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Executive Summary 
 

The European Water Framework Directive (WFD; 2000/60/EEC) requires that all rivers attain Good 
Ecological Status or Potential. Urban runoff entering rivers directly and unfiltered through Surface 
Water Outfalls (SWOs) carry contaminants such as PAHs, heavy metals, nutrients, microorganisms, 
fine suspended solids and may have high biological and chemical oxygen demand. These 
contaminants have been shown to adversely affect aquatic ecosystems (Maltby et al. 1995; Revitt et 
al. 2014; Trombulak & Frissell 2000). The objective of this project was to better understand the 
sources of road runoff entering London’s tributaries and of identifying specific SWO’s which carry the 
highest contaminant load. 

Previous research has shown that an appreciable proportion of urban runoff pollution is associated 
with fine particles, which adsorb other contaminants onto their surface and may themselves be the 
product of processes such as road surface erosion or abrasion of vehicle brakes (Revitt et al. 2014). 
The current research aimed to determined the validity of measuring Total Suspended Solids (TSS) 
as a low cost proxy for other contamination. 

The delivery of this project was divided into two phases: 

Phase One: The significance of correlations between TSS and multiple other contaminants was 
determined. Data was used from multiple sample locations distributed across six rivers in London.  

Phase Two: Direct sampling of Surface Water Outfalls (SWOs) was undertaken, allowing them to be 
prioritized in terms of the amount of contamination which they contribute to the river system. During 
this stage, lab analysis only included TSS, representing a significant cost saving.  

 

The main findings of this research were that: 

 TSS can be used to indicate outfalls which cause downstream sediment contamination. 
 Additional data collection and analysis of this data set would help to determine if other low-

cost proxies can be established to represent urban runoff contamination more broadly. 
 Citizen Scientists can safely and meaningfully contribute to urban runoff monitoring. 
 On the basis of Phase Two data, it was possible to prioritise a number of the 15 SWOs which 

were monitored. Recommendations are included in this report.  
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Introduction 
Policy and research context 
The European Water Framework Directive (WFD; 2000/60/EEC) requires that all rivers attain Good 
Ecological Status or Potential. Urban runoff entering rivers directly and unfiltered through Surface 
Water Outfalls (SWOs) carry contaminants such as PAHs, heavy metals, nutrients, microorganisms, 
fine suspended solids and may have high biological and chemical oxygen demand. These 
contaminants have been shown to adversely affect aquatic ecosystems (Maltby et al. 1995; Revitt et 
al. 2014; Trombulak & Frissell 2000). The objective of this project was to better understand the 
sources of road runoff entering London’s tributaries and of identifying specific SWO’s which carry the 
highest contaminant load. Moreover, the WFD requires the involvement of stakeholders in 
improvement of waterbodies, and this project and the method developed within it facilitates this 
process by enabling greater understanding and involvement of the community.  

Previous research has shown that an appreciable proportion of urban runoff pollution is associated 
with fine particles, which adsorb other contaminants onto their surface and may themselves be the 
product of processes such as road surface erosion or abrasion of vehicle brakes (Revitt et al. 2014). 
Additionally, fine particles smother riverine gravels and impact on important river ecosystem 
processes such as fish spawning (Greig et al. 2005; Wood & Armitage 1997). Urban areas are a 
significant source of fine particles which are washed into rivers during rainfall (henceforth referred to 
as Total Suspended Solids; TSS), which can be entrained and carried in very high concentrations as 
shown by detailed water quality monitoring during storm events (Old et al. 2003). Moreover, it has 
been reported that there is a close relationship between TSS and other contaminants, notably heavy 
metals (Revitt et al. 2014; Curwell 2015; Van Biervliet 2015). The South East Rivers Trust’s (SERT) 
previous work on the River Wandle in South London supported trends reported in the literature in 
demonstrating that TSS can be correlated with heavy metals. However, it was unknown whether this 
was a general relationship which would be observed in other rivers.  

To understand the contaminants in rivers which are derived from road runoff, extensive sampling and 
analysis is required which can quickly become expensive (particularly when sampling multiple sites 
with replicates). By utilising a statistically significant relationship between TSS and other contaminants 
and only performing analysis of samples for TSS, a 12:1 cost saving can be made. This means that 
either significant cost savings can be made, or far more data can be collected, potentially enabling an 
order of magnitude more samples to be analysed. This is important because many samples (over 
space and time) may be needed to determine which Surface Water Outfalls (SWOs) make the most 
important contribution to contamination of urban rivers. Importantly, collection of TSS can be 
undertaken by non-experts and is amenable to being implemented by Citizen Science monitoring 
networks. There is extensive evidence that the involvement of volunteers in enhancing their river 
leads to a higher level of ownership and longer term stewardship of the river environment. Additionally 
it increases understanding amongst the volunteers involved and helps spread the word amongst 
communities helping to enhance the value of the work more widely. 
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Phases of the Project 
The delivery of this project was divided into two phases: 

Phase One: Validation of the quantitative relationship between TSS and other contaminants.  

This was achieved by repeated water sampling at sites in rivers under different weather conditions 
(during dry weather flows and during periods where heavy rainfall was mobilising urban runoff). At 
this stage, a wide range of contaminants were analysed and a “pollutant profile” created for the 
London tributaries of the River Thames which were sampled during the project. 

Phase Two: Direct sampling of Surface Water Outfalls (SWOs), allowing them to be prioritized in 
terms of the amount of contamination which they contribute to the river system. Generally, this will 
take the form of taking TSS water samples downstream, directly from, and upstream of SWOs during 
first flush events (i.e. after the commencement of sustained heavy rainfall which is likely to generate 
road runoff).  

A draft report was produced in March 2016 with a final report produced in June 2016. 

 

Relevance to previous and ongoing work in London 
Both SERT and Thames21 have experience in running extensive volunteer water quality and pollution 
monitoring programmes and run ongoing volunteer water quality collection projects. SERT has 
undertaken extensive work into investigating innovative techniques to address water quality on the 
River Wandle, within the current London study area. This has included working closely with Queen 
Marys University of London, Kings College London and Brunel University in supporting several MSc 
students to investigate water quality and urban runoff (Brierley 2013; Chan 2015; Harris 2015). With 
evidence of riverbed sediment contamination from road runoff, backed by academic partnership 
research, SERT installed the first ever retrofitted “Downstream Defender” sediment traps to prevent 
road runoff entering the Wandle. The Carshalton Arm of the River Wandle is the first Waterbody in 
London to reach the rigorous standard of Good Ecological Potential under the Water Framework 
Directive, and the Trust’s urban pollution mitigation work and research were important in reaching this 
goal. Thames21 has extensive experience of working with volunteer community groups to achieve 
environmental objectives and has implemented a number of flagship Sustainable Drainage Schemes 
with the community, engendering considerable local ownership and stewardship. They have recently 
reported on the success of three constructed wetlands on the Salmon’s Brook in London, which have 
greatly improved the water quality which was severely impacted by urban pollution.   

Additionally to the Partners in the current project, another Urban Demonstrator Project led by The 
Rivers Trust, running in parallel to this project, aims to model the drainage areas of SWO’s, which will 
be highly useful in planning interventions at problematic locations.  
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Aims and Objectives: 
The overall aim was to better understand the nature and location of sources of contaminated urban 
runoff entering London’s rivers through freshwater tributaries. The high level aims were: 

The high-level aims for this project were to develop: 

1. A new low-cost method for monitoring Urban Diffuse Pollution.  
2. An increased understanding of the nature of urban runoff entering London’s rivers. 
3. An evidence base to help target urban runoff mitigation methods, according to where the worst 

urban contamination discharges from. 
4. Involvement of members of the community in sampling, leading to a greater understanding of 

river issues. 

 

The specific objectives for this project were to produce: 

1. A data-driven assessment of the appropriateness of using TSS as a low-cost proxy to detect 
urban pollution. The validity of this method determined by the strength and significance of 
correlative relationships. 

2. Pollutant profiles including a characterisation of the contaminant concentrations in multiple 
sampling locations in 6 London rivers. Pollutant concentrations was compared to legislative 
thresholds and, where possible, modelled to determine their toxicity in the specific river 
environment where they were sampled.  

3. A list of priority Surface Water Outfalls (SWOs) for which action to reduce contamination was 
recommended. 

4. Assessment of the usefulness of some low-cost citizen science monitoring methods used by 
the Freshwater Watch programme.  
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Methods  
Site selection 
A strength of this project is that it drew on the combined knowledge of the Catchment Partnerships in 
London (CPiL) group to select appropriate sites. The primary criterion for choosing rivers was that the 
catchment should be heavily urbanised, other selection criteria are detailed in Appendix 1. Map 1 
shows the locations of the catchments investigated which had a spatial spread across London.  

 

Map 1. The surface water catchment area of rivers sampled in the project. . 
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River Ravensbourne 
The River Ravensbourne flows through the boroughs of Lewisham, Greenwich, Bromley and Croydon 
in South East London before joining the Thames at Deptford. Widely recognised as the most heavily 
engineered of London rivers due to the concrete culverting undertaken undertaken during the 1960s, 
the Ravensbourne (Thames21 2016). 

 

 

Map 2. River Ravensbourne. Sampling sites for Phase One shown as green dots.  
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River Wandle 
The Wandle rises on the north slopes of the North Downs in Carshalton and Croydon, and flows 23.5 
km through the London boroughs of Croydon, Sutton and Merton to join the Thames at Wandsworth. 
As a chalk stream, the Wandle incudes a globally-rare habitat. As with other urban chalk streams it 
has been impacted by human modification, over-abstraction of water, pollution including roads and 
sewage treatment works, and the spread of industry and urban areas (South East Rivers Trust 2016). 

 

Map 3. River Wandle. Sampling sites for Phase One shown as green dots. 
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Beverly Brook 
Beverley Brook rises in south west London and flows 14.3 km to join the Thames at Elm Barns to the 
North of Putney. The river has been heavily modified, and is its tributary, the Pyl Brook, is known to 
have poor water quality due to road runoff.  

 

Map 4. Beverly Brook. Sampling sites for Phase One shown as green dots. 
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Hogsmill 
The Hogsmill river's source is a chalk spring in Ewell in Surrey from where it flows in a northerly 
direction through Old Malden, New Malden and Berrylands to the River Thames close to the centre 
of Kingston upon Thames. It is the first tributary located in the non-tidal Thames above Teddington 
lock. The river is approximately 11 km (7 miles) in length. As a chalk stream, the Hogsmill includes 
globally-rare habitat. Its headwaters are exposed to frequent raw sewage discharges from storm tanks 
and misconnections near the source of the river.  

 

 

Map 5. Hogsmill. Sampling sites for Phase One shown as green dots. 
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River Brent 
The Brent is formed of an extensive network of tributaries in north and west London. The river is 29 
km (17.9 miles) in length, it rises in the Borough of Barnet and flows in a generally south-west direction 
before joining the tidal stretch of the Thames at Brentford. Some stretches of the river have kept their 
original form/morphology, but many are modified, with major roads and railways, industrial estates 
and housing built up to the water’s edge. Lower down, the Brent is navigable, forming part of the 
Grand Union Canal. A branch of the Canal from Slough crosses the Brent, and is included in this 
operational catchment (Environment Agency 2016b). 

 

Map 6. River Brent. Sampling sites for Phase One shown as green dots. 
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Pymmes Brook 
The Pymmes Brook flows through North London, and is approximatley 15 km (9 miles) long 
(Environment Agency 2016c). The Brook has been extensively modified for flood defence, especially 
towards its lower reaches.  

 

Map 7. Pymmes Brook. Sampling sites for Phase One shown as green dots. 
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Field Methodology  
Water samples were taken after triple rinsing and then filling pre-washed 1 litre water bottles and 0.5 
litre sterile water bottles. Antecedent rain conditions were recorded as a ranked score according to 
the following criteria: 

1 =  No sustained heavy rain for over 2 days.  

2 = Sustained Heavy rain in last 2 days, not raining in last 2 hours  

3 = Sustained Heavy rain in last 2 days, also heavy rain within last 2 hours.   

4 = First heavy rain for over 2 days. Heavy Rain within 2 hours before sampling. 

On-site measurements of turbidity (NTU) were taken using a turbidity tube supplied by Earthwatch to 
link the current Freshwater Watch program (https://www.freshwaterwatch.thewaterhub.org/). 
Phosphate and nitrate samples were also taken using Freshwaterwatch Citizen Science kits.  

Water samples were transported to the lab by courier where possible within the recommended holding 
period so that the UKAS accreditation for sample testing would be valid.  

Phase One involved the collection of baseline data to build a pollutant profile and to determine the 
strength of correlation between TSS and other contaminants. Sample locations were chosen in order 
to form a representative chemical profile for each river. The rationale for site selection was to sample 
downstream of tributaries in the river or below significant points (e.g. major roads) which might 
appreciably alter the mixture of contaminants in the river. Sampling points to establish the baseline 
pollutant profile are shown on Maps 2-7, and number of samples varied according to the size of the 
catchment.  

Before the commencement of Phase Two, a number of SWOs which were safely accessible and 
expected to carry contamination were located within each catchment. Volunteer Citizen Scientists 
were recruited and trained to help to increase the sampling effort.  Where possible, samples were 
taken in the river upstream and downstream of the SWO as well as directly from the outfall itself. In 
some cases it was not safe to sample directly from the outfall in which case samples upstream and 
downstream samples were taken. Sampling poles and throw cans were used to increase the safety 
of sampling. Where it was safe to do so, the discharge from each SWO was be estimated by recording 
the depth of water in outfalls (the outfalls were circular and of a known diameter). The cross section 
was calculated using the diameter of the pipe and water depth. The flow rate was estimated using the 
distance a float, e.g. a stick, travelled in a given time. Although this method was approximate, it did 
give approximate  data which was useful when comparing outfalls. Citizen Scientists and 
SERT/Thames21 staff took samples during Phase Two.  

 

Water sample analysis 
Samples were analysed by a UKAS accredited lab (Derwentside Environmental Testing). The water-
industry standard testing performed by this lab is checked by inter-lab calibration exercises and is of 
a high standard. During Phase One samples were analysed for nutrients, dissolved and heavy metals 

https://www.freshwaterwatch.thewaterhub.org/
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and E.coli. A complete list of parameters analysed is given in Appendix 2. During Phase Two samples 
were only analysed for Total Suspended Solids resulting in a 12:1 cost reduction.  

 

Data analysis 
Baseline data from Phase One was used to determine the strength of correlations between TSS and 
other contaminants. Statistical analysis was performed in the Statistical Package R (R Core Team 
2016). Analysis was performed on aggregated data from all rivers and then each river individually. 
Recent historic data from previous sampling was added to the River Wandle dataset (analysed to an 
equally rigorous standard by a UKAS accredited lab) to increase the sample size when the river was 
analysed individually. Data was tested for normality using the Anderson-Darling Test. The majority of 
the data was not normally distributed. Therefore a non-parametric test, the Spearman’s Rank 
Correlation coefficient was used. For the sake of consistency this test was applied to all data. 
Correlations were tested for significance at the p < 0.05 level, and n and rho values have been 
reported. Only statistically significant relationships were considered for discussion.   

Data from Phase Two (SWO monitoring) was inspected visually to determine where a combination of 
a high concentration of TSS from the direct sample and a high proportional increase in TSS from 
upstream to downstream occurred.  Priority outfalls met both these criteria on repeated return visits. 
In some cases, where velocity and cross-sectional data was collected, discharge was also calculated 
and load was determined. Load was expressed in grams per minute because this was deemed a 
tangible unit, with a sufficiently short time period to be represented by a spot sample.  
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Results  
Total Suspended Solids (TSS) was significantly correlated with multiple parameters in the aggregated 
data set and in the individual rivers when the data was analysed separately (Table 1). The parameters 
which were most consistently correlated with TSS were total metals. In particular total lead and total 
copper were significantly correlated (P > 0.05) in four out of six and three out of six rivers respectively 
(Figure 1 and Figure 3). Antecedent rain conditions were also significantly correlated with TSS (Figure 
2). It was notable that nutrients (Nitrate, TON, orthophosphate, Total Phosphorus) and E.coli did not 
correlate consistently with TSS. Moreover, dissolved metals were not consistently correlated with 
TSS.  

During Phase Two, 15 outfalls were monitored with water samples taken during conditions when 
runoff was being generated. Concentrations of TSS found Upstream, Downstream and in most cases 
Directly from Outfalls are shown in Table 2. A combination of the concentration of TSS and the degree 
to which concentrations downstream of the outfall had increased were used to determine which 
outfalls are the priority based on the data. In some cases, data sufficient to calculate discharge was 
also collected and a load expressed in grams per minute was calculated. The loads of TSS are shown 
in Table 3.  

Pollution profiles based on data during dry weather flows were also built up for the different sampling 
points based on modelling of the concentrations of bioavailable metals and contextual environmental 
parameters using the Biotic Ligand Model (Biomet 2013). The Biotic Ligand Model was used to assess 
the level of risk posed by 3 of the dissolved metals within the pollutant profile (Table 4). The first 
observation from the model outputs is that the background water chemistry of the rivers studied 
provides a protective effect with Local Environmental Quality Standard concentrations (EQSLocal) 
being much higher than values which would be ascribed for these contaminants if other water 
chemistry parameters were not included (EQSGeneric). Therefore, despite relatively high concentrations 
of the metals (mainly above the generic EQS standards), the metals are generally below 
concentrations which would cause an impact during the dry weather flows on which this data is based. 
The one exception to this is the Pyl Brook, a tributary of the Beverly Brook which is above the local 
EQS for Zinc. It was beyond the scope of this study to construct pollutant profiles for conditions during 
periods when urban runoff was taking place.    

E.coli values were compared to the Bathing Waters Directive (2007/7/EC) for reference. This 
comparison was made for data during dry weather flows. In the Directive waters with E.coli 
concentrations under 500 cfu/100 ml are rated ‘excellent’ and those below 900 cfu/100 ml are rated 
‘sufficient’. Both the Hogsmill and the Beverly Brook exceeded ‘sufficient’ in two sites, with the Beverly 
Brook being having notably high levels (between 1100 – 2500 cfu/100 ml). It is interesting that the 
Brent, which is known to have many mis-connected pipes, had levels which would be classed as 
excellent in all five sites for the first set of samples reported here. 

The Freshwater Watch testing kits did not provide data which could give an accurate prediction of 
true values over the range values investigated (Figure 4). Turbidity tubes did not generate data as the 
range of conditions covered provided water which was relatively clear and was under the range of 
measurement of the equipment.   
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Table 1. Outcomes of Spearman’s Rank Correlation tests of all parameters against total suspended solids for aggregated data and on the level of individual rivers. Significant values (p  < 0.05) 
are highlighted in red, and the Rho value (between 1 and -1) gives an indication of the strength of the correlation.  

 

 

 

p value n Rho p value n Rho p value n rho p value n rho p value n rho p value n rho p value n rho
Anticedent_Weather_
Conditions 0.000 64 0.45 NS 10 0.0043 12 0.76 0.0004 12 0.85 0.210 18 0.31 0.039 6 0.83 0.8153 9 0.09
Alkalinity_as_CaCO3_mgl 0.260 64 -0.28 NS 10 0.85 12 -0.06 0.3197 12 -0.31 0.103 18 -0.40 0.499 6 -0.35 0.7233 9 -0.14
Aluminium_Dissolved_ugl 0.065 64 0.23 NS 10 0.8102 12 0.08 0.6478 12 0.15 0.454 18 0.19 0.913 6 -0.06 0.8805 9 -0.06
Aluminium_Total_ugl 0.000 48 0.50 NS 10 0.6584 6 -0.23 0.7741 6 0.15 0.042 18 0.48 0.425 6 0.41 0.4993 9 0.35
Ammoniacal_N_as_N_mgl 0.033 64 0.27 NS 10 0.1295 12 0.46 0.7007 12 0.12 0.998 18 0.00 0.295 6 0.52 0.2163 9 0.46
Cadmium_Dissolved_ugl 0.047 64 -0.90 NS 10 0.8448 12 -0.06 0.5181 12 0.21 0.868 18 -0.42 0.954 6 0.03 0.6806 9 -0.16
Cadmium_Total_ugl 0.083 64 0.22 NS 10 0.4904 12 0.22 0.0036 12 0.77 0.419 18 -0.20 0.015 6 0.90 0.4456 9 0.29
Chloride_mg.l 0.022 64 0.86 NS 10 0.9002 12 0.04 0.3878 12 0.27 0.002 18 -0.67 0.050 6 -0.81 0.069 9 -0.63
Chromium_Dissolved_µgl 0.053 64 0.24 NS 10 0.6849 12 0.13 0.0612 12 0.55 0.364 18 0.23 0.864 6 0.09 0.3721 9 0.34
Chromium_Total_µgl 0.000 64 0.43 NS 10 0.0439 12 0.59 0.4082 12 0.26 0.387 18 0.22 0.000 6 0.99 0.2242 9 0.45
Copper_Dissolved_ugl 0.002 64 0.37 NS 10 0.4257 12 0.25 0.2073 12 0.39 0.066 18 0.44 0.019 6 0.89 0.1447 9 0.53
Copper_Total_ugl 0.000 64 0.57 NS 10 0.0221 12 0.65 0.0037 12 0.77 0.149 18 0.35 0.019 6 0.89 0.125 9 0.55
DOC_mgl 0.388 34 0.18 NS 10 0.552 9 0.23 0.1743 9 -0.5 0.624 5 0.30 NA 1 NA 0.7414 6 -0.17
E.coli_No.100ml 0.706 40 -0.13 NS 10 0.4615 6 -0.38 0.3641 6 -0.46 0.206 14 -0.36 0.624 5 0.30 0.9572 6 -0.03
Lead_Dissolved_ugl 0.001 64 0.40 NS 10 0.0122 12 0.69 0.4511 12 0.24 0.219 18 0.31 0.111 6 0.71 0.5739 9 0.22
Lead_Total_ugl 0.000 64 0.62 <0.05 10 0.65 0.0052 12 0.75 0.0016 12 0.8 0.118 18 0.38 0.019 6 0.89 0.1392 9 0.53
Nickel_Dissolved_ugl 0.141 64 0.19 NS 10 0.84 12 0.07 0.5908 12 0.17 0.754 18 -0.08 0.957 6 -0.03 0.1684 9 0.5
Nickel_Total_ugl 0.183 64 0.17 <0.01 10 0.79 0.768 12 0.1 0.9735 12 0.01 0.839 18 0.05 0.200 6 0.70 0.0805 9 0.61
NitriteasN_mg.l 0.145 64 0.18 10 0.9101 12 -0.04 0.7649 12 0.1 0.187 18 -0.33 0.389 6 0.44 0.4722 9 0.28
OrthoPhosphateP_mgl 0.479 64 -0.09 10 0.2118 12 -0.39 0.9737 12 0.01 0.126 18 -0.37 0.208 6 -0.60 0.6354 9 0.18
Phosphorus_Dissolved_ugl 0.503 64 0.85 10 0.87 12 -0.05 0.5049 12 0.21 0.182 18 -0.33 0.623 6 -0.26 0.6511 9 0.18
Phosphorus_Total_ugl 0.305 64 0.13 10 0.9826 12 -0.01 0.3772 12 0.28 0.187 18 -0.33 0.957 6 0.03 0.7796 9 0.11
Silicate_SiO2_mgl 0.569 64 0.07 <0.01 10 0.8 0.8521 12 -0.06 0.1578 12 -0.43 0.043 18 0.48 0.658 6 -0.23 0.8312 9 0.08
SuspendedSolids_mgl NA 64 1.00 10 NA 12 1 NA 12 1 NA 18 1.00 NA 6 1.00 NA 9 1
TON_mgl 0.050 64 -0.25 10 0.4249 12 -0.25 0.0301 12 -0.62 0.141 18 0.36 0.266 6 -0.54 0.5274 9 0.24
Zinc_Dissolved_ugl 0.720 64 0.23 10 0.7131 12 0.12 0.1437 12 0.45 0.246 18 -0.29 0.036 6 0.84 0.0753 9 0.62
Zinc_Total_ugl 0.000 64 0.45 10 0.1542 12 0.44 0.0054 12 0.75 0.411 18 -0.21 0.019 6 0.89 0.0499 9 0.67

RavensbourneAggregated Data Wandle Beverly Brook Hogsmill Brent Pymmes Brook
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Figure 1. Plots of TSS against total copper. 

 

 

Figure 2. Plot of TSS against antecedent weather conditions.  
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Figure 3. Plots of TSS against Total Lead.  
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Table 2. Results from the Phase Two monitoring of Surface Water Outfalls. Prioritisation was based on both the concentration of TSS 
and if a downstream increase in TSS was measured.  

 

Table 3. Loads of Total Suspended Solids from Surface Water Outfalls calculated using discharge data where it was collected.  

 

 

Site Grid reference
Anticedent Rain 

score Date Upstream Direct Downstream Priority Outfall
TSS / mg/l TSS / mg/l TSS / mg/l

Hogsmill
SWO A240 Rock Ramp Outfall TQ 20361 65120 3 15/04/2016 11 59 21
SWO A240 Rock Ramp Outfall TQ 20361 65120 4 18/05/2016 < 5.0 320 180
SWO A240 Rock Ramp Outfall TQ 20361 65120 Not recorded 08/06/2016 170 71 240

A3 Rock Ramp Outfalls TQ 20467 66956 4 18/05/2016 25 21 33
A3 Rock Ramp Outfalls TQ 20467 66956 4 08/06/2016 160 180 200

Beverly Brook
 A3 Crossing Richmond Park 4 18/05/2016 11 < 5.0
 A3 Crossing Richmond Park 4 31/05/2016 260 240

Wimbledon Common Ditch either 
side of A3 4 31/05/2016 270 360 Further investigation needed

A3 Crossing Beverley Court 4 31/05/2016 160 140

A3 Crossing PC World Downstream 4 23/05/2016 110 160

A3 Crossing PC World Downstream 31/05/2016 47 64

Outfall near Roehampton Gate TQ 21108 74006 4 < 5.0 < 5.0 31

Wandle

Beddington Bridge Outfall TQ 29250 65284 4 10/05/2016 12 96 55
Beddington Bridge Outfall TQ 29250 65285 4 23/05/2016 9 210 32

Beddington Park Dogleg Outfall TQ 29250 65284 3 10/05/2016 6 25 32
Beddington Park Dogleg Outfall TQ 29250 65284 4 23/05/2016 9.5 < 5.0 < 5.0

Hackbridge Outfall TQ 28137 65819 3 10/05/2016 < 2.0 41 24
Hackbridge Outfall TQ 28137 65819 4 18/05/2016 5 280 49
Hackbridge Outfall TQ 28137 65819 4 31/05/2016 72 74 88
Brent
Tokyngton Recreation Ground TQ 20287 85510 4 07/06/2016 17 130

Yes
Tokyngton Recreation Ground TQ 20287 85510 3 12/06/2016 120 15

Priestly Way TQ 22518 87369 4 07/06/2016 2.5 5

Priestly Way TQ 22518 87369 3 12/06/2016 12 16 38
Yes

Stonebridge TQ 19903 84324 3 12/06/2016 41 22 6.5

Brent Street TQ23932 88446 3 12/06/2016 2.5 7.5

Brent Cross TQ23090 87691 3 12/06/2016 5.5 50 2.5
Further investigation needed

Further investigation needed

Further investigation needed

Yes 

Yes 

Yes 

Downstream TQ 21445 72379
Upstream TQ 21478 72327

Downstream TQ 21383 71250
UpstreamTQ 21314 71225

Downstream TQ2180270069
Upstream TQ2185169818

Downstream TQ2180270069
Upstream TQ2221667664

15-Apr 10-May 18-May 23-May

TSS/ g/min TSS/ g/min TSS/ g/min

Beddington Bridge Outfall 5.76 12.6

Dogleg Outfall 1.5

Below 

measurable TSS

Hackbridge Outfall 2.46 16.8

A240 Rock Ramp 3.54 19.2



  29 March 2016 

Page 21 of 30 

 

Table 4. Outputs from the Biotic Ligand Model indicating the risks posed by different metals (Biomet 2013). Using the input of contextual water quality parameters (dissolved calcium, pH, and 
Dissolved Organic Carbon) this model assesses the appropriate Environmental Quality Standard (EQS), and where dissolved metal data is available the Risk Characterisation Ratio (RCR). Where 
the RCR > 1, there is a risk that an impact on the aquatic community would be manifest, thus far this is the case for only the Pyl Brook tributary of the Beverly Brook. The contextual water chemistry 
of the rivers studied elicits a protective effect with local EQS values being much higher than generic values for these pollutants (Generic EQS: Cu = 1.0 µg/l, Ni = 4.0 µg/l, Zn = 10.9 µg/l). 

  

 

Sample Name

Measured  

Copper Conc 

(dissolved) 

[µg/L]

Measured   

Zinc Conc 

(dissolved)        

[µg/L]

Local EQS 

(dissolved) 

[µg/L]

BioF

Bioavailable 

Copper Conc   

[µg/L]

RCR

Local EQS 

(dissolved) 

[µg/L]

BioF

Local EQSadd 

(dissolved) 

[µg/L]

Local EQS 

(dissolved) 

[µg/L]

BioF

Bioavailable 

Zinc Conc        

(µg/L)

RCR

Wandle
Butterhill railway 
bridge (Mean) 2 4 5 0 0 0 5 1 17 18 1 1 0
Beddington Park 
(Mean) 2.10 8.70 4.16 0.25 0.39 0.39 4.20 0.96 17.33 18.33 0.60 1.52 0.42
South Wimbledon 
GS (Mean) 2.50 13.00 17.68 0.06 0.10 0.10 10.14 0.41 33.74 34.74 0.32 1.39 0.38

Beverly Brook

Longfellow Road 2.1 7.3 28.82 0.03 0.07 0.07 14.47 0.28 48.53 49.53 0.22 1.61 0.15

Pyl Brook 4 50 53.11 0.02 0.08 0.08 16.52 0.24 41.93 42.93 0.25 12.70 1.16

Wimbledon Common 3.6 26 54.10 0.02 0.07 0.07 22.04 0.18 55.05 56.05 0.19 5.06 0.46

Hogsmill

B240 Rock Ramp 2.5 9.8 20.86 0.05 0.12 0.12 13.04 0.31 50.49 51.49 0.21 2.07 0.19

Bourne Hall 0.9 6.8 19.72 0.05 0.05 0.05 13.79 0.29 50.49 51.49 0.21 1.44 0.13

Elmbridge Avenue 2.5 8.1 4.54 0.22 0.55 0.55 4.15 0.96 19.76 20.76 0.53 4.25 0.39

Brent

B5 5.7 21 42.21 0.02 0.14 0.14 19.81 0.20 65.75 66.75 0.16 3.43 0.31

B4 6.3 22 28.82 0.03 0.22 0.22 14.47 0.28 48.53 49.53 0.22 4.84 0.44

B3 7.1 13 24.80 0.04 0.29 0.29 13.79 0.29 50.49 51.49 0.21 2.75 0.25

B2 13 16 42.21 0.02 0.31 0.31 19.00 0.21 68.86 69.86 0.16 2.50 0.23

B1 7.2 12 36.45 0.03 0.20 0.20 19.00 0.21 68.86 69.86 0.16 1.87 0.17

Pymmes Brook

P2 8 22 42.21 0.02 0.19 0.19 19.81 0.20 65.75 66.75 0.16 3.59 0.33

Copper Nickel Zinc
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Figure 4. Relationships between A. Phosphate and B. Nitrate for Freshwater Watch testing kits. There 
was no appreciable relationship between the Freshwater Watch data and the data provided by the lab.   

 

  

A 

B 
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Discussion  
The primary objective of this study was to determine whether TSS could be used as a 
low-cost proxy to characterise a range of potential pollutants associated with urban 
runoff with a high road runoff content.  

The main result is that there were statistically significant relationships between TSS 
and total lead in most of the rivers and total copper in half of the rivers. Sediment of 
rivers such as the River Wandle, is known to be contaminated with these metals 
(Brierley 2013). TSS appears to be an indicator of runoff contributing to this 
contamination risk, and in this context is a useful indicator. Moreover, TSS regularly 
exceeded the 25 mg/l threshold set by the European Union Freshwater Fish Directive 
(78/659/EC). 

As would be expected TSS in this context did not correlate with nutrients. This is likely 
to be because nutrients in the urban environment are often in dissolved form. TSS did 
not correlate consistently with dissolved metals. Dissolved metals in water (as opposed 
to total metals) are the best indicators of direct toxicity to aquatic organisms (UKTAG 
2013). Therefore, it may be that a low-cost proxy for urban pollution should include 
another parameter which correlates with dissolved metals.  

The degree to which TSS does not correlate with other contaminants (especially 
dissolved metals) could have implications for selection of methods to mitigate against 
urban runoff. Many measures which are designed to reduce urban pollution have the 
express purpose of removing fine particles (e.g. Hydrodynamic Vortex chambers). The 
presumption is that suspended solids will be closely associated with other 
contaminants (Revitt et al. 2014; Curwell 2015). The data presented here shows that 
this presumption is only partially true, and that an explicit consideration of the 
effectiveness of measures in their tendency to remove dissolved contaminants is 
important.    

During Phase Two Citizen Scientists were trained and undertook most of the Surface 
Water Outfall (SWOs) monitoring, with some samples taken by SERT and Thames21 
staff. With the use of equipment to sample from a distance including sample poles and 
throw cans, sampling was performed safely and effectively. The Citizen Scientists 
increased the scope of the monitoring, but were also able to react more quickly in many 
cases due to their proximity to the river. Given that the most intense flush of urban 
runoff may only last a short time, this greatly enhanced data collection. The data 
generated has been useful in comparing outfalls to determine which contribute the 
most contamination under similar conditions. In particular, two outfalls in the Wandle 
and one on the Hogsmill seem clear candidates for further action, and mitigation 
measures should be considered, to reduce the risk of downstream sediment 
contamination. 

Of the 15 outfalls considered across London, the site named the A240 Rock Ramp on 
the Hogsmill chalk stream appears to contribute the most contamination. During peak 
flows it contributed to a two-orders-of-magnitude increase in TSS in the river from <0.5 
mg/l to 180 mg/l. This outfall drains the A3 road which is part of the main distributor 
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network and the evidence gathered may be useful in making the case to Highways 
England for funds to be spent on addressing or mitigating against the contamination 
from this outfall (Photo 1).   

 
 

 

Photo 1. Images of the A240 Rock Ramp Outfall taken just before and during the start of heavy rainfall.  

Pollution Profile 

The background pollutant profile generated is based on dry weather flows when urban 
runoff was not being generated. The data for the dry weather conditions shows that 
concentrations of dissolved heavy metals were generally below the Local 
Environmental Quality Standard calculated using contextual parameters with the Biotic 
Ligand Model (Biomet 2013). This tool demonstrated that the relatively high pH and 
water hardness in the six rivers were protective factors, resulting in less bioavailable  
metals as a proportion of the dissolved fraction than would be the case in more acidic, 
soft water areas. In fact, zinc and copper would breach EQS standards in multiple 
cases if this were not the case. Only the Pyl Brook in the Beverly Brook catchment 
breached the local EQS for Zinc. This is noteworthy because whilst Environment 
Agency data notes chemical failures (Tributyltin Compounds and Diuron), zinc is not 
yet listed as a failing substance under the Water Framework Directive (Environment 
Agency 2016a). More generally, it is expected that in periods where runoff is being 
generated, the pollutant profile will indicate an appreciably higher level of impact.  

Citizen Science testing kits 

The results from citizen science testing kits used in the Freshwater Watch programme 
were also compared with lab analyses on the samples. The testing kits for nitrate and 
phosphate do not provide a robust prediction of nitrate and phosphate values. The 
relationship was particularly poor for phosphate which is the key contaminant in 

10 minutes later… Before Rain… 
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London’s rivers as it tends to be the limiting factor on eutrophication given that 
concentrations of nitrate are generally above limiting. Nitrate kits did seem to 
approximate true values within the suggested range for the kits (0-10 mg/l) but above 
this at very high nitrate levels the kits hugely under-predicted concentrations. Turbidity 
tubes performed poorly, with even relatively turbid samples below the level of 
detection. The reason for this is likely to be because the sides of the tube were 
transparent, allowing good light penetration and allowing easy vision through even 
quite turbid samples.  

 

Conclusion and recommendations for future work 
 

Data presented shows that TSS can be used as a proxy for other forms of 
contamination in urban runoff. In particular, high concentrations of TSS generally 
indicate outfalls which will cause downstream sediment contamination. Based on the 
costs used in this programme, this could represent a cost reduction of 12:1 in 
comparison to a sampling suite including a full range of metals, nutrients and E.coli. 

Nevertheless, further analysis of this dataset and more data collection could help to 
determine whether a good correlate of dissolved metals can be found. This is because 
TSS alone does not represent a broad suite of contaminants (whilst being a good 
indicator of a narrow range).  

An evidence base has also been created for prioritising several outfalls which have 
been identified as particularly important contributors to downstream sediment 
contamination. Citizen Scientists were instrumental in collecting data at Surface Water 
Outfalls and this greatly increased the utility of the dataset. Building on the evidence 
base generated, further information should be gathered about the priority outfalls in 
order to progress towards reducing their impact on the rivers which they discharge 
into.  For instance, mapping of the drainage network and use of an intrinsic flow meter 
to record discharges over a period of time would help to determine which mitigation 
options are the most appropriate.  
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Appendix 1 - Criteria for choosing rivers 
 

This project drew on the combined knowledge of the Catchment Partnerships in 
London (CPiL) group to select appropriate sites. Given the objective of this Phase One 
of the project was to establish the validity of the expected relationship between TSS 
concentrations in urban environments and other contaminants, site selection followed 
the rationale that samples should represent heavily urbanised waterbodies with 
access, where possible, to flow data. Additionally, the local knowledge from the CPiL 
group ensured that sites which had a good volunteer base and were safe and easy to 
access were chosen. A wide spatial spread of rivers in London were also sought in 
order to represent urban rivers as widely as possible. The criteria were as follows: 

1. A high % urban surface water catchment 
2. Gauging station present 
3. Many well positioned suggested points (from CPiL meeting) for samples to be 

taken 
4. A skilled (where possible) volunteer base with coordinators with sufficient 

capacity to take on additional sampling. 
5. Not too much of the river buried (might be difficult to progress to sampling 

Surface Water Outfalls, SWOs, if much of the river underground).  
6. Known locations of SWO’s 

Appendix 2 – Parameters analysed in Phase One 
samples 

 

Metals Units  

Aluminium, Dissolved ug/l 

Aluminium, Total ug/l 

Cadmium, Dissolved ug/l 

Cadmium, Total ug/l 

Chromium, Dissolved ug/l 

Chromium, Total ug/l 

Copper, Dissolved ug/l 

Copper, Total ug/l 

Lead, Dissolved ug/l 

Lead, Total ug/l 

Nickel, Dissolved ug/l 

Nickel, Total ug/l 

Phosphorus, Dissolved ug/l 

Phosphorus, Total ug/l 

Zinc, Dissolved ug/l 

Zinc, Total ug/l 
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Inorganics   

Alkalinity as CaCO3 (Automated) mg/l 

Suspended Solids mg/l 

Ammoniacal Nitrogen as N mg/l 

Chloride mg/l 

Nitrate as N mg/l 

Nitrite as N mg/l 

Ortho Phosphate as P mg/l 

Silicate as SiO2 mg/l 

Total Oxidised Nitrogen as N mg/l 

Bacteriological    

E Coli - Enumeration   

 

 


