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Introduction
• SuDS have been implemented to enhance natural 

drainage and treat urban runoff

• Effectively trap pollutants 

• Trace metals can cause toxicity in the system

• Previous studies have not defined the fate of SuDS
end-of-life

Presenter
Presentation Notes
SuDs have been implemented to enhance natural drainage and treat urban runoff.Hard and soft SuDS designs effectively trap pollutants to prevent transportation of contaminants or encourage slow-release into the environment. The toxicity of metals accumulated in SuDS could affect the aquatic biota and interfere with the microbial treatment of pollutants (e.g. petroleum hydrocarbons)..Previous studies have not defined the fate of SuDS, where the long-term accumulation of contaminants could have a negative impact on the water and sediment quality in these systems. 



Introduction
• Lack of maintenance could effect the overall toxicity of 

accumulated sediment

• Soluble fractions of metals are the main interest as they 
would be available for uptake – concern for negative 
environmental impact and increasing potential 
bioaccessibility.

• Difficult to generalise

Presenter
Presentation Notes
Therefore, the lack of maintenance activities implemented in SuDS, such as the regular removal of contaminated sediment, could potentially categorise the sediment as hazardous waste.In terms of environmental deterioration (e.g. ecology and water quality) the soluble fractions of metals will be of interest as they would be available for uptake in the surrounding biomass and is integral in determining the toxicity of the sediment.The bioavailability of contaminants could negatively impact aquatic biota in SuDS and a potential risk to human health, particularly those publicly accessible as green space. As environmental conditions at each SuDS site affect physical, chemical and biological processes, it is difficult to determine and generalise the behaviour of contaminants for all systems 



Aims
Aim 1 – To establish metal concentrations in 
SuDS that have received long-term pollutant 
accumulation.

Aim 2 - To distinguish the hazardous nature 
of SuDS end-of-life.
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Presentation Notes
Aim – To establish metal concentrations in SuDS that have received long-term pollutant accumulation.ObjectivesTo investigate sites that have been in operation for a long period of time and have been minimally maintained.To determine total and extractable metal concentrations of sediment in different SuDS devices in as found conditions. I assessed total and EDTA extractable metals from the different materials excavated on site.To determine dissolved metal concentrations in the outflow of different SuDS devices.



Sites – Porous Paving System (PPS), Bury, UK

• PPS before and during decommissioning.
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Presentation Notes
As the sites investigated will be in operation and possibly not near end-of-life, it will be important to investigate sites that have not been recently installed. The results may need to be extrapolated to represent SuDs end-of-life. One of the sites is a porous paving car park at SEL in Bury. It was first installed 12 years ago. The original aggregate used was limeston whichh overlay a geotextile layer and a permavoid. There is a distinct change in colour in comparison to the original geotextile layer in place. Pollutant concentrations will be measured from the geotextile layer to ensure pollutants were trapped. This car park will be demolished by the end of this year and will have come to its ‘end-of-life’ for other reasons.



Sites – Hopwood Motorway Service Area (HMSA) 
SuDS, Bromsgrove, UK

• HMSA second management train
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Presentation Notes
The SuDs train at Hopwood Services was designed by Robert Bray associates. It consists of eight ponds, swales and a filter strip. It was originally constructed in 1999. Kate Heal was lead author on a paper in 2008 assessing the performance of this SuDs train between 2000 to 2008. Although the water quality improved from the start to the end of the management train, copper and zinc were found to exceed sediment quality standards. This study was completed seven years ago and there was concern the metal accumulation may impact on the biological functioning on the site and affect the biodegradation of organic pollutants. Therefore, it would be interesting to see if there are any major changes in concentration in the SuDs systems and whether it has affected the Hopwood stream which flows parallel to this site.



Methods and Techniques
• Samples were collected during October and February 2015-

2016.

• Samples were digested for total metal concentrations, total 
extractable metal concentrations and readily available metal 
concentrations (Zn, Cu, Ni, Pb, Cr). 

• Analysis was completed by ICP-AES to determine metal 
concentrations. 

• Organic matter (%OM) was determined by weight differences 
through loss on ignition. 
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Presentation Notes
Samples were dried overnight at 80°C and homogenised to 2mm. The metals analysed for this study are contaminants associated with road runoff (Zn, Cu, Pb, Ni, and Cr). Samples were digested using reverse aqua regia, ethylenediaminete-traacetic acid (EDTA) and de-ionised water for total metal concentrations, total extractable metal concentrations and readily available metal concentrations respectively. Analysis was completed by inductively coupled plasma atomic emission spectroscopy (ICP-AES) to determine metal concentrations. Correlation co-efficients of the calibration standards were above 0.999. Organic matter (%OM) was determined by weight differences through loss on ignition. pH was measured by a pH meter after mixing sediment samples with de-ionised water in the ratio 1:2.5. 



Preliminary Results
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Total metal concentrations for PPS, Bury
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Presentation Notes
Material from the PPS has shown metal contamination below severe effect levels after 12 years of operation. Organic matter was between 2-3% in the joint and bedding layer material. Potentially (EDTA extracted) and readily (H2O extracted) available metal concentrations decreased from the surface sediment trapped between the joints to the limestone bedding layer. Sediment recovered in between the joints of the PPS and the fines of the bedding layer had shown the majority of contaminants had been trapped at the surface. Total metal concentrations did not exceed sediment quality guideline values and on observation, prior to decommissioning, infiltration had not been significantly compromised. EDTA extractable and water extractable metal concentrations for Zn, Cu, Pb, Ni and Cr were below 10% and 0.5% of the total concentration respectively in the joint material. Metal concentrations on the geotextile layer are yet to be determined to provide a complete representation of metal pollution in the PPS. For further study, accelerated loading experiments of the PPS material reconstructed in laboratory rigs will establish potential end-of-life issues associated with the treatment capacity and waste disposal of this system.



Preliminary Results
Extractable metal concentrations & percentage of total from PPS, Bury.
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Preliminary Results
Total metal concentrations for HMSA Spillage Basin and Wetland inlet.
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Total Cu and Zn concentrations are at severe effect levels in the inlet and outlet of the HMSA spillage basin. Metal concentrations have increased for Cu since Heal et al’s (2009) study on the HMSA SuDS. Organic matter ranged between 26-35%, a possible issue for waste disposal. Metal concentrations decrease from the spillage basin inlet to the spillage basin outlet suggesting the treatment efficiency of the system has not declined yet.Preliminary testing has shown that total Cu and Zn concentrations exceed severe effect levels in the inlet and outlet of the HMSA spillage basin when compared to Ontario Sediment Quality Guidelines [10] of 110 mg kg-1 and 820 mg kg-1 respectively. Approximately 12.5% of Cu concentrations and 20% of Zn concentrations were extracted using EDTA. Readily water extractable concentrations remained below 5% for all metal concentrations at both the inlet and outlet of the spillage basin. Although metals are trapped in the sediment, as indicated by the water extraction results, extractable concentrations could be potentially bioavailable to organisms if changes in the environment occurred (e.g. increased presence of chelating agents or changes in redox potential). Additionally, %OM exceeded the 10% requirement for waste acceptance into a hazardous waste landfill facility by up to three times [11]. However, this result is most likely influenced by seasonality as samples were collected during the winter period. Porous paving blocks infilled with grit (80mm) Limestone aggregate 2- 6mm (50mm) Geotextile (1mm) Permavoid structure (50mm) Impermeable layer a b Contaminants trapped in these systems could be potentially released in the spillage basin and transported through the management train that succeeds this device, having a negative impact on the surrounding biota. Metal concentrations have increased in comparison with results previously recorded on the HMSA SuDS management train [12]. Maintenance of the HMSA SuDS (e.g. sediment removal) has not been evident since the previous study and has contributed to the increase in contaminants reaching the spillage basin from the oil and silt interceptor. This is apparent as a layer of oil was observed at the inlet and sections where water had ponded in the spillage basin (Figure 3). Further investigation into contamination hotspots of the spillage basin ain and assessment of Total Petroleum Hydrocarbons (TPH) will be included in further study. 



Preliminary Results
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Preliminary Results

Site Zn Cu Pb Ni Cr pH
Spillage Basin inlet (HMSA) 
(mg l-1)

0.087 0.002 ND 0.03 0.01 6.9

Spillage Basin outlet 
(HMSA) (mg l-1)

0.107 0.009 ND 0.003 0.002 6.9

PPS outlet (mg l-1) 0.003 0.002 ND 0.002 0.001 7

WHO drinking water quality 
standards (mg/l) (WHO 
2011) (mg l-1)

3 2 0.01 0.02 0.05

• Water quality results form the HMSA spillage basin 
and PPS.

Presenter
Presentation Notes
Water quality results for metal concentrations and pH in the HMSA spillage basin and outflow of the PPS are presented in Table 1. Values have been compared to WHO [13] drinking water quality standards to establish the best case scenario for water quality in these systems. After 12 years of operation and no maintenance, the PPS had effectively trapped pollutants as the concentrations of metals from the outflow were below drinking water quality standards. Metal concentrations in the spillage basin are below drinking quality standards with the exception of Ni at the inlet. However, this decreases to 0.003 mg l-1 at the outlet, suggesting effective treatment of discharge from the oil and silt interceptor. Further monitoring of metal concentrations in water samples over an extended period will establish whether Ni concentrations are a concern in the spillage basin and the overall management train. The water quality results re-iterate how contaminants are effectively trapped in both systems and contribute to pollutant accumulation in SuDS. Overall, the preliminary study indicates the contaminated sediment has not had a significant impact on the water quality of these systems.



Conclusion
• Making assumptions on end-of-life issues for the HMSA 

spillage basin and PPS are premature. 

• Although metal concentrations exceed sediment quality 
values for Zn and Cu in the spillage basin, the water 
extractable concentrations and water quality results 
have indicated that the treatment efficiency of the 
system has not declined over time. 



Further Work
• Additional chemical analysis will aid in establishing 

issues associated with the waste disposal of SuDS.

• Further monitoring of the whole management train and 
accelerated loading tests on the reconstructed PPS rigs 
simulate the potential end-of-life of SuDS.



Thank you for Listening
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Accelerated Loading Tests & A5 Filter Drain
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