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Methodology

access to the sea. Just north of the tower is an open grassy area which lies above the

shoreline. A larger slipway is also provided here. To the north of the amenity area the

access road lies adjacent to the shore and is protected by a sea wall. The seashore at this

location is more natural with areas of rocky outcrop providing some habitat for bird life.

Facilities provided at Seapoint include limited parking along the access road to the north

of the tower (this parking is also used by local residents with permits). Seating areas,

life buoys and a number of waste receptacles are also provided. During the summer

months, lifeguards employed by the local authority are on duty at this bathing area.

Rocky Foreshore
(covered at high tide)

North Slipway Dublin Bay
<«—— Parking Areas

/

Residential Area —

«—— East Slipway

Martello
Tower

Beach Area
(covered at
high tide)
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DART Railway Line
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Figure 3.19 — Map of Seapoint Bathing Area with Key Features Labelled
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Figure 3.20 - View of Seapoint Bathing Area (from the South)

Figure 3.21 — View of Main Bathing Area At Seapoint
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Figure 3.22 — View of Rocky Foreshore and Lawn Area to the North of the Main Bathing
Area at Seapoint

3.2.3.2 Monkstown Amenity Area

Monkstown is an open amenity space located to the south of Seapoint, just north of Dun
Laoghaire harbour (see Figure 3.18). The area provides open views northwards across
Dublin Bay and comprises of a large parking area adjoining an open green both of
which faced onto the shore of Dublin bay (see map in Figure 3.23 overleaf). The
shoreline here is largely modified with sea walls providing protection from the sea. At
high tide a small section of foreshore remains exposed just to the left of the parking
area. At low tide the foreshore dries to expose an extensive area of sandy foreshore
which extends northwest as far as the Seapoint amenity area. Although the foreshore at
Monkstown is accessible it is generally not used for public bathing. Instead, the primary
use of the shore here is by users of a local dingy sailing venture and by occasional
windsurfers or kayakers, for example. The area is also popular with members of the

public who use the area for walking, picnics, walking their dogs or for simply taking
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advantage of its scenic location. Facilities provided by the local authority at Monkstown
include the aforementioned parking space and also a number of picnic tables and

benches. Waste receptacles are also provided.

Dublin Bay

Rocky
Foreshore

Lawn Area

Access Road .

Monkstown
Amenity
Area

Figure 3.23 - Map of Monkstown Amenity Area with Key Features Labelled
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Figure 3.24 — View North-westwards from Monkstown Amenity Area

Figure 3.25 — Algal Bloom Accumulations on Monkstown Foreshore
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3.2.3.3 Dun Laoghaire Harbour (and West Pier)

Dun Laoghaire harbour comprises two large breakwater pier structures (each up to 1.5
km in length) which enclose an extensive area of man made harbour (see Figures 1.3
and 3.18). Originally constructed as a commercial port and safe haven, the harbour is
now used primarily for recreational sailing purposes and is home to two yacht clubs as
well as a number of smaller dingy sailing clubs. The harbour continues to serve two
commercial interests with the Stena Line high-speed ferry terminal and a commercial

fishing pier located within the harbour area.

As Dun Laoghaire harbour covers an extensive area, a smaller subsection of the harbour
was chosen as the study site for this research. This subsection essentially comprises the
north western corner of the harbour which is enclosed by the new internal west pier
breakwater (see map in Figure 3.26). Within this subsection can be found the Dun
Laoghaire Marina, the Traders Wharf (the commercial fishing pier) and a number of
designated mooring areas for various private sailing and motorised craft. Also included

in this study site is the West Pier itself.

Dun Laoghaire harbour comes under the jurisdiction of the Dun Laoghaire Harbour
Company. This authority provides and maintains a number of facilities over and above
the marina and mooring. Such facilities include extensive parking and the provision of
benches and waste receptacles along both piers. The West Pier of Dun Laoghaire

harbour is used extensively by both walkers and sea anglers.
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Figure 3.26 - Map of Dun Laoghaire Harbour & West Pier with Key Features labelled.

Figure 3.27 - View of Inner Harbour Area from the West Pier Looking South
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Figure 3.28 - Noise Monitoring: Overlooking Inner Harbour Area, Opposite the Marina
Entrance at Dun Laoghaire

3.3 Selection of Variables

3.3.1 Introduction

The selection of variables is considered a fundamental element of the prescribed
methodology. This is because it is the selected variables which ultimately provide the
data upon which the assessment of environmental sustainability is made. In line with
emerging risk assessment approaches, a general contention is that the greater the
number of variables that can be identified and measured, the more comprehensive and
robust the subsequent assessment of sustainability (Wells, 1996; McDonald and
Hrymak, 2002). Hence, a general aim was to identify as broad a range of relevant
variables as possible. However, a number of factors existed which tended to limit the
number of variables which were ultimately selected for continued monitoring. These

factors primarily involved practical issues such as the availability of equipment for
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measuring quantitative variables, the ability to set useful criteria for qualitative variables

and the relevance of the data produced by variables in a general sense.

3.3.2 Method

The initial stage of the methodology involved the selection of environmental variables
at each study site. In a risk assessment context, the variables selected are those which
are considered to best reflect or monitor the principal hazards to the sustainability of
tourism and recreation at each site. In line with the risk assessment approach adopted,
the identification of such variables was therefore achieved using a hazard identification

approach. This approach involved a number of steps which are described below.

The first step involved observing and surveying the chosen study sites at length in order
to determine their physical character and layout and the general nature of activities
pursued therein. Elements of interest regarding the physical character of the sites
included the juxtaposition and/or interaction of the natural and human built
environment. Activities of interest included any which were considered related to

tourism and recreation or posing a risk to this field.

The next step involved the undertaking of a structured delineation of each study site
(after Wells (1996)) and the identification of hazards to sustainability. This step was
carried out in order to establish appropriate boundaries within which relevant variables
should be identified and to identify all hazards to the environmental quality and amenity
value of the area. Within this perimeter, all relevant natural and human built amenities
are contained including, for example, car parks, lawn areas, boat moorings, natural

habitat, noise sources and access routes. The delineation exercise was also used to
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determine zones where different types of hazard may be realised. Such zones included
areas identified as being vulnerable with respect to noise nuisance, habitat interference,
poor water quality, congestion, aesthetic appearance and housekeeping issues such as
litter and dog fouling. More specific hazards were then identified using a structured
approach which involved assessing each zone with respect to activities observed and to
the list of general hazards types formulated for each site. In addition, information from
literature on factors affecting the environmental quality and amenity value of amenity

sites was used to back up the physical assessment of the sites.

As part of the next step the identification of appropriate environmental variables was
undertaken with respect to the identified zones and potential hazards. A key criterion for
the selection of variables was that they would provide a reliable yet practical and
realistic means of assessing and monitoring the identified hazards and the general
environmental quality of the areas in question. In general, an emphasis was placed on
quantitative assessment, however, where quantitative assessment could not provide a
realistic measure of a hazard then qualitative parameters (or variables) were considered
and selected instead. The finalised list of both qualitative and quantitative variables
selected at each study area are given in Tables 3.1 to 3.4 in Section 3.3.3 below. As can
be seen from these tables 32 and 36 variables were monitored at the Lough Derg and
Dublin Bay study sites, respectively. Based on the ensuing quality and relevance of the
data generated, 25 of the Lough Derg variables and 23 of the Dublin Bay variables were
selected for more detailed analysis. Finally, of these variables, 17 were used to generate
sustainability risk ratings for the three Lough Derg study sites and 15 for the Dublin

Bay sites. The variables omitted from this process were those which proved difficult to
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relate to risk level in the context of sustainability. These included variables such as the

number of pets, cars, boats or weather conditions.

Although, the number of variables used to generated the risk ratings was substantially
less than the number identified for assessment initially, it was nevertheless considered
that these variables provided a good cross sectional representation of the key issues
influencing the environmental sustainability of the areas in question. Furthermore, the
data from variables which were which were not ultimately used to generate
sustainability risk ratings was still considered important as this provided useful
background information which helped put some of the other data into better context.
Thus for example, the data from variables related to boat and car usage were used to
define the high and low recreation seasons and to provide insight into trends relating to

variables such as littering, overcrowding and noise.

The final step of this stage of the methodology involved the precise identification of
sampling sites and recording locations for each of the selected variables at each study
site. Zones for undertaking surveys for variables such as litter, motor boat activity or

bird life were also established as part of this step.

3.3.3 List of Selected Variables

The final set of variables selected as part of the structured hazard identification process
(described above) are listed in Tables 3.1 — 3.4 below. Variables listed in the table are
grouped according to particular environmental themes referred to as sustainability
categories. The tables also provide additional summary information regarding each

variable in adjoining columns. This includes whether the variable is qualitative or
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quantitative in nature, the method of measurement and the means (or units) by which
the data is recorded. Information regarding the significance of each variable in the
context of sustainability is also given. Not all variables were ultimately considered
appropriate for the generation of sustainability rating scores or for performing trend
analysis. Thus the final two columns of each table indicate whether or not a particular

variable was subjected to a rating or trend analysis.
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3.3.3.1 Lough Derg Study Area Variables

Table 3.1 — List of Variables Selected for the Lough Derg Study Sites

Sustainability Data Type - Risk Trend
Selected Hazard &/or Measurement Rating | Analysis
Variable Significance (& Units) Applied? | Applied?
Time & Day of | Visitor behaviour,
Week context N/A No Partial
Visitor behaviour,
Date & Season context N/A No Yes
Weather Visitor behaviour & Qualitative Data-
Time & |Condition experience Visual Observations No Yes
Weather Quantitative -
Wind Strength | Visitor experience, Anemometer,
& Direction litter distribution (Beaufort Scale, etc) No No
Quantitative —
Visitor behaviour & Thermometer
Temperature experience (Degrees Celsius) No No
Quantitative —
Dissolved Key water quality Portable DO meter
Oxygen Indicator, ecology (mg/l O,) Yes Yes
% Saturation Quantitative —
Dissolved Key water quality Portable DO meter
Oxygen Indicator, ecology (% Saturation DO) Yes Yes
Water Background Quantitative —
Temperature information Thermometer (°C) No Partial
Indicator of nutrient Quantitative —
Ortho- enrichment — Ecology, Photometer
Phosphates algal blooms (mg/1 PO,) Yes Yes
Indicator of nutrient & Quantitative —
Water _ faecal contamination - Photometer
. Ammonia Health & ecology (mg/l NH,) No No
Quality Indicator of faecal Quantitative —
Faecal contamination - Laboratory Analysis
Coliforms Health & ecology (Coliforms/100mls) Yes Yes
Indicator of faecal Quantitative —
Total contamination - Laboratory Analysis
Coliforms Health & ecology (Coliforms/100mls) Yes Yes
Visual appeal of Qualitative —
Floating Oil water, visitor Visual Observation
Films perceptions (3 Point Scale: L,M,H) Yes Partial
Perception of water Qualitative —
quality - Visual Observations
Algal blooms Health (3 Point Scale: L,M,H) Yes Partial
Water quality Quantitative -
Water Indicator -Visual Secchi Disk
Transparency appeal (Centimetres) Yes Yes
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Table 3.2 - Continued List of Variables Selected for the Lough Derg Study Sites

Sustainability Data Type - Risk Trend
Selected Hazard & Measurement Rating | Analysis
Variable Significance (& Units) Applied? | Applied?
Quantitative —
No. of Birds Perception of Visual Counts (Nr.
Present habitat quality birds present) No Partial
Habitat Quantitative —
Value |Bird Species Indicator of habitat | Visual Counts (Nr.
Richness quality, ecology species. present) Yes Partial
Wildlife disturbance, Quantitative —
Dog Count dog fouling Visual Counts No Yes
Quantitative -
Visual appeal, Visual Counts
Litter — General | visitor perceptions (items/100m?) Yes Partial
Quantitative -
Visual appeal, Visual Counts
Floating Litter | visitor perceptions. (items/50m) Yes Partial
Area _ anntitative -
Upkeep/ _ Visual _appeal, Visual Counts2
House Dog Fouling . hygiene (No. per 1(_)Om ) Yes Yes
Keeping Visual appeal, Quantitative -
Graffiti visitor perceptions Visual Counts Yes Partial
Qualitative -
General appeal, Observation
Odours visitor perceptions | (3 Point Scale: L,M,H) No Partial
Quialitative —
Visual appeal, Visual Observations
Overcrowding visitor satisfaction | (3 Point Scale: L,M,H) Yes Partial
Car counts (in Level of recreation Quantitative —
car parks) activity, visitors Visual Counts No Partial
Incidences of Access restriction, Quantitative —
Illegal parking | visitor satisfaction Visual Counts Yes No
No. of Boats in Level of boating Quantitative —
Harbour activity, visitors Visual Counts No Partial
Harbour Visitor perceptions Quantitative —
Traffic, |Congestion & convenience Visual Counts Yes Partial
Boating, | No. Motor Boats | Level of boating Quantitative —
& Noise | operating activity, noise Visual Counts No Partial
Number sailing Sailing activity, Quantitative —
boats in use visitor perceptions Visual Counts No Partial
Power boats Noise environment, Quantitative —
operating visitor perceptions Visual Counts No Partial
Quantitative —
Ambient Noise | Habitat quality and Noise Meter
Levels nuisance (Decibels: Laeg Loo) Yes Yes
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3.3.3.2 Dublin Bay Study Area Variables

Table 3.3 - List of Variables Selected For the Dublin Bay Study Sites

Sustainability Data Type - Sites Risk Trend
Selected Hazard &/or Measurement Applied | Rating | Analysis
Variable Significance (& Units) to? Applied? | Applied?
Time & Day | Visitor behaviour,
of Week context N/A All No Partial
Date & Visitor behaviour,
Season context N/A All No Yes
. Weather Visitor behaviour Qualitative -
Time & | congition & experience Visual observations All No Partial
Weather Wind Quantitative -
Strength & | Visitor experience, Anemometer
Direction litter distribution (Beaufort Scale, etc) All No No
Visitor behaviour Quantitative —
Temperature & experience Thermometer (°C) All No No
Quantitative —
Dissolved Key water quality Portable DO meter
Oxygen indicator, ecology (mg/l Oy) None No Partial
Dissolved Quantitative —
Oxygen, % Key water quality Portable DO meter
Saturation indicator, ecology (% Saturation DO) DLH Yes Yes
Water Background Quantitative —
Temperature Information Thermometer (°C) |SP, DLH No No
Indicator of nutrient o
& faecal Quantitative —
contamination. Photometer SP
Ammonia Health & ecology (mg/l NH,) DLH Yes Yes
Indicator of nutrient Quantitative —
Water enrichment. Ecology Photometer SP
Quality Nitrates & algal blooms (mg/l N) DLH No No
Indicator of faecal Quantitative —
contamination. Laboratory Analysis
Enterococci Health & ecology (cfu’s/100mls) All Yes Yes
Visual appeal of Qualitative —
Floating Oil water, visitor Visual Observations
Films perceptions (3 Point Scale: L,M,H) All Yes Partial
Perception of water Qualitative —
quality. Visual Observations
Algal blooms Health (3 Point Scale: L,M,H) All Yes Partial
Water quality Quantitative -
Water Indicator. Visual Secchi Disk
Transparency appeal (Centimetres) DLM No Yes
Perception of water Qualitative —
Water quality, visual Visual Observation
Turbidity appeal (3 Point Scale: L,M,H) All Yes Partial
Quantitative —
No. of Birds Perception of Visual Counts (No. of
Present habitat quality birds present) All No No
. Quantitative —
\I—/|:Ibu|£at Bird Species | Indicator of habitat | Visual Counts (No. of
Richness quality, ecology Species. present) All No No
Quantitative -
Disturbance Visual Count
to Bird Life Habitat quality (No. of Incidences) All No No
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Table 3.4 - Continued List of Variables Selected for the Dublin Bay Study Sites

Sustainability Data Type - Sites Risk Trend
Selected Hazard & Measurement Applied | Rating | Analysis
Variable Significance (& Units) to? Applied? | Applied?
Quantitative -
Litter — Visual appeal, Visual Counts
General visitor perceptions (items/100m?) All Yes Yes
Quantitative -
Visual appeal, Visual Count
Floating Litter | visitor perceptions. (items/50m) DLH Yes Yes
Quantitative -
Foreshore Visual appeal, Visual Count SP
Litter visitor perceptions. (items/50m) MK Yes Partial
Quantitative -
Incidences of Visual appeal, Visual Count
Dumping perceptions. (No. of Incidences) All No No
Area _ Ql_Jantitative -
Upkeep!/ Full Waste thter_& Visual Cpunt _
House Receptacles perceptions (No. of Ir_m@ences) All Yes Partial
Keeping Quantitative -
Visual appeal, Visual Counts
Dog Fouling hygiene (No. per 100m?) All Yes Yes
Quantitative —
Visual Counts
Dog Count Dog fouling (Max. Nr. observed) All No No
Quantitative -
Visual appeal, Visual Counts (no.
Graffiti visitor perceptions observed) All Yes Partial
Qualitative -
General appeal, Observation
Odours visitor perceptions | (3 Point Scale: L,M,H) All Yes Partial
Qualitative —
Visual appeal, Visual Observations
Overcrowding | visitor satisfaction | (3 Point Scale: L,M,H) All Yes Partial
Level of recreation
Car counts (in | activity. Visitor Quantitative — SP
car parks) numbers Visual Counts MK No Partial
Car counts Quantitative — SP
(reg. area) Origin of visitors Visual Counts MK No Partial
Improper Restriction of Quantitative —
parking access Visual Counts All Yes Partial
) Number of Recreation season Quantitative —
Traffic, | goats Moored information Visual Counts DLH No Partial
Boating, Season
& NoIse | Motor Boats | information. Noise Quantitative —
Operating Environment Visual Counts All No Partial
Season Quantitative —
Sailing Boats Information. Visual Counts All No Partial
Power Boats | Noise environment. Quantitative —
Operating Visitor Perceptions Visual Counts All No Partial
Quantitative -
Ambient Noise | Habitat quality and Noise Meter
Levels Nuisance (Decibels: Laeq Log All Yes Yes
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3.3.4 Sampling Locations for Selected Variables

The process of selecting sampling sites or survey areas for the different variables was
relatively complex. However, this complexity very much depended on the variables in
question and was compounded by an underlying imperative of this research to explore
beyond the simple assessment of environmental condition and attempt to identify
factors contributing to recorded data values. Thus a comprehensive and strategic
approach was taken regarding the selection of sampling sites with, in some instances, a
number of sites chosen for each variable at a particular study site. By way of example,
for water quality variables a complicating factor in the selection of sampling sites was
the need to try and establish whether water quality issues were arising from local
recreation based factors, such as the use of cruising boats, or from other external factors.
This was addressed by selecting sampling sites within, for example, the harbour areas of
the study sites and at locations at the proximity of these areas and at other strategic sites
such as the entrance points of nearby rivers which were identified as potential sources of
water contamination. In this way, it was intended that comparisons could be made
between the data for zones subject to recreational use and pressures and the data for

zones peripheral to these areas (including inflowing rivers).

The selection of survey areas for variables such as litter, floating litter, dog fouling or
graffiti was considered more straightforward. A guiding factor in these cases being the
need to optimise the relevance and consistency of the data generated and minimize the
time required to carry out the survey. For variables such as boat and car counts it was
simply a matter of defining appropriate areas within which the count should apply.

Selection of suitable sampling sites for the variable ‘ambient noise” was complicated by
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specified criteria for the positioning of the noise meter, such as maintaining distance
from vertical structures (Briel and Kjeer, 2000). However, in practice this did not

present any particular problems.

A general guide with regard to the selection of sampling sites was that, where possible,
they should represent the most appropriate and representative points for recording the
associated variable. Tables 3.5 to 3.10 below list and describe the location of all
sampling points or survey areas designated for the selected variables. In this regard,
note that a table of sampling points is given for each of the three study sites in the
Lough Derg and Dublin Bay study areas. To identify and locate the site features referred
to in the following tables, the reader is referred to the detailed maps of each study site

given in Section 3.2.
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3.3.4.1 Lough Derg Study Sites

Table 3.5 - Name and Description of Sampling points and Survey Areas at Terryglass

Variables

Description of Designated Sampling
Points or Survey Areas

Designated Name of
Sampling Point or
Survey Area

Dissolved Oxygen,
% Sat. of DO,
Phosphates,
Faecal and Total
Coliforms,

Water
Transparency

From the mid point of the main quay
and pier. On the harbour side.

Terryglass Harbour

From the west (or lake) side of the
main pier (west quay). At the elbow
section of the pier.

Terryglass Pier

From the riverside approx. 5 metres
above its confluence with Terryglass
Harbour

Terryglass River

Floating Oil Films,
Floating Litter,

The harbour area enclosed by the
complete length of the main pier/quay
and east quay.

Terryglass Harbour

The lake area immediately adjoining
the length of foreshore to the west of

Terryglass Foreshore

Algal Blooms the main pier.
The lake waters immediately adjoining Terryglass Pier
the west (or lake) side of the main (excluding floating
pier. litter)
Litter, The lawn and paved areas adjoining Terryglass Amenity
Dog Fouling the harbour and foreshore. Area
Dog Count The complete amenity and harbour
area including car parks, green areas Terryglass
and quaysides.
Graffiti All vertical surfaces and facades Terryglass Amenity

within the general amenity area Area
Overcrowding Applies to all facilities within the Terryglass
general amenity area.
Bird Counts | The lake and harbour area within a
Species richness radial and visible distance of approx.
°P ) 500 metres from the end sectiF:)pn of [EeE
Terryglass Pier.
Ambient Noise Meter placed at the west end of the Terryglass
Terryglass foreshore area.
All roads and designated parking areas
Terryglass

Parked Cars

with the amenity area.

Moored Boats,

The harbour area enclosed by the east

Harbour quay and main pier. Terryglass Harbour
Congestion
Boat Count | The Terryglass harbour and bay area.

. Terryglass
(Motoring)
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Table 3.6 - Title and Description of Sampling Points and Survey Areas at Dromineer

Variables

Description of Designated
Sampling Points or Survey Areas

Designated Name of
Sampling Point or Survey
Area

Dissolved
Oxygen, % Sat.
of Dissolved O,,
Phosphates,
Faecal and Total
Coliforms, Water

From the mid point of the main pier.
On the harbour side.

Dromineer Harbour

From the lake side of the main pier
At the elbow section of the pier.

Dromineer Pier

From the end of the small jetty
which marks the northern end of the

Dromineer Beach (applies to
faecal & total coliforms

Parked Cars

areas within the amenity area.

Transparency beach area only)
From the river bank approximately .
1km upstream of the river entrance . Nenagh River
to Lough Derg (Applies to phosphates only)
The harbour area enclosed by the
Floating Oil | south and east quays and the main Dromineer Harbour
Films, pier.
Floating Litter, | The lake waters immediately . .
Algal Blooms adjoining the west (or lake) side of PUEIIIECTAER
the length of the main (west) pier. (@I ee iy
The lake waters adjoining the length Dromineer Beach (or
of the constructed beach front area. foreshore)
L|tte_r, Dog | The lawn and paved areas adjoining Dromineer Amenity Area
Fouling the harbour and foreshore areas
Dog Count The complete amenity and harbour
area including car parks, green areas Dromineer
and quaysides.
Graffiti A!I _vertlcal surfaces z_and facades Dromineer Amenity Area
within the general amenity area
Overcrowding Applies to all facilities within the Dromineer
general amenity area.
Bird Counts | The lake and harbour area within a
(Species richness) | radial and visible distance of .
approx. 500 metres from the end of RlEulliEes
the Dromineer Pier.
Ambient Noise Meter positioned at the base of the
main pier facing towards the open Dromineer
lake.
All roads and designated parking Dromineer

Boat Count | The harbour area enclosed by the

(Moored), squth and east quays and the main Dromineer Harbour
Harbour pier.

Congestion

Boat Count | The Dromineer harbour and Bay Dromineer
(Motoring) area.
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Table 3.7 - Title and Description of Sampling Points and Survey Areas at Meelick Bay

Description of Designated

Designated Name of

area.

Variables Sampling Points or Survey Sampling Point or
Areas Survey Area

Dissolved Oxygen, From a rocky protrusion mid way

% Sat. of DO along the Meelick Bay amenity

Phosphates, area lake shoreline. Meelick Bay

Faecal and  Total

Coliforms,

Floating Oil Films, | The lake waters immediately

Floating Litter, Algal | adjoining the length of the .

Bloomsg ’ Meelick Bay amenity area e )
lakeshore.

Litter, Dog Fouling The lawn areas adjoining the lake Meelick Bay Amenity
foreshore. Area

Dog Count The complete amenity area
including access road, parking Meelick Bay
area and green space.

Graffiti All vertical surfaces and facades Meelick Bay Amenity
within the general amenity area Area

Overcrowding Applies to al! facilities within the Meelick Bay
general amenity area.

Bird Counts (Species | The lake area within a radial

richness) distance of approx. 500 metres .
from the rock promontory at the R IS
mid section of the amenity area

Ambient Noise Meter positioned on the lawn area
close to the small angling jetty Meelick Bay
facing towards the open lake.
The side road and small parking

Parked Cars area at the end of the amenity Meelick Bay
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3.3.4.2 Dublin Bay Study Area

Table 3.8 - Title and Description of Sampling Points and Survey areas at Seapoint

Designated Name
Variables Description of Designated Sampling Points pf _
or Survey Areas Sampling Point
or Survey Area
Ammonia, . From the “east slipway” just north of the tower. Seapoint
Enterococci
Water Turbidity, | The sea waters adjoining the Seapoint
Floating Oil | shoreline from the pedestrian rail bridge in the Seapoint
Films, Algal | south to the north slipway.
Blooms.
Litter (land | The all paved and lawn areas accessible to the
based), Dog | public between the pedestrian rail bridge and Seapoint
Fouling the north slipway.
Foreshore Litter | The waters or exposed shoreline (to a distance
of 10 metres) adjoining the Seapoint bathing Seapoint
area between the north slipway and the
pedestrian rail bridge.
Full Waste | All receptacles within the defined bathing area Seapoint
Receptacles
Graffiti, All vertical surfaces and facades within the .
defined bathing area. Seapoint
g
Overcrowding ?pplles to all public facilities within the Seapoint
efined bathing area.
Odours, Opservatlons mgde at both ends and centre Seapoint
point of the bathing area
Incidences of | Applies to all areas of the bathing area .
. . . L Seapoint
Dumping including the adjoining foreshore
Bird Counts The foreshore and sea (to a distance of approx.
100m from the shore) adjoining the bathing Seapoint
area and the residential area to the northwest
of the bathing area
Parked Cars, | Access road and designated public parking
improper area between residential houses and seafront to Seapoint
parking the northwest of the bathing area.
Boat Counts | The sea area adjoining the bathing area (and
(Sailing or | residential area to northwest) to a distance of Seapoint
Powered) approx. 200m from the shore
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Table 3.9 - Title and Description of Sampling Points and Survey Areas at Monkstown

Description of Designated Sampling

Designated Name

Variables Points or Survey Areas of Sampling Point
or Survey Area
Turbidity, The sea waters adjoining the shoreline
Floating Oil Films, below the car park area retaining seawall. Monkstown
Algal Blooms
Litter, Dog Fouling The_ open lawn area adjoining the Monkstown
parking area.
Foreshore Litter The waters or exposed foreshore
adjoining the jetty, seawall and beach Monkstown
area (to a distance of 10 metres) and the
beach area itself.
Full Waste All _receptacles within the defined Monkstown
Receptacles amenity area.
Graffiti, All vertical surfaces and facades within
the defined amenity area and the seawall Monkstown
immediately north of the amenity area.
Overcrowding Applles to a!l public facilities within the Monkstown
defined bathing area.
Odours, Observations made at both extremes and
- : Monkstown
centre point of the amenity area.
Incidences of Applies to all areas of the amenity area
. - . e Monkstown
Dumping including the adjoining foreshore.
Bird Counts The foreshore and sea (to a perpendicular
distance of approx. 100m from the shore) Monkstown
adjoining the amenity area.
Earked Cars, _ Access road and designated public car Monkstown
improper parking park.
Boat Counts (Sailing | The sea area adjoining the defined
or Powered) amenity area to a distance of approx. Monkstown
200m from the shore
Ambient Noise Noise meter located at the sea edge of
the lawn area approximately 50 meters Monkstown

from the car park.
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Table 3.10 - Title and Description of Sampling Points and Survey Areas At Dun Laoghaire

Designated Name

. Description of Designated Sampling Points or of Sampling
Variables .
Survey Areas Point or Survey
Area
Dissolved From the steps opposite the marina entrance Dun Laoghaire
Oxygen, % Pier
Sat. of From approximately mid way down the slipway, .
Dissolved O,, | from the side. Area refers to the water adjoining DunSIIT CIIETI:
Ammonia, the slip. pway
Enterococci, From the side of the central pontoon, mid way Dun Laoghaire
down its length. Marina
Water The harbour waters enclosed by the west .
. . Dun Laoghaire
Turbidity, breakwater, the west pier and the east breakwater. Inner Harbour
Floating Oil Observations made from the west pier.
Films, Algal The sea waters adjoining the east side of the west .
Blooms, pier beyond the west breakwater. Observations | Dun Laoghaire
made from the west pier. Outer Harbour
Waters within the general marina area. ]
Observations made from the side of the central | Dun Laoghaire
pontoon, mid way down its length. Marina
Waters adjoining the slipway Dun Laoghaire
Harbour Slip Area
Water From the central pontoon, mid way down its Dun Laoghaire
Transparency | length. Marina
Litter, Dog The length of the west pier from the sailing Dun Laoghaire
Fouling, school to the west breakwater Pier
Full Waste All receptacles along the surveyed length of the

Receptacles

west pier (i.e. from the sailing school to the west
breakwater).

Dun Laoghaire
Pier

Floating litter

Harbour waters adjacent to the west pier.

Dun Laoghaire
Pier

Incidences of

Applies to the surveyed length of the west pier

Dun Laoghaire

Dumping (from the sailing school to the west breakwater) Pier
and adjoining waters.

Graffiti, All vertical surfaces and facades along the Dun Laoghaire
surveyed length of the west pier. Pier

Overcrowding | Applies to all public facilities along the surveyed Dun Laoghaire
length of the pier. Pier

Odours, Observations made at both ends and centre point Dun Laoghaire
of the surveyed length of the west pier Pier

Bird Counts The general harbour area enclosed by a line

drawn from the end of the west pier to the marina
entrance

Dun Laoghaire
Harbour

Boat Counts
(Sailing and
Powered)

Applies to the entire harbour area enclosed by the
west and east piers.

Dun Laoghaire
Harbour

Moored Boats

The entire harbour area enclosed by the west and
east piers, excluding the marina.

Dun Laoghaire
Harbour

Ambient
Noise

Noise meter located at the (west) pier edge
opposite and facing the marina entrance

Dun Laoghaire
Inner Harbour

Noise meter located at the join of the west pier
and west breakwater facing towards the harbour
entrance.

Dun Laoghaire
Outer Harbour
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3.4 Recording and Presenting Data - Calculation of Sustainability Risk

Ratings

The prescribed monitoring exercise generated a large resource of both quantitative and
qualitative data which was recorded in respect of a range of environmental variables
selected for each study site (see Tables 3.1-3.4 above). In accordance with the
prescribed risk assessment model, all qualitative data was recorded directly on the basis
of a three-point risk category scale (low, medium or high). In contrast, data values
recorded in respect of quantitative variables were assigned to the same risk category
scale on the basis of prescribed criteria generated from appropriate external standards
where available and applicable. A percentage risk rating was then generated for all
recorded variables. These individual ratings were subsequently used to generate
combined risk ratings for both groups of variables and aggregated areas. Details of this

process are given in this section under the headings below.

3.4.1 Recording and Presenting Data

The data recorded in respect of the selected variables at each study site was either
quantitative or qualitative in nature (see Tables 3.1 — 3.4). Qualitative variables were
assessed at specified locations by visual observation (further details for each variable
are given in Section 3.6). The actual value of a variable was recorded by way of a three-
point risk category scale (low, medium or high) in accordance with specified criteria.
The criteria for each qualitative variable are outlined under each variable heading in

Section 3.6. An example of criteria used for recording the qualitative variable ‘visible
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oil films’ is given in Figure 3.29 below. The data sets generated for qualitative variables
were first recorded in Microsoft Excel spreadsheets. These data sets comprise of a series
of low, medium or high categories, recorded at the various locations, with
corresponding recording dates. An example of such a data set is given in Figure 3.30
below. The actual presentation of the qualitative data sets in this thesis is achieved by
means of category frequency charts. These charts show the total number of times over
the course of the monitoring period (the frequency) that each risk category was recorded
in respect of a particular variable at a particular location. An example chart is given in

Figure 3.31. Details of the process of generating the risk category frequency charts is

given in the next section (Section 3.4.3).

Risk Category Criteria for Recording
Visible Oil Films
Category Criteria (Qualitative) Source
Low No visible presence and no Quality of Bathing Water
detectible odour Regulations 1992 (S.1. No. 155
of 1992); The Bathing Water
Directive (76/160/EEC) and the
Blue Flag Beach Scheme
Medium Oil films present but not to an
extent considered offensive,
obvious or widespread (|_.e. ho The Bathing Water Regulations
more than one separate oil film (S.1. 155 of 1992)
should be present and this "
should not exceed 4 square
metres in size)
High O'I. films present to an extent The Bathing Water Regulations
considered offensive, obvious or
: (S.1. 155 of 1992)
widespread

Figure 3.29 — Example of Criteria Specified for Recording the Qualitative Variable

*Visible Oil Films’ into Appropriate Risk Categories.
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Sampling Date Sampling Month | TG Harbour | DR Harbour Meelick
20-Nov-06 Nov. Low Low Low
30-Nov-06 Nov. Low Low Low
2-Dec-06 Dec. Low Low Low
4-Dec-06 Dec. Low Low Low
18-Dec-06 Dec. Low High Low
19-Dec-06 Dec. Low Medium Low
1-Feb-07 Feb. Low High Low
5-Feb-07 Feb. Low High Low
6-Feb-07 Feb. Low High Low
13-Feb-07 Feb. High High Low
14-Feb-07 Feb. Low Low Low
20-Feb-07 Feb. High Low Low
21-Feb-07 Feb. Low High Low
5-Mar-07 March Low Low Low
24-Apr-07 April Low Low Low
25-Apr-07 April Low Low Low
8-May-07 May Low Low Low
5-Jun-07 June High High Low
6-Jun-07 June Low High Low
18-Jun-07 June Low Low Low
29-Jun-07 June Medium Low Low

2-Jul-07 July High High Low
9-Jul-07 July High High Low
14-Jul-07 July Low High Low
15-Jul-07 July High Medium Low
23-Jul-07 July High Low Low
24-Jul-07 July High High Low
31-Jul-07 July High Low Low
7-Aug-07 Aug. Low Medium Low
8-Aug-07 Aug. Low High Low
17-Aug-07 Aug. High Low Low
19-Aug-07 Aug. High High Low
3-Sep-07 Sept. Low Low Low
4-Sep-07 Sept. High Low Low
12-Sep-07 Sept. High Low Low
21-Sep-07 Sept. High Low Low
24-Sep-07 Sept. Medium Low Low
27-Sep-07 Sept. Medium Low Low
17-0ct-07 Oct. Medium Low Low
31-0ct-07 Oct. High Low Low
19-Dec-07 Dec. Medium Low Low

Figure 3.30 — Example of Data Set Recorded for the Qualitative Variable * Visible Oil
Films’

Visible QOil Films - L. Derg Risk Category Frequencies

> 50
§ 40 J Risk
;-)- 20 | Categories
LC O Low
g 20 1 m Medium
& 10 1 f { O High
15
© 0

Dromineer Terryglass Meelick Bay

Harbour Harbour

Recording Location

Figure 3.31 - Example of Category Frequency Chart Recorded for the Qualitative
Variable *Visible Oil Films’
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Quantitative variables were recorded initially in terms of the units appropriate to each
variable (see Tables 3.1-3.4). The physical method of sampling and measurement for all
the quantitative variables is described in Section 3.6. The raw data sets generated in
respect of quantitative variables were also recorded using Microsoft Excel spreadsheets
(see Figure 3.32 for an example data set in respect of the variable ‘water transparency’).
Data values in these spreadsheets were recorded against the various sampling dates
within the monitoring period. The presentation of quantitative data in this thesis is
achieved using standard line charts generated using the Microsoft Excel chart function.
These charts show the recorded values on the y-axis (in relevant units) with the
sampling occasions on the x-axis. Due to the large number of sampling occasions for
each variable, the months within which samples were undertaken are shown on the x-
axis rather that the individual sampling dates. The latter option being deemed to be
confusing. Depending on the variable and the nature of information to be portrayed, the
line charts have been designed to depict one or more sets of data corresponding to
different locations and study sites as appropriate. Figure 3.33 gives an example of a line

chart for the quantitative variable ‘water transparency’.
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Sampling Date Sampling Month TG Harbour DR Harbour Meelick
20-Nov-06 Nov. Not Recorded | Not Recorded | Not Recorded
30-Nov-06 Nov. Not Recorded | Not Recorded | Not Recorded

2-Dec-06 Dec. Not Recorded | Not Recorded | Not Recorded
4-Dec-06 Dec. 110 90 60
18-Dec-06 Dec. 100 150 150
19-Dec-06 Dec. 100 150 150
1-Feb-07 Feb. 200 210 200
5-Feb-07 Feb. 200 210 200
6-Feb-07 Feb. 200 210 200
13-Feb-07 Feb. 170 160 160
14-Feb-07 Feb. 150 180 180
20-Feb-07 Feb. 120 150 155
21-Feb-07 Feb. 120 150 150
5-Mar-07 March 150 140 135
24-Apr-07 April 200 210 200
25-Apr-07 April 180 210 200
8-May-07 May 160 150 150
5-Jun-07 June 270 210 270
6-Jun-07 June 280 210 270
18-Jun-07 June 230 130 260
29-Jun-07 June 160 190 240
2-Jul-07 July 210 210 240
9-Jul-07 July 170 180 260
14-Jul-07 July 180 210 250
15-Jul-07 July 190 180 250
23-Jul-07 July 180 180 230
24-Jul-07 July 210 210 180
31-Jul-07 July 230 210 250
7-Aug-07 Aug. 180 180 200
8-Aug-07 Aug. 170 190 180
17-Aug-07 Aug. Not Recorded 210 230
19-Aug-07 Aug. 130 140 190
3-Sep-07 Sept. Not Recorded | Not Recorded | Not Recorded
4-Sep-07 Sept. 190 200 230
12-Sep-07 Sept. 190 210 190
21-Sep-07 Sept. 210 210 220
24-Sep-07 Sept. 250 100 100
27-Sep-07 Sept. 210 210 250
17-0ct-07 Oct. 260 210 280
31-0ct-07 Oct. 230 210 280
19-Dec-07 Dec. 150 160 170

Figure 3.32 - Example of a Data Set Recorded for the Quantitative Variable * Water

Transparency’

Centimetres

300

Water Transparency - Terryglass and Dromineer

250
200
150
100 -

50

—e— Terryglass
Harbour

¥ —&— Dromineer
Harbour

O O 9 T 2 D DD Yy oy NS
g o o g £ S 9 QLR
S N A IR & 9 O

Figure 3.33 - Example of a Line Chart Generated in Respect of the Quantitative Variable *

Water Transparency’.
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3.4.2 Assigning Quantitative Data to Sustainability Risk Categories

In line with the research aims, all data values recorded in respect of the quantitative
variables were assigned to a three-point risk category scale similar to that used for the
qualitative variables. This exercise was undertaken on the basis of prescribed criteria for
each variable which were generated from appropriate external standards where
available. Details of these criteria are given in Section 3.6 under the relevant variable
headings. By way of example, the criteria for converting water transparency values to
corresponding risk categories is given in Figure 3.34 below. The process of converting
quantitative data values to risk categories, according to the prescribed criteria, was
undertaken using the SPSS visual binning tool. The quantitative data sets (recorded
initially in Excel spreadsheets) were transferred to SPSS data editor files. The risk
category conversion criteria for each variable were inputted into the SPSS visual
binning tool which then sorted the data values into low, medium or high risk categories.
This process generated a series of tabulated data sets recording the risk levels generated
for the various quantitative variables at specified sampling locations for the various
sampling dates. These data sets were similar to those produced for the qualitative

variables (see Figure 3.30).

Risk Category Conversion Criteria for
Water Transparency Data

Category | Criteria (units Metres) Source
1976 EU Bathing
Low >2 Water Directive
Medium 1-2
. Irish Bathing Water
High <1 Regulations, 1992

Figure 3.34 - Example of Criteria Specified for Converting Quantitative Data Values to
Corresponding Risk Categories
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3.43 Generating Category Frequency Charts

The generation of category frequency charts was again carried out using a combination
of the SPSS (15.0) statistical software package and Microsoft Excel software. For both
qualitative and quantitative variables, the risk category data sets (see example, Figure
3.30) were transferred to an SPSS file. The SPSS frequency analysis tool was then used
to generate tables showing the frequency of each recorded risk category for each
variable and location (see Figures 3.35 and 3.36). This data was then transferred back to
an Excel spreadsheet where the Excel chart function was used to create charts depicting
the frequency of each category (low, medium or high) as determined by the SPSS
software. As an example, a risk category frequency chart generated in respect of the

quantitative variable ‘water transparency’ is given in Figure 3.37.

Qil Films, Terryglass Harbour (LMH)

Cumulative
Frequency | Percent | Valid Percent Percent
Valid Low 15 65.2 65.2 65.2
Medium 4 17.4 17.4 82.6
High 4 17.4 17.4 100.0
Total 23 100.0 100.0

a. Tourism Season = Low

Figure 3.35 - Example of Category Frequency Table Generated by SPSS Software for the

Quialitative Variable “Visible Oil Films’

Water Transparency, Terryglass Harbour (cms) (Binned)
Cumulative
Frequency | Percent | Valid Percent Percent
Valid Low 2 4.9 5.6 5.6
Medium 23 56.1 63.9 69.4
High 11 26.8 30.6 100.0
Total 36 87.8 100.0
Missing 9999 5 12.2
Total 41 100.0

Figure 3.36 - Example of Category Frequency Table Generated by SPSS Software for the
Qualitative Variable * Water Transparency’
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Water Transparency - Risk Category Frequencies
25
>
& 20 -
()
% 15 O Low
E 0 m Medium
5 107 O High
5
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o
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Terryglass Harbour Dromineer Harbour

Figure 3.37 - Example of a Risk Category Frequency Chart Generated in Respect of the
Quantitative Variable ‘Water Transparency’.

3.4.4 Calculating Sustainability Risk Ratings

The generation of ‘sustainability risk ratings’ addresses the difficulty associated with
interpreting the relative proportion, or frequency distribution, of the low, medium and
high risk categories recorded for each variable. The sustainability risk rating therefore
represents this proportion or distribution in the form of a single score. This system is
intended to greatly aid the communication of this important relationship for each
variable. In addition, the use of the risk rating system provides a means of combining
the results for individual variables in order to generate an aggregated or average rating

for groups of variables or a particular location.

Sustainability risk ratings were generated in the same manner for both quantitative and
qualitative variables. As stated the risk rating for each variable represents the relative

proportion of low, medium and high categories recorded for that variable and was
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calculated on basis of a simple weighting system which was applied to each risk
category (see below for actual method of calculation). To enhance the communicative
value of the rating system it was decided that the rating would be percentage based with,
therefore, maximum and minimum values of 100 and O respectively. This approach
requires that the proportion of recorded low, medium and high risk categories (see
example Figure 3.37 above) was first expressed as a percentage proportion (this
approach also takes account of the inevitable variations in the number of sampling
occasions for each variable which would other wise introduce systematic error into the

rating calculations).

The weighting system was then chosen such that if the proportion of high risk
categories recorded was 100% then a rating of 100 would be returned. By contrast, if
the proportion of low risk categories was 100% then a rating of O would be returned.
For the medium risk categories, it was decided that a 100% proportion should
correspond to a risk rating of 50. In line with this stipulation, weightings of 1.0, 0.5 and

0.0 were applied, respectively, to the risk categories, high, medium and low.

The actual method of calculating the sustainability risk ratings was as follows.

Percentage based proportions of low, medium and high risk categories recorded for each

variable were first calculated according to Equation 1 below:

Equation 1:

Frequency of Specified Risk Category <100 =

% Frequency of Recorded Category
Total Number of Measurements
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Calculation of the risk rating was then based on assigning the weightings or multipliers
to the percentage proportion (or frequency) of each risk category and summing the
result. The multipliers (weightings) assigned to the percentage proportion of each risk
category are as follows:

Percentage proportion of ‘Low’ categories; Multiplier = 0

Percentage proportion of ‘Medium’ categories; Multiplier = 0.5

Percentage proportion of ‘High’ categories; Multiplier = 1.0

The risk rating for each particular data set was then calculated according to Equation 2

below:
Equation 2:

Percentage of ‘low’ categories recorded  x 0
+
Percentage of ‘medium’ categories recorded x 0.5 | = Sustainability Risk Rating
+
Percentage of ‘high’ risk categories recorded x 1.0

The use of these particular multipliers to calculate the risk rating means that in the
event, for example, that only low risk categories are recorded for a given variable at a
particular sampling site then the corresponding risk rating will be zero (indicating no
risk to sustainability). On the other hand if only high or only medium categories are

recorded then the corresponding ratings would be 100% and 50%, respectively.

A worked example for data corresponding to the variable ‘water transparency’ is

provided below using the risk category frequency data given in Figure 3.38 overleaf.
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Risk Category Frequency Data for Water
Transparency at Terryglass Harbour

Risk Category Frequency
Low 11
Medium 23
High 2

Total No. of
Measurements 35
Figure 3.38 - Risk Category Frequency Data for ‘Water Transparency’ at Terryglass
Harbour

Calculation of percentage proportion of low categories recorded. Apply equation 1.

Percentage of 'Low' categories recorded = %xloo =31.4%
Madi ! . 23
Percentage of 'Medium' categories recorded = g><100 =65.7%

Percentage of 'High' categories recorded = 3—25><100 =5.7%

Calculation of percentage sustainability risk rating. Apply Equation 2 using values

generated from Equation 1.

314 x 0
+
65.7 x 05 = 38.5 (The Sustainability Risk Rating
+ for ‘water transparency’ at
57 x 1.0 Terryglass Harbour)
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3.45 Combining Sustainability Risk Ratings

Initial risk ratings were generated in respect of complete data sets recorded for
individual variables at a particular sampling site (as per the worked example given
above). This process produced a number of risk ratings for the various variables

recorded at each sampling site as presented in the example chart in Figure 3.39 below.

Individual ratings were then combined in order to produce risk ratings for specified
areas (Terryglass Harbour or Lough Derg, for example, see Figure 3.40 below) or for
groups of variables (known as ‘sustainability risk groups’). This process was achieved
by simply calculating the mean value of the individual risk ratings constituent to an

aggregated area or larger variable group.

In addition, the process of risk rating calculation was also applied to subgroups of the
data sets in order to generate ratings for individual variables but in respect of low and
high season data, for example. The process of combining ratings was then the same as

that applied to the all year data sets as detailed above.

Risk Rating for Selected Variables - Terryglass Harbour

% Risk Ratin
N
o
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Figure 3.39 - Example of Risk Ratings Generated for Variables Recorded at Terryglass
Harbour
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Risk Ratings for Lough Derg Study Sites

35
30
25 29 29
20
151 17
10 -

% Risk Rating

Terryglass Dromineer Meelick Bay

Figure 3.40 - Example of Combined Risk Ratings Generated for the Lough Derg Study
Sites

3.5 Analysis of Raw Data — Identification of Significant Trends

The trend analysis undertaken for each variable was intended to examine a number of
potential issues. These issues included the possible influence of recreation activity on
the variable, the identification of possible external factors influencing the variable and
also the general behaviour of the variable with respect to factors such as the time of year
or weather conditions. In practice the relevance of these issues very much depended on
the variable under investigation but they nevertheless dictated the general approach to
the trend analysis process. By way of addressing these issues, the trend analysis for each
variable involved one or more of the following approaches:

= A general review of the data for any evident patterns associated with the duration of

monitoring period, such as time of year.
= A comparison of data between different study sites within each study area.

= A comparison of data between different sampling sites within a particular study site.
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= A comparison between data values recorded during the low and high recreation
seasons, as defined. This was used to provide an indication as to the potential

influence of levels of recreational activity on the variables in question.

With respect to quantitative variables, generally, the initial analysis involved simply
plotting all values against the date on which they were recorded. This provided a useful
picture of the behaviour of the variable on a week by week basis over the course of a
sampling year. By identifying the peak tourist season at a study site (by reference to the
number of cars and boats present, for instance) the trend in data values for a particular
variable could also be analysed against the changing tourist and recreation seasons.
Where deemed appropriate, the data for a given variable recorded at separate sampling
sites, within a given study site or a larger study area, could be displayed on the same
line graph in order to aid the identification of possible associations between sampling
sites or locations. This approach was used, for example, in the case of water quality
variables which were indicative of organic pollution, in order to test whether the
concentration of cruise boats in the Lough Derg harbour areas was contributing to
observed levels of such pollution or whether the problem was more associated with the

lake in general.

Where relationships of interest, such as differences or similarities in potentially related
sets of data (from two different sampling points or high and low seasons, for example)
statistical tests were used to confirm whether the observed differences or similarities
were actually statistically significant and not due to, for example, random error in the

sampling method. The tests used were predominantly two tailed T-Tests which were
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available as a software tool with Microsoft Excel. The generated ‘P Values’ were used

to verify the significance at a confidence level of 95%.

Trend analysis with respect to qualitative variables was largely confined to the analysis
of the relative proportion of risk categories recorded for each variable. This analysis
provided useful insight into the performance and behaviour of qualitative variables over
the course of the monitoring period. Useful comparisons could also be made between
qualitative data recorded at different locations. In addition, by presenting qualitative
data with respect to high and low recreation season it was possible to gain insight into

the relative performance of particular variables with respect to the different seasons.
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3.6 All Selected Variables — Background Information, Sampling Strategy,
Method of Analysis and Risk Category Criteria

3.6.1 Dissolved Oxygen

3.6.1.1 Background Information and Significance

The meaningful interpretation of dissolved oxygen values in fresh water can be complex
but there are two main issues of significance in the context of this study. Firstly,
dissolved oxygen is essential for the metabolism of various aquatic animals and hence a
certain level of dissolve oxygen is crucial for the survival of fish and for the general
health of an aquatic ecosystem (EPA, 2001). Secondly, naturally occurring dissolved
oxygen levels will normally be adversely affected by organic or nutrient pollutants
entering a water body and hence dissolved oxygen levels can indicate the presence of
pollution (EPA, 2001). Organic pollutants (animal wastes for example) entering
freshwater will be broken down by aerobic bacteria which consume oxygen in the
process. Even small quantities of such pollution can cause dramatic drops in dissolved
oxygen levels which can result in fish kills and damage to other members of the aquatic

ecosystem (EPA, 2001).

A key consideration when interpreting dissolved oxygen levels is that the solubility of
oxygen in water has an inverse relationship with the temperature of the water. This
means that water has the ability to absorb (or contain) higher levels of dissolved oxygen
at lower temperatures. For example, in fresh waters the maximum dissolved oxygen

concentration possible at 20°C is 9.2 mg/l whereas at 10°C it is 11.3 mg/l (EPA, 2001).
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This means that the ambient water temperature is an influential factor in the recorded
level of dissolved oxygen (EPA, 2001). To overcome the potential complexities
regarding the interpretation of dissolved oxygen levels which are presented by this
solubility/water temperature relationship, the related parameter of ‘percentage
saturation’ of dissolved oxygen can be used in addition to dissolved oxygen

concentration values on their own (see Section 3.6.2 below).

3.6.1.2 Method of Analysis and Sampling Procedure

Materials
Dissolved oxygen levels were recorded directly using a Thermo Electron Corporation

portable dissolved oxygen meter and probe (Model, Orion 3 Star).

Sampling Procedure (Method)

The meter display was set for dissolved oxygen read out as per the manufacturers
instructions. For each reading the probe was lowered into the water to a depth of
approximately 50cms. The dissolved oxygen value, in mg/l, was then read from the

meter display and recorded.

Equipment Calibration

Calibration of the DO Meter was carried out on the day of each sampling occasion. This
was done according to the manufacturers instructions and involved setting up a
calibration sleeve into which the DO probe was place for 15 minutes before actuating

the automated calibration function on the meter.
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3.6.1.3 Criteria for Assigning Risk Categories.

The most relevant criteria for the dissolved oxygen (DO) data are taken from the
Freshwater Fish Directive (78/659/EEC). This directive specifies that, for salmonid
waters (i.e. freshwaters providing habitat for salmon and trout species) 50% of water
samples must return DO values of greater than 9 mg/l O, (mandatory level) and 100%
of returned values must be greater than 7 mg/l O, (guide level). DO levels above 9mg/I
are considered High; Levels between 7 and 9 mg/l are considered Medium and levels

below 7mg/I are considered Low.

The criteria for Low, Medium & High categories for Dissolved Oxygen (mg/l) are
summarised in Table 3.11 below; Note that these criteria apply to freshwater DO values
only and therefore are only applicable to the Lough Derg sites. In the absence of
relevant DO criteria applicable to marine waters, no risk categories were assigned to the

Dublin Bay data.

Table 3.11 - Risk Category Conversion Criteria for Dissolved Oxygen Data

Risk Criteria (units mg/l O,) Source

Category

Low <7 EU Fre_shwz_iter Fish
Directive

Medium 7-9

High >9 EU Freshwater Fish

Directive
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3.6.2 Percentage Saturation of Dissolved Oxygen

3.6.2.1 Background Information and Significance

Measuring dissolved oxygen in terms of its percentage (of maximum possible)
saturation, essentially circumvents the influence that water temperature has on dissolved
oxygen levels. Hence, unpolluted waters (both freshwater and marine) should normally
have dissolved oxygen levels close to the maximum (or 100%) saturation level
regardless of the water temperature and any deviations from this can give cause for
concern regarding the general health of a fresh water body and regarding the possibility
of pollution occurring. As a general rule of thumb, the percentage saturation level of

dissolved oxygen should fall ideally fall within the range of 70 — 120% (EPA, 2001).

3.6.2.2 Method of Analysis and Sampling Procedure

Materials
Percentage saturation of dissolved oxygen levels were recorded using a Thermo
Electron Corporation portable dissolved oxygen meter and probe (Model — 3 Orion

Star)

Sampling Procedure (Method)

The meter display was set for percentage saturation of dissolved oxygen and read out as
per the manufacturers instructions. For each reading the probe was lowered into the
water to a depth of approximately 50cms. The percentage saturation of dissolved

oxygen value was then read from the meter display and recorded.
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Equipment Calibration

Calibration of the DO Meter was carried out on the day of each sampling occasion. This
was done according to the manufacturers instructions and involved setting up a
calibration sleeve into which the DO probe was place for 15 minutes before actuating

the automated calibration function on the meter.

3.6.2.3 Criteria for Assigning Risk Categories

For percentage saturation data, the most applicable criteria has been generated from
criteria designated in a combination of the EU Bathing Water Directive 1976 and the
Irish Quality of Bathing Water Regulations 1992 (S.1. No. 155 of 1992). The Quality of
Bathing Water Regulations 1992 stipulates a range for percentage saturation of DO of
between 70 and 120 % for good quality bathing waters. The equivalent range specified
by the Bathing Water Directive is 80 — 120%. In this context, for both the Lough Derg
and Dublin Bay data, % Saturation DO values below 70% and/or above 120% are
categorised as low. Values falling between 70 and 80 % are categorised as Medium.

Values between 80 and 120 % are categorized as High (see summary table below).

The criteria for Low, Medium & High categories for the percentage saturation of

dissolved oxygen values are summarised in Table 3.12 below:

Table 3.12 - Risk Category Conversion Criteria for % Saturation Dissolved Oxygen Data

Risk o .
Category Criteria (units mg/l O,) Source

Irish Bathing Water
Low > 80% < 120% Regs. & EU Bathing

Water Directive
. Irish Bathing Water

0, 0,
High < 70% or >120% Regulations 1992
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3.6.3 Phosphates

3.6.3.1 Background Information and Significance

The variable ‘phosphates’ was only applied to the Lough Derg study area. This was due
to difficulties with identifying a practical method for analysing phosphates in marine
waters and also due to the fact that phosphates are known to play a more central role in
the water chemistry and ecology of freshwaters as apposed to marine waters. The

following details apply therefore to the significance of phosphates in freshwaters only.

As with many lakes in Ireland, elevated phosphorus levels are an ongoing problem
(Bowman & Toner, 2001) and are primarily associated with run-off water from
adjoining agricultural lands and domestic waste-water (Toner et al., 2005). The main
significance to the tourism industry, therefore, is the association of high phosphorus
levels in lakes with the proliferation of algal blooms (see discussion under ‘Algal
Bloom’ variable in Section 3.6.8 below) which can be very unsightly and can cause

odour problems.

The element phosphorus occurs naturally in plants, micro-organisms and in animal
waste. As such, residual levels of phosphorus occur naturally in lake waters either in
true solution, in colloidal suspension or adsorbed onto particular matter (EPA, 2001).
The analytical procedure for determining ortho-phosphate levels does not distinguish
between these form of phosphorus but is considered a useful technique as it does not
require pre-treatment of samples and still provides a good approximation of phosphorus

levels in water (EPA, 2001).
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Phosphorus is widely used as an agricultural fertilizer and is also a major constituent of
domestic and commercial detergents. Thus surface run-off and sewage can be important
contributors of phosphorus to surface waters and can be responsible for elevating levels
over and above those occurring naturally (Toner et al., 2005). Although, not a health
hazard in its own right, the principal significance of phosphorus is its use in highlighting
the potential presence of sewage and/or agricultural run-off contamination in surface
waters (EPA, 2001). As an important growth nutrient, phosphorus is a key contributor
to eutrophication in lakes especially where elevated levels occur (Bowman and Toner,
2001). In an amenity context eutrophication can manifest itself in terms of excessive
shore algal growth and algal blooms. Such occurrences can lead to odour problems, loss
of visual appeal and, in extreme cases, the closure of lakeside beaches due to potentially

toxic algal blooms.

3.6.3.2 Method of Analysis and Sampling Procedure

Materials and Reagents:

Ortho-Phosphate analysis was undertaken in the laboratory using a Hannah C200 multi-

parameter bench photometer (Series HI 83000).

Other required materials were as follows:
A 500ml glass sampling jar attached to the end of a sampling pole
100ml glass transport jars.

A set of 10ml glass phials (supplied with the photometer).
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Required Reagents are supplied by Hannah Instruments and were as follows:
Molybdate Reagent (Code 93717A-0)

Reagent B (Code 93717B-0)

Sampling Procedure:

At the assigned sampling points the sampling jar was first rinsed a number of times with
the water to be sampled. The 500ml sampling jar was then lowered (using the sampling
pole) to a depth of approximately 50 cms and filled completely. The contents were
transferred to a 100ml glass transport jar which was filled completely, labelled and

transferred to an insulated storage container.

Method of Analysis:

Measurement of phosphate levels in each sample was undertaken according to the
manufacturers instruction manual for ‘Phosphate High Range’. The method used is
based on an adaptation of the Standard Methods for the Examination of Water and
Wastewater, 18" Edition, Amino Acid method. The reaction between phosphate and the
reagents causes a blue tint in the sample which is analysed by the photometer using the

principals of light absorption at specific wavelengths.

In summary, the process of analysis involved first calibrating the photometer. This was
done by filling a 10ml glass phial with a ‘blank’ sample of distilled water which was
then inserted into the photometer for the calibration stage. The second stage involved
preparing a second 10ml glass phial with the sample and reagents. This phial was then
allowed to stand for a specified time and transferred to the photometer for reading the

phosphate level. The level was read from the photometer display.
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3.6.3.3 Criteria for Assigning Risk Categories.

The existing standards for phosphorus levels in Irish freshwaters are complex. A range
of standards exists which relate to different categories of lakes or river. In addition,
standards are expressed in terms of both ortho-phosphates and total phosphorus levels.
The standards for lakes are given largely in terms of ‘Total Phosphorus’. However, this
parameter is more difficult to analyse and therefore for practical reasons it was decided
to record phosphorus levels in terms of ortho-phosphate levels. The standards for this
expression of phosphorus are less definitive. However general guide levels do exist,
particularly with respect to river waters. Depending on the pollution status of a river,
the EPA have set out phosphate target levels (expressed as annual median values) which
range from between 0.015 to 0.070 mg/l P. In addition the Environmental Protection
Agency states that from their experience once phosphate levels in lakes exceed 0.02mg/I
then algae and plant growth can reach ‘nuisance’ proportions (EPA, 1997). The
following criteria for the Low, Medium and High risk categories (see Table 3.13) have
been generated using a combination of the guide values described above (note that the

upper limit of 0.05 mg/I P is based on the target level for moderately polluted rivers).

The criteria are summarised in Table 3.13 below:

Table 3.13 - Risk Category Conversion Criteria for Ortho-Phosphate Data

Risk L. .
Category Criteria (units mg/l P) Source
Low <0.02 EPA Guidance Notes
Medium 0.02 -0.05

. EPA Environmental
High >0.05 Quality Standards
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3.6.4 Ammonia

Note that reagents were not available in time for applying this variable to the Lough

Derg Study Area. Thus this variable was applied to the Dublin Bay sites only

3.6.4.1 Background Information and Significance

Ammonia occurs naturally in waters as a result of the microbial decomposition of
vegetative material. However, concentrations are normally very low (EPA, 2001). The
significance of Ammonia as a indicator of water quality arises as a result of the high
levels of ammonia which occur in domestic wastewater (sewage). Thus where elevated
levels of ammonia are found in marine or fresh waters this can be considered an

indicator of possible sewage contamination (EPA, 2001)

Measurement and the setting of guideline levels of ammonia is complicated by the
complex chemistry of ammonia in water. Depending on the pH and temperature of the
water, ammonia (in the form of NH3) will readily convert to ammonium (in the form of
NH;"). Thus to circumvent these complexities, guide limits for ammonia are normally
specified in terms of the parameter ‘total ammonia’ (as mg/l of Nitrogen) which
effectively includes the concentration of both ammonia and ammonium (EPA, 2001).
As a rule of thumb, total ammonia levels above 0.1mg/l N are considered to be elevated
and may indicate the presence of sewage contamination of the water (EPA, 2001). Other

guide limits with respect to this parameter are discussed in Section 3.6.4.3 below.
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3.6.4.2 Method of Analysis and Sampling Procedure

Materials and Reagents:

Ammonia analysis was undertaken in the laboratory using a Hannah C200 multi-

parameter bench photometer (Series HI 83000).

Other required materials were as follows:
A 500ml glass sampling jar attached to the end of a sampling pole
100ml glass transport jars.

A set of 10ml glass phials (supplied with the photometer).

Required Reagents are supplied by Hannah Instruments and were as follows:

First Reagent (Code 93715A-0)

Second Reagent (Code 93715B-0)

Sampling Procedure:

At the assigned sampling points the sampling jar was first rinsed a number of times with
the water to be sampled. The 500ml sampling jar was then lowered (using the sampling
pole) to a depth of approximately 50 cm and filled completely. The contents were
transferred to a 100ml glass transport jar which was filled completely, labelled and

transferred to an insulated storage container.
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Method of Analysis:

Measurement of ammonia levels in each sample was undertaken according to the
manufacturers instruction manual for ‘Ammonia Medium Range’. The method used is
based on an adaptation of the ASTM Manual of Water and Environmental Technology,
D1426-92, Nessler method. The reaction between ammonia and the reagents causes a
yellow tint in the sample which is analysed by the photometer using the principals of

light absorption at specific wavelengths.

In summary, the process of analysis involved first calibrating the photometer. This was
done by filling a 10ml glass phial with a ‘blank’ sample of distilled water which was
then inserted into the photometer for the calibration stage. The second stage involved
preparing a second 10ml glass phial with the sample and reagents. This phial was then
allowed to stand for a specified time and transferred to the photometer for reading the

ammonia level. The level was read from the photometer display.

3.6.4.3 Criteria for Assigning Risk Categories
Neither the Bathing Water Regulations (S.l. No. 155 of 1992) or the Blue Flag Standard

stipulate guide or limit values for the parameter ammonia. However, ammonia is
considered under the EPA Environmental Quality Objectives and Standards proposal
and the Water Quality Management Plan for Dublin Bay. Both of these standards
propose that ‘total ammonia’ levels should not exceed 0.3 mg/l in the case of estuary
waters and 0.8 mg/l in the case of coastal or marine waters. As the Dublin Bay study
sites can be considered to lie within the transition zone between the River Liffey estuary

and deeper coastal waters both of the above specified levels have been adopted as risk
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category criteria for this research. Thus, ammonia values below 0.3mg/I are assigned to
the low risk category, values between 0.3 and 0.8 mg/I are assigned to the medium risk
category and values above 0.8 mg/l are considered high risk. These criteria are

summarised in Table 3.14 below:

Table 3.14 - Risk Category Conversion Criteria for Total Ammonia Data

Risk Criteria
Category | (mg/l N) Source
Dublin Bay Water Quality Management
Plan and EPA EQS limit value for coastal
Low <0.3 waters
Medium 0.3-0.8 Between high and low categories
Dublin Bay Water Quality Management
Plan and EPA EQS limit value for estuary
High >0.8 waters
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3.6.5 Faecal and Total Coliforms

Note that limitations with the chosen method of analysis meant that this parameter could
only be measured in freshwaters. Thus, this variable was applied to Lough Derg study

area sites only.

3.6.5.1 Background Information and Significance

Coliforms are a very common group of bacterial micro-organisms which grow in large
numbers in soils or the intestines of warm blooded animals. In particular, Faecal
coliforms grow exclusively in the human or animal intestine and are past in large
numbers in faecal waste (EPA, 2001). Due to their relative ease of detection and
quantification, faecal coliforms are used as an indicator of faecal contamination of water
(due primarily to either domestic sewage or animal farm waste) while total coliforms
are used as an indicator of the general level of microbial contamination of a water body
(EPA, 2001). Most coliform bacteria are not a health hazard in their own right.
However, as an indicator of faecal contamination they highlight and quantify the
potential presence of other pathogenic (disease causing) bacteria which are associated

with animal or human waste (EPA, 2001).

Faecal and Total Coliforms are recorded quantitatively and results can be expressed as
the ‘Most Probable Number’ of colony forming units (CFUs) per 100 millilitres. A
‘colony forming unit’ is essentially a living and viable bacterial cell and ‘Most Probable
Number’ is a statistical representation (required for the analytical technique) of the

actual number of bacteria in a sample at a 95% confidence level.
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3.6.5.2 Method of Analysis and Sampling Procedure

Materials and Reagents:

Analysis for both total and faecal coliforms was undertaken in the laboratory using an
Idexx Colilert-18 Test Kit in conjunction with a 51 cell Idexx Quanti-Tray Enumeration

System. This kit includes the following items.

(51 cell) Idexx Quanti-Tray Enumeration trays.

An ldexx Quanti-Tray Sealer.

A standard laboratory incubator set at 35°C (+0.5°C).

A UV viewing box supplied with a 6 watt, 365nm UV light.
Idexx Colilert-18 media snap packs.

Sterile 100ml sealable plastic containers.

10 ml sterile plastic pipettes

Sampling Procedure

At the assigned sampling points the 100ml plastic sampling jars were first rinsed a
number of times with the water to be sampled. The jars were then lowered to a depth of
approximately 50 cm and filled completely and sealed with the lids supplied. Aseptic
technique was used throughout the process. The plastic jars were then labelled and

transferred to an insulated storage container.
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Method of Analysis:

Measurement of total and faecal coliform levels in each sample was undertaken
according to the test kit manufacturers instruction leaflet. The method used is based on
the manufacturers patented Defined Substrate Technology. When total coliforms
metabolise Collilert-18’s nutrient-indicator (ONPG) the sample turns yellow. When E.
coli metabolises Colilert-18’s nutrient-indicator (MUG) the sample fluoresces. Colilert-
18 can simultaneously detect these bacteria at 1 colony forming unit (cfu)/100 ml within

18 hours.

In summary, the method of analysis involved a number of stages and aseptic technique
was observed throughout. For each sample a Colilert-18 snap pack was first opened and
the media added to sample. The lid was replaced (on the sample jar) and the sample was
shaken and the media allowed to dissolve. Next the sample/media solution was
transferred to an Idexx 51 cell Quanti-Tray enumerator. The Quanti-Tray was then heat
sealed using the Idexx Quanti-Tray sealer. The tray was then labelled and transferred to
the incubator set at 35°C. Prepared Quanti-Trays were then incubated for a minimum of

18 hours.

Reading of results were as follows; For total coliforms the number of positive cells
(turned a distinct yellow colour) on the Quanti-Tray was recorded. For faecal coliforms
the Quanti-Tray was viewed under fluorescent light and the number of positive
(fluorescing) cells was recorded. In both cases the most probably number of colony
forming units (cfu’s) per 100mls was then calculated using the MPN table supplied by

ldexx.
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For a standard undiluted sample the 51 cell Quanti-Tray enumerator allowed the
measurement of most probable number of cfu/100ml values in the range <1 to >200.5.
Where pilot study results indicated that this range was likely to be exceeded at a
particular sampling point then a dilution of x10 or x100 was performed on the sample
prior to analysis. This procedure allowed MPN values in the range of <10 to >2005 and
<100 to >20050 cfu/100mls to be calculated in each case. Dilutions were achieved by
first transferring by means of sterile pipettes either 10mls (for the x10 dilution) or 1mils
(for the x100 dilution) of the sample to a sterilised 100ml glass jar and then making the
solution up to 100mls using sterilised distilled water. This diluted sample was then
processed in the same manner as described above for the undiluted sample. VValues were
then simply multiplied by a factor of 10 or 100, as appropriate, to get the actual result
for the original undiluted sample. Sterilisation of the 100ml glass jars and distilled water

was achieved using an autoclave at 115°C for 15 minutes.

3.6.5.3 Criteria for Assigning Risk Categories

Three standards are considered relevant with regard to setting criteria for categorising
the quantitative data for both Faecal and Total Coliforms. These are the Bathing Water
Regulations 1992 (S.I. No. 155 of 1992) and the Blue Flag Beach Standard. For Faecal
Coliforms the Bathing Water Regulations specify a level of <1000 colony forming units
(this is equivalent to MPN cfu’s) per 100 mls to be conformed by at least 80% of
samples. A second level is also specified which is < 2000 colony forming units to be
conformed by at least 95% of samples. The equivalent levels set by the Bathing water
Regulations for Total Coliforms is <5000 and <10,000 colony forming units,
respectively. The Blue Flag scheme sets out two limit levels for both Faecal and Total

Coliforms. These are 100 and 2000 colony forming units per 100mls (to be achieved by
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80% and 95% of samples, respectively) in the case of Faecal Coliforms and 500 and
10,000 colony forming units (again, to be achieved by 80% and 95 % of samples,

respectively) in the case of Total Coliforms.

These standards have been used to set the following criteria (in Tables 2.15 and 2.16)

for converting the quantitative coliform data into Low, Medium and High categories.

Table 3.15 - Risk Category Conversion Criteria for Faecal Coliform Data

Risk Criteria (MPN
Category CFUs/100ml) Source
Low <100 Blue Flag 80% Limit Value
Medium 100 - 1,000

Bathing Water Regs. (’92)
High > 1,000 80% Limit Value

Table 3.16 — Risk Category Conversion Criteria for Total Coliform Data

Risk Criteria (MPN
Category CFUs/100ml) Source
Low <500 Blue Flag 80% Limit Value
Medium 500 — 5,000

Bathing Water Regs. (’92)
High > 5,000 80% Limit Value
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3.6.6 Enterococci

The variable enterococci applies exclusively to the Dublin Bay sites. As outlined below,
this is largely because this parameter provides a more practical indicator of microbial

contamination in marine waters than coliforms as described above.

3.6.6.1 Back ground Information and Significance.

Enterococci are a group of micro organisms which, like faecal coliforms, originate in
the faeces of both humans and animals. Unlike faecal coliforms, enterococci do have
some pathogenic properties but nevertheless their main use is also as indicators of faecal
pollution of water bodies. As an indicator, the determination of enterococci levels is
considered to be very reliable and their estimation can be used to clarify the microbial
position of waters in certain circumstance (EPA, 2001). Moreover, in the context of this
research, the determination of enterococci in marine waters can be undertaken using a
similar (very practical) method to that available for the determination of coliforms in
freshwaters (this method can not be used for coliforms in marine waters). As with
coliforms, the numbers of enterococci are recorded in a quantitative manner using the
statistical representation referred to as the ‘most probable number’ (MPN) of colony

forming units per 100 millilitres.

3.6.6.2 Method of Analysis and Sampling Procedure

Materials and Reagents:
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Analysis for enterococci was undertaken in the laboratory using an Idexx Enterolert Test
Kit in conjunction with a 51 cell lIdexx Quanti-Tray Enumeration System. This kit

includes the following items.

(51 cell) Idexx Quanti-Tray Enumeration trays.

An Idexx Quanti-Tray Sealer.

A standard laboratory incubator set at 35°C (+0.5°C).

A UV viewing box supplied with a 6 watt, 365nm UV light.
Idexx Enterolert media snap packs.

Sterile 100ml sealable plastic containers.

10 ml sterile plastic pipettes

Sampling Procedure

At the assigned sampling points the 100ml plastic sampling jars were first rinsed a
number of times with the water to be sampled. The jars were then lowered to a depth of
approximately 50 cm and filled completely and sealed with the lids supplied. Aseptic
technique was used throughout the process. The plastic jars were then labelled and

transferred to an insulated storage container.

Method of Analysis:

Measurement of enterococci levels in each sample was undertaken according to the test
kit manufacturers instruction leaflet. The method used is based on the manufacturers
patented Defined Substrate Technology. When enterococci utilise their 3-glucosidase

enzyme to metabolise Enterolert’s nutrient-indicator, 4-methyl-umbelliferyl R-D-
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glucoside, the sample fluoresces. Enterolert detects enterococci at 1 colony forming unit

(cfu)/100 ml sample within 24 hours.

In summary, the method of analysis involved a number of stages and aseptic technique
was observed throughout. For each sample an Enterolert snap pack was first opened and
the media added to the sample. The lid was replaced (on the sample jar) and the sample
was shaken and the media allowed to dissolve. Next the sample/media solution was
transferred to an lIdexx 51 cell Quanti-Tray enumerator. The Quanti-Tray was then heat
sealed using the Idexx Quanti-Tray sealer. The tray was then labelled and transferred to
an incubator set at 35°C. Prepared Quanti-Trays were then incubated for a minimum of

24 hours.

Reading of results was achieved by placing the Quanti-Tray into the UV lamp viewer
and counting the number of positive (fluorescing) cells on the Quanti-Tray. The most
probably number of colony forming units (cfu’s) per 100mls was then calculated using

the MPN table supplied by Idexx.

For a standard undiluted sample the 51 cell Quanti-Tray enumerator allowed the
measurement of most probable number of cfu/100ml values in the range <1 to >200.5.
Where pilot study results indicated that this range was likely to be exceeded at a
particular sampling point then a dilution of x10 or x100 was performed on the sample
prior to analysis. This procedure allowed MPN values in the range of <10 to >2005 and
<100 to >20050 cfu/100mls to be calculated in each case. Dilutions were achieved by
first transferring by means of sterile pipettes either 10mls (for the x10 dilution) or 1mis

(for the x100 dilution) of the sample to a sterilised 100ml glass jar and then making the
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solution up to 100mls using sterilised distilled water. This diluted sample was then
processed in the same manner as described above for the undiluted sample. Values were
then simply multiplied by a factor of 10 or 100, as appropriate, to get the actual result
for the original undiluted sample. Sterilisation of the 100ml glass jars and distilled water

was achieved using an autoclave at 115°C for 15 minutes.

3.6.6.3 Criteria for Assigning Risk Categories.

Two standards are considered relevant with regard to setting criteria for categorising the
quantitative enterococci data into equivalent risk categories. These are the Bathing
Water Regulations 1992 (S.I. No. 155 of 1992) and the Blue Flag Beach Standard. For
the European Blue Flag Standard 90% of samples must return enterococci results of 100
colony forming units per 100mls or less. This standard is taken as the cut off point for
the low risk category. The Irish Bathing Water Regulations state that waters should not
exceed levels of 300 CFUs per 100mls (to be conformed with by 95% of samples and
not to be exceeded by two consecutive samples). This standard is adopted as the cut off
point for the high risk category. The medium risk category therefore includes values
between 100 and 300 CFUs per 100 mls. These criteria are summarised in Table 3.17

below:

Table 3.17 - Risk Category Conversion Criteria for Enterococci Data

Risk Criteria (MPN
Category CFUs/100ml) Source
European Blue Flag
Low <100 Standard
Medium 100 - 300
Irish Bathing Water
High > 300 Regulations
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3.6.7 Floating Oil Films

3.6.7.1 Background Information and Significance:

Floating oil films can originate from the contamination of water by hydrocarbon based
substances such as petroleum products, oils, grease and other related materials. As well
as being a health hazard (many of these compounds are carcinogenic) and visibly
objectionable, the presence of these substances on a water body can interfere with
Important aquatic processes such as the transfer of oxygen from the air to the water
column (EPA, 2001). Oil films can also directly interfere with and damage aquatic

plants and animal life (EPA, 2001).

An obvious source of oil films is the escape of fuels, oils and greases from the engine
and fuel systems of motorised leisure craft. Most motorised craft (using either inboard
or outboard engines) circulate external water as part of the engine cooling systems.
Leaks occurring in such systems can create a direct conduit for oils to escape into the
aquatic environment. Poor storage equipment for fuels or direct spillages, either on
shore or directly from craft, can also be a major source of oil films, those occurring on

land being subsequently washed into adjoining waters during times of rainfall.

Hydrocarbon substances can be measured using quantitative scientific techniques such
as gas chromatography. However, analytical trials carried out as part of this research
project showed that such techniques were unable to reliably detect or the presence of oil
contamination even where oil films were clearly visible. This was the basis of the
decision to record this parameter in a qualitative (visual) manner for both the Lough

Derg and Dublin Bay study sites.
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3.6.7.2 Method of Analysis and Recording

The variable floating oil films was recorded primarily in a qualitative manner. Thus the
level of occurrence of floating oil films at a given sampling site was recorded by direct
observation and according to the criteria developed for assigning risk categories to this

variable. The origins and values of these criteria are described in the following section.

3.6.7.3 Criteria for Assigning Risk Categories:

As a qualitative variable, the level of occurrence of floating oil films at a given site was
recorded directly as either low, medium or high according to prescribed risk category
criteria. Three standards were particularly relevant with regard to setting criteria for the
qualitative recording of visual oil films into specified categories. These are the Quality
of Bathing Water Regulations 1992 (S.l. No. 155 of 1992), the parent Bathing Water
Directive (76/160/EEC) and the Blue Flag Beach Scheme (FEE, 2008). All three of
these standards specify that ‘no (oil) film should be visible on the surface of bathing
water and no odour (should be present)’. In addition, the Bathing Water Regulations
(S.I. 155 of 1992) also specify that, in the case of ‘tarry residues’, ‘no offensive
presence’ should be permitted in bathing waters. Although this standard does not
technically apply to visible oil films, it is considered relevant in the context of this
research, particularly as it provides a means of setting criteria for medium and high

category risk ratings for visible oil films.

Thus the criteria for low, medium and high categories are given in the Table 3.18

overleaf:
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Table 3.18 — Risk Category Criteria for Recording Floating Oil Films

Category Criteria (Qualitative) Source
Low No visible presence and no detectible Quality of Bathing Water
odour Regulations 1992 (S.I. No. 155
of 1992); The Bathing Water
Directive (76/160/EEC) and the
Blue Flag Beach Scheme
Medium QOil films present but not to an extent
considered offensive, obvious or
W|d(_espread _(a guantitative guide used as The Bathing Water Regulations
an aid for this category was that no more
A (S.1. 155 of 1992)
than one separate oil film should be
present and this should not exceed 4
sguare metres in size)
High Oil films present to an extent considered | The Bathing Water Regulations
offensive, obvious or widespread (S.1. 155 of 1992)
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3.6.8 Algal Blooms

3.6.8.1 Background Information and Significance.

The term “algal bloom’ refers to the sudden and extensive growth of tiny free floating
algal organisms in lake or marine waters. This can lead to dense and unsightly
accumulations of the organisms in the water column or on downwind shorelines. Such
blooms can occur naturally but are more often associated with the excess input of
nutrients into a water body as a result of human activity such as disposing of domestic
wastewater or the application and subsequent runoff of fertilisers or animal slurries to
adjacent agricultural lands (National Rivers Authority, 1990). Algal blooms tend to
occur almost exclusively during the spring or summer months when warm sunny
weather, along with dissolved nutrients accumulated during the winter months, allows

algae to metabolise rapidly in the water column (Neill, 2005).

Although, the main problem associated with algal blooms is their negative effect on the
visual and olfactory quality of an affected water body or shoreline, algal blooms are also
associated with issues of toxicity in both marine and lake waters. In lakes a particular
group of algal species known as cyanobacteria is known to produce chemicals that can
be toxic to mammals, including humans (National Rivers Authority, 1990). Waters
subject to algal blooms with a high proportion of cyanobacteria are considered
potentially dangerous to certain animals and humans if ingested in significant quantities
(National Rivers Authority, 1990). In Lough Derg there have been a number of reported
incidents of dogs falling ill (often fatally) apparently after ingesting water from
shorelines affected by algal blooms (Neill, 2005). Such incidents have prompted the

local authority to post warning signs along the shores of Lough Derg alerting the public
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to the possible dangers associated with algal blooms and advising people not to swim or
walk their dogs in the lake water during the summer months. In marine waters the
toxicity issue regarding algal blooms is manifested mainly through the eating of
shellfish harvested from affected waters. In this case, certain species of marine algae
contain produce toxins which bio accumulate in the flesh of shellfish and can in certain
circumstances present a hazard to humans who eat affected shellfish (National Rivers

Authority, 1990).

3.6.8.2 Method of Analysis and Recording

The variable algal blooms was recorded in a qualitative manner. Thus the level of
occurrence of algal blooms at a given sampling site was recorded by direct observation
and according to the criteria developed for assigning risk categories to this variable. The

origins of these criteria are described in the following section.

3.6.8.3 Criteria for Assigning Risk Categories.

The variable ‘algal blooms” was recorded exclusively in a qualitative manner with the
observed level of algal bloom occurring recorded directly on the basis of low, medium
and high categories according to prescribed criteria. No directly relevant standards exist
with respect to the acceptability or otherwise of differing densities of algal growth in the
water column or levels of accumulation on the water surface or on shorelines.
Furthermore, there is no direct and/or feasible method of quantifying the level of algal
bloom occurring in the water column or on affected shorelines (Assessment of
Chlorophyll and water transparency are used to some extent as an indirect estimate of

algae levels in fresh and marine waters (EPA, 2000). However, the measurement of
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chlorophyll is relatively complex and the relationship between water transparency and

algae density is not consistent).

The recording of algal bloom levels into low, medium and high categories was therefore
undertaken entirely on the basis of perception and visual observation of the water
column and shorelines. In order to introduce some level of consistency to this
qualitative assessment, the specified criteria for designation of low, medium or high
categories were very broad. That is to say, to qualify as a low category reading, no
presence of algae should be readily noticeable on close inspection of the water column
and no fresh algal material should be observable on relevant shorelines (note that in the
case of marine shores this criteria does not include the larger sea algae vegetation
commonly known as seaweed). For the medium category, free-floating algae were
noticeable on close inspection of the water column or shoreline but otherwise not
obvious on casual observation. Levels recorded as high corresponded to situations
where profuse growth of free-floating algae or accumulations was plainly obvious either

in the water column, on the water surface or on shorelines.

In spite of the absence of any directly relevant external standards with respect to algal
blooms, the above criteria were also designed to follow the principle of the various
standards which apply to the variable “floating oil films” described above. Thus, the low
category is where no algae are present to any significant degree and the high category is
where the level of algal bloom is observable to such an extent where it is likely to be
considered offensive (or at least, as a marked detraction from the perceived level of
water quality by the majority of observers). These qualitative criteria are summarised in

Table 3.19 below along with the standards that are consider of indirect relevance:

166



Methodology

Table 3.19 — Risk Category Criteria for Recording the Level of Algal Blooms

Risk
Category

Criteria (Qualitative)

Related Source

Low

No visible presence on close
inspection of the water column or
surface.

No visible presence of fresh (not
decayed) algae matter on shorelines.

Quality of Bathing Water
Regulations 1992 (S.I. No. 155
of 1992); The Bathing Water
Directive (76/160/EEC) and the
Blue Flag Beach Scheme

Medium

Algae visible in the water column or
on the surface on close inspection
only.

Algal matter visible on shorelines on
close inspection only.

The Bathing Water Regulations
(S.1. 155 of 1992)

High

Algal growth in the water column, on
the water surface or on shorelines
obvious even at some distance
(>5metres).

The Bathing Water Regulations
(S.1. 155 of 1992)
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3.6.9 Water Transparency

3.6.9.1 Background Information and Significance.

The level of transparency (measured in cm) provides an indication of the presence or
absence of suspended matter, both living or inert, in the water column and can be
considered to be a reflection of the overall water quality (EPA, 2001). However, it must
be noted that the parameter will not show the presence of contaminants which are
dissolved in the water and high levels of suspended solids (giving low transparency) can
be a natural feature of shallow coastal waters where wave action can bring bottom
sediments into suspension. Water transparency is widely used in lake studies to assess
the abundance of suspended algae (EPA, 2001). It is also used, in the context of bathing

waters, to assess the aesthetic suitability of such waters for bathing.

3.6.9.2 Method of Analysis and Recording.

Water transparency levels were recorded using a Secchi Disk. This comprises a steel
circular disk, with a distinct black and white pattern on the top surface, to which is
attached a graduated measuring line. The disk was lowered into the water column from
the shore side at the assigned sampling points. The disk is lowered in the water column
to the point where the black and white pattern on the Secchi Disk is just discernable in
the water below. The transparency value is then read in centimetres from the measuring

line at the point which coincides with the water surface.

168



Methodology

3.6.9.3 Criteria for Assigning Risk Categories.

The criteria for the Low, Medium and High categories for water transparency has been
generated from requirements set out in both the EU Bathing Water Directive 1976 and
the Irish Quality of Bathing Water Regulations 1992 (S.l. No. 155 of 1992). The
Quiality of Bathing Water Regulations 1992 stipulates a National Limit Value for water
transparency in bathing waters of > 1 metre. The 1976 Bathing Water Directive also
stipulates a guide value for transparency of bathing water of > 2 metres. Using these
standards, the criteria for the low, medium and high risk categories for the variable
‘water transparency’ were generated. Note that, unlike previous variables, higher values
for the variable ‘water transparency’ are associated with lower risk to sustainability and
vice versa. Thus, in order to maintain the stated meaning and significance of the low,
medium and high risk categories for this variable, the risk categories have in effect been
inverted such that the lower criteria for water transparency fall into the high risk

category and vice versa. The criteria are given in Table 3.20 below:

Table 3.20 — Risk Category Conversion Criteria for Water Transparency Data

Category Criteria (units Source

Metres)
Low >2 1976 EU Bathing Water Directive
Medium 1-2

Irish Bathing Water Regulations,
1992

High <1
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3.6.10 Water Turbidity

3.6.10.1 Background Information and Significance

Water ‘turbidity’ was identified as a variable in order to account for the difficulties
associated with the quantitative measurement of water transparency (using a Secchi
disk) at certain locations. This variable was only assessed at the Dublin Bay study area
and the locations in question included the beach areas at Seapoint and Monkstown and
the harbour waters adjoining the West pier of Dun Laoghaire harbour. At Seapoint and
Monkstown there was no reliable access to deep waters where a Secchi disk could be
used (the tidal nature of these locations meant that the waters would recede well below
any promenades or other means of accessing deep water). The problem at Dun
Laoghaire West Pier was due to the slope of the pier which again meant that a Secchi

disk could not be usefully deployed.

Due to the nature of recreational activity taking place at Seapoint, Monkstown and Dun
Laoghaire West Pier it was identified that the aesthetic appearance of the water column
at these locations was of considerable importance and any problems with this
appearance would represent a hazard and risk to sustainability. Thus, in the absence of a
reliable quantitative method of measurement of water transparency, it was decided to
record a qualitative record of the perceived transparency or level of turbidity. The term
‘turbidity’ was chosen in order to distinguish this qualitative measure from the

quantitative measure of transparency using a Secchi disk.
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Note also that this variable is different to the quantitative measure of ‘turbidity’ which
is referred to in the 1998 EU Drinking Water Directive (98/83/EC) and which is

measured using a process known as nephelometry.

3.6.10.2 Method of Recording

Recording the level of ‘turbidity’ was undertaken by direct observation of the water
column from the waterside. The turbidity level was recorded directly into low, medium

or high (risk) categories according to the criteria specified in the following section.

3.6.10.3 Criteria for Recording Risk Categories

No standards exist which are directly applicable to this particular variable. However, a
number of related standards have been identified which form the basis of the criteria
established for this variable. The standards used are contained in the Blue Flag
Standard, the Irish Bathing Waters Regulations 1992 and the EU Bathing Water
Directive of 1976. For instance, the Blue Flag standard and the 1976 EU Bathing Water
Directive stipulates that substances such as mineral oils should be ‘absent” from the
water column. Likewise the Irish Bathing Water Regulations (1992) stipulate that ‘no
offensive presence’ of articles such as tarry residues or other floating materials should
be present in bathing water. The references to ‘absent” and ‘no offensive presence’ in
these stipulations form the basis of the criteria for the low and high risk categories for
the variable ‘turbidity’ as outlined in the table below: Note also that the standards and
criteria used with respect to the related variable of “Transparency’ were also used as
guides in the development of these particular criteria. The criteria are summarised in

Table 3.21 below:
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