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Abstract 

Stormwater quality improvement devices (SQIDs) are frequently installed to improve 

the water quality of runoff to match particular water quality objectives (WQOs). 

However, there is a lack of data to evaluate the functioning and performance of these 

systems, particularly in sub-tropical climates. The primary aim of this study was to 

collect such data. Another aim was to establish baseline monitoring of an urban 

catchment before the installation of SQIDs and to forecast the improvement to the 

water quality after installation. 

 

This study investigates the performance of two SQIDs (a pond and wetland) within a 

treatment train that has been retrofitted into a sub-tropical urban catchment 

(Waterbird Park) on the Gold Coast, Queensland, Australia. The method used to 

evaluate the effectiveness of this system was through rainfall events, sampling of the 

inlets to the pond, its outlet and the outlet of the wetland. Sampling was conducted 

through the use of automatic sampling devices, before the retrofit, during the 

construction phase and after the construction of the treatment train. A secondary study 

was conducted on a separate catchment, (Discovery Park), in which no SQIDs were 

installed. The Discovery Park site was used as a baseline study, where the objective 

was to estimate the likely improvement that a lake and wetland treatment train would 

have at that site.  

 

Results of the studies at Waterbird Park and Discovery Park showed that Gold Coast 

WQOs were frequently exceeded at the sites, at each of their catchment inputs  and by 

the SQID outlets (pond and wetland) at Waterbird Park. This occurred both before 

and after the construction of the SQIDs. Statistical analysis revealed that there were 
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no statistically significant reductions in the water quality parameters (WQPs) when 

the outlet samples of the Waterbird Park site were compared to the inlet samples. As 

is expected with stormwater runoff, there was high variability in the results and as 

such this decreased the sensitivity of the analysis. A point of interest was that the 

concentrations of the WQPs for the inlets of the site appeared to decrease in 

concentration concomitantly with the SQIDs construction. This was not an expected 

effect as there should have been no interaction between the SQID and the contributing 

upstream catchment. The SQIDs appeared to have had no statistical effect on the 

WQP of the catchment‘s runoff. There were additional minor inputs that were not 

monitored, but as they were only a small proportion of the total contributing areas of 

the catchment and contained the same land use, it is unlikely that these inputs 

contributed significantly to the poor performance of the SQIDs.  

 

The only nutrients to show a reduction across the treatment train were ammonium 

NOx and PO4, but these were not statistically significant. However, TN and TP 

showed increases across the treatment train. Improvements were found in the water 

quality parameters across the pond, while the wetland water quality parameter was 

shown to have worsened (increased concentration). The performance of the SQIDs at 

Waterbird Park was applied to the corresponding WQPs of Discovery Park to 

determine an indicative estimate of their performance at this site. Given that the input 

water quality concentrations generally exceeded the water quality guidelines, it was 

not surprising that a similar poor SQID performance was expected at Discovery Park 

(as observed at Waterbird Park).  
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The sampling results of the system appeared to follow the expected life stages of a 

vegetated SQID from construction through to the decreasing effectiveness stage. The 

results showed, in a number of WQPs, a trend of increasing concentration, towards 

the end of the sampling period  resembling similarities in the decreasing effectiveness 

phase of the life stages of vegetated SQIDs.  

 

General additive modelling showed that there was a positive effect on total nitrogen, 

with increased concentrations of TOC and TSS. Total phosphate was also shown to be 

positively affected by increased concentrations of TSS. This indicated that TP was 

mainly in a particulate form. Chlorophyll-a was found to have a negative relationship 

with NOx and a positive relationship with TN and TP which suggests that the micro-

algae utilised the NOx for growth. 

 

Overall, this study showed that there is a need for more research into the effectiveness 

of lake and wetland treatment systems in sub-tropical conditions. As the working 

effectiveness of these systems is unknown, monitoring them with a view to better 

management would be the best method to access the potential benefit that they can 

offer. 
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1 Introduction 

1.1 Significance of this study 

Throughout Australia, and internationally, a growing number of urban water 

professionals are focussed on transitioning to more sustainable urban water 

management practices as they respond to the challenges associated with 

environmental degradation, rapidly growing urban populations and the impacts of 

climate change (Brown et al., 2008). Section 13.1 of the Gold Coast City Council 

Land Development Guidelines (GCCC, 2005) requires that new developments need to 

develop two stormwater management plans (SMP); a conceptual SMP submitted with 

the initial development application and a detailed SMP submitted prior to lodgement 

of any operational works. Within a SMP, stormwater quality improvement devices 

(SQIDs) are designed conceptually and detailed for the purpose of treating the 

stormwater runoff for potentially a wide range of pollutant types and sizes (dissolved 

nutrients and metals to gross pollutants (litter/debris)). 

 

 The design and theory behind the operation of the SQIDs that are currently used in 

South Eastern Queensland (SEQ) are based on Melbourne temperate rainfall patterns 

and catchments, which are likely to be quite different to sub-tropical SEQ. It has 

generally been believed that if effective management of the 3 month annual 

reoccurrence interval (ARI) storm is achieved then a majority of the pollutant load is 

treated (Lloyd et al., 2002; Hatt et al., 2006; Wong, 2006; Wong et al., 1999a). This 

implies that infrequent larger events do not carry the bulk of the pollutant loads. 

However, Niven (2006), demonstrated that, in SEQ, sizing devices to capture only up 

to the 3 month ARI storm will not capture the target of 90% of the average annual 
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volume, and the bulk of the average annual volume occurs during flow events which 

are greater than the 3 month ARI. Contrary to Niven‘s (2006) research, the NSW EPA 

Draft ‗Managing Urban Stormwater: Council Handbook‘ (1997a) states, that frequent 

flood events in urban catchments produce a significant proportion of the long term 

runoff volume and only a small component is produced from the larger events. Table 

1.1 presents the proportion of the annual runoff volume from an urban catchment in 

Sydney (Fishers Ghost Creek, Campbelltown) that occurs below the particular ARI. 

 
Table 1.1 Comparison of ARI event and Annual Runoff Volume 

ARI flow event (years) Proportion of average annual runoff 

volume below event (%) 

1.01 98.1 

2 99.5 

5 99.75 

10 99.85 
Source: GHD (1994) 

 

It can be seen from Table 1.1 that the vast majority of the annual runoff occurs below 

the 1.01 ARI event and from this it can be derived that the majority of the annual 

pollution loads also come from events up to the 1.01 ARI event. Findings by the 

Cooperative Research Centre for Catchment Hydrology (CRCCH), presented in 

Brisbane at the Short Course on Planning and Design of Stormwater Management 

Measures: Introducing Water Sensitive Urban Design‘ (30 July – 1 August 2001), 

stated that the selection of the design event which treats the first flush is highly varied 

in practice, ranging from the 1 year ARI to the 100 year ARI event.  

 

In a continuous simulation study, Wong et al. (1997) used 100 years of Melbourne 

rainfall data to establish the relationship between volumetric treatment efficiency and 

the frequency at which the design discharge was exceeded. The volumetric treatment 
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efficiency was defined as the overall expected volume of runoff (expressed as a 

percentage of the total expected runoff volume) which was conveyed through the 

gross pollutant trap. Simulations were carried out for catchments with critical storm 

durations of 0.5, 1, 3 and 6 hours. The results for each of these cases were found to be 

similar, in that an excess of 93% of the expected annual runoff volume was being 

treated by the device designed for a 0.25 year ARI peak discharge. 

 

The majority of the guidelines provided by councils, (GCCC, 2007; BCC, 2005) and 

government agencies (QUDM, 2007; NTPI, 2009), and used in South East 

Queensland to design SQIDs, utilize the 3 month ARI to size the devices. Flows 

above this are designed to bypass the SQIDs, so as not to damage or cause uptake 

resuspension of the pollutants captured within them. This means that the bulk of the 

yearly stormwater runoff volume in SEQ urban catchments is not effectively treated 

due to it bypassing the SQIDs.  

 

It has also been postulated that these improvement devices can actually act as sources 

of pollutants rather than sinks during certain rainfall events (Batone and Uchrin, 

1999), especially if they are not managed and the stored nutrients not removed 

periodically (Duffy, 2006). The design and operation of constructed wetlands for the 

treatment of stormwater relies heavily on promoting sedimentation, and being able to 

predict accurately the expected effectiveness of the pond in removing material from 

the inflows (Walker, 2001). Artificial wetlands are designed to slow the progress of 

runoff thereby enabling it to deposit its load of suspended sediments and the attached 

heavy metals and other pollutants, and for the plants to utilise the nutrients 

(Greenway, 2005). Nutrients associated with these particulates and colloids are then 
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available to be biologically taken up by the wetland flora such as aquatic plants and 

trees. If the wetland is not designed with an appropriate bypass and energy dissipation 

area, severe rainfall events may cause the plant material to become uprooted, along 

with the associated resuspension of the sediments and nutrients, which are then 

transported downstream to locations where it can cause water quality issues and 

flooding through drain blockages (Butler and Davis, 2004). 

 

Monitoring and evaluating the effectiveness of SQIDs is needed to determine if the 

current practices are indeed working and to determine whether the SQID is actually 

working in the manner for which it was designed. In particular there needs to be 

monitoring of the volume that is treated, the flow required to enable the SQID to treat 

this volume, the ability for the SQIDs to treat the required volume/flow and whether 

this changes over time. 
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2 Literature review 

Good quality water is vital for sustaining life, biodiversity and healthy ecosystems, for 

agriculture, industry and also for primary (e.g. swimming) and secondary (e.g. 

boating) recreation. Water scarcity is a major and ongoing problem in many countries 

(Engelman and LeRoy, 1993), including Australia which is the driest inhabited 

continent in the world (Higgins et al., 2002). This is further exacerbated with recent 

climatic pressures (e.g. drought), which have made water issues a major topic for the 

general public and all levels of government (Local, State and Federal) (Higgins et al., 

2002). 

 

 With the increasing urbanisation of Australia‘s growing population, the demand and 

need for clean water supplies is increasing more rapidly than the rate of population 

increase (Hatt et al., 2006). Water use in Australia increased by 65% from 1983-1997, 

while at the same time the population only increased by 19%. Australia has one of the 

highest consumption rates of water in the world with irrigated agriculture using 75% 

of this water (Higgins et al., 2002). With declining dam levels for the town drinking 

water supplies, the use of urban runoff and/or recycled sewage water were being 

considered to supplement the storage in dams (Beattie, 2007). Urban stormwater is a 

large source of water, generated close to where it is needed (Wong et al., 2008). For 

example, the amount of stormwater discharged annually in Melbourne is 

approximately the same as the entire annual water demand of the city, and it is even 

greater in Brisbane, exceeding demand by around 50% (Figure 2.1, PMSEIC, 2007). 

However, urban run-off can be highly polluted causing a range of water quality 

issues. The presence of pathogens, toxicants, nutrients and suspended solids can result 
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in threats to public or ecosystem health (Zoppou, 2000). The diversity in the sources 

and types of pollutants encountered within urban catchments makes managing 

stormwater a necessary challenge. These waters would need to be treated to safe 

drinking water standards before being added to the drinking water reservoirs 

(Gardener et al., 2001).  

 

 

Figure 2.1 Urban water usage and discharge for Australian cities (PMSEIC, 2007) 

Stormwater harvesting can protect and enhance the health of urban streams by 

restoring natural flows and water quality back towards the pre-developed level (Wong 

et al., 2008). It is the only water source whose harvesting will benefit the 

environment, rather than degrade it (Fletcher et al., 2008). This is because all 

harvesting of water decreases the supply downstream. In the urban environment there 

is increased flow, thus changing the downstream habitats. Reducing the outflows will 

restore the flows back towards those typical of an undisturbed system.  
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Acceptance of stormwater harvesting is much higher than for wastewater reuse 

(Brown and Keath, 2007). The use of harvested stormwater for non-potable 

consumption (e.g. irrigation, power generation and industrial application) has the 

benefit of decreasing the demand on the highly treated potable water for non-potable 

application. The use of harvested stormwater runoff reduces the demand on the 

potable water sources and the associated infrastructures (dams, treatment plants). For 

these reasons the use of SQIDs to improve the water quality of stormwater runoff is 

important. However, there is a lack of peer reviewed evaluations of these devices, in 

particular for the South-East Queensland (SEQ) region (Duffy, 2005; Niven, 2006). 

Therefore, the effectiveness of the SQIDs needs to be thoroughly evaluated to ensure 

that there are actual water quality benefits to the system. 

 

With communities pushing for the clean-up of our waterways all levels of government 

have put in place guidelines and legislation that aids in this process, Table 2.1 

provides a list of the major policy responses. Stormwater is a minor factor for some of 

these but is central for others. In developing and implementing an Urban Stormwater 

Quality Management Efficiency Plan (USQMEP), local government must consider 

the purpose of the Environmental Protection Act 1994 (EPA, 1994) and 

Environmental Protection (Water) Policy (EPA, 2009), and how the goal is to be 

achieved, so that it reflects the principles and values associated with ecologically 

sustainable development (ESD). 
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Table 2.1 Strategies, Plans and Policies that have been put in place to aid in the clean-up of 

Australian water ways 

Level of Government Legislation, Plans and Policies 
 National National Water Quality Management Strategy: 

Australian and New Zealand Guidelines for Fresh and 

Marine Water Quality (ANZECC/ARMCANZ, 2007)  

 

National Water Quality Management Strategy (AWWA, 

1994) 

State Queensland Water Quality Guidelines 2006 (EPA, 2007)  

 

Stormwater Quality Control Guidelines for Local 

Government (DNR, 1998)  

 

Environmental Protection (Water) Policy 1997 (EPP 

Water, 1997)  

 

Environmental Protection (Water) Policy 2009 (EPP, 

2009) 

 

Model Urban Stormwater Quality Management Plans 

and Guideline (EPA, 2001) 

Local Gold Coast City Council Planning Scheme Land 

Development Guidelines 2005 (GCCC,2005) 

 

Brisbane City Council Subdivision and Development 

Guidelines 2008 (BCC,2008) 

 

Brisbane City Council Water Sensitive Urban Design 

Engineering Guidelines: Stormwater 2005 (BCC, 2005) 

 

 

 

2.1 Urban stormwater 

It is predicted that 60% of the world‘s population will be urban by 2020 (UNESCO, 

2003), with Australia having 87.2% of its population urbanised (Australian Bureau of 

Statistics, 2003). This makes the improvement of urban water infrastructure a 

particularly pressing issue. Urban stormwater induced water quality degradation has 

intensified over the years. This is due to unmeasured volumes of untreated waters 

containing undetermined levels of pollutants (Cahill et al., 1993). In particular coastal 

zones are highly susceptible to this degradation, as they suffer high rates of population 
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growth and have sensitive interaction between the land and water Cahill et al. (1993). 

The SEQ region has the highest population growth rate in Australia (Mackenroth, 

2005). The population of SEQ increased by an annual average of 66,300 people for 

the years 2001 to 2006 (Hutson, 2009). The receiving waters of this region are very 

susceptible to degradation from urban stormwater runoff. SEQ estimates of nutrient 

loads from pre-European time have been made for the Brisbane Logan-Albert River 

systems. The Brisbane River was estimated to export 6,681 tonnes of sediment, 129 

tonne of phosphorus and 1,171 tonnes of nitrogen per year and the Logan-Albert river 

system was estimated to export 4,687 tonnes of sediment, 66 tonnes of phosphorus 

and 264 tonnes of nitrogen (ANRA, 2001). In 2002 the Brisbane River was estimated 

to export 247,194 tonnes of sediment, 685 tonnes of phosphorus and 3,162 tonnes of 

nitrogen with the Logan-Albert Rivers exporting 46,868 tonnes of sediment, 93 

tonnes of phosphorus and 397 tonnes of nitrogen (ANRA, 2001). In the Queensland 

Environment Protection Agency (2008) report – Moreton Bay Water Quality Offsets 

Scheme, the Logan Albert River system exports were determined to be 147 tonnes of 

phosphorus and 573 tonnes of nitrogen per year, which is approximately, double that 

of the figure that ANRA (2001) reported and three times more than the pre-European 

exports. 
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2.1.1 Stormwater characteristics 

The characteristics of urban stormwater runoff are very different to those of the pre-

urban stormwater; Figure 2.2 demonstrates that the volume of runoff increases as the 

area of non-permeable surfaces increases (Butler, and Davies, 2000). This is due to 

the decrease in the available permeable surface that allows infiltration.  

 

 

Figure 2.2 The effect of Urbanisation on the fate of rainfall (Butler and Davies, 2000) 

In the past the main focus for urban stormwater planning was to design the most 

effective way to remove runoff from an area to a discharge point, such as a natural 

waterway, without treatment. Examples of this approach to urban stormwater 

management are ditches, concrete-lined channels and pipes. This changed the natural 

runoff regime for the catchments as seen in Figure 2.3, where the time taken for the 

runoff to discharge is greatly decreased and the maximum rate at which it runs off is 

greatly increased. When examining Figures 2.2 and 2.3 together, it can be seen that 

urbanisation leads to greatly accelerated runoff rates with greatly increased runoff 

quantities. These factors lead to increased risk of flash flooding and erosion in the 

natural waterways (Butler and Maksimovic, 2001). 
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Figure 2.3 The effect of urbanisation on peak runoff (Butler and Davies, 2000) 

 

Until recently, the approach to managing stormwater runoff was that it underwent 

little or no treatment before being discharged into natural waterways or the sea. 

Monitoring and modelling studies have consistently shown that urban pollutant loads 

increase with watershed imperviousness (Schueler, 1995). Urban stormwater from 

impermeable areas such as roads, storage areas and parking lots, has been recognised 

to contain pollutants such as nutrients and heavy metals that can lead to 

environmental problems such as eutrophication and a general decline in ecosystem 

health. Table 2.2 contains a list of common stormwater pollutants and their sources. 

Ideally these pollutants, which are conveyed via urban stormwater, must be removed 

before the stormwater is allowed to enter the natural environment. Degradation of 

receiving waterways that previously had functional, environmental or aesthetic values 

is frequently observed due to urban stormwater being untreated (Mudgway et al., 

1997).  
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Table 2.2 Typical stormwater pollutants and their sources (DERM, 2009b) 

Pollutant  Urban source 

Sediment  Land surface erosion, including erosion of waterways 

Pavement and vehicle wear 

Atmospheric deposition 

Spillage/illegal discharges 

Organic matter (e.g. leaf litter, grass) 

Car washing 

Weathering of buildings/structures 

Nutrients  Land surface erosion organic matter 

Fertiliser 

Sewer overflows/septic tank leaks 

Animal/bird faeces 

Detergents (car washing) 

Atmospheric deposition 

Spillage/illegal discharges 

Oxygen demanding 
substances  

Organic matter decay 

Atmospheric deposition 

Sewer overflows/septic tank leaks 

Animal/bird faeces 

Spillage/illegal discharges 

pH (acidity)  Atmospheric deposition 

Spillage/illegal discharges 

Organic matter decay 

Erosion of roofing material 

Micro-organisms  Animal/bird faeces 

Sewer overflows/septic tank leaks 

Organic matter decay 

Toxic organics  Pesticides 

Herbicides 

Spillage/illegal discharges 

Sewer overflows/septic tank leaks 

Metals  Atmospheric deposition 

Vehicle wear 

Sewer overflows/septic tank leaks 

Weathering of buildings/structures 

Spillage/illegal discharges 

Disturbance of Acid Sulphate Soils 

Gross pollutants (litter and 
debris)  

Construction activities, litter – pedestrian and vehicular 

Waste collection systems 

Organic matter, including leaf-fall from trees 

Lawn clippings 

Spills and accidents 

Oils and surfactants  Asphalt pavements 

Spillage/illegal discharges 

Leaks from vehicles 

Car washing 

Organic matter 

Increased water temperature  Run-off from impervious surfaces 

Removal of riparian vegetation 
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Stormwater quality is influenced by rainfall and the land use of the catchment (Butler 

and Davies, 2004). In urban catchments the stormwater runoff is highly turbid and 

contains elevated levels of nutrients and other chemicals. The major catchment 

sources of contaminants in urban stormwater include erosion, vehicle emissions, 

corrosion, abrasion, building and road weathering, bird and animal faeces, street litter 

deposition, fallen leaves, grass, residues and chemical spills (Butler and Davies, 

2004). Gross pollutants affect the aesthetic quality of the waterway and the build up 

of these pollutants may cause blockages in the flow of stormwater, which in turn may 

cause flooding. Waterway erosion can also occur due to the high velocity of 

stormwater entering the natural water system (Butler and Davies, 2004). The effects 

of eutrophication can include a population explosion of algae, an increased production 

of detritus and a depletion of oxygen supplies (Carpenter et al., 1998). 

 

Tang et al. (2005) state that urbanisation will slightly increase nutrient losses from the 

catchments through increased runoff but will significantly increase levels of oil and 

grease and certain heavy metals in runoff. The source of these materials varies with 

each catchment; however vehicles are an obvious common source on both road and 

parking lot drainage areas. Metals in stormwater are either dissolved in the 

stormwater or are bound to particulates (Sansalone and Buchberger, 1997). The main 

source of metals in stormwater comes from mechanical wear, tyre wear and corrosion 

(Kim et al., 2005). Storm water generated by runoff from roads and highways 

contains lead, zinc, copper, cadmium, and chromium (Barrett et al., 1998; Characklis 

and Wiesner, 1997; Legret and Pagotto, 1999). Metals in stormwater are 

predominantly in the particulate phase (Butler and Davis, 2004); while soluble metals 

are more mobile and toxic, particulate metals can be transformed into soluble forms in 



Effectiveness of SQIDs in sub-tropical catchment  

Page | 14  

 

natural waters and sediments. Table 2.3 outlines typical pollutant concentrations for 

Melbourne stormwater runoff.  

 

Table 2.3 Typical Melbourne stormwater pollutant concentrations (Duncan 1999) 

Pollutant  Concentration 
(mg/L) 

Total Suspended Solids 150 

Total Nitrogen 2.6 

Total Phosphorus 0.35 

Copper 0.05 

Lead  0.14 

Zinc  0.25 

Cadmium 0.0045 

 

The concentrations listed in Table 2.4 are used by the software program model for 

urban stormwater improvement conceptualisation (MUSIC) to calculate the amount of 

pollutants produced by a particular land use in a SEQ catchment. The MUSIC 

calculates the volume runoff produced from historical rainfall events, using the area 

of the particular catchment node and the impervious fraction. It then applies that 

volume to the concentration of the pollution produced per litre of runoff. MUSIC is a 

tool used by the majority of Australian local councils to determine the compliance of 

developments with their water quality objectives (load reductions and concentrations).  
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Table 2.4 MUSIC Storm Flow Mean Concentrations for South East Queensland 

Land Use Category  TSS 
Concentration  

TP 
Concentration  

TN 
Concentration 

(mg/L) (mg/L) (mg/L) 

Forest 79 0.08 0.84 

Agriculture 200 0.54 3.89 

Rural Residential 182 0.28 2.09 

Urban Residential 
Roads  270  0.5  1.82  

Roofs  20  0.13  1.82  

Other Impervious Areas  151  0.34  1.82  

Other Pervious Areas  151  0.34  1.82  

Industrial 
Roads  270  0.5  1.78  

Roofs  20  0.13  1.78  

Other Impervious Areas  270 0.5  1.78  

Other Pervious Areas  151 0.34  1.78  

Commercial 
Roads  270  0.5  2.34  

Roofs  20  0.13  2.34  

Other Impervious Areas  270  0.5 2.34  

Other Pervious Areas  151 0.34 2.34  

Source: GCCC, 2006 
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2.1.2 The effects of urban stormwater on receiving 

waterways 

Water quality is a major issue in Australia and throughout the world. SQIDs and 

water sensitive urban development (WSUD) are a major part of the Australian urban 

landscape. WSUD is viewed as a local solution to the global problems created by the 

reliance on conveyance and centralised storage/discharge of water in cities (Coombes 

et al., 1999). Fixing the problem at the source means that the problem does not 

amplify, thus reducing the cumulative effect of the pollution, and the receiving waters 

are then less likely to need further treatment.  

 

Stormwater management has major implications on the health of aquatic ecosystems, 

which exist in several trophic states, with two of the most important being clear, and 

macrophyte dominated (oligotrophic) or turbid and plankton dominated (eutrophic) 

(Harris, 2001a). The change from oligotrophic to eutrophic is often abrupt and the 

ecosystem response to perturbation is highly non-linear and to oligotrophic conditions 

to return, even if the water quality is improved. Harris (2001a) states that land 

clearing leads to a sharp increase in export of salinity, suspended solids and nutrients 

to the waterways with a corresponding decline in water quality. Due to massive 

clearance and land use change and increased erosion and eutrophication, many 

Australian rivers have undergone this change in trophic status (Harris, 2001b).  

 

The pollutants found in urban stormwater can have a range of effects on the water 

quality of receiving waters. Increased concentrations of nutrients are responsible for 

outbreaks of toxic blue green algae blooms in many waterways throughout Australia 
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(Harris, 2001a). A consequence of eutrophication and the overgrowth of aquatic 

plants and algae is the consumption of dissolved oxygen (DO) when the growth 

matter eventually decays. Even a small decrease can take DO levels below the critical 

threshold needed to sustain higher order aquatic animals such as fish and crustaceans 

(Brodie, 1995; Fenton, 2008; Nhapi et al., 2002). The ratio of nutrient elements in the 

environment is also important, as plants need and use nutrients in a ratio linked to the 

composition of their own biomass (Brodie, 1995). The Redfield Ratio - carbon, N and 

P in the ratio 106:16:1 (Redfield, 1958); corresponds to the elemental ratio of these 

elements in phytoplankton. Table 2.5 lists the ratio of nitrogen to phosphorus in 

Australian regions. 

Table 2.5 Ratio of nitrogen to phosphorus in Australian Regions 

Region Current 

TN/TP 

Natural 

TN/TP 

Current/natural 

TN/TP 

Far North Queensland 6.3 8.8 0.77 

North Queensland 5.9 9.1 0.70 

Burdekin 3.5 6.5 0.59 

Fitzroy 4.6 10.3 0.46 

Moreton Bay 7.6 15.7 0.49 

Queensland South 6.9 14.4 0.49 

Murray-Darling Basin 13.2 18.8 0.72 

New South Wales 

North 

9.9 17.6 0.57 

New South Wales 

South 

10.0 16.3 0.61 

Victoria East 16.4 19.8 0.82 

Victoria West 17.2 21.0 0.84 

South Australia Gulf 21.5 18.2 1.23 

Western Australia 

South 

24.7 22.4 1.11 

Indian 8.7 21.7 0.52 

Tasmania 12.8 15.9 0.86 
Source (DEWHA, 2009) 
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When the Redfield ratio is greater than 6.8 the water body is regarded as phosphorus 

deficient, and when it is less than 6.8 it is regarded as nitrogen deficient (DEWHA, 

2009). Nitrogen deficient conditions favour those species of algae (including many 

blue-green algal species) that fix atmospheric nitrogen. Seagrasses and marine 

microalgae have different C:N:P ratios (Atkinson and Smith, 1983) and changes in the 

supply of N or P may change conditions to favour the growth of one plant at the 

expense of others. Because of differences in the supply of a limiting nutrient, 

increased loading of that nutrient may produce very different responses in different 

ecosystems. 

The idea of nutrient limitation in aquatic environments has a long history (Hecky and 

Killam, 1988), particularly in freshwater lakes. Extensive research in recent decades, 

including artificial fertilisation of a set of lakes in Canada (Schindler, 1975), has 

clarified the role of P limitation in lake ecosystems. This has led to an understanding 

of P loading (Vollenweider, 1976) and an ability to make recommendations and 

predictions regarding the rehabilitation of eutrophic lakes. It was also clearly shown 

that lakes could eutrophy naturally and that anthropogenic influences can accelerate 

this process to decades rather than thousands of years. Estuaries of south-west 

Australia are in a process of slow natural eutrophication and anthropogenic impacts 

may be accelerating this process dramatically (Hodgkin, 1988). N and P are regarded 

as the major environmental nutrients, while carbon is generally regarded as non-

limiting. Other nutrient elements, especially micronutrients, have been less studied 

and little is known of environmental responses to their concentration or their 

distribution and availability in the aquatic environment (Brodie, 1995). 
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Compared with many other countries, Australia has a low export of nutrients from 

catchments (Harris, 2001b). This is due to the low rainfall, low relief, low fertiliser 

usage, low nutrient status of soils, low population and lack of atmospheric deposition 

of nutrients (such deposition is a problem in Northern Hemisphere countries). Many 

estuaries are seasonally nitrogen-limited in the dry season whereas there are increased 

inputs of nitrogen from fertilisers, urban runoff and clearing, during the wet season 

(Harris, 2001a). It is necessary to understand the forms, fluxes and biogeochemical 

transformations of nitrogen and phosphorus within the catchments if a more complete 

theory of catchment biogeochemistry and its application to management questions is 

to be formulated.  

Along with increased nutrient loads urban stormwater has elevated sediment loads. 

This sediment laden stormwater can have detrimental effects on the receiving water 

bodies. Suspended sediment is sourced from surface wash erosion of hill slopes, gully 

erosion and riverbank erosion. Soil erosion increases can arise from woodland 

removal; overgrazing, (especially in drought conditions, where vegetation cover falls 

below 60%); streambank erosion when livestock have direct access to streams 

(Finlayson and Brigza 1993); construction activities and cultivation.  

 

Stormwater containing elevated suspended sediment concentrations presents potential 

downstream impacts on receiving water bodies, e.g. high value river reaches, lakes 

and reservoirs. The ultimate point of delivery, and one of particular concern, is to 

estuaries and the coast. There is a particular concern for increased sediment delivery 

to estuaries such as Moreton Bay (Tibbetts et al., 1998) and to the Great Barrier Reef. 

Data from the Australian Wet tropics and Lower Herbert indicates that aquatic 

organisms in tropical streams are well adapted to short term peak concentrations of 



Effectiveness of SQIDs in sub-tropical catchment  

Page | 20  

 

material, but are far less tolerant to long term elevated concentrations in base-flow 

regimes (Pearson and Connolly, 1998). A similar view is also emerging in respect to 

chronic impacts of nutrients on marine ecosystems (Williams, 2001). Regardless of 

whether the cause is natural or the result of human activity, there is clear evidence that 

prolonged exposure to levels of terrestrial sediment and organic matter in excess of 

normal conditions, can kill affected coral reefs and seagrass beds through: 

 smothering and burial when particles settle out (sedimentation); 

 reducing light availability (turbidity) and potentially reducing photosynthesis, 

growth and reproduction; and 

 altering the ecology and nutrient dynamics of aquatic ecosystems (Rogers, 

1990; Anthony, 2000; Anthony, 1999).  

Increased sediment loads combined with eutrophic conditions may enhance the 

formation of marine snow, which may also impact corals (Fabricius and Wolanski 

2000), seagrass and algae.  

 

Near shore and coastal reef systems have evolved in relatively turbid environments 

where suspended sediment and turbidity are influenced more by local wind and wave 

regimes than by sediment supply (Larcombe and Woolfe, 1999). Despite high 

turbidity levels and sedimentation rates, inshore reefs naturally sustain high and 

healthy coral cover and diversity, suggesting local adaptation to intense sediment 

regimes (Ayling and Ayling, 1998). One reason for this may be that coral populations 

from inshore turbid environments have a greater capacity than offshore species to feed 

and thus obtain energy from sediment particles (Anthony, 2000). Energy obtained in 

this way could balance phototrophic energy reductions caused by shading in shallow 
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turbid waters. However, particle feeding is unlikely to provide a total alternative 

energy source under consistently turbid waters (Anthony, 1999).  

 

Elevated sediment and nutrient concentrations can also negatively affect seagrass 

beds. Australian seagrass communities are generally characterised by low ambient 

nutrient loadings, increased nutrients and water turbidity can adversely affect 

seagrasses by lowering ambient light levels (Walker et al., 1999). Three major factors 

cause a reduction in light availability (Shepherd et al., 1989; Walker and McComb, 

1992; Abal and Dennison, 1996): 

 

 Chronic increases in dissolved nutrients leading to a proliferation of light 

adsorbing algae including water column phytoplankton, benthic macroalgae or 

algal epiphytes on seagrass stems and leaves; 

 Chronic increases in suspended sediments leading to increased water column 

turbidity; and 

 Pulsed increases in suspended sediments and/or phytoplankton blooms that cause 

a dramatic reduction of water column light penetration for a limited time. 

All these will reduce the photosynthetic capability of affected seagrass. 

  

Highest rates of sediment transport occur during periods of high flow, over distances 

of hundreds to thousands of metres (Nicholas et al., 1995). Residence times of coarse 

sediment in river networks are relatively long so there is transient deposition on the 

bed as the sediment works its way through the river network (Prosser et al., 2001). In 

addition to that deposition, an increase in sediment supply from accelerated post-

European erosion can cause the total supply of sediment in historical times to exceed 
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the capacity of a river reach to transport sediment downstream (Williams., 2001). The 

excess sediment will be stored on the bed and the river will aggraded over time 

(Trimble, 1981; Meade, 1982). There has been a significant increase in supply of sand 

and fine gravel to rivers in recent times and deposition of this bedload has formed 

sand slugs: extensive, flat sheets of sand deposited over previously diverse benthic 

habitat (Nicholas et al., 1995; Rutherfurd, 1996). 

 

2.2 Managing urban stormwater 

The response to managing this problem of decreased water quality in SEQ water ways 

has been the formation of the South East Queensland Regional Water Quality 

Management Strategy (SEQRWQMS) (Vertessy et al., 2002). This initiative involves 

participation by various councils, State Government departments, private companies 

and community groups operating in the SEQ region. The aim of the strategy is to 

generate knowledge and promote adoption of catchment management practices that 

will improve water quality and the integrity of the aquatic ecology in the region 

(Grice et al., 2000). 

 

Due to increased pressure from environmental and other community groups there has 

been a shift in the way councils deal with stormwater management to that of improved 

quality and improved aesthetics in the design of the storm water conveyances (Butler 

and Davies, 2004; Harris, 2001b). This has lead to the creation of a number of new 

policies that recommend Water Sensitive Urban Design (WSUD) in all new 

developments (e.g. The South East Queensland Regional Water Quality Management 

Strategy 2001, the Draft State Planning Policy for Healthy Waterway 2009 and the 
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National Water Quality Management Strategy 2008). This change in attitude has led 

to a more sustainable approach in managing runoff (Butler and Davies, 2004). From 

WSUD, Stormwater Quality Improvement Devices (SQIDs) have evolved. SQIDs 

include a number of different devices designed to improve the quality of the 

stormwater runoff. Some are also designed to improve the aesthetics of the catchment 

in which they are located (Harris, 2001a). These devices range from the gross 

pollutant traps that are designed to remove large waste objects from the runoff to 

artificial wetlands, designed to remove sediment and nutrients. Stormwater, which for 

years was considered as waste to be disposed of, was now a possible resource to be 

incorporated into the design of places and spaces (Mouritz, 2009). The choice of 

which SQID/s to use depends on the pollutant that is being targeted for removal. 

Figure 2.4 outlines the type of pollutant removal method suitable to the size of the 

pollutant. Figure 2.5 shows the type of SQID and the particle size it is designed to 

remove and at what flows (hydraulic loading) the SQID operates under.

 

Figure 2.4 Stormwater management issues and matching pollutant characteristics with 

appropriate treatment (Source: Wong et al., 2005) 
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Figure 2.5 Matching pollutant characteristics with appropriate treatment measures and 

operating hydraulic loading (Source: Wong et al., 2005) 

Detention ponds can reduce the level of particulate-bound metals and nutrients in the 

water by allowing the particles to settle out of the water column. This results in only 

very small particles and dissolved substances passing through the detention pond 

(Farm, 2002). Some form of additional treatment is required to reduce the amount of 

pollutants in stormwater even further. This treatment can take the form of specially 

constructed wetlands, bioretention systems, infiltration systems and swales. The two 

main methods by which metals and nutrients are immobilised in filtration systems are 

through surface complexation and precipitation (Farm, 2002). Several factors affect 

these processes, such as the mineral composition of the filter substrates, the hydraulic 

conductivity, porosity and the pH of the storm water (Jain and Ram, 1997; Sansalone, 

1999). Adsorption of metals to filter materials has been studied using different 

substrates, e.g. iron-oxide-coated sand, and granular activated carbon (Benjamin et 

al., 1996; Gabaldon et al., 1996). Iron-oxide-coated sand was found to be successful 
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in removing uncomplexed and ammonia-complexed cationic metals (Cu, Cd, Pb, Ni, 

Zn), as well as some oxyanionic metals (SeO3, AsO3), from simulated and actual 

waste streams over a wide range of metal concentrations. 

 

When used in a correctly designed treatment train, SQIDs treat the stormwater runoff 

to the standard as set out by the ANZECC water quality guidelines 

(ANZECC/ARMCANZ, 2007) and the Queensland Water Quality Guidelines 

(QWQG) (EPA, 2007) or at the very least to the minimum load reduction targets set 

out by the local council (e.g. Gold Coast City Council) development guidelines. The 

natural water quality guidelines are used as essentially there is little difference in the 

water quality of a natural stream traversing through an urban area carrying stormwater 

and a stormwater drain carrying stormwater. Both waters will eventually be released 

into a natural waterway and therefore need to be of the same quality. Previous studies 

have used these guidelines (Duffy, 2006; Niven, 2006; Greenway, 2005). Table 2.6 

provides a guide to defining the aquatic ecosystem condition in terms of human 

disturbances. The degree of human disturbance determines the percentile range for the 

water quality parameters. The QWQG state that urban waterways are highly disturbed 

systems and to evaluate compliance the water quality parameter guidelines are 

derived based on the 10th/90th percentile of the reference range or on reference data 

from more impacted but still acceptable reference sites. Table 2.7 outlines the QWQG 

parameters for the waterways of the SEQ region for slightly - moderately disturbed 

waterways which are derived based on the 20th/80th percentile of the reference range. 

Table 2.7 is provided as the QWQG (EPA, 2007) do not provide guidelines for highly 

disturbed systems. Stormwater is seen as a pulse event which is likely to cause 

contaminant concentrations higher than the guideline values of the receiving 
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waterway, but ideally should be similar to the guidelines of the receiving waterway. 

QWQG (EPA, 2007) recommends that to evaluate the water quality parameters of 

stormwater the 5th and 95th percentile of the reference range should be used for non-

compliance. This means that if the values obtained from a site are outside this range 

then the site is said to be unacceptable and some action needs to be taken to remedy 

the problem. 

 
Table 2.6 Definitions of aquatic ecosystem condition. (ANZECC/ARMCANZ, 2007) 

 

 



 

 

Table 2.7 SEQ region Water Quality Guidelines (WQG) for all SEQ waterways (EPA, 2007) 

South-east region Water type Physico-chemical indicator (refer Appendix E) and guideline value9 (slightly – moderately disturbed systems)  
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Open coastal  6 3 130 140 6 20 1 95 105 1 5 10 8 8.4 n/a  Managers need to 

define their own upper 

and lower guideline 

values, using the 80th 

and 20th percentiles, 

respectively, of 

ecosystem temperature 

distribution (ANZECC 

2000).  

Enclosed coastal  8 3 180 200 6 20 2 90 105 6 1.5 15 8 8.4 n/a  

Mid-estuarine and tidal canals, 

constructed estuaries, marinas and boat 

harbours  

10 10 280 300 6 25 4 85 100 88 1.08 208 7 8.4 n/a  

Upper estuarine  30 15 400 450 10 30 8 80 100 258 0.58 258 7 8.4 n/a  

Lowland streams  20 60 420 500 20 50 5 85 110 50 n/a  6 6.5 8 See Appendix 

G  

Upland streams  10 40 200 250 15 30 2 90 110 25 n/a  6 6.5 8.2 See Appendix 

G  

Freshwater lakes/ reservoirs  10 10 330 350 5 10 5 90 110 1–

20 

nd  nd  6.5 8 See Appendix 

G  

Wetlands 7 nd  nd  nd  nd  nd  Nd  nd  nd  nd  nd  nd  nd  nd  nd  nd  

Note 1  Note that DO guidelines (% saturation) for freshwaters should only be applied to flowing waters, including those with 

significant subsurface flows. Stagnant pools in intermittent streams naturally experience values of DO below 50% 

saturation.  

Note 2  DO Guideline values in the Table above apply to daytime conditions. Lower values may occur at night but this should 

not be more than 10 % –15% less than daytime values. 

Note 3  DO value as low as 40% may occur in estuaries for short periods following material inflow events after rainfall. DO 

values consistently <50% are likely to significantly impact on the ongoing ability of fish to persist in a water body. DO 

values <30% saturation are toxic to some fish species. These DO values should be applied as absolute lower limit 

guidelines for DO. – see also section 4.2. Very high DO (supersaturation) values can be toxic to some fish as they cause 

gas bubble disease  

 



Effectiveness of SQIDs in sub-tropical catchment  

Page | 28  

 

2.3 Types of stormwater quality improvement 

devices (SQIDs) 

Stormwater Quality Improvement Device (SQID) is the collective term to define 

infrastructure that is designed primarily to improve or protect the health of urban 

waterways through the improvement of the stormwater water quality. SQIDs work by 

reducing the amounts of pollutants that enter the creeks, rivers and other receiving 

waters. The types of SQIDs that are typically constructed as part of major 

developments in SEQ are described below with examples shown. Figure 2.5 (page 24) 

describes how these devices operate on the basis of particle size. 

 

Trash racks remove large objects and rubbish including bottles, cans, leaves and 

branches (Figure 2.6).  

 

Figure 2.6 Trash rack (GCCC, 2007) 
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Gross pollutant traps (GPTs) remove litter and sediment as well as helping to 

remove minor amounts of pollutants such as nutrients (i.e. nitrogen and phosphorus), 

heavy metals and organic compounds that are carried by finer sediment particles 

(Figures 2.7 and 2.8). Some GPTs are located above ground (Figure 2.7), whilst 

others are built below ground (Figure 2.8) and have fine screens to trap small particles 

of litter and sediment (BCC, 2000b). 

 

Figure 2.7 An open GPT trapping gross pollutants from the waterway allowing the water to pass 

through, while leaving the pollutants behind. (Niven, 2006) 
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Figure 2.8 How an underground GPT operates. (Noosa Shire Council, 2007)  

Gully Pit Baskets and Nets collect litter, leaves and other pollutants in baskets 

within gully pits at the side of roads or in nets at the end of stormwater pipes (Figure 

2.9) (BCC, 2000b)  

 

Figure 2.9 Trash Basket at the end of a stormwater drain. (EPA, 2007) 

 

Constructed (artificial) wetlands are deep, wide pools with fringing macrophyte 

vegetation (Figure 2.10) that slow the water velocities allowing sedimentation, which 

removes large to very small particles of sediment, nutrients and toxicants (e.g. heavy 

metals). The macrophytes aid in improvement of the water quality through adsorption 

and absorption of nutrients. Wetlands need to cover a large area to remove pollutants 

effectively, but can produce excellent treatment results (BBC, 2000b). It is essential 

that wetlands be preceded by sediment basins (give protection from sediment build 

up), GPTs and/or trash racks as ‗pre-treatment units‘ (protection from litter and 

debris) (GCCC, 2005). 
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Figure 2.10 Constructed artificial wetland, Waterbird Park wetland. (GCCC, 2005) 

 

Vegetation Swales are broad shallow grassed/vegetated channels that allow water to 

sheet flow through. They facilitate infiltration of the water by slowing the waters flow 

and thus allow particulate pollutants to settle out (BCC, 2000b).   

 

Ponds are small artificial bodies of open water, such as a dam or small lake. The pond 

edge may be fringed with emergent macrophytes. While submerged macrophytes may 

occur throughout the water column, the dominant feature is open water. Compared 

with wetlands, ponds are usually more permanent, deeper water bodies with narrow, 

steep edges. 
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Infiltration trenches/basins are areas of sand and gravel which allow water to pass 

through the sand and gravel, thereby encouraging it to enter the groundwater system 

(Figure 2.11) (BBC, 2000a). 

 

Figure 2.11 Infiltration trench (High Point, 2009) 

Bio-retention trenches are similar to the infiltration trenches but they also have a 

bio-film (plants) growing in the sand and gravel (Figure 2.12). The vegetation aids in 

slowing the flow velocities and the vegetation can improve water quality through 

absorption of the nutrients (BCC, 2000a). In addition to nutrient and sediment 

removal, the bio-film can reduce pathogens by up to 90% (Hunt and Lord, 2006). 
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Figure 2.12 Bio Retention trench (GCCC, 2007). 

 

Sediment Basins are depressions with a restricted outlet designed to trap sediment 

through slowing the flow velocity. Sediment removal rates are highly dependent on 

retention time (BCC, 2000b).  

 

Extended wet detention basins are designed to collect stormwater runoff in a 

permanent pool and a temporary water quality pool during storm events (Figure 2.13). 

The primary removal mechanism is settling as stormwater runoff resides in this pool, 

but pollutant uptake, particularly of nutrients, also occurs to some degree through 

biological and chemical activity in the pond (California Stormwater Quality 

Association, 2003). 
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Figure 2.13 Extended wet detention basins (MARC, 2009) 

Oil and grit separators remove oil and grit using a fine mesh. 
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2.4 Effectiveness of SQIDs 

There is a lack of monitoring data and published evaluations of the effectiveness of 

SQIDs for the treatment of stormwater (Carleton et al., 2001; Harris, 2001b), in 

particular for SEQ (Duffy, 2006; Greenway, 2005), possibly due to the cost and time 

required to perform effective monitoring. However, compared with the considerable 

expense of construction and maintenance of SQIDs, the cost of monitoring programs 

is minor. Therefore, it is essential to undertake this monitoring. SQIDs are sized and 

designed using the 3 month average return interval (ARI) flow (GCCC, 2007) which 

may cause a problem in larger events if there is not sufficient bypass. There is little 

doubt that the gross pollutant traps (GPT) and trash racks work, evidenced by their 

effect on the litter and sediment captured in them. At least the removal of rubbish and 

litter is a readily monitored qualitative and quantitative effect. The Hornsby Shire 

have over 300 GPTs and for the 2004/05 year they collected approximately 640 cubic 

metres (960 tonnes) of sediment, litter and organic matter from the Shire‘s waterways 

over an average of 9 separate cleaning events. Sediment volumes accounted for 

approximately 54% of the total pollutant load captured, litter 7% and organic matter 

39% (Collins, 2006).  

 

It has been stated that there is information on drainage systems but the impacts of 

different management approaches is extremely limited and consequently leads to the 

poor accuracy of catchment stormwater models (Ball et al., 1998). Leecaster et al. 

(2002) state that, although monitoring of urban runoff began in the 1980s (in USA), 

assessments of the effectiveness and efficiency of the monitoring programs to 

estimate contaminant loads for urban runoff have not been conducted. From an 
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Australian perspective, Harris (2001b) noted that only very few of the existing water 

quality data sets came from Australian catchments and indeed, in most global data 

sets, the only datum point was from the Murray–Darling River system. Young et al. 

(1996) reviewed the exports of total nitrogen (TN) and total phosphorous (TP) from 

Australian catchments in relation to examples from the Northern Hemisphere and also 

noted the paucity of Australian data. It was noted by Carleton et al. (2001), that there 

is a lot of interest in constructed wetlands as wastewater treatment systems in the US 

and other parts of the world. However, there is little design guidance currently 

available for stormwater wetlands, and there is an absence of comprehensive long 

term mass balance data on existing systems. Hatt et al. (2006) reviewed integrated 

stormwater treatment and recycling and noted that performance modelling for design 

evaluation purposes requires further research and that there is no agreed, practical and 

widely used methodology to objectively assess the costs and benefits of treatment 

systems. 

 

When showing the effectiveness of vegetative SQIDs, Batone and Uchrin (1999) 

found negative removal efficiencies for TKN, NO3, TP and PO4 in the vegetated basin 

over four storm events with export loads exceeding input loads. They attributed this to 

the stormwater flushing out stored water and associated organic matter and nutrients. 

 

In a study on the efficiency of constructed wetland and pond systems for stormwater 

treatment in subtropical Australia, Greenway (2005) found that during dry weather 

there was a reduction in both NO3
-
 and PO4

3-
 in both the wetland and the pond 

systems. However neither system removed sufficient nutrients to achieve the QWQG. 

In that same study however, Greenway (2005) noted that TSS and NH4 were seen to 
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increase under certain conditions. Greenway (2005) suggested that if detention times 

were increased then more of the nutrients would be removed, highlighting the issue as 

to whether current design guidelines are appropriate. 

 

Carleton et al. (2001) noted that, of the studies on the performance of wetlands in 

treating stormwater, performance is generally a function of inflow or hydraulic 

loading rate (HLR) and detention time (Dt), which are, in turn, functions of storm 

intensity, runoff volume, and wetland size (area and volume) (Barten, 1987; Hickok et 

al., 1977; Meiorin, 1989; Scherger and Davis, 1982). Inflow rate can influence 

pollutant retention by affecting the degree of bottom scouring and resuspension of 

settled solids and, therefore, the retention of solids and solids-associated pollutants 

(Carlton et al., 2001). Wetland volume determines the fraction of a runoff event 

potentially captured and therefore made available for treatment, especially during 

quiescent periods between events (Woodward-Clyde, 1986). The importance of 

proper sizing was recognised in early design guidelines published by the State of 

Maryland (MDE, 1987), which recommended that the surface area of a constructed 

stormwater wetland be at least 3% of the contributing watershed area. It has been 

suggested by other authors since that the area ratio may not be as important as the 

volume ratio (ratio of average runoff volume to storage volume) in determining 

performance (Strecker et al., 1992). Carleton et al. (2001) found that long term 

performance predictions on the efficiency and effectiveness of the wetland can be 

made using the ratio of size of the wetland compared to the area of watershed that it is 

treating. Schueler (1992) and Carleton et al. (2001) recommended both a minimum 

area ratio of 2% (or 1% for wetlands with extended detention), and a treatment 
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volume large enough to capture 90% of all storm events. However information 

confirming the adequacy of SQIDs for attaining desired pollutant removal is scarce. 

 

2.5  Hydrodynamics and the performance of 

constructed wetlands 

Constructed wetlands are stormwater runoff detention devices. Their behaviour is 

determined by three factors: detention period, inflow characteristics and storage 

volume (Wong et al., 1999a). These factors interact to influence the wetland‘s 

effectiveness in detaining stormwater runoff. The hydrologic effectiveness of a 

wetland relates to this interaction, and determines the long-term percentage of 

catchment runoff entering the macrophyte zone (Newbold, 2005). In systems with a 

large permanent pool, the outflow following a small runoff event will often consist of 

runoff stored from previous events (Wong, and Geiger, 1997). The influence of the 

inter-event dry period on the detention period of stormwater increases with increasing 

permanent pool storage (Pont, 2004). While systems with large permanent pool 

volumes promote long detention periods, they do not provide the wetting and drying 

cycles necessary for effective stormwater treatment and promotion of diverse wetland 

vegetation (Pont, 2004; Wong et al., 1999b). Outlets that promote a more variable 

hydrologic regime are considered to be more desirable. A balance between these 

attributes needs to be achieved in design. 
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The treatment performance of a constructed wetland relates to the combined effect of 

the wetland‘s hydrologic effectiveness and treatment efficiency (Wong et al., 1999a). 

The hydrologic effectiveness is the overall percentage of runoff from the catchment 

that is directed into the wetland; the wetland treatment efficiency is related to the 

amount of pollutants that the wetland removes compared to the amount entering the 

wetland (Brydon et al., 2006) 

 

Hydrologic effectiveness allows for the trade-off between the volume of runoff 

treated, the detention time and the wetland volume to be balanced and evaluated 

(Koob, Barber and Hathhorn, 2007). This determines the amount of land required (i.e. 

wetland volume) for the required level of treatment. When determining wetland 

volume, catchment-scale factors are important; while factors at the local-scale are 

important in determining the effective use of this volume in the treatment of 

stormwater runoff (Wong et al., 1999a; McManus, Wong and Breen, 2007). The 

physical, chemical and biological processes responsible for stormwater treatment are 

optimised when the total volume of the basin operates under ideal flow conditions. 

Hydraulic efficiency is strongly influenced by basin shape and depth; hydraulic 

structures such as inlets, outlets and berms; and the type, extent and distribution of 

wetland vegetation (Pont, 2004). The interaction between wetland bathymetry (the 

topography beneath the water surface) and vegetation is the single most important 

factor influencing wetland hydraulic efficiency (Wong et al., 1999a). Figure 2.14 

details wetland configurations with their hydraulic efficiency while, E, G and J 

represent wetland configurations that have high hydraulic efficiency. Hydraulic 

efficiency relates to the amount of interaction the water has with the entire wetland, 

therefore a flow path that goes through the entire wetland has a high hydraulic 
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efficiency compared to a flow path that bypasses sections of the wetland. The 

hydraulic efficiencies in Figure 2.14 are based on results of two-dimensional 

hydraulic modelling performed by Persson et al. (1999), conducted on hypothetical 

and real wetlands. 

 

Figure 2.14 Hydraulic efficiencies of stormwater treatment systems (Source:  Persson et al., 1999) 

 

Hydraulic inefficiencies within the wetland due to zones of re-circulation and 

stagnation reduce the engaged basin volume and thus reduce its treatment 

effectiveness (Wong et al., 1999b). Flows that short-circuit through the wetland result 

in outflows having a range of detention times. As the hydrodynamic flow conditions 

become more varied from ideal flow, and as additional eddies and stagnant zones 

form the range of detention times within the wetland increases (Wong et al., 1999a) 

and the hydraulic efficiency of the wetland is reduced.  

Wetland plants are adapted to specific wetting and drying cycles (Wong et al., 1999a). 

The major factor in determining these hydrologic regimes within a constructed 
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wetland is the interaction between catchment hydrology, basin bathymetry and the 

hydraulic behaviour of the outlet structure. To maximise treatment efficiency, 

hydraulic efficiency has to be optimised through modifying basin shape and depth and 

placement of hydraulic structures (Figure 2.14). In order to sustain the designed 

botanical layout of a wetland, the design of outlet structures needs to match the 

hydrologic requirements of wetland vegetation (Wong et al., 1999b). 

 

The hydrologic effectiveness of wetlands of varying size and detention time can be 

defined by computer simulation of the wetland behaviour using long-term rainfall 

data (Wong et al., 1999a). Figure 2.15 shows that increases in storage volumes or 

reductions in detention times can lead to improved hydrologic effectiveness. Low 

hydrologic effectiveness is the result of the combination of small detention volume 

and a long detention period thereby leading to frequent occurrences of stormwater by-

pass. Wetland design requires a balance between the available area and the design 

detention period to achieve the most appropriate hydrologic effectiveness for optimal 

long-term pollutant-load reduction (Newbold, 2005). 
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Figure 2.15 Hydrologic effectiveness curves for wetlands in Melbourne (Wong et. al. 1999a) 

Wong et al. (1999a) derived hydrologic effectiveness curves for a number of capital 

cities in Australia using rainfall records (Figure 2.16). Comparison of these curves 

indicates that a wetland in Brisbane, Queensland (sub-tropical) needs to be much 

larger in comparison to a wetland in Melbourne, Victoria (temperate) in order to 

obtain the same hydraulic effectiveness, which relates to comparable levels of wetland 

performance. The variation around Australia in wetland hydrologic effectiveness for a 

given detention period and area is due to the climatic variability that occurs not just in 

mean annual rainfall depth, but also in storm intensity, inter-event dry periods and 

seasonal rainfall distribution. Thus, wetlands in temperate areas have high hydrologic 

effectiveness compared with wetlands of similar size in tropical and sub-tropical areas 

(Wong et al., 1999a). The latter are characterised by high seasonal variations of 

rainfall with a wet season dominated by frequent, intense storms and a dry season 

with relatively little rainfall. 



Effectiveness of SQIDs in sub-tropical catchment  

Page | 43  

 

Figure 2.16 Hydrologic effectiveness vs. area for wetlands with detention periods of 72 hours and 

30% catchment imperviousness (Source Wong et al., 1999a) 

The ideal flow conditions for treatment to occur in a wetland, is for all ‗parcels‘ of 

water to take the same amount of time to pass through the wetland (plug flow), and 

when the entire volume of the wetland is being utilised. As stormwater moves through 

the wetland it tends to spread out due to turbulence and other hydrodynamic effects 

(Wong et al., 2005) and as such ideal flow conditions never occur. Because of this it 

is essential that appropriate steps are taken during the hydraulic design of the wetland 

to achieve optimum flow conditions (Wong et al., 1999a). 

 

The internal layout of the wetland - shape and form of the basin, the type and location 

of the inlet and outlet structures, and the botanical layout - have direct influences on 

the hydraulic efficiency of the wetland (Persson et al., 1999). The characteristics that 

define the hydraulic efficiency of a wetland system are shown in Figure 2.17 (Source 

Wong et al., 1999a), which illustrates hypothetical responses at the outlet of a wetland 

for a pulse injection of the tracer at the inlet under steady flow conditions. 
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Figure 2.17 Residence time distributions (Source Wong et al., 1999a) 

‗Residence time distribution‘ (RTD), describes the hydraulic efficiency of the 

detention system. When plug flow conditions occur the shape of the tracer 

concentration at the outflow remains a pulse, but translated in time (Figure 2.17). The 

time difference between the inflow and outflow pulses represents the mean detention 

time. Full utilisation of available wetland storage would result in the mean detention 

time being equivalent to the volume of the system (V) divided by the outflow rate (Q), 

i.e. V/Q. 



Effectiveness of SQIDs in sub-tropical catchment  

Page | 45  

 

3 Research aim and objectives 

The overall aim of this study is to provide a better understanding of the performance 

of SQIDs in sub-tropical urban catchments of the Gold Coast region. A key part of 

this was developing an improved monitoring program. The specific objectives were as 

follows: 

 

 To assess the stormwater drainage quality at Discovery Park, Helensvale, prior 

to installation of SQIDs in order to provide baseline data. 

 To determine whether existing SQIDs at Waterbird Park, Carrara have been 

effective in improving local water quality over a period of three years using 

Gold Coast City Council monitoring data.  

 To determine whether the following factors have an adverse affect on SQID 

performance. 

 Age (particularly in relation to an artificial wetland) 

 Nutrient load (relationship with N or P) 

 Rainfall 

 Land-use 

 To develop a monitoring approach to evaluate the effectiveness of SQIDs in 

South-East Queensland sub-tropical catchments. 
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4 Methods 

4.1 Evaluating the effectiveness of the SQIDs 

This study will be focusing on a pond and wetland system that are designed to remove 

nutrients from stormwater runoff, but will not be assessing the effectiveness of GPTs. 

However, the study sites may contain GPTs as part of a system of SQIDs and 

therefore GPTs will be included in the overall assessment. 

 

4.1.1 Initial plan 

Initially, the purpose of this study was to evaluate the effectiveness of SQIDs on the 

Discovery Park, Helensvale site. An automatic sampling station was constructed at 

the bottom of this catchment study area to assess pre-SQID runoff water quality in 

order to compile a base flow data set. The samples taken from this station would 

become the outflow site for Discovery Park when SQIDs were installed upstream 

within the catchment. 

 

It was proposed that, as SQIDs were introduced to the catchment, sampling stations 

would be added upstream of each SQID thereby enabling a comparison to be 

undertaken of the water entering and exiting each SQID. This was to be done for each 

individual SQID installed into the catchment study area to evaluate the effectiveness 

of each SQID within the Discovery Park site. Constraints within Gold Coast City 

Council resulted in the capital works program being delayed. No SQIDs have been 

installed at the Discovery Park site to date. 
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4.1.2 Revised plan 

A revision of the initial study plan was required when the implementation of the 

SQIDs at the Discovery Park catchment was postponed to a date outside the scope of 

the allowable study period. Due to this constraint, assessment of the SQIDs was only 

carried out at the Waterbird Park site in the Carrara catchments. The Waterbird Park 

site is similar to the Discovery Park site in that it is a small urban catchment with 

medium density housing in the Gold Coast region. It has a data set dating back to 

March 2001 with data from both before and after the installation of SQIDs, that 

enabled a comparison to be made of the effects SQIDs have on the water quality 

parameters at the site. 

 

It is anticipated that as SQIDs are introduced into the Discovery Park catchment, their 

effectiveness will be monitored. Future assessments of the effectiveness of the 

Discovery Park SQIDs will be aided by the baseline data provided by this thesis. 
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5 Site descriptions 

Both sites investigated are located on the Gold Coast in South-east Queensland, 

Australia. The first site is the Discovery Park site in Helensvale and the second is the 

Waterbird Park site in Highland Park (Figure 5.1). 

 

Figure 5.1 South-east Queensland with site locations (Google Maps. 2009) 

 

The Gold Coast is within the sub-tropical region of Australia, and receives an average 

of about 1200mm of rainfall annually, the majority of which falls in the summer 

period (BOM, 2009). Seasonal climate conditions for the Gold Coast are shown in 

Table 5.1. 

Discovery Drive 

site 

Waterbird Park 

site 
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Table 5.1 Climate data for the Gold Coast Queensland Australia (BOM, 2009) 

Statistics Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

Temperature 

Mean maximum 

temperature (°C)  
28.5 28.4 27.7 25.7 23.4 21.3 21.1 21.8 23.8 25.2 26.5 27.7 25.1 

Mean minimum 

temperature (°C)  

21.8 21.8 20.6 18.3 15.4 13.1 12.0 12.5 14.8 17.0 18.7 20.4 17.2 

Rainfall  

Mean rainfall (mm)  106.8 169.1 89.2 109.3 115.6 123.3 44.6 58.2 43.6 88.1 145.8 124.9 1207.2 

Decile 5 (median) 

rainfall (mm)  

109.4 147.6 91.4 88.0 83.2 93.5 34.0 25.6 25.0 84.5 113.0 126.2 1228.9 

Mean number of 

days of rain ≥ 1 mm  

8.9 9.3 9.7 8.7 8.7 7.2 4.6 4.6 5.1 6.4 9.6 8.6 91.4 

 

5.1 Discovery Park, Helensvale  

The baseline measurements for the pre-implementation conditions were conducted on 

a small sub-tropical catchment in Helensvale, Gold Coast, Queensland (Figure 5.2). 

The catchment area is 1.3 km
2 

with approximately 0.85 km
2
 of hard, impermeable 

surfaces that allow very little, if any, infiltration. The site has no SQIDs installed and 

is set up for pre-WSUD stormwater abatement (i.e. quick removal of runoff without 

treatment). A section of grassed channel towards the bottom of the catchment 

resembles a swale. However, most of the catchment is concrete lined channels and 

pipes. This makes it a good site to monitor the effect on water quality that SQIDs 

have on a catchment after they are implemented and after the catchment has settled 

down from construction. Figure 5.2 shows the pre-WSUD site, the sample locations 

and the automatic sampler. At the bottom of the run-off zone an automatic event 

sampler was installed by Gold Coast City Council (GCCC) to assist with the data 

collection.   

 

  

 

http://www.bom.gov.au/climate/cdo/about/definitionstemp.shtml#meanmaxtemp
http://www.bom.gov.au/climate/cdo/about/definitionstemp.shtml#meanmaxtemp
http://www.bom.gov.au/climate/cdo/about/definitionstemp.shtml#meanmintemp
http://www.bom.gov.au/climate/cdo/about/definitionstemp.shtml#meanmintemp
http://www.bom.gov.au/climate/cdo/about/definitionsrain.shtml#meanrainfall
http://www.bom.gov.au/climate/cdo/about/definitionsrain.shtml#decile5rainfall
http://www.bom.gov.au/climate/cdo/about/definitionsrain.shtml#decile5rainfall
http://www.bom.gov.au/climate/cdo/about/definitionsrain.shtml#daysofrain
http://www.bom.gov.au/climate/cdo/about/definitionsrain.shtml#daysofrain
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Figure 5.2 Map of pre-SQID site Discovery Park Helensvale and location of sampling sites. 

(Google Earth, 2009) 

  



Effectiveness of SQIDs in sub-tropical catchment  

Page | 51  

 

5.2 Waterbird Park, Carrara catchment 

The Waterbird Park, Carrara catchment (Figure 5.3) was used for an assessment of the 

performance of the SQIDs (lake and wetland system) as it has a data set going back to 

March 2001 (GCCC historical data set). The catchment that feeds into Waterbird Park 

is approximately 75 ha, low to medium density urban residential land with some steep 

vegetated areas. Within the catchment there are two major treatment devices (Figure 

5.4), including the lake which is approximately 60 m long by 30 m wide (Figure 5.5) 

and a wetland which is 180 m long and 35 m wide (Figure 5.6). Together, both 

treatment features have a surface area of roughly 8,100 m
2
 or 0.81 ha. Thus the 

combined area is approximately 1% of the surface area of the contributing catchment 

of 75 ha. The catchment has five automatic samplers currently installed, all operating 

to collect samples during rainfall events. Figures 5.3 and 5.4 shows the location of the 

automatic samplers, three of the samplers are located above the lake on the inlets to 

the lake (SD1, SD2 and SD3), one at the outflow of the lake (SD4), and another at the 

outflow of the wetland (SD5). The inlets to the lake are partially concrete lined but 

resemble a more natural stream due to the addition of large rocks that facilitate some 

sediment removal and riparian vegetation that has begun to grow amongst them. 
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Figure 5.3 Map of Waterbird Park and location of automatic samplers. (Google Maps, 2009)

SD1 

SD2 

SD3 

SD4 
SD5 



Effectiveness of SQIDs in sub-tropical catchment  

Page | 53  

 

 

Figure 5.4 Aerial picture of Waterbird Park and location of automatic samplers. (Google Earth, 

2009) 

 

Figure 5.5 Waterbird Park Pond looking towards Inlet 1 and sampling site SD1  

SD2 

SD3 

SD4 

SD5 

Pond 

Wetland 
SD1 
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Figure 5.6 Waterbird Park wetland at looking from SD5  

 

5.3 Baseline monitoring - Discovery Park 

The data obtained from the monitoring program carried out at Discovery Park was 

used for the baseline monitoring as this catchment contained no SQIDs. The GCCC 

plans to construct a treatment train at this site. Monitoring data will subsequently be 

used to evaluate the effectiveness of the SQIDs, once they have been established at 

this site.  

 

To assist with collection of the data an automatic event sampler was placed at the 

bottom of the catchment study area by GCCC (Figure 5.2). In addition to the 

automatic sampler, manual grab samples were taken before its installation due to the 

occurrence of several large rainfall events early in the study. The manual grab 

samples were collected between 21st October 2006 and 25th January 2007. Automatic 

samples were collected between 25th January 2007 and 26th February 2008. See 
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Table 5.2 for additional information on rainfall events that occurred before the 

installation of an automatic sampler at Discovery Park.  

 

Table 5.2 Rainfall data and samples taken before installation of automatic sampler at Discovery 

Park  

Date 

Rainfall at 

Southport (mm) 

No. of Samples 

taken 

21/10/06 18 3 

5/8/2006 26 2 

8/11/2006 58 2 

9/11/2006 56 2 

15/11/06 35 2 

3/12/2006 17 1 

7/12/2006 28 2 

25/01/07 26 1 
*Rainfall data from BOM gauge 040190 Ridgeway Ave, Southport, Qld 

Water quality parameters were measured from the runoff samples collected during 

rainfall events. The samples were analysed for: 

 Total Phosphorus (TP) 

 Filterable Reactive Phosphorus (FRP) 

 Total Nitrogen (TN) 

 Ammonia 

 NOx (NO2
-
 + NO3

-
) 

 pH 

 Metals 
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5.4 Collection of the samples – Both sites 

All Waterbird Park samples and all samples collected after 25
th

 January 2007 at the 

Discovery Park site were collected using the automatic samplers. Sampling protocols 

for Waterbird Park are outlined in Duffy (2006). 

 

At the Discovery Park site samples were collected for each rainfall event that 

produced a water depth of 100 mm through the channel. This was measured by a 

pressure sensor incorporated in the automatic sampler. The sampler also took samples 

when the water depth reached levels of 200, 400, 600, 800 and 1000 mm and had a 

dead band for when the water level dropped by >100 mm from the previous level. It is 

designed to take a sample and then if the water level goes up again it will continue to 

take more samples as the set levels are passed. If the level does not drop by >100 mm 

then another sample will only be taken when the level above the last sample taken is 

reached. The automatic samplers are Greenspan Sigma samplers with GSM Modems 

(Figure 5.7 and 5.8). The sampling drum holds 24 containers that store the water 

samples, which are cleaned and replaced after use. The sampler sends an SMS mobile 

phone text message alert when they have been activated. This informs the researcher 

how many samples have been taken. The SMS alerts occurred between the hours of 

8am and 6pm daily. The samples were collected and then transferred to the laboratory 

for testing within a few hours of the occurrence of the rainfall event.  



Effectiveness of SQIDs in sub-tropical catchment  

Page | 57  

 

 

Figure 5.7 Discovery Park automatic sampler  

 

Figure 5.8 Discovery Park automatic sampler  
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5.5 Methods and materials 

Protocols for the analysis of water samples collected from Waterbird Park are 

described in Duffy (2006). This includes transporting the samples to the NCS certified 

and National Association of Testing Authority (NATA) registered laboratory operated 

by the GCCC Scientific Services at the Coombabah wastewater treatment facility. 

 

Samples from Discovery Park taken as part of this research project were analysed in 

the Griffith University Environmental Chemistry laboratory. The samples were 

initially vacuum filtrated through a GF/F (pore size 0.45 µm) glass fibre filter. The 

filtrate was then decanted into two 50 ml and three 10 ml centrifuge tubes. Two 50 ml 

samples and one of the 10 ml samples were frozen, at -18°C, without any preservative 

until tested. One of the remaining 10 ml tubes had 100 µL of 2 M HCl and the other 

had 20 µL of concentrated HNO3. The samples with HCl were also frozen at -18°C, 

and the HNO3 was refrigerated at 4°C until tested.  

 

Discovery Park samples were stored between 0 and 30 days before testing due to the 

availability of analysis apparatus (Systea Easy Chem and Agilent ICP-MS). 
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5.6 Methods for measuring water quality parameters 

Testing of the Discovery Park samples for nutrients was achieved using a Systea Easy 

Chem Plus nutrient analyser which measures the concentrations of TN, ammonia, 

NOx, TP, and FRP. Methods stated here are summaries of those set out in the Systea 

Easy Chem Operating Manual Version 1.2.8e (Systea, 2004). The measurement of 

heavy metals samples was conducted using the Agilent 7500 Inductively Coupled 

Plasma (ICP) – Mass Spectrophotometer.  

 

5.6.1 Total nitrogen 

The TN is digested using a digest solution comprising of 4.39 g nicotinic acid 

dissolved in 1000 ml 18M milli-Q water (MilliQ Element). 10 ml of this solution is 

pipetted into a 100 ml volumetric flask and 18M milli-Q water is added to give a 50 

mg N/L solution. This digest solution is then added to the sample at the ratio of 1:2. 

TN samples are autoclaved for 45 minutes at 121°C then again for 15 minutes at 

121°C before being analysed. The nutrient analyser uses the nitrite ion reaction with 

sufanilamide under acidic conditions to form a diazo compound. This compound then 

couples with N-1-napthylethylenediamine dihydrochloride to form a reddish-purple 

azo dye measured at 520 nm on the nutrient analyser (Systea, 2004).  

5.6.2 Nitrite 

The nitrite ion reacts with sufanilamide under acidic conditions to form a diazo 

compound. This compound then couples with N-1-napthylethylenediamine 

dihydrochloride to form a reddish-purple azo dye measured at 520 nm on the nutrient 

analyser (Systea, 2004).  
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5.6.3 Nitrate 

The nitrate is reduced to nitrite through a reaction with copperized cadmium. The 

nitrite ion reacts with sufanilamide under acidic conditions to form a diazo compound. 

This compound then couples with N-1-napthylethylenediamine dihydrochloride to 

form a reddish-purple azo dye measured at 520 nm on the nutrient analyser. To 

determine the nitrate concentration the nitrite level must be subtracted from the total 

nitrite (Systea, 2004).  

 

5.6.4 Ammonium 

The ammonium ions react with phenol and hypochlorite in an alkaline medium, then a 

second reaction with Berthelot. Trisodium citrate and EDTA are added to avoid the 

precipitation of the alkaline hydroxides, while the nitroprusside acts as a catalyst. The 

resultant indophenol blue is measured at 630 nm on the nutrient analyser (Systea, 

2004). 
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5.6.5 Total phosphate 

TP is digested, using a digest solution which is produced by dissolving 0.0716 g of 4-

carboxybutyl-triphenyl-phosponiumbromide in 18M milli-Q water, then diluted to 

1000 ml using 18M milli-Q water to give a 5 mg/L solution. This solution is added 

to the sample at the ratio of 1:2. TP samples are autoclaved for 45 min at 121°C then 

again for 15 min at 121°C before being put through the nutrient analyser. The nutrient 

analyser uses reactions between phosphate, molybdite and antimony. The product is 

then reduced with ascorbic acid at pH 1 to form a blue dye, which is read at 660 nm 

on the nutrient analyser (Systea, 2004). 

 

5.6.6 Ortho-phosphate 

To determine the level of ortho phosphate a reaction between phosphate, molybdite 

and antimony is used. The product is then reduced with ascorbic acid at pH 1 to form 

a blue dye, which is read at 660 nm on the nutrient analyser (Systea, 2004). 

 

5.6.7 Metals 

The following heavy metals were measured using the Agilent 7500 Inductively 

Coupled Plasma – Mass Spectrophotometer (ICP-MS);  

 aluminium 

 arsenic 

 cadmium 

 chromium 

 cobalt 

 copper 



Effectiveness of SQIDs in sub-tropical catchment  

Page | 62  

 

 iron  

 lead 

 manganese 

 nickel 

 zinc 

The samples were acidified to pH 2 adding 20µL of concentrated nitric acid HNO3 to 

2 ml of sample. The solution was then run through the ICP-MS. 

 

An ICP-MS system consists of the following: sample introduction system, ICP torch, 

interface, vacuum system, lens, quadruple mass spectrometer, detector, and data 

management system. The sample enters the sample introduction system of which the 

nebulizer is the first component and this converts the sample into small droplets 

(Ramos, 2008). The droplets then pass into the spray chamber, which pass the sample 

through the ICP torch that contains the plasma, the ion source for ICP-MS. As the 

sample is ionized in the plasma, it is then passed through an interface into the mass 

spectrometer. The ions from the sample are focused through a series of ion lenses and 

passed into the quadruple mass spectrometer, which separates the ions from the 

sample according to their mass-to charge ratio. Following separation, the detector 

measures the separated ions. The data is analysed by a computerized data system 

which outputs the results. Figure 5.9 illustrates the elements determined by ICP-MS 

and the approximate detection capability. 
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 Figure 5.9 Elements determined by ICP-MS and approximate detection capability. (PerkinElmer Instruments, 2001) 
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5.7 Data preparation 

The water quality data were entered into Microsoft Excel
 TM 

workbooks upon 

collection. The Below Detection Limit (BDL) was replaced with half the difference 

between that value and zero (i.e. if the BDL was <4 then it was replaced with 2). This 

is one of several methods that are acceptable to the ANZECC/ARMCANZ (2007) 

monitoring guidelines, when less than 25% of the data is BDL. The software program 

Open Stat was used to produce the Box plots. All other statistics were performed 

using Microsoft Excel
 TM

. 

 

5.8 Research design 

To evaluate the performance of the two SQIDs (wetland and pond) at Waterbird Park, 

the historical data, obtained from GCCC on the water quality monitoring program 

carried out at this site, was examined. Specifically, a number of potentially governing 

effects (age of the SQID, nutrient load and magnitude of rainfall event) were tested to 

see if they were important in influencing the effectiveness of these SQIDs.  

 

New construction developments throughout Australia are required to include SQIDs 

in order to reduce the pollutant load of the stormwater runoff from the development. 

Many local governments have adopted guidelines that stipulate reduction targets that 

have to be achieved by the development. The Queensland Department of Environment 

and Resource Management (DERM) have produced the Draft State Planning Policy 

Guidelines for Healthy Waterways (DSPPGHW), which outlines the minimum water 

quality standards for developments and other urban areas. This document includes 

pollutant load reduction targets and is designed to ensure that all urban areas have a 
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minimum standard. The reduction targets included in the DSPPGHW are listed in 

Table 5.3. 

 

Table 5.3 Draft State Planning Policy Guidelines for Health Waterways - Minimum reductions in 

mean annual loads from unmitigated development (%) (DERM, 2009a) 

Region 

Suspended 

solids  

(TSS) 

Total 

phosphorus 

(TP) 

Total  

nitrogen 

(TN) 

Gross 

Pollutants 

> 5 mm 

Eastern Cape York 75 60 35 90 

Central and Western Cape York 

(north) 
75 60 40 90 

Central and Western Cape York 

(south) 
80 65 40 90 

Wet tropics 80 65 40 90 

Dry tropics 80 65 40 90 

Central Coast (north) 75 60 35 90 

Central Coast (south) 85 70 45 90 

South-east Queensland 80 60 45 90 

Western Districts 85 70 45 90 
 

 

5.8.1 Age of SQID/ SQID network  

The assessment on the age of a SQID, as a factor in their effectiveness at nutrient, 

heavy metals and sediment load reduction, was undertaken using the GCCC historical 

data for Waterbird Park. Comparisons were undertaken on the individual SQIDs and 

the network to see whether there was a trend in the water quality data towards less 

removal of nutrients, heavy metals and sediment. 

 

The frequency of clean out and harvesting performed on these SQIDs was taken into 

consideration in this assessment as these factors can affect the relative age of the 

SQID. For example, harvesting the aquatic and riparian vegetation from an artificial 

wetland is required as the water body may become ―choked‖ and unable to remove 
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nutrients effectively from the stormwater, particularly if they have reached an 

equilibrium state where the amount of nutrients coming from the decomposing 

vegetation of the wetland equals the nutrients that the vegetation can assimilate 

(Denison and Tilton, 1993).  

 

Consideration of the stage a particular SQID or network of SQIDs is at is essential for 

good management. Figure 5.10 shows the expected life stages of vegetated SQIDs and 

their ability to remove nutrients during each stage, from construction of the SQID to 

establishing the plants and then to a system in equilibrium, and how this relates to its 

effectiveness/ ineffectiveness as a WQ treatment device. Initially there is the 

construction phase which is where the SQID is constructed, causing disturbance to 

the catchment and elevating the nutrient output of the SQID. During the construction 

works, which includes earth works, sediment and any nutrients and metals that are 

attached, are mobilised. Then there is the establishment phase, where the vegetation is 

still establishing its root structure and its ability to hold its ground. This however, is 

within a short time frame (a few months) and the SQID quickly becomes effective at 

removing large amounts of nutrients, which promotes rapid vegetation growth. This is 

the maximum effectiveness phase. Later the SQID decreases in effectiveness, which is 

a result of the increased plant mass. In this period the net nutrient removal provided 

by the plants becomes completely offset by the combined nutrient inputs from the 

stormwater and the decaying organic matter already in the SQID. At this ineffective 

stage the SQID seriously runs the risk of becoming a source of nutrients rather than 

the sink it was designed to be. It is possible for the SQID to go through these stages 

more than once in their life time if there is regular harvesting of the vegetation, which 

essentially restarts establishment phase again.  
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Figure 5.10 The life stages of vegetated SQIDs and its relationship to its effectiveness at removing 

nutrients.  

 

An indication that age has a significant effect on SQID performance was shown by 

comparing the nutrient input to the nutrient output of the SQID and assessing the 

changes over time. Additionally, the performance of the different stages of 

construction and establishment was compared against the theoretical responses shown 

in Figure 5.10 and described above. 

 

Highlighting how the effectiveness of a SQID is expected to vary over its lifespan and 

the ability to work out what life stage the SQID is currently operating at is an integral 

part of any decision-making tool. The main outcome of this evaluation of the life 

stages of the SQIDs was to determine the actual amounts of time allocated for the 

particular stages. This will be a useful tool for managers and decision makers alike as 

it will enable more informed decisions on the effective management of their SQIDs, 

e.g. when a wetland should be harvested of the aquatic plants so that it continues to be 

a sink of nutrients rather than a source. 
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5.8.2  Magnitude of rainfall events 

Rainfall magnitude is known to be an important factor in the design and performance 

of SQIDs (Dalrymple, 2008). As stated earlier in Section 2.1, rainfall has been 

identified as having a significant effect on nutrient transport and stormwater quality. 

Historically SQID development and design has been based on temporal rainfall 

patterns (small amounts and often) rather than sub-tropical patterns (heavy but more 

infrequent).  

 

The historical GCCC water quality data set for Waterbird Park and the Australian 

Bureau of Meteorology (BOM) rainfall data over the corresponding time period, was 

examined to determine if the magnitude of rainfall events had an effect on the 

effectiveness of the SQIDs. Rainfall data was used to assess the magnitude of the 

events and water quality data was examined to see what effect the event size had on 

the SQIDs ability to improve the water quality of the runoff. Rainfall events that 

occurred during the post- construction stage (Figure 5.10) of the monitoring period 

were used to ascertain where/when the SQID(s) were the most/least effective. Also, 

the frequency of rainfall patterns was examined to see if there was any correlation 

between the length of time between significant rainfall and nutrient load leaving the 

SQID(s). 



Effectiveness of SQIDs in sub-tropical catchment  

Page | 69  

 

6 Results 

6.1 General additive modelling (GAM) previously 

undertaken by Richards (2009) 

Richards (2009) examined the Waterbird Park data using general additive models 

(GAM) to evaluate whether there were relationships between a suite of water quality 

parameters (TN, TP, Turbidity and chlorophyll-a) of interest and some environmental 

and meteorological variables. The general outcomes of this assessment are 

highlighted here. 

 

The GAM assessment by Richards (2009) highlighted that TN concentration was 

found to have been positively affected (increased concentration) during the 

construction phase and negatively affected (decreased concentration) during Post-

Construction phase, as the SQIDs became established (Figure 6.1). Figure 6.1 shows 

the stages of the SQID treatment train. The solid lines represent the function for each 

of the periods/life stages of the SQIDs, compared to that of the pre-construction stage 

where the dashed lines represent the standard error for each of the functions. A 

positive result indicates that there is an increase in TN concentration for that stage 

compared to the pre-construction stage and a negative result indicates that there is a 

decrease in TN concentration. These results match the expected removal pattern 

depicted in Figure 5.10 (page 67) which shows the theoretical life stages of a 

vegetative SQID. Richards (2009) concluded that this strongly indicates that the 

SQIDs were effective at reducing the concentration of TN.   
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Figure 6.1 Effect of construction phase of stormwater treatment device on TN. Ante = antecedent 

conditions prior to construction of SQIDS, Const = construction phase, Est = establishment 

phase, Post = post-establishment phase. „Rug‟ marks along the x axis indicate actual data 

distribution for each category of construction phase (Source: Richards, 2009).  

 

Richards (2009) examined additional sites downstream of the wetland and found that 

the natural stream caused further reductions in TN concentration (Figure 6.2). Figure 

6.2 shows the sites at Waterbird Park (see Figure 5.4 page 53) and two additional sites 

downstream of SD5 in the restored natural stream. The solid lines in Figure 6.1 

represent the function for each of the sites, compared to that of site SD1 where dashed 

lines represent the standard error for each of the functions. A positive result indicates 

that there is an increase in TN concentration for that site compared to the SD1 and a 

negative result indicates that there is a decrease in TN concentration. 
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Figure 6.2 Effect of monitoring site on TN. „Rug‟ marks along the x axis indicate actual data 

distribution for each monitoring site. Sites SD1-3 located at inlet to lake, SD4 located at lake 

outlet, SD5 located at wetland outlet, SD6-7 located further downstream of wetlands (Source: 

Richards, 2009). 

 

TN was also closely correlated with turbidity and TSS (Figure 6.3), suggesting that 

the mechanisms controlling particulates (e.g. surface water flow transporting 

particulates into the system and/or resuspending sediment already within the 

catchment) was also probably controlling TN. Weaker relationships were observed 

between TN and temperature and total organic carbon (TOC), although the data for 

TOC was highly leveraged by several lower results. 
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Figure 6.3 Plots of total nitrogen versus physico-chemical parameters. (a) Temperature; (b) Total 

suspended sediment; (c) volatile suspended sediment (d) Turbidity; (e) Electrical conductivity; (f) 

Dissolved oxygen; (g) pH; (h) Total organic content; (i) Redox potential. Trendlines shown where 

significant (p < 0.05) relationship s exists between covariates (Source: Richards, 2009) 
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Richards (2009) found that TP was positively affected by TSS, turbidity, temperature 

and TOC (Figure 6.4) like TN, but found that it had a stronger relationship with TSS. 

From this Richards inferred that the main source of TP in the catchment was in a 

particulate form and therefore subject to the same mechanisms controlling TOC and 

turbidity. This implies that the source of TN is also in a particulate form.  

 

 

 

 

 

 

 

 

 

 

 

 

   

  

  

Figure 6.4 Plots of total phosphorus versus physico-chemical parameters. (a) Temperature; (b) 

Total suspended sediment; (c) volatile suspended sediment (d) Turbidity; (e) Electrical 

conductivity; (f) Dissolved oxygen; (g) pH; (h) Total organic carbon; i) redox potential (Source: 

Richards, 2009) 
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Chlorophyll-a, which is a proxy measure of primary production (microalgae), 

highlighted a strong negative relationship with NOx and a positive relationship with 

TN and TP (Figure 6.5) (Richards, 2009). The relationship between micro algae and 

NOx is characteristic of microalgae ‗taking up‘ this nutrient for growth and depleting 

it in the process. The positive effect of TN in relation to chlorophyll-a is probably an 

indicator that the microalgae is contributing strongly to these budgets.  

 

Richards noted that none of the other nutrients or catchment rainfall were found to 

have a significant effect on chlorophyll-a. 

 

 

 

 

 

 

 

 

  

  

Figure 6.5 Plots of chlorophyll-a versus nutrients (1) Dissolved inorganic nitrogen (NH3 + NOx); 

(2) Ammonium; (3) Oxides of nitrogen (NO2 + NO3); (4) Ortho Phosphate; (5) Total Nitrogen; 

(6) Total Phosphorus. Trendlines shown where significant (p < 0.05) relationship between 

covariates (Source: Richards, 2009) 
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The GAM evaluation of TSS concentration at Waterbird Park highlighted the changes 

that occurred throughout the treatment site (Figure 6.6). Figure 6.6 shows the sites at 

Waterbird Park and two additional downstream sites. The solid lines represent the 

function for each site, compared to that of Site SD1 with the dashed lines representing 

the standard error for each of the functions. A positive result indicates that there was 

an increase in TSS concentration for that site compared to the SD1 site and a negative 

result indicates that there was a decrease in TSS concentration. TSS concentrations 

measured at the downstream site (SD6) were significantly lower than those measured 

at the lake (SD4) and wetland (SD5) outlets. This suggests that suspended sediment 

was being removed by the two SQIDs. However, the lake and wetlands themselves 

did not have significantly lower TSS concentrations compared to the sites upstream of 

the SQIDs (SD1 to SD3) and if anything, they appeared to have slightly (but not 

significantly) raised TSS concentrations.  

  

Figure 6.6 Effect of monitoring site on TSS. „Rug‟ marks along the x axis indicate actual data 

distribution for each monitoring site (Source: Richards, 2009). 
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The duration between monitoring and rainfall, especially for those rainfall events that 

exceeded 20 mm, has a significant bearing on TSS – within approximately 20 days of 

a rainfall (>20 mm), increased TSS is expected. After 20 days, the influence of the 

event declines. Total phosphorus and total nitrogen positively affect TSS, probably 

because they are subjected to the same mechanisms transporting them through the 

system and/or a significant component of TSS comprises of TP and TN. 

 

The GAMs assessment could help form the basis of a modelling program to estimate 

nutrient and metal concentration through the assessment of TSS or Turbidity. This 

could cut the cost of monitoring SQIDs by reducing the number of tests required to 

assess the effectiveness of the SQID.  

 

6.2 Waterbird Park, Carrara 

During the monitoring program, 743 samples were collected from 18 sites within the 

catchment between March 2001 and February 2004. This data is the historical data 

obtained from GCCC for the Waterbird Park site. A summary of the sampling during 

the three life stages of the two SQIDs (the lake and the wetland) are detailed in Table 

6.1. Note that the ‗Post-Construction‘ period combines the establishment and 

maximum effectiveness phases. It also includes part of the decreasing effectiveness 

phase as outlined in the previous section and shown in Figure 5.10 (page 67). No data 

was collected from March 2003 to May 2004 in order to allow sufficient time for 

vegetation to establish after construction (Duffy, 2006).  
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Table 6.1 Water sampling regime at Waterbird Park (modified from Duffy, 2005) 

Period Details Dates Sampling 

Events 

Pre- 

Construction 

Provides baseline conditions for the 

catchment. 

March 

2001- 

February 

2002 

11 

Construction Samples collected during this period show 

the impacts to WQ resulting from 

construction activities. 

March – 

May 2002 

3 

Post- 

Construction 

Samples collected during this period show 

how effective the SQIDs are immediately 

following construction through to when 

the vegetation is fully established and on 

to the start of decreasing effectiveness 

phase. 

June 2002 

– 

December 

2004 

15 

 

Table 6.2 shows a comparison of the water quality monitoring results against the 

relevant ANZECC/ARMCANZ Guidelines (ANZECC, 2007) and Table 6.3 shows 

the local (proposed Interim Gold Coast WQOs) and regional (Draft Queensland water 

quality guidelines 2007 and South East Queensland Regional Water Quality 

Management Strategy, 2001) water quality guidelines.   
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Table 6.2 Water quality parameters for the Waterbird Park site showing the inflow and outflow mean and standard errors by SQID “Life Stage”.  
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Median 66 81 1450 10 86.5 140 31.5 174 1.8 1.5 32 5 2500 650 40 9 3 6.7 23.6 120 7.9 1200 610 

Mean 104 156 1598 15.9 125 211 62. 8 315 2.1  2.8 34.2 10.2 5940 1420 55.2 13.5 6.0 7 24.5 117 7.8 1200 614 

Std. Dev. 90.5 242 623 20.4 87.4 222 85.5 421.  1.6 3.3 17.7 9.6 8110 2000 66.0 9.2 4.4 2.4 3.8 37 0.5 680 369 

Outflow# 
  

Median 19.5 14 560 11.5 39 8.5 16 16 4.6 0.7 12 5 400 280 10 8 1.5 7.8 24.5 65 7.9 510 249 

Mean 40.1 24 662 14.6 46. 8 36.9 42.1 56.3 4.6 1.1 12.1 5.6 1000 480 17.7 8.3 2.5 7.3 25.1 68  7.9 540 267 

Std. Dev. 35.7 27.4 235 12.7 37. 8 43.3 70.2 60 0 0.9 3.8 1.7 1420 660 21.5 6.2 2.7 2.2 4. 5 11 0.4 130 67 

Post-

Construction 
  

  

  

Inflow* 

  

Median 23.5 19.5 805 11 47 12 8 10.2 0.2 0.9 19 5 410 160 9.5 10 1.5 6.9 21.2 91 7.4 1000 522 

Mean 66.1 60.2 813 31 51.2 16. 7 14.6 21.9 0.5 0.9 19.9 7.8 7110 250 14.5 12 3.4 6.5 22.2 97 7.5 1130 719 

Std. Dev. 91.3 82. 2 273 110 28.2 18. 6 19.9 24.4 0.8 0.5 7.5 4.6 970 227  14.3 6.8 3.7 3.2 6.6 23 0.6 1040 972 

Outflow# 

  

Median 21 10.5 700 11 44.5 9 10 4.4 0.1 1.2 12 20 670 230 3.5 10.5 3 7.51 21.7 89 7.46 620 307 

Mean 23.3 13.3 778 22 63.3 24 14.4 22.1 1.0 1.8 12.2 60.9 1120 287 15.6 13.1 3.6 7.81 22 92 7.8 750 454 

Std. Dev. 20.7 8.5 345 28.3 44.6 38 15.5 37.8 2.2 1.6 5.5 78.8 1290 216 24.5 7.5 1.8 3.7 7.1 27 0.7 380 410 

ANZECC/ARMANZ and QWQG 

SEQ region low land 

freshwater(slightly to moderately 
disturbed)   20 60 500 20 50 6 

 

50 0.2 1.6 

 

8 1000 230 5 

  

8.5-
11.0 

  

6.5-
8.0 

 

2200 

*Inflow is the combination of SD1, SD2 and SD3 

# Outflow is SD5 

(NOx = oxidized nitrogen, TN= total nitrogen, Ortho-P = Ortho-phosphate, TP = total phosphorus, TSS = total suspended solids, VSS = volatile suspended solids, Al = 

aluminium, Fe = iron, Mg = magnesium, Zn= zinc, E. coli = Escherichia coli, Entero. = Enterococcus sp., Chlor a = chlorophyll a, TOC= total organic carbon, BOD = 

biological oxygen demand, DO = dissolved oxygen, Temp = temperature and EC = electrical conductivity) 
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Table 6.3 Local Water Quality Objectives for the Gold Coast 

Indicator Units 40
th

 

percentile 

of coastal, 

slightly 

disturbed 

sites 

Proposed 

Interim 

Gold Coast 

WQOs for 

slightly to 

moderately 

disturbed 

coastal sites 

Draft 

QWQC 

2007* 

SEQ 

2001** 

ANZECC/ 

ARMCAM 

95% 

Guideline 

values 

Total Nitrogen μg/L 210 260 500 650 260 

Ammonia μg/L 10 20 20 NA 20 

Total 

Phosphorus 

μg/L 40 50 50 70 

50 

Ortho-

phosphate 

μg/L 27 30 20 NA 

30 

Turbidity NTU 2.8 3 6-50 20  

Suspended 

Solids 

mg/L 2 3 NA 15  

Chlorophyll a μg/L 1 1 5 8  

Aluminium  μg/L     200 

Arsenic  μg/L     13 

Cadmium  μg/L     0.2 

Chromium μg/L     1 

Copper  μg/L     1.40 

Iron μg/L     300 

Lead  μg/L     3.4 

Manganese μg/L     1900 

Nickel  μg/L     11 

Zinc  μg/L     8 
Table adapted from Table 8.5 (4site Co. Pty. Ltd., 2004 page60) 

* Queensland EPA‘s Queensland Water Quality Guidelines (QWQG) (2007).   Same values as 

ANZECC 2001 Benchmark Guidelines 

** Healthy Waterways Partnership (2001) South East Queensland Regional Water Quality 

Management Strategy (SEQRWQMS) 

 

All water quality parameters at the Waterbird Park site exceeded the relevant 

ANZECC/ARMCANZ guidelines during the pre-construction phase, except for ortho-

phosphate (equivalent to FRP) (inflow and outflow) and salinity (inflow and outflow) 

and E. coli (outflow). DO was below the acceptable range for this parameter (inflow 

and outflow) and pH was within the accepted range.  
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During the post-construction phase, all nutrients except NOx exceeded the guidelines 

at the inflow while all nutrients except TP (median only) and NOx exceeded the 

guidelines at the outflow. Additionally, chlorophyll-a and TSS also exceeded the 

guideline value at both the inflow and outflow. Of the metals, Al exceeded the 

guideline value for both inflow and outflow while Fe and Zn exceeded their 

respective guidelines at the outflow only. Of the coliforms tested, only Enterococcus 

spp. was above the guideline value at the inflow and the outflow. Finally, DO was 

below the acceptable range for both inflow and outflow while pH was below the 

guideline range for inflow only. Overall, TP, Fe and Zn appeared to enter the SQIDs 

below their respective guideline value but exited the SQIDs above their guideline 

values. 
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6.2.1 Total nitrogen 

The time-series measurements for total nitrogen (TN) are shown in Figure 6.7. All 

samples of TN were observed to exceed the Interim Gold Coast WQO value 260 

µg/L; which demonstrates that it is typical for TN concentrations to be in excess of 

the WQO at the Waterbird Park site. Spatially, the inlet monitoring sites (SD1-3) were 

more often noticeably higher than the downstream sites (SD4-5) during the pre-

construction and construction stages. However, comparable concentrations of TN 

were observed across all sites during the post-construction phase. All the sites 

appeared to record increased concentrations after July 2004 when compared to the 

early 2004 samples, independent of rainfall. Site SD2 was the most affected site in 

terms of elevated concentration during the construction phase, most particularly in the 

early stages of the construction phase. SD2 regularly recorded higher concentrations 

than the other sites and was almost always higher than either of the outlet sites (SD4 

and SD5). 

 

Figure 6.7 Concentration of total nitrogen at Waterbird Park sites with ANZECC guideline 
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6.2.2 Ammonium 

The time-series measurements for ammonium are shown in Figure 6.8. There were 78 

instances when ammonium exceeded the guideline value 20 µg/l, and these 

predominantly occurred during the pre-construction and construction phases. The 

highest values were recorded during the construction stage. Spatially, the inlet 

monitoring sites (SD1-3) were more often noticeably higher than the downstream 

sites (SD4-5). However, comparable concentrations of ammonium were observed 

across all sites during the post-construction phase. Similar to TN, ammonium also 

recorded what appeared to be a steady increase in the concentration of the samples at 

all of the sites after July 2004 compared to early 2004. The concentrations recorded 

went from below the WQG, to above the WQG for all sites. Both SD1 and SD2 

showed that the construction of the treatment train increased the concentration of 

ammonium. 

 

Figure 6.8 Concentration of ammonium at Waterbird Park sites with ANZECC guideline 
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6.2.3 Total phosphate 

The time-series measurements for total phosphate (TP) are shown in Figure 6.9. There 

were 63 instances when TP exceeded the guideline value 50 µg/l, and these 

predominantly occurred during the pre-construction and construction stages. The 

highest values were recorded during the construction stage. Spatially, the inlet 

monitoring sites (SD1-3) were more often noticeably higher than the downstream 

sites (SD4-5). However, comparable concentrations of TP were observed across all 

sites during the post-construction phase. As with both TN and ammonium there 

appeared to be a trend after July 2004 of increasing concentrations of TP when 

compared to early 2004. 

 

Figure 6.9 Concentration of Total Phosphate at Waterbird Park sites with ANZECC guideline 

threshold shown 
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6.2.4 Ortho-phosphate 

The time-series measurements for ortho-phosphate are shown in Figure 6.10. There 

were 14 instances when ortho-phosphate exceeded the guideline value 30 µg/l, and 

these occurred during all life-phases of the SQIDs. The highest value was recorded 

during the construction stage. Spatially, exceedence of the water quality guideline for 

TP occurred at monitoring sites SD1 (Lake inlet), SD4 (Lake outlet/Wetland inlet) 

and SD5 (Wetland outlet). SD1 recorded two concentrations above the guideline, one 

pre-construction the other during the construction phase, both were higher than the 

rest of the concentrations recorded at that site. SD5 also recorded one instance of 

particularly high concentration of ortho-phosphate, during the post-construction 

phase. Like the previous parameters there was a trend of increasing concentration 

towards the end of the sampling period but unlike the other parameters it didn‘t occur 

until September 2004 preceded by a decrease from early 2004 to July and August 

2004.  

 

Figure 6.10 Concentration of Ortho-phosphate at Waterbird Park sites with ANZECC guideline 
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6.2.5 Total suspended solids 

The time-series measurements for total suspended solids (TSS) are shown in Figure 

6.11. TSS exceeded the guideline values with concentrations particularly high during 

the pre construction and construction stages. Spatially, the inlet monitoring sites 

(SD1-3) were more often noticeably higher than the downstream sites (SD4-5) during 

the pre construction and construction stages. However, there were instances where 

the guideline was exceeded at SD4 (Lake outlet/Wetland inlet) and SD5 (Wetland 

outlet). There were a few occurrences where SD5 exceeded the WQG during the post-

construction stage. Even though SD5 exceeded the WQG on a few occasions SD4 did 

not exceed the WQG during the post-construction phase. 

 

 

Figure 6.11 Concentration of Total Suspended Solids at Waterbird Park sites with ANZECC 

guideline threshold shown 
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6.2.6 Turbidity 

The time-series measurements for Turbidity are shown in Figure 6.12. There were 

only 11 instances when TSS did not exceed the guideline value of 50 mg/l, and these 

predominantly occurred during the post-construction stage. The highest values were 

recorded during the pre-construction stage when the values were 10 times the 

guideline values previously recorded. Spatially, the inlet monitoring sites were often 

noticeably higher than the sites downstream of the SQIDs during the pre-construction 

and construction stages. However, comparable concentrations of TSS were observed 

across all sites during the post-construction phase. During the construction phase SD5 

was recorded to peak in concentration as did SD2. 

 

Figure 6.12 Turbidity readings at Waterbird Park sites with ANZECC guideline threshold 

shown 
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6.2.7 Chlorophyll-a 

The time-series measurements for chlorophyll-a are shown in Figure 6.13. There were 

only 35 instances when chlorophyll-a did not exceed the guideline value of 5 µg/l, and 

these predominantly occurred during the post-construction‖ stage. The highest values 

were recorded during the construction stage. Spatially, higher chlorophyll-a 

concentrations were generally measured at the inlet monitoring sites (SD1-3) 

especially during the construction phase. However, there were several instances 

where chlorophyll-a concentrations were higher at SD4 and SD5, notably during the 

first half of 2002. Like TN and TP ychlorophyll-a also showed the trend after July 

2004 of increasing concentration. This was particularly evident for the outlet sites 

SD4 and SD5. The inlet sites showed increases during the construction phase but the 

outlet sites did not appear to be affected by the construction. 

 

Figure 6.13 Concentration of chlorophyll-a at Waterbird Park sites with ANZECC guideline 
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6.2.8 Escherichia coli 

The time-series measurements for Escherichia coli (E. coli) are shown in Figure 6.14. 

There were 43 instances when E. coli exceeded the guideline value of 1000 cfu/ml, 

and these predominantly occurred during the pre-construction‖ and construction 

stages. The highest values were recorded during the construction stage where counts 

above 10000 were common. Spatially, the inlet monitoring sites (SD1-3) were more 

often noticeably higher than the downstream sites (SD4-5). However, during the post-

construction phase E. coli counts were comparable across the monitoring sites with 

the exception of April-May 2005, when there was a much higher count at SD2. 

During the post-construction stage many of the instances were recorded below 100 

cfu/ ml. SD4 and SD5 recorded their peak concentrations during the construction 

phase. 

 

Figure 6.14 Concentration of E. coli at Waterbird Park sites with ANZECC guideline threshold 

shown. 
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6.2.9 Enterococcus spp. 

The time-series measurements for Enterococcus spp. are shown in Figure 6.15. There 

were 57 instances when Enterococcus spp. exceeded the guideline value 230 cfu/ml, 

and these predominantly occurred during the pre-construction and construction 

stages. The highest values were recorded during the construction stage. Spatially, 

none of the monitoring sites were noticeably higher on a regular basis. There was a 

high degree of fluctuation during the pre-construction and construction phases. 

However, comparable concentrations of Enterococcus spp. were observed across all 

sites during the post-construction phase.  

 

Figure 6.15 Concentration of Enterococcus spp. at Waterbird Park sites with ANZECC guideline 

threshold shown. 
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6.2.10 Dissolved oxygen (DO) 

The time-series measurements for dissolved oxygen (DO) are shown in Figure 6.16. 

There were 90 instances when DO was outside the guideline range of 8.5 and 11; ten 

of these were above 11 and 80 below 8.5, these occurred at all stages throughout the 

monitoring program. There was little difference between the sites, although SD3 and 

5 tended to be at the lower end of measurements. Temporally, there is an indication 

that DO levels measured during the post-construction phase are lower than the pre-

construction and construction phases.  

 

 

Figure 6.16 Concentration of dissolved oxygen at Waterbird Park sites with ANZECC guideline 

threshold shown. 

 

0 

3 

6 

9 

12 

15 

18 

Jan-01 Jul-01 Jan-02 Jul-02 Jan-03 Jul-03 Jan-04 Jul-04 Jan-05 

C
o

n
ce

n
tr

at
io

n
 µ

g/
L 

Date 

SD1 
SD2 
SD3 
SD4 
SD5 
Lower Threshold 
Upper Threshold 

 

0 
50 

100 
150 
200 

Rainfall 

Pre-Construction Construction   Post-Construction   

                       

 
 

 
 

 



Effectiveness of SQIDs in sub-tropical catchment  

Page | 91  

 

6.2.11 pH 

The time-series measurements for pH are shown in Figure 6.17. There were 40 

instances when pH was outside the guideline range of 6.5 and 8 pH units; 39 of these 

were above pH 8 and only one below pH 6.5. The pH readings tended to fluctuate 

around the upper limit. Spatially during the construction stage the sites SD4 and SD5 

appeared to record more values above the upper limit while, during the post-

construction stage it was the inlet sites SD1 and SD2 that were exceeding the upper 

limit. 

 

Figure 6.17 pH readings at Waterbird Park sites with ANZECC guideline threshold shown. 
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6.2.12 Aluminium 

The time-series measurements for aluminium are shown in Figure 6.18. There were 

only 36 instances when aluminium did not exceed the guideline value of 0.2 mg/l, and 

these predominantly occurred during the post-construction stage. The highest values 

also were recorded during the post-construction stage. Most of the sites had similar 

levels but SD5 had peak concentrations noticeably higher than the other sites during 

post-construction. There was high variability during construction and pre-

construction stages, however, lower variability concentrations are seen towards the 

end of the post-construction stage. 

 

 

Figure 6.18 Concentration of aluminium at Waterbird Park sites with ANZECC guideline 

threshold shown. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Jan-01 Jul-01 Jan-02 Jul-02 Jan-03 Jul-03 Jan-04 Jul-04 Jan-05 

C
o

n
ce

n
tr

at
io

n
 µ

g/
L 

Date 

SD1 

SD2 

SD3 

SD4 

SD5 

Threshold 

 

0 
50 

100 
150 
200 

Rainfall 

Pre-Construction Construction   Post-Construction   

                      

 
 

 
 

 



Effectiveness of SQIDs in sub-tropical catchment  

Page | 93  

 

6.2.13 Iron 

The time-series measurements for iron are shown in Figure 6.19. There were only 18 

instances when iron did not exceed the guideline value of 0.3 mg/l, and these 

predominantly occurred during the pre-construction stage. The highest values were 

recorded during the pre-construction stage. Spatially, none of the sites appeared to be 

noticeably higher than the other sites. There was high variability during construction 

and pre-construction stages, however, lower variability concentrations are seen 

towards the end of the post-construction stage. 

 

Figure 6.19 Concentration of iron at Waterbird Park sites with ANZECC guideline threshold 

shown. 
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6.2.14 Magnesium 

The time-series measurements for magnesium are shown in Figure 6.20. There is no 

guideline value for magnesium. The highest values were recorded during the pre-

construction stage. Spatially, the inlet monitoring sites were more often noticeably 

higher than the sites downstream of the SQIDs during all stages of the monitoring 

program. However, comparable concentrations of magnesium were observed across 

all sites during the post-construction phase. There was high variability during 

construction and pre-construction stages, however, lower variability concentrations 

were seen towards the end of the establishment stage. Like many of the other 

parameters, magnesium showed increasing concentrations from early 2004 to 

September 2004. However, after September the concentrations showed a marked 

decrease in concentrations for all sites. 

 

Figure 6.20 Concentration of magnesium at Waterbird Park sites. 
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6.3 Temporal observations 

Comparable temporal trends were observed for most of the parameters with higher 

concentrations observed prior to May 2002 than afterwards. WQOs were commonly 

exceeded throughout the monitoring period, especially TN which exceeded the 

guidelines for every measurement. However, across all parameters the margin by 

which the pollutants exceeded the thresholds decreased over the time of the study.   

 

After 2004, ammonium did not exceed the WQOs as frequently as samples prior to 

2004. After 2004, TN still exceeded the WQO, but not by as much as it had prior to 

2004. Samples collected in 2001-02 contained the highest concentrations of TN. The 

only sample concentrations that complied with the target WQO for TN were several 

from 2004. 2004 samples did not contain as high TP as did 2001-2002 samples, but 

still exceeded the WQO of 50µg/L. As with the nutrients, suspended solids and 

turbidity levels exhibited a decreasing trend, with the 2004 samples exceeding the 

WQOs by a lesser margin. 

 

In a number of the parameters there appeared to be a trend of increasing concentration 

towards the end of the monitoring program. This trend is possibly the beginning of the 

decreasing effectiveness stage of a vegetated SQID (Figure 5.10 page 67). In order to 

determine this additional monitoring would have been needed to show whether this 

trend of increasing concentrations was, in fact, the beginning of this stage or just an 

anomaly. 
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6.4 Spatial observations 

Similar spatial patterns were observed for many of the water quality parameters.  The 

software package did not allow changes to the default box and whisker percentiles. 

The whiskers show the 10
th

 and 90
th

 percentile which can aid as a guide to results that 

might show a significant difference. The highest concentrations of TN were observed 

at the inflows of the Waterbird Park system with lower concentrations observed at the 

wetland out-flows, indicating some treatment effectiveness but insufficient to produce 

TN concentrations below the guideline values (Figure 6.21).  

 

Figure 6.21 Box plot concentration of TN at Waterbird Park sites. 
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Ammonium (Figure 6.22) appears to show some spatial difference between the 

inflows and sites SD4 and SD5. Although SD5 has a much greater range and mean, as 

one sample recorded a concentration 10 times greater than any other taken at that site. 

As for TN there is evidence of some treatment effect but water concentrations were 

still regularly above the guideline values. 

 

 

Figure 6.22 Box plot concentration of ammonium at Waterbird Park sites. 
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Total phosphate showed some spatial difference across the sites for the pre-

construction samples as there were large variations between the inflow and the 

outflows (Figure 6.23). In the post-construction samples there were similar 

concentrations across all sites with the guideline values regularly exceeded. 

 

Figure 6.23 Box plot concentration of TP at Waterbird Park sites. 
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In Figure 6.24 ortho-phosphate shows very little spatial difference across the sites, 

although some sites show greater variability (SD1 pre-construction and SD5 post-

construction). 

 

 

Figure 6.24 Box plot concentration of ortho-phosphate at Waterbird Park sites. 
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Turbidity (Figure 6.25) shows an apparent spatial difference across the site. Sites SD4 

and SD5 recorded much smaller means and variations in their samples compared to 

the inlet sites SD1 and SD2, but similar results to SD3. It also shows that the majority 

of samples collected post-construction of the SQIDs were below the guideline value 

of 50 NTUs for all sites.  

 

 

Figure 6.25 Box plot of the turbidity at Waterbird Park sites. 
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Total suspended solids (TSS) (Figure 6.26) showed similar spatial patterns to that of 

turbidity. Both SD4 and SD5 sites showed lower means and smaller ranges than the 

inlet sites SD1, SD2 and SD3 prior to the construction of the SQIDs. Although SD3 

mean and range were a lot closer to SD4 and SD5 than to the mean and range of SD1 

and SD2. All of the results post construction of the SQIDs were markedly lower and 

showed a lot less variability than those taken pre-construction of the SQIDs. 

 

Figure 6.26 Box plot of the TSS at Waterbird Park sites. 
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E. coli (Figure 6.27) shows that the sites SD1 and SD2 have large ranges compared to 

SD3, SD4 and SD5. This demonstrated that there is a spatial difference between the 

inflow sites SD1 and SD2 and the outflow sites SD4 and SD5. There may not be any 

spatial difference between the inflow SD3 and the outflows SD4 and SD5. SD4 and 

SD5 mean concentrations were below the guideline value of 1000 cfu/ml. 

 

 

Figure 6.27 Box plot of the E. coli cfu at Waterbird Park sites. 
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The pH (Figure 6.28) does not show any spatial difference across the sites. Although 

SD3 post-construction appears to be lower than the rest of the sites, it is still fully 

within the WQO range of values. 

 

Figure 6.28 Box plot of the pH at Waterbird Park sites. 
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Dissolved Oxygen (Figure 6.29) does not show any substantial spatial difference 

across the sites. The reading recorded at the sites showed that DO was regularly lower 

than the guideline minimum. This was not expected for the outflow sites SD4 and 

SD5 as the aquatic plant life would increase the DO concentration as the water travels 

through the pond and wetland. However, if the pond and wetland are in a eutrophic 

state then this would cause lower DO levels recorded at the outlet sites, which is 

further strong evidence that the wetland is not functioning effectively. 

 

Figure 6.29 Box plot of the DO at Waterbird Park sites. 
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There is no clear spatial trend for aluminium (Figure 6.30) across the sites, with both 

the inflow sites (SD1, SD2 and SD3) and the outflow sites (SD4 and SD5) recording 

means above the guideline value during the pre-construction phase. During the post-

construction phase, the range and percentage of recordings exceeding the guideline 

values decreased for all sites.  

 

Figure 6.30 Box plot concentration of aluminium at Waterbird Park sites. 
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Iron concentrations across the site (Figure 6.31) do not appear to be spatially different 

from each other. They did show that there was a large variability in the input values 

during the pre-construction phase especially for SD1 and SD2. 

 

Figure 6.31 Box plot concentration of iron at Waterbird Park sites. 
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6.5 Discovery Park, Helensvale 

The automatic sampler at Discovery Park in Helensvale collected 346 samples which 

were taken from approximately 100 rainfall events. The majority of the rainfall events 

occurred between August 2007 and January 2008. Table 6.4 summarises the results of 

the water quality monitoring at the Discovery Park site together with their guideline 

values. 

 

Table 6.4 Summaries water quality parameters for the Discovery Park sites  

Parameter   ANZECC/ARMCAM 

95% Guideline values 

(μg/L) 

Discovery Park  

Median 

(μg/L) 

Mean 

(μg/L) 

95%ile 

(μg/L) 

Max 

(μg/L) 

Total Nitrogen 260 2410 2100 3550 6770 

Ammonium 20 1130 874 2290 4520 

Total Phosphorus 50 288 395 1300 3344 

Ortho-phosphate 30 106 191 881 2372 

Aluminium  200 52 81 250 343 

Arsenic  13 1.1 1.6 5.0 8.6 

Cadmium  0.2 0.0 0.0 0.07 0.15 

Chromium 1 7.4 23 96.1 174 

Copper  1.40 5.5 9.2 28.2 38.6 

Iron 300 149 173 389 649 

Lead  3.4 0.6 0.6 1.0 1.6 

Manganese 1900 14 17 44 124 

Nickel  11 5.1 17.7 71.5 136 

Zinc  8 109 184 539 1060 
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Figure 6.32 shows the total nitrogen concentrations from the samples collected at the 

Discovery Park site. There were only 2 instances where values were recorded below 

the WQG value 260 μg/l, which strongly suggests that SQIDs are required at the site. 

 

Figure 6.32 Total nitrogen concentrations in stormwater runoff for Discovery Park. Helensvale 

with ANZECC guideline threshold shown 
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Figure 6.33 shows the ammonium concentrations from the samples collected at the 

Discovery Park site. In only 32 instances were values recorded below the threshold of 

0.03 mg/l. There appeared to be a slight trend towards increased concentrations of 

ammonium in late 2007 through to earlier 2008. This is a highly noticeable trend in a 

number of the metal parameters. This period registered larger, more frequent rainfall 

events and was represented by a larger number of collected samples. 

 

Figure 6.33 Ammonium concentrations in stormwater runoff for Discovery Park. Helensvale 

with ANZECC guideline threshold shown 
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Figure 6.34 shows the total phosphate concentrations from the samples collected at 

the Discovery Park site. There were only 6 instances where values were recorded 

below the threshold of 0.05 mg/l. 

 

Figure 6.34 Total Phosphorus concentrations in stormwater runoff for Discovery Park. 

Helensvale with ANZECC guideline threshold shown 

Figure 6.35 shows the Ortho-phosphate concentrations from the samples collected at 

the Discovery Park site. There were only 41 instances where values were recorded 

below the threshold of 0.02 mg/l. 

 

Figure 6.35 Ortho-phosphate concentrations in stormwater runoff for Discovery Park. 

Helensvale with ANZECC guideline threshold shown 
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Figure 6.36 shows the chromium concentrations from the samples collected at the 

Discovery Park site. There were 56 instances where values were recorded above the 

threshold of 0.05 mg/l. All of these occurred after August 2007 when there appeared 

to be a change in the catchment as the chromium concentrations suddenly increased 

with an accompanying large variation in the sample concentrations. Prior to August 

2007 the concentrations tended to be well below the guideline value. 

 

Figure 6.36 Chromium concentrations in stormwater runoff for Discovery Park. Helensvale with 

ANZECC guideline threshold shown 
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Figure 6.37 shows the cobalt concentrations from the samples collected at the 

Discovery Park site. While there is no guideline concentration to compare these 

measurements against, it is clear that measurements made prior to August 2007 are 

lower than those measured after this date, replicating a similar pattern that was 

observed for chromium and aluminium. 

 

Figure 6.37 Cobalt concentrations in stormwater runoff for Discovery Park. Helensvale 
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Figure 6.38 shows the iron (Fe) concentrations for the samples collected at the 

Discovery Park site. Prior to August 2007 there was only one instance where a 

concentration above the threshold value 300 µg/l was recorded. However, after this 

date 37 measurements exceeded this guideline concentration. Iron concentrations 

follow a similar trend to that observed for the other metals. 

 

Figure 6.38 Iron concentrations in stormwater runoff for Discovery Park. Helensvale with 

ANZECC guideline threshold shown 
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Figure 6.39 shows the Nickel concentrations from the samples collected at the 

Discovery Park site. Eight of the samples recorded concentrations above the guideline 

threshold value 100 µg/l. All of these occurred after August 2007. The general pattern 

of low concentrations before August 2007 and higher concentrations after August 

2007 is similar to that observed for all other metals. 

 

Figure 6.39 Nickel concentrations in stormwater runoff for Discovery Park. Helensvale with 

ANZECC guideline threshold shown 
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Figure 6.40 shows the Zinc concentrations from the samples collected at the 

Discovery Park site. In no instance were values recorded below the threshold value 8 

µg/l. As with many of the other metals and ammonium concentrations, those  

recorded after August 2007 showed a trend to increased concentrations and increased 

ranges of concentration. 

 

Figure 6.40 Zinc concentrations in stormwater runoff for Discovery Park. Helensvale with 

ANZECC guideline threshold shown 

 

 

 

0 

200 

400 

600 

800 

1000 

1200 

Oct/06 Feb/07 May/07 Aug/07 Dec/07 Mar/08 

C
o

n
ce

n
tr

at
io

n
 µ

g/
l 

Date 

Zinc 

Threshold 



Effectiveness of SQIDs in sub-tropical catchment  

Page | 116  

 

6.6 Statistical analysis 

The majority of the statistical analysis was performed using Microsoft Excel
 TM 

with 

OpenStat being utilised to produce the box-plots. 

 

6.6.1 Checking distributional assumptions 

Statistical analysis was undertaken on the data to provide further detail regarding the 

underlying trends. An important component of this analysis was to test whether 

transformations of the data were required to meet the key assumptions (i.e. normality, 

constant variance and independence) of the statistical tests used. If these assumptions 

were not met then erroneous findings could be generated from the data. 

 

Diagnostic plots were generated during the assessment, including spread versus level 

plots, variation versus level plots and residual plots, and these were used as the basis 

of the transformation checks.   

 

It was found that log-transformations were necessary to compensate for the non-

normality of most of the data in order to proceed with further statistical analysis. This 

finding is consistent with those of Duncan (1999) who also found that log-

transformations were required on urban stormwater data prior to undertaking 

statistical analysis. After the data was log-transformed, another set of box plots, error 

plots and clustered error plots were created and compared to the originals that were 

constructed without log-transformations. 
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6.7 Stormwater quality improvement device train 

effectiveness evaluation 

 

ANOVAs (analysis of variance) were performed on the log-transformed data for 

Waterbird Park to see if the variances between the sites was the same (null 

hypothesis; Ho) or significantly different (alternative hypothesis; Ha). The ANOVA 

assumes that the monthly sampling times were temporarily independent and tests 

whether the relationships between sites were independent of each other (spatial 

dependency) and then essentially indicates whether the two SQIDs (pond and 

wetland) had a significant effect on the water quality. 

 

The analysis was carried out ―between‖ time period (pre-construction and post-

construction) and the ―repeated measures‖ were the sites (SD1, SD2, SD3 SD4 and 

SD5). The output of this analysis is the probability (p) that the variances of the sites 

are equal. Alpha () was set at 0.05, therefore if p< 0.05 then Ho is rejected in favour 

of Ha. This implies that there is enough difference between the means of the results 

for the sites and that therefore the treatment train is having an effect on the 

concentration of the water quality parameters (WQP). 

 

There were 82 instances where there was a significant (p<0.05) difference in the 

concentration of WQPs between sites (refer to Table 6.5). However, most of these 

occurred in the comparisons of SD1b and SD2b, which relates to two inlet sites at the 

pond during the pre-construction phase. There were two instances where there were 

significant differences between the inputs and the outputs of a SQID; (1) SD1a (pond 
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inlet) compared to SD4a (pond outlet/wetland inlet) for conductivity, and (2) SD3a 

(pond inlet) compared to SD5a (wetland outlet) for dissolved oxygen. 
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Table 6.5 Tukey post hoc test on the comparisons of the means 

Comparison NH4 NOx TN TP TSS Chlorophyll E. coli DO Turbidity Salinity Alkalinity VSS EC 

SD1b SD2b No No No No No No No No No No No No No 

SD1b SD3b No No No No No No No No No No No No No 

SD1b SD4b No No Yes No No No No No No No Yes No Yes 

SD1b SD5b No No Yes No No No No No No No Yes No Yes 

SD1b SD1a No No Yes No Yes No Yes No Yes No No No No 

SD1b SD2a No No No No Yes No Yes No Yes No No No No 

SD1b SD3a No No Yes Yes Yes Yes Yes Yes Yes No No No No 

SD1b SD4a Yes No Yes No Yes No Yes No Yes No No No Yes 

SD1b SD5a Yes No Yes No Yes No Yes No Yes No No No No 

SD2b SD3b No No Yes No No No No No No No No No No 

SD2b SD4b Yes No Yes No No No No No Yes No Yes No Yes 

SD2b SD5b No No Yes Yes No No No No No No Yes No Yes 

SD2b SD1a No No Yes No Yes No Yes No Yes No No No No 

SD2b SD2a No No Yes No Yes No Yes No Yes No No No No 

SD2b SD3a Yes No Yes Yes Yes Yes Yes No Yes No No Yes No 

SD2b SD4a Yes No Yes Yes Yes No No No Yes No No Yes Yes 

SD2b SD5a Yes No Yes No Yes No Yes No Yes No No Yes No 

SD3b SD4b No No No No No No No No No No No No No 

SD3b SD5b No No No No No No No No No No No No No 

SD3b SD1a No No No No No No No No No No No No No 

SD3b SD2a No No No No No No No No No No No No No 

SD3b SD3a No No No No No Yes No Yes Yes No No No No 

SD3b SD4a No Yes No No No No No No No No No No No 

SD3b SD5a No Yes No No No No No No No No No No No 

SD4b SD5b No No No No No No No No No No No No No 

SD4b SD1a No No No No No No No No No No No No Yes 

SD4b SD2a No No No No No No No No No No No No No 

SD4b SD3a No No No No No No No Yes No No No No No 

SD4b SD4a No No No No No No No No No No No No No 

SD4b SD5a No No No No No No No No No No No No No 

SD5b SD1a No No No No No No No No No No No No Yes 

SD5b SD2a No No No No No No No No No No No No No 

SD5b SD3a No No No No No No No Yes No No No No No 

SD5b SD4a No No No No No No No No No No No No No 

SD5b SD5a No No No No No No No No No No No No No 

SD1a SD2a No No No No No No No No No No No No No 

SD1a SD3a No No No No No No No Yes No Yes No No No 

SD1a SD4a No No No No No No No No No No No No Yes 

SD1a SD5a No No No No No No No No No No No No No 

SD2a SD3a No No No No No No No Yes No No No No No 

SD2a SD4a No No No No No No No No No No No No No 

SD2a SD5a No No No No No No No No No No No No No 

SD3a SD4a No No No No No No No No No No No No No 

SD3a SD5a No No No No No No No Yes No No No No No 

SD4a SD5a No No No No No No No No No No No No No 

*Green Shading signifies significant difference between the means  

Suffix ‗b‘ (e.g. SD1b) signifies site (e.g. SD1) before SQID construction  

Suffix ‗a‘ (e.g. SD1a) signifies site (e.g. SD1) after SQID construction 
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When comparing the means and the 90%ile of the data during the post-construction 

phase (Table 6.6), there were numerous occurrences where the values of the water 

quality parameters showed reductions.  

 

Table 6.6 Water quality parameter summary of means and 90%ile for the SQID treatment train 

at Waterbird Park  

Water Quality 

Parameter 

Inlets (SD1 – SD3) SD4 SD5 

90%ile mean 90%ile mean 90%ile mean 

TN (mg/l) 1.02 0.80 0.90 0.67 1.19 0. 78 

Nox-N (mg/l) 0.09 0.06 0.02 0.01 0.02 0.01 

Ammonium (mg/l) 0.0.2 0.07 0.4 0.02 0.03 0.02 

TP (mg/l) 0.09 0.05 0.07 0.05 0.13 0.06 

Ortho-phosphate (mg/l) 0.03 0.03 0.04 0.01 0.07 0.02 

TSS (mg/l) 27.2 16.7 37.0 14.3 53.0 24.0 

VSS (mg/l) 32.5 14.6 16.9 11.0 25.8 14.4 

Turbidity (NTU) 67.0 21.9 51.0 16.0 81.0 22.0 

pH 8.3 7.5 8.4 7.7 8.7 7.7 

BOD 5.2 3.4 6.4 2.8 6.4 3.3 

TOC 22.5 12.0 16.9 11.3 24.3 13.1 

DO (mg/l) 10.0 6.5 10.9 7.0 13.2 7.8 

Alkalinity 131 97 120 90 118 92 

Chlorophyll (mg/l) 30.0 14.5 20.0 10.8 47.0 15.6 

E.coli (cfu/ml) 990 710 2400 910 2590 1120 

Enterococci (cfu/ml) 500 250 770 420 540 290 

Aluminium (mg/l) 1.3 0.5 0.8 0.3 2.0 1.0 

Fe (mg/l) 1.60 0.9 1.3 0.9 3.9 1.8 

Mg (mg/l) 30 20 22 14 19 12 

Zn (µg/l) 0.01 .01 0.02 0.01 0.2 0.06 

Temp. 28.6 22.2 29.3 22.6 28.2 22.0 

EC 1600 1130 970 670 1070 750 

Salinity (ppm) 920 719 550 360 540 450 
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When the data is examined in a percent reduction scenario (Table 6.7) there were many 

WQPs that achieved reductions in their concentration for the pond (Inlet–SD4), 

wetland (SD4–SD5) and the combination of the two SQIDs (Inlet–SD5). Most of the 

WQPs experienced a reduction during the pre-construction phase although these were 

predominantly limited to Inlet-SD4. During the post-construction phase, different 

water quality parameters recorded increases and others decreases after treatment by the 

pond and/or the wetland.  
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Table 6.7 Percent reduction of WQPs  

Water Quality 

Parameter 

% reduction Comparison 

Inlet - SD4 Inlet - SD5 SD4 - SD5 

TN 16.3 2.5 -16.4 

NOx-N 83.3 83.3 0.0 

Ammonium 71.4 71.4 0.0 

TP 0.0 -20.0 -20.0 

Ortho-phosphate 66.7 33.3 -100 

TSS 14.4 -43.7 -67.8 

VSS 24.7 1.4 -30.9 

Turbidity 26.9 -0.5 -37.5 

pH -2.7 -2.7 0.0 

BOD 17.6 2.9 -17.9 

TOC 5.8 -9.2 -15.9 

DO -7.7 -20.0 -11.4 

Alkalinity 7.2 5.2 -2.2 

Chlorophyll 25.5 -7.6 -44.4 

E.coli -28.2 -57.7 -23.1 

Enterococci Spp. -68.0 -16.0 31.0 

Al 40.0 -100 -233 

Fe 0.0 -100 -100 

Mg 30.0 40.0 14.3 

Zn 0.0 -500 -500.0 

Temp. -1.8 0.9 2.7 

EC 40.7 33.6 -11.9 

Redox 49.9 37.4 -25.0 

Salinity 16.3 2.5 -16.4 

*Negative values indicate increase in WQP values 

Values in bold are reduction during the post-construction phase 
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6.8 Expected water quality improvement for Discovery 

Park based on Waterbird Park observations 

The water quality parameters (WQPs) values recorded at Waterbird Park were tested for 

significant reductions (improved water quality) from the inlet sites (SD1 to SD3) 

through to the outlet site (SD5). If a significant reduction (p<0.05) in the water quality 

values was shown to occur for the outlet site (SD5) compared to the inlet sites (SD1, 

SD2 and SD3), then the calculated percentage reduction (Table 6.7 page 122) was 

applied to the corresponding water quality parameter of the Discovery Park site in order 

to determine an indicative estimate of the suggested water quality improvements if a 

pond and wetland treatment were to be installed at Discovery Park. If there were 

multiple significant reductions from the inlets to the outlet then the average of those 

reductions was used. If there was not a significant reduction from the inlets to the outlet 

SD5, and if there was a significant reduction from the inlets to SD4 or from SD4 to SD5 

then they were used instead. 

 

As none of the WQP produced a significant reduction across the SQIDs and only 

ammonium showed a decrease through to SD5 for the WQPs the percent reduction in 

Table 6.7 (page 122) was used to interpolate the expected WQP values for the Discovery 

Park site as shown in Table 6.8. Percentage reduction is what local council guidelines 

use to determine whether new developments have the required amount of SQIDs in 

order to effectively treat the increased pollutant load. 
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 Table 6.8 Expected change in water quality concentrations for Discovery Park based on 

Waterbird Park SQID performance. 

Water 

Quality 

Parameters 

Discovery Park 

Concentration 

(μg/L) 

Reduction 

due to pond 

(%) 

Expected 

concentration 

(μg/L) 

Reduction due 

to Pond and 

Wetland (%) 

Expected 

concentration 

(μg/L) 

TN 2100 16.3 1760 2.5 2050 

Ammonium 874 71.4 250 71.4 250 

NOx 802 83.3 134 83.3 134 

TP 395 0.0 395 -20.0 474 

PO4 191 66.7 63.4 -33.3 254 

Aluminum 80.7 40.0 48.4 -100 161 

Iron 173 0.0 173 -100 346 

Zinc 184 0.0 184 -500 1100 

 

This hypothetical approach was used due to both sites having similar land uses; they 

were located within the same local government region and therefore would undergo 

similar maintenance and management practices. Additionally, their close proximity to 

each other meant that they experienced similar rainfall and climatic conditions. It is 

noted that there are other methods of estimating the treatment effectiveness of the 

same combination of SQIDs, such as the MUSIC model. MUSIC could use the data 

collected to calibrate the unmitigated model and then a pond and wetland system with 

the same ratio of treatment area to catchment area could be used. This would then 

provide a model producing mitigated loads for the Discovery Park catchment. That 

modelling investigation was beyond the scope of this project, and the method used 

should provide a first approximation of the effectiveness of SQUIDs. Future research 

using the MUSIC model is recommended. 
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7 Discussion 

 

The Waterbird Park and Discovery Park catchments are considered to be 

representative of suburban catchments along the Gold Coast corridor. By evaluating 

the stormwater quality prior to and after the installation of two SQIDs (pond and 

wetland) at Waterbird Park, estimations can be made in relation to the installation of a 

similar SQID treatment train at the Discovery Park catchment, particularly given that 

both catchments have similar land use and topography. 

 

The comparison of both Waterbird Park and Discovery Park water quality data with 

the regional WQOs revealed a concerning trend - the WQOs are frequently exceeded 

for a wide range of water quality parameters and in many instances to a large extent. 

If other Gold Coast catchments exhibit similar patterns, then the cumulative effect 

could impact greatly on the local waterways, major rivers and the Broadwater. 

 

Exceedences of the WQOs by the stormwater runoff of both study sites indicate that 

the impacts of urbanisation and rapid development are not without consequence. The 

health of Gold Coast waterways are threatened by the impacts of increased nutrients 

and suspended solids. The effects of this contamination will only worsen with time if 

effective measures to recuperate the system are not put in place. More extensive 

monitoring of urban stormwater will be an important part of this process. Any further 

investigations should focus on evaluating the effectiveness of the current approach of 

designing SQIDs based on temperate rainfall patterns and implementing them under 
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sub-tropical conditions; monitoring programs should be designed with these outcomes 

in mind. 

 

This study was carried out with the aim of evaluating the effectiveness of SQIDs in 

the Gold Coast region. The results derived from this study are to be used to better 

understand the performance of SQIDs on the Gold Coast (and other sub-tropical 

regions) and to aid managers of these systems to make more informed decisions. 

However, the results highlighted that the established SQIDs of Waterbird Park do not 

perform as expected and might be contributing to pollutant loads exported to 

receiving waters. When compared to the relevant water quality objectives (WQOs), 

the Waterbird Park treatment train was not performing as expected; nutrient 

concentrations and turbidity were not being reduced. For some parameters, 

particularly total phosphorus, it actually appeared that the treatment train (specifically 

the wetland) acted more as a source of contamination instead of a sink. Generally, 

however, during the post-construction phase (i.e. June 2002 onwards) there were 

fewer violations of the WQOs and the range of the recorded values decreased when 

compared with the earlier phases.  

 

While wetland processes, such as nutrient assimilation and sediment capture might 

have been responsible in some part for the improved water quality, the lower inflow 

concentrations that were observed after June 2002 are also likely to have contributed 

to this outcome. A plausible explanation for the major change in the input water 

quality of the catchment could be that the housing development in the upper part of 

the catchment (Figure 7.1) was in the process of bulk earth works during the early 

stages of the monitoring program and these works were completed at about the same 
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time as the SQIDs were constructed. The disturbance caused by the clearing and other 

associated earthworks would have greatly influenced the stormwater pollutant loads 

within the catchment. Stormwater design guidelines for developments recommend 

that treatment devices such as wetlands, bio-retention systems and filtration systems 

should not be installed during the construction phase of a development (GCCC, 

2005), however, sedimentation ponds are required during the construction phase. The 

reasoning behind this is that the former systems can become clogged or over filled 

with sediment produced during the construction phase. If construction were to occur 

after one of these systems had already been brought online and these construction 

activities occurred upstream of the device then increased management would be 

required. This would include removing deposited sediment and monitoring the 

vegetation to establish whether it was being smothered and not receiving enough 

light. The occurrence of increased turbidity or nuisance algae and plants within the 

treatment device would be important indicators. 
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Figure 7.1 Aerial photograph of catchment for Waterbird Park including the development that 

was constructed during the monitoring program (Google Maps 2009) 

 

Treatment devices that are constructed online in a large catchment run the risk of poor 

treatment performance, especially if they are operational before large portions of the 

upstream catchment are developed. This is possibly what happened in the case of the 

Waterbird Park treatment system. 

 

In summary, the parameters measured during the water quality monitoring program 

conducted at Waterbird Park frequently exceeded the Gold Coast WQOs. Nutrient, 

suspended solids, and chlorophyll-a levels in the Waterbird Park samples, all 

frequently occurred in concentrations that raise concerns about the water quality of 

Waterbird Park 

Development that occurred 

during monitoring  
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the catchment, thus prompting a need for further attempts to improve the water quality 

of the stormwater runoff. 

 

NOx and ammonium appeared to show a reduction (83.3% and 71.4% respectively) 

even though it was not statistically significant for both SD4 and SD5. Ortho-

phosphate showed a 33.3% reduction although it also was not statistically significant. 

The reason none of the parameters showed significant reduction is due to the high 

variability of the concentrations of the stormwater pollutants.  

 

The wetland appeared to be ineffective in the treatment of TN (2.5% reduction. It 

actually appeared to be causing TP to increase (24%) (Table 6.2 page 78 and Table 

6.6 page 120). Turbidity showed a decrease to SD4 (the lake outlet) of 26.9%, 

however, for the entire treatment train it showed a slight increase of 0.5%. This would 

indicate that the wetland was acting as a source for turbidity rather than a way of 

removing it. TSS showed similar results (14.4% decrease across the pond and 43.7% 

increase across the treatment train) to that of Turbidity but VSS, which is related, 

showed a very small decrease across the treatment train with a 24.7% decrease across 

the pond. The metals showed similar result with all increasing except magnesium 

which had a 40% decrease for the entire treatment train and 30% decrease across the 

pond. These results suggest that the wetland is acting as a source of pollution for most 

WQPs. This suggests that sediment resuspension is occurring in the wetland and that 

any other pollutant which has settled out along with it, is also being resuspended into 

the water column. The only parameters that were shown to improve from the pond 

through the wetland were Enterococci Spp. (31%) and magnesium (14.3%). 
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There were a few extended periods where no samples were taken, in particular 

September 2002 to January 2003 and March 2003 to May 2004. The later period is a 

large gap in this data set that is likely to have corresponded to the highly effective 

stage of the wetland and ponds life cycle (Figure 5.10, page 67). If this data had been 

available it would have shown a clearer picture of the effectiveness of the wetland and 

pond or it may have revealed instances of the system failing. These gaps in the data 

highlight the need for constant monitoring. The monitoring of these systems needs to 

be a combination of event and regular sampling in order to detect the changes that 

occur as part of the life cycle of the vegetative SQID. 

 

Stormwater treatment trains in new developments are designed to achieve minimum 

reduction targets compared to the same catchment without treatment devices. Gold 

Coast Council has set the reduction targets of 80% for TSS, 60% for TP, 45% for TN 

and finally a 90% for gross pollutants (>5mm). To demonstrate that these targets will 

be met by the proposed SQIDs within the development then MUSIC modelling would 

be required to demonstrate pollutant load reductions in the proposed development. 

 

It has been suggested that proper sizing and long detention times aid in the 

effectiveness of these artificial wetlands (Carleton et. al., 2001). As was suggested by 

Schueler (1992) the treatment volume of the wetland should be a minimum of 2% of 

the catchment area and able to capture 90% of all storm events. These design 

constraints are for Minnesota in the USA, which has a temperate climate unlike 

SEQ‘s sub-tropical climate. Niven (2006) showed using the Rational Method to 

calculate the 3 month ARI flow for SEQ catchments, and on which Wong et al.(1997) 

and the NWS-EPA (1997) base the 90% average annual runoff volume capture rate, is 
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based on Melbourne rainfall patterns. However, in Southeast Queensland catchments 

this only equates to about 60% of the average annual runoff. This means that if the 

current design standards, which require a 90% capture of the average annual volume 

of flow, are to be used to size the treatment measures in SEQ then a higher return 

interval event would be needed to design the flow capture of the device. The differing 

climates mean different rainfall patterns and, as such, the rainfall that is experienced 

in SEQ is closer to monsoonal down pours rather than small regular showers. If the 

devices are not designed to this higher return interval event, it could lead to problems 

occurring with the wetlands as they are unable to cope with the volumes of runoff that 

they receive from the catchment, due to being undersized. Or they are not treating 

enough of the runoff to achieve their design removal rates, due to the bypass systems 

diverting lower flows.  

 

For wetlands to become more effective they need to have a high ratio compared to the 

area of catchment. The Waterbird Park wetland and pond have a combined area of 

0.81Ha which equates to approximately 1% of the contributing catchment area 

(75Ha). According to some sources this is sufficient to retain and treat storm flows. A 

ratio of between 1-5% has been suggested by the Soil & Water Conservation Society 

of Metro Halifax (2006), but they recommend that wetland design should be based on 

hydraulic loading. Shutes et al. (1997) recommended the ratio of 0.5-5% and this ratio 

appears to be consistent with many researchers. Reinhardt et al. (2005) estimated a 

ratio of 4% for removal of 50% of the dissolved reactive phosphorus (ortho-

phosphate). Braskerud et al. (2005) recommended a ratio of 0.1-2% for catchments 

dominated by particulate phosphorus but suggested that for ortho-phosphate the ratio 

should be larger. Research by Carleton et al. (2001) showed that the larger the ratio of 
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wetland surface area to catchment area the greater the percent removal of stormwater 

pollutants. This is limited though to a ‘background‘ concentration; beyond this point 

no additional treatment of the stormwater quality is possible (Niven, 2006). It appears 

that ratios beyond the 5% are not seen as producing enough improvement to warrant 

an increase in the wetland area. Possibly the loss of available land to other uses and 

the increased cost involved with increased size are not seen to equate to the value of a 

small increase in pollutant removal. It could also be that the function of a wetland 

with this ratio is achieving the water quality guidelines as set out by councils which 

makes it a cost benefit scenario for both the developers and for the councils. 

Therefore I conclude that 5% of the catchment is the best ratio for achieving nutrient 

and TSS removal in sub-tropical urban catchments. Multiple devices targeting 

different sized pollutants, in order of decreasing size, are the best option for effective 

pollutant removal from stormwater.  

 

The wetland pond system at Waterbird Park does have a major design flaw as there is 

no bypass system for high flow events. This leaves the treatment train open to damage 

and resuspension of settled particulate material by these higher flows, leading to 

possible poor treatment and WQPs that exceed the WQOs. The lack of a high flow 

bypass system is likely due to this being a retro fitted treatment train which had major 

space constraints. The Discovery Park site has the potential to include the bypass 

channel, which would likely mean that it would achieve improved pollutant removal 

compared to the Waterbird Park wetland system with the same catchment to wetland 

ratio. 
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7.1 Discussion on Richards’ (2009) GAM assessment 

of Waterbird Park 

Richards‘ (2009) GAM assessment (Section 6.1 starting on page 69) found that 

increases in TSS data appeared to be correlated with increases in TN and/or TP. This 

seems to indicate a strong coupling between these nutrients and suspended sediment. 

This would allow for inferences to be made about many parameters from the 

measurement of a few or even only one parameter. 

 

Richards (2009) found that TN concentrations were found to increase during the 

construction phase with decreased concentrations during the post-construction phase 

as the SQIDs became established (Figure 6.1 page 70). These results match the 

expected removal pattern shown in Figure 5.10 (page 67) for sites downstream of a 

SQID/s. Richards‘ (2009) conclusion that this strongly indicates that the SQID 

treatment train was effective at reducing the TN is flawed as this decrease in 

concentration also occurred at the inlet sites, upstream of the SQIDs, which could not 

have been affected by the SQIDs. These lower concentrations throughout the system 

were likely due to the completion of the residential development upstream of the site 

releasing fewer pollutants into the catchment, rather than the effectiveness of SQID 

treatment train.  

 

The GAM assessment of the TN data further highlights that the wetland was not 

particularly effective in treating the surface water. Further examples included, TSS 

and turbidity values measured at the wetland outlet (SD5) often exceeded WQOs 

before June 2002, but after June 2002, the concentrations of TSS either met or 
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approximated the target WQOs. Richards‘ (2009) found that the sites downstream of 

the wetland in the natural stream (revegetated) caused further reductions in TN 

concentration (Figure 6.2 page 71). This suggests that further revegetation work of the 

flow paths through urban environments could lead to improved water quality. 

 

A minor issue with the GAMs assessment is that it assessed the three inflow sites 

separately when comparing them to the SQIDs sites. A recommendation could be that 

these inflow sites be grouped together during the assessment to determine the 

relationships between the inflow concentration of pollutants compared to the 

individual treatment devices and the sections natural waterway. 

 

The findings of the GAMs assessment that TSS, TN and TP appeared to be correlated 

could help form the basis of a modelling program to estimate nutrient and metal 

concentration through the assessment of TSS or Turbidity. This would enable a cut in 

the cost of monitoring SQIDs by reducing the number of parameters tested with the 

on-line monitoring.  

 

It is possible to take these measurements particularly TSS and turbidity with in stream 

probes that can be connected to radio transmitters to provide live streaming of water 

quality data. The increased data availability acquired at a cheaper rate would then 

allow the managers (Gold Coast City Council) to monitor and manage the SQIDs 

more effectively. Additionally, this method does not require any sampling regime that 

relies on event sampling or dry weather sampling as it would be a constant stream of 

data, only broken due to maintenance or breakdown. 
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8 Conclusion 

The findings of this study are inconclusive as to whether the pond and wetland system 

at Waterbird Park are effective at improving water quality parameters (WQP). It was 

noted that some of the parameters appeared to improve, however others appeared to 

worsen. There was no statistical difference in the WQP of the inlets to the treatment 

train when compared to the outlet of the treatment train. Stormwater runoff is known 

to be highly variable, which makes it difficult to show statistical difference between 

inflow and outflow sampling sites, especially with small sample sizes. The main 

outcome of this research is that the treatment devices need to be correctly designed, 

with high flow bypass systems in order to decrease the chance of resuspension of 

settled sediment and associated pollutants. Vegetative SQIDs do go through different 

stages and those stages correspond to different degrees of effectiveness at pollutant 

removal from stormwater. The monitoring data suggests that the Waterbird Park 

wetland may need more frequent management intervention to maintain its 

effectiveness. 

 

Further research into the effectiveness of SQIDs needs to be conducted in SEQ in 

order to determine if the current design guidelines are suitable and in order to manage 

the stages of vegetated SQIDs. This project has provided a sound basis for this further 

research  
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9 Critical evaluation of the project 

Initially this study planned to monitor an urbanised catchment of Discovery Park, 

Helensvale, before, during and after the construction of a SQID treatment train and 

compare this to the data obtained from Waterbird Park site. However, only the pre-

construction phase was monitored due to ongoing delays in construction of the SQID 

treatment train by GCCC. Monitoring over the construction/implementation phase 

was planned as a pivotal aspect of the study. Instead, the project objectives were 

changed to include the analysis of the historical dataset of Waterbird Park to make 

inferences about how SQIDs might perform at Discovery Park. SQID construction is 

still planned for Discovery Park, therefore this research will provide information to 

evaluate how effective it was to use Waterbird Park to estimate the treatment 

effectiveness at the Discovery Park site. 

 

As the monitoring program was based on event sampling it was therefore dependant 

on rainfall events after which the inlets had water in them. Monitoring at the 

Waterbird Park site was undertaken during a particularly dry period and therefore 

there was a dearth of event sampling after the construction/ rehabilitation phase. This 

resulted in long time periods where no samples were collected. Monitoring at the 

Discovery Park site was conducted during a period when there were more rainfall 

events.  

 

In order for this approach to stormwater monitoring to be effective the project would 

need to be run over a much longer time period. I would suggest an ongoing study 
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lasting at least ten years. This is particularly important for determining the effective 

age of the treatment train or the individual SQIDs.  
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10 Recommendations  

10.1 Retrofitting SQID’s to existing urban catchments 

This research has been based on an existing urban catchment that has been retrofitted 

with a SQID treatment train. Although some research has shown that revegetating 

natural streams can produce a greater water quality improvement (Richards, 2009; 

Duffy, 2006) it may not be possible or it may not be an available option. Therefore it 

is better that some treatment of the stormwater is done rather than none at all. Duffy 

(2006) showed that the riparian section of the catchment achieved increased rates of 

removal of pollutants and less often recorded parameters exceeding WQOs. Design 

and construction of these SQID treatment trains needs to take into account the local 

catchment‘s particular treatment requirements. This means that preliminary studies 

need to be undertaken so that the best possible outcome can be achieved for the 

specific water quality improvement objectives for the site. As many of the stormwater 

treatment trains are not only designed for water quality purposes but also for local and 

catchment wide flood abatement, their design needs to consider both of these 

objectives.  

 

Space in urban catchments is at a premium, therefore if stormwater can be treated at 

the source, rather than at a catchment or sub-catchment level, this would result in 

reduced requirements on large ponded systems. It is difficult to construct many of the 

treatment devices/systems in urbanised catchments due to the lack of open space, but 

smaller SQID options (small bio-retention systems, Figure 10.1) could be utilised to 

treat runoff from a smaller number of properties. These small treatment devices are 

unobtrusive and fit into the surrounding landscape and can be more easily retro-fitted 
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into a developed catchment/sub-catchment than large devices such as wetlands, ponds 

and sediment basins. The water that is ultimately received at the larger devices would 

be of an improved quality and therefore less treatment area would be required in order 

for the larger regional devices to obtain the WQOs. Many of the smaller devices use 

infiltration as the method of treatment, which decreases the volume of surface water 

runoff and thus decreases the need and/or the size of the ponded systems to act as 

flow retardants. Multiple small treatment devices would also provide an added 

safeguard against failure of the treatment system for the catchment on a regional 

scale. If a single small device fails, it will not cause a large impact to the water quality 

of the region but if the catchment relies on a single large device its failure would 

cause a large impact to the region‘s water quality. 

 

  

Figure 10.1 Examples of small bio-retention systems (Moreland City Council, 2005 & Filterra 

Bioretention Systems, 2010) 

Referring back to Figure 5.10 (page 67), the life stages of a vegetated SQID, the best 

time to harvest the vegetation would be during the decreasing effectiveness stage and 

during the drier months allowing more time for the SQID to settle down without a 

rainfall event. Harvesting of the plant material would decrease the nitrogen, 
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phosphorus and carbon stored within the SQID. In addition to the removal of the 

excess plant material, removal of the accumulated sediment would also improve the 

effectiveness of the SQID, thereby decreasing the available sediment for resuspension 

during further rainfall events. The removal of the sediment would have an added 

benefit in that the associated metals and other pollutants would also be removed from 

the treatment system. 

 

The best time to construct a SQID in a catchment would be during the drier months as 

this construction causes a large disturbance. This would give the SQIDs time to 

establish itself before being subjected to a large rainfall event. Niven (2006) 

demonstrated that in South-East Queensland, the 3 month ARI storm will not capture 

up to 90% of the average annual volume, and the bulk of the average annual volume 

occurs during the flow events greater than the 3 month ARI. The aim in designing 

treatment devices should be to determine the removal efficiency required and design a 

treatment device (or train) to achieve this removal efficiency. Unfortunately, this is 

usually limited by constraints such as the background concentration level, available 

space and cost/benefit ratio. 
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10.2 Future research 

Due to the highly erratic nature of rainfall events it is difficult to monitor SQID 

treatment trains without automatic sampling devices. These devices are expensive to 

purchase and install and therefore their use needs to be associated with a long term 

project. If continual monitoring was done the results should show trends in how well 

the treatment train was performing, which would lead to more effective management. 

This would then lead to a more consistently improved water quality outflow over a 

longer time and would be beneficial for the entire catchment and not just the 

immediate site where the treatment train is located.  

 

For future research, it is recommended that the monitoring program not only include 

sampling during the rainfall event, but also for a number of days/weeks after the event 

to gain more information about the amount/effectiveness of the treatment trains in 

question. This will add to the cost of the research but it will give a more complete 

picture of the effectiveness of the treatment train in question. It is also important to 

capture data on the water quality associated with the SQID during low flow 

conditions (for ponds and wetlands that retain water). 

 

A real time sampling through the use of the GAMs method of parameter estimation 

would be worthwhile. As the findings of the GAMs assessment indicated that TSS, 

TN and TP appeared to be correlated. This could form the basis of the modelling 

program to estimate nutrient and metal concentration through the assessment of TSS 

or Turbidity. This could enable a cut in the cost of monitoring SQIDs by reducing the 

number of parameters tested with the on-line monitoring.  
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TSS and turbidity measurements can be made using in stream probes connected to 

radio transmitters to provide live streaming of water quality data. This increased data 

availability, acquired at a cheaper rate, would then allow the managers of SQIDs to 

monitor and manage them more effectively. Additionally, this method does not 

require any sampling regime that relies on event sampling or dry weather sampling as 

it would be a constant stream of data, only broken due to maintenance or breakdown. 

 

There must be monitoring of both the inlets and the outlets in order to evaluate the 

performance of the SQIDs. Monitoring of just the outlet will only give an indication 

of how the catchment with the SQIDs is performing compared to water quality 

guidelines and/or water quality objectives. This might give a false indication that the 

SQIDs are not working, when they are actually removing large amounts of nutrients 

and sediment from the runoff. Conversely the SQIDs might be considered to be 

working efficiently, when in fact they are adding to the contaminants and acting as a 

source, when the catchment upstream of them is not producing the expected amounts 

of runoff contaminants. 

 

Comparison between the effectiveness of naturally vegetated, revegetated and 

stormwater treatment train catchments is another area that could be researched. This 

will aid decision makers, stormwater experts and developers in making more 

informed choices when looking at stormwater treatment options.  
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10.3 Centralised database of SQID WQ monitoring 

There is a need for a centralised data base of all the SQID/treatment train systems that 

have been and are continuing to be monitored in SEQ and in fact Australia wide. This 

will increase the knowledge base for further analysis of what is and is not effective. It 

will aid in determining the best practices for individual catchments through access to 

data from other similar catchments. It will also aid in the maintenance of the SQID 

systems, thereby allowing them to continue to perform at optimal effectiveness. To 

aid in the improvement of regional water quality this data base needs to be freely and 

easily accessible by government private sector (consultants and research institutions) 

and the public. 
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 Appendix A              

Spread vs Level plots for Waterbird Park sites 

before transformation 
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Appendix B              

Spread vs Level plots for Waterbird Park sites 

after Log10 transformation 
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Appendix C         

Examples of Calibration Curves 
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Appendix D             

Run output from Systea easy chem 
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Name  Date   NH3LLSW Flags 

<BLANK> 2007-11-14 10:22 -13.242 [LL] 

<BLANK> 2007-11-14 10:24 -10.533 [LL] 

<BLANK> 2007-11-14 10:26 -1.899 [LL] 

<BLANK> 2007-11-14 10:29 5.042  

<CAL1> 2007-11-14 10:31 6.057  

<CAL2> 2007-11-14 10:33 7.412  

<CAL3> 2007-11-14 10:36 19.431  

<CAL4> 2007-11-14 10:38 53.121  

<CAL5> 2007-11-14 10:40 67.002  

<CAL6> 2007-11-14 10:43 101.030  

<CAL7> 2007-11-14 10:45 163.668  

<CAL8> 2007-11-14 10:47 192.278  

<BLANK> 2007-11-14 10:50 -0.376 [LL] 

Sample 1 2007-11-14 10:52 611.783 [OR][HL] 

Sample 2 2007-11-14 10:54 68.865  

Sample 3 2007-11-14 10:56 182.967  

Sample 4 2007-11-14 10:59 97.306  

Sample 5 2007-11-14 11:01 302.318 [HL] 

Sample 6 2007-11-14 11:03 841.512 [OR][HL] 

Sample 7 2007-11-14 11:06 541.020 [OR][HL] 

Sample 8 2007-11-14 11:08 304.688 [HL] 

Sample 9 2007-11-14 11:10 126.593  

Sample 10 2007-11-14 11:12 747.894 [OR][HL] 

Sample 11 2007-11-14 11:15 288.944 [HL] 
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Sample 12 2007-11-14 11:17 91.211  

Sample 13 2007-11-14 11:19 213.609  

Sample 14 2007-11-14 11:22 360.216 [HL] 

Sample 15 2007-11-14 11:24 1565.743 [OR][HL] 

<BLANK> 2007-11-14 11:26 9.613  

<QC1> 2007-11-14 11:29 58.876 [F] 

<QC2> 2007-11-14 11:31 133.703 [F] 

<BLANK> 2007-11-14 11:33 8.597  

Sample 16 2007-11-14 11:36 211.239  

Sample 17 2007-11-14 11:38 296.562 [HL] 

Sample 18 2007-11-14 11:40 67.002  

Sample 19 2007-11-14 11:42 1221.742 [OR][HL] 

Sample 20 2007-11-14 11:45 626.681 [OR][HL] 

Sample 21 2007-11-14 11:47 1149.793 [OR][HL] 

Sample 22 2007-11-14 11:49 214.117  

Sample 23 2007-11-14 11:52 223.767  

Sample 24 2007-11-14 11:54 97.814  

Sample 25 2007-11-14 11:56 257.964 [HL] 

Sample 26 2007-11-14 11:59 332.113 [HL] 

Sample 27 2007-11-14 12:01 121.345  

Sample 28 2007-11-14 12:03 457.559 [HL] 

Sample 29 2007-11-14 12:05 1641.755 [OR][HL] 

Sample 30 2007-11-14 12:08 506.992 [OR][HL] 

<BLANK> 2007-11-14 12:09 29.250  

<QC1> 2007-11-14 12:10 51.597 [F] 
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<QC2> 2007-11-14 12:11 100.353 [P] 

<BLANK> 2007-11-14 12:12 -2.069 [LL] 
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Name  Date   Cd Red NO2+NO3 Flags 

<BLANK> 2007-07-01 18:17 1.466  

<BLANK> 2007-07-01 18:18 3.116  

<BLANK> 2007-07-01 18:19 1.085  

<CAL1> 2007-07-01 18:20 3.751  

<CAL2> 2007-07-01 18:20 16.569  

<CAL3> 2007-07-01 18:21 25.072  

<CAL4> 2007-07-01 18:22 62.765  

<CAL5> 2007-07-01 18:23 75.584  

<CAL6> 2007-07-01 18:24 85.864  

<CAL7> 2007-07-01 18:25 98.301  

<CAL8> 2007-07-01 18:26 242.095  

<BLANK> 2007-07-01 18:27 28.118  

<BLANK> 2007-07-01 18:28 8.827  

-2 Tub 9 1 2007-07-01 18:28 9.842  

-2 Tub 9 2 2007-07-01 18:29 14.665  

-2 Tub 9 3 2007-07-01 18:30 9.208  

-2 Tub 9 4 2007-07-01 18:31 8.066  

-2 Tub 9 5 2007-07-01 18:32 4.766  

-2 Tub 9 6 2007-07-01 18:33 5.527  

-2 Tub 9 7 2007-07-01 18:34 16.569  

-2 Tub 9 8 2007-07-01 18:35 74.188  

-2 Tub 9 9 2007-07-01 18:35 25.707  

-2 Tub 9 10 2007-07-01 18:36 29.641  

-2 Tub 9 11 2007-07-01 18:37 31.545  
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-2 Tub 9 12 2007-07-01 18:38 6.416  

-2 Tub 9 13 2007-07-01 18:39 15.300  

-2 Tub 9 14 2007-07-01 18:40 20.249  

-2 Tub 9 15 2007-07-01 18:41 6.796  

<BLANK> 2007-07-01 18:42 3.877  

<QC1> 2007-07-01 18:42 26.214 [P] 

<QC2> 2007-07-01 18:43 74.315 [F] 

<BLANK> 2007-07-01 18:44 11.238  

-2 Tub 9 16 2007-07-01 18:45 6.162  

-2 Tub 9 17 2007-07-01 18:46 3.116  

-2 Tub 9 18 2007-07-01 18:47 5.020  

-2 Tub 9 19 2007-07-01 18:48 10.096  

-2 Tub 9 20 2007-07-01 18:48 4.131  

-2 Tub 9 21 2007-07-01 18:49 1.720  

-2 Tub 9 22 2007-07-01 18:50 14.919  

-2 Tub 9 23 2007-07-01 18:51 32.814  

-2 Tub 9 24 2007-07-01 18:52 6.923  

-2 Tub 9 25 2007-07-01 18:53 4.893  

-2 Tub 9 26 2007-07-01 18:54 6.416  

-2 Tub 9 27 2007-07-01 18:55 3.751  

-2 Tub 9 28 2007-07-01 18:55 6.796  

-2 Tub 9 29 2007-07-01 18:56 2.862  

-2 Tub 9 30 2007-07-01 18:57 4.639  

<BLANK> 2007-07-01 18:58 2.354  

<QC1> 2007-07-01 18:59 22.534 [P] 
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<QC2> 2007-07-01 19:00 82.437 [F] 

<BLANK> 2007-07-01 19:01 14.538  

 

 

 

Name  Date   PO4 LLSW Flags 

<BLANK> 2007-11-18 13:01 3.636  

<BLANK> 2007-11-18 13:02 2.305  

<BLANK> 2007-11-18 13:04 13.102  

<BLANK> 2007-11-18 13:06 2.896  

<CAL1> 2007-11-18 13:07 3.488  

<CAL2> 2007-11-18 13:09 27.153  

<CAL3> 2007-11-18 13:11 70.047  

<CAL4> 2007-11-18 13:13 98.002  

<CAL5> 2007-11-18 13:14 144.890  

<CAL6> 2007-11-18 13:16 206.420  

<BLANK> 2007-11-18 13:18 4.671  

Sample 1 2007-11-18 13:20 2.600  

Sample 2 2007-11-18 13:21 5.706  

Sample 3 2007-11-18 13:23 5.854  

Sample 4 2007-11-18 13:25 18.870  

Sample 5 2007-11-18 13:26 12.067  

Sample 6 2007-11-18 13:28 8.960  

Sample 7 2007-11-18 13:30 15.616  

Sample 8 2007-11-18 13:32 5.411  
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Sample 9 2007-11-18 13:33 13.398  

Sample 10 2007-11-18 13:35 7.777  

Sample 11 2007-11-18 13:37 78.330  

Sample 12 2007-11-18 13:39 21.089  

<BLANK> 2007-11-18 13:40 3.044  

<QC1> 2007-11-18 13:42 26.414 [P] 

<QC2> 2007-11-18 13:44 144.890 [P] 

<BLANK> 2007-11-18 13:46 3.932  

Sample 13 2007-11-18 13:47 7.481  

Sample 14 2007-11-18 13:49 6.298  

Sample 15 2007-11-18 13:51 10.735  

Sample 16 2007-11-18 13:52 7.333  

Sample 17 2007-11-18 13:54 5.115  

Sample 18 2007-11-18 13:56 13.398  

Sample 19 2007-11-18 13:58 13.398  

Sample 20 2007-11-18 13:59 9.404  

Sample 21 2007-11-18 14:01 23.012  

Sample 22 2007-11-18 14:03 14.285  

Sample 23 2007-11-18 14:05 6.446  

Sample 24 2007-11-18 14:06 8.813  

<BLANK> 2007-11-18 14:08 2.896  

<QC1> 2007-11-18 14:10 24.639 [P] 

<QC2> 2007-11-18 14:11 144.150 [P] 

<BLANK> 2007-11-18 14:13 4.079  


