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ENVIRONMENTAL PROTECTION AGENCY

The Environmental Protection Agency (EPA) is responsible for
protecting and improving the environment as a valuable asset
for the people of Ireland. We are committed to protecting
people and the environment from the harmful effects of
radiation and pollution.

The work of the EPA can be
divided into three main areas:

Regulation: We implement effective regulation and
environmental compliance systems to deliver good
environmental outcomes and target those who don’t comply.

Knowledge: We provide high quality, targeted
and timely environmental data, information and
assessment to inform decision making at all levels.

Advocacy: We work with others to advocate for a
clean, productive and well protected environment
and for sustainable environmental behaviour.

Our Responsibilities

Licensing

We regulate the following activities so that they do not
endanger human health or harm the environment:

e waste facilities (e.g. landfills, incinerators, waste transfer stations);

e large scale industrial activities (e.g. pharmaceutical, cement
manufacturing, power plants);

e intensive agriculture (e.g. pigs, poultry);

e the contained use and controlled release of Genetically
Modified Organisms (GMOs);

e sources of ionising radiation (e.g. x-ray and radiotherapy
equipment, industrial sources);

e large petrol storage facilities;
e waste water discharges;
e dumping at sea activities.

National Environmental Enforcement

e Conducting an annual programme of audits and inspections
of EPA licensed facilities.

e Overseeing local authorities” environmental
protection responsibilities.

e Supervising the supply of drinking water by public water
suppliers.

e Working with local authorities and other agencies
to tackle environmental crime by co-ordinating a
national enforcement network, targeting offenders and
overseeing remediation.

e Enforcing Regulations such as Waste Electrical and
Electronic Equipment (WEEE), Restriction of Hazardous
Substances (RoHS) and substances that deplete the
ozone layer.

® Prosecuting those who flout environmental law and damage
the environment.

Water Management

e Monitoring and reporting on the quality of rivers, lakes,
transitional and coastal waters of Ireland and groundwaters;
measuring water levels and river flows.

e National coordination and oversight of the Water
Framework Directive.

e Monitoring and reporting on Bathing Water Quality.

Monitoring, Analysing and Reporting
on the Environment

® Monitoring air quality and implementing the EU Clean Air
for Europe (CAFE) Directive.

e Independent reporting to inform decision making by
national and local government (e.g. periodic reporting on the
State of Ireland’s Environment and Indicator Reports).

Regulating Ireland’s Greenhouse Gas Emissions
e Preparing Ireland’s greenhouse gas inventories and projections.

e Implementing the Emissions Trading Directive, for over 100
of the largest producers of carbon dioxide in Ireland.

Environmental Research and Development

e Funding environmental research to identify pressures,
inform policy and provide solutions in the areas of climate,
water and sustainability.

Strategic Environmental Assessment

e Assessing the impact of proposed plans and programmes on
the Irish environment (e.g. major development plans).

Radiological Protection

e Monitoring radiation levels, assessing exposure of people in
Ireland to ionising radiation.

e Assisting in developing national plans for emergencies arising
from nuclear accidents.

® Monitoring developments abroad relating to nuclear installations
and radiological safety.

e Providing, or overseeing the provision of, specialist radiation
protection services.

Guidance, Accessible Information and Education

e Providing advice and guidance to industry and the public on
environmental and radiological protection topics.

e Providing timely and easily accessible environmental
information to encourage public participation in environmental
decision-making (e.g. My Local Environment, Radon Maps).

e Advising Government on matters relating to radiological
safety and emergency response.

® Developing a National Hazardous Waste Management Plan to
prevent and manage hazardous waste.

Awareness Raising and Behavioural Change

e Generating greater environmental awareness and influencing
positive behavioural change by supporting businesses,
communities and householders to become more resource
efficient.

e Promoting radon testing in homes and workplaces and
encouraging remediation where necessary.

Management and structure of the EPA

The EPA is managed by a full time Board, consisting of a Director
General and five Directors. The work is carried out across five
Offices:

e Office of Climate, Licensing and Resource Use

e (Office of Environmental Enforcement

e Office of Environmental Assessment

e Office of Radiological Protection

e Office of Communications and Corporate Services

The EPA is assisted by an Advisory Committee of twelve
members who meet regularly to discuss issues of concern and
provide advice to the Board.
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Executive summary

This research project focused on two areas related to
on-site wastewater treatment: (1) the performance of
existing soakaway systems in a range of different soil
permeability settings; and (2) solutions for the treat-
ment and discharge of on-site domestic wastewater in
low-permeability soils. Six existing soakaway systems,
all more than 20 years old, were instrumented and
monitored with respect to the fate and transport of both
chemical and microbiological pollutants. This showed
that existing soakaway systems in low-permeability
soils are likely to be causing shallow lateral flow of
effluent into the nearest surface depression, promoting
a risk of surface water pollution. However, the natural
attenuation of bacteria and phosphorus in such lateral
flow pathways does seem to be significant. In higher
permeability soils, the effluent from soakaway systems
is more likely to percolate downwards and cause a risk of
localised groundwater pollution if the water table is shal-
low. However, no negative influences were detected at
any of the on-site wells in deeper groundwater at those
sites. In addition, the use of microbial source tracking
methods, using human-specific Bacteriodales bacteria,
was tested during these trials and showed promise.

The two sites located on low-permeability soil were
upgraded by installing alternative pressure-dosed
distribution [low-pressure pipe (LPP) and drip disper-
sal (DD)] systems. This resulted in a decrease in the
faecal contamination of groundwater, as well as the
prevention of surface ponding of effluent, at both sites.
Furthermore, the field results and calibrated models of
the unsaturated zone show that the LPP system could
be a solution for sites with T-values of less than 90,
and the DD system could be a solution for sites with
T-values of less than 120 after secondary treatment.

A series of field trials were also carried out on evapo-
transpiration systems using willow trees, with the
aim of creating a zero-discharge solution for areas of
low-permeability soils. However, the results showed
that such systems are unlikely to be able to act as

completely zero-discharge systems in the Irish climate
if the in situ low-permeability subsoil is used as a back-
fill. The systems were, however, shown to promote
excellent pollutant attenuation and significantly reduce
net effluent discharge to the environment, so should
be considered as a viable passive treatment for either
existing (legacy) and/or new developments. It should be
noted that this would require a change in current con-
sent procedures to allow for such a controlled discharge
to surface water.

A decision support tool was also developed, on the
basis of geospatial modelling, to identify possible
solutions to the discharge of on-site effluent in low-per-
meability areas. This tool, which could be used for
strategic assessment at a local-authority level, has
shown that the concept of clustered decentralised sys-
tems could target a significant proportion of potentially
poor sites in low-permeability areas and could lower
the burden of monitoring associated with discharge
consents. Furthermore, analyses indicate that such
systems could be economically favourable compared
with single-house systems. Hence, this option should
be investigated and developed further from a technical,
social, economic and legal (e.g. ownership, liability,
etc.) perspective.

The research has also highlighted that surface water
discharge will need to be reconsidered in areas where
discharge to ground is simply not possible. Most pack-
aged wastewater treatment plants, if correctly installed
and regularly maintained, are able to achieve effluent
concentrations lower than the usual minimum required
discharge limits. For discharge to nutrient-sensitive
areas, however, improvements in the removal of total
nitrogen and total phosphorus will be needed. New
technologies in this area should be as passive and
low maintenance as possible. In addition, the use of
water-saving devices can increase the feasibility and
sustainability of most effluent disposal options and
should be considered where possible.



1 Introduction

The domestic wastewater of approximately one-third
of the population in Ireland (=500,000 dwellings) is
treated on site by domestic wastewater treatment sys-
tems (DWWTSs), of which more than 87% are septic
tanks (CSO, 2011). It is estimated that the overall pro-
portion of the country with inadequate conditions for
DWWTSs, that can arise all year round or intermittently
during wet weather conditions, is 39% (EPA, 2013).
If situated and constructed incorrectly, the potential
impacts of such on-site effluent treatment systems
include the pollution of groundwater and/or surface
water. In particular, areas with (1) inadequate perco-
lation because of low-permeability subsoils and/or (2)
insufficient attenuation because of high water tables
and shallow subsoils present the greatest challenge
in Ireland for dealing with effluent from DWWTSs. If
there is insufficient permeability in the subsoil to take
the effluent load, ponding and breakout of untreated or
partially treated effluent at the surface may occur and
this is associated with serious health risks. There will
also be a risk of effluent discharge/runoff of pollutants
to surface waters and to wells that lack proper head-
works or sanitary grout seals (Hynds et al., 2012). The
nutrient load in the effluent (either as direct discharge
to surface water or via the groundwater pathway) can
contribute to eutrophication in sensitive water bodies,
whilst contamination of water sources by human enteric
pathogens can promote the outbreak of disease.
Alternatively, if (1) the permeability of the subsoil is
excessive, (2) the effluent loading on the subsoil is too
high or (3) there is an insufficient depth of unsaturated
subsoil (e.g. a high water table or shallow bedrock),
then the groundwater beneath a percolation area is
at risk of pollution, in particular from microbiological
pathogens and/or nutrients.

The specification (EPA, 2009) of a lower limit to subsoil
permeability (defined according to the on-site percola-
tion T-test at T=90) for effluent discharge to ground, in
conjunction with surface water discharges generally not
being licensed for one-off housing, will probably mean
that many areas will be deemed unsuitable for single
house development. To address these problematic
areas and allow development, while protecting water
resources from the risk of pollution by existing septic
tanks in these areas, the so-called legacy sites that
are now starting to be assessed under the National
Inspection Plan, alternative wastewater treatment and
disposal options are needed. Hence, the aims of this
project were to (1) assess the performance of and the
risk of pollution from existing septic tank soakaway
systems in a range of subsoil permeabilities and (2)
identify alternative disposal options and investigate
their suitability for areas of low-permeability subsoils.
The options considered and assessed by the project in
a series of field studies were (1) pressurised distribu-
tion systems and (2) sealed basin evapotranspiration
(ET) systems. The results obtained from these trials
have been used to propose design criteria and to
determine the operating limits for these systems, in an
Irish context, for consideration by the Department of
the Environment, Community and Local Government
(DECLG)/Environmental Protection Agency (EPA).
Other possible effluent disposal options were inves-
tigated strategically using Geographic Information
Systems (GISs) with collated information to assess
their feasibility and overall sustainability in areas of
inadequate percolation. This information was also used
to develop a web-based GIS decision support toolset
that will allow environmental planners and managers to
evaluate alternative strategies from both cost-benefit
and environmental sustainability perspectives.



2  Field studies

2.1 Impact of traditional septic tank
soakaway systems on water quality

Six different single houses with existing on-site septic
tanks discharging into soakaways (all more than 20
years old) were chosen after an extensive site assess-
ment process across a range of different subsoil
permeabilities and types (Table 2.1). Soil moisture and
groundwater instrumentation were installed at each
site; each site was then monitored over the course of
a year to delineate the effluent plume and to determine
the pollutant attenuation within the plumes en route to
the receiving groundwater and surface water.

As well as the chemical analyses of the soil moisture
and groundwater samples for organics and nutrients,
the presence of faecal contamination was determined.
This was done, first, by testing samples for faecal

indicators (i.e. total coliforms and Escherichia coli)
using culture-based techniques. The presence of
coliforms was then confirmed by molecular methods
targeting host-specific Bacteroidales bacteria. In addi-
tion, the potential for nitrate removal was evaluated by
targeting the microbial community capable of carrying
out denitrification [the microbial reduction of nitrate to
nitrogen (N) gas]. The indicator targets employed in this
study are outlined in Table 2.2.

2.1.1 Site A (County Kilkenny)

Suction lysimeters were installed at a range of depths,
as shown in Figure 2.1, to sample the downstream
soil moisture in the vicinity of the soakaway system on
this low-permeability soil every 2—-3 weeks. Although
there was no evidence of surface ponding, the results

Table 2.1. Characteristics of soakaway sites across a range of subsoil permeabilities

No of
residents

K2 (m/d)

Permeability
classification

Subsoil classification®

Years since
desludge

Groundwater
vulnerability®

A 3 0.059 (T=75) Low Sandy silt/clay Moderate 2

B 4 0.061 (T=73) Low Silt/clay Moderate 10
(o3 3 0.21 (T=21) Moderate Gravelly sand and silt/clay  High 2-3
D 3 0.37 (T=12) Moderate Gravelly sand High 2-3
E 2/3 1.31(T=3.2) High Gravelly sand High 3

F 5 0.56 (T=8) High Silty sand Extreme/high >10

aField-saturated hydraulic conductivity.

bCarried out in accordance with BS 5930 (British Standards Institution, 1999).

*‘DELG/EPA/GSI (1999).

Table 2.2. Faecal indicator (traditional and host-specific) and N-cycle functional gene targets employed

Indicator Reference

Total coliforms

E. coli

Human-specific Bacteroidales (BacHum)
Bovine-specific Bacteroidales (BacBov)

nosZ

IDEXX Laboratories
IDEXX Laboratories
Kildare et al. (2007)
Kildare et al. (2007)
Henry et al. (2006)

Why use it?

Faecal indicator organism
Faecal indicator organism
Indicates human faecal source
Indicates bovine faecal source

Denitrification potential

Note: further information relating to these methods is available in Kilroy et al., 2014.
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Figure 2.1. Plan of instrumentation at Site A (pre-remediation).

of monitoring over 12 months showed that the effluent
appeared to be moving laterally to the adjacent ditch.
This was picked up particularly during wet weather con-
ditions in lysimeter nests 3.1 and 3.2. However, there
was also evidence of downward percolation of effluent
from other lysimeters, particularly in nest 2.1, during
drier periods.

It was not possible to quantify the fraction of effluent
moving laterally compared with that percolating ver-
tically. For the effluent percolating downwards and
sampled in the suction lysimeters, there was good
overall removal of the E. coli indicator bacteria (2.9 log
average), as well as efficient phosphorus (P) removal
(>93%) by the biomat and/or shallow subsoil. The
ammonia in the effluent was converted to nitrate with
depth, although during periods of heavy rainfall in winter
this process was supressed. Moreover, with respect to
the lateral migration of the effluent, the results from the
suction lysimeter samplers installed in the ditch indi-
cated significant attenuation of indicator bacteria, P and
N over a relatively short distance (<20m).

At this site, no correlation was observed between the
E. coli and BacHum results in the soil moisture sam-
ples. The lateral movement of effluent, however, was
supported by the results obtained from groundwater
sampled in piezometers 20m downstream of the
soakaway system, at depths of 3 to 4m; the origins of
total coliforms and E. coli in these groundwater samples
were confirmed by molecular analysis. The presence
of livestock at this site during the sampling period

may have contributed to the E. coli levels found in the
groundwater samples, as suggested by the microbial
source tracking analysis, which revealed the presence
of the bovine-specific Bacteroidales bacteria (BacBov)
target in the upstream groundwater sampling piezome-
ter (again at depths of 3 to 4m) and confirmed the origin
of that faecal signal (Figure 2.2).

At the end of the period of monitoring the soakaway,
the site was excavated to install a packaged treatment
plant, as well as alternative effluent distribution systems,
as discussed in Section 2.2. This excavation revealed a
flooded pool of effluent in the soakaway approximately
300mm below ground level (Figure 2.3), which gives
a good visualisation of why lateral migration into the
adjacent ditch was occurring.

2.1.2  Site B (County Monaghan)

The soakaway system on this site had a continual pres-
ence of standing water at ground level, as well as a
distinctive variation in grass growth in the soakpit area
and along the length of a hollow depression (Figure
2.4). This was assumed to be indicative of lateral
effluent migration along the hollow. Lysimeters were
installed around the soakaway system and additional
piezometers were installed along the hollow, up to a
distance of approximately 50 m away.

Again (as per Site A) the results from the lysimeter
samples indicated significant lateral effluent movement
along the field in the slight hollow under wet weather
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Figure 2.2. Faecal indicator gene copy concentrations, in gene copies per litre (GC/I), and most probable
number (MPN/I) determined from septic tank effluent and groundwater samples in Site A pre-remediation.
BacHum (red), BacBov (yellow), total coliforms (purple), E. coli (green).

Figure 2.4. Site B soakaway location and direction of shallow lateral effluent flow in field.
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conditions, as well as some percolation downwards
at the lysimeters surrounding the soakaway. In these
lysimeter nests, there generally seemed to be good P
removal and good removal of E. coli, but one or two
incidences of high E. coli breakthrough with depth indi-
cated a potential threat to groundwater. Again, it was
not possible to determine how much of the effluent
was percolating versus how much was flowing laterally
across the field at a shallow depth. The analysis of sam-
ples in the shallow effluent pathway (lysimeter S3.2B
to downstream boreholes D/S B1 and B2) showed a
slower attenuation of bacterial indicators (Figure 2.5)
but good attenuation (>97%) of P within 40m. This
indicates a potential microbial threat to surface water,
but less of a nutrient threat.

A positive correlation was observed between the E. coli
and BacHum results from the lysimeters installed in the
plume at shallow depths, which corroborated the other
chemical and microbiological analysis, that is that the
effluent was flowing laterally in such low-permeability
subsoil. The lateral movement of effluent was also
supported by the results from groundwater sampled
downstream of the soakaway systems, in which the
origins of total coliforms and E. coli were confirmed by
the molecular analysis (Figure 2.6). The presence of
the BacHum target suggested that the majority of faecal
contamination detected in the groundwater downstream

of the soakaway systems at Sites A and B was from a
human source.

2.1.3  Site C (County Meath)

This site had a stepped surface profile with moderate
permeability subsoil and a shallow water table approx-
imately 1.0-1.2m below ground level B (Figure 2.7),
regulated by the water level of a downstream river
approximately 25m from the soakaway. The soil strat-
ification at the soakaway, under the topsoil, comprised
three distinct soil horizons: a well-drained gravelly sand
layer (0—1.4m), a silt/clay layer (1.4— 1.8 m) and a fur-
ther gravelly sand layer (>1.8m).

The analysis of chloride concentrations across all sam-
pling positions indicated the presence of the effluent
plume at all depths, but with evidence of significant dilu-
tion once in the downstream groundwater, particularly
beneath the silt/clay layer in lower saturated zone B.

Overall, the chemical results suggest a predominantly
vertical plume in the free-draining upper horizon above
the water table, promoting a highly efficient removal of
organics and nitrification of ammonia, as well as the
removal of indicator bacteria and P. A limited extension
of the plume in a lateral direction along the gradient of
the site was also apparent. However, some high con-
centrations of indicator bacteria (up to 6.6 x 103/100 ml)
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Figure 2.5. Elevated mean total coliform concentrations [most probable number (MPN)/100 mi] at
lysimeters (red = 1.3 m depth, blue = 1.6 m depth, black = 1.9 m depth) and downstream boreholes D/S B1

and B2 (purple).
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Figure 2.6. Faecal indicator gene copy concentrations in gene copies per litre (GCC/I) and most probable
number (MPN/I) determined from effluent and groundwater samples in Site B [BacHum (red), BacBov

(yellow), total coliforms (purple), E. coli (green)].
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Figure 2.7. Plan view and cross-section of installed instrumentation at Site C (lysimeters: L1 to L5

lysimeters, piezometers: P1 to P6).

and P (up to 6mg/l) were also found in underlying
saturated zone A of this upper gravelly sand layer, indi-
cating the possible presence of preferential flow paths
and/or the direct ingress of effluent from the base of
the soakaway directly into this zone. Lower down in
saturated zone B, there were very low concentrations
of nitrate in dry summer conditions (as shown in Figure
2.8) compared with the elevated concentrations in the
unsaturated zone, but with more evidence of total N
(TN) removal during periods of high soil moisture in
the wetter autumn/winter period; this is believed to be
the result of the combined effect of denitrification and
dilution in the saturated conditions of the phreatic zone.
In addition, the fluctuating water table resulted in a
reduced attenuation capacity in the unsaturated zone

during periods of increased rainfall recharge, and direct
effluent transport to the saturated zone was observed.

Overall, this shows the risks associated with such
soakaway systems, particularly in shallow groundwater
scenarios, and indicates that the soakaway system is
inadequate and does not provide sufficient protection to
the underlying groundwater.

2.1.4  Site D (County Meath)

This was another moderate subsoil permeability site
located only 2km from Site C but with different subsail
conditions and a much lower water table. This site also
had the greywater (bath, shower, washing machine and
kitchen sink water) being discharged to one soakaway
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Figure 2.8. Time series plot of nitrogen, present as NO, (NO,-N), concentrations within the unsaturated

and saturated zones at Site C.

and the toilet water being discharged to an adjacent
soakaway, as shown in Figure 2.9.

Despite the free-draining conditions observed at the
site, an initial hand auger test in the area of the grey-
water soakaway found that water levels around this
soakaway were approximately 0.8 m below ground level
A, even though piezometer P6 at this location revealed
unsaturated conditions to a depth of more than 2.6 m;
this suggests that the continuous accumulation of
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solids and biological clogging of the infiltrative surface
had resulted in ponding of the effluent. The analysis of
mean chloride concentrations recorded at the site, as
per Site C, showed the presence of the effluent plume
at all depths.

High levels of nitrification were shown to be taking place
in the unsaturated zone, with 98.2% of the remaining
inorganic N of soil moisture samples being in the NO,
form (NO,-N) at depths below and outside the base of
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Figure 2.9. Plan view (a) and cross-section (b) of installed instrumentation at Site D (lysimeters: L1 to L9,

piezometer: P6).
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the septic tank soakaway. Equally, elevated NO_-N con-
centrations downstream of both the septic tank effluent
(STE) and greywater soakaways indicated a degree of
lateral movement of the plume along the site’s gradient.
A considerable proportion (>97%) of PO,-P (phospho-
rus in the PO, form) in the percolating effluent was also
removed within the unsaturated subsoil.

During the course of the sampling period, E. coli con-
centrations in excess of a most probable number (MPN)
of 1000/100 ml were recorded in downstream soil mois-
ture lysimeter samples on six occasions (see Table
2.3). Of these six recorded breakthroughs, two were
recorded at sample position L2, two at sample position
L7 and two at sample position L8. Breakthroughs of
t