

What this indicator measures: The concentration of calcium (Ca) and magnesium (Mg) ions in water, frequently expressed as milligrams 
per litre calcium carbonate equivalent.

Role in wetland ecosystems: Hardness affects the toxicity of some metals, such as aluminium, cadmium and copper, and the bioavailability 
of some nutrients, such as phosphorus, in water. In general, soft waters with low alkalinities have a low buffering capacity to resist pH fluctuations, 
and are more susceptible to acidification. Hard waters usually have high alkalinities, a high buffering capacity, and are less sensitive to acidification. 

What is measured: Typically calcium carbonate concentration

Water hardness category15 Calcium carbonate milligrams per litre (CaCO3 mg/L)

Soft 0–59

Moderate 60–119

Hard 120–179

Very hard 180–240

Extremely hard 400

Effects of changes on wetland ecosystems: Increasing hardness, particularly magnesium, can have adverse impacts on species adapted 
to soft water. Groundwater is usually harder than surface water. Changes in water sources may affect hardness and therefore acidity and nutrient 
and metal solubility.



22  Water quality

Chapter 3: Managing wetlandsA guide to managing and restoring wetlands in Western Australia

Ch
em

ic
al

 p
ar

am
et

er

Indicator: Salinity

What this indicator measures: Total concentration of salts in the water. Salts are compounds of cations (such as sodium Na+, potassium K+, 
calcium Ca2+, magnesium Mg2+) with anions (such as chloride Cl-, sulfate SO4

2- and bicarbonate HCO3
-).

Role in wetland ecosystems: Salinity is an expression of the concentration of ions and determines the difference between ‘freshwater’ 
and ‘saline’ water. An excess of common salt, sodium chloride, is the main cause of water salinity problems and it can affect both freshwater and 
saline wetlands, although a sudden freshening of saline waters can also be detrimental. Wetland organisms are adapted to particular salt tolerance 
regimes in order to maintain normal physiological processes.

What is measured: There are several units of measurement used to express salinity including total dissolved salts and electrical conductivity.

• TDS: total dissolved salts (concentration of salts) – see table below

• EC: electrical conductivity (ability of water to conduct an electric current)

• Ionic composition (the types of salts present; the sum total provides total dissolved salts)

Salinity ranges 

commonly used in WA

Salt lake category  (after 

Hammer16)

Minimum total dissolved salts 

(TDS) (milligrams per litre, mg/L)

Maximum total dissolved salts 

(TDS) (milligrams per litre, mg/L)

Fresh Fresh 0 500

Fresh Subsaline 500 3,000

Saline Hyposaline 3,000 20,000

Saline Mesosaline 20,000 50,000

Hypersaline Hypersaline 50,000 NaCl saturation (about 360,000)

Effects of changes on wetland ecosystems: Changes in salinity beyond normal variations can have direct toxic affects on aquatic biota 
by affecting physiological processes such as osmoregulation. Salts interact with other ions and compounds in water, so they influence other water 
chemistry processes.
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Indicator: Nutrients

What this indicator measures: Nutrient levels and susceptibility to excessive plant, algal and cyanobacterial growth e.g. algal blooms

Role in wetland ecosystems: Nutrients such as nitrogen and phosphorus are essential for all wetland organisms. They flow through the 
food web, from the algae and plants through to animals and other organisms. Dissolved phosphate is the fraction of total phosphorus that is free in 
the water. High levels of phosphorus in wetlands can fuel algae growth to the extent that algal and cyanobacterial blooms occur.

What is measured: A range of chemical forms of nitrogen and phosphorus such as total nitrogen (TN), dissolved inorganic nitrogen, 
ammonium, total phosphorus (TP) and filterable reactive phosphorus (FRP).

Effects of changes on wetland ecosystems: Growth of plants, algae and cyanobacteria rely on nutrients. If nutrient levels are too 
low, growth of plants and algae is limited, which in turn affects productivity of organisms that feed on them. If too high, algal and cyanobacterial 
blooms and weeds may flourish and other related impacts can occur, leading to loss of wetland organisms. 
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Indicator: Chlorophyll a

What this indicator measures: Primary productivity and nutrient levels

Role in wetland ecosystems: Chlorophyll a is the main light-capturing substance enabling photosynthesis in plant, algal and cyanobacterial 
cells. It is present in all green alga, diatoms and in some bacteria.

What is measured: Chlorophyll a levels

Effects of changes on wetland ecosystems: High levels of chlorophyll a can be indicative of nutrient enrichment and potential for algal 
and cyanobacterial blooms and related impacts. 
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Indicator: Biological oxygen demand (BOD)

What this indicator measures: The amount of oxygen being used by microorganisms to decompose detritus (the source of which may be 
pollution).

Role in wetland ecosystems: Microorganisms such as bacteria are responsible for decomposing detritus such as dead plants and animals 
and their faeces, as well as leaves, grass clippings, faeces and sewage washed into wetlands. Bacteria break down this material in order to extract 
energy from it. If oxygen is available, they will use it during this process, depleting the dissolved oxygen, and reducing the amount available to 
larger wetland organisms.

What is measured: Consumption of dissolved oxygen by microorganisms

Effects of changes on wetland ecosystems: A high level of biological oxygen demand is likely to reduce oxygen levels, reducing the 
amount of oxygen available for respiration by water-dwelling wetland organisms and affecting the toxicity of a range of compounds such as metals 
(see dissolved oxygen parameter above for more information). If BOD is high enough, it may reduce oxygen levels enough to trigger phosphorus 
release from the sediment into the wetland water column (due to iron reduction).

Measuring water quality
A common experience amongst wetland managers is spending time, effort and money 
measuring water quality with the expectation that it will provide the answers needed, 
and being disappointed when this doesn’t eventuate. The decision to measure a water 
quality indicator should be based on a sound analysis that really hones in on the reasons 
for investigating water quality. Is the purpose to:

• develop a baseline of the existing conditions via a survey?

• investigate a particular concern by starting with a single measurement or set or 

measurements? 

• conduct an ongoing monitoring program that detects trends that indicate whether 

management is having the expected outcome? 

• or something else?

The topic ‘Monitoring wetlands’ in Chapter 4 provides some guidelines on wetland 
monitoring. For more detailed guidelines, a range of resources are available, including:

• Field sampling guidelines: A guideline for field sampling for surface water quality 

monitoring programs17

• Surface water sampling methods and analysis-technical appendices18

• Water quality protection note no. 30: Groundwater monitoring bores19

For detailed guidelines on water quality sampling and monitoring for more complex or 
stringent purposes, see:

• Australian guidelines for water quality monitoring and reporting20

• Water quality – Sampling. Part 1: Guidance on the design of sampling programs, 

sampling techniques and the preservation and handling of samples21

• Water quality – Sampling. Part 11: Guidance on sampling of groundwater.22

New technologies are helping to refine sampling results and reduce costs. For example, 
passive samplers remain in situ, sample herbicides, pesticides and polyaromatic 
hydrocarbons and can detect contaminants at trace levels. For an example of how they 
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are being employed locally, see the report A baseline study of organic contaminants in 
the Swan and Canning catchment drainage system using passive sampling devices.23

Figure 5. A passive sampler. 
Photo – courtesy of Department 
of Water.
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The term ‘monitoring’ is often used in a casual sense to mean the act of measuring 
or observing something. However, in scientific terms, monitoring more accurately 
refers to the systematic collection of data, over time, in order to test a hypothesis. 
For example, a wetland manager may monitor the water quality of a wetland over 
a length of time, before and after carrying out a range of management activities, to 
determine the effect of those activities upon the water quality. 

A survey is an exercise in which a set of observations are made about some 
components of an ecosystem. For example, surveying might involve measuring the 
water quality at a wetland on a single occasion or on an ad-hoc basis over time. 
This is not monitoring; as monitoring entails measurements being repeated over 
time, and designed in such a way as to test a theory about the effect of an action 
upon the water quality.

A ‘baseline’ survey refers to an initial measurement that may be used as a basis for 
future comparison. 

The topic ‘Monitoring wetlands’ in Chapter 4 outlines how to design a wetland 
monitoring program, but also provides information relevant to wetland surveying. 

Whether to monitor or survey?
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What should a wetland’s water quality be? 

There is no set of numerical criteria, limits or concentrations that define the ideal water 
quality of a wetland in WA. The following information outlines how managers can 
make use of published water quality guidelines and/or develop their own water quality 
objectives for a wetland.

Water quality guidelines

Water quality guidelines are used to help manage the quality of a water resource in 
relation to its intended purpose. At a national level, the Australian and New Zealand 
Guidelines for Fresh and Marine Water Quality14, or ANZECC guidelines as they are often 
called, provide guidelines regarding acceptable water quality, to ensure there are no 
significant impacts for the purposes that water resources are intended to support. The 
guidelines include acceptable quality for human drinking water, maintenance of aquatic 
ecosystems, primary industries (food production and industrial use) or recreational 
and aesthetic purposes. As the purpose of this guide is to provide guidance on the 
management and protection of the ecological values of wetlands, the section of the 
ANZECC guidelines referred to here are those that were developed for the maintenance 
of aquatic ecosystems.

In effectively unmodified wetlands, with high conservation/ecological value, the most 
appropriate guidance is that there should be no detectable change beyond natural 
variability. For slightly disturbed freshwater wetlands of south-west and north-west 
Australia, the ANZECC guideline default trigger values for physical and chemical 
parameters apply. These are summarised in Table 5, and are the concentrations or 
loads of a water quality parameter measured in an ecosystem, below which, or within 
which (in the case of those with a range), there exists a low risk that adverse biological 
(ecological) effects will occur. They indicate a risk if exceeded and should trigger some 
action; either investigation or management/remediation.14 

ANZECC guidelines under reviewh
The Council of Australian Governments has announced that the ANZECC 
guidelines are under review. This review includes the revision of sediment 
water quality guidelines, nitrate trigger values and toxicant trigger 
values. For more information, see www.environment.gov.au/water/policy-
programs/nwqms/index.html#revision. 

Slightly disturbed: ecosystems 
that have undergone some changes 
but are not considered so degraded 
as to be highly disturbed. Aquatic 
biological diversity may have 
been affected to some degree 
but the natural communities are 
still largely intact and functioning. 
An increased level of change in 
physical, chemical and biological 
aspects of these ecosystems is to be 
expected.13

Trigger values: quantified limits 
that, if exceeded, would indicate a 
potential environmental problem, 
and so ‘trigger’ a management 
response e.g. further investigation
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Table 5.  Default trigger values for physical and chemical parameters for unmodified and 
slightly disturbed freshwater wetlands in Western Australia, from the Australian and New 
Zealand Guidelines for Fresh and Marine Water Quality.14 

Effectively unmodified 
wetlands, with high 
conservation/ecological value

Slightly to moderately 
disturbed freshwater wetlands

Water quality parameter Trigger value, 
south-west 
Australia

Trigger value, 
north-west 
Australia

Chlorophyll a (micrograms per 
litre, μgL-1)

No  detectable change beyond natural 
variability

30a 10 

Total phosphorous (micrograms 
per litre, μgL-1)

60 a 10–50 b

Filterable reactive phosphate 
(micrograms per litre, μgL-1)

30 a 5–25 b

Total nitrogen (micrograms per 
litre, μgL-1)

1500 a 350–1200 b

Oxides of nitrogen (NOx 
micrograms per litre, μgL-1)

100 a 10 

Ammonium (NH4
+ micrograms per 

litre, μgL-1)
40 a 10 

Dissolved oxygen (% saturation) Less than 90 and 
more than 110

Less than 90 and 
more than 120

pH Less than 7.0 and 
more than 8.5 c

Less than 6.0 and 
more than 8.0

Salinity (microSiemens per 
centimetre, μScm-1)

300–1500 d 90–900 e

Turbidity (nephelometric turbidity 
units, NTU)

10–100 f 2–200 f

Toxicants, such as types of metals, 
pesticides, hydrocarbons etcetera.

Refer to Table 3.4.1 of the Australian and 
New Zealand Guidelines for Fresh and 
Marine Water Quality 

Explanatory notes

a: elevated nutrient concentrations in highly coloured wetlands (gilvin >52 g440m
-1) do 

not appear to stimulate algal growth

b: higher values are indicative of tropical WA river pools.

c: in highly coloured wetlands (gilvin >52 g440m
-1), pH typically ranges from 4.5-6.5.

d: values at the lower end of the range are observed during seasonal rainfall events. 
Values higher than 1500 μScm-1 are often found in saltwater lakes and marshes. 
Wetlands typically have conductivity values in the range 500-1500 1500 μScm-1 over 
winter. Higher values (>3000 μScm-1) are often measured in wetlands in summer due 
to evaporative water loss.

e: higher conductivity values will occur during summer when water levels are reduced 
due to evaporation. WA wetlands can have values higher than 900 μScm-1.

f: most deep lakes and reservoirs have low turbidity. However, shallow lakes and 
reservoirs may have higher turbidity naturally due to wind-induced re-suspension of 
sediments. Lakes and reservoirs in catchments with highly dispersible soils will have 
high turbidity. Wetlands vary greatly in turbidity depending on the general condition 
of the catchment or river system draining into the wetland and the water level in the 
wetland.
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Wetland managers in WA are fortunate to have these guidelines, with very few other 
Australian jurisdictions nominating trigger values for wetlands. These trigger values are 
an extremely useful guide if used with a proper understanding of their purpose. They 
are designed to be used in conjunction with professional judgement, to provide an 
initial assessment of the state of a wetland.15 The difficulty with setting trigger values 
is that there is natural variation amongst wetlands, with the natural conditions in many 
wetlands being above or below these trigger values. For example, some wetlands 
have naturally high levels of salinity, turbidity, or naturally high or low pH. The topic 
‘Conditions in wetland waters’ in Chapter 2 describes the reasons and patterns for 
natural variations in wetland water quality in WA.

The trigger values for the south-west of WA have been derived from a limited set of data 
(two years) collected at forty-one wetlands within and near Perth (Davis et al 199324) and 
are representative of basin wetlands of this region that are permanently or seasonally 
inundated. Care should be used when extrapolating to other wetland types (such 
as seasonally waterlogged wetlands) and other areas of the south-west of the state. 
The exception is the toxicant trigger levels, which were developed through a different 
process. The trigger values from the north-west of the state are derived from an even 
more restricted study (less than one year) in the Pilbara region.14 Furthermore, the trigger 
values have not been designed specifically for application to naturally saline (primary 
saline) or secondary saline sites. 

As the default trigger values do not fully reflect the potential range of natural wetland 
conditions in WA, the guidelines are not mandatory and have no formal legal status, nor 
do they signify threshold limits of pollution.14 

Before using the trigger values in Table 2 to make decisions about a particular wetland 
or group of wetlands, it is a good idea to consider whether it is appropriate to apply the 
trigger values to them. Where possible, the aim of management should be to maintain 
the natural conditions of a wetland. In many landscapes it is often difficult to determine 
the natural conditions (and in many areas the extent of changes to the broader 
environment means that a return to natural conditions is unlikely to be achievable). 
Long-term monitoring data of a wetland aid this decision, but it is quite uncommon to 
have access to long-tem data. In its absence, the best approach is usually to combine 
an analysis of available data, and local and professional knowledge to reach a decision 
about suitable targets, benchmarks, reference ranges or trigger values, taking into 
consideration the natural factors affecting the water quality in wetlands, as outlined 
in the topic ‘Conditions in wetland waters’ in Chapter 2. Monitoring is a good way to 
build up a long-term picture of the water quality of a wetland, and can enable wetland 
managers to establish trends and refine targets along the way. 

➤	 For information on how to design a monitoring program, see the topic ‘Monitoring 
wetlands’ in Chapter 4.

As stated above, these guidelines are for the maintenance of aquatic ecosystems. 
Different guidelines exist for the assessment levels used by accredited contaminated sites 
auditors and DEC to determine whether a site is potentially contaminated and whether 
further investigation is required, as outlined in the document Assessment levels for soil, 
sediment and water.25

Water quality objectives
As outlined above, water quality guidelines are often, but not always, suitable for 
guiding the management of water quality in a wetland. Water quality objectives, on 
the other hand, tend to be targets based on knowledge of site-specific conditions. 
These are often identified by analysing available data, and taking into account local and 
professional knowledge and the natural factors affecting the water quality in wetlands. 

Benchmark: a standard or point 
of reference; a predetermined 
state (based on the values that 
are sought to be protected) to be 
achieved or maintained 

Reference range: a quantitative 
and transparent benchmark 
appropriate for the type of wetland
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Sometimes the use of a reference wetland may be a useful benchmark. For example, 
the trigger value may be set at a percentile of the reference wetland’s distribution. The 
ANZECC guidelines provide guidance on refining trigger values for a particular wetland. 
See Sections 8.2 ‘Physical and chemical stressors’ in Volume 2 and 3.3.2.3 ‘Defining 
low-risk guideline trigger values’ in Volume 1) at www.environment.gov.au/water/policy-
programs/nwqms/index.html#revision. 

There may be enough research and expert knowledge to refine water quality targets for 
a particular region, sub-region or local area. For example, researchers have established 
references ranges for pH of inundated wetlands of the central Wheatbelt region.26 
These reference ranges have been developed by analysing existing pH data from the 
region, which is relatively data-rich due to the surveying conducted with funding under 
the Salinity Action Plan and State Salinity Strategy. Firstly, permanently or seasonally 
inundated wetlands that had been sampled in the region were identified as either 
saline basins, freshwater basins or turbid claypans. Following this, the least disturbed 
wetlands of each group were identified using expert opinion, and then the data of the 
least disturbed wetlands were analysed in order to establish a range in pH that may 
approximate the natural range.

There are some naturally extremely acidic wetlands in the region, particularly in the 
eastern area. Naturally acidic wetlands identified using a set of decision rules were 
excluded from this process. Excluding naturally acidic wetlands, the reference ranges for 
pH are as follows:

• naturally saline basins: 7.8–8.7

• freshwater basin wetlands: 6.8–8.1

• turbid claypans: 8.6–8.9.26 

As per the ANZECC trigger values, these reference ranges should be used as a guide only 
and should be supported by site-specific studies if needed, due to the natural variability 
in acidity between wetlands.

Target setting requires research and data collection. The WA government endeavours 
to provide guidance for priority issues; for example, acidity/pH target values for aquatic 
ecosystems are the focus of ongoing work by the Department of Water and Department 
of Environment and Conservation.

Key techniques for managing wetland water 
quality
The techniques for managing water quality outlined in the following sections are focused 
on protecting and maintaining wetland biodiversity and conservation values. 

Three ‘scales of approach’ for managing wetland water quality are presented here:

1. preventing the causes of poor water quality 

2. intervening at the scale of the surface water catchment or groundwater capture zone 

3. intervening at the wetland scale.

The most effective long-term strategy for managing water quality is preventing the 
causes: reducing pollution and preventing acidification. Intervention techniques, whether 
at the catchment or wetland scale, can be expensive, inefficient and require long term 
management. 
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It is not unusual to find that a combination of techniques from all three scales is 
needed. Both short and medium to long-term management strategies are outlined in 
the following sections. Short term strategies tend to alleviate the problem for a short 
time only, and focus on addressing symptoms rather than causes. Medium to long-term 
management strategies are typically required to address water quality problems.

Preventing the causes of poor water quality
Pollution prevention is critical to the management of wetland water quality because 
once many types of pollutants enter wetland water and sediments they can be extremely 
difficult to remove or remediate without significant effects to the wetland. Similarly, the 
process of wetland acidification can be difficult to treat.

As outlined in the previous section entitled ‘Who is responsible for managing catchment 
water quality?’, state and local government agencies play an important role in preventing 
and policing pollution in WA through regulation. However, awareness raising and 
incentives are important methods of achieving behavioural change and through these 
measures, individuals and groups can play an important role in further reducing the 
generation, use and release of pollutants, particularly nutrients, pesticides, litter and 
debris; and the process of acidification. Each section below (nutrients, acidification, 
pesticides, metals etcetera) lists relevant pollution prevention guidelines and techniques. 

Awareness raising and incentives are often called ‘non-structural controls’ because they 
don’t rely on changes to infrastructure. They include public education programs that can 
encourage the adoption of wetland-friendly practices in households (Figure 6), and local 
councils improving management of public open spaces (such as using less water, fertiliser 
and pesticides on lawns and gardens).  A number of community education programs 
have been trialled and assessed in WA. For example, the South East Regional Centre for 
Urban Landcare (SERCUL) undertook a trial of a ‘fertilise wise’ community education 
program in new suburbs south of Perth for the City of Armadale.27 In the long term, 
non-structural control options are more efficient and cost effective in reducing pollutants 
from entering wetlands than installation of structural control options as the sole means 
of reducing pollutants.  

Figure 6. The green frog drain stenciling project by the Friends of Yellagonga Regional Park, 
the City of Joondalup and local schools is part of campaign to improve stormwater quality of 
wetlands in the Yellagonga catchment by changing people’s behaviour. Photo – courtesy of 
Keep Australia Beautiful WA.
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Reducing the potential for pollution: the 
importance of appropriate land use planning, 
setbacks and wetland buffers

h
Despite best efforts to manage pollutants appropriately, pollution events 
can and do occur. This is why sound decisions are needed about what land 
uses are appropriate near wetlands, and about what wetland buffers and 
setbacks are needed. 

These decisions are made via the system widely referred to as the ‘land 
use planning process’. In WA, the statutory basis for this process is the 
Planning and Development Act 2005, which is primarily administered 
by the Western Australian Planning Commission and the Department of 
Planning, and overseen by the State Government Minister for Planning. 
Under the Environmental Protection Act 1986 the Environmental 
Protection Authority is empowered to assess land use proposals that 
have the potential to have a significant effect on the environment, 
and to make recommendations to the State Government Minister for 
Environment. The process enables the community to participate in 
land use planning, providing an opportunity to provide input. More 
information on how community can participate in the land use planning 
process is outlined in the topic ‘Roles and responsibilities’ in Chapter 5.

The EPA states that, where high value wetlands are located in areas to be 
developed:

• when considering planning options for the study area, take into 
account the potential for adverse impacts (direct, indirect and 
cumulative) on wetlands given the site specific conditions. Avoid 
locating development where a high level of management is required 
to protect significant wetlands. For example, general industrial 
development is not an optimal land use over transmissive soils near 
significant wetlands.

• determine, protect and manage a buffer between a wetland and 
existing or proposed land uses. This is crucial to maintain or improve 
wetland values. A wetland buffer is the designated area adjoining a 
wetland that is managed to protect the wetland’s ecosystem health. 
The buffer adjoining a wetland helps to maintain the ecological 
processes and functions associated with the wetland, and aims to 
protect the wetland from potential adverse impacts. A buffer can also 
help to protect the community from potential nuisance insects, for 
example, midges. 

• setbacks for land uses with a relatively high potential for site 
contamination or nutrient export: the setback should take into 
account the potential of the development to adversely impact on the 
wetland, the proposed management of environmental impacts, and 
the extent to which enforceable conditions on the development will 
be imposed by decision-making authorities. Land uses associated with 
a relatively high potential for site contamination or nutrient export 
(for example, some forms of intensive agriculture, industry and some 
effluent treatment facilities) may need to be located farther away 
from the wetland than the determined wetland buffer.

- excerpts from Chapter B4 of the EPA Environmental guidance for planning 
and development.28 
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Reducing the potential for pollution: the 
importance of appropriate land use planning, 
setbacks and wetland buffers (cont’d)

h
A wetland buffers guideline has been prepared for the purpose of 
providing guidance to development proponents on how to determine the 
wetland buffer needed to protect a wetland from a proposed land use. 
Following its finalisation, the Guideline for the determination of wetland 
buffer requirements will be available from the ‘Wetlands’ webpage of the 
DEC website. Figure 7 shows an example of a wetland buffer requirement 
between Lake Vancouver in Albany and residential development. 

Figure 7. The wetland buffer requirement (delineated in red) for Lake Vancouver in 
Albany, based upon residential land use. Image – A Shanahan/DEC.
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Intervening at the scale of the surface water 
catchment or groundwater capture zone
Improving water quality before it reaches a wetland is mostly achieved via catchment 
management. Catchment management activities that maintain or improve water quality 
include:

• matching land use with land capability so that highly degrading or polluting land 

uses are not sited in sensitive or transmissive environments 

• using land and water appropriately to minimise changes in ground and surface 

water in the catchment, through appropriate agricultural and urban land 

uses, agricultural and urban land use design/retrofitting, water allocation and 

stormwater management

• protecting existing native vegetation through fencing, strategic revegetation/

regeneration of native vegetation 

• employing agricultural and urban practices that minimise erosion (such as 

perennial pastures, no-till farming, suitable stocking rates accounting for total 

grazing pressure, contour farming, best practice construction methods)

Catchment management plans are an effective tool for identifying the causes of poor 
water quality and prioritising intervention measures at a catchment scale. For example, 
the Yellagonga Integrated Catchment Management Plan 2009–201429 highlights the 
potential sources of pollutants to the wetlands within the catchment (Figure 8).



33  Water quality

Chapter 3: Managing wetlandsA guide to managing and restoring wetlands in Western Australia

Shopping Centre:
Retailers - extensive
Large Fast Food Outlets
Petrol Station - x2
Auto Mechanics - x2
Gym
Medical Centre 
Pharmacy

Aged Care Residence

Plant Nursery & Soil Supplies
Car Auto Electricians
Tyre Retail
Equiptment Hire
Electrical Supplies
Irrigation
Lunch Bar
Hairdresser

Large Plant Nursery

Shopping Centre
Petrol Station

Shopping Centre
Petrol Station

School

High School

Community Centre

Park

Tavern

Aged Care Facility

Caravan Park

Medical Centre

Kingsway Reserve
(extensive turf )

Residences on Septic Tanks

Large Aged Care Facility

Boat Retailer

Caravan Park

WANGARA INDUSTRIAL ESTATE
Car Industries - 20+
Petrol Stations - 3+
Pest Management
Boat Business
Plastic Processing
Welding
Powder Coaters (paint)
Mining Equiptment
Engineering - 2+
Plumbing
Tools
Equiptment & Tractor Hire
Printing - 2+
Electrical Supplies - 2+
Glass
Door & Window Manufacturing - 3+
Tile Supplies
Telecommunications
Kitchen Supplies & Manufacturing
Storage - 3+
Foam Retailer
Home Builders
Drainage Contractors
Locksmith
Signwriter
Roofing
Power Installation
Tap Retailer
Timber Yard
Trench & Pipe Installation
Modular Homes
Directional Drilling
Furniture Retailers
Retailers General
Poultry Factory
Pet Supplies
Plant Nursery - 4+
Commercial
Lunch Bars
Dumped Rubbish

Market Gardens
Plant Nurseries

Wangara Sump

Caravan Park

Decommissioned Poultry Farm

Small Winery 
Restaurant & Vineyard

Petrol Station

Petrol Station
Equiptment Hire
Business Centre
Caravan Retailer
Pool & Spa Shop
Veterinary Services
Tyre Retailer

Residences on Septic Tanks?

Caravan Park

WC Pump Station

Medical Centre
(Dentist, Physio, Pharmacy)

Vet
Caravan Park
Small VineyardWC Pump Station

Wanneroo Showgrounds

Battery Retailer
Hardware
Veterinary Services
Chiropractor
Tattoo Shop
Health ClubSump

Cultural Centre & Library development

Large Shopping Centre
redevelopment

CoW Admin

School

DEC Office

Fast Food Outlets
Restaurants
Bakery
Video Hire
Pharmacy
Banks

School

Petrol Station - 2x

Contaminated Site?

Wallawa Way to Church Street
(not all on sewer)

Past Landfill Site?

Pine Plantation

Council Depot

Depot SumpWC Pump Station

Past Poultry Farm

Botanic Golf Course
Cafe

Growers Market
Retailer
Large Showrooms
Premises to Lease

Large Aged Care FacilityFire Station

Horse Agistment

WC Pump Station

Large Residences on Septic - x5

CBD

Tertiary Institutions

Figure 8. A spatial summary of land uses can be an effective way to informally identify and 
rate potential pollutant sources within a catchment. Image – Yellagonga Integrated Catchment 
Management Plan 2009–2014.29
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Stormwater management is commonly targeted when seeking to improve wetland 
water quality. Aspects of stormwater management include overland flows, waterways, 
water conveyed in drains and pipes and stormwater percolation to groundwater. In 
both urban and rural catchments, well-managed stormwater (sometimes referred to as 
‘runoff’ or ‘drainage’) is important in contributing water to wetlands (other sources are 
groundwater and rainfall). Stormwater in well-managed catchments mimics the natural 
quantity and quality of water that would have reached a wetland prior to changes to 
a catchment, as well as the patterns of timing and frequency of flow. Groundwater 
intervention (treatment) is a much more difficult and expensive proposition, and is rarely 
used as a method to improve the water quality of individual wetlands.

Where stormwater is a significant cause of poor water quality in a wetland, improving 
the quality of stormwater in the catchment is typically much more effective and efficient 
than working at the wetland scale to improve the water quality of the receiving wetland. 
In such cases, the wetland manager should identify the relevant stormwater manager/s 
(in urban areas, usually local government) and work with them to identify the most 
appropriate techniques, both structural and non-structural, to improve water quality. Any 
modifications to stormwater systems or infrastructure, or their management, require the 
approval of the managing authority. Key concerns of managing authorities will include 
whether changes to waterways, pipes, drains or overland flows will increase the risk of 
flooding, or reduce the ease of management or public safety. Any proposed changes to 
the banks, cross-sectional area and levels of drains will require a professional hydrological 
assessment.

In urban environments, both structural and non-structural controls are needed to 
manage stormwater to protect wetlands and other natural areas. Structural control 
options minimise pollution through engineering solutions such as:

• gross pollutant traps

• oil-water separators

• constructed wetlands

• biofilters

• trash screens

• grass swales

• sediment detention basins. 

In agricultural environments, land use changes such as strategic vegetation with deep-
rooted perennials, contour farming, plantations and stocking and cropping modifications 
can be complemented by stormwater structural controls such as:

• fencing, stabilisation and rehabilitation of waterways that flow into wetlands

• creation of living streams

• creation of constructed wetlands 

• creation of sediment detention basins.

These controls can help to reduce flow velocity, retain sediments, attenuate pollutants, 
increase shading, reduce water temperature, increase colour, increase biodiversity and 
increase water percolation to groundwater. 

Factors that should be considered when designing structural controls include the 
type of pollutants to be removed, effectiveness in removing pollutants, maintenance 
requirements and cost, site constraints and ease of installation. 
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Intervening at the wetland scale 
Intervening at the wetland scale may be an option if poor water quality, particularly as 
a result of excess nutrients, acidification, or unnatural levels of turbidity. It is often less 
effective in addressing pesticides, metals, hydrocarbons, hot/cold water, pathogens and 
litter.

In ideal situations, the link between poor water quality cause, effect and solution is 
clear. However, a common occurrence is one change in water chemistry that creates a 
domino effect of cascading changes. More than one water quality issue due to one or 
more causes may be at play in a wetland. It is important to consider the potential for 
complicating factors and anticipate the potential for unintended ecological impacts 
before initiating an activity, particularly when considering intervening at the wetland 
scale, especially when it involves altering the amount of water or disturbing the 
sediment. Wherever possible, interventions at the wetland scale should be reversible in 
nature, so that unintended consequences can be mitigated. It is safest to seek expert 
advice to identify the most appropriate strategies. 

Managing wetland water quantity is an important aspect of managing wetland water 
quality. The physical, chemical and biological processes in a wetland are driven by the 
natural patterns of water presence and absence, in terms of timing, duration, frequency, 
extent and depth, and variability. When these natural patterns, known as wetland 
water regime, are altered, the conditions in the soil and water are also altered, and the 
wetland’s resilience to other impacts is reduced. 

Although effects vary depending on the wetland, in general, a drier water regime (for 
example, from dewatering, over-extraction of groundwater and declining rainfall) can 
lead to:

• loss of plants and animals that need wetter conditions 

• acidification via actual acid sulfate soils

• increased susceptibility to fire 

• the terrestrialisation of wetland areas (that is, wetlands slowly becoming dryland)

• changes in the mobility and availability of nutrients and metals

A wetter water regime (for example, from discharge of mine water or drains, or digging 
out of wetlands) can lead to:

• loss of plants and animals that need drier conditions 

Stormwater management optionsh
There are many structural and non-structural control options that can be 
used to improve water quality in wetland catchments.

The Stormwater management manual for Western Australia30 has been 
developed to provide local government, industry, developers, state 
agencies, service providers and community groups with information 
on policy and planning principles and best stormwater management 
practices. For further information, see www.water.wa.gov.au.

For general information on managing stormwater quality in WA, see 
the ‘Stormwater’ webpage of the Department of Water’s website: www.
water.wa.gov.au/Managing+water/Urban+water/Stormwater/default.
aspx# 

Resilience: capacity of a system to 
absorb disturbance and reorganise 
while undergoing change so as 
to still retain essentially the same 
function, structure, identity and 
feedbacks
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• increasing pollutant loads, including nutrients, salts and acid

• changes in the mobility and availability of nutrients and metals

• increasing frequency and severity of algal blooms 

• nuisance midge and mosquito populations 

• odour issues. 

The management of wetland water regime is so critical that a whole topic is dedicated to 
it. General guidance is also provided in the following sections.

➤	 For information on the natural water regime of WA wetlands, see the topic ‘Wetland 
hydrology’ in Chapter 2. 

➤	 The causes, effects and management of altered water regimes are covered in the topic 
‘Managing hydrology’ in Chapter 3. 

Managing excess nutrients (eutrophication)
The nutrients nitrogen and phosphorus (commonly referred to as ‘N’ and ‘P’) are essential 
for living things due to their importance in the construction of living tissue and in 
metabolic processes. As well as being present in living things, nutrients can be dissolved 
in water or occur as part of coarse or fine particulate matter, and in wetlands phosphorus 
is often bound to sediment particles, for example. Plants, algae and some bacteria can 
make use of certain chemical forms of nutrients that are present in wetlands, or that 
washes into wetlands; these are known as bioavailable forms, as described in more 
detail in the topic ‘Conditions in wetland waters’ in Chapter 2. In turn, the nitrogen and 
phosphorus that animals, fungi and (other) bacteria consume originates from plants, 
algae or bacteria. 

When phosphorus and/or nitrogen are in short supply, or not in a form that can be 
readily used, plant and algal growth is limited.31 The soils of south-west Western 
Australia are old and weathered, and consequently have low natural levels of nitrogen 
and phosphorus (and many other nutrients). The native vegetation is adapted to low 
nutrients, and many plants have evolved mechanisms to increase their nutrient uptake. 
The most common problem associated with nitrogen and phosphorus in wetlands is 
when they are in excess amounts, that is, above the natural levels. Under the right 
conditions, for example, high light intensity and water temperatures, highly nutrient-
enriched wetlands produce high rates of plant, algal and cyanobacterial growth and 
ultimately, the development of ‘blooms’. These wetlands are said to be eutrophic and 
they often have low diversity of native species, which may be out-competed or suffer 
from nutrient toxicity; however they may have high abundances of algae, cyanobacteria, 
plants and animals tolerant of eutrophic conditions, including pest species of midge. 
Most permanently inundated wetlands in urban areas of metropolitan Perth and Peel are 
nutrient enriched. 

Nutrient problems in wetlands: a summary

Causes: nutrient pollution, artificial maintenance of permanent inundation 

Impacts: impaired health of native species, algal and cyanobacterial blooms, nuisance 
midge populations, reduced biodiversity of plants and animals, botulism, weeds

Indicators: high nutrient levels, high chlorophyll a levels, low dissolved oxygen levels, 
low light levels

Management options: a range of options for nutrient pollution prevention, 
catchment-scale stormwater intervention and wetland-scale intervention

Bioavailable: in a chemical form 
that can be used by organisms

Eutrophic: nutrient rich waters or 
soil with high primary productivity 
(plant/algal/cyanobacterial growth). 
From the Greek term meaning ‘well 
nourished’.

Midges: biting and non-biting 
species of a number of families 
within the true flies (Diptera) 
including the Chironomidae and 
Ceratopogonidae 
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Causes of excess nutrients
While the addition of nutrients from outside the wetland drives eutrophication, it can be 
exacerbated by the loss of wetting and drying patterns, or the influx of sulfur, both of 
which can trigger the release of nutrients from the sediment. Each of these is described 
below.

Nutrient pollution
Human settlement is always associated with excess nutrients from fertilisers and wastes, 
particularly phosphorus, building up in the local environment.32 Surface and groundwater 
contain nutrients originating from a range of sources. Nitrogen and phosphorus can be 
present in the water column dissolved in solution, or they can be attached to sediments, 
in solid form as particulates. In areas where rainfall results in most of the water 
infiltrating into the ground, nutrients can leach into wetlands through the groundwater. 
When more water travels across the land surface as stormwater, nutrients dissolved 
in the stormwater, or attached to eroded soil particles, can be washed into wetlands. 
The transport of large amounts of nutrients into wetlands often occurs during the first 
flush.33 In the south-west, this is often the first large rainfall of autumn, while in the 
north, this is often the first large rainfall of the wet season. Unseasonal rainfall events 
may also result in high pollutant loads in stormwater.

In urban residential areas, nutrient inputs are most commonly from diffuse sources, such 
as fertiliser applied to lawns, gardens and recreation areas such as parks and sports fields, 
and from sewage from septic tanks and other types of on-site sewage disposal systems. 
This is especially an issue on the Swan Coastal Plain where the soils have low nutrient-
holding capacity, and nutrients are readily leached into the groundwater. Rates of input 
of nutrients in residential areas are generally greater than in broad acre farming, but 
less than inputs from horticulture.32 Rubbish tips, industrial sites and sewage treatment 
works can also discharge large amounts of nutrients. Commercial areas contain a variety 
of potential sources of nutrients, including nurseries and garden centres. Industrial areas, 
particularly where fossil fuels are combusted, discharge gases and particulates that can 
end up in wetlands via atmospheric deposition; reducing this form of nutrient source is 
rarely considered a feasible or effective strategy for reducing wetland nutrient levels. 

Wetlands that are within designated areas of public open space, especially with grassed 
areas, tend to receive large amounts of nutrients due to over-fertilisation, over-watering 
and feeding of waterbirds. Simple activities such as regular feeding of bread to birds can 
add significant amounts of nutrients. Researchers estimated that, in the early 1990s, 
up to 50 loaves of bread were fed to birds at Lake Monger each day.34 Put into context, 
a loaf of bread contains between 1 and 2 grams of phosphorous, enough to turn a 
wetland with 50 cubic metres of water (equivalent to the size of a backyard swimming 
pool) eutrophic.32 In addition, animals visiting wetlands, such as large flocks of native 
birds and introduced feral animals such as pigs, can import considerable amounts of 
nutrients in faeces.

In peri-urban and rural areas additional diffuse sources include horticulture, such as 
market gardens, turf farms, viticulture, hobby farms; broad-acre agriculture and animal-
keeping businesses such as dog kennels and horse stables. Intensive animal farming, 
such as poultry farms, dairies and piggeries can be significant point sources of nutrient 
pollution. Wetlands are often favoured for some forms of agricultural production, such as 
horticulture and grazing, which can add large amounts of nutrients. At Benger Swamp 
in Benger, for example, it is estimated that 12,000 tonnes of superphosphate have been 
applied directly to the dry bed over the last forty years.35 Horses, cows and other livestock 
can also add very significant amounts to wetlands.

First flush: the first rainfall 
for a period of time, resulting 
in stormwater dislodging and 
entraining relatively high loads 
of sediments, particulates and 
pollutants that have built up in the 
intervening period between rainfall 
events, and typically carrying 
a higher pollutant load than 
subsequent events

Swan Coastal Plain: a coastal 
plain in the south west of Western 
Australia, extending from Jurien 
south to Dunsborough, and the 
Indian Ocean east to the Gingin, 
Darling and Whicher Scarps
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High water soluble phosphorus 
fertilisers: products containing 
greater than 2 per cent total 
phosphorus and greater than 40 
per cent of the total phosphorus as 
water soluble phosphorus

Phasing out the widespread use of highly water soluble forms of phosphorus fertilisers 
have been the focus of multiple campaigns in WA. Studies of the Peel-Harvey estuary 
and its hinterlands found that a high proportion (up to 80 per cent) of phosphorus in 
‘superphosphate’, which is commonly used for agriculture, leaches through soil and 
is lost to production with winter rain.7 Phosphorus has been the focus of campaigns 
because the loss pathways from the catchment source to the receiving wetlands, 
waterways and estuaries are better understood than nitrogen, and because effective 
change management options are available.39

There are also rural industrial sources of nutrient pollution. For example, it has been 
suggested that anecdotal evidence indicates that blast chemicals used in mining pits may 
be a source of nitrogen in dewatering discharge water in Goldfields salt lakes.40

Finally, chemicals applied to wetlands can contain nutrients. For example, organophosphate 
insecticides applied to wetlands in order to control midges have been implicated as a 
source of phosphorus in WA wetlands, while some fire retardants have been shown to 
increase the soluble nutrient load.41
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Horses and cattle produce large amounts of faeces and urine. A standard light 
horse (450 kilograms) produces approximately 5.5 tonnes of wet faeces and 
5.5 kilolitres of urine each year. This volume of waste contains 62 kilograms 
of nitrogen and 5.5 kilograms of phosphorus.36 Cattle in feedlots produce an 
estimated 20–30 kilograms per year of nitrogen and more than 6 kilograms per 
year of phosphorus.37

Figure 9. Cows, such as this one grazing in a seasonally waterlogged wetland, can 
cause significant nutrient enrichment when allowed in and near wetlands. Photo – M 
Bastow/DEC.

Horses, cows and nutrient pollution
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Figure 11. Total phosphorus input rates for rural and urban residential land uses (‘piggery’ inputs of 145 kg/ha/year and ‘annual 
horticulture (vegetables)’ of 130 kg/ha/year not fully displayed). Figure – Kelsey et al 2010.38

The Survey of urban nutrient inputs on the Swan Coastal Plain38 provides nutrient inputs rates of various land uses. Data 
compiled in the survey are shown in Figure 10 and Figure 11 for nitrogen and phosphorus respectively.

Figure 10. Total nitrogen input rates for rural and urban residential land uses (‘piggery’ inputs of 630 kg/ha/year and ‘turf farm’ of 
433 kg/ha/year not fully displayed). Figure – Kelsey et al 2010.38



40  Water quality

Chapter 3: Managing wetlandsA guide to managing and restoring wetlands in Western Australia

Loss of natural wetting and drying pattern
Wetting and drying on a seasonal or intermittent basis is a feature common to the 
majority of WA wetlands. However, human-induced changes means that many such 
wetlands are now permanently inundated, particularly those in urban environments in 
the south-west of the state. It can require investigations to determine whether this has 
occurred at a given wetland, especially when multiple changes occur in catchments, such 
as rising groundwater due to clearing, following by dropping groundwater levels due to 
water abstraction, as well as increased drainage inputs and drying due to climate change. 
Information on determining a wetland’s natural hydrology is provided in the topics 
‘Wetland hydrology’ in Chapter 2 and ‘Managing hydrology’ in Chapter 3.

Wetlands that naturally wet and dry do not tend to have severe problems associated with 
excess nutrients. The reasons for this vary, and include:

• In the south of the state, many seasonally inundated wetlands are dry during the 

hottest months of the year. Not having standing water during hot weather means 

that they are less susceptible to algal and cyanobacterial blooms, and blooms that 

do occur are likely to be for shorter periods of time (for example, as the water level 

drops and nutrients become concentrated prior to drying out).

• When sediments dry they are usually exposed to air. Decomposition is far 

more efficient in aerobic (oxygenated) conditions, meaning that decomposition 

processes are stimulated. This can result in more organic matter being removed 

as a potential energy store from the sediment and keeping the accumulation of 

organic matter in check. 

• When wetland sediments are oxygenated, phosphorus tends to bond with iron 

and aluminium in the sediment, meaning there is less phosphorus available for 

plants, algae and bacteria. Similarly, when wetland sediments are oxygenated, 

nitrogen can be exported from wetlands as a gas, meaning there is less nitrogen 

available for plants, algae and bacteria. This point is explained further in the 

following paragraphs.

Sediments typically contain the largest proportion of nutrients in a wetland15, compared 
to the proportions of nutrients present in the water column and in living things. 
However, sediments cannot indefinitely go on storing sediments, and at saturation will 
release nutrients into the water column. Alternatively, wetland sediments may release 
nutrients into the water column if conditions in the sediment pore water are suitable. 
This form of water column nutrient loading is known as ‘internal loading’ and can cause 
‘internal eutrophication’, and explains why high nutrient levels can persist in wetlands 
long after nutrient pollution has been minimised.

Human-induced changes to wetlands can promote the conditions that trigger nutrient 
release from the sediment. In particular, the conversion of naturally wetting and 
drying wetlands to permanently inundated wetlands has been linked with internal 
eutrophication. Many wetlands, particularly those in urban areas and the Wheatbelt, 
no longer have a ‘dry’ phase that was naturally part of their water regime. If sediments 
become permanently inundated, lower oxygen levels in the sediment pore waters and at 
the interface between the water column and the sediment pore waters may be sustained 
(Figure 12) and anoxic conditions may even occur. In contrast, wetlands that naturally 
have either a natural low water/partial drying phase that exposes more of the wetland 
soils or shallow water to air, or a dry phase with complete drying down, undergo 
changes to the chemical makeup of their sediment and water. These natural changes 
are largely driven by the greater amount of oxygen in the sediment pore water and/or 
the interface between the sediment and the water column, which drives changes in the 
redox potential. 

Decomposition: the chemical 
breakdown of organic material 
mediated by bacteria and fungi, 
while ‘degradation’ refers to its 
physical breakdown. Also known as 
mineralisation.

Aerobic: an oxygenated 
environment (organisms living or 
occurring only in the presence of 
oxygen are aerobes)

Internal eutrophication: 
eutrophication of wetland surface 
waters as a result of changes in 
water quality without additional 
external supply of nutrients42

Anoxic: deficiency or absence of 
oxygen
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These changes typically result in more of the phosphorus being bound to iron in the 
sediment and therefore less available in the water column for algal and cyanobacterial 
overgrowth and blooms (particularly in wetlands that don’t have much calcium present). 
The changes stimulated by drying also affect the nitrogen levels, with shallow water 
often promoting the loss of nitrogen in gaseous forms from wetlands. 

When the naturally drying phase no longer occurs, less nitrogen may be exported from 
the wetland, and more of the nitrogen and phosphorus is likely to be present in the 
sediment pore waters and water column in a chemical form that is available to plants, 
algae and bacteria, stimulating increased growth and productivity. Beyond a certain 
point, this increased productivity may be in the form of blooms and weeds, which tends 
to reduce biodiversity and if sustained may result in a shift in the ecological character of 
the wetland. 

Figure 12. The very 
top of the sediment 
pore water, and the 
interface between the 
water column and the 
sediment pore water, is 
where a lot of chemical 
transformations take 
place. The dissolved 
oxygen levels in this 
zone are very influential. 
Oxygen is generally 
limited to the upper 10 
millimetres.42 Image – J 
Higbid/DEC. 
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The effect of wetting and drying on nutrients: a closer look
Phosphorus

Phosphorus has an affinity for calcium, iron and aluminium, and will bind with these 
elements when they are available, taking phosphorus out of the water column. 
Wetting and drying influences the extent to which iron and aluminium will bind 
with phosphorus. 

In wetlands that experience inundation, when their water levels fall enough that 
there is shallow water and/or exposed sediments, much greater amounts of oxygen 
can reach the wetland sediment. The increase in oxygen creates more oxidising 
conditions, which promotes changes in the chemical form of iron present in 
the sediment. In these conditions, the chemical form that iron takes (ferric iron) 
significantly increases the ability of phosphorus to bind with it, via the processes of 
adsorption and precipitation. Through these processes, sediments can become 
a phosphorus sink. This is particularly relevant in wetlands with circumneutral or 
acidic conditions. In alkaline wetlands, the calcium concentration influences the 
precipitation of phosphorus, but this process isn’t linked to wetting and drying.

In contrast, when wetlands are permanently inundated, the sediments are likely to 
have lower amounts of oxygen (plants are an important source of oxygen in these 
sediments, as they leak oxygen from their roots into an area of soil around the roots 
called the rhizosphere). As oxygen levels falls, conditions become more reducing 
and phosphorus desorption occurs: the chemical form iron takes (ferrous iron) 
does not bind with phosphorus and the formerly adsorbed phosphorus is released 
into sediment pore waters. Unless there is an oxidised soil layer above this, the 
phosphorus can diffuse into the water column. 
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Reinstating the natural wetting and drying cycle would seem the logical solution to this 
problem. However, drying of sediments that have long been inundated poses significant 
risks. Long-term inundation not only leads to the build up of nutrients; it can also lead to 
the build up of sulfides, which if exposed to air, can react to form harmful acids (actual 
acid sulfate soils)—an impact that can be much harder to mitigate than eutrophication. 
Any attempt to reinstate drying should be carried out carefully and with expert advice. 
More advice is provided below. 

Release of sediment nutrients due to sulfate pollution 
Sulfur is an important element in the environment, and is present in the atmosphere, soil 
and water as well as being present in organisms. Sulfur is naturally occurring in wetlands, 
with greater amounts present in saline wetlands; sulfur is one of the salts that contribute 
to salinity (for more information, see the ‘Salinity’ section in the topic ‘Conditions in 
wetland waters’ in Chapter 2).

Sulfur has a strong influence on phosphorus in wetlands. Phosphorus in the sediment 
is often bound to iron or aluminium in the sediment. If sulfur is added to a wetland, 
under the right conditions the sulfur, in the form of sulfate, can preferentially bind with 
the iron, releasing the phosphorus and making it available for cyanobacterial and algal 
use. This modification to the iron-phosphorous cycle is one form of ‘sulfate-mediated 
eutrophication’. 
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The effect of wetting and drying on nutrients: a closer look

(cont’d)
The solubility of oxygen declines as salt content increases, so secondary salinity (that 
is, human-induced salinity) can compound nutrient problems in affected wetlands. 
In saline wetlands, where there are greater concentrations of sulfur, another process 
is also significant: iron preferentially binds with sulfide over phosphorus. 

Nitrogen

The changes stimulated by drying also affect the nitrogen levels, with oxygen 
availability associated with shallow water and exposed sediments often promoting 
the loss of nitrogen in gaseous form from freshwater wetlands through coupled 
nitrification (ammonium is converted to nitrate) and denitrification (nitrate is 
converted to nitrogen gas or nitrous oxide that can then leave the wetland) as well 
as ammonia volatilisation (ammonia is produced). 

When the wetting-drying pattern is changed to permanent inundation and oxygen 
levels are low, levels of a form of nitrogen known as ammonia may build up to 
toxic levels. Ammonia is made up of nitrogen and hydrogen. Its chemical symbol 
is NH

3 (not to be confused with ammonium, NH4
+). Its concentration increases with 

increasing pH. In high concentrations, ammonia is acutely toxic to invertebrates, 
frogs and fish. 

Influencing factors

A range of factors heavily influence these processes. The extent to which they will 
occur in a particular wetland depends upon the interplay of many physico-chemical 
and biological factors in a wetland. These include the frequency with which 
wetting and drying occurs, the duration of each phase, the redox potential, iron, 
sulfur, aluminium, calcium, magnesium, salinity, pH, acid neutralising capacity and 
microbial processes, covered in detail in the topic ‘Conditions in wetland waters’ in 
Chapter 2. 

Nitrification: the conversion of 
ammonia (NH3) or ammonium 
(NH4

+) to nitrate (NO3
-) in 

freshwater wetlands under 
oxygenated conditions, facilitated 
by specialised bacteria, if conditions 
(pH, temperature, organic carbon 
availability) are suitable

Denitrification: the conversion 
of nitrate (NO3

-) to elemental 
nitrogen (N2) under deoxygenated 
conditions, facilitated by specialised 
bacteria

Sulfate-mediated 
eutrophication: eutrophication 
of wetland surface waters as a 
result of changes in water quality 
associated with sulfate rather 
than additional external supply of 
nutrients 
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Sulfate pollution can greatly increase the release of phosphorus from the sediment, 
causing eutrophication. Human activities can significantly increase the amount of sulfur 
entering wetlands from the surrounding landscape and atmosphere. Sulfates are applied 
to catchments in fertilisers, causes include sulfate air pollution from the burning of fossil 
fuels; sulfates from industrial land uses entering via stormwater; acid mine drainage; 
rising saline groundwater and seawater intrusion. Under the right conditions, sulfate in 
the wetland can also be mobilised by other compounds.42 

Impacts
Impacts of excess nutrients include:

• algal and cyanobacterial blooms

• botulism

• poor health/death of native fauna

• smelly gases

• nuisance midge levels

• reduced biodiversity of native species

• increased weeds

These are described below.

Importantly, wetlands receiving the same amount of nutrients may not show the same 
impacts. The impact depends on a number of factors including the wetland’s water 
hardness, salinity, colour, pH, and the extent to which resuspension, stratification, 
flushing and mixing occur. For this reason, characterising a wetland’s water chemistry is 
recommended prior to identifying management strategies, as their effectiveness will vary. 

For example, phosphorus has an affinity for calcium, and will often bind with it to 
form a precipitate, removing it from the water column. This process may reduce the 
eutrophication of calcareous wetlands (that is, wetlands with a lot of calcium, often in 
the form of calcium carbonate). 

Stratification: the division of 
the water column into distinct 
layers called the epilimnion (top), 
the metalimnion (middle) and 
the hypolimnion (bottom), due 
to differences in water density 
between the layers
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Other effects of sulfur in wetlands
Under the right conditions, sulfur in the form of sulfates can be converted to sulfides, 
which can also pose problems in wetlands. This process can result in increased anoxia 
(depletion of oxygen) in the wetland. The conversion to sulfides also enhances the 
methylation of mercury (commonly referred to as MeHg), which increases the toxicity 
and bioavailability of mercury in wetlands.43 This is not well studied in WA but potentially 
has significant ecological implications. Research suggests that sulfate needs to be kept 
below 1 milligram per litre to manage this problem. 

If sustained, concentrations of free sulfide may also accumulate in the sediment pore 
water to levels toxic to rooted submerged plants.42 Elevated sulfides can change species 
composition and favour weeds. In Florida, Typha domingensis (native to areas of WA) has 
been found to have a higher tolerance to sulfide toxicity than many wetland plants, and 
in Florida it tends to invade wetlands where sulfate pollution is occurring.44 It is possible 
that the introduced species of bulrush, Typha orientalis, is also tolerant due to similar 
physiological traits (hollow stems that efficiently transport oxygen to roots to detoxify 
the root zone). Internationally, some jurisdictions have established interim trigger values, 
such as Minnesota Department of Environment’s interim value of 10 milligrams of sulfate 
per litre to protect an endangered wetland plant. In the absence of trigger values, it may 
be possible to determine locally appropriate levels using mesocosm experiments (for an 
example, see the journal article by Geurts et al 200945).
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Algal and cyanobacterial blooms, smelly gases and nuisance midge levels
Algae and cyanobacteria are a natural part of wetland ecosystems and play an important 
role in food webs. The types that occur in WA and their natural ecological roles are 
described in the topic ‘Wetland ecology’ in Chapter 2. Algae and cyanobacteria obtain 
dissolved nutrients from the surrounding water. When they reach a certain density in the 
water column, algae and cyanobacteria are said to be in ‘bloom’. In many wetlands they 
will never form blooms, while in other wetlands they may bloom for a few days or weeks 
at times of the year as part of the normal wetland cycle without causing a problem. 
Although nutrients are necessary for the development of algal and cyanobacterial 
blooms, other factors such as their concentration, bioavailability, light availability, pH, 
degree of detention and stratification, salinity and temperature also influence the 
composition of the bloom46 and competition and predation are also important. Data for 
Perth and surrounds indicates that high water temperatures (20–30 degrees celsius), high 
pH (8–10), calm water and low light intensity favour the development of cyanobacteria.46

Some algae and cyanobacteria, such as species of green algae Cladophora and 
Enteromorpha, can significantly alter wetland ecosystems when in bloom proportions, 
forming extensive mats that cover the water surface, shading out and restricting growth 
of submerged aquatic plants and other algae below (Figure 13). Algae attached to the 
leaves of submerged aquatic plants can have a similar effect when in bloom proportions, 
by blocking out available light and preventing photosynthesis. If algal blooms are 
prolonged, submerged aquatic plants can die. Benthic blooms may also occur, covering 
large areas of sediments. Large scale detachment and drift of benthic cyanobacteria can 
occur, with masses of floating clumps potentially appearing similar to a surface bloom.

Figure 13. Blooms can cover the entire water surface of wetlands, blocking light from reaching 
plants and animals below the water’s surface; (a) constructed lake, Perth (b) Herdsman Lake, 
Herdsman. Photos – J Lawn.

Algal and cyanobacterial blooms eventually collapse. This may be due to the exhaustion 
of nutrient or oxygen supply, changes in water chemistry, or damage due to prolonged 
UV exposure of the individuals at the top of the water column. The spike of available 
algal or cyanobacterial material represents a massive food source for bacteria and 
animals that can cope with the bloom conditions, such as midge larvae. In consuming 
and decomposing the dead algae or cyanobacteria, these organisms use oxygen, to 
the extent that the decomposition of large blooms results in the depletion of oxygen 

Bloom: rapid, excessive growth, 
generally caused by high nutrient 
levels and favourable conditions

Benthic: the lowermost region 
of a wetland water column; the 
organisms inhabiting it are known 
as benthos

(a) (b)
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from the water. The impacts of the anoxic conditions are two-fold: firstly, other life in 
wetlands are deprived of oxygen they need to survive, and secondly, they promote the 
release of nitrogen and phosphorus from the sediments, further ‘feeding’ algae and 
cyanobacteria populations.47 The death of fish en masse, known as ‘fish kills’ is often due 
to oxygen falling below levels needed by fish; although other causes, such as diseases 
or toxins, may be to blame. It is thought that fish cannot survive less than 30 per cent 
oxygen saturation.48 Anoxic conditions can lead to noxious odours due to the release of 
hydrogen sulfide and other compounds associated with changing chemical conditions. 
There may be discolouration of the water, such as white areas. Outbreaks of large 
populations of nuisance insects such as midges are also common, because midge larvae 
feed on live and dead algae and they are adapted to anoxic conditions.

➤	 For additional details on midges see the topic ‘Nuisance midges and mosquitoes’ in 
Chapter 3. 

These conditions can also be suitable for the build up of ammonia to toxic levels. 
Ammonia is made up of nitrogen and hydrogen. Its chemical symbol is NH3 (not to be 
confused with ammonium, NH4

+). Ammonia can be produced via the decomposition of 
detritus (specifically, via ‘ammonification’) and by dissimilatory ammonia production in 
sediments with low levels of oxygen. In high concentrations, ammonia is acutely toxic 
to invertebrates, frogs and fish. It is taken up by tadpoles and fish via their gills. Acute 
exposure may be lethal or sub-lethal, while chronic exposure can be sub-lethal. Several 
factors are known to affect the development and toxicity of ammonia, including pH, 
dissolved oxygen concentration, temperature, salinity and carbon dioxide concentrations. 
A pH of more than 9 can cause a shift from ammonium to ammonia.

➤	 As a potential toxicant, trigger values for ammonia in wetlands is provided in Table 
3.4.1 in Volume 1 of the Australian and New Zealand Guidelines for Fresh and Marine 
Water Quality which needs to be cross-referenced with Table 8.3.6 in Volume 2 of the 
guidelines.15,14

Some cyanobacteria species produce toxins that can harm or kill plants, animals and 
algae. Cyanobacteria that produce these toxins include Anabaena, Microcystis, Nodularia 
and Oscillatoria. Toxins produced by cyanobacteria include neurotoxins (affecting the 
nervous system), hepatotoxins (affecting tissues and liver) and lipopolysaccharides 
(causing gastroenteritis).46 Toxins can persist for more than three months before being 
degraded by sunlight and microbial activity.49 In Australia, toxins have been implicated 
in the poisoning of native animals including kangaroos, rodents, amphibians, fish, bats, 
waterbirds and zooplankton, and reductions in dragonflies and aquatic beetles has also 
been attributed partially to toxins and partially to low oxygen levels.50 Cows, sheep and 
goats are susceptible to toxins, and consuming as little as one cup of toxic water can 
cause death. They usually develop muscle tremors and start staggering within 30 minutes 
of drinking toxic water, and lie down and die with convulsions within 24 hours. Animals 
that survive develop liver damage, jaundice and photosensitisation.49

Exposure to cyanobacteria is linked to increased incidence of several neurodegenerative 
diseases. Recent research suggests that these toxins could be a contributing factor 
triggering a motor neuron disease, amyotrophic lateral sclerosis, in humans.51 While it 
is likely that it is a multifactorial condition requiring several factors to come together to 
trigger disease, an analysis of New Hampshire in the United States tracked patients of 
the motor neurone disease to having lived by lakes or other bodies of water that were 
subject to frequent algal blooms.

➤	 A summary of cyanobacterial toxins can be found in the document Cyanobacteria: 
management and implications for water quality.52

Detritus: organic material 
originating from living, or once 
living sources including plants, 
animals, fungi, algae and bacteria. 
This includes dead organisms, dead 
parts of organisms (e.g. leaves), 
exuded and excreted substances 
and products of feeding.
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Figure 14. Black swans in Lake Monger, in the suburb of Leederville, with their undersides 
covered in unidentified algae/cyanobacteria. Photo – M Blythman/DEC.

Protecting humans and animals from toxic algae 
and cyanobacteriah

If poisoning from algal or cyanobacterial blooms is suspected, the 
wetland should be closed off immediately from people, livestock and 
pets, and no water, fish, shellfish or other foods from the wetland should 
be consumed. If livestock or pets have been exposed, seek veterinary 
advice. People should seek medical advice without delay. Sick native birds 
or other native animals should be reported to the Wildcare Helpline on 
08 9474 9055, which operates 24 hours a day. It may be appropriate to 
employ noise or visual disturbance to discourage birds from the wetland 
as a short-term option. 

In the case of public lands, the responsible authority should be notified, 
for example, the local government authority, the land manager or 
relevant state government department. When an algal bloom of human 
health concern is detected at potentially harmful levels on public lands 
the Department of Health is advised and a public warning may be issued. 
Warning signs will be located in affected areas and messages may be 
broadcast on television, radio, in local or regional newspapers and on 
the Department’s website (www.health.wa.gov.au/press/index.cfm). 
The Department of Health’s Environmental Health Directorate can be 
contacted on 08 9388 4999 or by email: algalblooms@health.wa.gov.au.
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Botulism
Outbreaks of the bacteria Clostridium botulinum are almost always associated with 
decomposing blooms and anoxic conditions in nutrient enriched wetlands. Inhabiting soil 
and sediments, spores of C. botulinum germinate in warm, anoxic conditions, producing 
a potent nerve toxin. If the toxin is ingested or wounds are exposed to it, birds, fish, 
frogs and mammals including humans can become very sick, and die. This form of 
bacterial poisoning is known as botulism, and more specifically avian botulism in bird 
populations (Figure 15). A cycle of infection can occur if birds ingest fly larvae that have 
absorbed the toxin from feeding on dead infected birds.46 One outbreak at Toolibin Lake 
in 1993 caused the death of 450 birds53, while an outbreak at Mary Carroll Park wetlands 
in Gosnells was reported to affect over 2000 birds.54 Symptoms of botulism in birds are 
similar to symptoms of cyanobacterial poisoning and include inability to stand, fluffed 
out feathers and wings not crossed above the tail. Onset of paralysis renders birds unable 
to fly, instead propelling themselves across the water using their wings. In advanced 
cases, total paralysis and respiratory distress (gasping) may occur, followed by death.46 

Although outbreaks of C. botulinum can occur at any time, temperature, oxygen and a 
suitable energy source are thought to be the factors that determine whether an outbreak 
of C. botulinum will occur. Outbreaks tend to be more severe in warm conditions, 
often between November and April.  In wetlands, warm weather and anoxic conditions 
are optimal conditions for an outbreak, and this is why avian botulism is commonly 
associated with algal or cyanobacterial blooms. The spores of C. botulinum can lie 
dormant for many years, germinating and multiplying when conditions are right.55 

Botulism in humans is generally food-borne rather than due to exposure from a wetland, 
and no cases have been reported in WA since it became a statutory notifiable infectious 
disease in 2001.56  

Figure 15.  Botulism is a serious consequence of algal blooms and can cause death of wetland 
fauna. Photo – D Mort/City of Rockingham.
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Reduced biodiversity of native species, increased weeds
Plants, algae and cyanobacteria respond to nutrient enrichment in varying ways. 
In general terms, nutrient enrichment can increase the total biomass (growth and 
abundance) and change the species composition of plants, algae and cyanobacteria in a 
wetland, with winners and losers. Many important endemic wetland plants of a region 
that are adapted to low nutrient levels are likely to be losers. The highest diversity of 
wetland plant species is often found at intermediate dissolved nutrient levels. Significant 
nutrient enrichment of permanently inundated wetlands (lakes) typically results in the loss 
of submerged aquatic vegetation and substantial increases in algae and cyanobacteria. 

Changes to plants and other primary producers can have profound effects on wetland 
animals, because primary producers can have such an influence on animal habitat, in 
terms of both its physical and chemical characteristics. Invertebrates, which play a 
key role in many wetland ecosystems, demonstrate the profound effects that nutrient 
enrichment can have on biodiversity. Moderately nutrient enriched wetlands in WA 
generally support the richest invertebrate fauna and the greatest number of rare 
species.24,57 The increased productivity of plants and algae often fuels an increase in 
grazing and predatory invertebrates. In very nutrient enriched wetlands, there is an 
abundance of a few tolerant species. There tends to be a progressive disappearance of 
invertebrate species, leading to a decrease in species richness and ultimately the wetland 
is inhabited by very large numbers of the few tolerant invertebrate species.24,57 These 
changes tend to have effects up the food chain, affecting larger animals.

Weeds that flourish in wetlands often have broad tolerance limits to nutrients, pH, 
salinity and hydrological regimes and many are ‘disturbance opportunists’, responding 
positively and rapidly to habitat disturbance. Elevated nutrient levels can favour 
weeds over native plant species. For example, a study carried out at four wetlands in 
Perth found that elevated sediment nutrient concentrations favoured the growth and 
reproduction of the introduced bulrush Typha orientalis over that of Baumea articulata58, 

Protecting humans and animals from botulismh
If botulism is suspected, the wetland should be closed off immediately 
from people, livestock and pets, and no water, fish, shellfish or other 
foods from the wetland should be consumed. If livestock or pets have 
been exposed, seek veterinary advice. People should seek medical 
advice without delay. Sick native birds or other native animals should be 
reported to the Wildcare Helpline on 08 9474 9055, which operates 24 
hours a day. It may be appropriate to employ noise or visual disturbance 
to discourage birds from the wetland as a short-term option. 

In the case of public lands, the responsible authority should be notified, 
for example, the local government authority, the land manager or 
relevant state government department. When botulism is detected at 
potentially harmful levels on public lands the Department of Health 
is advised and a public warning may be issued. Warning signs will be 
located in affected areas and messages may be broadcast on television, 
radio, in local or regional newspapers and on the Department’s website 
(www.health.wa.gov.au/press/index.cfm). The Department of Health’s 
Environmental Health Directorate can be contacted on 08 9388 4999 or by 
email: algalblooms@health.wa.gov.au.

Endemic: naturally occurring only 
in a restricted geographic area

Invertebrate: animal without a 
backbone
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a sedge common to many wetlands of the south-west of the state. It has been suggested 
that the nutrient stripping ability of introduced bulrush is generally inferior to local 
species that grow in the same environment and are less seasonal in the growth cycle.59 
Weeds are able to respond to nutrient enrichment in all types of wetlands, including 
those with waterlogged soils. Elevated sulfides can also change species composition, 
and favour weeds. In Florida, Typha domingensis (native to areas of WA) has been found 
to have a higher tolerance to sulfide toxicity than many wetland plants, and in Florida 
it tends to invade wetlands where sulfate pollution is occurring. It is possible that the 
introduced species of bulrush, T. orientalis, is also tolerant due to similar physiological 
traits.

Indicators
Indicators of excess nutrients include:

• algal and cyanobacterial blooms

• high nutrient levels in water

• high chlorophyll a levels

Algal and cyanobacterial blooms
It is important to distinguish between wetlands with normal levels of nutrients and algal 
growth and those that are eutrophic that have developed, or are at risk of developing 
serious algal blooms. As discussed previously, algae form an important component of 
wetland ecosystems and may become abundant at various times of the year as part 
of the normal wetland cycle. In contrast, rapid algal growth may occur in eutrophic 
conditions, more frequently and last longer than natural bloom cycles during warm 
weather (from late spring through to summer). 

The most easily recognisable type of algal bloom in wetlands are filamentous green algae 
(a form of macroalgae), which looks like green slime comprised of individual strands 
or filaments. In the late stages of a bloom, it forms extensive mats covering the water 
surface, which may accumulate in shallow areas and on wetland banks where it can 
start to rot and produce noxious odours (Figure 16). Other types of blooms involving 
microalgae may appear as a coloured ‘scum’ on the water surface (Figure 17) or 
throughout the water column. Depending on the type of microalgae present, scums can 
appear green, blue-green, reddish, yellowish, orange or brown in colour. 
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Natural blooms and scums 
Not all blooms and scums in wetlands are harmful and they may be a natural, 
seasonal feature such as naturally occurring oils and foams produced by harmless 
bacteria and algae or from breakdown of organic matter. Pollen that has 
accumulated in wetlands is often mistaken for an algal bloom. The Scum book60 
is an excellent, WA-produced resource providing a local guide to oils, foams and 
scums.

As a precaution, if any type of bloom or scum is present in wetlands, contact by 
both humans, pets and stock should be avoided. In the case of public lands, the 
responsible authority should be notified (for example, local government, the land 
manager or relevant State Government department). Where warranted, the Health 
Department may also be involved. 

Macroalgae: algae large enough to 
be seen with the unaided eye

Microalgae: microscopic algae
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When is a bloom officially a bloom? 
Microalgal cell counts also provide a direct indicator of the presence and 
severity of algal blooms. When algal cells of a moderate to large size (greater 
than 15 to 20 microns (mm) in diameter) exceed 15,000 cells per millilitre of 
water, it is referred to as a bloom.61 Smaller sized microscopic algae (less than 1 
to 5 microns in diameter) are considered to be in bloom proportions at around 
100,000 cells per millilitres61; they discolour the water at much higher densities. 
Cyanobacterial densities in excess of 15,000 cells per millilitre make the water 
unsafe for people to drink, and even densities of 500 to 2,000 cells per millilitre 
require action by water managers. These levels are a guideline only; detrimental 
impacts on wetlands, humans or animals may result from much lower densities, 
particularly if toxic species are present, in which densities as low as 5 cells per 
millilitre may pose a threat.61 

The concentration of algal cells on the surface can vary during the day, and 
can be 20–50 times the ‘integrated’ density in calm conditions (an integrated 
sample is the combined sample from a range of depths in a water column). 
Measurement of microalgal counts in water samples taken from wetlands 
should be undertaken by a laboratory. 

➤	 Source: Water facts 6: Algal blooms, originally published by the Water and 
Rivers Commission in 1998, and available from the Department of Water 
website: www.water.wa.gov.au/PublicationStore/first/10085.pdf. 

➤	 Identification and cell count services are carried out by specialised 
laboratories, such as the Phytoplankton Ecology Unit of the Department of 
Water, various private industry and university specialists, for example, the 
algae and seagrass research group at Murdoch University. Identification is 
reliant upon the appropriate collection, storage and preservation of algae 
prior to its identification. The WA Herbarium and associated regional 
herbaria do not specialise in the identification of wetland algae and do not 
maintain wetland algae collections (marine algae collections are maintained).

Figure 16. Filamentous green algal bloom. 
Photo - D Mort/City of Rockingham.

Figure 17. Some algal blooms appear as a 
‘scum’ on the water surface. Photo – W Van 
Lieven/City of Gosnells.
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Water nutrient levels
The absence of obvious symptoms of eutrophication, such as algal blooms, does not 
mean that a wetland is not eutrophic and therefore not at risk of developing blooms in 
the future. Water quality often declines over many years before catastrophic symptoms 
such as algal blooms appear.61 Measuring nitrogen and phosphorus over time can provide 
insight into seasonal fluctuations and longer-term trends. Levels can be compared with 
those in Table 6. 

Table 6. Default trigger values relating to nutrient enrichment for slightly disturbed wetlands 
in WA, from the Australian and New Zealand Guidelines for Fresh and Marine Water Quality14 

Water Quality 
Parameter

Trigger Value
Southwest Australia

Trigger Value 
Northwest Australia

Notes

Unit of measurement Micrograms per litre, μg/L d: higher values are 
indicative of tropical 
WA river pools

Total phosphorous 60 10-50 d

Filterable reactive phosphate 30 5-25 d

Total nitrogen 1500 350-1200 d

Oxides of nitrogen (NOx) 100 10

Ammonium (NH4
+) 40 10

Measuring the total concentration of a nutrient (for example, total nitrogen or total 
phosphorus) can over-estimate the proportion of nutrients that are actually available for 
plant, algae or cyanobacterial growth at a point in time.14 For example, total phosphorus 
is a measure of the dissolved and particulate forms of inorganic and organic forms 
of phosphorus in the water, including the bioavailable (soluble reactive phosphorus/
filterable reactive phosphorus/orthophosphate) and unavailable (or potentially available) 
forms. However, it can provide an understanding of the total ‘pool’ of these nutrients 
in the water that may become available under the right conditions, to guide long term 
management actions. Measuring the inorganic fraction of a nutrient, such as phosphate, 
nitrogen oxides (nitrate, nitrite) and ammonium provides an idea of what proportion of 
the total is available to plants, algae and cyanobacteria, although it too is a snapshot 
of a point in time. Measuring nutrients in the water column does not take into account 
nutrients stored in the sediments which can become available for plant and algal growth. 

Determining the trophic status of wetlands can be useful in assessing nutrient levels 
and potential of algal blooms developing in the future. Trophic classifications are 
used to describe the amount of productivity (usually algal) or nutrient richness occurring 
within wetlands62,63 and result in a wetland being identified as eutrophic, oligotrophic 
or mesotrophic. Of the many methods for determining the trophic classification of 
wetlands, the Pan American Center for Sanitary Engineering and Environmental 
Sciences criteria64, known as CEPIS criteria, developed for warm-water tropical lakes 
are most often used for WA wetlands.65 This system uses total phosphorus as the basis 
for classification. This is because phosphorus tends to be the main limiting nutrient 
in freshwater wetlands, so it is often what determines the presence and extent of 
algal blooms.31 The mean and range (within two standard deviations) of annual mean 
total phosphorus concentrations are used to define trophic categories under the CEPIS 
scheme, shown in Table 7.

Table 7. CEPIS trophic state classification system based on total phosphorus64

Oligotrophic Mesotrophic Eutrophic

Unit of measurement Micrograms per litre, μg/L

Mean (average) annual total 
phosphorus 

21.3 39.6 118.7

Range ± 2 standard 
deviations

10–45 21–74 28–508

Trophic: from the Greek word for 
‘feeding’, it relates to food and 
nutrition 

Trophic classification: the 
classification of an ecosystem 
on the basis of its productivity 
or nutrient enrichment. The 
three main trophic classes are 
oligotrophic, mesotrophic and 
eutrophic.

Limiting nutrient: the nutrient in 
an ecosystem which limits further 
growth because it is available at 
proportionately lower levels with 
respect to other nutrients needed 
for primary producers to increase 
their abundance
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The term ‘hypertrophic’ is sometimes applied to those that are grossly enriched46 while 
wetlands that have dark-coloured water from naturally occurring tannins and low pH are 
referred to as dystrophic.46

➤	 For additional detail on nutrients in wetlands see the ‘Nutrients’ section of the topic 
‘Conditions in wetland waters’ in Chapter 2. 

➤	 For information on taking wetland water quality samples, see the topic ‘Monitoring 
wetlands’ in Chapter 4.

Research conducted by the Cooperative Research Centre for Water Quality and 
Treatment resulted in the below findings about the nutrient concentrations required to 
sustain cyanobacterial growth.

Table 8. Nutrient concentrations limiting cyanobacterial growth as defined by the CRC for 
Water Quality and Treatment.66

Water Quality Parameter Concentration Application

Unit of measurement Micrograms per litre, μg/L

Filterable reactive phosphorus Less than 10 Concentrations less than this are considered to be 
growth limiting 

Soluble inorganic nitrogen 100 This concentration is considered to be the minimum 
required to maintain growth during the growing season

Chlorophyll a 
Nutrient levels can also be indirectly assessed by measuring the concentration of 
chlorophyll present in the water column. Chlorophyll a is one of the pigments required 
for photosynthesis in plants, algae and cyanobacteria. Its concentration in a water 
sample is the best indicator of the growth response of the existing algal biomass in the 
water column. Very high chlorophyll a levels may indicate an algal or cyanobacterial 
bloom due to nutrient enrichment of the wetland. Concentration of chlorophyll a in 
samples taken from wetlands can be assessed against the trigger value for chlorophyll a 
for wetlands in the south-western or north-western Australia specified in the ANZECC 
guidelines. Measurement of chlorophyll a in water samples taken from wetlands should 
be undertaken by a laboratory.

Table 9.  Default trigger values for chlorophyll a for slightly disturbed wetlands in WA, from 
the Australian and New Zealand Guidelines for Fresh and Marine Water Quality14 

Water Quality Parameter Trigger Value
Southwest Australia

Trigger Value 
Northwest Australia

Units of measurement micrograms per litre, μg/L

Chlorophyll a 30 10

➤	 For information on sampling chlorophyll a in wetlands, see the topic ‘Monitoring 
wetlands’ in Chapter 4.

Dystrophic: a wetland that 
suppresses increased algal, 
cyanobacterial and plant growth 
even at high nutrient levels due to 
light inhibition
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Managing nutrients, algal and cyanobacterial blooms
Table 10 provides a summary of the potential strategies for managing excess nutrients 
and associated blooms. They focus at one or more of three scales:

1. preventing the causes of poor water quality 

2. intervention at the catchment scale

3. intervention at the wetland scale.

As outlined earlier, some strategies that may be considered suitable for artificial wetlands 
are not covered here. Similarly, strategies that may be viable in other countries but which 
have limited application in WA, such as lake flushing, are not covered.

Table 10. A summary of the main strategies that have been considered by wetland managers 
for managing excess nutrients in WA wetlands

Potential strategies 

Preventing the causes of poor water quality

• reducing the amount of nutrients in the catchment

• reducing sulfate pollution

Intervention at the catchment scale

• stormwater treatment to reduce the amount of nutrients reaching the wetland

Intervention at the wetland scale

• not feeding waterbirds

• no-fertilising zones

• fencing out livestock and feral animals 

• revegetating the wetland 

• revegetating the dryland 

• converting drains to overland flows 

• aerating water

• eradicating introduced fish 

• stopping/managing waterskiing, boating                  

• harvesting algae

• adding nutrient consuming bacteria

• adding bacteria-boosting enzymes

• remediating groundwater

• harvesting wetland plants

• reinstating the wetting and drying cycle

• diverting nutrient-laden inflows

• nutrient binding and sediment capping

• sealing the sediment 

• removing sediments

Preventing nutrient enrichment: reducing the amount of nutrients in the 
catchment
Reducing the volume of nutrients entering wetlands is the most effective long-term 
strategy for preventing and managing nutrient enrichment and eutrophication. 
Intervention techniques, whether at the catchment or wetland scale, can be expensive, 
inefficient and require long term management. 

Identifying the source of the nutrients is the first step to reducing nutrient inputs. This 
process may be relatively informal, based on a general understanding of the surrounding 
land uses. Figure 8, reproduced from the Yellagonga Integrated Catchment Management 
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Plan 2009-2014, is an example of a concise spatial summary of land uses that can help 
identify and rate potential nutrient sources in a catchment. Alternatively more detailed 
studies of nutrient loadings and budget based on sampling and modelling of drains, 
groundwater and sediments in the catchment can be produced. 

There are two potential sources of nutrients: the catchment and the wetland sediment 
(see the text box ‘Determining the surface water catchment of your wetland’ earlier in 
this topic for more guidance of the catchment extent). Gaining an understanding of the 
amount of nutrients coming into the wetland, and the amount of nutrients stored in the 
sediment, enables good decision making. If the nutrients are being internally recycled 
in the wetland, controlling catchment inputs alone will not always result in changes in 
condition. Sampling of sediment and sediment pore-water will indicate whether this is 
likely to be the case.

In terms of catchment sources of nutrients, an assessment of land use both immediately 
surrounding the wetland and within the wider catchment will assist in identifying existing 
and potential sources of nutrients. Sometimes it is historic, rather than current, land 
uses such as old landfill sites that are a large source of nutrients (often referred to as 
‘leachates’; in particular, nitrogen in the form of nitrate is very mobile and can leach from 
a site into the groundwater). This is the case in Bibra Lake, south of Perth, for instance, 
for which a 1998 study estimated that the nearby landfill contributed up 507 kilograms 
per year of phosphorus and 15,065 kilograms per year of nitrogen.67 Where nutrients 
have been discharged into a wetland for a very long time or at very intense rates, the 
nutrient ‘pool’ in the sediment can form the main source of nutrients. 

Depending on the severity of the problem, the complexity of nutrient sources and the 
values being threatened, the development of a nutrient balance or budget may be 
warranted. A nutrient balance quantifies the sources of nutrient inputs and outputs 
of a wetland. It typically accounts for the nutrients within the water column and the 
sediment, as well as incoming groundwater and surface water sources. Any areas of 
contamination, such as landfill within or adjacent to the wetland, are also accounted 
for. It is of most help in catchments with many current or historic land uses (such as 
landfill) which make identifying the relative contribution of different sources of nutrients 
a complex task. A nutrient balance should account for seasonal and longer-term 
fluctuations. The information in a nutrient balance can help wetland managers determine 
which management actions will have the most effect on nutrient levels. 

Government action on fertilisersh
The WA government has recognised the importance of preventing the 
causes of eutrophication in WA’s wetlands, waterways and estuaries. 
In response, it has developed and enacted regulations that reduce the 
solubility of phosphorus in fertilisers: the Environmental Protection 
(Packaged Fertiliser) Regulations 2010 of the Environmental Protection Act 
1986. The regulations are two-phased, with 2010 and 2013 cut-off dates 
for phasing out fertilisers with excess phosphorus. 

It has also established the Fertiliser Partnership 2012–2016. This 
partnership between the State Government, the fertiliser industry, 
fertiliser user groups, and peak non-government organisations aims to 
foster a cooperative working relationship to reduce fertiliser nutrient loss 
to aquatic environments. This is described in more detail in the earlier 
section of this topic entitled ‘Who is responsible for managing catchment 
water quality?’. The webpage for the Fertiliser Partnership 2012–2016 is 
www.fertiliserpartnership.agric.wa.gov.au 



55  Water quality

Chapter 3: Managing wetlandsA guide to managing and restoring wetlands in Western Australia

The nutrient loading and dynamics of some riverine catchments are already well-studied 
and this information can be informative when developing a nutrient balance for wetlands 
in those catchments. For example:

• Avon River Basin: Nutrient management for the Avon River Basin: A toolkit for 

managing nutrient loss to the environment from a range of land uses37

• Peel Inlet and Harvey Estuary water quality improvement plan: www.

fertiliserpartnership.agric.wa.gov.au/water-quality-improvement-plans; www.

environment.gov.au/water/policy-programs/nwqms/wqip/wa/peel-harvey.html 

• Swan Canning Estuary water quality improvement plan: www.fertiliserpartnership.

agric.wa.gov.au/water-quality-improvement-plans; www.environment.gov.au/

water/policy-programs/nwqms/wqip/wa/swan-canning.html 

• Vasse Wonnerup and Geographe Bay water quality improvement plan: www.

fertiliserpartnership.agric.wa.gov.au/water-quality-improvement-plans; www.

environment.gov.au/water/policy-programs/nwqms/wqip/wa/swan-canning.html 

• Leschenault water quality improvement plan: www.fertiliserpartnership.agric.

wa.gov.au/water-quality-improvement-plans

• Hardy Inlet water quality improvement plan: www.fertiliserpartnership.agric.

wa.gov.au/water-quality-improvement-plans

Once a better understanding of sources of nutrient input is gained, the best combination 
of preventative and intervention measures can be determined.  

➤	 For information on how to sample water for nutrients, see the ‘Monitoring wetlands’ 
topic in Chapter 4.

There are many ways to reduce the amount of nutrients being released into wetland 
catchments. The following strategies list some of the most pertinent methods, guidelines 
and contacts for assistance. The strategies are listed by type of catchment: urban or 
agricultural. Many peri-urban catchments will be able to use strategies from both groups.
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Ways to reduce nutrient enrichment in urban catchments
Urban catchment
Strategy number 1: use fertilisers more efficiently and effectively in home gardens and lawns

Management actions How to

Use low water solubility, slow release fertilisers instead of 
highly water soluble fertilisers.  
 

A list of Fertilise Wise endorsed fertilisers is available from www.
fertilisewise.com.au 

Apply when plants are growing (in the south-west spring and 
early autumn (September–November; March–April).

Water only as needed, to minimise leaching below plant roots. See Water Corporation’s water wise gardening tips: www.
watercorporation.com.au

Use native plants, as they need less nutrients. 

Who to go to for assistance

Great Gardens program. http://greatgardens.info/

Associated benefits: reduced fertiliser use can significantly reduce costs.

Urban catchment
Strategy number 2: use fertilisers more efficiently and effectively in parks and other maintained 
recreational areas

Management actions How to

Develop a nutrient management plan or nutrient and irrigation 
management plan

Nutrient and irrigation management plans WQPN68

Use low water solubility, slow release fertilisers instead of 
highly water soluble fertilisers.  
 

A list of Fertilise Wise endorsed fertilisers is available from www.
fertilisewise.com.au 

Use native plants, as they need less nutrients.

Who to go to for assistance

Industry training program Fertcare (Fertilizer Industry Federation 
of Australia and the Australian Fertiliser Services Association)

www.fertilizer.org.au 

Turf managers: Fertilise Wise fertiliser training program. www.fertilisewise.com.au

www.fertilisewise.com.au/docs/ TurfTrainingAdvertGeneral.pdf 

Associated benefits: reduced fertiliser use can significantly reduce costs. 

Urban catchment
Strategy number 3: contain point source nutrients on-site

Maintain best practice industry standards, including: How to

Urban development industry

water sensitive urban design

develop using reticulated sewerage in sewerage-sensitive areas

New WAterways www.newwaterways.org.au 

Nursery and garden centre industry Nurseries and garden centres WQPN69

Light, general and heavy industry Industrial wastewater management and disposal WQPN70

Light industry near sensitive waters WQPN71

General and heavy industry near sensitive waters WQPN72

Stormwater management at industrial sites WQPN73

Building industry ‘Construction practices’ guidelines in Chapter 7, Section 
2.1 of the Stormwater Management Manual for Western 
Australia30

Associated benefits: better on-site management can reduce costs, significantly improve compliance with regulations and lead 
to the recovery of resources.
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Ways to reduce nutrient enrichment in rural catchments
Rural catchment
Strategy number 1: improve nutrient management in agricultural industries 

Management actions How to

Develop a nutrient and irrigation management plan Nutrient and irrigation management plans WQPN68

Develop a property plan Property planning manual for Western Australia74 

Maintain best practice industry standards, including:

Irrigate and amend soil appropriately Irrigation with nutrient rich wastewater WQPN75

Soil amendment using industrial by-products to improve land 
fertility WQPN76

Dryland crop industry Agriculture - dry land crops near sensitive water resources 
WQPN77

Floriculture industry Floriculture activities near sensitive water resources WQPN78

Horticulture industry Best environmental management practices for environmentally 
sustainable vegetable and potato production in Western 
Australia: a reference manual79

Code of practice for environmentally sustainable vegetable and 
potato production in Western Australia80

Orchard industry Orchards near sensitive water resources WQPN81

Turf industry Environmental guidelines for the establishment and 
maintenance of turf and grassed areas82

Viticulture industry Environmental management guidelines for vineyards83

Wineries and distilleries WQPN84

Aquaculture industry Aquaculture WQPN85

Animal industries Stockyards WQPN86

Abattoir industry Rural abattoirs WQPN87

Beef industry Guidelines for the environmental management of beef cattle 
feedlots in Western Australia88

Dairy industry Dairy processing plants WQPN89

Effluent management guidelines for dairy sheds90

Effluent management guidelines for dairy processing plants91

Horse industry Environmental guidelines for horse facilities and activities36

Pastoral rangeland industry Pastoral activities within rangelands WQPN92   

Pig industry Environmental guidelines for new and existing piggeries93

National Environmental Management
Guidelines for Piggeries94

Poultry industry Environmental code of practice for poultry farms in Western 
Australia95

Associated benefits: cost effectiveness, compliance with environmental regulations, corporate citizenship.

Who to go to for assistance

Department of Agriculture www.agric.wa.gov.au 

Department of Water www.water.wa.gov.au

Department of Environment and Conservation www.dec.wa.gov.au 

Relevant regulation

Approval may be required to establish and operate an intensive 
animal industry. This may include a works approval, license or 
registration under the Environmental Protection Act 1986. 

Department of Environment and Conservation
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Rural catchment
Strategy number 2: improve livestock management near wetlands and waterways

Management actions How to

Fence wetlands to significantly improve control of 
livestock in and near wetlands, and where possible, 
exclude livestock 

‘Livestock’ topic, Chapter 3

Construct livestock crossings to improve control of 
livestock use of wetlands as water sources

‘Livestock’ topic, Chapter 3

Provide shade and livestock watering points away 
from wetlands and waterways

‘Livestock’ topic, Chapter 3

Associated benefits: Water quality is maintained for livestock use.

Who to go to for assistance

See the ‘Livestock’ topic, Chapter 3

Preventing nutrient enrichment: reducing sulfate pollution
Sulfate pollution can be reduced by managing the sulfates being applied to catchments 
in fertilisers, in air pollution due to the burning of fossil fuels, sulfates from industrial 
land uses entering via stormwater, acid mine drainage, rising saline groundwater and 
seawater intrusion. Studies of the northern Everglades in Florida demonstrate that canals 
are a significant source of sulfate pollution for these wetlands.

Controlling fertiliser use has been identified as an important management measure 
internationally. There are no trigger values for sulfate; an appropriate trigger value will 
depend upon the wetland type. For example, inputs of less than 10 milligrams per litre of 
sulfate is estimated to be a suitable provisional target for managing the concentrations in 
Bassendean Dune wetlands on the Swan Coastal Plain. In the absence of trigger values, it 
may be possible to determine locally appropriate levels using mesocosm experiments (for 
an example, see the journal article by Geurts et al 200945).

Catchment–scale intervention: stormwater treatment 
Treating nutrients following their release in the catchment is a less effective and often 
much more expensive approach to managing nutrient levels than preventing them from 
being released in the first place. However they do play a role in managing nutrients, 
particularly combined with preventative measures. They are still far more effective long 
term measures than some forms of wetland-scale interventions.

Catchment-scale intervention measures include retrofitting or installing:

• conveyance systems (swales and buffer strips, bioretention systems, living streams)

• detention systems (detention areas and constructed wetlands)

• infiltration systems (soakwells, pervious pavement, infiltration trenches and basins)

• pollutant controls (sediment, litter and hydrocarbon controls)

• groundwater remediation downstream of significant nutrient sources, such as 

landfill (that is, redirection of groundwater to a stripping area for treatment).



59  Water quality

Chapter 3: Managing wetlandsA guide to managing and restoring wetlands in Western Australia

➤	 These intervention measures have been trialed and implemented in WA. Many can be 
viewed in person and there are a number of studies into their effectiveness at specific 
sites. 

➤	 Brochures with useful summaries of different intervention measures are available 
from the Department of Water’s website: www.water.wa.gov.au/Managing+water/
Urban+water/Water+Sensitive+Urban+Design+brochures/default.aspx#1

➤	 Examples and detailed guidance on choosing and installing appropriate catchment 
intervention measures is provided in the Department of Water’s Stormwater 
Management Manual for Western Australia30, particularly ‘Chapter 9: Structural 
controls’. 

➤	 Additional design guidance and information on trials on the effectiveness of 
bioretention systems and constructed wetlands is provided by the Swan River Trust:

• Manley Street bio-retention system assessment96

• Constructed ephemeral wetlands on the Swan Coastal Plain: the design process97

 
Catchment-scale intervention measures in urban areas need to be developed in liaison 
with relevant authorities, including the local government and the Department of Water. 
In the coming years, local investigations are likely to generate greater understanding of 
the efficiency of many of these intervention measures, which will aid developers and 
catchment management stakeholders in determining the most useful measures for a 
particular site. 

Wetland scale intervention: managing nutrients 
Wetland-scale management measures may vary between wetlands depending on a range 
of factors such as source(s) of nutrients, mode of entry into wetlands (for example, via 
surface or groundwater flows or other means), wetland shape and hydrology, climate 
and other factors that may influence how and when nutrients enter the wetland. Often, 
a combination of strategies may be required to achieve a reduction in nutrient levels, 
leading to improved water quality in the long term.

Reducing nutrient inputs into wetlands at the catchment scale, through prevention 
and intervention measures, is the most effective long-term strategy for preventing and 
managing the impacts of eutrophication, such as algal blooms. At the wetland scale, the 
most effective strategy is to increase the proportion of nutrients that are ‘sequestered’ 
(retained) within plants and the sediment in the long term, in order to reduce the 
proportion that is available for cyanobacteria, algae and weeds. Localised, short term 
measures, such as physical removal of excess algae or dredging nutrient-laden sediments 
from wetlands, may potentially reduce symptoms but fail to address the cause and 
thus prevent algal blooms from occurring in the future. The consequence of managing 
symptoms in isolation is that management actions will need to continue indefinitely as 
long as nutrient inputs remain the same or increase.  

The techniques below do not include interventions that may potentially be applied to 
wetlands of low conservation value or to constructed wetlands, such as bioretention 
systems requiring earthworks and using materials such as cracked pea gravel, sand-
sawdust mixes and zeolites (aluminosilicate minerals). These may be suitable for use 
upgradient of the wetland in order to improve water quality reaching the wetland, and 
are addressed under the previous section ‘Catchment-scale intervention: stormwater 
treatment’.
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Table 11 lists the wetland-scale techniques for managing nutrients presented in this 
topic. 

Table 11. Wetland-scale nutrient management techniques, grouped and colour-coded 
according to their potential risk of unintended ecological effects.

ü Typically low risk

No feeding of waterbirds Converting drains to overland flows

No-fertilising zones Aerating the water 

Fencing out livestock, feral animals Eradicating introduced fish

Increasing wetland vegetation Reducing/managing waterskiing, boating 

Increasing dryland vegetation Harvesting algae/cyanobacteria scums 

ü to & Low to high risk

Harvesting wetland plants Reinstating natural wetting and drying

Diverting nutrient-laden inflows  

? Unassessed risk &Potentially high risk

Remediating groundwater Removing sediments

Adding nutrient-consuming bacteria Nutrient inactivation, binding and sediment capping

Adding bacteria-boosting enzymes Sediment sealing

No feeding of waterbirds

ü Low risk

Preventing people from feeding waterbirds is an easy and cost-effective measure for 
reducing nutrients in wetlands. It can be achieved through a combination of public 
awareness campaigns and, preferably as last resort, enforcement of legislation such as 
local government authority by-laws. As well as reducing nutrient sources, stopping of 
bird feeding can also improve waterbird health.

No-fertilising zones around wetlands 

ü Low risk

No-fertilising zones around wetlands are an easy and cost-effective measure. No-
fertilising zones work well with another low-risk strategy, dryland revegetation. Many 
local governments have formally designated no-fertilising zones in many public areas.

Fencing out livestock and feral animals

ü Low risk

Fencing out livestock and other introduced animals such as cattle, sheep, horses and 
feral pigs prevents them from defecating and urinating in wetlands, compacting and 
eroding soils by overgrazing and creating direct damage from pugging, rooting, digging, 
burrowing or wallowing. 

➤	 A wide variety of techniques to minimise the impacts of livestock on wetlands are 
provided in the topic ‘Livestock’ in Chapter 3.

➤	 Techniques to control and eradicate feral animals from wetlands are outlined in the 
topic ‘Introduced and nuisance animals’ in Chapter 3.

Increasing the amount of native vegetation in the wetland 

ü Often low risk, but can be a risk if wetland acidification may be an issue

There are three constraints to cyanobacteria in the water column: light, nutrients and 
temperature. Plants can effectively alter the conditions in a wetland so as to favour plant 
growth and reduce the suitability of conditions for algae and cyanobacteria. To differing 
degrees, plants can:
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• compete with algae and cyanobacteria for nutrients and light 

• increase shading 

• reduce water temperature 

• reduce turbidity 

• increase oxygen in the sediment, which leads to phosphorus binding to sediment

• increase coloured dissolved organic matter in the water

• provide habitat for zooplankton such as the microcrustacean Daphnia that 

consumes some species of algae and cyanobacteria. 

Regeneration can be used to increase the amount of native vegetation in wetlands. 
Regeneration occurs when natural processes of regrowth and recruitment of plants take 
place. Wetland managers can aid this process by weeding and reducing disturbances.  
Where regeneration/assisted regeneration is not possible, revegetation may be 
appropriate (for example, planting).

➤	 Wetland vegetation management, including assisted regeneration and revegetation, 
are described in the topic ‘Managing wetland vegetation’ in Chapter 3.

Considerations

• Plants in growth phase take up nutrients. Some plants such as rushes and sedges 

and some submerged plants can act as nutrient ‘sponges’. When nutrient 

availability is high, they are capable of taking up more nutrients than they need for 

current growth and storing them for future growth. The name of this process is 

‘luxury uptake’ (or luxury consumption). They can also internally recycle nutrients 

by withdrawing them from senescing leaves and stems for use in new growth.98 

This recycling ability also allows them to survive in naturally low nutrient level 

conditions. Trees provide long-term storage of nutrients while herbs have shorter 

life cycles and their nutrients are returned to the system more rapidly.

• Plants that can supply oxygen from their roots to the surrounding sediment can 

help retain phosphorus in the sediment (it bonds with iron in these conditions). 

Some plants are better at this than others. Plants known to do this include Typha 

domingensis, Eleocharis sphacelata, Schoenoplectus validus, Baumea articulata 

and Cyperus involucratus.99

• Aerobic bacteria also take up nutrients. Plants such as rushes and sedges provide 

habitat for bacteria, fungi and algae that grow on them as biofilms. Plants 

also support aerobic bacteria living in the sediment by leaking oxygen into the 

sediment around their roots (the ‘rhizosphere’).

• In addition to taking up nutrients, many plants, and particularly woody plants 

such as species of Melaleuca and Eucalyptus, produce tannins, which are thought 

to help reduce the incidence of blooms in freshwater wetlands. Tannins (a high 

molecular weight polyphenol) are dissolved organic materials derived from plant 

material. They impart a dark colour that are said to ‘stain’ or ‘colour’ the water. 

Water that is a yellow or tea colour is usually a product of tannins. These dissolved 

organic materials are thought to suppress algae and cyanobacterial growth. For 

more information see the topic ‘Conditions in wetland waters’ in Chapter 2.

• Because of the wide range of ecological roles wetland plants fulfill, wetland 

revegetation can improve many facets of water quality, not just nutrient reduction, 

as well as improve habitat and overall wetland condition.

Luxury uptake: the process by 
which some organisms take up 
more nutrients than they need for 
current growth, instead storing 
them for future growth

Biofilm: bacteria, microalgae, fungi 
and unicellular microorganisms 
enmeshed in a hydrated 
mucopolysaccharide secretion 
that sequesters ions and isolates 
microorganisms from the water 
column.101 May be present on 
living and non-living surfaces and 
substrates.

Phenol: complex organic 
compounds derived from plant 
materials
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• Very reductive sediments may prevent germination of seeds present in seed beds42 

(for more information on reductive soils, see the section on ‘redox’ in the topic 

‘Conditions in wetland waters’ in Chapter 2). Similarly, the levels of phosphorus in 

extremely nutrient-enriched soils are toxic to some dryland species (for example, 

Banksias), and this may also be the case for some wetland species. 

• In highly turbid conditions that algal and cyanobacterial blooms can create, 

submerged wetland plants may struggle to establish because the turbidity can 

stop light from reaching them, prevent them from photosynthesising (for more 

information, see the section ‘Light availability’ in the topic ‘Conditions in wetland 

waters’ in Chapter 2). It may be necessary to initially plant species that grow in the 

waterlogged zone, or emergent species such as rushes and sedges that won’t be 

outcompeted by the algae and cyanobacteria.

• Trees and to a lesser extent shrubs can require considerable amounts of water for 

transpiration. A high density of trees may result in the use of a large amount of 

wetland water. Unless water levels are unnaturally high, this may pose a threat 

to the life within the wetland, arising from a reduction of water needed by 

organisms, and from the possible exposure of acid sulfate soils in the wetland due 

to lowered water levels. If this is a possibility, the use of wetland vegetation with 

a lower water use should be considered, for example, sedges and rushes. See the 

‘Managing acidification’ section for more information on these soils, and the topic 

‘Managing hydrology’ in Chapter 3 for more information on water use of trees in 

wetlands.

• Increasing salinity may affect a plant’s ability to take up nutrients. For example, 

sodium may inhibit a plant’s ability to take up ammonium.100

Increasing the amount of vegetation in dryland areas adjacent to wetlands 

ü Often low risk, but can be a risk if wetland acidification may be an issue

Regeneration can be used to increase the amount of native vegetation on lands 
surrounding wetlands. Native vegetation helps to maintain wetland water regimes and 
removes surface and groundwater nutrients. These vegetated zones may be included 
as part of the wetland buffer that assist in maintaining the natural character of a 
wetland. Where regeneration/assisted regeneration is not possible, revegetation may be 
appropriate.

➤	 The process for formally designating dryland buffers to wetlands (that is, through 
government planning and environmental processes) is outlined in the Draft Guideline 
for the determination of wetland buffer requirements (DoP and DEC 2010).102 Once 
finalised, the guideline will be available from the ‘Wetlands’ webpage of DEC’s 
website: www.dec.wa.gov.au/wetlands. 

Considerations

• If revegetation is necessary, planting/seeding using native species of local 

provenance is recommended. Planting non-native species can create additional 

water quality problems and change the ecological character of the wetland. For 

example, some deciduous trees can drop all of their leaves in short time period, 

and these soft leaves can create a ‘spike’ in nutrient levels entering wetlands. 

• In addition to helping to take up nutrients, areas of native vegetation around 

wetlands provide habitat for wetland species such as turtles, frogs and birds. 

The vegetation contributes carbon and tannins to the wetland. It also helps to 
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moderate the speed and volume of overland flows and wind turbulence, reducing 

scouring, erosion, sedimentation and turbidity. 

• Adding non-native grassed areas is not recommended. Grass maintenance can 

contribute to excess nutrient problems due to the fertilisation and mowing 

regimes, especially when lawn clippings reach the wetland (ride on mowers do 

not have the ability to catch lawn clippings). Short grass is also a poor habitat for 

native species such as turtles, frogs and bandicoots, as it provides relatively little 

cover or food.

• Trees and to a lesser extent shrubs can require considerable amounts of water for 

transpiration. A high density of trees may result in the use of a large amount of 

water that would otherwise ‘feed’ the wetland. Unless wetland water levels are 

unnaturally high, this may pose a threat to the life within the wetland, arising from 

a reduction of water needed by organisms, and from the possible exposure of 

acid sulfate soils in the wetland due to lowered water levels. If this is a possibility, 

the use of lower-water use species should be considered. See the ‘Managing 

acidification’ section for more information on these soils, and the topic ‘Managing 

hydrology’ in Chapter 3 for more information on water use of trees in wetlands. 

Converting drains into overland flows through adjacent dryland vegetation

ü Low risk 

Drains that flow directly into wetlands bypass most of nature’s nutrient-stripping 
methods. Drains can deliver high loads of nutrients to wetlands in single rainfall events, 
creating a massive ‘pulse’ in nutrients that can outstrip or even unbalance a wetland’s 
natural nutrient management processes such as plant uptake and sedimentation. 

Converting drains to overland flows prior to entering wetlands can address this. Overland 
flows through vegetation essentially recreate natural flow paths to wetlands. This form 
of runoff is described as ‘sheet flow’ compared with the channelised flow in drains, and 
works by distributing water across the landscape to a shallow depth only. The vegetation 
slows flows, enabling greater infiltration; and traps sediment and takes up nutrients. 
Stormwater managers describe this technique as ‘disconnecting’ receiving environments 
such as wetlands from pollution sources. 

Overland flow through adjacent dryland vegetation is generally considered to be 
appropriate for WA wetlands. In contrast, the construction of new pipes or constructed 
stormwater channels into wetlands, especially those of conservation significance, is not 
supported. This position has been published in the Decision process for stormwater 
management in WA.30 A range of other government documents support this approach, 
and encourage the replacement of inappropriate drainage facilities, for example, 
Guidance Statement No. 33: Environmental Guidance for Planning and Development.28

Converting drains to overland flows requires sound engineering design and approvals 
from relevant decision making authorities. 

Considerations

• Drains can protect infrastructure such as roads and buildings from water damage 

such as flooding and waterlogging. It is important to ensure that the upstream 

environment is not at risk when converting drains to overland flows. This can be 

achieved with sound design, construction, monitoring and possibly maintenance.

• Disconnecting drains from wetlands also has the added benefit of reducing the 

potential for other contaminants to be conveyed directly to the wetland. For 

example, illegal dumping of unwanted chemicals, or accidental spills from petrol 
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tankers, industry and so on. 

• Drains can present a range of safety hazards, as well as ongoing maintenance 

costs, so a full cost/benefit analysis may demonstrate that their conversion can 

have multiple environmental, social and economic advantages to landholders and 

the community.

• Overland flow through the dryland buffers can improve the condition of the buffer 

vegetation by reinstating or more closely imitating the natural water regime. 

Aerating water

ü Low risk, but requires sound design

Water aeration is the addition of oxygen to the water column of a wetland. The addition 
of oxygen works to reduce the incidence and severity of algal and cyanobacterial blooms 
in a number of ways. 

Oxygen stimulates efficient decomposition of organic matter by aerobic bacteria and 
fungi, which reduces the energy store. Oxygen also helps to either export or bind 
nutrients in unavailable forms. It promotes the conditions needed to export nitrogen 
from wetlands as either the mobile nitrate form which can leach to groundwater 
under the right conditions, or in gaseous form which can diffuse to the atmosphere. 
Similarly in non-calcareous wetlands it promotes the conditions needed for phosphorus 
to bind with the sediment and in doing so, becoming unavailable for uptake by algae 
or cyanobacteria. In more technical terms, reduced ferrous iron becomes oxidised to 
ferric iron, which causes phosphate to bind with it, reducing phosphorus availability. 
Ammonium, a form of nitrogen, gets converted to nitrate, which is lost more easily 
from wetlands through leaching of groundwater and conversion to nitrogen gas via 
the process of denitrification. Finally, volatilisation of ammonia to the atmosphere is 
promoted. These processes are explained in the topic ‘Conditions in wetland waters’ in 
Chapter 2.

Adding oxygen may also help to physically mix layers that have developed in the water 
column that can promote low-oxygen conditions in deeper layers. 

Additionally, because still water favours the development of cyanobacterial blooms, the 
agitation of the water column can also help reduce the risk of cyanobacterial blooms.

Aeration can be achieved by installing commercially available mechanical devices known 
as aerators, such as specially designed paddles or rotors, curtains of bubbles rising from 
near the bottom of the water column (bubblers, bubble plumes), and jets of water 
spraying into the air using waterfalls, fountains etc (Figure 28). Subsurface aeration 
employing fine bubbles is often effective because it adds oxygen and creates a moderate 
amount of mixing throughout the water column. Aeration using curtains of bubbles is 
likely to generate the least disturbance to sediment and fauna while enabling aeration 
and mixing. Recirculation systems may also be employed, achieving aeration by pumping 
low oxygen water out of the wetland, adding oxygen to it, and then returning it to the 
bottom of the water column, without disturbing sediments. This approach has been used 
in the Swan and Canning Rivers, using oxygenation plants on the bank of the Canning 
River and a mobile barge unit on the Swan River. 

Considerations

• Bigger is not automatically better – systems that create a lot of surface or sub-

surface disturbance in wetlands do not mimic natural conditions and pose a 

number of problems to natural wetland ecosystems.

• The presence of sulfidic sediment should be investigated prior to undertaking an 

aeration or oxygenation project due to the potential acidification that can occur 
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when these sediments are exposed to oxygen.30 For guidance, see the following 

section of this topic, entitled ‘Managing acidification’.

• Care should be taken to avoid aeration that involves the disturbance of sediments. 

Sediments stirred up by aeration rapidly remove dissolved oxygen, because 

dissolved oxygen is consumed by processes in the sediments.31 Oxygen should not 

be pumped into the sediment itself. 

• Aeration systems must be appropriate for the purpose and maintained to 

specifications to ensure that they do not pose a safety hazard and continue to 

operate efficiently and effectively.

• The water columns of most inundated wetlands in WA is less than 5 metres. In 

general, when employing bubble plumes in these wetlands, the individual air flow 

rates of the plumes must be very small to maintain efficiency.52

• The destratification of naturally stratified wetlands is not desirable. The aeration 

of naturally stratified water columns should be designed to replenish dissolved 

oxygen to address the deficit, while preserving stratification. If destratification 

occurs, nutrient-rich waters may be brought closer to the surface and stimulate 

algal growth.

• Many sedges are natural sediment aeration units. Many use internal spaces and 

pressurised gas flow to transport oxygen to their roots, and in the process some 

of this oxygen leaks into the sediment. This is why revegetation can be a good 

technique to couple with aeration. 

• It is possible that aeration systems may affect the behaviour of fauna, with the 

potential for some fauna to be attracted to the area and some to be deterred 

from the area. It is also possible for chemical changes to have adverse impacts, 

for example, supersaturation can cause gas bubble disease in fish, which can be 

fatal.31 Disruption of the water surface may reduce habitat for those invertebrates 

that inhabit the water surface and rely on surface tension, such as many of the 

true bugs (of the Order Hemiptera). However, aeration is unlikely to affect the 

entire water surface of a wetland. These issues should be accounted for when 

choosing the aeration system and, particularly if the wetland is important habitat 

for a fauna species, it may be important to monitor fauna to determine any 

effects.

• Aeration typically involves both capital costs to design and install infrastructure and 

ongoing expenditure to operate and maintain infrastructure.

Removing introduced fish 

ü Low risk

Mosquito fish (Gambusia holbrooki) (Figure 18) prey on water fleas (Daphnia carinata), 
an aquatic invertebrate that in turn feeds primarily on algae. Some species of Daphnia 
will eat cyanobacteria, which are unpalatable to many predators. In this way, the 
predation of water fleas by mosquitofish can increase the potential for algal blooms in a 
wetland. 

In addition, European carp (Cyprinus carpio) and goldfish (Carassius auratus) vigorously 
stir up sediment while feeding, which can release phosphorus stored in the sediments.103 
Goldfish have also been found to stimulate the growth of some toxic cyanobacteria 
species that pass through their gut, such as Microcystis aeruginosa.104 Under the right 
conditions species such as Microcystis can form blooms which can cause significant 
ecological impacts in wetlands. An increase in cyanobacteria can in turn provide goldfish 
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with an abundant food source, creating the potential for an ongoing cycle of ecological 
impacts. Researchers found this to be an issue of significant concern for the Vasse River 
in the south-west of WA.105

➤	 Introduced fish control and eradication techniques are outlined in the topic 
‘Introduced and nuisance animals’ in Chapter 3. A case study of introduced fish 
control to improve water quality in a Perth wetland is included in this topic.

Figure 18. Eradicating the introduced mosquito fish, Gambusia holbrooki, can help to improve 
wetland water quality. Photo – C Lawrence/Department of Fisheries.

Reduce/manage boating, waterskiing

ü Low risk

Engine-powered boating and water-skiing disturbs sediments and creates wash on the 
water’s edge, which can reduce the suitability of conditions for plant establishment and 
growth. Furthermore by disturbing sediments, these activities can re-suspend nutrients 
in the water column. In addition, in order to access wetlands with water-skis and boats, 
vegetation clearing may occur, which further reduces the nutrient-stripping ability of 
the wetland. Access via unsealed entry points can also result in erosion and increased 
siltation of wetlands.

Harvesting surface scums of wetland algae, cyanobacteria

ü Low risk

Some species of cyanobacteria form surface scums, for example, Microcystis, Anabaena 
and Aphanizomenon. They possess gas vacuoles that allow them to move up or down 
in the water column over the course of 24 hours to make the best use of sunlight to 
photosynthesise in the upper water column as well as to access nutrients present lower 
in the water column, and to avoid constant UV radiation. In suitable densities, it can 
be possible to harvest these scums, as well as dislodged, floating clumps of benthic 
cyanobacterial mats. 

Manual harvesting may be carried out using rakes or skimmers. Oil-spill booms and 
skimmers have been used to remove surface cyanobacteria in wetlands and on the Swan 
River in Perth where in 2000, over 900 tonnes of Microcystis aeruginosa were removed 
and safely disposed using sewage treatment facilities.106 

Considerations

• The personal safety of the people harvesting algae or cyanobacteria is a priority. A 

full risk assessment should be taken to avoid health issues arising from exposure 

to toxic algae, cyanobacteria or bacteria (for example, botulism from Clostridium 

botulinum). 
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• The disposal of the cyanobacteria should be to an appropriate waste disposal 

facility. This needs to be determined in advance of the harvesting.

• Optimal removal is likely to be in calm conditions in the early morning when 

cyanobacteria have migrated to the top of the water column.

Adding nutrient-consuming bacteria

? Unassessed risk

Nutrient-consuming bacteria can be added to a wetland in order to reduce nutrients 
available for algae and cyanobacteria. This technique has been used in highly degraded 
wetlands in the Perth metropolitan region.

Considerations

• Bacteria are ubiquitous and can naturally repopulate a wetland. This method seeks 

to rapidly repopulate a wetland. However, if the depletion of bacteria is due to 

unsuitable conditions in a wetland, and those conditions persist, this method will 

not be suitable.

Adding bacteria-boosting enzymes

? Unassessed risk

Enzymes are biological molecules (proteins) that catalyse (initiate and increase the rate of) 
biological chemical reactions. They can be specifically designed and manufactured for a 
wide range of purposes. The manufacture and addition of specifically designed enzymes 
to water may result in increased bacterial uptake of nutrients. Commercially available 
products are sold for this purpose in Western Australia. DEC has not assessed the 
effectiveness or ecological risk of these products, but notes the following considerations.

Considerations

• Bacteria use the enzymes, meaning that the treatment will need to be repeated 

over time to address nutrient levels.

• Some products marketed for the purpose of nutrient reduction in wetlands contain 

surfactants. Some surfactants are harmful to wetland organisms such as frogs. 

• Wetlands with large volumes of water will require large doses of enzymes. This can 

be expensive in terms of cost and labour. 

• Like all products, application must be in accordance with the instructions for use 

and the material safety data sheet (MSDS).

• Enzymes are reported to be more cost-effective than bacteria broadcasting.30

Groundwater remediation

? Unassessed risk

Intercepting and treating groundwater prior to it entering a wetland is a fairly new 
technique. Proposed methods include creating a trench up-gradient of a wetland along 
its groundwater capture zone and filling the trench with phosphorus-binding material. 
Suggested materials include crushed pea gravel or a soil-Phoslock®TM combination (for 
more information on Phoslock®TM see the ‘sediment capping’ section below).

Considerations

• There are relatively few examples of how this works in practice.

• It is a medium term option, as the material in the trench will eventually become 

saturated with phosphorus. After this time, the material will need to be replaced.
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Harvesting wetland plants (natives and weeds)

ü to & Risk ranges from low to high 

Harvesting is the removal of some or all parts of a plant. Under the right circumstances, 
the harvesting of wetland plants may reduce the nutrient levels in wetlands by exporting 
the nitrogen and phosphorus stored in some plants. Some sedges, for example, employ 
‘luxury uptake’, which is the ability to take up and store more nutrients than they need. 
Harvesting may be manual or mechanical, with manual forms generally having a much 
lower impact on wetlands. 

In considering plant harvesting, it is important to ensure that natural vegetation will be 
maintained in the wetland and its surrounds so that natural ecological processes are 
maintained.  Any harvesting program should be supported by a clear understanding of 
the role of the vegetation and its capacity to regenerate after harvest.

In wetlands where acidification may potentially occur, removing wetland plants removes 
a source of carbon that can help mitigate acidification. In these wetlands, weeds should 
not be removed; while they can still be controlled, for example, through crushing of 
Typha orientalis, they should be left in-situ rather than harvested. Although this does not 
address the nutrient load within these weeds, it is a more manageable issue than a highly 
acidic wetland. For more information, see the ‘Managing acidification’ section later in 
this topic.

Native species

Considerations

• Because of the significant ecological roles of plants in wetlands, the harvesting 

of all plants should be planned and carried out with due care, but especially the 

harvesting of native plants. 

• During the planning phase, it is important to ensure that the plant material does 

not provide important fauna breeding habitat.

• Methods involving the removal of below-ground parts can have a detrimental 

effect on the sediment and should be avoided if possible. 

• Floating plants (such as duckweed, a species of Lemna in WA’s south-west) may be 

logistically easier to harvest with little disturbance to sediment.

• Plants compete with algae for nutrients. When harvesting plants, it is important 

not to alter the conditions that favour plants over algae. For example, clear 

water favour plants while turbid water conditions favour algae. Plants promote 

Legal authorisation is requiredh
The harvesting of native plants, whether dead or alive, is with few 
exceptions a form of clearing as defined by the Environmental Protection 
Act 1986 and as such is subject to the Act and the Environmental 
Protection (Clearing of Native Vegetation) Regulations 2004. Native 
plants are also protected flora under the Wildlife Conservation Act 
1950, and a licence is required to take such plants from Crown lands. For 
more information, see the topic ‘Legislation and policy’ in Chapter 5 or 
the native vegetation legislation and flora licensing webpages of DEC’s 
website www.dec.wa.gov.au. 
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clear water by physically increasing sedimentation and reducing resuspension of 

sediments. If all the plants are removed, or the harvesting process overly disturbs 

the sediment, the sediments may become much more susceptible to suspension, 

providing a competitive advantage to algae (Figure 19).

Figure 19. Feedback loop promoting turbid conditions in wetlands. 

• Repeated removal of a portion of a plant’s above-ground plant material over 

time is a relatively low-impact way of gradually removing nutrients from the 

wetland. For example, harvesting of sedges by removing a portion of their stem 

(but remaining above the waterline so as not to ‘drown’ them) enables them to 

continue to photosynthesise, thereby taking up more nutrients in order to fuel 

their growth. 

Wetland weeds

Harvesting of wetland weeds can provide dual benefits of removing nutrients and 
reducing the current and future impact of those weeds on the wetland. This is 
particularly relevant for the control of extensive areas of wetland weeds where their 
control without removal may create ongoing problems in a wetland. For example, an 
extensive infestation of the floating weed water hyacinth Eichhornia crassipes (a weed 
of national significance) at Lake Monger in the 1950s was treated with herbicides. The 
dead plants then settled to the lake bed and provided an ongoing nutrient source for the 
lake.34

Considerations

• During the planning phase, it is important to ensure that the plant material does 

not provide important fauna breeding habitat.

• Matching the method with the weed is important; in some cases, fragmentation 

of plant parts during harvesting may contribute to their spread.

• If the harvesting of weeds is likely to result in plant death (or is planned as a 

weed removal option), regeneration of native species is the optimal outcome. 

If regeneration does not occur, a program of plant replacement with suitable 

native species should be carried out, to maintain vegetation function and natural 

ecosystem processes.

• The timing of harvesting should be appropriate for the weed in question. For 

example, the seed head of the introduced bulrush Typha orientalis can hold up to 

300,000 seeds that are easily spread via disturbance and transport, so it should not 

be harvested when holding mature seed. In the south-west this is generally during 

January and February. 

High turbidity

Unconsolidated 
sediment

Lowlight

No benthic 
community
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• Floating aquatic weeds can be harvested by hand, using long-handled rakes 

for instance. 

• Methods involving the removal of below-ground parts can have a 

detrimental effect on the sediment and should be avoided if possible. 

• Aquatic weed harvesters are sometimes used to remove large amounts 

of weeds. These machines can be purchased in Australia and have been 

used with varying degrees of success in WA. An aquatic weed harvester 

typically has large cutting blades that cut the weed above the sediment layer 

(Figure 20). Harvesters remove emergent weeds such as introduced bulrush 

(Typha orientalis) and floating weeds such as salvinia (Salvinia molesta). The 

disadvantage with aquatic weed harvesters is they are expensive to purchase 

and they can cause damage to native aquatic vegetation and disturb the 

sediment layer, causing increased turbidity and re-suspension of nutrients or 

other pollutants. 

• It is important that weeds moved off-site are disposed of in a manner that 

prevents them from becoming weeds elsewhere. Collected plant material 

may be stored in bags for solarisation, composting or landfill disposal or 

used as stock feed if suitable. Use of bunds may be useful for larger areas to 

prevent aquatic weeds from entering ‘weeded’ out or uninfested areas. 

Figure 20. Aquatic weed harvester. Photo – K Tripp/Shire of Wyndham East Kimberley.
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Approximately 135 hectares in area, Lily Creek Lagoon in Kununurra is part of the Ramsar wetland site 
that encompasses Lakes Kununurra and Argyle. It is directly connected to Lake Kununurra, the supply 
dam for the irrigation area and environmental flows to the Lower Ord River. The township of Kununurra 
wraps around Lily Creek Lagoon, which is an important habitat for migratory birds, freshwater 
crocodiles and numerous species of fish. It also provides an attractive backdrop and recreational area for 
the town.

A small infestation of salvinia (Salvinia molesta) was first discovered by a local resident in May 2000. It 
was immediately identified to be of major concern due to its potential to completely smother the water 
body and cause damage to the native aquatic ecosystem. The control and eradication process of salvinia 
has been a joint effort of the local and state government and non-government organisations. 

Several different methods have been used over the past nine years to eradicate salvinia. Initial controls 
involved the containment of the weed through a boom fence and the manual removal of the bulk of 
the salvinia where possible. This was followed up by spraying with Roundup Biactive®, and installation 
of more boom fences (see Figure 21).

The floating boom fences, which are partly submerged beneath the surface to about 35 centimetres 
depth, are designed to trap salvinia and prevent it from spreading to uninfested areas. Initially one 
boom fence was used for containment, with more booms being installed later to create additional 
holding cells. The holding cells served two functions, to trap salvinia that was regenerating from small 
pieces missed hiding in the native typha (Typha domingensis) stands, and to trap any new plants entering 
the lagoon from the drain leading into it. 

The major difficulty of salvinia being trapped within dense stands of native typha made access for 
control and removal very difficult. A clearing permit was obtained to remove a small area of native 
typha in order to allow greater access to the salvinia infestations. The most successful strategy for 
controlling native typha was mechanical removal with follow up spraying of regrowth. An excavator was 
used to remove approximately 600 square metres of native typha, which created an open water area 
which allowed access for eradication of salvinia. Removal of native typha was undertaken outside the 
breeding season of the swamp hen, which relies on the dense stands for nesting.

Figure 21. (a) Salvinia monitoring and collection (b) salvinia trapped within 
stands of native typha (c) salvinia containment area using boom fences. 
Photos – D Pasfield/Ord Land and Water.

(a)

(b) (c)

Case study - salvinia control in Lily Creek Lagoon, Kununurra
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Reinstating the natural wetting and drying pattern

ü to & Risk ranges from low to high 

In permanently inundated wetlands, there may be an annual release of nutrients from 
wetland sediments that were previously subject to a natural wetting and drying cycle. 
Where this is found to be the case, it may be appropriate to reinstate the wetland’s 
natural hydroperiod, which in southern WA is usually seasonal, that is, wet in winter/
spring and dry in summer/autumn.

For example, in the Perth region, many areas that were seasonally inundated in the 
1800s became permanently inundated in the 1914–1920 period. For example, Butler’s 
Swamp became Lake Claremont and Perry Swamps became Perry Lakes.107 Many such 
lakes are now reverting back to seasonally inundated basins (that is, sumplands) with 
lower rainfall and abstraction of groundwater. 

Reinstating the natural pattern in lakes for the purpose of managing excess nutrients is 
often not appropriate. Important considerations include:

• whether the ecological community that is present is adapted to permanent water, 

and the ecological values of this ecological community

• whether the wetland has already built up sulfidic material to the extent that 

reinstating the regime would trigger wetland acidification via acid sulfate soils

• whether there are other permanently inundated areas that provide refuge in 

prolonged dry weather/drought.

If, on the other hand, a wetland is drying due to causes such as low rainfall (climate 
change), this indicates further need to consider managing the wetland through the 
transition to a seasonally drying wetland. 

Reinstating the natural wetting and drying pattern may help to alleviate eutrophication 
in a number of ways. As with aeration, drying enhances the decomposition of organic 
matter and the diffusion of oxygen to the sediment, which promotes a range of chemical 
reactions due to the change in the redox potential. See the ‘aeration’ technique earlier 
in this topic for more information. Susceptibility to blooms is minimised in wetlands in 
the south of the state that dry on a seasonal basis, because of the lack of water in hot 
conditions. They may also receive a smaller soluble nutrient load because of reduced 
flows in dry weather.

There are substantial risks associated with drying wetlands, and for this reason wetland 
scientists should be consulted prior to attempting these changes. Despite good 
intentions, because of the potential to cause environmental harm, a proposal to alter the 
wetland water regime may trigger referral to the Environmental Protection Authority for 
assessment under Part IV of the Environmental Protection Act 1986. 

Reinstating a natural wetting and drying cycle is discussed further in ‘Managing hydrology’ 
in Chapter 3.

➤	 For information on managing wetland hydrology, please refer to the topic ‘Managing 
hydrology’ in Chapter 3.

➤	 For information on legislation and policy protecting WA’s wetlands, see the topic 
‘Legislation and policy’ in Chapter 5.
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Diverting nutrient laden inflows

ü to & Risk ranges from low to high 

Diverting very high nutrient inflows can be very effective at reducing nutrients, but 
may deprive the wetland of water. It may also have downstream impacts. An example 
of where it has been used is in Jackadder Lake, in the Perth suburb of Woodlands. The 
water and nutrient balance conducted for Jackadder Lake informed the decision to 
reduce the volume of nutrient-rich water redirected into the wetland from the Osborne 
Park Main Drain in summer, which has been reported as reducing the susceptibility of 
the wetland to algal problems.108 This water was previously directed into the wetland to 
maintain summer water levels.

Nutrient binding, nutrient inactivation and sediment capping

&High risk

Nutrient binding, nutrient inactivation and sediment capping products are types of 
algistat, which are chemicals or additives added to water that inhibit or retard the growth 
of algae or cyanobacteria, either directly, or by chemical modification of the water 
column.109 These materials are typically applied in a liquid, slurry or powder form from 
a boat. The material reacts with phosphorus dissolved in the water column, coagulating 
or adsorbing with it and then settling on to the sediment. It is thought that they then 
form a thin active barrier on the surface of the sediments, reducing nutrient exchange 
between the nutrient-enriched sediment and the water column and absorbing further 
phosphate from the water column.110 In this way these materials may alter the chemical 
composition and the physical properties of a wetland. Materials that have been proposed 
previously include specific formulations of clay and limestone, salts of aluminium and iron 
and minerals based upon zeolite. Commercially available products include Phoslock®TM (a 
modified clay nanomaterial with rare earth elements) and Algalblock (a modified calcium 
carbonate product). 

Because of the potential for significant environmental impact, proponents considering 
the application of products of this nature to wetlands should consult with the Office 
of the EPA to determine whether the referral of their proposal to the Environmental 
Protection Authority is required under Part IV of the Environmental Protection Act 1986.

Considerations

• The addition of chemicals to wetlands can alter the chemical composition of 

wetlands. For example, alum, or aluminium sulfate, increases the amount of the 

highly toxic heavy metal aluminium in the wetland, and under some circumstances 

may lead to highly toxic shock events, particularly at lower pH levels. The addition 

of sulfate can trigger phosphorus release from sediments under certain conditions 

as well as forming salts. Similarly, some products may directly change the pH, or 

the buffer solutions that are required to be added prior to products may change 

the pH.

• Wetland sediment is an extremely important part of a wetland. It helps to form 

the ecological character of a wetland, being important as habitat for a range of 

species and the site of the most important chemical processes in most wetlands. 

It also affects the wetland hydrology. Activities that alter the wetland sediment 

may have short, medium and long-term effects on wetland ecology, including 

potentially irreversible changes to wetlands. Manufacturer claims that products 

have no effect on benthic organisms have not been assessed by DEC. However, 

alterations to the physico-chemical nature of the sediment may affect benthic 

fauna.
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• Disturbing and changing the chemical composition of sediments has the potential to 

mobilise contaminants, such as arsenic and lead, in toxic concentrations if they are 

present in the sediment.

• The change in sediment properties may reduce its hydraulic permeability. If the 

wetland is connected to groundwater, there may be reduced flushing of the wetland 

with groundwater. This can (a) alter wetland water regimes and (b) either reduce or 

increase the amount of nutrients entering the wetland depending on whether the 

groundwater has less or more nutrients than the wetland. 

• If there are a lot of algae in the wetland water column, this proportion of the 

wetland’s existing phosphorus load will not be capped. 

• Sediment capping materials will not address new inputs of phosphate. Similarly, 

if large amounts of sediment enter the wetland following the sediment capping 

materials, they may be subject to burial, and it may be necessary to apply further 

sediment capping material.

• Plants may short-circuit the barrier, by taking up nutrients buried below the sediment 

surface. When they senesce and decay, they can release nutrients above-ground.42 

• Animals may alter the layer, by disturbing or turning over sediment. This is known 

as bioturbation, and may be carried out by many animals, for example, birds, fish, 

turtles, insects, midge, crustaceans and mussels.

• The efficacy of using a product in a particular wetland needs to be carefully 

considered. Factors such as pH, redox and hardness need to be considered. For 

example:

- aluminium sulfate, known as alum, has been used with the view of it forming a 

flocculent precipitate of aluminium hydroxide that binds phosphate ions and organic 

materials, which settle to the wetland bed.111 Use around the world suggests varying 

levels of success. Trialled at Jackadder Lake in Perth’s northern suburbs, 20 tons of 

alum failed to stop phosphorus levels from reaching pre-treatment levels within a 

matter of weeks.110,108 The phosphorus binding capacity of alum is pH sensitive. A 

constant supply of sulfate-enriched water will interfere with the iron-phosphate 

bond, with iron bonding with sulfate and releasing phosphate. 

- lime application is thought to be more effective in hard water wetlands where the 

water may become supersaturated with calcium ions.42

• At thousands of dollars per hectare108, costs may be considerable. For example, 

estimates provided for the application of Phoslock®TM to a 65 hectare area of 

Yangebup Lake, assuming a phosphorus concentration of 0.12 milligrams per litre, 

was $850,000 in 1995. At Bibra Lake an unspecified material was costed at $30,000 

for a 2500 square metre trial area in 1998. Repeat applications may also be required 

for longer term benefit.

• The environmental cost of sourcing materials also needs to be taken into 

consideration, with mining of dryland and wetland environments. For example, 

lime is quarried from limestone. In WA a major source of bentonite clay is from 

threatened wetlands. The ‘Herbaceous plant assemblages on Bentonite Lakes’ 

ecological community of the Avon Wheatbelt is listed by the WA Minister for 

Environment as a threatened ecological community.

• Some studies suggest that products may have the potential to alter the microbial 

processes of coupled nitrification and denitrification and also to induce active 

element leaking from agents.
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Phoslock®TM, a new product   
Phoslock®TM is a relatively new product (sold commercially since 2004) that is used 
for water quality management in a number of countries. In WA, it has been used at 
sites including the Vasse and Canning rivers and Emu Lake, Ballajura. It is marketed 
as a phosphorus inactivation product for those situations where phosphorus release 
from sediments is a main driver of algal bloom formation. Below are some of the 
considerations regarding its use.

Phoslock®TM forms a reactive permeable layer typically 1 millimetre in thickness 
on bottom sediments. Phoslock®TM contains lanthanum and bentonite; bentonite 
is a clay that occurs in wetlands and is mined from wetlands in WA for various 
applications. While lanthanum is thought to be toxic in dissolved or free forms, 
the manufacturer states that the lanthanum ions are locked in the structure in the 
Phoslock®TM mineral, thereby dramatically reducing the toxicity and availability of 
its free form, with the concentration of dissolved lanthanum stated to remain very 
low in the water body.112 Studies reporting lanthanum release to the water column 
during trials cite levels of around 2 milligrams per metre per day over a fortnight113 
(see also van Oosterhout and Lrling114). In a comparison of the ecotoxicity of alum and 
Phoslock®TM the manufacturer of Phoslock®TM concluded that “Al [aluminium] poses 
more threat to aquatic life than that of lanthanum”.112 The manufacturer states that 
lanthanum is more likely to pose a risk of being present in dissolved form in the water 
column if applied to low alkalinity water at the wrong dose.112 The Australian and 
New Zealand Guidelines for Fresh and Marine Water Quality15 do not specify a trigger 
value for lanthanum as a toxicant, due to insufficient data to derive a reliable trigger 
value (although it does provide an indicative interim working trigger value; for more 
information see Table 3.4.1 and section 8.3.7 of the guidelines).

Phoslock®TM has been used by the Swan River Trust and DEC in the Canning and 
Vasse Rivers. Following a trial conducted on Canning River, the Swan River Trust 
reported that “A comprehensive suite of indicators of environmental impacts, 
including fish, waterbirds, macro-invertebrates and periphyton, was measured 
before and after application of Phoslock®TM. Interpretation of the data collected was 
affected by a number of events including heavy rains, and a fuel spill upstream of the 
trial area soon after the application. However results showed that the application of 
Phoslock®TM did not adversely affect populations of macro-invertebrates, freshwater 
shrimps or periphyton”.115 Laboratory testing of acute and chronic toxicity was 
undertaken by the CSIRO Centre for Advanced Analytical Chemistry Analysis on 
a species of cladocera (a microcrustacean), green alga and fish, and no toxicity 
effects were observed in these test species.115 It has been reported by the WA Midge 
Research Group that “There is potential for Phoslock™ to cause acute toxicity to fish 
(LC50 = 4350 mg Phoslock™ L-1) (Martin and Hickey 2004) if the correct application 
rate is exceeded or if an accidental spill occurred and this should be considered before 
use”.

International studies indicate that the efficacy of the treatment can vary, and that 
variables include water characteristics such as water softness/hardness and the 
concentration of humic acid.116 It is stated that the optimal pH range is 6–9 but it 
operates over a pH of 4–11.112 Reports state that cost of treating around 50 hectares 
of water can range from $100,000 to $500,000 depending on the problem and the 
dose rate.117 The life of the treatment depends on the condition of the water body 
and the levels of nutrient inflows. In Emu Swamp, in the suburb of Ballajura north-
east of Perth, yearly doses are likely to be necessary (Emu Lake was a natural wetland 
that has been modified). Analysis based on the use of Phoslock®TM in constructed 
lakes in Perth and the south-west suggest that, used alone, repeated treatments over 
the long-term would be required in eutrophic wetlands.108
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Sediment sealing

&High risk

As the name suggests, sealing of sediments aims to prevent nutrient exchange between 
the sediments and the water column by installing an impermeable barrier between 
them. Impervious materials such as plastic sheeting and linings are used. This effectively 
smothers, and cuts off, benthic organisms from the water column, including insects, 
mussels, snails, roundworms, leeches and rotifers and rooted vegetation. It also cuts 
off wetland organisms from the sediment (for example, waterbirds that feed from 
the sediment, and oblong and flat-shelled turtles, some crayfish and some fish that 
aestivate or otherwise burrow in the sediment during dry conditions). Organisms such 
as insects, beetles, flies, midge, algae, bacteria and plants may inhabit sediment during 
stages of their lifecycle, in life forms including larvae, eggs, spores, cysts and seeds; 
hence the loss of sediment habitat can reduce wetland biodiversity.

Considerations

• Wetland sediment is an extremely important part of a wetland. It helps to form 

the ecological character of a wetland, being important as habitat and the site of 

the most important chemical processes in wetlands. It also affects the wetland 

water regime. Sealing the wetland sediment can have short, medium and long-

term effects on wetland ecology, including potentially irreversible changes to the 

ecological character of a wetland. Proposals of this nature can have significant 

ecological impacts and require referral to the Environmental Protection Authority 

under Part IV of the Environmental Protection Act 1986.

• Sealing does not remove the source of nutrients and is effective only up to the 

point where new sediments accumulate on the surface of the capping material.

• Materials such as plastic sheeting can be expensive, difficult to install and may be 

damaged, limiting its effectiveness.

• Sealing requires a uniformly cleared wetland floor that means the removal of any 

rooted vegetation from the area to be sealed.  This can affect natural wetland 

ecology and functioning.

• Technical limitations such as the generation and release of gas from sediments 

below the seal need to be accounted for.

• The disturbance and mixing of sediments by sediment-dwelling organisms and 

waterbirds (known as bioturbation) could hasten the breakdown of capping.

• The breakdown of capping materials has the potential to affect wetland 

organisms.

Removing sediments 

&High risk

Sediments can be a significant source of phosphorus, which can be released as the 
bioavailable form, phosphate, during periods of anoxia and bioturbation. Dredging, 
skimming and excavating sediment has been proposed at a number of Perth wetlands as 
a means of reducing the volume of phosphorus in the wetland. 

Dredging has been carried out at some wetlands including Hyde Park Lakes and 
Mary Carroll Park Lake. Hyde Park Lake contained high levels of lead and sulfide. 
Consequently, an acid sulfate soil management plan was required to be prepared 
and implemented in order to remove the sediments, to limit the potential for lead 
mobilisation.

Aestivating: being in a state of 
dormancy that occurs in some 
animals to survive a period when 
conditions are hot and dry
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Because of the potential for significant environmental impact, proponents considering 
the removal of wetland sediments should consult with the Office of the EPA to determine 
whether the referral of their proposal to the Environmental Protection Authority is 
required under Part IV of the Environmental Protection Act 1986.

Considerations

• Wetland sediment is an extremely important part of a wetland. It helps to form 

the ecological character of a wetland, being important as habitat and the site of 

the most important chemical processes in wetlands. It also affects the wetland 

water regime. Removing wetland sediment can have short, medium and long-term 

effects on wetland ecology, including potentially irreversible changes to wetlands. 

• Some wetland plants and animals rely on sediment for aestivation (such as turtles, 

some crayfish, some fish, many frogs, mussels, snails, roundworms, leeches and 

rotifers), or as habitat for vulnerable life stages such as larvae, eggs, spores, cysts 

and seeds (used by many insects, beetles, flies, midge, algae, bacteria and plants), 

hence the loss of natural sediment habitat can reduce wetland biodiversity.

• Disturbing the sediments can disturb acid sulfate soils and cause acidification of 

the wetland.

• Disturbing sediments has the potential to mobilise contaminants, such as arsenic 

and lead, in toxic concentrations if they are present in the sediment.

• Wetlands typically do not provide firm ground from which to operate conventional 

excavating machinery such as front-end loaders or scrapers. Geotechnical 

investigations need to confirm that the extent of consolidation of wetland 

sediments is sufficient to support machinery. 

• Floating dredges using industrial strength suction pumps have been proposed in 

the past. These required the establishment of settling ponds to enable dredged 

sediment to settle, given an extraction ratio of 5 per cent sediment to 95 per cent 

water followed by the return of the water to the wetland. Previous proposals have 

also required a minimum water depth of 1 metre to enable the dredge to operate.

• Knowledge of the depth of the sediment that is phosphorus-enriched is needed to 

inform the proposal.

• Depending on the depth of sediment required to remove the phosphorus-enriched 

portion, considerable deepening may be a result. Deepening can alter the habitat 

and water regime, as well as potentially leading to stratification, which can have 

implications for nutrient management in the future.

• The disposal of the excavated sediment may be regulated. Sediments containing 

contaminants may be classified as contaminated waste, for which there are 

specific disposal requirements. For example, it may have high levels of heavy 

metals. 

• Dredging can be expensive, particularly in larger wetlands. An undated estimate of 

the cost of sediment removal at Bibra Lake a number of years ago was reported to 

be approximately 30 million dollars.  
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Hawker Lake, in Rockingham, has had serious 
water quality problems for many years. These 
problems culminated in a toxic bloom in the 
summer of 2007 when water temperatures, 
sunlight and nutrient levels in the water lead to 
the development of a toxic bloom (Figure 22). The 
bloom and sick and dying birds at the wetland 
prompted an investigation by City of Rockingham 
staff into the causes of the poor water quality. 
Samples of water were collected from the wetland 
by the City’s environmental staff for analysis. 

Figure 22. Bloom in Hawker Lake, City of Rockingham. 
Photo – D Mort/City of Rockingham. 

Analysis of water samples confirmed the presence 
of a toxic cyanobacteria as well as the bacterium 
Clostridium botulinum, which can cause the 
rare but dangerous disease botulism, which 
poses a serious health risk to humans, pets and 
wildlife. The wetland was immediately closed as a 
precaution to protect the surrounding community 
(Figure 23). 

Figure 23. Sign erected at Hawker Lake warning of health 
risks associated with algal blooms. Photo - J Nichol/DEC. 

How did the lake water become toxic?

Staff began their investigation into how the water 
had become so toxic by looking at the location of 
the wetland and influences from the surrounding 
catchment. The wetland lies at the lowest point 
of the catchment and receives stormwater from 
surrounding roads, drains and gardens (Figure 
24). It was likely that the stormwater contained 
high loads of nutrients (from fertiliser and animal 
faeces) and possibly other pollutants such as 
herbicides, hydrocarbons and pathogens. 

Figure 24.  This stormwater drain transports nutrient rich 
water into the lake, contributing to the bloom pictured 
here. Photo - D Mort/City of Rockingham. 

The council also recognised that wetland 
vegetation around the water’s edge had been 
replaced with grass, which was regularly fertilised 
(Figure 25). These conditions were most certainly 
encouraging the development of blooms. 

Figure 25. Replacing native vegetation with fertilised 
grassed areas around the lake contributed to blooms. 
Photo - D Mort/City of Rockingham. 

Case study – toxic algal bloom in Hawker Lake, Rockingham
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Remediation of Hawker Lake 

Since the bloom in 2007, the council has spent 
over $70,000 undertaking a number of projects to 
improve water quality in Hawker Lake.  Engaging 
the community in the ‘Yellow Fish’ education 
program was a key strategy in reducing pollutants 
entering the wetland and improving water 
quality. The Yellow Fish program encouraged 
neighbours to consider the impacts of their 
activities at home, particularly those that result 
in pollution of stormwater entering the wetland, 
such as excessive use of fertilisers on lawns and 
gardens. The community was actively involved 
in revegetating the wetland and its surrounding 
area with local native plants (Figure 26). Newly 
established native vegetation has also provided 
benefits for local waterbirds, which have returned 
to the site (Figure 27).

Figure 26. Revegetation of the wetland with native 
species to reduce nutrients entering the lake.  
Photo - D Mort/City of Rockingham. 

Figure 27. Newly established native vegetation provides 
habitat suitable for many of the local birds which have 
returned to the site. Photo - J Nichol/DEC. 

Large scale ‘bubblers’ and water fountains have 
been installed in the lake to aerate and circulate 
the water, reducing the release of nutrients stored 
in the sediments and subsequent growth of algae 
and toxic bacteria (Figure 28). 

Figure 28. Bubbler (foreground) and fountains (rear) 
aerate the water and prevent anoxic conditions which 
can increase release of nutrients from the sediment and 
growth of algae and cyanobacteria.  
Photo - J Nichol/DEC. 

Staff at the council continue to work with the 
community to encourage improved catchment 
management by encouraging local residents to 
grow native plants and reduce the application 
of fertiliser, water and herbicide on lawns and 
gardens. The community are also helping by 
replacing introduced fish such as Koi, which stir 
up the sediments, resulting in the release of 
nutrients, with native fish. 

The water quality in the lake has vastly 
improved since the remediation activities have 
been implemented. It is hoped these activities 
will reduce the possibility of future algal and 
cyanobacteria blooms and botulism outbreaks in 
Hawker Lake so the community and wildlife can 
enjoy a more natural wetland environment. 

Case study – toxic algal bloom in Hawker Lake, Rockingham 
(cont’d)
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Wetland scale intervention: algae and cyanobacteria control methods
Algae and cyanobacteria control methods are considered a short-term approach 
because they address the symptoms and not the causes of blooms. When scoping 
potential control methods it is important to be aware that a number of methods used 
in reservoirs and drinking water supply waterbodies are not suitable for use in wetlands 
of conservation value because of their effects on the physical, chemical and biological 
characteristics of wetlands.

Table 12. Wetland-scale algae and cyanobacteria control methods, grouped and colour-coded 
according to their potential risk of unintended ecological effects.

ü Typically low risk

Harvesting algae and cyanobacteria

&Potentially high risk

Applying algaecides

Adding organic material

Harvesting wetland algae, cyanobacteria

ü Low risk

Some species of cyanobacteria form surface scums, for example, Microcystis, Anabaena 
and Aphanizomenon. They possess gas vacuoles that allow them to move up or down 
in the water column over the course of 24 hours to make the best use of sunlight to 
photosynthesise in the upper water column as well as to access nutrients present lower 
in the water column, and to avoid constant UV radiation. In suitable densities, it can 
be possible to harvest these scums, as well as dislodged, floating clumps of benthic 
cyanobacterial mats. 

Manual harvesting may be carried out using rakes or skimmers. Oil-spill booms and 
skimmers have been used to remove surface cyanobacteria in wetlands and on the Swan 
River in Perth where in 2000, more than 900 tonnes of Microcystis aeroginosa was 
removed and safely disposed using sewage treatment facilities.106

Considerations

• The personal safety of the people harvesting algae or cyanobacteria is a priority. A 

full risk assessment should be taken to avoid health issues arising from exposure 

to toxic algae, cyanobacteria or bacteria (for example, botulism from Clostridium 

botulinum). 

• The disposal of the cyanobacteria should be to an appropriate waste disposal 

facility. This needs to be determined in advance of the harvesting.

• Depending upon the species of cyanobacteria, optimal removal is likely to be in 

calm conditions in the early morning when cyanobacteria have migrated to the top 

of the water column.

Applying algaecides

Algaecides (also known as algicides) are a short-term measure (weeks to months) for 
the management of algal blooms in wetlands because they kill the algae but do not 
reduce the nutrient levels needed to prevent further algal blooms. Algaecides can be 
sprayed from a boat. Algaecides are a type of pesticide and their use is regulated by the 
Health (Pesticides) Regulations 1956.

Algaecide: any chemical or 
biological agent intended to kill 
algae
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Considerations

• Algaecides should not be used in natural wetlands, particularly those of 

conservation value, because they can be toxic to wetland plants and animals, 

including crustaceans, fish, birds and non-target algae and bacteria that are not 

in bloom proportions. Similar considerations apply to algistats (any substance or 

agent that inhibits the growth of algae). Copper, a metal, is the active constituent 

of many algaecides is a toxic heavy metal in aquatic environments. Copper can 

accumulate in sediments and be taken up by organisms in this form or released 

into the water under certain conditions. As outlined in the ‘Metals’ section later 

in this topic, aquatic plants are thought to be particularly sensitive to iron, copper 

and aluminium.118

• The death of large amounts of algae provides a food source for bacteria. In 

decomposing this large energy source, the bacteria consume oxygen, leading to 

the deoxygenation of the water column and anoxic conditions that can result in 

odours, fish kills and botulism, and potentially a boom population of midge. 

• It is important to be aware that the use of algaecides can cause the mass release 

of toxins produced by cyanobacteria upon the dissolution of their cells (lysis), and 

that these toxins may persist long after the cyanobacteria die. This needs to be 

taken into consideration if native animals or livestock are at risk, for example, if 

the wetland is being used to water livestock. The toxins are generally very stable 

compounds that are resistant to chemical breakdown and may remain in natural 

waters for several months. Under natural conditions, sunlight and bacteria may 

cause the breakdown of some toxins. It is also a lot more difficult to detect algal 

toxins than whole algal cells. Once algal cells are killed, the only way to determine 

whether algal toxins are still present in the water is through toxin testing, which 

can take up to a week and is far more expensive than testing for algal cells.109

• Cyanobacteria resistant to algaecides may flourish following treatment and death 

of other species of cyanobacteria.109

• Algaecides may kill zooplankton that graze on algae, increasing the potential for 

future algal blooms.

Using algaecidesh
Any chemical or biological agent intended to kill a living thing, such as a 
poison, is a pesticide, and an algaecide is a type of pesticide. Extreme care 
must be taken to ensure that the use of pesticides does not constitute an 
offence or cause environmental harm. In WA, anyone who uses pesticides 
is bound by the Health (Pesticides) Regulations 1956. These regulations 
were developed to provide protection for the applicator, the public and 
the environment from misuse of pesticides. Pesticide labels are written 
in accordance with the regulations and therefore any pesticide user has 
a legal obligation to read and follow instructions on the label. By law 
and without exception, pesticides cannot be used in any manner contrary 
to that described on its label without the permission of the Australian 
Pesticides and Veterinary Medicines Authority. The label provides 
instructions for use, for the protection of the environment, information 
about storage and disposal and recommendations for personal protective 
equipment. Anyone proposing to apply a pesticide to a natural area of 
conservation value should have appropriate authorisation and should 
undertake training in the correct preparation, handling, application, 
transport and storage of pesticides.
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Adding organic material

The addition of organic matter has been used with varying levels of success in wetlands 
in Australia and internationally as an algistat – that is, to prevent new growth. Theories 
for algistatic effects observed have been put forward including that the decomposition 
of straw cell walls releases phenolic compounds (such as tannins) that inhibit the 
cyanobacteria; that the absorption of UV light by the dissolved organic matter 
produced generates reactive oxygen species which may damage tissues and alter the 
bioavailability of limiting trace metals; and that the addition of this material stimulates 
the production of antibiotics by fungi. However, in a review of barley straw, Water 
Quality Research Australia Limited, a company funded by the Australian water industry, 
concluded that “The evidence on the efficacy of barley straw from Australia conflicts 
with overseas studies. Of the two published studies a lab investigation failed to find any 
inhibitory effects from extracts derived from rotting straw on isolates of M. aeroginosa 
[a cyanobacterium], and a comprehensive field-based trial also found no algicidal or 
algistatic effects from barley straw over a 6-month period. These contradictory findings 
and the unknown identity of the phytotoxic compounds in rotting barley straw would 
indicate that this technique is too poorly understand to recommend for widespread 
use as an algal control measure, particularly in drinking water supply situations”.66 The 
potential for the organic matter to increase the biological oxygen demand (BOD) of the 
wetland needs to be assessed before considering using this technique, as low oxygen 
levels or anoxia could create a range of problems.

Managing acidification
Wetland acidity is a chemical characteristic that, like dissolved nutrients and pesticides in 
water, can’t be seen. However, like nutrients and pesticides, acidity can have significant 
effects upon a wetland and, when a wetland is very acidic, these are very visible. 

What is acidity?
In chemical terms, acidity is a high concentration of dissolved hydrogen in water. 
Hydrogen has the chemical symbol ‘H’, while the chemical shorthand for the dissolved, 
ionic form of hydrogen that produces acidity is ‘H+’. Waters with a low concentration of 
dissolved hydrogen are often referred to as alkaline waters, however, the term alkalinity 
specifically refers to a solution’s capacity to neutralise an acid.

The presence of hydrogen ions reflects acidity at a point in time. However, it is also 
important to be aware that wetlands have a latent, or stored, form of acidity in the 
presence of dissolved iron and aluminium in the water. Latent acidity can account for 
more than 80 per cent of acidity in a wetland.119,120 Latent acidity can become actual 
acidity when the wetland water is exposed to air, causing the dissolved metals iron 
and aluminium to progressively react with oxygen and water and to precipitate as 
oxyhydroxide minerals. In the process of doing this, more hydrogen ions are released into 
solution, generating actual acidity.

Acidification of wetlands: a summary

Causes: rising acidic groundwater, acid sulfate soils, acidification of shallow 
groundwater  

Impacts: reduced biodiversity of plants and animals, oxygen deficiency, metal toxicity 

Indicators: wide range of changes in vegetation, soil and water characteristics 

Management options: a range of options for preventing acidification, a number of 
wetland-scale interventions and treatments

Acidity: the amount of acidity 
associated with all dissolved ions in 
a solution, expressed as an amount 
of pure calcium carbonate needed 
to neutralise these. Dissolved 
ions include hydrogen ions and 
commonly free dissolved metals 
such as aluminium, iron and 
manganese.

Ion: an atom that has acquired an 
electrical charge by the loss or gain 
of one or more electrons

Alkalinity: a solution’s capacity 
to neutralise an acid, expressed 
as the amount of hydrochloric 
acid needed to lower pH of a 
litre of solution to pH 4.5. The 
concentration of bicarbonate 
(HCO3

-), or when pH is greater than 
8.3, the concentration of carbonate 
(CO3

2-). Sometimes due to dissolved 
silicate, phosphate or ammonia in 
relatively high concentrations (tens 
of milligrams per litre). 

Latent: dormant, inactive
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Why is acidity important? 
Acidity and alkalinity are properties of water that directly affect the ability of organisms 
to function, breed and survive in water. Acidity and alkalinity also have a strong influence 
on many chemical reactions in water that affect organisms and which help to shape a 
wetland’s ecological character. 

There are wetlands in WA that are naturally extremely acidic or alkaline, though most are 
naturally within a relatively neutral range (‘circumneutral’), or mildly to moderately acidic 
or alkaline. In WA, when human activities cause a change to a wetland’s acidity, the 
effect is typically to increase acidity, and for this reason the focus of this section is upon 
managing human-induced acidity in WA wetlands. However, human-induced increases in 
alkalinity can also have serious effects on WA wetlands and where there is a risk of this 
occurring (for example, when applying chemicals to treat acidic wetlands), specialised 
monitoring and management is required.

Wetland animals, plants and microbes are adapted to particular ranges of acidity or 
alkalinity for survival, breeding and normal function.14 Most WA wetland plants, animals 
and microbes are adapted to within the range of circumneutral to moderately acidic 
or alkaline conditions. Some wetlands are naturally acidic, and these wetlands support 
species that are tolerant of this acidity, and in some cases, may support acid-specialised 
species known as acidophiles. Organisms are directly affected by the level of acidity or 
alkalinity, with tolerance depending on the species and factors such as the stage of their 
life cycle. They can also be affected by secondary effects of acidity or alkalinity, including 
changes to oxygen levels, toxicity of dissolved metals and turbidity. 

How is acidity measured?
Acidity levels can vary in a wetland over time and is influenced by a range of factors. 
One commonly used measure is the pH scale, which commonly ranges from pH 0 
(strongly acidic) to pH 14 (strongly alkaline). pH is a very crude indicator of the acidity 
of a wetland, as this measurement only indicates the presence of hydrogen ions – in 
essence, the instantly available acid at a specific moment in time. Importantly, it doesn’t 
measure the acidity present in a latent or stored form in the presence of dissolved iron 
and aluminium in the water. For this reason, samples of water from two wetlands may 
have the same pH, but quite different total acidity values, because of their different iron 
and aluminium concentrations. The pH scale is logarithmic, meaning that a fall of one pH 
unit represents a ten-fold increase in hydrogen ions. 

The best way of assessing wetland acidity is to measure both pH and total titrateable 
acidity using a field test kit. Commercially produced test kits are available for purchase, or 
alternatively can be made using items from the supermarket and pharmacy; instructions 
for making these kits are described in the below text box ‘Making simple field test kits to 
measure the total titratable acidity’.

The unit of measurement for acidity is the weight of calcium carbonate (pure limestone, 
CaCO3) or the equivalent such as sodium hydroxide (NaOH), needed to neutralise all of 
the acidity in a litre of water to pH 8.3. In contrast, the unit of measurement for alkalinity 
in waters with a pH greater than 4.5 is the amount of hydrochloric acid (HCl) needed 
to lower pH of a litre of the solution to pH 4.5. When acidic waters are neutralised by 
alkaline materials, dissolved metals like iron and aluminium consume large quantities, 
while pH consumes comparatively small quantities.

Acidity in the pore waters of sediments has a wider range of reactivity than acidity 
of water columns. Acidity in sediments may be a combination of soluble (reacts over 
minutes to hours), exchangeable (minutes to days) and insoluble (hours to decades, 
sometimes centuries) forms. The acidity stored in soils and sediments can be more than 
100 times that held in overlying water.121 
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Making simple field test kits to measure the total titratable acidity 
-by Dr Steven Appleyard, Department of Environment and Conservation

The acidity of a water sample can be determined by a process known as an acid-base titration. This involves adding 
in a drop-wise fashion a solution of sodium hydroxide of known concentration to a measured volume of the water 
sample to which has been added a few drops of an acid-base indicator. The drop-wise addition of sodium hydroxide 
(with swirling of the sample) is continued until the colour of the solution just changes colour (the titration end-
point). The volume of sodium hydroxide solution added to the water sample is then measured, and the acidity of 
the water sample can then be calculated, usually in units of the equivalent mass of calcium carbonate required to 
fully neutralise the acidity, or milligrams per litre as CaCO3. The total titratable acidity of a water sample is generally 
measured by titrating the sample to a pH of 8.3, the pH at which the acid-base indicator phenolphthalein changes 
from colourless to a pink colour. 

There are a number of commercially available acidity test kits that can be used to carry out this titration on water 
samples in the field. However, these kits are generally expensive (of the order of $100 each). It is possible to make 
kits of an equivalent accuracy to the commercial kits for a small fraction of the cost using only materials that can be 
readily purchased in a supermarket and a pharmacy and using recycled plastic or glass containers. 

Components of the test kit 

The components of a test kit include: 

• a 50–100 millilitre plastic bottle containing the standard sodium hydroxide solution 

• a small syringe or an eyedropper which is graduated in fractions of a millilitre 

• a medicine glass or a small plastic container which has marks indicating volumes of 5 millilitre and 25 millilitre 

• a small bottle (5–10 millilitre) with a drop dispenser (or use another eyedropper) containing turmeric-based 
acid-base indicator which changes colour at the same pH as phenolphthalein.

• a plastic lunch-box or a similar container to house components of the test kit. 

Figure 29. Components of a 
total acidity test kit housed 
in a plastic lunch box with 
an insert made with a foam 
meat tray to keep containers 
upright. Photo – courtesy of 
ASSAY newsletter.

Making the standard 
sodium hydroxide solution 

The sodium hydroxide 
solution can be made using 
sodium hydroxide pellets 
and distilled water that can 
be obtained cheaply from 
a supermarket or hardware 
store (reagent grade 
materials are not needed). 
Weigh 8 grams of pellets of 
sodium hydroxide and add 
to 1 litre of deionised water 
(also available cheaply in supermarkets). This solution is further diluted by a factor of 10 with deionised water to 
make the standard solution (that is, a concentration of 0.02 molar NaOH). This solution can be made using kitchen 
scales and plastic measuring jugs, so it is not necessary to have access to laboratory equipment. It is recommended 
that the solution is discarded and replaced at 6-monthly intervals, as the sodium hydroxide progressively reacts with 
carbon dioxide absorbed from air to form sodium carbonate. 
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What determines the natural acidity of a wetland? 
As indicated, the range in the natural acidity/alkalinity levels of WA wetlands is very 
broad. In fact, the area between Hyden and Norseman in the Great Southern/Esperance 
districts contains some of the most naturally acidic wetlands anywhere on the planet, 
with pH values as low as 1.5122 (with the organisms that inhabit these salt lakes being the 
subject of NASA-sponsored research). The natural level of acidity or alkalinity in wetlands 
in WA is strongly influenced by natural acids produced, and the natural buffering 
capacity present. Key factors include:

• The chemical properties of the catchment (the rocks and the aquifer materials) that 

the surface water and groundwater flows through prior to reaching the wetland, 

as well as those of sediment.

• Rainwater tends to be naturally slightly acidic, and the chemical properties of the 

land surface and aquifers it flows through before reaching a wetland, and upon 

entering the wetland, determines whether it will be altered. Geological substrates 

and wetland sediments containing calcium carbonate (limestone, CaCO3) tend 

to be naturally alkaline and are often ‘buffered’ (stabilised) against rapid changes 

in acidity.123 Other sources of potential acid buffering also include clay minerals, 

aluminosilicate and organic matter.124 On the other hand water flowing over 

granite is typically poorly buffered. Wetlands on sandy soils often have very little 

buffering capacity and are often acidic. 

• Wetlands that receive surface water from naturally acidic or alkaline waterways 

or wetlands, or that have groundwater capture zones that receive water from 

upgradient acidic or alkaline wetlands, may reflect this acidicity or alkalinity.

• The level of acid produced by decaying plant matter. 

ex
tr

a 
in

fo
rm

at
io

n

Making an acid-base indicator with turmeric 

If phenolphthalein is not available, an alcoholic extract of powdered turmeric (the spice available in 
supermarkets) will provide a suitable acid-base indicator. This is made by placing a teaspoon of powdered 
turmeric in a small, dark-coloured glass or plastic container (turmeric extracts are light-sensitive) and covering 
the powder with methylated spirits. The active ingredient in the extract is the dye curcumin which changes 
colour from yellow to bright red at the same pH that phenolphthalein changes from colourless to a pink colour. 
This solution is used in the same way at phenolphthalein, and only 1–2 drops should be added to the water 
sample before carrying out a titration. 

Using the acidity test kit 

The sample to be tested should be collected using a standard method, such as the field sampling protocol 
published by the Massachusetts Water Watch Partnership: www.umass.edu/tei/mwwp/phalk.html.

A 5 millilitre volume of water is added to the medicine glass and 1–2 drops of the indicator solution is added to 
the sample. The standard sodium hydroxide solution is added drop-wise with the eyedropper or small syringe while 
swirling the water sample until the colour of the solution just permanently changes colour from yellow to red. The 
volume of sodium hydroxide added to the water sample is then determined, and the acidity (in units of milligrams 
per litre as CaCO3) is determined by multiplying the volume in millilitre by 500. The volume added from an 
unmarked glass eye-dropper can be determined by counting the drops added as 1 drop is equivalent to a volume 
of 0.05 millilitre (20 drops are equivalent to a volume of 1 millilitre). 

If the calculated total acidity value of the sample is less than 100 milligrams per litre as CaCO3, the precision of 
the test can be improved by measuring a 25 millilitre volume of the water sample and then repeating the titration 
as before. The total acidity of this volume of water is determined by multiplying the volume of sodium hydroxide 
added by a factor of 100. 
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• Wetlands can be naturally acidic if their sediments release organic (tannic, humic 

and fulvic) acids from decomposing vegetation. Wetlands with peat or lots of 

organic matter tend to be naturally acidic. The pH level attributable to natural 

organic acidification is generally thought to be as low as 4.5,125,126,15 though levels 

as low as 4 have been attributed to this process.127 Peats can also contain pyrites 

which, if exposed to air, can lead to acidification. Peats contain up to 15 per cent 

by weight of oxidiseable sulfur.128

• The use of carbon dioxide by primary producers, and the production of carbon 

dioxide by all organisms.

• Photosynthesising organisms (plants, algae and cyanobacteria) use carbon dioxide 

(and in the case of plants, also bicarbonate, HCO3
-). If they use carbon dioxide 

from the water column or sediment pore waters, there will be a decline in carbon 

dioxide. This tends to increase the pH of the water. During an algal bloom, pH 

levels may increase as a result of increased photosynthesis. Because photosynthesis 

occurs during the day, pH is likely to be higher later in the day due to the 

cumulative effect of removing carbon dioxide from water. On the other hand, 

carbon dioxide produced by organisms via the processes of (cellular) respiration 

and bacterial decay decreases the pH of water. The lowest pH from carbon dioxide 

production in soil is around 4.6.129 In very shallow granite rock pools, sometimes 

referred to as vernal pools, the very small volume of water relative to the high 

plant biomass and the poorly buffered nature of the water results in large day-

night fluctuations in carbon dioxide and pH.130

• The degree to which oxidation of iron sulfides naturally occurs.

• Wetlands with iron sulfide minerals in sediment that undergo natural drying or 

burning events may release acid from the oxidation of iron sulfides. Naturally 

seasonally drying wetlands do not build up a significant store of iron sulfide 

minerals and therefore normal levels of drying do not generate significant amounts 

of acid.131 

The level of acidity or alkalinity in wetland waters can change as a result of chemical 
reactions occurring in the water column and wetland sediment. They are affected by the 
chemical composition of substances in the wetland plus those substances entering and 
leaving the wetland. They can vary naturally over the course of the day (due to changes 
in carbon dioxide levels) and over the course of a season (due to multiple factors) as well 
as over longer timeframes.

➤	 For more information on what influences the natural acidity or alkalinity of a wetland, 
see the topic ‘Conditions in wetland waters’ in Chapter 2.

What should a wetland’s acidity be?
Due to the existence of a wide range of natural levels of acidity in WA wetlands, there 
is no ‘normal’ range for wetland acidity or pH. A default trigger value for total acidity 
is not provided in the Australian and New Zealand Guidelines for Fresh and Marine 
Water Quality (ANZECC). As stated earlier, pH is only an imprecise measure, but trigger 
values are available; the ANZECC guidelines indicate that the pH in most natural, 
freshwater inundated wetlands in WA should not drop below pH 6.0 or exceed pH 8.5 
if no negative impact to the ecosystem is to occur15 (Table 13). There are a number of 
exceptions, including humic (coloured) wetlands which are often naturally acidic, as 
outlined in the section ‘What determines the natural acidity of a wetland?’). Note that 
because the pH scale is logarithmic, a fall of one pH unit represents a ten-fold increase in 
the effective concentration of hydrogen ions. 
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Information from other studies are presented in Tables 14–16 below, with Tables 15 and 
16 relating specifically to Wheatbelt wetlands.

Table 13.  Default trigger values for pH for slightly disturbed freshwater wetlands in Western 
Australia, from the Australian and New Zealand Guidelines for Fresh and Marine Water 
Quality14 

Water Quality 
Parameter

Trigger Value
Southwest Australia

Trigger Value 
Northwest Australia

pH Greater than 7.0 and less than 8.5 Greater than 6.0 and less than 8.0

Notes In highly coloured wetlands (gilvin >52 
g440m

-1) pH typically ranges from 4.5 to 6.5
NA

Table 14. Biological threshold for pH for saline aquatic ecosystems in the Wheatbelt (Jones, 
Francis, Halliday & Leung 2009118)

Water Quality 
Parameter

Threshold for Wheatbelt saline aquatic ecosystems

pH 6

Table 15. Reference ranges for pH in various central Wheatbelt wetland types (Jones, Pinder, 
Sim & Halse 200926)

Wetland type pH range Notes

Naturally saline basin wetlands subject to inundation 7.8–8.7 Excludes naturally 
acidic wetlandsFreshwater inundated basin wetlands subject to inundation 6.8–8.1

Turbid claypans subject to inundation 8.6–8.9

How sensitive are wetlands to acid generating processes?
When acid is generated in a wetland, the change in acidity levels that occurs depends 
on the buffering or acid neutralising capacity of the wetland (or, in groundwater, 
the aquifer sediments). Materials and processes in the wetland can buffer against large 
changes in pH. These include the presence of carbonate minerals (shells and other 
calcareous matter) in the sediment, the process of anaerobic respiration and the presence 
of alkalinity (bicarbonate ions). Acidification occurs when the rate of acid input or 
generation exceeds the rate at which acid can be neutralised by these processes. 

The United States Environmental Protection Agency (EPA) has classified the sensitivity 
of lakes and ponds to acidification, based upon their alkalinity, measured as the 
concentration of calcium carbonate (CaCO3) as shown below.

Table 16. US EPA classification of sensitivity of lakes and ponds to acidity. Source: 
Massachusetts Acid Rain Monitoring Project132

US EPA category Total alkalinity measured as concentration of CaCO3  in 
milligrams per litre

Acidified Less than 1 and pH of less than 5

Critical Less than 2

Endangered 2–5

Highly sensitive 5–10

Sensitive 10–20

Not sensitive More than 20

Buffering capacity: a measure of 
the soil’s inherent ability to buffer 
acidity and resist the lowering of 
the soil pH

Acid neutralising capacity: a 
measure of the soil’s inherent ability 
to buffer acidity and resist the 
lowering of the soil pH
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Causes of human-induced acidification
In WA, human-induced acidification of wetlands is primarily caused by:

• the discharge of iron-rich acidic groundwater, such as occurs in the Wheatbelt

• the disturbance or exposure of soils containing sulfidic materials to air, causing 

localised acidification, as occurs in many coastal areas of south-west WA

• the disturbance or exposure of soils containing sulfidic materials to air, causing 

acidification of shallow groundwater systems, as has occurred in the shallow 

groundwater of the Bassendean Dunes. 

Additional factors are the deposition of aerial sulfidic material and acid rain due to 
industrial pollution, although these are more prevalent in the northern hemisphere, and 
acid mine drainage. Acid mine drainage is an important issue but in terms of impacts 
to wetlands it is currently not considered to have the widespread scope of other forms 
of acidification, and is not specifically addressed in this guide. Proposals to mine that 
may cause acid mine drainage are considered in mining and environmental approval 
processes.

Acidic waters are generally considered to be very similar regardless of whether they 
are generated via acidic groundwater, acid mine drainage or acid sulfate soils, with the 
exception that acidic waters in the Wheatbelt are generally also saline. 

Rising naturally acidic groundwater (Wheatbelt)
Acidification associated with iron poses a significant threat to many Wheatbelt wetlands. 
It is associated with acidic groundwater; the groundwater of the eastern Wheatbelt 
is generally less than pH 5.5, and there are several areas of acidic groundwater in 
the Wheatbelt where the pH is between 3.0 and 4.5. It is thought that groundwater 
acidity was present in many areas prior to clearing and salinisation of the Wheatbelt 
landscape. While it is generally accepted that oxidation of sulfides is not the cause of this 
acidity133 (unlike acid sulfate soils, below), researchers continue to investigate the cause 
for this groundwater acidity, with the most accepted explanation being that in wetter 
conditions in the past, waterlogged soils in affected areas were iron-rich and this water 
percolated to the groundwater over tens of thousands of years. This theory accounts 
for the fact that alkaline soils (calcareous or carbonate-rich) often overlie areas with 
acidic groundwater.134 The iron-rich water is believed to have acidified soils below these 
carbonate layers, resulting in groundwater that is acidic but still contains some unreacted 
iron. 

A range of human activities have mobilised this acidic groundwater, bringing it into 
contact with wetlands. Most importantly, the widespread clearing of deep-rooted 
native vegetation for agriculture has caused groundwater to rise extensively across the 
Wheatbelt, mobilising salts and bringing acidic and salt laden groundwater up the soil 
profile, affecting wetlands, waterways, valleys, farming land and infrastructure.135, 136 
The high concentrations of dissolved iron in this groundwater means that, as it rises and 
moves into more oxidising conditions in the formerly unsaturated zone and eventually 
seeps into wetlands, waterways and other low-lying areas, it has the potential to become 
even more acidic on exposure to oxygen through a chemical reaction known as iron 
oxidation/hydrolysis or ferrolysis, which can significantly lower pH.134 While acidity in 
saline waters is rare on a worldwide scale120, over a quarter of a million hectares of valley 
floors in the Wheatbelt are influenced by shallow saline groundwater that has pH of less 
than 4, to as low as pH 2.8.

The construction of deep (2–3 metres), open drains, or alternatively groundwater 
pumping, can intercept this saline, acidic groundwater. While acidic before discharge 
into a drain, the pH of drain waters can fall further due to the reaction of dissolved iron 

Oxidation: the removal of 
electrons from a donor substance

Iron ferrolysis: a process by which 
anoxic groundwater containing 
dissolved ferrous ions is exposed to 
air and ferrous irons are oxidised 
to ferric ions, which reacts with 
water to form orange-brown 
precipitates, gels or crusts of ferric 
oxyhydroxides, releasing free 
hydrogen ions in the process
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with oxygen on exposure of the water to air.  Deep drainage can also facilitate other 
acidifying processes, such as the exposure of sulfidic materials to oxygen (described in 
the next section). The water in these drains is transported downstream into receiving 
environments such as wetlands and waterways which can, in turn, be acidified.137 
Estimates in 2002 suggested that, of more than 90,000 kilometres of salinity earthworks 
constructed in the Wheatbelt, at least 4,000 kilometres are deep, open drains 
intercepting groundwater.135 Approximately 1000 kilometres of deep drains are being 
constructed each year.138 In the eastern Wheatbelt, more than half the drains sampled 
were strongly acidic, with an average pH of 3.0. 

Wetland sediments can contain significantly more acidity than overlying water columns. 
For example, an analysis of samples found that some Wheatbelt wetlands contained 
up to several thousand times more acidity in sediments than in waters at the time of 
sampling, and shallow soils along wetland margins were found to have higher levels of 
acidity again.135 

Given that naturally and human-induced acidic wetlands in the Wheatbelt appear to 
have similar geochemical properties135, the extent of wetland acidification caused by 
human activities is difficult to determine (particularly that caused by groundwater rise 
and discharge). Studies indicate that acidic lakes may occur across a much larger area 
of the eastern WA Wheatbelt than previously recognised, with the extent and degree 
of acidification present unlikely to be attributable to natural causes (for example, 
Degens et al, 2008135). With groundwater rise and increased discharge likely to 
continue in many areas for coming decades, it is likely that more wetlands may become 
acidic, compounding the serious effects of secondary salinity; it has been found that 
acidic saline wetlands have less aquatic diversity than alkaline saline lakes.139 Acidic 
groundwater is widespread across all agricultural regions of WA.135

Acid sulfate soils 
Acidification in wetlands can also occur when naturally occurring sulfur compounds 
known as sulfides or pyrites present in rocks, soils or iron-rich groundwater are exposed 
to air.137 When exposed to air, sulfides oxidise. They undergo a complex series of 
oxidation reactions that ultimately produces sulfuric acid. This can result in significant and 
sometimes persistent acidic conditions. 

Sulfidic soils are known as acid sulfate soils or ASS for short. Left undisturbed and 
unexposed to air, they are harmless. In this state they are known as potential acid 
sulfate soils or PASS for short. When exposed to air, they are known as active (or 
actual) acid sulfate soils (AASS). The word ‘sulfate’ can also be spelt ‘sulphate’.

The sulfides in PASS are commonly contained in waterlogged soil layers, often below the 
groundwater table and at a pH of between 6 and 8. The layers containing PASS materials 
can be clay, loam, sand, mud, peat or ‘coffee rock’ (cemented iron and/or organic rich 
sands), ranging in colour from pale grey to dark grey and black to red-brown and olive 
greens.141,142 While they remain waterlogged, the sulfides in the soil are stable and the 
soil pH is usually circumneutral. Left undisturbed, PASS are harmless and can remain so 
indefinitely. 
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Technical information is available from the following reports:

• Mapping acidic groundwater in Western Australia’s Wheatbelt133

• Avon catchment acidic groundwater – geochemical risk assessment135

Acid sulfate soils: includes all soils 
in which sulfuric acid is produced, 
may be produced or has been 
produced in quantities that can 
affect the soil properties. Also 
referred to as acid sulphate soils.

Potential acid sulfate soils: soils 
that can contain significant sulfidic 
material, which on oxidation can 
cause the pH of the soil to fall to 
very low levels

Active (or actual) acid sulfate 
soils: soils in which the sulfidic 
minerals have oxidised and the pH 
has fallen to very low levels
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The issue of ASS has been recognised as being of national importance. In WA, acid 
sulfate soils are a critically important management issue, particularly for the groundwater 
dependent wetlands on the Swan Coastal Plain (Jurien–Dunsborough), the Scott Coastal 
Plain (Augusta–east of Donnelly River), the Albany–Torbay region, Geraldton, the Pilbara 
coastline and estuaries in the Kimberley. The extent of inland ASS is largely unknown at 
this time.143 

Swan Coastal Plain wetlands that are undergoing ASS, have experienced ASS events 
or have permanently acidified, include Lake Gnangara (late 1970s), Lake Mariginiup 
(since at least 2005), Melaleuca Park, Lake Gwelup, Lake Wilgarup and Lake Jandabup 
(detected since 1997). Importantly, the Bassendean Dunes of the Swan Coastal Plain 
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The formation of potential acid sulfate soils
Acknowledgement: some text sourced from Department of Sustainability, 
Environment, Water, Communities and Population.140 

Potential acid sulfate soils are prevalent in wetlands because they form when there is 
a source of:

• sulfate, which in the Australian landscape comes mainly from ancient seawater 
brought inland with rain

• metal ions, some of which can be naturally prevalent

• organic matter, which builds up in many wetlands due to the presence of water/
lack of oxygen

• low or no available oxygen, due to the presence of water. 

As shown in Figure 30, acid sulfate soils are formed by bacterial activity in 
waterlogged conditions when there is no or little available oxygen. Naturally 
occurring bacteria convert sulfate (dissolved salt) from seawater, groundwater or 
surface water into sulfide (another type of compound that contains sulfur). This 
sulfide reacts with metals especially iron in the soil sediments or water column, 
to produce metal sulfides (the main components of acid sulfate soils). In order to 
convert the sulfate into sulfide, the bacteria also need a source of energy provided by 
organic material such as decaying vegetation. 

Figure 30. Formation and accumulation of ASS in an inundated scenario (not to scale). 
Source - National Guidance for the Management of Acid Sulfate Soils in Inland Aquatic 
Ecosystems.131

Bassendean Sands: (also known 
as the Bassendean Dunes) a 
landform on the Swan Coastal 
Plain, comprised of heavily leached 
aeolian sands, located between the 
Spearwood Dunes to the west and 
the Pinjarra Plain to the east
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have also been identified as being of high to moderate risk; this area supports many 
seasonally waterlogged wetlands of high conservation significance, and in particular, 
many damplands. The Bassendean Dunes have been found to have the potential to 
become very acidic when soils are exposed to air, due to the very poor acid buffering 
capacity of their soils, which are typically dominated by quartz sands and which contain 
very little clays or carbonates.144 The environment around wetlands that have acidified 
can also been severely affected; for example, acidic groundwater extends 5–10 metres 
below the watertable in Stirling.128

➤	 Broad-scale risk maps have been compiled by DEC for several coastal regions of WA 
where a high or moderate probability of ASS occurrence has been identified. This risk 
mapping of acid sulfate soils is available via the DEC website: www.dec.wa.gov.au/
management-and-protection/land/acid-sulfate-soils/ass-risk-maps.html 

Triggers 

Exposure of PASS to air occurs when the soils undergo drying or are disturbed. 

Factors that can contribute to wetlands drying out include:

• less surface and/or groundwater entering the wetland, due to reduced rainfall, 

associated with climate change, such that the wetland has shorter periods of 

inundation and waterlogging and longer periods of drying out than normal, on a 

much more frequent basis

• lowering of the groundwater table due to over-extraction of groundwater (for 

example, bore water for irrigation)

• lowering of the groundwater table due to dewatering (for example, draining 

wetlands for urban development) 

• lowering of the groundwater table as a result of deep drainage

• less surface water/lowering of the groundwater due to interception of rainfall by 

plantations

• compaction of soils, reducing their water-holding capacity.

Activities that disturb PASS include:

• earthworks such as excavating in or around wetlands

• digging drainage channels to manage waterlogging and salinity in agricultural 

areas

• fire, particularly the burning of peat, which may release significant amounts of 

stored acidity126 and which can act as a source of acidification for extended periods 

of time because it can smoulder for months

• livestock and feral animals (for example, pigs and camels) 

• vehicle access

• digging holes (for example, when planting)

Acidification of groundwater systems
The acidification of shallow groundwater that naturally interacts with wetlands has been 
identified in WA in recent years. An investigation found that groundwater acidification 
near the water table has occurred on a regional scale in Bassendean Sand in the 
Gnangara groundwater system due to oxidation of iron sulfide minerals.124 This 
oxidation process has been triggered by a decline in the groundwater level, exposing iron 

Damplands: seasonally 
waterlogged basin wetlands 

Gnangara groundwater system: 
the groundwater system formed 
by the superficial, Leederville and 
Yarragadee aquifers located in 
northern Perth, east to Ellen Brook, 
south to the Swan River, west to 
the Indian Ocean and north to 
Gingin Brook
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sulfide minerals to oxygen. The investigation also identified associated impacts including 
elevated dissolved aluminium levels on a regional scale. This regional scale acidification 
affects the quality of groundwater for ecosystems and groundwater users. It presents a 
risk to the ecological value of wetlands on the Gnangara Mound.102,119,120 For example, 
elevated levels of dissolved aluminium are flowing towards high conservation value 
wetlands including Lake Jandabup, Lake Mariginiup, Lake Gnangara, the Lexia wetlands 
and Egerton Seepage.124 

A review indicated that acidification was also common on the crest of the Jandakot 
Mound145 (located south of the Swan River). The risk to groundwater quality on the 
Gnangara and Jandakot mounds in Perth and surrounds due to iron sulfide minerals 
oxidation is predicted to increase, with researchers concluding that “As the depth to 
the water table increases due to water extraction, evapotranspiration by deep rooted 
vegetation (e.g. pine trees), development, dewatering and climate change we can 
anticipate drying of aquic soil profiles with a consequent release of acidity, consequently 
the above issues should represent priority areas for future research”.146 Wetland 
managers in areas of risk, such as the Bassendean Sand formation and similarly poorly 
buffered (non-calcareous) aquifers, can use well designed groundwater monitoring 
to inform management. Expert advice is typically needed to establish well designed 
monitoring programs in order to obtain consistent hydrogeochemical monitoring data 
from groundwater in the capture zones of wetlands. 

Impacts of acidification
Acidic waters are generally considered to very similar regardless of whether they are 
generated via acidic groundwater, acid mine drainage or actual acid sulfate soils, with 
the exception that acidified waters in the Wheatbelt are also saline. Furthermore, 
naturally acidic wetlands and acid tolerant biota can suffer harm due to human-induced 
acidification.147 

Wetland acidification affects wetland organisms both directly and indirectly. In addition 
to increased acidity, the key impacts of acidification are deoxygenation, the release of 
metals and metalloids and increased turbidity and smothering. Changes in bioavailability 
of nutrients can also occur. Each of these processes can have serious detrimental effects 
on organisms, and can be compounded when more than one occurs. The overall effect 
on wetlands is typically to alter their ecological characteristics and to reduce their 
biological diversity. Fish, crustaceans and molluscs are typically particularly sensitive to the 
direct and indirect effects of acidification. Changes in pH can also accelerate or retard the 
degradation of pesticides in wetlands.14

The rate and effects of acidification are dependent upon many factors, including the 

• acidity generated

• amount of available buffering or acid neutralising capacity within the environment

• duration of acid generation/flows

• regularity of acid production/acid flows

• other factors, such as secondary salinity.

Cycles of decline and recovery in wetland macroinvertebrates have been documented. 
Sommer and Horwitz148 documented cycles over 12 years of monitoring in three 
Gnangara Mound wetlands affected by drought-induced acidification. Acidification 
did not result in a reduction of the total number of macroinvertebrate families present, 
however, there were clearly identifiable groups of acid-sensitive taxa and acid-tolerant 
taxa. The effects of acidification were reversed in the wetland in the study that was 
artificially supplemented with water, with acid-sensitive taxa reappearing and acid-
tolerant taxa decreasing in numbers. 
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Impairment and death due to acidification
Although it can be difficult to separate out the effects of acidity from associated effects 
including deoxygenation, the release of metals and metalloids and increased turbidity 
and smothering, acidity of itself can have serious effects upon organisms. Acidity 
directly affects organisms by affecting the function of cells – specifically, the functions of 
enzymes and membranes. 

Some wetlands are naturally acidic, and these wetlands support species that are tolerant 
of this acidity, and in some cases, may support acid-specialised species (‘acidophiles’ such 
as the brine shrimp Parartemia contracta, and the ostracods Reticypris sp. and Diacypris 
sp.,  which appear to be restricted to acidic conditions of pH lower than 5).118 However 
the acidification of other wetlands can significantly alter the natural processes in their 
soils and waters, and affect wetland plants, animals, fungi, algae and bacteria; resulting 
in the loss of acid-sensitive species (commonly affected species include amphipods and 
isopods, ostracods, chydorid and daphnid cladocerans, mayflies, oligochaetes, clams 
and snails), favouring acid-tolerant species (for example, sandfly larvae, macrothricid 
cladocerans and water boatmen) and reducing biodiversity in wetlands. 

Acidification can lead to impaired function, growth and reproduction, disease and death 
in some groups of wetland organisms. Some invertebrate groups are particularly sensitive 
to acidic conditions because appendages such as gills (filter-feeders) or calcareous shells 
tend to be acid-sensitive. Studies have found that crustacean abundance and richness are 
markedly reduced in acidic conditions due to their calcium needs and as acidic conditions 
can soften outer calcareous shells. Groups like mayflies and caddisflies, which have more 
porous bodies and larger membranous surfaces such as gills, also tend to be sensitive. 
Groups with a lower permeability to water and ions such as beetles are more resistant. 
Mosquitoes can actually become more prevalent in acidic waters152 and may lead to an 
increasing prevalence of acid-tolerant mosquitoes which can carry diseases like Dengue 
fever and Ross River virus.140

Susceptibility of an organism can also depend on which stage of their life-cycle they 
are at when exposed. For example, acidification of sediments can affect the survival of 
organisms inhabiting sediment during resting stages. 
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Studies which consider the effects of acidification on wetland organisms in WA 
include:

• The potential effects of groundwater disposal on the biota of wetlands 

in the Wheatbelt, Western Australia118 

• Aquatic invertebrate assemblages of wetlands and rivers in the 

Wheatbelt region of Western Australia149

• Vulnerability of organic acid tolerant wetland biota to the effects of 

inorganic acidification147

• Macroinvertebrate cycles of decline and recovery in Swan Coastal 

Plain (Western Australia) wetlands affected by drought-induced 

acidification148

• Diatoms and invertebrates as indicators of pH in wetlands of the south-

west of Western Australia.150

• Diatom and micro-invertebrate communities and environmental 

determinants in the Western Australian Wheatbelt: a response to 

salinization.151
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At the wetland scale, impairment of wetland vegetation and algae can reduce 
the primary productivity of wetlands, with flow-on effects through trophic levels 
(herbivores, carnivores and decomposers). Low pH/low buffer capacity can provide poor 
environmental conditions for microbial growth153 with most microbes growing within the 
pH range 4–9154 and inhibit decomposition processes42, resulting in less organic matter 
being cycled back into a form that can be used by plants and animals, ultimately limiting 
productivity. Death of wetland shrubs and trees can significantly reduce the shading of 
wetland waters, which can cause additional changes in the wetland, due to increased 
water/sediment temperature and greater amounts of light penetrating the water column.

Impairment and death due to deoxygenation (loss of oxygen)
Individual wetlands differ in their capacity to buffer against natural changes in 
pH, particularly in their capacity to neutralise acid. This means that the severity of 
acidification will depend on the characteristics of each wetland. However, even in those 
wetlands in which the acid released during an acidification event is neutralised, the 
oxidation of these soils can consume oxygen, removing the oxygen from the water 
column. When this happens, organisms in the water column that rely on dissolved 
oxygen can perish if oxygen concentrations drop too much. Acidic drain waters in the 
Wheatbelt have also been found to often be poorly oxygenated, and these can lower the 
oxygen concentration in wetlands they discharge into.121 

➤	 For more information, see the information on oxygen in the topic ‘Conditions in 
wetland waters’ in Chapter 2.

Impairment and death due to the release of metals and metalloids
Acidification can trigger the release of toxic quantities of metals and metalloids from 
sediments, such as aluminium, iron, lead, copper, zinc, nickel, uranium, rare earth 
elements (lanthanum, cerium), cadmium, arsenic and selenium. For example, the 
solubility of aluminium is significantly increased when pH is less than 4.5. Iron from acid 
sulfate soils is known to stimulate harmful Lyngbya blooms. These metals are present 
naturally, but in many cases they may be present at elevated levels due to pollution. 

These metals and metalloids are released from bound forms into dissolved forms, which 
are far more toxic to organisms. These metals can have toxic effects on plants, algae, 
animals, fungi and bacteria, leading to disease and death. Greatly reduced abundance 
and diversity of some types of organisms, such as macroinvertebrates, may occur. Metals 
such as cadmium and metalloids such as arsenic and selenium have the potential to be 
bioaccumulated in organisms and biomagnified in wetland food chains and cause 
effects such as genetic damage. Under these conditions, monitoring of organisms may 
detect declines in species richness, abundance and productivity. It is important to note 
that some metals and metalloids are as soluble in very alkaline conditions as under acidic 
conditions.119 The community structure of wetlands can alter as a result, including the 
physical structure created by plant communities.

Acidified areas that have above background concentrations of contaminants in soils, 
sediments and/or waters, and which present or have the potential to present a risk to 
human health or the environment, may be classified as contaminated sites under the 
provisions of the Contaminated Sites Act 2003.119 

➤	 For more information, see the ‘Managing metals’ section in this topic.

Impairment and death due to turbidity associated with metal flocculation
Acidification can promote flocculation in the water column, and the resulting floc 
can coat the gills of fish, smother plants and benthic organisms and modify habitat, 
resulting in simplified ecosystems and a loss of biodiversity. For example, iron sludges and 

Bioaccumulate: process in which 
tissues of an organism accumulate 
a chemical because uptake is 
greater than elimination and 
breakdown 

Biomagnify: an increase in the 
concentration of a chemical along 
a food chain

Flocculation: the joining of 
particles (small objects) into loose 
masses (floc) in water
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precipitates can smother organisms, and sludges are readily resuspended into the water 
column, repeatedly directly affecting organisms in the water column.

➤	 For more information, see the ‘Managing turbidity’ section in this topic.

Changes in nutrient availability
In wetland soils, acidity can alter the availability of nutrients such as phosphorus, 
nitrogen, magnesium and calcium. For example:

• Calcium availability tends to be limited in acidic conditions.155 

• Ammonium (NH4
+), a form of nitrogen that is used by plants, algae and bacteria, 

may reach high levels under acidic conditions. Acidic conditions can inhibit 

nitrification, the process by which ammonium is converted to nitrate (NO3
-). While 

both forms of nitrogen are available for plants, algae and bacteria, nitrate is much 

more easily lost from wetlands via groundwater flow and by the coupled process 

of denitrification, whereas ammonium is retained in wetlands. Nitrification rates 

are generally thought to drop steeply below a pH of 4.5.154

• Under acidic to neutral and oxygenated conditions, phosphate, a form of 

phosphorus that is used by plants, algae and bacteria, adsorbs or precipitates 

to iron and aluminium, particularly in freshwater wetlands. This reduces the 

availability of phosphorus for primary production. This is thought to be the case 

at Spoonbill Lake, an acidified wetland in the suburb of Stirling, which is reported 

to have become ultra-oligotrophic (that is, have very low nutrient levels), and as 

having a lack of wildlife.156 However, under acid and anoxic conditions, phosphate 

can be released into the soil pore water if sulfur is present. This is because the 

sulfur facilitates the reduction of iron to form FeS. 

• Very acidic conditions are not optimal for microbes, with most microbes growing 

within the pH range 4–9.154 Decomposition processes are inhibited in poorly 

buffered waters42, resulting in less organic matter being cycled back into a form 

that can be used by plants and animals, ultimately limiting productivity.

The alterations to nutrients compound the direct effects that wetland acidification 
causes.

➤	 For more information on the relationships between nutrient availability and acidity, see 
the ‘Conditions in wetland waters’ topic in Chapter 2.

Increased salinity
Acidification typically increases the salinity of water, due to the release of sulfate salts. 
However, the increases may not be large in some freshwater wetlands.

Indicators of acidity
Indicators of PASS
There are often few visual indications of PASS being present. PASS are widespread in 
freshwater wetlands and coastal landscapes. They are common in wetlands with dark 
organic soils and muds, peaty sediments, pale grey sands and coffee rock (cemented iron 
and/or organic rich sands). DEC has mapped high risk areas for several coastal regions 
of WA. These provide a broad-scale indication of the area where PASS are most likely to 
exist in shallow soils (within 3 metres of the ground surface). No distinction is made in 
the risk maps between whether actual and potential ASS might occur.
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➤	 Maps showing areas that are at high risk of potential acid sulfate soils are available 
from the ASS webpages of the DEC website: www.der.wa.gov.au/your-environment/
acid-sulfate-soils.

Identifying the presence of PASS 
Confirming that PASS or AASS are present in a wetland can cost thousands of dollars. 
The Australian Government has adapted a two-stage approach for determining their 
presence or absence, described in the document, National guidance for the management 
of acid sulfate soils in inland aquatic ecosystems.131 It entails a rapid assessment, and 
where this indicates a high likelihood of ASS, it is confirmed by carrying out a detailed 
assessment. 

The rapid assessment uses data sourced from the desktop and a site visit. Desktop data 
includes:

• water and sediment quality data

• flooding history

• source of water

The site visit requires the collection of data quantifying:

• pH, and where practicable, field measurements of acidity and alkalinity 

• conductivity 

• sulfate 

The purpose of the detailed assessment is to determine the wetland’s net acidity. In 
simple terms net acidity can be summarised as acidity minus alkalinity. The below 
equation is used to calculate net acidity:

Net acidity = potential sulfidic acidity + actual acidity + retained acidity – acid 
neutralising capacity

Net acidity accounts for the fact that some water has acidity (due to dissolved metals) 
and alkalinity (mostly as bicarbonate) at the same time (for reasons, see section 3.2 of 
Degens, 2009121). 

Obviously, these investigations are highly technical and it is advisable that they are 
designed by an appropriately qualified practitioner with ASS experience. For more 
information, refer to the National guidance for the management of acid sulfate soils in 
inland aquatic ecosystems.131

Indicators of acidity (including AASS)
Soil and water characteristics can indicate that acidic conditions are having an effect 
upon the environment. A brief outline is provided below. Field tests and laboratory 
analysis provide diagnostic tools. For more information see:

• Identification and investigation of acid sulfate soils and acidic landscapes143 

• Known sites of AASS recorded in the Contaminated Sites Database, available from 

https://secure.dec.wa.gov.au/idelve/css/.

Biological indicators

Visual indicators that a wetland may be acidifying include:

• plants in poor health, stunted or that are dead/dying

• the disappearance of wetland vegetation and the appearance of clear ‘beaches’ 

around the water’s edge

Net acidity: the degree of acidity 
in water, accounting for dissolved 
alkalinity (that is, acidity minus 
alkalinity, measured in units of 
CaCO3 equivalent per litre)
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• decreasing diversity of macroinvertebrates and increasing abundance of acid-

tolerant fauna such as water boatmen (Notonecta glauca) and mosquito larvae

• an increasing abundance of filamentous algae (algae with long strands visible)

Soil indicators

Soil indicators of acidity including the presence of jarosite, iron staining, iron 
monosulfides, salt crusts and scalds.

• Jarosite is a good indicator of actual acid sulfate soils as it only forms under acid 

conditions. AASS are often recognised by the presence of ’flecks’ of jarosite in soil 

profiles, which appears as either a butter-coloured (Figure 31) or mottled orange 

coloured mineral. 

Figure 31.  Jarosite is a butter or mottled orange coloured mineral that is a good 
indicator of actual acid sulfate soils as it only forms under acidic conditions.

• Increased iron staining can form around the water margins in summer months in 

response to acidification. 

• Iron monosulfides are gooey black sediments formed in low oxygen environments. 

They can form in wetlands and drains. Beneath the water surface, they remain 

black and gooey. However, if the water is removed, the soil surface turns a 

bright orangey-red colour as the iron monosulfides are exposed to the air. Iron 

monosulfides should not be confused with iron floc (particles).

• Salt crusts on the soil surface can be a by-product of AASS and may indicate the 

need for further investigation. In inland areas, salt crusts are often found where 

groundwater tables are close to the surface (Figure 32).
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Figure 32.  White, fluffy salts accumulating on soil surfaces during summer may indicate 
acid salts: a combination of iron, aluminium, calcium and magnesium based salts. Photo 
B Degens/Department of Water.

• Spongy sediments, when excavated. They often resemble lava flow.

• Bare areas of land within or around wetlands may be either an acidic or saline 

‘scald’. Scalds occur when plants die and only bare soil remains (Figure 33). Once 

bare, the soil water evaporation is accelerated, drawing water containing toxic 

oxidation products from soil layers beneath the surface. The bare surface layers 

of the scald accumulate acidity and salinity during dry periods, due to increased 

soil water evaporation. During wet conditions, the concentrated pollutants can 

be washed into adjacent areas. Once bare, conditions that produce the scald can 

quickly develop further and revegetation can be difficult. Scalds can vary in size 

and are not always permanent features. During wet years, additional water in 

the soil may encourage salt and acid tolerant vegetation (including some weed 

species) to grow and the scald may disappear for a short time.  

Figure 33. AASS scalding with salt crusting in a seasonally inundated wetland, 
Ravenswood. Photo – B Degens/Department of Water.
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Surface water indicators

Indicators that groundwater is acidifying due to the oxidation of sulfides include:

• a sulfate/chloride (in milligrams per litre) ratio greater than 0.5 in estuarine 

environments

• an alkalinity/chloride (in milligrams per litre) ratio of less than 5 in freshwater 

environments

• a pH of less than 5

• a soluble aluminium concentration greater than 1 milligram per litre.129

Indicators that a wetland it is acidifying due to the oxidation of sulfides include:

• sudden decreases in pH, generally during summer months (in the south-west). 

During the early stages of acidification, pH values may moderate during winter119 

• large diurnal (that is, between day and night) fluctuations in pH, with changes of 

up to 2 pH units occurring within a 24 hour period119

• decreasing alkalinity values119

• increasing values of the sulfate/chloride ratio119 

• increasing concentrations of soluble iron and aluminium119

Visually, clear water, and water stained yellow, brown, orange, milky-white or blue-green 
can be a sign that acidification has occurred. Oily-looking bacterial scums may also be 
present.

• Milky-white water at pH of 5 to 6 can indicate aluminium particles due to 

reactions associated with AASS. 

• Blue-green water with a pH of 4 to 5 is caused by aluminium floc (fine colloidal 

particles).

• Clear water isn’t necessarily good water. Crystal clear water can indicate a pH level 

of 3 to 4. High levels of aluminium can cause the soil and sediment particles to 

drop to the bottom of the wetland, leaving the water clear (Figure 34).

Figure 34. Crystal clear acidic water (pH 3.5) with iron bacteria in a wetland near 
Mandurah. Photo – B Degens/Department of Water. 
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• Iron flocs (particles) can appear in the water at pH levels below 4. These flocs are 

usually coloured a red-brown or brown-yellow and will be present throughout the 

water (Figure 35). If water recedes, this floc is deposited on the vegetation and 

soil. 

Figure 35. Iron floc in a seasonally inundated wetland, Jarrahwood.  
Photo – B Degens/Department of Water. 

• Water affected by AASS can have high levels of dissolved iron, which colours the 

water yellow, brown or orange (Figure 36). Iron is soluble (dissolved) at pH levels 

below 3.8. 

Figure 36.  Yellow-brown water can be an indicator of iron, which is released from sediments 
under acidic conditions. Photo - A Lillicrap/Department of Food and Agriculture WA.

Other indicators
Acid can corrode concrete and steel (Figure 37). Noxious odours such as rotten egg 
smells (hydrogen sulfide) and metallic, burnt gunpowder odours (sulfur dioxide) indicate 
that acidification may possibly be occurring.
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Figure 37.  Road culverts that have corroded as a result of acidic drainage. Photo – B Degens/
Department of Water.

Preventing acidification
Preventing acidification associated with iron
Reduce the rate of rising acidic groundwater

Arresting the rise of groundwater in the Wheatbelt is a large scale, long-term endeavour. 
Effective management of rising groundwater relies on coordinated effort and investment 
across regions and areas of expertise and can be very costly to implement, with long-
term time scales for change. Agronomic change, revegetation and protection of remnant 
vegetation are all part of the solution. As with secondary salinity, it will not be possible to 
stop the acidification of all wetlands in the Wheatbelt, and prioritisation processes will be 
important in determining which wetlands are identified for preventative measures.

➤	 More information on approaches to arresting the rise of groundwater in the 
Wheatbelt are outlined in the topic ‘Secondary salinity’ in Chapter 3.

Design and management of drainage channels

Proposing new drainage

When proposing drainage into a wetland, an important consideration is the ecological 
and other values of the wetland. The wetlands receiving drainage water can be so 
adversely affected that they are often called ‘sacrificial’ wetlands, because their values 
have been sacrificed in order to save other values in the landscape. 

Because of their potential to create serious environmental impacts, proposals to construct 
drains or pump groundwater in agricultural regions require assessment via the Soil and 
Land Conservation Regulations 1992 under the Soil and Land Conservation Act 1945. 
The principles for assessing drainage proposals are outlined in the 2012 Department of 
Water document, Policy framework for inland drainage.12 

➤	 More information on the assessment of new drainage proposals is available from:

• the Department of Agriculture and Food website www.agric.wa.gov.au/PC_93235.

html 

• the topic ‘Legislation and policy’ in Chapter 5.

A broadscale assessment of the value of many of the Wheatbelt’s wetlands has been 
conducted by DEC. A methodology for assessing individual wetlands at a finer scale, as is 
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needed to help determine its suitability as a sacrificial wetland, has been developed and 
published by DEC, for proponents to use in preparing an application to decision making 
authorities. 

➤	 For more information on the existing evaluation of Wheatbelt wetlands, and the 
detailed evaluation methodology for the region’s wetlands, see the Wheatbelt 
wetland mapping page on the DEC website: www.dec.wa.gov.au/management-and-
protection/wetlands/wetlands-mapping/wetlands-of-the-wheatbelt-mapping.html. 

Treating existing drainage 

Treating acidic water of drainage channels prior to discharge into wetlands is an 
important intervention measure. The Department of Water has developed guidelines for 
treating acidic drain waters for the Avon catchment, based on trials.157 These guidelines 
outline in-drain treatment options, including lime-sand beds, subsoil carbonate beds, 
in-drain composting beds and diversion wells. The guidelines also discuss end-of-drain 
treatment options including lime-sand basins, composting ‘wetlands’ (that is, purpose-
built structures), lime-sand reactors and hydrated lime dosing. 

The Department of Water has also published a discussion paper120 on draft proposed 
interim acidity levels for discharge into Wheatbelt ecosystems, as outlined in Table 17.

Table 17.  Draft proposed interim net acidity guideline for discharges into primary and 
secondary saline ecosystems in the Wheatbelt (DOW 2013120)

Water quality 
parameter

Discharge to slightly disturbed 
ecosystems

Discharge to highly disturbed 
ecosystems

Net acidity 10 milligrams of calcium carbonate (CaCo3) 
per litre, provided that the water has had 
time to react with air, to allow any metals 
to precipitate and settle as sludge prior to 
discharge

20 milligrams of calcium carbonate 
(CaCo3) per litre

Preventing actual acid sulfate soils
Prevent oxidation of potential acid sulfate soils

PASS are benign when left in a waterlogged, undisturbed environment. Where PASS are 
present, disturbance and drying of the soil should be avoided. To minimise disturbance 
and drying, the Government of WA has put in place controls on the development of 
land, drainage alterations and water abstraction, as outlined below.

Controls on the development of land

Land development is subject to many controls to minimise the development of actual 
acid sulfate soils. These controls are outlined in the following documents:

• Planning Bulletin 64/2009: Acid sulfate soils158, which provides advice and 

guidance on matters that should be taken into account in the rezoning, 

subdivision and development of land that contains acid sulfate soils. This planning 

bulletin introduces a set of revised acid sulfate soils planning guidelines.

• Acid sulfate soils planning guidelines159, which outline the range of matters that 

need to be addressed at various stages of the planning process to ensure that the 

subdivision and development of land containing acid sulfate soils is planned and 
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managed to avoid potential adverse impacts on the natural and built environment.

Drainage associated with urban development needs to be approved via the appropriate 
land use planning legislation, and typically needs to be consistent with approved water 
management plans for the area. For more information, see the policy Better Urban Water 
Management.160

Controls on dewatering

Dewatering is regulated via groundwater abstraction licences from the Department of 
Water, except if an exemption applies. If a hydrological impact assessment shows that 
impacts are likely, dewatering management plans may be required as a condition of 
licence. The Department of Water must inform the Environmental Protection Authority 
if a water licence being sought under the Rights in Water and Irrigation Act 1914 would 
have a significant effect on the environment. As outlined in the Department of Water’s 
Western Australian water in mining guideline161 and the Strategic policy 2.09: Use of 
mine water surplus162, water generated by mining dewatering operations must first be 
used for the mitigation of environmental impacts. This involves ensuring that water is 
returned to the environment, through injection back into the aquifer or augmenting 
reduced environmental flows of groundwater-dependent wetlands. This is usually 
enforced via conditions of the licence.

➤	 Dewatering of soils at construction sites163 outlines how the Department of Water 
assesses impacts of dewatering associated with construction.

DEC also has requirements for proposed dewatering in proximity to wetlands. 
The document Treatment and management of soils and water in acid sulfate soil 
landscapes119 (section 5.3.9) states that dewatering must not alter the wetland 
water level or water quality of valuable wetlands (such as conservation and resource 
enhancement management category wetlands). Proposals to dewater within 500 metres 
of a valuable wetland must implement a range of management measures to protect the 
wetland. These include:

• baseline laboratory analysis of wetland water quality data, capturing seasonal 

variation

• baseline water level monitoring

• water level and water quality monitoring during dewatering

• a range of monitoring, mitigation and remediation measures in the event of 

changes in water quality or water level.

There are alternatives to dewatering near wetlands. Driven pile construction, sheet piling 
and slurry walls can avert the need for dewatering associated with various types of 
construction. Trenchless technologies for installing or repairing underground cables and 
pipelines, such as microtunnelling, avoid the need for open trenching or dewatering. 

➤	 The Australasian Society for Trenchless Technology website (www.astt.com.au) is a 
source of information on potential alternatives to trenching and dewatering.

Dewatering techniques differ in their potential to affect nearby wetlands. For example, 
an array of dewatering well-points or spears connected to a common suction pump or 
vacuum extraction system is a technique that can have a larger radius of influence than 
sumps with submersible pumps at their base.119 

Carrying out works when the watertable is lowest in summer can reduce the depth and/
or size of the dewatering footprint and rates. Using groundwater recharge trenches 
to constrain the lateral extent of the cone of depression by creating a hydraulic barrier 
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between the wetland and the cone of depression is another important technique. 
Examples of this can be found in the Pilbara.164 

Controls on rural and semi-rural drainage alterations

To minimise the development of acid sulfate soils, rural and semi-rural drainage 
alterations are governed by the following controls:

• Proposals to construct drain or pump groundwater in agricultural regions require 

assessment via the Soil and Land Conservation Regulations 1992 under the Soil 

and Land Conservation Act 1945. The principles for assessing drainage proposals 

are outlined in the 2012 Department of Water document, Policy framework for 

inland drainage.12 

Controls on water abstraction

Under the Rights in Water and Irrigation Act 1914 the Department of Water requires 
applications for a licence to take groundwater to state whether acid sulfate soils been 
identified at the site, and when present, require an acid sulfate soils management plan to 
be submitted to the Department of Environment and Conservation.

Controls on activities that disturb wetland sediments

Activities that disturb wetlands are subject to approval under the Planning and 
Development Act 2005 and the Environmental Protection Act 1986. These include 
activities such as:

• installing infrastructure, for example, boardwalks, drainage swales and so on

• burning of wetlands

• clearing of wetland vegetation and wetland buffer vegetation, including forms of 

clearing such as cattle grazing

Reduce the risk and extent of secondary salinity

The discharge of salts, including sulfate, to wetlands increases the potential for the 
formation of PASS. Therefore reducing the mobilisation of salts in the landscape is key. 
In agricultural areas, this can be achieved by preventing regional groundwater tables 
from rising above normal levels, and avoiding discharge of deep drainage into wetlands. 
Both of these management options tend to require regional-scale works and involve 
many land managers in the broader community. Arresting the rise of groundwater in the 
Wheatbelt and other agricultural areas is typically a large scale, long-term endeavour. 
Effective management of rising groundwater relies on coordinated effort and investment 
across regions and areas of expertise and can be very costly to implement, with long-
term time scales for change. Agronomic change, revegetation and protection of remnant 
vegetation are all part of the solution. As with secondary salinity, it will not be possible to 
stop the acidification of all wetlands in the Wheatbelt, and prioritisation processes will be 
important in determining which wetlands are identified for preventative measures.

➤	 For information on the management of secondary salinity, please refer to the topic 
‘Secondary salinity’ in Chapter 3.

Maintain natural seasonal drying regime

Wetlands that are naturally wet on a seasonal basis and dry out in the intervening 
period limit the excessive accumulation of sulfide in sediments. This is because oxygen 
is used in preference to sulfate by bacteria, minimising the reduction of sulfate to 
sulfides. Maintaining this natural wetting and drying regime is therefore a cost-effective 
preventative measure.
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Proactive monitoring by wetland managers
A number of the measures for preventing wetland acidification require decision-making authorities to control land 
or water use. However, some acidification triggers are not within the scope of these frameworks, for example, 
drying of wetlands caused by climate change. Wetland managers can play an essential role by identifying valuable 
wetlands that are at risk of acidification, monitoring them and providing an early warning of possible changes.

Wetland managers should advise DEC if there are signs of acidification or if triggers of acidification are likely (for 
example, a wetland is progressively holding less water each summer). 

Where it is not possible for land managers with numerous wetlands under their management to continually monitor 
all the wetlands under their management, a prioritisation process for monitoring at-risk wetlands is a strategic way 
to manage the risk. Such a prioritisation process should take into account risk of acidification and the conservation 
value of wetlands (for guidance on the conservation value of wetlands, the wetland management category can 
be used, if available, or if not, guidance can be provided by DEC). To identify a wetland’s risk of acidification, two 
factors should be determined: present and/or future triggers for acidification, as outlined in this topic, and the 
sensitivity of the wetland to acid generating processes. Table 18 shows a possible prioritisation matrix.

Table 18. Framework for prioritising wetland monitoring

Matrix 1: wetland acidification risk assessment framework

Acidification 
sensitivity
(as per Table 16)

Potential for drying, disturbance or receiving acid drainage (acidification triggers)

Low potential Medium potential High potential 

Not sensitive Low risk Low risk Medium risk

Sensitive Low risk Medium-high risk High risk

Acidified, critical, 

endangered or highly 

sensitive

Medium-high risk High risk High risk

Matrix 2: wetland monitoring priority framework

Wetland conservation 
significance

Risk of acidification determined using matrix 1

Low risk Medium risk High risk 

Low 
(e.g. multiple use 
management category)

Lowest priority Lowest priority High priority

High 
(e.g. resource enhancement 
management category)

Lowest priority High priority Very high priority

Very high 
(e.g. conservation 
management category)

High priority Very high priority Very high priority
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Treating acidification

Acidification often involves a complex series of chemical reactions which are influenced 
by the local geochemical conditions. Management of AASS requires a site-specific 
strategy developed using the findings of a detailed investigation that should only be 
conducted by practitioners experienced in this field. Once field investigation and testing 
has been completed, appropriate management actions can be developed. Options that 
can be considered as part of this planning process are described below.

➤	 Key resources include:

• The acid sulfate soils webpage of DEC’s website: www.dec.wa.gov.au/pollution-

prevention/contaminated-sites/acid-sulfate-soils.html 

• Treatment and management of soils and water in acid sulphate soil landscapes119

• National guidance for the management of acid sulfate soils in inland aquatic 

ecosystems131

Despite good intentions, because of the potential to cause environmental harm, a 
proposal to implement some of the options listed below may trigger referral to the 
Environmental Protection Authority for assessment under Part IV of the Environmental 
Protection Act 1986. 

➤	 For information on legislation and policy protecting WA’s wetlands, see the topic 
‘Legislation and policy’ in Chapter 5.

The management techniques described below may help to address the chemical, physical 
and biological changes that have occurred due to acidification, but success is not 
guaranteed. Trial and error is still common in this area, as highlighted in the below case 
study. Further trials at sites as well as laboratory studies are likely to provide more insight 
in future.

Involve experts when dealing with acidificationh
Managing acidification can be a serious and complex issue. Inappropriate 
management actions can result in serious environmental harm, with 
economic and legal implications. Specialists should always be consulted.



107  Water quality

Chapter 3: Managing wetlandsA guide to managing and restoring wetlands in Western Australia

ca
se

 s
tu

d
y Case study – treating the acidification of Spoonbill Lakes, Stirling

Spoonbill Lakes, two seasonally inundated basins in the Perth suburb of Stirling, have undergone 
acidification due to acid sulfide soils, and widespread acidification of the surrounding groundwater table 
has occurred. A number of factors contributed to the acidification of groundwater in the area, including 
a decline in the groundwater table due to low rainfall, the disturbance of sulfidic peat soils through 
dewatering and excavation for two new residential developments, and excavation of Spoonbill Lakes, with 
spoil used to create central islands. Groundwater pH measurements as low as 1.9 have been recorded, while 
the pH of the Spoonbill Lakes has been as low as 2.4.128 A distinct plume of acidic groundwater stretches 
many hundreds of metres to the south, affecting domestic bores, and generally extends 5–10 metres below 
the watertable.128

A treatment trial has been carried out at Spoonbill Lakes by researchers at Edith Cowan University in 
partnership with the City of Stirling. The wetlands have low conservation value, having been seriously 
degraded by clearing, earthworks, alterations to their water regime and water quality. As a result, they have 
been identified as a ‘multiple use’ management category wetland by DEC (in the Geomorphic Wetlands Swan 
Coastal Plain dataset). For this reason, an in situ treatment trial was carried out by researchers.  

The trial employed a number of techniques in a ‘treatment train’ sequence. These included neutralisation 
with sodium hydroxide, followed by settling and removal of iron and aluminium hydroxide sludge. This 
was followed by treatment using organic matter in two bioreactor tanks, using 10 tons of potatoes and 
Eucalyptus mulch. Following aeration down a concrete riffle, the water was directed through 1 ton of 
potatoes and mulch on the wetland bank, and 2500 rushes (Schoenoplectus validus and Baumea articulata) for 
aerobic polishing. The assessment of the treatment indicates that so far, some aspects of the water quality 
have improved, but that there have been a number of problematic outcomes that were not anticipated, and 
that to date the treatment has not improved water quality or increased biodiversity. Some aspects of the 
treatment are expected to become more important over time, while redesign of other parts of the treatment 
process have been identified in order to optimise the treatment processes.165,156

Neutralisation using chemical additives
Neutralising the acid produced may be a potential option at some wetlands. 
Some waterways in eastern Australia have been treated with chemicals with a 
high neutralising capacity.  These chemicals are either applied to the water or the 
sediment to increase the pH buffering capacity. A range of chemicals have been 
tested, including calcium carbonate, calcium oxide, calcium hydroxide, lime kiln 
dust, magnesium oxide, sodium carbonate, seawater neutralised red mud, fly ash 
and biochar. These chemical ameliorants, and their advantages and disadvantages, 
are discussed in the National guidance for the management of acid sulfate soils 
in inland aquatic ecosystems131 and Treatment and management of soils and 
water in acid sulfate soil landscapes.119 Before investing is neutralisation programs, 
consideration needs to be given to the potential for future acid generation to occur 
and whether these causes can be addressed, and if not, whether neutralisation can 
be maintained.

Neutralisation may be a temporary treatment rather than a long-term solution. 
For example, despite being treated with 5 tonnes of calcium hydroxide, the pH 
of Spoonbill Lakes had returned to the pre-treatment level after not more than 1 
month.119 At this site, groundwater flow is continuing to transport acidity into the 
wetlands. Groundwater flow may continue to transport acidity into wetlands for 
many decades.119

It is necessary to consider the potential unanticipated effects of additives. 
For example, some neutralising agents can increase salinity, particularly those 
containing sodium (chemical symbol ‘Na’). It is also necessary to consider aspects 
of water quality that can be modified during treatment. These include changes in 



108  Water quality

Chapter 3: Managing wetlandsA guide to managing and restoring wetlands in Western Australia

nutrient concentrations, increases in salinity and changes in ionic composition. Contact 
of acidified water with a neutralising agent will cause precipitation of metals from 
solution, and consideration needs to be given to how issues such as flocculation will be 
managed. The potential to use materials to remove metals and attenuate acidity is likely 
to continue developing as research continues (for example, Wendling et al 2010166).

Neutralisation using chemical additives needs to be carefully planned. Proposals to apply 
neutralising agents need to be approved by the land owner and relevant authorities, 
including the relevant state government agencies. In the case of wetlands, this includes 
DEC. Technical expertise is needed to quantify the acidity in a wetland and determine 
the appropriate neutralisation agent, effective neutralisation value, application method, 
rate, volume and purity/contaminants in additives. It is possible to ‘overshoot’ and create 
highly alkaline conditions, which can also be extremely harmful to wetland organisms. 
Similarly, in severely acidified waters, elevation of pH to the acidity at which aluminium is 
most toxic—between 4.4 and 5.4—should be avoided.

The origin and potential other inadvertent effects of neutralisation materials also 
warrants attention. Reliance on natural materials that result in degradation of other 
natural environments is not sustainable (for example, quarrying of limestone from intact 
ecosystems). Additionally proposals to use alkaline waste materials need to rigorously 
demonstrate that they do not pose a risk to human health or the environment.

Neutralisation using organic matter (via microbially-driven increases in 
alkalinity)
Neutralising the acid produced in a wetland by generating alkalinity in a wetland is a 
potential option, although there are a number of issues to consider before proceeding. 
In essence, the addition of carbon sources in the form of plant material enables microbial 
respiration. This in turn reduces the oxygen levels in the wetland, leading to microbially-
mediated sulfate and iron reduction, which initially creates a drop in pH, but ultimately 
produces alkalinity (that is, sulfate reducing bacteria use sulfate instead of oxygen for 
respiration, producing bicarbonate as a by-product). Carbon is typically added in the 
form of wetland plants or mulch of plant material. One of the risks posed by this option 
is that sulfate reduction produces sulfide – the material that caused the problem in the 
first place! This option needs to be carefully considered and is generally perceived as a 
stop-gap measure while longer term measures are being investigated. Microbially-driven 
neutralisation was employed as part of the treatment of Lake Mealup, as described in 
the case study below. The National guidance for the management of acid sulfate soils 
in inland aquatic ecosystems131 outlines the principles of this treatment option, while 
section 7.3.1 of the Treatment and management of soils and water in acid sulfate soil 
landscapes119 describes passive treatment systems that employ these principles. Locations 
where this form of treatment, driven by biological reactions, occurs are sometimes 
referred to ‘bioreactors’.
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y Case study – treating the acidification of Lake Mealup, West 

Pinjarra 
Declining water levels in Lake Mealup culminated in the annual drying of the wetland each year from 
1994 until 2012. This is thought to be due to a combination of reduced rainfall and a reduction in 
surface water flowing into the wetland, due to the closure of a shallow channel that had previously 
connected the wetland to the Water Corporation’s Mealup Main Drain. Signs of drying and acidification 
were abundant: the pH dropped from 7 to below 3, algal blooms were common, waterbirds were less 
common and the invasive introduced bulrush Typha orientalis expanded to cover 80 per cent of the 
wetland. The Lake Mealup Preservation Society worked to secure the involvement and collaboration 
of many people and organisations in order to halt Lake Mealup’s ecological decline. Studies confirmed 
the presence of actual acid sulfate soils. Approvals and funding were sought and provided to divert 
drainage flows from the Mealup Main Drain into Lake Mealup by way of a variable height weir on the 
drain. 43 hectares of Typha orientalis was flattened and left in situ to provide a carbon source to promote 
microbially-driven neutralisation of acid, and control of regrowth was carried out using herbicides. 
The first diversion of drain water was carried out in June 2012. The pH has stabilised at 7 and the signs 
of life are reappearing, with frogs and waterbirds evident. A close eye is kept on the wetland’s water 
chemistry, with fortnightly monitoring of pH, oxygen reduction potential and dissolved oxygen. More 
information on this project is available from the topic ‘Roles and responsibilities’ in Chapter 5. 

Figure 38. The dry sediment in an area of Lake Mealup, 
showing signs of acidification prior to the diversion of 
drainage flows into the wetland.  
Photo – H Bucktin/DEC.

Figure 39. The crushed introduced bulrush Typha 
orientalis, left in place to provide a carbon source 
following inundation. Photo – H Bucktin/DEC.

Figure 40. The adjustable height weir, receiving flows 
diverted from the Mealup Main Drain.  
Photo – H Bucktin/DEC.

Figure 41. Lake Mealup, full in August 2012.  
Photo – R Rose.
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Reinstatement or artificial replenishment of permanent inundation
Where wetlands have dried out and the exposed acid sulfate soils have oxidised, causing 
acidification, reinstating permanent inundation or artificial maintenance (replenishment) 
of water levels can slow down or halt further acidification. By keeping wetland sediments 
covered with water, acid production can be more effectively managed. This technique 
has been employed to address acidification of Lake Jandabup, as outlined in the case 
study below. This technique can however present problems. Maintaining static water 
levels may alter the ecological integrity of wetland species that are adapted to changing 
water levels. Furthermore, sourcing the water from groundwater may cause further 
drawdown of the water table, and exacerbate the problem that led to the wetland 
drying out in the first place. Groundwater pumping is expensive and may not be suitable 
for every situation. It also does not address some of the major causes of acidification 
such as over-use of groundwater supplies and reduced rainfall. It is not a practical or 
sustainable solution for the vast majority of wetlands in the long term. Diverting surface 
water may provide a suitable water source for artificial maintenance. It is important that 
the diversion is not detrimental to receiving environments downstream if they are of 
equal or higher ecological value than the wetland being treated.

ca
se

 s
tu

d
y Case study – treating the acidification of Lake Jandabup, 

Wanneroo
Lake Jandabup, a seasonally inundated wetland 22 kilometres north of Perth, became acidic as a result 
of increasing extent and duration of summer drawdown of water levels between 1997 and1999. This 
became apparent from routine monitoring of the water quality conducted by scientists from Edith 
Cowan University, who noticed that pH readings in surface waters declined from ~6 to 8 to ~4 to 5 
over a four year period. Monitoring also indicated that changes in the aquatic macroinvertebrate 
community structure of the wetland had occurred in this period. Macroinvertebrate species such as small 
crustaceans, water snails and some types of worms disappeared or declined in number. Increases in acid 
tolerant species such as sandfly larvae, water boatmen and macrothricid water fleas was also indicated 
were also observed.

Researchers from Edith Cowan University carried out further research to find out why the wetland had 
become acidic. It was discovered that due to the prolonged drought conditions over a four year period, 
wetland sediments had become dry and cracked for longer than they normally would (over summer and 
autumn periods), leading to oxidation of exposed acid sulfate soils. When the sediments became wet 
again following subsequent autumn rains, a decline in pH occurred due to the acid released into the 
water column as a result of oxidation of the sediments.

To reduce the risk of further acidification occurring as a result of excessive drying and oxidation of 
acid sulfate soils, groundwater has been pumped into the wetland to maintain saturation of wetland 
sediments. The challenge in artificial maintenance of water levels in Lake Jandabup is that the wetland 
naturally wets and dries and wetland plants, animals, fungi, algae and bacteria are adapted to seasonal 
cycles in wetting and drying. As a result, artificial maintenance needed to find a balance between 
maintaining normal wetland ecological processes as much as possible whilst preventing further oxidation 
of acid sulfate soils. It was also necessary to consider the amount of groundwater pumped into the 
wetland, as this action could contribute to excessive drawdown of the water table impacting on other 
natural areas. 

As a result of these management actions, artificial maintenance of water levels in Lake Jandabup has 
been successful. pH levels have returned to normal and macroinvertebrate species that had disappeared 
have returned to the lake. However, without other actions being taken, the wetland will revert back to 
severe drying and acidification if pumping ceases. 



111  Water quality

Chapter 3: Managing wetlandsA guide to managing and restoring wetlands in Western Australia

Revegetating acidified areas
Revegetation of persistent ASS scalds has several benefits. Plants increase the organic 
matter in the soil; reduce surface evaporation, minimising upward soil-water movement; 
intercept groundwater, leaving acidic products at depth; and bind up large amounts of 
soluble iron and aluminium.167 Revegetating acidified soils involves some approaches 
not required in standard revegetation. Where ASS scalds persist, digging holes in the 
soil should be avoided, with planting in windrows consisting of wood mulch or other 
organic-rich organic material considered to be a suitable alternative. Mulch is considered 
to be the single most effective treatment167 as it prevents evaporation, slowing the 
accumulation of acidity in the root zone; though for optimal results a combination 
of practices such as fencing, windrows, mulching and neutralisation with a chemical 
additive may be required. Sedges or other low-water use plants are often more 
appropriate than trees or shrubs that transpire large volumes of water and in doing so 
reduce the soil moisture level. These areas should be fenced to exclude cattle and feral 
animals that may disturb the soil and reduce plant germination, growth and survival. 

Managing pesticides
Pesticides include all groups of chemicals used to control undesirable plants and 
animals, such as insecticides, herbicides and fungicides. They come in various physical 
forms including liquids/sprays, powders, pellets and baits. 

Causes
Pesticides are, at times, deliberately applied directly to wetland areas, for example, for 
controlling weeds, insects such as midges and mosquitoes, and introduced animals 
such as exotic fish. Pesticides can also be unintentionally transported into wetlands in a 
number of ways including:

• careless use or spillage near wetlands, or discarding used containers and drums

• drainage of irrigation water or stormwater following rainfall after pesticide 

application

• leaching through soil profiles to the water table

• drift of spray to wetlands during application

• accidental application over wetlands during aerial spraying

• erosion and transport of contaminated soil particles and organic matter into 

wetlands.168

Sampling of drains in the Swan and Canning catchments in Perth found that “high 
concentrations of herbicides in drains that feed the Swan and Canning Rivers commonly 
appear to be linked to rainfall patterns, as heavy rainfall or overhead irrigation soon after 
irrigation can wash herbicides from foliage, causing loss with runoff”.23 The sampling 
also found that occurrences of insecticides in surface waters may be linked closely with 
heavy rainfall events causing insecticide runoff.

Pesticides are also present in wetlands as a legacy of their historical use. For example, in 
the 1950s and 60s organochlorines were applied to wetlands to kill midge larvae.169 With 
far less regulation in the past, pesticides were often used in very large amounts, with 
very little management with regard to the natural environment, and a number of the 
pesticides used are still present wetlands of WA.

Pesticide: any chemical or 
biological agent intended to kill 
animals or plants
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Impacts
Pesticide impacts are often considered in terms of toxicity and exposure (concentration 
and duration of contact). Pesticides can be taken up by wetland organisms through 
contact with body and respiratory surfaces, by ingestion of water, suspended particles 
and organic matter or by inhalation of aerosols. Once absorbed into body tissue, they 
can disrupt function at the cellular level, impair metabolism and result in damage to, 
or death of the affected organism. Effects of pesticides on wetland organisms and 
ecosystems as a whole are not well understood, particularly where several pesticides 
and/or other contaminants may be interacting in combination to produce a chemical 
‘cocktail’. Furthermore, some chemicals may persist in the soil and water longer than 
others, which may increase the likelihood of toxic effects in exposed organisms over 
a longer period. Persistence in the environment depends on the susceptibility of the 
pesticide to degrading processes such as photodecomposition (due to sunlight), microbial 
decomposition and chemical degradation.170

Some highly toxic pesticides causing lethal effects may have low persistence in the 
environment and conversely, some pesticides with lower toxicity may have a higher 
persistence in the environment. For example, the group of insecticides known as 
‘organochlorines’ including DDT, dieldrin, aldrin and chlordane are known to persist 
in the environment for many years and may become ‘liberated’ from sediments under 
the right conditions.168 Although they don’t dissolve in water, they dissolve easily in 
fat, so they can accumulate in fatty tissues in the brain and reproductive organs, for 
example.171 DDT was de-registered for agricultural use in Australia in 1987, while the use 
of chlordane and dieldrin was ceased in Australia in 1994. The importation, manufacture 
and use of all organochlorine pesticides has been completely banned in Australia since 
2004. However, these compounds are still identified in sampling of aquatic ecosystems 
in WA today. Dieldrin, for example, is known to be particularly persistent in groundwater. 
Endocrine disruption, immune system damage, carcinogenic, mutagenic14 and 
teratogenic effects are potential ecological impacts. The degradation products of many 
of these chemicals are even more toxic than the parent compound. Changes in pH 
can retard or accelerate the degradation of the chemical. The breakdown rate of the 
organochlorine pesticide endosulfan, for instance, increases rapidly in acidic waters, and 
the organophosphorus pesticide profenofos is many orders of magnitude more stable 
at pH 9 than pH 5.14 Organophosphates, on the other hand, are thought to be less 
persistent than organochlorines, but they are water soluble and are far more toxic than 
organochlorines.171 All of these factors play a role in the severity and duration of toxic 
effects on wetland ecosystems.

Known impacts on aquatic organisms from pesticides may range from acute to chronic 
toxicity, depending on the concentration of the chemical(s), duration of exposure and 
individual tolerance limits of exposed organisms. It is likely that the most serious impacts 
occur as a result of sublethal effects from chronic toxicity, where organisms become less 
able to tolerate other environmental stresses such as changes in salinity.31 Sublethal 
effects involving cellular damage can result in impacts ranging from reduced ability of 
plants and algae to photosynthesise to disruption to fertility, reproduction and growth 
in animals such as birds, fish and macroinvertebrates. For example, atrazine, which has 
been found in many of the drains feeding the Swan River23 is an endocrine disruptor 
which amongst other effects has been found to induce hermaphroditism in genetically 
male frogs at levels as low as 0.1 micrograms per litre (as cited by Foulsham et al 200923).

It should be noted that toxicity testing of herbicides often only tests the active 
compound. Herbicide formulations often contain additional substances such as fillers, 
wetting agents, solvents or stabilisers. Some of the additives in commercial formulations 
may have a harmful effect on aquatic life or may modify the toxicity of the herbicide.172 
Glyphosate is an important point in case. It is a broad spectrum, non-selective herbicide. 
It is the most extensively used herbicide in Australia today. Only some formulations of 

Lethal effect: where exposure to 
an agent such as a toxin results in 
death 

Endocrine system: a complex 
network of glands and hormones 
that regulates many of the body’s 
functions, including growth, 
development and maturation, as 
well as the way various organs 
operate

Endocrine disruptor: a synthetic 
chemical that when absorbed into 
the body either mimics or blocks 
hormones and disrupts the body’s 
normal functions

Carcinogenic: cancer-causing

Mutagenic: mutation-causing

Teratogenic: causing 
malformations of an embryo or 
foetus

Acute toxicity: sublethal or lethal 
impacts resulting from a single or 
multiple exposures to an agent 
in a short time (usually less than 
24 hours)

Chronic toxicity: sublethal or 
lethal impacts resulting from a 
single or multiple exposures to an 
agent over a longer time period 
(months or years)

Sublethal effect: where exposure 
to an agent such as a toxin is 
insufficient to cause death, but 
may result in other adverse impacts
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glyphosate are currently approved for use on environmental weeds in or near aquatic 
ecosystems in WA, in accordance with the off-label permit. This off-label permit, 
PER13333, has been obtained by the Department of Agriculture and Food from the 
Australian Pesticides and Veterinary Medicines Authority and is in force until March 2017. 
The reason why only some glyphosate formulations are permitted for use in or near 
aquatic ecosystems is that non-target organisms may be harmed. In particular, tadpoles 
and mature frogs have been found to be extremely sensitive to the surfactants (surface 
active agents, a type of adjuvant) used in many glyphosate formulations. They can 
cause damage to tadpole gills and frog skin, and result in death (e.g. Mann 2000173; NRA 
1996174; DEP 1995175). Newer formulations of glyphosate are now available, for example, 
Roundup Biactive®, which is reported to be one hundred times safer for frogs than the 
original Roundup® formulation.176 However people may mistakenly assume that it is safe 
to combine any adjuvant with a safe formulation. Extreme care needs to be taken to 
ensure that adjuvants used are permitted for use in or near wetlands.

Bioaccumulation of pesticides, where pesticides accumulate in organisms over time, 
may occur in wetlands. This applies to persistent pesticides such as organochlorines, for 
example, DDT, dieldrin and chlordane. Accumulation can result in consumers that are 
high in the food chain, such as birds and mammals, suffering toxic effects as a result of 
eating contaminated fish or crustaceans that have accumulated high levels of chemicals 
in their tissues. 

It is important to remember that wetland organisms can be exposed to pesticides outside 
of water. For example, reptiles including turtles, frogs, lizards and snakes, and mammals 
such as quenda can be exposed to pesticides sprayed on wetland vegetation in seasonally 
waterlogged areas and adjacent dryland areas; and mobile species such as birds can be 
exposed to pesticides further afield.

Indicators
Visual indicators of pesticide contamination may range from decline in health of 
individual organisms sensitive to particular toxicants (for example, plant deaths from 
exposure to herbicides) to mass mortality events (for example, death of fish, frogs, birds 
etc). Indicators may provide some insight as to whether the contamination is mainly 
in the form of pesticides that are adsorbed to particles, for example, if filter feeders 
and detrital feeders are the predominant groups affected (through the ingestion of 
particles). The time taken for organisms to display visual symptoms of toxic poisoning 
after initial exposure will vary depending on a range of factors including the nature and 
concentration of the toxicant(s), sensitivity of individual organism/species and frequency, 
duration and nature of exposure. External symptoms of toxicity may not be evident 
and impacts may go unnoticed until longer term effects such as decline in species 
abundance and diversity becomes apparent due to effects such as decreased fertility and 
reproduction and increased birth defects.

The presence of pesticides can be more accurately determined through testing of 
water and sediment or alternatively, testing organisms via tissue samples from affected 
organisms such as fish, crustaceans and molluscs.  Herbicides tend to be more 
concentrated in surface water, whereas the less soluble insecticides are more likely to 
be concentrated in sediment (as cited by Foulsham et al 200923). Where contamination 
is suspected, samples of water and/or sediment should be analysed by chemical 
laboratories to determine the presence of specific pesticides. The results of testing should 
then be compared against trigger values for pesticides in Chapter 3.4 of the Australian 
and New Zealand Guidelines for Fresh and Marine Water Quality.14 There are two 
important notes about the guideline trigger values: they are for freshwater ecosystems, 
they have not been developed for application to saline wetlands; and concentrations do 
not account for the potential of pesticides to bioaccumulate.

Surfactant: a substance that helps 
water or other liquid to spread or 
penetrate. Also known as a wetting 
agent or penetrant.

Adjuvant: includes substances 
such as surfactants, oils, penetrants 
and wetting agents
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Table 19. Default trigger values for pesticides in freshwater wetlands in WA, from the 
Australian and New Zealand Guidelines for Fresh and Marine Water Quality.14 

Parameter Effectively unmodified 
wetlands, with high 
conservation/ecological value

Slightly to moderately disturbed 
freshwater wetlands

Pesticides in water

Chemicals originating from human 
activities should be undetectable. 
Naturally occurring toxicants should 
not exceed background concentrations

Refer to Table 3.4.1 of the Australian and 
New Zealand Guidelines for Fresh 
and Marine Water Quality 

Pesticides in sediment Refer to Table 3.5.1 of the Australian and 
New Zealand Guidelines for Fresh 
and Marine Water Quality

Managing pesticides
Management of pesticides should focus on preventing their entry into wetlands 
through reducing level of usage at the point source and controlling levels in inflowing 
groundwater and surface water runoff. 

➤	 The use of pesticides to control midges and mosquitoes in wetlands can contribute 
significant amounts of pesticides. The management of pesticides used for this purpose 
is discussed in the topic ‘Nuisance midges and mosquitoes’ in Chapter 3 of this guide.

Research into the treatment of contaminated water is progressing, for example, CSIRO 
researchers have developed a nanomaterial that can filter herbicides such as paraquat in 
water. However the widespread application of such technologies for wetland protection 
is likely to be limited due to their diffuse pollutant sources and cost. Activated carbon 
and carbonaceous material is identified as a potential amendment material for pesticide-
polluted sediments.177 However, once pesticides enter a wetland, treatment options 
are very limited at most wetlands. Pesticides decompose in soil and water, but the total 
decomposition time can range from days to years. Removal of soils contaminated with 
pesticides requires special permits and involves a highly regulated disposal process. 
Seek advice from DEC if this is being considered. If pesticides are present in a wetland, 
minimising their harmful effects is a key strategy. Disturbance of sediments with high 
levels of pesticides bound to them should be avoided, in order to reduce the potential for 
resuspension and remobilisation of pesticides into the water column.

All pesticide users are bound by legal requirements, as outlined in the text box below, 
but the levels of pesticides detected in aquatic systems in WA indicate the need for 
awareness and behaviour change across the cross-section of pesticide users. All parts of 
our community, from individuals, non-government organisations, for-profit sector and 
local and state government, can take actions that will contribute to reduced pesticide 
pollution of WA’s wetlands. 

In an emergencyh
In the event of an accidental spill of pesticides, or adverse effects to 
wildlife or wetlands occurring, call the Pollution Watch Hotline: 1300 
784 782 (24 hours). In the event of a hazardous materials release or life-
threatening incident, call 000 and ask for Fire and Rescue).   
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Specific strategies and techniques for preventing and managing pesticide pollution in 
wetlands include:

• Better managing wetlands so that the need for pesticide application is reduced. 

Chemical-free methods for preventing and controlling the invasion of weeds, 

introduced pest animals, and nuisance populations of midge and mosquitoes 

are outlined in this guide – see the topics ‘Introduced and nuisance animals’ and 

‘Wetland weeds’ for information. In the future a topic ‘Nuisance midges and 

mosquitoes’ may also be available.

• Reducing the use of pesticides in surrounding urban, peri-urban and agricultural 

areas and replacing chemical control options with chemical-free forms of pest and 

weed control where feasible.

• Reading and following the guidance in the Materials Safety Data Sheet (MSDS) for 

each product, available from various websites such as www.msds.com. 

• Observing best management practices. Many industry bodies have developed 

specific codes of practice or guidelines to assist industry practitioners with this. Key 

resources are presented in Table 20 below.

• Training of pesticide users. Almost all pesticide training carried out in WA is 

provided by ChemCert WA, an independent, not for profit organisation that 

provides a range of pesticide training courses delivered either by independent 

consultant trainers, or through the TAFE colleges. For more information on 

training, see A guide to the use of pesticides in Western Australia.178

• Careful timing of pesticide application is important; for example, contamination of 

wetlands from groundwater leaching and surface runoff is less during dry periods 

than in wet conditions, and during still periods the risk of spray drift is less than in 

windy periods. 

• Best practice management of stormwater in the catchment. For example, converting 

piped discharge into wetlands to overland flows through vegetated buffers can help 

attenuate pesticide levels. Management of sediment entrained in runoff and erosion 

can reduce the transportation of contaminated sediments and organic matter 

into wetlands. This may involve use of vegetated buffer strips or swales, creation 

of artificial wetlands and other structures such as sediment traps and infiltration 

basins to assist in settling out and removing sediments and suspended particulate 

matter from water flowing into wetlands. For more information, see the Stormwater 
Management Manual for Western Australia.30 

• Appropriate storage and disposal of pesticide chemicals and containers. 

ChemClear® and DrumMuster provide these services.

ChemClear® (www.chemclear.com.au) provides a reliable and responsible 
recovery, collection and disposal service is a hazardous waste recovery, collection 
and disposal service for currently registered obsolete rural chemicals manufactured 
by association members of Crop Life Australia Limited, Veterinary Manufacturers 
Association (VMDA) and other participants. This service is offered to users of 
agricultural and veterinary chemicals. 

DrumMuster (www.drummuster.com.au) is a chemical industry organisation that, 

in conjunction with cooperating local governments, provides a pesticide container 

disposal service for empty, clean agvet chemical containers. It collects millions of 

drums each year totalling thousands of tonnes of waste.

➤	 For information on minimising unintended impacts of herbicides in wetlands, see the 
topic ‘Managing weeds’ in Chapter 3.
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Table 20. Guidelines on managing pesticides

Application Guideline

General A guide to the use of pesticides in Western Australia178

Local governments A guide to the management of pesticides in local government pest control programs in Western Australia179

General Contaminant spills – emergency response WQPN180

General Toxic and hazardous substances – storage and use WQPN181

General Pest control depots WQPN181

General Nutrient and irrigation management plans WQPN68

Industry-specific

Dryland crop industry Aerial spraying of crops with pesticides WQPN182

Agriculture - dry land crops near sensitive water resources WQPN77

Floriculture industry Floriculture activities near sensitive water resources WQPN78

Horticulture industry Best environmental management practices for environmentally sustainable vegetable and potato production 
in Western Australia: a reference manual79

Code of practice for environmentally sustainable vegetable and potato production in Western Australia80

Orchard industry Orchards near sensitive water resources WQPN81

Turf industry Environmental guidelines for the establishment and maintenance of turf and grassed areas82

Viticulture industry Environmental management guidelines for vineyards83

Wineries and distilleries WQPN84

Aquaculture industry Aquaculture WQPN85

Animal industries Stockyards WQPN86

Abattoir industry Rural abattoirs WQPN87

Legal requirements of pesticide usersh
In Western Australia, anyone who uses pesticides is bound by the Health 
(Pesticides) Regulations 1956 of the Health Act 1911. These regulations 
were developed to provide protection for the applicator, the public and 
the environment from misuse of pesticides. Pesticide labels are written 
in accordance with the regulations and therefore any pesticide user has 
a legal obligation to read and follow instructions on the label. The label 
provides instructions for use, for the protection of the environment, 
information about storage and disposal and recommendations for personal 
protective equipment. By law and without exception, pesticides cannot 
be used in any manner contrary to that described on its label without the 
permission of the Australian Pesticides and Veterinary Medicines Authority. 
For more information refer to www.apvma.gov.au/publications/fact_sheets/
docs/permits.pdf, and to view the minor use and emergency use permits 
that have been issued, see www.apvma.gov.au/permits/search.php. Anyone 
proposing to apply a pesticide to a natural area of conservation value 
should have appropriate authorisation and should undertake training in 
the correct preparation, handling, application, transport and storage of 
pesticides. Extreme care must be taken to ensure that the use of pesticides 
does not constitute an offence or cause environmental harm. Legislation 
regarding the use of chemicals is under review and in future this may 
become a legal requirement. A guide to the use of pesticides in Western 
Australia178 from www.health.wa.gov.au/publications/documents/11627_
Pesticides.pdf  is recommended reading for pesticide users. Reports of 
illegal pesticide use within natural wetlands should be reported to DEC.
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Application Guideline

Beef industry Guidelines for the environmental management of beef cattle feedlots in Western Australia88

Dairy industry Dairy processing plants WQPN89

Horse industry Environmental guidelines for horse facilities and activities36

Pastoral rangeland industry Pastoral activities within rangelands WQPN92   

Pig industry Environmental guidelines for new and existing piggeries93

National Environmental Management
Guidelines for Piggeries94

Poultry industry Environmental code of practice for poultry farms in Western Australia95

Associated benefits

Cost effectiveness, compliance with environmental regulations, corporate citizenship.

Who to go to for assistance

Department of Agriculture www.agric.wa.gov.au 

Department of Water www.water.wa.gov.au

Department of Environment and Conservation www.dec.wa.gov.au 

Relevant regulation

Health (Pesticides) Regulations 1956 of the Health Act 1911 Department of Health

Environmental Protection (Unauthorised Discharges) 
Regulations 2004 of the Environmental Protection Act 1986

Department of Environment and Conservation

Approval may be required to establish and operate

an intensive animal industry. This may include a works 
approval, license or registration under the

Environmental Protection Act 1986. 

Department of Environment and Conservation

➤	 The following are sources of more information on pesticides:

• The Department of Health’s pesticides webpage: www.public.health.wa.gov.

au/3/1139/2/pesticide_use.pm 

• Section 8.3.7.15 through to section 8.3.7.21 of the Australian and New Zealand 

guidelines for fresh and marine water quality. Volume 2. Aquatic ecosystems - 

Rationale and background information (Chapter 8)14 

• The Australian Pesticides and Veterinary Medicines Authority: www.apvma.gov.au 

• National Pollutant Inventory: www.npi.gov.au

Managing metals
A number of metals and metalloids (semi-metals) that have been associated with 
contamination and potential toxicity in aquatic ecosystems include aluminium, lead, 
cadmium, mercury, arsenic, chromium, copper, iron and zinc. Metals and metalloids are 
collectively referred to as ‘metals’ in this topic and can occur in many forms in water, 
including dissolved or attached to particulates and sediments.

Causes
Metal pollution
Metals can occur naturally in wetlands in low concentrations, sometimes referred to as 
natural ‘background’ levels. There is natural variation among wetlands, due to factors 
such as geological substrate of groundwater. For example, it has been proposed that 
concentrations of most metals are naturally high in surface waters of salt lakes in the 
Goldfields, based on evidence of the concentrations of cadmium, cobalt, chromium, 
copper, lead, nickel and zinc.40 
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Human activities can increase levels of metals in wetlands significantly, beyond the 
tolerance of wetland organisms. Metal contamination tends to be highest in areas 
situated in close proximity to mine sites (both active and abandoned), industrial 
installations and heavily populated areas such as cities. The document Potentially 
contaminating activities, industries and landuses183 indicates that metals are a very 
common potential contaminant type, used in such a wide range of industries and land 
uses. Examples of activities that generate metals as a product or by-product of their 
operations include pulp mills, coal fired power stations, tanneries, foundries, and plants 
producing petrochemicals, chlor-alkali, fertilisers, metal plating, glass, cement, textiles, 
paints and pesticides. 

Metals can enter wetlands from diffuse sources such as atmospheric deposition, urban 
and agricultural stormwater, groundwater discharge and leaching; and point sources 
such as accidental spillages and discharge of metals, products containing metals, and 
contaminated wastewater from urban, mining, industrial and agricultural land uses. 
Metals are transported attached to sediments or dissolved in water. As such, most 
metals in wetlands are found in suspended particles in the water column and within the 
sediment.46 Metals in sediment are generally orders of magnitude more than levels in 
water (in fact, the US Environmental Protection Agency states that sediment solids can 
hold up to a million times more metal than an equivalent volume of water184). Input into 
wetlands generally occurs as short, intense pulses during flow events, but can also occur 
as slow, gradual inputs via contaminated groundwater. 

Examples of metal pollution in WA wetlands include:

• lead detected in Lake Monger in Perth’s northern suburb is thought to originate 

from landfill, road runoff and aerosols. In 1991 it was estimated that 138 

kilograms of lead were entering the lake per year, primarily via stormwater 

drains.34 High levels of arsenic, zinc and copper have also been detected. 

• the application of superphosphate fertilisers in WA since 1982 has resulted in more 

than 273 tonnes of cadmium being added to ecosystems.185 Fifty percent of this is 

water soluble and therefore eventually leaches into waterbodies and accumulates 

in the sediments. 

• metals in mine dewatering discharge. In salt lakes of the Murchison and 

Coolgardie bioregions, dewatering discharge has been implicated as a source 

of arsenic, cadmium, chromium, cobalt, copper, iron, lead, mercury, nickel and 

zinc.40,186 Salt lakes with high concentrations of metals have been linked to lower 

diatom species richness and often abundance, with strong correlation between 

the discharge footprint and the effect upon diatoms in larger salt lakes.40

• metals including copper sulfate, arsenic and mercury have also been applied 

directly to wetlands in an effort to control algae.111 Copper chrome arsenate (CCA) 

treated wood may have been used in wetland areas.187

Metal dissolution, precipitation and suspension in-situ
The chemical form a metal takes in wetland soils or water influences how mobile 
and available a metal is to organisms – in short, its bioavailability. Understanding 
bioavailability is essential in assessing the potential toxicity of metals and their 
compounds. Human-induced changes in water chemistry can alter the mobility and 
bioavailability of metals and is a major cause of metal toxicity in some wetlands.

The bioavailability of chemical contaminants in the environment depends on the nature 
of the medium in which they are found (for example: soil, water or organic matter). Soil 
chemical and microbial processes affecting metal mobility and toxicity are very different 

Diatom: a microscopic, single-
celled alga with cell walls made 
of hard silica, freely moving in the 
open water and forming fossil 
deposits



119  Water quality

Chapter 3: Managing wetlandsA guide to managing and restoring wetlands in Western Australia

in wetland soils compared to dryland soils. A number of metals present in wetlands 
may be more or less toxic, depending upon the water chemistry, and in particular, the 
acidity. Water-soluble metals are the most mobile and plant-available form, and together 
with exchangeable metals (those weakly bound to soil surfaces by cation-exchange 
processes), are considered to pose the most risk to organisms188 (see the text box below 
for more information on different chemical forms metals may take). Where sediments are 
highly contaminated with metals, bioavailability will be low if the metals are bound very 
strongly to sediment particles, such as when sediments have a high clay/humic fraction. 
If conditions change, for example the water becomes more acidic, the bonds between 
metals and sediments may be broken and metals will be released into the water where 
they can be taken up by organisms. Dissolved organic matter derived from the partial 
decomposition of organic materials is also a powerful agent for the binding of metals 
and therefore also plays an important role in regulating metal toxicity and mobility.189 
This includes fulvic and humic acids, products of the degradation of lignin and cellulose, 
which can stain the water the colour of tea. Decomposition of dissolved organic matter 
can release metals.

The pH and water hardness are particularly influential; pH is probably the single most 
important variable that influences the behaviour of metals in the environment; and in 
sediments, redox potential is also considered to be a controlling factor.184 If pH becomes 
moderately to strongly alkaline or acidic, metals may be converted to mobile forms. 
For example, dissolved aluminium is most toxic to aquatic organisms in freshwater at 
pH values of 5 to 6.119 Studies have found fish, amphibians and phytoplankton to be 
susceptible.14 Acidification processes, such as acid sulfate soils, and acid mine drainage 
can result in metal toxicity in wetlands. Acid mine drainage can be a significant source 
of metals through seepage and stormwater containing acidic water from tailings or spoil 
heaps into groundwater, natural or artificial waterways and wetlands. Acid wastewater 
from mining operations may not only contain toxic metals, its acidity can trigger the 
release of metals stored in sediment of receiving wetlands, rendering them bioavailable. 
Not all metals are more soluble or toxic with increasing acidity; zinc toxicity, for example, 
generally decreases with decreasing pH below a pH of 8.14 Redox potential is also 
important, with sediment oxygen deficiency altering the chemistry of metals such as iron 
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Chemical forms metals may take in wetlands
Metals can exist in a range of chemical forms including:

• water-soluble metals

• metals soluble as free ions

• metals soluble as inorganic or organic complexes

• exchangeable metals

• metals precipitated as inorganic compounds including metal oxides, 

hydroxides and carbonates (strongly controlled by pH)

• metals complexed with large molecular weight humic materials

• metals adsorbed or occluded to hydrous oxides

• metals precipitated as insoluble sulfide

• metals bound within the crystalline lattice structure of primary minerals

Source: Wright and Keddy188 (undated)
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and manganese, which in turn will affect the behaviour of other heavy metals that were 
previously bound to oxides of iron and manganese.14

The toxicity of many metals decreases with increasing water hardness. This is the case for 
aluminium, cadmium, copper, lead and zinc for instance.14

As more permanently inundated wetlands undergo drying due to climate change and 
other factors, they are at risk of metal mobilisation. Permanently inundated wetlands 
tend to accumulate humic materials, which metals have a strong association with. In 
aerated soils that occur due to drying, decomposition of organic matter is enhanced 
and metals bound to organic matter are released, leading to enhanced bioavailability 
of metals. Drying of these wetlands can also result in the dissolution of metal sulfides, 
mobilising metals and releasing acid.

Impacts
All organisms require certain trace metals (such as manganese, zinc, cobalt and selenium) 
for normal growth and functioning at low concentrations. These elements occur naturally 
in soil and water as a result of physical and chemical weathering of rocks over millions 
of years. Some metals are relatively abundant and have naturally high concentrations, 
such as aluminium and iron, while others are rare and have naturally low concentrations, 
such as mercury, cadmium, silver and selenium, which are collectively referred to 
as ‘trace elements’. At low concentrations, many of these metals are referred to as 
‘micronutrients’ that are essential for life (though lead, cadmium and nickel have no 
known botanical function188).

Metals can become toxic when concentrations exceed natural levels and are in a 
bioavailable form, but it is important to note that the toxicity of metals is species-
specific. In addition, the concentration at which any given metal becomes toxic depends 
on the metal itself and factors such as temperature, pH, water hardness, phosphate 
concentrations, salinity and interactions with other metals.46 In general, low pH and high 
water temperatures increase the bioavailability and toxicity of metals, whilst high salinity 
and increasing water hardness decrease the toxicity and uptake of trace metals.14,190,190

The toxic effects of metals can result in changes in the abundance and diversity of 
wetland species and the composition of wetland communities. In immediate areas of 
high concentrations, in certain forms, metals can be highly reactive with algae, plants 
and animals. Metals enter wetland organisms through body and respiratory surfaces, and 
by ingestion of water, suspended particles and organic matter. Once absorbed into tissue, 
they can disrupt function at the cellular level, impair metabolism and result in damage 
to, or death of the organism. While sediments are the major accumulator of metals 
in wetlands, wetland plants and macroinvertebrates can also accumulate metals, but 
generally to a lesser extent. 

Plants can absorb and accumulate metals from the sediment, water or air, depending 
on the degree of inundation and/or emergence out of the water.191 For example, 
a study by the Bannister Creek Catchment Group in Perth’s south-eastern suburbs 
found that watercress (Rorippa nasturtium-aquaticum) in Bannister Creek contained 
zinc, manganese, lead, copper, chromium and arsenic. In response to reports of locals 
harvesting watercress from the creek, the Water Corporation and Department of Health 
warned people that the continued consumption could be detrimental to people’s 
health and should not be fed to farmed animals like chickens. While local research on 
the effects of metals on local wetland plants is limited, aquatic plants are thought to 
be particularly sensitive to iron, copper and aluminium.118 It has been suggested that 
sedges have higher tolerances to heavy metals than shrub and tree species (for example, 
Regeneration Technology 199534).  
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As reported by Jones et al (2009)118, an increase in trace metal concentrations in wetland 
water may result in the loss of sensitive plant species and a reduction in productivity and 
growth. The specific metal sensitivities of WA wetland plant species are not known.

Wetland plants display a wide range of tolerances to iron. A study of iron toxicity in 
forty-four British wetland plant species found that iron concentrations greater than 
10 milligrams per litre influenced the growth and distribution of wetland plant taxa.192 
Monocotyledonous species tended to have higher tolerance to iron compared to 
dicotyledonous species. Symptoms of iron toxicity include growth retardation, reduction 
in leaf size, abnormalities in root growth and discolouration of leaves.

In excess, copper inhibits vegetative growth, induces senescence, reduces photosynthesis 
and disrupts membrane integrity. Toxicity thresholds vary considerably between plant 
species. Some species of algae are particularly sensitive to copper.14

The tolerance of plants to excessive aluminium varies widely between species and 
no thresholds are available for WA species. Aluminium toxicity limits growth in acidic 
conditions. This is generally applicable at a soil pH of less than 5.0, but can occur at 
around 5.5. Aluminium toxicity in acidic soils has been shown to reduce plant rooting 
depth by interfering with cell division in plant roots, increase susceptibility to drought by 
interfering with the uptake, transport and use of water and several elements (calcium, 
magnesium, phosphorus, potassium) and decrease the use of subsoil nutrients by fixing 
phosphorus in a less available form in the soil or plant roots. Algae are generally the most 
sensitive to aluminium.14

A range of animals, including fish, birds, frogs, mussels and mammals, can accumulate 
metals such as lead, cadmium and selenium through direct exposure or by consuming 
plants and other animals that contain them. Limited information exists on the toxicity of 
trace metals to Australian invertebrates, but in general terms zinc and lead are thought 
to be of particular concern.118 Metals can be taken up by plants or animals over a period 
of time and passed on through the food chain without immediate noticeable effects.  As 
the level of toxins increase within affected organisms, when symptoms do present, they 
may occur as skin lesions due to fungal infections in fish, thinning of bird’s egg shells and 
birth deformities. International studies suggest that lead exposure in frogs can result in 
physical deformities and defects, behavioural changes, reduced reproductive success and 
death.193 

Researchers found that cadmium in superphosphate fertiliser easily leaches into 
stormwater and groundwater, then travelling into wetlands and waterways. Cadmium 
can then enter the food web through algae and benthic animals and may ultimately 
be passed to humans. The cadmium levels of the priority 4 species Carter’s freshwater 
mussel (Westralunio carteri), endemic to the south-west of WA, have been found to 
exceed statutory Australia New Zealand Food Authority (ANZFA) guidelines for maximum 
permissible concentrations (MPCs) with respect to human consumption (these MPCs 
have now been removed). The cadmium levels bioaccumulate in freshwater mussels 
elevated with increasing catchment clearing, being highest in degraded catchments.185 

Some species more tolerant of metal contamination thrive as a result of the decline of 
species that are sensitive to metals. For example, abundance of cyanobacteria and green 
algae have been known to increase significantly in wetlands following the loss of algae-
grazing organisms as a result of metal poisoning.46 

Metals may progressively accumulate in sediments or in biological tissues to levels that 
are much higher than water column concentrations (bioaccumulation). Chronic effects 
of bioaccumulated toxicants in organisms include deformities, alterations in growth, and 
reduced reproductive success and competitive abilities. Elevated toxicant concentrations 
in organisms such as fish and shellfish may also pose health risks to consumers of those 
organisms, including humans.
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Indicators
Visual indicators of dissolved metal contamination may range from decline in health 
of individual organisms sensitive to particular toxicants, for example, lesions in fish, to 
mass mortality events such as fish kills. The time taken for organisms to display visual 
symptoms of toxic poisoning after initial exposure will vary depending on a range of 
factors including the nature and concentration of the toxicant(s), sensitivity of individual 
organism/species and frequency, duration and nature of exposure. 

Some dissolved metals such as aluminium or iron may be identified through changes in 
the appearance of the water or sediments.  For example, wetlands affected by high levels 
of acidity containing aluminium may have ‘crystal clear’ water ranging through to blue 
green or milky white colour with increasing water pH. Similarly, contamination from iron 
may result in water appearing a yellow-brown colour, particularly evident in slow flowing 
water, when there has been no recent rainfall. There may be iron flocs (particles) present 
which can be a red-brown or brown-yellow colour, again depending on the pH.

The presence of metals can be more accurately determined by testing the water, 
sediment and organisms (from tissue samples from affected organisms such as fish, 
crustaceans and molluscs).  Where heavy metal contamination is suspected, samples of 
water, sediment and biota should be analysed by chemical laboratories to determine the 
presence of specific metals. The results of testing can then be compared against standard 
guidelines for water quality criteria, for example the Australian and New Zealand 
Guidelines for Fresh and Marine Water Quality.14

Table 21. Default trigger values for metals in freshwater wetlands in WA, from the Australian 
and New Zealand Guidelines for Fresh and Marine Water Quality.14 

Parameter Effectively unmodified wetlands, 
with high conservation/ecological 
value

Slightly to moderately disturbed 
freshwater wetlands

Metals in water

Chemicals originating from human activities 
should be undetectable. Naturally occurring 
toxicants should not exceed background 
concentrations

Refer to Table 3.4.1 of the Australian 
and New Zealand Guidelines for 
Fresh and Marine Water Quality 

Metals in sediment Refer to Table 3.5.1 of the Australian 
and New Zealand Guidelines for 
Fresh and Marine Water Quality

Managing metals
Management of metals should focus on preventing their entry into wetlands and/or 
reducing their impacts once they have entered wetlands. No pollutant trap is successful 
in removing the majority of heavy metals encountered in stormwater.194 Strategies and 
techniques for preventing and managing nutrients are applicable to metals and include:

• regulation of mining, industrial and other activities to reduce generation of metals 

and acid effluent

• effluent control from point and diffuse sources of pollution (such as reducing 

water flow through contaminated areas and sealing tailings ponds with impervious 

materials)

• catchment management practices to reduce erosion and runoff

• construction of settling ponds, sediment traps and artificial wetlands to trap and 

strip metals 

Many of these techniques are discussed in more detail under the heading ‘Managing 
nutrient enrichment’. Specific guidelines for managing metals are outlined in Table 22.
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Where metals are present in wetlands, optimising those conditions which promote 
their immobilisation may be considered. Plants and some charophytes (complex algae 
described in the ‘Wetland ecology’ topic in Chapter 2) such as Nitella congesta have 
been found to hyper-accumulate metals195, but there is the potential to affect animals 
that consume it. Promoting conditions needed for metal adsorption (binding to soil 
particles) and precipitation (forming solid compounds) include:

• avoiding disturbing wetland sediments, resulting in re-suspension of metals, 

rendering them bioavailable 

• avoiding disturbing or exposing potential acid sulfate soils to air

• where serious metal contamination is known, monitoring pH levels with the aim 

of, where appropriate, maintaining neutral pH to limit metal toxicity

• avoiding drying of permanently inundated wetlands.

Table 22. Guidelines on managing metals

Application Guideline

General Toxic and hazardous substances – storage and use 
WQPN181

General Contaminant spills – emergency response WQPN180

Light, general and heavy industry best practice Managing waste in the metal manufacturing industry196

Industrial wastewater management and disposal WQPN70

Light industry near sensitive waters WQPN71

General and heavy industry near sensitive waters WQPN72

Stormwater management at industrial sites WQPN197

Mechanical servicing and workshops WQPN198

Mechanical equipment washdown WQPN199

Associated benefits

Cost effectiveness, compliance with environmental regulations, corporate citizenship.

Who to go to for assistance

Department of Environment and Conservation www.dec.wa.gov.au 

Relevant regulation

Environmental Protection (Metal Coating) Regulations 2001 
of the Environmental Protection Act 1986
Environmental Protection (Unauthorised Discharges) 
Regulations 2004 of the Environmental Protection Act 1986

Department of Environment and Conservation

➤	 The following are sources of more information on metals:

• Section 8.3.7.1 of the Australian and New Zealand guidelines for fresh and 

marine water quality. Volume 2. Aquatic ecosystems - Rationale and background 

information (Chapter 8)14 

• National Pollutant Inventory: www.npi.gov.au
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Managing hydrocarbons
Hydrocarbons—including oil, grease and petroleum products—refer to several hundred 
chemical compounds that originate from crude oil, polycyclic aromatic hydrocarbons 
(PAHs) and benzene, toluene, ethylbenzene and xylene (these four compounds are 
sometimes collectively referred to by the acronym BTEX). 

Causes
Hydrocarbons generally enter wetlands via stormwater and groundwater that has 
received hydrocarbons from urban roads, contaminated runoff from light industrial areas 
and service stations and deliberate or accidental spillage of chemicals. A wide range of 
industries, land uses and activities use and emit hydrocarbons, as outlined in the handy 
reference document Potentially contaminating activities, industries and landuses.183 
Under the Environmental Protection (Unauthorised Discharges) Regulations 2004 it is 
illegal to discharge hydrocarbons to wetlands, groundwater or stormwater. 

These manufactured hydrocarbons should not be confused with natural oils produced 
from the decomposition of plants in the Myrtaceae and other families. Although these 
can reduce oxygen transmission to the water column, natural oils are a natural part 
of wetland ecosystems and are not associated with significant detrimental effects in 
wetlands. 

The extent of hydrocarbon pollution in WA’s wetlands is not known, due to a lack of 
survey data. However, in large urban centres of WA, hydrocarbon pollution is considered 
likely to be a problem. Studies of the Swan and Canning catchments, for example, show 
that high concentrations of polycyclic aromatic hydrocarbons are entering waterways and 
will have both chronic and acute effects.23 They are commonly found in road runoff.14

Impacts
Hydrocarbon pollution can have a range of serious environmental impacts. Hydrocarbons 
can coat animals and plants and other surfaces including sediment and the water 
surface. Slicks upon the water surface reduce the diffusion of gases between the 
atmosphere and the water, causing a number of problems. In particular, hydrocarbons 
can reduce the amount of oxygen that dissolves in water by preventing gas exchange 
across the air-water interface. As oxygen exists in much lower proportions in water 
(about 1 per cent) than in air (about 21 per cent), this exchange is critical for aquatic 
life in wetland waters, as well as driving many chemical processes in the water column 
and sediments. Hydrocarbons and surfactants also alter the surface tension of the water, 
which many insects and other invertebrate aquatic animals rely upon in order to survive, 
because they primarily inhabit the water surface. Oil and surfactants such as household 
detergents decrease the surface tension, reducing the ability of these ‘surface dwellers’ 
such as water striders (Gerridae, Veliidae) to repel water with the hydrophobic hairs on 
their legs, causing them to sink.200 Oils can cause damage to the water proofing on birds 
feathers, and prove toxic to birds which ingest it during preening. The decomposition of 
oils by bacteria can also consume oxygen, further reducing oxygen levels in the water 
column and sediments.

Many polycyclic aromatic hydrocarbons are acutely toxic and several are described as 
endocrine disrupting, mutagenic, carcinogenic and teratogenic (defined in the glossary). 
Their toxicity has been shown to increase with increased molecular weight, while 
degradation time has been shown to decrease with increased molecular weight. They 
have the potential to be bioaccumulated. It is reported that concentrations of PAHs in 
aquatic ecosystems are generally highest in sediments, intermediate in aquatic biota 
and lowest in the water column and that a mixed microbial population in sediment 
water systems may degrade some PAHs, with degradation progressively decreasing with 
increasing molecular weight.14
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Indicators
A film on the water or sediment surface is the main visual indicator of hydrocarbon 
contamination in wetlands. Oily films are sometimes confused with scums. For more 
guidance on natural oils, from plants and in some cases algal blooms (for example, from 
Botryococcus), see the Scum book60, produced specifically for south-western Australia. 
Oily-looking bacterial scums may also be present when acidification is occurring, as 
outlined earlier (see ‘Managing acidification’).

Detecting hydrocarbons and tracing their source is becoming easier with the use of 
hydrocarbon capture pads in stormwater systems. These are being employed in various 
areas of Perth, for example, the South East Regional Centre for Urban Landcare (SERCUL) 
in partnership with the Swan River Trust and the City of Gosnells, has carried out 
Hydrocarbon Track and Trace project in the Maddington industrial area.

The presence of hydrocarbons can be accurately determined through testing of water 
and sediment analysed by chemical laboratories to determine the presence of specific 
hydrocarbons. The results of testing can then be compared against trigger values for 
hydrocarbons in Chapter 3.4 of the Australian and New Zealand Guidelines for Fresh and 
Marine Water Quality14 (Table 23). 

Table 23. Default trigger values for hydrocarbons in freshwater wetlands in WA, from the 
Australian and New Zealand Guidelines for Fresh and Marine Water Quality.14 

Parameter Effectively unmodified 
wetlands, with high 
conservation/ecological value

Slightly to moderately disturbed 
freshwater wetlands

Hydrocarbons in water Chemicals originating from human 
activities should be undetectable. 
Naturally occurring toxicants should 
not exceed background concentrations

Refer to Table 3.4.1 of the Australian and 
New Zealand Guidelines for Fresh and 
Marine Water Quality 

Hydrocarbons in 
sediment

Refer to Table 3.5.1 of the Australian and 
New Zealand Guidelines for Fresh and 
Marine Water Quality

Managing hydrocarbons
In the event of a spill, rapid and effective containment and removal of the hydrocarbon is 
critical. The DEC responds to serious pollution incidents, taking action to stop the discharge, 
minimise environmental harm and direct clean-up works. It maintains a Pollution Response 
(HAZMAT) Unit (PRU) in Perth that can be deployed quickly around the state in the event 
of major pollution incidents. DEC Regional Offices also have ability to respond to pollution 
incidents and can obtain support from PRU as required. Equipment such as oil spill booms 
and skimmers may be used to contain and remove hydrocarbons effectively.

Preventing hydrocarbons from entering wetlands, and water that enters wetlands from 
drains, should always be the focus of management. The management of runoff and 
discharges from roads, industrial areas and service stations is particularly important. 
Table 24 lists guidelines on hydrocarbon management. In some circumstances, 
bioremediation may help to reduce the impacts of hydrocarbon pollution.

Bioremediation: the use of 
microorganisms to break down 
environmental pollutants

In an emergencyh
In the event of an accidental spill of hydrocarbons, call the Pollution 
Watch Hotline: 1300 784 782 (24 hours). In the event of a hazardous 
materials release or life-threatening incident, call 000 and ask for Fire and 
Rescue).   
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Figure 42. DEC’s Pollution Response Unit found this site to have a number of environmental 
hazards including overflowing wash down bays, oil discharges that were leading into 
a constructed wetland and more than 500 drums of unknown liquid waste stored near 
stormwater drains. This site has since been cleared of the liquid waste and mineral oil drums, 
empty drums, packaging, pallets, used tyres and chemical containers. Oil spills and stains have 
been cleaned up and systems put in place to prevent recurrences. Photo – DEC.

Table 24. Guidelines on managing hydrocarbons

Application Guideline

General Pollutant control section, Chapter 9, Stormwater 
management manual for Western Australia30 

Toxic and hazardous substances – storage and use WQPN181 

Contaminant spills – emergency response WQPN180

Light, general and heavy industry best practice Service stations WQPN201

Mechanical servicing and workshops WQPN198

Mechanical equipment washdown WQPN199

Motor sport facilities near sensitive waters WQPN202

Industrial wastewater management and disposal WQPN70

Light industry near sensitive waters WQPN71

General and heavy industry near sensitive waters WQPN72

Stormwater management at industrial sites WQPN203

Relevant regulation

Environmental Protection (Petrol) Regulations 
1999 of the Environmental Protection Act 1986
Environmental Protection (Unauthorised 
Discharges) Regulations 2004 of the 
Environmental Protection Act 1986

Department of Environment and Conservation

➤	 The following are sources of more information on hydrocarbons:

• Section 8.3.7 of the Australian and New Zealand guidelines for fresh and marine 

water quality. Volume 2. Aquatic ecosystems - Rationale and background 

information (Chapter 8)14 

• National Pollutant Inventory: www.npi.gov.au
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Pathogen: any organism or factor 
causing disease within a host
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y Mitigating the impact of hydrocarbon spills in the catchment

The City of Stirling has installed a hydrocarbon interception system to protect Herdsman Lake from 
hydrocarbon contamination carried in with stormwater from the surrounding light industrial area. Booms 
made of specialised toxicant capture material have been installed across stormwater drains. These booms 
are marketed as being able to capture up to 30 kilograms of oil contaminants; and as still capturing oil 
contaminants up to 12 months after initial deployment, and are marketed to float even when fully saturated 
with oil up to one year. Underflow weirs prevent surface flow oil and emulsified oil and water from flowing 
under the boom, which is reported as causing poor performance in some types of boom systems. The 
second line of containment employs high floating mats that capture any oils that breach the first line of 
containment during high flow events. The capture material is marketed as capturing organics from BTEX to 
oil and greases and heavy metals (as suspended organo-metals) commonly from internal combustion engine 
wear.

Figure 43. The hydrocarbon interception system installed by the City of Stirling to protect Herdsman Lake from 
hydrocarbon contamination carried in with stormwater from the surrounding light industrial area. Photo – Oleology.

Managing pathogens
Infectious microorganisms such as bacteria, viruses, protozoans, fungi and parasites 
that can cause disease or illness in humans, animals and plants are pathogens. Water 
can play a significant role in transmitting a wide variety of diseases and illnesses if 
contaminated with pathogens (for example, amoebic meningitis).

One introduced pathogen, Phytophthora cinnamomi, is so pervasive and destructive in 
wetlands as well as dryland communities in WA, a whole topic is dedicated to it.

➤	 The topic ‘Phytophthora dieback’ is also in Chapter 3 of the guide.

Another, Clostridium botulinum, causes botulism, and is linked with nutrient enrichment, 
and is covered in the ‘Nutrients’ section of this topic.
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Causes
There is a strong link between the presence of many pathogens and contamination of 
water by human and/or animal faecal material.168 Humans can be exposed to pathogens 
in wetlands from immersion of head and face, wading or swimming and swallowing 
water Pathogens can enter organisms through the mouth, eyes, ears, nasal cavity, skin 
(particularly cuts and abrasions) and upper respiratory tract. Infection can also ensue 
when organisms (such as fish or crustaceans) that are already contaminated with a 
pathogen are consumed. 

Some pathogens occur naturally in wetlands, without causing a problem. Under natural 
conditions, pathogens can be destroyed by exposure to ultra violet light in open waters, 
adsorption and predation. However pollution can significantly alter the number or type 
of pathogens present. The main sources of pathogens in wetland waters include:

• Groundwater leaching and stormwater from urban areas containing animal 

and human faecal material.  Human faecal material carries the pathogenic 

bacteria Escherichia coli and animal faeces can carry the pathogenic protozoans 

Cryptosporidium and Giardia, all of which can cause serious illness in humans. 

Risks to humans from pathogenic organisms are greater in highly populated urban 

areas with septic tanks and on-site sewage disposal systems or leaking sewage 

connections.

• Groundwater leaching and stormwater from rural and/or agricultural areas 

containing animal faeces, including dog kennels and horse keeping areas, and 

intensive animal industries such as poultry farms, dairies and piggeries.

Concentrations of pathogens in wetlands are likely to be highest during high rainfall 
events when groundwater leaching and stormwater into wetlands is greatest. 

Some pathogens occur naturally in the water column or sediments of wetlands, without 
causing a problem until conditions change that favour an outbreak, such as changes in 
water temperature, pH, salinity, light or dissolved oxygen. For example, the bacterium 
Clostridium botulinum (which causes botulism in fauna such as fish and birds) can be 
present in the sediment without causing a problem. When conditions are favourable, 
such as during algal blooms and anoxic (low oxygen) conditions, an outbreak can be 
triggered. 

Low pH conditions resulting from acidification of wetlands can cause damage to fish 
skin and gills and increase their susceptibility to fungal infections, which may have lethal 
consequences. Activities that disturb sediments, causing re-suspension of pathogens, 
may also lead to outbreaks of disease or illness in vulnerable organisms.

Impacts
Disease and death of sensitive species from pathogens can result in changes in 
the abundance and diversity of wetland species and the composition of wetland 
communities. 

For example, bandicoots in urban areas have been found to be infected with strains 
of the parasite toxoplasma and cases of neurological disease have also been detected. 
Murdoch University researchers are investigating the effect of closer contact of humans 
due to urbanisation and clearing, with causes such as people giving them food scraps or 
exposure via septic systems being considered. 
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Indicators
The presence of pathogens in wetlands should be suspected if there are signs of illness 
or disease, or death, in organisms that have been exposed to potentially contaminated 
water. Symptoms of infection from pathogens in humans range depending on the 
pathogen involved. For example, symptoms of infection by the amoeba Naegleria fowleri, 
which causes amoebic meningitis in humans, include a severe and persistent headache, 
sore throat, nausea, vomiting, high fever and sleepiness. Fish exposed to pathogens may 
display unusual behaviour such as swimming on their sides, or develop skin lesions or 
ulcers. Birds and other native fauna, pets and livestock may show signs of confusion, 
respiratory distress and paralysis.  

Detecting the presence and type of bacterial and viral pathogens in water can be 
difficult and where there is potential risk to human health, sampling should only be 
undertaken by professionals trained in handling biohazardous substances, such as public/
environmental health officers from the local shire or the Department of Health. Analysis 
of water samples should be undertaken by specialist pathology laboratories. Where 
faecal bacterial densities are being measured, these should be assessed according to the 
Australian and New Zealand Guidelines for Fresh and Marine Water Quality14.

Managing pathogens
Management of pathogens in wetlands will depend on the type of pathogen(s) present 
and the level of existing (or potential) risks posed to humans or other organisms that may 
be exposed. Where pathogens are entering wetlands from diffuse or point sources of 
pollution, management strategies will be similar to those already discussed for managing 
nutrients (see heading ‘Managing nutrients’ in this topic), as the sources of pathogens 
are also potential sources of nutrients. Management strategies include:

• Reducing pathogen contamination at the source. For guidelines on source 

reduction, see the guidelines listed in Table 25. 

• If leaking or overflowing septic tanks are the cause, these should be replaced, fixed 

or removed. Connection to mains sewage may be the best long term solution, if 

this is a viable option.

• Where pathogens originate from faecal matter from livestock or other animals 

defecating in or around wetlands, exclusion of these animals may be necessary. For 

additional information on managing pathogens from livestock in wetlands, see the 

topic ‘Managing livestock’ in Chapter 3.

• Where pathogens are naturally present in wetlands, preventing the onset of 

conditions that can trigger problematic outbreaks (for example, eutrophication and 

algal blooms, anoxic conditions, disturbing wetland sediments, acidification).
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Table 25. Guidelines on managing pathogens

Maintain best practice industry 
standards, including:

Guideline

General Contaminant spills – emergency response WQPN180

On-site domestic wastewater and sewage 
disposal

Wastewater treatment – onsite domestic systems WQPN204

Bridle trails Bridle trails near sensitive water resources205

Aquaculture industry Aquaculture WQPN85

Animal industries Stockyards WQPN86

Abattoir industry Rural abattoirs WQPN87

Beef industry Guidelines for the environmental management of beef cattle 
feedlots in Western Australia88

Dairy industry Dairy processing plants WQPN89

Effluent management guidelines for dairy sheds90

Effluent management guidelines for dairy processing plants91

Horse industry Environmental guidelines for horse facilities and activities36

Pastoral rangeland industry Pastoral activities within rangelands WQPN92   

Pig industry Environmental guidelines for new and existing piggeries93

National Environmental Management
Guidelines for Piggeries94

Poultry industry Environmental code of practice for poultry farms in Western 
Australia95

Managing turbidity
The presence of fine, suspended matter in the water column, referred to as particulates 
and colloidal matter, can significantly influence wetland functions. These particulates may 
be clay, silt, phytoplankton or detritus and they affect the availability of light in the water 
by scattering and reflecting it. Wetlands with high levels of these particulates suspended 
in the water column are said to be turbid, and the measure of the extent to which light 
is scattered and reflected by these particles is the turbidity. Although having a similar 
appearance, highly coloured waters are not considered to be turbid because the effect 
is due to dissolved substances rather than suspended particles, and they play a different 
role in wetland ecology.

Causes
Naturally turbid wetlands
Natural levels of turbidity in WA wetlands can vary significantly between wetlands and 
within individual wetlands on a daily or seasonal basis (Figure 44). Turbidity is generally 
highest during peak surface inflows, such as during wet season rainfall and after intense 
rainfall events such as cyclonic rain. Upon reaching wetlands, suspended particulates 
may settle to the bottom, however they may be re-suspended in the water column if 
sediments are disturbed by natural phenomena include strong wind and wave action and 
native fauna movement. Many claypans support naturally high levels of turbidity almost 
all of the time. These claypans can support fauna that use the turbid conditions to their 
advantage. For example, turbidity can shelter animals from predators or protect them 
from harmful ultraviolet radiation. Most wetlands with a deep water column have low 

Turbid: the cloudy appearance of 
water due to suspended material
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turbidity, while those with a shallow water column may have a naturally higher turbidity 
due to wind-induced re-suspension of sediments. The characteristics of the catchment 
also plays a key role in natural turbidity levels. Wetlands in catchments with highly erosive 
clay soils and low vegetation cover may have naturally high turbidity.

Figure 44. A wetland with high natural turbidity. Suspended silt particles give the water a 
milky appearance. Photo – DEC.

Vegetation clearing and grazing in the catchment
Turbidity is influenced by the general condition of the catchment draining into the 
wetland. Wetlands in heavily cleared and grazed catchments can be very turbid due to 
erosion of soils in the catchment. 

Mining and industrial processes
Runoff from mining and industrial sites can contain suspended solids if not managed 
appropriately. The processes being carried out can generate significant levels of 
suspended solids. Some have a high level of genotoxicity (that is, can cause DNA damage 
in aquatic organisms). For example, iron-ore mine effluent has been found to affect fish 
in receiving lakes in Canada.206

Sediment re-suspension activities
Many human-induced activities can also cause re-suspension of particles, including 
waterskiing, increase volumes and intensity of stormwater flows, and clearing and fires 
that cause erosion in the catchment. In addition, a range of introduced and nuisance 
species are known to disturb sediments, including midge larvae, introduced fish such as 
carp, and pigs, horses and cattle. 

Impacts
Suspended particulate matter can cause problems in wetlands both when in suspension 
in the water column and when it settles out in the bottom sediments.  While in 
suspension, particulate matter can reduce light penetration, reducing photosynthesis 
in algae and submerged plants. It cause damage to fish and other aquatic organisms 
by clogging, coating or abrading respiratory structures such as gills, and by smothering 
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benthic organisms and altering their habitats.14 Suspended solids in runoff from some 
mining and industrial processes can cause cell damage in aquatic organisms. Suspended 
particulate matter is also important in that if these originate from inflows from the 
surrounding catchment, the particles can transport contaminants into wetlands such as 
nutrients, pesticides, bacteria and metals. The latter commonly bind to soil particles in 
catchments and can be transported via these to wetlands. The introduction of nutrients, 
pesticides and metals with particulate matter can also have adverse impacts on aquatic 
organisms (these are discussed under the headings ‘Nutrients’ and ‘Metals’ in this topic).

Impacts of increased turbidity on wetland ecosystems can be dramatic, in particular 
due to the effects on plants and algae, which are primary producers that form the 
basis of wetland food webs. Secondary effects as a result of increased turbidity, such 
as eutrophication (due to introduction of nutrients attached to particulate matter) and 
algal blooms, further exacerbate the problem. These impacts can lead to loss of species, 
altered communities and ultimately a reduction in wetland biodiversity.

Turbidity affects the amount and quality of light available for photosynthesis. Due to 
the different photosynthetic adaptations to light and shade of different plant and algal 
species, high levels of turbidity or shade can change species dominance, especially in 
phytoplankton. For example, cyanobacteria are quite often moderately shade-tolerant, 
and are also problem species in algal blooms due to the toxins produced by many 
species.31 On the other hand, aquatic plants that grow close to the sediment can be 
severely disadvantaged by turbid conditions.

The low light conditions caused by high turbidities may prevent the establishment of 
bottom-dwelling (benthic) communities (for example, submerged wetland vegetation, 
benthic microbes), or lead to the loss of previously-established communities. This can 
often lead to ‘positive feedback loops’ in which sediments are not consolidated by 
benthic communities, leading to further turbidity and so on (Figure 45). This continual 
resuspension of inorganic sediments can also lead to elevated water column nutrient 
levels, since nutrients in the sediments are constantly resuspended, and sequestration 
(taking up) by rooted plant material does not occur. This feedback process forms part of 
the mechanism for maintaining a ‘turbid, phytoplankton-dominated state’.

Figure 45. Feedback loop promoting turbid conditions in wetlands. 

Indicators
Turbidity can be determined in a number of ways including:

• visual observation

• measurement in the field

• measurement in the laboratory using a water sample taken in the field.

The simplest, but potentially least accurate method of determining increased turbidity, 
is visual inspection of the water body. If the water looks more ‘cloudy’ or ‘muddy’ than 
normal, increased turbidity is likely. It is more likely to be evident following rainfall when 
an increase in inflow of water into wetlands via stormwater occurs. Turbidity due to soil 
erosion from surrounding land may look brownish in colour, depending on the colour 

High turbidity

Unconsolidated 
sediment

Lowlight

No benthic 
community
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of the soil being washed into the wetland. Turbidity from stormwater may not be an 
obvious colour and the water may just look more ‘cloudy’ than normal.

Turbidity can be more accurately determined using several different methods:

• Measuring the ‘cloudiness’ of water using a ‘turbidity tube’, which is filled with 

water and small quantities are poured out until a black cross at the bottom of the 

tube becomes visible (from looking down through the water sample from the top 

of the tube). The turbidity value (measured in units called NTU, nephelometric 

turbidity units) is then determined by the measurement on the tube scale that 

corresponds with the water level.

• Measuring the transparency of the water using a secchi disk (pronounced ‘sekki’). 

A secchi disc is used for measuring water transparency (Figure 46). The secchi 

depth of a water body is found by lowering the disc into the water until the black 

and white quadrants are no longer discernable. The depth at which this occurs is 

the secchi depth and the transparency of the water column is double the secchi 

depth.

Figure 46. Recommended width, colouration and weighting of a secchi disc.  
Image - www.globe.gov.207

• Measuring the concentration (by mass) of suspended particulate matter per 

volume of water (often measured as milligrams per litre (mg/L)). This is undertaken 

under laboratory conditions.

• Measuring the fraction of light scattered at right angles as it enters the water (the 

more suspended particulate matter present, the more light is scattered). This is 

undertaken using a nephelometer under laboratory conditions.

The Australian and New Zealand Guidelines for Fresh and Marine Water Quality14 trigger 
values for turbidity in northwest and southwest Australian freshwater ecosystems are 
between 2–200 and 10–100 NTUs respectively (Table 26). 

NTU: nephelometric turbidity unit 
is a measure of the clarity of water. 
Turbidity in excess of 5 NTUs is just 
noticeable to most people.
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Table 26.  Default trigger values for turbidity for slightly disturbed wetlands in WA, from the 
Australian and New Zealand Guidelines for Fresh and Marine Water Quality.14 

Water quality parameter Trigger value
Southwest Australia

Trigger value 
Northwest Australia

Units of measurement Nephelometric turbidity units (NTU)

Turbidity 10-100 c 2-200 c

Notes
c: most deep lakes and reservoirs have low turbidity. However, shallow lakes and reservoirs may have higher 
turbidity naturally due to wind-induced resuspension of sediments. Lakes and reservoirs in catchments with 
highly dispersible soils will have high turbidity. Wetlands vary greatly in turbidity depending on the general 
condition of the catchment or river system draining into the wetland and the water level in the wetland.

➤	 For additional information on monitoring turbidity, see the topic ‘Monitoring 
wetlands’ in Chapter 4.

Managing turbidity
In those wetlands where the material in the water causing turbid conditions is either 
algae or cyanobacteria, managers should determine whether eutrophication is the 
primary cause. If it is, the previous section on managing eutrophication should be 
referred to. 

In wetlands where the material in the water is primarily abiotic (that is, not living) and the 
turbid conditions are due to human causes rather than being the wetland’s natural state, 
there are three key measures for managing it:

1. reduce the influx of suspended solids

2. reduce high velocity flows into the wetland

3. reduce re-suspension of solids.

Reducing the influx of suspended solids and high velocity flows
The most effective measure is to determine where sediments are coming from and to 
implement measures to prevent or reduce sediment loads entering wetlands. 

Reducing erosion 

Erosion can be considerable on pastoral lands due to grazing and soil disturbance by 
livestock. Managing stocking rates, and total grazing pressure accounting for feral 
animals, weather and land conditions, is important. 

Erosion rates vary significantly across the state, with the Kimberley and the west Pilbara 
having the highest average rates of soil loss. Declines in soil stability have been noted in 
the Gascoyne, Murchison, Pilbara and Kimberley.

ANZECC guidelines under reviewh
The Council of Australian Governments has announced that the ANZECC 
guidelines are under review. This review includes the revision of sediment 
water quality guidelines, nitrate trigger values and toxicant trigger 
values. For more information, see www.environment.gov.au/water/policy-
programs/nwqms/index.html#revision.
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➤	 The Department of Agriculture and Food has detailed information about local 
conditions across the state and can calculate the relevant permissible stocking rates 
on request. The department’s Small Landholder Information Service provides advice 
tailored for small landholders. For more information, see the topic ‘Livestock’ in 
Chapter 3.

➤	 The State of the Environment Report 2007137 provides information about soil erosion; 
see  www.soe.wa.gov.au.

If the source of sediments is sheet or gully erosion, measures to reduce stormwater flow 
rates, improve infiltration and stabilise soil surfaces can be very effective. 

This can be achieved in a number of ways, for example: 

• strategic revegetation of the dryland area around wetlands, to stabilise sediment 

and intercept sediment in stormwater, and regeneration of wetland vegetation

• constructing sediment traps/settling ponds 

• retrofitting stormwater systems to reduce direct discharge of stormwater into 

wetlands via drains and increase diffuse overland flow of stormwater through 

vegetated dryland buffers.  

• installation of erosion control banks to channel runoff to other areas. 

Reducing suspended solid transport from building sites

Tips for building sites include: 

• prepare a site management plan that includes evaluation of the site conditions and 

risks and outlines measures to manage wastes, control erosion and reduce the risk 

of stormwater pollution

• secure all litter and waste on site before disposing of it thoughtfully

• keep the verge, footpath and gutter free of building materials and wastes

• install an erosion/sediment barrier to catch sand and coarse sediment

• place sand, mulch and gravel stockpiles behind sediment barriers

• contain wash water and wastes from concrete, plaster, paint or brickwork in one 

area on site

• ensure rainfall runoff from downpipes does not leave the site

• use a shovel and broom to clean up sediments tracked onto roads by vehicles.

➤	 For detailed information on how to manage sediments in the catchment, see the 
Stormwater management manual for Western Australia.30 Managing construction 
practices are outlined in Chapter 7, Section 2.1.

Reducing suspended solid transport from mining and industrial sites

Guidelines for reducing suspended solid transports generated by mining and industrial 
sites are listed in Table 27. 
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Table 27. Guidelines on managing suspended solids in mining and industry

Application Guideline

General Ponds for stabilising organic matter WQPN208

Extractive industries Extractive industries near sensitive water resources WQPN209

Mining and mineral processing Mining and mineral processing: tailings facilities water quality 
protection guideline210

Mining and mineral processing Mining and mineral processing: liners for waste containment211

Industrial sites Stormwater management at industrial sites WQPN212

General and heavy industry General and heavy industry near sensitive waters WQPN72

Light industry Light industry near sensitive waters WQPN71

Reducing re-suspension of solids in wetlands
Erosion and re-suspension by animals within wetlands is readily addressed, and is 
described in other topics of this guide.

➤	 Controlling introduced animals in wetlands is described in ‘Introduced and nuisance 
animals’ in Chapter 3.

➤	 Horses, cattle and sheep are covered in ‘Livestock’ in Chapter 3.

➤	 Nuisance midge populations may be covered in a future topic ‘Nuisance midge and 
mosquitoes’ in Chapter 3.

Closing wetlands to waterskiing and powerboats is also an effective measure. For 
example, in May 2012, DEC in co-operation with the Department of Transport closed 
Lake Jasper in D’Entrecasteaux National Park to powerboats. Approved waterskiing sites 
are listed at www.transport.wa.gov.au/marine. 

Turbidity is generally manageable using catchment prevention and intervention 
techniques. Where human-induced turbidity presents a serious problem in wetlands 
of conservation value, removing sediments is not considered a viable solution. This is 
because:

• Wetland sediment is an extremely important part of a wetland. It helps to form 

the ecological character of a wetland, being important as habitat and the site of 

the most important chemical processes in wetlands. It also affects the wetland 

water regime. Removing wetland sediment can have short, medium and long-term 

effects on wetland ecology, including potentially irreversible changes to wetlands. 

Proposals of this nature can have significant ecological impacts and require referral 

to the Environmental Protection Authority under Part IV of the Environmental 

Protection Act 1986.

• Disturbing the sediments can expose acid sulfate soils and cause acidification of 

the wetland.

• Disturbing sediments has the potential to mobilise contaminants, such as arsenic 

and lead, in toxic concentrations if they are present in the sediment.

Considerations

• Wetlands typically do not provide firm ground from which to operate conventional 

excavating machinery such as front-end loaders or scrapers. Geotechnical 

investigations need to confirm that the extent of consolidation of wetland 

sediments is sufficient to support machinery. 
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• Floating dredges using industrial strength suction pumps have been proposed in 

the past. These required the establishment of settling ponds to enable dredged 

sediment to settle, given an extraction ratio of 5 per cent sediment to 95 per cent 

water followed by the return of the water to the wetland. Previous proposals have 

also required a minimum water depth of 1 metre to enable the dredge to operate.

• Considerable deepening may be a result. Deepening can alter the habitat and 

water regime, as well as potentially leading to stratification, which can have 

implications for nutrient management in the future.

• The disposal of the excavated sediment may be regulated. Sediments containing 

contaminants may be classified as contaminated waste, for which there are 

specific disposal requirements. For example, it may have high levels of heavy 

metals. 

Managing thermal pollution
Thermal pollution of wetlands can occur when wastewater discharged into wetlands 
is significantly warmer or cooler than the ambient water temperature of the receiving 
water.

Causes
Heated wastewater may be a by-product of industries such as power generation plants, 
which use water to cool machinery (cooling water), before being discharged.  Urban 
stormwater (from roads and car parks) and clearing fringing vegetation around wetlands 
(reducing shading) may also lead to increased water temperature in wetlands. 

Another form of thermal pollution, ‘coldwater pollution’, can occur when very cold 
irrigation water is released from dams or other storage bodies (for example, for flood 
irrigation) and enters waterways and wetlands.31  Both forms of thermal pollution can 
have serious impacts on aquatic ecosystems, in particular, aquatic fauna such as fish, 
amphibians and macroinvertebrates. 

Impacts
Temperature plays an important role in regulating photosynthesis in plants and algae, 
and aerobic respiration, metabolism, growth and reproduction in aquatic organisms. 
Temperature changes of 1 or 2 degrees Celsius may be enough to cause significant 
damage in sensitive organisms, affecting reproduction and mortality. For example, some 
species of fish are dependent on specific temperature regimes to trigger development of 
reproductive organs and spawning.31 Variations in temperature outside of the tolerance 
limits of aquatic organisms can result in loss of species and changes in community 
structure to favour species that are more tolerant of temperature fluctuations. 

Water temperature strongly influences physical and chemical parameters that play a 
role in maintaining healthy functioning of aquatic organisms, such as dissolved oxygen 
level, pH and conductivity. For example, water is more likely to become anoxic due 
to decreasing availability of dissolved oxygen as temperature increases and increased 
bacterial respiration. Temperature also affects arsenic toxicity and aluminium speciation 
and solubility.14

The degree to which aquatic organisms and wetland ecosystems as a whole may be 
affected by thermal pollution includes:

• Tolerance range (and duration of exposure) of aquatic organisms during different 

stages of their lifecycle. Aquatic organisms may be more or less sensitive to 

temperature changes during the various life stages. Juveniles and adults at 

reproductive stage may be more sensitive than adults generally.

Thermal water pollution: the 
excessive raising or lowering of 
water temperatures above or below 
normal seasonal ranges in streams, 
lakes, estuaries, or oceans as a 
result of the discharge of hot or 
cold effluents into such waters
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• How growth of primary producers (plants, algae, cyanobacteria) is affected by 

temperature change. If growth is stimulated by increased temperature, this may 

lead to nuisance growths such as algal or cyanobacterial blooms.

• Whether or not temperature changes lead to increased abundance of introduced 

or pest species and decreases in the diversity and abundance of native species.

Indicators
Visual indicators of thermal pollution may not be immediately obvious where 
temperature changes are not so sudden or great as to produce immediate lethal effects.  
In instances where temperature changes are localised within a wetland (such as around 
a drain outlet), fish and other organisms may avoid these areas and congregate in areas 
where temperatures are within their tolerance range. If a temperature rise results in 
deoxygenation of water, fish may be seen at the water surface ‘gasping’ for air. Lethal 
effects may be noticeable where an abrupt and significant increase or decrease in 
water temperature occurs and fish and other organisms are killed shortly after exposure 
(thermal shock). 

Thermal pollution can be determined by measuring water temperature and comparing 
this against known ‘ambient’ temperatures, or if these have not been previously 
determined, compared against the Australian and New Zealand Guidelines for Fresh 
and Marine Water Quality.14  It should be noted that water temperature may fluctuate 
naturally during the course of a day due to changes in air temperature, sunlight, 
shading and local water movement. For example, temperature of surface water varies 
during the day and tends to be highest in the later afternoon as the sun is setting, 
and the interpretation of temperature measurements needs to consider these natural 
variations. Further, some wetlands may be naturally stratified, in which large temperature 
differences occur between surface and bottom waters. This can occur in deeper wetland 
bodies such as lakes and in shallow coloured lakes due to heat absorption. 

Temperature measurements are usually made with digital instruments or mercury 
thermometers (with 0.1 degrees Celsius increments). Temperature loggers can also be 
used to measure and record temperatures at different depths and over specified periods 
of time. 

Long-term monitoring of water temperature provides an indication of natural variations 
in temperature cycles, as well as temperature anomalies caused by human activities (for 
example, large changes in temperature). 

➤	 For additional information on monitoring temperature in wetland waters, see the 
topic ‘Monitoring wetlands’ in Chapter 4.

Managing thermal pollution
The most effective strategy for managing thermal pollution is to prevent heated/cooled 
water from being discharged into wetlands. If this is not possible, a range of techniques 
may be used to manipulate temperature of inflow water to temperatures that are within 
normal ranges of receiving wetlands. Temperature manipulation techniques would 
normally be undertaken at the point source of wastewater generation (for example, 
industrial operations) and include:

• Cooling ponds – heated wastewater is passed through specially constructed 

cooling ponds, where water temperatures are reduced by mixing (dilution), 

evaporation, convection and radiation.

• Cooling towers – heat from wastewater is transferred to the atmosphere by 

evaporation or heat transfer.
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• Aeration – aerators can be used in cooling ponds before wastewater reaches 

wetland, or within the wetland itself. A well mixed water column prevents 

stratification from developing (i.e. a layer of warm water developing within the 

wetland water column), thus buffering the effect of thermal pollution.

• In urban areas, heated stormwater runoff can be diverted to groundwater through 

infiltration basins or artificial wetlands.

Managing litter and debris
Apart from being unsightly, litter and debris can cause significant problems in wetlands, 
particularly where these materials contribute to nutrient loads from breakdown of organic 
matter or the release of toxic materials.  Examples of litter and debris that can be introduced 
into wetlands, affecting water quality include:

• household rubbish such as paper, cardboard, plastic, fishing line, food waste, 

aluminium cans, animal excreta, bricks, rubble, furniture, mattresses, white goods, 

clothing, batteries and containers holding toxic substances such as herbicides, 

insecticides, paint, petrol, oil etc

• garden waste such as street sweepings, prunings, lawn clippings, weeds, leaves, 

soil and mulch

• larger items such as timber, car bodies, and metal objects (Figure 47).

Figure 47.  Dumped car bodies in wetlands are not only unsightly, they can also leak toxic 
substances into wetlands. This car was dumped in a wetland in Kemerton. Photo – DEC/
Wetlands Section.

Causes
Litter and debris can enter wetlands from stormwater (for example, as overland flow 
or from urban stormwater and agricultural drains), or they may blown into wetlands or 
deliberately disposed of by humans.  

Impacts
Litter and debris can directly or indirectly affect water quality by introducing weeds, 
pathogens, nutrients, sediment and suspended particulate matter, metals, pesticides, 
acids and a range of other chemicals and toxicants. The effects on wetland ecosystems 
will depend on the type of litter or debris that is introduced, for example, garden waste 
can introduce pathogens such as Phytophthora cinnamomi responsible for phytophthora 
dieback, weeds and cause nutrients to build up as a result of waste decomposition 
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upon reaching the wetland. Dumping of building materials such as sand and rubble can 
increase turbidity due to erosion and stormwater mobilising particulates from stockpiles. 

➤	 These impacts are discussed in more detail in the topics ‘Phytophthora dieback’ and 
‘Wetland weeds’ in Chapter 3, and within this topic under the headings ‘Nutrients’, 
‘Turbidity’ and ‘Pathogens’. The impacts of pesticides and metals is discussed within 
this topic under the headings ‘Pesticides’ and ‘Metals’. 

Wetland fauna including macroinvertebrates, fish, frogs, reptiles and birds may suffer 
physical injury or death as a result of ingesting litter/debris (from choking or poisoning), 
or by becoming entangled, trapped or smothered. 

Indicators
The presence of litter and debris such as household rubbish, garden waste, car bodies, 
used chemical containers is evident as foreign material floating in the water or deposited 
on soil or vegetation. 

Obvious signs may include injury, disease or death of fauna such as fish kills, birds 
swallowing or becoming entangled in fishing line or death of wetland vegetation due 
to increased turbidity, smothering, pathogens or physical damage. Not-so-obvious 
indicators of litter and debris on water quality such as increased turbidity, nutrients and 
introduction of pathogens, pesticides, metals and other toxic materials are discussed 
under the relevant section of this topic. 

Managing litter and debris
Best practice management by particular industries, such as the building industry, can 
reduce the disturbance of sediment in the catchment. Stormwater management can 
reduce litter and debris in the catchment. Litter and debris in stormwater drains can be 
managed through the installation of structures (for example, ‘trash racks’) which are 
designed to trap rubbish before it enters receiving wetlands (Figure 48). These need to be 
cleared regularly to prevent build up of material, which impedes water flow and can lead 
to flooding. Where structural control options are not practical, litter and debris may need 
to be removed manually. This can be undertaken when water levels are lowest, allowing 
for better access into areas that would otherwise be inundated. Litter and debris can 
become trapped in native vegetation and therefore care should be taken when removing 
it in order to minimise damage to native plants. Community litter prevention programs 
can be very effective in preventing disposal of waste that may otherwise end up in local 
wetlands.

➤	 Keep Australia Beautiful WA provides support and resources for litter prevention. See 
www.kabc.wa.gov.au for more information.

Figure 48. Structures to prevent litter and debris from entering drains and wetlands need to be 
cleared regularly. Photo – DEC. 
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Glossary
Acid neutralising capacity: a measure of the soil’s inherent ability to buffer acidity and 
resist the lowering of the soil pH 

Acid sulfate soils: includes all soils in which sulfuric acid is produced, may be produced 
or has been produced in quantities that can affect the soil properties. Also referred to as 
acid sulphate soils.

Acidity: the amount of acidity associated with all dissolved ions in a solution, expressed 
as an amount of pure calcium carbonate needed to neutralise these. Dissolved ions 
include hydrogen ions and commonly free dissolved metals such as aluminium, iron and 
manganese.

Active (or actual) acid sulfate soils: soils in which the sulfidic minerals have oxidised 
and the pH has fallen to very low levels

Acute toxicity: sublethal or lethal impacts resulting from a single or multiple exposures 
to an agent in a short time (usually less than 24 hours)

Adjuvant: includes substances such as surfactants, oils, penetrants and wetting agents

Adsorption: the adhesion of a substance to the surface of a solid or liquid

Aeration: the addition of oxygen to the water column of a wetland

Aerobic: an oxygenated environment (organisms living or occurring only in the presence 
of oxygen are aerobes)

Aestivating: being in a state of dormancy that occurs in some animals to survive a period 
when conditions are hot and dry

Algae: a general term referring to the mostly photosynthetic, unicellular or simply 
constructed, non-vascular, plant-like organisms that are usually aquatic and reproduce 
without antheridia and oogonia, that are jacketed by sterile cells derived from the 
reproductive cell primordium; includes a number of divisions, many of which are only 
remotely related to each other

Algaecide: any chemical or biological agent intended to kill algae

Alkalinity: a solution’s capacity to neutralise an acid, expressed as the amount of 
hydrochloric acid needed to lower pH of a litre of solution to pH 4.5. The concentration 
of bicarbonate (HCO3

-), or when pH is greater than 8.3, the concentration of carbonate 
(CO3

2-). Sometimes due to dissolved silicate, phosphate or ammonia in relatively high 
concentrations (tens of milligrams per litre).

Anoxic: deficiency or absence of oxygen

Bassendean Sands: (also known as the Bassendean Dunes) a landform on the 
Swan Coastal Plain, comprised of heavily leached aeolian sands, located between the 
Spearwood Dunes to the west and the Pinjarra Plain to the east

Benchmark: a standard or point of reference; a predetermined state (based on the 
values that are sought to be protected) to be achieved or maintained 

Benthic: the lowermost region of a wetland water column; the organisms inhabiting it are 
known as benthos

Bioaccumulate: process in which tissues of an organism accumulate a chemical because 
uptake is greater than elimination and breakdown 
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Bioavailable: in a chemical form that can be used by organisms

Biodiversity: encompasses the whole variety of life forms—the different plants, animals, 
fungi and microorganisms—the genes they contain, and the ecosystems they form. A 
contraction of ‘biological diversity’.

Biofilm: bacteria, microalgae, fungi and unicellular microorganisms enmeshed in a 
hydrated mucopolysaccharide secretion that sequesters ions and isolates microorganisms 
from the water column101. May be present on living and non-living surfaces and 
substrates.

Biological parameters: organisms that inhabit wetlands such as algae, 
macroinvertebrates, fish

Biomagnify: an increase in the concentration of a chemical along a food chain

Bioremediation: the use of microorganisms to break down environmental pollutants

Bloom: rapid, excessive growth, generally caused by high nutrient levels and favourable 
conditions 

Buffering capacity: a measure of the soil’s inherent ability to buffer acidity and resist 
the lowering of the soil pH

Carcinogenic: cancer-causing

Catchment: an area of land which is bounded by natural features such as hills or 
mountains from which surface water flows downslope to a particular low point or ‘sink’ 
(a place in the landscape where water collects)

Chemical parameters: chemicals found in water such as dissolved oxygen, pH, nutrients 
and pollutants

Chronic toxicity: sublethal or lethal impacts resulting from a single or multiple 
exposures to an agent over a longer time period (months or years)

Cyanobacteria: a large and varied group of bacteria which are able to photosynthesise

Damplands: seasonally waterlogged basin wetlands

Decomposition: the chemical breakdown of organic material mediated by bacteria and 
fungi, while ‘degradation’ refers to its physical breakdown. Also known as mineralisation.

Denitrification: the conversion of nitrate (NO3
-) to elemental nitrogen (N2) under 

deoxygenated conditions, facilitated by specialised bacteria

Detritus: organic material originating from living, or once living sources including 
plants, animals, fungi, algae and bacteria. This includes dead organisms, dead parts of 
organisms (e.g. leaves), exuded and excreted substances and products of feeding.

Diatom: a microscopic, single-celled alga with cell walls made of hard silica, freely 
moving in the open water and forming fossil deposits

Dystrophic: a wetland that suppresses increased algal, cyanobacterial and plant growth 
even at high nutrient levels due to light inhibition

Endemic: naturally occurring only in a restricted geographic area

Endocrine disruptor: a synthetic chemical that when absorbed into the body either 
mimics or blocks hormones and disrupts the body’s normal functions
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Endocrine system: a complex network of glands and hormones that regulates many of 
the body’s functions, including growth, development and maturation, as well as the way 
various organs operate

Eutrophic: nutrient rich waters or soil with high primary productivity (plant/algal/
cyanobacterial growth). From the Greek term meaning ‘well nourished’.

First flush: the first rainfall for a period of time, resulting in stormwater dislodging and 
entraining relatively high loads of sediments, particulates and pollutants that have built up 
in the intervening period between rainfall events, and typically carrying a higher pollutant 
load than subsequent events

Flocculation: the joining of particles (small objects) into loose masses (floc) in water

Gnangara groundwater system: the groundwater system formed by the superficial, 
Leederville and Yarragadee aquifers located in northern Perth, east to Ellen Brook, south 
to the Swan River, west to the Indian Ocean and north to Gingin Brook

Groundwater: water occurring beneath the ground surface in spaces between soil 
grains and pebbles and in fractures or crevices in rocks

Groundwater capture zones: the area within which any recharge (infiltrating water) 
eventually flows into the wetland

Groundwater plume: body of polluted water within an aquifer  

High water soluble phosphorus fertilisers: products containing greater than 2 per 
cent total phosphorus and greater than 40 per cent of the total phosphorus as water 
soluble phosphorus

Impermeable: does not allow water to move through it

Indicators: the specific components and processes of a wetland that are measured in a 
monitoring program in order to assess changes in the conditions at a site 

Internal eutrophication: eutrophication of wetland surface waters as a result of 
changes in water quality without additional external supply of nutrients42

Invertebrate: animal without a backbone

Ion: an atom that has acquired an electrical charge by the loss or gain of one or more 
electrons

Iron ferrolysis: a process by which anoxic groundwater containing dissolved ferrous ions 
is exposed to air and ferrous irons are oxidised to ferric ions, which reacts with water 
to form orange-brown precipitates, gels or crusts of ferric oxyhydroxides, releasing free 
hydrogen ions in the process

Latent: dormant, inactive

Lethal effect: where exposure to an agent such as a toxin results in death

Limiting nutrient: the nutrient in an ecosystem which limits further growth because 
it is available at proportionately lower levels with respect to other nutrients needed for 
primary producers to increase their abundance

Luxury uptake: the process by which some organisms take up more nutrients than they 
need for current growth, instead storing them for future growth

Macroalgae: algae large enough to be seen with the unaided eye
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Microalgae: microscopic algae

Midges: biting and non-biting species of a number of families within the true flies (Diptera) 
including the Chironomidae and Ceratopogonidae. 

Mutagenic: mutation-causing

Net acidity: the degree of acidity in water, accounting for dissolved alkalinity (that is, 
acidity minus alkalinity, measured in units of CaCO3 equivalent per litre)

Nitrification: the conversion of ammonia (NH3) or ammonium (NH4
+) to nitrate (NO3

-) in 
freshwater wetlands under oxygenated conditions, facilitated by specialised bacteria, if 
conditions (pH, temperature, organic carbon availability) are suitable

NTU: nephelometric turbidity unit is a measure of the clarity of water. Turbidity in excess 
of 5 NTUs is just noticeable to most people.

Organism: any living thing

Oxidation: the removal of electrons from a donor substance

Particulates: in the form of particles (small objects)

Pathogen: any organism or factor causing disease within a host

Pesticide: any chemical or biological agent intended to kill animals or plants

Phenol: complex organic compounds derived from plant materials

Physical parameters: physical characteristics of water such as temperature, turbidity, 
colour

Potential acid sulfate soils: soils that can contain significant sulfidic material, which on 
oxidation can cause the pH of the soil to fall to very low levels

Precipitate: cause a substance to be deposited in solid form from a solution 

Reference range: a quantitative and transparent benchmark appropriate for the type of 
wetland

Resilience: capacity of a system to absorb disturbance and reorganise while undergoing 
change so as to still retain essentially the same function, structure, identity, and 
feedbacks 

Scum: froth or floating matter on the water surface

Sediment: in general terms, the accumulated layer of mineral and dead organic matter 
forming the earth surface of a wetland. Used interchangeably in this guide with the 
terms ‘wetland soil’ and ‘hydric soil’, although all three of these terms have more specific 
meaning in wetland pedology.

Sediment pore waters: water which is present in the spaces between sediment grains at 
or just below the land surface. Also called interstitial waters. 

Setback: a minimum distance between a particular land use and a wetland. A setback 
does not necessarily preclude other land uses within that setback area, in contrast 
to a wetland buffer. Land uses associated with a relatively high potential for site 
contamination, nutrient export or alterations to wetland water regimes (for example, 
some forms of intensive agriculture, industry, some effluent treatment facilities and 
groundwater abstraction) may require setbacks greater than the wetland buffer.
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Slightly disturbed: ecosystems that have undergone some changes but are not considered 
so degraded as to be highly disturbed. Aquatic biological diversity may have been affected 
to some degree but the natural communities are still largely intact and functioning. An 
increased level of change in physical, chemical and biological aspects of these ecosystems 
is to be expected.13

Species: a group of organisms capable of interbreeding and producing fertile offspring, 
for example, humans (Homo sapiens)

Stormwater: water flowing over ground surfaces, in natural streams and drains as a direct 
result of rainfall over a catchment. It consists of rainfall runoff and any material (soluble or 
insoluble) mobilised in its path of flow

Stratification: the division of the water column into distinct layers called the epilimnion 
(top), the metalimnion (middle) and the hypolimnion (bottom), due to differences in 
water density between the layers

Sublethal effect: where exposure to an agent such as a toxin is insufficient to cause 
death, but may result in other adverse impacts

Sulfate-mediated eutrophication: eutrophication of wetland surface waters as a result 
of changes in water quality associated with sulfate rather than additional external supply 
of nutrients 

Surfactant: a substance that helps water or other liquid to spread or penetrate. Also 
known as a wetting agent or penetrant.

Swan Coastal Plain: a coastal plain in the south west of Western Australia, extending 
from Jurien south to Dunsborough, and the Indian Ocean east to the Gingin, Darling and 
Whicher Scarps

Teratogenic: causing malformations of an embryo or foetus

Thermal water pollution: the excessive raising or lowering of water temperatures 
above or below normal seasonal ranges in wetlands, waterways, estuaries or oceans as a 
result of the discharge of hot or cold effluents into such waters

Transpiration: the process in which water is absorbed by the root systems of plants, 
moves up through the plant, passes through pores (stomata) in the leaves and other 
plant parts, and then evaporates into the atmosphere as water vapour 

Trigger values: quantified limits that, if exceeded, would indicate a potential 
environmental problem, and so ‘trigger’ a management response e.g. further 
investigation

Trophic: from the Greek word for ‘feeding’, it relates to food and nutrition 

Trophic classification: the classification of an ecosystem on the basis of its productivity 
or nutrient enrichment. The three main trophic classes are oligotrophic, mesotrophic and 
eutrophic. 

Tolerance limits: the upper and lower limit to the range of particular environmental 
factors (e.g. light, temperature, salinity) within which an organism can survive. Organisms 
with a wide range of tolerance are usually distributed widely, while those with a narrow 
range have a more restricted distribution.

Turbid: the cloudy appearance of water due to suspended material
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Turbidity: the extent to which light is scattered and reflected by particles suspended or 
dissolved in the water column

Water hardness: a measure of the concentration of calcium and magnesium ions in 
water, frequently expressed as milligrams per litre calcium carbonate equivalent

Water quality: the quality of water relative to its natural, undisturbed state

Water regime: the specific pattern of when, where and to what extent water is present 
in a wetland. The components of water regime are the timing, frequency, duration, 
extent and depth and variability of water presence.

Wetland buffer: an interface adjoining a wetland that is designated to assist in 
protecting the wetland’s natural values from the threats posed by the surrounding land 
use(s)
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