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Appendix | Regulatory
framework controlling
catchment-based FIO
sources

Appendix 1.1 Regulatory framework for

controlling catchment-based sources of
faecal pollution

River Basin Management Planning (RBMP).

The Water Environment and Water Services (Scotland)

Act 2003 (as amended), aka WEWS Act, which transposes
the Water Framework Directive (WFD) (2000/60/EC)

to national law, requires SEPA to assess and address the
pressures impacting the water quality in BWPA and SWPA.
The aim is to achieve good classification status (or, if this
is not possible, to reduce pressures) by 2027, as part of
the plan developed under the RBMP process (SEPA 2015a;
b). The plans are produced every six years by SEPA on
behalf of Scottish Government (SG) and summarise: the
state of the water environment; pressures affecting the
water environment where it is in less than good condition;
actions to protect and improve the water environment;
and the objectives or outcomes following implementation.
In this context, pressures posing a risk of faecal
contamination to BWPA and SWPA must be detected and
controlled.

Controlled Activities Regulations.

Rural diffuse pollution and direct effluent discharges to
the water environment (i.e. rivers, lochs, transitional/
estuarine waters, coastal waters, groundwater, and
groundwater-based wetlands) are controlled under the
Water Environment (Controlled Activities) (Scotland)
Regulations 2011 (as amended), also known as CAR.
These regulations arose from the WEWS Act and cover

a range of polluting activities including discharges to the
water environment and diffuse pollution from agricultural
management. SEPA issue authorisation, if appropriate for
such activities. The type of authorisation required depends
on the environmental risk of the proposed activity. In the
context of microbiological pollution, there are three levels
of control. The first level refers to the Diffuse Pollution
General Binding Rules (DP GBR), which provide statutory
controls over diffuse pollution from agricultural activities.
The second level requires registration for activities which
individually may pose a low pollution risk but cumulatively
may pose a risk to the water environment, such as in

the case of wastewater discharges to watercourses and

to soakaways from septic tank systems (STS)' serving a
population equivalent (p.e.)? of less than or equal to 15.
The third level of control involves granting a licence for
site-specific controls, particularly if constraints upon the
activity are to be imposed, as in the case of Granted Point
Sources (GraPS), which include: outflows of wastewater
treatment works (WwTW); combined sewage overflows
(CSO); stormtank overflows (STO): stormwater drains;
emergency overflows (EO); and discharges (including
those to soakaways) from STS serving more than 15 p.e.

The priority catchment approach.

The Rural Diffuse Pollution Plan (RDP Plan) was launched
in 2011 and aims to help SEPA to control diffuse
pollution sources and to deliver the objectives set under
RBMP (DPMAG-SEPA 2017). The RDP Plan includes a
“national awareness-raising campaign” and the “priority
catchment approach"” for catchments where tackling
diffuse pollution requires a more focused intervention.
The priority catchment approach takes targeted action
through a sequential process of assessing pressures,
raising awareness, providing advice to land managers
on compliance with DP GBR and delivering guidance on
options available via the Scotland Rural Development
Programme (SRDP) support to improve and protect
water quality, beyond compliance with regulations.

All waterbody catchments draining to BWPA and
SWPA, hereafter reported as BW and SW catchments,
respectively, are included in the priority catchment
approach (DPMAG-SEPA 2017). With respect to faecal
pollution, which is the major cause of non-compliances
in BWPA and SWPA, the priority catchment approach
targets issues related to poaching from livestock, poorly
maintained consented STS and unlicensed sewage
discharges (SEPA n.d.b). However, the only tangible
information on STS in Scotland are their modelled - but
not yet verified — locations.

Appendix 1.2 Microbiological surveys

Microbiological surveys within BW and SW catchments.
The BWPA and SWPA regulatory framework also
requires undertaking microbiological surveys to identify
FIO pressures and delineate the areas influencing the
classification results at BWPA (i.e. bathing water profiles)
and SWPA (i.e. sanitary profiles). The regulations do

1 A septic tank system (STS) consists of a septic tank and
a soakaway, aka drainfield or leachfield. The effluent produced
through physical settlement (primary treatment) of wastewater

in the septic tank is subsequently overspilled to the soakaway for
further treatment. Readers are advised to refer to an earlier CREW
report by O'Keefe et al (2015), which reviewed evidence on STS
design.

2 For domestic housing, a minimum of 5 p.e. is used for
any house with up to and including three bedrooms.



not specify how microbiological surveys and monitoring
of catchment-based FIO sources should be conducted
to inform RBMP and the priority catchment approach.
However, expert guidance is available to help agencies
comply with the European Union (EU) regulatory
framework (Appendix 1.3).

Bathing water profiles

The Bathing waters (Scotland) Regulations 2008, hereafter
reported as BWPA Regulations, require SEPA to establish
and thereafter keep under review, a bathing water profile
for every bathing water (Part 2, par. 6). The minimum
contents of a Bathing Water profile (hereafter reported

as BW profile) are described in Box 1. Every BW profile
must be reviewed at regular intervals ranging from every
two years for BWPA classified as “poor” to every four
years for BWPA classified as “good”. The frequency of
reviews depends on BWPA water quality status, the nature
and severity of the pollution impacting the BWPA, and

the need for re-evaluating the management measures.

In case of short-term pollution events, the profile must
provide information on their frequency and duration and
detail management measures for their elimination and/or
control.

Box I.1. Regulatory requirements for bathing water
(BW) profiles.

With respect to microbiological pollution every BW
profile must

e Describe the physical, geographical and
hydrological characteristics of the BWPA and of
those waterbodies in its respective catchment area
that could be sources of pollution to the BWPA.

e Identify the causes of potential pollution to BWPA
and the public health risk.

e Identify the location of a monitoring point where
most bathers are expected

e  Provide information on causes, frequency and
duration of short-term pollution in BWPA.

e Detail the management measures to eliminate the
causes and control a short-term pollution event.

Source: Bathing waters (Scotland) Regulations 2008,
Part 2, par.6.

The BWPA Regulations do not specify what monitoring
techniques and strategies must be applied to identify the
causes, sources, variability and duration of faecal pollution
within BW catchments.

SWPA: Sanitary surveys

The Water Environment (SWPA: Environmental Objectives
etc.) (Scotland) Regulations 2013, hereafter reported as
SWPA Regulations, provide specifications for the setting of
environmental objectives, the preparation of programmes
of measures, and the content of the monitoring
programmes. SWPA monitoring must, inter alia, assess

risk to achieving the objectives that have been set for

each SWPA. For a detailed account of national legislation
on SWPA and its implementation see the CREW report
produced by Akoumianaki et al (2018).

In parallel, Regulation (EC) 854/2004 (Annex II)® requires
competent authorities (e.g. food standard agencies)

to undertake a number of tasks prior to granting a
classification grade to a Shellfish Production Area (SPA).
These tasks are collectively known as sanitary surveys
and apply to all SPA sitting within SWPA. Sanitary
surveys must account inter alia for all likely sources of
faecal pollution of human and animal origin into the
SPA, and their seasonal variations in the catchment area
and in relation to rainfall, waste-water treatment and
area-specific relevant factors (Box 2). In Scotland, Food
Standard Scotland (FSS) monitors shellfish E. coli in each
SPA sitting within a SWPA and has the responsibility for
undertaking sanitary surveys.

Box 1.2. Sanitary survey tasks.

A sanitary survey must:

e Make an inventory of the sources of pollution of
human and animal origin likely to be a source of
contamination for the production area.

e Examine the quantities of organic pollutants in
relation to seasonal variations of both human and
animal populations in the catchment area, rainfall,
waste-water treatment and area-specific relevant
factors.

e Determine the characteristics of the circulation of
pollutants by virtue of current patterns, bathymetry
and the tidal cycle in the production area.

e  Establish a shellfish sampling programme based
on the examination of established data, and with
a number of samples, a geographical distribution
of the sampling points and a sampling frequency
which must ensure that the results of the analysis
are as representative as possible for the area
considered.

Source: Regulation (EC) 854/2004, Annex II:
Chapter II, Part A: par. 6

3 This lays down the requirements for the organisation
of official controls for live bivalve molluscs from classified SPA
where commercial harvesting of bivalve shellfish is allowed. In
Scotland, the competent authority for its implementation is Food
Standard Scotland.



Appendix I.3 Guidance on undertaking
bathing water profiles.

The European Environment Agency (EEA) produced a
document providing guidance on undertaking BW profiles
(hereafter reported as the EEA Guide) to support Member
States in developing BW profiles (EEA 2009). The EEA
Guide represents an informal consensus position on best
practice, which is not legally binding.

The tasks prescribed in the EEA-Guide include two steps:

(i) initial surveys (field or desk-based) to gather
information on locations and types of all potential FIO
sources and help to identify the main FIO sources which
have the potential to influence BWPA status;

(ii) a closer examination of the main FIO sources involving
monitoring, statistical analyses of historical data and
modelling in order to understand temporal variability of
FIO delivery to a BWPA and inform further management
action.

These steps are detailed below.

Steps to identify the area or zone of influence and FIO
variability therein.

1. Initial surveys refer to initial field or desktop mapping
of all FIO sources with the aim of identifying the main
FIO sources, i.e. the FIO sources with the potential to
influence water quality in the BWPA. Initial surveys
may focus on:

e The immediate vicinity of the BWPA, i.e. the
shoreline.

e The waterbody catchment(s) adjacent to the
coastal/inland BWPA.

e The whole river catchment from headwaters
to the BWPA (i.e. BW catchment), only for
situations where the initial survey indicates a risk
from multiple types of diffuse pollution sources in
all sub-catchments nested in the BW catchment.

2. A “closer examination"” of the main FIO sources may
involve one or more tasks, depending on available
resources and FIO risk. These tasks are summarised
below.

e  Using published, generic figures of FIO
concentrations in various types of point-sources.

For example, generic figures of FIO in different
types of wastewater effluent discharges to a
BWPA or in streams discharging to a BWPA can
help to assess which FIO point sources may exert
an influence on BWPA status. For small enclosed
BWPA influenced by small stream discharges

or direct effluent discharges into these streams,
generic FIO figures can be introduced to simple
spreadsheet models for estimating microbiological
fluxes and attenuation during freshwater
transport®.

¢ Investigating FIO monitoring and/or
experiments. This type of monitoring is essential
to capture all scales of temporal variability and
understand which FIO sources must be controlled
to improve BWPA status. Investigating FIO
sources and in-stream FIO variability may require
one to four years' worth of data. The EC-GW
Guide does not mention explicitly where and how
investigative monitoring or experiments should
take place, mainly because circumstances vary
by Member State and catchment. However, it is
mentioned that this monitoring can take place
over a range of circumstances such as dry vs wet
weather, winter vs summer, and day vs night.:

o At the outlet of waterbody catchments with
rural land use.

o At the stream/river mouth to the coastal area
within or adjacent the BWPA.

o Downstream wastewater effluent discharge
points.

e  Using modelling tools. Accounting for dilution
during FIO transport and bacterial decay from
source to the BWPA is essential to assess whether
a given FIO point source can really influence a
BWPA. A simple approach is to account for T90,
which refers to the time required for elimination
of 90% of a population of microorganisms in-
stream under a range of values of temperature,
flow in-stream, tidal current speed, UV radiation,
salinity, and stream-length or distance of a source
from river mouth. Indicative T90 values for E. coli
in freshwaters in temperate regions mentioned in
the EC-BW Guide are based on Beaudeau et al.,
2001:

0 T90 <4hours for small rivers up to 8-10 km
long.

o T90 >4h for rivers more than 10 km long and
increases with stream depth and turbidity.

For BWPA that are influenced by a complex river
network, modelling can be used for estimating
microbiological fluxes and attenuation during
transfer from sources to a BWPA?®. FIO transport

4 In Scotland, this may be more relevant to SWPA
located in small lochs rather than to BWPA, which are often
located in open coastal areas.

5 FIO transport models are not further explored because
their need and requirements will be explored in CREW projects
that are under development.



models are not explicitly mentioned in the EC-BW
Guide. This can be partly attributed to the very few
examples of models projecting FIO transport from
catchment based FIO sources to the sea at the time
of developing the EC-BW Guide. In addition, the
EC-BW Guide emphasises assessing FIO sources

in the immediate vicinity of the BWPA, whereby
understanding FIO transport can be based on
statistical approaches and historical monitoring
data (see below). It must be also noted that the
EC-BW Guide emphasises estimating FIO dilution,
dispersion and decay in seawater, highlighting the
use of coastal hydrodynamic modelling to account
for dispersion and duration of FIO plumes in the
sea.

e Analysis of historical data. Historical data refer
to past events and circumstances pertaining to
a particular BWPA. Linking historical data with
routine monitoring data at BWPA can usefully
contribute to assessing the influence of diffuse
and point sources of FIO pollution, a prerequisite
being a good understanding of locations and
temporal variability of discharges from FIO
sources. Linking can be explored through
statistical analyses (i.e. correlation, regression,
95!-percentile calculation), or more simply,
visualised with graphs. Historical data can include:

0 Meteorological data at BWPA and if needed
at the BW catchment (rain, temperature and
solar radiation). The EC-BW Guide provides
examples of exploring the influence of heavy
rains on exceedances of FIO standards at
a BWPA by simply comparing BWPA FIO
during dry conditions and following heavy
rainé.

o Bacteriological data related to exceedances of
bathing water standards, in-stream FIO data,

6 This approach could not be trialled in Scotland because
there were not sufficient in-stream FIO data.

and content of direct discharges to BWPA.

o Data related to man-made pressures, such
as numbers of visitors per bathing season;
agricultural activity; point sources.

o Bathing water characteristics, e.g. water
temperature, oceanographic data), which can
inform hydrodynamic modelling.

o Registration of complaints; which may
indicate the type of FIO source posing a risk
to public health.

o Any evidence on changes in activities or
processes related to discharge of FIO to the
BWPA or within the catchment draining to
the BWPA.

Appendix 1.4 Guidance on undertaking
sanitary surveys prior to shellfish
growing.

A European Union (EU) expert working group

has produced A Guide to Good Practice for the
Microbiological Monitoring of Bivalve Mollusc Harvesting
Areas-Technical Application authored by the European
Reference Laboratory (EURL) and CEFAS, hereafter
reported as the EURL-CEFAS-SW Guide (EURL-CEFAS
2017). The purpose of the Guide is to assist competent
authorities in implementing scientifically based OC
programs. The recommendations identify good practice

in the application of the sampling plan and sanitary
surveys in order to meet the requirements or intent of

the Regulation (EC) 854/2004. The EURL-CEFAS-SW
Guide specifies how to undertake: a desk study to identify
pollution sources; a shoreline (field) survey to confirm the
findings of the desk study; a bacteriological survey, as part
of field investigations; hydrographic surveys; assessment
of historical microbiological data, if any; and overall
evaluation of existing information. An earlier CREW report
by Akoumianaki et al. (2018) reviewed in detail the tasks
prescribed in the EURL-CEFAS-SW Guide in the context of
SWPA.



Table 1.1 The SW Guide’s recommendation for the tasks in sanitary surveys. Source: EURL-CEFAS 2017a.

Sanitary survey task

Description and purpose

Desk based study
to identify pollution
sources

This involves:

e  Characterisation of the production area
e Identification of actual and potential pollution sources related to:

o Direct sewage discharges: continuous, rainfall dependent, emergency
o Landuse
o Livestock

Other pollution sources such as wildlife and ships and boats

A shoreline survey

This is a field investigation (visual/sampling) to confirm initial findings of the desk-based study and whether
all significant sources of contamination have been revealed by the desk-based study.

A bacteriological survey

This is to explore and identify the worst-location and the worst- condition (i.e. rain or tidal stage, worst-
season) to account for increased FIO risk

Analysis of historical
microbiological data

Where such data is available for the species-area SPA, this analysis should supplement and not override the
other elements of the sanitary survey.

Data assessment

This may involve assessment of

e the effect of each FIO source to the SPA based on available data and maps
e the combined shellfish contamination risk on from all faecal pollution sources
e hydrodynamic modelling to predict microbial load in SPA

Report

This should describe (including maps) and interpret all data. Its major output is the microbiological sampling
plan.

Data handling and
storage

This refers to storing the data in a secure, well-organised and easily accessible, GIS-linked database to enable
proper validation and access by all interested parties and subsequent analyses of the data.

APPENDIX Il MATERIALS
AND METHODS

Appendix II.1 Literature review

approach

Both peer-reviewed and grey literature was reviewed.
Computerised searches for peer-reviewed literature were
performed using web-based search engines such as
ScienceDirect (SD_2018); Google Scholar (GS n.d.); Web
of Science (WoS n.d.); the legislative database of the

Techniques/technologies

To address questions on new and existing technologies
for monitoring FIOs, we searched the following terms
(alone and in combination): Escherichia coli or E. coli

or faecal indicator organisms or FIOs; monitoring or
detection or methods; technologies or sensor or low-cost
sensor; surface water; microbial source tracking. The
search outputs were screened for their relevance to inform
objectives 1, 2 and 3. In addition, expert advice was
garnered from a water research and consultancy company
and a company that manufactures science equipment. We
asked for advice from WRc and Trace20O.

Food Agricultural Organisation-FAO, FAOLEX (FAOLEX
n.d.); and the Official Home of UK legislation (n.d.).

Evidence was also extracted by searching the web sites of
the organisations involved in the undertaking of bathing

Appendix 11.2 Data used for developing
the GIS-based approach

water profiles in bathing waters and of sanitary surveys in

shellfish waters.

Data used for developing the GIS-based approach to help
assess placed-based risk of in-stream FIO contamination

To answer the questions about microbiological monitoring
strategies and "how often"” and “where" monitoring
should be carried out we searched the following terms
(alone and in combination): microbial; bathing water* or
bathing water protected area or swimming or recreational;
“shellfish water* OR shellfish water protected area;

“how often”; where; sampling or monitoring; microbial
source tracking; Escherichia coli OR Bacter* OR microb*
OR faecal indicator; “water framework directive” OR
WEFD; “sanitary survey* OR sanitary profil* OR bathing
water profil*. The search output was screening for their
relevance to the aim and objectives of the project and
mainly informed the delivery of objectives 3, 4 and 5.

are outlined in Table 11.2a and Table 11.2b and are detailed
below.

Location and type of treatment data for all potential FIO
point sources from SEPA. We used locations of public

or private point sources discharging directly or indirectly
via a soakaway to surface waters or groundwater. We
included the following types of point sources and effluent
discharged.

e  Effluent discharges granted by SEPA under Controlled
Activity Regulations (CAR) (hereafter reported as
“granted point sources"” - GraPS) such as sewage
effluent from:



o waste water treatment works (WwTW), from
primary to tertiary treatment

o combined sewage overflows (CSO), which
discharge untreated effluent during stormflows

o emergency overflows (EO), which discharge
untreated effluent regardless of flow/rain

o septic tanks serving more than 15 people,
which usually discharge effluent after primary or
secondary treatment

e Organic effluent from GraPS, which contains material
of animal/vegetable origin from food and drink
manufacture and exerts a notable Biological Oxygen
Demand (BOD); it may also contain sewage.

e Other effluent from GraPS, which may be a mixture
organic and inorganic effluent" including leachate
effluent.

e Trade effluent from GraPS, which refers to any
effluent produced in the course of any trade of
industry and businesses and carries the untreated
water straight to local rivers, lochs and the coast.

e Surface water drainage effluent from GraPS, which
runoff from residential land, industrial estates,
motorways and roads, mines and construction sites.

e Effluent discharges from modelled locations of
domestic septic tanks serving fewer than 15 people.

For modelled locations of domestic septic tanks, and
modelled locations of septic tanks serving fewer than 15
people, which are simply registered we used:

e Distance from watercourse (i.e. streams, rivers, lochs/
lakes and the coastline adjacent to BWPA and SWPA).

e Soil runoff risk based on the runoff risk map of
Scotland (partial cover) by Lilly and Bagaley (2018a).
This map was included in the analyses because of
uncertainties regarding the state and location of
drainfields. For example, locating a drainfield in soils
prone to surface runoff compromises the hydraulic
performance of the drainfield (e.g. Withers et al
2014), thus increasing the risk of FIO discharges to
watercourses following storm events.

o Low runoff risk refers to soils that can store large
volumes of water or can allow water to quickly
infiltrate and so surface runoff is limited.

o Moderate runoff risk refers to soils that have a
moderate capacity to store rainfall or to allow
water to infiltrate; these soils will reach saturation
under some circumstances, leading to runoff.

o High runoff risk refers to soils that have a limited
capacity to store rainfall or to allow water to

1 Inorganic effluent does not exert a notable BOD, and,
therefore, it was excluded from this exercise.

infiltrate. The soil will quickly saturate, leading to
rapid runoff.

Soil leaching potential based on the risk map depicting
soil permeability, and thus risk of groundwater FIO
contamination, produced by Lilly and Bagaley 2018b.
We included this map in our analyses because in areas
with high soil leaching potential FIO in drainfields
may migrate downward through the vadose zone

(i.e. shallow, unsaturated groundwater) and into
groundwater, and eventually discharge into surface
waters through the stream bed or seabed when the
water table is elevated.

o Low soil leaching potential refers to soils in which
potential pollutants are unlikely to move down
through the soil due to low permeability.

o Intermediate soil leaching potential refers to
soils with a moderate ability to retain potential
pollutants and which allow some pollutants and
liquids to move through the soil. For example,
deep, permeable, medium textured soils with
high topsoil organic matter contents can possibly
transmit non - or weakly - adsorbed pollutants
and liquid discharges, such as septic tank effluent
to drainfields.

o High soil leaching potential refers to soils with
very little ability to retain potential pollutants
and which allow pollutants and liquids to move
rapidly down through them to underlying
groundwater.

Density i.e. number of septic tanks within a square
kilometre. A common finding in the literature is

that areas with high septic tank density are most
susceptible to groundwater and surface water
contamination from septic system FIO discharges
(Lusk et al 2017 and literature cited therein). The US
Environment Protection Agency (EPA) defines high
density as a density greater than 40 septic systems per
square mile (Katz et al., 2010; Borchardt et al., 2003
cited in Lusk et al 2017). We calculated density per
square kilometre:

o Low density refers to a density of septic tank
systems up to 4 / km2.

o Intermediate density refers to a density of septic
tank systems in the range of 5-19 / km?.

o High density to a density of septic tank systems
equal to or higher than 20 / km?.

We also used GIS spatial data

Waterbody catchment boundaries in relation to BWPA
and SWPA.

Land use data from LCM-2007 maps.

Output of SCIMAP-FIO for livestock. This helped



to assess areas at risk from high in-stream FIO due

to agricultural land use. We included the output for
Channel Erosion Accumulation risk which shows
where FIO from livestock accumulate in-stream faster
than the stream water flow can dilute them.

Wildlife. It must be noted that little evidence is readily
available.

OS river network and shorelines



Appendix II-Table 1.2a Summary of data used for developing a GIS-based approach to help assess place-based risk of in-stream FIO

contamination and thereafter prioritise monitoring towards sites posing greatest risk of FIO delivery from catchment to BWPA and

SWPA. For explanation of the regulatory framework see Section 3.2.

Type of data

Description - Use

Justification

Source

Point sources

Locations of Granted Point Sources (GraPS)

e waste water treatment works (WwTW) providing primary,
secondary or tertiary treatment and discharging domestic/
organic / other / trade effluent.

e  combined sewage overflows (CSO),
e emergency overflows (EO),

e septic tank systems (STS) serving more than 15 people,
providing primary to tertiary treatment and discharging
domestic/organic / other / trade effluent.

Sources of FIO

SEPA

Modelled locations domestic septic tank systems (STS) serving
< 15 people

Distance of
domestic septic
tanks from
watercourses

We included four distance classes:

Near: Far:
0-10m 50 -100m
10-50m >100m

Proxy of FIO contamination risk
of streams, lakes and coastal
waters from domestic septic
tanks through runoff and
leaching

Calculated (see
Appendix 11.3)

Soil runoff risk

e Low runoff risk when surface runoff is limited.

*  Moderate runoff risk when soils reach saturation under
some circumstances, leading to runoff.

e High runoff risk when soils quickly saturate, leading to
rapid runoff.

Proxy of where FIO from
domestic septic tanks can
contaminate streams and coasts
through runoff

Scotland’s soils
(2018)

Soil leaching
potential

e Low soil leaching potential in soils characterised by low
permeability.

e Intermediate soil leaching potential when soils allow some
pollutants and liquids to move through.

e High soil leaching potential when soils allow pollutants and
liquids to move rapidly down

Proxy of where FIO from
domestic septic tanks can
contaminate groundwater

Scotland’s soils
(2018)

Density of septic

We included the following classes:

Proxy of where FIO loading

Calculated (see

tanks within a L ) . in an area poses a FIO Appendix 11.3)
square kilometre e Low density: 4 domestic septic tanks per km? contamination risk

¢ Intermediate density: 5-20 domestic septic tanks per km?

e High density: >20 domestic septic tanks per km?
Output of We included the output for Channel erosion accumulation risk  Proxy of sites with high SCIMAP
SCIMAP-FIO for  which shows where FIO from livestock accumulate in-stream in-stream FIO from diffuse
livestock faster than the stream water flow can dilute them. agricultural pollution
Land use data We used Broad Habitats from LCM-2007 maps. % of LU-LC at a waterbody CEH

scale is a proxy of FIO exported
from a catchment (Kay et al
2008a).




Appendix II-Table 11.2b Ordinary Survey-OS and catchment and protected area boundary data.

Data description Use Source

OS river network and
shorelines

Reflects the river network which acts as a corridor delivering FIO from catchment based-
sources to the coast

Open access

Baseline waterbody
catchments

Reflects and integrates point and diffuse pollution sources land use. SEPA

e Coastal waterbody catchments refer to baseline waterbody catchments adjacent to
the shoreline and to the receiving BWPA or SWPA

e  Upstream waterbody catchments refer to baseline waterbody catchments upstream
of coastal catchment

BW catchment boundaries Reflects and integrates land use and management issues potentially influencing BWPA SEPA

SW catchment boundaries Reflects and integrates land use and management issues potentially influencing BWPA SEPA

BWPA boundary Shows where regulatory monitoring to assess compliance with bathing water standards SEPA
take place.

SWPA boundary Shows where water quality should be protected to enable shellfish harvesting SEPA

SWPA monitoring point Shows where within a shellfish production area there is the highest risk of shellfish E.coli FSS

contamination

Areas designated for birds Open access

Appendix 1I.3 Description of GIS-based
method

Assessing place-based risk

The following steps were undertaken to develop the GIS-
based approach to assess place-based FIO risk:

continuously or intermittently effluent that
is untreated, or after primary or secondary
treatment and are located within coastal
baseline waterbodies.

o Intermediate priority: GraPS discharging
continuously or intermittently effluent that
is untreated, or after primary or secondary

1. We used readily available datasets and modelled treatment and are located within waterbodies
data (see Appendix 11.2) and combined selected data upstream of coastal waterbodies.
layers to assess risk of in-stream FIO contamination
based on literature review findings (Section 3.1). SEPA 0  Low priority: GraPS discharging effluent after
provided spatial data on GraPS and the modelled tertiary treatment in baseline waterbodies
locations of septic tank systems for 11 BWPA and upstream of coastal waterbody catchments.
5 SWPA (hereafter reported as trial catchments) to For the risk from septic tanks systems, we considered
support the development of the GIS-based approach. the following risk indicators: soil leaching, runoff,
In consultation with SEPA and because of limited distance of modelled location of septic tanks from
resources we focused on one BW catchment (Naim) watercourses and shoreline and density per square
and one SW catchment (Loch Ryan). kilometre. Details are provided in Appendix 11.2.

2. For the risk from GraPS we considered two risk

indicators: Location in relation to BWPA and SWPA,
and type of treatment.

e Location: GraPS located in a baseline waterbody
catchment immediately adjacent to the BWPA or
the SWPA (i.e. coastal waterbody) assumed to
be posing a higher risk to BWPA or SWPA than
GraPS located in waterbody catchments further
upstream.

e Type of wastewater treatment: effluent from
untreated, primary or secondary GraPS was
assumed to be posing a higher risk to BWPA or
SWPA than effluent from tertiary treatment.

e Decision on place-based risk to prioritise FIO
monitoring at sites where:

o Highest priority: GraPS discharging

e Decision on place-based risk to prioritise FIO
monitoring at sites where:

o Highest priority: Septic tanks are located
near the watercourse or shoreline on soils
high/intermediate leaching potential and
high/intermediate runoff potential and
belong to clusters of more than 20 septic
tanks per square kilometre.

o Intermediate priority: septic tanks located
within 10m of watercourses or the shoreline,
and septic tanks within 50m of soils with
high or intermediate leaching potential and
high runoff risk.

o Low priority: septic tanks located at distances
>50m from watercourses and the shoreline,
not belonging to clusters of >20 septic tanks



/km2 and not located on soils with high
leaching potential and high runoff risk.

For risk from pet-related sources of FIO we looked

at locations of built-up areas in relation to the river
network and the BWPA, assuming that built-up areas
adjacent to the river network and the shoreline pose a
higher risk than those located further away.

For risk from wildlife, we could not identify any
reliable risk indicators. Apart from location of
designated areas for birds and the type of soils in
these areas.

e High priority: Designated areas containing soils
with high/intermediate SLP or RR located in
coastal baseline waterbodies.

GIS analyses - Data collation steps

1.

Dissolve WaterCourseLink on 'fictitious' fields to get
crom_streams_diss (15 individual 'reaches’)

Buffer reaches to 50m, round end, no dissolve -
crom_streams_50m

Use Spatial Join with crom_streams_50m and septic
tank file to get count of septics within 50m of each
reach. Alias JOIN_COUNT field as 'septics' - crom_
streams_50m_septics

See https://support.esri.com/en/technical-
article/000008599

For SCIMAP outputs, the outputs do not follow

the 'real' stream network, rather the modelled one.
Create new set of buffers @ 500m distance, with the
flat option - crom_streams_500m_for_SCIMAP

Spatial Join between crom_streams_500m_for_
SCIMAP and SCIMAP_FIO, this time using JOIN_
ONE_TO_MANY and INTERSECT options - crom_
streams_SCIMAP. This produces a file where each
SCIMARP risk point is appended to the 500m buffer
around each reach. Export this file to Excel and work
out average of risk points in order to get an overall
‘class' for the reach.

Spatial Join the Granted point sources shapefile, as
above for septics - crom_streams_50m_septics_GP

Spatial Join the coast_500m file to get reaches close
to the coast. Use ONE_TO_ONE and INTERSECT for
the join type - crom_streams_50m_septics_GP_coast

INTERSECT the leaching risk file. Export as with the
SCIMAP data, summarise in Excel, work out the
dominant leaching class in the reach.

INTERSECT the crom_streams_50m_septics_GP_coast
file with the Cromarty urban_areas file. Export the
table to Excel and work out the total area of each
reach covered by urban areas.

10.

1.

12.

Import all the Excel tables into Arc and join to the
crom_streams_50m_septics_GP_coast file using the
ORIG_ID field; create a calculated field to work out
the area of urban as a % of each reach area.

Export the whole dataset to a new one to 'fix' the
joins permanently

We now have an attribute table with a row for each
'reach’ plus the following:

¢ no of septic tanks within 50m

¢ no of granted point sources within 50m (and
what type it is)

e avg SCIMAP-FIO risk rating in a 500m buffer
around the reach

e the percentage urban area within 50m
e whether the reach is within 500m of the coast

e the dominant soil leaching risk potential in the
50m buffer around the reach

Additional GIS analyses

13.

14.

Septic tank density.
e Create a 50m fishnet for the catchment

e Add a column to the septic file called Count and
populate it with a value of 1 for each point

e Use Point to Raster to convert the septic tank
locations to a raster. Choose 50m cell size,
COUNT as the cell assignment type, and set the
fishnet as the processing extent in environments.
This gives a 50m raster with the number of tanks
in each cell as the value field

e Use Spatial Analyst > Neighborhood > Focal
Statistics with a 20 x 20 rectangle neighborhood
(so everything with 1km of the cell), and SUM as
the statistics type (and check ignore no data)

e Convert this raster to a polygon (simplify
polygons)

¢ Add a column to the shapefile table and calculate
a class that corresponds to each of the 3 classes:
<5,5-20 and >20.

e Dissolve the polygons based on this class, then
symbolise according to High/Med/Low

Septic tank proximity to watercourses

e Spatial Join baseline_WBs with septic tank
locations for each range band (<10, 10-50, 50-
100, >100m). Make sure to use ONE_TO_MANY
join type

e Export to Excel, then pivot to count no occurring



15.

16.

17.

18.

19.

Septic tanks on soils with high leaching potential/
runoff

e Spatial Join septic tank locations with SLP/runoff

layer

e Spatial Join baseline_WBs with septic tank_SLP/
runoff layer. Make sure to use ONE_TO_MANY
join type

e Export to Excel, then pivot to count no occurring
Land Cover

e See Appendix Il in Akoumianaki et al. 2018.
Granted point sources

e filter out anything that isn't an effluent from
GraPS layer (e.g. cooling water)

e Spatial join baseline_WBs with GraPS layer. Make
sure to use ONE_TO_MANY join type

e Export to Excel; list each source rather than
counting all occurrences

Length of rivers

e Spatial Join baseline_WBs with OS_Mastermap
layer

e export to Excel, pivot and sum lengths
Distance to sea

e Dissolve OS mastermap Water layer on
permanence field to get Nairn_OSWater_diss

e Edit to extend the lowest part of the network so
it reaches the river 'mouth'; add a point

e Intersect this layer with baseline catchment layer
- this produces a multipoint file with a number of
exraneous points. See here for how to convert to
a simple point file: https://support.esri.com/en/
technical-article/000007983

e Edit out all the unneeded point to give a rough
approximation of where the outflow of each
catchment is (need to manually remove a
number of points where the river and catchment
boundaries have crossed because the boundaries
were generated from a DEM).

e With the 'clean’ file of points, clip the river
network to break it into 'reaches’

e Sum the length of each reach (cumulative) to get
distance of each catchment outflow to the mouth

11



Appendix lll Generic
FIO export coefficient per
land use/land cover type.

Table 111.1 FIO export coefficients (cfu/km2/h) per land use under base-flow and high-flow conditions based on data from 205 sub-
catchments in the UK studied by Kay et al (2008a). Base flow refers to dry weather conditions and runoff ranging from 2.43 to 196 m3

/ km2 of catchment / hour, with higher values in winter months; high flow refers to rainfall-response flow and runoff ranging from
7.90 to 1070 m3 / km2 of catchment / hour, with higher values in summer months.
IP: Improved pasture; NG=Rough grazing; WL: Woodland; BU: built-up areas; GM: Geometric mean

Land use FIO group Base flow (GM) High flow (GM)
>75% 1G Total coliforms 29X10° 2.7 X 10"
Faecal coliforms 8.3 X108 1.2 X10"
Enterococci 9.6 X107 2.2 X10%
>75% RG Total coliforms 7.1 X108 5.3X10"°
Faecal coliforms 25X 108 2.5X10"°
Enterococci 3.3 X107 3.6 X10°
>75% WL Total coliforms 3.1 X108 1.4 X 10"
Faecal coliforms 2.0 X107 3.3X10°
Enterococci 8.5 X 10°¢ 3.8 X108
<2.5% BU (Rural) Total coliforms 9.3 X108 6.1 X 10"
Faecal coliforms 4.2 X108 2.6 X 10"
Enterococci 4.9 X107 4.7 X10°
2.5<BU<9.9%(Semi urban) Total coliforms 4.2 X10° 1.5 X 10"
Faecal coliforms 1.2 X10° 4.6 X 10"
Enterococci 1.5 X108 1.1 X10°
>10% BU (Urban) Total coliforms 8.5 X10° 4.1 X 10"
Faecal coliforms 2.8X10° 1.3 X 10"
Enterococci 4.0 X 108 2.7 X 10"

12



"(po3sadans

s1 D,GE) ainjesadwiay
pajjos3u0d Jaysiy e
1% 40 ainjesadwa)

‘jusawdinba
Suyduwes WooJ Je 31 dyeqnoul
: pue ysip L3ad e ojul
epue)s
‘seale ajowal P mn_o_ﬂ Yo1B359Y 1 4nod ‘winipaw ay3
‘moig Sundwres 1 R Supjuug 03 a|dwres 3593 & ppy
[I1M $||92 3|qeIA Ajuo ygt< -dway (dway o "AyAoR asepiuonon|g
SB MO| 92U3J34I33U] wool je  wool je moig SN ysyizsys -p-g ySnoayy
(800Z “'[e 10 Suines| 41 ygy ued Inq) 3y} W Suiyreg SWLIOJI|0d pue 1]0D waysAs
195d1i4) saAneSau ploY ay3 ui ‘Suizegnoul Joyegnoul  aseyoind ’ juapuadapul sainsea\y "paseq-ge ®@[98Ase3
'l 9S[e) JO 92UIPIAT oL'zs MOT 35N J0J JoU /MOT Jypz-8lL qe —SOA  Weans-u| ON Ase3 Areaqi ‘A3ojouyday Jualind ueds|jod
‘juawdinba
Sundwes
pJepueis
‘PR m
-
'S9|qeWNSU0d
“BIPaW 9AI}I3|9S ‘Joulqed
Suisn 41 sdusIRIAUI 10UIgED Kyayes || UY24eas53y ‘ge| ay3 ul
9137 "MOIS [Im |1 sse|D ssepd ‘Jauiqed Supjuug /GLO 1|02 "3 pue ‘1j02
s||90 9|qelA Ajluo yum ge MOJ} Jeulwe| '3 “eld}ORY WIOH|0D
se AjAnisuas ASojoiqosniw ‘BIpaW ysyipys JO uopnesaWNUd pue
ySiH "poyew JIseq ‘anepoINe Suiyreg uoIiFe|osi 10} spoyiaLu sanbjuyoay
plepueis e si 31 se salinba. play 8y ui ‘uawdinba ’ juapuadapul pJepueis "paseq-ge uoneIy
'L a|qeljaJ Ajfesauan 05'¢F ~ -ySiH asn oy jou /moT Ust-t¢  uoielyy :qeT SOA  Weads-u| sap  Ase3 Areign ‘ASojouyay Juaund aueiquiay
- = w o 0 wn i) n o m wv > 3 g ® s m m = [ 3JoQmU -
g §3 2 g g £z £ 5 g gf :4% §f ¢ =e SEEES g
4 HELE g s 45 c° =<1 55 B =< s e S8 E I ] 3
o =g 2 ° a5 23 3 S5 ® &8 2z 9 T3 80855 =
S3& o g 5% =2 3 T8 3 33 ® g iy So®§ ®
Q= = 4 a s T 3] - 5 = > ® >3 ®3FTaS <
e 9 3 = 2 a 3 2 §° 3 S 0 ~358
w b= ®a " & SIS m = 23 =550
= o -~ @ Q 25 3 = =5 3%3¢
= @ @ 3 = s = @ 3 o =>=3
< o e 2 2 3 @ 23 c o O8NS
g = = g “ad >
< by Qe

‘Sunojiuow Q|4 au1noi 10y pasn aq ued saifojouyday ay} jo Ayuolew ay) "s92in0s O[4 Ulew pue dUINjjul Jo BaJe AJijuapl 0} SA3AINS JuawiydIe) |, aseyd V1Al d|qeL

sonbiuyds9} pue saigojouydral Suriojiuow Jo malAdy Al Xipuaddy



‘1uawdinba

Suydwes
plepueis
‘PIRA

'$9]qeWwNsuod ‘A}Inpoe asepiuonon|§

‘Jauiqed -p-g uo paseg *(ql

"M0IS ||IM S|[90 Kyoyes || ssep anijisod Joy sy

3|qeIA A|uo se moj joulqed ‘JaUIged MOJ} Ud2IB953y yjoq salinbai) 1y

90UaIBHIRIU| (800 11 sse|> Jeujwe| ‘Jun Supuuq AN PUB JU3IGWE Y1oq

" 39 4a3oL) Yim qe| uones|y Jspun elig}deq [B10}

sanlpeSau as|ey ASojoiqoniw ‘Joyeqnoul SN ysyeys pue Japeqo.I93UT

JO 92U3PIAG INq JIseq ‘anepoINe 3y} wioly Suyreg ‘IJ03 'F JO SJUNOd

‘spoyiaw vdisn saiinba play ay3 ui Jauns  aseyoind ’ juapuadapul AuojoD "paseq-qe
z'l ym saldwod 08'8LF -ydiH asn 4oy jou /Mo ‘Yyz-oz  9rejdioy :qeq —SOA  Weans-u| ON Ase3 Areiqi ‘A3ojouyday Jualind Je8y |W

"SWI041[0d

[e301 12939p O (DNW)

apisoueiAdojoees

-g-1thaypquiniAyow-1

‘areaisgns oluagolonyy

‘M0oiS 2y} Jo a8eAes)d

|lIm S92 3|qeIA Ajuo JirewAzus 03 anp

SB MO| 90U3I34Ia}U| a8ueyp 1nojod pue

Aupgeral yum ‘uon3}ap /j02 7 40}

sanss| 0} anp (nagi) apiuoinoni

Sousue - iopy e

AUop M ‘qe| Suidwes lussowoly

‘§-2 si01e|nSay ASojoiqosoiw n:.m_ncﬁm YoIeas9Y LIOJJ 92U9DSBI0N])

'SEUOWOIY YHM JIseq POl Supjuug paonpui AN Suisn

Gununa20 saaisod saunbau R o Aynioe asepiuoinon|g

9S[e4 JO 22UIPIAT 'y31y s3500 'S9|qRWNSUOD ysyiisys -p-g y3nouyy swioyjod

(800 e 19 J3Y1O “I9ees ‘103eqndUl Suieg [e30} pue /0D 7 JO

195d1i4) saAneSau Kesy ayy play ay3 ui BETEEN ’ juapuadapul NdW "paseq-geT
'l 95|} JO 22UIPIAT 9EVF 104 000VF SN 404 JoU /MO ycz-sl Aesy :qeq SOA  Weans-u| ON Ase3 Areaqr ‘A3ojouyday Juaiind M3J110D
3 sz g 2 o g 5 §z 3§ 3% § g% 2g8737 g
8 g 5 2 o 2B 3 < &5 &5 55 8% § 8 = Sgaa2 g
® o . S = 3, = ° 55 & 25 o 3 o <3 F28aw = 3
G = o a 2R 5] m 3¢ B mu a = = T < €o85% =3
(X3 0 Q = T 3 © 3 383 © = W. w S qaafg 2
5% 5 * 28 : : 5 £ %g g B i 28553 E

3% 2 g 8 2 3 3 3 g B3 ER g

3 9 ) =~ n Q = o 0o =3 Q @ c 0 =

3= o 8 3 2 & = @ g = SFose

o S. o 3 < < o =0 S 2R 3

3 o = Pm -

ax< =3 5] = S o

g o < =

14



"M0IS ||IM S|[90 ‘1uawdinba 'sjunod ajeld eiA
3|qeIA A|uo se moj Suidwes BLIS1OB( pIok d1108| pue
ERIIEIETIE VIR ] plepueis ‘81493517 'lj|10Bg01oE|
3y} yum payddns salinbai ‘Seuowopnasd
SIyaIYM ‘(L86L [ Alqissod R ‘'spinow 'sjseak
30 Unoynq) yzoliq "uorpdUISIp SupjuLg ‘poodojAydess se [jom
areydins |Aine pue Joyegnoul Se SWJ0JI|0d [£30} pue
sueIqISW JO 3sN 's9|gewnsuod ysylisys 9PaIRIISIDBGOIIUT
3yl Yim pajeloosse Ajddns sjamod ‘BIpawW ‘yun Suiyeg ‘110> "3 10} 39} YU} qe|
soAlfe8au asfey Jo qe| ayd ® 0} S52008 uoneIlY ’ juapuadspul  3jigow v ‘paseq-pjald (OzaoeI]
'L 9DUIPIAS BWOS GO'vF 10} GGELF pasu /Mo yre sapnpul 1| SOA  weasls-u| ON Ase3 Areign ‘ASojouyday Juaund AQ) xa|4enby
uawdinba
Suydwes
plepueis
‘PIRA
'$9]qeWwnsuod
‘Joulqed
19UIqED Kyayes || ssep YoJessay
"M0IS 11 SseD '12UIqeD MO} Supuuq ‘Ayiaioe asepluoinon|g
[IIm S]192 3|qeIA Ajluo Yyum qe Jeujwe| ‘pun -p-g uo paseq
SB MO| 90UDJI34Ia3U] A3ojoiqoniw uoney ysy|sys BLI9JOBQ WI0}1|0D (VvOIW) Jede
(800Z “'[e 19 JIseq ‘Joyeqnoul Suyreg pue /0> 'J JO SUN0d apluoinon|g
J9d1I4) saAneSau sainbay play ay3 ui ‘anepoINe ’ juapuadapul Auojo) "paseq-qe 950308
'l 95|} JO 2OUIPIAT 0/'9F -ydiH asn Joj jou /Mo yrz-8lL qe SOA  Weans-u| oA Ase3 Areaqi ‘A3ojouyday Juaiind aueIqUIB
‘Juswdinba
Suidwes
pJepuejs
‘PIRY
'$9]qBWNSU0D
‘JaulIqed
12UIqED Kyayes || ssep YoIeas9y
"MOIS I1'sse|D ‘Jouiqed moyy Sunjuug “Ayanoe asepiuoinon|s
[|IM S|192 3|qelA Ajuo yim ge| Jeujwe| ‘yun o -p-g uo paseq
SB MO| 90UDI3LI3U| KSojoiqoniw uones}|y ysylisys BLI9]0BQ WJ04I|0d
(8007 "2 19 a1seq ‘J0yeqNOUI Suiyreg pue /{0 'J JO SjUNOd
193214) sanieSau sainbay play ay3 ul ‘anepojne ’ juapuadapul AuojoD "paseq-qe] Je3y wio0d
'L 3s[e4 JO 2OUBPIAT 0G'€F -y3iH asnh Jojjou /MmoT ysz-€z qe SOA  Weadls-u| soA  Aseg Kreaqn ‘ASojouyoay Juaundy Jnoowoiyd
= wun wv a w m w = =m m = om
3 I & Bay 5 &3 =2 El 55 & B3 3 o S5 Fo%Bq@ S 3
c 2= ® a &R & o ..ww 2% o g3 el - L 2 Wm,MU.M.. Ml
3<< 0 = = = 3 ® 3 238 2 & 28 S %o o9
2 = o 4 =R ) & 5 8 S = o 3] ®owgs <
S % 3 2 8 2 3 > §°8 g A 2539
2, > =2 > g & B 3 2 iy 283¢%
S o 2 3 & = @ 22 SF5a3
= o * < © o S 2R 3
< z = =9

15



'SpoyIaW piepuels
0S| 03 aAiesedWOd
aJe synsal Jey}
MOUS S[eu} geT ‘jw
00L/N4D 0Z6-0

Jo 93ues B SeH
‘gjdwies jw QL ul

‘A3ojouyoay Suidiewg
JasN [ed1uL23)-uou

® 0] S}|Nsal Je3d
apiroid 0y Jopeal

AN © sayelodiodul
JeY} HUN Walshs e
pue pi| osougelp e
‘Jaurejuod uoi9||0d
o|dwies prepuess e

(joasug
Jo Aysianiun

winy3)oeq 9j3uls B ‘jJuswdinba Supjung
10919p ueD ‘M0Ig mE_Q.Emm sureluod "NdW BlA 8y} Aq 3sa3enby
[|!m s|192 3|qeIA Ajuo Emncﬁm 6L0C ysgisys BLISJOBQ 9]0 pue Sse auwies)
Se MO| DUI3J93U|  BIpaW UO ploY Pl ul Jdew Suiyreg 122020433U9 ‘1/0D (sonsougelq
‘Aypyioads  Suipuadap 01A3P ayj ut sonsiSo| R 0} SaW0d ’ juspuadapul  sainseay ‘paseq-pjald 191eMy3ug)
'L uo ojul ON OL-8F 9y} Joj GO9F UO Ojul OU /MOT] yvrz-sl SUON :qeT —SOA  Weals-u| ON Ase3 Areig ‘A3ojouyoay Suidiswy  goedDIHDOENbE
‘dwe| AN pue
J01esedWod
‘MoiS ‘loo} Suifeas MESS
(1M 5122 3jqelA Ajuo ‘saye|d NdW Supjuug "NdW 4q
SB MO| 9DUBIHBU| 's|assan 10 92U3sqe/aduasald
‘A)IAI3ISUas 10 Suydwes ysy|eys Aq sw.o41j0d [e103 pue
Kyoypads uo oyul plaY ‘J03eqnoul Suiyeg 1103 °J 10§ 5159} JeU} gB|
ou inq ‘poyawl  ed |yai gelayl  ayj uiino Aued sapnpul ’ juspuadspul  3jIow v ‘paseq-pjald (1sauljed
z'l panoidde vd3sn J0 350D 10} 792CF 0} Asea /mon yst-9l — QUON SOA  Weans-u| ON Asej Areaqi ‘A3ojouyday Jualind Aq) Sepjod
"MOJS ||IMm S|[22
3|qeIA A|uo se moj U2/eas3y ‘seale J3)SesIp Jo [eini
dUdIBHBIUI (+7L0T Supuuq '32IN0Sa1 MOJ| U] 3sn
""[e 19 1agnel1s) ‘Juawdinba o 104 "159} Yd3BW-IN0|0d
KjpAipoadsal %,9'96 (ainjesadway Suydwes ysylisys Aq NdW ygnouyy 1j02
pue %676 1e plaY uoneqnoul plepueis 3 "7 104 5359} YRy} ge| (xuaSenby
fapypad A d b uied d paseq- A E
1oyidads pue ay3 Ui 1no Aued uo spuadap) sasinba. juapuadspul  3jIgow Y ‘paseq-pjald q) 1531 Seq
'L Ayanisuss papoday oL$ SUON 0} Asea /mo ys-c A|qissod S9N Weals-u| OoN Ase3 Kreagy ‘A3ojouyday uaund uswuedwo)
- ] 0 v o n o m v > 3 == > m m == 3o QmoUu =
8 Bg o 3 E & B 53 € 85 B 8% 8% & FE 25538 g
3 & = = 23 25 = 55 & 25 23 9 335 Fo%q 2 3
e 2= @ a Qaun__ I @ 3 ® 353 @ =~ N 2293 3% o
388 @ g = = 3 5 3 283 ® 5 28 S540®E R
a = = (Y 4 s 3] s 5 o Z = ® o] N®osgs <
Loz 3 e 2 3 2 2 °8 g S 3 =558 °7
3 =1 3 3 & 3 3 - 3 5i 23 £o30
&, o = > = = <X (4] = a o c 2o =
= @ o = c = o 3 o =>=3
< o e 2 2 5 @ 29 c2o9
< m = = m




(LLoz e 30
SUBUN) SUOI}IPUOD
[ed130]04935W
WO 9duUalapalu|
(LLoz e 30

'92IN0S

juiod e Jo weasjsumop

pue weasjsdn 3593

0} PN ‘weass e

03Ul AHAIDNPUOD

19ydy Ajpaiyejp.

YHM Joyemalsem

}0 sa24nos juiod

juspuadapul  sayijuap| ‘paseq-pjald

SUBUN) SOI4 Ym 2qoud Joy plaY ay3 Ui asn
'L 93e[2110d 0} puUno4 QUON  00ZF 01 dn 0} Asea /mo7 yr< SUON SoA  Weasis-u| ON Ase3 Areaqi ‘A3ojouyday Jualind Ajnonpuod
"921N0S
juiod e JO WeasIsUMOPp
pue wealjsdn 1593 0}
PaaN "(£ L) S9UIDHIP
ainjesadway Jo
Jofew jsow ayy Ajuo
03 payiw| A st
‘sadueyd ainjesadway Jo asn
ainjesadwsay ay1 ySnouyae ‘weans
[euoseas pue Ajrep B O]UI J9]BM JOWLIBM
wouy awod Aew 10 191000 AjaAize|as JO
9dUdIaHIRIU| “(£00T s901nos julod Apuapl
“19AH) saoudIaHIp ued SpUSWAINSEAW
ainyesadwa) Jolew ainjeladwal
10919p Ajuo M H aqoad uoy  "pjay ay3 ul asn juapuadapul 191BAN “Paseq-pjald Suisuas
z'L se AJIAISU3S MO QUON  00LF01dn 0} Asea /mo yr< SuoN SOA  Weals-u| ON Ase3 Areiqr ‘A3ojouyday Jualind ainesadwsa]
5 27 S g &= g5 g §3 8§ 82 3% ¢ 55 3883% 2
= o f =] =, =2 3 ) @ S 3 3 o o9 >
8 =& < 5 25 = g S & 25 23 o 35 Fo%a@ S 3
a= ® a5 ® o 3 S o s 5 o = = T S o 5 O =X
= o aQ " o (1] S o = ® 3 = A 2893 3 = o
(=G5 n Q = T 3 ® 3 =8 e m Wn ) 3 a0 g (]
= o 4 -3 o & 3 o Z = ) o T ®WomeasS <
3% 3 52 3 2 A2 8 g T3 25387
g3 = 3 a & 3 2 =2 3 5 Sa Se3f
=25 &, (] = n = = o oq 5 o o S -0 =
gz o 2 & § ¢ ® g2 SFsa
o <. o x < o = ERONORS
S & ~ =3 o w gk =
o< o = TS o
e & e

17



"YoJeasal alow ypm Supojuow supnoi o} ssaiSoid 0y [er3ualod

‘dde suoyd sjiqow
Zuisn pajjwsuel}
9q ued (dA13R}I[BND)

juswaaiSe S}Nsay "(uoroeal
Jajsuelsy oirewAzus uo aseq
swdinba [BLAIEW  Supuug *9°1) Juasaxd si 1j02 F Ji
ERITEYEIEMT]] Sundwes BIA 1nojod sadueyd oYy — (ou]
1o Ayads uo (uoneUdUOd Emvcﬁm epeued UsHlIRYS J9]|Y SuBIqUIBW YHM sa1gojouydal
ojul ON (9L0Z “|e 1100 '3 uo Pl woly Suyreg 98uuifs e 0} o|dwres ueaIaIE|D
19 BpUND) |W/N4D ‘PIaY 2y} ut asn spuadap) R aseyound ’ juapuadapul Ajddy "paseq-pjai4 AQg) 1 Sunsey
L 00 Jwiuoipsled  Avd 0Ts$ SUON 0} Asea /moT yp -uw g SUON :qeT —SOA  Weals-u| ON Ase3 Kreagn ‘A3ojouyay Suidiewg qej 0'L MW
(uonedIUNWWOd
[euosiad ‘|jpqdwed
'S) 20Ul U21eas3y
pue AJARISUSS *(UOIBIIUNWIWOD SupuLq ‘syi8usjonem
Yim sanss| *(18°0 [euosiad o uoissiwa ueydoydAiy
-2£'0=C Y) 93emas ‘Jpqdwe) °s) usyipus 33 UIyIm pajw «(p¥1 dnoin
pue Jayem JaAU 4O play 8y} ui Suiyreg 90U32s3I0N|} AN saiSojouydal
suonn|ip ut sold IASP So1sISO| yum ' (fewiunw juspuadapul s}91eQ “paseq-p|al4 B3s[ayD)
'L UM UOI3B|9110D uoN J0 350D ¢ SaNSS| /MO ¢ 3UON SSA  Weans-u| 10) oN Ase3 Areaqi ‘A3ojouyay SuiSiswg J9peAN-1IOEY
uole2140d
juedyIusIs Jo
sJoB] MOYs B}ep
paysiigndun syd3s
JanamoH (1102
""[e 39 sueuN
"8'9) SOl 104
ayeSouns pood ‘weass
® Se pa3sagans e ojul Aypigany Jaydiy
sl pue sQ|4 Yd1easay AjoAize[2) Yypm Jajem
U}IM UOIFB|91I00 Supuug (915BM) JO S921N0S
juedylugis moys 2qoud Joy play 3y} ui asn o juspuadepul  saypuap| ‘paseq-pjald
z'l SaIpN3s awos SUON  00pF01dn 0} Asea /mo yr< SUON SOA  Weass-u| ON Ase3 Areaqr ‘A3ojouyday Jualind Ajpigany
- v e wv o3 = m w > 3 =] s m m = [ 3T QmQU I~
g BE % & &5 3 £ 85 8 5% &% % gS 85532 g
g g 2 5 £2 5 e 585 & 25 23 o 23 §98w 3 3
Q= 2] o QQN © o Wum [+'] mu 7] = Ly JOrNum =
> o = ° © 3 Sa o c 5 a SSISR@ = 5
<< g ] 5 = = = - = ® g ] Q@ a="No @
== 4 4 3 ) 5 8 X~ P o o o Bowpgs
54 3 SFc 2 = 3 - o S T 0 3 oa
83 ° ® 3 @ b3 ° 3 5 S a Seoz0
4 o () = = = S c
=54, () = o = o oq =p Q o c o=
3= o 8 3 2 & = @ g = SFose
o <. o & < o = c 2R S
S & 3 ~ - ~ o v a®l A~
o< =3 <] = TS o
g o < =

18



‘uoljeuaIRYIp

“ainyesadwal
Aq pajoaye aq 924nos ‘uonnjod
Kew 'sOI4 yum jawdinba [eda®} JO peo|
33.8e 0] Waag Suydwes dAIFR|INWIND
"$1030®4 JISULI}XD plepueis :pjai4 ‘uonnjjod [edary
uo Suipuadsp "SW-D740 SW uewiny jo Jojedipu|
a8ueyd ued Inq 'SW-D1/SW -Hn juawdinba ‘spunodwod ploials
3|qelj2 210w -DD J0 1500 uoldRIIXD pue Yoleasay oy1oads -a2inos
yonw soiey asImIaylo uoljes}y ‘weas}s Supuug JO uoneUIWIRIRP
"3|qeljad J0U ‘padinosino JEITETT se8 uagoujiu a|qe|iene ysyiays paseq SWDT1/SW siaysew
€ spunodwod sasAjeue Ul asn 1o} jou skep ‘10yesodens siskjeue Suiyreg juapuadapul -DD "paseq-qge 3|iq pioe
‘Tl [enpiaipu| <00LF ~ 1 9UON /USIy-psw BEIE]S Arejol :qen oyodsag  wealns-u| SOA ynoyg -Aieaqr] ASojouyday Juaund)  ‘|osdls [edaeS
) v D Ia) w o 0w - m wv > I3 g x s m m =r 399 Mo =
g E8 5 2 2 €8 53 £ S5 Eaf B3 7 T 838s3? g
Y e g < 45 c° < ol p =< S e &E SZ28ma 9 3
a2 K] ° a5 28 3 55 ®&s 3z s 3 28,853 o
= =5 = [\ () o 5 o = = = o
583 g g =5 E i ® 338 e g 38 ®2g-"8 &
e @ 5 =2 3 5 = 3378 g 32 m3o8
o 5 < o o 3 -8 =) ® 3 =29
] =k ® A A @ T 3 = S o 3503
= ° g ’ & = 22 = 28 225353
2 = s S Iz EgEgs
= =

SjusWYdIed UIYIM Ol Jo Ajjiqeriea Suniojiuowy iz aseyd g1 Al d|qeL

19



‘(L) uonnjjod
9)SBM [RWIIUR pUB
(07) uewNy y1oq
JO JoyedIpu| "plaY

9y} ul pasn aq ued
ey} sdus 3593 se
d|qe|reAe os[e ale

S159] BlUOWIWY

ERIEIETE V] ‘sduys 1591 ‘(YoeH "8'9) qe

uo ojul oN J0 Juawdinba Yoleasay 3y} Ul S3S9} 9139AND

‘Aypyioads ySiH ‘sduys 1591 'sduys 159} plY Suidwes Supuug Suisn painsesw

‘Aren ued s)sa} 104 €6°0F  Suisn ji mO7 3y} Ul 3sh 0} pJepuejs :pjal4 THIED]S 9q Ued BlUOWIWY

INQ 'OAIHSUSS  "}S9} 9J319AND 1S9} 9}3DAND Asea sdins ‘uoneIUBWINISU Suiyyeg juspuadapul  “paseq -p|ay Jo ge
'L AysiH loy £z'€F  Suiop 41 ySiH 159} /MO ¢ qe SOA  Weasis-u| ON Aseq -Areiqrp A3ojouyoay uand BlUOWIWY

‘uonnjjod

d15BM URWNY JO

103e21pU| "YHdY

:03 Suipiodoe

sjusWINSeaW

BYIo

193owojoydoiyoads

doudsaIon|y

Aq painseaw

juase Suiusyym

90U22s3I0N|4 "SW

/DD Aq pasAeue

aulaye) uashjeue

[epuawsad Suisn

painseaw uago.iu

dje|ndIed “dISEM

uewny 4oy saixoid

CRITEYETE ] se painseawl

uo ojul ON (quade Suluapym

‘Ayoyads ySiH 9oUddSAIoN|4

‘s[ediwayd juswdinba pue ‘3puonjj

959y} J09319p Suidwes JUBTORLINS Jluojue

01 3JnoIp 3 psepuels :pjai4 ‘aulayed ‘uagosniu)

oyewW 510943 ‘PIRY ‘uonduosap 295 — S103e2IpUl [e2IWBYD
uonn|ip se ayj ut asn uoneuBWNIISUl juapuadapul ‘paseq-qe si0yedIpul
Z'L  AuAiisuss mon ojul ON ySIH Jojjou /mo7  Y8p< - #Z qeT SOA  YoJeasay SOA }noyg -Areagqry  ASojouyday Juaund [esrwayd
= 2% S 4 &5 g3 < £z 2@8 3% g Sy 838B83§ 2
8 58 = E 23 8% 3 55 &5: 83 o 38 Fzisal 3
25 2 5 Ba %% 3 2z 9852 =% e 1l o59e3FE 3
<L o 2 = = e 3 e 335 NG & 2o BRag=Bo @

=7 5 - =2 4 s 5 3S=3 & ® 33 ~&ggg=3

o = = o > 3 -~ 8 ® 3 m. = M. = 5

Sa & > @ & 2 23 2 28 22253%

o B d i g3 « 27 Sgggs

3 & = = 8 ® 7 eR T

20



uawdinba
Suydwes
plepuess :pjal4
"S9|qRWNSUOD

'S]ORIIXD

|92 40 S}IRIIXD YNY
uo pasn aq p|nod
"VNY [eHa30R] JO
UoI32933p 1221Ip
SMO|[e SapiIosPNU
aujueng jo ayeys
uoniepIxo ay}

Jo upojuow
[e21WaY204199]3 Y}

ERIETETIEMT]] ‘qe| A3oj01q pue sjuageas
uo ojul oON Jejndasjowl '(YNY 10B4IX YHM uoieuIquIod
‘AJIARISUSS UO JIseq salinbas  juswdojanap 0]) X3HOA ul speaq dopudew
0jul ON (G00T se gejayj ul  sainbaiing 'a8nj3uad payeod-aqoud
“[e 39 Ja1DET) pasn 41 ysiH PIRY sy} a1eaq peaq  (spewW 2q 0} VYNQ "paseq-qeT
Aypyads uoioBIIXa ‘PIRY 9y} Ul ul pasn aq 'VNY ‘Jun UORBJIHY  PIdU PINOM  dIeasay yNoyg  juspuadapul ‘A3ojouyday L
'L ysiy smoys  VNY - 8GvF  Pasn i mol  pjnod /Mo Suisn Yy :qe|dy3 ul pasn 4| aqoid) oON  Supjuug SOA -paw -Areaqn Suigswy  Josuasolq YNY
"(YNQ dlwouag
josaidod /2
-GL1) 8d> ‘Jusawdinba
:uonoalaQg Suidwes
"90UBI9493Ul UO piepueis :pjai4
OJUl ON 'sOId Y2103 AN '921A9p
uo pajsal oq Rl dlpinjjoniw
0} spaau inq  uoieoyldwe 's9|qeWwNsSuU0d "90uddsaloN|y pue
(81L0Z "[e 19 [eway30s! 18UIgeD || pue sjuageal 901ASP JIpINjjoIW
duep) Yy oq Joj o4ul  SSe|D YUM qe| 'X91I0A 1aded Suisn sQ|4
0} papodas ON ‘W ASojoigosiw play 8y} ui ‘a8njujuad  (apeuw aq 0} 10912 "paseq soIpInjosoiw
Kyoypads pue uondeIIXa  dlseq salinbas  paysal usaq 1183 peaq ‘JuUNn  SPasu DIASP ynoyiq  juspuadapul -qe] ASojouydsl  YNQ lweSuQ
' Apaisuss  YNQ 9€'/F - YSiH jou /mo1 Upe> uonelyy :qe Q) SBA  Youeasay SOA -paw -Kreiqn SuiSows -1adeq
] w wv o v 'l m wv = = m m - (=3 oo m
® 25 3 S 52 B8 3 55 ¢85 32 ) 33 3§2%8%g g
g ; 8 s i g =5 338 8 : 25 835:%% g
RS 5 = =2 g 5 5 33w 3 ° 23 %5582 =
w. ] e > m ® ) 3 -~ o o S 3 m = o m- A
T3S =3 o a @ @ = ° 3 S 3 o 3505C
=h L @ = o = S a = o o ®c 9% =
22 & 3 5 &3 ® 52 “2Fo8
g3 & & <8 29 5528 3
g% 3 - ®TVS g

21



'SDAL

10} pajipaiooe
poyaw siyy 303
03 Suiwre aJe
MS “(sonsod
as[e) sonIg)
sa|dwres piguny

SOl4

1039319p Aj[eayidads
0} pappe aq ued
se|npow “Suruos
paseq adua2saJ0N}}
‘s||92 3|3uls wouy
90Uddsalon|}

ul seyejnorped pue 431325 1y
wo.y 'S4 duljuo jo
ESIEYETIEST]] syuswdojansp
*24N3|Nd "SA SO ‘PloY ‘Juswdinba MB3U Inq ge| Ul (8uipos
S3UNOD 3|qeIA Ul SDV4 10} 8y} Ul asn Joy Suidwes Yoleasay Ajjensn ‘paseq-qe |99 pareAnde
sapuedansig 500LF pue 10U /SOV4 pJepuejs :pjald Supuug ‘(Kem oAU B UL 9DUBDSION|Y)
‘XlUjew pue $D4 )06F ~ 404 ySiy-paw Bulydrw SOV ysylisys pasn ASojouyday SOv4 pue
€ uonedldde - (SDV4/SD4 SD4 Joy 1939w 034D uiyreg juapuadapul p|o) A3ojouydsy Aiawo014o
‘T uo spuadag ¢ 4013502) ySiH paw-mo ys'L MOl :qeT SOA  Weans-u| SOA  }NOLJIp-pan -Kreagn SuiSiaw3 MOl4
"(€00T "B 13
Jauwinaeg) |w
/N$2 1103 "3 O
Wi uoRP33RQ PN
R IIEIETNEST] (o}
uo ojul oN ‘uoryeoyldwe
‘saidwies pjay ‘juswdinba awosodi|
Y}M uoljepijea Suidwes Suisn waysAs
Jaypuny sainbai pJepuejs :pjal4 uonezipugAy
'I9AOMOH *S9|qRWNSUOD VNY/VYNQ paseq
(€00Z “[e 3 uoneoyldwe juswdojanap pue sjuaSeal -aueJqUBW
Jauwnaeg) VNY 104 ‘qelay ul  salinbaing (uiwg| 'X9}0A ® S| JOSU3s0Iq
oyiads pue OJUlON  pasn Jl ySiH PRY 3y} -0l Sove} ‘a8nyLjuad  (9pew aq 0} dy] "paseq-qeT
ansuas Ajysiy ‘uondeIIXe ‘PIaY 2y} Ul urpasnaq Ajuoaqosd Usjeaq peaq ‘Hun  pasu pnom  |oIeasdy }noylg  juspuadapul ‘ASojouyoay C
7'l 9qoypapodey  WNY-/L'9F  Pasn Mol pnod /moT nqg) yg uoljesyy :qe aqoud) oN  Supjuug SOA - paw -Areiqry SuiSewy  Josussolq VNY
3 38 3 £ z3 B2 ] 55 ®ss a3 o 88 28423 3
s 2= (-] a a3 ® 0o 3 2c % g5 o= =N T < 88,85 o
Sgg 2 g =% b 3 ® 338 & & 28 ®Ia®F 2
87 % £ & =3 g z 5 g = 8 58 <“E8g5gs <
~ o = > < o > 3 -~ 8 & 3 = e E G
3 =3 o & A @ N T 3 El S o 35035C
@, @ = oy = S 5 o e 203
= o 2 2 &= @ 22 @S F5a
< o & <3 S 52825
g 2 2 ® " eR g




uawdinba

‘|92
peap pue aA| Suidwes
430q 32919p [|!m piepuels
Kessy ‘sioyqiyul :plal4 "sisAjeue "souad
¥Dd woly Kedreoniw 20UPB)SISaI d130IqIpue
ERIVEYETIET]] ‘Aedreotoiw pue ‘sioxiew
(GL0T e 319 Rl woysnd (1SW) Sunpesy
11) %06-€8 uoneoyldwe 'S9|qBWNSU0D synsaJ peal 924N0S [eIqoNIW
s1 Ayoyads awouad pue sjuageas uayj pue ‘(e0z0j01d ‘BlISIR]
pue (YNQ 4O 9joym gL '9F ‘dospoueu  (Aesreoniw Aesreosiw ‘sasnuin) suagoyjed
SUOIRJIUIIUOD ‘Ugno qe| A3oj01q /HgND ‘XdHO0A 3y} axew ay} axew Sunjediey Aedreosniw
ySy sasnbai) LE0F ‘1 Jejndsjowl SJEN ‘a8nyuuad  pue dojaasp 0} Aylj1oey wojsn) paseq Kesreoniw
€ %EE-1T S uolpdRIIXd  dlseq salinbai oy} ul asn 'Joyeaq peaq ‘Hun 0} paau sainbal —  juapuadapul -qe7 “ASojouyday - spoyjaw
‘T Ayaisuss  YNQ 9€'/F -YSIH Joj3ou /pBW  Ush<-¥T uoneny :qeq INg) SSA  YdJeasay SOA Hnoya -Areiqn SuiSisw3 paseq-vYNQd
“(Wwod
|euosiad
‘SuiieSed)
saidod auad
201 Ajensn
HilelibEIETq ISR uawdinba
peap pue aA|| Suydwes B
4304 39939p [|IMm plepuess :pjal4
Kessy "sio0pqiyul 'S9|qBRWNSUOD
¥Dd wouy pue sjuageas
ERITEIETIEMNT]] 'Yyeq Joyem
(¥10T e 319 W Suuop ‘auiyoew ¥YDOdO
poomieH) Aesse  salinbai os|y ‘saje|d YOO “(SasNJIA
0} Suipiodoe "XIWI9)sew ‘dospoureu Guiwnsuod ‘BlIPUOYDO} I
saueA Ayoyads  61'zF HGNOD qe| A30j01q /HgND ‘XaH0A (Kesse awi} pue ‘soploiapeg "§9)
pue AjARISUSS LE0F ‘1 Jejndsjowl SJENN 'a8nju3uad  ayj dojenap QAISUS}UI slayewolq 4o UDdO
€ ‘uoljeplea uofoBIIXa  dIseq salinbay ayj ul asn 'Joyeaq peaq ‘Hun 0} paau inoqe| — - juapuadapul ¥DdD 'paseq-qge - spoyjaw
‘T pasu shessy  YNQ 9€°/F -YsiH 10y 30U/paw ygr<-v¢ uoijesyy :qeq Q) oA ydieasay S9A Hnoyid -Areigry ASojouyday yuaind paseq-vNd
) Swv o " o | m w = X S m m =r =3 oo m -~
8 22E 3 = 52 %= E 58 %55 22 3 i3 885%%3 3
e Q= [} a @ @ 0 @ o = °© 3 2 c 5 a 0823 = o
3<< © 4 = S 3 @ 338 0 20 S q=2%o
= 8 £ 75 2 2 3 & g L S g
a, ® =~ 2 = 2 ° 3 e 2o 223§
g 3 2 & 5% & g =2 ©SFo3
= o = < S 20 Bl Pﬁ E]
< = = o9 < Q




“Aypiginy

Aq papoaye
Ajlgqewnsaid 3nq
ERIVEIETREMTT]
10 Aypyioads
uo o4ul ON ‘jw
/5193 0L X1
2Mwi| uondsleQ
UYA[ER)

JOLXL = ¢0LXL
:Apasuag
SOl o'l
s198.e] oyI0ads
Jo Suuojuow

‘Ajo30W8l

synsal Suimala

10} 90®4I3)UI qOMm
‘Junod |92 JoBUI IO
JUNOD |92 [eIGOIDIW
[€10} 2Inseawl

0} 493325 3|
$10939p — J93oW03A0
MO[} pajeLojne
aulj-u| “Suuojuow

awi [eas oy sagpLped play ay ui snounRuod
juapyyns [y JOo ERIIE]s) sonsigo| uo juapuadapul ‘A3ojouyoay
'L 194 10N 150D ¢ JO 30D ¢ 04Ul OU /MOT uiw g auoN oA Supjuug SOA wnipsw -Areaqn SuiSiaw3 asuagoloey
‘punodwod
*(911sqam 23s) Juds3I0N} B
spoylaw paseq aseajas 0} ‘ayelisgns
-UoIBAI}ND awAzus jo snidins
[euoRIpRI} YYM B YlMm pajeinies
a|qesedwoo s S yoiym a3y wirl
3 Fey3 ysnoua 2’0 ' Yysnoiyy
SAINISUIS S| pasay|y aue sajdwes
1] *(2)SqaMm 191BAN "BLS1OEq
99s) sdnoig Jayjo pue sQ|4
JILIOUOXE) usamiaq ysingunsip
Jofew e 10U S30p )l OS
Suuanoo ‘(5990428 SE ||]aM Sk
BLSIOR( JO saqolaeue ‘elaRq
Jaquinu e payernosse ajpned
104 oy10ads s ‘elI210Rq d1UOPUR|d
ASojouyoal Suipnpur)
*(911sqam 23s) AyiAnoe [eualdeq
a|qrnpoidas juawdinba [e10} sainseayy
Alydy aq 03 ST Sundwes  sn ay3 wouy ‘paseq-pjay 10 (J939W024AW
papodal pue (d1Ap By} Ul 3sn 0} plepueis :pjai4 aseyoind  Supuuq juapuadapul ge A8ojouyosy AQ) 197 M\
'L PpauuaA vdisn SUoN J01500) ¢ Asea /mo7 yr> "SUON :qeT — S9A Suiyreg OoN Aseq -Kreiqny SuiSiswg 1uenbioeg
= wun w a [’d m w = = m m = r (=3 om
s I < S = 23 2 55 &=s g3 9 35 3598w S g
= 2 3 2@ a2 2 ag 883 @ = Lz 5282332 =
32 g A 53 g 2 s 283x 3 8 52 2a3%gS @
&8 g 5 =8 g 2 S 2§ 8 33 m2S87
a o 2@ & 2 B T 3 E) S a 359 3¢
= o ) = =2 3 25 w623
< & C & Z3 2 27 SE2R 3
r‘_M. ~ W o R ¥ ad m..

24



IEREIEDIH
:uonaeQg
"90UdI9HIBUI IO

"aAleyUENb

10 aAneUENb-IWas
‘aniyejenb aq ued

"a|qeHod Ayrenb
Jayem Supjuup
159} 03 sdooJ3 10}

(goq@) aouaa( o
juswpedaq sn Aq
paugisap Ajeuisuo

*SULIOJI|0D 4O
AjIAnoe Dlj0gERIOW

(swaishsolg

Aypyioads uo (wnpayoeq
ojul oN ‘@od play ay3 ui 3|8uis e sainsea\y "paseq 21uojoyd)
Aq pasn pue "90INSp sonsigo| uo 104 Y8) Supjuug juapuadapul -pJ214 “ASojouyday J1asAeueolg
z'l dl sey se ysiH é JO 350D ¢ Ojul OU /MOT suiw Qg QUON ON Suiyyeg ON Ase3 -Areaqn Suigiswg [e1qooI
(LL0T "[e 30
yoauawopsgind)
SI9yem ueap ‘(ssewolq ‘Ajiaoe
Ajoniyejas ul |ej03) aseyeydsoyd
15nqod st il auleye pue (//02
'JaA9MOH "sadAy '3) asepiuoinon|s-¢g
19)eM JUaIalIp '(SW.041102)
ul UoIRIB}P asepisojoe[es-g
JO Jiu| sy O saniAiRde
puejsiapun JirewAzua oyads
03 palinbai si ayj sainseay
Sunsey alow spueaYIaN ‘Juuojuow
‘Aypiquny soSpuped  (Suuresy pue «xJoedwod ay} wouy snonunuod
Aq pasned [lyo4 o uofe|[ejsul juawinisul aseyoind juapuadapul ‘A3ojouyda} (NVT0011)
'l ERITEIETIEMNT]] 150D ¢ 403502) ySiH /MO ye-L SUON — SoA Supjuug SOA 3nowIa -Kreaqny SuiSiewg |013U02] DVg
- L ] wv - ©w - m (% = s m m = o~ o=>e o0 P~
o T - S 23 25 E 55 REs 3 o S5 3F3933%8 3
zo= @ a 2R 28 5 ag =©83 S - 4 oS5 ox = 5
a<< g 2 5 = B 3 2 335 = a 20 ®WRFES2®5o %
8 7 5 - = 3 5 5 3zw® g 38  mEeon®?®
8 = 55 3 2 3 3B g B2 Z°g8 o
2 & =< » 8 8 o3 2 ae 2 bz §
: - 2 S 52 = 2% 3

25



(8L0C

"[e 39 U3s9|Q)
Auanisuas ‘uoinoadsul
y3iy aney [ensia Aq sapipred
0} papoday BLI9JOBQ-UOU pue
(8L0C "8 (DNGA uipnpour)
19 U3s9|0) BLI91OB] [B10)
SaINseaw ‘Dd 10

JUNO22® O}ul

uaye} Suinoy 901A3p 3Iqow InoA

pue wjyolq Uo ssa00® 0} noA
'sa|qqnq wouy 10} sanuUIW UIyHM
S}NSaJ SIBAIPP pue

ERITETETREMNT]]
'sQI4 "9l au|| Ja1em ay3} wouy
syo8uey oyioads yoeasay Ajpoauip sajdwes
Jo Suuoyuow sdewuaq ysy|1ays ‘unojuow
awi} [eal 1oy pIaY ay3 ul woly Suiyyeg snonunuo)
SIUETRITIT ((1n0p sonsigo| uo aseyoind Gupyuug juapuadapul ‘ASojouydal  (SO4ANNYD)
194 10N é JO3502) ¢  Ojul OU /MO sanuIw SUON —S9A  weass-u| ON Ase3 -Kreaqny SuiSiawg NOWDV4
= — = - o e+
L 3 ¢ gz 1% I 53 8% 1§ T §F I33BILf
® = Q ! ] = = =] o = > 9 Scmuov
® 58 = = a5 S ° =] 55 &5 @3 5 58 3289322 5
o 5 © 55 28 3 55 ®mas 3 = < ©882=-2ag 3
2= (2] a & ® n H o = ® 0o 3 g c S5a O=3=Zomw = o
<< © e = T S © 338 7 a o S c @ )
a s 8 o S > = -~ = ) ~ o 6 ('] |£ ] ﬁ
e 7 5 52 8 3 2 3278 g 28 “ mEeoL®?®
o) > D o 19 () a
S S ° 3 ] 3 3 © 3 5 22 3”88 O
@ () =~ 7] Q. ] S @ =3 28 H 3= £
2 F 3 = =s & o 3 ) 8 o )
= o < <3 > 5 g =
G ~ = o < =
< 3 = 8

26



K1an s8o|p 433y 49ASMOH “A|puslij-1asn S| 20BLI93UI PUB (UILL O) 9|GRUOSEAI S| 9dUBUIJURW ‘A10J0BJSIJES S| UOIFRLLIOINE (JUOD), 4

(£10T "Je 19 yoauawopSing) Sunes| o3 auoid si 0se 3 "SI9¥em pIgInG YIm pasn uaym Ajisea
‘ssoquinu ajdwies Suiseanul yym 9onpas 03 A1 “|Hr 3e sejdwres jo Suissadoad [epsawwod 1oy

CIEYEIIET]
uo ojul ON
‘sajdwies pjay
UHM uonEpIeA
Jayuny sainbal

‘sjuaisues] ainssaid
sainseaw pue
(BIPaW 9AI}I3|9S BIA)
suaSoyyed Jayjo
pue 'swiojjod ‘/j0d
*7 jo uopeJidsal

Ajqissod "(910¢ uawdinba [eua10eq SaInseapy
“Ie 312 PYIIW) Suidwes ‘Juuojiuow
1999 jo aejlods (Apoaig ploY pJepuejs :pjald snonuiuod
10939p 0} (Apaads ayj ul asn "201nap Apaaig juspuadapul ‘A3ojouyday
z'l pasn Ajqeloy é J03502) ¢ 10§ 3OU /MO Ure Apaads :qe SOA Supjuug ON Aseg -Areaqn SuiSiowy Apoaig Apaads
"(JaJnjoesnueWw
0} SuipJodoe)
1oy
pajesuadwod si
Ajpigany wouy
ERlIEYETREST]]
(LL0C " 30
Japu3) elLRRq
198ue3 JO
UOI}BJIUIdUOD
ySiy a1am asayy
2J3YM S3sed Ul
9|qiSgau aq
0} punoj sem
saoue)sgns
Jay3o pue
oed|e ‘elaOERq
WI041|0d
-uou woJj
ERlIEYETREST]] "9ouddsalonyy uisn
(£10Z e 10 (uonoeal diyewWAzuUa)
Japu3) sunod BlI9}OR( [£}0}
1J0D " YHM [[om pue [2200013}Ud
9}e|2.4102 0} Yoleasay '1]0> "3 10§ S}Sal
punoj Jou sem Supuug ‘Sunojiuow (suonn|os
JN1D Ing ‘ysiy pIRY ayi ul BUISNY Woly ysyieys snonuiuo) WMA)
aq 0} papodal sonsigo| uo aseyoind Suiyyeg juapuadapul ‘A3ojouyda} LO-IWD
'L Ajanisuag 0973 N6E3  OjUl OU /MO sulw G| QUON —S9A  weals-u| ON Aseq -Areaqn SuiSiaw3 JapuiwioD
g S g e £ | ] g 5 &858 &% 3 58 Zz3sgd s
g = 2 g 8 23 H iag 883 %% = 3 £833% e
<9 2 2 5 > E 3 ® 338 2 a 26 BE oo &
- = -+ o o 3 S o~ = L] @ O BWoggs
ERN 3 = 2 aQ 3 =30 s T D m3 T q
g3 = 3 a & 3 3 <5 = 2 = 3Fo30
=T ® = > w =3 = S a = a0 ®c 35
g 2 3 3 &% @ e 32 ®oFsa
o S. o (e Q3 3 = c 0 o2
S = ~ = |On R L Pﬁ -~
8= 3 "9

27



aseyd

(9ouasapayul ‘Aydyidads
‘Auamsuas) Ajiqerfay

a|dwres Jad 350D

1502 dn-jag

pI2Y 3y} ui sansiSoj
/sanoy Suluueld

so|dwes
ssa20id 03 awi]

papaau jusawdinby

puefj0ds
/31w ul 3|qe|IeAY

£o1jod yuswaSeuew
/Homawrely Kioye|nSas
0} 2UBAJ|RY

papaau
Suiuresy/ asipadxy

9sh Jo ase]

juapuadapul-Areiqi|
10 juapuadap-Areiqiy

ASojouyoay
SuiSisw3(Sunoyuow
Snonufjuod o paseq
-pIay 410 qe]) A108ayed
ASojouyday SuiSiaw3
10 Juaun) ‘uondudsag

ASojouyda)

See Table 1A.

Membrane
filtration

techniques

See Table 1A.

Coliscan

Easygel® system

Colilert

See Table 1A.

See Table 1A.

MI Agar

See Table 1A.

Chromocult

Coliform Agar

See Table 1A.

Membrane
lactose

glucuronide agar

(MLGA)

28

See Table 1A.

AquaFlex (by
Trace20)

See Table 1A.

Compartment
bag Test (by
Aquagenx)

See Table 1A.

Colitag (by
Palintest)

See Table 1A.

aquaCHECK365
(Brightwater
Diagnostics)
(same as

Aquatest by the
University of

Bristol)
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Table IV Content
Table Header

Key

Description; Current or Emerging

technology; category (lab
or field-based or continuous
monitoring)

Brief description of technology, what it measures; whether it is a current or emerging technology;
category based on where the technology can be implemented. Continuous monitoring indicates
technologies that can be left in situ.

Ease of use

Easy/Medium/Difficult

Expertise or training needed

Yes/No (No indicates nothing more than standard field sampling, good laboratory practice and basic
understanding of aseptic technique)

Regulatory framework/ In-stream

Tl 0N g
Shellfish
Drinking
Research

Available in the market/in Yes/No

Scotland

Equipment needed

Key laboratory or field equipment required (not exhaustive)

Response of technology to
storage

<=24hrs
<=48hrs

Specify

Planning Hours

Low/Med/High

Set-up cost

Where available (for key equipment; not exhaustive)

Cost per sample

Where available

Reliability

Any biases/known aspects of reliability/unreliability compared with standard techniques

Relevance to strategy purpose

E.g. suitable for initial screening, routine monitoring, source tracking

Blue shading

Denotes the technology which we have identified as having the most potential for the criteria set out
in the project aims. Please note that this does not preclude those technologies for other purposes.

Table IV.2 Effects of storage time on FIO quantification

Category of Technology

Effect of Storage Time

Lab-based using cultivation-
based methods, DNA-based
methods, flow cytometry or
other biomarkers

- Results from stored samples will be affected by die-off.

-For any techniques based on DNA/RNA,; storage is likely to result in loss of genetic material over time.
RNA is likely to be lost rapidly. DNA loss depends on cell integrity which will be species dependent (e.g.
Bacteroides do not survive for long periods in water, therefore DNA will be released, and free DNA
tends to be broken down rapidly.

-For flow cytometry, storage may influence cell integrity but depends on matrix composition and is
likely to be similar to die-off effects for culture-based approaches.

-Stanols/sterols known to change over time but are unaffected by disinfection.

Field-based — mobile labs or
probes, including those using
cultivation-based methods

Would theoretically be affected by die-off but as these technologies are intended for use in the field
this there should be no storage time.

Continuous monitoring

In situ monitoring therefore generally no storage, however some platforms also allow samples to be
stored for collection in which case storage time is likely to lead to effects on cell integrity/die-off.
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Appendix V Trial results

This is a demonstration of what the toolbox approach to
catchment surveys (Phase 1 of the monitoring strategy)
can include in Scotland and how it can help design
Phase 2 and Phase 3 of a catchment FIO monitoring
strategy. It is useful to keep in mind that, in line with the
broad monitoring guidelines for catchment surveys, we
assume that the waterbody catchments adjacent to the
coastline and the BWPA or SWPA (coastal waterbody
catchments) pose a greater risk to BWPA and SWPA due
to faster and direct FIO transport pathways from sources
to the receiving coastal waters. Non-coastal waterbody
catchments (inland waterbody catchments) being
further away from the coastline, especially in larger river
catchments, pose a lower risk to BWPA and SWPA due
to longer pathways and potentially a greater degree of
dilution during transport from catchment-based sources to
the coast. It must be noted that this assumption is tested
during Phase 1 of the FIO monitoring strategy.

Appendix V.1 Nairn Catchment

Risk from Granted Point sources (GraPS)

Figure VI.1a shows that there is high density of CSO in
the coastal waterbody catchments, suggesting that FIO
monitoring during Phase 1 and Phase 2 should focus on
the impact of CSO in the coastal catchments. Specific
monitoring considerations-options ' are:

*  Monitoring in-stream FIO concentration in the coastal
waterbody catchments during both dry and wet
weather (i.e. applying the hybrid monitoring design).

*  Monitoring in the main stem of the Nairn river
upstream of CSO (at the confluence of streams
and the main stem downstream of primary and
secondary GraPS) during dry weather. This can show
whether continuous discharges from GraPS providing
primary and secondary treatment exert an impact on
instream FIO concentrations upstream of the coastal
waterbody catchments.

1 Specific recommendations cannot be given because
action depends on field screening and actual FIO data.
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Figure V.1a. Locations of GraPS at the Nairn river catchment. Data sources: SEPA, OS; see also Appendix 11.2.




¢ FIO monitoring in the morning during baseflow. This
will enable capturing the maximum in-stream FIO
concentrations in relation to continuous discharges
from GraPS providing primary and secondary
treatment before solar radiation and other factors (see
Section 3.1) reduce FIO.

*  FIO monitoring before peak flow during stormflow.
This will enable understand FIO from the CSO before
dilution (“first flush") and whether discharges from
rainfall-dependent diffuse FIO sources (see Section
3.1) exert an impact on instream-FIO concentrations.
This monitoring may be applied during Phase 1, Phase
2 and Phase 3.

e The “bracketing” approach (See Section 3.3) to
monitoring during Phase 2 and 3 in the coastal
waterbody catchments under both wet and dry
weather. This can help to distinguish between CSO
and diffuse pollution FIO sources (as in Figure 2 of the
main document) during stormflow and understand
background FIO concentrations and predominant
sources before CSO discharges.

Risk from septic tank systems (STS)

We examined risk from STS to watercourses in relation to
soil runoff risk and soil leaching potential, assuming that
there is a higher FIO pollution risk from STS (including
discharges to soakaways, due to misconnections and
directly to watercourses) when these are located at
distances less than 10m from watercourses at areas
characterised by high soil runoff risk and or high soil
leaching potential. The results show that in the coastal
waterbody catchments there are 7 STS within 10m from
watercourses, 198 STS on soils characterised by high
runoff risk and 324 STS on soils characterised by high
leaching potential (Table V.1). It can be also observed that
there are high density clusters of STS (i.e. >20 STS/Km?)
on soils characterised by high runoff risk and high leaching
potential in the coastal waterbody catchments (Table V.1,

Figure V.1b and c). Further, there are many more high-
density STS in the coastal than in the inland waterbody
catchments (Figure V.1b and c).

These findings strongly indicate that monitoring to
detect FIO from STS should initially focus on the coastal
waterbody catchments, in line with literature-based
monitoring strategy recommendations. Monitoring
considerations include:

e Verifying and exploring though field visits the
locations and performance characteristics of the 6 STS
within 10m from watercourses and the high-density
clusters in the coastal waterbody catchments.

e Hourly sampling for a couple of days during wet and
dry weather to explore FIO concentrations upstream
and downstream (“bracketing”) the 6 STS located
within 10m from watercourses and the high-density
STS clusters for Phase 1 monitoring. This monitoring
will show whether and where there are STS-related
hotspots within the area of influence.

e Monitoring at the confluence of the inland with
the coastal waterbody catchments to explore any
FIO influences from STS in the inland waterbody
catchments and ensure that the area of influence
during both wet and dry weather only includes the
coastal waterbody catchments

e Weekly (morning or daily composite samples)
monitoring for more than two years downstream of
the STS hotspots identified during Phase 1 monitoring
to identify their temporal variability (as per Phase
2) and the dominant FIO sources downstream STS
clusters (as per Phase 3).

Risk from land use (diffuse pollution sources)

Figure VI1.1d shows where FIO from livestock accumulate
in-stream faster than the stream water flow can dilute
them, therefore this SCIMAP output predicts the sites with
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Figure V.6 b and c. Septic tank systems (STS): modelled locations and high density clusters in relation to proximity to watercourses and soil
runoff risk (left) and soil leaching potential (right). Data sources: SEPA, OS, SG; see also Appendix I1.2.

35



SCIMAP-FIO risk score

e 0-015

« 015-030
030-075

e 075-1

——— OS Mastermap Rivers

Baseline catchments

Nairn

S 10

— |
-+ 1

=+
Kilomoters

Figure V.1d. SCIMAP-FIO output for the Nairn river catchment. Source: SCIMAP 2019.

high in-stream FIO from diffuse agricultural pollution. We
observed that high FIO can be expected at the headwaters
of the Nairn river catchment. Less than 3% of the river
length within the coastal catchments is at risk from diffuse
(livestock) agricultural pollution. However, a small stream
contributing to the main stem of the Nairn river in one of
the coastal waterbody catchments (ID:20305) is predicted
to have high in-stream FIO concentrations across most

of its length. The implication for monitoring during Phase
1 is that this small stream can be considered as a “point
source” to the main stem and sampled downstream

and upstream of the confluence with the main stem

with the Nairn river during wet and dry weather (hybrid
monitoring). This will help to understand how this small
stream responds to rainfall in terms of FIO. The hybrid
monitoring will also allow for separating the effects of
background FIO due to STS and FIO due to agricultural
land runoff. Therefore, this monitoring data must be
considered in combination with data from STS in order to
inform a better understanding of the separate timing of
FIO discharges from different sources (i.e. continuous STS
vs land runoff).

Additional considerations-options for Phase 2 (if that
waterbody proves to be a FIO hotspot) include weekly
(morning or daily composite) sampling or monitoring
under the hybrid design upstream of the confluence to
capture the FIO temporal variability generated by that
“hotspot” waterbody and, potentially by STS hotspots.
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Once the timing of livestock and STS FIO is understood,
confirmatory Phase 3 monitoring using MST tools can be
applied to inform remedial action targeting.

Detecting predominant FIO sources with microbial source
tracking at the Nairn Catchment

The National Waters Inventory of Scotland (NWIS)
curated at the James Hutton Institute is an archive of
surface water collected at end of catchment locations
around Scotland. One of the sampling locations was in
the Nairn catchment, i.e. Jubilee Bridge (SEPA sample

ID: 202313) where several samples were taken over a
two-year sampling period. Preliminary analysis of these
samples was done using microbial source tracking (MST)
tools (i.e. QPCR of host-specific Bacteroides). This data
showed that over the two-year period, the predominant
FIO pollution sources changed between ruminant-specific
faecal pollution and human-specific faecal pollution. This
indicates that selecting sites and times of monitoring
during Phase 3 for MST is crucial for a clear understanding
of the dominant FIO sources at a site. This finding also
shows that identification of hotspots during Phase 1 and
the temporal variability of different FIO sources during
Phase 2 is essential for separating the effects of different
FIO sources before applying MST tools to test types of
sources at each site and time.



Appendix V.2 Loch Ryan Catchment

A description of Loch Ryan SW catchment akin to a
desktop sanitary survey is available in an earlier CREW
report by Akoumianaki et al 2018. For monitoring
considerations related to tidal movements and salinity see
Akoumianaki et al 2018.

Risk from Granted Point sources (GraPS)

Figure VI.2a shows that the majority of CSO and
stormwater overflows are gathered at the inner (southern)
part of Loch Ryan in the vicinity of Stranraer, an area with
urban land use. Of concern for the SWPA classification

is the presence of WwTW providing primary treatment

at Wig Bay (Caravan Park) and the CSO at Cairnryan
Port (Table V.1). Loch Ryan SW catchment comprises
small coastal waterbody catchments. As a result, CSO
and WwTW are located at the coastline or at coastal
streams less than 5km long, both situations posing a high
FIO pollution risk to the SWPA due to short transport
pathways - and therefore lower dilution - from sources to
receiving waters. However, the SWPA is at good status
and the SPA is classified as Class A (see also Akoumianaki
et al 2018). Potentially, the coastal water and tidal
circulation in the area enables sufficient mixing and
dilution of polluted discharges to Loch Ryan. It is widely
accepted that shellfish growing areas must be located in
areas devoid of point sources.

The implications for monitoring are to consider the
following options:

e Water FIO sampling during wet and dry (before an/
or after the rain) weather including sampling during
the tourist season at CSO or CSO cluster sites to
understand their impact on water quality during and
after rain. An earlier study showed elevated shellfish
E. coli in samples collected up to 5-7 days after rainfall
events in Scotland, indicating prolonged impact of
rainfall dependent discharges on shellfish E. coli.
Therefore, this sampling can clarify whether this is due
to CSO or lingering high water FIO concentrations at
SWPA due to the water circulation pattern and diffuse
FIO pollution from catchment-based and sediment
sources. Once Phase 1 monitoring has revealed the
CSO hotspots, then Phase 2 and 3 monitoring can
elucidate the contribution of human and animal
sources to rainfall-dependent discharges as rainfall
events progress and at events with different intensity.

e Water FIO sampling in the vicinity of WwTW
providing primary and secondary treatment. For
Phase 1, this monitoring can be applied during dry
weather and during the tourist season. However,
understanding of the contribution of these sources to
water FIO in the loch requires wet weather sampling,
with more samples during the tourist season (hybrid
monitoring).
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Risk from septic tank systems (STS)

We examined risk from STS to watercourses in relation to
soil runoff risk and soil leaching potential, assuming that
there is a higher FIO pollution risk from STS (including
discharges to soakaways, due to misconnections and
directly to watercourses) when these are located at
distances less than 10m from watercourses at areas
characterised by high soil runoff risk and or high soil
leaching potential. The results show that there are
approximately 400 STS in the small coastal waterbodies
comprising the Loch Ryan SW catchment (Table V.1).

Of them, there are 7 STS within 10m from watercourses
and the coastline (Table V.1). Soil runoff risk and leaching
potential were available for a large part of the Loch Ryan
SW catchment but not for all of it. It appears that the
majority of STS in the southern part of catchment are
located on soils characterised by low runoff risk but high
leaching potential. By contrast, STS in the south western
parts of the catchment are in soils characterised mainly by
low leaching potential but high runoff risk. It can be also
observed that there is a high-density cluster of STS (i.e.
>20 STS/Km2) in the inner part of the loch comprising
STS located within 50 to >100m of the coastline on soils
characterised by low runoff risk but high leaching potential
(Table V.1, Figure V.2b and c).
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proximity to watercourses and soil runoff risk (left) and soil leaching potential (right). Data sources: SEPA, OS, SG; see also Appendix 11.2.

The implications for Phase 1 monitoring is to:

e Verify the locations and performance characteristics of
the STS being located within 10m from watercourses
and the coastline.

¢ Monitor water FIO in the vicinity of the high-density
STS cluster, at the mouth of the streams with STS
being located within 10m from watercourses and the
vicinity of the STS within 10 m form the coastline.

e Explore the performance and influence of STS
located >10- 100m from the coastline and in streams
discharging to the inner part of the loch, where they
be accumulating causing legacy FIO problems.

e Apply the hybrid monitoring design but in addition to
rainfall, tidal stage must be taken into account, e.g.
consider collecting samples during high and low tide
to assess how the tide affects seepage from coastal
STS soakaways.

STS hotspot identification during Phase 1 can inform
Phase 2 monitoring to identify temporal variation in
STS-related FIO discharges. Phase 3 can be used in areas
where there is a need to confirm or elucidate the effect of
STS-related human sources at the SWPA against animal
FIO sources, and potentially help to delineate exclusion
zones for shellfish harvesting, if necessary.
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Risk from land use (diffuse pollution sources)

Figure V.2d shows where FIO from livestock accumulate
in-stream faster than the stream water flow can dilute
them, therefore this SCIMAP output predicts the sites with
high in-stream FIO from diffuse agricultural pollution. We
observed that high and moderate FIO concentrations can
be expected throughout the small streams discharging at
the south eastern parts of the Loch Ryan SW catchment
as well as at the north eastern part of the catchment. The
implication for water FIO monitoring during Phase 1 is
that the small streams predicted to have high in-stream
FIO concentrations can be considered as “point sources”
to the coast and sampled at their mouth to Loch Ryan.
The effect of rain, tide and wildlife (including gulls) must
be considered during short-term monitoring to assess
whether streams draining agricultural land are FIO
hotspots to the SWPA.

Additional considerations-options for Phase 2 include
weekly (morning or daily composite) sampling or
monitoring under the hybrid design and accounting for
the influence of coastal current and tidal circulation.
Once the timing of FIO discharges from GraPS, STS and
livestock, has been investigated and evidence gaps have
been identified, confirmatory Phase 3 monitoring using
MST tools can be applied to enhance understanding and
to inform remedial action targeting.
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Appendix VI Effect of
storage time on efficacy
of technique
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Figure VI. 1. Percentage change in E. coli concentrations during sample storage. Source: Avery, unpublished data.
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