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Executive Summary 
 
What is the Oxford Rivers Project? 
 
The rivers in Oxford have long been integral to the history and culture of the city, and today 
are frequently used for a wide range of recreational activities, including rowing and wild 
swimming.  
 
In the summer of 2020, many local Oxford residents were shocked after seeing the Rivers 
Trusts ‘Is Your River Fit to Play In’ map, and discovering the level of untreated sewage 
discharged to rivers nationally and locally.  A local campaign was formed, the “End Sewage 
Pollution mid Thames group” whose aim is to campaign for cleaner rivers, for both people 
and wildlife.  
 
After successfully petitioning Oxford City Council and Thames Water, the group approached 
the Rivers Trust and Thames21 who supported and developed a proposal to monitor the 
health of the rivers surrounding Oxford and apply for bathing water status. This proposal 
was partly funded by Thames Water, including the processing of the water quality samples 
and officer time, and by Oxford City Council and the Rivers Trust.  
 
This report has been produced independently of Thames Water and has been impartially 
reviewed by a water quality and health expert. It highlights the findings of the monitoring, 
analyses the causes of pollution, and makes recommendations for further research and 
monitoring needed. 
  
Where and how we sampled 
 
18 river locations in Oxfordshire, in and surrounding Oxford City were sampled over the 
period January – December 2021. Figure 1 shows the locations of these sites. Eight of the 
sample sites were situated at popular recreational locations (e.g. for wild swimming, rowing, 
punting, kayaking and angling), primarily within Oxford’s city boundaries.  
10 of sample sites were situated on upstream locations, including on Thames tributaries 
Windrush (2 sites), Evenlode (2 sites) and Cherwell (4 sites), as well as 2 further sites on the 
main River Thames. 
 
Samples were taken approximately once a month April – December from 14 sample sites. 4 
central recreational locations (labelled J, M, P and Q on maps) were sampled weekly 
January-April 2021, and then monthly until December 2021, resulting in ~23 samples at 
each. This arrangement was due to restrictions from the Covid-19 pandemic. 
 
Samples were tested in an independently accredited microbiology lab using a standard 
culturing method for bacteria species E Coli and intestinal enterococci (‘feacal indicator 
organisms’ or FIOs). The results obtained were compared to the standards for bathing 
waters set out in the Bathing Waters Directive (2013) as shown in Table 1. 
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Figure 1. Sample sites map and bathing water quality assessment results.   
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Table 1. Standards for inland bathing waters 

Parameter “Excellent” “Good” “Sufficient” 

Intestinal enterococci(1) 200(2) 400(2) 330(3) 

Escherichia coli(1) 500(2) 1,000(2) 900(3) 
        
(1) Colony forming units per 100 millilitres (“cfu/100 ml”).       
(2) Based upon a 95-percentile evaluation 
(3) Based upon a 90-percentile evaluation 

 
It is worth noting that although the method was standardised as much as possible, the 
results may not be directly comparable to official bathing water figures due to differences in 
sample number (the Bathing Water Regulations (2013) require at least 16 samples over two 
years) and season (bathing water designations are based on the ‘bathing season’ which runs 
from May 15th – September 30th).  
 
The relationship of bacteria levels to rainfall and the ratios of the two species of bacteria 
were examined to determine the predicted sources of the FIOs. Due to the different survival 
rates of Intestinal enterococci (IE) and E Coli (EC)1, in this study we assume an EC:IE ratio of 
2:1 to 4:1 is indicative of point source inputs (e.g. untreated sewage, either from storm 
overflows or partially treated final effluent) whereas a EC:IE ratio closer to 1:1 is associated 
with diffuse inputs (e.g. livestock excreta, septic tanks, misconnections). The use of these 
ratios can provide an indication of the source of the faecal indicator organisms, although 
further monitoring and research is needed to evidence those sources2.  
 
Key findings 
 

1. Only one of the eight recreational sites had bacteria levels low enough to class it as 
‘sufficient’ for bathing. 

2. Levels of FIOs were approximately 1.5 - 3 times the safe level at the other seven 
recreational sites 

3. The source of pathogens at recreational sites was primarily point source sewage 
inputs (both treated effluent and raw sewage discharges), although some sites were 
also impacted by diffuse inputs from livestock. 

4. Levels of FIOs were mainly correlated with rainfall, with concentrations falling to 
“Good” to “Excellent” levels in drier periods. This may help inform recreational users’ 
safety at these sites. 

                                                       
1 Sagarduy M, Courtois S, Del Campo A, Garmendia JM, Petrau A. Differential decay and prediction of persistence of 
Enterococcus spp. and Escherichia coli culturable cells and molecular markers in freshwater and seawater environments. Int 
J Hyg Environ Health. 2019 May;222(4):695-704.  
2 For a review of the field, see de Brauwere A., Ouattara N. K. & Servais P. (2014) Modeling Fecal Indicator Bacteria 
Concentrations in Natural Surface Waters: A Review, Critical Reviews in Environmental Science and 
Technology, 44:21, 2380-2453. For a study which follows an approach similar to ours, see Ouattara, N. K., Passerat, J., & 
Servais, P. (2011). Faecal contamination of water and sediment in the rivers of the Scheldt drainage network. Environ Monit 
Assess, 183, 243–257.  
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5. Upstream sites had very variable levels of FIO, from 1 – 100 times the sufficient level 
of FIOs. None of the 10 sites reached the ‘sufficient’ for bathing level (although they 
are unlikely to be designated). 

6. The Windrush, Cherwell and Upper Thames sites appeared to be impacted mainly by 
agricultural and other diffuse inputs, whereas the Evenlode sites were heavily 
impacted by sewage (5 and 100x the safe level). The Limb Brook sites were impacted 
by both kinds of input. 

7. Some of these sites were on narrow tributaries, 2-3m wide. The exceedingly high 
levels of FIOs e.g. in Site H raise significant concerns for the health of these smaller 
waterways, as well as the impact of smaller rural sewage treatment works. 
 

Table 2. Recreational sites – results and conclusions  
NB – Variable counts throughout the year are not reflected in the overall 90th percentile 
value. At some sites, the ratio, and hence source, of FIOs was different at different times.  

  Table 3. Upstream sites – results and conclusions 
Watercourse (Sample 
letters) 

E Coli at 90th percentile / 
Enterococci at 90th percentile 
(cfu/100ml) 

Number of samples 
taken 

Main predicted sources of FIOs 

Windrush (A & B) A 1279 / 577 
B 775/480 

9 Diffuse inputs (Agriculture, septic tanks and 
misconnections) 

Evenlode (H & I) H 134,148 / 8098 
I 5548 / 1366 

12 Sewage, both final effluent and storm 
overflows 

Cherwell (K & L) K 1777 / 1225 
L 4567 / 5256 

9 Diffuse inputs 

Upper Thames (C & G) C 703 / 717 
G 756 / 374 

9 - 12 Diffuse inputs  

Limb Brook (D & E) D 7550 / 2575 
E 15,657 / 1965 

9 - 12 Diffuse inputs and sewage, storm overflows. 

 
 

Site name (Site letter) Used for E Coli at 90th 
percentile / 
Enterococci at 
90th percentile 
(cfu/100ml) 

Number of 
samples taken 

Bathing water 
status  

Main predicted 
sources of FIOs  

Swinford Toll Bridge (F) Wild swimming, kayaking, 
SUP-ing, boating 

375/261 12 Good n/a 

Port Meadow North / 
Wolvercote (J) 

Wild swimming, kayaking, 
SUP-ing, angling 

1118/534 22 Poor Sewage 

Port Meadow South (M) Wild swimming, kayaking, 
SUP-ing, boating, sailing, 
rowing 

1221/417 22 Poor Sewage 

Victoria Arms (N) Punting, wild swimming, 
kayaking 

1524/983 10 Poor Agriculture, septic 
tanks and mis 
connections 
 and sewage 

Magdelen Bridge (O) Punting 3352/1025 10 Poor Sewage 
Longbridges Boathouses 
(P) 

Rowing, kayaking, wild 
swimming 

1370/556 22 Poor Sewage 

Kennington Meadows (Q) Wild swimming, boating, 
kayaking 

1268/535 22 Poor Sewage 

Sandford Lock (R) Angling, boating, kayaking 2279/1870 10 Poor Agriculture septic 
tanks and mis 
connections and 
sewage 



 6 

Further research and recommendations 
• Targeted monitoring immediately up and downstream of high risk sources of sewage 

discharge points, which are likely to be affecting recreational sites identified in this 
study, such as Combined Sewer Overflows and Sewage Treatment Works. This 
should include both spot sampling and real time probes.  

• Church Hanborough sewage treatment works, where we have identified a 
particularly heavy load of FIOs in the treated effluent (100 times the level sufficient 
for bathing), should be investigated and improvements made. 

• Following the designation of Wolvercote Mill Stream as a designated bathing site, we 
recommend higher resolution traditional sampling to determine sources of FIOs 
affecting this site e.g. simultaneous sampling at several sites between Cassington 
STW and Wolvercote Mill Stream, including tributaries and distributaries. 

• Further research is needed to verify the “source apportionment” of bacterial 
pollution at river sites i.e. the proportion originating from treated sewage, raw 
sewage, livestock excreta, septic tanks and misconnections. Microbial source 
tracking using molecular sequencing methods could be used to accomplish this aim.  

• We also recommend further research into the travel time, distance and viability of 
pathogenic bacteria released from treated effluent and raw sewage spills, in 
different river flow and weather conditions. 

What does this mean for river users? 
• Our results indicate unsafe levels of bacterial pollution in wet periods. We therefore 

recommend, in the current situation, to avoid activities which bring contact with 
river water 24-48 hours after heavy rainfall. The Thames Water sewage spill alert 
system, which will be extended from 6 to all 468 monitored spill locations by the end 
of 2022, can also help inform river users. 

• River users, be they swimmers, anglers, canoeists, rowers, punters etc. should cover 
all open wounds before coming into contact with river water and wash their hands 
as soon as possible after touching river water and before consuming food. 
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Introduction 
 
Due to restrictions on travel and indoor activities during the pandemic, more people than ever are 
connecting with their local waterways, and countrywide there has been a rise in the number of people 
taking to their local river for recreation and exercise.  
 
With a rapid growth in recreational activities such as wild swimming, kayaking, paddleboarding and 
angling, this has led to community interest in natural history and environmental issues. 
Rivers have been transformed from being viewed as dirty or dangerous to a treasured place in many 
peoples’ minds.  
 
This has been evident in Oxford, especially since 2020. It is not an exaggeration to say rivers are the 
lifeblood of the city: from students rowing and punting on them, to the popular riverside nature 
reserves where locals have swum for decades, to tourist boat tours and the resident canal boat 
community. People in Oxford care deeply about having clean, healthy rivers for people and wildlife, 
and have been disturbed by the Environment Agency (EA) reports stating not a single river passes 
chemical pollution standards set out in the Water Framework Directive (WFD) and by media reports 
about sewer storm overflows discharging untreated sewage into UK rivers.   
 
In light of this, the #endsewagepollution mid-Thames campaign was established summer 2020 and 
following initiation of a formal partnership with Thames Water, Thames21 and The Rivers Trust, a 
sustainable and professionally managed citizen science and community engagement program was 
established, alongside the application for designated bathing water status being progressed by Oxford 
City Council. This application was successful and Wolvercote Mill Stream is now the second designated 
river bathing water in the UK, and will now be regularly monitored by the Environment Agency. 
 
In Section 1 of this report we will cover results of bacterial water quality monitoring at four main 
recreational sites that began in January 2021. These were sampled initially as they were potential sites 
for official bathing water designation. Due to restrictions from the Covid-19 pandemic, Thames Water 
contractors originally sampled these four recreational sites. Trained volunteers took over sampling of 
the four core sites and a further fourteen sites (covered in Section 2) were added around the city and 
wider catchment in April 2021. Sampling continued until December 2021. 
 
The main parameters tested for in the water quality assessment were the level of “Faecal Indicator 
Organisms” (FIOs) which are bacteria that are only present in the faeces and urine of warm-blooded 
animals that potentially pose a risk to public health.  
 
The two FIO bacteria tested for are Escherichia coli (EC) and Intestinal Enterococci (IE) although 
commonly found in the gut and intestinal tracts of humans, when contaminated water is ingested or 
allowed to enter the bloodstream through open uncovered wounds, it can lead to gastrointestinal 
illnesses, infections, headaches, fever and in severe cases kidney and organ failure.  
 
Alongside FIO analysis, samples were tested for chemical parameters COD, BOD (Chemical and 
Biological Oxygen Demand), pH, suspended solids, Ammonia, Sulphate and Soluble Reactive 
Phosphate (SRP). 
 
The principal goal of the project was to assess the eighteen sites against the Bathing Water Regulations 
(2013) standard for FIO levels in inland waters, which the Environment Agency uses to assess and 
classify designated bathing water quality.  
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The four core recreational sites J, M P and Q are used frequently for swimming, rowing, angling and 
other watersports, even in the winter months. Sites N, O, R and F are also used for recreation, such as 
punting (sites N and O) and narrowboats (R and F), but primarily in the summer.  
 
The key questions of the study were: 

1. What are the levels of the two FIOs at each site, and how does this compare to the 
levels set out in the Bathing Water Regulations (2013)? 

2. What are the primary sources of the FIOs (e.g. diffuse agricultural inputs, treated 
sewage effluent, untreated sewage discharges)? 

3. Do levels of FIO vary year round and can this be related to any factors e.g. rainfall 
and/or raw sewage discharges? 

 
 
 
Project Methodology 
 
1. Sampling Frequency 
 
From January to April 2021 the four main recreational sites (J, M P and Q) were sampled on a weekly 
basis by Thames Water contactors OHES Environmental Ltd. Sampling was then passed to trained 
Citizen Science volunteers to continue weekly at the four main recreational sites and a further 14 
wider catchment sample points. All samplers and trained volunteers followed an aseptic sampling 
protocol developed by TH-Environmental Ltd for The Rivers Trust.  
 
When the volunteer sampling commenced in April 2021 the 18 combined sample points were split 
into 4 zones (Table 1). One zone is sampled per week and all four zones in one month, meaning all 18 
sample points are sampled and tested a minimum of once a month. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1: Sample point and Zone detail 
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2. Sample Analysis 
 
All samples are analysed for presence of Total Coliforms (TC), the bacteria Escherichia coli (EC) and 
Intestinal Enterococci (IE) at Thames Water’s accredited laboratory using methods laid out in the 
Microbiology of Drinking Waters (2018). 
 
The method used to analyse samples for EC and TC is the multiple tube method ‘Colilert’ producing a 
confirmed result within 18-24hrs. 
 
The method used to analyse samples for IE is a 0.45-micron membrane filtration onto selective media 
(Slanetz & Bartley), producing a confirmed result within 40-48hrs. 
 
All samples are carefully handled, and analysed on the same day as they are sampled as per 
requirements laid out in the Bathing Water Regulations (2013). 
 
 
 
 
3. Statistical analysis 
 
All results obtained are required to be statistically analysed and converted to a “percentile value” 
based on a percentile evaluation of the log10 normal probability density function of microbiological 
data used for the assessment as detailed in the Bathing Water Regulations (2013). 
 

To be able to derive a percentile value the following method was followed: 

a) take the log10 value of all bacterial concentrations in the data sequence to be evaluated or, if 
a zero value is obtained, take the log10 value of the minimum detection limit of the analytical 
method used. 

b) calculate the arithmetic mean (“µ”) of the log10 values taken under paragraph (a); 

c) calculate the standard deviation (“σ”) of the log10 values taken under paragraph (a); 

d) derive the upper 90-percentile point of the data probability density function from the 
following equation: upper 90-percentile = antilog (µ + 1.282 σ); and 

e) derive the upper 95-percentile point of the data probability density function from the 
following equation: upper 95-percentile = antilog (µ + 1.65 σ). 

 

The conversion to a “percentile value” is done on all collated EC and IE results obtained from each 
sampling site over a defined period, the obtained result is then compared against the outlined water 
quality standards (Figure 1). In Section 1 only the main recreational River Thames sites J, M, P and Q 
have been statistically analysed over the defined periods detailed below, in Section 2 the remaining 
14 sites have only been statistically analysed for period 1: 

1. The full sampling period 

2. Monthly breakdown 

3. The designated bathing water season which is defined as May 15th to the end of September. 

Note that the Bathing Water Regulations (2013) stipulate that at least 16 samples are required over a 
two year period to assess compliance with the bathing water standard.  The data gathered by this 
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project could be used by the Environment Agency to develop a more rapid assessment of Wolvercote 
Mill Stream’s compliance now that it has been designated. 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
4. Thames Water spill data 
 
Under excessive rainfall events, Thames Water are permitted to relieve pressure on their sewer 
network through release of partially diluted untreated sewage by ‘spilling’ at Combined Sewer 
Overflows (CSOs) and at Wastewater Treatment Works (WwTW) via Storm Tank outfalls.  
These releases are known to have an effect on FIO levels within the river system, so for the duration 
of the project, Thames Water have agreed to provide all records of spills at 11 Locations (Map 1).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The Zonal Maps below (Maps 2, 3, 4 and 5) show sampling points (red) and the locations identified by 
Thames Water as affecting river stretches that have had Event Duration Monitors (EDM) installed. 
 
 
 
 
 
 

Figure 1: Bathing Water quality designations 

Map 1: Thames Water EDM sites 
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Information for the start and end time of spills is recorded through EDM’s. The sites are suspected of 
having an impact on 15 out of 18 sample sites (Tables 2, 3, 4 and 5) only sample points G, K and L are 
not directly impacted by EDM sites.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Four of the sites have been identified as potentially impacting the recreational sample points J, M, P 
and Q (Table 6). Section 1 of this report will concentrate on the effect spills from those sites have on 
FIO levels at these sample points. 
 

Map 2: Zone 
 

Map 4: Zone 
 

Map 5: Zone 
 

Map 3: Zone 
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SECTION 1 
Recreational Sites FIOs 

 
Results 
 
1. Full Sampling Period 
 

Tables 7, 8, 9 and 10 show results obtained from sampling for the recreational sample points J, M, P 
and Q.   

 
 
 
 
 
The calculated “percentile value” for all four 
recreational sites for the full sampling period is 
shown in Table 11 for both EC and IE. Under 
present river conditions all four sites would be 
classified as Poor. 
 

Tables 7 and 8: Results for sample point J (left) and point M (right). Results in red indicate zero result and > LOD 
surrogates 
Tables 9 and 10: Results for sample point P (left) and point Q (right). Results in red indicate zero result and > LOD 
surrogates 
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2. Bathing Water Season 
 
Under Bathing Water regulations (2013) there is a clearly defined BW season that runs from 15th May 
until end of September. Table 25 shows calculated “percentile value” of the four recreational sites 
from samples taken within the BW season period, under present river conditions, the overall BW 
status would be classified as Poor. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
As already stated, sample points J, M, P and Q are the main recreational locations within the Oxford 
City boundaries and are used year-round for many varied recreational pastimes for example 
swimming, bathing, Fishing, canoeing and Rowing. Maps 6 and 7 show the locations within Oxford of 
J, M, P and Q 
 
 

Table 25: Bathing Water seasons calculated “percentile value” 

Table 11: Calculated “Percentile values” for the full year to date 
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3. Monthly breakdown 
 
Table 12 and 13 show calculated “percentile value” for January and February and show significant 

degradation in water quality at all 
sites with a BW status of 
Sufficient to Poor for both EC and 
IE. 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Maps 7 (Right): Showing the geographical location of 
Recreational sample points P and Q 

Maps 6 (Left): Showing the geographical location of 
Recreational sample points J and M 

Table 12: Januarys calculated “percentile value” 
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Tables 14 and 15 show calculated “percentile value” for March and April showing a significant 
improvement in water quality during this period with a site variation in BW status of Sufficient, Good 
and Excellent. There was a 
high IE result for Q in April 
which meant status became 
Poor. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Tables 16 and 17 show calculated “percentile value” for May and June showing a significant 
deterioration in water quality during this period with a site variation in BW status of Sufficient to Poor. 

There was an improvement in the 
IE result for P and Q in May which 
meant status became Excellent. 
 
 
 
 
 
 
 

 
 
 

Table 13: Februarys calculated “percentile value” 

Table 14: Marchs calculated “percentile value” 

Table 15: Aprils calculated “percentile value” 

Table 16: Mays calculated “percentile value” 
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Table 18 shows results obtained throughout the day of 18th June ‘Blitz event,’ samples were taken 
every 2 hours starting at 07:30 am through to 17:30, water quality throughout the day was significantly 
poor and showed a rise in IE levels from 11:30 to the end of the day, meaning BW status would be 
Poor. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Tables 19 and 20 show calculated “percentile value” for July and August. July showed an improvement 
in water quality during this period with a site variation in BW status of Good to Excellent. Only site M 
showed poor water quality for EC with a BW status of Sufficient. August showed variance between 
sites J and M with a BW 
status of Excellent and P 
and Q with a BW status of 
Poor. 
 
 
 
 
 
 
 
 

Table 18: Junes Blitz events calculated “percentile value” 

Table 17: Junes calculated “percentile value” 

Table 19: Julys calculated “percentile value” 
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Tables 21 and 22 show calculated “percentile value” for September and October. September showed 
mixed improvement and deterioration in water quality during this period with a site variation in BW 
status. Site P showed the poorest water quality for both EC and IE with a BW status of Poor. October 
showed an improvement at all sites with a BW status of Excellent for both EC and IE at sites P and Q 
and Excellent to Good for sites J and M. 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
Tables 23 and 24 show calculated “percentile value” for November and December showing a 
significant improvement in water quality during this period with a BW status of Excellent at all sites 
for both EC and IE.  
 
 
 
 
 
 
 

Table 20: Augusts calculated “percentile value” 

Table 21: Septembers calculated “percentile value” 

Table 22: Octobers calculated “percentile value” 
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Evaluation 
 
1. Rainfall impact 
 
Over the sampling period there have been significant high rainfall events followed by sustained dry 
periods. The data clearly shows a correlation between rainfall periods and a deterioration in water 
quality (Figure 2 and 3).  
Under stress of excessive rainfall events, Thames Water are permitted to relieve pressure on their 
sewer network, through release of partially diluted untreated sewage ‘spills’ at Combined Sewer 
Overflows (CSOs) and at Wastewater Treatment Works (WwTW) via Storm Tank outfalls. Data shows 
there is a significant impact on water quality at locations associated with these intermittent outfalls.  
 
This is most clearly shown by results obtained during the 16th June ‘Blitz event’ (Table 18) which 
showed recorded levels throughout the day, when converted to calculated “percentile values” were 
between 3x and 7x the accepted sufficient BW status levels at the 90 percentile value. 
 
Significant rainfall events also have an impact on the overland mobilisation of agricultural based FIO 
sources, providing the conduit to transport them from land surface into river system.  Along with 
septic tank inputs and misconnections, overall significant rainfall events cause a detriment to river 
water quality but by looking at the ratios of and increases in individual FIOs, a conclusion can be drawn 
as to the most significant contributor to FIO levels in the river system.   
 

Table 23: Novembers calculated “percentile value” 

Table 24: Decembers calculated “percentile value” 
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EC and IE have variable survival periods when outside of the host body, with EC surviving between 36-
48 hrs and IE between 72-96 hrs in both a terrestrial and aquatic environment when variables such as 
solar degradation and temperatures are accounted for.  
Looking at ratios between EC and IE you can conclude whether levels of FIOs are caused by 
intermittent/diffuse inputs (spills, overland flow) or consistent point source inputs (WwTW outfalls). 
Typically, EC would be at levels 2-4x higher than IE.  
If recorded counts are at a ratio that favours IE, it is due to a longer residence time within the 
watercourse without being added to by another sewage input occurrence. Therefore, under dry 
conditions you can conclude that the input was a result of a spill, due to a longer residence time 
resulting in lower EC counts as they begin to die off.   
When the ratio is closer to the typical then FIO input is consistent with EC levels being replenished 
regularly. 

Figure 2: Shows the impact of rainfall on E.coli levels in the River 

Figure 3: Shows the impact of rainfall on Enterococci levels in the River 
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Therefore under rainfall conditions, if the increase during or post rainfall event significantly favours 
EC and closely correlates to the typical ratio, you can conclude that it is point source, not diffuse 
overland/agricultural inputs. 
 
2. Spill Correlation 
 
The evaluation criteria for assessing whether spills correlated with and impacted sample results are 
as follows: 
 

• Was the spill no more than 72 hrs before the sample date 
• Did the correlating sample show an increase in EC and IE levels when compared with the 

previous sample 
• Was the rise significant, resulting in BW status becoming Poor 

 
The four recreational sample points were impacted by four of the EDM sites reported by Thames 
Water (Table 6). Overall P and Q were significantly impacted by the correlated spills, with J and M only 
showing one significant rise correlated to a reported spill (Table 26 and 27) 
 

  

 
 
 

Table 26: Showing the correlated spills at Cassington STW and sample dates  

Table 27: Showing the correlated spills at the CSO’s Botley Rd (BR), Nth Hinskey Lane (NHL) and Littlemore SPS 
(Little) and sample dates 
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This impact from an associated spill from one of the EDM sites is seen in Figures 4, 5, 6 and 7 (the red 
circled point is the average result from the ‘Blitz’ diurnal samples).  

 

 
 

Figure 4: Shows the correlation of EDM spills and Water quality results at site “J” 

Figure 5: Shows the correlation of EDM spills and Water quality results at site “M” 
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EDM monitors at the four associated sites (with the exception of Botley Rd CSO) recorded no spills 
after the following dates: 
 

• Cassington STW – 07th March 2021 
• North Hinskey Lane CSO – 05th February 2021 
• Littlemore SPS – 07th February 2021 

 
The following sample dates matched the evaluation criteria but had no associated spills or were after 
the dates when the associated EDM site recorded no more spills. This is despite significant recorded 
rainfall during May, June and July that were greater than rainfall recorded in February and March 
(Table 28). 

Figure 6: Shows the correlation of EDM spills and Water quality results at site “P” 

Figure 7: Shows the correlation of EDM spills and Water quality results at site “Q” 
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• Recreational sites J and M – 03/02, 19/02, 18/05, 24/05 and 23/07 (M only) 
• Recreational sites P and Q – 26/01, 26/05, 22/06 and 10/03 (Q only) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Diffuse inputs would also need to be considered as the causation of these significant rises, but overall 
the data correlates with a direct point source input as described in Evaluation Section 1: Rainfall 
impact.  
 
Results obtained on the 16th June ‘Blitz event’ showed significant impact due to extreme rainfall 
experienced on the day, but despite data being indicative of significant point source inputs, only Botley 
Road CSO recorded a spill. The spill started at 10:28 am and ended at 15:58pm (spilling for a total of 
5.49 hours). Data clearly shows a detrimental impact to water quality from this spill, with higher levels 
post 11:30 on the day at sites P and Q (see Table 18). 
 
Conclusion 
 
As highlighted throughout 12 months of sampling at Sites J and M, only 8 out of 12 months (March, 
April, July, August, September, October, November and December) met bathing water standards 
between Good and Excellent. For sites P and Q only 6 out of 12 months (March, April, July, October, 
November and December) met bathing water standards between Good and Excellent, the failing 
months recorded between 1x and 2 acceptable sufficient status at the 90 percentile.  
 
Throughout the defined BW season, data gathered would result in the four sites being awarded a BW 
status of Poor overall for both EC and IE with results being between 1.5x and 3x the levels required to 
meet sufficient status at the 90 percentile.  
 
Recreational sites P and Q are more significantly impacted by all factors affecting water quality than 
sites J and M. Overall, data clearly indicates that the causation of detrimental water quality can be 
linked to continuous and intermittent point source inputs, and the impact rainfall events have on the 
quality of outfalls into the River Thames. Diffuse inputs are not to be discounted as adding to water 
quality problems but it is my conclusion that data indicates the most significant impact is caused by 
fully and partially treated sewage inputs. 
 

Table 28: Total rainfall recorded for 2021 at the Oxford Met Office Rain gauge.  
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SECTION 2 
Wider catchment FIOs 
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Introduction 
 
As part of the Oxford Rivers Project, the wider catchment was sampled concurrently on a monthly 
basis from April 2021 to ascertain water quality in the river catchments that feed into the mid Thames 
River.  
In total a further 14 sample points were sampled and tested for the same parameters as the 
recreational locations (see Map 1). This section of the final report will cover FIO results of these sample 
points within each of these catchments including BW status throughout the whole year (due to the 
smaller data set). The results and conclusions will be grouped into separate catchments as detailed 
below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Catchment Details 
 
In total samples covered 4 major river catchments, including associated tributaries as shown in Table 
1. The catchment sampling starts at the furthest most point away from Oxford within a maximum 
radius of 10 miles working their way North to South and West to East towards the central location of 
Oxford. All of the catchments have an impact on the main River Thames water quality, whereas some 
impact specifically (the recreational locations J and M (Evenlode and Limb Brook) P and Q (Cherwell)). 

Map 1: Wider catchment sample locations (Red) and Recreational sites (Blue) 



 26 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Windrush Catchment 
 
1. Results 
 

 
 

 
 

“Please note that the results in red indicate a “Cancelled in the Lab/No sample taken sample” this was 
not set as 0, as done in the recreational locations because it was too small a dataset and would skew 
the statistical analysis, so it was set as the average of gathered data” 

Table 1: River Catchments sampled and their associated sample points 

Table 2: Windrush sample point A results and BW status percentiles 

Table 3: Windrush sample point B results and BW status percentiles 
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2. Evaluation 
 
Spill correlation 
 
The Windrush catchments sample locations (A and B) are affected by Witney STW spills, but there 
were no associated spills that met the criteria as detailed in Section 1: Evaluation.  
 
3. Conclusion  
 
There were no occurrences where results indicated point source impact as seen in Figure 1 and 2, both 
sample points A and B’s data indicates an EC to IE ratio (as detailed in Section 1: Evaluation) more 
commonly linked to diffuse FIO inputs such as agriculture, septic tanks and misconnections. This 
causes annual BW status Poor overall for both IE and EC except B is moderate for EC at the 90 
percentile. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Shows the EC and IE results at sample point A throughout the year 
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Evenlode Catchment 
 
1. Results 
 

 
 

 
“Please note when there was a > result on the neat sample and a 0 on dilution, the number input was 
the LOD for the test, or if there was a > result on all neat and dilutions then the LOD on the lowest 
dilution was input. This is denoted by blue numbers” 
 
2. Evaluation 
 
Spill Correlation 
 
The Evenlode’s catchment sample locations (H and I) are affected by two Thames Water sites Church 
Hanborough STW and Long Hanborough STW. Spill data for Church Hanborough is the only location 

monitored by EDM. In total there 
were 3 associated spills that met the 

criteria as detailed in Section 1: Evaluation.  
At sample point H, there were 3 occurrences 11/08, 12/11 and 09/12 where data indicated a point 
source input (sewage release) but there was no associated spill notification. These are circled in blue 
on Figure 3. At sample point I there was 1 occurrence 09/12 where data indicated a point source input 
(sewage release) but there was no associated spill notification these are circled in blue on Figure 4. 
 
 
 
3. Conclusion 
 
It is clear from the data that flow in sample point H is primarily from the final effluent input of Church 
Hanborough STW; it is heavily polluted and contains on average 59,750 cfu/100ml of EC and 4,300 
cfu/100ml of IE. What the data also clearly demonstrates is the impact of “storm” spills from the STW, 
on 3 occasions where a sample was taken that correlated with a spill (Figure 3) the increases seen are 

Table 4: Evenlode sample point H the tributary Hanborough Stream results and BW status percentiles 

Table 5: Evenlode sample point I results and BW status percentiles 

Figure 2: Shows the EC and IE results at sample point B throughout the year 
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significant enough to indicate a release of raw sewage not a partially diluted release as expected from 
a WwTW storm tank. This has severely impacted BW status throughout the year with it being classed 
as Poor, being excessively above the permitted level for both EC and IE. 
Sample point I is in better overall health in regard to FIOs with an average throughout the year of 
1,341 cfu/100ml of EC and 434 cfu/100ml of IE. On 3 occurrences (10/05, 18/06 and 14/09) where 
there was correlation between a sample taken and a spill, an impact was observed (Figure 4) that is 
indicative of a point source input of raw or partially diluted sewage from the “storm” spill. This has 
resulted in BW status being Poor for both EC and IE (significantly above the permitted levels).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Cherwell Catchment 
 

Figure 3: Shows the EC and IE results and correlated spills at sample point H throughout the year 

Figure 4: Shows the EC and IE results and correlated spills at sample point I throughout the year 
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1. Results 

 

 

 
 

 
 
2. Evaluation 
 

Spill Correlation 
 

Table 7: Cherwell sample point L the tributary River Ray results and BW status percentiles 

Table 6: Cherwell sample point K results and BW status percentiles 

Table 8: Cherwell sample point N results and BW status percentiles 

Table 9: Cherwell sample point O results and BW status percentiles 
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The Cherwell catchment’s sample location K has no u/s EDM site and so no spill data for this location. 
Sample locations L, N and O are affected by Islip STW spills; there was no EDM data supplied for this 
site by Thames Water for the project but there were no recorded spills from this STW in 2020.   
The data for sample points L and K show no occurrence of a significant rise indicative of point source 
sewage inputs (Figures 5 and 6). The data for sample point N shows 1 occurrence (18/05) of a 
significant rise that would be indicative of a point source sewage input, this is circled in blue on Figure 
8. Sample point O has 3 occurrences (26/07, 23/08 and 30/09) of a significant rise that would be 
indicative of a point source sewage input this is circled in blue on Figure 9. 
 
3. Conclusion 
 
For sample points K and L there were no occurrences where results indicated point source (sewage) 
impact (Figure 5 and 6) both sample points data indicates an EC to IE ratio (as detailed in Section 1: 
Evaluation) more commonly linked to diffuse FIO inputs such as agriculture, septic tanks and 
misconnections. There is a significant increase in levels for both EC and IE at point L on 18th June that 
is more commonly associated with a point source sewage input but the level of IE within that increase 
is more indicative of diffuse inputs. The combination of these impacts on water quality has caused the 
annual BW status to be Poor overall for both IE and EC at both the 90 and 95 percentile at sample 
point K and L. 
 
In contrast sample points N and O’s data (Figure 7 and 8) despite overall throughout the year being 
indicative of diffuse inputs as the key cause of the FIO levels, there are significant rises recorded on 
the 18/05 (N), 26/07, 23/08 and 30/09 (O) that indicate a point source (sewage) input with EC being 
the dominant FIO within those samples. The combination of these impacts on water quality has caused 
the annual BW status to be Poor overall for both IE and EC at both the 90 and 95 percentile at sample 
points N and O. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5: Shows the EC and IE results at sample point K throughout the year 
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Figure 6: Shows the EC and IE results at sample point L throughout the year 

Figure 7: Shows the EC and IE results at sample point N throughout the year 
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Thames Catchment 
 

1. Results 

 

Table 10: Thames sample point C results and BW status percentiles 

Figure 8: Shows the EC and IE results at sample point O throughout the year 
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2. Evaluation 
 
Spill Correlation 
 
The Thames catchment sample locations C, G and F have no u/s EDM site, so no spill data for these 
locations. Sample location D is affected by South Leigh STW spills, sample point E is also affected by 
South Leigh and Stanton Harcourt STW and sample point R is affected by Littlemore SPS and Oxford 
STW.   
The data for sample points C, G and F show no occurrences of a significant rise indicative of point 

source sewage inputs (Figures 9, 10 

Table 12: Thames sample point F results and BW status percentiles 

Table 15: Thames sample point R results and BW status percentiles 

Table 11: Thames sample point G the tributary Flichampstead Brook results and BW status percentiles 

Table 13: Thames sample point D the tributary Limb Brook results and BW status percentiles 

Table 14: Thames sample point E the tributary Limb Brook results and BW status percentiles 
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and 11). At sample point D there was 1 occurrence 03/08 where data indicated a point source input 
(sewage release) but there was no associated spill notification, this is circled in blue on Figure 12. At 
sample point E there was 1 occurrence 14/09 where data indicated a point source input (sewage 
release) but there was no associated spill notification, this is circled in blue on Figure 13. At sample 
point R there was 1 occurrence 23/11 where data indicated a point source input (sewage release) but 
there was no associated spill notification, this is circled in blue on Figure 14. 

 
3. Conclusion 
 
For sample points C and G there were no occurrences where results indicated point source (sewage) 
impact (Figure 9 and 10) both sample points data indicates an EC to IE ratio (as detailed in Section 1: 
Evaluation) more commonly linked to diffuse FIO inputs such as agriculture, septic tanks and 
misconnections. The combination of these impacts on water quality has caused the annual BW status 
to be Sufficient to Good for EC but Poor overall for IE at sample point C and Sufficient to Poor for EC 
but Poor overall for IE at sample point G. For sample point F (Figure 11) water quality was very good 
and is more indicative of a river not affected by anthropogenic inputs, resulting in a BW status of Good 
to Excellent both the 90 and 95 percentile. Further investigation would be required to understand why 
at this point there is no evidence of anthropogenic input, but as shown in Map 2, there are no inputs 
in the stretch between Sample point C (blue circle) at Newbridge and Sample point F (red circle) at 
Swinford. This combined with abstraction from the river at Farmoor Reservoir a short distance 
upstream, mitigating the upper catchments impact, I believe has a positive impact on water quality. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sample point D’s data (Figure 12) despite overall throughout the year being indicative of diffuse inputs 
as the key cause of FIO levels, there is a significant rise recorded on the 18/06 that indicates a point 
source (sewage) input with EC being the dominant FIO. This correlates with a spill from South Leigh 
STW. This spill occurred on the sampling day, but the occurrences when a spill was within 24-48 hrs 
before a sample, showed no or minimal impact which could possibly indicate no lasting impact of a 
spill on this particular water course. The other occasion when a sample was taken on the day of a spill 
- 08/12 there was no impact, but this was due to the sample being taken at 09:20 and the spill starting 

Map 2: Shows the positioning of Sample point C (Blue circle) and F (Red circle)   
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at 20:23 over 11 hours later in the day. The combination of these impacts on water quality has caused 
the annual BW status to be Poor overall for both IE and EC at both the 90 and 95 percentile. 
 
Sample point E’s data (Figure 13) despite overall throughout the year being indicative of diffuse inputs 
as the key cause of FIO levels, there is a significant rise recorded on the 18/06 that indicate a point 
source (sewage) input with EC being the dominant FIO that correlates with a spill from South Leigh 
STW. The other occasion when a sample was taken on the day of a spill 10/05 there was no impact, 
but this was due to the sample being taken at 11:22 and the spill which started on the 08/05 ending 
at 05:00 on the 10/05 over 6 hours earlier in the day. The combination of these impacts on water 
quality has caused the annual BW status to be Poor overall for both IE and EC at both the 90 and 95 
percentile. 
 
Sample point R’s data (Figure 14) is indicative of diffuse inputs as the key cause of FIO levels. On the 
18/06 (circled red) when there was a correlation between sampling and a spill from Oxford STW, data 
shows a significant rise for IE only, but this is due to an anomaly in the EC result caused by limits of 
the testing method (the neat sample was recorded as >2420 cfu/100ml (the Limit of Detection) and a 
result of 1cfu/100ml from the 1:1000 dilution. This means a result of 1000 cfu/100ml is reported. This 
shows errors that can result from multiple aliquots being taken from one sample and is a limitation of 
the method used. It is likely that the true EC result would have been much higher, but we can only use 
data we have available. On 22/06 when there is correlation between sampling and spills from Oxford 
STW there is no rise seen but looking at sampling time 12:10 and spill time 10:30-14:26, the spill 
duration would have been 1hr 40 mins before the sample was taken and due to Oxford STW not 
discharging directly into the Thames, this would result in a lag of impact on the Thames at sample 
point R due to residence time within the receiving watercourse.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9: Shows the EC and IE results at sample point C throughout the year 
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Figure 10: Shows the EC and IE results at sample point G throughout the year 

Figure 11: Shows the EC and IE results at sample point F throughout the year 
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Rainfall Impact 
 

Figure 13: Shows the EC and IE results and correlated spills at sample point E throughout the year 

Figure 14: Shows the EC and IE results and correlated spills at sample point R throughout the year 
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Data Details 
 
The rainfall data has been kindly supplied by The UK Centre for Ecology and Hydrology via there 
COSMOS-UK project and is a catchment wide (Thames at Sutton Courtney) calculated value collated 
from rainfall gauges placed around the Oxford area. There will be some localised variation, but it was 
deemed the best “catch all” data set to use for this catchment. 
 
For this comparison a 3 day average of the total daily rainfall was calculated up to the date of the 
sample being taken at each of the sample locations, so for example if the sample was taken on the 
13th July the total daily rainfall from 11th, 12th and 13th July was used to calculate the average to be 
used in the rainfall impact assessment. 
 
 
 
Windrush Catchment 
 
As already stated, the data for the Windrush catchment indicates the greatest impact is due to 
diffuse pollution inputs, this pollution proportion requires a conduit to transport it into the River. 
That conduit is typically rainfall and in Figure 15 there is good correlation between increased rainfall 
and E.coli levels but the greater impact of rainfall is on the Enterococci levels as can be seen in 
Figure 16. There are some outliers present but the most significant changes in FIO levels is related to 
an increase in rainfall. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 15: Shows the Impact of Rainfall on E.coli levels in the River Windrush 
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Evenlode Catchment 
 
Sample point H’s data, as already stated is consistent with the flow primarily consisting of Final 
Effluent from Church Hanborough WwTW and is shown to respond to storm “spills”. The principal 
cause of storm spills is excessive rainfall and as shown in Figure 17 and 18 below there is good 
correlation between increased rainfall and increased FIO levels particularly E.coli which is consistent 
with point source (sewage) inputs. 
Sample point I shows good correlation between increases in rainfall and FIO levels with the most 
significant increases present during the highest rainfall events, with E.coli showing the greatest 
increase this is consistent with point source (sewage) inputs being the main contributor. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 17: Shows the Impact of Rainfall on E.coli levels in the River Evenlode 
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Cherwell Catchment 
 
As already stated, the data for Sample points K and L indicates the greatest impact is from diffuse 
pollution inputs, this pollution proportion requires a conduit to transport it into the River. That 
conduit is typically rainfall and in Figure 19 there is good correlation between increased rainfall and 
E.coli levels but the greater impact of rainfall is on the Enterococci levels as can be seen in Figure 20, 
this is best demonstrated sample point L’s results from the “Blitz” event on 18th June with a 
significant rise in both EC and IE but the greatest change is seen in IE levels. 
Sample points N and O’s data shows reasonable correlation between rainfall and increases in FIO 
levels, as already stated these points showed overall an impact from diffuse inputs but did have 
occurrences when the rises were more indicative of point source (sewage) inputs this is when the 
correlation is strongest between rainfall and the FIO level rise (May N only, July, August and 
September O only) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 19: Shows the Impact of Rainfall on E.coli levels in the River Cherwell 
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Thames Tributaries 
 
Three sample points G (Flichampstead Brook) D and E (Limb Brook) are tributaries that were 
sampled, looking at the sample points data G correlated with diffuse pollution. Of the dates G was 
sampled the rainfall level was low the majority of the time but on the four occasions when rainfall 
was 2 mm or more (May, June, September and December) sample results showed an increase in FIO 
levels on 3 of those occasions in correlation with typical diffuse pollution inputs. Sample points D 
showed good correlation with rainfall increases including a significant increase on 18th June that is 
typical of a point source (sewage) input overall though the data showed more typical impacts from 
diffuse pollution. Sample point E showed strong correlation with rainfall increases and the data very 
strongly shows the impact is from point source (sewage) inputs. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 20: Shows the Impact of Rainfall on Enterococci levels in the River Cherwell 

Figure 21: Shows the Impact of Rainfall on E.coli levels in the Thames Tributaries 
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Thames – Main River 
 
Sample points C, F and R are the main River Thames sample points tested that were not identified as 
recreational sites. Sample point F was the shining light in the catchment showing muted response to 
rainfall and no significant increases that can be correlated to either Diffuse or Point source pollution, 
I believe this to be due to the land mass that borders the reach that leads up to F with connected 
flood plains, established wooded areas and buffered field edges mitigating the FIO impact from 
rainfall events.  
Sample point C shows good correlation to rainfall events with an increase in FIO levels that are 
indicative of diffuse pollution inputs. 
Sample point R shows strong correlation to rainfall events with an increase in FIO levels that are 
indicative of point source (sewage) pollution inputs, this is strongly seen in the months May, June, 
August and September.  One occurrences in November when there was a significant rise in FIO levels 
indicative of point source (sewage) inputs there was no recorded rainfall event this would require 
further investigation. 
 
 
 
 
 
 
 
 
 
 
 

Figure 22: Shows the Impact of Rainfall on Enterococci levels in the Thames Tributaries 
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Figure 24: Shows the Impact of Rainfall on Enterococci levels in the River Thames 


