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Background
Historically, Ireland’s lakes, rivers and groundwaters
were free from serious man-made pollution. This situa-
tion changed decisively in the second half of the 20th
century and since the 1970s, in particular, Ireland has
experienced a deterioration in water quality that has had
significant implications for bio-diversity and for drink-
ing water supplies.

The extent of the problem has been quantified by analy-
sis carried out as part of the Water Framework Directive
(WFD). The River Basin District Management Plans
(RBDMP) adopted in 2010, aim to protect satisfactory
waters, prevent deterioration and restore unsatisfactory
water bodies to at least good status by 2015. Our water
supply sources are identified as “Protected Areas” under
the plans and measures to protect and improve waters
are being prioritised as the RBD plans roll out.

In parallel with the development of the RBDMPs, the
National Source Protection Pilot Project (NSPPP) was
established by the former National Rural Water
Monitoring Committee (NRWMC) to evaluate the
potential for community-based and low-tech approach-
es to restoring drinking water quality at source, as
opposed to relying solely on ‘end-of-pipe’ treatment
solutions. Internationally, source protection is a well-
established concept in sustainable water management,
while in terms of drinking water delivery it forms the
first stage in water safety planning.

The project
The NSPPP was led by the Centre for Freshwater
Studies at Dundalk Institute of Technology (DkIT)
under a steering group that included representatives of
the former NRWMC and several other stakeholders [see
Section 8.0].

The site chosen for the pilot study was Milltown Lake
and its catchment, a moderately-polluted and cross-bor-
der water body that serves as the drinking water source
for Churchill & Oram Group Water Scheme (GWS) in
County Monaghan.

The plan involved delineation of the catchment, fol-
lowed by the identification of catchment characteristics
and potential sources of contamination, the monitoring
of the catchment’s lakes and streams, risk assessment
and the development and implementation of remedia-
tion measures.

Approximately 30 km2 in extent, Milltown Lake catch-
ment is characterised by rolling drumlins, interspersed
with wetlands. Soils in the area are heavy and these are
underlain by retentive clay. As a consequence, water
moves for the most part via surface flow and the yield
from aquifers is poor.

A detailed catchment survey revealed that the predomi-
nant economic activity is farming, especially the rearing
of beef cattle, with some dairy, poultry and mushroom
production also. Almost three quarters of farms bound
tributary streams and rivers within the catchment, or
Milltown Lake itself. Significant point sources from urban
and industrial activity were absent. As with many rural
areas, one-off rural dwellings with on-site wastewater
treatment systems (OSWTS) feature in the landscape. A
survey of OSWTS was carried as part of the study.

Summary findings
Eutrophication is a particular problem in Irish lakes,
adding considerably to the complexity and costs of
water treatment. In the case of Milltown Lake, sediment
core sampling confirmed that its eutrophic state (and the
consequent algal blooms) are as a result of excessive
nutrient loading through diffuse pollution and, to a less-
er extent, from point sources.

Phosphorus (P) and nitrogen (N) were identified as the
principal drivers of nutrient enrichment, demonstrating
that the bulk of P and N entering the catchment is from
grassland production and intensive cattle rearing (not least
the spreading of slurry). Soil analysis revealed that much
of the land is incapable of coping with the levels of slurry
and artificial fertilisers being applied.

Surveys revealed poor farmyard practices, direct access
of cattle to streams and rivers in the catchment and badly
sited and/or malfunctioning OSWTS. The nutri-
ent/pollutant contribution from these point sources,
when coupled with farmyard run-off, is at just the level
required to keep the lake in its eutrophic state during
low-flow conditions. Internal loading from the sediment
bed is also contributing to the nutrient enrichment,
meaning that even if external nutrient loading ceases,
embedded P will continue to pose a challenge for many
years to come.

Extensive water monitoring identified a significant
number of impacted feeder streams and indicated that
the problems associated with excessive nutrient loading
to the lake arose from the cumulative impact of inten-
sive grassland production over a large number of small
to medium sized farms.

Storm events were highlighted as having a dispropor-
tionate influence on diffuse nutrient contamination. In
any given year, approximately 70% of all nutrients were
delivered from the catchment to the lake during 20% of
the year, suggesting that heavy rain and flood conditions
are likely to challenge if not overwhelm source protec-
tion measures where the nature of farming enterprises
relies on the periodic application of nutrients for
growth. In many cases, these high loadings were sum-
mer events associated with recent fertiliser application.
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This highlights the fact that the large amounts of P associated
with grassland agricultural practices poses a management
challenge and is an important environmental issue.

Key recommendations
In similar catchments, a sustainable source protection strategy
will require a significant reduction in the overall level of
nutrient inputs (informed by soil sampling), installation of
buffer strips that will trap and slow down potential nutrient
run-off and an end to the application of slurry and and/or arti-
ficial fertilisers on flood plains/sensitive areas.

Adapting agricultural production to soil capacity and topo-
graphic conditions will require a decisive shift in Irish farm-
ing practice. It is recommended that this be encouraged and
supported by a tailored environmental programme focussed
on water quality. In the short to medium term, positive consid-
eration should be given to the provision of centralised slurry
storage facilities as well as biodigesters – to turn agricultural
waste into an economic resource and help alleviate problems
with limited land-spreading opportunities.

The exclusion of grazing animals from water bodies offers the
prospect of ending the direct entry of faecal material and
associated damage to wider biodiversity. Fencing of the most
impacted tributary in the Milltown Lake catchment and the
provision of alternative drinkers for farm animals demonstrat-
ed that this will lead to an improvement in the aquatic
environment and a rapid recovery of ecosystems. In terms of
deciding setback distances for the installation of such fencing
and the application of slurry and artificial fertilisers, slope
should be considered.

A focus on farmyard practice should be led by the relevant
statutory authority. It should include farm visits and free
advice, with reasonable time being allowed for the implemen-
tation of this advice. Where advice is ignored and a farmyard
continues to pose a pollution threat, decisive action should be
considered, including the withdrawal of financial payments.

Problems associated with existing OSWTS will be addressed
in forthcoming legislation. However, a community-based
approach to dealing with this issue may be required, not least
in terms of quantifying the scale of potential risk in particular
catchments, disseminating information to householders, pro-
viding a bundle approach to desludging and, where necessary,
to the remediation/replacement of defective systems.

At the outset of the NSPPP, baseline information in relation to
farmyard practices and OSWTS was gathered through meet-
ings with individual farmers and householders, facilitated by
the local GWS committee. This personal contact, in addition
to extensive local media coverage and leaflet distribution,
meant that the community was actively involved in the
project. As a result, potentially polluting activities – including
illegal dumping – were speedily identified and dealt with.

In terms of addressing personal responsibility for water qual-
ity deterioration, confidentiality agreements provided to farm-

ers and householders may have elicited the required informa-
tion, but these could not be recommended as they preclude the
possibility of employing enforcement measures where these
may be required.

Where incentives are being considered to encourage the
implementation of source protection measures, the study
found that these should be carefully considered in terms of
their cost-benefit effectiveness and should not be open to
negotiation.

Attempts to organise public information meetings at a later
stage in the project proved unsuccessful and the project high-
lighted the challenge – and associated resource implications –
in sustaining community interest and involvement in the long
term.

An exception to this was work with local schools, which pro-
vided the basis for the development of educational resources
that focus on water. Where these have been introduced in
schools, they proved very successful. It is strongly recom-
mended that these resources be mainstreamed as part of wider
environmental education. In addition, appropriate and targeted
education packages should be made available to all stakehold-
ers. These might be distributed through the GWS to ensure that
the target audience is reached. This approach may help to
ensure continued stakeholder involvement and awareness.

The future
A strategy document is required for the GWS sector that will
allow group schemes to implement source protection at the
catchment level as a management priority. To be successful,
this must ensure local involvement through inclusion and
consultation from the outset. This should be achieved through
a combination of targeted education packages and participa-
tion from the outset.

Science Day at Castleblayney Central School: working with schools in
the study area provided the basis for the development of educational
resources that focus on water.
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approach must start with a sound scientific evaluation of a
system, that determines its status (including the trophic
status of surface waters), the extent of the damage that has
occurred and its root causes. Management recommendations
and strategies can then be made based on these scientific
evaluations, with the aim of addressing contamination
that has been caused by past neglect and human activity,
remediating damage done, where possible, and avoiding
further damage.

To be truly effective and fully capable of replication, any
strategies developed must be based on such scientific
monitoring and evaluation as well as on a clear recognition
that source protection will require a fundamental shift in
attitudes and behaviour towards our water resources.

This report presents the detailed findings for one surface
water lake and its catchment. Having said that, the experi-
ence of this lake is typical of other water bodies that are
subjected to human activities, including many spring
sources. Therefore, the development of a source protection
strategy for the group water sector (and for public supplies)
should have regard to the research findings and recommen-
dations contained within this report.

Devising such a strategy for the GWS sector may be car-
ried out under the auspices of the National Rural Water
Services Committee and the DECLG, in association with
the National Federation of Group Water Schemes and
other key stakeholders, including individual local author-
ities, River Basin District co-ordinators and other relevant
agencies. This process should be completed within one
year of the production of this final report of the NSPPP
bearing in mind the complex technical and legal issues
that need to be addressed.

The information contained within this report is based on
three main criteria:
• an evaluation of the state of Milltown Lake and its

catchment;
• an identification of historical, current and emerging

pressures and,
• a sound scientific basis to assist the relevant policy

makers in the formulation of a source protection strategy
that can be replicated throughout the GWS sector and is
capable of mitigating the impact of such pressures.

Key components of the source protection strategy should
include:
• an understanding of the importance of having a catchment-

based management approach to source water protection;
• access to all educational material developed through the

NSPPP to help improve knowledge related to water
resource management;

• promotion of community-based approaches to source
protection and,

• identification of potential opportunities for assistance
and partnerships to help communities in implementing
realistic source protection plans.

Although there may be significant costs associated with
the initial implementation of a source protection plan,
depending on the issues identified within a catchment,
there are also significant ecological and economic bene-
fits to be gained. These benefits can include improved
raw water quality resulting directly in reduced treatment
costs, better waste management and improved soil nutri-
ent status, in addition to the tourism and recreational
opportunities associated with a ‘cleaner’ environment.

Implementation of a source protection strategy in a GWS
community should be based primarily on actions that are
critical to achieving the targets and objectives set out in
their individual plans. Wherever possible, cost-effective,
low-tech solutions should be employed, one of which
should be the mobilisation of local community support.

It must be recognised by all stakeholders that not every-
thing can be done at once and that implementation (as
well as tangible results) will take time. In the case of
heavily impacted systems, we may be talking several
decades before the system recovers ... if we start now.
This is why it is vital that the process begins without delay.

It is anticipated that through the production and promo-
tion of their individual source protection plans, GWS
communities will ultimately recognise that their water
sources have limits when dealing with pressures imposed
by human activities. In addition, it will enable them to
employ a targeted management approach underpinned by
inclusive social mobilisation and robust pre-planning.

Wherever possible, cost-effective, low-tech solutions should be
employed, one of which must be the mobilisation of local community
support.
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Our water bodies have been recognised as a resource
since human settlement began in Ireland. The archaeo-
logical evidence suggests that human habitations were
deliberately sited close to rivers or lakes. These served
variously as transportation routes when dense forests
covered the landscape, as drinking water sources and as
barriers offering protection from attack.

Although the Vikings founded towns along parts of the
coastal fringe, Ireland’s interior experienced little or no
urbanisation until the late 16th and early 17th centuries.
This, as well as the predominantly pastoral nature of Irish
economic activity and a low population distribution,
meant that there were less concentrated pressures on
water bodies than might have been expected in heavily
urbanised and more populated parts of Europe.

Irish rivers had long been exploited as a power source in
driving millwheels, particularly since the arrival of the
Normans and the development of a tillage zone in
Leinster as well as parts of east Ulster and Munster. The
importance of water to industrial processes evolved
rapidly from the late 17th century, following the
introduction of linen production in Ulster. Apart from
driving mills, the banks of water bodies also served as
bleaching greens.

Brewing and distilling were part of economic activity in
many evolving Irish towns, while the emergence of the
creamery movement in the late 19th century heralded the
arrival of industrial processes in specifically rural local-
ities. Rivers provided a ready method of disposing of
effluent from such processes and also carried away the
human effluent of our towns and cities.

As the 20th century developed, the increasingly industri-
alised nature of agriculture and the decisive move towards
indoor plumbing in rural homes added to the range and to
the concentration of pressures on water bodies, so that by
the last decades of the millenium, water pollution had
become an issue, not only along the industrialised coastal
fringe, but in virtually every river catchment in Ireland.
Apart from the wider ecological costs of deteriorating
water bodies, there were health implications for humans
consuming water from these sources.

Rationale for source protection
Access to clean drinking water is a basic requirement for
human life. The protection of drinking water quality is,
therefore, of central concern to local, national and interna-
tional authorities. A wholesome drinking water supply
depends on appropriate treatment, but the scale, cost and
effectiveness of treatment systems is determined in the
first instance by the quality and stability of the raw water
source from which the supply is abstracted.

There is a growing realisation that protection of the raw
water source is a cost-effective and sustainable approach
to ensure high-quality potable water supplies and to
reduce the level of mechanical and chemical treatment.
High quality source water needs less intensive treatment

and is associated with lower health risks (Davies &
Mazumder, 2003). Protection of source water will lead to
a reduction in the levels of nutrients, pathogens and
pesticides entering water bodies. Source protection can,
therefore, be defined as the protection of raw water
quality through measures that limit or eliminate the risk of
water contamination.

The chemical and ecological status of water within a
water body is affected by the catchment within which it
lies. A catchment is the entire area from which a water
body receives its water. The physical characteristics and
land uses of a catchment as well as other factors, such as
climate and seasonality, influence the composition and
quality of water. Healthy catchments deliver a number of
vital ecosystem services such as water supplies, water
filtration, flood control, erosion control, fisheries, habitats
and recreation (Postel & Thompson, 2005).

To date, most resources have been directed towards
developing technological solutions for the artificial
treatment of water in treatment plants. However, water
may not always be treated to adequate standards and the
potential for coping with emergencies in the supply (e.g.
disease outbreak), is often limited and constrained. The
possibility of system malfunctions and failures is also a
reality for treatment plants.

A multi-barrier approach is now promoted by the World
Health Organisation (WHO) as the best way to ensure
that water supplies are protected from contamination, as
far as possible. The multi-barrier approach has been
defined as “an integrated system of procedures, process-
es and tools that collectively prevent or reduce the
contamination of drinking water from source-to-tap in
order to reduce risks to public health” (Canadian
Council of Ministers of the Environment, 2004). It
includes a) source protection, b) treatment of drinking
water, c) upgrade and maintenance of distribution
systems, d) monitoring and reporting on water quality,
and e) dealing with water quality problems.

Legislative framework
Water policy in Ireland is primarily driven by the
European Union (EU), supported by National legislation.
Of all environmental issues, water management has been
the primary focus of the EU from an early date, with leg-
islation covering many areas including the quality of
waters used for drinking water abstraction (75/440/EEC),
freshwater fish (78/659/EEC) and bathing (76/160/EEC)
(McNally, 2009). These directives have been followed in
more recent times by legislation covering nitrates
pollution (91/676/EC) and releases from waste water
treatment plants (91/271/EEC).

In spite of this substantial body of law, developed over
three decades, European water policy was relatively
disjointed until recent years and had little impact in
improving water quality (McNally, 2009). However,
with the adoption of the Water Framework Directive
(WFD) in 2000 (2000/60/EC), a more integrated and
holistic water management regime was introduced.
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At the heart of the WFD is the idea that water resources should
be managed according to hydrological, rather than traditional
administrative boundaries. Thus, the WFD model uses the
River Basin District (RBD) as its key management unit.
Ireland is consequently divided into 8 RBDs, including three
cross-border (international) RBDs (Kelly, 2009).

The inception of this directive has led to an increased interest
in water quality issues which has, in turn, increased research
activity in the area. Much of this research has focused on defin-
ing reference conditions, identifying pressures on aquatic sys-
tems and quantifying risk to water bodies (Dalton et al., 2009).

Agencies involved
Whereas the primary responsibility for river catchments in the
Republic of Ireland rests with the Department of the
Environment, Community & Local Government (DECLG), sev-
eral statutory agencies are involved in formulating and imple-
menting strategies in this area, not least the Environmental
Protection Agency (EPA), Inland Fisheries Ireland (IFI), the
National Parks & Wildlife Service (NPWS), the National
Heritage Council (NHC) and the Local Authorities.

Voluntary agencies also play an important role as partners in
improving raw water quality. These include the Sustainable
Water Network (SWAN) – an umbrella group of environmen-
tal organisations – and An Taisce, as well as local interest
groups, such as angling organisations.

Given that there are three International River Basin Districts
(IRBD) in Ireland, a close working relationship is required

under the WFD with those driving the plans in Northern
Ireland. Water quality issues there are primarily the responsi-
bility of the Northern Ireland Environmental Agency (NIEA).
Catchment Officers appointed by the NIEA co-ordinate a
multi-agency approach to water quality issues.

Water quality
The requirements of the WFD are reflected in current Irish
water quality management and associated sampling pro-
grammes. The monitoring of water quality in Ireland is the
responsibility of the EPA. A widespread monitoring pro-
gramme carried out by the agency includes both chemical and
biological assessments.

The WFD mandates that all water bodies must achieve a
‘good’ water quality status by 2015. However, data on Irish
water quality published by the EPA showed a deteriorating
trend (Lucey, 2009), with a 50% decrease in the number of
sites achieving ‘high ecological status’ between 1987 and
2008. With respect to current water status, the same report
showed 70% and 19% of stream channel to be ‘unpolluted’ or
only ‘slightly polluted’ respectively, 10.6% to be ‘moderately
polluted’ and 0.5% to be ‘seriously polluted’.

In relation to phosphorus (P), 180 surveillance sites are moni-
tored annually as part of the EPA river monitoring programme.
In 2008, 28% of these sites were found to be of less than
‘good’ quality. An evaluation of water quality throughout the
island of Ireland showed the Eastern RBD to contain the low-
est amount of ‘unpolluted’ waters, with the highest amount in
the South Western RBD (Lucey, 2009).

Data on lakes for the same period (2006-2008) showed a
decrease in those of ‘satisfactory quality’ relative to the previ-
ous monitoring period (2004-2006). 81.7% of lakes were list-
ed as ‘satisfactory’ in the 2006-2008 analysis, as compared to
85.3% in the period 2004 to 2006 (Lucey, 2009).

Monitoring and sampling
With regard to P status, 81% of the lakes monitored in 2008
were of ‘good’ or better status (Lucey, 2009). However, it is
worth noting that three of the five lakes recording the highest
P levels were in County Monaghan – Lough Egish, White
Lake and Lough Muckno (in descending order).

Water contamination and nutrient loading, specifically, can be
divided into two broad categories based on the pollution
source. Point sources are easily identifiable, while diffuse load-
ings cannot be associated with one particular location
(Edwards & Withers, 2008). In an Irish context, wastewater
treatment plants (WWTP) are the most common point sources,
while diffuse sources are usually associated with agricultural
activities. It was also observed in water quality reports for
Ireland that the higher quality sites are located away from
dense development and intensive agriculture – two key drivers
of water pollution (Lucey et al., 2009).
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In general, agricultural diffuse sources make an increasingly
significant contribution to water pollution, through nutrient
loading and associated eutrophication. Nutrient enrichment is
identified as the main threat to water quality in EU member
states (Kelly, 2009). The increasing importance of diffuse pol-
lution sources in Ireland has been highlighted in a number of
studies (e.g. Jordan et al., 2002; Foy et al., 2003). An exami-
nation of pressures on Lough Neagh demonstrated that diffuse
nutrient losses from agriculture had counterbalanced improve-
ments in nutrient removal made at WWTPs (Foy et al., 2003).
A similar trend was reported for Lough Leane in County Kerry
(Jennings et al., 2008).

The rise in pollution from diffuse sources presents a real chal-
lenge in the protection of water bodies, particularly as they are
more difficult to monitor and manage than point sources.

Managing water quality in the GWS sector
In the context of deteriorating water quality and the rise in pol-
lution from diffuse sources, the issues surrounding the safe sup-
ply of drinking water have become increasingly important and
complex. In Ireland, households generally source their drinking
water through one of four routes – public water supplies, private
wells in areas beyond any piped supply, group water schemes
sourced from public supplies and privately-sourced group water
schemes (Page et al., 2009).

The group water scheme (GWS) movement began in the late
1950s to address a deficit in piped water provision to rural
households. With the support of central government and the
relevant local authority, two or more households combined
their well grants to provide a potable water supply from a
common source. The GWS sector flourished in the 1960s and
1970s. In the 2006 census, approximately 45,000 households
reported that they received their water from a privately-
sourced GWS. However, recent data from the National
Federation of Group Water Schemes (NFGWS) suggests that
the actual figure is significantly higher, standing at about
70,000 households (2010 Annual Report).

While most schemes (almost 70%) use borewell or spring
sources, the majority of larger schemes (supplying approxi-
mately 40,000 households) abstract from surface waters. The
deterioration of raw water quality in many of these sources
(and in springs that are influenced by surface waters) has added
to the complexity and to the cost of treatment. This, in turn, has
prompted the GWS sector to focus on source protection as an
essential element of quality assurance, rather than relying
exclusively on treatment solutions. In this regard, the GWS
sector is actively introducing the concept of water safety plan-
ning from source to tap, as recommended by the EPA.

Because of the community-base of the GWS sector, the then
National Rural Water Monitoring Committee (NRWMC)
identified a potential for developing a source protection model
that would be low-tech and low-cost, relying in the first
instance on the mobilisation of community support by the
local group water scheme. It was with the objective of devel-
oping such a model that the NSPPP was established in
September 2005. Overseen by the NRWMC and a steering
group representing various stakeholders, the research project
was based in the Centre for Freshwater Studies in Dundalk
Institute of Technology.

The focus of activity over a four-year period was Milltown
Lake and catchment, source for Churchill & Oram GWS near
Castleblayney in County Monaghan. The overall aims of the
NSPPP were to:
• monitor the lake catchment for point and diffuse sources of

contamination;
• identify the various locations, land uses and activities

which are sources of contamination and to evaluate pilot
remediation measures;

• actively engage community interest, support, commitment
and participation through inclusion at all stages of the
process and,

• make recommendations to assist in devising strategies
capable of replication across group water schemes nation-
ally.



The approach taken by the Centre for Freshwater Studies
throughout this project was in keeping with existing EU and
National policy. This envisages a more integrated approach in
promoting water quality management and in recognising the
catchment as the most appropriate basis for developing and
implementing water management strategies.

Source protection – best practice
Source protection is a well-established concept in sustainable
water management and legislation has been introduced in
many countries to regulate the protection of water sources.

Limited source protection assessment has been carried out for
source water catchments in Ireland. However, the introduction
of the WFD initiated the beginning of a new era in the protec-
tion of Irish water bodies.

The main components of a source water protection plan include
a) delineation of the source catchment, b) physical characterisa-
tion of the catchment, c) identification of potential sources of
contamination and assessment of the risk of contamination, and
d) development and implementation of a management plan. An
additional and fundamental aspect in the development of a pro-
tection plan is the participation and engagement of a wide range
of stakeholders in the process (Figure 3.1).

Figure 3.1 Aspects of a source protection plan

A basic component in the development of effective source pro-
tection plans is liaison with all the stakeholder groups that live
within a particular catchment or who rely on that catchment for
their potable supply. These groups include consumers of water,
farmers, forestry owners, local authorities, state agencies and
treatment plant operators. Communication with and between
all of these groups is necessary to determine their needs, con-
cerns and duties regarding water protection and conservation.

I) CATCHMENT DELINEATION
The extent of the source water catchment must be defined at
the outset. Water sources will be affected by surface and sub-
surface flow draining from higher ground; thus the elevation
of land will influence the size of a surface water catchment.

Delineation of groundwater catchments is more difficult.
This is due to the interconnected nature of groundwater

bodies and the large spatial spread of such sources. The
Geological Survey of Ireland (GSI) has mapped the extent
of groundwater bodies in the Republic of Ireland, but more
detailed analysis will be required to definitively determine
the extent and direction of flow of an individual groundwater
source.

Each groundwater body may comprise a range of aquifers
with varying vulnerability to pollution, production charac-
teristics and storage and recharge abilities. In theory, any
activity (e.g. slurry application) that contaminates one part
of a groundwater body could potentially affect water quali-
ty in another part. In practice, however, the properties of the
underlying aquifer may limit the transmission of such con-
tamination.

II) PHYSICAL CHARACTERISATION
A source catchment is defined by its physical characteristics (i.e.
bedrock geology, hydrogeology, subsoils, soils, habitats, land
use and slope). Each characteristic, by itself and in interaction
with other factors, influences the vulnerability of a catchment to
potential risks from pollution and microbial contamination.

Bedrock geology describes the rock formations underlying the
Earth’s surface. Over time, the weathering of bedrock con-
tributes to the formation and composition of overlying subsoils
and soils. The degree of fissuring and chemical composition of
bedrock geology also influences the vulnerability of overlying
aquifers to pollution by water-borne substances. For example,
limestone tends to be highly fissured and at risk of dissolution
by water, which increases its susceptibility to pollution.

Hydrogeology describes the movement and distribution of
groundwater in soil and rocks. Groundwater is typically held in
wells, springs and aquifers, and is at risk of contamination
from excessive nutrients and pathogens that may infiltrate via
fissures and pores in overlying soils and rocks. Contamination
of groundwater may take much longer (months or years) to
resolve than that of surface water, because it tends to move
more slowly (other than in karstfied areas).

The physical structure and chemical composition of subsoils
and soils, and the depth of these to the rock interface can deter-
mine the rate at which contaminants (e.g. pathogens) move
from the soil surface to groundwater. Soil type is also a deter-
minant of the capacity of soil to retain or attenuate (weaken)
pathogens, thereby reducing their impact on underlying water
bodies. The risk of pathogen contamination is generally high-
est in the top 3 metres of soil. The permeability and depth of
subsoils determines the vulnerability of groundwater to pollu-
tants transported from the soil surface.

Soil type describes the topsoil of an area. The permeability
and depth of the soil influences its infiltration capacity and
thus the volume and rate at which potential pollutants might
move through the soil to subsoil and from there possibly to
groundwater.
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Habitat types in an area may affect the rate and movement pat-
terns of nutrients and pathogens into a water body. For
instance, the presence of vegetation along the length of stream
or adjacent to/up slope of a mountain spring or borehole can
act as a buffer strip by intercepting or delaying the entry of
nutrients and pathogens into a water body.

The location and scale of activities in a catchment, including
land use, determines the magnitude of their impact on water
quality.

Slope is an important determinant of the rate at which water
and pollutants move into the water body via overland and sub-
surface flows. Slope also influences the quantity of nutrients
and pathogens entering the water body and, hence, its water
quality. Steep slopes are very vulnerable to surface run-off.

III) RISK ASSESSMENT: IDENTIFICATION AND QUANTIFICATION
Risk assessment comprises of identification of potential risks
and quantification of those risks. The EPA has recommended
that all water supplies in Ireland be assessed for the risk of con-
tamination from catchment to consumer (Page et al., 2009).

The main risks to water quality in rural Ireland are nutrient
loading, pathogen contamination and pesticide input (usually
originating from agricultural and forestry sources) and waste
from domestic households. Impacts from industrial operations
are more problematic in urban areas, but may present a risk if
they are located in a rural source water catchment.
Uncontrolled dumping also presents a problem.

Nitrogen (N) and phosphorus (P) are the nutrients of most
concern due to their dominance in animal waste and chemical
fertilisers. Both are limiting in freshwater systems, so
increased concentrations can lead to over-enrichment
(eutrophication), resulting in algal blooms that deplete oxygen
levels and reduce water quality over time.

Application of slurry, manure and fertiliser results in the addi-
tion of nutrients and faecal matter to land. Under wet weather
conditions and on steep slopes, these may enter water bodies
via surface or subsurface flow.

Faecal matter of human and other animal origin contains
entercoccocal microbes and parasites (e.g. Escherichia coli,
Salmonella spp., Giardia spp., Campylobacter spp. and
Cryptosporidium spp.). Where these organisms enter drinking
water sources they are of human health concern because they
may lead to illness if consumed. The presence of grazing live-
stock adjacent to or in a water body can result in faecal mate-
rial entering water.

Coniferous forestry plantations present threats to water quali-
ty both during their growing stages and at felling. Water qual-
ity can be affected by forestry activities such as ground prepa-
ration, fertilisation, thinning, felling and construction of
forestry roads. The application of fertilisers to young standing
stock to enhance growth may lead to excessive P availability,
thereby increasing P volumes in run-off from planted land.
During the felling process, sediment loss, siltation and nutri-
ent release can occur. In addition, exposure of unvegetated
soil can lead to run-off of P in soil suspension. Construction of
forestry roads causes disturbance, erosion and compaction of
the soil surface, resulting in sedimentation and nutrient runoff.

Domestic households are potential sources of P and faecal
matter. On-site wastewater treatment systems (OSWTS) (e.g.
septic tank systems), if not properly designed and maintained,
can contaminate water bodies.

Pesticides may enter water bodies if applied to land before a
precipitation event. These are synthetic chemicals whose envi-
ronmental effects are often unknown but which may persist in
aquatic ecosystems over a long duration and have detrimental
consequences for aquatic life and human health.
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An upland tributary stream of Milltown Lake catchment showing
extensive bankside degradation and soil poaching as a result of direct
cattle access.

Former Monaghan County Council Senior Engineer, Billy Moore, with local
GWS committee members examines illegal dumping at Drumgallon bog,
part of Milltown Lake catchment
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Depending on the water quality problems associated with a
source water catchment, quantification of risks can be rela-
tively simple or may require a more detailed approach.

A visual assessment of a catchment and consideration of its
physical characteristics, complemented by local knowledge of
land use activities, may indicate the vulnerability of water
bodies to contamination. For instance, a lake catchment with
little agricultural activity, no forestry, low household density
and no inflowing streams should have a lower risk of contam-
ination than a large lake catchment with intensive agriculture
and several inflowing streams. Therefore, a preliminary
source protection assessment is a valuable precursor to the
development of a detailed source protection plan.

Where nutrient loading is problematic, more detailed risk
quantification will be required. Sophisticated tools such as P
modelling can be used to assess the potential for nutrient load-
ing from land to water. Modelling enables the identification
and quantification of areas at greatest risk of nutrient loss to
water bodies and can assist in the development of plans to
manage the input and export of nutrients in a catchment.

Quantification of the risk of pathogen contamination is
increasingly important to allay fears of potential threats to
human health. In the aftermath of the Galway
Cryptosporidium outbreak in 2007, the EPA produced a risk
assessment document to assist local authorities in the assess-
ment of the vulnerability of water sources to Cryptosporidium
contamination. Risk assessments for other pathogens (e.g. E.
coli), may also be required of local authorities in the future.

IV. DEVELOPMENT AND IMPLEMENTATION OF A MANAGEMENT PLAN
A wide diversity of measures to protect water sources exists
but the suitability of measures for individual catchments must
be assessed prior to their implementation. Such measures may
include:

a) Establishment of riparian/buffer zones
Riparian zones (often known as ‘buffer strips’) are generally
areas of permanent vegetation established along the interface
between a water body and land to improve biodiversity, reduce
particulate and contaminant entry to water, and stabilise river
banks (Kiely et al., 2000). Buffer strips intercept water flowing
towards a water body, allowing particulates to filter out of
water and settling to occur. The optimal width of buffer strips
is the subject of considerable debate but it is generally accept-
ed that the wider the strip, the greater the protection afforded.
Achieving a compromise on an appropriate buffer width
between the water quality objectives of group water schemes
and other water providers, and landowners with farming inter-
ests, will be a major challenge in source protection.

b) Reduction in stock density
In Ireland, where most livestock graze outdoors, there is a con-
tinuous risk of faecal material entering waterways following
rainfall events or because of direct access for cattle to water
bodies. Livestock grazing can also change catchment hydrolo-

gy and stream morphology, leading to soil compaction and
erosion (Agourdis et al., 2005). Reducing stock numbers in the
vicinity of water bodies should decrease the potential for faecal
contamination and improve the condition of riparian zones.

c) Erection of stock-proof fencing
Fencing restricts livestock access to water bodies and thus
reduces or prevents contamination of water with animal faecal
material. Indirectly, the regeneration of natural vegetation inside
the fence acts as a barrier for sediment and run-off from grazed
fields, prevents bank erosion and promotes bank stabilisation.

d) Provision of alternate water sources
The provision of alternate water sources (‘drinkers’) for live-
stock, as a substitute for them drinking directly from rivers,
streams and lakes, will reduce faecal contamination of water.

e) Limitations on application of animal manures and organic
fertilisers

The main measure for addressing pollution from agricultural
sources is the Good Agricultural Practices Regulations (S.I.
No. 101 of 2009), commonly known as the Nitrates
Regulations. These impose conditions on the spreading of ani-
mal manures and fertilisers, limit the amount of
manure/fertiliser that can be spread, specify prohibited
spreading periods, and state distances from water bodies
where no manure/fertiliser can be applied.

Adequate storage capacity for slurry, manure, soiled water and
silage effluent must also be provided on farms. These condi-
tions place an impetus on farmers to develop nutrient manage-
ment plans, so as to accurately determine the nutrient require-
ments of their crops and effectively manage the storage and
disposal of animal wastes.

The effectiveness of these measures in improving water qual-
ity is currently being assessed by the Agricultural Catchments
Programme (ACP), a 4-year project investigating water qual-
ity in six catchments representative of different land use and
soil types. This will provide a basis to modify existing legis-
lation and/or make recommendations for new agricultural
measures for the protection of water bodies.

f) Animal feeds
Changing animal diets may affect the amounts of nutrients pro-
duced by livestock in terms of waste products and in turn
reduce nutrient inputs to water bodies. A study investigating
the effects of recombinant bovine somatotrophic (rbST) use in
lactating dairy cows found that rbST reduced N and P excre-
tion (Capper et al., 2008). Use of such products could reduce
the amount of N and P entering water but their use may be lim-
ited in the grass-based grazing system used by Irish farmers.

g) Controls on forestry practices
Most commercial plantations have been established on peat
soils with a low capacity to retain free phosphate. These are
vulnerable to overland flow due to low hydraulic conductivi-
ty (Machava et al., 2007). This increases the risk of eutrophi-
cation from forestry practices.



In 2000, the Forest Service published guidelines to mitigate
against the potentially damaging effects of forestry practices
(Forestry and Water Quality Guidelines). These guidelines
include the establishment of buffer zones and restrictions on
fertiliser application and ground disturbance. It is planned to
review these guidelines to ensure that they reflect the objec-
tives of RBD management plans under the WFD.

h) Replacement and installation of OSWTS
If OSWTS are not properly designed, installed and maintained
they can be a source of nutrient pollution (McCarthy et al.,
2008). In 2009, the EPA published a binding Code of Practice
for wastewater treatment systems and disposal systems serv-
ing single houses. Amongst others things, this provides guid-
ance on methods for assessing site suitability, as well as selec-
tion and installation of new systems and ongoing monitoring
and maintenance requirements for all systems.

i) Constructed wetlands
Constructed wetlands are man-made wetlands, designed to
remediate the quality of water passing through them. They

can be used to treat domestic wastewater or agricultural run-
off. Application of sewage N to wetlands can result in 70%
removal efficiencies (Faulkner & Richardson, 1989).
Guidelines for integrated constructed wetlands produced by
the DoEHLG were launched in December 2010 by
Environment Minister, John Gormley.

j) Commercial activity
Industrial and commercial operations (including quarrying)
are subject to legislative requirements and licensing by the
EPA and local authorities. Therefore, emissions to water are
closely monitored and are permissible only when the risk of
contamination has been deemed to be negligible. However,
the potential for accidental spills still exists and the conse-
quences of such contamination of water can be very serious
and long-lasting.

Where a potentially polluting commercial activity is located in
a rural catchment, it is important that these operate to the high-
est environmental standards and that contingency plans are in
place to deal with any emergencies.
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Observation from section 3.0:

• River Basin District Management Plans are now the key document for water quality protection and restoration.

Recommendation:

• RBD stakeholder groups should consider the findings and recommendations of the NSPPP as part of their deliberations.
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Milltown Lake and its catchment
Milltown (Muckno Mill) Lake (Plate 4.1) is a 22 hectare
(ha) surface water body located in County Monaghan,
(54º8’43.42”N; 6º42’35.20”W). The lake is relatively shal-
low, with a mean depth of 5.1 metres and a maximum
depth of approximately 14 metres and has one main inflow,
the Drumleek River. The catchment is 30.6 km², of which
8 km² is north of the border in County Armagh (Table 4.1).

Table 4.1 General characteristics of Milltown Lake and its catchment

Milltown Lake catchment is a sub-catchment of the Fane
River which forms part of the Neagh-Bann IRBD (Figure
4.1). The catchment is located within the drumlin belt
which traverses the country from Strangford Lough in the
north-east of Ireland to Sligo and Donegal Bays on the
west coast. This landscape is characterised by a mass of
rolling hillocks with lakes and bogs in the low lying areas
(Aalen et al., 1997).

The status of Milltown Lake is ‘eutrophic’ based on the
most recent intensive monitoring programme of the
NSPPP. The lake itself supports a range of water-based
recreation activities, most notably angling, and is also
used for domestic water supply by Churchill & Oram
GWS, serving 614 connections.

Geology and groundwater
The majority of the Milltown Lake catchment overlies
Silurian sandstone, greywacke, mudstone, conglomerate
and quartzite (Figure 4.2). A smaller band of Moffat shale
also underlies a portion of the catchment. The ground
waters in the catchment area are classed as non-aquifers
and all the aquifers in the catchment are classed as being
‘low vulnerability’ (GSI, 2010).

Plate 4.1 Milltown Lake, Oram, Castleblayney, County Monaghan

Figure 4.1 Location of Milltown Lake catchment within the Neagh
Bann IRBD

Milltown Lake General characteristics
Lake area 22 ha
Mean depth 5.1 m
Maximum depth 14 m
Catchment area 30.6 km2

Topography Sloping drumlin landscape
Major soil type Poorly drained mineral soils & peat
Main land use Grassland agriculture
Human settlement Dispersed single dwellings
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Figure 4.2 Distribution of bedrock geology

Soils
There are five soil types encountered in the Republic of
Ireland section of the catchment. These include Irish Forestry
Service (IFS) soil type (1) deep well drained soils, IFS soil
type (2) shallow, well-drained mineral, IFS soil type (3) deep,
poorly-drained mineral, IFS soil type (5) alluviams and IFS
soil type (6) peats. Soil type 3, deep poorly drained mineral
soils dominate, while peat soils are also widely distributed
throughout the catchment (Figure 4.3). In the Northern Irish
section of the catchment three soil types have been identified
(Agriculture, Food & Bioscience Institute, 2010). These
include mineral gley on shale and ranker on shale and peats.
The peat soils are located to the north of this section of the
catchment, with soils over shale making up the area border-
ing the Republic.

Land cover and land use
The CORINE (Co-ordination of Information on the
Environment) Land Cover forms part of a Europe-wide land
cover database developed from satellite imagery and categoris-
es land cover on minimum parcel sizes of 25 ha (Jordan et al.,
2000). This data was divided on the basis of level 4 naming,
which distinguished between improved and unimproved pas-
ture. In the Milltown Lake catchment, unimproved pasture was
the most abundant land cover class and was distributed
throughout the area. Improved pasture accounted for the major-
ity of the remaining land, with small areas of forestry and peat
bogs also present (Figure 4.4). Figure 4.4 Distribution of CORINE land cover classes

Figure 4.3 Distribution of soil types

Catchment Soils
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Land use in the Milltown Lake catchment
Land use is typical of that encountered throughout County
Monaghan. The dominance of grassland agriculture in the
county was detailed in a report on waste management
(Teagasc, 1994). More catchment specific details on agricul-
tural practices were obtained during a farm and household
survey carried out in the early stages of the NSPPP (Linnane et
al., 2006). As part of that survey, beef production was identi-
fied as the most popular farm enterprise (66.7%). A further
20% of farmers classified their enterprises as mixed, with the
majority of these engaged in sheep and beef production.
There was a small number of dairy farms within the catch-
ment, with 7.8% of respondents classifying this as their main
enterprise. The farm surveys also revealed that 74.4% of
farmers were farming land that bordered a tributary of the
Drumleek River or Milltown Lake itself.

Farmers were asked specific questions regarding their fertilis-
er and manure spreading practices. In total, 87.8% reported
leaving a buffer or margin when spreading fertiliser near
watercourses or field margins, although the size of the buffer
varied widely from field to field. In addition, the survey
revealed that 32.2% of farmers were taking part in an agri-
environmental programme – either Rural Environment
Protection Scheme (REPS) in the south or the Farm
Assurance Scheme in Northern Ireland.

Pressures
There are a number of pressures from the catchment acting on
Milltown Lake which have the potential to affect the raw
water quality and ultimately the quality (and cost) of the group
scheme’s drinking water. These threats include agricultural
practices and associated land-spreading, livestock access to

water bodies, OSWTS and illegal dumping. However, as
agriculture is practically the sole industry in the catchment, it
was thought that the most significant threat would be that of
nutrient enrichment and it was believed that the potential for P
inputs was likely to be considerable.

Relatively high rainfall levels coupled with poorly-draining
soils, mean that surface run-off is a common occurrence.
This, in association with the catchment’s sloping drumlin
landscape, mean that there is a potential for a rapid transfer of
nutrients and contaminants from the land to tributary streams
and to the lake itself.

Water Abstraction
Water is abstracted from Milltown Lake via a pumping station
on the northern shore, from which it is pumped to the GWS
water treatment plant approximately two kilometres away.
Following treatment, it is distributed throughout the network
to 431 households in addition to 157 land-only and business-
es and 26 social facilities. A total of 286,290 cubic metres (i.e.
1,000 litres = 1 m3) per annum was abstracted from Milltown
Lake in 2009 for drinking water purposes. This equated to
731 m3 per day (Veolia, pers. comm., 2010).

Agriculture
As agriculture is the main activity in the catchment, its
potential impacts in relation to water quality are discussed in
detail in Section 5.0.

One-off Housing
The catchment is dominated by one-off housing and associated
OSWTS. The impacts of wastewater from housing are dis-
cussed in detail in Section 6.0.
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Eutrophication
Nutrient status and eutrophication have long been regarded as
important issues in water quality. The nutrient supply to
ecosystems can be used as a means of description, with
eutrophic waters having large supplies of nutrients while olig-
otrophic waters have poor supplies. Eutrophication is the
process where water bodies move towards the eutrophic end
of this scale through the increase in nutrient supply (Smith et
al., 1999) and is a form of organic pollution causing increased
production of plants and algae in rivers and lakes.

Increased nutrient supply and associated eutrophication can
have many negative effects on water quality. Water can
become turbid, toxic algae may develop and the composition
of the fish population can change with less desirable stocks
dominating. Plant communities may also change as trophic
status increases, with the disappearance of submerged macro-
phytes and the loss of ‘top down’ control of phytoplankton by
zooplankton (Søndergaard et al., 2001).

A lake’s water quality is commonly assessed in reference to
its trophic status. Oligotrophic (nutrient poor) lakes tend only
to occur in catchments which are unmodified and unimpacted
with little nutrient export. Moderately enriched lakes are
referred to as mesotrophic. Eutrophic lakes are those which
are highly productive and enriched.

Currently, the OECD (1982) classification scheme is used
internationally to characterise lakes according to their trophic
status – based on average annual values. The system uses
three key parameters to assess: total phosphorus, chlorophyll-a
and transparency (Table 4.2).

Table 4.2 OECD lake classification scheme

However, the system often requires some modification in
Ireland, as many Irish lakes are highly coloured, meaning that
they naturally have a lower water transparency. This means
that they fall within the range for eutrophic lakes even though
their chlorophyll concentrations are low (e.g. peat stained
waters). Here, a modified system is used (Toner et al., 1986),
based on annual maximum chlorophyll-a values (Table 4.3).

Table 4.3 Modified lake classification scheme based on maximum
chlorophyll-a values

As already established, P has long been identified as the key
nutrient involved in eutrophication, with other nutrients –
including N – also being important (Vollenweider, 1975;
Smith et al., 1999). In rivers and lakes, P is regarded as the
primary nutrient limiting the growth of algae and plants.

EPA data is available for Irish lakes covering the period 2007
to 2008. Using the above mentioned modified scheme, 82%
of monitored lakes fell within either the oligotrophic or
mesotrophic categories, with just 18% being categorised as
either moderately eutrophic or worse.

Under a more extensive WFD monitoring programme, based
primarily on invertebrates, plants and fish populations, the
status of Irish lakes is less positive. This found that 55.7% of
monitored lakes were ‘good’ or better with the remaining
44.3% less than ‘good’. This situation compares favourably
with data from England and Wales where only 29% of all
water bodies met the ‘good’ biological standard in 2008. Of
the assessed rivers in England and Wales, 26% had ‘good’
ecological classification, 60% ‘moderate’, 12% ‘poor’ and
2% ‘bad’ (Environment Agency UK, 2010).

While it is recognised that there are various issues surround-
ing water quality in Ireland, including physical modifications,
abstractions, alien species and climate change, eutrophication
has been an ongoing problem for many years and has received
increased attention in recent times. As the main issue affect-
ing water quality in Ireland (Kelly, 2009; Lucey, 2009) its
impact has been reflected in monitoring programmes of Irish
rivers and lakes over the last number of decades (e.g. Keating
& Dodd, 1975; Bowman, 1996; Lucey, 2009).

Many early studies of eutrophication focused on point source
inputs from WWTPs (e.g. Sharpley & Rekolainen, 1996).
However, the significance of diffuse sources of contamination
is increasingly acknowledged (e.g. Foy et al., 2003; Jennings
et al., 2003; Jordan et al, 2005; Kurz et al., 2005). The intro-
duction of specific legislation at a European level also reflects
the importance of both source types and the need to manage
nutrient levels.

Point sources are easily identified and inputs can be attributed
to one distinct point or location. These often contribute pollu-
tants at a constant rate, independent of rainfall and stream
flow conditions (Douglas et al., 2007). For this reason, point
sources are often associated with high concentrations of pol-
lutants when stream flow is low, due to the lack of dilution.

Diffuse sources are not easily attributable to one particular
point and are less easily identified. In many studies and partic-
ularly in an Irish context, diffuse nutrient loads are associated
with agricultural activities (e.g. Bowman, 1996; Doody et al.,
2000; Donohue et al., 2006). For example, as part of the
Lough Leane Catchment Monitoring and Management
Scheme nutrient load apportionment to the lake was assessed.

Lake Total P Chlorophyll Transparency
category (ug/L) (mg/m3) (m)

Mean Mean Max Mean Max
Ultra-oligotrophic <4 <1 <2.5 <12 <6
Oligotrophic <10 <2.5 <8 <6 <3
Mesotrophic 10-35 2.5-8 8-25 6-3 3-1.5
Eutrophic 35-100 8-25 25-75 3-1.5 1.5-0.7
Hypertrophic >100 >25 >75 <1.5 <0.7

Annual
max.
chlorophyll
(mg/m3)

Moderately Strongly Highly

<8 8 - 25 25 - 35 35 - 55 55 - 75 >75

Oligotrophic Mesotrophic Eutrophic Hypertrophic
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Agriculture was found to be the largest contributor at 47%,
septic tanks accounted for 12%, urban and industry accounted
for 15%, with forestry contributing 3%. The remaining 23%
came from background sources (Kirk McClure Morton,
2000).

In Ireland the link between agriculture and eutrophication has
long been studied and diffuse sources are potentially impor-
tant due to our large agricultural sector and the potential for
nutrient losses from different farming systems (Sharpley et
al., 1994; Sharpley et al., 2000; Tunney et al., 1998; Tunney
et al., 2000; Hooda et al., 2000; Donohue et al., 2006; Jordan
et al., 2007).

In Lough Sheelin, the relationship between nutrient inputs from
intensive pig production and algal blooms in the lake was
investigated in 1971 and 1973 (Keating & Dodd, 1975). This
study pointed out the importance of balancing environmental
protection with increased output within the agricultural industry.
This philosophy still holds true, as is borne out by this study on
Milltown Lake as well as other source studies.

By way of example, the enrichment of Lough Neagh fell into
three distinct stages (Foy et al., 2003). Enrichment of a previ-
ously mildly mesotrophic lake (19th century) was mainly
associated with inputs from urban and rural populations pre-
1960. Between 1960 and 1976 a doubling of the input from
human population was accompanied by increased diffuse
loadings and internal nutrient recycling. Since 1976, nutrient
loads from point sources – such as WWTPs – were reduced,
but these reductions were first counterbalanced and then
exceeded by diffuse nutrient inputs. By the end of the 20th
century, diffuse sources accounted for 80% of the nutrient
loads to what had become a hypereutrophic lake.

P and other nutrients in the soil arrive there by a number of
routes. Background nutrients levels originating from natural
weathering and erosion are added to through various anthropo-
logical activities (Jennings et al., 2003). Together all inputs to
soils from various sources form the soil P pool, or potentially
mobile P. Therefore, the interaction of nutrients with the catch-
ment soils and within the stream system is an important theme
within catchment management. P is lost from catchments
through a number of channels, with run-off, subsurface flow
and leaching varying in importance (Jennings et al., 2003).

Soils impact on P movement, with freely draining soils
promoting vertical leaching of water and nutrients to ground-
water, while overland flow or run-off is promoted by poor
drainage. In poorly draining soils, artificial drainage can
promote the downward movement of water and reduce P
loading (Haygarth & Jarvis, 1999).

The management of grassland catchments can also affect
nutrient losses to waterways (Hooda et al., 2000). Soil poach-
ing by cattle decreases natural filtration processes and leads to
greater overland flow and associated nutrient losses (Haygarth
& Jarvis 1999). In addition, cattle access to streams causes
increases in nutrient losses into streams (Sharpley & Syers,
1979). The distribution of excreted nutrients by grazing ani-
mals is heterogeneous and areas where animals congregate
receive more nutrients. Such areas include watering points,
feeding troughs and areas providing shelter (Barrow, 1987).

This section tracks the changes in historical nutrient loading to
Milltown Lake during the 20th century, estimates the current
nutrient loads using the export co-efficient approach and inves-
tigates changes in drivers of nutrient loading in the catchment.
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Climate

Geology

Topography

Soils

Hydrology

Land management

Sewage treatment

Spatial location of nutrient
sources in the catchment

Spatial location of nutrient
sources in the catchment

Temperature of period soils are unfrozen; intensity, seasonality and distribution of rainfall;
wind speed and direction (affects evaporation)

Determination of topography, soils and hydrological characteristics; presence and behaviour
of underlying aquifers

Steepness of hill slopes, presence of floodplain

Type and distribution, structure and stability, nutrient retention capacity

Pathways linking land-stream network; seasonal variation is routing of pathways; connectivity
of aquifers with surface waters; under drainage; irrigation and other human interference

See hydrology; timing of fertiliser application; application of sewage sludge and animal
manure and slurry; cultivation of legumes; cultivation of crops with high residues (e.g.
oilseed rape); fodder cropping; intensity of production system - stocking density on
grassland; breed of livestock; multiple croppings of land in one year

Proportion of population on septic tank systems; degree of sewage treatment; use of P
stripping

Proportion of population on septic tank systems; degree of sewage treatment; use of P
stripping

Proximity and connectivity of nutrient sources to hydrological pathways

Nutrient Loads Estimates
Nutrient enrichment of surface waters leading to eutrophica-
tion is considered to be one of the major pollution problems
facing developed countries (Smith et al., 2003). Knowledge of
nutrient loadings thus forms an important part of any catch-
ment management strategy. The total quantity of nutrients
entering a water body in a year is its nutrient load, which is
dependent on losses from the catchment minus the P that is
retained within the drainage network (Jennings et al., 2003).
As already described, activities within the catchment affect
the nutrient loads significantly and not all areas will contribute
equal amounts. Factors affecting transport within the catch-
ment include topography, soil, climate, proximity to water-
ways, catchment activities and risk factors.

In the export coefficient approach to estimating nutrient load-
ing, the main sources of nutrients are identified, data is
acquired that allows quantification of each source and appro-
priate export coefficients are then applied (Johnes, 1996;
Johnes et al., 1996; McGuckin et al., 1999; Heathwaite et al.,
2003). Current nutrient loads can be estimated and then com-
pared to measured data for validation purposes while, by using
historical data, similar estimates can be made for years for
which no historical water records exist. Such models have the
potential to be used to forecast the effects of changes in land
use, while also allowing past water quality to be estimated.

The export coefficient modelling approach estimates the
loading of the nutrients N and P delivered to a site as the sum

of the export of nutrients from each nutrient source in a
catchment (Johnes et al., 1994). The approach is based on
identifying these sources and applying an appropriate loading
rate to each source. The loss to the surface water drainage
network is calculated using known loss rates (export coeffi-
cients) from each different source (Johnes et al., 1994). As
there are many factors within a catchment that can affect the
delivery of nutrients to water bodies, an overview of these is
presented in Table 4.4.

The export coefficient model was chosen for the Milltown
Lake catchment because of the availability of the relevant data
and because the model has been tested in many situations
previously, including a number of Irish studies (e.g. Irvine et
al., 2003). In addition, the simplicity of the model allows it to
be used on historic data to track changes in nutrient loading
through time. As the Milltown Lake catchment is cross-
border in nature, data was collected from a number of
agencies in the Republic of Ireland and Northern Ireland.

A quantification of catchment populations, activities and
nutrient loadings since 1930 was carried out employing a
combination of census data from both sides of the border as
well as CORINE land cover data, in order to provide an
insight into historical change in the nutrient loadings of N and
P to Milltown Lake. Finally, a spatial distribution of loads was
generated using Geographical Information Systems (GIS) and
the results and analyses of this are presented and discussed in
detail in Section 5.0.

Table 4.4 Factors potentially affecting the rates of delivery of N and P from land surfaces (export rates) Source: Johnes et al., 1996
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Results
CHANGES IN LIVESTOCK NUMBERS, HUMAN POPULATION AND

LAND-USE AREAS

Demographic:
The cattle population in Milltown Lake catchment increased
by more than a factor of three between 1930 and 2009 (Figure
4.5a). In 1930, 1,961 cattle were recorded and until 1948 there
was little change, when 2,115 were recorded. By 1975 the fig-
ure had risen to 4,215 and remained constant for the remain-
der of the decade. From the beginning of the 1980s to 2000 a
consistent increase in cattle numbers was evident as numbers
rose to 5,699 head of cattle at the end of this period. Between
2000 and 2005 numbers remained relatively constant, before
peaking in 2006, when 5,824 were recorded. Between 2006
and 2009, an average of 5,554 cattle were estimated to be
present within the catchment.

Similarly sheep numbers more than doubled between 1930
and 2009 from 810 to 1,709 (Figure 4.5b). Only minor varia-
tions were recorded between 1930 and 1939 with numbers of
810 (1930) and 854 (1939). Sheep numbers then declined in
1948 when their lowest number, 322, was recorded. During
the 1950s numbers increased steadily, with 1,136 sheep
recorded in 1961. During the 1960s sheep numbers again
decreased and then remained generally constant throughout the
1970s. From 1980 to 1991 a sharp increase was recorded from
706 to 2,514 head. From 1991 to 2000, sheep stocking rates
continued to increase to a maximum value of 2,630. Numbers
declined steadily from this peak to 1,709 head in 2009.

In contrast to cattle and sheep, the human population in the
Milltown Lake catchment has been decreasing since 1930, the
most serious decline occurring between 1930 and 1982
(Figure 4.5c). In 1930 the catchment population was 1,187.
Between 1930 and 1982 this fell to 714 people, remaining
more or less constant since then. The most recent census
returns recorded 748 people living in the catchment in 2009.
Land-use:

The area of land recorded as grassland generally increased from
1930 to 2009 (Table 4.5) and remained relatively constant from
1930 (2,181 ha) to 1960 (2,260 ha). There was an increase in
grassland in general in the first half of the 1960s with a value of
2,491 ha estimated for 1970. Values increased steadily between
1970 and 2001 when the maximum area of grassland (2,835 ha)
was recorded. The amount of land under grassland in the catch-
ment has remained constant from 2001 to 2009.

The area of rough grazing land can be divided into two distinct
periods with lower land areas before 1975 and higher areas
between 1975 and 2009 (Table 4.5). Between 1930 and 1960
the area remained constant at 42 ha. From 1980, there was a
steady increase until 1997, when the maximum area of rough
grazing was recorded at 132 ha. There was a slight decrease in
rough grazing area between 1997 and 2009 when 122 ha were
under rough grazing.

Cereal production declined notably in the period 1930 to
2009 (Table 4.5). Between 1930 and 1939 a small decrease
was recorded (from 394 ha to 368 ha). Coinciding with the
‘Emergency’ and the tillage drive of that period, cereal pro-
duction increased noticeably, reaching a maximum of 430 ha
in 1943. Between 1945 and 1960, however, the area under
cereals decreased steadily, followed by a period of more
rapid decrease to 1980 when a total area of 54 ha was record-
ed. This trend continued to 2009 when 25.6 ha was under
cultivation.

The area returned as ‘other crops’ within the catchment
decreased from 288 ha in 1930 to 61 ha in 2009 (Table 4.5).
‘Other land’ includes land recorded in the various agricultural
censuses not assigned to a particular category. A decrease in
the first half of the 1960s was followed by an increase in the
second part of that decade with a value of 255 ha in 1970. As
a land use category, ‘other land’ almost disappeared from the
record by 2001 when only 9 ha were recorded. This value
remained constant until 2009.

In general, ‘missing land’ accounts for only a few hectares.
However, between 1960 and 1975 this category increased, with
a greater amount of land unaccounted for in agricultural census
figures (Table 4.5). The maximum value for ‘missing land’ was
recorded in 1974 and accounted for 67 ha of the catchment.

(a)

Year

(b) (c)(a) (b) (c)

Year

Grassland

Rough Grazing
Cereals

Other Crops

Other Land
Missing Land

2,181

42
394

228.2

211.7
0.9

2,833

122
25.6
61.3

8.7
7.4

Land use area (hectares)
1930 2009

Figure 4.5, a-c Cattle, sheep and human population in Milltown Lake
catchment between 1930 and 2009

Table 4.5 Comparative land use 1930 - 2009
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Total nutrient loading to Milltown Lake:
The amount of N and P exported from the catchment to
Milltown Lake has increased over time and total percentage
nutrient contributions in 1930 and 2009 are summarised in
Table 4.6.

The lowest annual estimated N export was recorded in 1930 at
56,287 kg N/yr. By 2009 this value had more than doubled
with 120,730 kg N/yr estimated to have been exported. The
overall P load estimated to have been exported to the lake also
increased between 1930 and 2009, but was particularly evi-
dent from 1950 onwards.

On average, the estimated P load exported from the catchment
increased by approximately 50%, from 2,145 kg P/yr in 1930
to 3,217 kg P/yr in 2009. From 1981 to 2000 P export

increased steadily with the highest export rate recorded at
3,331 kg P/yr in 2000. Between 2000 and 2009 the rate of P
export from the catchment remained high with 3,310 kg P/yr
being estimated for 2006 before a slight decline to 3,218 kg
P/yr for 2009.

The composition of the loads in relation to source clearly
show that cattle and grassland have made up the majority of N
and P exports from the catchment between 1930 and 2009
(Figures 4.6 and 4.7). The increase evident in N loads estimat-
ed during the first half of the 1970s suggests that it was driv-
en by the load attributable to cattle. From the 1980s to 2000
the load associated with sheep can also be seen to increase in
importance, although this source decreases again after 2000.

It is likely that rainfall historically has made up an important
part of the N load, but its importance seems to have decreased
in relation to the overall load between 1930 and 2009. As with
the N load, the majority (>75%) of the overall P load seems to
have come from two sources; cattle and grassland.

The observed increase in P export since 1950 has mainly been
driven by increasing loads from cattle. Sheep may have had a
greater impact on P loading between circa 1980 and 2000, with
approximately 7% of the total P load seemingly attributable to
this source. After 2000 this source decreases in importance, con-
tributing 4.8% by 2009. Over the entire period the fall in human
population was reflected in a decrease in the proportion of the
overall P load coming from human wastes from 285 kg P/yr in
1930 (13%) to a minimum load of 169 kg P/yr in 1996 (5.3%).

Figure 4.6 Composition of N loadings in relation to source between 1930 and 2009

Table 4.6 Composition of total nutrient export 1930 and 2009

Cattle

Source Average 1930 2009 Average 1930 2009

41.4 36.6 48.3 38.4 26.1 49.2

Sheep 3.3 3.7 3.6 4.0 3.4 4.8

People 2.7 5.3 1.5 8.3 13.3 5.6

Grass 27 17.7 30.4 38.4 40.7 35.2

Rough grazing 1.1 0.79 1.3 0.1 0.04 0.1

Cereals 1.1 0.8 0.4 4.3 9.19 0.4

Other crops 2.2 2.98 1.6 0.6 0.37 0.2

Other land 2.8 4.9 0.1 0.1 0.2 0.0

Missing land 0.1 0.02 0.1 0.0 0.0 0.0

Rainfall 18.3 27.2 12.7 5.7 6.77 4.5

Nitrogen
% Contribution

Phosphorus
% Contribution
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Figure 4.7 Composition of P loadings in relation to source between 1930 and 2009

Summary
Agricultural land use and practices and an accumulation of soil
phosphorus are potential and probable causes of deteriorating
water quality in this catchment.

Significant increases in nutrient export intensity occurred
between 1930 and 2009. An overall increase over the period
was estimated at 114% for N and 50% for P. This led to
annual estimated loads of 120,730 kg N/yr and 3,218 kg P/yr
in 2009.

As the results have clearly shown, this increase is related to
agricultural land use and, in particular, to cattle rearing. The
changes that occurred in agricultural practice were related to
wider policy initiatives in agriculture at National and
European level.

Intensive cattle rearing and associated grassland management
were shown to be the main drivers behind both N and P loads to
Milltown Lake. On average, nutrient loads from cattle and
grassland contributed 68% of the N load and 76% of the P load.
As there is a known relationship between nutrients and
eutrophication (Vollenweider, 1968; Smith, 1979), this change
in loading is certainly having an implication on the trophic
status of the lake. In addition, the vast majority of the P being
exported is from diffuse sources (i.e. from the cumulative
contributions of multiple small farms rather than a handful of
large farm units).

A wide distribution of farms generating similar, moderate nutrient
loads throughout the catchment suggests that the only way to

reduce the cumulative impact of nutrient loads is through a
series of measures rolled out across the entire catchment. While
there is no evidence, or implication, that any of these individual
farms are causing serious pollution problems, it is suggested
that several farms are applying nutrients at rates in excess of
recommended or statutory levels and that both soil P status and
organic N application rates are in excess of those recommended
by the Code of Good Agricultural Practice Regulations 2005.
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Milltown Lake Catchment - Water Quality
Prior to the commencement of the NSPPP only limited data was
available on water quality in Milltown Lake and its catchment.
The available data originated from a number of sources includ-
ing the EPA and commissioned reports for the local Churchill
and Oram GWS. These reports indicated variable biological
quality throughout the catchment and also highlighted issues of
illegal dumping (of domestic, agricultural and industrial waste),
unlimited cattle access to water courses and hydrocarbon leak-
age due to poor fuel storage in the catchment.

A large study, mainly based on biological assessment of the
catchment, was commissioned by Monaghan County Council
in response to deterioration in water quality in the lake
(Conservation Services, 2004). During that study, eighteen
river sites throughout the catchment were examined biologi-
cally and assigned a Q-value (Table 4.7).

Of the eighteen, seven were designated Q3 (moderately
polluted), seven were designated Q4 (unpolluted) and four
were designated Q4-5 (unpolluted).

The EPA conducts biological sampling in the Milltown Lake
catchment as part of its monitoring programme on the larger
River Fane catchment. One site within the catchment (H8325
2511) is monitored every three years. The Q-value assigned in
2003 was Q3-4 (moderately polluted), but this had improved
by 2006 when it was classed as Q4 (unpolluted). The inflow,

at the flow data logger (H8470 2283) was also sampled as part of
the biological program during 1990 when it was classed as Q4.

Chemical monitoring of the Drumleek River has been car-
ried out every second year since 2004 in response to the
introduction of the Phosphorus Regulations (S.I. No. 258 of
1998). This monitoring takes place at two sites, one close to
the inflow, and the location of the water level logger,
(H8470 2283) and a site further upstream at (H8325 2511)
(Table 4.8).

The EPA carried out a one-off study of selected lakes in Co.
Monaghan during 1992 (Bowman et al., 1996). During that
study, a concentration of 42 mg m-3 chlorophyll-a was measured
for Milltown Lake which classified the lake as ‘strongly eutroph-
ic’ according to the OECD classification scheme (OECD, 1982).

Between 2001 and 2006 Monaghan County Council moni-
tored water quality within Milltown Lake on several occasions
(Monaghan Co. Co., 2009). This data is presented in Table 4.9
and illustrates several periods of high algal productivity as
indicated by high chlorophyll-a records in the summers of
2003, 2005 and 2006.

A one-off survey of lakes in County Armagh was conducted
by the Department of Agriculture for Northern Ireland in 1986
(Gibson, 1989). This survey incorporated thirty six lakes and
included Carnagh Lake and Gentle Owens Lake which are
located in the North of the Milltown Lake catchment. The
study established that most of the lakes in the county would be
classified as ‘moderately to strongly eutrophic’ based on
chlorophyll-a concentrations and although the two lakes
which feed the tributaries of the Milltown lake catchment did
not exhibit the highest P or N concentrations from that study,
chlorophyll-a concentrations were 45 mg m-3 and 29 mg m-3

for Carnagh and Gentle Owens lakes respectively.

Table 4.7 EPA scheme of biotic indices or Q-value system

Source: Clabby et al., 2008

Table 4.8 Physico-chemical data for the Milltown Lake Catchment (EPA, 2009)

Year

2006 0040 Min. 6.4 216 7.4 68 61 <1.5 <0.02 <0.03 -

Med. 10.7 242 7.6 79 94 2 0.07 0.07 -

Max.

Min.

Med.

Max.

Min.

Med.

Max.

Min.

Med.

Max.

20.5 456 7.7 103 98 8.3 0.65 0.65 -

0080 6.9 204 7.3 51 92 <1.5 <0.03 <0.03 -

12.9 227 7.6 75 98 2.5 0.05 0.05 -

21.7 387 8.1 93 120 7.7 0.08 0.08 -

0040 4.9 188 7.3 60 70 <1.5 0.03 0.03 0.05

9.3 242 7.8 86 91 2 0.06 0.06 0.07

15.7 350 8 162 99 >7.1 3.81 3.81 0.46

0080 3 167 7.4 46 72 <1.5 0.03 0.03 0.04

9.4 224 7.8 70 96 <1.65 0.05 0.05 0.65

13.8 332 8.2 155 100 6.6 0.21 0.21

0.52

1.48

2.05

0.11

1.8

2.71

0.47

1.06

1.78

<0.05

1.4

2.23 0.29

2003

Site Code Statistic Temp
(˚C)

Cond.
(µS/cm) pH True

Colour
DO

(% sat)
BOD
(mg/L)

O-phos
(mg/L)

Ammonia
(mg/L)

TON
(mg/L)

TP
(mg/L)

Biotic Index
Q5, 4-5, 4

Q3-4
Q3, 2-3

Q2, 1-2, 1

Quality Status
Unpolluted

Slightly polluted
Moderately polluted
Seriously polluted
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Table 4.9 Milltown Lake water monitoring carried out by Monaghan County Council

Figure 4.8 The 28 sampling sites of the National Source Protection Pilot
Project monitoring programme

Date

24 Sep 2001 2

0.85

1.3

1.5

1.3

1.0

0.6

0.8

160

100

70

47

39

92

112

<0.02

0.09

0.03

<0.02

0.02

<0.02

<0.02

<0.02

<0.02

<0.09

0.1

0.28

0.15

0.06

0.30

0.08

<0.03

0.05

<0.03

0.04

0.23

1.01

0.26

0.26

0.66

0.52

0.27

0.20

<0.05

<0.05

2

15

14

52

26

4

48

48

70

44

7.8

7.4

7.5

8.1

7.8

8.7

9.0

8.0

8.2

8.2

23 Jul 2003

25 Jun 2003

25 Jun 2003

8 Jul 2003

13 Jul 2003

12 Jul 2003

25 Jul 2003

11Jun 2003

26 Jul 2003

TP
(µg/L)

pHSecci
(m)

Ortho P
(mg/L)

TON
(mg/L)

Chl-a
(µg/L)

Ammonia
(mg/L)

NSPPP Water Quality Monitoring Programme
The general catchment monitoring programme, which
included 28 individual river sites (Figure 4.8) and two basins
in Milltown Lake provided catchment-wide data for a range
of biological and chemical parameters. This extensive moni-
toring programme was designed to provide a baseline
from which to assess changes in water quality arising from
the implementation of remediation measures (pollution
abatement strategies) in the catchment.

In general, the sites identified during the monitoring pro-
gramme as being the poorest in the catchment were consis-
tently located along the Western tributary (Drumleek
River), the main inflow to Milltown Lake. As a result, these
sites were amongst those selected for the introduction of
remediation measures. A number of sites on this tributary
were re-sampled between October 2008 and August 2010
and the results of these are presented in section 7.0.

In addition, nutrient loading to the lake during both high and
low flow events were quantified, to fully understand histori-
cal and current pressures. In the absence of extensive histor-
ical water quality records for the lake, the sedimentary
record was assessed using paleolimnological techniques,
ensuring that any changes in water quality in the lake and its
catchment were documented. This was done through the
examination of a combination of geochemical markers and
algal fossil pigments.

Finally, the potential contribution of P from the sediment bed
to the water column was assessed in order to evaluate the
potential for internal loading from the sediments to the lake.
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Methods
All analyses were carried out at the Centre for Freshwater
Studies at DkIT according to well-established methodologies
and were subject to internal quality control.

River sampling and analyses
General monitoring programme:
The chemical and biological sampling sites along the streams
were chosen using the following criteria; to represent the
headwater of each tributary, to show upstream and down-
stream effects of each tributary as it joined the main channel,
to coincide with previously sampled sites (e.g. by the EPA and
consultants hired by the GWS) and ease of access to site
(including landowner’s permission). Once these criteria had
been met sampling sites were located at stretches which con-
tained riffles to follow the invertebrate sampling methodology
of the EPA. Sites at which livestock accessed the watercourse
for drinking water were avoided where possible.

Twenty eight sites were finally chosen to represent the catch-
ment and were sampled on a seasonal basis for biological
components (macroinvertebrates, macrophytes and phytoben-
thos (diatoms)) and on a monthly basis for physico-chemical
components (dissolved oxygen (DO), biochemical oxygen
demand (BOD), pH, conductivity, major ions and phosphorus).

Macroinvertebrate samples were collected following the
guidelines of the EPA’s Q-value system (Clabby et al., 2008).
Riffle areas at each of the sites were sampled by disturbing the
substrate using a kicking action. Kick samples were taken for
a duration of three minutes. Material disturbed by this kicking
action was then collected in a handheld (1000 µm mesh) net.
The collected material was then placed into labelled plastic
bags with 70% Industrial Methylated Spirits (IMS).

Macrophyte surveys were carried out twice during the growing
season (June to September) in each year. Surveys were con-
ducted a minimum of eight weeks apart to ensure that the
effects of pollution pressures were being observed rather than
an increase in abundance of a particular species due to growth
(Holmes et al., 1999). Survey methodologies followed those of
the Mean Trophic Rank (MTR) (Holmes et al., 1999). Sites
sampled were 100 m long and were selected to include the
macroinvertebrate sampling sites within their length. Sampling
was carried out by wading the length of the site in a zig-zag
manner, recording the macrophyte species present and estimat-
ing their percentage abundance on a six point scale.
Macrophytes were identified in the field where possible but
bryophytes and those that could not be easily identified in the
field were brought back to the laboratory for microscopic iden-
tification.

Autumn and spring epilithic diatom samples were collected
seasonally at all 28 sampling sites across the catchment,
resulting in 130 samples in total. Sampling was conducted
according to the guidelines outlined in European Committee

for Standardisation 13946 (2003) at sites dominated by riffle
areas, cobble substrata and little shade. Five cobbles, prefer-
ably free from silt and filamentous algae, were randomly
selected along approximately 10 m stretches of river at each
site. Loosely attached organic debris was removed by gentle
agitation in stream water. Diatom assemblages were removed
by placing the cobbles in a basin containing 100 ml of river
water and brushing the upper surface of each cobble with a
stiff toothbrush. The sample at each site was pooled,
transferred to a polyethylene bottle and preserved with
Lugol’s iodine. Samples were stored under refrigerated
conditions to prevent the sublimation of Lugol’s iodine.

Sampling site altitudes, slopes, stream orders and distances
from source are detailed in Table 4.10. The shade at sampling
sites ranged from low to medium, channel wet width was
measured between 0.5-5 m and depth as 0.05-0.4 m. All sites
were eroding and pools were not characteristic of sampling
sites. Sampling sites were dominated by gravel, pebble, cob-
ble and sand substrate. Silt was present on substrate surfaces
at a number of sampling sites, but was not persistent through-
out the five sampling seasons at the majority of sites. This was
mainly due to cattle access to a site prior to or at the time of
sampling, where river bank poaching and erosion occurred
frequently. This was most prevalent at sites on the western
tributary and sites GO1, GO4 and GO5 of the middle tributary.
The sizes of adjacent fields to streams where cattle access
were observed and recorded ranged from 0.6 to 0.8 ha. The
number of bovines grazing these fields ranged from approxi-
mately 20 to 35 livestock units (1 bovine = 1 livestock unit).
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Table 4.10. Sampling site altitude (metres above sea level), slope (degrees), stream order and distance from source (km)

Site Code

TV1
TV2
TV2a
TV3
TV4
TV5
TV6
TV7
CN1
DG1
DG2
LS1
GO1
GO2
GO3
GO4
GO5
GO6
TH1
TH2
TH3
TH4
TH5
TH6
MA1
MA2
MA4
D2

Altitude
(m.a.s.l.)

Distance from
source (km)

160
145
139
142
128
126
118
112
150
156
134
146
192
168
165
118
116
105
217
196
179
143
128
113
247
199
167
101

Slope (degrees)

*n/a
*n/a
*n/a
*n/a
1.91
1.05
4.22
3.10
*n/a
1.89
1.36
1.14
*n/a
0.93
4.27
0.72
3.81
4.88
0.09
1.41
2.02
2.46
0.70
4.76
1.22
5.47
3.46
3.44

Steam Order

1
1
1
1
2
2
2
2
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
2
1
2
2
3

0.5
0.9
1.2
1.3
2.3
3.2
4.1
5.1
1.1
0.7
1.7
0.5
1.0
2.0
3.0
4.2
4.8
6.3
0.3
1.7
2.6
4.2
5.5
6.4
0.4
0.7
2.0
1.5

*n/a=no GIS slope data available for sites located in Co. Armagh



Upon return to the laboratory, macroinvertebrate samples were
cleaned, sorted and specimens were identified to the levels
required by the Q-value system using the relevant Freshwater
Biological Association (FBA) keys and then counted. Data was
collated in the form of a total count for each taxonomic group
per site. Macroinvertebrate abundance data was then used to
calculate the Q-value (Clabby et al., 2008) and the Small
Streams Risk Score (SSRS) (WRBD, 2005).

Macrophyte specimens were identified using the relevant
Botanical Society for the British Isles handbooks, British
Water Plants (Haslam et al., 1975), An Irish Flora (Webb et
al., 1996) and Nigel Holmes’ macrophyte training handbook
(unpublished). Bryophytes were identified using Watson’s
British Mosses and Liverworts (1981). Macrophyte abun-
dance data was used to calculate the MTR score (Holmes et
al., 1999) and the Canonical Based correspondence Analysis
Score (CBAS) (NSSHARE, 2008).

In order to prepare permanent slides of the phytobenthos
(diatom) samples and allow for identification to species level,
samples were pipetted into beakers and 20-30 ml of 30%
hydrogen peroxide (H2O2) was added to each beaker to oxidise
organic material and cell contents in order to observe the
ornamentation on the frustules. The beakers were placed in a
water bath at 90°C for 3-4 hours until oxidised. Three drops of
1M hydrochloric acid (HCl) was added to remove carbonates.
Each sample was rinsed with distilled water at least four times at
the end of the treatment to neutralise the sample. Samples were
pipetted onto 20 mm square, 0 thickness coverslips and left to
air-dry. Coverslips were mounted on glass slides using
Naphrax® diatom mountant for microscopic observation at
x1,000 magnification. Diatom valves were counted in randomly
selected fields of view and identified to species using Krammer
& Lange-Bertalot (1986, 1988, 1991a, 1991b) and Kelly (2000).
Valve counts per site were in the range of 300-350 valves.

Drumleek River - weekly monitoring
In September 2005 an OTT thalimede data logger (Plate 4.1)
was installed to calculate discharge on the Drumleek River
(H 8470 2283) approximately 500 metres upstream of
Milltown Lake. This installation was carried out in conjunction
with the Monaghan Office of the EPA.

Plate 4.1 Data logger installed on the Drumleek River to allow calculation
of discharge

Installation and purchase of the raw materials was carried out
by the NSPPP while generation of a flow rating curve and data
management were carried out by the EPA. Data from this sta-
tion now form part of the EPA’s hydronet data set and are
available online at www.epa.ie.

The data logger site was monitored weekly between 10
October 2006 and 15 December 2008. 1 litre grab samples
were collected in acid washed plastic sample bottles. Total
phosphorus (TP), ammonium and total oxidised nitrogen
(TON) were analysed weekly at the data logger site following
the methods described above. Molybdate reactive phosphorus
(MRP) was also analysed from the logger site. This analysis
was carried out on filtered samples (0.45 µm Whatman) using
the colorimetric method of Murphy and Riley (1962).

Intensive 24 hour sampling was also carried out on the
Drumleek River. The “true” TP load was calculated using
hourly discharge data and hourly TP concentration data. This
true load was then compared to loads estimated using an aver-
age daily discharge and TP concentration recorded each hour.
This led to 24 different estimates being generated which in
turn allowed for the potential to over or under estimate true
(using just one grab sample) loads to be investigated.
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Lake Sampling and Analyses

Monthly sampling:
Milltown Lake was sampled monthly between September
2005 and July 2008, with the sampling programme concen-
trated on the deepest basin of the lake. Comparison was made
between various samples taken from this site and two other
sites within the lake (east and west basins) to ensure that the
deep basin was representative of the entire lake. Lake moni-
toring data was compared to the OECD classification scheme
(OECD, 1982) and the modified OECD classification scheme
used by the EPA to assign a trophic status to the lake.

Depth profiles of temperature and Disolved Oxygen (DO)
content were generated at 1 metre intervals from the main
basin of Milltown lake using a YSI 556 MPS multi probe with
a 30 metre probe extension which was lowered to the
appropriate depth and readings taken. On each sampling trip,
litre samples were taken from the water column at 1 metre
intervals from the main lake basin and returned to the laboratory
for analysis in acid washed bottles. Samples were stored in
aluminium foil on site to exclude light before being refrigerated
on return to the laboratory. Water samples from the various
depths were obtained using a Kemerer sampler and later (from
February 2007) by use of a small peristaltic pump.

TP concentration was determined colorimetrically following
digestion according to the method of Murphy and Riley
(1962). TON (NO2-N + NO3-N) was determined as the sum of
nitrite and nitrate as measured on a Latchet auto analyser
(Harbridge & Tucker, 2007). Ammonium (NH4-N) was deter-
mined immediately on return to the lab following the
hypochlorite method of Solorzano (1969). Chlorophyll-a con-
centration was determined by extraction in 90% acetone and
read spectrophotometrically (Eaton et al., 1995).

Paleolimnology:
Sediment cores were extracted from the deepest basin in
Milltown Lake during July 2008 using a Renburg-type corer.
The deepest basin (ca. 12 metres) was located from a batho-
metric map and by using a hand held depth finder. On retrieval
of the cores, any overlying water was siphoned off, rubber bungs
were inserted in the top and bottom and the cores were then
covered, returned to the lab and extruded into 1cm sections.

A small subsample, for algal fossil pigment analysis, was
removed from the centre of each section, placed in a cryo-
genic vial and stored at -70º C. All sectioning was carried out
under reduced lighting conditions to minimise the risk of pig-
ment degradation. Wet analysis of cores was carried out to
determine wet and dry weight and organic and mineral con-
tent. Finally samples were dried at room temperature, ground
to a homogenous mass using a pestle and mortar and stored
for later dating and analysis of metal and nutrient content.

To determine a chronology of events, sediments were analysed
for the radionuclides lead-210 (210Pb) – which is naturally-
occurring – and for caesium-137 (137Cs) (Tobin & Schell,
1988).* Flame Atomic Absorption Spectrometry (FAAS) was
used to determine concentrations of a range of elements follow-
ing sediment digestion. TP concentration was determined col-
orimetrically for each section of the core following Murphy &
Riley (1962). Quantification of the individual algal fossil pig-
ments of interest was done using reverse-phase High
Performance Liquid Chromatography (rp-HPLC).

Sediment core incubation:
Six sediment cores were taken from the deepest basin of
Milltown lake on 21 September 2009. Cores were covered in
aluminium foil on site and most of the overlying water was
siphoned off. Approximately 1 cm of lake water was left in
each core tube to prevent drying of the surficial sediments.
Each core tube contained 10 cm of sediment (Nowlin et al.,
2005). Ten litres of lake water was also collected at the time
of sampling for use during the experimental procedure.

On return to the laboratory each core was placed in an incuba-
tor at 20º C and lake water (filtered) was added to a final vol-
ume of 500 ml. All six cores were then bubbled with air from
fish tank aerators overnight to insure oxygenated conditions
prevailed in all cores before experimentation. The flow of air
was controlled so as not to disturb the sediment surface of
cores. Aeration allowed any P in the overlying water to return
to the sediment (Dzialowski et al., 2007) and the time delay
before the start of experimentation also allowed any disturbed
sediment to be re-deposited.

On day one of the experiment the water overlying the sediment
in each core was analysed for pH, conductivity and DO using a
YSI 556 MPS multi probe. The surficial sediment was measured
for redox potential using an EAI EIT 31C ORP electrode and
a 30 ml water sample was removed for later nutrient analysis.

*Caesium-137 records two man-made nuclear events as peaks, weapons
testing in the Pacific in 1963 and the Chernobyl incident of 1986.



The 30 ml water sample removed was replaced with 30 ml of
filtered lake water which was also stored at 20o C in the incu-
bator. When each 30 ml water sample was taken it was imme-
diately filtered (0.45 µm Whatman) into disposable plastic
sample bottles and samples were stored frozen (the effect of
freezing was tested and found to be minimal) before analysis at
the end of the experiment. Samples were analysed for MRP on
a Latchet auto analyser (Tucker, 2007). The detection limit for
this method was 0.001 mg P/L. Following the above sampling
procedure on day one of the experiment, 3 of the 6 cores were
bubbled with oxygen free N gas to induce anoxic conditions
(Dzialowski et al., 2007). The remaining 3 cores were kept
under oxygenated conditions as described above.

The experiment was run for a further five days with daily
meter readings and sub sampling of the overlying water.
Sediment redox conditions were only measured sporadically,
as this procedure caused some disturbance to the surficial sed-
iment. Changes in nutrient concentration in the overlying
water from both sets of cores (oxic and anoxic) were calculat-
ed and expressed as release rates per square metre of sediment
per day. A controlled experiment was also carried out where
cores containing just lake water were incubated under both
oxygenated and anoxic conditions respectively to ensure
changes in nutrient concentration originated from the sedi-
ment and were not an artefact of the experimental procedure.

Results
RIVER WATER QUALITY – BIOLOGICAL:
Extensive baseline biological monitoring in the Milltown
Lake catchment was carried out seasonally across the catch-
ment in order to evaluate the ecological status of the entire
system between October 2005 and October 2007.

Macroinvertebrates:
All sites were sampled using the EPA’s Q-value system (Table
4.7) and the Western River Basin District’s (WRBD) Small
Streams Risk Score (SSRS) (Table 4.11).

The macroinvertebrate fauna of the Milltown Lake catchment
represents a diverse range of taxa, common to lowland streams
in Ireland. Each of the main aquatic invertebrate groups was
represented with 50 orders recorded. There were no nationally
rare or protected species found. The Trichoptera were the most
species-rich group in the catchment with representatives from
12 families, while the Diptera were the least species rich, the
Diptera were, however more abundant than the Trichoptera
with large numbers of the Chironomidae and Simuliidae at
many sites. Many of the taxa encountered are associated with
lotic systems (e.g. Hydropsychidae, Ryacophillidae and
Simuliidae). There was a shift from an Ephemeroptera (Baetis
rhodani (Pictet) and Rhithrogena semicolorata (Curtis)) domi-
nated community (43.6%) in May 2006 to a Gammarus
(Gammarus pulex (L) and Gammarus duebeni celticus (Stock
and Pinkster)) dominated community in October 2006 (40.7%)
and May 2007 (33.2%) observed in the catchment.

Q-values:
Q-values in the catchment ranged from Q2-3 to Q4-5 with
only 37% of sampling events throughout the five sampling
seasons (October 2005 to October 2007) representing events
of satisfactory water quality (Figure 4.9). Poorest water qual-
ity was generally recorded at sites along the Western tributary.

Table 4.11 SSRS ranking scheme

Small Stream Risk Score (SSRS):
Forty-nine percent of sampling events scored below 6.5 and
were “at risk” over the five seasons. Sixteen percent scored
between 6.5 and 8.0, classifying them as “probably at risk”
and 39% scored greater than 8.0, rating them as “probably not
as risk” (Figure 4.10). For the five sampling seasons, only five
sites remained in the “probably not as risk” category, GO3,
GO4, TH3, TH4 and MA4. Three sites scored lower than 6.5
“at risk” for the five seasons, TV1, TV2 and TH1. The lowest
score in the catchment was 1.6, obtained by sites TV1, TV2,
TV3 and TH1. The highest score recorded in the catchment
was 11.2, assigned to sites DG2, GO2, GO3, GO4, GO5 and
TH4. As with the Q-values, poorest water quality was gener-
ally recorded at sites along the Western tributary.

Figure 4.9 Summary seasonal Q-values for the 28 sampling sites

Phytobentos and macrophytes:
Detailed phytobenthos (diatom) examination using the
Trophic Diatom Index (TDI) showed that the catchment is, in
general, of a moderately eutrophic nature and remained that
way throughout the study period (Figure 4.11). The diatom
community structure was in general characterised by commu-
nities of abundant nutrient-tolerant species.

The TDI values of Milltown Lake’s catchment indicate that
much of the catchment is suffering from nutrient enrichment,
as sites with TDI values greater than 50 are said to be under
the influence of nutrient enrichment (Kelly-Quinn et al., 2005;
Kelly et al., 2008). Due to the spatial and temporal hetero-
geneity of biological communities, single sampling events can
only give an estimate of a river’s status (Kelly et al., 2008).
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Therefore, mean TDI values in Milltown Lake’s catchment
give a more complete depiction of nutrient enrichment and
place 68% of the catchment as being impacted from nutrient
enrichment, with mean values greater than 50. In addition, the
TDI values were positively correlated with MRP and, hence,
shows that in this catchment higher TDI values are indicative
of sites with higher MRP concentrations and greater degrees
of nutrient enrichment.

No categorisation of TDI values in relation to the water qual-
ity of a river exist and the guideline of TDI values being either
less than or greater than 50 (Kelly-Quinn et al., 2005; Kelly et
al., 2008) is the only published point of reference with which
to interpret the Index values. Therefore, the computation of
EQR values allows TDI scores to be converted into a scale
that corresponds to ecological status, with five classes ranging
from bad to high. The TDI and ecological quality rating
(EQR) values show that Milltown Lake’s catchment is suffer-
ing from nutrient enrichment and is of moderate ecological
status. The catchment’s assemblage composition is also simi-
lar to rivers of eutrophic status (Ní Chatháin & Harrington,

2002, 2008). Sampling site MRP mean values ranged from
0.05 mg/L to 0.35 mg/L in Milltown Lake’s catchment. Mean
MRP concentrations less than 0.035 mg/L classify a river
water body as good status (Bowman, 2009; European Council,
2009) and therefore the MRP concentrations in the catchment
consistently indicate eutrophic conditions.

The macrophyte surveys carried out in the catchment, also,
consistently placed the vast majority of sites in the Milltown
Lake catchment in the ‘eutrophic or at risk of eutrophication’
range, according to the MTR. The macrophyte flora of the
Milltown Lake catchment comprised many species associated
with neutral to basic rock and water. These findings are in
accordance with the information gathered in relation to the
geology of the area and with the chemical and physico-chem-
ical survey results.

Overall there were thirty six species recorded in the macro-
phyte survey of the Milltown Lake catchment, of these, four-
teen were associated with the bank or riparian zone and twen-
ty two were more aquatic in their habits. Twenty four of the
species recorded were higher plants, while ten were
bryophytes. Seven mosses were recorded while only three
species of liverwort were found.

RIVER WATER QUALITY – CHEMICAL:
Chemical water quality has always been variable throughout
the catchment and is subject to fluctuations as a result of rain-
fall and land-use practices. Analysis of the data has indicated
a strong link between wet weather and subsequent highest
chemical concentrations in all tributaries. Therefore, it is
important to note that when interpreting the chemistry in a
catchment of this nature, to consider that the variable nature of
the catchment, coupled with high rainfall and a heavy flow
pattern, may mask the true loading at many of these sites.
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Figure 4.11 TDI values for Milltown Lake Catchment (TDI scale: 0-50 = good quality; >50 = nutrient enrichment)

Figure 4.10 Summary seasonal SSRS values for the 28 sampling sites



Summaries of selected parameters (yearly means and ranges)
for each tributary in tables 4.12-4.14.

Lake Water Quality

TROPHIC STATUS:
The trophic status of Milltown Lake was calculated with ref-
erence to the OECD classification scheme (1982) and the
modified version used by the EPA (Toner et al., 1986). The
most recent monthly sampling regime undertaken as part of
the NSPPP, classified Milltown Lake as ‘mesotroph-
ic/eutrophic’ according to the OECD’s classification scheme
(Table 4.15), with the annual patterns of chlorophyll-a, an
indicator of overall algal biomass, following the typical pat-
tern of higher summer concentrations in response to increased
lake temperature and higher air temperature.

Chlorophyll-a:
On a number of sampling trips, three different sites from
across the lake were sampled to ensure that the deep basin was
representative of the entire lake (Table 4.16). Values from the

deep basin followed a typical annual cycle with higher values
in the warmer summer and autumn months and lower algal
productivity occurring during colder periods. The minimum
value was in January of each year with 0.28 mg/m3, 0.07
mg/m3 and 0.2 mg/m3 in 2006, 2007 and 2008 respectively.
Maximum values were present in June 2006 (32.47 mg/m3),
July 2007 (17.63 mg/m3) and June 2008 (21.24 mg/m3).

The greatest period of increase in algal biomass was between
March and April in 2006 and 2007. This period of increase
seemed to occur earlier in 2008 with 10.74 mg/m3 recorded in
March (Figure 4.12).

In June 2006 the maximum chlorophyll-a value over the entire
monitoring period was recorded at 32.47 mg/m3. Annual max-
imum concentrations were present in July 2007 (17.63 mg/m3)
and in June 2008 (21.24 mg/m3). According to the generalised
succession of algal species presented by Wetzel (2001) these
summer blooms are most likely made up of cyanobacterial
species considering the nutrient status of Milltown Lake.

Although these maxima were lower than previous concentra-
tions recorded by Monaghan County Council in June 2003 (52
mg/m3) and July 2005 (48 mg/m3), this is not proof that water
quality is improving. Sampling carried out by the council on
11 June 2006 recorded a value of 70 mg/m3. By contrast,
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Date

Sept 2005
Feb 2006
Apr 2006
Mar 2007
Jul 2007

Sept 2007
Feb 2008
Mar 2008

3.46
1.16
12.7
3.98
11.83
5.92
0.49

10.39

3.27
1.49

13.67
3.17

17.63
6.23
0.95
11.09

2.11
1.26
11.29
6.24
15.38
5.13
0.74
11.09

Western Basin Mid Basin
(deep basin)

Eastern Basin

Table 4.12 Summary of selected chemical parameters of the Western
tributary

Table 4.13 Summary of selected chemical parameters of the Middle
tributary

Table 4.14 Summary of selected chemical parameters of the Eastern
tributary

Table 4.15 Classification of Milltown Lake using the OECD classification
scheme

Table 4.16. Comparison of chlorophyll-a (mg/m3) between basins on
various sampling dates

Figure 4.12 Milltown Lake surface water chlorophyll-a concentration

Mean ± SE
Parameter
MRP mg/L
DO mg/L
BOD mg/L
Conductivity µS/sec
pH*

2005
0.06 ± 0.01
7.03 ± 0.47

-
147.85 ± 6.98

7.67

2006
0.06 ± 0.01
8.94 ± 0.24
2.28 ± 0.21

200.75 ± 6.65
7.43

2007
0.04 ± 0.01
9.39 ± 0.19
2.13 ± 0.14

169.08 ± 5.17
7.54

Min
0.02
2.06
0.40
83.0
5.21

Max
0.08
13.35
8.29
380.0
8.29
*median

Mean ± SE
Parameter
MRP mg/L
DO mg/L
BOD mg/L
Conductivity µS/sec
pH*

2005
0.05 ± 0.01
5.47 ± 0.16
2.06 ± 0.19

244.50 ± 5.77
7.43

2006
0.06 ± 0.01
9.34 ± 0.27
2.73 ± 0.46

201.74 ±11.63
7.41

2007
0.04 ± 0.01
10.33 ± 0.26
2.55 ± 0.33

154.87 ± 6.42
7.60

Min
0.03
3.58
0.70
72.4
6.55

Max
0.07
13.87
9.32
347.0
8.78
*median

Mean ± SE
Parameter
MRP mg/L
DO mg/L
BOD mg/L
Conductivity µS/sec
pH*

2005
0.04 ± 0.01
6.69 ± 0.48
2.72 ± 0.56

206.04 ± 7.35
8.64

2006
0.07 ± 0.02
8.85 ± 0.26
2.26 ± 0.34

184.23 ± 9.47
7.37

2007
0.06 ± 0.015
10.21 ± 0.14
3.05 ± 0.28

139.94 ± 4.43
7.69

Min
0.002
3.19
0.10
63.5
6.09

Max
0.185
13.16
10.35
341.0
10.04
*median

Lake
Category

Total
Phosphorus

µg/L
Mean

Chlorophyll
mg/m3

Mean Max

Milltown Lake

Ultra-Oligotrophic

Oligotrophic
Mesotrophic
Eutrophic
Hypertrophic

<4

<10
10-35
35-100
>100

<1.0

<2.5
2.5-8
8-25
>25

<2.5

<8
8-25
25-75
>75

38
6.85 21

Total
Phosphorus

µg/L
Mean

Chlorophyll
mg/m3

Mean Max
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sampling carried out on 26 June 2006 by the NSPPP recorded
a value of 32.47 mg/m3. This discrepancy highlights the
importance of the timing of sampling to ensure recording of a
peak algal bloom.

High summer peaks in chlorophyll-a have also been reported
in other Irish lakes by Irvine et al. (2001) who suggested inter-
nal nutrient loading or high intensity summer rainfall in agri-
cultural catchments as potential causes. For example, in
Lough Ramor, Co. Cavan an exceptional peak in chlorophyll-a
(185 mg/m3) was reported for August 1997 and was related to
an intensive rainfall event prior to lake sampling.

Total Phosphorus:
TP concentration in Milltown Lake varied between 0.01 mg/L
(April 2007) and 0.24 mg/L (September 2007) over the period
of sampling with a mean concentration of 0.11 mg/L (Figure
4.13). Values in excess of 0.10 mg/L were recorded between
October 2006 and February 2007. This was followed by a
period of lower concentrations between March and May 2007
(0.01 mg/L to 0.06 mg/L). June to September 2007 was char-
acterised by high TP concentrations ranging from 0.11 mg/L
to 0.24 mg/L. Following a decrease in concentrations in
October, another peak in occurred in November 2007. A TP
level of 0.11 mg/L was recorded in January 2008 which was
followed by a decrease in concentration during the spring of
that year to 0.05 mg/L in May. TP concentrations rose again in
June (0.13 mg/L) and July (0.08 mg/L).

TP concentrations in Milltown Lake did not follow the clear
annual patterns as presented by Irvine et al. (2003) for Loughs
Carra and Mask where high winter and low summer concen-
trations were reported. It is most likely that any such pattern
was distorted in Milltown Lake by high summer loads from
the inflow. These high loadings are discussed in detail further
below but in summary TP loading to the lake was driven by
high summer precipitation and associated discharge events.
TP loads presented by Bowman (1996) for Lough Ree in the
Shannon System during 1993 and 1994, similar to Milltown
Lake lack a seasonal pattern with variations recorded between
basins and also over the annual cycle.

Surface Water Temperature:
Surface water temperature showed a typical annual pattern
with highest temperatures in summer and lowest in winter.
Over the sampling period, 2006 had the greatest variation in
temperature with a minimum temperature of 3.7ºC recorded in
February and 18.5ºC recorded in July. The lake displayed the
typical annual cycles in temperature, with maximum values in
June/July each year (18.5ºC in July 2006, 17.4ºC in July 2007
and 17.4ºC in June 2008) and minimum values were in Jan-
uary/February each year (3.7ºC in February 2006, 5.4ºC in
January 2007 and 5.1ºC in January 2008).

Total Oxidised Nitrogen (TON):
TON concentrations varied over the period of record from 0.04
mg/L (November 2007) to 2.40 mg/L (January 2006). The mean
concentration over the sampling period was 1.10 mg/L. The
period between January 2006 and March 2006 showed greatest
variation in TON concentration with values between 0.03 mg/L
(February) and 2.38 mg/L (January). April to July 2006 had
more stable concentrations which ranged between 1.07 mg/L
(May) and 0.36 mg/L (July). The period between August 2006
and March 2007 had consistently high concentrations ranging
between 1.41 mg/L (March 2007) and 2.17 mg/L (September
2006). This high period of concentrations was followed by a
decrease in concentration over the subsequent months with a
value of 0.03 mg/L recorded in November 2007. Higher values
were again recorded between December 2007 and May 2008
ranging between 0.99 mg/L (February 2008) and 1.52 mg/L
(December 2007). Concentrations were lower for the remainder
of the sampling period, with 0.24 mg/L recorded in June 2008.

TEMPERATURE, DISSOLVED OXYGEN AND TP PROFILES:
Temperature and DO profiles were taken from November 2005
to July 2008 and clearly showed that weak stratification took
place in Milltown Lake during the summer months. In all mon-
itoring periods the water column of Milltown Lake failed to
develop a well defined, summer long thermal stratification.
However, short term temperature differences between the sur-
face and bottom temperatures were observed before cooler
weather allowed the lake surface to cool sufficiently to activate
wind induced mixing. DO depletion in the hypolimnetic waters
(i.e. deepest layer) was observed during summer months.

Milltown Lake was shown to be polymictic (i.e. many mixing
periods, no stable stratification) with temperature and DO
evenly distributed throughout the water column during winter,
while the warmer summer months were characterised by a
combination of stratified and mixed periods. Eight longer strat-
ification events were recorded (greater than 1 week), occurring
between the end of May and the end of August in all years.

This high frequency of water column mixing events is charac-
teristic of the polymictic nature of the lake. The stratification
and de-stratification process was particularly evident during
2007 when the lake was stratified in April, mixed in May, strat-
ified again in June and July and mixed in August.

Figure 4.13 Milltown Lake surface water total phosphorus (TP)
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The polymictic nature of Milltown Lake has significance for
lake water quality as nutrients released from anoxic sediments
during stratification are mixed into the overlying water while
water temperature is high and can potentially promote algal
growth (Wilhelm & Adrian, 2008). In June 2007 the hypolim-
netic TP concentration in Milltown Lake was 0.56 mg/L and
with frequent circulation this potentially available P could have
been mixed with overlying waters. The readily available form
of this released P increases its potential biological significance
(Nowlin et al., 2005).

If the lake were to remain stratified until autumn any nutrients
brought to the eplimniom (i.e. top layer of water in the lake)
would be less likely to affect algal abundance, as water tem-
perature would have started to decline towards winter levels
and peak algal production would have passed. Frequent mix-
ing may also explain the occurrence of low DO conditions
throughout much of the water column, as recorded in July
2006 and June 2008. On both occasions anoxic hypolimnetic
water would have mixed with water in the epilimnion, thus
reducing the average oxygen concentration in the upper water.
Profiles of temperature, DO and TP from the main basin of
Milltown Lake clearly show hypolimnetic accumulation.

When viewed in conjunction with the DO profiles, we can
assume that sediment nutrient release occurred. This release
was particularly evident during the summer of 2008 when DO
content was recorded below 1.0 mg/L in the hypolimnetic
water between May and July. Accumulation of TP was also
recorded in these months, with concentrations of 0.09 mg/L,

0.26 mg/L and 0.18 mg/L respectively in the hypolimnetic
waters. Low DO concentrations were recorded early in each
year of the study, indicating high DO within the lake.

Nutrient loading to Milltown Lake
The nutrient loading data recorded for the Drumleek River
showed that moderate nutrient loads were delivered from the
catchment to Milltown Lake. In 2007 and 2008 TP loads of
2,367 kg/yr and 2,574 kg/yr respectively were recorded for the
Drumleek River corresponding to area weighted losses of 0.69
kg/ha/yr and 0.76 kg/ha/yr.

Donohue et al. (2006) calculated various nutrient loads from a
number of rivers in the Lough Mask catchment in the West of
Ireland. While intensive grassland agriculture was reported in
these catchments it was not the main land use, with lower pro-
ductivity land such as bogs and land used for extensive grazing
also present. Loads in that study reflected the less intensive land
use and were generally lower than those from the Milltown
Lake catchment. The maximum value in that study was 1.26
kg/ha/yr, but values as low as 0.18 kg/ha/yr were also reported.

Loss rates of TON for the Milltown Lake catchment for 2007
and 2008 were 20,473 kg/yr and 10,990 kg/yr respectively
which represent loss rates of 6 kg/ha and 3.20 kg/ha. The fact
that these values differ greatly may be related to sampling fre-
quency in the different years but the data is still useful in pro-
viding an estimate of TON loading. Values presented by
Donohue et al. (2006) for TON loading varied between 2.07
kg/ha/yr and 11.98 kg/ha/yr.

Confluence of streams in the Milltown Lake catchment.
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The importance of storm flow loadings was also highlighted
in the Drumleek River with 71.3% of the TP load being deliv-
ered in 20% of time in 2007 and 74.5% delivered in the same
proportion in 2008. In 2007 and 2008, 88.4% and 89.4% of
the TP load was delivered in the top 40% of days respective-
ly. The largest daily load in the Drumleek River was reported
in August 2008 with other high storm-related loads recorded
in July and August 2007. Similar high summer loadings were
reported by Haygarth & Jarvis (1997) and were associated
with recent application of P fertiliser. It is likely in the
Drumleek catchment that summer soil nutrient pools would be
high considering that grassland agriculture dominates the area.

The spreading season for manure and fertilisers (in the
Milltown Lake catchment) does not open until 1 February
under the European Communities (Good Agricultural Practice
for the Protection of Waters) Regulations 2005 and would
support the suggestion that agricultural sources cause high
summer loads. A Teagasc survey of agricultural waste man-
agement in Monaghan (1994) found that P surpluses in the
county were accounted for by the use of both animal manures
and chemical fertilisers. During the 1990s, soil P surpluses in
Northern Ireland were estimated at 16.5 kg/ha/yr (Foy et al.,
2002). Kronvang et al. (2005) reported a P surplus of 11
kg/ha/yr in Denmark in 2002. However, this figure had been
reduced from 19 kg/ha/yr in 1985 through a series of source
protection measures and shows that such surpluses can be
reduced if addressed in a targeted way.

The high summer loadings in the Milltown catchment also
highlight the importance of hydrology as a carrier and energy
source for diffuse losses as outlined by Haygarth & Jarvis
(1999). Without these high discharge events, such summer
loadings would not be an issue. However, they are always
likely in a catchment supporting a flashy hydrology (Jennings
et al., 2003; Jordan et al., 2005). High levels of nutrient trans-
fers during summer periods raise a number of agronomic
issues. The first (also highlighted in Teagasc study (1994)) is
that there are large amounts of P associated with grassland
agricultural practices in the area and that managing this
waste/resource is an important environmental issue.

Low-flow nutrient concentrations in the catchment were
always above 0.03 mg/L. Considering that P levels of 0.01
mg/L are considered to be sufficient to cause eutrophication
(Vollenweider, 1975), the prevalence of such conditions
between storm flows may have kept the Drumleek River in a
eutrophic condition.

Similarly low-flow concentrations (above eutrophication
threshold) were reported by Jordan et al. (2005) to be keeping
a grassland catchment (sub-catchment of Lough Neagh) in a
eutrophic condition between storm events. Such concentra-
tions will have impacts on the river in its own right but also
on any receiving waters. As base flow nutrient concentrations
are mainly associated with point sources such as OSWTS and
farmyards (Arnscheidt et al., 2007), it is likely that such
sources play a role in keeping Milltown lake in a eutrophic
state between storm events.

Storm flow analysis of the Drumleek River showed large
loadings during these events but also provided an insight into
loading dynamics during individual events. In several storm
events, TP concentration peaked before discharge. This is a
phenomenon that is reported elsewhere in catchment-based
studies (e.g. Jennings et al., 2003; Jordan et al., 2005).

Paleolimnology
The paleolimnological investigation of Milltown Lake’s sedi-
ments provided an interesting and useful insight into the
recent history of the lake and its catchment. Data relating to
general sediment physical conditions and accumulation rates
indicate a lake with a high sediment accumulation rate. There
were two peaks in the 137Cs profile from Milltown Lake at
58cm (89.01 Bq/kg) and 33 cm (161.11 Bq/kg) (Figure 4.14).
These peaks were combined with the known dates for Pacific
nuclear weapons testing and the Chernobyl incident and
formed the basis for the core dating.

The sedimentation rate between the two 137Cs peaks and the
rate between the upper peak (33cm) and the core surface were
averaged to estimate the entire sedimentation rate for the core.
Milltown Lake’s sedimentation rate of 1.71 cm/yr is the high-
est sedimentation rate presented in the Irish literature to date
and indicates significant yearly inputs and/or a large amount
of in-lake production and decomposition. Several recent Irish
studies have presented data on sediment accumulation rates
and none exceeded those found in Milltown Lake (e.g. Taylor
et al., 2006; Anderson & Rippey, 1994).

The more detailed geochemical and pigment data collected
provided a unique insight into historical algal communities in
the lake.

Figure 4.14. Caesium-137 (137Cs) profile from Milltown Lake used for
dating. Peaks at ca. 33 cm and 58 cm corresponding to nuclear outfall
from Chernobyl reactor (1986) and peak of nuclear weapons testing
(1963). (Nowlan et al., 2000).
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Milltown Lake was indicated by rising up-core concentrations
of algal pigments and sediment TP concentration.
Concentrations of P increased from low values at the base of
the core (ca. 1970s) giving way to higher P concentrations.
Given the stability of the geochemical profiles in general,
these increases in concentration up-core are likely to be pro-
viding an accurate reflection of P loading to the lake.
Increases in external loading to the lake, as described earlier,
also support the finding of up-core increases in P concentra-
tion over time.

Pigment analysis provided a detailed insight into changes
within the overall algal community and individual algal
groups. Using the sediment accumulation rate to establish a
chronology, detailed pigment analysis presented conclusive
evidence that Milltown Lake is a lake suffering from
increased algal production and has contained pigment con-
centrations typical of a eutrophic lake since the late 1970s.
Profiles of chlorophyll-a – an indicator of total algal biomass
– indicated an overall increase in algal abundance between
1970 and 2009, with periods of higher production also in evi-
dence. The pigment zeaxanthin was found over the length of
the core indicating that the lake was in an impacted state
throughout, supporting populations of cyanobacteria (blue-
green algae).

Based on the well established relationship between P and algal
abundance (Vollenweider, 1968; Vollenweider, 1975; Smith,
1979), it is likely that such high records of algal production are
a result of excessive nutrient availability in Milltown Lake.
This relationship was investigated by comparing algal pig-
ment records with both sedimentary P concentrations and P
loadings as calculated using the export coefficient approach.

The first point of interest was that sedimentary P and estimat-
ed P load were significantly correlated through time. This
indicated that an accurate P loading history was recorded in
the sediments of Milltown Lake. The various indicators of
overall algal abundance (chlorophyll-a, phaeophytin-a, a-
phorbins, total chlorophylls and carotenoid derivatives) exam-
ined were significantly related to both sedimentary P and P
loading (export coefficient). Therefore, it can clearly be seen
that increasing P loads to Milltown Lake have led to an
increase in algal production and deterioration in water quality.

The export coefficient approach allowed for the contribution
of various drivers of nutrient loads to be investigated in rela-
tion to the in-lake ecological response (algal production). The
Principal Component Analysis (PCA) of various pigments and
drivers carried out also gave a good overall representation of
correlations present within the data. It is clear from this that
cattle numbers, nutrient loads and the various pigments are
related (Figure 4.15). In comparison to this relationship, the
human population and algal response was negatively correlat-
ed. This information gives an interesting insight into the role
of agriculture as a driver of lake productivity in this small
agricultural catchment.

Fuc = Fucoxanthin, Chl-b = Chlorophyll - b, Chl-a = Chlorophyll - a,
Lut = Lutein,

A phorb = a - phorbins, Ph-a = Phaeophyti n - a, Zeax. = Zeaxanthin,
Diat. = Diatoxanthin, P = Phosphorus

Figure 4.15. PCA of individual pigments and catchment drivers.
(Potential drivers of nutrient loads in BOLD text. Pigments in NORMAL
text).

Internal nutrient loading
Sediment core incubations resulted in greater MRP
release from anoxic cores. The release rates for oxygenated
cores was negative at -0.10 mg/m2/day, while release rates
from the anoxic cores was 5.87 mg/m2/day. Average release
rates from the sediment were low when compared to loads
from the inflow river. Based on the assumption that sediment
release behaved the same across the lake sediment surface
it was calculated that each day of sediment MRP release
was equal to an additional 1.30 kg or 0.042% of the annual
load calculated for the Drumleek River (TP load of 2,367
kg).

MRP input from the sediments was also compared to low flow
inputs from the Drumleek River. The average TP input
between April and July 2008 (inclusive) was 0.85 kg/day
(48% MRP). During much of this period the hypolimnion
showed reduced oxygen conditions and accumulation of TP.
Results based on these average figures showed that total load-
ing during low flows, with sediment release, was 2.15 kg
TP/day with 39.6% coming from the Drumleek River and
60.4% from the lake sediment (internal loading).
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Oxygen content in the oxygenated cores ranged between
8.51 mg/L and 9.44 mg/L during the 5 day experiment.
Oxygen content in the anoxic cores remained low throughout
the experiment and ranged between 1.25 mg/L and 2.44
mg/L. The oxygenated cores had lower pH values and ranged
between 6.17 and 7.0. pH was generally higher in the anox-
ic cores and ranged between 7.62 and 8.24 over the course of
the experiment. Redox potential ranged between -163.6 mV
to -204.9 mV in the oxygenated cores while values were
lower in the anoxic cores and ranged between -204.0 mV to
-294 mV.

Release rates generated from the core incubation study (5.87
mg MRP/m2/day) were similar to those expected from a
mesotrophic lake (Nurnberg et al., 1986; Beutel et al., 2008).
Average release rates suggested that internal nutrient loading
only accounted for a very small proportion of annual TP loads.
However, as was shown in the results, during low flow peri-
ods, when hypolimnetic oxygen depletion was also present,
sediment release accounted for approximately 60.4% of daily
P loads. As released P is in a form readily available for plant
uptake (Nowlin et al., 2005) – and in light of the polymictic
nature of Milltown Lake – these nutrients may play an impor-
tant role during summer low-flow periods (Staehr & Sand-
Jensen, 2006).

While wet summers clearly affected the TP loading to Milltown
Lake, internal loading may also play a role in explaining sum-
mer peaks in TP concentration. Recorded hypolimnetic DO
concentrations of less than the threshold value of 2 mg/L and
associated nutrient release, makes it likely that sediment play a
role in nutrient loading. Its importance must, therefore be fac-
tored into long-term management strategies.

Summary
River water quality in the Milltown Lake catchment is impact-
ed. Visible effects of anthropogenic (man-made) activities were
backed up by both the chemical and the biological assessment
methods used during the survey. Although the quality assigned
to some individual sites does not suggest that these impacts are
serious, continuing low levels of impact are having a greater
adverse effect downstream at the lake where periodic algal
blooms occur (GWS pers. comm.). The cumulative effects of
anthropogenic activities on water quality cannot be ignored.

Milltown Lake was classified as mesotrophic/eutrophic during
the monitoring period. The sloping topography and poorly
draining soils of the catchment combined to generate a flashy
hydrograph. The nature of the catchment resulted in a large
portion of the annual nutrient load being delivered to Milltown
Lake in a short time period each year. In 2007, an annual TP
load of 2,367 kg P/yr was estimated with 71.3% of this load
delivered in just 20% of the time. Similarly a load of 2,574 kg
P/yr was estimated in 2008 and 74.5% of this was delivered in
20% of the time.

High summer flows often recorded the highest nutrient loads
and are most likely a result of organic manure and fertiliser
application within the catchment in the preceding months.
Point sources may play a role, however, in keeping the water
quality just above the eutrophic threshold at all times.

The role of internal nutrient loading was shown to make only
a minor contribution to overall loading. However, as hypolim-
netic accumulation of P was recorded in Milltown Lake,
internal nutrient loading may play a role during dry summer
periods in this polymictic lake.

Pictures taken during a flooding event (left) and the same site 24 hours later (right), showing the flashy nature of this catchment.
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Observations from section 4.0:

• Milltown Lake has been impacted by increased nutrient loading during its recent history.
• An increase in eutrophication is clearly evident from the 1970s onwards.
• Agriculture was the main driver of this nutrient loading.
• The water quality of any water body is directly influenced by a combination of factors; environment, geology, topography

and historical and present day human inputs. The only variable that can be sustainably managed and controlled is human
activity.

• The NSPPP catchment clearly incorporates an industrious community that has endeavoured over time to overcome the lim-
itations of their natural environment. However, the scale of activity on poorly draining soils and steeply sloping fields and
floodplains, has undermined the integrity of the local ecological system, including raw water quality.

• It is clear that source protection cannot even begin without addressing the serious economic and social challenges that will
inevitably arise in the context of implementing source protection measures, where these demand changes in human
behaviour.

Recommendations:

• As the cumulative impact of human activity over time has a direct bearing on raw water quality, this needs to be factored
into any source protection strategy and must be understood by all stakeholders.

• Source protection must begin with an honest analysis of the controllable issues specific to a catchment and must be inde-
pendent of vested interests.

• It should be acknowledged that in the vast majority of catchments of this nature (i.e. lowland), the nutrient loading impact-
ing on water quality is likely to come predominantly from agricultural practices.

• Low flow and high flow (storm event) patterns must be taken into consideration when developing any source protection
strategy.

• Annual nutrient load patterns should be established in a catchment to ensure effective catchment management and an over-
all reduction in loads

• Point sources should be identified as these may be playing a role in keeping water quality eutrophic during low flows.
• Storm events and high flow periods should be monitored, particularly following P fertiliser application, as a large portion of

the annual nutrient load can be delivered in a short space of time.
• A clear understanding of the nutrient dynamics of a system (both external and internal) must be understood.
• The potential for internal loading from the lake sediments should not be ignored.
• Any future management of this lake must have agriculture as a central theme. For Milltown Lake to continue to fulfill its

current roles as a drinking water source, a fisheries amenity, and as a habitat in its own right, the management of agricultur-
al practices must be developed in the context of improvement of water quality in the lake.
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Agricultural impacts on water quality
Sixty-four percent of the total land area in Ireland is devot-
ed to agriculture, with the agri-food sector accounting for
an estimated 8% of gross domestic income (Teagasc, 2009).
The impact of Irish agriculture on water quality has been
well documented (Schulte et al., 2006) and 70% of phos-
phorus loads and 82% of nitrogen loads entering water sys-
tems in Ireland are attributed to agriculture (EPA, 2004).
Under the Nitrates Directive, Ireland’s National Action
Programme has updated regulated practices for the protec-
tion of watercourses (S.I. No. 101 of 2009). This also cross
complies with the single farm payment scheme, a modifica-
tion of the Common Agricultural Policy (CAP).

The main factors contributing to diffuse nutrient losses
from agriculture include controllable issues such as soil
chemical characteristics, vegetation, agricultural opera-
tions, pollutant type and, to some extent, the physical char-
acteristics of the soil (Magette, 1998). Uncontrollable
issues include, weather, geology, topography, depth to
groundwater and soil type (Magette, 1998). It is estimated
that diffuse sources account for between 70-80% of farm
phosphorus losses, with the remainder of the phosphorus
losses attributed to farmyard areas (Magette, 1998).

In an attempt to evaluate the possible risks associated with
farmyard areas and agricultural fields in Milltown catch-
ment, farmyard surveys were completed in addition to soil
nutrient analysis. Furthermore, to assess the combined
impact of farmyard practices and soil chemical character-
istics on surface water quality, a phosphorus ranking scor-
ing scheme was applied to a subsample of farms. This
ranking scheme was developed by Magette (1998) specif-
ically for use in Ireland for identifying risk areas for phos-
phorus loss in predominately grassland agricultural sys-
tems. In addition, nutrient management plans were devised
for farmers within the area and advice was also provided
on improving farmyard practices in an attempt to facilitate
knowledge transfer, reduce fertiliser costs to the landown-
er and ultimately reduce the potential of nutrient loss to
nearby water bodies (Figure 5.1).

5.1 Farmyards
S.I. No. 101 of 2009 focuses particularly on nutrient and
farmyard management and regulates issues on soiled water
minimisation, the structural reliability and capacity of stor-
age facilities, in addition to the general prevention of water
pollution from fertilisers and other activities. The research
reported here aimed to ascertain the pollution risk, if any, of
126 surveyed farmyards situated within the Milltown Lake
catchment, using a number of key indicators and factors
from S.I. No. 101 of 2009. It was anticipated that informa-
tion gathered from these inspections would not only estab-
lish the effectiveness of the implementation of the Nitrates
Directive on farmyard management practices, but also guide
landowners on the obligations of the Directive specific to
their own farm. Farmyard management regimes are of par-
ticular concern owing to the composition of farmyard dirty
water. Dunne et al. (2005) reported values of 128±35 kg/yr
of NH4

+, 47±10 kg/yr soluble reactive phosphorus,
1,570±465 kg/yr of total suspended solid and 5,484±1,433
kg/yr of organic material for farmyard dirty water, with
little seasonal variation recorded.

For the purpose of this study, the farmyard concept refers to
farm buildings, adjoining livestock assembly area/yard,
adjacent outdoor fodder bases, livestock feeding areas,
methods/types of fodder conservation and outdoor dung-
steads or equivalent storage mechanism. Each farmyard
structure was assessed to determine possible contaminant
sources and to apply an overall quality rating. In addition, a
series of farm management dynamics were assessed upon
inspection including the proximity of the farmyard to open
watercourses, the geographical location, the length of
housed period, the volume of rainwater collected and type of
storage, evidence of overwintering livestock on surrounding
lands, environmental/climatic conditions and the spreading
mechanisms for dealing with generated waste products. In
conjunction with the data obtained above, farms were divid-
ed into 5 risk classifications varying from farms that were
causing pollution on the day the survey was undertaken, to
farms that posed little or no threat of pollution. The five cat-
egories of risk classification are highlighted in Table 5.1.
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Figure 5.1 Assessment methodology assessing and combating the
impact of controllable issues associated with agriculture on water
quality in the Milltown catchment

Table 5.1 Risk classification of farmyards

Finally, 32 farmyards were resurveyed during the 2007-
2008 winter season, to determine if recommended man-
agement practices were implemented and if these effected
the risk classification of the selected farmyards.
Farmyards causing a low risk of pollution during 2006-
2007 (green) were not resurveyed.

Colour coding
Red (high risk)

Yellow 3
(medium/high risk)
Yellow 2
(medium risk)
Yellow 1
(low/medium risk)
Green (low risk)

Classification
Currently causing pollution

Has probably caused pollution in the past and is likely to
cause pollution again in the future
May not be currently polluting but has a number of
problems that require sorting
Some issues relating to farm management or storage that
prevent this farm obtaining low risk status
Unlikely to cause pollution
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Farmyard surveys
Twenty-five percent of farms surveyed presented varying risks
of pollution to nearby surface water bodies. Despite the average
farm size of 22.3 ha being significantly lower than the national
average, some farmyard management practices remained appre-
ciably substandard. The four farms classified as presenting a
high risk of pollution (red) on the day of inspection, were caus-
ing direct contamination to nearby watercourses in what Hughes
et al. (2005) refer to as ‘fatal flaw’ situations (Table 5.2).

Table 5.2 Percentage of farms classified according to risk

The mixing of clean rainwater and effluent on the farmyard
and lack of slurry storage were problematic, as was the out-
wintering of cattle – causing serious soil poaching and erosion
of the poorly structured soils. Out-wintering created a high
potential for nutrient runoff (Plate 5.1). Illegal dumping of
large volumes of solid organic wastes was also prominent, as
was the failure to empty dungsteads and slurry storage tanks
that were full to capacity.

It is generally perceived that management of dairy farms is of a
high standard, but of 22 dairy farms surveyed, 74% presented a
variety of pollution risks. This is problematic owing to the high
biochemical oxygen demand of dairy washings. The majority of
issues on these farms involved the lack of guttering on outhous-
es resulting in the mixing of clean rainwater and dirty farmyard

runoff which increases the volume of contaminated particulate
run-off from the yard into nearby fields, dungsteads and drains
(Plate 5.2). On 39% of dairy farms, there was insufficient stor-
age for the associated dairy washings and slurry, resulting in the
spreading of these wastes at regular intervals outside the permit-
ted spreading season (EC, 2006). According to S.I. No. 101 of
2009, animal manure storage must exceed 22 weeks owing to
the topography and poorly structured soil types in this area.

A median slurry storage capacity of 40.95 weeks was calculat-
ed for all 126 farms surveyed, which is well above the legisla-
tive requirements (Table 5.3). However, 13 farms were below
the S.I. 101 requirement, with 5 dairy farmers indicating their
intention to construct a new slatted shed.

Plate 5.2 Inadequate guttering on outhouses is a common problemPlate 5.1 Soil poaching caused by the out-wintering of cattle in the area

Table 5.3 Summary of results from farmyard surveys

Note 1 - Used median instead of average due to a small number of farms with
large storage capacities that are skewing data.

Risk classification
Green
Yellow 1
Yellow 2
Yellow 3
Red

Percentage of total farms surveyed
41
33
15
7
3

Risk classification
Number of farms surveyed
Average farm size (Ha)
Number of farms in dairying
Average stock numbers (LUs)
Average stocking rate (LU/Ha)
Median storage capacity (weeks) Note 1
Number of farms high risk - Red
Number of farms medium risk – Yellow 3
Number of farms medium risk – Yellow 2
Number of farms medium risk – Yellow 1
Number of farms low risk - Green
Percentage farms in REPS/QMS/CMS
Average organic nitrogen/ha/yr

Number
126

23.31
22

39.08
1.61
40.95

4
9
19
42
52
38

120.05
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With 18% of farms stocking livestock at rates greater that the
permitted value of 2 LUs/ha*, the visual evidence of poaching
throughout the catchment was not unexpected. Other factors
contributing to poaching include out-wintering of livestock,
inadequate manure storage and/or poor general management.
The predominance of poorly draining gley soils is of major
significance also, especially when considered in the context of
the fundamental shift in cattle farming practices in this region
since entry to the European Economic Community in the
1970s. Traditionally, breeds were lighter and most beef cattle
raised in County Monaghan were sold as stores for finishing
on dry grassland soils, underlain by limestone. Today beef cat-
tle are finished locally and the heavier animals are more like-
ly to damage wet fields.

The estimated average organic nitrogen applied within the
catchment was 120 kg/ha/yr, which is below the threshold of
170 kg/ha/yr as legislated under S.I. 101 (Figure 5.2). The
information on organic nitrogen together with the stocking
rate per hectare, generally gives an indication of how inten-
sively the land is farmed and in this case, on farms stocking
livestock greater than the legislated value, 65% of them also
exceeded the organic nitrogen threshold.

However, landowners that have grazing livestock can now
apply for nitrates derogation to allow land spreading rates of
up to 250 kg of organic nitrogen per hectare per annum for
specific circumstances, as granted by the EU Commission in
2007. The granting of this derogation is based on the long
grass growing season in Ireland as well as the presence of
crops with high nitrogen uptake.

Figure 5.2 illustrates the percentage of farms producing organ-
ic nitrogen within the legislative threshold of 170 kg/ha/yr,
those within the range for applying for derogation (170-250
kg/ha/yr), those in excess of this threshold (>250 kg/ha/yr) and
finally those below the catchment average of 120 kg/ha/yr.

The main criteria required for derogation for individual
landowners is that the holding has a minimum of 80% grass
cover, that soil analysis is performed every four years and that
a fertiliser plan is in place. If the stocking rate exceeds the dero-
gation limit, livestock manure must be exported from the farm.
Of the 3 farms that exceeded the 250 kg/ha/yr limit in this catch-
ment, no livestock manure was exported from the farmyard.

The spatial distribution of organic nitrogen (kg/ha) generated
throughout the catchment in comparison to the area farmed
(ha) is presented in Figure 5.3. It is evident that on some farms
the amount of organic nitrogen generated surpasses the area
available for application. Furthermore, not all of the larger
farms in the catchment were too intensely farmed, as exempli-
fied by low nutrient loads when expressed per farm area.

Neither soil type, topography nor the length of the grass grow-
ing season are considered in the determination of nitrates
derogation. Grass grows for an estimated 250 days per year in
the north-east of Ireland, whereas in the south-west it can
grow for up to 330 days (EC, 2007). This has obvious impli-
cations for the rate of nitrate uptake within soil ecosystems on
a regional basis and this study hoped to evaluate the extent to
which derogations impacted on nutrient losses. However, the
NSPPP could not access information from the Department of
Agriculture relating to the number of farmers that have
applied for and/or been granted derogation in Milltown Lake
catchment.

Figure 5.2 Percentage of farms categorised on the amount of organic
nitrogen generated (kg/ha/year)

Figure 5.3 Distribution of organic nitrogen (kg/ha) in comparison to area
farmed (ha)

Organic nitrogen (kg/ha/yr)
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*The national stocking average is 1.47 LU/ha.
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The spatial distribution of nitrogen and phosphorus (kg/ha)
applied throughout the catchment – as calculated from import-
ed inorganic fertiliser and livestock in relation to farm area – is
presented in Figure 5.4 and Figure 5.5. These illustrate the
intensity of N and P application and imply that some of the
smaller farms are operating at a higher intensity than larger
farms and that the amount of N and P being generated is too
high for the area available for land spreading.

With the introduction of the REPS scheme and other relevant
schemes, such as the Countryside Management Scheme in
Northern Ireland, 30% of farms in the catchment participated
in these schemes. While the majority of these farms were in
keeping with the general guidelines of the schemes, 4% were
causing a medium-high risk of pollution. Four farms that were
in REPS, or in similar schemes, were classified as “Yellow 2”
and one was classified as ‘Red’.

In relation to correlations between farmyards, no significant
correlation (P<0.05) was observed between farm area and
stocking rate (Table 5.4). However, as expected, positive sig-
nificant correlations (P<0.01) were recorded between stocking
rates and nutrient loads (P<0.01), as nutrients generated were
calculated from the livestock numbers in the catchment.

** Correlation is significant at the 0.01 level (2-tailed); (n=339 in all cases)

As part of the survey, each farmer was advised on a one-to-one
basis of steps that would be required to improve the management
of their farmyard, thereby reducing the risk of nutrient loss.
Owing to the nature of the NSPPP, confidentiality was guaran-
teed and the threat of enforcement did not arise.

Farmyard resurveys
Farmyard resurveys were carried out during winter 2007-2008
on farms that were highlighted to be causing a medium to high
risk of pollution. The aim of these revisits were to determine
if recommended management practices had been implement-
ed and if this had improved the risk classification of the select-
ed farmyards.

Of 32 resurveyed farmyards, 37.5% had improved and were
allocated a lower risk than in the previous survey (Table 5.5).

Figure 5.4 Distribution of nitrogen application from livestock and
imported fertiliser (kg/ha) in relation to farm area (ha)*

Figure 5.5 Distribution of phosphorus application from livestock and
imported fertiliser (kg/ha) in relation to farm area (ha)*

Table 5.4 Correlation matrix of stocking rate, area farmed and farm
nutrient loads

*The application rate is represented by the coloured dots (yellow for N and
blue in the case of P) while the farm area is represented by the red outlined
circles with no fill. Thus, a small coloured dot enclosed by a large red circle
illustrates a large farm area with a low N/P application rate.

Area
farmed

Stocking
Rate

Total N
generated

Total P
application

Total P
generated

Organic N
generated

Area farmed

Stocking
Rate

Total N
generated

Total P
generated

Organic N
generated

Total P
application

Pearson
Correlation

Sig. (2-tailed)
Pearson
Correlation

Sig. (2-tailed)
Pearson
Correlation

Sig. (2-tailed)
Pearson
Correlation

Sig. (2-tailed)
Pearson
Correlation

Sig. (2-tailed)
Pearson
Correlation

Sig. (2-tailed)

1

.150

.105

.860(**)

.000

.837(**)

.000

.088

.340

-.007

.940

1

.551(**)

.000

.538(**)

.000

.932(**)

.000

.753(**)

.000

1

.943(**)

.000

.525(**)

.000

.402(**)

.000

1

.513(**)

.000

.542(**)

.000

1

.802(**)

.000

1
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However, 15.6% of farms posed a higher risk than when sur-
veyed in 2007, while 46.9% of farms resurveyed remained in
the same risk category. Some of the remedial work required
very simple and cost-effective measures, but these were not
carried out on the majority of farms. The area farmed, stock-
ing rates, organic nitrogen produced, animal manure storage
and fertiliser usage all remained similar to those recorded for
each farm during the initial farmyard surveys (Table 5.6).

A similar farmyard survey was completed in the Fane catch-
ment, south of Lough Muckno on behalf of Monaghan County
Council in winter 2007/2008. A total of 220 farmyards were
visited and 72% (160) were deemed to be of little or no risk of
nutrient loss to nearby water systems.

An advisory letter and information leaflets were issued to all
farmers, while staff from Monaghan County Council carried
out targeted surveys on the remaining 60 farms (28%) to con-

sider if enforcement measures were necessary. Enforcement
actions to date have included the issuing of 21 warning letters
and 3 legally binding notices. One farm has been cross report-
ed to the Department of Agriculture, Fisheries and Food.

While improvements have been recorded on 22.5% (26) of
farms, 11% (24) remain on Monaghan County Council’s
farmyard monitoring programme. (B. O’Flaherty, pers.
comm.).

Table 5.6 Summary of farmyard survey results (Milltown catchment)

Table 5.5 Percentage of farms classified according to risk of the farms
resurveyed*

*32 farmyards resurveyed (%); Farmyards causing low risk of pollution in
2007 (green) were not resurveyed.

Risk classification
Green
Yellow 1
Yellow 2
Yellow 3
Red

2007 survey (%)
0

6.3
59.4
28.1
6.3

2008 survey (%)
9.4
21.9
37.5
21.9
9.4 Parameter measured

Number of farms surveyed
Average farm size (Ha)
Number of farms in dairying
Average stock numbers (LUs)
Average stocking rate (LU/Ha)
Median storage capacity (weeks) Note 1
Number of farms high risk – Red (2007)
Number of farms high risk – Red (2008)
Number of farms medium risk – Yellow 3 (2007)
Number of farms medium risk – Yellow 3 (2008)
Number of farms medium risk – Yellow 2 (2007)
Number of farms medium risk – Yellow 2 (2008)
Number of farms medium risk – Yellow 1 (2007)
Number of farms medium risk – Yellow 1 (2008)
Number of farms low risk – Green (2008)
Percentage farms in REPS/QMS/CMS 15.6%
Average organic nitrogen/ha/yr

Number
32

25.12
6

42.62
1.76

46.84
2
3
9
7
19
12
42
7
3

15.6%
128.13
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Observations from section 5.1

• The most common faults throughout the 126 farms were:
- Lack of guttering on outhouses that permitted the mixing of clean rainwater and effluent on the farmyard
- Lack of slurry storage
- Out-wintering of cattle, causing serious soil poaching and erosion of poorly structured soils and therefore high potential

for run-off
- Unauthorised dumping of organic wastes in large volumes
- Failure to empty dungsteads and slurry storage units that are full to capacity

• Of the 32 resurveyed farmyards, which were of medium-high risk, only 37.5% made an improvement and were allocated a
lower risk than in the previous survey. Some of the remedial work required very simple and cost-effective measures, how-
ever for the majority of farms, these were not carried out.

• In relation to farm size, some of the smaller farms were found to be operating at a higher intensity than larger farms. In these
cases, the amount of N and P generated was in excess of the area available for land-spreading.

• The process of engaging with farmers was not as successful as had been hoped, although co-operation was best where there
was one-to-one engagement.

• The relative success of the Monaghan County Council case study vis-a-vis the NSPPP study suggests that engagement with
farmers combined with the application of enforcement measures can bring about a significant reduction in the risk of water
pollution from farmyards.

• The Monaghan County Council experience suggests that follow-up inspections on random farms will be required, as inci-
dences of tank breaches and problems with silage base diversion units have occurred on the most carefully-managed farms.

Recommendations:

• Practical advice should be given where problems are identified and a reasonable period allowed for implementation of such
advice.

• Enforcement actions (such as the withholding by the Department of Agriculture of farm payments) should be considered
where high risk farms fail to comply fully with best management practices.

• Ongoing vigilance must be applied where large quantities of contaminated materials are generated, as once-off contamina-
tion incidents can arise in what are generally perceived as ‘low risk’ farmyards.

• Local authorities and relevant enforcement agencies should have access to data regarding nitrate derogations under the
Nitrates Directive (S.I. No.101 of 2009), in order to determine if landowners are complying with these regulations.

• Periodic contact should be maintained with farmers, given that one-to-one engagement is most likely to yield results.
• Targetted information leaflets in relation to farmyard management should be circulated
• Regular workshops or demonstration days should be hosted by a competent agency to provide farmers with simple, cost

effective ideas for dealing with and controlling dirty farm water and associated farm wastes. The idea of wetlands, reed beds
and other novel waste treatment systems could also be introduced as a means of remediating their farmyards and relevant
support systems should be made available to those farmers interested in pursuing these ventures. These demonstration days
might also serve as a business opportunity for environmental companies to make farmers aware of products that would
improve the management of their farmyard.

• An alternative option for slurry disposal should be recommended to farmers in exchange for adhering to land spreading
restrictions under the Nitrates Directive, where their land bounds water sources. Such options could include, exporting the
slurry from the area to suitable areas with low P indices. This option will be costly and if recommended to the farmer, encour-
agement will be required.

• Regional centralised facilities must be considered as a year-round management option for dealing with apposite amounts of
organic waste. These could include a series of feasible treatment options such as anaerobic digesters, slurry pelleting and/or
decanting systems.
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5.2 Soil nutrients
The contribution of nutrients originating from diffuse agricul-
tural sources to the degradation of water quality is well docu-
mented. Varying factors, such as soil type, land use, topogra-
phy, associated hydrology and climate influence the potential
impact of nutrients in a given situation. Consequently, the
major focus of this study was on nutrient management plan-
ning based on the conditions that were found on individual
farms in the Milltown Lake catchment.

Sixty-six farmers volunteered to participate in a soil nutrient sur-
vey, resulting in the collection and analysis of 339 samples.
These were analysed for plant available potassium, magnesium
and phosphorus (using Morgan’s extracting solution), iron, alu-
minium, soil pH and lime requirement. Based on this data
(Figure 5.6), individual nutrient management plans were distrib-
uted to participating farmers by letter, along with associated
advice and recommendations.

It was anticipated that by taking this advice on board, farmers
would save money on fertiliser and become more aware of the
impact of fertiliser application rates and the impacts of nutri-
ent run-off on adjacent water courses.

Soil nutrient concentrations
Owing to the dominance of poorly draining soils in a predom-
inantly drumlin area, the potential risk of nutrient loss through
surface overflow is extremely high (Kurz et al., 2004).

The fact that the average soil P (Morgan’s) within the catch-
ment is 8.39 mg/L (Index 4) (Table 5.7) is problematic partic-
ularly as the over fertilised soils have a poor sorption capacity.
During episodes of heavy rainfall, receiving water bodies are
vulnerable to phosphorus enrichment from the saturated soils.
This was confirmed by research carried out by Kurz et al.
(2005) in a catchment of similar soil type and geology, where
high phosphorus levels in soil resulted in elevated edge-of-
field dissolved reactive phosphorus transfers in overland flow.

The optimum level for phosphorus in soils is in the range of
5.1-8.0 mg/L for grassland. Anything above this range poten-
tially increases the risk of nutrient loss (Table 5.8).

The distribution of soil P indices throughout the catchment is
presented in Figure 5.7. Just over one third of soils (36%)
were in the target index (index 3) and a smaller proportion
(21.9%) were in the index 2 category. Soils in the index 4 cat-
egory (36%), exceed grassland phosphorus requirements.

The spatial distribution of categories of soil P concentrations
throughout the catchment is presented in Figure 5.8 where an
irregular distribution of P values is displayed throughout the area.

As the pH of the majority of soils within the catchment is low,
the associated lime requirement at 8.35 tonnes per hectare is
high (Table 5.7). The advantages of liming are well document-
ed. These include an improvement of soil structure and plant
root development, in addition to increasing the availability of
various nutrients for plant growth, including soil nitrogen and
phosphorus. This was confirmed within this study as a signifi-
cant positive correlation (P<0.05) was recorded between soil
pH and plant-available phosphorus (Table 5.9).

Figure 5.6 Soil phosphorus levels on sampled fields

Table 5.7 Average soil nutrient characteristics

Table 5.8 The Irish P-index system for grassland mineral soils using
Morgan’s extractant solution (S.I. No. 101 of 2009)

Figure 5.7 Distribution of soil P indices throughout the catchment (n=339)

n=339 in all cases; SE: Standard error

Phosphorus range (mg L-1)
0-3
3.1-5
5.1-8 (recommended)
>8

Parameter measured

Plant-available phosphorus (mg/l)

Plant-available potassium (mg/l)

Plant-available magnesium (mg/l)

Lime requirement (tonnes/hectare)

pH

Iron (mg/kg)

Aluminium (mg/kg)

Soil P Index

1
2
3
4

Soil test P (mg l-1)

0.0-3.0
3.1-5.0
5.1-8.0
> 8.1

Description

P-deficiency
Target Index: no early grass, herbage not fully utilised
Target Index: early grass, full herbage utilisation

No further response to P-fertiliser

Mean

8.47

195.5

128.11

8.35

5.77

21107

17675

Max

70.1

446.2

354

21

6.91

48843

39475

Min

2.00

26.50

28.60

0.00

4.72

8912

7900

SE

0.383

4.91

2.92

0.275

0.026

284.21

241.73
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As most nutrient levels are already in excess of permitted val-
ues as outlined in the S.I. 101, the addition of limestone as rec-
ommended to farmers, will lead to further release of bio-avail-
able nutrients, which has the potential to exacerbate the prob-
lem of nutrient run-off. In many cases, this may lead to soils
not requiring applications of slurry or other agricultural

wastes for an extended period of time, which in turn may
cause slurry storage problems for landowners.

The general recommendation is that landowners with soils in
P index 4 should return their slurry to their own land, particu-
larly for silage crops. This will partially replace nutrients
removed by the grass sward. However, no additional inorgan-
ic fertilisers should be applied in these circumstances as this
will result in a longer time period before the soils return to the
recommended P index 3.

The average levels of potassium in the catchment are high and
are within the index 4 category (Table 5.7). This can be prob-
lematic as excessive potassium reduces magnesium uptake in
crops and can cause hypomagnesia (grass tetany) in animals.
However, the average plant-available magnesium levels are
high (index 4), so hypomagnesia should not be a problem in
the majority of farms.

Aluminium and iron content were determined to predict the
extent of P immobilisation in the catchment soils. At low pH,
soils tend to have greater amounts of aluminium and iron pres-
ent which forms very strong bonds with phosphate. In this
catchment, a significant negative correlation (P<0.05) was
recorded between Morgan’s P and aluminium content (Table
5.9), indicating that aluminium may play a stronger role in P
immobilisation in predominately gley soils. Furthermore, if
organic matter was added to the soil, the humus could coat the
aluminium and iron oxides, and therefore cause a reduction in
soil P sorption. This would also be the case if lime was added,
resulting in large quantities of phosphorus being released.

From these data, 66 individual nutrient management plans
were compiled and distributed to the relevant farmers. It was
anticipated that the landowners would take some, if not all,
advice and recommendations on board and that the effects of
nutrient run-off from soils would diminish as a result.

Table 5.9 Correlation matrix of soil parameters measured

** Correlation is significant at the 0.01 level (2-tailed); * Correlation is significant at the 0.05 level (2-tailed); n=339 in all cases.

Figure 5.8 Distribution of soil phosphorus concentrations

Fe

Al

K

LR

Mg

P

pH

Pearson Correlation

Sig. (2-tailed)

Pearson Correlation

Sig. (2-tailed)

Pearson Correlation

Sig. (2-tailed)

Pearson Correlation

Sig. (2-tailed)

Pearson Correlation

Sig. (2-tailed)

Pearson Correlation

Sig. (2-tailed)

Pearson Correlation

Sig. (2-tailed)

.610(**)

.000

-.077

.159

-.017

.757

-.112(*)

.040

-.015

.783

-.028

.604

-.269(**)

.000

-.017

.766

-.228(**)

.000

-.117(*)

.032

.053

.332

.204(**)

.000

.705(**)

.000

.360(**)

.000

-.094

.084

.286(**)

.000

-.078

.165

-.597(**)

.000

.348(**)

.000

-.142(**)

.009

.099

.070

Fe Al K LR Mg P pH
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Table 5.10 Correlations between selected farmyard management practices and soil characteristics

**Correlation is significant at the 0.01 level (2-tailed); *Correlation is significant at the 0.05 level (2-tailed); n=51 in all cases.

Farmyard practices and soil nutrient characteristics
In order to establish if farmyard management practices such as
animal stocking rates, organic waste generation and area
farmed were related to the soil characteristics recorded, a sub-
sample of 51 farms was selected. The data collated was
analysed statistically (using analysis of variance and Pearson’s
bivariate correlations on SPSS version 15.0), the results of
which are presented in Table 5.10. In relation to stocking rate,
the levels of magnesium, potassium and phosphorus recorded
in the catchment soils displayed significant correlations
(P<0.01, P<0.05, P<0.05 respectively) owing to their release
from animal manures.

Phosphorus application rates as calculated from total P generat-
ed and area farmed – which is indicative of the intensity a farm
is managed – significantly correlated with soil P concentrations
(P<0.05). However, the total phosphorus generated individual-
ly from livestock, dairy washings and other imported fertiliser
materials showed no significant correlation (P<0.05) with soil
phosphorus concentrations (Table 5.10).

Application of the modified phosphorus ranking scheme
(NPRS) to farmyard management
In an attempt to identify source areas of high risk for phospho-
rus loss to surface waters, both farmyard risks and associated
soil nutrient data were collated for 51 farms and a risk model
scenario applied. The risk assessment model employed was
the modified phosphorus ranking scheme (mPRS) as it uses a
limited number of criteria to evaluate the potential losses of

phosphorus on a catchment scale basis (Magette et al., 2007).
The mPRS is based on the earlier developed PRS, but has
been adapted to reflect international best practice in relation to
P indices (Magette et al., 2007).

These multi-criteria analyses assess risks and allocate scores to
the decisive factors and subsequently weight the criteria corre-
sponding to their priority (Hughes et al., 2005). A mathematical
relationship is then applied to combine scores and criteria to a
quantitative assessment measure (Hughes et al., 2005). As the
susceptibility of a specific area to P loss is reliant on many
factors, multi-criteria analysis provides a logical method of esti-
mating the possibility for P loss of vicinity, at either a field or
catchment scale level (Hughes et al., 2005).

Within the mPRS model, a number of weighted factors are
used to manipulate the different processes involved in the
transport of P to receiving waters. These factors include P
usage rate, P application timing, Morgan’s P value, desorption
risk, farmyard risk and transport factors such as distance and
proximity to surface or subsurface drainage. The farmyard
risks utilised in the mPRS model were determined as
described earlier, using similar factors and weightings as per
Magette et al. (2007).

The mPRS was calculated using various ranking attributes
divided into source and transport factors as described in tables
5.11-5.13 (Magette et al., 2007). These show the detail of how
each factor is scored.

Fe

Al

K

LR

Mg

P

pH

Pearson Correlation

Sig. (2-tailed)

Pearson Correlation

Sig. (2-tailed)

Pearson Correlation

Sig. (2-tailed)

Pearson Correlation

Sig. (2-tailed)

Pearson Correlation

Sig. (2-tailed)

Pearson Correlation

Sig. (2-tailed)

Pearson Correlation

Sig. (2-tailed)

-.221

.120

-.096

.504

.256

.070

-.082

.567

.281(*)

.045

.119

.404

.024

.865

-.229

.106

-.127

.376

.346(*)

.013

-.079

.581

.443(**)

.001

.236

.096

.026

.858

-.115

.423

-.108

.452

.291(*)

.038

-.029

.840

.440(**)

.001

.290(*)

.039

.009

.951

.014

.924

.014

.921

.082

.569

-.011

.937

.171

.230

.128

.372

-.070

.628

-.040

.781

-.006

.965

.159

.264

-.002

.988

.316(*)

.024

.102

.476

-.036

.801

-.087

.545

-.073

.611

.295(*)

.035

-.060

.678

.424(**)

.002

.284(*)

.044

.031

.827

-.134

.349

-.203

.152

.203

.153

-.001

.995

.239

.091

.281(*)

.046

-.128

.370

Area
farmed

Stock
numbers

Stocking
rate

Total
storage
capacity

Total P
generated

Total N
generated

ON P application
rate

-.163

.268

-.040

.786

.329(*)

.023

.026

.863

.388(**)

.007

.137

.352

.048

.746
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The P application timing factor estimates the potential risk of
P run-off due to the hydrological networks present and the
uncontrollable conditions that may affect it during the year
(Magette et al., 2007).

As illustrated in table 5.14, the majority of farms were in the
high risk category (56.5%). No farms were in the low risk
category. This was most likely due to the weighting placed
on the hydrological and desorption risks associated with
poorly draining gley soils that dominate the catchment.

These characteristics are uncontrollable and if this risk
assessment model was applied to farms and farming prac-
tices on a more free draining soil type, the risks as calculat-
ed by the mPRS are likely to be significantly reduced. In
many cases in the Milltown Lake catchment, farms produc-
ing less than 170 kg organic nitrogen ha/yr were classified as
high risk, owing to site characteristics.

Table 5.11 Modified phosphorus ranking scheme (mPRS) (adapted from
Magette et al., 2007)

Table 5.12 Assessment of risk for P application factor in mPRS (Magette
et al., 2007)

Table 5.13 Assignment of mPRS T2 factor values relative to field
drainage (Magette et al., 2007)

Table 5.14 Interpretation of the catchment mPRS final rank and overall
risk assessment scale P loss risk (Magette et al., 2007)

Factor Description Weighting Risk level
Low Medium High
(1) (2) (4)

S1 P usage 1 Teagasc P Teagasc P Teagasc P
rate Index 1 or 2, Index 3, or Index 4, or

or 0-5kg/ha 5-10kg/ha >10kg/ha

P application 0.9 see Table see Table see Table
timing 5.12 5.12 5.12

S2 Soil P
(by Morgan’s test)1 0.8 0-6mg/P/L 6.1-8mg/P/L >8mg/P/L

Desportion risk2 1 Low Moderate High

S3 Farmyard risk 0.8 Good Moderate Poor

T1 Transport 0.75 >500m 200-500m 0-200m
distance

T1 Connectivity 0.75 Low* Moderate* High*

Calculation
S1 (risk of P loss from applications) = P applications x P applications timing
S2 (risk of P loss due to soil P concentrations = soil test P x desorption risk
mPRS source sub-score = (S1) + (S2) + (S3), where S3 is farmyard risk
mPRS transport sub-score = T1 x T2
Site score = source sub-score x transport sub-score

*due to subsurface or surface drainage

1The P index system for grassland prior to S.I. No. 378 of 2006 has been
revised and the indices as outlined in Table 5.8 were taken into account in the
mPRS assessment.
2 Calculated from the National soil map

P application timing factor valueP application
timing

Application
between May 1st

and Sept 1st
Application
between Jan

15th and May 1st
Application at

other times

Hydrologically
low risk soils

Hydrologically
moderate risk soils

Hydrologically
high risk soils

1

1

1

1

2

4

2

4

4

Drainage
System
Subsurface
drainage

Field drains

Low Risk
(1)

Medium Risk
(2)

Medium Risk
(3)

No subsurface
drainage

No field
drains

Subsurface drainage,
but no direct link to

river channel
Field drains but no
direct link to river

channel

Subsurface drainage
with a direct link to

river channel
Field drains present
with a direct link to

river channel

Final risk

<7.3

7.3 to 14.6

>14.6

LOW potential for P movement from this catchment
given current management practices and catchment
characteristics. There is a low probability of an
adverse impact to surface waters from P losses from
the catchment

MEDIUM potential for P movement from this
catchment given current management practices and
catchment characteristics
HIGH potential for P movement from this catchment
given current management practices and catchment
characteristics

Overall risk assessment Percentage
of farms in
this risk
category

0%

23.5%

56.5%
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Observations from section 5.2:

• The average soil P (Morgan’s) within the catchment is 8.39 mg/L (index 4) which is surplus to requirements for grassland
production. This is problematic, particularly as over fertilised soils have a poor sorption capacity. During episodes of heavy
rainfall, receiving waters bodies are vulnerable to phosphorus enrichment from the saturated soils.

• The pH of the majority of soils within the catchment is low, while the associated lime requirement is high as expected at 8.35
tonnes per hectare. The addition of limestone to individual fields, as recommended to farmers by the nutrient management
plans, will lead to further release of bio-available nutrients, particularly phosphorus. Therefore, the problems associated with
diffuse pollution from agricultural soils may be exacerbated before an improvement is recorded.

• Because of embedded phosphorus, the implementation of nutrient management plans may lead to soils not requiring appli-
cations of slurry or other agricultural wastes for an extended period of time and the prevention of fertilisers being imported
to such farms. This, in turn, may cause additional slurry storage problems for landowners.

• The results of soil nutrient surveys should have been distributed by hand and on a one-to-one basis to allow discussion of the
issues that arose.

Recommendations:

• More rigorous control is required in relation to the ‘where and when’ of spreading slurry and inorganic fertilisers. This
control should be exercised through relevant statutory authority.

• Farmer should only spread organic and/or inorganic fertilisers on lands for which nutrient management plans have been
completed.

• Nutrient management plans should be conducted every 4-5 years on all farms. An information leaflet/reminder notice to this
effect should be circulated to farmers with relevant information and soil laboratory contact details when the 4-5 years peri-
od has elapsed.

• Additionally, field topography should also be provided when taking a soil sample, as nutrient management plans only take
into account the soil nutrient characteristics under the assumption that all soils are taken from a relatively uniform field and
soil type. The advice on nutrient application should be significantly different for fields with a large gradient, particularly in
areas of low permeability soils.

• Where an issue arises with soil samples, this should be communicated verbally as well as in writing to ensure that the farmer
understands the implications of the findings.

• In the short term, alternative options must be considered for dealing with excess quantities of cattle slurry, particularly in
fields with a soil P index of 4. An incentive could possibly be provided to reduce overall stocking rates in such farms, until
the nutrient saturated soils have returned to a soil P Index of 3. Otherwise, excess quantities of organic wastes should be
exported from the farm to a dedicated, centralised regional facility.

• Grass buffer zones should be established in catchments of this type. In addition, sediment barriers should be installed, par-
ticularly at the bottom of steeply sloping fields, adjacent to water courses.

• Buffer zones for applying organic fertiliser and soiled water should take into account the soil permeability.

These recommendations should be region specific.
• Soil type and topography must be taken into account when determining set-back distances from a watercourse for spreading

of chemical fertilisers as 1.5 m does not appear to be sufficient in a catchment of this nature.
• A tailored agri-environmental scheme should be introduced into particular regions, taking into account soil types and perme-

ability, weather patterns, topography, underlying geology, proximity to ground water table and surface water. All these should
be considered at a local level.

• Ideally, farming practices in any RBD should reflect the capacity of the local environment to support it.
• An extended pilot should be established on a mini-catchment level to evaluate the feasibility of a tailored agri-environmen-

tal scheme that is regionally specific.
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On-site wastewater treatment systems (OSWTS) were
identified as a potential source of contamination within
the Milltown Lake catchment. A total of 154 households
were surveyed in 2006 and homeowners were asked ques-
tions relating to the age and type of their system, the fre-
quency of desludging, the number of occupants and the
number of sinks, showers baths and toilets in the house.

The bulk of households surveyed (>90%) had a conven-
tional septic tank. Over half of these were installed before
1991 (prior to SR6:1991 Wastewater, Treatment Systems
for Single Houses), and consequently might not comply
with existing standards, although they may have con-
formed with the standards current at the time of their
installation (Figure 6.1).

Figure 6.1 Age of wastewater treatment systems (years)*

Of those surveyed, 27% had never de-sludged their sys-
tems (Figure 6.2), even though EPA guidelines recom-
mend that tanks be de-sludged on a regular basis and at
least once every 12 months (EPA, 2009).

Figure 6.2 Frequency of de-sludging wastewater systems*

There was a marked difference in the reported frequency
of de-sludging between respondents in Monaghan and
Armagh. Figure 6.3 indicates that 36% of systems in
Monaghan were de-sludged at intervals greater than five
years, while in Armagh it was 21%. At the other end of the
scale, 64% of systems in Armagh were de-sludged at least
once a year, but only 37% of systems in Monaghan were
de-sludged at this frequency. This difference is explained
by the fact that de-sludging of systems in Northern Ireland
was included in rates payments.

Forty-two systems were visually inspected to establish the
materials used in their construction, type of effluent dis-
persal unit and their overall condition. Of these, 83% were
conventional septic tanks and the remainder were propri-
etary systems. A majority (64%) of the septic tanks
inspected were single-chambered and would, therefore, be
considered sub-standard by current standards.

All of the proprietary systems inspected were installed in
the previous ten years and were still under maintenance
contracts, including annual de-sludging. Nevertheless, it
was found that 43% of proprietary systems were not oper-
ating correctly at the time of inspection and had either
malfunctioned in some way or were not switched on.

Of the 42 systems, 45% were found to have percolation
areas, whereas 38% relied on soakaways (i.e. pits filled
with stone) and 17% had direct discharge to a nearby ditch
or water course, two of which had no settlement tank at all.

Extension of OSWTS study
In collaboration with the Western River Basin District
(WRBD) and ESB International, this aspect of the NSPPP was
extended in 2008 to include an intrusive investigation of a
small set of OSWTS within the Milltown Lake catchment.
This was carried out in line with the requirements of the
Unsewered Wastewater Treatment Systems National Study, as
part of the field validation of the risk assessment methodology
based on the pressure pathway receptor model. The work com-
pleted as part of this field study is presented in a full compre-
hensive report entitled ‘A field study assessing the impact of
on-site wastewater treatment systems on surface water in a
County Monaghan catchment’ (McCarthy et al., 2010).

This study aimed to develop an increased understanding
of the risk posed by OSWTS to surface water and to pro-
vide quantifiable data on their contribution to nutrient
loading within Milltown Lake catchment. The primary
focus was on systems currently in use, regardless of age,
type, or level of maintenance. The aim was to acquire an
understanding of the risk posed by currently installed and
operating OSWTS , taking into account the likely effect of
factors such as poor maintenance, incorrect installation
and operation and the suitability of the system to the site.
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* discounts respondents with no system in-situ and/or questionnaires with insufficient information in relation to the age of the system.

Figure 6.3 Comparison of frequency of de-sludging of systems in
Monaghan and Armagh *

Age of System (years)
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Background
Properly built and maintained OSWTS can treat effluent in an
ecologically sound manner and return the water to the envi-
ronment (Hill, 2004). However, inappropriately designed,
installed and maintained OSWTS are considered to be among
the many sources of nutrients to water bodies.

In addition to the potential impacts on the ecological and
chemical status of water bodies, contamination of ground and
surface water resources by effluent discharged from OSWTS
is of critical concern owing to the potential health risks
through degradation of recreational and drinking water
resources from increased nutrient inputs (Carroll et al., 2005).

On-site wastewater treatment systems have been identified
by the WFD National Summary Characterisation Report as a
significant diffuse pressure acting on water bodies. Con-
sequently, there is a need for improved understanding of their
impact on water quality.

It is estimated that in Ireland 50 million gallons of effluent,
from over 1.2 million people are produced by on-site systems
and that they are one of the principal sources of groundwater
pollution (Daly, 2003). However, very little definitive work has
been undertaken to assess their impact on surface water.
Pollution of surface water usually occurs in areas with deep
low permeability soils and subsoils, or with shallow soils over-
lying poorly productive aquifers (Kavanagh & Bree, 2009).

The most common type of OSWTS in Ireland is the septic
tank and its associated percolation area. A septic tank func-
tions principally as a settlement chamber in which solids set-
tle to the bottom, fats and oils float to the top and a sufficient
reduction of the suspended solids and the organic component
of the wastewater is achieved to allow subsequent treatment in
the subsoil. Wastewater from the middle portion of the tank is
then discharged to the subsoil.

Secondary or proprietory treatment systems can be installed as
an alternative to a septic tanks and generally take the form of
mechanical aeration or filter systems. These provide a con-
trolled aerobic environment that accelerates microbial degra-
dation of organic matter. Such systems include mechanical
aeration systems, filter systems and constructed wetlands.

The subsoil that receives the effluent from both of these cate-
gories of OSWTS plays an integral part in the process of efflu-
ent treatment. However, while a septic tank is almost entirely
dependent on the natural biogeochemical process that occur in
the subsoil to process the range of effluent contaminants, the
pollutants released from a secondary or proprietary system can
be better controlled.

The primary purpose of the percolation area is to process
effluent, reducing the concentration of potential contaminants
reaching surface and groundwater receptors. In the past, soak-
age pits were commonly used. These were composed of an
excavated hole filled with stone or rubble into which the efflu-
ent was allowed to flow. Such systems become quickly
clogged, however, as they concentrate the effluent into a small
area. Therefore, their use as a disposal option is no longer rec-
ommended (EPA, 2009).

Not all sites are suitable for the installation of a septic tank, as
they may have soil types hydraulically unsuited for disposal of
wastewater effluent. The soil may be of low permeability and,
consequently, does not have the capacity to absorb effluent,
often leading to clogging and subsequent loss of infiltration
capacity. Prior to installation of an OSWTS, a site suitability
test must be carried out. Guidelines for site assessments are
currently laid out in the ‘Code of Practice: Wastewater treat-
ment and disposal systems serving single houses with up to
ten inhabitants’ (EPA, 2009). This code of practice aims to
define subsoil conditions that provide an acceptable level of
treatment of wastewater arising from OSWTS.
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Impacts on water quality
Phosphorus (P) pollution arising from OSWTS is not generally
regarded as a problem either for surface or groundwater, as it
is, by and large, effectively retained in the subsoil through
adsorption and precipitation. It is, therefore, unlikely to reach
the maximum admissible concentration for drinking water (2.2
mg/L as per the European Communities (Quality of Water
Intended for Human Consumption) Regulations 1988).
Nevertheless, it is worth noting that concentrations of total P as
low as 0.02 mg/L (Correll, 1998), and orthophosphate in excess
of 0.03 mg/L/P (Lucey et al., 1999) can lead to eutrophication.

OSWTS located in close proximity to water sources have been
implicated in P contamination (Smyth et al., 2002). P transport
through subsoil is more likely to occur in coarse-textured,
non-calcareous soils, low in organic matter. P contamination
from OSWTS has also been found to occur in sandy soils with
high or perched water tables and in older percolation areas
where phosphate sorption capacity has become limited
(Robertson, 1995; Harman et al., 1996).

Effluent arising from OSWTS may contain high concentra-
tions of pathogenic organisms. These micro-organisms pose a
potential threat to human health, capable of causing serious
illness, particularly in people with compromised immune sys-
tems (Scandura & Sobsey, 1997). Faecal bacteria are general-
ly used as indicator organisms of effluent pollution, owing to
the ease with which they can be counted.

It has been reported from the USA that 42% of all water-asso-
ciated disease outbreaks there were associated with drinking
untreated groundwater impacted by OSWTS (DeBorde et al.,
1998). The degree of microbial contamination of groundwater
in Ireland is high, with at least 30% of private domestic wells
polluted by faecal bacteria in some areas (Daly, 2003). In
terms of potential health implications, it is important to note
that 25% of drinking water supplies in Ireland come from
groundwater supplies (Daly, 2003). In the GWS sector, almost
70% of schemes rely wholly or partly on groundwater sources
(NFGWS Annual Report, 2010).

The risk of microbial contamination to surface water is great-
est where OSWTS discharge directly to a water course. There
are a number of other contamination pathways, with nutrients
capable of being transmitted via both over ground and under-
ground routes. In areas of low permeability soils and subsoils,
run-off of nutrients to nearby watercourses can occur when the
maximum saturation level of the soil is exceeded. In free
draining areas, with permeable subsoil and bedrock, subsur-
face water can provide the pathway. This can occur via soil
interflow and shallow groundwater flow and through deeper
groundwater flow.

A minimum depth of unsaturated soil in the percolation area of
between 0.6 m to 2.0 m is required for effective treatment of
effluent (Johnson & Atwater, 1988; Mote et al., 1995). In
Ireland, the EPA has established a guideline minimum depth of
1.2 m of unsaturated subsoil below the base of the percolation

trenches for septic tanks and 0.9 m for secondary systems
(EPA, 2009).

The concentration of pollutants entering a water course is,
therefore, determined by the process that occurs in the initial
few metres. Consequently, setback distances from water
sources are extremely important in reducing the potential for
negative effects on water quality arising from OSWTS
(Dawes & Goonetilleke, 2003). Appropriate setback distances
will vary depending on subsoil, geological and hydrological
conditions.

Study site descriptions
Five sites were selected, based on several factors including the
consent of the homeowner, distance to the nearest water-
course, the presence of likely interfering or confounding fea-
tures (such as roads or pathways), or the presence of obvious
alternative sources of organic pollution (eg. a nearby slatted
house or slurry pit). Details of the systems at the five selected
sites are summarised in Table 6.1. The principal consideration
was homeowner consent. As a consequence, two of the sites
were located outside the NSPPP study area, but within the
wider Lough Muckno catchment immediately downstream of
Milltown Lake (Figure 6.4).
Table 6.1 Summary of OSWTS at each of the study sites

Figure 6.4 OSWTS study sites

Site System Method of Distance No. Depth to Age Frequency
type effluent to of Water of of

dispersal waterbody people table system desludging
D Secondary Percolation ~102 m 2-4 0.15-2.65 ~8 yrs 1-2 yrs

F Septic tank Soakaway ~44 m 2-3 0.18-2.9 ~35 yrs 1 yr

S Septic tank Percolation >200 m 2 0.12-1.67 ~30 yrs Intermittent

K Septic tank Soakaway ~12 m 1-3 0.37-2.77 ~30 yrs Intermittent

J Septic tank Soakaway ~15 m 2 0.77-1.37 ~35 yrs Intermittent
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The sites were located in areas underlain by clayey glacial till
resting on a poorly productive sequence of Lower Palaeozoic
shales and greywackes (highly compacted/lithified sand-
stones). The GSI subsoil permeability map records the subsoil
in the general area as of ‘low’ permeability, suggesting that
run-off usually dominates over infiltration.

However, as aquifer vulnerability in the area is mapped as ‘X-
Extreme’ (with the exception of site S, which is identified as
‘H-High’ vulnerability), the soil at the sites may be relatively
well drained, as the depth to bedrock is quite shallow.

A site characterisation was carried out at each field site, fol-
lowing the methodology of the EPA guidelines (EPA, 2000). A
percolation test was also carried out at each site to ascertain
the assimilation capacity of the subsoil. This is measured as
the length of time it takes for the water level in the percolation
hole to fall from a height of 300 mm to 200 mm above the base
of the test hole in a percolation area.

The percolation values of the subsoils were determined by a
modified version of the on-site standardised Irish falling head
percolation test, the ‘T-test’. The ‘T-value’ is the average time
in minutes it takes for the water level to fall 25 mm in each of
two percolation test holes dug at depths at least greater than
400 mm below ground level. A low ‘T-value’ (< 3) denotes a
coarse grained soil that is highly permeable in nature (gener-
ally sand or gravel) and is, therefore, not suitable for the
installation of a septic tank, while a high ‘T-value’ (>50) is
more indicative of a less permeable, often clayey soil.

In addition to the ‘T-value’, the ‘P-value’ was also obtained.
The P-test is generally carried out at ground level to establish
a percolation value for soils with ‘T-values’ ≥ 75 and ≤ 90 that
are being considered for an alternative treatment system,
which would discharge effluent at ground surface or over
ground through a soil polishing filter. The full details of the
site assessment and percolation tests are given in the full
report. (McCarthy et al., 2010) Average ‘T’- and ‘P-values’ at
each site are shown here in Table 6.2.

Table 6.2 Average percolation ‘T- and ‘P-values’ for each site

Installation of piezometers
A varying number of piezometers were installed down-gradi-
ent of each OSWTS depending on its proximity to the nearest
water course. A control was also installed outside the predict-
ed path of the effluent plume. The void around the upper por-
tion of the piezeometer tubing was sealed with bentonite to pre-
vent the direct ingress of surface water through the borehole.
Each piezometer was covered at ground level with a re-seal-
able cap and covered with a cavity concrete block to protect it
from damage by machinery or grazing animals.

Site T value P value
min/25 mm min/25 mm

D 38 23
F 98 25
S >100 63
K >82 60
J >90 65
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Field collection of samples
Field collection of subsurface and surface water samples began
in August 2008. Sites were sampled bi-monthly until June 2009
and monthly thereafter. Surface water sampling sites were
located up and down stream of the OSWTS at each site.

Depth to the water table from the land surface was measured
over the sampling period in each well just before pumping,
using an electrical water level meter to determine the season-
al fluctuation of water in the vicinity of each system.

Records of air temperature and total precipitation were
obtained from a Met Éireann weather station located in
Ballyhaise, County Cavan.

Surface water grab samples were taken from sites located up
and down stream of the OSWTS at each site (apart from Site S).
Samples were collected in a similar way to that already
described for subsurface water samples.

Flow velocities were measured at each site using a current
meter. Contaminant loads were calculated as a product of the
instantaneous contaminant concentration and the mass of water
flow.

Laboratory analyses methods are described in the full report
(McCarthy et al., 2010).

Subsurface water monitoring
Background concentrations of indicator contaminants from
effluent pollution were estimated from subsurface water qual-
ity samples extracted from piezometers located outside of the
predicted spread of the effluent plume at each site. These are
summarised in Table 6.3 below.

Table 6.3 Summary of average indicator parameters recorded in
piezometers considered to be outside the area of the predicted plume at
each site and, therefore, representative of background levels of these
parameters. Samples at Sites D and F recorded August 2009-March 2010,
samples at Site S were recorded August 2008 - January 2009.

High levels of ammonia were recorded at the first piezometer
along the effluent plume at Site D (Table 6.4). This would sug-
gest that considerable contamination is entering the subsoil
and travelling distances of up to 22 m with little or no treat-
ment occurring. Ammonia constituted 99.8 % of the dissolved
inorganic nitrogen (DIN; ammonia + nitrite + nitrate) at this
sampling point.

However, ammonia concentrations declined rapidly in the
piezometers further down gradient of the system, to be replaced
by high levels of nitrate, suggesting that nitrification is occur-
ring between 22 m and 56 m of the OSWTS (Figure 6.5).

Figure 6.5 Site D showing piezometer location in relation to the OSWTS
(compiled by the Groundwater Research Group, QUB)

Table 6.4 Mean (± SE), range and sample size (n) of ammonia, nitrite and
nitrate concentrations at Site D, August 2008 - August 2009

SITE D SUBSURFACE WATER FINDINGS

Parameter Site D Site F Site S
BHD6B BHD10 BHF11 BHS12

Ammonia (mg/L) 0.03 0.24 0.12 0.04

Nitrite (mg/L) 0.05 0.11 0.04 0.06

Nitrate (mg/L) 3.08 2.20 * *

SRP (mg/L) 0.16 0.06 0.01 0.04

Total Phosphorus (mg/L) 0.04 0.25 0.004 0.18

DOC (mg/L) 1.82 2.24 7.99

Conductivity (mS/cm) 0.24 0.23 0.38 0.37

pH 6.10 5.70 6.40 7.4

Alkalinity (mg/L) 17.6 49.7 186 163

Chloride (mg/L) 13.9

Total Coliforms (MPN/100ml) ¥ 1-15 <1-9 0-96 2-488

Escherichia coli (MPN/100ml) ¥ <1 <1 <1 <1
¥ Range of values recorded over the sampling period
* below detection limit

Piezometer Ammonia
(NH3+-N)

(mg/L)

Nitrite
(NO2-N)
(mg/L)

Nitrite
(NO3-N)
(mg/L)

BHD4 (22 m)
Mean ± SE
Range
n
BHD6 (56 m)
Mean ± SE
Range
n
BHD7 (73 m)
Mean ± SE
Range
n
BHD8 (84 m)
Mean ± SE
Range
n
BHD9 (102 m)
Mean ± SE
Range
n

128.7 ± 5.70
47.2 – 160.0

22

0.11 ± 0.03
0.03 – 0.28

9

0.08 ± 0.02
0.01 – 0.28

19

0.26 ± 0.12
0.07 – 2.64

22

0.06 ± 0.04
* - 0.87

22

0.15 ± 0.02
0.02 – 0.42

21

0.01 ± 0.003
0.003 – 0.03

9

0.02 ± 0.003
* - 0.05

19

0.03 ± 0.003
0.004 – 0.05

21

0.01 ± 0.002
* - 0.03

21

0.07 ± 0.04
* - 0.75

19

12.0 ± 2.09
4.6 – 19.1

8

5.4 ± 0.46
3.8 – 8.7

17

0.59 ± 0.18
* - 3.2

19

9.3 ± 0.39
6.0 – 12.3

19
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Nitrate is considered to be highly mobile and relatively con-
servative, with reductions in concentrations usually ascribed
to dilution and dispersion (Robertson et al., 1991; Postma et
al., 1991). Nitrate was recorded at levels as high as 12.3 mg/L
approximately 102 m from the OSWTS at Site D and less than
2 m from the adjacent watercourse. The presence of nitrate at
these relatively high levels in close proximity to the water-
course indicates a risk to surface water.

High concentrations of dissolved organic carbon (DOC) (24.3
± 5.2 mg/L) were recorded 22 m from the OSWTS, but this
declined with distance, suggesting oxidation. Concentrations
of DOC sampled at the most remote piezometer along the sus-
pected effluent plume were similar to background levels found
in the control piezometers, despite a low reduction in DOC
relative to some of the other contaminants.

Only 0.04% of the original pool of soluble reactive phospho-
rous (SRP) and only 0.29 % of total phosphorus (TP) remained
at the furthest piezometer relative to the first. High levels of
both SRP and TP were recorded 22 m from the OSWTS.
However, 56 m from the tank concentrations of SRP declined
to a mean of 0.03 mg/L, levels similar to those recorded in the
control piezometers located outside the estimated effluent
plume (Table 6.5). This indicates that P attenuation processes,
such as sorption and precipitation, are relatively efficient.

Levels of indicator bacteria were relatively high with numbers
of coliforms >2,420 MPN/100 ml detected 102 m from the
OSWTS (Table 6.6). Although this represented only 1.49 % of
the levels recorded at the first piezometer, it, nevertheless, cor-
responds to a relatively high faecal bacteria count, considering
that background levels of total coliforms and E. coli at this site
were <15 and <1 MPN/100 ml respectively. This movement of
bacteria over sizeable distances may be accounted for by the
presence of areas of preferential flow within the subsoil.

Chloride is a good indicator parameter of sewage impacts
because it is not subject to adsorption, ion exchange or oxida-
tion-reduction ‘redox’ reactions. Positive relationships
between chloride and ammonia has previously been observed
(McQuillan, 2004). The low percentage reduction of both
chloride and conductivity relative to the reduction of other
contaminants at Site D indicates that other attenuation
processes are important and are occurring in conjunction with
dilution and dispersion.

Conductivity is considered a semi-conservative tracer of con-
tamination, as it has been found to be partially affected by inter-
actions with sediment solution (Alhajjar et al., 1990). Consistent
with this, the percentage reduction in conductivity was greater at
this site than that of chloride. Nevertheless, the reduction of
almost 80 % of chloride concentration along the flow path also
suggests that some loss of chloride has occurred (Table 6.7).

Table 6.5 Mean (± SE), range and sample size (n) of SRP and TP concen-
trations at Site D, August 2008 - August 2009

Table 6.6 Range and sample size (n) of total coliforms and mean (± SE),
range and sample size (n) of Escherichia coli at Site D, August 2008 -
August 2009

Collection of subsurface water sample from a piezometer using a
peristaltic pump

Piezometer SRP
(mg/L)

TP
(mg/L)

BHD4 (22 m)
Mean ± SE
Range
n
BHD6 (56 m)
Mean ± SE
Range
n
BHD7 (73 m)
Mean ± SE
Range
n
BHD8 (84 m)
Mean ± SE
Range
n
BHD9 (102 m)
Mean ± SE
Range
n

27.6 ± 8.4
9.72 – 138

20

0.03 ± 0.005
0.01 – 0.06

8

0.01 ± 0.002
0.01 – 1.82

18

0.04 ± 0.002
0.02 -0.06

20

0.01 ± 0.001
* - 0.03

20

13.7 ± 1.0
4.0 – 20.2

17

0.4 ± 0.2
0.05 – 0.7

3

0.09 ± 0.01
0.02 – 0.2

8

0.04 ± 0.006
* - 0.08

15

0.04 ± 0.006
* - 0.09

16

* below detection limit

Piezometer Total Coliforms
(MPN/100ml)

Escherichia coli
(MPN/100m)

BHD4 (22 m)
Range
n
BHD6 (56 m)
Range
n
BHD7 (73 m)
Range
n
BHD8 (84 m)
Range
n
BHD9 (102 m)
Range
n

0 – 241,960
19

36 – 1414
4

0 – >2,420
16

0 – 210
19

0 – >2,420
19

0 – 11,190
18

4 - 397
4

0 - >2,420
17

0 - 77
20

0 - 365
20
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Table 6.7 Mean (± SE), range and sample size (n) of conductivity at Site D,
December 2008 - June 2009 and chloride, August 2008 - June 2009

In a steady state system, it would be expected that chloride
concentrations would remain constant. The loss of chloride at
this site raises the possibility that there is vertical migration of
contaminants below the piezometers and through to the weath-
ered bedrock. This is a major concern, as the water flows
through the rock along a limited number of fractures and, con-

sequently, there is little opportunity for contaminants to be
attenuated.

In addition, there were elevated concentrations of chloride at
the furthest piezometer along the effluent plume (43.4 ± 4.1
mg/L), relative to the two piezometers directly up-gradient of
it. This may be a consequence of preferential flow paths which
divert the subsurface flow around these piezometers towards
the furthest piezometer. Alternatively it may reflect effluent
transport through a preferential flow path in the bedrock, in
which case little or no attenuation will have occurred, increas-
ing the risk of contamination. A similar pattern to chloride was
also observed for nitrate, total coliforms and E. coli.

Installation of piezometers at one of the OSWTS study sites

SITE F SUBSURFACE WATER FINDINGS

Figure 6.6 Site F showing piezometer locations in relation to the OSWTS
(compiled by the Groundwater Research Group, QUB)

Piezometer Conductivity Chloride
(mS/cm/) (mg/L)

*BHD4 (22 m)
Mean ± SE 2.3 ± 0.2 104.8 ± 1.6
Range 1.2 – 4.6 95.0 – 128.1
n 15 18
BHD6 (56 m)
Mean ± SE 0.26 ± 0.02 14.5 ± 0.70
Range 0.23 – 0.30 12.4 – 16.3
n 3 5
BHF3 (9.6 m)
Mean ± SE 0.03 ± 0.001 0.07 ± 0.02
Range 0.02 – 0.03 * – 0.27
n 20 19
BHD7 (73 m)
Mean ± SE 0.36 ± 0.06 30.0 ± 14.8
Range 0.13 – 0.79 10.3 – 222
n 7 14
BHD8 (84 m)
Mean ± SE 0.31 ± 0.03 12.6 ± 0.90
Range 0.15 – 0.71 10.0 – 26.6
n 15 18
BHD9 (102 m)
Mean ± SE 0.49 ± 0.05 43.4 ± 4.1
Range 0.22 – 1.1 10.9 – 69.0
n 15 18
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There was evidence of nitrification occurring at Site F (Figure
6.6). However, this process appeared to be occurring within
shorter distances, with mean nitrate concentrations of 7.1 ± 1.3
mg/L at the piezometer just 6.4 m from the OSWTS. Ammonia
was still present in relatively high concentrations at this
piezometer, indicating that the process of nitrification was
incomplete. However, at the piezometer 16 m from the OSWTS,
ammonia represented only 0.2% of the DIN pool, suggesting
almost complete nitrification (Figure 6.7).

Figure 6.7 Distribution of ammonia and nitrate at Site F, August 2008 -
August 2009, showing the median, 75th and 25th percentile. Whiskers
delineate the data value less than or equal to 1.5 times the inter-quartile
range outside the quartile. * = extreme value, о = outlier data value less
than or equal to 3 times and greater than 1.5 times the inter-quartile
range outside the quartile (only piezometers in the direct path of the pre-
dicted plume are shown).

Nitrate concentrations reduced down-gradient of the 16 m
piezometer, possibly as a consequence of dilution or disper-
sion, or processes such as de-nitrification.

In contrast to nitrogen, very low soluble reactive phosphorus
(SRP) and total phosphorus (TP) concentrations were recorded
in all peizometers at Site F (Table 6.8) with little variation
among the piezometers regardless of distance from the
OSWTS. Slightly higher values of TP were recorded at the first
piezometer, but these quickly declined down-gradient, with the
exception of piezometer F8, which consistently had higher val-
ues of TP, although the reason for this increase is unclear.

As at Site D, there was a lower percentage reduction of both
chloride and conductivity relative to the reduction of other
contaminants such as ammonia, dissolved organic carbon and
SRP. This implies that other attenuation processes are occur-
ring in conjunction to dilution and dispersion at this site.
However, the overall degree of reduction in chloride at this
site was lower than that at Site D, constituting an almost 60%
reduction compared to almost 80% at Site D.

Site F was the only study site that had an alternative source of
contamination in the vicinity, that could potentially confound
the OSWTS data collected at the site. A slatted house is located
up-gradient of the tank on its western side and was approxi-
mately five years old at the commencement of the study. Two
piezometers were installed in August 2009 to assist in gaining
an insight into the potential impact of this slatted house on

organic pollution at the site. The preliminary data thus far
obtained are inconclusive and difficult to verify likely owing to
the low hydraulic conductivities of surrounding deposits of
these piezometers. Consequently, it is not currently possible to
determine the effect, if any, of the slatted house on the patterns
of contamination at this site. Further work will be carried out,
which will address this knowledge gap.

#BHF2A is located 12 m from the OSWTS in an easterly direction and is, there-
fore, not located along the predicted path of the plume; *below detection limit.

High values of ammonia were consistently recorded in the
most distant piezometer, 63.2 m from the OSWTS (0.2 ±
0.009 mg/L) relative to the piezometer that was directly up-
gradient (0.03 ± 0.004 mg/L). This also corresponded to low
levels of nitrate in the 63.2 m piezometer. These were often
below detection limits and were similar to nitrate levels
observed at the control piezometer, which is considered to be
representative of background levels.

The presence of sub-horizontal fissile partings in the till were
noted at this site during the site assessment. Formed when
material was being deposited by retreating ice, these can often
form preferential flow paths that may allow infiltrating liquid
to flow sub-horizontally through the material.

Table 6.8 Mean (± SE), range and sample size of soluble reactive phos-
phorus (SRP) and total phosphorus (TP) concentrations at Site F, August
2008-August 2009

*BHF2 (6.4 m)
Mean ± SE 0.02 ± 0.003 0.26 ± 0.053
Range 0.01 – 0.07 0.10 – 0.53
n 20 7
#BHF2A (12 m)
Mean ± SE 0.03 ± 0.003 0.25 ± 0.12
Range 0.03 – 0.05 0.05 – 1.08
n 8 9
BHF3 (9.6 m)
Mean ± SE 0.03 ± 0.001 0.07 ± 0.02
Range 0.02 – 0.03 * – 0.27
n 20 19
BHF5 (16 m)
Mean ± SE 0.02 ± 0.001 0.03 ± 0.003
Range 0.02 – 0.03 * – 0.06
n 20 18
BHF6 (24.8 m)
Mean ± SE 0.02 ± 0.002 0.06 ± 0.01
Range 0.008 – 0.03 0.02 – 0.16
n 20 17
BHF7 (36 m)
Mean ± SE 0.02 ± 0.001 0.15 ± 0.03
Range 0.004 – 0.03 * – 0.38
n 20 18
BHF8 (48 m)
Mean ± SE 0.03 ± 0.002 0.35 ± 0.04
Range 0.005 – 0.04 0.04 – 0.71
n 20 19
BHF10 (63.2m)
Mean ± SE 0.03 ±0.002 0.17 ± 0.02
Range 0.01 – 0.05 * – 0.36
n 20 17

Piezometer SRP TP
(mg/L) (mg/L)
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A second trial hole dug at the site in the vicinity of the 63.2 m
piezometer, was found to contain alluvial soils and subsoil
which suggests the presence of a subsurface pathway from the
tank to the stream. The high values of ammonia recorded at this
piezometer suggests that it acts as a preferential flow path
through which the contamination flows easily and quickly.
These observations would help explain the distribution of con-
tamination in the till, despite strong vertical hydraulic gradients.

At Site S a series of piezometers (S3 - S7) were installed along
the outer edge of the suggested percolation area (Figure 6.8). A
further group of five piezometers (S8 - S12) were then installed
with increasing distance down-gradient from the end of the
suggested percolation field. In January 2009, additional
piezometers (S2A and S3A) were installed at the eastern edge
of the OSWTS in an effort to better delineate the direction of
the effluent plume. Detailed data from each of the piezometers
installed at this site is given in the full report (McCarthy et al.,
2010) and will not be shown here.

Contaminant distribution at this site was complicated by the
presence of high levels of a salt tracer (NaCl), injected prior to
the start of the current project. In comparison to Sites D and F,
concentrations of indicator parameters of OSWTS effluent
were low at Site S. In addition, clear patterns of down-gradi-
ent distribution of a contaminant plume were not evident from
the network of piezometers. The ionic strength of the subsur-
face water will increase as a consequence of the NaCl injec-
tion. This can affect the rate at which microbes attach to soil
particles (Gannon et al., 1991).

Processes such as nitrification or de-nitrification are not evi-
dent at this site, nor is there a suggestion from the pattern of
soluble reactive phosphorus concentrations down-gradient of

the OSWTS of the occurrence of any aerobic attenuation
process such as adsorption or precipitation. Concentrations of
the conservative tracer chloride were low, apart from readings
at three piezometers that were the result of the addition of the
salt tracer. Elsewhere chloride levels were generally below
background values at this site, as indicated by measured con-
centrations in the piezometer S12.

Total coliform and E. coli concentrations were found to be rel-
atively high in a number of piezometers, and often had maxi-
mum values >2419 MPN/100 ml in S2, S3, S4 and S7. E. coli
numbers in these piezometers ranged from 0 to a maximum of
914 MPN/100 ml which was recorded in BHS3. In contrast,
<1 MPN/100 ml of total coliform and E. coli were recorded in
S5 and S8. The low numbers recorded in these piezometers is
possibly owing to the higher levels of salt and the resulting
higher rate of microbial attenuation.

Further investigation is required to establish the source of the
high numbers or faecal bacteria recorded at this site, given the
low concentration of other indicator parameters and the rela-
tively large range of total coliforms recorded in the more dis-
tant piezometers which were considered to be representative
of background values at this site. For example, between 2 and
488 MPN/100 ml were recorded at S12, and values ranging
from 0 - 961 MPN/100 ml at S10.

Direct discharges to the nearest watercourse were observed at
both Sites J and K following site assessment. Consequently,
the principal pathway of potential contamination is likely to be
via surface rather than subsurface flow. As a result, measure-
ments of the concentrations of indicator parameters in the
piezometers installed at theses sites provide only limited infor-
mation with respect to potential risks posed by these OSWTS.
The main indicators of effluent contamination down-gradient
of these systems are summarised in the full report (McCarthy
et al., 2010).

Relatively high values of indicator bacteria such as E. coli were
recorded in the down-gradient piezometers at both sites, partic-
ularly at Site K, suggesting partial discharge to the subsurface.
In addition, relatively high concentrations of ammonia were
also detected in these piezometers up to a maximum of 4.26
mg/L. These values would suggest that there is a portion of the
OSWTS effluent at Site K that is making its way into the sub-
soil layer, possibly owing to an overflowing or leaking tank. As
the OSWTS is within 15 m of the adjacent river at this site, it
is likely that these contaminants are also reaching the surface
water.

Concentrations of indicator parameters such as nitrate and E.
coli were much lower at Site J. However, the down-gradient
piezometer was located at a greater distance from the system
than that at site K and may not intersect the core of the
plume.

Figure 6.8 Site S showing piezometer locations in relation to the OSWTS
(compiled by the Groundwater Research Group, QUB).

SITE S SUBSURFACE WATER FINDINGS

SITES J AND K SUBSURFACE WATER FINDINGS



Page 62 National Rural Water Services Committee

Surface water monitoring
There was no significant differences at any time of the year in
the concentration of indicator parameters up and down stream
of the OSWTS at each site. For this reason the mean of the up-
and down-gradient samples are discussed throughout the
remainder of this section which provides a summary of the
detailed information provided in the full report (McCarthy et
al., 2010).

Surface water quality adjacent to the sites was generally poor.
Of particular note were the high levels of faecal bacteria
recorded at all sites. Maximum numbers of E. coli of 12,747
MPN/100ml were recorded at Site J. At Sites D and F, num-
bers were generally higher in the surface water samples than
in the subsurface samples collected at the closest piezometers
to the water body. In addition, ammonia and nitrate concentra-
tions were generally high across all sites.

While ammonia occurs in natural waters as a consequence of
microbiological activity, this is generally in very low concen-
trations. Ammonia concentrations in surface water above 0.1
mg/L can be considered to be indicative of nearby sources of
sewage (EPA, 2001). At the sites of this study, mean ammonia
concentrations were generally below this value, apart from at
Site J. Although, maximum values at Sites D and K were often
close to this value, mean values were less than 0.065 mg/L,
which is the threshold environmental quality standard for
‘good status’. Ammonia concentrations were, nevertheless,
generally above both the guide values (≤0.005 mg/L) and
mandatory values for salmonid and cyprinid waters (≤0.025

mg/L), as laid down by the Freshwater Fish Directive
(78/659/EEC). However, since most ammonia in sewage will
have undergone nitrification, most of the nitrogenous content
of effluent would be expected to appear in surface waters as
nitrate (EPA, 2001), and high nitrate concentrations can be
indicative of past pollution events from sewage or, alternatively,
significant run-off from agricultural activities.

In contrast, high nitrite concentrations, which normally occurs
in very low levels in surface water, can be indicative of a more
recent pollution event, as nitrite is an intermediate stage in the
oxidation of ammonia to nitrate. Waters that show high con-
centrations of nitrite are regarded as being of highly question-
able quality (EPA, 2001), with values greater than 0.009 mg/L
being considered indicative of sewage pollution. Mean nitrite
values exceeded this value at all four sites of this study, sug-
gesting that N sources were relatively recent. The highest
mean value of nitrite was recorded at Site K, but this site had
a high variation around the mean and a large range. This is pri-
marily accounted for by the high value of nitrite recorded in
January 2009, which rose from 0.03 mg/L to a maximum of
1.0 mg/L. This corresponded to a low nitrate concentration
recorded on this sampling date (0.09 mg/L).

Despite the high levels of nitrogen and faecal bacteria
observed at these sites, median values of soluble reactive
phosphorus (SRP) were generally found to be below those
considered indicative of pollution (Toner et al., 2005), and
were generally within the range categorised as unpolluted by
the EPA Q-value system (Toner et al., 2005).

Surface water monitoring adjacent to one of the OSWTS study sites
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Total phosphorus concentrations were below the threshold
value of 0.06 mg/L considered to be indicative of eutrophica-
tion (EPA, 2001). High concentrations of chloride in surface
water can also indicate pollution arising from sewage, as it is
a rich source of chloride. Values of chloride in the study sites
remained largely within the normal range of 15 - 35 mg/L
expected in freshwater.

To test if there was an observable relationship between the
variations over time in the concentration of the principal indi-
cator parameters in the down-gradient piezometers at Sites D
and F, and the fluctuations in concentration of these parame-
ters in the nearby watercourses, a series of correlation analy-
ses were carried out and are detailed in the full report
(McCarthy et al., 2010). At Site D, weak and inconsistent
correlations were observed for some parameters. However, at
Site F consistent positive relationships were recorded
between many of the down-gradient piezometers at this site
and the nearby river.

The capacity of rivers to export nutrients is controlled by
water discharge, which in turn is a function of climate, topo-
graphic relief, water retention properties of the soils, and the
geologic structure of the basin (Peters et al., 2007). Lowest

flow levels were consistently recorded at Site K and the high-
est flow rates were generally recorded at Site D. A general
positive relationship was observed between the flow rate
recorded at each river site and the cumulative rainfall which
was estimated as the total rainfall between each sampling
period. However, the only statistically significant relationship
between flow and rainfall was recorded at Site D.

Nutrient loads for a number of important indictor parameters
were calculated at each of the sites. There was a strong posi-
tive relationship between loading and flow at each of the sites,
indicating non-point sources of contamination. Highest loads
of total phosphorus, chloride, DIN and total nitrogen were
recorded at site D and the lowest loadings for each parameter
were recorded at Site K.

There was generally no relationship between the concentra-
tions of indicator parameters in the piezometers down-gradi-
ent of the OSWTS and corresponding nutrient loading in the
adjacent river courses, with the exception of DIN fluctuations
in two piezometers at Site D (P ≤0.05, in each case) and more
consistently at Site F, with DIN concentrations in four
piezometers showing a positive correlation with DIN loading
in the river at this site (P ≤0.05, in each case).



Page 64 National Rural Water Services Committee

Observations from section 6.0:

• Although information on the number and location of OSWTS has improved following the creation of a GIS record in response
to requirements of the WFD, there is still little information on the condition of these OSWTS throughout Ireland. There is also
little data available on the quantity of contaminants reaching aquatic receptors, and the effect this is having on the chemical and
ecological quality of these systems.

• Several factors, including unsuitable soil and site characteristics, poor operation and maintenance practices and a general lack
of knowledge by householders regarding appropriate use and general maintenance contributed to problems with OSWTS.

• Increased densities of OSWTS are well recognised for increasing the potential for contamination of water resources, particular-
ly groundwater.

• On-site wastewater treatment systems discharging directly to surface water courses constitute a direct and immediate risk to
water quality within the catchment.

• Concentrations of effluent contaminants in subsurface water generally reflected household occupancy.
• Surprisingly, a proportion of proprietory systems have never been turned on or are mechanically malfunctioning.
• Grey water (from the washing machine or dishwasher) was found to be piped directly to a nearby ditch.
• Percolation pipes were improperly designed and installed (i.e. located too close to the bedrock surface or were constructed from

a concentration of pipes rather than a well spaced out network).
• Effluent contaminants were found to have the potential to travel a considerable distance along sub-surface pathways, even in

gley soils.
• Loss of chloride (Cl-) along the effluent flow path at two sites suggested significant contaminant migration to deeper fractured

bedrock, despite the low permeability of the subsoil at these sites. This is a major concern, resulting in reduced attenuation of
contaminants and increased transport rates.

• Some constituents of OSWTS effluent, such as phosphorus, were largely removed during the soil treatment process, despite the
shallow depth to groundwater and the consequential small and often absent unsaturated zone.

• In contrast, nitrate concentrations in the piezometers were generally found to be higher than background values and higher than
the established threshold values for potable water supplies.

• Hydrogeological investigations indicated that hydraulic conductivities were low and in the range expected for glacial tills, how-
ever rapid travel times were indicated by low effective porosities and limited adsorption rates.

• The data suggests that the effluent is transmitted along a limited number of flow paths in the subsoil which is consistent with
the fractured nature of the till observed at these sites. Consequently, interactions between the soil surface and contaminants may
be limited and soluble contaminants such as nitrate moving along these flow lines will eventually be carried toward surface
waters.

• High levels of nitrogen and indicator bacteria recorded in the surface water adjacent to the sites, strongly suggests that OSWTS
are responsible for a portion of the total nutrient load to surface waters in the catchment.

Recommendations:

• Correct installation of OSWTS is vital.
• The effect that OSWTS may have on water quality must be quantified. Information on the number, location and condition of

OSWTS within a given catchment is vital.
• Education must be provided to homeowners regarding the correct care and maintenance of their OSWTS. This education should

be site specific, owing to variability in sites and systems in operation.
• Records should be kept by householders regarding de-sludging and any maintenance or inspection of the system undertaken.

These should be transferred to new homeowners ensuring that the records are available for inspection by local authorities.
• Improved assessment of the impact of OSWTS on a whole catchment basis should be undertaken and a determination made of

the number/density of OSWTS allowed in a given area. This should be included in local development plans.
• Appropriate encouragement should be offered to householders towards the remediation of malfunctioning OSWTS.
• A greater co-ordination is recommended between statutory stakeholders in relation to OSWTS management.
• Further work is required, however, to explore methods to distinguish OSWTS pollution from other sources of pollution such as

that arising from agricultural activities within the catchment.
• A community-based approach to addressing OSWTS should be progressed.
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s As part of the remit of the National Source Protecton Pilot
Project, remediation measures were to be low-tech and
low-cost, relying primarily on active stakeholder (espe-
cially community) support and engagement. From the out-
set, the project team met all relevant stakeholders to dis-
cuss proposed remediation measures, asking for co-opera-
tion and sustained commitment. This proved effective in
implementing key measures, but issues did arise where
there were unrealistic expectations with regard to the sup-
ports that might be available.

Source remediation measures require, in the first instance, a
detailed knowledge of a catchment and an understanding of
potential pollution pressures. As the first building block of a
strategy for Milltown Lake, a walk-over of the entire catch-
ment was conducted to familiarise the project team with the
topography and to identify obvious hot-spots. Amongst the
issues identified was extensive unauthorised dumping of
municipal and agricultural waste. By highlighting this
particular issue – in conjunction with a proactive approach
by the statutory bodies and community vigilance – the
incidence of such activities reduced significantly.

This early success highlighted the advantage to be derived
from utilising community knowledge in gaining a proper
understanding of an area, as well as the fundamental
importance of physically walking an entire catchment.
Furthermore, it established the value of having solid infor-
mation as the starting point for any proposal in relation to
remediation measures.

The dissemination of practical information aimed at reduc-
ing nutrient loading to the catchment was the second build-
ing block of the remediation approach. Every householder
and farmer was visited on a one-to-one basis (and on more
than one occasion) to ascertain their knowledge of potential
pollution pressures that might arise from their properties.
Preliminary surveys were conducted to determine key
facts, e.g. farmers in REPS, types, age and demand upon
OSWTS, land-spreading practices, etc.

These surveys established that most people were simply
unaware that they might be contributing to pollution pres-
sures. To address this knowledge deficit and to achieve
meaningful community engagement, the development of
educational/awareness resources evolved as a key measure
(Section 8.0).

On the basis of a detailed site analysis, farms were classified
as being high, medium or low risk of causing pollution.
Farmyard management advice was provided and land
nutrient management plans were discussed with individual
farmers across the catchment on foot of the extensive farm-
yard visits and soil sampling (Section 5.0). Immediate feed-
back was provided to farmers, particularly where pollution
incidents were recorded. Appropriate preventative and
remedial measures were recommended. Any known, or dis-
covered, non-agricultural point sources were noted during
surveys. Follow up visits were carried out, involving a
re-inspection of the farmyard and an update of the survey
information. Community education meetings provided
farmers with advice on fertiliser application, farmyard
management practices and overall environmental awareness.

In the case of OSWTS, the door-step survey was used to
educate individual householders in how to manage their
system. In light of the absence of effective regulation in
relation to this issue (until recently), it was at the discretion
of the householder whether or not they acted on this advice.

As an additional measure, source protection assessments
were developed for other group water schemes, providing
a model for the eventual production of catchment-specific
source protection plans on all schemes (Section 8.0).

Exclusion fencing as a source protection measure
To reduce diffuse pollution – and based on evidence from
other studies – it was felt that fencing would have many
beneficial impacts on water quality. Exclusion of animals
from river banks should increase bank stability and reduce
the transfer of sediment and associated nutrients. The
removal of animals from these areas should also reduce
direct defecation into streams. In addition, if animals do
not use streams as water sources, they are less likely to
congregate in these areas, further reducing the potential of
nutrient loss to water courses.

Nutrients excreted by grazing animals concentrate where
animals congregate. Such areas include watering points,
feeding troughs and areas providing shelter (Barrow,
1987). In this way, the fencing off of streams and the
strategic location of drinkers can reduce the time spent by
cattle near surface water bodies. As there is an established
link between soil P content and losses to surface waters
(Sharpley et al., 2001, Donohoe et al., 2006), the benefits
of increasing the distance between cattle and water
sources are evident.
Door-step meetings with householders in the catchment provided an
opportunity for a two-way exchange of information.
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Kronvang et al. (2005) divided mitigation measures for the
reduction of diffuse pollution into two groups, the first based
on reducing the input of P into agricultural systems, the second
involved targeting areas of high risk of loss with site-specific
mitigation measures. A combination of the two approaches was
advised to achieve fast reductions in diffuse P losses.

When choosing mitigation measures, McDowell & Wilcock
(2007) highlighted the importance of knowing the source of
sediment and phosphorus within a catchment to allow better
selection of mitigation measures. The targeted measures
reviewed by Kronvang et al. (2005) ranged from treating
riparian soils with iron (Fe) (to reduce losses by leaching), to
the establishment of vegetated buffer strips for trapping P.
These measures achieved up to 80% reduction in P leaching
(Fe treatment) and >70% reduction in TP and soil losses from
established vegetative buffer strips.

Agouridis et al. (2005) discussed results from several studies,
including one grassland-based study in Virginia (USA) where
the provision of an alternative drinking water source for cattle
reduced the amount of time they spent in or near streams by
51%. This led to a 77% reduction in stream bank erosion, a
90% reduction in total suspended solids, a 54% reduction in
total nitrogen (TN), an 81% reduction in total phosphorus (TP)
and a 75% reduction in sediment bound P in stream water.
Their study also presented results from a heavily grazed site in
Ohio where exclusion fencing was introduced as management
practice. The fencing out of cattle led to a 57% reduction in the
annual flow-weighted average for sediment concentration and
a greater than 40% decrease in average annual soil loss.

Miller et al. (2010) described stream bank fencing as the best
management practice (BMP), providing rapid recovery of
riparian vegetation. In a study of the Lower Little Bow River
in Alberta Canada 800 m of cattle exclusion fencing was
installed. This led to a noticeable improvement in the vegeta-
tive health of riparian areas. This fencing generally prevented
water quality deterioration downstream, but variation was
noted from year to year. Furthermore, some parameters (e.g.
TP) were actually higher downstream of fencing at certain
times.

The effectiveness of vegetative buffer strips in mitigating the
impacts of diffuse pollution was investigated by Dorioz et al.
(2006). They concluded that the efficiency of buffer strips in
reducing sediment loads is much greater than that for dis-
solved compounds. Consequently, the effectiveness of buffer
strips will be greater for particulate P than for dissolved P or
nitrates and greater for particulate P associated with coarse
fraction of sediment than particulate P associated with clays.
Furthermore, they noted that their efficiency is better for TP
than for bio-available P.

Even small buffer strips can have positive effects in relation to
bank stability and removing direct cattle access. In a grassland

study in New Zealand, stream flow, suspended solids and TP
concentration were highest in spring and winter (McDowell &
Wilcock, 2007). The major source of sediment and associated
P during this period was from stream banks. The reasons given
for this high sediment transfer were trampling and destabilisa-
tion of banks by stock, channel straightening and the removal
of trees that stabilised banks. The potential impact of losses
from farm lanes was also mentioned. Similarly, Foster et al.
(1998) studied sediment delivery from the Seeswood Pool
drainage basin in the English Midlands. They found that the
major source was channel erosion caused by trampling of
stream banks.

Laubel et al. (2003) found that bank-side erosion was decreased
by buffer zones, woodland riparian areas and fencing off of
stream banks from cattle grazing. McDowell & Wilcock (2007)
also cited studies that emphasised the positive role of trees and
shrubs in bank stabilisation, while stating that grass will only
stabilise banks to root depth (10 cm to 15 cm). Agouridis et al.
(2005) discussed how shrubs and trees were highly effective in
stabilising banks and were moderately effective at reducing dis-
solved nutrient losses (nitrate and ortho-phosphate). They also
stated that grasses were effective at filtering sediment and that a
combination of grasses and shrubs should provide improve-
ments in water quality in grazed areas.

Grass buffer strips are often associated with arable agriculture
and results from a range of sites were presented by Vought et al.
(2003). Their studies presented reductions in N loss of between
10-75% from buffers of either 5 m or 10 m. P reductions from
the same buffers ranged between 40-95%.

Syverson (2005) compared grass and forested buffer strips in
Norway. Both 5 m and 10 m buffers were compared and
removal efficiencies from both simulated and natural run-off
events varied between 60-89%, 37-81% and 81-91% for P, N
and particles respectively. There was no significant difference
between grass and forest buffers for the removal of P and N.
However, particulate matter was removed more effectively by
buffers containing forestry.

Larson et al. (1994) investigated faecal coliform contamina-
tion from cattle defecating directly into water. That study con-
cluded that by increasing the distance between deposition and
the receiving water to as little as 2.5 m, a reduction of bacter-
ial loads as great as 90% could be achieved. Reductions in fae-
cal bacteria (faecal coliforms and faecal streptococci) were
also found in the Virginia study presented by Agouridis et al.
(2005).

In summary, the literature reviewed was conclusive in showing
that the removal of livestock from stream banks reduces bank
erosion and associated sediment and nutrient loss. The introduc-
tion of exclusion fencing also has the benefit of removing the
direct defecation of nutrients and biological contaminants by
animals into water bodies (Sharpley & Syers, 1979).
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Fencing part of the Milltown Lake catchment
Despite the fact that grassland agriculture usually has lower
nutrient and sediment losses compared to arable land
(McGuckin et al., 1999), Milltown Lake was found to have a
very high sediment accumulation rate. Several characteristics
of the catchment made it susceptible to diffuse nutrient losses
and sediment transfer. These included, the large catchment to
lake area ratio (Nowlan et al., 2000), steep slopes (Johnes et
al., 1996), flashy hydrology and extensive soil poaching
throughout the catchment (Haygarth & Jarvis, 1999), as well
as poor stream bank conditions (McDowell & Wilcock, 2007).

Given the widespread cattle access to water bodies in Milltown
Lake catchment, it was reasonable to expect that exclusion
fencing would lead to improvements in water quality.
Therefore, fencing was trialled in one third of the catchment
encompassing the western tributary of the Drumleek River
(Figure 7.1). This tributary had been identified during the mon-
itoring programme as being consistently of the poorest quality.
This fact, coupled with a high livestock density, informed the
decision to fence it off completely (plates 7.1, a-b; 7.2, a-b).

Taking into account soils type in this catchment, it was decid-
ed to establish buffer strips of 3 m in depth. However, owing
to practical considerations – including the small size of fields
and difficulty in securing the agreement of some landowners –
the buffer strips that were established varied in size, depend-
ing on the permission of each landowner. However, an agreed
minimum requirement of 1.5 m was adhered to.

Work on fencing the western tributary began in January 2008
and initially the majority of farmers with land adjacent to the
streams concerned indicated a positive response to the imple-
mentation of the remedial measure. However, as the physical
erection of fencing began, responses varied, with increasing
reservations being voiced by some of the landowners involved.
Several meetings were held to allay such concerns, as the
original four months time-scale for completion extended to
more than a year. It was early 2009 before all of the fencing was
erected, 14 months after work had begun. This left less time
than originally planned to evaluate the impact of the measure.

Plate 7.1, a-b. a. Bankside degradation by cattle; b. Siltation, bankside poaching and collapse as a result of cattle access

Plate 7.2, a-b. a. Bankside degradation by cattle; b. Cattle in stream

Figure 7.1. Location and extent of fencing installed in the Milltown Lake
catchment (17 km approximately).
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As an early stage, it was considered that single-strand electric
fencing would be appropriate. Apart from being cost-effective
and capable of excluding animals, the belief was that farmers
would prefer such an approach because of the implications for
their single-farm payments and because they would be able to
temporarily move the fence when mowing. Based on this cri-
teria, the cost of installation had been estimated at €40,000.
However, these costs increased by a factor of three, due to a
general request for more permanent and costly fencing, as
well as additional demands from a number of landowners.

The issue of maintaining a water supply for the lands con-
cerned was also considered. While the local GWS was pre-
pared to discuss the provision of field connections along roads
where a mains supply already existed, they would not counte-
nance the provision of unlimited free water as an incentive to
farmers. As an alternative, self-pumping drinkers were
installed where required (Plate 7.3, a-b).

Where possible grass buffer strips were established between
the fencing and the river bank in an attempt to filter out and
trap excessive nutrient concentrations entering the nearby
watercourse, particularly from steeply sloping drumlins. As
already stated, a minimum width of 1.5 m was agreed.

A comparison of the physico-chemical and biological moni-
toring results from a selection of unfenced and fenced sites
sampled in December 2008, February 2009 and April 2009
suggested improvements in water quality at the fenced sites.
Both the fenced sites and unfenced sites chosen for sampling
had a long-term dataset showing their biological and physico-
chemical status since 2005. This allowed any changes as a
result of fencing to be measured against historical information
while also determining if there were changes at the unfenced
sites unrelated to fencing.

Given the nature of the catchment’s hydrometry and the weather
patterns observed over this period, further detailed, seasonal
analyses was conducted to establish the full effect that fencing
might have on water quality in a catchment of this nature.

The results of these analyses have suggested that fencing-off
of this tributary and restricting animal access greatly
improved the quality of the stream habitat. Indeed, visual
inspection alone revealed an obvious improvement in the
fenced river banks and in-stream habitat (Plate 7.4, a-b).

Using the SSRS system, further post-fencing sampling of
selected fenced sites (Figure 7.2) and unfenced sites (Figure
7.3) showed that the macroinvertebrate community structures
in particular are gradually improving and are now displaying
a greater degree of species richness at the fenced sites (Figures
7.4-7.6) than at the unfenced sites (Figure 7.7) with a general

Plate 7.4, a-b. Visual evidence of site recovery post-fencing on the western
tributary of the Drumleek River.

Plate 7.3, a-b. a. Self-pumping drinker at fenced-off bridge; b. Horse drinking from pumped drinker
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increasing trend in the SSRS scores being recorded at the
fenced sites and little or no change being observed at the
unfenced sites.

It should be noted, however, that the lower than expected val-
ues computed for June and July 2010 were probably related to
lower than average water levels. In fact, some sites had dried
up completely in June and were not fully recovered in July.

Although physico-chemical sampling revealed little variance in
general between fenced and unfenced sites – a factor that is
most probably complex and related to wider variables, includ-
ing weather patterns and catchment characteristics – some
improvements were slowly becoming evident at fenced sites
(Figure 7.8).

The improvements observed at fenced sites varied along the
catchment, with quicker recoveries noted at smaller, more ele-
vated sites in general than at the larger and lowland sites. Siting
of fences proved to be a significant factor, as some were installed
on floodplains and were quickly submerged following flood
events. These fences had to be re-sited and a larger dry-time
buffer area left. This extension – which took into account the full
hydrology of the catchment – required further negotiation.

For some landowners, long-term maintenance of fencing was
not considered to be part of their responsibility. They anticipat-
ed that the project would manage the fencing on an indefinite
basis. However, this was impractical and so some sections of
fencing were removed or damaged during the life of the project,
resulting in inevitable deterioration in bank-side stability.

Figure 7.2 Location of fenced sites sampled (TV2, TV3, TV4, TV5, TV7
DG1 and DG2)

Figure 7.3 Location of unfenced sites sampled (GO3, GO4, GO5 and
GO6)

Figure 7.4 Sites DG1 and DG2 SSRS scores pre-fencing and post-fencing
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Figure 7.6 Sites TV5, TV7 and D2 SSRS scores pre-fencing and post-fencing

Figure 7.5 Sites TV2, TV3 and TV4 SSRS scores pre-fencing and post-fencing
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Figure 7.7 Unfenced sites (GO3, GO4, GO5, GO6) SSRS scores pre-fencing and post-fencing

Figure 7.8 Summary MRP values for fenced sites pre-fencing and post-fencing
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Observations from section 7.0:

• Fencing undoubtedly improved stream habitat and biological community structure. However, results have indicated that
this is a long-term investment and must be maintained to ensure continued incremental improvements.

• Although an average of 1.5 m only was secured in most cases as a riparian buffer, the erection of the fencing – and the
associated exclusion of livestock – has proved successful in protecting these buffer zones and ensuring their growth.

• Fencing was most successful at upland sites and in parts of the lowland reaches where land was outside of the flood plain.
Fencing on a flood plain was a waste of resources in terms of improving water quality, as the fences generally ended up
inside the water body, often for weeks at a time, when water levels rose following heavy rain.

• Buy-in from the local land-owning community was resource intensive and may actually have been complicated by the
availability of supports, incentives and unrealistic expectations.

• The removal of open access to the stream for use as a drinking water source by their livestock was perceived by many of
the landowners as a major inconvenience and as a potential additional expense for them for the future.

• The addition of an alternative water source (self-pumping drinker), while it secured universal buy-in from farmers was a
costly addition to the project.

• The fact that the landowners were not directly involved in the installation of fencing, either through provision of labour or
finance, meant that in many cases there was a reluctance to take ownership of that fencing and its management.

Recommendations:

• Livestock access should be denied to all water bodies contributing to a drinking water source. This needs to be enforced
through regulation, if necessary.

• Further study needs to be carried out in relation to the extent of a viable buffer zone. This should be based specifically on
variables including slope, soil type, etc.

• Where incentives are provided, these should be low-cost, effective for the situation and non-negotiable. A cost-benefit
analysis should be considered prior to deciding on this issue.

• Through the provision of a suitable agri-environmental scheme, landowners should be provided with ongoing encourage-
ment/support to maintain fencing and suitable buffer zones on a long-term management basis. Such support must be
strictly limited to those landowners who keep livestock permanently out of the watercourse.

• Immediate consideration must be given to the impact of weather events and floods in potentially undoing all of the bene-
fits of remediation measures, especially on flood plains. The implication of this must be factored into long-term planning
and management of a catchment and must form the core part of any source protection measure.
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t Community engagement was at the core of the original pro-
posal for the National Source Protection Pilot Project, based
on an understanding that any sustainable and low-cost
source protection initiative would require buy-in by local as
well as statutory stakeholders.

The environmental and ecological status of a water body is
a reflection of the health of the catchment to which it
belongs. As already stated in Section 4.0, this encompasses
natural and man-made factors. The former cannot be con-
trolled, but the latter can, making the local community cen-
tral to any source protection strategy, but with appropriate
support from the relevant statutory agencies including:

• Department of Environment, Community and Local
Government

• Teagasc
• Environmental Protection Agency
• River Basin District Authorities
• Local Authorities

With this in mind, the overall aim of the NSPPP was to
ensure that polluting activities within the catchment be iden-
tified by the project team and controlled through the co-
operation and active involvement of the community, with
the overall guidance and direction coming through a broad-
based steering group representing both the statutory agen-
cies and the voluntary sector.

One-on-one meetings with householders and landowners
revealed that people were generally sympathetic to environ-
mental objectives, but were unaware that they might be con-
tributing to pollution pressures. Community aware-
ness/education was, therefore, considered a key element in
the planning and implementation of the pilot project. This
involved the dissemination of information periodically since
2005 as well as a range of other mechanisms.

Traditionally, a regulatory approach has been the dominat-
ing strategy concerning catchment management. For exam-
ple, it can be clearly seen from the results of this study that
the strict and detailed regulations on what farmers can and
cannot do regarding management of their land, as well as
their use of fertilisers and manure, has not always delivered
the expected results (Section 5.0). In addition, the equivalent
regulations in place in relation to OSWTS are clearly not
working in this catchment (Section 6.0). As it is likely that
these scenarios are currently being replicated in catchments
countrywide, it is essential to consider whether stakeholder
participation and local collective action is capable of taking
us somewhat further on the way towards ‘sustainable catch-
ment management’ and the implementation of source pro-
tection measures to achieve this goal.

In more recent times, the WFD as a piece of legislation has
taken things one step further and has focused specifically on

the concept of integrated catchment management. Its aim is
to ‘protect, enhance and restore’ and/or to ‘preserve waters
currently in high and good status’ by 2015, via a co-ordinat-
ed and integrated water management approach. At the heart
of this approach is consultation and engagement with a
diversity of stakeholders.

a) Public and stakeholder consultation
The views of the community were represented by the
GWS committee on an NSPPP steering group that oversaw
the project. This steering group, established under the aus-
pices of the National Rural Water Monitoring Committee
(now the National Rural Water Services Committee) also
included representatives from:

• Government department (DECLG)
• Group water sector (National Federation of Group

Water Schemes)
• Research organisation (Centre for Freshwater Studies,

DkIT)
• Local authority (Monaghan County Council)
• Cross-border agency (Northern Ireland Environment

Agency)
• Semi-state bodies (EPA and Teagasc)

The purpose of the steering group was to ensure that the
NSPPP was consistent with and contributed to the overall
broader strategic goals of government with respect to pro-
tecting and enhancing source water quality.

Its specific role was to:

• provide strategic and policy advice;
• ensure relevant information from their respective organ-

isations was made available to the NSPPP;
• avail of opportunities to improve and promote the out-

comes of the NSPPP.

One immediate advantage of having the group water
scheme committee centrally involved in the project at a
strategic level was in creating an ongoing link to the com-
munity. GWS committee members accompanied project
team personnel in the catchment walk-over and in the
initial door-to-door surveys and made valuable introduc-
tions. This ensured that the pilot project was warmly
received by locals and it also helped secure active public
co-operation in relation to dealing with the issue of illegal
dumping, the farmyard survey, soil sampling, the study on
OSWTS and the agreement of farmers to allow fencing to
be erected on their lands where these bounded a tributary
of the lake.

Two face-to-face meetings with householders and farmers
were conducted; the first to introduce the project to the
community and the second as part of the preliminary sur-
vey on OSWTS. Both proved beneficial.
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A letter provided to householders and farmers guaranteeing
confidentiality undoubtedly helped to ease any concerns that
locals might have at being ‘reported’ to the statutory authorities
where a problem was identified.

General meetings were also organised, but with much less suc-
cess, despite considerable effort (and expense) to ensure a good
attendance. Awareness was also promoted through the regular
presence in the catchment of vehicles carrying the logo of the
National Source Protection Pilot Project and the visible pres-
ence of the research personnel.

Reports produced under the NSPPP were made available to all
interested parties. Feedback was invited and when obtained
was carefully considered in the development of the project.

Regular correspondence was maintained between the NSPPP
and the Churchill & Oram GWS committee in relation to the
water quality of Milltown Lake, its associated catchment activ-
ities and identified pollution threats.

In order to ensure continuous public participation, the project
continually promoted itself through the media and also through
various awareness campaigns, education initiatives and work-
shops.

b) Media coverage
Following the launch of the NSPPP, the project was highlight-
ed on a periodic basis through media coverage including:

• The Irish Times
• The Sunday Business Post
• The Argus
• The Democrat
• The Northern Standard
• Rural Water News
• Shannonside FM
• Dundalk FM / LMFM
• Northern Sound Radio
• RTE Radio 1

c) Conference participation
The project team were active in presenting project material at
both National and International conferences (Table 8.1). Papers
were well received and generated continuing academic and
practitioner interest in the progress of the project.

Conference / Symposia

Annual Rural Water Conference, 2005-2010
Annual Agricultural Research Forum, 2007-2010
Environ, 2007-2010
National Science Week, 2007-2010
National Water Summit, 2007-2009
National Lakes Forum, 2008-2009
Irish Water, Waste and Environment, 2008
EPA National Water Conference, 2008
TCD Climate Change Seminar Series, 2008
IAPRCB Workshop, Entebbe, Uganda 2008
30th Congress of the International Association of Theoretical & Applied
Limnology - 2007 (Montreal, Canada)
10th International Specialised IWA Conference, Istanbul, Turkey 2006

Table 8.1 Conferences and symposia presented at by the project
team (2007-2010)

Members of the local GWS committee, the National Federation of Group Water Schemes, the National Rural Water Monitoring Committte and
the NSPPP Steering Group and local fishermen pictured at Milltown Lake in May 2005 with academic and technical staff from Dundalk Institute
of Technology, marking the launch of the Centre for Freshwater Studies boat.
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d) Educational initiatives
A variety of educational initiatives were undertaken on a com-
munity level as part of the NSPPP, including:
• BT Young Scientists, 2007 & 2008
• Science Week ‘World of Water’ workshops, 2007-2010
• Undergraduate summer bursary scheme, 2007-2009
• Mini science schools, 2006-2010

Following a series of visits to local primary schools, the value
of focusing awareness initiatives on children became evident,
as they carry the message home. Therefore, a significant part
of this project’s work was in the development of targeted edu-
cational programmes for schoolchildren. In addition, a dedi-
cated course was developed for adult learners to address the
perceived deficit in understanding of water and environmental
issues. Two specific curricula were completed: ‘All about
Water for primary schools and ‘Our Water, Our Resource, Our
Responsibility: Water management for the 21st Century”. for
adult and transition year learners. These are incorporated in an
overarching ‘World of Water’ programme.

The objectives of this water education programme are to:
• provide a course that focuses on Irish issues and relates to

Irish conditions;
• inform society – schoolchildren and adults – about the

causes of water pollution and about our individual and
collective responsibility for addressing it; and,

• educate and promote a positive attitude towards our fresh-
water environments.

Both courses explain as simply and as comprehensively as pos-
sible many of the issues pertaining to water management, while
focusing on the protection and conservation of our drinking
water sources. They include student and teacher course books,
a full set of slides, suggested activities and assessment material
as ‘Lovely Water’, a multimedia presentation created as well as
part of the NSPPP. These resources are incorporated digitally on
a single website titled ‘World of Water’ (www.worldofwater.ie).

Visits by the project team to schools in the Churchill & Oram GWS
catchment area resulted in the development of educational resources
that focus on water issues.
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The NSPPP educational programme is designed to disseminate
knowledge, refine practices and change behaviour, thereby
enhancing and protecting water quality. It is based on sound
science, harnessing a wide range of expertise to provide an
excellent resource for primary schoolchildren, transition year
students, undergraduates and adults alike. Its development
benefited from the guidance of academic scientists and several
stakeholders – including the EPA, the NFGWS, Monaghan
County Council and Teagasc. The grassroots involvement of
schools from the Churchill & Oram GWS area and other
primary schools was a further important contribution.

All about Water
All about Water (Plate 8.1, a-b) is a hands-on and highly inter-
active course that encourages school children to explore the
fascinating world of freshwater habitats and to develop an
understanding of all things ‘wet and wild’. Using a specially
designed, graphically engaging workbook, the course exam-
ines the key themes of water protection and conservation,
ensuring that the students have an understanding of their own
responsibilities when it comes to this precious resource.

This workbook comprises five lessons that discuss the impor-
tance of water in our everyday lives: what it is, where it comes
from and how it is to be conserved and protected. Each lesson
contains simple experiments and activities. In addition to the
workbooks, a ‘Lab in a box’ was developed, containing all of
the equipment required to carry out the different experiments.

All about Water was launched on 12 November 2008 by well-
known broadcaster Éanna Ní Lamhna. Since then, in excess of
six thousand workbooks have been distributed to individual
schools and they are finding it particularly useful when
working towards their “green flag” (Plate 8.2). To date, all
organisation associated with this has been carried out by DkIT
and the NFGWS. However, the cost issues and the logistics
associated with organising this proved problematic.

Plate 8.1, a-b. ‘All about Water’ workbook

The educational programme developed by the NSPPP includes a ‘hands-
on’ experimental approach that is appreciated by schoolchildren.
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Plate 8.2. Mullahoran Central School letter
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Plate 8.3, ‘Our Water, Our Resource, Our Responsibility’.

Our Water, Our Resource, Our Responsibility
Spearheaded by Monaghan County Council and co-funded by
the National Heritage Council, Our Water, Our Resource, Our
Responsibility: Water Management for the 21st Century, was
launched on 28th August 2009 (Plate 8.3). This course
explains as simply as possible many of the issues pertaining to
water management. Like the primary school curriculum, it
focuses on the protection and conservation of our drinking
water sources. Amongst other things, participants learn how
the deterioration in our water status has occurred and the steps
that must be taken to put things right.

Our Water, Our Resource, Our Responsibility is aimed primarily
at people who have an interest in water management issues.
Changing regulations and evolving science have made ongo-
ing education of water related issues a necessity for several

groups in associated fields. Regulators, planners and elected
officials, among other professionals, are targeted audiences
for this catchment-based programme. In addition, it has been
adapted for transition year students and is no less useful for a
general audience.

The course consists of a series of powerpoint presentations,
suggested field studies, activities to support learning objec-
tives and a supporting website. A brief introductory presenta-
tion is included, while a number of relevant DVDs, websites,
leaflets and booklets are also recommended.

Several modules from this course have been included in a
range of undergraduate courses in the Department of Applied
Sciences in Dundalk Institute of Technology and are also
available at Ballybay Wetlands Centre.
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Source protection assessments
Source protection planning is generally regarded solely as a
management issue for water providers. However, the NSPPP
considered the possibility that the planning process itself
would be useful in developing awareness of source water
issues amongst the members of a GWS management and com-
mittee. Source protection assessments would encourage them
to appreciate the importance of moving away from an over-
reliance on end-of-pipe treatment towards an understanding
that raw water quality is directly linked to environmental char-
acteristics and human activities within the catchment.

A central component of such assessments is that individual
GWS committees be actively involved in the process of drawing
up their catchment evaluation. The process began, therefore,
by meeting the manager of the GWS committee and, where
possible, sitting with the full committee. This was followed
by the preparation of a draft assessment which was discussed
with the manager/committee prior to final production.

In keeping with the wider aims of the NSPPP to examine
low-cost approaches to source protection, the actual costs of
completing preliminary assessments on catchments were
considered. This found that a preliminary assessment of

virtually any catchment could be carried out for between
€1,500 and €2,000.

In all, nine catchments were evaluated as part of the NSPPP,
several of which included spring sources. The assessments
comprised three basic components:
• A preliminary characterisation of the source catchment,

whereby the underlying geology, hydrogeology, soils and
habitats of the catchment were described and their influ-
ence on water quality were discussed.

• An identification of potential water quality risks in the
catchment, including possible point and diffuse sources of
pollution within the source catchment that might threaten
water quality in water bodies.

• A series of recommended practical measures (including the
development of more detailed source protection strategy)
that could be implemented by the GWS and the local
community to safeguard the long-term quality the water
source.

In addition, the schemes are being provided with a “user-
friendly version of the EPA’s Parameters of Drinking Water
Quality to assist them in fully understanding their sources’
biological and chemical status.

Norma O’Hea of the NSPPP project team with Des Corrigan of Corlough GWS examining the tank in which raw water from several mountain
springs is collected. This is one of several schemes for which preliminary source protection assessments were drawn up.
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Observations from section 8.0 (awareness, education and community involvement)

• Engaging the community on a consistent basis proved to be hugely challenging over the life of the NSPPP.
• Universal interest and support in the early stages (due to face-to-face meetings with householders and landowners)

facilitated the surveys on septic tanks and farmyards, but also encouraged an overly ambitious belief that practical
measures would elicit similar co-operation, if not enthusiasm.

• Due to practical issues, one-on-one meetings could not be sustained over the lifetime of the project and were replaced
by a public meeting approach which was designed to periodically update the community on the findings of the proj-
ect and to encourage a voluntary response. However, this approach failed, despite media coverage, and in general
attendance at public meetings did not justify the resources expended. As a result, community interest and involvement
waned.

• The confidentiality agreement considered necessary was initially of benefit in encouraging community involvement.
On the downside, it also prevented the project engaging with the local authority where enforcement was clearly
required and furthermore, it arguably provided a carte blanche to polluters unwilling to cease their activities.

• It is reasonable to speculate that some of the problems encountered in engaging the community on a continuous basis
were due to local factors (e.g. the part-time nature of farming and the absence of home owners during the working
day), but similar issues are likely to be encountered anywhere in rural Ireland.

• A specific difficulty arose in this catchment because of the difficulty of coordinating a river basin approach in a bor-
der area.

• Negativity from some of the stakeholders - particularly with regard to the installation of fencing and the mistaken per-
ception that unlimited resources would be available - had an impact on project time-scales and finances. While such
negativity was rare, it was sufficiently problematic to bring into serious question to what extent voluntary communi-
ty involvement is achievable on a continued basis, what level of commitment might be expected and at what cost.

• A major positive was the development of the targeted educational programmes for schoolchildren and adult learners.
However, for these programmes, a challenge emerged in how to mainstream such initiatives into the educational sys-
tem.

• As anticipated, the catchment evaluations confirmed that in order to be truly effective, source assessments must be
catchment-specific. Having said that, the broad structure of the model prepared will be of value for virtually all group
water schemes.

• Where the assessments were linked to the rising cost of water treatment, GWS management and committees became
more interested in the area of source protection.

Recommendations:

• Serious consideration must be given at the outset of any source protection initiative as to the best means of encourag-
ing community involvement on a sustained, long-term basis.

• At a minimum, a forum of key stakeholders should be established to act as a communications interface between the
project and the local community. This should include representatives of the local GWS committee, farmers, anglers
and other environmental/social groups.

• The establishment of the role of a catchment liaison officer to work at river basin district level should be positively
considered.

• Personal contact with every householder and landowner is recommended as a starting point and should be repeated
periodically.

• Confidentiality agreements should not be entered into as a buy-in for community participation without due consider-
ation.

• The targeted education programmes developed as part of the NSPPP should be mainstreamed within the educational
system.

• Using the model provided by the NSPPP, preliminary assessments should be carried out on all group water scheme
catchments.
- These assessments must incorporate the active involvement of the GWS management and committee to access

local knowledge.
- The process should highlight the relationship between source deterioration and cost of treatment.
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