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EXECUTIVE SUMMARY
Sewage-contaminated bivalve shellfish can present a health risk when
consumed raw or lightly cooked. Current control measures are based on
bacterial monitoring but fail to fully protect consumers from the risk of viral
infection. In particular acute gastroenteritis caused by norovirus (NoV)
continues to be associated with the consumption of raw shellfish particularly
oysters.

This report details studies undertaken in Ireland by the Marine Institute as
part of the REDRISK project within the EU framework 6 funded
SEAFOODplus research programme. The objective of the project was to
identify the key environmental factors responsible for viral contamination in
shellfish harvesting areas using recently developed virus detection methods.
The project further aimed to investigate the potential to develop a risk based
management strategy for controlling the risk associated with viral
contamination. The project was conducted across four European countries,
Ireland, Spain, United Kingdom and France.

A shellfish producing bay on the west coast of Ireland was selected for study.
A comprehensive sanitary survey was undertaken to determine sources of
contamination. Environmental and microbiological monitoring was then carried
out in the bay over a year-long period. Oysters at four sites in the bay were
analysed for E. coli, NoV and FRNA bacteriophage (a proposed indicator for
viruses) on a weekly basis. Semi-quantitative real-time PCR procedures were
used to assess the NoV levels in oysters. The conditions responsible for viral
contamination were determined.

Using the data obtained from the sanitary surveys it was possible to
accurately predict the relative risk of NoV contamination in oysters at each
site. Three major factors were identified as influencing NoV contamination.
Firstly, as expected, the proximity of the sewage input to the shellfish beds
was of critical importance. Secondly, season was clearly identified as
influencing NoV contamination in shellfish with peak levels occurring during
the winter. Finally overflow of untreated sewage from waste water treatment
plants was considered to be responsible for contamination in oysters up to 4.5
km. Overflow of untreated sewage caused by high rainfall events occurred on
four occasions during the study. On two occasions, both during the winter,
these overflows were associated with virus contamination. By contrast two
overflow events occurring in the summer were not associated with increased
NoV contamination in oysters.

The identification of high risk periods for NoV contamination in shellfisheries
such as high rainfall conditions during epidemics of acute gastroenteritis
raises the potential for introducing proactive risk management procedures.
Such events could act as triggers that would initiate increased control
measures to protect public health. Increased controls could include temporary
suspension of harvesting or increased post harvest treatments. To fully realise
this potential close links between waste water treatment plant managers,
shellfish producers and risk managers should be developed.



Further work is required to establish and trial potential risk management
schemes based on real-time interventions triggered by environmental
monitoring in shellfisheries to improve consumer protection against the risk of

viral illness.
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2 Introduction

From review of the international epidemiological data it is apparent that
infections associated with sewage-contaminated molluscan bivalve shellfish
represents one of the most clearly identified microbiological risks associated
with seafood consumption. This risk is recognised and regulatory controls
exist worldwide to try to combat it. In Europe, and elsewhere, in the world,
these controls are based on bacteriological monitoring of harvesting areas to
assess their sanitary quality. However it has been demonstrated that these
controls do not fully protect consumers from the risk of viral illness. In
particular cases of acute gastroenteritis caused by norovirus (NoV) continue
to be associated with the consumption of raw shellfish.

The objective of the REDRISK project within the EU framework 6 funded
SEAFOODplus research programme was to identify the key environmental
factors responsible for viral contamination in shellfish harvesting areas using
recently developed virus detection methods. The project further aimed to
investigate the potential to develop a risk based management strategy based
on early warning systems for viral contamination. The project was conducted
across four European countries, namely Ireland, Spain, United Kingdom and
France.

In line with the overall approach adopted by all partners in the REDRISK
project, a two-phased approach was adopted for work in Ireland. Initially a
single bay producing shellfish was selected for study. A comprehensive
sanitary survey of the site was undertaken. Following this work a number of
sampling points throughout the study area were identified and a programme
of environmental and microbiological monitoring was undertaken to identify
environmental conditions responsible for the viral contamination in shellfish.
Environmental and microbiological monitoring data was then analysed to
determine significant relationship with environmental parameters which could
be used to predict viral contamination.

The study area was selected because it met the following requirements. The
water quality in this bay was generally considered to be good, showing only
intermittent low-level contamination in some areas within the bay. This was a
requirement of the project in order to isolate single factors responsible for viral
contamination and to distinguish them from background levels found at more
polluted sites. Also within the bay, there were also areas believed to be
directly impacted by sewage, which could be used as control sites to validate
newly introduced virus detection procedures. In addition the project was aided
in this area by the cooperation of the local shellfish industry and the local
Marine Forum. The Forum was set up to provide logistical support to the local
industry and to act as a platform for implementation of integrated coastal zone
management. A previous study had been conducted in the bay giving some
baseline assessment of the contamination sources in the area. Finally there
was already a limited amount of microbiological data that was available.



3 Materials and Methods

3.1 Sanitary survey

The majority of the data required for the sanitary survey was gathered in a
desk-based study, interrogating existing sources of information. The data
sources, which were accessed, are described. Available data was used to
identify pollution sources, assess the potential risk of viral contamination in
different areas of the bay and select sampling sites which would allow
monitoring of the viral risk.

Many of the data sources had a spatial element and therefore a geographic
information system (GIS) (Arcview 9.0) was used to visualise and store the
data. This allowed the data to be assessed both spatially and cumulatively.

In addition to conducting the desk-based investigation limited stretches of the
bay were investigated by shoreline surveys. This involved confirming the
location and type of the contamination sources identified from desk based
study through physical inspection. This was conducted either from shore or by
visual inspection from a boat.

3.2 Data Sources

3.2.1 Ordnance Survey of Ireland maps

The general topography of the area was investigated using Ordnance Survey
of Ireland (OSI) Discovery Series maps (scale 50,000:1). Local centres of
population and also the general population distribution for the bay were also
identified. Rivers, streams and their catchments were identified from the
maps. Tourist sites, beaches and marinas and quays, which may indicate
transient contamination sources, were also determined. Some land use is
indicated, such as forestry cover.

3.2.2 Hydrographic Office charts

Charts from the UK Hydrographic Office provided information on seabed
characteristics and allowed an assessment of the hydrography of the study
area. This included tidal currents from the bathymetry indicated on the charts.

3.2.3 Census data

The Central Statistics Office provides data on human population distribution.
The census data from 2002 was available before the study commenced. This
data was subsequently updated in 2006 during the study period. Population
numbers were divided into Divisional Electoral Districts (DEDs) and these
were plotted to the GIS system. The DED layer was overlaid on OSI maps
therefore allowing the population distribution to be assessed spatially.

Data on animal numbers in the catchment were available from the 2002
census. Although this data was based on the farmer's home address and
therefore does not entirely accurately indicate the distribution of animals on



the land, it was considered a good estimate of the relative distribution of
animals in the catchment and around the bay.

3.2.4 Aquaculture licenses

The Department of Communications, Marine and Natural Resources
(DCMNR) is the competent authority for licensing aquaculture activity in
Ireland. The details of the licenses were obtained from the DCMNR and
plotted to the GIS system. Within the bay there is also a population of native
oysters. The native oyster beds had been mapped previously and the GIS file
was plotted.

3.2.5 Classification data

The DCMNR are also responsible for classifying shellfish growing areas
according to EU legislation (91/492/EEC*), which sets down the
bacteriological criteria to which shellfish going for consumption must conform.
Shellfish associated microbiological data for the bay was available from
harvest area classification testing since 1997 to the present. The sample sites
used for classification testing were also mapped to the GIS system. The areas
which were classified and the boundaries of these areas were available and
were mapped to the GIS system.

3.2.6 Licensed Discharges

The local county council is responsible for licensing all discharges to the
environment within the bay. The location of these discharges was available
from the county council GIS section. Limited information was available on the
nature of the discharges and the limited testing which the local authority
carried out.

3.2.7 Wastewater treatment

The local authority is also responsible for treating wastewater (sewage) before
discharging. Details of the location, treatment processes and capacity of
treatment plants was available. The main treatment plant which discharges to
the bay was built in 2003 and the Environmental Impact Statement (EIS)
prepared for that development was available. The EIS detailed the treatment
process, the capacity of the plant, the expected reduction in microbiological
contamination and the dispersal of the effluent.

The manager of the plant was contacted and provided information on the
operation of the plant during the study period. The plant has an automatic
management programme which records data on flow volumes, including
inflow, outflow and flow diverted to the storm storage tanks. The volume,
which actually spills untreated from the plant during major storm events, was
not recorded but could be calculated.

* These regulations were superseded in 2006 by EC854/04



3.3 Assessment of the risk of viral contamination and selection of
monitoring points

The data available from the sanitary survey was used in a subjective process
to assess the potential risk of virus contamination in different areas of the bay.
Areas with commercial aquaculture activity were focused on. The risk
assessment was used to select a number of sampling points within the bay
that was likely to give a range of contamination levels.

3.4 Monitoring

3.4.1 Environmental data collection

3.4.1.1 Temperature and salinity

Temperature recorders (Onset — Optic Stowaway Tidbit) were attached to one
trestle at each site, in August 05. These were set to record the temperature
every 15 minutes, with an accuracy of +0.1°C.

Salinity and temperature recorders (StarOddi — DST/CTD) were placed at two
of the sample sites, in January 06. There were attached to the anchor rope,
just below the buoy so that the probe floated close to the surface and was
therefore more likely to record small changes in salinity from rainfall events.
These were set to record every 15 minutes.

In addition to continuous automatic monitoring, salinity and temperature were
measured and recorded on each sampling occasion at each sampling point
using a temperature/conductivity meter (WTW - P3 pH/conductivity meter).

3.4.1.2 Weather data

Automatic continuous weather recording was available from Met Eireann
weather stations. Two relevant stations were available. This data was
requested and supplied retrospectively 3 times during the study period. The
weather station in the southeast of the bay recorded rainfall only. The weather
station in the northeast of the bay recorded rainfall, air temperature, radiation,
wind direction and wind speed.

3.4.1.3 River flow data recording

The Environment Protection Agency (EPA), together with the local authority,
is responsible for recording the flow of rivers in Ireland. There was an
automatic recorder in place on one river in the area and when requested to do
so the EPA installed flow recorders on two other rivers in the study area. River
flow data was therefore available for all significant rivers entering the bay.

3.4.1.4 Pharmacy data

Information on the background infection rate in the community would be very
useful in assessing the viral contamination in the environment. The local
doctors were contacted and requested to supply information on gastroenteritis
outbreaks, however all refused. Alternative sources of information were
investigated and the pharmacies in the two main towns were contacted. Five
pharmacists agreed to provide data on sales of diarrhoea and nausea
medicines but only three were able to provide a full data set. It was hoped that



patterns in sales of these medicines would act as a proxy for gastroenteritis
infection in the community.

3.4.2 Shellfish sampling

At each sample site, two short trestles were placed on the seabed, in the
intertidal zone. These were similar to the trestles in general use by Pacific
oyster producers in Ireland, although shorter, at approximately 6 ft long.
Pacific oysters (Crassostrea gigas) were kept above the seabed and as close
to normal production conditions as possible. Mesh oyster bags were placed
on each of these trestles. Each bag held approximately 80 oysters. The bags
were secured to the trestles using short lengths of car inner tube and hooks. A
buoy was tied to each trestle thus allowing it to be retrieved by boat at all
states of the tide. All trestles were placed out and stocked in June 2005. Each
trestle and bag was numbered with laminated cards.

All Pacific oyster stock was sourced from a category A harvesting area in the
south of the bay. All stock was left in place at each site to equilibrate for a
minimum of 4 weeks, before being sampled.

In addition to the Pacific oysters, native oysters (Ostrea edulis) were placed at
two of the sites. Native oysters were placed in perforated boxes, on the
seabed, close to the trestles at the same site. The perforated plastic boxes
were purposely designed for holding shellfish. These boxes were anchored to
the bottom with concrete blocks. Native oysters stock was sourced from the
local shellfish co-operative organisation. which organises the fishing of the
native beds. The stock was sourced during the annual harvest period in early
2005 and was stored at the category A area used to supply the Pacific oysters
for the study. Sufficient quantities of native oysters were retrieved from the
area when required. Native oysters were left in place at each site to
equilibrate for a minimum of 4 weeks, before being sampled.

The first sampling occasion took place on 1% August 2005. Further sampling
took place from a boat which was provided by the local Marine Forum.
Samples were collected from the four sampling points on 40 individual
sampling occasions between August 05 and June 06. Six samples of 24
oysters were taken on each occasion, four Pacific oyster and two native
oyster. On most occasions sampling occurred on a rising tide due to the
shallow nature of the sampling sites. Shellfish were placed in clear, pre-coded
plastic bags and secured with cable ties. Bags were placed in cooler boxes
that were previously cooled with ice packs. The iceboxes were then labelled,
sealed and posted to the laboratory for E. coli, FRNA bacteriophage and NoV
analysis, with a delivery of before noon the following day. All samples were
delivered to the laboratory within 30 hours of sampling and were maintained
at temperatures below 15 °C during the transport period.

At each sample site, when samples were taken the sea temperature and
salinity was recorded. At a deeper site in the south of the bay the turbidity was
recorded using a sechi disk. Tidal information was available and recorded
from published tide tables. Sample record sheets were completed for each
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sample. These included details of the species, number of individuals, weather,
temperature, salinity and time of sampling.

3.5 Microbiological testing

3.5.1 E. coli and FRNA bacteriophage analysis

On receipt in the laboratory, oysters were logged in, then cleaned and
scrubbed under running potable water.

A minimum of 10 oysters were shucked and homogenised for E. coli and
FRNA bacteriophage analysis. Homogenates were analysed for E. coli using
a standard ISO procedure (ISO/TS 16649-3). The same homogenate was
centrifuged at 2000 x g and supernatant analysed for FRNA bacteriophage
using a standard 1SO method (ISO method 10705 - 1).

3.5.2 Detection and Quanitation of Norovirus using Real time PCR

Sample preparation and virus liberation. Digestive glands
(hepatopancreas) were removed from a minimum of six oysters and weighed,;
a minimum gland weight of 3g was required. These were chopped finely and
virus was liberated by adding an equal volume (ml for gram) of proteinase K,
mixing and incubating at 37 + 1°C for 60 + 5 minutes, on a shaking platform.
Following incubation the proteinase K was inactivated by placing the tube in a
water bath at 65 + 2°C for 15 minutes. The sample was then centrifuged at
3000 x g for 5 minutes. The supernatant was then decanted into a collection
tube and labelled. The supernatant contains virus and is now suitable for viral
nucleic acid extraction based on lysis with Guanidine thiocyanate and
adsorption to silica.

Virus RNA extraction. The Boom method was used to extract virus RNA
from the sample. This method is a two step procedure; chaotrophic nucleic
acid extraction followed by ethanol precipitation.

100 pl of sample solution, 5 pl feline calicivirus (FCV, as internal process
control), 900 ul of L6 buffer and 10 pl of glassmilk matrix were added to a 1.5
ml eppendorf tube. This was incubated at room temperature (17-22°C) for 20
+ 5 minutes. The contents were inverted at least every 10 seconds using a
mechanical rotating apparatus.

The tube was then centrifuged for 60 + 5 seconds at 16400 x g to pellet the
glassmilk, then the supernatant was removed and discarded. 1 + 0.1 ml L2
buffer was added and the pellet was re-suspended by vortexing. This was
then centrifuged for 60 + 5 seconds at 16400 x g, the supernatant was again
removed and discarded. This step was repeated once again.

1 + 0.1 ml ice cold 70% ethanol (stored at < -15°C) was added and the pellet
was re-suspended by vortexing. This was then centrifuged for 60 + 5 seconds
at 16400 x g and the supernatant was removed and discarded.

1 + 0.1 ml ice cold 100 % acetone (stored at < -15°C) was added and the
pellet was re-suspended by vortexing. This was centrifuged for 60 = 5
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seconds at 16400 x g and the supernatant removed and discarded. This was
left to air-dry if necessary, to remove all visible traces of solvent.

525+ 1 |1 X TE buffer was added and the tube was vortexed to re-suspend
and disperse the pellet. This was incubated at 56 + 2°C for 10 + 1 minutes to
elute RNA. This was then centrifuged for 120 + 5 seconds at 16400 x g.

Ethanol precipitation. Approximately 50 | of supernatant was transferred to
a tube containing 5 + 0.5 | 3M sodium acetate and 110 +5 | ice cold 100 %
ethanol (stored at < -15°C). This tube was then incubated at < - 65°C for > 2
hours to precipitate the RNA.

Following incubation the tube was centrifuged at approximately 22000 x g for
20 minutes using a refrigerated microcentrifuge pre-cooled to 4 + 1°C. Then
the supernatant was removed and the pellet left to air dry, if necessary, to
remove all visible traces of supernatant.

Reverse transcription of viral RNA. The viral RNA was transcribed to cDNA
using the following procedure. The ethanol precipitated RNA pellet was
resuspended in 8.9 | of RT1 buffer. The reaction tube was placed in a
thermal cycler for 5 minutes at 70 + 1°C, then cooled immediately on ice or a
cool block (0°C). 6.6 | of RT2 buffer was added and the tube was incubated
for 10 minutes at 23°C, 60 minutes at 37°C and 5 minutes at 95°C on thermal
cycler.

Preparation of PCR mixes. 12.5 | £ 0.2 l/reaction Tagman Universal
master mix was added to a 7.5 |/reaction Gl primer/probe mix containing 900
nM JTMG1F, 900 nM JTMG1R and 225 nM JTMG1PROBE in a 1.5 ml
microcentrifuge tube to prepare the Gl real-time PCR mix. This was mixed by
vortexing.
125 |+ 0.2 |I/reaction Tagman Universal master mix was added to a 7.5
I/reaction GII primer/probe mix containing 900 nM COG2F, 900 nM COG2R
and 225 nM RING2PROBE in al.5 ml microcentrifuge tube to prepare the GlI
real-time PCR mix. This was mixed by vortexing.
125 |+ 0.2 |/reaction Tagman Universal master mix was added to a 7.5
l/reaction FCV/IPC primer/probe mix containing 900 nM FCV FWD, 900 nM
FCV REV, 225 nM FCV PROBE and 2.5 pl IPC mix in al1.5 ml microcentrifuge
tube to prepare the FCV/IPC real-time PCR mix. This was mixed by vortexing.

Primers and Tagman probes. All primers and probes were synthesized by
Applied Biosystems (UK) and received lyophilized.

Norovirus genogroup | primers and probe sequences
JTMG1F GCCATG TTC CGITGG ATG

JTMG1R TCC TTA GAC GCC ATC ATC AT
JTMG1PROBE TGT GGA CAG GAG ATC GCAATC TC

Norovirus genogroup Il primers and probe sequences
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COG2F CAR GAR BCN ATG TTY AGR TGG ATG AG
COG2R TCG ACG CCATCTTCATTC ACA
RING2PROBE TGG GAG GGC GAT CGC AAT CT

Feline calicivirus (FCV) primers and probes

FCV FWD GCC AAT CAG CAT GTG GTA ACC
FCV REV GCA CAT CAT ATG CGG CTC TG
FCV PROBE CCC AGG CCA AAT CAA ACA CCG AAT TAA

Real-time PCR procedure. The real-time PCR system used in this laboratory
was the Applied Biosystems 7500 instrument.

Sample locations and Gl and GIlI positive and negative controls were
assigned on a 96 well plate print out. 0.5 I/reaction IPC DNA was added to
the FCV/IPC real-time PCR mix. 20 | of Gl real-time PCR mix was added to
three wells of a 96 well optical reaction plate, 20 | of Gll real-time PCR mix
was added to three wells of the same 96 well optical reaction plate and 20 |
of FCV/IPC real-time PCR mix was added to three wells of the same 96 well
optical reaction plate, per sample analysed.

5+ 0.2 | cDNA was added to each of the wells containing the GI, Gll and
FCV/IPC real-time PCR mixes. 5 = 0.2 | Gl and GII positive control cDNA
was added to each of the wells containing the Gl and Gl real-time PCR mixes
designated for Gl and GII positive control. The plate was sealed with plate
sealer and centrifuged at 1500 x g for 1 minute.

The plate was placed on the sample block of the real-time PCR machine and
subjected to a reaction cycle of 2 minutes at 50°C and 10 minutes at 95°C,
followed by 50 cycles of 15 seconds at 95°C and 1 minute at 60°C.

The results were analysed using the real-time PCR instrument software. Any
sample showing exponential amplification in any of its three replicate wells
was counted as a positive for that genogroup. Results were stored in a
database and converted to PCR units using the procedure detailed below.

Internal process control. In order to ensure the efficiency of the RNA
extraction, a control was used. Feline calicivirus (FCV), which had been
spiked into each sample prior to RNA extraction, is detected in each sample
using specific real-time PCR primers and probe. The acceptable range of Ct
values for the FCV internal process control was determined when each new
batch of FCV was opened. If Ct values greater than the stated range for FCV
were seen this was considered to indicate a reduced vyield of viral RNA
extraction, due to problems at the RNA extraction stage and therefore NV
results were deemed unreliable for the sample. The RNA extraction from the
proteinase k extract, RT-PCR and the real-time PCR analysis was repeated
for the sample if this occurred.

Internal positive control. An exogenous internal positive control (IPC) kit
from Applied Biosystems that contains exogenous DNA and specific primers
and probe, was used during the realtime process. No amplification of the IPC
in the real-time PCR reaction indicated the presence of inhibitory substances
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in the cDNA preparation that prevented amplification of the target cDNA. The
RNA extraction from the proteinase k extract, RT-PCR and the real-time PCR
analysis was repeated for the sample if this occurred.

3.6 Data Analysis

3.6.1 PCR Units

The real-time PCR technique yields a Ct (cycle threshold) value which gives
an indication of the relative virus concentration. The lower the Ct value the
higher the virus titre. Three replicates were tested for each sample. A
conversion to PCR units makes use of the weighting provided by the number
of positive replicates to yield a more usable value.

A PCR unit is converted from the Ct value by assigning a value of 100 PCR
units to a Ct value of 37. An increase in Ct of 1 is considered to correspond to
a dilution of 1 in 2 and therefore a Ct of 38 would be assigned a PCR unit of
50 and a Ct value of 36, a PCR unit of 200. The three replicates are assigned
values in this manner and an average is taken, this is the final PCR unit
assigned to that result. In this way a sample with Ct values of 37, 0, O is given
a PCR unit value of 33.3 whereas a sample with Ct values of 37, 37, 37 would
be assigned a PCR unit value of 100, thereby weighting the fact the sample
tested with three positive Ct values.

3.6.2 Statistical analysis

Statistical analysis was primarily carried out using the Brodgar programme
which uses the statistical language R as its processor with a user-friendly
front end. Simpler analysis was carried out using Microsoft Excel.

Many of the environmental factors were measured continuously. In order to
compare these to microbiological parameters which were measured at a set
time on a single day the environmental factors were averaged to give a single
result for that day. In order to investigate environmental drivers which may
have occurred on a previous day and caused an effect (e.g. it may have
rained 3 days previous to the sample being taken and been dry on the sample
day) the average and maximum or minimum was calculated for up to a week
previous to the date of sampling. These were then used to investigate
relationships between microbiological parameters and environmental drivers.

To investigate the relationships between microbiological parameters and
between microbiological parameters and environmental drivers pair plots were
drawn. If a relationship was apparent and the correlation coefficient was
greater than 0.5 then the parameters were checked for normality, transformed
if necessary and regression analysis carried out. This analysis was conducted
for the amalgamated data from pacific oysters at sites 1, 2 and 3 and also for
the subset from each site individually.

Multiple regression and additive modelling were investigated to analyse
relationships with multiple environmental factors.
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4 Results
4.1 Sanitary Survey

4.1.1 General geography

The bay forms the westerly facing, seaward end to a wide U-shaped, glacial
valley. At the end of the last ice age the floor of the valley was flooded and the
numerous drumlins formed islands and headlands in the bay. The bay itself
can be considered to consist of two sections. The outer bay is a shallow
relatively flat area with an average depth of 20m and the inner bay. The inner
section is a complex series of interlocking bays and islands, with a mean
depth of less than 10m.

The general topography of the bay is presented in Figure 1. The south-shore
is dominated by a mountain that is 756m high. The Northern face slopes to
the sea and allows only a narrow coastal strip to be inhabited. The eastern
coastline of the inner bay is composed of mainly low-lying hills and rural land.
The northern shore is dominated by large hills that slope to the sea and allow
only a narrow coastal strip to be inhabited.

Height
Value

I High : 756

B Low: 1

* Sewage outfall

Figure 1: General topography of the study area surrounding bay. The only
two significant towns on land surrounding the bay are indicated, together with
the location of sewage outfalls. The rivers considered to be significant to the
study, are labelled A to C.
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4.1.2 Human population

The inner bay has two main towns, the larger of which is in the southeast
corner of the bay (town 1) and the other (town 2) in the northeast corner of the
bay. Their position is indicated in figure 1.

The larger town (including surrounds) has a population of approximately
6,600. It is a popular tourist destination and the population can double during
holiday periods. The second town has a population of approximately 600. The
southern shore of the bay has a local population of 567. The eastern shore
has a local population of 1454. The north shore has a local population of 827.
The population density in this area can be considered low in comparison to
the country as a whole.

4.1.3 Rivers

All of the 11 rivers flowing into the bay are short, spate rivers with the
exception of the largest river which enters the sea in the northeast corner (Fig.
1). Runoff is, in general, from poor quality soils typical of mountainous
regions. The catchments of all the rivers are exposed to largely rural
influences. Two rivers A and C (Fig. 1) also run through the two towns, and
are therefore exposed to rural and urban influences.

4.1.4 Wastewater treatment

There are wastewater treatment plants which treat sewage from the two
towns in the inner bay. Town 1 in the Southeast has been served by a
recently commissioned WWTP since 2003, the position of the WWTP and
outfall is shown in figure 1. The outfall is located 50m from the shore and the
release of treated effluent is tidally balanced, releasing 3 hours either side of
high-water. The WWTP treats sewage from a network covering the majority of
the town’s inhabitants. The plant provides secondary treatment involving
filtration, primary settlement, aeration and secondary settlement.

The sewage system in town two collects the wastewater from most of the
town’s inhabitants and transports this to two septic tanks on the banks, north
and south of the river. These septic tanks are considered to be in a poor state
of repair. A treatment plant is planned for the town but is not expected to be
completed before 2008.

4.1.5 Industrial inputs

No industry that would influence on the microbial quality of the waters in the
bay was identified.

4.1.6 Animal population

Animal numbers and distribution are shown in figure 2. The data was obtained
from a survey conducted by the Central Statistics Office in 2002 and since
then a programme of destocking has been undertaken which should have
greatly reduced the number of animals.
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Figure 2: Distribution of cattle and sheep in the bay and catchment. Figures
obtained from a survey conducted in 2002 by the central Statistical Office.

4.1.7 Aquaculture industry

The aquaculture industry is largely located in the sheltered waters of inner bay
(Fig. 3). The oyster aquaculture industry is concentrated in the inter-tidal
areas, on the south and north shores.

There are thirty-five shellfish aquaculture licences within the bay. Of the 35
licences issued, 28 are for Pacific oysters; four are for scallops of which one is
also for abalone, two are for rope mussels and one for bottom mussels. There
is one main mussel growing site in the middle of the bay and one proposed for
the outer bay. The mussel licence in the southeast of the bay is not in use at
present. The total area covered by aquaculture licences for shellfish is
approximately 180 ha. The average production and value per annum from
1999 to 2004 was: native oysters, 10 tonnes valued at 43,000, Pacific
oysters, 582 tonnes valued at 925,809 and rope mussels, 313 tonnes valued
at 210,661.

Beds of native oysters are dispersed around the shallows of the inner bay,
covering approximately 809ha. The bay was designated under an oyster
fishery order in 1979 which gives control of the fishery to the local cooperative
society. The harvest period and catch is controlled by the co-op and the
fishing effort is shifted from bed to bed, in rotation. The native oyster
population is infected with the bonaemia parasite and catches have been
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decreasing in recent years. In 2006 only approximately 8 tonnes were taken
from the bay.

Figure 3: Aquaculture licenses and native oyster beds in the Bay.
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4.1.8 Classification of shellfish growing waters

The bay is classified for shellfish production and E. coli data was available for
the period since 1997. The bay is split into five separate beds and the
classification which was in operation during the study period is shown in figure
4. There were 10 sampling sites used at different times for the classification
procedure. The results from the major sampling points are shown in figure 4.

Figure 4: Areas classified for shellfish production and the sample sites used
to monitor the sanitary conditions for compliance. The results from major
sampling sites are indicated with the proportion of A and B results tested at
those sites. Double hatched areas are category B, single hatched areas are
category A.

4.1.9 Hydrography

The hydrography of the inner bay is complex. A hydrographic model was
available during the study but was not considered detailed enough to make an
assessment of the movement of contamination. However the model was used
to investigate the extent of the influence of the main rivers in the bay and their
impact on salinity levels. (Fig. 5). Freshwater inputs from the rivers in the
Northeast and Southeast of the bay were demonstrated to influence salinity
levels within the inner bay area.
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Figure 5: Showing a screenshot from a hydrographic model output which
indicates the maximum extent of the freshwater input from the main rivers in
the bay. Red areas indicate full salinity, green and blue areas decreased
salinity/increased freshwater input.

4.2 Assessment of risk of viral contamination and selection of
monitoring sites

The data and information gathered during the sanitary survey was
interrogated to make an assessment of the likely risk of contamination in each
area of the bay. Results of this assessment were used to select sites for
microbiological and environmental monitoring during the second phase of the
project. From the data gathered it was clear that the most significant risk of
viral contamination was associated with the WWTP outputs from the two
towns on the bay. No other significant human viral inputs were found within
the bay. Although there were a relatively small number of houses in the bay
which were served by septic tanks, it was considered that the risk of
pathogenic virus inputs to the bay from this source was low. This was on the
basis of the low population density present and the fact that correct operation
of the septic tank systems and suitable set-back distances from watercourses
influencing the bay should minimise this risk.

For the purposes of the study, the area on the south shore was believed to be
influenced by the WWTP serving town 1 and was identified for further study.
To ensure that arrange of contamination levels were covered, three
monitoring points were selected in this area at varying distances from the
contamination source.

In addition to the study area in the south of the bay a sample point was also

established in the Northeast of the bay close to town two. Principally this point
was to be used a control site which would provide ongoing verification of
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recently introduced laboratory virus detection methods. This site was
considered to provide a high chance of demonstrating viral contamination due
to the fact that the sewage from the town was untreated. The site was not
considered as a suitable area for the principal focus of the study as the
discharge of untreated sewage effluent into marine environments will be
phased out in the near future under EU regulation. Therefore the site was
considered to be unrepresentative of the future situation in Ireland.

All the sampling locations are shown in figure 6. and their characteristics
detailed below and summarised in table 1.

Site 1 was located 300m from the outfall of the WWTP from town 1 and within
the estuary of the river which flows through the town. It was considered to be
at high risk of viral contamination.

Site 2 was located 3,500m to the West of the outfall of the WWTP serving
town 1 and was not considered to be influenced by any immediate local
population. It was located close to the main channel into town 1 and could
therefore be within the influence of tidally transported contamination from the
town. There was a relatively low level of freshwater input from river B, which
enters the bay to the southeast of the site. This freshwater input was
considered to present a low risk of viral contamination as it drained mostly
rural catchment. The historical data collected for classification purposes
indicated a site with low microbial loading. This site was considered at a
medium risk of viral contamination due to proximity to the outfall and position
in the main channel.

Site 3 was located 4,500m West of the outfall from the WWTP serving town 1
and was outside of the main flow of the channel. It was therefore considered
unlikely to be influenced by contamination from the town. The local human
population is low but there were significant numbers of sheep and cattle in this
area. There was little direct freshwater input to the area. The habitation in the
area is all one off houses relying on septic tanks. Historical data indicated that
the area had a low microbial loading. This site was therefore considered to be
at low risk of viral contamination.

Site 4. was located 1,500m from town 1. in the narrow river channel
downstream of the town and was therefore directly within the influence of the
sewage effluent from the town septic tanks. The river is the largest in the bay
but drains a largely rural catchment before entering the bay at town 2.
Historical results from the area indicate a high microbial load. This site was
considered at high risk of viral contamination due to it's location in the main
channel from the river and influenced by untreated sewage.

Monitoring sites 1 and 4 were stocked with both Pacific and native oysters
whereas sites 2 and 3 were only stocked with Pacific oysters.
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Figure 6: Showing the location of the 4 sample sites chosen as monitoring
points for viral contamination.
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Table 1: Key characteristics for each sampling informing potential risk

of viral contamination.

Site 1 2 3 4

Species Pacific Pacific and | Pacific Pacific
and Native | Native Oysters Oysters
oysters oysters

EU Classification Category | On cat. Category A | Category
B A/B B

boundary

E. coli results: None 24/26 Cat | 178/193 7/13 Cat A

available | A results Cat A results
results

Distance to WWTP 300m 3500m 4500m 1500m

outfall

Local population 6600 Minimal Low 600

Freshwater input River A River B Very little River C
average (av. flow freshwater | (average
flow 0.96 |1.5m%s) |input flow 5.2
m>/s) m>/s)

Animal population 1300 Some local | Some local | 3200
sheep and | animals sheep sheep and
1200 farming 1900
cattle cattle

Potential risk of virus

contamination High Medium Low High

4.3 Environmental data

4.3.1 Wastewater treatment plant discharge volumes

For the WWTP serving town 1 the volume of influent, via the rising foul main,
varies day to day according to local population and rainfall. The plant is
designed to treat up to 3 times dry weather flow, after this the influent is
diverted to storm water holding tanks. The contents of the storm tanks are
returned to the treatment cycle if the influent volume reduces. If the volume
entering the plant does not reduce then the storm tank overflows directly to
the tidal tank. This volume is not recorded but an approximate estimation can
be made can be made by calculating the volumes diverted to the tank and
then returned to the treatment cycle which are recorded.
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The level of treatment received by the incoming sewage depends largely on
the retention time in the plant which is in turn dependant on the influent
volume. During the study period the plant was operating at only two-thirds
capacity in order to keep the biological treatment processes operating
correctly. The plant has 3 aeration basins, each with a capacity of 1050m°.
Working at two thirds capacity means that there is a working volume of
2100m?®. During periods of average flow (4200m®/day) the retention period is
approximately 12 hours. During periods of higher flow this retention time is
reduced in proportion to the incoming volume. The maximum inflow volume in
one day during the study period was 13100m?. Of this volume, 4675m?® was
diverted to the storm water storage tank and 2088m? of this overflowed. The
remaining volume, 8425m? was treated in 2100m? of treatment capacity which
led to a retention time of approximately 6 hours.

Retention time may have an affect on the level of viral reduction during the
treatment process and therefore effluent with a higher viral concentration may
be released during these periods. So although at high inflow volumes the
treatment plant may not necessarily overflow the treatment may be reduced
considerably.

Treated output volumes and overflow events from the WWTP during the study
period are shown in figures 7 and 8 respectively. The treatment plant
overflowed on four occasions during the study period. On one occasion
(august 2005) the volume of the spill was not known as mechanical failure
meant volumes were not recorded. The largest and most significant overflow
occurred in November (2088m?) with two smaller quantifiable events occurring
in January and May 2006 (141m? and 174m? respectively).

No records of the volumes of untreated sewage released from the sewage
network serving town 2 was available during the study.

WWTP output volume (m3/day) weekly rolling average
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Figure 7 Volume of treated sewage released per day from the WWTP plant.
There is a gap in the data in August due to equipment malfunction.
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Volume of influent diverted to storm tanks (ma)

? | 2088m3  141m3 174m3

‘ Overflow (Vol m3) m High flow ‘

Figure 8: Volume of influent diverted towards the storm tanks. The yellow
triangles indicate the 4 periods when the plant overflowed and the volume
released (the plant was reported to have overflowed during the last week of
August but a mechanical breakdown meant that the volumes were not
recorded). The red squares indicate periods when the inflow increased, some
of this volume was diverted to the storm tanks but nothing overflowed. The
retention time would be lower at these periods and therefore the viral
concentration of the effluent may be higher.
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4.3.2 Rainfall, river flow and salinity

Environmental parameters rainfall, river flow and salinity were recorded. The
weekly average rainfall levels are presented in figure 9. Daily average river
flow data for the three major rivers entering the bay are shown in figure 10.
Manual salinity recordings taken during sampling are presented in figure 11
and continuous automatic salinity recordings are given in figure 12.
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Figure 9. Weekly rolling average of rainfall recorded in both towns in the
study area.
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Daily average flow of river A (m3/second)
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Daily average flow of river B (m3/second)
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Daily average flow of river C (m3/second)
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Figure 10: Daily average river flows from the three main rivers during the
study period. Data provided by Environment Protection Agency automatic
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Salinity (psu)
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Figure 11: Salinity levels recorded manually at each site on the day of

sampling.
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Figure 12. Continuous salinity levels recording at Site 2 and Site 3.

No significant relationship was found between salinity and river flow and
rainfall (table 2). Unfortunately the salinity probes were only placed on site in
February. During the 5 months that continuous automatic salinity recordings
were taken two significant low salinity levels events were recorded, one in
early March and one at the end of May. There was also a slight drop in salinity
in early February.
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Table 2: Correlation between salinity measured by automatic recorder and
river flow, WWTP inflow and rainfall.

Site 2 average daily salinity |Site 3 average daily salinity
Site 2 average daily salinity 1.00
Site 3 average daily salinity 0.73 1.00
River A Flow -0.34 -0.48
River B Flow -0.12 -0.26
Town 1 rainfall 0.22 0.04

4.3.3 Pharmacy data

Data was collected on the sale of diarrhoea and nausea medicine from
pharmacies in the main town. Sales data is shown in figure 13. Expected
increases in sales during the high risk winter period were not observed.
Unexpectedly a peak in sales was observed in the summer and it was
possible this was a result of advanced buying of medicine prior to taking

foreign holidays. Sales data did not appear to be a reliable assessment of the
background health of the community.
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Pharmacy 1 monthly accumulated counter sales
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Pharmacy 3 monthly accumulated counter sales
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Figure. 13. Monthly accumulated over the counter sales of anti diarrhoeal
medicine. No data was available for pharmacy 3 in the month of January
2006.
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4.4 Microbiological results

At times during the monitoring phase of the project high mortalities were
observed among the native oysters. Given these high mortality rates in the
native oysters it was assumed that they were stressed during some of the
period. This would affect filtration activity and consequently microbiological
levels within the shellfish. Therefore, given the uncertainty of the results
obtained in native oysters they are not presented here.

Summary data of results of microbiological monitoring for the Pacific oysters
in sites 1-3 are presented table 3. Overall the results confirm the assessed
relative risk of viral contamination in shellfish in the sites derived from the
sanitary survey.

Geometric mean levels of E. coli confirmed site 1 as the most contaminated
site. However geometric mean levels of E. coli showed no difference between
sites 2 and 3. By contrast significant differences were observed between
geometric mean levels of FRNA bacteriophage at all sites with site 1
concentrations ten-fold greater than site 2 which in turn was 3 fold greater
than site 3. Maximum levels of FRNA bacteriophage observed at each site
also indicated a gradation in contamination levels. The results confirm that
the major cause of viral contamination in the study area was the WWTP
serving town 1.

NoV contamination at all three sites showed similar patterns to FRNA
bacteriophage levels. The number of NoV positive samples detected
progressively decreased at sites 1, 2 and 3 respectively. Highest levels of
NoV, as judged by maximum PCR unit levels observed, were also observed at
site 1 then site 2 with maximum PCR unit levels of only 21 (Gl) and 32 (Gll)
observed in oysters from site 3. These represent extremely low levels and can
be considered to be on the limit of detection of the assay. Differences were
also observed between levels of Gl and GlI NoV at each of the three sites with
GlI strains more prevalent than Gl which is consistent with greater frequency
of Gll infections observed in the community.

32



Table 3. Microbiological data from Pacific oysters at sites 1, 2 and 3.

Site 1 Site 2 Site 3
E coli (MPN 100g™) n=41 n=36 n=41
Maximum level 3500 5400 2400
Geomean 406 30 28
FRNA phage (pfu 100g™) n=37 n=33 n=38
Max 40,050 6,043 825
Geomean 406 40 14
NoV Gl n=40 n=36 n=42
Max (PCR units) 544 54 21
% positive 60 36 10
NoV GlI n=40 n=38 n=42
Max (PCR units) 2471 325 31
% positive 78 31 14

The microbiological results are plotted by for each of the individual sites in
figures 14 to 19. A high frequency of NoV positive oyster samples were
observed at site 1. Although NoV contamination was present for most of the
year (fig. 15.) levels showed a clear seasonal trend with peak PCR unit levels
observed during the winter period and in particular January and February of
2006. Despite the demonstrated high risk of viral contamination and the
proximity of the site to the WWTP, E. coli levels were consistent with a
category B classification throughout the year. No seasonal trend was
observed in E coli levels at the site. E. coli can be considered to considerably
underestimate the risk of viral contamination at this site. This may be as result
of differences in the efficacy of the treatment provided by the WWTP for
viruses and bacteria. In contrast to E. coli FRNA bacteriophage were
observed at high levels and demonstrated a seasonal trend with peak values
generally observed during the winter months.

At site 2, both the frequency of NoV contamination and levels were
significantly lower than at site 1 and contamination was absent for much of the
time (fig 17). Again NoV contamination showed a strong seasonal trend and
was absent outside of the period from October through to February except for
one occasion in April. Norovirus occurrence in oysters at the site appeared to
be linked to periods of peak WWTP influent flow causing overflows of
untreated sewage. The initial occurrence of NoV at the site coincided with a
storm event in October of 2005 resulting in sewage overflowing at the WWTP
site. A sewage overflow event in January also appeared to coincide with a
prolonged spell of NoV contamination at the site (fig 17). This contamination
appeared to last through until the middle of February. During this period
despite no further sewage overflows levels of GIl NoV appeared to increase in
oysters at the site. This may be a genuine increase in virus contamination at
the site at this time caused by further unidentified contamination. Alternatively
it may be a feature of the fact that all the virus levels observed during the
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period can be considered to be very low. Apparent differences in NoV levels in
the shellfish sampled at this time may in fact be an artefact of the accuracy of
the relative quantitative aspects of the assay at this level. Prolonged NoV
contamination of oysters compared with the first sewage overflow event may
be a result of decreased water temperatures which have been demonstrated
to significantly reduce the rate of viral elimination from shellfish.

At site 3 NoV contamination was observed only rarely throughout the study
period (fig. 19). When NoV contamination was observed this was at very low
levels which can be considered to be close to the limit of detection of the
assay. In the site NoV contamination again appeared to coincide with sewage
overflow events related to increased influent levels at the WWTP in October
2005 and January 2006.

Untreated sewage also overflowed from the WWTP on two further occasions
during the study period, once in August 2005 and again in May 2006. No NoV
contamination in sites 2 and 3 were observed during these two events. This
would coincide with the fact that NoV associated iliness in the population at
this time would be lower at this time of year given the usual seasonal course
of infection in community. Therefore levels of NoV in sewage effluent at this
period would be considerably reduced compared with levels during the winter
period.

In summary clear differences in both the frequency and level of NoV
contamination was found at all three monitoring sites. The results appear to
confirm the WWTP as the only significant source of NoV contamination in this
area of the bay as suggested by the sanitary survey results. Results suggest
that in sites 2 and 3 that, despite being 3.5 and 4.5km respectively from the
WWTP sites, NoV can be linked with the overflow of untreated sewage at the
WWTP. Clearly the identification and management of such events is a major
control point when considering risk management procedures in shellfisheries.
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Figure 14 E. coli (MPN 100g™) and bacteriophage (pfu 100g™) levels in
pacific oysters from site 1. The category A and B classification limits are
indicated. The weeks not sampled are indicated.
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Figure 15 Norovirus levels (PCR units) for Gl and GlI in Pacific oysters at for
site 1. The weeks not sampled are indicated. The inflow volume to the WWTP
and the periods of overflow are indicated.
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Site 2 - Pacific Oysters
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Figure 16: E. coli (MPN 100g™) and bacteriophage (pfu 100g™) levels pacific
oysters from site 2. The category A and B classification limits are indicated.
The weeks not sampled are indicated..
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Figure 17: Norovirus levels (PCR units) for Gl and GlI in Pacific oysters at for
site 2. The weeks not sampled are indicated. The inflow volume to the WWTP
and the periods of overflow are indicated.
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Site 3 - Pacific Oysters
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Figure 18: E. coli (MPN 100g™?) and bacteriophage (pfu 100g™) levels pacific
oysters from site 3. The category A and B classification limits are indicated.
The weeks not sampled are indicated.
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Figure 19 Norovirus levels (PCR units) for Gl and GlI in Pacific oysters at for
site 3. The weeks not sampled are indicated. The inflow volume to the WWTP
and the periods of overflow are indicated.
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4.5 Statistical Data analysis:

The data was analysed for relationships between the monitored
microbiological parameters and between microbiological parameters and
environmental factors. The data for pacific oysters from site 1, 2 and 3 was
amalgamated and analysed and also the subset of data from each site was
analysed separately.

Data was plotted and visually assessed for correlation and correlation
coefficients were generated for non-normal data. Any relationships which
showed a correlation coefficient greater than 0.5 were assessed for normality
and transformed where necessary. Linear regression analysis was conducted
to assess linear relationships.

No strongly significant linear relationships were found between any of the
microbiological parameters and the environmental drivers. Some relationships
were found between microbiological parameters for the amalgamated dataset
such as between bacteriophage and NoV (Bacteriophage vs NV G1:
significant at P = 0.0001, R? = 0.62; Bacteriophage vrs NoV G2: significant at
P = 0.0001, R? = 0.37) and between the two genogroups of NoV (Norovirus
G1 vrs G2: significant at P = 0.0001, R? = 0.57). However these relationships
were largely driven by the data from site 1, there were too few virus results
from site 2 and site 3 to allow regression analysis of these relationships
separately.

No relationship could be shown to exist between E coli levels and any of the
other monitored microbiological parameters, either for the amalgamated
dataset or the separate subsets.

Some weak relationships were found to exist between bacteriophage and
certain environmental drivers for certain sites. There was a weak relationship
between bacteriophage and salinity for sites 2 and 3 (Site 2: Significant @ P =
0.002, R? = 0.37; Site 3: Significant @ P = 0.004, R?> = 0.29). Further
relationships were not considered significant.

It was thought that the relationships between microbiological parameters and
environmental drivers may be complex and the use of multiple parameter
modelling was investigated using both multiple regression and generalised
additive modelling. The environmental factors measured were found to have
high degrees of autocorrelation and therefore it was not possible to conduct
multiple parameter modelling on this dataset.

38



5 Discussion

This study represents the first use in Ireland of a real-time PCR method to
provide relative quantitative data on Norovirus contamination in shellfish. The
aim of the project was to identify the major environmental factors leading to
NoV contamination in oysters. The method successfully adopted strategies for
guantitation and quality control developed in the REFHEPA project within
SEAFOODplus and produced robust and reliable data which could be used
for this purpose. The virus and other microbiological data gathered during the
study confirmed the initial assessment made following the sanitary survey of
the potential for viral contamination in oysters at each location throughout the
bay. This study therefore indicated that data from sanitary surveys could be
used to accurately estimate the relative risk of viral contamination in different
shellfish production areas within a bay. This could be extended to assess the
relative risk of viral contamination in other shellfish production areas as well.

The initial sanitary survey conducted in the bay was comprehensive and
made extensive use of data held by a number of national and local agencies.
Data gathering for this was time consuming and the practicality of conducting
such an extensive exercise in all shellfish production areas in Ireland is
guestionable. However the recent introduction of EU regulation requires
sanitary surveys to be conducted for all new shellfish production areas from
January 2006 (Anon, 2004). In addition a recently published European Good
Practice guide to microbiological monitoring recommended that this approach
should be extended to all shellfish production sites (Anon, 2006). Given this
there is a prospect that extensive sanitary surveys may now be carried out in
Shellfish production areas throughout Ireland and other European countries.

During the study three major factors were demonstrated to increase the
probability of NoV contamination in shellfish production areas. The most
significant of these was proximity of the shellfish beds to sewage inputs.
Oysters at site one, only 300m from the major WWTP influencing the bay,
was consistently contaminated with NoV throughout the study period. Levels
of NoV in oysters at this site were often high and clearly indicate the
unsuitability of the area for shellfish production. This is despite the fact that
under current regulations oysters from the area could be considered suitable
for human consumption with only minor treatment on the basis of the E. coli
results. No shellfish were commercially harvested and placed on the market
from this area during the study and it is therefore not possible to know to what
extent shellfish from this area would cause infection if consumed. Despite this
it is clear that the frequency and extent of NoV contamination at this site
would preclude the introduction of suitable ongoing active risk management
procedures. Further tertiary treatment of sewage such as UV disinfection may
significantly reduce virus loading in the final effluent. The use of such
treatment in this area may render this site suitable for shellfish production.
However given the high additional costs of disinfection processes this raises
clear cost-benefit issues which require careful consideration.

In the more remote sites (3.5 and 4.5 km respectively from the WWTP) two
additional factors were believed to have a significant effect on the potential
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risk of NoV contamination in shellfish. These were season and overflow of
untreated sewage from the WWTP. At both sites, apart from one occasion,
NoV contamination was only observed during the winter period (October to
February inc.). At site one a clear seasonal increase in levels of NoV was also
observed in the winter months. This is consistent with an expected increase in
NoV levels in sewage effluent at this time due to increased rates of NoV
infections in the population. Annual differences in the incidence of NoV
infection are observed during the high risk winter period (Lopman et al, 2004).
During the winter period of this study a high general incidence of NoV
infections in the population was reported throughout Europe. This may mean
that NoV contamination during the study period was higher than may be
expected in other years. This demonstrates the need to be able to develop
procedures that allow rapid identification of changes in epidemiological
patterns of NoV infections in the community. This could allow increased
vigilance during in shellfisheries during periods of increased risk. During the
study an attempt was made to establish local patterns of gastroenteritis
infection in the community by using diarrhoeal medicine sales data from local
pharmacies. However it was not possible from this data to determine peaks of
infection in the area and thus cannot be considered a suitable way to monitor
NoV infections in the community. The Health Protection Surveillance Centre in
Ireland issues weekly infectious reports which includes data on NoV infections
(http://www.ndsc.ie/hpsc/NotifiableDiseases/WeeklylIDReport/) Although the
data does not provide area specific information it could provide the basis for a
general indication of the incidence NoV infections in the community and
therefore high risk periods on a national basis. Closer links between risk
managers and health professional could provide more timely and specific data
which could be used to inform risk management decisions in shellfisheries.

Norovirus contamination in shellfish at sites 2 and 3 during the high risk winter
period was linked to untreated sewage overflows from the WWTP in the area.
Similar links have been demonstrated previously (Miossec et al, 1998). This
was despite the fact that site 3 was 4.5 km form the WWTP. In these areas it
would be possible to introduce risk management procedures to mitigate the
risk presented to consumers by such events. During this study two such
events occurred which appeared to results in viral contamination of the sites.
If shellfish producers and risk managers were informed by WWTP managers
in real-time of overflow events, risk management procedures could be
introduced in a rapid and timely manner. This could include suspension of
harvesting or increased treatment procedures such as extended depuration
periods at elevated temperature which are more likely to reduce virus levels
(Dore et al 1995) both of these options would have financial implications for
shellfish producers. The time that these additional controls would need to be
applied for may be extended and would depend on the extent of virus
persistence at the site. During the winter and at low temperatures NoV
contamination in shellfish has been demonstrated to persist for up to six
weeks during relaying in pristine waters (Dore et al. 1998). In this study
assuming that the contamination in sites 2 and 3 was due to one-off events
related to sewage overflows, viral persistence was demonstrated up to 6
weeks in situ at site 2. However at site 1 virus levels were lower and persisted
less than a month indicating that initial levels of contamination as well as
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water temperature influence persistence of NoV in shellfish. This concurs with
findings in previous studies (Dore et al. 1998). Following the introduction of
risk management procedures in areas in response to a contamination event
the widespread introduction of real-time procedures could facilitate NoV
monitoring to determine the period additional controls should be applied. The
significance of overflows of untreated sewage from WWTP on NoV
contamination in shellfisheries demonstrated in this study indicates the
importance of developing close links between WWTP operators and shellfish
producers and risk managers. Characterisation of the impact of WWTP
overflows in shellfisheries should be determined on a site-by-site basis.
Where impacts are demonstrated to impact shellfisheries early warning
systems to alert interested parties when such events occur could be
developed.

During this study the risk of NoV contamination in shellfish was determined by
detecting NoV in shellfish using newly introduced procedures. However the
link between NoV contamination in the shellfish and the risk of infection to
consumers has not been made. No reports of illness from commercially
harvested shellfish at site three were obtained during the study period. Site 1
and 2 were not commercially harvested during the study period. Norovirus
levels detected in shellfish at sites 2 and 3 were often low and may be
considered to be on the limit of detection of the assay. The risk to consumers
of shellfish contaminated with these low levels of viruses is unknown. The
ability of NoV to cause infection may be influenced by the level present
(infectious dose), viability of the virus and the strain present. Sufficient
uncertainty remains in relation to the significance of low-level NoV real-time
PCR results to prevent an assessment of the level of risk of infection
associated with such shellfish to be made. It is recognised that this is an area
that needs further investigation before the full benefit of the introduction of the
real-time PCR procedures can be realised.

Although, long-term the most effective way forward to control the health risks
associated with shellfish consumption is reduction of levels of sewage initially
impacting shellfisheries at source (Pommepuy et al., 2004), there is an
immediate need to implement active risk management procedures. In moving
towards developing active risk management procedures, this study
demonstrates that the identification of factors leading to NoV contamination in
shellfish is possible using new real-time PCR methods for viral contamination.
This information can be used to determine when intervention measures
should be introduced to limit the exposure of contaminated shellfish to
consumers. However, as demonstrated in this study, not all sites are suitable
for the introduction of intervention controls because of the almost continuous
incidence of NoV contamination despite compliance with the existing E. coli
standard. Therefore a pre-requisite for the use of active risk management
procedures is that shellfish harvesting areas should be relatively free from
sewage pollution and subject to only intermittent NoV contamination.
Therefore a first step in developing site-specific risk management procedures
is extensively characterise the shellfishery in question. In this study the
sanitary survey successfully identified sites at less risk of NoV contamination.
Sanitary surveys in other area could also be used to determine areas likely to
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be impacted by intermittent contamination. Where intermittent NoV
contamination was observed this was closely linked to discharge of untreated
sewage as result of storm events. Procedures for rapid identification of these
events and communication to relevant shellfish producers and risk managers
is a key step in identifying high risk periods requiring intervention to manage
the risk. Developing these links represents a major challenge requiring
resource and commitment from all parties. The adoption of appropriate
management options in each area will depend on local circumstances and the
level of viral contamination. The introduction of real-time PCR procedures
allow the effectiveness of the control measures in preventing significant NoV
levels reaching consumers to be monitored as well as how long the extra
procedures should be in place. However, further work is required to relate the
risk of viral illness to virus levels found in shellfish to determine whether
complete removal of virus is required to provide a safe product or whether
there is an acceptable virus level which can be considered to present an
acceptable level of risk.

6 Conclusion and recommendations

1. Real-time PCR procedures provided an accurate and robust tool to
determine the level of viral contamination in oysters.

2. The sanitary survey accurately predicted the relative risk of NoV
contamination in oysters at each site within the study area.

3. The three major factors influencing NoV contamination were;

proximity to the sewage input

season, with winter representing a higher risk

overflow of untreated sewage from the WWTP due to high
rainfall events.

4. The introduction of active risk management procedures is only
appropriate in areas subjected to intermittent contamination. Sanitary
surveys can provide an initial assessment of the likely risk of NoV
contamination and determine the suitability of a shellfish production
area for the application of active risk management procedures.

5. One site was shown to be almost continuously contaminated with NoV
through the study period and was considered unsuitable for shellfish
harvesting. This was despite complying with European hygiene
regulations for shellfish harvesting as judged by E. coli data.

6. Intermittent NoV contamination in two sites appeared to be associated
with untreated sewage from overflows. These events could be used to
trigger management action at those sites. Close links between WWTP
managers and shellfish producers and risk managers should be
developed to facilitate this.
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7. The highest incidence and levels of NoV contamination in shellfish
occurred during the winter months. Closer links between health
professional and shellfish risk managers should be developed to more
accurately determine high-risk periods from surveillance of outbreak
data.

8. Further studies are urgently required to establish the link between NoV
levels observed in shellfish and health risk in consumers. Such studies
will indicate the level of management and treatment required to provide
an acceptable risk in shellfish.
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Appendix A: Sample details, when and where taken and also data recorded on

the day.

Sample Site Date |Time Weather Sea temp °C |Salinity (psu)|Turbidity (m)| Tide (+ after HW)
Site 1 02-Aug-05|08.05 Calm, Cloudy 14 >7m +3.5
Site 1 09-Aug-05|11.10 Calm, Cloudy 15 >6m +2
Site 1 15-Aug-05|12.55| Cloudy, Westerly F4 17.2 33.6 >6m -1
Site 1 22-Aug-05{10.25| sunny, westerly, F4 15.5 3m +2.5
Site 1 29-Aug-05|13.20| sunny, westerly, F4 17 32.6 3.5 -15
Site 1 05-Sep-05|11.00 sunny, calm 17.6 33.1 5 +3.5
Site 1 12-Sep-05(11.55 Sunny, calm 16.4 33 >6 0
Site 1 20-Sep-05| 9.45 Cloudy, F3. NW 14.6 33.2 5 +2
Site 1 03-Oct-05 | 9.00 12.2 +2.5
Site 1 10-Oct-05 {13.30 12.2 30.2 4 +3
Site 1 17-Oct-05|10.30 east F2-3 +4.5
Site 1 24-Oct-05|12.20| F5 SW Overcast 12.5 31 4 +1.5
Site 1 01-Nov-05|08.40| F3 Westerly Fair 9.9 154 4 +4
Site 1 07-Nov-05|11.05| Cloudy F4-6 SE 9 25 3 +2.5
Site 1 14-Nov-05(15.40| Cloudy F6 West 9.5 24 3 -0.5
Site 1 21-Nov-05|11.20| Sunny and calm 7.7 30 5 +3
Site 1 06-Dec-05|10.40| Sunny and calm 6.4 26.3 5 +2
Site 1 12-Dec-05(12.30| Sunny and calm 8.0 28.6 +3.5
Site 1 19-Dec-05(10.30| Sunny and calm 8.3 30 +2.5
Site 1 09-Jan-06 [13.15 SW F5 Cloudy 5.8 30.7 0
Site 1 17-Jan-06|10.40 SW F4-5 +3.5
Site 1 23-Jan-06|12.50 SW F3 8.1 26.3 +2
Site 1 30-Jan-06| 9.20 | E F3-4 Freezing 3 +3.5
Site 1 06-Feb-06|12.45 SW F2-3 7.2 +1
Site 1 13-Feb-06| 9.10 calm 8.5 3 +3
Site 1 20-Feb-06(10.30 calm F1 east 6.7 30.5 5 +1
Site 1 27-Feb-06 (15.15 West F3-4 6.3 32.1 5 -2
Site 1 06-Mar-06|11.50 Calm, cold >6 +2
Site 1 14-Mar-06| 9.15 Calm 8.7 16.5 2 +4
Site 1 20-Mar-06{11.30 F2-3 East 6.9 31.6 6 +3
Site 1 27-Mar-06 (14.55| West F3-4 Cloudy 9.2 30.5 5 -2
Site 1 03-Apr-06 |12.00 West F 4-5 9 30 4 +2
Site 1 10-Apr-06 (14.00f West F4 Cloud 9.4 27.2 5 -3
Site 1 18-Apr-06 [11.25| West F3 Cloud 10.6 304 +2.5
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Site 1 24-Apr-06|13.25 F5 SW Cloud 115 30.9 6 -2.5
Site 1 08-May-06

Site 1 15-May-06(11.00 SE F4 Rain 13.6 314 6.5 +3.5
Site 1 29-May-06| 9.40 N F5 Sun 12.4 28.8 45 +2
Site 1 06-Jun-06 |12.55| F3 west sun warm 19.7 30.3 5 -2
Site 1 13-Jun-06 [10.55 F4 west cloud 14.9 32.2 4 +3.5
Site 2 02-Aug-05|08.15 Calm, Cloudy 14 >7m +3.5
Site 2 09-Aug-05|11.30 Calm, Cloudy 15 >6m +2.5
Site 2 15-Aug-05|12.40| Cloudy, Westerly F4 17.2 34.4 >6m -15
Site 2 22-Aug-05|11.05| sunny, westerly, F4 155 3m +3
Site 2 29-Aug-05{12.35| sunny, westerly, F4 16.7 34 3.5 -2.5
Site 2 05-Sep-05|11.15 sunny, calm 17 33.6 5 +3.5
Site 2 12-Sep-05(12.15 Sunny, calm 16.3 33.9 >6 0
Site 2 20-Sep-05(10.00| Cloudy, F3. NW 14.9 34 5 +2
Site 2 03-Oct-05 |10.15 12.4 3 +4
Site 2 10-Oct-05 |12.45 12.3 32.9 4 +2
Site 2 17-Oct-05 |09.30 east F2-3 13.3 33.7 4 +3.5
Site 2 24-Oct-05 |12.55| F5 SW Overcast 12.6 32.2 4 +2
Site 2 01-Nov-05|09.00| F3 Westerly Fair 10.8 30.2 4 +4.5
Site 2 07-Nov-05|11.45| Cloudy F4-6 SE 9.7 30.7 3 +3
Site 2 14-Nov-05(15.20| Cloudy F6 West 10.2 314 3 -0.5
Site 2 21-Nov-05|11.50| Sunny and calm 8.5 32.3 5 +3.5
Site 2 06-Dec-05|10.25| Sunny and calm 7.4 32.2 5 +2
Site 2 12-Dec-05(12.15| Sunny and calm 8.4 30.9 +3.5
Site 2 19-Dec-05(10.00f Sunny and calm 8.5 31.8 +2
Site 2 09-Jan-06|12.50| SW F5 Cloudy 6.8 33.2 -5
Site 2 17-Jan-06|11.00 SW F4-5 7.6 +4
Site 2 23-Jan-06 |11.35 SW F3 8.3 31.4 +.5
Site 2 30-Jan-06| 9.30 | E F3-4 Freezing 3 +3.5
Site 2 06-Feb-06{10.30 SW F2-3 7.4 -1
Site 2 13-Feb-06| 9.20 calm 8.4 3 +3.5
Site 2 20-Feb-06|10.00 calm F1 east 6.8 32.3 5 +.5
Site 2 27-Feb-06{15.30 West F3-4 6.5 33.2 5 -2
Site 2 06-Mar-06|12.15 Calm, cold >6 +2.5
Site 2 14-Mar-06| 9.30 Calm 8.6 27.2 2 +4.5
Site 2 20-Mar-06|11.45 F2-3 East 6.9 32.8 6 +3
Site 2 27-Mar-0614.30| West F3-4 Cloudy 9.3 33.2 5 -2.5
Site 2 18-Apr-06 (11.05| West F3 Cloud 10.1 33.2 +2
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Site 2 24-Apr-06|13.15 F5 SW Cloud 11 33 6 -2.5
Site 2 08-May-06

Site 2 15-May-06(11.10 SE F4 Rain 12.9 335 6.5 +3.5
Site 2 29-May-06|10.05 N F5 Sun 12.2 32.1 45 +2.5
Site 2 06-Jun-06|12.30| F3 west sun warm 19.1 31.1 5 -2.5
Site 2 13-Jun-06 (11.05 F4 west cloud 14.6 33.7 4 +3.5
Site 3 02-Aug-05|08.25 Calm, Cloudy 14 >7m +3.5
Site 3 09-Aug-05|11.35 Calm, Cloudy 15 >6m +2.5
Site 3 15-Aug-05|12.05| Cloudy, Westerly F4 17.2 34.5 >6m -2
Site 3 22-Aug-05|11.20| sunny, westerly, F4 155 3m +3.5
Site 3 29-Aug-05{12.20| sunny, westerly, F4 16.3 34.2 3.5 -2.5
Site 3 05-Sep-05|11.45 sunny, calm 17.1 33.9 5 +4
Site 3 12-Sep-05(12.35 Sunny, calm 16.3 34.3 >6 +.5
Site 3 20-Sep-05(10.10| Cloudy, F3. NW 15 34.2 5 +2
Site 3 03-Oct-05 |10.00 12.4 3 +3.5
Site 3 10-Oct-05 |12.30 12.9 33.8 4 +1
Site 3 17-Oct-05 |08.30 east F2-3 13.5 33.8 4 +2.5
Site 3 24-Oct-05 |13.05| F5 SW Overcast 12.6 325 4 +2
Site 3 01-Nov-05| 09.5 | F3 Westerly Fair 11.1 32.2 4 +4.5
Site 3 07-Nov-05|12.15| Cloudy F4-6 SE 10 32 3 +3.5
Site 3 14-Nov-05|15.00| Cloudy F6 West 10.3 32 3 -1
Site 3 21-Nov-05{12.00| Sunny and calm 8.6 32.7 5 +3.5
Site 3 06-Dec-05|10.15| Sunny and calm 7.7 32.9 5 +2
Site 3 12-Dec-05(12.00| Sunny and calm 8.4 31.3 +3
Site 3 19-Dec-05| 9.50 | Sunny and calm 8.7 33.8 +2
Site 3 09-Jan-06|12.30| SW F5 Cloudy 6.9 334 -1
Site 3 17-Jan-06|10.40 SW F4-5 +3.5
Site 3 23-Jan-06 12.20 SW F3 8.1 31.4 +1.5
Site 3 30-Jan-06| 9.45 | E F3-4 Freezing 5.7 3 +3.5
Site 3 06-Feb-06{13.45 SW F2-3 7.5 +2
Site 3 13-Feb-06| 9.40 calm 8.4 3 +3.5
Site 3 20-Feb-06| 9.50 calm F1 east 7.2 333 5 +.5
Site 3 27-Feb-06{15.40 West F3-4 6.9 33.9 5 -2
Site 3 06-Mar-06|12.30 Calm, cold >6 +2.5
Site 3 14-Mar-06| 9.45 Calm 8.6 31.8 2 +5
Site 3 20-Mar-06 {11.55 F2-3 East 7.0 33.4 6 +3.5
Site 3 27-Mar-06(15.10| West F3-4 Cloudy 8.8 33.7 5 -2
Site 3 03-Apr-06 {12.30 West F 4-5 8.8 335 4 +2.5
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Site 3 10-Apr-06 {13.20| West F4 Cloud 9.1 325 5 -3.5
Site 3 18-Apr-06 (10.45| West F3 Cloud 10 33.4 +2

Site 3 24-Apr-06|12.45 F5 SW Cloud 11 33.2 6 -3

Site 3 08-May-06

Site 3 15-May-06(11.30 SE F4 Rain 12.6 33.8 6.5 +4
Site 3 29-May-06|10.30 N F5 Sun 12.2 331 45 +3

Site 3 06-Jun-06|12.00| F3 west sun warm 18.4 32.8 5 -3

Site 3 13-Jun-06|{11.30 F4 west cloud 14.4 34.1 4 +4




Appendix B: Daily averageriver flow for 3 main rivers (ma3/sec)

date River A River B | River C
01-Jul-05 1.23867
02-Jul-05 1.11964
03-Jul-05 1.0467
04-Jul-05 1.02444
05-Jul-05 1.38691
06-Jul-05 1.30866
07-Jul-05 1.24011
08-Jul-05 1.27601
09-Jul-05 1.16803
10-Jul-05 1.04198
11-Jul-05 0.9461
12-Jul-05 0.172 0.87983
13-Jul-05| 0.15738 0.80345
14-Jul-05 | 0.14819 0.72078
15-Jul-05 | 0.13168 0.69165
16-Jul-05 | 0.11498 0.15918 | 0.64634
17-Jul-05 | 0.10526 0.14922 | 0.61063
18-Jul-05 | 0.10067 0.17661 | 0.60167
19-Jul-05 0.0963 0.17312 | 0.57691
20-Jul-05 | 0.09924 0.18506 | 0.56621
21-Jul-05| 0.09838 0.19177 | 0.55699
22-Jul-05 | 0.09649 0.17423 | 0.55182
23-Jul-05 | 0.11468 0.34951 | 0.56328
24-Jul-05| 0.16218 0.44577 | 0.57278
25-Jul-05| 0.14387 0.22405 | 0.52749
26-Jul-05 | 0.13082 0.18581 | 0.49988
27-Jul-05| 0.11566 0.17037 | 0.48345
28-Jul-05| 0.10874 0.15857 | 0.46054
29-Jul-05| 0.10262 0.15292 | 0.44009
30-Jul-05 | 0.09381 0.15537 | 0.42902
31-Jul-05 0.0912 0.16581 | 0.41704
01-Aug-05| 0.08594 0.14972 | 0.40213
02-Aug-05| 0.07956 0.1422 | 0.40549
03-Aug-05| 0.0681 0.1491 | 0.40569
04-Aug-05| 0.06379 0.1596 | 0.42425
05-Aug-05| 0.07251 0.20906 | 0.75222
06-Aug-05| 0.07816 0.18043 | 0.98037
07-Aug-05| 0.07706 0.18717 | 1.0506
08-Aug-05| 0.06887 0.15201 | 0.89398
09-Aug-05| 0.06615 0.14558 | 0.81027
10-Aug-05| 0.06138 0.13893 | 0.7565
11-Aug-05| 0.05366 0.13334 | 0.70206
12-Aug-05| 0.04559 0.13278 | 0.68586
13-Aug-05| 0.05421 0.18147 | 0.93647
14-Aug-05| 0.05644 0.15897 | 0.87071
15-Aug-05| 0.05411 0.13996 | 0.76771
16-Aug-05| 0.04713 0.13659 | 0.72748
17-Aug-05| 0.05295 0.14374 | 2.05869
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date

River A

River B

River C

09-Jan-06

0.80663

1.31108

6.80271

10-Jan-06

1.05735

3.21656

8.39944

11-Jan-06

2.1925

4.36055

10.22514

12-Jan-06

2.40782

7.84359

10.0985

13-Jan-06

3.97739

8.23593

13.3147

14-Jan-06

2.95868

3.25043

11.05833

15-Jan-06

3.09285

4.67314

11.31517

16-Jan-06

3.51422

3.88815

13.29337

17-Jan-06

2.66939

3.93418

12.49232

18-Jan-06

2.08385

4.15164

12.6316

19-Jan-06

177771

2.96892

15.45739

20-Jan-06

2.18094

5.56958

14.18515

21-Jan-06

1.89612

1.91133

12.15637

22-Jan-06

1.46974

1.35297

10.10526

23-Jan-06

1.19057

1.06591

8.46578

24-Jan-06

0.9785

0.88646

7.29878

25-Jan-06

0.82232

0.76053

6.33177

26-Jan-06

0.70473

0.65682

5.58144

27-Jan-06

0.61753

0.59462

4.88789

28-Jan-06

0.55226

0.54512

4.26251

29-Jan-06

0.49743

0.49809

3.67403

30-Jan-06

0.45594

0.46389

3.26639

31-Jan-06

0.4187

0.43077

2.91318

01-Feb-06

0.39205

0.42155

2.59272

02-Feb-06

0.37006

0.4101

2.35186

03-Feb-06

0.3465

0.38238

2.18171

04-Feb-06

0.33094

0.35886

2.03762

05-Feb-06

0.30898

0.34208

1.87644

06-Feb-06

0.28893

0.33526

1.71979

07-Feb-06

0.2964

0.51581

1.89935

08-Feb-06

0.34168

0.63379

2.36848

09-Feb-06

0.34393

0.46327

2.2913

10-Feb-06

0.32571

0.37929

2.09164

11-Feb-06

0.30409

0.39013

2.00163

12-Feb-06

0.64369

3.92785

8.93133

13-Feb-06

0.73789

2.19765

8.93727

14-Feb-06

0.99183

3.51001

9.38217

15-Feb-06

2.27524

6.83043

11.4292

16-Feb-06

2.21784

4.40856

13.8328

17-Feb-06

1.88462

2.49314

12.87003

18-Feb-06

1.49758

1.58824

11.11894

19-Feb-06

1.17514

1.07414

9.14983

20-Feb-06

0.91502

0.82316

7.75485

21-Feb-06

0.75174

0.7146

6.63292

22-Feb-06

0.64425

0.62159

5.83219

23-Feb-06

0.56634

0.56305

5.08322

24-Feb-06

0.51083

0.52242

4.5021

25-Feb-06

0.46218

0.46142

3.80626




18-Aug-05| 0.09477 0.55449 | 2.2179

19-Aug-05| 0.09906 0.25998 1.352

20-Aug-05| 0.08902 0.18824 | 1.18894
21-Aug-05| 0.08182 0.16525 | 3.65595
22-Aug-05| 0.07387 0.18817 | 2.32235
23-Aug-05| 0.06271 0.17844 | 2.06332
24-Aug-05| 0.24777 2.04801 | 5.05778
25-Aug-05| 0.33137 0.90268 | 4.03608
26-Aug-05| 0.33217 0.4867 | 3.68835
27-Aug-05| 0.28655 0.32486 | 3.30433
28-Aug-05| 0.2437 0.26513 | 3.69341
29-Aug-05| 0.23042 0.42225 | 4.54019
30-Aug-05| 0.20242 0.24187 | 3.70476
31-Aug-05| 0.18073 0.20602 | 3.24478
01-Sep-05| 0.16445 0.24321 | 2.8422

02-Sep-05| 0.19829 1.38512 | 2.5312

03-Sep-05| 0.17647 0.37233 | 2.20596
04-Sep-05| 0.15463 0.24748 | 1.98969
05-Sep-05| 0.13315 0.21191 | 1.79213
06-Sep-05| 0.11185 0.19507 | 1.62916
07-Sep-05| 0.0997 0.20569 | 1.52235
08-Sep-05| 0.09413 0.22262 | 1.90599
09-Sep-05| 0.10083 0.36749 | 1.83137
10-Sep-05| 0.13898 0.90367 | 2.75598
11-Sep-05| 0.14112 0.32743 | 2.13794
12-Sep-05| 0.12731 0.23162 | 1.90411
13-Sep-05| 0.11211 0.2109 | 3.11129
14-Sep-05| 0.10805 0.30981 | 3.81327
15-Sep-05| 0.13672 1.04973 | 3.77445
16-Sep-05| 0.17771 0.56087 | 3.52465
17-Sep-05| 0.16747 0.29542 | 3.01798
18-Sep-05| 0.14768 0.24272 | 2.60818
19-Sep-05| 0.13583 0.72194 | 4.19315
20-Sep-05| 0.1552 0.5317 | 4.05662
21-Sep-05| 0.15931 1.72471 | 3.68785
22-Sep-05| 0.34134 1.93185 | 5.12709
23-Sep-05| 0.39523 0.82567 | 5.03814
24-Sep-05| 0.37558 1.25144 | 4.63363
25-Sep-05| 0.61815 2.29939 | 6.78483
26-Sep-05| 1.20081 5.92511 | 8.01862
27-Sep-05| 1.73849 2.68801 | 8.84657
28-Sep-05| 1.95011 5.22646 | 10.65228
29-Sep-05| 2.12976 2.12451 | 10.60408
30-Sep-05 1.788 2.30932 | 13.15389
01-Oct-05| 1.55375 2.19581 | 11.12502
02-Oct-05| 1.30023 1.12299 | 9.26203
03-Oct-05| 1.02245 0.7929 | 7.83907
04-Oct-05| 0.84182 0.70507 | 6.68084
05-Oct-05| 0.69027 0.54319 | 5.80417
06-Oct-05| 0.58169 0.44709 | 5.01993
07-Oct-05| 0.51126 0.48297 | 4.33073

50

26-Feb-06

0.41732

0.41596

3.32786

27-Feb-06

0.3829

0.39722

2.90727

28-Feb-06

0.36713

0.40411

2.6659

01-Mar-06

0.36353

0.4369

2.55014

02-Mar-06

0.37675

0.50743

2.51728

03-Mar-06

0.36713

0.4441

2.29823

04-Mar-06

0.35255

0.42374

2.23431

05-Mar-06

0.3611

0.84008

2.42686

06-Mar-06

0.38804

0.85473

2.37036

07-Mar-06

0.60937

2.02675

4.41494

08-Mar-06

1.39153

7.35554

7.71518

09-Mar-06

1.69849

3.44618

6.83478

10-Mar-06

1.86801

3.19602

7.47502

11-Mar-06

1.58326

2.77276

8.65934

12-Mar-06

2.02084

4.92723

11.65401

13-Mar-06

2.55759

8.60311

12.55234

14-Mar-06

2.94026

3.78755

12.38224

15-Mar-06

1.99947

1.66217

10.29509

16-Mar-06

1.46703

1.15174

8.56234

17-Mar-06

1.15662

0.89044

7.25219

18-Mar-06

0.92021

0.73059

6.22635

19-Mar-06

0.76463

0.62974

5.41213

20-Mar-06

0.65526

0.56547

4.70786

21-Mar-06

0.56695

0.49811

4.00233

22-Mar-06

0.50387

0.46164

3.4508

23-Mar-06

0.46041

0.42807

3.06861

24-Mar-06

0.43951

0.41876

2.79101

25-Mar-06

0.43412

0.45665

247231

26-Mar-06

0.77933

2.52428

4.27298

27-Mar-06

1.32788

2.44209

7.75012

28-Mar-06

1.04637

1.13572

6.55228

29-Mar-06

0.79128

0.75928

5.72146

30-Mar-06

1.02871

2.34715

6.64314

31-Mar-06

1.08786

1.5794

6.94153

01-Apr-06

1.1249

1.4492

6.8118

02-Apr-06

1.74083

2.97759

10.27299

03-Apr-06

1.39563

1.11586

7.74653

04-Apr-06

1.0579

0.73807

6.61178

05-Apr-06

0.81955

0.58644

5.73749

06-Apr-06

0.72495

0.6726

5.34187

07-Apr-06

0.69017

0.77684

4.95133

08-Apr-06

0.76454

1.244

5.37418

09-Apr-06

0.75769

0.95481

5.21958

10-Apr-06

0.65546

0.69617

4.50249

11-Apr-06

0.92643

3.66026

8.53819

12-Apr-06

0.93442

1.16528

6.82678

13-Apr-06

0.7694

0.84799

6.09468

14-Apr-06

0.64027

0.64262

5.49604

15-Apr-06

0.55786

0.54659

4.8548

16-Apr-06

0.49394

0.50004

4.27473

17-Apr-06

0.45866

0.49049

3.76283




08-Oct-05| 0.54046 1.0119 | 4.54898
09-Oct-05| 0.56531 1.24601 | 4.51864
10-Oct-05| 1.12566 6.333 8.25158
11-Oct-05| 1.65394 2.63311 | 7.77715
12-Oct-05| 1.29821 1.15311 6.459

13-Oct-05| 1.04504 0.79716 | 5.69698
14-Oct-05| 0.83481 0.6277 | 4.94504
15-Oct-05| 0.70385 0.52484 | 4.31254
16-Oct-05| 0.60983 0.46744 | 3.67925
17-Oct-05 0.5498 0.45611 | 3.29112
18-Oct-05| 1.00794 1.73559 | 3.42635
19-Oct-05| 1.27266 1.28676 | 3.30714
20-Oct-05| 1.08735 1.12389 | 3.01791
21-Oct-05| 2.70965 6.75825 | 5.3876

22-Oct-05| 2.84302 2.75813 | 5.5708

23-Oct-05| 2.44455 1.79745 | 5.55745
24-Oct-05| 5.16683 7.59948 10.37

25-Oct-05 3.7727 2.10582 | 8.46239
26-Oct-05| 2.56877 2.48049 | 8.68221
27-Oct-05| 2.47216 4.37068 | 8.86762
28-Oct-05| 3.43312 3.76024 | 9.91598
29-Oct-05| 3.44658 6.64517 | 9.52728
30-Oct-05| 3.90386 3.56716 | 9.29146
31-Oct-05| 2.82866 2.70028 | 8.80967
01-Nov-05| 2.32327 2.12912 | 8.34313
02-Nov-05| 4.87966 9.30184 | 14.28027
03-Nov-05| 6.51749 6.32609 | 14.77214
04-Nov-05| 4.32547 4.16011 | 14.43234
05-Nov-05| 3.31152 4.11229 | 13.35585
06-Nov-05| 3.07626 4.38485 | 12.40798
07-Nov-05| 3.92574 7.17676 | 14.60393
08-Nov-05| 6.41645 4.93803 | 14.97704
09-Nov-05| 3.94269 2.88042 | 14.11108
10-Nov-05| 3.62763 4.88069 | 17.92052
11-Nov-05| 3.92918 5.11357 | 15.47426
12-Nov-05| 5.18694 6.64026 | 16.37925
13-Nov-05| 3.77926 2.44962 | 13.67177
14-Nov-05| 2.60554 2.09098 | 11.54563
15-Nov-05| 2.18035 3.98476 | 10.99269
16-Nov-05| 1.70767 1.48107 | 8.82563
17-Nov-05| 1.36645 1.14254 | 7.58904
18-Nov-05 1.1488 0.94456 | 6.52111
19-Nov-05 0.966 0.81722 | 5.7802

20-Nov-05| 0.82875 0.70972 | 5.08345
21-Nov-05| 0.72751 0.63668 | 4.44154
22-Nov-05| 0.63266 0.57487 | 3.81904
23-Nov-05| 0.57337 0.52802 | 3.40456
24-Nov-05| 0.52805 0.52012 | 3.04864
25-Nov-05| 0.57066 0.72097 | 4.02938
26-Nov-05| 0.67262 0.83019 | 5.07254
27-Nov-05| 0.69514 0.70485 | 4.82161
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18-Apr-06

0.46769

0.54082

4.76958

19-Apr-06

0.46305

0.54794

4.55966

20-Apr-06

0.4334

0.42024

4.0308

21-Apr-06

0.39155

0.36685

3.55209

22-Apr-06

0.35929

0.37277

3.33755

23-Apr-06

0.35171

0.58237

3.44337

24-Apr-06

0.32929

0.36972

3.29607

25-Apr-06

0.31564

0.55316

5.5099

26-Apr-06

0.29973

0.41215

4.50329

27-Apr-06

0.2841

0.35571

3.97087

28-Apr-06

0.2698

0.30253

3.51841

29-Apr-06

0.25471

0.27556

3.11892

30-Apr-06

0.25475

0.29123

3.58265

01-May-06

0.27516

0.41103

4.1054

02-May-06

0.6149

3.74109

5.55505

03-May-06

1.07834

3.20546

6.63904

04-May-06

0.86318

0.95713

5.79357

05-May-06

0.62966

0.83977

5.08267

06-May-06

0.65753

1.51352

5.20992

07-May-06

0.80128

1.37908

5.29589

08-May-06

0.69162

0.85796

4.76548

09-May-06

0.61649

0.74891

4.49498

10-May-06

0.5237

0.52916

3.88759

11-May-06

0.44781

0.43741

3.47134

12-May-06

0.39648

0.38927

3.11666

13-May-06

0.35409

0.34369

2.76332

14-May-06

0.38212

0.69565

3.00746

15-May-06

0.53218

0.79536

4.49855

16-May-06

0.61226

1.3316

4.82044

17-May-06

1.48791

4.91194

6.61527

18-May-06

4.62904

8.95759

10.37755

19-May-06

3.78277

4.74801

10.14415

20-May-06

5.04393

7.89011

12.69146

21-May-06

3.99691

5.54321

12.14528

22-May-06

4.53052

4.70731

13.69529

23-May-06

2.92441

2.11443

11.61227

24-May-06

2.10068

1.6588

10.33698

25-May-06

1.48371

111162

8.58382

26-May-06

1.42137

2.41317

9.23837

27-May-06

1.20205

1.21667

7.45054

28-May-06

0.92145

0.8617

6.44146

29-May-06

0.73172

0.68404

5.7002

30-May-06

0.59812

0.55289

4.96412

31-May-06

0.50865

0.476

4.26227

01-Jun-06

0.44796

0.41992

3.63348

02-Jun-06

0.39973

0.37348

3.22278

03-Jun-06

0.35781

0.33052

2.831

04-Jun-06

0.32218

0.30041

2.4699

05-Jun-06

0.29387

0.27761

2.2461

06-Jun-06

0.26763

0.2548

2.01046

07-Jun-06

0.24802

0.23894

1.83822




28-Nov-05| 0.68226 0.6705 | 5.22356
29-Nov-05| 0.88712 3.40209 | 7.04211
30-Nov-05| 1.20591 2.16374 | 6.83259
01-Dec-05| 1.49575 3.16254 | 8.36945
02-Dec-05| 1.66497 3.32118 | 10.93462
03-Dec-05 1.8035 3.35041 | 11.00522
04-Dec-05| 2.12775 5.93548 | 11.14159
05-Dec-05| 1.79149 2.20974 | 9.29094
06-Dec-05| 1.62564 24184 | 8.47668
07-Dec-05| 1.80391 3.94845 | 10.21256
08-Dec-05| 2.06701 2.96827 | 10.67057
09-Dec-05 1.9424 2.76052 | 12.35791
10-Dec-05| 1.52117 1.49459 | 11.80525
11-Dec-05| 1.22159 1.19058 | 9.74949
12-Dec-05| 1.00067 1.05587 | 8.34492
13-Dec-05| 0.84026 0.85373 | 7.1689

14-Dec-05| 0.74196 0.87903 | 6.28349
15-Dec-05| 0.67691 0.80444 | 5.63452
16-Dec-05| 0.70834 1.36658 | 6.07805
17-Dec-05| 0.69621 0.92789 | 5.2686

18-Dec-05| 0.66745 1.37986 | 5.05604
19-Dec-05| 0.71195 1.15354 | 5.08087
20-Dec-05| 0.64661 0.78368 | 4.63086
21-Dec-05| 0.68419 1.08261 | 4.45611
22-Dec-05| 0.68984 0.90144 | 4.20295
23-Dec-05| 0.7214 1.66292 | 5.8603

24-Dec-05| 0.91282 2.14136 | 6.5356

25-Dec-05| 0.85189 1.0962 | 5.69399
26-Dec-05| 0.73284 0.8043 5.0541

27-Dec-05| 0.63813 0.67011 | 4.50854
28-Dec-05| 0.56751 0.58234 | 3.89385
29-Dec-05| 0.70216 0.7709 | 4.55165
30-Dec-05| 1.18607 3.67969 | 9.10488
31-Dec-05| 2.74108 8.4483 |10.04132
01-Jan-06| 3.43327 5.7965 | 11.58185
02-Jan-06| 2.25294 1.94082 | 9.25468
03-Jan-06 1.7033 2.16354 | 9.53465
04-Jan-06 1.3038 1.34521 | 7.94162
05-Jan-06| 1.11465 2.37704 | 7.61933
06-Jan-06| 1.32787 2.72282 | 9.43123
07-Jan-06| 1.15148 1.30295 | 8.04639
08-Jan-06| 0.92316 0.98135 | 6.9354
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08-Jun-06

0.23126

0.22572

1.70427

09-Jun-06

0.21085

0.20379

1.58351

10-Jun-06

0.19405

0.19004

1.42734

11-Jun-06

0.18035

0.18734

1.28179

12-Jun-06

0.17322

0.20194

1.16173

13-Jun-06

0.1653

0.2114

1.11758

14-Jun-06

0.15596

0.1838

1.05176

15-Jun-06

0.14784

0.17199

0.98491

16-Jun-06

0.14473

0.174

0.96374

17-Jun-06

0.14522

0.17486

0.93266

18-Jun-06

0.15053

0.19454

1.03797

19-Jun-06

0.15522

0.24454

1.26108

20-Jun-06

0.15469

0.28152

1.33192

21-Jun-06

0.15852

0.37041

1.49063

22-Jun-06

0.15793

0.28743

1.42702

23-Jun-06

0.15142

0.21715

1.35848

24-Jun-06

0.13765

0.18849

1.26824

25-Jun-06

0.12693

0.17465

1.18086

26-Jun-06

0.11939

0.15811

1.08337

27-Jun-06

0.1145

0.15343

0.99501

28-Jun-06

0.1109

0.15188

0.91328

29-Jun-06

0.11243

0.16689

0.92801

30-Jun-06

0.11191

0.1722

0.9482

01-Jul-06

0.10754

0.15107

0.88586

02-Jul-06

0.10211

0.15433

0.87024

03-Jul-06

0.09773

0.14663

0.83368

04-Jul-06

0.09307

0.1401

0.78196

05-Jul-06

0.08993

0.1385

0.71901

06-Jul-06

0.08788

0.13624

0.68501

07-Jul-06

0.08505

0.15001

0.69342

08-Jul-06

0.08659

0.16492

0.77889

09-Jul-06

0.09166

0.24334

1.86826

10-Jul-06

0.08949

0.18256

1.35621

11-Jul-06

0.08577

0.16256

1.18138

12-Jul-06

0.08304

0.14783

1.08528

13-Jul-06

0.07922

0.14441

1.02227

14-Jul-06

0.07468

0.12986

0.9368

15-Jul-06

0.07024

0.12136

0.85997

16-Jul-06

0.06822

0.11831

0.78414

17-Jul-06

0.06437

0.11397

18-Jul-06

0.06041

0.11289

19-Jul-06

0.05661

0.10556




Appendix C: Flow volumesto and out of the wastewater treatment plant treating
the sewage from town 1.

Date Inflow |Output m3 |Storm tanks
01/06/2005| 6234 6221
02/06/2005| 7037 6443
03/06/2005| 4883 4681
04/06/2005| 4236 4107
05/06/2005| 4030 3766
06/06/2005| 3801 3566
07/06/2005] 3790 3532
08/06/2005| 3548 3388
09/06/2005| 3675 3387
10/06/2005| 3560 3345
11/06/2005| 3572 3340
12/06/2005| 3413 3321
13/06/2005| 3473 3480
14/06/2005| 3321 3476
15/06/2005| 3392 3414
16/06/2005| 4581 4118
17/06/2005| 3633 3281
18/06/2005| 3525 3148
19/06/2005| 3447 3112
20/06/2005| 3506 3334
21/06/2005| 3452 3287
22/06/2005| 3485 3598
23/06/2005| 3499 4550
24/06/2005| 3570 4886
25/06/2005| 3479 4662
26/06/2005| 3384 4143
27/06/2005| 3645 3792
28/06/2005| 3270 3652
29/06/2005| 3548 3755
30/06/2005| 3344 3345
01/07/2005] 3191 3081
02/07/2005| 3459 3181
03/07/2005] 3792 3503
04/07/2005| 3695 3370
05/07/2005| 4945 4479
06/07/2005| 3674 3735 560
07/07/2005| 3224 3097
08/07/2005] 4725 4352
09/07/2005| 3381 3294 495
10/07/2005| 3268 4598
11/07/2005| 3317 5726
12/07/2005| 3705 5464
13/07/2005| 3523 5305
14/07/2005| 3510 5977
15/07/2005| 3406 6122
16/07/2005| 3362 5903
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Date Inflow |Output m3 |Storm tanks
31/12/2005] 7993 7310 395
01/01/2006| 5607 5916 512
02/01/2006] 5003 4533
03/01/2006| 4454 4323
04/01/2006| 4122 3765
05/01/2006| 7461 5515
06/01/2006| 5244 6386 1646
07/01/2006| 4230 4113
08/01/2006| 3666 3561
09/01/2006| 8659 4580
10/01/2006| 5574 4823 410
11/01/2006| 6494 5935 178
12/01/2006| 9628 6781 298
13/01/2006] 9089 8072 2640
14/01/2006| 5858 6992 1399
15/01/2006| 8956 7469
16/01/2006| 6966 8723 1841
17/01/2006| 6229 5774 135
18/01/2006| 5625 5170
19/01/2006| 5962 5086
20/01/2006] 6833 6772 426
21/01/2006| 5291 4630 229
22/01/2006| 4924 4197
23/01/2006| 4385 3769
24/01/2006| 3997 3457
25/01/2006| 3594 3243
26/01/2006] 3259 2977
27/01/2006] 3265 2973
28/01/2006| 3155 2652
29/01/2006| 2978 2614
30/01/2006| 2907 2926
31/01/2006| 2923 3407
01/02/2006| 2912 4003
02/02/2006| 2876 3983
03/02/2006| 2976 3609
04/02/2006] 3034 3163
05/02/2006| 2836 2645
06/02/2006| 2767 2481
07/02/2006| 3437 3102
08/02/2006| 3352 3046
09/02/2006| 3407 3054
10/02/2006| 3395 3326
11/02/2006| 4061 3756
12/02/2006| 5392 4783
13/02/2006| 4943 4243 83
14/02/2006| 5241 4981 270




17/07/2005| 3766 5773
18/07/2005| 3459 5500
19/07/2005| 3284 6025]
20/07/2005| 3784 4427
21/07/2005] 3170 3089
22/07/2005| 3547 3797
23/07/2005] 4832 4590
24/07/2005] 3646 3486 111
25/07/2005] 3391 3531
26/07/2005] 3393 3475
27/07/2005| 3358 3221
28/07/2005

29/07/2005

30/07/2005

31/07/2005

01/08/2005

02/08/2005

03/08/2005

04/08/2005

05/08/2005

06/08/2005

07/08/2005

08/08/2005

09/08/2005

10/08/2005

11/08/2005

12/08/2005

13/08/2005

14/08/2005

15/08/2005

16/08/2005

17/08/2005

18/08/2005| 2665 2776
19/08/2005| 2840 2915
20/08/2005| 4403 4200
21/08/2005| 4403 4200
22/08/2005| 4403 4200
23/08/2005| 3949 4015
24/08/2005] 5242 5446
25/08/2005| 4364 4729 997
26/08/2005| 3569 3604
27/08/2005| 3329 3080
28/08/2005| 3366 3140
29/08/2005| 3556 3439
30/08/2005] 3132 3433 25
31/08/2005| 3090 3328
01/09/2005| 3364 3495
02/09/2005| 5549 5519
03/09/2005| 3557 4317 1172
04/09/2005] 3391 3263
05/09/2005| 3330 4050

15/02/2006| 6486 6318 227
16/02/2006| 6882 6556 206
17/02/2006| 5252 4801 253
18/02/2006| 4761 4181
19/02/2006| 4107 3579
20/02/2006| 3886 4100
21/02/2006] 4169 4394
22/02/2006] 3803 3341
23/02/2006| 3786 3726
24/02/2006] 3473 3258
25/02/2006| 3340 3178
26/02/2006| 3209 3046
27/02/2006] 3353 3582
28/02/2006| 3320 3839
01/03/2006] 4152 4718
02/03/2006] 3723 3999
03/03/2006| 2592 3620
04/03/2006| 3745 3288 25
05/03/2006| 4009 3275
06/03/2006| 3704 3349
07/03/2006] 5384 4967
08/03/2006| 8335 6611 222
09/03/2006| 5737 6577 2056
10/03/2006| 4941 4668 160
11/03/2006| 6596 5994
12/03/2006| 5141 4812 361
13/03/2006| 9182 7214
14/03/2006| 5859 5911 1636
15/03/2006] 5053 5707
16/03/2006| 4699 4623
17/03/2006| 4514 3931
18/03/2006| 4470 3668
19/03/2006| 4275 3582
20/03/2006| 3858 3567
21/03/2006| 3547 3379
22/03/2006| 3570 3769
23/03/2006] 3735 3389
24/03/2006| 3955 3554
25/03/2006] 4199 3668
26/03/2006] 6173 5358 95
27/03/2006| 4640 4924 491
28/03/2006] 4108 4161
29/03/2006| 4437 4995
30/03/2006| 5692 5112 24
31/03/2006] 4992 4555 57
01/04/2006| 5260 4991
02/04/2006] 6173 5927 26
03/04/2006] 4138 3863 248
04/04/2006| 3909 3639
05/04/2006| 3869 3781
06/04/2006| 5100 4791




06/09/2005| 3235 4232
07/09/2005| 3282 3191
08/09/2005| 3184 3283
09/09/2005| 3704 5133
10/09/2005| 3267 4740
11/09/2005| 3040 4625
12/09/2005| 2965 4704
13/09/2005| 3298 5064
14/09/2005| 3107 5148
15/09/2005| 4402 4293
16/09/2005| 3140 3602 60
17/09/2005| 3267 3710
18/09/2005| 3262 3819
19/09/2005| 4624 4264
20/09/2005| 3194 2900
21/09/2005| 3436 3308
22/09/2005| 3009 2873
23/09/2005| 2947 2733
24/09/2005| 4194 3926
25/09/2005| 3081 2843 125
26/09/2005| 6579 4356
27/09/2005| 5837 6642 1934
28/09/2005| 6626 6470 270
29/09/2005] 4912 4261 1380
30/09/2005| 4622 3954 217
01/10/2005| 4226 3923
02/10/2005| 3091 2757
03/10/2005| 2947 2713
04/10/2005| 2826 2651
05/10/2005| 2806 2610
06/10/2005] 2829 2542
07/10/2005] 3385 2874
08/10/2005| 2531 2388 306
09/10/2005| 3434 3162
10/10/2005| 6438 5752 31
11/10/2005| 4397 5294 215
12/10/2005| 3731 4685
13/10/2005| 3294 4093
14/10/2005| 3092 2934
15/10/2005| 3179 2724
16/10/2005| 3264 3084
17/10/2005| 4082 4062
18/10/2005| 4938 4521
19/10/2005| 4228 3938
20/10/2005| 3424 3397
21/10/2005| 8296 7730
22/10/2005] 4255 4764 1973
23/10/2005] 5089 5193
24/10/2005| 7545 7728 535
25/10/2005| 4664 4976 997
26/10/2005| 5205 5046
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07/04/2006| 4753 4626 226
08/04/2006| 4368 4318 56
09/04/2006| 3931 3608
10/04/2006| 3808 3535
11/04/2006] 6112 5697
12/04/2006| 4166 3810 134
13/04/2006] 3903 3740
14/04/2006| 3894 3891
15/04/2006| 3873 3703
16/04/2006| 3696 3331
17/04/2006| 4180 3947
18/04/2006| 4113 3781
19/04/2006] 3991 3700 28
20/04/2006| 3584 3394 28
21/04/2006| 3547 2929
22/04/2006] 3763 3437
23/04/2006| 3287 2903
24/04/2006] 3651 3624
25/04/2006| 3642 3268
26/04/2006| 3427 3340
27/04/2006] 3208 3065
28/04/2006| 3296 2964
29/04/2006| 3347 2948
30/04/2006] 4357 3826
01/05/2006| 3699 3237 81
02/05/2006| 6448 6005
03/05/2006| 5606 5054 393
04/05/2006| 3984 3279 413
05/05/2006] 3802 3251
06/05/2006| 5703 5235
07/05/2006] 3968 3167 692
08/05/2006| 3860 3457
09/05/2006| 3744 2948
10/05/2006| 3370 2656
11/05/2006| 3517 2914
12/05/2006| 3703 3378 545
13/05/2006| 3574 3555
14/05/2006| 5292 5030,
15/05/2006| 4204 3720 500
16/05/2006| 4696 4106 84
17/05/2006| 8415 5502 197
18/05/2006| 7358 7295 2703
19/05/2006| 6737 7221 500
20/05/2006| 7523 7481 624
21/05/2006] 7681 6216 444
22/05/2006| 5635 6167 1078
23/05/2006] 5783 5141
24/05/2006] 5140 4611 53
25/05/2006| 4185 4425 29
26/05/2006] 5681 5069
27/05/2006| 4299 4170 224




27/10/2005| 7452 5548 152
28/10/2005] 5381 6588 1576
29/10/2005| 8530 6693
30/10/2005| 6209 5561 1803
31/10/2005| 5834 5930
01/11/2005| 5293 5952 185
02/11/2005| 13100 7885
03/11/2005| 7945 8004 4675
04/11/2005| 6007 7201 242
05/11/2005| 6670 6190
06/11/2005| 7452 6910 316
07/11/2005| 10420 7207 785
08/11/2005| 7518 7869 2775
09/11/2005| 7548 7566 152
10/11/2005| 6679 6787 754
11/11/2005| 7422 6830 88
12/11/2005| 8140 7725 288
13/11/2005| 5462 5124 607
14/11/2005| 5644 5232
15/11/2005| 5144 4704 28
16/11/2005| 4571 4195
17/11/2005 4364 4130
18/11/2005| 4183 3793
19/11/2005| 3595 3522
20/11/2005] 3261 3212
21/11/2005] 3213 3978
22/11/2005] 3294 4622
23/11/2005] 3141 4099
24/11/2005] 3069 3649
25/11/2005| 4099 4089
26/11/2005| 3964 3627
27/11/2005] 3256 3162
28/11/2005| 3266 3155
29/11/2005] 5292 4776
30/11/2005| 4319 3974 51
01/12/2005| 5205 4728 31
02/12/2005| 6889 6605 51
03/12/2005| 5225 4862 914
04/12/2005] 5736 5361
05/12/2005] 4753 4315 213
06/12/2005| 4640 4440 77
07/12/2005| 7044 5944 51
08/12/2005| 5569 6277 1010
09/12/2005| 4792 4459 27
10/12/2005| 4345 4062
11/12/2005| 4033 3846
12/12/2005| 3605 4115
13/12/2005| 3468 4446
14/12/2005| 3237 3306
15/12/2005| 3332 3224
16/12/2005| 4109 3959
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28/05/2006| 3988 3886
29/05/2006| 3888 3849
30/05/2006| 3723 3640
31/05/2006 3567 3363
01/06/2006] 3630 3191
02/06/2006| 3540 3058
03/06/2006] 3631 3061
04/06/2006] 3638 2810
05/06/2006| 3482 2900 172
06/06/2006| 3453 3404
07/06/2006| 3690 3098
08/06/2006| 3562 3199 29
09/06/2006] 3423 3149
10/06/2006| 3510 3176
11/06/2006] 3341 4749
12/06/2006| 3597 4790
13/06/2006| 3332 3424
14/06/2006| 3011 3140
15/06/2006| 3205 3068
16/06/2006| 3750 3294
17/06/2006| 3868 3000
18/06/2006| 4396 3816
19/06/2006| 3517 3427 28
20/06/2006] 4225 4239
21/06/2006| 3844 3948
22/06/2006] 3421 3277
23/06/2006| 3424 5345
24/06/2006| 3523 5594
25/06/2006] 3375 5341
26/06/2006| 3378 4980
27/06/2006] 3329 5366
28/06/2006] 3542 5791
29/06/2006| 3977 5039
30/06/2006] 3481 3765 108
01/07/2006| 2997 2747
02/07/2006| 3173 2942
03/07/2006] 3052 2753
04/07/2006| 3020 5150
05/07/2006] 3087 5308
06/07/2006] 2903 5928
07/07/2006| 3280 3126
08/07/2006| 5400 5692
09/07/2006| 5036 3598 420
10/07/2006| 3397 3254 26
11/07/2006 3444 3605
12/07/2006| 3691 3310
13/07/2006| 3498 3034
14/07/2006| 3264 2861
15/07/2006| 3116 2570
16/07/2006| 3276 2736
17/07/2006] 3609 2615]




17/12/2005| 3260 3352
18/12/2005| 3586 3346
19/12/2005| 2979 2973 59
20/12/2005| 3035 2929
21/12/2005] 4017 3720
22/12/2005| 3101 2931 148
23/12/2005| 4566 4298
24/12/2005] 4003 3854 393
25/12/2005| 2937 3437 51
26/12/2005] 2851 3869
27/12/2005] 2912 3692
28/12/2005] 2881 4037
29/12/2005| 3580 3500
30/12/2005| 6016 5269
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18/07/2006| 3233 2443
19/07/2006| 3457 2717
20/07/2006| 3137 2847
21/07/2006| 3249 2735
22/07/2006] 4067 3183
23/07/2006| 3240 2915 439
24/07/2006] 4058 4065
25/07/2006] 3422 3313
26/07/2006| 3539 3049
27/07/2006] 3632 3119
28/07/2006| 3306 2914
29/07/2006| 4213 3966
30/07/2006] 3682 3406 80
31/07/2006| 4071 3560




Appendix D: Rainfall recorded at Met Eireann met station, closeto Town 1.

Rainfall
date (mm)
01-Jul-05 0.2
02-Jul-05 2.3
03-Jul-05 1.2
04-Jul-05 7.5
05-Jul-05 0.7
06-Jul-05 2
07-Jul-05 7.8
08-Jul-05 0.8
09-Jul-05 0
10-Jul-05 0
11-Jul-05 0
12-Jul-05 0
13-Jul-05 0
14-Jul-05 0.2
15-Jul-05 0
16-Jul-05 0
17-Jul-05 2.8
18-Jul-05 12
19-Jul-05 5.1
20-Jul-05 0.2
21-Jul-05 0
22-Jul-05 35
23-Jul-05 8.4
24-Jul-05 0
25-Jul-05 0
26-Jul-05 0
27-Jul-05 0
28-Jul-05 1.1
29-Jul-05 0
30-Jul-05 0.4
31-Jul-05 1.3
01-Aug-05 0.7
02-Aug-05 11
03-Aug-05 2.4
04-Aug-05 3.8
05-Aug-05 4.3
06-Aug-05 0.3
07-Aug-05 0
08-Aug-05 0
09-Aug-05 0
10-Aug-05 0.9
11-Aug-05 0
12-Aug-05 4.2
13-Aug-05 0.9
14-Aug-05 0.2
15-Aug-05 0

date Rainfall (mm)
10-Nov-05 5.5
11-Nov-05 12.2
12-Nov-05 0.9
13-Nov-05 0.6
14-Nov-05 3.3
15-Nov-05 0.2
16-Nov-05 0
17-Nov-05 0
18-Nov-05 0
19-Nov-05 0
20-Nov-05 0
21-Nov-05 0.1
22-Nov-05 0.1
23-Nov-05 0.6
24-Nov-05 4.4
25-Nov-05 4.4
26-Nov-05 2.3
27-Nov-05 1.9
28-Nov-05 5.3
29-Nov-05 4.3
30-Nov-05 6.8
01-Dec-05 8.5
02-Dec-05 0
03-Dec-05 12.3
04-Dec-05 2.1
05-Dec-05 4.2
06-Dec-05 1.6
07-Dec-05 11.4
08-Dec-05 4.6
09-Dec-05 0.2
10-Dec-05 0
11-Dec-05 1.1
12-Dec-05 0
13-Dec-05 0
14-Dec-05 0.7
15-Dec-05 4.2
16-Dec-05 0.3
17-Dec-05 0.2
18-Dec-05 3.1
19-Dec-05 0.2
20-Dec-05 4
21-Dec-05 15
22-Dec-05 2.6
23-Dec-05 9.4
24-Dec-05 0
25-Dec-05 0

58

date Rainfall (mm)
22-Mar-06 0.3
23-Mar-06 0.6
24-Mar-06 2.3
25-Mar-06 7.2
26-Mar-06 11
27-Mar-06 0.7
28-Mar-06 0.1
29-Mar-06 5.2
30-Mar-06 3.7
31-Mar-06 5.6
01-Apr-06 8.4
02-Apr-06 0.2
03-Apr-06 0.3
04-Apr-06 0
05-Apr-06 3.1
06-Apr-06 4.8
07-Apr-06 7.5
08-Apr-06 2.3
09-Apr-06 0.7
10-Apr-06 9.1
11-Apr-06 3.5
12-Apr-06 7.5
13-Apr-06 11
14-Apr-06 0.7
15-Apr-06 0.4
16-Apr-06 1.3
17-Apr-06 6
18-Apr-06 1.2
19-Apr-06 0.8
20-Apr-06 0
21-Apr-06 0
22-Apr-06 3.3
23-Apr-06 0.3
24-Apr-06 2.6
25-Apr-06 0.5
26-Apr-06 0.5
27-Apr-06 0
28-Apr-06 0
29-Apr-06 0
30-Apr-06 7.2
01-May-06 6.1
02-May-06 14.8
03-May-06 1.6
04-May-06 0.6
05-May-06 35
06-May-06 9




16-Aug-05 1.1 26-Dec-05 0.1
17-Aug-05 13.2 27-Dec-05 0
18-Aug-05 14 28-Dec-05 2.7
19-Aug-05 0 29-Dec-05 5.4
20-Aug-05 0.6 30-Dec-05 12.8
21-Aug-05 12 31-Dec-05 8.8
22-Aug-05 0.5 01-Jan-06 0.2
23-Aug-05 12.2 02-Jan-06 3
24-Aug-05 12.2 03-Jan-06 0.2
25-Aug-05 15 04-Jan-06 0
26-Aug-05 0.2 05-Jan-06 14.7
27-Aug-05 0.8 06-Jan-06 0.3
28-Aug-05 4.7 07-Jan-06 0
29-Aug-05 0 08-Jan-06 0
30-Aug-05 0.9 09-Jan-06 6.6
31-Aug-05 1 10-Jan-06 12
01-Sep-05 12.5 11-Jan-06 2
02-Sep-05 0.1 12-Jan-06 20.8
03-Sep-05 0 13-Jan-06 2.7
04-Sep-05 0 14-Jan-06 4.9
05-Sep-05 0 15-Jan-06 9.1
06-Sep-05 0.1 16-Jan-06 6.3
07-Sep-05 0.5 17-Jan-06 15
08-Sep-05 2.9 18-Jan-06 1.6
09-Sep-05 7.6 19-Jan-06 9
10-Sep-05 0 20-Jan-06 2.7
11-Sep-05 0 21-Jan-06 0
12-Sep-05 0.1 22-Jan-06 0
13-Sep-05 2.3 23-Jan-06 0
14-Sep-05 6 24-Jan-06 0
15-Sep-05 2.4 25-Jan-06 0
16-Sep-05 0 26-Jan-06 0
17-Sep-05 0 27-Jan-06 0
18-Sep-05 2.7 28-Jan-06 0
19-Sep-05 4.9 29-Jan-06 0
20-Sep-05 0.1 30-Jan-06 0
21-Sep-05 5.8 31-Jan-06 0
22-Sep-05 3.7 01-Feb-06 0
23-Sep-05 0 02-Feb-06 0
24-Sep-05 10.6 03-Feb-06 0
25-Sep-05 2 04-Feb-06 0
26-Sep-05 214 05-Feb-06 0
27-Sep-05 4 06-Feb-06 0
28-Sep-05 12.6 07-Feb-06 4.6
29-Sep-05 4 08-Feb-06 15
30-Sep-05 8 09-Feb-06 0
01-Oct-05 0.6 10-Feb-06 0
02-Oct-05 0 11-Feb-06 12.3
03-Oct-05 0.3 12-Feb-06 14
04-Oct-05 0.1 13-Feb-06 6.6
05-Oct-05 0 14-Feb-06 9.7
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07-May-06 15
08-May-06 1.7
09-May-06 0
10-May-06 0
11-May-06 0.2
12-May-06 1.3
13-May-06 1.6
14-May-06 10.5
15-May-06 3.2
16-May-06 6.1
17-May-06 22.5
18-May-06 8.4
19-May-06 13.9
20-May-06 0
21-May-06 11.4
22-May-06 2.9
23-May-06 5
24-May-06 0
25-May-06 6.9
26-May-06 0.8
27-May-06 0
28-May-06 0.5
29-May-06 0
30-May-06 0
31-May-06 0
01-Jun-06 0
02-Jun-06 0
03-Jun-06 0
04-Jun-06 0
05-Jun-06 0
06-Jun-06 0
07-Jun-06 0
08-Jun-06 0
09-Jun-06 0.3
10-Jun-06 0
11-Jun-06 1.2
12-Jun-06 1.6
13-Jun-06 0
14-Jun-06 0
15-Jun-06 2.4
16-Jun-06 0.8
17-Jun-06 3.2
18-Jun-06 4
19-Jun-06 2.8
20-Jun-06 2.7
21-Jun-06 2.1
22-Jun-06 0
23-Jun-06 0
24-Jun-06 0
25-Jun-06 0
26-Jun-06 0




06-Oct-05 0
07-Oct-05 7.8
08-Oct-05 34
09-Oct-05 6.4
10-Oct-05 8.6
11-Oct-05 0
12-Oct-05 0
13-Oct-05 0
14-Oct-05 0
15-Oct-05 0
16-Oct-05 0.8
17-Oct-05 9.8
18-Oct-05 1.9
19-Oct-05 2.1
20-Oct-05 15.7
21-Oct-05 0.9
22-Oct-05 0
23-Oct-05 16
24-Oct-05 11
25-Oct-05 3.6
26-Oct-05 3.7
27-Oct-05 13.7
28-Oct-05 15
29-Oct-05 154
30-Oct-05 0
31-Oct-05 7.4
01-Nov-05 8.2
02-Nov-05 16.6
03-Nov-05 3.5
04-Nov-05 4.7
05-Nov-05 7
06-Nov-05 8
07-Nov-05 155
08-Nov-05 5.5
09-Nov-05 8.9

15-Feb-06 8.5
16-Feb-06 3.2
17-Feb-06 1.7
18-Feb-06 0
19-Feb-06 0
20-Feb-06 1.5
21-Feb-06 0
22-Feb-06 0
23-Feb-06 0.7
24-Feb-06 0
25-Feb-06 0.1
26-Feb-06 0.1
27-Feb-06 1.7
28-Feb-06 3.1
01-Mar-06 4.3
02-Mar-06 0
03-Mar-06 0.9
04-Mar-06 3.6
05-Mar-06 1.9
06-Mar-06 8.7
07-Mar-06 16.4
08-Mar-06 1.7
09-Mar-06 7.5
10-Mar-06 5.5
11-Mar-06 6.4
12-Mar-06 5.7
13-Mar-06 11.7
14-Mar-06 1.5
15-Mar-06 0
16-Mar-06 0
17-Mar-06 0
18-Mar-06 0
19-Mar-06 0
20-Mar-06 0
21-Mar-06 0
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27-Jun-06 0.2
28-Jun-06 2.6
29-Jun-06 0
30-Jun-06 0
01-Jul-06 0.1
02-Jul-06 0
03-Jul-06 0
04-Jul-06 0
05-Jul-06 0.4
06-Jul-06 1.9
07-Jul-06 1.7
08-Jul-06 10.8
09-Jul-06 0
10-Jul-06 0
11-Jul-06 0.7
12-Jul-06 0
13-Jul-06 0
14-Jul-06 0
15-Jul-06 0
16-Jul-06 0
17-Jul-06 0
18-Jul-06 0
19-Jul-06 0
20-Jul-06 0
21-Jul-06 0
22-Jul-06 6.5
23-Jul-06 0.3
24-Jul-06 5.3
25-Jul-06 13
26-Jul-06 0.6
27-Jul-06 1.2
28-Jul-06 4.3
29-Jul-06 3.7
30-Jul-06 3.5
31-Jul-06 3.2




Appendix E: Daily average salinity (ppt) recorded by probesat sites2 and 3.

Date Site 2 Site 3 Date Site 2 Site 3
05-Feb-06| 34.88 35.19 07-Apr-06| 34.78 33.95
06-Feb-06| 34.98 35.05 08-Apr-06| 34.46 33.71
07-Feb-06| 35.32 34.69 09-Apr-06| 32.18 33.08
08-Feb-06| 35.06 34.65 10-Apr-06| 33.19 33.25
09-Feb-06| 34.62 34.33 11-Apr-06| 33.98 34.08
10-Feb-06| 34.99 34.46 12-Apr-06| 33.88 33.91
11-Feb-06| 35.05 34.54 13-Apr-06| 34.17 33.65
12-Feb-06| 34.88 34.45 14-Apr-06| 33.94 33.32
13-Feb-06| 34.88 34.22 15-Apr-06| 34.50 33.37
14-Feb-06| 34.72 34.18 16-Apr-06| 34.90 33.44
15-Feb-06| 34.58 34.23 17-Apr-06| 35.08 33.62
16-Feb-06| 34.23 33.98 18-Apr-06| 35.17 33.95
17-Feb-06| 33.18 33.29 19-Apr-06| 35.16 34.41
18-Feb-06| 33.35 33.42 20-Apr-06] 35.18 34.62
19-Feb-06| 33.51 33.28 21-Apr-06] 34.90 34.45
20-Feb-06| 33.15 33.38 22-Apr-06| 35.26 34.74
21-Feb-06| 33.14 33.40 23-Apr-06| 35.06 35.02
22-Feb-06| 33.89 33.77 24-Apr-06| 35.50 35.25
23-Feb-06| 33.99 33.56 25-Apr-06| 35.55 35.40
24-Feb-06| 33.59 33.65 26-Apr-06| 35.20 35.07
25-Feb-06| 34.07 34.15 27-Apr-06| 35.14 34.89
26-Feb-06| 34.76 34.53 28-Apr-06| 33.89 34.13
27-Feb-06| 32.99 34.74 29-Apr-06| 33.73 35.04
28-Feb-06| 31.41 32.63 30-Apr-06| 36.20 35.15
01-Mar-06] 30.23 30.57 01-May-06| 35.98 34.93
02-Mar-06| 29.50 34.42 02-May-06| 35.99 34.69
03-Mar-06| 32.87 34.48 03-May-06| 35.46 34.42
04-Mar-06| 35.61 34.51 04-May-06| 35.32 34.57
05-Mar-06| 35.48 34.56 05-May-06| 35.02 34.27
06-Mar-06| 35.34 35.01 06-May-06| 34.57 33.89
07-Mar-06| 35.04 35.36 07-May-06| 34.88 33.55
08-Mar-06] 33.11 34.40 08-May-06| 34.08 33.29
09-Mar-06| 34.22 34.22 09-May-06| 33.99 34.28
10-Mar-06| 33.66 34.70 10-May-06| 34.59 34.35
11-Mar-06| 33.39 33.85 11-May-06| 35.06 34.61
12-Mar-06| 33.10 33.87 12-May-06| 35.26 34.81
13-Mar-06| 34.01 34.25 13-May-06| 35.20 34.87
14-Mar-06| 32.16 33.81 14-May-06| 35.67 34.91
15-Mar-06| 32.88 33.33 15-May-06| 35.35 34.06
16-Mar-06| 32.52 33.84 16-May-06| 35.69 34.68
17-Mar-06| 33.21 34.23 17-May-06| 35.28 34.85
18-Mar-06| 34.61 34.58 18-May-06| 34.88 33.95
19-Mar-06| 34.92 34.88 19-May-06| 33.53 31.67
20-Mar-06| 34.87 35.07 20-May-06| 31.06 30.77
21-Mar-06| 34.76 35.18 21-May-06| 32.43 31.47
22-Mar-06| 35.08 35.24 22-May-06| 30.20 31.19
23-Mar-06| 35.13 35.28 23-May-06] 32.63 33.01
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24-Mar-06| 35.13 35.06
25-Mar-06| 34.92 35.03
26-Mar-06| 35.20 35.03
27-Mar-06| 35.27 35.00
28-Mar-06| 34.79 34.88
29-Mar-06| 33.33 34.67
30-Mar-06| 34.14 34.42
31-Mar-06| 34.49 34.26
01-Apr-06] 35.22 34.22
02-Apr-06| 34.86 34.31
03-Apr-06] 34.39 34.10
04-Apr-06| 33.80 33.44
05-Apr-06] 33.93 33.55
06-Apr-06] 34.59 34.02

24-May-06| 32.49 32.89
25-May-06| 31.55 32.87
26-May-06| 33.07 33.31
27-May-06| 33.51 33.43
28-May-06| 33.39 33.17
29-May-06| 33.05 32.77
30-May-06| 32.75 32.64
31-May-06| 32.89 32.91
01-Jun-06] 33.32 33.26
02-Jun-06| 32.81 33.49
03-Jun-06] 32.40 33.32
04-Jun-06] 32.17 33.21
05-Jun-06| 30.89 33.33
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