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ABSTRACT: Floating treatment wetland (FTW) systems are an innovative stormwater treatment technology 
currently being trialled in Australia. FTWs provide support for selected plant species to remove pollutants from 
stormwater discharged into a storage basin. The plant roots provide large surface areas for biofilm growth, 
which serves to trap suspended particles and enable the biological uptake of nutrients. FTWs can be installed 
at the start of the construction phase and can therefore start treating construction runoff almost immediately. 
FTWs have the potential to provide a full range of stormwater runoff treatment (e.g. sediment and nutrient 
removal) from the construction phase onwards. A 101 m2 FTWs has been installed within a greenfield 
development site on the Sunshine Coast, in Australia. The two-year research study investigated the pollution 
removal performance of the FTW for two different locations, one with low and one with moderate influent 
pollutant concentrations.  This paper presents the research methodology used, and the initial study results of 
the treatment efficiency of FTWs. 
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1. INTRODUCTION 
 

Natural floating wetland ecosystems exist in 
many parts of the world, ranging from large floating 
marshes covering thousands of hectares in 
Louisiana [1] to smaller floating mires in the 
Netherlands [2]. Floating Treatment Wetlands 
(FTWs) are artificial systems that mimic the water 
treatment processes that take place in natural 
floating wetland islands [3]. FTWs are comprised of 
a floating structure planted with emergent 
macrophytes where the roots grow into the water 
column [4]. The roots provide a large surface area 
(Figure 1) for biofilm attachment. The biofilm 
adsorbs pollutants [5,6] while physically filtering 
and trapping suspended solids [7]. 

As FTWs are buoyant, they can be installed in 
most water bodies without significant earthworks, 
thereby offering stakeholders an effective, 
environmentally sustainable and cost-effective 
water treatment solution [8]. FTWs also offer 
terrestrial and aquatic habitats for wildlife which 
allows for greater ecological diversity [3].  

Plant growth, establishment and survival in 
conventional stormwater treatment devices (e.g. 
constructed wetlands) are often affected by high 
flow velocities, the duration and depth of 
inundation, and the frequency of flooding or 
drought [9]. Consequently, the wetland area may 
need to be relatively large to buffer against these 
extreme water level fluctuations. Alternatively, the 

high flows may be designed to bypass the wetland 
all together resulting in a significant portion of 
stormwater runoff being untreated [10].  

 

 
 
Fig. 1 Figure showing root hairs and vegetation 

above the floating mat [11]. 
 

The buoyancy of FTWs generally enables them 
to tolerate major fluctuations in water depth. This 
makes FTWs a reliable stormwater treatment device 
that protects plant health during extreme rainfall 
events. Furthermore, the extensive surface area of 
the root network can provide significantly greater 
pollution removal rates per unit area compared to 
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constructed wetlands and other stormwater 
treatment systems.  

Several mesocosm studies have been conducted 
to investigate the treatment efficiency of different 
plant species planted in FTWs. These studies have 
shown that FTW are effective at removing 
pollutants from both wastewater [12-15] and 
stormwater [7,16,17]. The number of field studies 
undertaken on FTWs is limited, particularly in the 
application of FTWs to stormwater treatment 
[3,18,19]. Smaller-scale field studies in the USA 
[19] and New Zealand [4] have shown FTWs to be 
effective in removing a variety of pollutants from 
stormwater runoff from highways.  

To date, no previous studies have been 
undertaken in an urban residential setting, where 
there can be higher pollutant loads such as sediment, 
nutrients, and heavy metals. These urban 
stormwater pollutants can be readily transported to 
receiving waters due to an increase in impervious 
surfaces such as roads, sidewalks, driveways, 
parking lots and rooftops, as well as more efficient 
drainage pathways [6]. This paper describes the 
results of an ongoing field study conducted to assess 
the ability of FTWs to treat urban stormwater runoff 
from an existing urban development in Southeast 
Queensland (SEQ), in Australia. 

 
2. MATERIALS AND METHODS  
 
2.1 Study Site 
 

This study was conducted in an existing lake 
within a development under construction on Bribie 
Island in Queensland, Australia. The entire 
development site has an area of 42.3 ha, with 
construction having commenced in 2014. At the 
start of the research project in September 2014, 
stormwater from a 10 ha existing residential 
catchment (external to the new development) 
discharged through two existing inlets into the study 
lake (Inlets 1 and 2 in Figure 2).  

The study involved installing a new FTW in the 
existing lake shown in Figure 2. The FTW had a 
total area of 101 m2 which was equivalent to 
approximately 0.1% of the development area. The 
FTW was comprised of 11 FTW modules, each of 
approximately 9 m2 in area. The FTWs 
(www.spel.com.au) used in this study were 
composed of a 200 mm thick, recycled plastic fibre 
mat, injected with marine grade foam to provide 
buoyancy (Figure 3). Each mat had 40 pre-drilled 
holes to hold the plants. The holes were 100 mm in 
diameter and 150 mm deep. The mats were covered 
with coir matting and planted with tube stocks of 
Carex appressa at a density of two plants per hole 
(Figure 3). 

 To direct the stormwater inflow into the lake 
and through the FTWs to limit potential short-
circuiting of the FTW (i.e. bypassing flows) 

experienced in other studies [10,18], impermeable 
polyvinyl chloride (PVC) curtains were installed 
along the sides of the FTWs that fanned out towards 
the lake banks (Figure 2). These ensured all inflows 
from Inlets 1 and 2 were treated by the FTWs.  

 

 
 
Fig 2 Initial location of the FTW and 
automatic samplers (ASin and ASout). 
 

 

Fig 3 Two of the FTW modules planted with 
Carex appressa. 

 
Water quality analysis results from the first 

sampling period (from September to February 
2015) showed that the influent pollutant 
concentrations were very low. In late February 2015, 
the study site was impacted by a tropical cyclone 
(Marcia - TCM) which caused some minor damage 
to the FTW. In particular, some of the anchoring 
cable supports were damaged which caused the 
FTW to shift its location. Portions of the PVC 
curtain were also damaged.  

http://www.spel.com.au/
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As the FTW needed realignment and repair after 
TCM, it was decided to use this opportunity to 
relocate the FTW, and to change the baffle 
configuration to enable the treatment of stormwater 
inflows from a different part of the catchment which 
was thought to have potentially higher pollution 
concentrations which were more in line with current, 
accepted ranges. This resulted in relocating the 
FTW to the new position shown in Figure 4.  

 

 
 
Fig 4 New location of the FTW and automatic 

samplers (ASin and ASout) after TCM 
 

The new location meant the FTW received 
stormwater (Inlet 3) from a 5.3 ha existing 
residential area, as well as stormwater from a new 
2.2 ha area of the Bribie Lakes development (Total 
treatment area = 7.5 ha). As the new 2.2 ha area was 
under construction, it was expected to have much 
higher influent pollutant concentrations. Prior to the 
reconfiguration of the FTW, the discharge from 
Inlet 3 bypassed the FTW. 
 
2.2 Storm Event Sampling and Analysis 
 

In order to standardize the sampling methods 
and procedures to capture qualifying storm events, 
a sampling protocol (Table 1) was developed [3] 
based on the protocol methods prescribed by the US 
EPA [20] and Auckland Regional Council [21].  
 

Automatic water samplers (ISCO GLS -
http://www.isco.com/) were installed upstream 

(ASin) and downstream (ASout) of the FTW 
(Figures  

2 and 4) to collect water samples to be analysed 
for water quality parameters (Table 1) by a NATA 
(National Association of Testing Authorities) 
accredited laboratory. The samples were analysed 
for total suspended solids (TSS), total nitrogen (TN) 
and total phosphorus (TP) which are the three main 
stormwater pollutants of concern in Australia.  

The auto-samplers were triggered by a 
combination of signals from a rain gauge and flow 
meter that were installed on site. The auto-samplers 
were programmed to collect 200 mL flow-weighted 
aliquots each time a cumulative volume of 15 kL 
registered at the flowmeter. This was equivalent to 
the runoff from a rainfall depth of 0.2 mm over the 
study catchment area. The 200 ml aliquots were 
composited into a nine litre bottle and sent to the 
laboratory for analysis. 
 
Table 1  Sampling Protocol and Analysis Details 
 

Parameter Details  
Min. rainfall depth 2mm in 30 min 
Rainfall monitoring Pluviometer 
Min. storm duration 15 min 
Min. dry period antecedent 6 hours 
Min. hydrograph Sampling first 60% 
Min. sample aliquots 
per storm event 

8 inlet and 8 outlet 
subsamples 

Sampling method ISCO Auto-samplers,  
flow-weighted in 15 kL 
intervals 

Sampler location 0.3 m upstream- and 0.3 m 
downstream of FTW 

TSS & TDS APHA (2005) 2540 C & D 
TN & TKN APHA (2005) 4500 N 
Ammonia N  APHA (2005) 4500 NH3 
NOx APHA (2005) 4500 NO3 
TP& Orthophosphate APHA (2005) 4500 P 
Particle size 
distribution (PSD) 

Laser Diffraction  

 
The water quality analysis results were used to 

estimate an Event Mean Concentration (EMC) for 
each storm event using Equation 1:  
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where: 
Vi = Volume of flow during period i;  
Ci = Concentration associated with period i; and  
n = total number of aliquots collected during event.  

http://www.isco.com/
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The water quality analysis results were also used 
to assess the overall system performance by 
calculating the pollution removal efficiency ratio 
(ER) using Equation 2:  
 

                
In

Out

EMCMean
EMCMean

ER −=1                  (2) 

where: 
EMCin = Event Mean Concentration at AS1 and 
EMCout = Event Mean Concentration at AS2. 
 
3. RESULTS AND DISCUSSION 
 

Sampling commenced in September 2014 and 
continued through to February 2015 when the study 
site was affected by TCM. During this time, five 
qualifying storm events were captured. As shown in 
Table 2, results prior to TCM showed low 
concentrations of TSS, TN and TP. The 
concentrations ranged from 4 to 10 mg/L for TSS, 
from 0.41 to 0.91 mg/L for TN, and from 0.005 to 
0.078 mg/L for TP. These concentrations were well 
below the ‘typical’ Australian average urban 
pollutant loads expected in SEQ which are 
151 mg/L for TSS, 1.82 mg/L for TN and 
0.34 mg/L for TP [22].  
 
Table 2 Pollution removal efficiency prior to TCM 
 

Parameter TSS 
(mg/L) 

TN 
(mg/L) 

TP 
(mg/L) 

Date In out In out In out 
07/09/14 10 14 0.51 0.53 0.005 0.005 
23/09/14 5 4 0.41 0.44 0.005 0.005 
25/09/14 4 4 0.41 0.43 0.005 0.005 
07/11/14 10 2 0.65 0.56 0.052 0.038 
20/11/14 8 15 0.97 0.52 0.078 0.032 

Mean Conc. 7.4 7.8 0.59 0.49 0.029 0.017 
Efficiency 

Ratio -5% 16% 41% 

 
For events prior to TCM, the average pollutant 

removal efficiency ratios (ER) for TSS, TN and TP 
were -5%, 16% and 41%, respectively (Table 2). 

These were below the minimum pollutant 
removal ERs recommended for urban developments 
in SEQ of 80%, 60% and 45%, for TSS, TN and TP, 
respectively [23]. The variation in the results 
between the individual storm events was substantial 
and pollution removal ER ranged from 
between -88% and 80% for TSS, -6% and 47% for 
TN and between 0% and 59% for TP. However, 
these results needs to be considered carefully, and 
within the correct context. 

For, example, the 41% ER results for TP 
removal (Table 2) needs to be considered with care 
as there was no net removal of TP for three of the 

five events as the samples were below detection 
limits. The high variability of the results was a result 
of the low pollutant concentrations generated from 
the existing residential development. 

Furthermore, it was considered that the 70 m 
length of open water in the lake in front of the FTW 
was acting as a type of pre-treatment system for the 
inflowing stormwater leading to sedimentation, and 
portions of TSS and particle bound pollutants not 
reaching the FTW. The site is also very sandy which 
could also reduce runoff volumes and result in low 
pollution loads. 

Once the location of the FTW was changed after 
TCM to treat the stormwater from Inlet 3 (Figure 4) 
water quality sampling results show much higher 
inlet pollution concentrations (Table 3), which were 
more in line with current expectations. 

The inlet pollutant concentrations ranged from 
11 to 414 mg/L for TSS, from 0.6 to 3.2 mg/L for 
TN and from 0.03 to 0.28 mg/L for TP. These 
results are more in-line with the expected pollutant 
concentration ranges for stormwater runoff from  
urban developments in SEQ. [22]. 
 
Table 3 Pollution removal efficiency post-TCM 
 

Parameter TSS 
(mg/L) 

TN 
(mg/L) 

TP 
(mg/L) 

Date In out In out In out 
28/09/15 323 51 1.00 0.25 0.280 0.1 
23/10/15 11 4 0.70 0.30 0.030 0.02 
07/11/15 414 24 3.20 0.70 0.280 0.03 
15/11/15 26 16 1.10 0.70 0.050 0.05 
29/11/15 270 28 2.20 1.30 0.140 0.02 
30/01/16 50 26 1.10 2.20 0.040 0.04 
01/02/16 19 36 0.80 1.60 0.040 0.07 
06/02/16 19 24 0.60 0.80 0.050 0.03 
13/02/16 37 19 1.40 2.10 0.060 0.04 
06/03/16 56 15 1.20 1.10 0.100 0.11 

Mean Conc. 122.5 24.3 1.33 0.11 0.107 0.05 
Efficiency 

Ratio 80% 17% 52% 

 
The average pollutant removal efficiency ratios 

for TSS, TN and TP were 80%, 17% and 52%, 
respectively. Compared to the initial setup where 
TSS concentrations often increased when passing 
through the FTW, the results after TCM show much 
better TSS removal for higher influent 
concentrations, as well as for higher flow rates 
(Table 3).  

It is difficult to accurately assess the efficiency 
of treatment systems when pollution concentrations 
are close to detection limits, as even a small change 
in concentration yields a significant change in the 
average results. The relocation of the FTW after 
TCM, and the subsequent increase in pollutant 
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loading, resulted in a higher pollutant removal ratio 
for all pollutants monitored in the study.  

The FTW showed a high variability in treatment 
performance for stormwater runoff with very low 
pollutant concentrations. However, when the 
pollutant loads were closer to those typically 
expected for stormwater in SEQ, the ER was 
substantially higher. The results of this study 
demonstrate that the sampling location, and the 
influent pollutant loads are extremely important. 
The study showed that these variables can 
significantly influence the results of performance 
and efficacy measurements of FTW systems.  

To further investigate the stormwater treatment 
performance of FTWs, a new four-year research 
study has recently commenced in a new 
development site on the Sunshine Coast in 
Queensland, Australia. The new study will be 
conducted on a 2,100 m2 FTW treating stormwater 
runoff from a new 42 ha residential development 
which is dominated by a clayey substrate. The 
stormwater runoff water quality will be 
characterised and assessed during both the 
construction and the operational phases of the 
development. The ability of FTWs to improve 
stormwater quality, and to manage urban lake 
health will be evaluated throughout the four-year 
study which will complement the results of the 
Bribie Island study.  

The study results will be of significant interest 
for the developers and local government authorities 
and could potentially influence stormwater 
management practices, both in Australia, and 
internationally.  
 
4. CONCLUSION 

 
This study initially investigated the pollutant 

removal performance of a FTW receiving 
stormwater runoff from a 10 ha residential site. 
However, stormwater pollutant concentrations from 
the site were found to be far below typical 
concentrations for urban stormwater runoff in 
Australia and this resulted in low pollutant removal 
performance results for the FTW.  

After approximately six months, the FTW was 
moved to a new location (catchment area = 7.5 ha) 
with higher influent pollutant concentrations that 
were more in-line with typically expected values for 
urban catchments in Australia. The pollutant 
removal performance of the FTW in the new 
location increased significantly and the average 
pollutant removal efficiency ratios were found to be 
80%, 17% and 52%, respectively for TSS, TN and 
TP. These results were much closer to the 
recommended removal rates in Australia.   

The study results demonstrate that sampling 
location, and influent pollutant loads are extremely 
important and that these variables can significantly 

influence the results of performance and efficacy 
measurements of FTW systems. 

The study has demonstrated that FTW are a 
viable option for urban stormwater treatment that 
have numerous advantages compared to traditional 
systems. These include reduced land requirements, 
resilience to extreme water depth and volume 
changes, as well as potentially enhancing habitat, 
recreational, and aesthetic values within the urban 
landscape. It is anticipated that the study results 
could significantly influence the stormwater 
management in Australia, and the rest of the world. 
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