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Non-Technical Summary

This studyreviewed current evidence to inform selection of environmental predictors for Active
Management Systems in classified shellfish harvesting.areas

The aims of this study were to: (1) undertake a literature review of the factors that influeate fae
contamination of shellfish; (2) Establish relationships betviiesaterichia col(E. coli) concentrations in
rivers and shellfish in UK waters and select sites for further analysiSyé&®)ate economic impacts of
shellfish bed closures.

Review

An initial literaturereview identified factors that may contribute to accumulatida. @oliin shellfish These
included:rainfall, sewage discharges, agricultural discharges, wildlife, including birds, catchment land us
catchment topography, soil charactest i cs and O0fl ashi nessd.

Other fctors affectt. coli persistence in wateiTheseinclude solar radiation, temperature, salinity, pH,
sediments and flocsvith most factors appearing to have the potential to influénamli concentrations in
shellfish.Shellfish specieshow different rates aiccumulation and depuration Bf coli.

Analysis

Analysis was undertaken on 12 shellfish harvesting areas for this:®podw, Blackwater, Burry,

Conwy, Crouch, Fal, Helford, Menai East, Poole, North Kent,-Tawidge and Wash.

At a catchment level, higher concentration&otoliin shellfish wereassociated with thproportion of
improved grassland in the catchmdngh turbidity in main input rivetsiver flow, and the size of the
catchment

Analysisof temporal datghowed a weak association betwé&eroliin shellfish and river flovover time.
Best fit to the statistical modet&curredwhen river flow incorporatednly a short@ or 1 day lag time.
Therewashigh variability in bacterial loadingsmongindividual monitoring pointsvithin estuaries, and the
relative loading of individual monitoring points over time.

Across all estuarieg. colilevels were not correlated with predicted loads from Sewage Treatment Works
within a 1 km radius.

However,analysis on the Conwy found a positive association between rainfall, Combined Sewage
Overflows (CSOs) and E. coli in shellfish. coli levels were highéfthe CSOs had been active the
previous week.

Particle track models were useful to assess wheldish beds were in relation to risk from rainfall and
CSO events.

Economics

Our analysis suggests that small enterprises could withstand a decrease in profits (i.e. shellfish bed closul
for about 4 weeks while medium enterprises could potentially endure 6 weeks. However, further research
required, as this was a relativelyairstudy and aspects suchlag/er/retailer behavior, elasticity of

mussels or oyster pricegere not considered.

Recommendations
In order to set up a trial AMS scheme, this report recommends:
Selectionof 2 to 4 catchments covering variations in catchnmgme anckE. coliloadings Initial suggestions
include:
1 The Conwy, a relatively clean site where significant analytical infrastructure, monitoring and dat:
already exists and
1 The Fal which demonstrates consistently Hgleoliloadings.

Monitoring and sampling should be conducted overZay2ar period, to account for variability in weather
patterns over time. Monitoring should include the measurement and data collation of the following:
1 Characterisation of catchment type and land usaath river flow, turbidity
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Monitoring and instrumentation of CSO operation (event time and volume)

Water, shellfish and sediment microbiological samples, nitrogen

Estuarine characteristics and processes such as tides, wind direction, temperattye, salini
bathymetry/Lidar data.

= =4 =4

Routine sampling dE. colilevels and key explanatory variables should occur at least every two weeks and
include enhanced sampling frequency during weather events expected to lead to increased risk of E. coli

contamination,n order to finetune our understanding of i) the triggers for such events, and ii) the recovery

time following an event.

The project should involve multiple partners, be multidisciplinary and build on the work undertaken in thi

desk study.
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Executive simmary

Shellfish production representan importanteconomicgrowth sectorfor the UK, with the Government
encouraging industrio double production over the next few yeatswever, the sustainability of shellfish
aquaculture is highly dependestt maintainingclean and healthy coastal wateasmicrobial water quality

and its relationship with pathogen load in shellfisbfiparticular importance with regards to protecting public
health.Currenty, classification and closure of shellfish bedscontrolled bythe Food Standards Agency
(FSA) following advice fom CEFAS.Areas with highmicrobiological contamination can be closed and
remain closed for extended periods of time to protect public he@lik. results in an economic loss to
industry.Shellfish bed closures, however, do not fully protect human health as they can only be triggered or
shellfish testing has taken plackn alternative, more senceled approach, using all the available site
information,is therefore requiretb replacetie current system

An alternativestrategyis the introduction of @ Active Management System (AM$)hich would use
environmentaindicatorsto predict increasedsk of faecal pollution This would providehe potentialfor
more responsive management includinggmeptive closure of shellfish areas during periods of elevated risk
andmore rapid reopening after indicatonisave returnedoelow thresholdevels

The aims of this study were to: (1) undertake a literature rewkuhe factors thainfluence faecal
contamination of shellfish; (2) Establish relationships betweseherichia coli(E. coli) concentrationsn

rivers and shellfish in UK waterand select sites for further analys{8) Evaluate eonomic impacts of
shellfish bed closures.

1. Literature reviewCritical analysis of thsources ofaecal indicator bacteriandE. coliin theterrestrial
environment and subsequent transport to shellfish idedsified a range of factors which meagntribute to
the acamulation ofE. coli in shellfish.These include rainfall, sewage discharges, agricultural discharges,
wildlife, including birds and catchmentland use. Also included were catchment characteristics such as
catchment topography, soil characteristics laow fast a catchment responds to rainfalbdr | as hi nes

The review of E. coli concentrations and persistennevater andsubsequentransport to shellfish assessed
the importance ofolar radiation, temperature, salinity, pH, sediments and flocswagt factors appearing
to havethe potentialto influenceE. coli concentrationsn shellfish.This was also the case when assessing
factors affecting uptake and depurationEofcoli in shellfish althoughthere weredifferences betweethe
response of @lierentshellfish species

2. Relationships between E. aodincentrationsn rivers and shellfish in UK water#&nalysis of 12 harvesting
areas (BarrowBlackwater, Burry, Conwy, Crouch, Fal, Helford, Menai East, Poole, North Kent; Taw
Torridge and Washwas reduced to 10 sites following analysis with the removal of Barrow and Menai East
Analysisdemonstrated a weak relationship between river flowEnebli accumulation in shellfishThere

was evidence to suggest tigainerally either zero lag or a lpgase of 1 daetween river flow and shellfish
contamination show best fib statistical moded, compared with longer lag times (up to 7 days)

Furtherdetailedtemporalknalysis for the Conwspver using rainfall data ancombined sewer overflovCSO
data from Llanrwst suggestedilely association between CSO operations, rainfall and shelifisioli data
particularly when the 80 had been active the week prior to shellfish samples being taken.

Commercial shellfish harvestirgeasaremostlyasseiatedwith small catchmeniswvith the exception ahe
Wash.When investigating shellfisg. coli contaminatiorfrom eachrepresentative monitoring poirRi1P)
and the nearestewage treatment workSTW), it was apparent thatreas such as Blackwater, the Fal and
Taw/Torridgewere subject tdigh E. coli loadings When considering spatial associations, Berow,
Blackwater and the Wash werensideregotentially be at risk from ST®/withina 1km radius.However,
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following datistical analysis, it wasoncludedthaB TWs oper ating under O6nornm
not pose a high faecal risk to shellfisithe studied estuaries

Two dimensional particle track modelling was undertaken for the Castyaryand concluded that the
location of the shellfish beds at thettomof the Conwy made therulnerableto contamination from high
rainfall eventsand theactivationof CSOsT he o6fl ashi nessd® of a catchmen
from the land ad theresponsef rivers to a rain event was also investigated for the2arvesting areas
Disappointingly, lowever, the lack ohvailabledatato parameterise the modetgant that this did not yield
useful information. Estimates bbw fasttheseestuariesespond taain evens, however, auld be included

into the model at a later date.

The effects of environmealtfactorson E. coli contaminationin shellfish (90%ile over 2002017) were
characterised by fitting a General Linear Mixed Effects Maalith binomial error distribution to the data.
The final predictive model demonstrated highly significant positive relationships beveehin shellfish
with flow, turbidity andcatchmentareax percent improved grasslanth addition, mussels andysters
demonstrated differentesponses to these explanatory varighbes only in certain estuaries such as the
Blackwater and Kent.

The various modelling approaches and scales undertaken in our study revealed three mathapoints
determinenow an AMS tool might be developeand deployed

1. At a catchment level, certain characteristics led to higher concentrati@ghali in shellfish. These
are: proportion of improved grassland in the catchnaemthigh turbidity in main input rivers;
although a numér of other variables are correlated with these, such as rainfall and flow.

2. Within an estuary, there is high variability hacterialloadings at individual monitoring points. This
variability may be down to a number of factors, partly governed by confiphexpathways within
estuaries of water on ebbing and flooding tides, and water residence times within the estuary. Proxim
to routine STW discharge points is not a risk factor.

3. Analysis of temporal data shows there are weak positive relationshipsiweitiflow, and stronger
positive relationships with CSO events. Howe\Eer coli levels at individual beds still show high
variability which is not easy to predict.

Therefore, we suggest that catchment level characteristics can be used to broadly piddestwaries may
be at higher risk. Where those estuaries contain CSOs, this leads to increagadicislarly in association
with rainfall events

3. Economic impacts of shellfish bed closu&esveral caveats must be taken into account when angeoo
consideration are discussed with reference to businessesthait potential loss of earningsot least the
small number of responderntsa surveywhich adds further caution to any analy3isere can be changes in
buyer/retailer behavior, elasticity of musset®yster prices and enterprises sell at different times of the year
with some more affected if closure of shellfish areas occurs when sales are at th€upealalysis suggests
that small enterprisepuld withstand a decrease in proffi®. shellfish bed closureg&)r about 4 weeka/hile
medium enterprisesould enduré weeks Of note however is that during closures the buyers further up the
supply chain may have sougbrioductelsewhere andhay not necessarily returoncethe bedse-open.An
economiampactwould thereforebe critical area for further research in any pilot trial.

The impact of closures of shellfish areas on environmental effects have received little attention with tl
economic andocial aspects of far greater concern to the industry. Shellfish haryésimgver is directly
related to environmental variables including temperature, length of daylight and height of loGldglee

of shellfish harvesting areas for any significamtount of time may actually have ecological benefits although
holding a larger amount of biomass on the harvesting areas would have to be managed correctly. It is poss
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that the loss of a fishery due to closure may have more of an impact in cerdainvaere currently shellfish
seed is relayed and grown leading less shellfish and impacts on water quality, biodiversity, birds and otl
ecosystem services including tourism.

Recommendations

Overall theraemainsconsiderable uncertainty surrounding the flow of microbial contaminants from
agricultural catchments through to the coastal zdhes currentlylimits the implementation of effective
mitigation measures and the formulation of robust policies and legrstatprotect human health and the
wider environment. Additional research is therefore required to disentangle the complexity of bacterial, an
other interactions along freshwdtsaline gradients.

Recommendations for pilot test catchments would inclunddyais of 2 to 4 catchments covering variations

in catchment type anB. coli loadings. The Conwy is a good candidate, as a relatively clean site where
significant analytical infrastructure, monitoring and data already exists. The Fal demonstratesntiynsist
high E. coliloadings, with potential links to rainfall, and is also a good candidate estuary. Monitoring an
sampling should be conducted over-a gear period, to account for variability in weather patterns over time.

The project should involvenultiple partners, be multidisciplinary and build on the work undertaken in this
desk study. FSA in conjunction with the water companies, shellfishermen, Councils (including LAGSs), Publ
health officials, NRW/EA and other stakeholders should be includédramany cases could contribute to
monitoring and data collection.

Monitoring should include the measurement and data collation of the following:

Characterisation of catchment type and land use, rainfall, riverflow; monitoring and instrumentati@ of CS
operation (event time and volume); water, shellfish and sediment microbiological samples, turbidity,
nitrogen; estuarine characteristics and processes such as tides, wind direction, temperature, salinity.
Additional data such as bathymetry/Lidar data hayequired.

Routine sampling dE. colilevels and key explanatory variables should occur at least every two weeks and
include enhanced sampling frequency during weather events expected to lead to increased risk of E. coli
contamination, in order to fireine our understanding of i) the triggéor such events, and ii) the recovery
time following an event.
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1 Introduction

Shellfish represent an important growth sector in the UK, with aquaculture predicted to more than double o
the next few yearas encouraged in the United Kingdom Multiannual National Plan for the Development of
Sustainable Aquacultur@.he current value of UK shellfish aquacultui® estimated at c. £19.1 million.
Improving the balance of environmental, societal and economtaisaBility thereforepresents a future
challenge in light ofssuessuch as climate changed the protection of public health.

The sustainability of shellfish aquaculture is highly dependentaintainingclean and healthy coastal waters
and microbial water quality is of particular importance, especially with regard to minimising risk of transfe
of human pathogens to consumeéstrently, classification and closure of shellfish beds in England and Wales
is based on periodic samplirg shellfish,usually by local authority representatives. Samples are tested for
levels ofthefaecal bacted Escherichia col(E. coli) and faecal coliforms (FC) with resuttansferredrom
CEFAS to theFood Standards Agend¥SA) with advice on the appropriate classification. High levels of
bacterial contamination can cause the closure of shellfish harvesting areas for extended period® of tim
ensure the protection of public healtle. from food poisoning)This can ha& potentially detrimental socio
economic effects on commercial shellfish companies.

Active Management Systen{AMS) offer an alternative means of shellfisheries regulation based on the use
of environmental parameters to predict the timing and locatietevéted levels of faecal pollution, to inform
decision thresholds for preventative closure of shellfish beds showing a high probability of contamination |
faecal pollution. Beds would +@pen and harvesting resume once the elevated levels had retarned t
6backgroundd | evel s, as d e t-pointtestingeofkhelfigh torepablé adapteve m
management of the shellfishery, and a possible
strategy of delivering riskasedcontrols whilst ensuring public health protection, and has the potential to
deliver a more holistically sustainable system of regulation.

Preliminary evidence has indicated that elev&edolilevels can be linked to physahemical factors such

as supended particulate matter, nutrients, rainfall, tidal movements, seasonal variations, temperature, UV ¢
salinity. In addition, catchment characteristics including land use, diffuse and point sources of pollution al
number ofSewageTreatment Work{STW9 and Combined Sewer Overflofl€SOs)all contribute to
potential elevatedE. colil evel s. However, i n order to devel o
catchment, clarification is required readother ng
conditions which have been shown to predict increases in pathogen load), interactions between environme
variables, and the impact of shellfish physiological characteristids. aoli uptake and clearance in the
presence of contamination. Win a UK settingactive management is likely to encompass the linking of
environmental statistical models to physical estuarine/coastal and shellfish physiological parameters.

1.1 Projectaims

This project aims to address the need to develop and valida#tetige Management System (AMS) that
demonstrates the use of predictive environmental indicators for elevated faecal indicator organisnis.such &
coli in shellfish waters and shellfish. The study will assess the use of AMS in allowing commercia
shellfisheries to be closed during times of elevated faecal pollutioth@mpidly reopening for harvesting
once elevated levelsaver et ur ned levels. 6 nor mal 6

The project objectives are as follows:
1. To review available evidence on the role of environmental factors influekcingli contamination
in shellfish in relation to rainfall eventand to highlight knowledge gaps;
2. To identify and collatenicrobiological and environmentdiata from a variety of sources;
3. To analyse available data to determine statistical relationships to underpin an AMS,;



FSA Desk Study

4. To propose methodology for a 6toold to anal:

faecal polldion;

To produce a |list of sites for use in a opil

6. To make recommendations on possible sampling frequency and methodology for the field study sit

to include species specific consideration;

To assess environmental, economic and sociegzcts of AMS;

8. To produce areport that reviews current evidence to devise criteria for the selection and environmen
economic and financial assessment of active management systems in classified shellfish harvesit
areas;

9. To deliver the main findingslad r ecommendati ons to the OProje

o

~

2 Review of available evidence
2.1 Methods

Scope

Geographic rangelnformation from both UK and international studies (including from thevi#s$jncluded.

The primary focusvason UK-based studies, although studies from across the EU and other geographicall
similar locationsvere included where appropriate.

Time period No time restrictionsvereplaced on searches in terms of year produced.

Language Literature reported in Enigh was prioritised, due to the time constraints of reporting needs.
Relevant nofEnglish literaturevastranslated and included where possible.

Methods

Literature to be includedArticles and informationverei ncl uded fr om bot h atpreebl i
Much of the information availabl@as fromcommissioned reports to government agenaeiNGOSs.

Initial searches were conducted by the primary author, using the search facilities in ISI Web of Science,
Web of Knowledge, JSTOR, ScienceDirectdaovernment or regulatory websites such as UK Department
for the Environment, Food and Rural Affairs (DEFRA), UK Food Standards Agency (FSA), UK Environmen
Agency (EA), and Natur al Resources Cymru ( NRW) ,
search engine.

Additional references, particularly for the grey literature, were taken from the reference list of primary studie
industry partners and relevant bodies contacted directly for information. These thalkdESA, DEFRA,

EA, NRW, UK Watr Companies (Dwr Cymru, Anglian Water, United Utilities, UKWIR), SEAFISH, and
Shellfish Association of GB.

Key search termsThe key search terms for the review inclddes hel | fi shdé, and Or ai
6col i foE. o066 and o

Inclusion criteriac The first 100 articles to be listed in each seavehechecked for relevance, and further
filtered using combinations of additional sear
6coastal 6, O0est ufaae meeld, | HEeinvdatrormmeng&ni sMs ( an
Abstracts and the main tewerethen examined for relevance for further inclusion in the review.

2.2 Results

2.2.1 Review statistics

Thesearch was conducted in February 2017. A search library of 530 articles was returned from application
the search method (after removal of duplicate items), of wdeeleralarticles met the inclusion criteria for
review of extracts or the full text (Tk#1.2.1.) No articles could not be sourced within the time available for
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review completion. Evaluation of the remaining articles excledgs@rakrticlesthat did not meethe search
criteria (Table2.2.1.); 108articles were subsequently included ie tieview.

Table 2.2.1. Articles excluded fronfurther evaluation in the review

Exclusion criteria Number of articles
Duplicate item 27
Initial search of titles: spurious reference 63
Not in English, and no translation was available 0

2.2.2 Shellfish sitelassification in England and Wales
Currently, two classification systems ameplace in England and Walés

1. The annual (6temporarydé) classification

2. The longterm classification (LTC)
For new shellfish harvesting and relaying sites, after the prepacdtilba Sanitary Survey (SS) and sampling
plan, and a minimum of three months initial sampling, an initial annual/temporary classification is assigne
until the site meets the criteria for an LTC. Additionally, harvesting sites failing to meet the Léi@aaie
also automatically assigned an annual/temporary classification.

2.2.2.1 Basis for annual classification

Classification is based d&. coli contamination levels enumerated from shellfish samples harvested from
appropriate designated representative manigopoints (RMPs), allocated in the classification zone Sanitary
Survey. Selected points are designed to incorporate the full extent of the shellfishery, accounting for variatic
in tidal flows, locations of local pollutant soes; and other relevant tacs®. Classification categories (based

on the requirements of EC Regulation 854/2004shosvn in Table.2.2.

Table 2.2.2: Classificationcriteria for shellfish beds in England and Wales

Class E. coli concentration Treatment
A O 2B 60li/100g Molluscs can be harvested for direct human
consumption
B 90% of sampl es Enus t Molluscs can be sold for human consumption:
coli/100g; AND after purification in an approved plant; OR
all samples must be less than 46000 E.  after re-laying in an approved Class A re-laying area;
coli/100g OR
after an EC-approved heat treatment process
C O 4 6 B.@dl/100g Molluscs can be sold for human consumption only

after re-laying for at least two months in an approved
re-laying area followed, where necessary, by
treatment in a purification centre, or after an EC-
approved heat treatment process

Prohibited > 46,000 E.coli/100g
Adapted from: [1]

In addition to prohibition &E. colivalues >46,000/100g flesh, Annex Il Chapter IIC of the Regulation allows
closure of beds if the competent authority anticipate a risk to human health, regardlessndfal bed
classificatior.

Seasonal classifications are permitted in England and Waleseheat | east two years
a clear seasonal trend is available, and where sample results within a designated transition period as we

during the designated d6acti ve s e a sEocolibevehdassificationmp |
3
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2.2.2.2 Basis for longerm classification (LTC)
Proposals for LTC were introduced following a review of classification in 2002 gnudblic consultation in
20043, Subsequently, the LTC system has been implemented in England and Wale&%iteg 2006, in
addition to the existing annual (temporary) classification, aiming to resporeip®vely to potential risks
to human health, and provide a more stable method of classifying and maintaining shellfish beds in the Ut
Designation as LTC lasbf five years (FSA, 2004). LTC is a statistical system classifying shellfish beds in
England-and Wales based on shellfish hygieasta ttends for individual beds Eligibility is dependent on
the following criteria {):
1 Minimum 40 results available ovdré previous five years;
1 Minimum 90% compliance with 4,60. colV100g;
Additionally, sites are not recommended for LTC where:
1 They conform to LT class B, but show annual class C or seasonal B/C at the initial formal review;
1 They conform to LT class B buthich have returned prohibited level results (unless the result was waived
due to it being associated with an exceptional event);
1 They met the nominal compliance criteria, but were declassified with notes 2 and 7.
Certain other circumstances may also impact eligibiifter investigation by the FSA
1 Possible inclusion: where known improvements have been made to sewage discharges, and available
can demonstrate a significant improvement in underlying watditygager a three year period,;
1 Possible exclusion/loss of status: where there is a persistent deterioration in water quality, and it impa
on E. coli threshold compliance;
1 Possible opt out: where there have been a mixture of class A and B resultseqwevibus five years,
and harvesters wish to maintain some annual class A sales rather than include all years under class B s
Initial implementation was planned for class B beds only, since no class A or C beds within England al
Wales met eligibiliy criteria at the time of initial implementation (i.e. could not provide a sufficient period of
stable data). However, it was anticipated that other sites may have become eligible during that period, <
formal review was planned for twegrs into the fie year period. Meanwhile, all class A and C beds, and
ineligible class B beds would continue to be classified on an annual basis, with a view to including as ma
beds as possible under an LT classification in the longer term, subject to eligibiligwed annually).
Details in CEFAS' indicate that since this initial decision was made, A and C have not yet been include
under a similar LTC tiered system to class B, but that this may still be subject to review in future should tl
efficiencies and begfits of the class B scheme be potentially transferable to other classes.

2.2.2.3 Implementation of LTC

Whereas the response to potential pollution incidents under the previous single annual classification v
conducted on an ad hoc and reactive basis, the LTCdesigned to employ a rapid response mechanism

whereby certain thresholds & coli contamination within the class B bracket would trigger a series of

investigations and control measures. The three proposed tiers of response (currently, for ClasarB only)
detailed in Tabl.2.3.

Table 2.2.3: Proposedmplementation of LTC in England and Wales

Tier Trigger Response Further measures
value
First 4,600 7 Verification of results, followed by Closure or downgrading
(Initial 10,000 E. coli  statistical assessment by CEFAS to unlikely.
Investigations) /100 g flesh determine if a significant change in the Increased sampling frequency
general level of contamination has unlikely.
occurred. No Action State triggered.

The Local Authority and Environment
Agency would be responsible for
investigating the cause of the
contamination.
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No assistance from Local Action Group
required.

Second 10,000 7 Formal investigation to identify the cause Closure or downgrading
(Formal 18,000 E. coli  of contamination. unlikely.
Investigations) /100 g flesh Involvement of the Local Action Group Increased sampling frequency
expected (using the pre-determined Local  unlikely.
Action Plan procedure). No Action State triggered.
Statistical assessment by CEFAS to Local Authority required to
determine if a significant change in determine what control
underlying water quality has declined. measures are needed.
Third > 18,000 E. An Action State is activated by the Local Closures and downgrades may
(Formal coli/ 100 g Authority, in place for up to 3 months. be applied where appropriate.
Investigations  flesh The Local Action Group is notified and Additional sampling to be
leading to an implements the Local Action Plan to assist carried out to monitor and

Action State)

the Local Authority in providing
appropriate control measures
(implemented throughout the course of
investigations).

Statistical testing to determine whether
there is a downward trend in water quality.

determine causes of high E. coli
levels.

Bed re-opening as soon as E.
coli falls below legal limits.
Downgrading prior to annual
review in extreme cases.

Adapted from: FSA (2004); FSA (2006b).

2.2.3 Species of interest

Sixteen species of shellfish are farmed or harvested from the wild in England and Vahle2.2.4).Recent
estimatsof production yield and economic valsieow thatnussels and Pacific oysters are the most important
commercial species produced.

Table 2.2.4: Farmedand wild shellfish species in England and Wales (2016)

Species Common name
Abalone Haliotis tuberculata
American Hard Clam Mercenaria mercenaria
Cockle Cerastoderma edule
Manila Clam Tapes philippinarum
Mussels Mytilus spp.

Native Oyster
Pacific Oyster
Palourde

Peppery Furrow Shell
Razor Clams
Sand Gaper
Scallop

Slipper Limpet
Tapes Clams
Thick Trough Shell
Venus Clams

Ostrea edulis

Crassostrea gigas
Tapes decussatus

Scrobicularia
Ensis ensis
Mya arenaria

plana

Pecten maximus
Crepidula fornicata

Tapes spp.
Spisula spp.

Veneridae Family

Adapted from: CEFAS (2017);

2.2.4 Source®f E. coli in the environment and transport to shellfish growing areas
Key sources oft. coli and otherfaecal indicator organismd=i0s) within catchments impactingpon

shellfisheries include sewage discharges and agricufiatiaities, with further potential inputs from boating
activity in coastal environments and tributary watercourses, and wild bird and mammal populations. TI
transport of faecal pollutants from source to shellfish beds is commonly triggered by rainfid, evieh
speed of transport and magnitude of impact on shellfish beds further influenced by a combination of catchm
characteristics (hydrography, topography, geology, and land use types and distributions). The literature se:
revealed several recemtviews of environmental factors influencing faecal contamination of water and
shellfisheries material summarised therein is presented in the following sections, with secondary referenc
provided where appropriate.
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2.2.4.1 Rainfall

Rainfall is the environmenitaariable most often associated with peakg ircoli concentrations ishellfish
waters and shellfisfi®. Elevated levels of FIOs @&. coliin shellfish or coastal waters in UK studies have
been detected at between one and seven days after a raiafal(eTable2.2.5. Numerous authors have
found that severity of pollution increases with rainfall magnitude, and seasonal patterns of faecal bactel
contamination to coastal waters or shellfish have commonly been attributed to differences in daityr me
peak rainfall, or cumulative rainfal®**, However, eventual shellfish contamination levels may depend on
highly localised rainfall distribution®, or the presence of other sources of runoff such as surface sfirings
The subsequent interactioasprecipitation and runoff with hydrogeology, topography, river networks, and
different land uses within the catchment containing potential FIO sources are als@ampod may have a
greater influence than rainfdlP33*%°, Indeed, some studies found no relationship, or only a weak relationship
betweenrainfall intensity/timing ance. coli loadings, owing to stronger influences of other environmental
variables*®***, Two studies observed negative relationship between FiGeotratio and rainfall. Jin et al.

4> found a significant negative relationship (p<0.05) between rainfall persistence and stellfst
concentrations over time, attributed to the growttEotoli populations during sunny periods when water
temperatres increased reportalsoattributed higher FC counts found during shorter duration rainfall events
to the flushing of accumulated pollutants not diluted by a longer period of precigitafidrerefore, the
balance between the impacts of rainfall figyi duration and intensity should be considered when predicting
changes in FIO contamination levels. While the majority of correlations between rainfall variables and FI
concentrations have been positive in UK studi€able 2.2.5), the presence of somesgative or non
significant correlations suggest that other environmental factors are important in determining final shellfi
contamination levels.

Rainfall events determine which principal sources of faecal pollution dominate shellfish bed contaminatio
since different types of pollutant are mobilised under base and high flow corfdifidres two principal
sources of faecal contamination in the UK to shellfish beds are thought to be sewerage related sources,
agricultural runoff Sections2.2.4.2 and2.2.4.3 respectively). Under base flow conditions, contintimwe
sewage effluents tend to dominate pollutant loadings to shellfish waters; whereas agricultural faecal polluta
(which tend to be deposited or applied to land rather than directly inbmooatses) generally remamsitu.

Under highflow conditions (i.e. after a significant rainfall event), agricultural sources become relatively more
dominant as surface runoff and ssirface flows transport FIOs to watercourses. At high flow, intenmitte
sewage discharges can also play an important role (Sezfof.2). An additional source of potential
contamination mobilised during rainfallni t i ated high river fl ows s
bacteria bound to sediments which arsuspended in the water column when subject to faster flowing ater
(Section2.2.4.5).

Table 2.2.5: UK studies exploring the relationship between rainfall and faecal pollution of water or shellfish

Rainfall variables Response variable Response Reference

Daily EC concentration Highest concentration when rainfall > 2 mm, and 3-4 days Campos et al. (2011)
(mussels / Pacific after rainfall event
oysters)

Magnitude of response varied between species and
sampling points

Daily (1-7 days); EC concentration Mostly positive correlations (2 of 2 sites, all days after Campos et al. (2012a)
cumulative (1-7 days) (native oysters) rainfall); some significant (p < 0.05) between days 3 and 7
Daily (1-7 days); EC concentration Mixture of positive and negative correlations (1 site); none Campos et al. (2012a)
cumulative (1-7 days) (Tapes clams) significant (p > 0.05)
Daily (1-7 days); EC concentration Positive correlations (2 of 2 sites, all days after rainfall); Campos et al. (2012b)
cumulative (1-7 days) (native oysters) some sig. (p < 0.05) between days 1 and 7
Daily; cumulative (7 days) EC concentration N.s. correlation with daily rainfall Campos et al. (2017)
(native and Pacific Significant positive correlations (p < 0.01) with 7-day rainfall,
oysters) both for whole year and winter season datasets
Daily EC concentration Contamination followed 1-3 days after heavy rainfall event CBBC (1959)
(seawater)
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Daily EC concentration Positive corr elrhot=i0.81t 0.5, ®9008)r r CEFAS (2011)
(Pacific oysters) Consistently higher EC concentration 1-2 days after rainfall
event; detectable elevated EC 7 days after rainfall event
Daily EC concentration No significant relationship Kay (2015)

(mussels / Pacific
oysters)

Average (7 days) EC concentration Positive correlation during summer; highly significant at one ~ Magill et al. (2013)
(Mussels) site but coefficients varied between sampling sites

EC = E. coli; FC = faecal coliforms. ! Modelled; validated against Met Office data.

2.2.4.2 Sewage discharges

In theUK, under base flow conditions, urban sewereglated sources dominake coli pollution to shellfish
beds, since runoff from diffuse sources of pollution (agricultural runoff, small private septic tanks, bird an
deer colonies) tends towards low levelghiese condition¥. The size of facility (population served, effluent
outflow volumes) partially determine its contribution to pollutant loads, with large wastewater treatmer
works (WwTWs or STWSs) capable of contributing > 90% total faecal bacteaidlttoreceiving waters

Under high flow conditions, intermittent discharges from combined sewer overflows (CSOs) and storm tat
overflows (STOs) dominate ov8TWs as the key source of human contamination to receiving watéré.
Delivery of largeE. coliloadings can be especially important during the initial period of discharge where
contaminated sedi ments may be mobilised in addi
f | us h 8. Prevdtef desaharges fronetic tanks can provide a substantial source of FIOs where there are
many, poorly maintained tanks situated close to shellfish beds and draining (perhaps accidentally) direc
into watercourses or into malfunctioning soakaw&y 4% 4950,

Bacteral loadings of sewage effluents typically differ according to the level of treatheynindergo before
dischargeto receiving waters*®, In the UK, treatment ranges from preliminary screening (typically least
effective at reducing bacterial loads) to tertiary treatment (typically most effective at reducing bacterial loac
(Table2.2.6). Kay et al”? compared effluent samples from 162 sge discharge sites in the UK and Jersey,
and found marked, statistically significant reductions in geomean FIO concentrations after secondary &
tertiary treatment compared to primary treated sewage, as well as significant differences in final é@luent F
concentrations between some secondary and tertiary treatments. Some treatment facilities become
effective at removing FIOs under hiflow conditions (e.g. from intense rainfall inputs or seasonally
increased sewage volumes due tarigm)® %% 3357 Several authors have demonstrated that reviewing and
upgrading facilities in response to changes in rainfall and human population patterns has been effective
reducing FIO pollutiorio receiving waters over tinté 7, however facility improvemento not always fully
explain a decline in FIO levels (e3). Intermittent (CSO) facilities with inadequate capacity may remain a
particular contamination risk, since storm water can mix with overflowing untreated sewage and flow direct
into environmetal waters (e.g>® 48 89, Septic tanks may also be numerous within rural catchments.
Frequently, these are located close to watercourses, however, their overall contribution to FIO loadings at
catchment scale remains poorly understood.

In some cathments, recreational boating activity is likely to be important in direct delivery of faecal bacteriz
to (or close to) shellfish growing waters, especially during sumnekiotrer peak holiday occasiofis .
Overboard discharges from pleasure crafts not prohibited in the UK, and the relatively small number of
pump-out facilities for orboad toilets are poorly utiliseé®. Even within a small harbour under relatively
stable meteorological coritins, GuillonCottard et al.®* measured FC levels inearby mussels exceeded
4,600 FC 1004 on ten occasions within a oiyear period (sampled fortnightly, across three sampling points).

Table 2.2.6 Typical faecal coliform loadings of sewage effluents from UK sewage treatment facilities

Level of treatment Specific effluent types Base-flow geomean High-flow geomean
Untreated (raw) Crude sewage discharges, storm sewage 1.7 x 107 2.8 x 108
overflows (2.5 x 10° to 3.5 x 10°)
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Primary Primary settled sewage, stored settled 1.0 x 107 4.6 x 10°
sewage, settled septic tank (5.6 x 10° to 1.8 x 107) (8.0 x 10° to 5.7 x 10°)
Secondary Trickling filter, activated sludge, oxidation 3.3x10° 5.0 x 10°
ditch, trickling/sand filter, rotating biological (1.6 x 10° to 4.3 x 10) (1.3 x 10° to 6.7 x 10)
contactor
Tertiary Reedbed/grass plot, UV disinfection 1.3x10° 1.3 x10?
(2.8 x 10%to 1.3 x 10%) (3.6 x 10? to 1.5 x 10%)

Adapted from: Kay et al. (64)

2.2.4.3 Agricultural discharges

Agricultural sources can contribute significant loads of FlOsshellfish growing areas, following
transportation overland and/or via watercourses to the tidal limit. Sources include direct deposition of fae
matter to land or watercourses by livestock; application of farm yard manure (FYM), slurries, sewage sludiq
dirty water and irrigation water to land; and accidental spills or runoff from manure stacgess and
animal housing? .

Under high river flow conditions in the UK, runoff from diffuse pollution sources plays a greater role in the
contaminatiorof shellfish bedsitan under base flow conditiofysalthough agricultural runoff does not always
dominate over intermittent or diffuse sewage sources, even when agriculture represenisesidangeg®f

the catchment are&. The main source of agrittural contamination in the UK is from grazed grassland
(particularly improved grasslanél)®4. Kay et al.®* compared geomean FC loadings in watercourses over a
range of UK catchments under base and high flow conditions and estimated anl&hfoddtdifference

bet ween | oadings in predominantly (O 75%) i mpr
grazing catchments. Particularly high FC concentrations have been observed in watercourses used as frec
livestock crossing points, which cattimay preferentially use for defecation (€2§.%°). Peaks inE. coli
concentrations have also been observed in response to manure application, with the effect persisting
adjacent ditch water for several weeks after appba®’. Hodgson et af® found a significant effect of dairy
slurry application method (shallow injection > surface broadcast) and season (summer/autumn > spring)
slurry FIO persistence; halife of E. colivaried from 6.4 to 34.1 days. Predominant livestock type impacts
on epected contamination loads, with differences in typical daily faecal loads shed by a range of domes
farm animals varying from 2.4 x $&. coli d* (chickens) to 1.8 x 20 (sheep)®®. One study reviewed in
Magill et al.,® estimated a 4 to 8 fold dérence in FIO concentratiorgetweenhigher vs. lower animal
stocking densities; thesdsovaried seasonally and between -saichments.

The application of sewage sludge to land should pose a relatively small contamination risk in the UK: sin
2006, rgulations stipulate that only treated sludge (witklagzmicrobial reduction, applicable to a limited
number of | and uses) or +ogndudioncappticablettoraeaadge efthndsuses d
may be applied to crop lafdl Agricultural land uses not spread with manures or irrigated with contaminated
water (e.g. many arable and horticultural areas) tend not to contribute to diffuse FIO contaminatién (e.g.
lllegal spills of dirty water or slurries are hard to quantify, but aratified as a known problem in some
catchments (e.g?).

2.2.4.4 Other land use and land management considerations

In addition to sewerage facilities and agriculture, several other types of land use have been associated !
elevated or diminished FIO loadingsshellfish growing area$¥ ©, &, ). Consideration is given here to the
spatial extent and distribution of wild bird and mammal populations, dog walking routes, urban hard surfac
forestry, and wetlands.

Diffuse FIO contamination originating fromildlife can be hard to quantify, since relevant populations may
be widely dispersed and relatively more mobile compared to domesticated livestock, thereby increasing b
spatial and temporal heterogeneity of faecal loadings. Nevertheless, severaldtundiisd in the literature
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review have attempted to attribute faecal contamination within catchments to various animal and/or hum
sources, although in some cases this is a qual:@
pollution renaining after deducting known human and domesticated animal FIO source§ ®.gVhere
guantitative source apportionment has been attempted, the importance of wildlife sources varies betw
studiesHagedorn et af! estimated that after human FlQusces, wild birds dominate faecal pollution in two
US tidal creeks, followed by livestock, pets and wildlitmlated FC4® from a US nature reserve, originating
from birds most frequently, followed by wild dogs, rodeatsd horses. Connell Jr. et&lfound that
unspecified wildlife sources dominated in frequency over both domestic animal and human waste source:
a US river catchment.

Commonly, birds are identified as an important potential source of famtalgination to shellfisherié$ 4%

3072 Risk is likely to vary seasonally, particularly in the case of migratory birds. Birds either reside on shol
close to shellfisheries, or directly defecate into shellfish growing waters. Ultimately, impacts depend on tl
location of colonies relativeo shellfish beds, total numbers of birds, and species present (as different bir
species typicallywary in their FC shedding). Impacts may be substantial, with 100 gulls estimated to be
capable of shedding FIO loadings equivalent to a secoitcEatedWwWTW serving 10,000 population
equivalents; and a variety of wild birds recorded shedding up’tthéfnotolerant coliforms per d&y.

Risks of contamination from other wildlife are not widely explored in the literature. Potential sources in th
UK include marine mammals (e.g. seals), as well as a wide range of terrestrial mammals (e.g. deer, rode
foxes, badgers) (e.§). Popular dog walking routes may also provide a source of FIOs, particularly when
adjacent to watercourses or shellfish growirepar

Knowledge of the extent of urban land cover is important not only in estimating sewage discharge impa
(Section2.2.4.2),but also in determining the total area of impermeable surface within a catchment. While th
exact empirical relationship betempercentagémpervious surface in a catchment and risk of contamination
to shellfish production areas varies in the literature, it has been suggested that catchments with >1
impermeable surfaces are subject to pecipaiaks in microbial pollutiofy 1.

Land uses implicated in reducing the risk of FIO contamination to shellfish production areas include forest
and wetlands. A comparison of FC data from 15 catchments across Graat ByiKay et al®* indicated

that low geomean FC concentrations were associated with catchments containing a large proportion of upl
coniferous forest compared to catchments containing larger areas of urban and improved pasture land L
However, in some cases foreshgrvesting activity may contribute to FIO retention in watercourses due to
potentially large quantities of sediment runoff, which faecal biactan subsequently adsorb®dSection
2.2.4.5),0r by harbouring deer populations. Wetland areas are assbici@@&umber of studies with reducing
FIO loadings to watercourses and shellfish growing areas, most typically where they occur in the lower reacl
of a catchment, where they act as a buffer and natural purification syste&?)(¢dgwever, they may sb
harbour large bird populations, acting in some cases as both a FIO source and gihkYe.g.

2.2.4.5 Catchment physical characteristics
Catchment topography, geology and soil characteristics all influence the rate of transport of FIOs
watercourses undéothbase and high flow conditiorfs®.

Catchment topography impacts on the variation seen in lag times of microbial contamination in shéllfish
Compared to shallower slope profiles, steeper slopes increase water and sediment velocity, iresulting
greater concentration of FIOs further downstream after rairfallCatchment size impacts on FIO
accumulation and survival: all other things being equal, increased catchment size is more likely to correl
with an increased number of sewage souateka larger area of agricultural land.
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Soil and geological characteristics of a catchment also contribute to the rate of transport (and survi
probability) ofE. coli prior to reaching shellfish growing waters. A number of soil characteristics determine
initial E. coli survival upon release to land: temperature, pH, nutrient availability, particle size, moisture
content, and the presence of compgtir predatory micrganismg®. Soil characteristics including texture,
structure and saturation thresholds also influence both the likelihood of adsorption of FIOs to soil particle:
and the dominant processes transporting faectities or bacteria downstreath 8. Ranfall intensity and
distribution interact with soil texture and underlying geology in determining the proportion and total quantit
of contaminated water and sediments transported via surface runoff asdrfade flows.

The hydrological regime of a @h me n t , including its o6flashiness
rainfall intensity and distribution, the physical catchment characteristics discussed above, and overlying lg
uses (vegetation cover and type), as well as the density and distribbitwatercourses and water bodies
(lakes, reservoirs) within the catchment (€%. The resultant river flows impact on the total FIO load
delivered to shellfish waters, and the speed of its delivery.

2.2.5 Influences on E. coli survival in water

While initial mobilisation ofE. coli and other FIOs, triggered by rainfall events, can indicate the timing of

peak FIO loadings in watercourses and shellfish waters, water FIO concentrations can show a disparity v
the levels oE. colifound in shellfish fleshOne reason for this is the varying survival rates of faecal bacteria

in watercourses and shellfish watefs often determined by complex interactions between a number of

physical and physichemical variables. Factors influencing FIO survival in envirenial waters revealed in

the literature are discussed in the following sections.

2.2.5.1 Solar radiation

Solar radiation is frequently recognised in the literature as the dominant factor determining the survival
bacteria in seawater, haviagypically bactericidal effe® Its impact on survival is dependent on a number
of interacting factors. Firstly, the level of solar radiation reaching the water surface is determined by tl
season, time of day and latitu@®econdly, its penetration tie water column is dependent on water depth;
the degree of mixing of the water column; and the concentration of dissolved and particulate organic mat
(e.g. sediments, phyplankton) in the water colunth’”.

At some locations, significant {®-fold reductior) bactericidal effects have been detected at 3 m depth, and
at down to 10 m at polar latitude’$3%). A review of Too values (the time required for 90% of bacieo die

off) by Campos et af.revealed that FIO dieff rates vary widely betwedocations and overall environmental
conditions, from c. 2 hours in seawater in very sunny weather or near midday, to up to 240 hours in brack
waters under highly turbid conditions. There is some debate in the literature over which wavelengths of lic
(PAR or UV) contribute most to bacial die-off &.

2.2.5.2 Salinity

Salinity is a major determinant of FIOrsival in aquatic environmenfs®. Bacterial decay rates are
generally fastein seawater than fresh watéf3. For example, Carlucci et &f found that after 48 h
exposure to water of different salinities in the range 0 to 1@%gli survival was 59.9% in fresh water,
highest (74.5%) at 25% salinity, and lowest (8.2%) at 100% salinity. In a resgew paper, Maalouf et al.
"®reported swival of E. coliin seawater to vary between 5 h andl @, although Anderson et &t.recorded
surviving coliforms (2% survival) at up to 8 d after exposure to water of 3@#ity.

2.25.3 pH

The measured optimal pH range for enteric bacterial survivedsrabmewhat in thetérature, at between pH

5-7 8% 83 Measured thresholds at which rapid-dféstarts vary, as do theories of whether highly alkaline or

highly acidic conditions are more detrimental to FIO survival. Anyesttidy by Carlucci and Praer %

measuringe. coli die-off in seawater after 48 h over the pH range 5 to 9, recorded 58.3% survival at pH &
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declining rapidly to< 0.01% survival at pH 9. The typically higher pH range of sea water (pH 7.5 5)8.5,
compared to that of freshwat@enerally around or slightly below pH 7) may therefore partially explain the
higher dieoff rates in seawater compared to freshwater.

As a variable correlated against FIO concentrations, pH remains relatively unexplored in the literature. Whe
pH was masured, several studies found no significant correlation between pH and various bacteri
concentrations in fresh watéf 88 or sea waterft ¥ ®). Mignani et al®* explained this lack of clear
relationship by proposing that pH is oftenolved in synergisticor antagonistic interactions with other
variables affecting coliform concentrations, obscuring the effect of pH alone. Where authors found
significant relationship between pH and bacterial concentration in water, it was principally a negativ
correlation.

2.2.5.4 Temperature

While E. coliand other enteric bacteria experience temperature shock on excretion from the body of mamme
they quickly adapt to new temperega in fresh water or seawaterAssuming no other limiting factors are
presentE. coli can grow at temperatures as low as 10°C, but can survive at temperatures below this. T
relationship betweele. coli survival and persistence and water temperature is not straightforward. In
controlled trials, Solic and Krstulovi® observed an irerse exponential relationship between temperature
(range 6 to 37°C) and FCod with a c. 55% decline ingof for each 10°C water temperature increment.
However, other authors have noted an increase in bacitizlity at low temperaturég. FIOs are capable

of dormancy at low temperatures, with the potential to form reservoirs of contamination (particularly withil
sediments) which can theoretically remain viable for some time. In field studies, the response of FIOs to we
temperature haveen varied, with differences attributed to sometimes complex interactions with othel
environmental variables.

2.2.5.5 Attachment and resuspension within aquatic environments

Anthropogenic impacts associated with land management, industry and waste genanatianecprofound
effects on ecosystem functioning in the downstream catchment and associated coasiblansfer. of
macronutrients, sediment, and microbial pollutants (derived from human and animal waste) from land to <
are thought to have significaithpacts uporaquaticenvironmentsBacteria attach to a range of surfaces
within environmental waters (e.g. dissolved or suspended organic and icomggtter; animals, and plants)
86 Bacterial O6reservoirsod c a msturiee ahdamatne envierinenisn
where FIO concentrations may be between 100 and 1000 times greater than in the surrounding water coll
%828 Sediments may additionally harbour large populations of dormant but viable bacteria, which may n
be eady detected usig standard enumeration methd4€2 Burial in sediments protects adsorbed FIOs from
bactericidal agents, including primarily UV light, but also high salinity, heavy metal tpxand
bacteriophage infectioh®

Persistence of faechhcteria in sediments is associated with sediment composition and bacterial morpholog
both of which affect adsorption capacity. Clay particles in particular are thought to facilitate adhesion
bacteriai although the role of aluminium present in sony dypes as a bactericidal agent may reduce
persistence ahrequires further exploratioff. Sediments containing a minimum 25% clay significantly
reduce bacterial decay rates compared to sediments containing no cohesive particles. Intertidal areas of
energy, depositional systems (e.g. mud flats) subject to pollution events are especially likely to harbour fae
contaminants, since their composition tends towards clay and\ahesmall mineral fraction&" 2. The
organic matter (OM) content ofdienents is an important contributor to bacterial survival, impacting nutrient
avalability and adhesion capacity %82,

Burial in, and adhesion to, sediments enables the integration of contamination over longer periods thar
overlying waters, withF1Os surviving for up to an order of magnitude lon@gs to 80 d) than in seawafer
3691 Sedimentassociated faecal bacteria and organic matter originating in any part of a catchment may |
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transported downstream and deposited in or near shelloghrgy waters, where they aresaspended during
storm events or normal tidal cycl&s

Turbidity and resuspension of faecal bacteria in the water column (e.g. from wave action, storm flows, stror
winds or boating activity) reduces FIO & largelythrough impairing light penedtion through the water
column®. Bacterial survival and growth may additionally be promoted by enhanced nutrient concentratior
associated with suspended matter, and decay rates have been found to vary with susperate®stiss
However, increased mixing also exposes bacteria to more frequent changes in environmental stressors
temperature, predators), which may reduce survival. The net impact of turbidity on FIO survival varie
between species, which havéferent physiological mechanisms for tolerating environmental stressors.

Estuarine environments frequently trap large quantitiesnefdediment (i.e. clay and sifi). The amount,

type and size distribution of sediment particles can have significansequences for the sorption,
accumulation and transport of pollutafftancludingmicrobial pathogen% 8, In aquatic systems, association
with flocs represents a medium for pathogen transport and survival and numbersasktiomtedE. coli,
Salnonella spp, Vibrio spp. and coliforms are enriched sevdadd when compared to the surrounding
watef®% representing a significant public health risk. Flocs are multidimensional ephemeral fragile
aggregates of primarily organic detritus, includexgracellular polymeric substances (EPS) exuded from
aquatic organisms$®inorganic particles such as clay and silt, and water and the main vehicle for the transpc
of organic material from the water column to the sediment. Flocs also act as a majeoirdsr the
persistence of human pathogens in aquatic systéd¥s'®‘and the composition of flocculated material will
reflect catchment type including elements from point and diffuse sources affecting the aquatic environmer

Evidence suggests thsediment particle size and distribution has a significant impact on the spatial variatior
and persistence of human pathogenic bacteria and viruses within estuarine environments. Anthropoge
disturbance and hydrodynamic processes such as wave actitideandan resuspend sediments back into
the water column contaminating the surrounding area significantly impacting microbial water quality. Unde
normal river flow conditions, particles are retained within the estuary as a result of sediment puropimg. St
events alter this scenario by discharging a larger volume of freshwater than is typical and increased river wi
is likely to increase water velocities on the ebbing tide which may cause the critical bed shear stress to
attained and sedimenttobee suspended. I n this case, materi al
could be washed out of the system and transferred down the estuary and potentially out to sea, however,
knowledge and understanding of the interactions between theteesfand their influence on estuarine
processes and public health are poorly understood.

2.2.5.6 Predation and competition

Predation and competition for nutrients from other microorganisms are important in contoltotj and

other FIO populations, withindththe water column and sedimeft$. However, disaggregating the impacts

of predation and competition from other contributors toadfeis hampered by the complex ecological
interactions between predators, competitors, FIOs and physiochemical @whditund in aquatic
environments. Consequently, these variables remain rejatinekplored in the literatufe However, several
authors have attempted to disentangle the effects of predator/competitor organisms from other factors
controlledexperiments. Reported dadf rates of 1logp in the water olumn range from < 24 h to 4% 13,

2.2.5.7 Hydrography

The amplitude and frequency of tidal cycles, and prevailing tidal currents, impact on the distribution ar
concentrations of FIOs found in shellfish growing waters. Tidal patterns vary at scales frdailgud inter
annually, with consequent variatioimsF1O patterns.

Shallow estuarine waters and wad@minated systems (e.g. sandy beaches) show different responses to pe:
and base levels of FIOs due to varying degrees of mixing. Where there is a greater degree of mixing (i.e
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wavedominated systemsvariability in FIO concentrations may be obscured by pollutant dispersion (both
vertically and horizontally), and by higher bacterial-dierates due to increased exposure of bacteria in the
water column to bactericidal influencesgesolar radiatin, predator$) FIO distribution in shallow and
depositional estuaries is largely determined by thsuspension of contaminated sediments in the water
column during storm conditior?.

Tidal forcing (dilution) may be more important in reducing loaditegshellfish production areas than-aigé

of faecal bacteria in Atlantic coastal systems subject to strongntsif¥. However, relative effects over time
vary depending on tidal stage (low or high, spring or neap), which interacts with the relgiaasirof
incoming freshwater or direct sewage outflow FIO sources. Several studies have observed signific:
differences in FIO concentration between low and high tides, both within shallow-tidiaiy estuaries (e.g.

13), and narrow tidal creeks (eX§?). Both attributed differences to increased turbidity arsuspension of
contaminated sediments during oeno low tide. Kershaw et &f¢ observed 400-fold diurnal variation in
seawateE. colilevels over a 1@lay experimental period. Riou etl. “ found that pollutant plumes rapidly
extended further on spring ebb tides compared to neap tides, impacting a larger number of shellfish produc
sites. However, neap tides often carried higher concentrations of FIOs due to reduced mixingiand dilut
Variation in FIO loadings to individual shellfish beds within a production area might therefore be expected
differ depending on their locations relative to tidal currents and pollution sources carried by such currents.

2.2.6 Influences ork. coluptake and elimination in shellfish

The concentration of faecal bacteria in the water column does not always show a straightforward line
relationship with shellfisHlesh bacterial concentratiofy although the two variables are often positively
correlated. A&cumulation and clearance of FIOs by shellfish varies with species, surrounding environment
conditions, and feed particle characteristics.

Potential accumulation and clearance rates and maxima differ between species, driven-dpedrasr
differencesin feeding filtration rate$®” 19858 Maximum filtration rates in natural environmental waters vary
according to bivalve filter pump capacity and food concentration in water, but tend ¢obetmgeen 20 and
100 L per day® 8 However, informatiomemains scarce on the role of biological processes in FIO uptake
and clearance in shellfish, including details of the possible role afrpréfal feeding in FIO uptake'®’. The
literature generally reports faster and greater accumulation of faedahgoants in cockles and mussels
compared to oysters and clams (&°§°). However, because of the slower filtration rate of oysters, they often
retain pollutants for longer after uptake.

Shellfish feeding rates are controlled by the temperature amity of overlying waters, with intespecies
differences in upper and lower tolerances for survival and feeding activity. Consequently, spatial variations
temperature and salinity can determine variations in FIO contamination levels in shellfcth #teblocal

and regional scafe

Pumping rate tends to increase with temperature in all bivalve species, partially attributed to a corgespond
reduction in water viscosit}’>. CEFAS’ noted that since temperature tends tevary with season, day
length, UV light levels, and annual shellfish biological life cycles, drawing firm conclusions on the influence
of temperature on FIO uptake in environmental waters is difficult. Nevertheless, differences between spec
in uptake and clearance rates iffiedent ambient seawater temperatures might be expesiedifish species
differ in their tolerance to low temperatures, with mussels able to withstand temperatures eét@nand

feed even during winter; other species tend to ordyl fat a few degreeabove zerd®. This potentially
increases the susceptibility of mussels to FIO contamination throughout the year compared to other spec
Cockles display a more complex relationship with temperature, appearing to reduce accumulation rate
higher tenperatures to reduce the methbbdurden of rapid filtratiort®”.
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Salinity impactshellfishfeeding rates to a lesser extent than temperature. As salinity declines, bivalve closul
occurs, or opening is delayed. This process occurs at different threslegdnding on species, typically
corresponding to their natural position on shere!?’. Mytilus spp. usually feed at 20 to 35%alinity, with

other UK species commonly feeding at or above 20%tive oysters prefer salinities above L6®Racific
oysters around 258pand scallops at or above 30%

While exposure to temperatures and salinities outside of the preferred natural range of shellfish can red
metabolic activity (and therefore ability to accumulate and clear FIOs), feeding ratesainas elsen within
the @ahodédrmange f o rHoWeeeg vhiiatiog ocaeucs tvithin & population, and undeiogimal
conditions of temperature and salinity, at least some individuals within a shellfish bed willebéa
accumulate FIOs rapig %8

Accumulation and clearance of FIOs on exposure to faecal pollution follows thtieetdphases Kershaw et

al., 198 First, rapid uptake occurs, usually within 0 to 1 hour of exposure; significant variation in uptake rate
is observed between iviluals during this phase. During the second phase, typically lasting between 1 an
20 hours, contamination levels within the population becomes more homogenous. Finally, at c. 20 hours
more, all individuals within the population should have reachedrmam contamination levels; the duration

of this period depends on species physiology, water contamination levels, and food levels in water. Af
exposure to clean water (e.g. during depuration), shellfish are usually capable of clearing FIOsifrom th
tissues within 48 h or leg8’. Kershaw et att®® commented that within UK environmental waters, assuming
clearance after 48 h may be inappropriate, since typically shellfish are exposeddwdb@hronic pollution
punctuated with episodes of acute tamnination. These authors subsequently investigated the impacts of
subjecting cockles, mussels and Pacific oysters to prolonged (96 h) pollution of six concentrations in seaw:
(1 to 330 cfu 100mt) 1%, All species at all contamination levels rapidgcamulatecE. coli (within 18 h of
exposure), concentrating faecal bacteria within their tissues at levels consistently higher than ambi
concentrationsTable 2.2.7). High tissue concentrations were maintained throughout the exposure period
followed byrapid clearance (within 48 h) after removal of the pollution source. This study illustrates that (1
shellfish are capable of rapidly responding to environmental stimuli (both pollution and depuration), and th
even under relatively low levels of chrorsontamination, bivalves can maintain elevated levels of FIOs
within their tissues. Consequently, shellfish sampling for regulatory purposes should take these factors i
account when considering sampling strategies around potential pollution trigggrsstegm events).
Accumulation factors for a range of shellfish identified in the literature are preserfedle®.2.7. While
inter-species differences in accumulation factors are repantadividual studies, CEFAS’ concluded that
overall, these are not significant at a given position within the water column or shellfish bed. However, sin
different growing methods place cultured shellfish at different positions in the water column, samplin
strategies should take@ount of the likely impacts on contamination levels (i.e. exposure levels to pollutants
and pollution dynamics).

Table 2.2.7 Accumulation factors (obtained in the laboratory), uptake and clearance rates from various species of shellfish

Species Indicator organism Exposure period (h) Accumulation factor Reference

Clam spp.

C. gallina EC 72 1.62 Martinez-Manzanarez et al. (1991)
M. arenaria EC 48 203 Cabelli and Heffernan (1970)
M. mercenaria EC 48 657 851 Cabelli and Heffernan (1970)
M. mercenaria EC 48 1251 Cabelli and Heffernan (1970)
M. mercenaria EC 24 32 Timoney and Abston (1984)
M. mercenaria FC 168 2.7 (0.027 20.4) 3 Burkhardt et al. (1992)

M. mercenaria EC 168 2(0.027 17.5)3 Burkhardt et al. (1992)

T. decussatus FC n.s. 0.571 9.7 Campos and Cachola (2007)
venus spp. FC 27 061 Beucher (1993)

Cockle spp.

C. edule FC 27 15t Beucher (1993)

C. edule EC 96 330 Kershaw et al. (2013)
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Mussel spp. EC

Mytilus spp. EC 96 15.2 Kershaw et al. (2013)
Mytilus spp. EC n.s. 5.9 Lees et al. (1995)

M. edulis EC 12 097 341 Kay et al. (unpubl. data)
M. edulis EC 12 17771 Kay et al. (unpubl. data)
M. edulis EC 46 12171 Plusquellec et al. (1990)
M. edulis FC n.s. 13.1 Plusquellec et al. (1983)
M. edulis FC 27 1.22 Beucher (1993)

Oyster spp.

C. gigas FC!? 27 0.81 Beucher (1993)

C. gigas EC 12 0.9i 10.31 Kay et al. (unpubl. data)
C. gigas EC 12 17 14°* Kay et al. (unpubl. data)
C. gigas EC 96 11.7 Kershaw et al. (2013)
C. gigas EC n.s. 2617 6.9 Lees et al. (1995)

C. virginica FC Not stated 37 62[3-167] Perkins et al. (1980)

C. virginica FC n.s. 4. 42=@)0 Burkhardt and Calci (2000)
O. edulis FC 27 051? Beucher (1993)

Adapted from: Campos et al. (2013); CEFAS (2014); Kershaw et al. (2012).

EC =E. coli; FC = faecal coliformst Calculated as the log of the concentration of the organism in shellfish flesh divided by the corresponding
log of the concentration in the oWgng water.2 Calculation method not statédCalculated as the geomean indicator concentration of the organism

in shellfish flesh divided by the corresponding geomean concentration in the overlying water.
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3 ldentification and collation of data

Data onE. coliin shellfish wereinitially identified from the CEFAS database amdnf the CEFAS sanitary
surveyslnitial discrepancies were highlighted between the CEFAS Hub data and the FSA classification da
All discrepancies and erroneous recomngehihonitoring points (RMPs) were corrected before site selection
and before any analysis or preliminary testing of proposed methodology for th&hedt. coli data in
shellfish flesh data from the CEFAS classification monitoring sitetivexgcollated ad errors corrected using

the sanitary survey dat&ollowing discussions with both the Environment Ager{8A) and Natural
Resources Walg®NRW), the E. coliin shellfish data was provided to the FSA in Wales by NARWSs data

was only for Waleshowever and duplicated what had already been acquired.

Rainfall data used was from the nearest UK Met. Office station atfBhiile Conwy preliminary analysis.
Flow measurements were taken from EA and NRW 15 minute values held on the CEH NRFA databa:
(https:/Inrfa.ceh.ac.ul/

Catchment characterisation used delineation of catchment boundaries from
(http://lle.gov.wales/catalogutgm/WaterFrameworkDirectiveRiverCatchmentWaterbodiesCycle2/?lang=en
for Wales andhttp://environment.data.gov.uk/ds/catalogue/index.jsp#/catalfmyuengland). The extent of
each estuary catchment was marked according to those used in the CEFAS Sanitary Survey reports. L
cover classes were taken from the Centre for Ecology and Hydrology Land Cover Map 2007.

Data on combined sewer overflows,amhittent private discharges were collated from the sanitary survey
data for all of England and Wald3ata for Wales was also provided from the Event Monitoring Data from
Welsh WaterWelsh Water also supplied their network modefoWorks) for the Conwycatchment which
was also used in preliminary analysis.

Water quality data was obtained from the Harmonised Monitoring Scheme database
https://data.gov.uk/dataset/histetik-waterquality-samplingharmoniseemonitoringschemedetailed
data

A range ofother data is available that is h@ldblicly both onE. coli (and other bacteria) in shellfistmd also
on E. coli (and other bacte) in different catchmentd-or example additionaldatain relation to ongoing
projects in theConwy estuary In a number of instances the datadaot been validatedr havenot been
collectedusng the consistentechniqueswith no accredited crosgference untakerfror instance therare
extensivedata ork. coliin shellfish in Conwy which has be takémom homogenisedhellfishtissueand then
plating outof the resulting mixturé!®. TheE. coliin shellfish data collected by CEFAS uses thest probals
number methodMPN) (ISO/TS1664%8) test and though initial tests suggest that there is no difference
between the two techniques there isagoreditation comparing these two approacheaddition, therare
also some data that uses impedanceechnique ¥% ENISO 16149and though there momparisorbetween
MPN andIimpedancgboth methods have beealibrated against each othethere is no dataomparison
between all three techniqudspedancés more widelyusedin continentalEurge.

Tidal cycleshavenot beentaken into account in this repattie to time limitationdut maybe asignificant
factor andmayneed to be included in takirmgy active management tpasmaywind direction temperature
and salinity.

3.1 Selection osites for indepth analysis
Twelveestuary areas were selected for more detailed analysis. These areas were chosen to represent varia
in catchment size and catchment characteristics such as the proportion of improved grassland, arable
unimprovedgrassland whictare known tacontribute to nutrient ani. coli runoff into rivers Other river

24


http://lle.gov.wales/catalogue/item/WaterFrameworkDirectiveRiverCatchmentWaterbodiesCycle2/?lang=en
http://environment.data.gov.uk/ds/catalogue/index.jsp#/catalogue
https://data.gov.uk/dataset/historic-uk-water-quality-sampling-harmonised-monitoring-scheme-detailed-data
https://data.gov.uk/dataset/historic-uk-water-quality-sampling-harmonised-monitoring-scheme-detailed-data

FSA Desk Study

characteristicsvere also consideredsuch as nitrat®l concentrations, turbidity, flow, flashinesndlong-
term rainfall There was also aaim to encompasa representativeéange of geographic locations around
England and Wales order to account for variability in overall gebmatic conditions The twelve estuaries
are shown in Figurd.1.

Figure 3.1. The location of the 12 sites used in the following ahgis
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4 Analysis of available data

4.1 Relationship betweek. colcounts in mussels and river flow.

Exploratory data analysis was undertaken by relating river flonEamsli concentrations in mussels at the
CEFAS RMP monitoring points in the 12 twelve estuary areas identified above. Niwesdl potentially
impacting thesareasaregauged, and ithosecase flow data for asimilar nearby gauged river was usiéd
available This can be justified if it is assumed that local variation in river flows (per unit area) is minor. The
selected rivers by estuary area are shmwiable 4.1.

Table4.1: Estuariesandriversused for analysis of flow data

‘Estuary HRiver HNRFA_COd{
‘Barrow HDuddon H 74001
Blackwater |Blackwate| 3701(
Burry ILoughor | 59007
Conwy  |Conwy | 66011
‘Crouch HCrouch H 37031
Fal |Fal [ 48003
‘Frome‘Poold‘Frome H 44001
Helford  |lFal [ 48003
Taw Taw | 50001
Wash  |welland | 31004
‘North Kent HStour H 40011
‘Menai HConwy H 66011

In some cases the river drains directly to an estuary with mussel beds, in others the link is legs direct
working hypothesis is th&. coliare mobilised during wet conditions. Under these conditions they may reach
rivers in greater numbers from diffusauscesjncluding the activation c€SO dischargeshich may contain

high concentrations oE.coli, and the possibleremobilisation of E. coli from bed sediments through
resuspensiofy: 112

Figures 4.1 4 showE. coli concentrations at sites within each estuary, together with river flow data for the
example year 2012. The graphs show few clear pattérslicounts are highly variable among beds within
the same estuary, with the rank order of beds differing fromsangle period to the next. There is no
immediately obvious relationship between river flow &doli counts.

4.2 Within Estuary Variability

In the exploratory data analysis we examined withstuary variability oE. coliconcentrations. Paired plots
between sites in the same RMP on a log scale and as raw data are shown in FigZiees. Athe associated
correlation coefficient is tabulated in the upper right triangle of the plots. Each plotted point corresponds tc
day on which a sample was taken at eafcthe sites being compared. In some cases there is no overlap ir
sampling days so no basis for a paired plot. The paired plots also include comparison of concentrations v
a daily flow measurement in the associated river.

26



E. coli cfu/100m|

100

E. coli cfu/100m|

100

E. coli cfu/100ml

100
L

10000

10000

Duddon flow and E. coli counts Barrow estuary 2012

10000

BO77B * BOT7F BOTTQ
BO770 » BOTTP = BOTIR
w
<
[
o
.
«
3
3
2
. .
S
T
2
1 L2
T T T T T T 2
Jan Mar May Jul Sep Nov Jan
Loughor flow and E. coli counts Burry estuary 2012
B038G * BO36L BO38X BO3BZ
8
3
2
.
* «©
<
-+
1 J 8
.
b )
S
£
LS
1 2
T T T T T T
Jan Mar May Jul Sep Nov
Crouch flow and E. coli counts Crouch estuary 2012 ©
H
BO1SM # BO15Q + BO1SQ  BO15S E
* BOISN * BOISP + BOISR * BOISY
. 3
-+
2
i .
LRI H 8
. . . . g
b=
3
S
2
o
L
2

Jul

River flow m3/s

River flow m3/s

River flow m3/s

E. coli cfu/100m|

E. coli cfu/100m|

E. coli cfu/100ml

Blackwater flow and E. coli counts Blackwater estuary 2012

FSA Desk Study

B014G BO14H * B014Q * BO
el
s
S
2
g | - . 4
S . -
S
. rs 3
.o - E
. . z
. . =
- [
S =
- =
T
2
]
1 2
T T T T T T
Jan Mar May Jul Sep Nov
Conwy flow and E. coli counts Conwy estuary 2012
BOMA © BOME © BO44I  BOMT
BO4D » BOA4H * BO44S © BOU
g g
8 . . '8
S S
=2 . . .
2
5
£
z
5
=
L g :a:
. =
g
T T T T T
Mar May SJul Sep Nov Jan
Fal flow and E. coli counts Fal estuary 2012
+ BO33C + B3JAL  B3IBD 4 BIIL
* BO33Y - BIJAN + B33BJ 4 BIIBO
+ BO33Z + BI3AX 4 B3IBK
. .
)
1 b=
=] .
g . i : e
3
= . .
. [ . a
) Y s &
+ . 1 . + . . E
. . H
. . . . =
} } Vs ! lg 3
=3 b L2
8 - .
.
T T T T T
Mar May Jul Sep Nov

27



Frome flow and E. coli counts Frome estuary 2012

* B54BS * BS4BT B54CM & BOS4M
* B54BM © BSACH - BS4CN 4 BOS4P
+ BSIBR * BSACL 4 BS4CP
3 .
S
S .
— s . . .
E . P I
S ? '
2 . . 4 . .
S . . . . . .
3 . . . .
8 : M i
[P : . . H
27 - 4 1
. .
T T T T T T
Jan Mar May Jul Sep Nov
Taw flow and E. coli counts Taw estuary 2012
+ BO36Y # BO36K ~ BO3GF & BIBAC
* BO36Z - B36AA © BIGAB + BOIBN
 B3GAK » BO36H 4 B036O A BO3EP
. .
. .
8 . Y 4 - a -
S * . ® * *
3
= | . . . . . - .
€ 4 . . .
E . : .o . 1 . -
=] .
5 . 4 * t
2 N
E] 1 l H
u o
g |
T T T T T T
Jan Mar May Jul Sep Nov
Conwy flow and E. coli counts Menai estuary 2012
 BOSSA * BOSSN  BOSSS & BOSSV
* BUSSB - BOSSO - BOSST + BOSSW
« BOSS| + BOSSR A BOSSU
=]
=]
=]
3
E
S
8
z M .
2 . .
S . . s .
3 a . . . . . .
S . . " .
u g s O
21 pt . d
! s
. N
T T T T T r
Jan Mar May Jul Sep Now

10000

100

10000

100
River flow m3/s

10000

100

River flow m3/s

River flow m3/s

E. coli cfu/100m|

E. coli cfu/100m|

E. coli cfu/100ml

Fal flow and E. coli counts Helford estuary 2012

FSA Desk Study

* B34AC * B34AF BO34X
* B34AD * BO340
+
g
=) . L8
S . =
S
* @
H =]
+ 3 + €
. .e z
. =
+ o &
. . . =] _ﬂa’
o i 1 4
3 |
T T T T T T
Jan Mar May Jul Sep Nov
Welland flow and E. coli counts Wash estuary 2012 ©
-
+ BOO3D * BOOSM + BOO4E  BOO4I &
* BOO3F * BOO3V * BOO4F B004L
=+
<
EE
@
o 2
s
S
3
1 2]
+ . . &
. , |8 E
&3
T =
H
o o
g |
- b=
3
3
o
- . . . -
o
Le
- @
T T T T T T
Jan Mar May SJul Sep Nov
Great Stour flow and E. coli counts NorthKent estuary 2012
s BITCA  BI7CC * BOT7A ~ BOITE
* BI7CB = BI7CD * BOT7D
)
g | &
= e
»
]
4 £
H
8
<=
} 1 . . 2
o . . L8 i
g .
.
T T T T T T
Jan Mar May Jul Sep Nov

Figures4.1 ai |. Annual time series plots ofE. coli counts (CFU/100gms on the first y axis) and river
flows (md/s) for the 12 selected shellfish areas red line has been drawnat 10000cfu/100gms in line

with activation of investigations
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Conwy - log10 data with correlations Conwy - raw data with correlations
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Frome - log10 data with correlations Frome - raw data with correlations:
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Wash - log 10 data with correlations

Menai - log10 data with correlations

Wash - raw data with correlations
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Figure A4.2a-x. Paired plots of RMPs

Correlations tables associated with the paired plots of Figures-&4agashown in Figures A4.3aNote

that these correlations are based on varying numbers of points, which influences the significancarwhich
be attached to the correlation values. The correlations are shown in the upper right triangle of the plots. Th
which are not significant (p>0.05) are indicated by a red x. Lack of significance may be due to a lack
sufficient data points as wedls to an apparent lack of association where there are many data Pploats.
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overall conclusionis that there areften weak relationships between flow and concentration, and between
concentrations at sites within the sashellfish aregsuggeshg that thee are sometimes associations between
beds on a site, e.g. in the Fal. However, the plots of the raw data suggest that the extreme high counts w
are associated with bed closure are not closely assowidtetiow.
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Frome - correlation analysis
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Figures 4.3al. Correlation tables of paired plots of Figures 4.2 & x.
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4.3 Analysis of variability with hydrological conditions

Figures Al.2 and A4.3also show that there is a relationship between local river flow&andli counts in
mussels, for logged plots, although this is often weak, and shows a large degree of scatter. This relation:
is a likely cause of the withiarea betweeRMP spatial elationship for logged variables.

The weak but positive association betwéencoli counts ad flow at a log scale tends to demonstrate a
relationship at low to medium flows and counts. However, our main interest is in the lidgbeltcounts,
which might lead to bed closure. Here, plots suggest very little association between high flows and high cour
Because of the high scatter of the data, to analyse any relationship statistically we classify both flows &
counts into high and low classes. Fawk the threshold chosen is the 80% quantile and for counts we choose
10,000 cfu/n¥. We then perforrada 2x2 chisquared test of association between these classes. The results ¢
the test are shown in Table24in Appendix 1)

The results indicate thabif most areas the-yalues of the chsquared test are large, suggesting little
association between high flows and high counts. However, for the Fal, nvahygs are small suggesting an
association. In many cases there are insufficient data to camhedetst since there are no instances of counts
greater than 1000 CFU/100mg at the site in question.

To assess possible lagged flow effects on E coli counts, regression analyses d laggedunts on logged
daily river flows was undertaken and included lags of 1 to 3 days. The results of the analysis are given
Tables 43 (Appendix 1).

In each case a linear trend is also included in the regression equation (this is not presentedingayeer

flow variable is included, eitherotlagged or at a lag of 1 to 3 dayde regression analyses undertaken for
these locations generally show best fits at either zero lag or a lag of 1 day, with poorer fits for longer lac
These tend to sggst a causal relationship between counts and either river flow, or environmental variable
which are themselves related to river flo8tudies undertaken by CEFAS have indicated a relationship
between counts dE. coliin shellfish and rainfall using betéen 2 and 7 days rainfall prior to sampling.
However overall correlations were not strong indicating other environmental factors may be contributing
theE. colicounts in shellfish (Kershaw et al 2QT3EFAS report)Analysis undertaken in this studyoloed

at lag time of up to a week with no strong correlations and as such the data is not presented here.

4.4 Furtheranalysis undertaken for the Conwy Estuéige-series analysis with modelled data on
CSO operations

In addition to examining the relatiship between counts and river flows, a further analysis for the Conwy
considered rainfall and the operation of CSOs as possible simple environmental drivers. We used rainfall c
from the nearest UK Meteorological Office station at Rhyl, 25km to theoé&sinwy and at sea level.

WelshWater/Dwr Cymru provided the locations of CSOs in the Conwy estuary, and also the timing of the
operation. Estimates of CSO discharges while operating were provided by the InfoWorks model, run by Ar
for Welsh Water/DwiCymru. There are some 35 CSOs which might be considered as possible influences
E. colinumbers in mussels in the Conwy estuary. The frequency with which each CSO is activated vari
between a few times a year to several times a month during normakeweanditions. Flow data from one
particularly active CSO was considered as a potential driver (Llanrwst Rd Glanconwy).

Figure 4.21 f shows annual time series Bf coli counts, daily flow, daily rainfall at Rhyl, and daily CSO
discharge at LlanrwstdR for the years 20092014. Visual inspection suggests a possible association between
CSO operatins and rainfall
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Flow and E. coli counts Conwy 2013
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Figure 4.3a-f. Annual time series ofE. coli counts in the Conwy estuary, daily flow in the river Conwy,
daily rainfall at Rhyl, and daily CSO discharge at Llanrwst Rd, for the years 2009 2014.
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Figure 4.4a,bshows paired plots (logged and raw data) and correlations of daily CSO flow totals at Llanrws
Rd, daily rainfall at Rhyl, ané&. coli counts in the Conwy estuary. Correlations are all low, suggesting no
significant correlations.
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b
Figure 4.4a,b. paired plots (logged and raw data) and correlations of daily CSO flow totals at Llanrwst
Rd, daily rainfall at Rhyl, and E. coli counts in the Conwy estuary

Figure 44.1 Conwy RMPs and CSO release Average annual values for RMPE. coli during periods
with out CSO release and during the week after a CSO release
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