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Resumo

A eutrofizacdo das areas costeiras é um probleatmbtjue afecta variados ecossistemas
e actividades humanas em todo o mundo. O fenbmaneuttofizacdo tem vindo a
aumentar substancialmente devido as actividadesatasn E causada pelo excesso de
nutrientes e é identificada pelo surgimento deragintomas. A avaliacdo proposta trata
deste problema de uma forma especifica. A metodoltgssessment of Estuarine
Trophic Status - ASSETS” sera aplicada a dois @studa Irlanda do Norte, de forma a
classificar o seu estado de eutrofizacdo e permitia comparacdo com outros métodos
existentes. Os dados disponiveis para estes ssteenmitiram a implementacdo desta
metodologia inovadora, que permite obter uma dlaasfo baseada em presséo, estado
e resposta. Assim, considerando as influénciasadtigdades antropogénicas sobre as
areas costeiras, examinando os sintomas espedificosistemas aquaticos e analisando
os indicadores para uma resposta futura, € posstugdir resultados consistentes
relativamente a qualidade da agua nos estuariaoresequentemente, identificar as
medidas mais adequadas de forma a efectuar a st g€ontrolando o enriquecimento
em nutrientes das areas costeiras é possivel gvitatemas, como por exemplo, morte
de peixes, interdicdo de aquacultura, perda ouadegfo da vegetacdo dos leitos
aguaticos e desaparecimento de bivalves e outgasmismos bénticos. Como resultado,
diversos custos sociais e econdmicos podem seridedu A metodologia ASSETS foi
aplicada aos dois sistemas com sucesso, classificambos os estuéarios, Strangford
Lough e Belfast Lough como “Moderate”. Estas classi6es ndo mudardo a
classificacdo da sua qualidade da agua, sobreeatDa Quadro da Agua, Directiva do
Tratamento das Aguas Residuais Urbanas ou Diredliatos, no entanto, é uma
ferramenta que permite guiar os decisores politieommada de decisdes mais eficientes
em termos de gestédo futura dos sistemas.

Palavras-chave: Eutrofizacdo na Irlanda do Norte, enriquecimento raitrientes, sintomas primarios e
secundarios, pressao, estado e reposta, Strarigfogh, Belfast Lough



Abstract

Coastal eutrophication is a global problem whicke@t many natural systems and
human activities throughout the world. The phenaoneof eutrophication has increased
substantially due to human activities. It is caubgdaxcess nutrients and is identified by
the emergence of some symptoms. The proposed ass#ssill address this problem in
a more specific way. The Assessment of Estuarinepflic Status (ASSETS)
methodology is going to be performed to two Nonthieish Loughs in order to rank their
eutrophication status and allow a comparison witfieio existing methods. The data
available for these systems allowed the implemamtadf this innovative methodology,
which can provide a classification based on pressstate and response. Thus, by
considering the influences of anthropogenic aggisibver the coastal areas, examination
of specific symptoms of the water systems and anaythe indicators for future
response, it is possible to achieve consisteniteesegarding the quality of the water in
the “loughs” and, consequently, identify the modéguate tools to enable their proper
management. By controlling the nutrient enrichmehtcoastal areas it is possible to
avoid problems, such as, fish Kkills, interdictioi shellfish aquaculture, loss or
degradation of sea grass beds and smothering alfvbsrand other benthic organisms. As
a result, many social and economical costs caretdaced. ASSETS was successfully
applied to both Strangford Lough and Belfast Loudhassifying them as “Moderate”.
This classification will not change their water ttyastatus under the Water Framework
Directive, Urban Wastewater Treatment DirectiveNdrates Directive, however, it is a
tool to guide policy makers into better decisiam$arms of future management.

Key words: Eutrophication in Northern Ireland, nutrient ehrizent, primary and secondary symptoms,
pressure, state and response, Strangford LougfagsB&bugh
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1 Introduction

Coastal eutrophication is a global problem whicke@t many natural systems and
human activities throughout the world. It is a pbmenon which has increased
substantially due to human activities, it is caubgdexcess nutrients and is identified by
the emergence of some symptoms, such as, orgatierrearichment, low water clarity,
abundance of algae and to a higher extent, fisk, kiterdiction of shellfish aquaculture,
loss or degradation of sea grass beds and smaghefirbivalves and other benthic
organisms. As a result, many social and econorncmstls can be reduced. The proposed
dissertation will address this problem in a morecdc way.

The main objective of this work is to apply the éssment of Estuarine Trophic Status
(ASSETS) methodology to two Irish Loughs: Strandfbough and Belfast Lough. They
are currently subject to several monitoring campsidue to the obligation of Northern
Ireland to comply with the Urban Wastewater Treathigirective, Nitrates Directive and
Water Framework Directive. Therefore, there is davailable in order to rank their
eutrophication status and there are other methddshware used by these Directives,
which can be equally involved in a comparison, tfeese specific scenarios. The most
innovative aspect of this method is the classificatbased on pressure, state and
response of the estuaries, in order to achievevaralh grade for eutrophication. Thus, by
considering the influences of anthropogenic agéisibver the coastal areas, examination
of specific symptoms of the water systems and anaythe indicators for future
response, it is possible to achieve consisteniteesegarding the quality of the water in
the Loughs, and consequently, identify the mosgadt tools to enable their proper
management.

The first chapter consists of this introduction,isthsummarizes the objectives of the
work and provides a broader understanding of tleadlvstructure.

The second chapter provides an overview of thetiegianethodologies in terms of
evaluation of Eutrophication and quantitative an@lijative characterization of coastal
water bodies.

In the third chapter a more detailed descriptionthaf phenomenon of eutrophication is
given, together with a description of the approagbpted.

In the fourth chapter there will be a descriptidrilee methodology used to conduct this
assessment, together with the tools which will beful to understand the simulation of
the eutrophication for the two Loughs.

The fifth chapter describes the spatial domain Wiscgoing to be explored, particularly,
the location of the two Loughs and some characiesis
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The sixth chapter is where the results of the appbn of the assessment are presented
and it is therefore, the core of this work. FirstBtrangford Lough will be assessed,
followed by Belfast Lough. For each Lough, a dggan of their physical characteristics
will be given, followed by the analysis of the datad the assessment of Pressure-State-
Reponse, finishing with the final result.

In the final chapter, the conclusions of the amtian of this assessment, to both
Northern Irish Loughs will be formulated.

11



2 State of the Art

At an international level, the United Nations Comven on Law of the Sea is the basic
legal framework that governs the uses of the oceadsseas. At a national or regional
level, several initiatives have been developed avaide, such as the Oceans Policy in
Australia, the Oceans Act in Canada and the Urfitiades, the National Water Act and
Coastal Management Act in South Africa, severaislagon addressing environmental
protection in China and the Water Framework Dirextind European Marine Strategy in
Europe (Borja et al., 2008). All these initiativ@ms to protect and restore the oceans and
coastal areas, by promoting a sustainable useeotdlas and conservation of marine
ecosystems. Avoiding coastal eutrophication is anpmenon which is fundamental in
achieving the goals proposed by national and iateynal regulations and its assessment
is often one of the biggest challenges faced byarsible agencies.

Historically, the analysis of eutrophication in wesies and coastal areas has been
guantified by the classical freshwater approactp &hown as Phase |, which adopts the
following methodology (Bricker et al., 2003):

- measurement of variables (transparency, nusriantl chlorophyll a);
- establishment of a nutrient-based classificasigstem.

This approach derives from freshwater methods, hvhaie not necessarily appropriate to
the complexity of coastal systems. Also, as moneld@ments in this area emerged, it
has been shown that high nutrient concentratioesnat an obligatory indicator of
eutrophication and low concentrations do not newdgs indicate absence of
eutrophication (Bricker et al., 2003), becauseesyst show widely varying responses to
similar nutrient forcing (Xiao et al., 2007). Thisnclusion was enough to determine the
fragile structure of the methodology adopted arad tlew methods were needed.

More robust methods have been researched, whiclsexeral parameters in order to
characterize physically and biologically the estuarand coastal systems. Currently,
there are three types of methodologies most comynased in the European Union and
the United States, to assess the trophic statuadtal waters. These methodologies
which are used worldwide are:

- OSPAR Common and Comprehensive Procedure;
- EPA National Coastal Assessment (NCA);
- NOAA National Estuarine Eutrophication Assessti{®&leEA) / ASSETS.

These three methodologies will be described in mdetailed in order to better

understand the current framework in terms of methoddentify eutrophication in water
bodies.

12



2.1 OSPAR Common and Comprehensive Procedure

OSPAR is the mechanism by which fifteen Governmeitgshe western coasts and

catchments of Europe, together with the Europeamr@anity, cooperate to protect the
marine environment of the North-East Atlantic (OFP8ommission, 2009). In order to

assist their members in identifying areas whereienttinputs may cause pollution, and
to periodically assess the eutrophication statuthefOSPAR maritime area, OSPAR
developed a common assessment framework: the OSFoRRmon and Comprehensive

Procedure. This is a two step assessment procdsh hused in the European Union.
The Common Procedure is a primary step which ctmeisa screening process in order
to enable regional comparisons of eutrophicatiatustby characterizing a water body as
a problem area, an area with potential problemsaomon-problem area. The

Comprehensive Procedure is a second step whigbpiged to all the areas classified as
problem areas or potential problem areas. The sissgg of eutrophication status is
based on four categories of information, whichdescribed in Table 1.

Table 1 —Categories of information used in the ComprehenBioeedure of OSPAR.

Causative Factors including sources of nutrienth | riverine
loading of TN, TP, winter DIN and DIP, N/P-ratios
Direct Effects of nutrient enrichment including giag seasor
maximum and mean chlorophyll a, phytoplankton iathc
species, macrophytes, including macroalgae, migtopenthos
Indirect Effects of nutrient enrichment includingbging season
degree of oxygen deficiency, changes/kills in zodhes and
fish kills, changes of organic matter, ecosystenmmaoinity
structure

Other Possible Effects of nutrient enrichment sash algal
toxins DSP/PSP mussel infection events

The data obtained for each indicator is compardt ackground and reference levels
and a classification (equal to the Common Procgdisegiven. If an indicator is below
or equal to a reference level, it is classifiednas problem area (-). In case the value
obtained by the indicator is higher or below 50%h&f reference level, it is considered as
a problem area (+) or potential problem area @3pectively. When some trends are
observed in the evaluation of the data, a clasgifio might be altered and for situations
which are difficult to interpret, other indicatocan be added (light climate, turbidity,
hydrodynamic conditions, climate, zooplankton gngzior others). In the end, the
indicators of each category are classified, theescobtained are combined and a final
classification is achieved. An important fact imstfinal process is that, if an indicator is
classified as a problem area, then the entire oggeg which it belongs will be classified
equally. An example of the final score obtainedcbynbining the different categories is
shown in Table 2.
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Table 2 —Example of a final score table for OSPAR ComprehenBrocedure.

+ + + + Problem Area
- + + + Problem Area
Potencial Problem
+ - - -
Area
- - - - Non Problem Area

The approach adopted by this methodology, makeghdt the region-specific
characteristics play a role in explaining the resswf the area classification and are
essential for the definition of a final classifiicet.

2.2 EPA National Coastal Assessment

The EPA NCA is used in the United States as anrumsint to fulfill specific
requirements of the Clean Water Act. This docunmeqtiires EPA to report periodically
on the condition of the nation’s waters. In thestfireport presented, the eutrophication
indicator was taken from the NOAA National EstuariButrophication Assessment. In
the second report the indicator used is roughlyivedent to NEEA / ASSETS
eutrophication indicator. The necessary data usadpat for the characterization of the
indicators, is originated from a sampling campagygrformed once a year in all estuaries
or coastal water bodies included in the study. Timdicators used are: nitrogen,
phosphorous, chlorofill a, water clarity and dissal oxygen.

The classification of each indicator is rated asrpéair or good. The scores obtained by
each indicator are then combined in order to reaspecific classification for a site, or a
more global classification for a region, based lom dites related to their specific region
(Table 3).

Table 3 —Final result and the criteria used in the clasatian for the EPA NCA methodology.

Good | A maximum of one indicator isLess than 10% of coastal waters are
fair and no indicators are poor. | poor and less than 50% are in combined
poor and fair condition.
Fair One of the indicators is rated pgot0 to 20% of coastal waters are in poor
or two or more indicators are ratedondition or more than 50% are (in

fair. combined fair and poor condition.
Poor | Two or more of the five indicatorsMore than 20% of coastal waters are in
are rated poor. poor condition.
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Although the final criteria is region-specific abdsed on the sensitivity of a system to
nutrient inputs, it does not include an evaluatbmfluencing factors.

2.3 NOAA National Estuarine Eutrophication Assessma / ASSETS

The NOAA National Estuarine Eutrophication Assessn{BIEEA) is used in the United
States and relies on the following diagnostic taalorder to evaluate eutrophication
status:

- influencing factors;
- overall eutrophic condition;
- future outlook.

Factors influencing eutrophication are nitrogendl@nd the estuary’s susceptibility to
nitrogen, overall eutrophic condition is basedhe inalyses of primary and secondary
symptoms (chlorophyll a, Macroalgae, Dissolved @tygsubmerged aquatic vegetation
and nuisance toxic blooms) and the future scenamgalculated according to the changes
in the nutrient loads and susceptibility to them.

ASSETS is an extension of the NEEA methodology Wwhagms to combine the final
results into one overall rating. The classificatigrades obtained for the systems
evaluated are: high, good, moderate, poor or laalsb, incorporates some significant
changes, such as, the introduction of a comparlsetveen anthropogenic nutrient
loading and natural background concentrations &edréfinement of the quantitative
criteria for classification of system state based different symptoms, including the
combination of relational databases, geographicirination systems and statistical
criteria. Therefore, the combination of these twetmdologies provides a consistent
assessment procedure, which can harmonize the pasf@rmed in the European Union
and the United States and at the same time convergee objectives enclosed in the
Clean Water Act and the European Union Water FraonieWirective.

The most recent challenge has been the developofighe NOAA National Estuarine
Eutrophication Assessment Update Program which ammsmprove monitoring and
assessment efforts of the previous NEEA and ASSEYSprming three workgroups:
Typology, Monitoring, assessment and classificattod Modeling and management.
The typology working group intends to develop aetgtassification with the purpose of
determining type specific indicator variables ahcesholds. The monitoring, assessment
and classification working group addresses theophtc conditions, causes and future
outlook in order to introduce additional modificats and intends to develop a human
use / socioeconomic index. The modeling and managemorking group focus on
developing a better understanding of the complestesy of nutrient input / water body
response to ensure a successful management ofrobéems which arise. All these
measures encompassed in the update program willt res improvements to the
assessment method.

When comparing the previously described methodekgt is possible to conclude that
the OSPAR Common and Comprehensive Procedure andERA NCA differ from
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ASSETS in the following aspects: the concentrattdnDIN and DIP are taken as

indicators of eutrophication and there is no défdral weighting across indicators. Also,
the OSPAR procedure fails to set thresholds forcatdrs concern. In EPA NCA only

acutely degraded water quality is characterizeihduhe monitoring period. It does not
identify consistently poor conditions throughouhder periods. Besides this, it has a
limited set of parameters, which do not includeldaeal indicators neither nutrient

concentrations.

Therefore, NEEA / ASSETS methodology is the onlggaiss which provides a broader
and sustained scenario of the eutrophication siattise water bodies. By providing an
integrated approach which accommodates historezards and present facts in order to
predict the future events, this methodology is a&seatial tool for investigators,
companies and organizations with responsibiliteghie control of this phenomenon.
Moreover, its flexibility allows the introductiorf mew developments to the method and
its consequent improvement.
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3 Approach

3.1 Understanding Eutrophication

There are several definitions of eutrophicationwéeer, for the purpose of this
dissertation it will be defined as “a natural prex®y which productivity of a water body,
as measured by organic matter, increases as d oésotreasing nutrient inputs. These
inputs are a result of natural processes but iemtedecades they have been greatly
supplemented by various human related activitieSSETS, n.d). Several nutrient
sources are resulting from these activities, shagriculture, urban runoff, wastewater
treatment plants and consumption of fossil fuelsictv by one way or another, might end
up in the aquatic systems accelerating eutroploicaln Figure 1, it is possible to observe
a conceptual diagram which provides the comparmween a system without any signs
of increased eutrophication and a similar systehibating eutrophic symptoms.

Healthy
ecosystem

Eutrophic
ecosystem

Figure 1 —Conceptual diagram comparing a healthy ecosystahouti signs of increased eutrophication
and another ecosystem exhibiting eutrophic sympt@risker et al., 2007).

In healthy ecosystems, nutrient inputs, occurrat@that stimulates a level of macroalgal
and phytoplankton (chlorophyll a) growth in balavei¢h grazer bioth A low level of
chlorophyll a in the water column helps keep watkrity high, allowing light to
penetrate deep enough to reach submerged aquggtatien. Low levels of chlorophyll
a and macroalgae result in dissolved oxygen lewelst suitable for healthy fish and

! Refers to a predator which feeds on plants orrathsticellular organisms, such as algae.
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shellfish so that humans can enjoy the benefit$ #haoastal environment provides
(Bricker et al., 2007).

In an eutrophic ecosystem, increased sediment atreemt loads from farming, urban
development, water treatment plants and industrycombination with atmospheric
nitrogen, help trigger both macroalgae and chloyt@hblooms, exceeding the capacity
of grazer control. These blooms can result in desd water clarity, decreased light
penetration, decreased dissolved oxygen, losslwherged aquatic vegetation, nuisance
and toxic algal blooms and the contamination oraffeof fish and shellfish (Bricker et
al., 2007).

In terms of the nutrients involved, the most comiodiscussed are nitrogen and
phosphorous, however, other nutrients, such abpnaand silica, may affect the onset of
symptoms, but less knowledge exist at the momemicerning their role (Bricker et al.,
2007). A way to evaluate the level of eutrophicatad an aquatic system is not only by
looking at its status but also considering the capdo assimilate, or inherent ability to
absorb nutrients. Each system can react differ@atbymilar inputs of nutrients.

The more sensitive to nutrients systems are, thieehithe possibilities of being adversely
affected, in terms of, even a slight increase itri@ots, by common maritime related
activities, such as, commercial and recreatiosdaitig, boating, swimming and tourism.

The impacts of eutrophication are interrelated asdally viewed as having a negative

effect on water quality, ecosystem health, and huoses. Management concerns should
address the human, or human-related activitiesigmoof nutrient additions insofar as the

additions are detrimental to the environment, hgwmto consideration the characteristics
of the water body which is being managed.

3.2 Current Legislation

In 1991 the European Union (EU) introduced legistatiealing with the trophic status of
estuaries and coastal waters. The Urban Waste Weg¢atment Directive (91/271/EEC)
deals with the relationship between eutrophicatiod urban waste water discharges. A
similar directive, the Nitrates Directive (91/67&E), specifically relates to
eutrophication resulting from nitrate inputs. InOROthe Water Framework Directive
(2000/60/EC) was launched, which establishes d feganework to protect and restore
clean water access in Europe. In 2008 the Marimategffy Framework Directive
(2008/56/EC), which determines deadlines for coestto achieve or maintain good
environmental status of their waters, was released.

3.2.1 Urban WasteWater Treatment Directive (UWWTD)

This Directive requires that waters may be idesdifas “sensitive” concerning urban
waste water treatment, based on the applicati@ncoiteria identified in Table 4.
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Table 4 —Criteria used by the UWWTD to determine sensitikeaa.

Freshwater lakes, other- Eutrophic conditions

freshwater bodies, - System with poor
" estuaries, coastal waters water renewal
Sensitive areas . . :
and marine waters - High nutrient
discharge
UWWTD Surface freshwaters - Nitrate > 50 mg:t

- Good water exchange
- Not subject to
eutrophication
- Not subject to oxygen
depletion

Less sensitive| Estuaries and coastal
areas waters

This directive states that where a water body ismébto be eutrophic or sensitive, certain
management strategies must be implemented. Itnesythat suitable treatment must be
introduced for qualifying sewage works (those wvatfPopulation Equivalent higher than
10 000) if the waters to which they discharge dassified as “sensitive”. Also, Trophic
Status Studies are required under this Directive.

However, the definitions of “sensitive” refer, aleowall, to the potential for adverse
effects to occur, caused by eutrophication arignogn elevated nutrient inputs. These
definitions contain several aspects which are ¢gfén to interpretation by Member
States. In the United Kingdom guidance was issoeddentifying sensitive areas under
UWWTD in March 1993. Supplementary guidance wasigdsin May 2002 (UK
National Report, 2008). For marine waters, the guie is aligned closely with the
OSPAR Common Comprehensive Procedure, whose mdtgydmdicators used, are
outlined in Figure 2.

Category 1. Causative Parameters and Prediction of Potential Adverse
Effects

(a) Nitrate (DIN) and Phosphate (DIP) Concentrations and Loadings
» DIN - Dissolved Inorganic Nitrogen
« DIP - Dissolved Inorganic Phosphorus

Category 2. Response Paramsters

(b) Planktonic algal biomass and duration of blooms
(c) The occurrence of exceptional or unusual algal blooms
{d) Changes in Macrophyte ( Macroalgal Growth

Category 3. Parameters for Secondary and Other Effects.

(e) Oxygen Deficiency

(f) Changes in Fauna

(g) Formation of Algal Scums on Beaches

{h) Occurrence and Magnitude of Paralytic Shellfish Poisoning

Figure 2 —Indicators used in the methodology in the UK fofimiéon of sensitive areas (EHS, 2003).
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In order to determine whether a water body is $emsior a problem area, the
methodology formerly described for the OSPAR Praocegis applied.

3.2.2 Nitrates Directive

The waters may be identified as “vulnerable” uniihés Directive, concerning pollution
by nitrates from agricultural sources, if found lte eutrophic or likely to become
eutrophic, in case protective action is not tak&€he criteria used by the Nitrates
Directive to determine whether a water body is edible or not, is presented in Table 5.

Table 5 -Criteria used by the Nitrates Directive to deterenmlnerable zones.

Surface freshwaters

- Nitrate > 50 mg:t

Vulnerable Freshwater lakes, other
zones freshwater bodies, - Eutrophic conditions

estuaries, coastal watdrs

and marine waters

ND

In simple terms, the Nitrates Directive requireatthppropriate controls on agricultural
inputs of nitrate must be put in place within thetcbhment area of any water body
classified as “vulnerable”.

Similarly, to the UWWTD, the definitions of “vulnable” refer, mainly, to the potential
for adverse effects to occur, caused by eutropbitadrising from elevated nutrient
inputs, which leave those definitions open to iptetation by Member States.

3.2.3 Water Framework Directive (WFD)

The WFD establishes two different quality requiretse which are: chemical and

ecological status. Chemical status is based upowetrations of metal and organic
compounds and ecological status integrates phygiemical, chemical and biological

indicators. It also establishes an innovative apghofor water management based on
river basins districts (RBD). The delimitation bese districts in Northern Ireland can be
seen in Figure 3.
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= North Western IRBD
. & —— Neagh-Bann IRBD
o _ ®— North Eastern RBD

e

—i— Western RBD
&#. = *»——EasternRBD
e ' Shannon IRBD
= ———south Eastern RBD
® - South Western RBD

=

Figure 3 —Definition of the River Basin Districts in IrelarflIEA, 2008a).

The WFD also establishes specific deadlines forpitmeection of aquatic ecosystems.
The most important objective within the Europeant&verramework Directive is to

achieve a “good ecological status” (GES) for alifate waters and groundwaters, by
2015. A surface water body is a section of a rigelake, transitional or coastal waters.
Transitional waters connect freshwaters and manaters. Some methodologies have
been developed for assessing GES within naturatraddies, in which the ecological

status is a perceived or measured deviation fromeference condition (Borja et al.,

2008).

The WFD also considers “Heavily modified water tasdi (HMWB), which are water
bodies resulting from physical alterations by huraativities, which substantially change
its hydrogeomorphological character, such as hagbou weirs. In implementing the
WFD, environmental managers are required to agbesstatus of HMWB in terms of
achieving “Good Ecological Potential” (GEP). Ecatay Potential means that it is
expected the water body to achieve the biology that be achieved given its changed
conditions. Separate and less stringent goalseafersthese situations.

The final result of the systems classifies the esyst into five grades: High, Good,

Moderate, Poor and Bad. This classification cam the added the ecological status or
potential. The requirements for achieving the egiclal status or potential are defined in
an Annex to the Directive.

3.2.4 Marine Strategy Framework Directive

This Directive establishes a framework within whibkember States shall take the
necessary measures to achieve or maintain goodoenwental status in the marine
environment by the year 2020 at the latest. Thigcisieved by a two stage approach,
which consists of:

- preparation phase;
- programme of measures.
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The preparation phase establishes deadlines fateinesry of current status of the water
bodies, as well as, targets expected. The prograwimeeasures relate to adequate
actions to be taken in order to achieve or mainggod environmental status and the
entry into operation of the programme.

The determination of a set of characteristics fmodyenvironmental status is conducted
on the basis of the qualitative descriptors, intikealists of elements and pressures or
impacts of human activities in each marine regiosub region, listed in the Annexes of
the Directive. In Annex |, eutrophication is addred specifically, as a qualitative
descriptor, when it is mentioned “Human-inducedaahication is minimised, especially
adverse effects thereof, such as losses in biaiityerecosystem degradation, harmful
algae blooms and oxygen deficiency in bottom watexbich is a different approach
than the ones adopted by the other Directives.

3.3 Eutrophication in Northern Ireland

Northern Ireland has a widespread problem of ebioapion of surface waters and a
large proportion of this nutrient enrichment igibatitable to agriculture (NIEA, 2008a).
A very simplified graphical image representing thater quality status in the North
Eastern River Basin District of Northern Irelanchdee seen in Figure 4.
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Figure 4 —Overall simplified classification of the statusvediter quality in the North Eastern River Basin
District of Northern Ireland (NIEA, 2008;).

Considering that in recent years the phenomenoautfophication has become more
serious, mainly due to agriculture and developnpmessures, in Northern Ireland six
tidal waters and sea Loughs were identified, wimeaeine eutrophication may justify the
designation of their catchment as Nitrate Vulnerabbnes. These were (Foy & Girvan,
2004):

- Quoile Pondage;
- Strangford Lough;
- Newry River,;

- Lower Bann;

- River Lagan;

- Belfast Lough;

- River Foyle;

- Lough Foyle.
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The two areas discussed in this assessment amgfétre and Belfast Lough. Both of
them are represented in this list, as well as th@insitional water bodies: Quoile
Pondage and Tidal Lagan, respectively.

The requirement for designation depends on the evahility of these waters to
eutrophication and that a significant proportion thé nitrate input originates from
agricultural sources. To date this significant pndion has been taken to be 20% of the
annual input of nitrate (Foy & Girvan, 2004). Itosthd be noted that all the inflowing
rivers to the tidal waters in Northern Ireland warecompliance with the standards for
concentration of nitrate in surface waters as gehb Nitrates Directive (Foy & Girvan,
2004).

In relation to the UWWTD application, the last repperformed in 2005 recommended
eleven new Sensitive Area identifications: eigbsfrwater areas and three coastal waters.
These new identifications will mean that over 80%dhe total land area of Northern
Ireland drains into water bodies that are sensifiles correlates closely with the land
area draining to polluted waters under the Nitr&8tesctive (EHS, 2005b).

When analysing the areas involved in this assegsnrerStrangford Lough, only the
North part was subject to this classification ahd same for the inner part of Belfast
Lough.

In terms of the WFD, the objectives defined arenbgdrepared throughout the whole

country by the several River Basin Districts. Tmalgsis of the surface water overall
status has been already performed and is illustiat&igure 5.
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Figure 5 —Surface water body overall status under the WFDNfarthern Ireland, where dark blue color is
high, light blue is good, yellow is moderate, oraiig poor and red is bad ecological status (Water
Framework Directive Map in Northern Ireland, 2009).

It is possible to infer that the majority of theeas are moderate or good, although almost
all the systems have been downgraded in some watyhel North Eastern River Basin
District, Quoile Pondage and Tidal Lagan are cfaskias a Heavily Modified Water
Bodies, however their classification under the Wik&s conducted as transitional water
bodies. The classification obtained for Quoile Wwésderate Ecological Status (NIEA,
2008f) and for Tidal Lagan was Bad Ecological StafiNIEA, 2008g). For Strangford
Lough, an updated WFD assessment has not been e@ohpjet, and therefore the
UWWTD assessment is the most up to date assessinigns water body. Based on this,
the current status has been downgraded to ModE@imgical Status (NIEA, 2008e).
For Belfast Lough, the results fell into the Moder&cological Status (NIEA, 2008h).
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4 Methodology

The methodology used was the Assessment of Estudniophic Status (ASSETS),
which can be applied to estuaries and coastal areasder to rank their status and
address management options. Most of the concepts derived from the United States
National Estuarine Eutrophication Assessment (NEEA3 described in previous
chapters.

This methodology has been applied to several astu@and coastal areas around the
world and it is based on a logical stepwise proosbhgch combines three indices,
calculated from the datasets available, in ord@sgess the eutrophication status.

The first stepis to perform a physical classification of theteys, with the objective of
dividing it into zones with similar characteristi¢®or this method there is a maximum of
three homogeneous zones based on salinity. These ar

- Tidal freshwater (zone with less than 0,5%su
- Mixing (zone with values between 0,5 and 25 psu);
- Seawater (zone with more than 25 psu).

Each salinity zone is calculated supported on teasured salinity values representative
of that area and on the results obtained from dhgpéing stations.

The second stejs to validate the data available in terms of ctatgmess and reliability,
with the objective of interconnecting the spatiallaemporal quality of the datasets
(completeness) and the confidence in the resdliskility).

The data used in this method was obtained frons#mepling campaigns performed in
former Trophic Status Studies, meteorological @atd in situ monitoring stations. The
high amount of data available is mainly extractsihg the BarcaWin2000 software. This
tool uses databases and combines them in an oegaaixl structured way, so that the
final output can be exported to Excel and transéatnmto valuable information.

The third steps to calculate the eutrophication indices, basedhe validated data and
according to each homogeneous zone found in theraydhe schematic representation
of the three indices used in the ASSETS methodolisgyresented in Figure 6.

2 psu = practical salinity unit, which is a concatitin unit practically similar to parts per thoudan
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*A symptom not included in rating system

Figure 6 —Scheme of the pressure-state-response approacteddnpthe ASSETS methodology (Bricker
et al., 2007).

The three indicators used by this methodology aset on influencing factors, eutrophic
symptoms and future outlook which depend on quathté components, field data,
models and expert knowledge in order to define théhe influencing factors are the
physical, hydrologic and anthropogenic factors Wwhiefluence water quality and are
defined in this method as Overall Human Influer@éll). The eutrophic symptoms are a
subset of five parameters whose concentration,iadpabverage and frequency of
occurrence are representative of the eutrophicitondf the estuary or coastal system.
This diagnostic tool is characterized in ASSETSDasrall Eutrophic Condition (OEC).

Finally, the future outlook tries to forecast thehhviour of the system in terms of
eutrophic conditions, by combining its susceptipilvith the predicted future nutrient

loads, to determine whether these conditions wifirove or worsen.

The final stepis to combine the three components described albowveder to obtain a
single overall score for each system, which malyifeb one of five categories: High,
Good, Moderate, Poor or Bad. This combination iggomed through a matrix which is
described in Appendix I. The categories are coloaded following international
convention and provide a scale for setting refexecanditions for different types of
systems. The high grade will not be assigned if ¢kpected future outlook is for
worsening conditions, but a system may be rategbad based on high or good eutrophic
condition and influencing factors, even if the estpéion is that it will worsen in the
future. Poor and bad grades reflect a range of siralde pressure and state conditions,
even if there are management plans for recovengKer et al., 2007).

In the end and based on the results obtained thoadghe methodology, it is possible to
determine recommendations for potential managemesponses to eutrophic conditions
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in the systems assessed. A more detailed descripfithe three core diagnostic tools
used in the ASSETS methodology is performed hereaft

4.1 Overall Human Influence (OHI)

In order to better understand the factors thauerite eutrophic symptoms in a coastal
area, a link between a system’s natural sensititotyeutrophication and the nutrient

loading must be establish. Therefore, the OHI @AISSETS methodology is determined
by calculating two factors, which are:

- Susceptibility of the system;
- Nitrogen loads to the system.

Susceptibility is a measure of a system’s nutriesténtion based upon dilution and
flushing potential. In terms of dilution potentidn assumption is made that a larger
portion of the water column is potentially avaiabd dilute nutrient loads in a vertically
homogeneous water body than in a vertically steatifystem. Thus, determination of
dilution potential can be performed according ® dlecision rules illustrated in Figure 7.

Type [F: Vertical Stratification THEN: Dilution Volume  [F: Dilution Value  Dilution Potential
A Vertically Homogenous 1/ VOLestuary 10013 HIGH
eall year 10-12

'f:hruughuui estuary

B Minor Vertical Stratification 1 W s 111 MODERATE
*navigation channels : i )
supper estuary

C  Vertically Stratified 1/ VOLgyt 10710 LOW

smost of year (fwf = freshwater fraclion) 1{]—“9

emost of estuary

Figure 7 —Decision rules for the determination of dilutiortguatial (Bricker et al., 1999).

In terms of flushing potential, the flushing capipiof a system is determined by tidal
action and the amount of freshwater flowing in frats catchment. Therefore, it is
assumed that water bodies with large tide and Wwatdr influences have a greater
capacity to flush nutrient loads. The determinatbfilushing potential can be performed
according to the decision rules depicted in Figlre

Type Tide Range (ft) Freshwater Inflow / Estuary Volume Flushing Potential

1 macro (=6) and large or moderate (1000 o 10-02) HIGH

2 macro (>6) and small  (10-08, 10-U4y MODERATE

3 meso (=2.5) and large (1000, 10-01) HIGH

4 meso (=2.5) and  moderate (10-02) MODERATE

5 meso (=2.5) and small  (10-03, 10-04) LOow

i micro (<2.5) and large (1000, 10-01) HIGH

7 micro (=2.5) and moderate (10-02) MODERATE

] micro (<2.5) and small (l{]'{B, 10-04) LOW

Figure 8 - Decision rules for the determination of flushinggmaial (Bricker et al., 1999).
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In both of the scenarios mentioned above, the hitteerating, the greater the capacity to
dilute or flush nutrient loads. By combining bottngponents, a rating of susceptibility of
the water body to retain or flush nutrient loadsoigained. The matrix used for this
combination is shown in Figure 9.

DILUTION Potential
High Moderate Low

Low Moderate
Susceptibility ||| Susceptibility

Low
Susceptibility

High

Moderate
Susceptibility

Low
Susceptibility

High
Susceptibility

Moderate High High
Susceptibility || Susceptibility || Susceptibility

Figure 9 —Matrix used in the determination of the susceptibdf the water body to retain or flush
nutrient loads (Bricker et al., 1999).

FLUSHING Potential
Moderate

Low

Regarding the nutrient loads to the systems, shike critical component for determining
an OHI score. The ASSETS methodology uses nitrdgads, because, although it is
recognised that phosphorous may be the limitingienttin some systems or seasons, it
is nitrogen the typical limiting nutrient in the jodty of the estuaries and coastal waters.
A new simple model which combines human pressuce system susceptibility was
developed and integrated in ASSETS. The loadingpoorent is then estimated as the
ratio of nitrogen coming from the land to that camifrom the ocean and a rating is
given. The equations used for the determinatioin@mitrogen loading to the water body
can be better understood in Bricker et al., 2003wéver, for the purpose of this
assessment, they are written as shown in Equatiodsind 3:

Wm =878 oy o MeS g g m = e,

So So
In the first equation, mis the human derived concentration of nitrogenrfkd), m is
the nitrogen concentration in the inflow (k®imS is the offshore salinity and. & the
estuarine salinity. In the second equatiop isrthe background concentration of nitrogen
(kg.m®) and meais the nitrogen concentration in the ocean (K3.rn the third equation,
m is the total expected concentration of nitrogeg.rfi€). In order to achieve a final
rating for nutrient loading, one more formula ied¢Equation 4), which is:

4) oHlI =T
m

C

With this equation it is possible to determine &ugavhich allows the final classification
for OHI parameter to be defined by using the denigirocess outlined in Table 6.
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Table 6 —Thresholds and categories used to rate the nutdads to the system (Bricker et al., 2003).

Low Oto 0,2
Moderate Low >0,2t00,4
Moderate >0,4t00,6
Moderate High > 0,60 0,8
High > 0,8

The higher the rating obtained, the greater thHeanice of anthropogenic pressures to the
system. In these calculations it should be notedl e concept of mean salinity used,
only makes sense in systems where there is sonudaridg in the river discharge. In
torrential areas, where rainfall is concentratedishort period of the year, it is more
appropriate to use the median salinity. Also, iastal lagoons, where river inputs are not
important, the approach mentioned above will notkywaince it considers freshwater
discharge as the main nutrient vector to the systmall other areas the loading from
the perimeter may easily be combined with the rhb@me loading as a summation
(Bricker et al., 2003).

Although the thresholds obtained from the applaratf the equations, can be a strong
indication of the final OHI score, since that ictaants for the susceptibility components,
(mainly, in terms of difference in the salinity thie ocean and the estuary), it is necessary
to combine nitrogen loads and susceptibility of teger body, in order to obtain this
final rating. Thus, the OHI score for the systembken using the ASSETS methodology
is obtained from the matrix shown in Figure 10.

= MODERATE MODERATE HIGH HIGH
£
£ | Even low nutnent additions Symptorns obsenved in the Sympdoms observed in the
§ may resud in problem estuary are moderately to estuany are probably closaly
= | symptomsin these highly related fo nutrisnt refated o nutrient additions.
2 esiuaries. additions.
=
o}
Z MOCERATE LOW MODERATE MODERATE HIGH
|
[ E.
§ Symptoms ohservedin the || Sympioms chserved in the Sympdoms chserved i the
7 | esluary are minimally to esiuary are moderately estuary are moderatsly o
o | moderately related o related 1o nutrient inputs, highly related to nutrient
T | mutrient inputs. additions.
<
2
=
LOW LOW MODERATE LOW

£
ii Symptoms observed in the Symptoms obsened i the Sympioms chsenied in the
T | estuary are lkely + esiuary are predominantly estuary may be naturslly
tj predominantly naturally | maturally relsted or caused related or the high lewel of
@ | related orcaused by human | by factors other than nutrient | | nutrient additions may cause
E factors other tham nutrien: | additions. proebiems cespite low
= | sdditions. [ suscepiibility.

Low Mutrient Input Maoderate Mutrient Input High Mutrient Input

Figure 10 -Matrix used for the determination of the OHI scof¢he water body in the ASSETS
methodology (Bricker et al., 1999).
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4.2 Overall Eutrophic Condition (OEC)

In general, there are several nutrient related mguality parameters which can be used
in order to assess the eutrophication status gkees. However, only a subset of five
parameters was chosen to provide an index of seageressed as overall eutrophic
condition. These parameters are divided into piymand secondary symptoms of
eutrophication. The primary symptoms are chlorophylnd macroalgae, whereas the
secondary symptoms are dissolved oxygen, submeagadtic vegetation (SAV) and
nuisance and toxic algal blooms. A summarised gegun of the way these symptoms
are disclosed in the systems and an explanatioth&r importance in the definition of
OEC, are presented in Figure 11.

Primary symptoms Description
v Chlorophyll a A measure used to |nd'|catle the amount of microscopic afga.ie
w4 (phytoplankton) growing in a water body. High concentrations can lead
Ch (Phytoplankton) to low dissolved oxygen levels as a result of decompasition.

Large algae commonly referred to as “seaweed” Blooms can cause

losses of submerged aquatic vegetation by blocking sunlight.
{% Macroa Igal blooms Additionally, blooms may smother immobile shellfish, corals, or other
i habitat. The unsightly nature of some blooms may impact tourism due
- to the declining value of swimming, fishing, and boating.

Secondary symptoms Description

Low dissolved axygen is a eutrophic symptom because it occurs as a
Dissolved result of decomposing organic matter (from dense algal blooms), which
sinks to the botrom and uses oxygen during decay. Low dissolved

oxygen oxygen can cause fish kills, habitat loss, and degraded aesthetic values,
resulting in the loss of tourism and recreational water use.
Loss of submerged aquatic vegetation (5AV) occurs when dense algal
Submerged blooms caused by excess nutrient additions (and absence of grazers)

i . decrease water clarity and light penetration. Turbidity caused by other
aquatic vegetation factors (eg. wave energy, color) similarly affects SAV. The loss of SAV can
have negative effects on an estuary’s functionality and may impact
some fisheries due to loss of a critical nursery habirat.

Thought to be caused by a change in the natural mixture of nutrients
that occurs when nutrient inputs increase over a long period of time.
These blooms may release toxins that kill fish and shellfish. Human
health problems may also occur due to the consumption of
**§§ blooms contaminated shellfish or from inhalation of airborne toxins. Many
: nuisance/toxic blooms occur naturally, some are advected into
estuaries from the ocean; the role of nutrient enrichment is undear.

Nuisance/toxic

Figure 11 —Description of the primary and secondary symptosegiifor the determination of OEC in
ASSETS (Bricker et al., 2007).

In ASSETS, a logic stepwise decision method is usedrder to combine all these
symptoms into one final indicator of the overaltrephic condition of the water body.
This method is described in Appendix II, throughe techematic example of the
calculation of OEC. In here, a brief descriptiorprevided according to Bricker et al.,
2003. Firstly, for each primary symptom an areagivid expression value for each zone
is determined according to Figure 12. The symptgpression value is a combination of
the concentration, frequency of occurrence andapaiverage of problem levels of each
indicator.
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Figure 12 —Description of the ratings used in ASSETS, in otdettetermine the expression value of each

symptom by homogeneous zone (Bricker et al., 2007).
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After obtaining the expression value for each sympby zone, the symptom level of
expression for the whole system, is obtained bymsation (Equation 5).

) SLE:i(% ElJ

In Equation 5, SLE is the symptom level of exprassof each symptom, /Ais the
surface area of each zone, i the total system surface areaisEhe expression value at
each zone and n is the number of system zones.

Afterwards, the level of expression of the primayynptoms for the system is determined
by calculating the average of the two level of eggion values, according to Equation 6.

onei8l33e]

In Equation 6, Pis the level of expression of the primary symptdorshe system and p

is the number of primary symptoms used. This ssefoliowed by the determination of

the same level of expression, but for secondarypsyms. Thus, for each secondary
symptom, an area weighted expression value for each is determined as described in
Equation 5 above. However, the level of expressibrsecondary symptoms for the
estuary is determined by choosing the highest ef ttiree estuary level symptom
expression values instead of following the samegs® as for primary symptoms. This is
due to the fact that secondary symptoms are caomside® be a clear indicator of
problems, and the application of the precautionaminciple means that the highest
(worst-case) value dictates the classification.sTivay, it is recognized that these
symptoms are indicative of more advanced nutrielsted impacts.

The system is then assigned a category for primadysecondary symptoms based on the
level of expression calculated for each one of thecnording to Table 7.

Table 7 —Categories for primary and secondary symptoms daugto their expression value in the
system (Bricker et al., 2003).

0to<0,3 Low
0,3t0<0,6 Moderate
0,6to<1 High

Finally, the primary and secondary symptoms arepayed in a matrix (Figure 13), to
determine the overall eutrophic condition for thgstem. Generally, with this
methodology, it is assumed that primary symptonesthe indicators of early stages of
eutrophication and secondary symptoms describera developed stage in this process.
However, in some cases secondary symptoms canveitiisiut the presence of primary
symptoms. The causative reasons for this everappdn are well described in Bricker et
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al., 2007, and should be taken into account whéculeding the OEC score, which by
default already considers this factor, so thatésalts are not compromised.

-

w
E MODERATE MODERATE HIGH HIGH
g
a Frirmary sympsoms high but Pﬂm-aws mrpt:'ns and High primany and
UE-. probiems with mone sericus substant L5 h@h secomdary symptony
) secondarysymptoms still not S)Hpﬂ.ums hewmm mna'e levels |ndic:ale SEros
E being expressed. expressed, indac:aung eutrophicabon problems.
LS p:me'mally SeTicis
B problems.
o 0B -
E
H MODERATE LOW MODERATE HIGH
=
“Z; Prifnary symptoms Lews! of expression of Substaniia’ levels of
% begining to indizate eufrephic condtions iz eutrophic condiions
& pnsslb{e% 5 i substantial, ooouTring with secondary
& still wery wsec:mdary symptoms ndicating
# symploms expressad. serious problems.
E 0.3 Loy ES -
2 LOW MODERATE LOW MODERATE HIGH
é‘ Lews! of expression of Moderate secondary gh secondany s iyt
Y eutrophic conditions is sympioms indicate cate serious problems,
& minimal substantial eutrophic hut Lowe primary indicates.
5 conddions, but fow other factors may. also be
& ?rlmanr indicates other involved in causing the
T actors may be invclved conditions.
Y T causing The conditions.
&
a c3 0.6 e——

Low Secondary Moderate Secondary '—|q_h Secondary
Sympioms Sympioms Sympioms

Figure 13 -Matrix used for the determination of the OEC saafrthe water body in the ASSETS
methodology (Bricker et al., 1999).

4.3 Determination of Future Outlook (DFO)

For the determination of the future outlook, twottas are combined in order to estimate
future changes in terms of eutrophication condgjdrmased on expected modifications in
nutrients inputs to a system. These are:

- Susceptibility;
- Predicted future loads.

In terms of the susceptibility of the system toriauit loads, the analysis is the same as
performed for OHI and described previously. Theedatnation of the predicted future
loads is based on predicted population increaseneld and/or recently implemented
management actions and expected changes in wateusbs. In quantitative terms, it is
carried out by ASSETS using the changes in dembgramvastewater treatment and
agriculture trends.

Similarly to the other two components, the futatglook is ultimately determined by a
matrix, which is depicted in Figure 14.
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Susceptibility

IMPROVE HIGH HO CHANGE WORSEHN LOW
Plutrient related Mutrient related Mutrient related
symptems observed in symptoms ohservad in sympicms absenred in

-the estuary are likely o the estuary will most the estuary are fikely
improve substantialby. likely remain o worsen only

IMPROVE LOW NO CHANGE WORSEN HiGH
Mutrient related . ‘Mutrient related . Mutrient related
sympioms observed in symptoms observed in symptoms chserved in

the estuary are likaly to || the estuary will most the estuary are likely
improve. likely remiain to substantially

IMPROVE LCW HO :(:HANGE WCRSEN HIGH
Hutrient related Mutrient related Hutrient related
symptoms observed in symptoms obserwed in symptoms observed in
the esiuary ares likely to the estuary will most the esiiary are likely
improve somewhat likely remain to samslzn!iéi_ry'wsan.

unchanged..

Future Mutrient
Pressures Decrease

Mo Change in Future
Mutrient Fressures

Future Mutrient
Pressures Increase

methodology (Bricker et al., 1999).

Figure 14 -Matrix used for the determination of the DFO saoir¢he water body in the ASSETS
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5 Spatial Domain

The focus of this work is to conduct an assessntespecific coastal water bodies which
are designated as estuaries. An estuary is anndreiee fresh water and salt water come
together. The mixing of fresh and salt water creatéifferent environment, but estuaries
are still home to a lot of plants, animals and éaat They are also extremely nutrient-
rich because of sediment deposit of rivers, cregkstreams feeding into the salt water
environment. There are five sea estuaries in NortHesland, being two of them
transboundary systems, which form an internatiboadier with the Irish Republic. These
estuaries are locally called loughs and can be iseEigure 15.

Larne Lough

Lough Foyle

11822 4
' lo R\f

Belfast Lough

13287
» B

0

"«

- .32.:.0 B P
0 o

Figure 15 -The five loughs of Northern Ireland (Ferreira et 2007).

Together, the five loughs have an area of 523 &nd drain a combined catchment of
about 6000 krn(Ferreira et al., 2007). The two Loughs whichguing to be studied are:
Strngford Lough and Belfast Lough. They are locatethe North Eastern River Basin
District, as mentioned before. This is the small@strict in the island of Ireland, lying
entirely within Northern Ireland. It has a land amf just over 3 000 kfrand a further
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1 000 knf of marine waters, accounting for most of Northieatand’s coastline. Belfast
Lough and Strangford Lough are the largest sesimehe district (NIEA, 2008)).

Due to the natural conservation of the main seaghsun Northern Ireland, all of them
are subject to a range of conservation designatiBesides this, there are several
activities being developed, directly or indirecthglated to the Loughs, such as,
recreational and commercial fishing, tourism, harbdevelopments and shipping. The
Loughs are also used as receiving bodies for waséswlischarges.

The expansion in the shellfish aquaculture industriNorthern Ireland (Ferreira et al.,
2007) adds an increasing pressure towards the atkeqge of the water bodies. The
more activities are developed within the Loughs,itiore legislative measures apply to it
and constraints arise. Therefore, more consciesta®cisions are necessary towards, a
more sustainable management and environmental @mopk.
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6 Results

6.1 Strangford Lough

6.1.1 Description of the Lough

Strangford Lough is a large marine Lough which besthe eastern County Down coast
of Northern Ireland and is placed between the Adsinsula and the mainland. It has an
area of approximately 150 Knand it is connected to the Irish Sea via an 8 &nyl
channel called the ‘Narrows’ which is as little @30m wide in places. Although depths
of more than 60 metres have been recorded in Hasrel, the majority of the Lough is
less than 10 metres in depth (EHS, 2005a). A metaildd perspective of the Lough’s
depths and the sampling stations used in this stssed, can be observed in Figure 16.

i+ !
Figure 16 —Location of the sampling stations and surface depftStrangford Lough (Ferreira et al.,
2007).

The rising tides from the Northern Irish Sea affgignificantly the characteristics of the
Lough, specially in terms of salinity, althoughstsomehow moderated by the strategic
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position of the ‘Narrows’. Due to this fact, 30%tbe Lough’s surface is intertidal (EHS,
2005a). There are two main freshwater flows intar@ford Lough: the Comber (Enler)
River, which enters the Lough in its north westeanner and the Quoile River, in the
south western corner. The main characteristics tcdn§ford Lough are presented in
Table 8.

Table 8 -Physical Properties of Strangford Lough (Ferreirale 2007 and Service et al., 1996).

Volume (x 15 m!) 1537

Area (knf) 149
Maximum Depth (m) 60
Catchment (krf) 772
Temperature (°C) 2-19
Mean Salinity 33
River Flow (n's") 16
Water Residence Time (d) 4-28
Population in Catchment 144 000

Strangford Lough is classified as an Area of SpeS@entific Interest (ASSI) and a

Special Protection Area (SPA). Also, from all okteea loughs analyzed, Strangford
Lough is the only system on the UK list for desigma as a Special Area of

Conservation (SAC) under the EC Habitats Direcfiverreira et al., 2007). This means
that there is a special interest for nature coradEm in this Lough.

The Lough can be divided geographically into thaégerent areas which are influenced
by different factors. The southern area, whichasger and receives the direct inflows of
seawater, the northern area which is shallowerisrebmewhat more affected by the
intertidal effects and the Quoile Pondage whiclliiectly affected by the discharge of
the Wastewater Treatment Works and agriculturetiges; therefore subject to higher
loadings of nutrients.

6.1.2 Homogeneous Areas

The salinity of the Lough as a whole is virtualtientical to that of the open sea (Brown,
1990). However, in the areas where streams andsrfi@v in there are local effects due

to the run of fresh water which makes it possiblede the division between the waters of
any farmland stream and the true sea water of tugth. (Brown, 1990).

The western Irish Sea has a salinity that rangesdss 34 and 35 psu (EHS, 2005a). For
this study it was considered the median value wigiag station #19, which was 34 psu.

Regarding the physical classification of the Lougiwp homogeneous zones were

defined. This classification was made using thesholds defined by ASSETS and the
median salinity values of the sampling stationser€his a mixing zone which
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corresponds to the south area, where the Quoileld@enis located (0,6 Knand the
seawater zone is the remaining area of the Loud®,41knf). The salinity value defined
as representative of the mixing zone of the estumy 2 psu and the seawater zone was
33 psu.

6.1.3 Data Completeness and Reliability

The amount of sampling stations used for this assest cover almost the complete area
of the Lough. This data is provided by the Estuaramd Coastal Waters Monitoring
Programme (ECWMP), which has permanent monitoritegs Sn the whole area of the
Lough and Trophic Status Studies performed durireggeriods between July of 1993
and December of 1995 and January of 2004 and M#Hr@006. The number of stations
sampled, dates and water quality parameters fan&tord Lough are shown in Table 9.

Table 9 —Results of the data completeness and reliabilitystoangford Lough

4* Dissolved Oxygen October 1990 to January Seawater
2004 (winter)

12 Salinity July 1993 to Seawater (all area|

11 Chlorophyll a April 1994 (monthly)

15 Salinity May 1994 to All estuary

19 Chlorophyll a May 1995 (monthly)

15 Salinity July to September Seawater (all area|

15 Chlorophyll a
13 Chlorophyll a

1995 (monthly)
October to December 1995Seawater (all area

(monthly)
5* Dissolved Oxygen January 1998 to May 2003 Mixing
(winter)
1 Salinity January to November 2004 Mixing
(monthly)
1 Chlorophyll a July to October 2004 Seawater
(monthly)
5 Chlorophyll a January 2004 to November Mixing
2005 (monthly) Seawater
16 Salinity March 2004 to Septembef Seawater (all area
2005 (winter and summer) Irish Sea
1 Salinity December 2004 to March Seawater
2 Chlorophyll a 2006 (monthly)
3 Chlorophyll a January to November 2005 Seawater

(monthly)

* metadata was used from the ECWMP Monitoring Stedi(mean)
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Due to the difficulty in analysing the data, somamgling campaigns performed in

isolated days in stations scattered all over thagho were not included in the figure

above. These campaigns were mainly performed afteruary 2004 and are not

representative of large temporal periods, howevwbey were considered in the

assessment. The remaining campaigns shown wer@mped monthly, which provides a

good temporal perspective, even though the timefrbatween the campaigns conducted
in the two homogeneous zones do not overlap onsamts Thus, the data used in the
assessment is considered to be reliable on accotinthe spatial and temporal

representativeness of sampling and the analytigality of the analyses. However, in

terms of data completeness there is some inconsistebserved between the two
homogeneous zones, in the period of sampling aftenary 2004, although the sampling
campaigns are performed monthly.

6.1.4 Overall Human Influence

6.1.4.1 Susceptibility

6.1.4.1.1 Dilution Potencial

Due to the low depth of most of the Lough and Hidhl amplitudes, the whole system is
considered to be well mixed.

When wind and current are running in approximatket/same direction, the waters tend
to be relatively calm. A few hours later, when tltke turns, and current and wind are in
opposition, a fierce sea can develop with staneiages breaking against each other as
they fight against the current (Brown, 1990). lgu¥e 17, it is possible to observe the
directions of tidal currents and waves in Strangfoough.

When moving away from the Narrows, and away fromrain thrust of the currents in
the central channel, the water flow becomes mudbaed, which makes it that, the more
an area is enclosed, the less the energy from wateement (Brown, 1990). Because of
this constriction, it takes almost one hour andal for each rising tide to flow into
Strangford Lough, from one end to the other, andigh tides within the Lough lag
behind those in the open sea (Brown, 1990).
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Figure 17 -Tidal currents (left), wave direction (right) (Braw1990).

Strangford Lough is subject to essentially the saveather regime as the rest of the
Province, but the rainfall is considerably redudsdthe presence of the Mountains of
Mourne, some 35 Km to the south-west. This rairdelaas it is called, gives the south-
western parts of the Lough the distinction of beore of the driest parts of Ireland
(Brown, 1990). This fact can explain the low fresier flows into the Lough (NIEA,
2008b).

Another difference between the Lough and the I8eh is that the tidal range (difference
between high and low water levels) is around foetres compared with about five on
much of the open coast (Brown, 1990). Again, iths Narrows creating this effect by
hindering the tide levels in the Lough from reaghiheir maximum potential.

Most sea areas have some degree of layering,aifisition, which is usually identified
by brightly lit surface layers stirred by the wiaeshd heated by the sun, one or more
intermediate layers, and a zone of dim or dark wateémately linked with the sea
bottom. Each may differ from the others in its casigon, and they may vary
considerably in the degree to which they mix witkcle other (Brown, 1990). In
Strangford Lough, with each tide, the turbulencehef water in the Narrows breaks up
these layers, and mixes them thoroughly. This tesul even temperatures and a
remarkably equable distribution of dissolved nutisethroughout most of the Lough.
Because of this, the Lough never gets particuledlg in winter, nor especially hot in
summer, and there is an ample supply of basicenitrito all levels throughout most of
the year. The situation found in the open sea, g&vkarface nutrients are heavily depleted
by microscopic algae in early summer, does not oasuthere is always a fresh supply
being churned up from below (Brown, 1990).
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One major area that seems to operate in a sligiftgrent way to the rest of the Lough is
the shallow area lying to the north. To some extkistis due to the fact that the rate of
water exchange with the other areas is slightly {gs0ssibly because of the narrowing of
the Lough and the long distance from the NarrowsthWhe tide rising over vast
stretches of open mudflats the effects of summerasd winter frost are much greater,
and as a result water temperatures in this areac@rsiderably. Water from the rivers
and canals running into it, can take somewhat Iotgelisperse. The combination of all
these factors increases the likelihood of layerimg stratification, in this part of the
Lough, which would reduce the amount of nutrienth@nge in the water with
considerable implications for wildlife, and for tleéfects of sewerage effluents (Brown,
1990). The differences in the northern and soutlaeeas in terms of temperature of the
waters, identifying possible layers of stratificatican be seen in Figure 18.

1 Water
Temperatare (7]

B=35.20
=4 .50

o
&
=

O LI L S R
=

1 EY

[}

e B By
=

Pt B B
[

e
e |

i)
i
i

Figure 18 —Differences in water temperature in Strangford Lgutear the surface (up) and near the
bottom (down) (Ferreira et al., 2007).

It may be possible that the one redeeming featteeepmting major stratification of this
area is the influence of wind and wave action whialst help to stir up those shallow
waters (Brown, 1990). On the other side, some symgptof stratification have been
observed in the lower reaches of the Quoile Pondaayicularly, oxygen depletion and
anoxia (Roberts et al., 2004).

Due to these diverse characteristics and physiff@rehces between the northern and
southern parts of the Lough, to the low freshwatbow and after applying the formula
described in previous chapters, the results oldaioethe dilution potential fall within
the “Moderate category”.

6.1.4.1.2 Flushing potential

It has been calculated that the total yearly fregkwinput to the Lough from rivers and
streams (mainly the Comber and Quoile Rivers) eegled by the amount of sea water
entering over a mere three tides (Brown, 1990hds$ also been calculated that the
Lough’s tidal exchandiis about 350 million cubic meters and results inide range of

$volume of seawater that enters and exits the gsarmaeach tidal cycle
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current strengths and tidal variations, which rssfubm its diversified characteristics. As
an example, the Narrows are subjected to strorad ¢igirents, where the influence from
tidal exchange is more noticeable. Conversely, sshmdtered inlets on the western
shores have virtually still water and are lessuieficed by this exchange (EHS, 2005a).
By knowing the tidal exchange, the freshwater inpate (river flow) and the total
volume of the Lough, it is possible to determine thater residence time. The water
residence times from the surface and bottom ofn§foad Lough can be seen in
Figure 19.
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Figure 19 -Water residence times in Strangford Lough, neasstirface (up) and near the bottom (down)
(Ferreira et al., 2007).

By analysing the figure above, it is possible tentify major differences between the
areas located to the north and to the south. IiNtréhern area of the Lough there is less
exchange of water due to the specific details desdrin the chapters above.

Another different zone is the Quoile Pondage. Alifito its location is a favourable one,
close to the entrance of seawater in The Narrdwesflushing potential is controlled by
the Quoile barrage and therefore is not subjecth® natural tidal exchange as the
remaining water body. This Pondage drains twicéydsdilow tide, which increases the
susceptibility to eutrophication of this particulane (EHS, 2005a).

Domains with long residence times are vulnerablautient losses if the main supply
flux is from the coast and to eutrophication if taad based flux is much larger than the
advection/dispersion rates (Ferreira et al., 208though these data do not allow to
determine, exactly the amount of freshwater anevaesa which are mixed together, the
fact that this Lough is major influenced by seawaseipports the idea that the most
important supply flux comes from the coast.
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However, since there are considerable differenmese more, between the northern and
southern areas of the Lough and the Quoile Pondagported by the application of the
decision rules for flushing potential, the clagsifion will fall within the “Moderate”
category.

6.1.4.2 Nutrient Inputs

Strangford Lough is not classified as a sensitivevdnerable water body under the
definitions of the UWWT and Nitrates Directives (f&ots et al., 2004), however, its
northern part is subject to this classification.datchment area is approximately 772 km
(Ferreira et al., 2007). It is estimated that agpnately 65% of the land in the catchment
is predominantly agricultural with a relatively gter importance of crop culture in the
north and of livestock grazing in the south of tegion (Roberts et al., 2004). Besides
agricultural waste, there are also discharges fismptic tanks and Waste Water
Treatment Works (WWTW) entering the rivers anddfirect catchment of the Lough.

In a yearly basis, further source apportionmenduphout the catchment, demonstrated
that the majority of sources of Dissolved Inorgaditrogen (DIN) and a significant part
of the sources of Dissolved Inorganic Phosphor@uB), to Strangford Lough were from
agricultural sources. (EHS, 2005a). The soil usdbe catchment of Strangford Lough is
described in Figure 20.
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Figure 20 —Soil uses in the catchment of Strangford Lough @IZ008))
In the land cover map shown above, it is possibleldfine the contribution of each

agricultural activity in terms of discharge of natits into the Lough. A more detailed
calculation regarding this contribution can be seefsppendix IlI.
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There are 26 WWTW in the Strangford Lough catchmeetving a population of

approximately 101 740 (Foy & Girvan, 2004). The onayorks are those at Ballyrickard,
Killyleagh and Downpatrick, the three of them tdgetaccounting for 81% of the total
population equivalent of the catchment (EHS, 200%h¢ detailed list of characteristics
of the more important WWTW systems can be seeraliel10.

Table 10 —Characteristics of the Wastewater Treatment Wattkish discharge in Strangford Lough, until

the year of 2004.
Ballyrickard Secondary 59 400 Glen Water
Killyleagh Secondary 13 025 Northern Ireland Water
Downpatrick Secondary 8 415 Northern Ireland Water
Kircubbin Primary 2 000 DRD Water Service
Portaferry Coarse Screening 3 000 Northern Ireland Watgr
Greyabbey Secondary 1 000 DRD Water Service
Others 14 900
Total 101 740

Because of the fragile status of the northern parthe Lough and considering that
Ballyrickard WWTW contributes 15% of the total wigen loading to Strangford Lough
(excluding the loadings for the Quoile Pondagéwas recommended nitrogen reduction
to be installed in Ballyrickard WWTW to meet thequgements of Article 5 of the
UWWTD (EHS, 2005a). This is expected to happen @32

Estimates point out that the nitrogen loading fldownpatrick WWTW makes up only
2,7% of the total nitrogen loading to the Quoilen@age, which is a low value. However,
due to the location of the discharge from the woekdering an enclosed, heavily
modified waterbody with minimal dilution, in thisngtance nitrogen removal was
recommended and has been accounted for, with th&traation works expected to end
during the year of 2009. This WWTW contributes 18%the total P loading to the
Quoile Pondage and P removal is therefore alsoeogpitited for this works (EHS,
2005a).

In Northern Ireland more than 110 000 household®42f the total) are currently
without public sewerage provision, representinguat 0,3 million people (a fifth of
Northern Ireland’s population), and generating atb85 million litres of wastewater a
day (NIEA, 2008)). Strangford Lough is not an exo@p to this, with many isolated
houses situated in its catchment, draining direstlyhrough septic tanks, to the coastal
waters. Based on the data from the total populdiiong in the districts surrounding
Strangford Lough, an estimation was made of araglth@60 people in this conditions in
the catchment. This result was obtained by suligcthe total population to the
population served with public sewerage network (@gix 111).
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The two main freshwater discharges are the Contbelef) and Quoile Rivers, which,
drain 11% and 31%, respectively, of the total cateht area of the Lough (EHS, 2005a).
These two rivers together with the North Strangfcatthments have been designated as
sensitive under the Urban Wastewater Treatmentcein relation to nutrients (NIEA,
2008b). There is one more river which drains irite Lough, which is the Blackwater
river, although its catchment area is much smétlen the remaining two.

Although phosphate enrichment of the upper basithefLough occurs in association
with the freshwater inputs, nitrogen limitation seeto be the most likely factor
controlling phytoplankton growth during the latenmsuer and autumn blooms (AFBI,
3/08/2009). In order to be able to define the aireemount of DIN discharged into the
Lough, the contribution of each anthropogenic seuwas determined and can be
observed in Figure 21.

Sonrces of Summer (Ansnst DIV Loads

Diirect Runoff

Esmuarine
STWs
Al Temal Monduhy Load = 27 80 Tonnes

Tomal Meathly Load = 21800 Toanes
Figure 21 —Sources of Dissolved Inorganic Nitrogen into Stfang) Lough between 1993 and 1995, in
summer, right and winter, left (Roberts et al., 200

In the summer when freshwater flows are low, diyedtscharging WWTW (which in
the figure are described as Estuarine STWSs) can&ib1% of the total load. However
during winter months directly discharging WWTW cabtite 6%. The load of DIP
shows less seasonal variation as it is dominatetbdgys from WWTW which are not
seasonal and contribute 77 and 34% of the summeérwvanter loads respectively.
Therefore, the loads of DIN into Strangford Lougk seasonal and vary between a mean
of 27,6 tones per month in the summer to a meail8ftones per month during winter
(AFBI, 3/08/2009). The total amount of nitrogendatiarged into Strangford Lough due to
the several anthropogenic sources in its catchnvead, calculated based on the Export
Coefficient Model (ECM), which uses the followingueation:

L= 2[E Al s oW P
i=1

Where Ly is the basin nutrient load (kg3); E is the export coefficient (kg.Hayr™) for
land class i, Ais the area of the watershed in land class i hag,the Septic Load (kg-yr
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1), W is the wastewater load (kgyrand P is the precipitation load (kg'yr(Xiao et al.,
2007). The detailed calculation of the loads andceatration of DIN discharged into
Strangford Lough are presented in Appendix Ill. Bobenmary of the results obtained are
show in Table 11.

Table 11 —Nitrogen Loads from the main anthropogenic soute&trangford Lough

WWTW 206
Quoile 396
Drainage to the Rivers | Enler 111
Blackwater 97
Direct Drainage 425
Not served by WWTW 78
Total 1313

These results show that the major yearly contrsutdf DIN to the Lough is from
agricultural sources, whether it is by arrivingaingh the rivers or by the direct drainage
from its catchment.

Although the amount of nutrients discharged in® ltough is high, regarding the spatial
distribution of the nutrients within the water bodlge levels vary both temporarily and
spatially, with DIN and DIP concentrations beingtmst in the north of the Lough
during the winter. Concentrations of DIN approachimiting concentrations in the
summer and the ratio of N:P fell below the Redfigitio’ of 16. These improved towards
the mouth of the Lough (EHS, 2005a). In order tddvainderstand the temporal change
in nutrient concentration in the northern and seuthparts of the Lough, throughout the
most problematic period, which is during winter rtiem) Figure 22 and Figure 23 are
presented below.

* Redfield Ratio is the molecular ratio of carboitragen and phosphorus in phytoplankton
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Figure 22 —Winter DIN for the north of Strangford Lough. Pairdre the mean of all samples in each
sampling station (TSS stands for the Trophic St8tusly and ECWMP is the Estuarine and Coastal
Waters Monitoring Programme). For TSS data, ereos lare presented and for ECWMP no error bars exist

due to one single station present in the water j&&S, 2005a).
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Figure 23 -Winter DIN for the south of Strangford Lough. Psimatre the mean of all samples in each
sampling station. Error bars are presented for bidtfations (EHS, 2005a).

In these figures it is possible to observe thatthie north part of the Lough, the UK
criteria for the Irish Sea, of 18 umdl.(EHS, 2005a), is frequently surpassed, while in
the south, this limit is only exceeded on threeas@ms.

A similar situation is represented in Figure 24gameling the concentration of DIN,
during the winter months, in the Quoile Pondage.
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Figure 24 -Winter DIN for the Quoile Pondage. Points are theamof all samples in each sampling
station. For both situations error bars are pregske(faken from EHS, 2005a).

In this transitional water body, all of the valuelserved are high above the values
defined in the UK marine nutrient criteria, althdutis threshold is inappropriate, due to
the fact that the Quoile pondage is not completaline. Besides that, they also exceed
by far the value proposed in the WFD, of 42 prifolds a background concentration of
DIN in freshwater. In 2001 the Quoile Pondage wlias,alesignated as a sensitive area
under the Urban Waste Water Treatment DirectiveSE2005a).

Based on the nitrogen loads and the flows whichndiato the Lough, described in
Service et al. (1996), the concentrations of Didwihg into the Lough are 180 pmdl.l
The mean values considered to be representatitteeoflosest area of the Irish Sea are
those taken from sampling station #19, the dat&iged by the European Environment
Agency and the values provided by Kennington et(2002), which is 8,9 pmotil
Therefore, the value for nutrient input is 0,39jakhs then considered as “Moderate”.

6.1.5 Overall Eutrophic Condition

6.1.5.1 Primary Symptoms

6.1.5.1.1 Chlorophyll a

It is recognized that the calculation of chlorophylconcentrations must be based on
commonly observed peaks, rather than a single #wo@b one, and must reflect a
significant event in space and/or time (Brickealet 2003). This has been defined in the
present work using a percentile system. The caitesied has been the percentile 90 value
for chlorophyll a. In Figure 25 and Figure 26, st possible to observe the frequency
distribution for chlorophyll a in the mixing and aseater zones, respectively, of
Strangford Lough.

50



Mixing Zone

80 - . - 100
(]
70 ooy AR - 90
' - 80
60 | . S
' F70 &
50 - i o
> L
D 40 : I Frequency L 50 o
g 30 g Cumulative % L 40 ¢
L= ' B
! =
: g
] (@]
(]
(]
(]

Chlorophyll a concentration (ug I-1)

Figure 25 —Frequency distribution for Chlorophyll in the migizone in Strangford Lough.
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Figure 26 - Frequency distribution for Chlorophyll in the sedgrazone in Strangford Lough.

According to the ASSETS thresholds, the value olethifor the seawater zone of 3,6
ug.I™, is within the “Low” category. However, for the xiig zone the percentile 90
value obtained of 74,6g.I", falls within the “Hypereutrophic” zone.

In order to evaluate the frequency of occurrencehef problematic situations in the

mixing zone, the annual cycle of chlorophyll ale t_ough for the two salinity zones is
represented in Figure 27.
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Figure 27 —Annual cycle of chlorophyll a in the two zonesSifangford Lough.

The analysis of this cycle shows that there isdear peak observed in the mixing zone,
where only the values of percentile 90 where usethe end of Spring and beginning of
Summer. The occurrence of this phenomenon duriisgpigriod is predictable and takes
place annually. Thus, the frequency of occurrerfcehtmrophyll a in the mixing zone is
considered to be periodic.

In order to calculate the spatial coverage of tigh Walues of chlorophyll a observed in
the mixing zone, the Thiessen Polygons Method veasl.uWith this method, the spatial
weight of each sampling station in that zone iwated by using the sum of those
weights where maximum values were observed. Theszohinfluence of each sampling
station in the mixing zone of Strangford Lough ta&mobserved in Figure 28.
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Figure 28 -Zones of influence of each sampling station inrtiikeing zone, calculated with the Thiessen
Polygons Method.

After analysing the zones of influence of the sangpstations with the highest values of
chlorophyll a in the mixing zone, it is considerbet the percentage covered by them is
around 50 %. Therefore the spatial coverage oféthees will fall within the “Moderate”
category. The results of the ASSETS index appbcator chlorophyll a in Strangford
Lough, is represented in Table 12.

Table 12 —Results of the ASSETS index application for chldrgpa in Strangford Lough.

Mixing Hypereutrophig Moderate| Periodic High 1 0,60 0,004
Seawater Low - - Low 0,25 148}4,250
Total | 149 | 0,254

6.1.5.1.2 Macroalgae

The distribution of macroalgae species betweenntivehern and southern parts of the
Lough reveals a clear difference. Because the nerti of Strangford Lough is
characterised by a predominantly sandy/muddy idtdrzone, with little hard substrate,
this type of shore, will generally be devoid ofaatted algae with the dominant species
consisting of opportunists, which can cope witls Iissourable conditions (EHS, 2005a).
A study of macroalgae completed by the Environnemd Heritage Service (EHS) in
2002, recorded a total of 83 species throughowingford Lough. However, species
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richness is depleted in the north of the Lough irgpndgrom between 13 and 41. In the
South End, on the other side, variable specienesh were recorded at different sites,
indicating that this water body clearly supportiigh diversity of macroalgal species
(EHS, 2005a).

Other surveys performed at the Lough in 1988 ariBZ@vealed that the major changes
observed, are related with the increase in Sargassuticum and Enteromorpha spp. and
the decrease in Ascophyllum nodosum. Sargassuncumatis an invasive introduced
specie whose wide distribution throughout the wakerdy can impoverish the
biodiversity and constitute a problem for submergedatic vegetation in comparison
with native macroalgae (Roberts et al., 2004). em@rpha spp. is an invasive intertidal
green algae which has a very successful reprodudtage and is considered very
problematic regarding the smothering of submergpehic vegetation, due to its quick
settling in available substrates. Ascophlyllum ragdu is a long lived macroalgae with a
slow growth, which has been present in Strangfoodigh for more than 100 years.
However, the recent surveys have identified losthisf specie, which can take years to
recover (Roberts et al., 2004).

There is a significant change in the species ofrozgae throughout a consistent period
of time, particularly in the northern part of theugh. During this period, enteromorpha

has been the cause of many problems related wsthdbsubmerged aquatic vegetation.
However, there is no complete link between thesnsvand anthropogenic actions and
no recent data has confirmed this increase. Thwgas considered that some problems
with macroalgae have been episodically occurrindpegnseawater zone. The results of the
ASSETS index application for primary symptoms ima8gford Lough, are presented in

Table 13.

Table 13 —Results of the ASSETS index application for primsyynptoms in Strangford Lough.

Seawater 148,4 0,25 0,5 0,250 0,498
Mixing 0,60 1 0 0,004 0
Sum 149 - - 0,254 0,498

Primary symptoms level of expression value for thestuary: 0,38 Moderate

6.1.5.2 Secondary Symptoms

6.1.5.2.1 Dissolved Oxygen

Low values of dissolved oxygen should be represiestaf system conditions, and not a
single minimum value (Bricker et al., 2003). Beaawo$ this fact, the percentile 10 value
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for dissolved oxygen was used. The frequency bigtion for dissolved oxygen values in
the two salinity zones can be observed in Figurar@Figure 30, respectively.
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Figure 29 -Frequency distribution for dissolved oxygen in thizing zone in Strangford Lough.
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Figure 30 -Frequency distribution for dissolved oxygen in 8eawater zone in Strangford Lough.

According to the thresholds used in ASSETS, theirmim values of dissolved oxygen
in terms of percentile 10 considered to indicatddgical stress, for the different salinity
zones, should be 5 mg.l The values obtained in these two zones, are abivige
threshold. However, due to the fact that some camfd have been recorded regarding
hypoxia and fish kills in the mixing zone (EHS, 8@), an analysis of the yearly
distribution of dissolved oxygen in the three distive parts of the Lough (Figure 31,
Figure 32 and Figure 33), have been performed.
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Figure 31 —Dissolved oxygen for the north of Strangford LouBlata refers to samples from the ECWMP
sampling station (EHS, 2005a).
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Figure 32 -Dissolved oxygen for the south of Strangford Lougbints are the mean of all samples in the
ECWMP sampling stations. Error bars are preseriets( 2005a).
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Figure 33 -Dissolved oxygen for the Quoile Pondage. Pointsteanean of all samples in each sampling
station (TSS and ECWMP). For each station, erros bee presented (Taken from EHS, 2005a).

In both salinity zones the values obtained are altbhe UK criteria of 6 mg} (EHS,
2005a) and the threshold adopted as indicative iabdical stress in the ASSETS
method, which is 5 mg'l However, the higher concentrations registerethémixing
zone, added to the observations of fish kills evethiring hot summers suggests that
there are problems occurring. These problems awst hikely, due to the stratification of
the Quoile Pondage, causing the lower layers towen dissolved oxygen, which is not
reflected in the sampling campaigns made. The &eqy of occurrence is periodic and
the spatial coverage falls within the High categfmpore than 50 % of the total mixing
zone). The results of the ASSETS index applicatmndissolved oxygen in Strangford
Lough, are presented in Table 14.

Table 14 -Results of the ASSETS index application for disedloxygen in Strangford Lough.

Mixing B'glt?g;al High Periodic Moderate 0,5 0,60 0,002

Seawater Not observed - - - 0 148,40
Total | 149 | 0,002

6.1.5.2.2 Nuisance and Toxic Blooms

Regarding the observation of algal blooms, someitoiang campaigns were performed
in Strangford Lough for the periods of 1996 to 200Be tables containing the sampling
records and analysis performed during those ewam®e found in Appendix IV.

57



Although not all marine algal blooms are toxic, gogpecies, such as Alexandrium spp.
and Dinophysis spp. can produce toxins potentiadlymful to humans and marine life
and the presence of these species were recordbéesa tables. Their potential impacts
for humans and marine life are, mainly, fish poiagrand resulting hypoxic conditions,
which can be supported by other previous studiedéRs et al., 2004). It is, however,
unknown what are the thresholds regarding theingphct of this phenomenon. This is
the case of peaks of abundance of Dictyocha specald Gymnodinium spp. which
were both recorded in Strangford Lough and are kntavbe toxic to fish. However,
without known bloom thresholds for fish poisoniiitgs impossible to establish whether
this type of event has happened in Strangford Lo@ghy a large and widespread event
causing fish kills could support this evidence ande have been reported (EHS, 2005a).

There are, however, records of algal blooms andréisaltant toxic poisoning of the
shellfish stock identified in the past, accordinghe Agri-food and Bioscience Institute
of Northern Ireland (AFBINI, 2009a).

In 2004, there were records of concentrations abphysis spp slightly in excess of the
OSPAR guideline for over a period of 1 week at Miad Bay. This resulted in a
temporary shellfish bed closure for a one weekagogrbecause of an increased risk in
consumers getting diarrhoetic shellfish poisoniBf§l$, 2005a). Although, the nuisance
algal species were not recorded for longer thas geriod, the occurrence of such event
is registered as episodic.

6.1.5.2.3 Submerged Aquatic Vegetation

In the Northern end of the Lough, the natural ptgisconditions which do not favour
macroalgae, do however favour some submerged aquegetation (SAV), particularly,

Zostera spp., or eel grass. The north end of Stwathd ough has extensive intertidal
Zostera beds covering some 924 ha and constit80fg of the total Zostera beds found
in Northern Ireland. It is also a priority habitat the Northern Ireland Biodiversity

Strategy (EHS, 2005a).

EHS completed a Northern Ireland Zostera surve30ii3, which concluded that some of
the Zostera beds in the north end of the Loughuaer threat of eutrophication and
excessive nutrient inputs were causing growth o thpportunistic green algae,

Enteromorpha spp which causes the smothering ofe#sspp. Subsequent studies
recorded a 30% reduction in Zostera spp distriloutiothe north end of the Lough (EHS,
2005a). Because of this fact, the magnitude of @ds3AV is considered to be Moderate.
The results of the ASSETS index application foroselary symptoms in Strangford

Lough, are presented in Table 15.
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Table 15 -Results of the ASSETS index application for secopdgmptoms in Strangford Lough.

Seawater 148,4 0 0,% 0,25 0 0,498,249
Mixing 0,60 0,5 0 0 0,008 0 0
Sum 149 - - - 0,008 0,498 0,249

Secondary symptoms level of expression value forgrestuary: 0.50 Moderate

6.1.6 Determination of Future Outlook

In order to achieve a sustainable management aridcasase in the quality of water
bodies in Northern Ireland, a Management Plan leas Iprepared according to the WFD,
by dividing areas of intervention in the water eslby districts. Strangford Lough will

be addressed in the North Eastern River Basinibistr

Ten planning topics have been identified as sigaift for the North Eastern River Basin

District. These are: land use planning, agricultwater supply and treatment, waste
management, natural heritage, forestry, fishegesstal, flooding and climate change

planning. All the measures to be taken are integrat a Management Plan set out under
these topics, to be implemented at national, regi@md local levels by a range of

statutory bodies and organizations (NIEA, 2008c).

Within this plan, many objectives regarding the ioyement of the quality of river and
coastal water bodies in Northern Ireland, have kegneed. The current status and the
proposed objectives for improving the quality o€ thver water bodies in Strangford
Lough, is shown in Figure 34.

® High B Good O Moderate @ Poor B Bad @ Unclassified D MEP =@ GEP
2015 [ v
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Figure 34 -Current Status and Proposed Objectives for RiveievBodies in the Strangford Management
Area 2008-2027 (MEP and GEP are Moderate and Gootb@cal Potential, respectively) (NIEA,
2008b).
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The Plan proposes to achieve good status in 29%vef water bodies by 2015.
Regarding the Enler River, which has been designagheavily modified by human
activities, it is proposed that it should achiewsd ecological potential by 2021. The
Quoile pondage, is designated as a heavily modifiedsitional water body and it is
proposed that it should achieve good ecologicamal by 2015 (NIEA, 2008b).

The current status and the proposed objectivesnfproving the quality of the coastal
water bodies in Northern Ireland, within the Nofastern River Basin Management
Plan, is shown in Figure 35.
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Figure 35 -Current Status and Proposed Objectives for Codgasér Bodies in the North Eastern River
Basin District 2008-2027 (NIEA, 2008b).

Although this analysis is performed at a nationwmbespective, it is proposed that by
2015, 100% of coastal water bodies in StrangfordgboManagement Area will achieve
good status (NIEA, 2008b).

At the same time that the management plan andofoged measures are being taken, a
number of projects and initiatives run, by localmeounities, angling groups and
voluntary environmental organisations will contii®uo achieving the objectives for the
increase in the quality of water (NIEA, 2008b).

The proposed measures to improve the quality ofsders in the North Eastern Basin,
where Strangford Lough is located, take into actdsm three most important pressures,
considered in ASSETS:

- Agriculture;
- Population;
- Wastewater Treatment Works.

In the agricultural sector, which is recognisedaasignificant contributor to nutrient

concentrations in the waterways of Northern IreJaadsingle action programme,
supported by the implementation of the NitrateseBtive in Northern Ireland, is
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currently being negotiated, that will be applicatdell farmers across the country (EHS,
2005b). This programme includes the following neghificant measures (EHS, 2005b):

- requirements for farmers to provide adequateag®for animal slurries (between
at least 22 and 26 weeks storage depending orrecto

- introduction of closed periods for the spreadiofy organic and inorganic
fertilisers to land;

- limitation of the amount of nitrogen that can @égplied to the land to 170kg
N/halyear in livestock manures;

- indicating where land-use or development chahgells take place;

- providing agri-environment grant schemes, suctha®epartment of Agriculture
and Rural Development’s Northern Ireland Countrgdithnagement Scheme and
the Northern Ireland Environment Agency (NIEA) Mgeaent of Sensitive Sites
(MOSS) Scheme, to encourage environmentally frigfaliming practice (NIEA,
2008c).

Adding to the expected improvement achieved wits¢hmeasures, in Northern Ireland
over the last 10 years, farm numbers have beeimaerhkt an annual average rate of 1,9
% and the size of the agricultural labour force l@an reducing at an annual average rate
of 2,1% (NIEA, 2008a).

The authorities responsible for the sustainableagament of the Loughs in Northern
Ireland intended to develop catchment managemamisgby 2015 which identify those
parts of the catchment which are the most imporsantrces of pollution where advice
and regulatory action will be focused (NIEA, 20Q8a)

Due to this expected improvements in the agricaltyractices and considering the
predominant decrease in this area throughout gteytars, a value of 50% was set for
overall improvement in terms of agricultural pragsuto the Lough in the future. Adding
to this, it was also considered that agriculturdl still have the most relevant
contribution in terms of nutrient pressures to &gfard Lough.

In terms of population pressures to Strangford Ipube results of the Census for the
last years for the District Council Areas of Northéreland are described in Table 16.
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Table 16 -Census Populations 1991, 2001 and 2008 estimaf@istict Council Areas, part or all of
which lie within NERBD (NISRA, 2009).

Antrim 44.516 | 48.366 8,6 53.243 10,1
Ards 64.764 | 73.244 13,1 77.614 6,0
Belfast 279.237 | 277.391 -0,7 268.323 -3,3
Carrickfergus 32.750 | 37.659 15,0 40.031 6,3
Castlereagh 60.799 | 66.488 9,4 66.205 -0,4
Derry 95.371 | 105.066 10,2 109.097 3,8
Down 58.008 | 63.828 10,0 69.816 9,4
North Down 71.832 | 76.323 6,3 78.889 3,4
Larne 29.419 | 30.823 4,8 31.292 15
Lisburn 99.458 | 108.694 9,3 114.766 5,6
Moyle 14.789 | 15.933 7,7 16.876 5,9
Newtownabbey 74.035 | 79.995 8,1 82.744 3,4

The analysis of the population trends between #asyof 1991, 2001 and 2008 show
that, for the District Council Areas in the Nortldtern River Basin District of Northern
Ireland, there as been increases of populationlnmost all of them. However, the
percentage increase between these periods haslbe®asing.

The data for the Down District County which reprgsemost of the population in the
catchment of Strangford Lough, follows the samadseas the remaining districts with
population increasing between all the periods huth a reduction in the percentage
increase between the last years. Due to this &aeglue of 25 % was set, for overall
increase in pressure in terms of population, irftibere.

Regarding wastewater treatment plants in the catohmof Strangford Lough, they will
benefict, mainly, from two programmes, which aré&A, 2008c):

- Northern Ireland Water Capital Works Programme;
- Small Works Programme.

The Northern Ireland Water Capital Works Progransets out priorities for sewerage
infrastructure to be upgraded and has the objeativancreasing the amount of
population equivalent served by the wastewatetrtreat works from 77% to 94%. The
Small Works Programme establishes a priority bstdmall wastewater treatment works
to be built or upgraded by Northern Ireland Waterconjunction with NIEA (NIEA,
2008c).

The modifications to the major Wastewater TreatnWhotks discharging in the rivers in
the catchment area of Strangford Lough are destiib&able 17.

62



Table 17 -Modifications to the major Wastewater Treatment Kgatischarging in the rivers of the
catchment area of Strangford Lough.

WWTW New Population Modification in Treatment
Equivalent
Ballyrickard - Upgraded to tertiary treatment by 2013
Killyleagh - Upgraded
Downpatrick - Upgraded to tertiary treatment, with works
completed in end of 2009
Kircubbin 3500 Upgraded to Membrane Bioreactor Treatment
after 2004
Portaferry 5300 Upgraded to secondary treatment, with wofks
completed in end of 2009
Greyabbey 2500 Upgraded to Membrane Bioreactor Treatment
after 2004

The most important WWTW in terms of Nitrogen disd® into the Lough, are in
Ballyrickard and Downpatrick. Because one of theas heen already upgraded and the
other has plans to incorporate tertiary treatmieongn be considered that an improvement
has been made. All the other WWTW have also begragied in some way.

Adding to these improvements to the existing WWTiére are several plans to build
other small plants in substitution of former sepinks or even in places where there was
no treatment (NIEA, 2008a). Because of this sigatit improvements in the WWTW in
Northern Ireland and Strangford Lough, a value 5f%oAvas set for overall improvement
in terms of wastewater treatment pressures to tlugh in the future.

6.1.6.1 Climate change

Although the exact effects of climate change inatreosphere, water and earth processes
is still under intense investigation, some poténtianstrictions and measures to be
adopted are being already defined beforehand. Henveeme research projects, such has
the MarClim Project, have provided strong evidetinz recent rapid climate change has
resulted in changes in the abundance, populatioctate and biogeographic ranges of a
number of intertidal indicator species and thesengks are occurring quicker in marine
systems (plankton, fish as well as intertidal sp&cthan terrestrial systems (MarClim,
n.d.).

In terms of the unpredictability of weather relatedents, such as, heavy rain, the

increase in the flow and consequent discharge tfemiis to the Lough and increase of
stratification, can be balanced by the measuresiwénie being planned.
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However, regarding the expected increase in termpes the shallow waters of
Strangford Lough may be expected to respond toatdevtemperatures due to climate
change (Roberts et al., 2004).

It is clear that, more research is needed regarsiagsurface temperature changes over
the last 25 years in order to determine recentatenthange (Roberts et al., 2004), but
this phenomenon might create some unpredictahititgthe processes developing in
Strangford Lough, including eutrophication, duéfte fact that:

- enhanced algal and plant growth because of tigh emperatures and its
association with the increase in nutrient run-oiim exacerbate its effects on the
water environment;

- non native species might be favoured, creatingrdralance in the ecosystem of
the Lough;

- higher temperatures will reduce the dissolvedgexypresent;

- changes in land use because of the adaptationewaf cultures have to be
accounted for, in terms of its potential effects.

The proposed plan and measures to adapt the nesosystems in Norhern Ireland to
climate change have considered these aspects. &otie effects of climate change on
the marine environment in Northern Ireland and nleeessary measures to reduce its
effects, can be found in Appendix V.

6.1.7 Final Score

Table 18 summarizes the results obtained for th8ESS methodology application in
Strangford Lough. The application of the final edétion matrix, provides an overall
classification of the estuary as “Moderate”.
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Table 18 —Summary of the results obtained by the applicadbASSETS methodology to Strangford
Lough. EAR: Estuary Aggregation Rules; PSM: Primaynptoms Method; SSM: Secondary Symptoms

Method.
PSM Chlorophyll a 0.254 0,38 Moderate
Overall Macroalgae 0,498
Eutrophic Dissolved oxygen 0,008
Condition SSM a usal:i?:r?/grge?gtion 0,498 0,498 Moderare
(OEC) quat 9 Moderate
Nuisance and
; 0,249
toxic blooms
Overall . Dilution potential Moderate  Moderate
Human Susceptibility Flushing potential Moderate Susceptibility Moderate
In(fgﬁgce Nutrient inputs Moderate nutrient input
Future
Outlook for )
Future nutrient .
future ressUres Future nutrient pressures decrease Improve Low
conditions P
(DFO)

6.1.8 Conclusions

Strangford Lough is a system which is very muchuericed by the presence of The
Narrows. This physical characteristic determinesimef the rate of water exchange and
controls many mechanisms inside the estuary. Adudingis, it has a low depth and very
low freshwater flow, which reduces stratificatidmpwever, it is possible that climate
change events might alter this fact.

Agriculture is, by far, the main source of nutremt the Lough, although its waters do
not appear to have high concentration of nutrielitss demonstrated that it can flush
nutrients efficiently. However, although the cat@mh of Strangford Lough is very
homogeneous, there is a considerable differencerims of the status of eutrophication
between the northern and southern parts of the hamgl also, the Quoile Pondage. The
main problems with the northern part of the Lougfer to the change in macroalgae and
submerged aquatic vegetation composition. In QuBi®dage, the most problematic
factors are chlorophyll a and dissolved oxygen. séhshould be the parameters of
concern for the adoption of corrective measurediqouéarly, the loss of SAV.

For the future, an extension of the routine sangpliampaigns conducted currently,
should be addressed and the parameters shoulddrgesh) in order to effectively correct
the harmful eutrophic processes that might occuhéLough. This type of centralised
data management is the adequate one for this plartidough, because of its
environmental and economical importance. Also, mittee multiple uses of the Lough,
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appropriate levels of activity and zonation of sumttivities must be planned and
regulated.

The planned management activities for the Loudlerims of reducing nitrate inputs from
agricultural activities and a stricter control dibse activities, are fundamental for the
improvement in the classification. Also, the higlerality treatment performed in the
WWTW and the enlargement of the amount of poputasierved by sewerage networks
are the right management decisions. If the Managemkan outlined is put into place, a
significant improvement in the status of the cdastaters in Strangford Lough is

expected.

Because of its several natural classificationsar§ffiord Lough needs additional
protection and its eutrophication risks should keided. Future Management must be
aware of the economical aspects related with tlgeadi@ation of the water quality. Also,
several regulations apply to the Lough, due tepiscial area classifications and they are
becoming stricter. The penalties involved in then-compliances are also to be
considered. Important activities for the whole Merh Ireland, performed in the site,
might be most affected, such as aquaculture, famgke, the modiolus reefs which might
continue threatened if nothing is done. Tourisrals® an important component of social
and economic benefits of this region and if seereophication events are prolonged, it
may be compromised. This can be due to the logzasystem diversity, obstacles for
navigation and gastronomic constraints.

Regarding the methodology used, some improvemeats b be made regarding the
thresholds of dissolved oxygen, because of thes facturred in this assessment, where
by analyzing the results of the mixing zone thesrerno evidence of biological stressful
conditions. However, a more detailed analysis rie¢eaome poor conditions and even
situations of hypoxia. A vertical dispersion coei#nt which would account for
stratification or an indicator of fish kills, coulchprove this analysis.

The classification obtained with ASSETS was “Modetawhich is the same as the
value obtained for the WFD. Therefore, the proposedisures should be immediately
put in place, the classification as a sensitiva aneist be maintained and the designation
as a vulnerable zone should be reinforced.
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6.2 Belfast Lough

6.2.1 Description of the Lough

Belfast Lough is a shallow semi-enclosed bay latata the north-eastern coast of
Northern Ireland. It has an area of 130%kand the sea bed of the Lough slopes gradually
from the city of Belfast, to a depth of approximat22 m at the outer limit (EHS, 2003).
According to its physical characteristics it can dieided into inner and outer Belfast
Lough. The Inner Lough comprises a series of mtglftand lagoons whilst the Outer
Lough is composed of mainly rocky shores with seamall sandy bays. A more detailed
perspective of the Lough and the sampling statimesl in the analysis performed in this
report can be seen in Figure 36.

Figure 36 -Location of the sampling stations and surface depftBelfast Lough (Ferreira et al., 2007).

Due to its exposure to the Irish sea and frequetémexchange, almost 96 % of the area
is subtidal (Ferreira et al., 2007). The main frester source is River Lagan, which
enters from the south-western shore. An intermedie¢a between the river and the inner
Belfast Lough is the Tidal Lagan, which is an impded stretch from the river, located
to the north-east and separated from the harb@ar lay a weir in 1997 (NIEA, 2008j).
The main characteristics of Belfast Lough are presgkin Table 19.
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Table 19 -Physical Properties of Belfast Lough (Ferreiral et2907).

Volume (x 15 m!) 1548

Area (knf) 130
Maximum Depth (m) 22
Catchment (k) 900
Temperature (°C) 2-21
Mean Salinity 28
River Flow (n' s") 32
Water Residence Time (d 10-20
Population in Catchment 646 000

The Lough has been designated in terms of the lefehature conservation and
protection as an ASSI, SPA and a RAMSAR site. Gmlitores, industry is now light, but
the lough has a long history of heavy industry d@rstill is a major commercial port with

heavy passenger and freight traffic in additioratbooming leisure industry (AFBINI,

2009b).

6.2.2 Homogeneus Areas

The physical classification of the Lough into horangus zones was made using the
thresholds defined by ASSETS and the median salm@tues of the sampling stations.
Two areas were determined. A mixing zone, whichiesponds to the Tidal Lagan, with
a total area of 0,32 Knand the seawater zone is the remaining area dfahgh (129,68
km?). The salinity value defined as representativéhefmixing zone of the estuary was
19 psu and the seawater zone was 28 psu.

For the Irish Sea it was considered the medianevalusampling station #31, which
coincides with the value used for Strangford Lougtich was 34 psu.

6.2.3 Data Completeness and Reliability

The percentage of area of Belfast Lough coverethbysampling stations used in this
assessment is almost complete and the sourcesofldia is very reliable on account of
the spatial and temporal representativeness of lsagmgnd the analytical quality of the
analyses. This data is provided by Trophic Statusli8s performed during the periods
between November of 1991 and January of 1998 arcdreer of 2003 and April of

2006. However, in terms of data completeness thesesome significant differences
between two homogeneous zones. The mixing zona hagh coverage for the period of
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time from November 1991 to January 1998, since tihthe parameters are sampled at
consistent timeframes. However, in the seawater zZiiere is a high inconsistency
observed between the periods of sampling. The numbstations sampled, dates and
water quality parameters for Strangford Lough &@ns in Table 20.

Table 20 —Results of the data completeness and reliabilityffast Lough

2 Salinity

2 Chlorophyll a Novembelrgggto January Mixing (all area)

2 Dissolved Oxygen

11 Salinity September and October 1992  Seawater
(monthly)

26 Salinity October to November 1992 Seawater (all area

and January 1993 to May
1994 (monthly)

2 Salinity

2 Chlorophyll a June 1994 to January 1998 Mixing (all area)

2 Dissolved Oxygen

19 Salinity March 1995 to June 1996 Seawater (inner
(monthly) lough)

8 Chlorophyll a December 2003 Seawater

23 Salinity March 2004 to April Seawater (all area|

15 Chlorophyll a 2006 Irish Sea

19 Dissolved Oxygen August 2004 Seawater (all area)

After a close analysis to the figure shown abowes possible to infer that the temporal
data available for the seawater zone is wider f@ parameter than for others. Also the
values obtained for dissolved oxygen in this amerive only from one sampling
campaign conducted in August of 2004. For the ngxaone a good completeness is
achieved for the period mentioned before, howenerdata was found for more recent
years.

6.2.4 Overal Human Influence

6.2.4.1 Susceptibility

6.2.4.1.1 Dilution Potential

Tidal currents are weak and oscillatory in the mbeugh resulting in a predominantly
sheltered area where the currents are dominatéidés; In the Outer Lough, a clockwise
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rotatory current has been documented as well asajhid exchange of water with the
ocean. These physical conditions result in lesergiatl for eutrophication (EHS, 2003).

The large mixing capacity of the Inner Lough alloeffluent to be dispersed quickly
between the Inner and Middle Loughs. Phytoplankpamwth in Belfast Harbour and the
Inner Lough is rarely limited by nutrients (AFBIN2D0O9b). The differences between the
surface and bottom temperature of the waters, ifgerg possible layers of stratification
can be seen in Figure 37.
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Figure 37 -Differences in water temperature in Strangford Lgutear the surface (up) and near the
bottom (down) (Ferreira et al., 2007).

Although the Lough has a horizontal temperaturadigra between the head and the
mouth, they remain vertically well mixed (Ferregtal., 2007). With stratification being

rare and considering the favourable conditionsditirtion of freshwater but accounting

for the weak currents and the high river flow afgbawhen applying the decision rules
for dilution potential, Belfast Lough is classifiedthe “Moderate” category.

6.2.4.1.2 Flushing Potential

Belfast Lough is a subtidal estuary with a tidahga of around 3 m (River Lagan
Wildlife, 2008). The total area of the Lough hasidence times characterised by
intermediate and short-intermediate periods (Fexret al., 2007), with rapid water
exchange with the North Channel, and, consequehityer flushing rates in the Outer
Lough (EHS, 2003). The water residence times froendurface and bottom of Belfast
Lough can be seen in Figure 38.
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Figure 38 -Water residence times in Belfast Lough, near thifasa (up) and near the bottom (down)
(Ferreira et al., 2007).

By analysing the figure above, it is possible tentify major differences between the
outer and inner areas, particularly, regarding shdace and bottom temperatures for
each one of them. The flushing potential of theeparea is much higher than the more
enclosed areas of the Lough. Due to these diffeerand after applying the decision
rules for flushing potential this parameter will faithin the “Moderate” category

6.2.4.2 Nutrient Inputs

Belfast Lough has a catchment area of approxima&8ly knf (Ferreira et al., 2007),
with heavily urbanised regions. Historically, thejor input of nitrogen into the Lough
has been the Irish Fertilizer Industries factoriijch discharged (almost 75 % of the total
input) into the Tidal Lagan, contributing, thus,ttee loading to Inner and Outer Belfast
Lough (almost 58 % of the total input) (Foy & Giny&004). Besides this, the remaining
sources of nutrients have been: urban areas, witt wf the discharges coming from
WWTW and septic tanks, agriculture activities amnens. In 2001, the Inner Lough and
tidal Lagan were designated as sensitive areasr WWdANVT Directive (EHS, 2005b).
Due to this, a number of changes have occurrednerlBelfast Lough, resulting in a
reduction of nutrient inputs, concentrations andagrall improvement in trophic status.
These included (EHS, 2003):

- The introduction of full secondary treatment withtrient (N) removal at Belfast
WWTW, from December 1998;

- Secondary treatment at Kinnegar WWTW was opematirom December 2000
with nitrogen reduction operational, from June 2001

- A progressive tightening of the discharge consehtthe major industrial
discharger (fertilizer plant) and its closure ind@mber 2002;
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- The rapid development of a shellfishery in InBetfast Lough since 2000;
- The WWTW at Whitehouse which had secondary treatnonly, was upgraded
by the end of 2008.

The closure of the fertilizer plant was expected significantly decrease nutrient
concentrations throughout the Lough. The influeoicthe contribution of each source in
the input of nutrients in Belfast Lough, can berseeFigure 39 and Figure 40.
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Figure 39 —Total DIN loadings to Belfast Lough by Figure 40 -Total DIP loadings to Belfast Lough
source (EHS, 2003). by source (EHS, 2003).

The total contribution of each source in the nutrienrichment of the Lough is variable
according to the type of nutrient. For DIN, the aragource, until the year of 2002 has
been industry. In terms of DIP, the major sourcprimarily from WWTW. In order to
provide the quantitative contribution of nutrientd,the fertilizer plant into the Lough,
Figure 41 is presented below, revealing the loadingmmonium, nitrate and phosphate
from the Irish Fertilizer Industries factory.

1994 1995 1996 1997 1998 1999 2000 2001

Year

Figure 41 —Loading of ammonium, nitrate and phosphate fromfé¢niizer plant into Belfast Lough,
before its closure (Foy & Girvan, 2004).

This data is very useful to better understand tha@ugion of the characteristics and

symptoms in terms of eutrophication in this Loughhough it will not be used for the

calculations of the inputs of nitrogen into the gbueferred in this chapter, once it is no
longer active.
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In terms of agricultural contribution, this activihas been estimated to account for 75, 57
and 51 % of the loadings of DIN to tidal Lagan, énrand Outer Belfast Lough,
respectively (Foy & Girvan, 2004). These estimatioare relatively small, when
compared with other Loughs in Northern Ireland,ause this Lough has a significant
contribution from urban areas. Without the contiitbu of the fertilizer plant, the
percentages increased significantly. The soil usdbe catchment of Belfast Lough is
described in Figure 42.
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Figure 42 —Soil uses in the catchment of Belfast Lough (NIRB0OS)).

Analysing the map of solil uses, it is possible bseyve the high contribution of urban
areas, particularly in the southern and eastens paid agricultural activities in the north-
western and remaining eastern part of the Loughwduld be expected that urban
pressures would be felt considerably in the tidaddn, however, these account only for
21 % of the DIN loading in this area. This is doemtuch of the sewage being derived
from the urban areas directly to the Inner and OB®&fast Lough, which account for

loadings in excess of 40 % (Foy & Girvan, 2004).

There are 39 WWTW in the Belfast Lough catchmemiviag a population of

approximately 535 638 (Foy & Girvan, 2004) and cdwoitting approximately 30 % of

the DIN load (AFBINI, 2009b). However, the most ionfant contributions in terms of
nutrients are those at Belfast and Kinnegar, digghg directly into the Inner Lough and
exceeding 100 000 population equivalent servedetaitbd list of the characteristics of
the most important WWTW in the catchment of the lghbough, can be seen in
Table 21.
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Table 21 —Characteristics of the Wastewater Treatment Wottkishvdischarge into Belfast Lough.

Belfast Tertiary (P 117 500 Northern Ireland
removal) Water
Kinnegar Inner Lough Tertiary (P 108 130 Northern Ireland
removal) Water
Whitehouse Tertiary (P Northern Ireland
65 010
removal) Water
Briggs Rock | Outer Lough| Secondary 75 160
Dunmurry Tertiary (P 44 518 Northern Ireland
Tidal Lagan removal) Water
New Holland g Tertiary (P 38 004 Northern Ireland
removal) Water
Others 87 361
Total 535 683

A problematic situation has been described in Brigpck, where raw wastewater has
been discharging directly into the Lough (Friendstree Earth, 2009). Although, this
WWTW is currently equipped with secondary treatmethtis is still insufficient
according to the requirements of the UWWTD. Alsoms smaller works are still
without any treatment, such as, Bangor and Whitlaea others are equipped only with
primary treatment, such as Seahill. The remainawgll of treatment and the percentage
of the population served from the majority of th&WWWV is acceptable, however, there
are still some households without public sewerageipion in the catchment, which, as
previously described for Strangford Lough, accdant20 % of the total population of
Northern Ireland. In order to estimate these mgslata, the census of the population
living in Northern Ireland was used. This data istained by subtracting the total
population living in the districts surrounding Badt Lough and the population which is
currently served with a public sewerage networtha same districts (Appendix 111). An
estimation of 110 317 people which are currentlthise conditions was made.

In terms of the main freshwater discharges, Rivagdn is the main river from the
drainage basin of Belfast Lough and its major eatrinput source is agriculture, with
urban discharges to a lesser extent. It is corsiter be sensitive to nutrients according
to the UWWTD (EHS, 2005b).

The differences between relative nutrient loaditogbiner and Outer Belfast Lough, are
depicted in Figure 43 and Figure 44.
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Figure 43 —Total DIN loadings to Inner and Outer Belfast LoygiiS, 2003).
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Figure 44 -Total DIP loadings to Inner and Outer Belfast LoyghS, 2003).

These figures demonstrate that the largest prapomif the total loading of nutrient

inputs to Belfast Lough, are located in the Inneudgh. However, this fact is not

determinant because the major source of nutrientiset Outer Lough is the Inner Lough
(EHS, 2003), mainly due to the high water exchadomefgveen the two areas. It should be
noted that these results account for the contobgtiof the industrial source, which is
already inactive. This is justified by the needotuserve the patterns in terms of total
nutrient loadings.

In order to estimate the nutrient load to Belfasudh, the Export Coefficient Model,
described previously for Strangford Lough, was usHie detailed calculation of the
loads and concentrations of DIN discharged intofd3¢l Lough are presented in
Appendix Ill. The summary of the results obtaineel shown in Table 22.
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Table 22 -Nitrogen Loads from the main anthropogenic soutedelfast Lough.

WWTW 878
Drainage to the River 1134
Tidal Lagan 39
Direct Drainage Inner Lough 539
Outer Lough 505
Not served by WWTW 204
Total 3229

The major contribution of nutrients discharged irttee tidal and river Lagan are
agricultural sources. In terms of Inner and Outelfdt Lough, these contributions are
relatively in balance with the urban sources. Ipassible to conclude that the yearly
nutrient inputs to the Lough in more recent yeaessdill high, even though, the closure
of the fertilizer plant was conducted effectivaly2002.

There are some evidences that winter nutrient curetgons are decreasing in both the
Inner and Outer Lough, however, there is still emick of enrichment in the Inner Lough
(EHS, 2003). In this Lough the UK criteria for thish Sea, of 18 umoll(EHS, 2005a),

is frequently surpassed. This situation is notshme for the Outer Lough, where the
concentrations are typically bellow this thresh(dFBINI, 2009b). A similar situation
has been occurring regarding DIP concentrationgsiwis supported by the fact that the
redfield ratio is consistently above 25 in the Inheugh, although decreasing, and it is
constantly between 13 and 15 in the Outer Lough.

Using the estimations and data relevant for th@gén loads and the several flows which
drain into the Lough, demonstrated in Appendix tile concentrations of DIN flowing
into the Lough are 230 pmot.I The mean values considered to be representatitres o
closest area of the Irish Sea are those taken fampling station #31 and the data
provided by the European Environment Agency andnifegion et al., 2002, which is 8,9
pumol.I. Therefore, the value for nutrient input is 0,8hich is then considered as
“High”.

6.2.5 Overal Eutrophic Condition

6.2.5.1 Primary Symptoms

6.2.5.1.1 Chlorophyll a

The same method was used as in Strangford Louglkhushthe percentile 90 values for
detecting chlorophyll a excessive blooms. The fesmy distribution for chlorophyll a in
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the mixing and seawater zones of Belfast Loughrepeesented in Figure 45 and Figure
46.
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Figure 45 -Frequency distribution for Chlorophyll in the migizone in Belfast Lough.
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Figure 46 —Frequency distribution for Chlorophyll in the sea@razone in Belfast Lough.

The percentile 90 values obtained for the seawatdr mixing zones were 6,5 and 35
ng.I*, respectively. The values for the seawater zohavithin the “Medium” category
and for the mixing zone they are placed in the tHigategory. However, the results
observed in the mixing zone refer to the years rfeetbe deactivation of the industrial
discharges and the values from the sampling swfiothe remaining areas of the Lough
refer to the period of time after this event. Tlés relevant because chlorophyll
concentrations have been decreasing throughoutathgh in the last years sampled, with
more influence in the Inner Lough and less sigaificin the Outer Lough. Thus, the
spring and summer chlorophyll a concentrations nner Belfast Lough throughout
several years, from 1990 to 2002, is presentedguaré 47.
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Figure 47 -Spring and summer chlorophyll a concentrationsier Belfast Lough, taken from the
ECWMP Routine Monitoring Station (EHS, 2003).

Although progressive decrease of concentrationshdbrophyll a in the Lough is
confirmed by this figure, there is still some evide of elevated chlorophyll
concentrations in the Inner Lough. However, thesels do not appear to be directly
related to DIN levels, but more to other factorschs as, other key nutrients or light
availability (Service et al., 1996). Due to thisctfait is presented the spatial and
frequency of occurrence of unusual events, for Baimogeneous zones. In order to
evaluate the frequency of occurrence of bloomshdbrophyll a, its annual cycle in
Belfast Lough is shown in Figure 48.
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Figure 48 —Annual cycle of chlorophyll a values for the twanes of Belfast Lough.
In both homogeneous zones, throughout the year tisera consistent increase in

chlorophyll values in the beginning of spring. Heeg in the seawater zone, there is a
small decrease during the summer months with alempéak in the beginning of
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autumn, which is consistent with other analysisfqyered previously in the Lough
(Service et al., 1996). In Tidal Lagan there iggmificant difference, with a maximum
peak reached in September. This is due, mainlghéovalues recorded in sampling
station #3TL, for the years of 1994 and 1995 amengthens the idea that point source
discharges of nitrogen might have a fundamentélénice on the events occurring in the
Lough. For both areas the frequency of occurreadden considered as periodic, once
these conditions occur annually.

Regarding the spatial coverage of the high valdehlorophyll a, Figure 49 and Figure
50 represent the distribution of concentration lewelshlorophyll for the year of 1995 in
Belfast Lough and the coarser grid used for ecoldgmodelling of Belfast Lough,

respectively.

b—w
Chlorophyll &
ngl

59° 57¢ 55
Figure 49 - Distribution of concentration levels ofFigure 50 -Coarser grid used for ecological
chlorophyll for the year of 1995 in Belfast LoudgBefvice et modelling of Belfast Lough (Ferreira et al.,
al., 1996). 2007).

The first figure reflects the predominance of pasource discharges into the Lough,
mainly from industrial activities. The second figuis used for simulation of processes at
the ecosystem scale, by defining each grid accgrdim homogeneous physical
conditions, morphology, currents and vertical fiication (Ferreira et al., 2007). Using
this tool, a more complete analysis of the inflleen€ each sampling station contained in
each grid, can be obtained. Because most of the Wédues were observed in the
sampling stations located in the middle of the inbeugh, the percentage of coverage
for the seawater zone was around 21%, which pliageshe “Low” category.

For the mixing zone, in order to calculate the isgppatoverage of the high values of

chlorophyll a observed, the Thiessen Polygons Metivas used. The zones of each
sampling station in the Tidal Laghan, can be ob=gia Figure 51.
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Figure 51 —Zones of influence of each sampling station inrtfieing zone of Belfast Lough, calculated

with the Thiessen Polygons Method.

When comparing the zones of influence of each sagpstation with the highest values
recorded, a clear pattern is observed betweendheeatration of chlorophyll a and the
distance to the mouth of the river, as it is shawhRigure 52.

Dissolved Oxygen (mgl %)

1TL
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Figure 52 -Longitudinal profile of chlorophyll a in the mixirgpne of Belfast Lough.

The median values of chlorophyll a decrease acegrtti the increase in the distance to
the mouth of the river. However, there is a clesakpof chlorophyll a concentrations in
the analysis of the percentile 90 values for samgpétation #3TL. Although it is taken
into consideration that the values of concentrabbrthlorophyll a in the mixing zone
refer to a period of time before the deactivatibrthe major source of nitrogen into the
Lough and the quality of the water may have beegurawved in the last years due to that,
the location of this pollution source, far awayrfrthis area, associated to the fact that no
pattern of decrease in chlorophyll was recordedidal Laghan throughout the years,

80



determines that the data should be consideredisretraluation. Therefore, considering
the influence of sampling station #3TL on the resobtained, it was calculated a 32%
spatial coverage, which means that the mixing Zahe within the “Medium” category.
The results of the ASSETS index application forootphyll a in Belfast Lough, is
presented in Table 23.

Table 23 —Results of the ASSETS index application for chldrgpa in Belfast Lough.

Mixing High Medium Periodic High 1 0,32/ 0,002
Seawater Medium Low Periodig Low 0,25 129|68250
Total 130 | 0,252

6.2.5.1.2 Macroalgae

In Belfast Lough macroalgae surveys have been cateyblat three sites on the right
bank, in the years of 2002 and 2003 (EHS, 2003l)ly®acormick Point and Swineley
Point are representative of the Outer Belfast Loagt Helen’s Bay, which was only
sampled in 2003, represents the characteristibenef Belfast Lough.

Although macroalgae mats are scarce, which may uee td the lack of a suitable
substratum for their attachment (Service et al96)9the species data indicates good
species richness at all these sites, with speatdstranging from 51 to 89. This
difference may be attributed to the macrophytesctvimake from Ballymacormick Point
one of the most rich and diverse sites in NortHestand. There is a large turnover of
species due to natural variation with species esbnremaining relatively constant at
both Swineley Point and Ballymacormick Point over last 15 years (EHS, 2003).

The 2002 and 2003 investigation of these sites aldacated no dominant species,
particularly with regard to opportunist specielknteromorpha sp. and Ulva sp. At this
time the abundance of these nuisance algae wasdeces at acceptable levels with a
composition typical of a moderately exposed rodkyre (EHS, 2003). However, surveys
performed in 2007 showed evidence of Sargassuncumt(NIEA, 2008i), which is an
invasive specie, at both sites in Outer Lough. Alsdormer years the green algae Ulva
latissima has been detected and the potentiatS@pipearance during summer periods is
significant (Service et al., 1996).

As a result of these combinations of events, it wassidered that problems with
macroalgae, due to invasive species which candnfle light penetration, have been
occurring in the seawater zone of Belfast Lough tedr frequency is episodic. For the
mixing zone, there is evidence of disturbance ®lhlance of macrophyte assemblages
in 100% of the river length surveyed in 2002 wheu&rient concentrations are elevated,
with the presence of pollution tolerant speciesgaignificant. However, no problems in
the downstream of the river, encompassing the tidglan area, were observed. The
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results of the ASSETS index application for primagmptoms in Belfast Lough, are
presented in Table 24.

Table 24 -Results of the ASSETS index application for primsyynptoms in Belfast Lough.

Seawater 129,68 0,25 0,5 0,250 0,50
Mixing 0,32 1 0 0,002 0
Sum 130 - - 0,252 0,50

Primary symptoms level of expression value for thestuary: 0,38 Moderate

6.2.5.2 Secondary Symptoms

6.2.5.2.1 Dissolved Oxygen

Using the data obtained from the sampling campaitpespercentile 10 value was used
to investigate the high or low concentrations afsdived oxygen in Belfast Lough. The
frequency distribution for dissolved oxygen valuasthe two salinity zones can be
observed in Figure 53 and Figure 54, respectively.

Frequency

Cumulative Percel

2 4 6 8 10 12 14 16 18 20

Dissolved Oxygen (mg | )
Figure 53 -Frequency distribution for dissolved oxygen in thizing zone in Belfast Lough.
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Figure 54 —Frequency distribution for dissolved oxygen in sieawater zone in Belfast Lough.

The percentile 10 value obtained for the seawatee avas 7,3 mg- which does not
reveal any biological stress occurring within thatev body. In the mixing zone this
value attained was 4,2 mg.Wwhich is placed under the threshold value fordgatally
stressful conditions. However, the values obseimdtie mixing zone refer to the years
before the deactivation of the industrial dischargad the values from the sampling
stations in the remaining areas of the Lough redethe period of time after this event.
Adding to this, the values for the seawater zorexjvd solely from one campaign,
performed in 2004. In order to confirm the relighilof the results obtained, the
dissolved oxygen concentrations for the Inner Bgliamugh are shown in Figure 55.
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Figure 55 —Dissolved oxygen concentrations in inner Belfastglo, taken from the ECWMP Routine
Monitoring Station (EHS, 2003).

Throughout the years, it is clear that the amodirdigsolved oxygen in the inner Lough
has been increasing. As the concentrations of getrofrom industry, have reduced
progressively, the conditions were more favourdtitehe presence of oxygen and biotic
life in the Lough. Therefore it is considered thhere are no biologically stressful
conditions in the seawater zone of Belfast Lough.
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As mentioned previously for chlorophyll a, the @dubtained for the mixing zone will
be considered in this assessment, although thergassibility of some improvement of
the quality of the water in recent years. Thereftine spatial coverage and frequency of
occurrence were determined for the available ditaFigure 56, the frequency of
occurrence of low values of dissolved oxygen thhmug the year for the mixing zone in
Belfast Lough, is presented.
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Figure 56 —Annual median values of dissolved oxygen in theingizone of Belfast Lough, with error
bars representing standard deviation.

It is considered that the frequency of occurremcéhis homogeneous area is periodic,
due to the clear problems with the concentratidrdissolved oxygen during the summer
months. There is also a specific pattern betweenctimcentration of dissolved oxygen
observed and the distance to the mouth of the,rageit is shown in Figure 57.
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Figure 57 —Longitudinal profile of dissolved oxygen in the rimig zone of Belfast Lough.
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Values of Dissolved oxygen recorded in Tidal Lag&veal that the higher the distance
to the mouth of the river, the more the influené@aint source discharges is felt in this
zone. This is clearly observed by the differencevben the median and percentile 10
values which is somewhat higher according to tlissadce. Therefore, considering the
area of coverage of each station, determined betloeemixing zone of Belfast Lough is

classified as “High” in terms of spatial coveragdich corresponds to 58% of the total
area.

6.2.5.2.2 Nuissance and Toxic Blooms

Some monitoring campaigns for occurrence of exoegtior unusual algal blooms have
been performed in Belfast Lough. A more detailescdetion of the data gathered can be
seen in Appendix IV.

Two exceptional toxic blooms have occurred in InBetfast Lough during the years

sampled: Dinophysis spp and Alexandrium spp. Diysghspp are found regularly in

the Inner Lough, however, its toxins have only beetected in 2001 on 2 isolated
occasions, in March and August of 2001, and onetloesasions, the bloom period has
been less than 1 month (EHS, 2003). Excessive anodwells of Alexandrium sp. have

been detected in water samples from early Aprinid May in 2000, 2001 and 2002,

however, tissue samples were collected and no itpxicas detected, at that time.

Another event was recorded on one occasion in 19 2081, due to a small amount of
toxicity from Alexandrium tamarense cysts (EHS, 200

Besides these two events, some blooms of PhaessysC., a specie which causes algal
scums, are regularly observed in early summer {Seet al., 1996), with no significant
impact.

Although the two nuisance species which residehm lnner Lough, are constantly

present, no significant outbreaks of toxicity haeoeurred in the Lough since July 1996
when toxins were recorded in mussels in excessiees (EHS, 2003). Therefore, no

problems with significant impact upon biologicalsoeirces, for this parameter, are
considered in the seawater zone. As for the mixome, extensive and sustained blooms
of dinoflagellates were found (Charlesworth et 2003), without any problems being

recorded.

6.2.5.2.3 Submerged Aquatic Vegetation

No information was identified in the literature albdhe occurrence of problems with
submerged aquatic vegetation in any of the homageneones of Belfast Lough. The
results of the ASSETS index application for secomdgmptoms in Belfast Lough, are
presented in Table 25.
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Table 25 -Results of the ASSETS index application for secopdgmptoms in Belfast Lough.

Seawater 1129,68 0 0 0 0 0 0
Mixing 0,32 0,5 0 0 0,001 0 0
Sum 130 - - - 0,001 0 0

Secondary symptoms level of expression value fordrestuary: 0.001 Low

6.2.6 Determination of Future Outlook

The requirements for sustainable management ofwdier bodies demanded by the
WFD, make it essential for a closer surveillancd aocompaniment to be performed in
Belfast Lough and its catchment. Similarly to Sgfand Lough, this is addressed by the
North Eastern River Basin District Management Plan.

The current status and proposed objectives forompg the quality of the river water
bodies in Belfast Lough Management Area, is shawigure 58.
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Figure 58 -Current status and proposed objectives for riveéemnaodies in the Belfast Lough
Management Area 2008-2027 (MEP and GEP are Modaraté&sood Ecological Potential, respectively)
(taken from NIEA, 2008d).

All the river water bodies in the Belfast Loughateave been classified as less than good
status and, therefore, some actions need to be tgkaally in order to invert the
situation. It is proposed that some small riversusth achieve good ecological status by
2015, with all other water bodies, particularlyyeri Lagan, achieving good status by
2021 (NIEA, 2008d).

Regarding coastal water bodies in the Belfast LoMgimagement Area, two areas are
defined: Belfast Inner Lough (designated as HeaMbydified) and Outer Lough. The

current status and proposed objectives for impipvhe quality of these two coastal
water bodies in Belfast Lough Management Areah@ in Figure 59.
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Figure 59 -Current status and proposed objectives for InndrReifast Lough (MEP and GEP are
Moderate and Good Ecological Potential, respegtjugaken from NIEA, 2008d).

Both of them are currently classified as moderateolpgical potential for Inner and
status for Outer), but it is proposed these willhbachieve good status by 2021 (NIEA,
2008d).

The most important future pressures in terms ofientt inputs to the Lough are
agriculture, population and wastewater treatmentks/oAll of them are considerably
accounted for in the North Eastern River Basin Mgmaent Plan and in terms of
agriculture pressures it applies the same measigssribed in this same chapter for
Strangford Lough. Thus, a value of 50 % was comeiidor overall improvement in

terms of agricultural pressures to Belfast Lougthimfuture.

In terms of population pressures, the results & tensus mentioned before for
Strangford Lough, show that, similarly to the whalauntry, the population in most of
the District Council areas located in the Belfastugh catchment, experience a
population increase, although with a reductiornim percentage increase between the last
years. Therefore, for Carrickfergus, North Downshurn and Newtownabbey, the
population is expected to increase for the nextsyedthough with a slower pace.

The exceptions to this growth are the Belfast aadtl€reagh District Councils, whose
population in the last years have been decreasidglgerefore, is expected to continue
this slight decrease for the next years. In thee a#sBelfast, this is the district with

highest amount of population, by far, and its daseeis more significant. Due to this
scenario, a value of 25% increase was set, in tefrhgure pressures for Belfast Lough.
This is meant to take into consideration the gdnemease of population and, at the
same time, accounting for the expected decreasthanmost populated district of

Northern Ireland.

Regarding wastewater treatment works, in Belfasughy they are also, in general,

subject to the same effective measures proposethéyNorth Eastern River Basin
District Plan, like it was mentioned before for&tgford Lough. More specifically, the
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modifications to the major WWTW discharging in tiners and in the catchment area of
Belfast Lough, are described in Table 26.

Table 26 —Modifications to the major Wastewater Treatment Kgatischarging in the rivers and
catchment area of Belfast Lough.

WWTW New Population Modification in Treatment
Equivalent
Belfast 319 000 Upgraded to tertiary treatment in 2005
Kinnegar - Upgraded to tertiary treatment in 2001
Whitehouse - Upgraded to tertiary treatment in 2008
Briggs Rock - No tertiary treatment performed or scheduled
Dunmurry - Upgraded to tertiary treatment (phosphorous
removal), with works completed in 2009 and
currently being proposed for nitrate remova,
New Holland - Upgraded to tertiary treatment (phosphorous
removal), with works completed in 2009 anq
currently being proposed for nitrate remova

The majority of the works throughout the catchmare well equipped and prepared,
however, some problems still exist. The most prolaliec situations have been referred to
in Briggs Rock, because of lack of nitrogen rempwal Seahill, where only primary
treatment is performed and in Bangor and Whitelvdaelre raw wastewater is discharged
directly into the Lough and no immediate measum@gheen found to solve this issue
(Friends of the Earth, 2009). Also, due to its sthre WWTW in Dunmurry and New
Holland, should immediately be equipped with négregmoval, which is at the moment in
the planning phase. The fact that this Lough hasemaus WWTW in its catchment is a
problem which has to be always addressed in anygement decision.

In terms of industrial pressures, which could, Hietically, be applied to Belfast Lough
in case the industrial fertilizer plant would bepkén production, this does not apply
anymore since this factory was closed in 2002. @lz@e some small industrial activities
present in the catchment, whose inputs are accodioten the WWTW effluents.

When considering the general improvements planrted global scale in Northern
Ireland, concerning wastewater treatment faciliied septic tanks, the expected scenario
is a favourable one. Also, the effective improvetsem the major works and,
particularly, in the industrial sources, have dedited good future prospects for Belfast
Lough. However, the significant problematic sitoas found in some WWTW without
any solution for improvement in the near future,kmat that a value of only 50%
improvement in terms of wastewater treatment pressushould be defined in this
situation.
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6.2.6.1 Climate Change

The expected problems derived from climate chamgéhe future, will affect all the

Loughs in Northern Ireland in a similar way. Somk tbe major concerns were
previously addressed in the assessment for Strahgfmgh, however, the more detailed
effects of climate change on the marine environmentNorthern Ireland and the
necessary measures to reduce its effects, carubd fo Appendix V.

Some considerations can be made, concerning Bdltaggh, in comparison with the
other Loughs. Because, if the increase in temperatmight accelerate the problems due
to chlorophyll a growth, the increase in precipgatwill not affect so seriously the
inputs of nutrients, as in other Loughs, becauseth® less predominant rural
characteristics of the catchment.

6.2.7 Final Score

Table 27 summarizes the results obtained for th8 S methodology application in
Belfast Lough. The application of the final caldida matrix, provides an overall
classification of the estuary as “Moderate”.

Table 27 -Summary of the results obtained by the applicadbASSETS methodology to Belfast Lough.
EAR: Estuary Aggregation Rules; PSM: Primary Symmdethod; SSM: Secondary Symptoms Method.

PSM Chlorophyll a 0,252 0,38 Moderate
Overall _ Macroalgae 0,501
Eutrophic Dlsgoll;/ed ox;;gen 0,001 Moderate
Condition ubmerged 0 0,001 Low
SSM aguatic vegetation
(OEC) : Low
Nuisance and
. 0
toxic blooms
Overall . Dilution potential Moderate  Moderate
Human Susceptibility Flushing potential Moderate Susceptibility Moderate
In(f(lsjﬁ?)ce Nutrient inputs High nutrient input High
Future
Outlook for :
Future nutrient| ,
future Future nutrient pressures decrease Improve Low
conditions pressures
(DFO)
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6.2.8 Conclusions

Belfast Lough is a relatively open system with lawerage depths, low freshwater flow,
which reduces stratification, and moderate flushiagps. However, it is possible that
climate change events might alter this fact in theire, especially, because of the
shallow waters.

The nutrient inputs draining into the Lough are mhafrom urban areas, once this water
body is the one with a highest percentage of urbacupation in its catchment.
Agriculture has also a significant presence. Altjiguthe nutrient concentrations in its
waters do not surpass the thresholds defined iInUMANTD, there are still several
sources and amount of nutrients being transpomethé Lough, which have to be
addressed. The most affected area is the InnerH,ciefjowed closely by the Tidal
Lagan and Outer Lough to a lesser extent. Moshefproblems are due to macroalgae
and chlorophyll a. These should be the parametérsoncern for the adoption of
corrective measures.

For Belfast Lough more consistent sampling camsaage needed, since that, in the last
campaigns conducted in recent years, the tempatal wlas slightly distorced and there
was much inconsistency between the sampling campéiy Tidal Lagan. For the future,
an extension of the routine sampling campaignsylshioe addressed and the parameters
should be enlarged, in order to effectively addmssroalgae and submerged aquatic
vegetation, once no data was found concerning phisameter. A centralised data
management is useful for this particular Lough, duse of its environmental and
economical importance. Also, given the multiplesuséthe Lough, appropriate levels of
activity and zonation of such activities must banpled and regulated.

The planned management activities for the Loudierims of reducing nitrate inputs from

agricultural activities and a stricter control dibse activities, are fundamental for the
improvement in the classification. Also, the higluprality treatment performed in the

WWTW and the enlargement of the amount of poputasierved by sewerage networks,
are the right management decisions. If the ManagéeRkan outlined is put into place, a
significant improvement in the status of the cdasatater in Belfast Lough is expected.

However, according to the information gatheredrghare some WWTW which are

discharging raw sewerage directly into the Lougt athers which do not have proper
treatment, particularly, nitrogen removal. Thedaations get worse when are qualifying
plants, which discharge into sensitive zones. Tlaeethe highest priority measures to
perform in the estuary.

The closure of the industrial fertilizer plant, wasvery adequate measure and it is
expected that, in time, the system will improvengdigantly. Until this moment, the
nitrogen reductions are visible, but the directeeti§f are not yet completely clear,
particularly, at the Inner Lough. For the fututee plant should remain closed, as well as
other industrial activities, should be better dethiand controlled. Particularly, more
details are needed concerning the heavily modBieldast Harbour, in the Inner Lough.
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In terms of socio-economical activities, Belfastugh is currently, home to several
leisure and industrial practices which might beeetiéd with reduced water quality.
Leisure activities such as, fishing, boating andrisimm can be affected by the
impoverishment of natural characteristics of theudto and physical manoeuvrability.
The small industries of the harbour may also suffe consequences of stricter
regulations applied to the Lough. Aquaculture soahn activity which is growing in

Belfast Lough and has to be followed with closerdibn, since that, if performed in a
sustainable way, it can influence positively thera¥ status of water quality.

Regarding the methodology used, some improvementkl de performed, particularly
what refers to the fact that SAV might not existl dherefore, the weight considered for
macroalgae and this parameter, which are intee@|@hould be better evaluated.

The classification obtained with ASSETS was “Modietawhich is the same as for the
WEFD. Therefore, the proposed measures should bm pléce and the classification as a
sensitive area must be maintained and the designas a vulnerable zone should be
reinforced.
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7 Conclusion

Before the start of this assessment, some sigakedfwere felt, concerning the status of
the Northern Irish Loughs, in terms of eutrophicatiAfter the assessment, it is possible
to conclude that, at least in these two water dweman-related activities have been
highly influential, in the current status of the ughs, mainly, due to the inputs of

nitrogen from their catchments.

Although the two Loughs are, geographically, veilgse to each other, they are
physically very different and are affected by difiet sources of nutrient inputs.

Strangford Lough is a more natural system, infleeh@lmost completely by the

agriculture activities in the catchment and themefdhe management options should
focus on this aspect. Belfast Lough is a more pedlisystem, affected almost equally by
urban and agriculture occupations of its catchmehich should focus the managerial
attention on the reduction of nutrient inputs frimase areas.

Belfast Lough status appears to have improved filoenlast 20 years and Strangford
Lough, in opposition has worsened its conditionisTik particularly serious because of
the specific and intrinsic natural environmentahditions of this water body. In Belfast
Lough the most problematic indicators are chlordiplay and macroalgae and in
Strangford Lough it are macroalgae and submergaedt@gvegetation. It is expected that
the programme of measures defined under the siégheo WFD, should improve
significantly both Loughs.

Besides this, more consistent and wider samplimgpeggns should be conducted, under
a centralized management, which can have accagsaorces, such as, remote sensing
data and web access. The ECWMP is a good tool el be maintained and enlarged
to more parameters, such as, macroalgae and sulthaqgatic vegetation monitoring.
In Belfast Lough more information on SAV is needéd,order to establish a better
assessment. The most available data was from gigiloa and salinity. Dissolved
oxygen data was also found to a certain extenttlese sampling campaigns should be
continued and sustained.

Climate change may also be a significant influeoce the development of future
eutrophic symptoms, because of the following ma&asons: warmer waters hold less
oxygen; flushing times and exchange rates may aserewith rising sea levels and
increased rainfall. With changing hydrology, thexalso a possibility of the exacerbation
or novel occurrence of stratification.

In terms of socio-economic activities, both Loughsght be affected with the
continuation of the scenario achieved, particulamy terms of leisure activities and
aquaculture. Belfast Lough will, hypotheticallysal be affected significantly by the
reduction in navigation conditions and stricterulagions for its harbour activities and
Strangford Lough will, probably suffer from reduwstiin tourism.
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The ASSETS model proved to be very effective whemgmaring with other models
previously described, because of its adaptabibtygdveral scenarios and its consistent
approach to eutrophication. This is particularlyticeable in what concerns to the
attribution of different weighting across indicatavhich is not performed by the OSPAR
Common and Comprehensive Procedure and also bydeoing the water body as a
whole. By adopting this method, it was possibleat@alyse the weighed influence of
submerged aquatic vegetation and macroalgae inng@ta Lough, which was
determinant for the evaluation of the main paransdtefocus on.

Also, it is a very useful tool for comparing ecagyss using a standardized approach,
which is fundamental for shaping the managemenisies at both regional, national
and international level.

During the application of ASSETS, some difficultiegere found, which could be

considered limitative to the good performance efwork. These were: the determination
of biological stressful conditions for the mixingre of Strangford Lough, whose high
values were reported in literature to be equalljuatle as sign of problems with

dissolved oxygen in the system; the determinatibrfuture nutrient pressures; and
relation with missing parameters. The first case &g, possibly, solved by the

introduction of a vertical dispersion coefficietite second case would benefit from the
introduction of more options in terms of data to ihe'oduced for the three future

pressure indicators and the last situation camipeaved by adopting options for systems
where no SAV is found.

Finally, it should be mentioned that in order t@\pde managers and decision-makers
with simple and scientific options for their woik socio-economical tool could be added
to this methodology.

Because the classification achieved for both Loudjdsnot improve or achieved good
status, their classification defined in the Direes involved should be maintained.
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Appendix | — Matrix used in the Definition of the Hnal
Classification of ASSETS

Grade 5 4 3 2 1
Pressure (OHD Low Moderate low Moderate Moderate high High
State (OEC) Lowr Moderate low Moderats Moderate high High
Rezponse Improve Imnprove fow Mz change Worsen low Worsen high
(DFO} high
Metric Comiination matrix Clazs

= EE 5444 High

5 i =

B 43543

P FEARES5F5 5444443333373 |;:|

5 5444445544 45F5544.4

R 218543312 1543543 5473

P 556655444444 43333333222322273311 Moderate

[ 2333344333335 54433344444333233 I:l

R 215432154321 212154364221543554

P 444 4433333332222 1v01114 Poor

5 ¢ e B x50 o W Al et e a2 Ve i S e 0 B i e D

B 43 2245432121422 132154

= . B i 6 S Wt S . i S [ R A R e T IO Bad

5 T4 ¥ n0d =222 11 -

B 543215432132 154321

Figure 60 -Combination of pressure (OHI), state (OEC) andaasp (DFO) components to provide the
final classification grade of the ASSETS methodgl{@ricker et al., 2003)
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Appendix Il — Schematic Representation of the Caldation of

Overall Eutrophic Condition

Step 1: Determine expression value for each eutrophic symptom in each salinity zone.

Eutrophic symptom expression
values are determined for each
symptom in each salinity zone
(seawarer, mixing, and tidal fresh),
resulting in a total of 15 calculations.
The expression is based on a set of
IF, AND, THEN, decision rules that
incorporate the symptom level (eg,,
concentration), spatial coverage,

and frequency.

Spatial cover
High | High

Medium AND  Wodsieee

Low Low

Ulnknown Wery low

By cover
Unkriown

Concentration

Frequency
Periadic
Episndic
Unknawn

Any Frequency

AND

Step 2: Calculate estuary-wide symptom expressions (using chlorophyll a as an example).

The expression values are then used to

calculate estuary-wide symptom
expressions for each symptom. First,
each expression value is multiplied by
the area of the salinity zone and
divided by the entire area of the
system to establish the weighred
value. Then, the weighted expression
valugs in the tidal fresh, mixing, and
seawater zone for each symiptom are
totaled to calculate the estuary-wide
symptom expression value. This
pracess is repeated for all fve
eutraphic symptoms. Mote that “no
problerm” is the rating assigned if the
value is 0, but that “ne problem”

and low are combined for discussion

and tabularion throughoue the report.

Each symptom valuz is multiplied
Value by the estuary area ratio.

08

kf:.f,a.; Expression Value
High 1.0

025
: total area
0.5 of estuar

For each symptom, the weaghted expfessm values for the three sahmty Zones are added.

6 ) + R

area of
salinity zone

Lo

Flag*

T

expression value for
tidal fresh 2one

estuary-wide
expresslon value for
hlerophyll 2

Step 3: Assign categories for primary and secondary symptoms.

The average of the primary
symptoms is calculated to represent
the estuary-wide primary symptom
valug, The highest of the secondary
symptom values is chosen to
represent the estuary-wide
secondary symptom expression
valug and rating. The highest valug is
chosen because an average might
obscure the severity of a symptom if
the other two have very low values
(a precautionary approach).

Primary and secondary estuary-wide symptom expression
values are determined in o two step process:
Estuary-wide symptom rating is determined:

Symptom expression value Symptom rating

— Estuary-wide
T primary symptom value =0 to =03 Low
203 fo =06 Medium
Hi
— Estuary-wide 206 o 21 e
or . 2 secoridary symptom value

(H tghest value is selected)

Step 4: Determine overall eutrophic condition.

Amatrix is used to combine the
estuary-wide primary-and secondary
symptom values into an overall

eutrophic condition rating according  Meder

tothe categories at right. Thresholds
between rating categories were
agraed an by the scientific advisary
cornmittee and participants from the
1999 assessment (Bricker et al. 1999,

1.0
High
Prmary

08

Wiodesmts  Moderats

\
T ” derai ﬁ.il,
Piirary

o Low Secendany

0.3 Moderate Secondary 0.6 High Secondary 1.0

Figure 61 —Schematic example of the calculation of OEC in ABSEBricker et al., 2007).

100



Appendix Il — Calculation of the Nutrient Pressures to the Loughs

Strangford Lough

Nitrogen due to WWTW

Population = 101 740 (Foy & Girvan, 2004)
Nitrogen per capita = 2,03 kg N PEr™ (Foy & Girvan, 2004)

Load = 101 740 x 2,03 = 206 tones / year

Nitrogen due to the Catchment of Rivers

By using the Nitrate Export Coefficients from agitaral land use types provided by
Foy & Girvan (2004) and after the calculation of tigricultural area in the catchment, it
is possible to achieve a value for N inputs duagocultural activities in the catchment
of rivers.

- Quoile

A =233 800 000 fn

Total N = 385,2 + 10,8 = 396 tones / year

- Enler

A =62 700 000 h

Total N =108 + 2,8 =110,8 tones / year

- Blackwater

A =50 100 000 rh

Total N =94,4 + 2,4 = 96,8 tones / year

Nitrogen due to the Direct Drainage

- Quoile

Area = 33,7 KA
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Loads =58 + 1,6 = 59,6 tones / year

- Strangford Total
Area = 207,4 Krh

Loads = 355,9 + 9,4 = 365,3 tones / year

Nitrogen due to Septic Tanks

- If an analysis is performed in a very simple wagt regarding the amount of people in
Northern Ireland, whose wastewater is treated,:then

300 000 People in NI without Sewerage TreatmenEMR008))

1 742 000 People in NI total (Northern Ireland Stats and Research Agency: Census
Population for Northern Ireland 1996 and 2001)

144 000 People in Strangford Lough (according te @ensus — 2006 estimate for
Administrative areas of Down and Ards)

X =24 799 People in Strangford Lough without Wasteer Treatment

- Or just a simple calculation between people egmwith wastewater treatment and total
population in Strangford Lough catchment:

144 000 People in Strangford Lough (according t® @ensus — 2006 estimate for
Administrative areas of Down and Ards)

101 740 served with wastewater treatment in Staddgfough (Foy & Girvan, 2004)

X =42 260 People in Strangford Lough without Wasteer Treatment

The second option was chosen because it was coadidebe more representative of the
people in the catchment of Strangford Lough sevigal septic tanks.

Average Value of N Kg PEyr’ = 1,85 (Foy & Girvan, 2004)

Loads =42 260 x 1,85 = 78 tones / year
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Total Loads in Strangford Lough =1313 tones / year

Flow into Strangford Lough =510 x 18 m*/year (Service et al., 1996)
Concentration = 1 313 000 000 000 / 510 000 000 000 = 2,6 M)0026 kg/r
When using the Equation for Conservative Processed in Bricker et al. (2003), the
final result is achieved:

Estuary

Salinity in the Lough = 33

Salinity in the ocean = 34

Concentration = 0,0026 kgfm

mh (N concentration in estuary) = 0,0026 x (343}/334 = 0,000076

Ocean

Salinity in the Lough = 33

Salinity in the ocean = 34

Concentration = 0,000125 kgim

mb (N concentration in ocean) = 0,000125 x 33 /=3@,00012

Total

mc = 0,000076 + 0,00012 = 0,000196

mh / mc = 0,39 (Moderate Nutrient Input)
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Belfast

Nitrogen due to WWTW

Population Lagan = 138 488 (Foy & Girvan, 2004)
Nitrogen per capita = 1,81 kg N PEr™ (Foy & Girvan, 2004)

Loads = 138 488 x 1,81 = 251 tones / year

Population Inner Lough = 290 640 (Foy & Girvan, 2P0
Nitrogen per capita = 1,44 kg N PEr (Foy & Girvan, 2004)

Loads = 290 640 x 1,44 = 419 tones / year

Population Outer Lough = 106 555 (Foy & Girvan, 2P0
Nitrogen per capita = 1,95 kg N PEr! (Foy & Girvan, 2004)

Loads = 106 555 x 1,95 = 208 tones / year

Nitrogen due to the Catchment of River Lagan

By using the Nitrate Export Coefficients from agiiaral and urban land use types
provided by Foy & Girvan (2004) and after the ctton of the agricultural and urban
area in the catchment, it is possible to achiewalae for N inputs due to agricultural
activities in the catchment of river Lagan.

A =499 600 000 f

Total N = 1070 + 63,7 1134 tones/ year

Nitrogen due to the Direct Drainage

- Tidal Lagan

Area = (20,2 % + 77,3 %) x 591,9 = 577%m
Loads = 38+ 1 = 39 tones/year

- Inner Lough

Area = (30,3 % + 58,5 %) x 103,7 = 92%m

Loads = 76 + 116 +344 + 3 = 539 tones / year
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- Outer Lough
Area = (34,3 % + 63,3 %) x 108,9 = 106%m

Loads = 5+ 131 + 366 + 3 = 505 tones/ year

Nitrogen due to Septic Tanks

- If an analysis is performed in a very simple wagt regarding the amount of people in
Northern Ireland, whose wastewater is treated,:then

300 000 People in NI without Sewerage TreatmenEMR008))

1 742 000 People in NI total (Northern Ireland Stats and Research Agency: Census
Population for Northern Ireland 1996 and 2001)

646 000 People in Belfast Lough (according to thenstis — 2006 estimate for

Administrative areas of Belfast, Lisburn, North DovCarrickfergus, NewtownAbey and
Castlereagh)

X =111 251 People in Belfast Lough without Wastwvd reatment

- Or just a simple calculation between people egmwith wastewater treatment and total
population in Belfast Lough catchment:

646 000 People in Belfast Lough (according to thenstis — 2006 estimate for

Administrative areas of Belfast, Lisburn, North DgwCarrickfergus, NewtownAbey and

Castlereagh)

535 683 people served with wastewater treatmeBelfast Lough (Foy & Girvan, 2004)

X =110 317 People in Belfast Lough without Wastewd reatment

The second option was chosen because it was coadittebe more representative of the
people in the catchment of Belfast Lough servet aptic tanks.

Average Value of N Kg PEyr’ = 1,85 (Foy & Girvan, 2004)
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Loads =110 317 x 1,85 = 204 tones / year

Total Loads in Belfast Lough =3229 tones / year

Flow into Belfast Lough =1022 x 18 m*year (Service et al., 1996)

Concentration = 3 229 000 000 000 / 1 022 000 000 000 = 3,36 m0,00316 kg/m
When using the Equation for Conservative Processed in Bricker et al. (2003), the
final result is achieved:

Estuary

Salinity in the Lough = 28

Salinity in the ocean = 34

Concentration = 0,00316 kg?m

mh (N concentration in estuary) = 0,00316 x (3B}/ 34 = 0,00056

Ocean

Salinity in the Lough = 28

Salinity in the ocean = 34

Concentration = 0,000125 kgim

mb (N concentration in ocean) = 0,000125 x 33 /=3@,00012

Total

mc = 0,00056 + 0,00012 = 0,00068

mh / mc = 0,82 (High Nutrient Input)
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Appendix IV - Harmful and Toxic Blooms: Results of monitoring
campaigns

Table 28 —Results of the monitoring campaigns, regarding figremd toxic blooms, performed in the
northern part of Strangford Lough (EHS, 2005a).

Phytoplankton species & OSPAR Detected by | Concentration Guideline
Guideline Exceedence
Nuisance Species
Phafocysris spp DARDNI 620 cells/l No
=10" cells/] for extended periods (Reagh Bay
27/05/2003)
8860 cells/| No
(Paddy's Paint
27/05/2003)
Ncictf.‘uca scintillans DARDNI Absent or not No
107 cells/] recorded
Potentially Toxic Species
Chrysochromuﬁna polylepis DARDNI Absent or not
=107 cellsi recorded
Karenia mikimotoi DARDNI Absent or not recorded | No
(F’re;\.fiously Gyrodinium aurcleum)
=107 cells/l
Alexandrium spp DARDN Absent or not No
=10" cells/l recorded
Dinophysis spp DARDNI Absent or not No
=10" cells/ recorded
Prorocentrum spp DARDNI Absent or not No
=107 cellsi] recorded
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Table 29 -Results of the monitoring campaigns, regarding fiaramd toxic blooms, performed in the
southern part of Strangford Lough (EHS, 2005a).

Phytoplankton species & OSPAR | Detected by | Concentration Guideline
Guideline Exceedence

Nuisance Species

Phaeocystis spp DARDNI 10000 cells/| No
>10° cells/l for extended periods (The Dorn
13/05/2003)
4960 cells/| No
(Marlfield Bay
27/05/2003)
2480 cells/| No
(The Domn
27/05/2003)
560 cells/| No
(Skate Rack
27/05/2003)
3020 cellsi| No
(Skate Rock
02/06/2003)

DARDNI 20 cells/t No
Noctiluca scintiflans (Marifield Bay
10° cells/| 21/07/2003)

Potentially Toxic Species

DARDNI Absent or not
Chrysochromulina polylepis recorded
>10° cells/i

DARDNI 20 cellsft No
Karenia mikimotoi (Marlifield Bay
(Previously Gyrodinium aurcleum) 12 02"'2903)
>10° cells/] 20 cells/!
(Skate Rock No
21/07/2003)
20 cells/t
(Marifield Bay No
16/08/2004)
20 cells/i
(Skate Rock No
25/07/20058)
20 cells/i
(MarlfieldBay No
08/08/2005)

Alexandrium spp DARDNI (Marlfield Bay | No
=10 cells/i 21/06/2004)

Dinaphysis spp DARDNI D.acuminata
=10 cells/ 260 celisi Yes
(Marlfield Bay
21/06/2004)
D.acuminata

220 cellsil Yes
(Skate Rock
21/06/2004)
D.acumiata

520 cells/] Yes

({Marifield Bay
24/06/2004)
D.acuminata
720 celisi| Yes
(Skate Rock
24/06/2004)
D.acuminata
260 cells/| Yes
(Marlfield Bay
28/06/2004)
D acuminata
460 cells/| Yes
(Skate Rock
28/06/2004)

Prorocenirum spp DARDNI Absent or not
=107 cells/i recorded
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Table 30 —Analysis of the toxic effects and the thresholdueahccording to the UK and OSPAR
Procedure, regarding toxic species which are itelye present in Strangfrod Lough (Roberts e2804).

Species Toxin/Effects Threshold value
Alexandrium minutum Paralytic shellfish toxin Presence
Alexandrium tamarense Paralytic shellfish toxin Presence
Chrysochromulina polylepis Toxic to fish None
Dinophysis acuminata Diarrheic shellfish toxin > 100 cells L™
Dinophysis acuta Diarrheic shellfish toxin > 100 cells L™
Dinophysis norvegica Diarrheic shellfish toxin > 100 cells L™
Dinophysis rotundata Diarrheic shellfish toxin > 100 cells L™
Dictyocha speculum Harmful to fish None
Gymnodinium mikimotoi Toxic to fish None
Gymnodinitum catenatum Paralytic shelifish toxin Presence
Gymnodinium spp. Some species toxic to fish None
Heterosigma akashiwo Toxic to fish None
Lingulodinium polyedrum Yessotoxin (DSP like) > 100 cells L™
Moctiluca scintillans Toxic to fish None
Prorocentrum lima Diarrheic shellfish toxin > 100 cells L™
Prorocentrum minimum Venerupin shellfish paisoning None

Pseudo-nitzschia spp.

Amnesic shelifish poisoning

> 150,000 cells L™

Prymnesium parvum Toxic to fish None
Phaeocystis sp. Mot known None
Protoperidinium spp. DSP like Presence
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Inner Belfast Lough (EHS, 2003).

Phytoplankton species & Detected Concentration Guideline
OSPAR Guideline by Exceedence
Nuisance Species
Phaeocystis spp DARD
>10° cells/I for extencled periods 2000 | Low numbers No
2001 | Low numbers No
2002 | Low numbers No
Noctiluca scintillans DARD
10 cells/| 1998 | Present No
Potentially Toxic Species
Chr{sochromuﬁna polylepis
>10" cells/l None found
Gymnodinium mikimotoi EHS
>10° cells/I May 1994 4200 celis/| No
Sept 1996 1400 cells/! No
June 1998 1400 celis/| No
DARD
2000 Present No
2001 Present No
2002 Present No
Alexandrium spp DARD
>10° cells/| April 1998 4900 cells/| Yes
Sept 1999 20 cells/ No
May 2000 320 cells/ Yes
May 2001 180 cells/ Yes
May 2002 7800 cells/ Yes
Dinophysis spp EHS
>107 cells/| Sept 1994 1400 celis/| Yes
Sept 1996 1400 cells/| Yes
Oct 1997 1400 cells/| Yes
June 1999 4200 cells/| Yes
Aug 2001 32200 cells/I Yes
DARD
May 1998 680 cells/| Yes
2000 Present
Aug 2001 520 cells/l Yes
Aug 2002 400 cells/| Yes
Prorocentrum spp EHS
>10* cells/l Aug 1995 19600 cells/| Yes
Sept 1996 1400 cells/| No
Oct 1997 1400 cells/| No
Feb 1998 1400 cells/| No
Sept 1999 23800 cells/I Yes
Aug 2001 63000 cells/| Yes
2002 Present

Table 31 -Results of the monitoring campaigns, regarding falremd toxic blooms, performed in the
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Appendix V — Implications and Measures for Adaptation to Climate
Change

Table 32 -Summary of the implications of Climate change anwhater environment (NIEA,
2008a).

Pressure type | Potential implications of climate change

Diffuse & «  higher river flows will reduce the impact of polluticn in
point source rivers, but may increase loading of pollutants to the sea.
pollution This could increase the risk of the failure of microblological

standards in bathing waters and shellfish waters

= higher rainfall with more intense episodes may increase
loads of diffuse pollutants from both urban and rural areas

during periods of lower summer flow, some point source
discharges may no longer be adequately diluted

- lower summer flows can also cause reduction in sewer
base flows , leading to blockages and potential flooding
risks

- higher intensity rainfall in summer following dry periods
will increase combined sewer overflow discharges and
conseguent damage to aquatic life

lower sumrmer river flows, along with higher temperatures
reducing the dissolved oxygen in water bodies, will
provide less dilution for discharges, leading to increased
sewage treatment costs and energy usage

- enhanced algal and plant growth due to increased
temperature and increased nutrient run-off will exacerbate
the effects of eutrophication. Increased temperature may
also cause problems through dissclved oxygen depletion.
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Morphology

the possibility of more frequent and severe river
flooding will increase requirements for flood defence
schemes and sustainable flood management

more intense rainfall and higher flows will result in
higher rates of river erosion

higher rainfall will lead to an increased risk of slope
failure causing local hazards and the input of sediments
into water courses

increased erosion from land can lead to siltation of fish
spawning gravels and increased nutrient loading to
loughs and marine waters

rising sea levels will impact on low-lying coast and
transitional waters, and may be exacerbated by larger
and more frequent storm surges. This will cause
increased coastal flooding in vulnerable areas and more
coastal erosion.

Alien Species

higher temperatures, changing hydrological conditions
and water quality may provide more favourable
conditions for invasive non-native species and allow the
spread of rare or non-native diseases including those of
aqjuatic species

changes in seasonal cycles may have impact on the
interactions between species for example, reduced
pollination, changes in migration timing leading to
competition between species and earlier or delayed fish
spawning

there will be changes in the abundance and distribution
of native species and the length of growing season

higher temperatures will be less favourable for some
native species

habitats may be affected by changes in land use for
example the introduction of new crops to suit new
climates, or increased production of biofuels

increased riparian and coastal erosion may adversely
affect key native species.
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Action Required

Mechanism

Key responsible
arganisations/
sectors

Take account of
changes
in flow regimes

- Ensure that licences take account of
projected new low-flow regimes

- Ensure that flood management plans
are adequate for projected new higher-
flow regimes

- Assass impact of new rainfall patterns
on combined storm overflow inputs to
water bodies.

Northern Ireland
Environment Agency

Rivers Agency

Northern Ireland
Environment Agency
/Northern Ireland
Water

Assessimpact of new
climate on flooding

Review historical hydrology data for
climate driven trends

Rivers Agency

Ensure groundwater
abstractions are
sustainatyle

Review groundwater abstraction
licences to assess likely future water
requirement

and groundwater |evels.

Morthern Ireland
Environment Agency

Understand existing
and future trendsin
run-off

of pollutants

Assess existing data for long term
trends

Assess factors which influence whether
pollutant concentration are likely to
increase or decrease as aresult of
increased run-off,

MNorthern Ireland
Enviranment Agency

Table 33 -Summary of measures to address the implicatio®iofate (NIEA, 2008a).
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