the EPA’s National
Groundwater Quality Monitoring Programme, at la$ we are starting
to get a good national overviewhi$ programme commenced in 1995
and nonitoring is carried out twe a year. Chapter 5 of the EPA
publication ‘Water Quality in Irelad 1995-1997’, which is entitled’he
Water Quality of Groundwaters’, is repoduced in full in this
Newsletter (see page 11). The deapincludes a sumary of the
following parameters: ammonia, nitrite, nitrate, chloride, phosphate,
iron and manganese and bacteriaand provides essential infoaton
for every hydrogeologist working in lend. Your attention is also drawn
to two further EPA publications: the superbly producéekland’s
Environment: A Millenium Report’ (page 10); and aWastewater
Treatnment Manualmany have been waiting for ‘Treatment Systems
for Single Houses(page 8).

In the past we have dealt witton problems in wells in theNewsletter.
However, we have lacked infoation on the impact of luderia. Ths is

rectified in an article iy 2 expers$ in the area (Pete Howsam& Sam

Tyrrel), who cover the topics dfiofouling and biocorrosion (see page
4).

Children have few, if any, oppmmnities to be introduced to
‘groundwater’. This ray now changaf Melissa Swartz’'s proposal (see
page 2) is supported. On pa@e Colette Cronin and Bruce Unger
advocate monitored natural attenuation as a good option for
remediation in certain circustances. Donal Hogan, Michael Rivett and
Paul Ellis describgéhe impacts of urban groundwater upon surface
water quality in Birmingham on page 7. Nick Gray and Orla O’Donnell
present (page 9) an intetieg means of educing contanmation by
removing nutrients from wastewater through the use ofurine
separation toiles.

Our final aticle in this Newslette is a frewell toJohn Dunne While it

may be seen as a sad way to end the Newsletter, on the other biaynd m
of us had the luck, privilege, sataistion and pleasure of knowing him

Editor
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Volunteers Needed to Explore Groundwater during Duchas’s Heritage Week

Along with the Celtic Tiger economy here in
Ireland, people’s awareness of environmental
issues is also on the rise. More and more,
environmental aspects are being introduced into
the classroom, and the number of third-level
students interested in environmental studies is
steadily increasing. However, one aspect that is
often over-looked - especially at the primary and
secondary levels - is groundwater.

In a small attempt to remedy this, the IAH (Irish
Group) and GSI are sponsoring a day of fun filled
“interactivities” geared at explaining groundwater
to the general public during Heritage Week (3-9
September 2000). The event itself will be held on
Saturday, 9 September 2000 from 1lam — 4pm at
the GSI.

Through the use of “hands-in” activities, some of
which are outlined below, we hope to provide a fun
filled day of learning for the young and young-at-
heart alike. To make this happen however, we need
your help - especially with organisation and
presentation of activities. With this small effort,
hopefully we can increase the general knowledge
of Ireland’s groundwater resources. Who knows?
Maybe we will even inspire a few budding
hydrogeologists!

Potential Activities

With a little imagination, the possible activities are
endless. The following list is in no way complete,
and represents only a few potential ideas.
Volunteer presenters are needed for almost all
activities.

Activity

Description

Water Tasting

In a blind taste test, can you tell the difference between tap water and
different Irish bottled waters? The volunteer will explain why they
taste differently.

Water Races

Explores the concept of permeability using different earth materials.
Specifically, participants measure how long it takes water to flow
through funnels filled with gravel, sand and clay, etc.

Is Dilution the Solution?

Helps conceptualise what dilution means and how it works by adding
drops of food colouring or vinegar to varying amounts of water.

Water Distillation Using a bucket and a heat lamp, a simplified distillation unit can be
created.
Water Usage Either a display or an activity outlining general water usage and water

saving tips.

Water Level Monitoring

A display of an automatic water level recording instrument.

Water Quality Testing

Participants make temperature, pH and conductivity measurements on
various water samples.

Groundwater Maze

A simple take-home activity: Help the drop of water find its way
through the subsoil and (karstic) aquifer.

Fizzing Rocks (karst)

A display using photographs and samples of different limestones,
with the chance to do an “acid” (vinegar) test.

Pump a Well

Pump water from a borehole using a Waterra pump.

Groundwater Protection

Display of groundwater protection schemes, what they are and what
they do.

A competition?

Prize for the correct completion of a groundwater crossword or a
colouring contest?

Getting Involved

If you’re interested in providing your time, energy
and/or ideas to this one-day event, please contact
me at 01-604-1408; swartzm@tec.irlgov.ie, for
further information. In the future, we hope to see a

Melissa Swartz, Geological Survey of Ireland

stand-alone, multi-day “Children’s Groundwater
Festival” aimed at schools and families to fill this
role, possibly in the spring 2001. In the meantime,
we hope to see many of you on the day enjoying
the activities!

Bugs in Boreholes
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Awareness of the problems of bugs in wells and
aquifers has increased greatly over the last decade
in the UK (Howsam & Tyrrel 1997). Of the most
common are the iron-related (commonly
Gallionella) and sulphate reducing (commonly
Desulfovibrio) bacteria.

Biofouling

The appearance of iron biofouling deposits is
highly variable and it is this that has helped to
perpetuate the belief that such deposits are
chemical rather than biochemical or microbial in
origin. Such deposits found coating and clogging
well screens, pumps, rising mains and distribution
systems range in nature from hard brittle, powdery,
sludgy, to soft and slimy; and in colour from white,
buff, orange, red-brown, olive brown to black.

The consequences of iron biofouling impinge on
hydraulic performance and on groundwater quality.
In the latter case dislodgement of iron biofouling
deposits from within the system, commonly occurs
at pump start-up. This will cause the production of
iron rich waters. This creates aesthetic problems
for the consumer with obvious discoloration often
accompanied by taste and odour problems. High
bacterial counts may also be associated with such
incidents that may falsely indicate public
health/pollution problems.

On the hydraulic front iron biofouling can cause
clogging in most parts of a groundwater
abstraction system including the distribution
system. Surprisingly field evidence suggests that
fouling can be more of a problem where velocities
are highest (Tyrrel & Howsam 1994). Current
understanding of biofilm behaviour and chemical
processes supports this situation. In the latter case
chemical nucleation and hence precipitation (of
iron) is enhanced by turbulence, which is
associated with high velocities. In the former case
biofilm development is enhanced by high
velocities and turbulence as this maximises
nutrient supply and uptake conditions for the
sessile bacteria, particularly for groundwaters
which typically have low nutrient concentrations.
Dense and resilient iron deposits have been found
in the highest velocity sections of borehole pumps.
In laboratory studies biofilms have been able to
withstand velocities up to 16 m/s.

Avoidance of iron biofouling problems can be
achieved by minimising the factors that enhance
the process. This can largely be achieved by

attention to borehole design and construction and
operating schedules, which minimise high
velocities and oxygenation of the groundwater in
the borehole system and the immediate aquifer
environment.

Biocorrosion

Biocorrosion is the inducement or enhancement of
electrochemical process of corrosion by the
activity of sessile bacteria in forming biofilms
(Tiller 1990, (Howsam et al 1995). In many cases
the activity results in conditions in localised
microenvironments which are different from the
macro-environment of the borehole and aquifer.
Iron-related bacteria and other consortium bacteria
typically found in borehole/aquifer environments
are involved.

Common processes include the setting up of
concentration cells on the surface of the metal
where a biofilm develops. Basically in an
environment where oxygen is present, microbial
activity within the biofilm will reduce oxygen
forming a differential aeration cell. The centre of
the biofilm becomes anodic compared to the edge
of the biofilm where oxygen is present, which
becomes cathodic. This process results in localised
pitting.

The metabolic activity within an iron biofilm leads
to a depletion of oxygen from the lower biofilm
layers, where redox conditions can be created
suitable for the growth of anaerobic sulphate
reducing  bacteria, which are able to
enhance/induce corrosion processes — often seen
and described as ‘rust’ tubercles.

The sulphate reducing bacteria are key players in
biocorrosion. The removal of cathodic hydrogen
by sulphate reducing bacteria  promotes
continuation of the corrosion process by
depolarising the cathodic area of the metal surface.
The depassivation of the metal surface produced
by the microbial reduction of insoluble ferric
deposits to soluble ferrous compounds can also
occur.

Furthermore the formation of corrosive metabolic
by-products from the bacterial activity within a
biofouling deposit can enhance corrosion rate.
Examples include the production of sulphuric acid
by sulphur-oxidising bacteria, and the production
or organic acids, hydrochloric acid, hydrogen
sulphide, ferrous sulphide, ferric chloride and
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elemental sulphur, by anaerobic sulphate reducing
bacteria (Hamilton 1985).

The consequences of biocorrosion in a
groundwater abstraction system are varied. Severe
corrosion if allowed to continue will affect the
integrity of the system components, i.e. loss of
mechanical strength, leading to screen/casing
failure and collapse or screen/casing parting at
weakened joints; rupture of pump line-shift or
riser; and disintegration of pump components
(Kelly & Kemp 1974). All of these result in the
need for costly and inconvenient measures to
recover supply.

On the hydraulic side, corrosion-incrustation
increases surface roughness and reduces conduit
dimensions and will therefore increase head losses.
Severe biocorrosion resulting in perforation of the
pipe wall will result in leakage of water from the
system.

Biocorrosion can influence the quality of the water

in the system affected (Lee et al 1979):

¢ increase in iron content and red ‘rust’ water

¢ metabolic by-products can produce compounds
with unpleasant tastes/odours (the bad-egg
smell of hydrogen sulphide is common) and
typically impart an oily sheen to water surface.

¢ release of trace metals from corroded materials
into the groundwater.

Furthermore  perforations  resulting from
biocorrosion may permit ingress of poor quality or
polluted groundwaters entering the well which
should have been designed and constructed to
prevent such occurrences.

As with biofouling, biocorrosion problems in
boreholes relate more to engineered system in use
being inappropriate rather than to the
characteristics of the hydrogeological environment.
Good understanding of biocorrosion processes, of

the engineered system and of the environment,
coupled with appropriate design and construction,
operation and maintenance practices, should enable
such problems to be minimised or avoided
(Howsam et al. 1995).
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Monitored Natural Attenuation of Groundwater Contaminants

Introduction

Monitored Natural Attenuation (MNA) refers
to the reliance on natural processes to achieve

contaminant remediation. MNA processes
include a variety of chemical, physical or
biological processes that under favourable
conditions act without human intervention to
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reduce mass, toxicity, mobility, volume or
concentration of contaminants in soil and

groundwater.  In-situ  processes include
biodegradation, dilution, sorption,
volatilisation,  and  radioactive  decay.

Monitoring to prove that natural attenuation is
actually occurring is integral to the application
of this process to contaminated sites.

MNA may be sufficiently effective to achieve
remediation objectives at a site without the use
of active remedial measures. Typically,
however, MNA is used in conjunction with
active remediation.

Contaminants of concern include:
¢ Petroleum-Related Contaminants
¢ Inorganic Contaminants
¢ Chlorinated Solvents

Petroleum Related Contaminants

MNA processes, particularly biodegradation,
have been documented extensively at
petroleum fuel spill sites. BTEX (benzene,
toluene, ethylbenzene, xylene) associated with
petroleum, may degrade naturally through
microbial activity to ultimately produce non-
toxic end products (CO, and water). MNA of
these contaminants is most effective under
aerobic conditions.

Inorganic Contaminants

MNA processes may effectively reduce
dissolved  concentrations of  inorganic
contaminants in groundwater/soil. Sorption and
redox reactions are the dominant mechanisms
responsible for the reduction of mobility and
toxicity of inorganic contaminants. Sorption
reactions include precipitation, absorption into
the matrix of soil minerals, or partitioning into
organic matter.

Redox reactions can transform the valence states
of some inorganic contaminants into less soluble
and thus less mobile forms (hexavalent uranium
to tetravalent uranium) and/or to less toxic forms
(e.g. hexavalent chromium to trivalent
chromium).

Chlorinated Solvents

Chlorinated solvents typically occur as dense non-
aqueous phase liquids (DNAPLs) in their pure
states such that they tend to sink through the
groundwater column toward the bottom of the
aquifer. Because of the varied nature and

distribution of chlorinated compounds, they are
typically difficult to locate, delinecate and
remediate even with active measures. Cleanup of
solvent spills is also complicated by the fact that a
typical spill contains multiple contaminants,
including some that tend not to degrade readily in
the subsurface. Some of the mechanisms
potentially responsible for degrading these solvents
are as follows:

Biodegradation

Biodegradation is a biological process by which

contaminants are broken down. Factors
influencing biodegradation include:
¢ pH: Ideal pH 6.5-7,5, however,

biodegradation occurs between 5 and 9.
¢ Matrix: Ideally gravels, sands, silty sands.

¢ Oxygen: Required for biodegradation of
many contaminants, although some degrade
better in the absence of oxygen.

The principle methods of biodegradation of
chlorinated solvents are outlined as follows:

Direct Biodegradation

a) Direct Aerobic Biodegradation

Chlorinated solvents are degraded in aerobic
conditions by microbes which gain energy
and carbon from the process. This method is
limited to the less chlorinated solvents such as
dichloromethane (DCM), dichloroethene
(DCE), 1,2-dichloroethene (1,2-DCE), vinyl
chloride (VC).

Under these conditions, VC has been
observed to degrade at a field half-life rate
of 3 to 300 days. The observed half-life of
1,2-DCE is slightly longer at approximately
400 days.

b) Direct Anaerobic Biodegradation
VC and 1,2-DCE can also be degraded
under anaerobic conditions. VC has been
observed to degrade by direct anaerobic
degradation at a half-life rate of 50-250
days.

Aerobic Co-Metabolic Biodegradation

Chlorinated solvents are fortuitously degraded
by co-metabolic bacteria, which use other
contaminants (such toluene, phenol, and
ammonia) as substrates. This process has been
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observed to be effective in degrading
trichloroethene, 1,1-dichloroethene, 1,2-
dichloroethene and vinyl chloride.

Reductive Dechlorination

a) Dehalorespiration
This process occurs in anaerobic and
highly reducing conditions. The microbes
use the chlorinated solvents as respiratory
substrates. This involves the replacement
of chlorine atoms by hydrogen atoms
during highly reducing conditions.
Examples of reductive dechlorination are
as follows:
1,1,1 TCA 2 1,1,-DCA 2 Chloroethane 2 Ethane

and

PCE 2 TCE 2 cis 1,2-DCE =2 VC 2 Ethene

DCE produced biologically by the reductive
dechlorination of TCE is almost 100 % cis-
1,2,-DCE, whereas manufactured DCE is
mostly 1,1-DCE and only contains 10-20%
cis-1,2,-DCE. Therefore it is easy to identify
biologically degraded DCE.

Monitored Natural Attenuation — Lines of
Evidence

In order to assess whether MNA should be applied

at a site, it is important to establish ‘lines of

evidence’. These include:

¢ Observed reduction in contaminant
concentrations along the groundwater flow
path.

¢ Documented loss of contaminant mass on the
field scale using rigorous estimation of flow
and transport parameters, and chemical
analysis data to support degradation
mechanisms.

¢ It is important that a good hydrogeological
conceptual model has been developed for the

site, so that any alternative contaminant loss
mechanisms can be accounted for.

This may require a relatively extensive site
investigation, monitoring network and analytical
programme, which may be costly. As such, it
should first be established whether there is a quick
and inexpensive solution (such as shallow
excavation) before MNA is applied. However, the
cost of MNA could be orders of magnitude lower
than other alternatives (such as pump-and-treat).

When is MNA an Appropriate Corrective
Action?

¢ Once contaminant sources (i.e., leaks) have
been eliminated and free product removed or
controlled.

¢ Contaminant plume is stable or shrinking.

¢ There are no obvious, cost-effective
alternative corrective action plans.

MNA would mnot be an appropriate corrective
action where there is a current or imminent threat
to a sensitive receptor. A more aggressive and
rapid response would be required in this instance.

References

Use of Monitoring Natural Attenuation at
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Impacts of Urban Groundwater upon Surface Water Quality in Birmingham

The main aim of this project is to investigate the
link between groundwater and surface water
quality within an urban catchment. The River
Tame — Birmingham aquifer system was selected
as the field study area. The description below is
based on results of an MSc project conducted
under the University of Birmingham MSc

Hydrogeology course (Hogan, 1999). The project
was intended to serve as a preliminary study to a
more detailed 3-year long PhD research study of
that urban catchment now underway by the
University of Birmingham (Ellis, Rivett and
Mackay) and the Environment Agency (Ward and
Harris). As direct outfall (pipe) discharges or
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d) the widespread occurrence of the Carboniferous
limestone, both as an aquifer and as a constituent of
Quaternary gravel aquifers;

e) large recharge and low abstractions ensure steady
seaward flow of groundwater, minimising saline
intrusion;

f) most groundwater is drawn from shallow (less than
120 m) aquifers. Deeper aquifers (which might be
more mineralised) are largely uninvestigated and
unexploited;

g) limited development of evaporitic facies in
sedimentary rocks, leading to some sulphate-rich
groundwaters in the north of the country.

Groundwater Chemistry

5.11 Pure water, in a chemical sense, is not found in
nature, even in areas remote from development.
Natural water contains both dissolved and suspended
solids - which may be of organic or inorganic origin -
gathered by the water on its way through the
atmosphere and from the soil on its way to a stream,
river, lake or water table.

5.12 The natural chemistry of groundwater varies. It
depends on the chemical nature of the rainwater and the
nature of the soil, the subsoils and rocks through which
the water passes. Limestone bedrock and limestone-
dominated subsoils are common in Ireland and
consequently groundwater is often hard, containing high
concentrations of calcium, magnesium and bicarbonate.
However in areas where volcanic rocks or granites are
present and in many sandstone areas, soft water is
normal (Daly, 1994).

Sampling Frequency and Numbers of Monitoring
Stations in the Period 1995-1997

5.13 The EPA commenced its groundwater monitoring
programme in 1995 and undertook one sampling run in
1995, two runs in 1996 and two runs in 1997, giving a
maximum of 5 samples in the period 1995-1997 at each
sampling location. In excess of 200 samples have been
taken in each sampling run, although the number of
monitoring stations has varied over the period of this
review as sites were either found to be unsuitable for
monitoring purposes or sources were no longer in use as
the abstraction of water had ceased. However, the
number of monitoring stations has increased since the
programme commenced in 1995 and is expected to
stabilise at around 300.

5.14 As five samples were not taken at all locations in
the period 1995-1997, the results, for the major
parameters, from four sampling runs were taken as the
minimum for the purposes of obtaining representative
water quality data for use in this report. This gave an
average of 193 samples per run available for analysis
for the period of the review.

5.15 Map 1 in Appendix VI indicates the locations of
the groundwater monitoring stations covered by this
report in relation to the major aquifers. As can be
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observed, there is a good distribution of the monitoring
stations among the major aquifers, although there is
only limited sampling in the south eastern counties.
More extensive sampling at groundwater monitoring
stations in these counties under the EPA's national
groundwater quality monitoring programme will
commence in the sampling runs undertaken in
1999/2000.

RESULTS OF ANALYSIS OF GROUNDWATER
QUALITY SAMPLES TAKEN IN THE PERIOD
1995-1997

Presentation of Data

5.15 To ensure uniformity in reporting throughout this
report, the comments below are made on water quality
results in terms of the mean of the sample results at each
monitoring station; however, where relevant, individual
sample results are also commented upon. A more
detailed presentation of the data for selected parameters
at each monitoring station is given in the maps 2-8 in
Appendix VI.

Ammonia Concentrations

5.16 Ammonia is generally present in natural
waters, though in very small amounts, as a result of
microbiological activity which causes the reduction of
nitrogen-containing compounds (Flanagan, 1992). It has
a low mobility in soil and subsoil and its presence in
groundwater much above 0.1 mg/l N may indicate direct
sewage or industrial contamination. From the viewpoint
of human health, significant concentrations of ammonia
can indicate the possibility of sewage pollution and the
consequent possible presence of pathogenic micro-
organisms. Under the EC (Quality of Water intended for
Human Consumption) Regulations, 1988 (S.I. No. 81 of
1988), the maximum allowable concentration (MAC) of
ammonia is 0.3 mg/l as ammonium which is equivalent
to 0.23 mg/l as N. The units for ammonia used below
are mg/l N.

5.17 A total of 903 individual samples were analysed
for ammonia at 193 monitoring stations. A summary of
the data is given in Fig. 5.1 and the ranges of the mean
concentrations measured at the individual sampling
stations are shown on Map 2 in Appendix VI.

5.18 Mean ammonia levels greater than 0.23 mg/l N
were recorded at only ten of the 193 monitoring stations
while the bulk (83 per cent) had mean values less than
0.05 mg/l N (Fig..5.1). The overwhelming number
(862) of individual samples had ammonia
concentrations less than the MAC value of 0.23 mg/l N.
Of the 41 individual samples in which the measured
concentrations were greater than the MAC value, 33
were taken at stations where the mean ammonia
concentrations were also greater than 0.23 mg/l N. The
highest individual ammonia concentration recorded was
1.6 mg/l N.
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5.19 These results of the analysis of groundwater
samples for ammonia indicates that there was no
widespread pollution of particular aquifers although
elevated wvalues (i.e. with a mean ammonia
concentration >0.23 mg/l N) were found in samples
from Cavan, Kerry, Leitrim, Monaghan and Meath. Of
the 18 sampling locations that had high ammonia
concentrations, 17 were boreholes and the remaining
one a spring. This may indicate the need for improved
borehole construction techniques or better source
protection measures in the vicinity of boreholes.

5.20 Only two of the ten monitoring stations with mean
ammonia results above the MAC were free of
bacteriological contamination. This indicates organic
pollution at the majority of these ten stations and
emphasises the need for disinfection of drinking water
supplies. Although there is no fixed relationship
between high ammonia concentrations and bacterial
contamination, a large number of sources that had high
ammonia concentrations did have such contamination. It
is clear that any drinking water supply source with
elevated ammonia levels should be regarded with
suspicion pending the results of bacteriological
examination.

Nitrite Concentrations

5.21 A total of 548 samples, taken at 159 monitoring
stations, were analysed for nitrite. The results are
summarised in Fig. 5.2 while the ranges of the mean
concentrations measured at the individual sampling
stations are shown on Map 3 in Appendix VI. The
Drinking Water Regulations specify a MAC for nitrite
of 0.1 mg/l which is equivalent to 0.03 mg/I N.

5.22 There was one monitoring station where the mean
nitrite concentration was found to be greater than 0.03
mg/l N while 148 of the 159 sampling points had mean
concentrations less than 0.01 mg/l N. Of the 548
individual sample results, 519 were less than 0.01 mg/l
N with 23 between 0.01 and 0.03 mg/l N. The highest
individual nitrite concentration was 0.087 mg/l N.

5.23 As nitrite is an intermediate compound in the
oxidation of ammonia to nitrate and therefore not likely
to accumulate, high nitrite concentrations would not be
expected in waters. This is borne out by an examination
of the sample results in the period 1995-1997. Only one
source had a mean nitrite concentration greater than the
MAC (out of 159 stations) and there were only six
individual samples (out of 548 samples) above the
MAC value.

Nitrate Concentrations

5.24 Most of the nitrate found in natural waters is of
anthropogenic origin, coming from organic and
inorganic sources, the former including waste
discharges and the latter comprising chiefly artificial
fertilisers. Sewage (either of human or animal origin) is
rich in nitrogenous matter which, through bacterial
action, may ultimately appear in the aquatic
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environment as nitrate. The presence of nitrates in
groundwater is cause for suspicion of remote sewage
pollution or of excess levels of fertilisers or manure
slurries spread on land. As pointed out above, high
nitrite levels would indicate more recent pollution as
nitrite is an intermediate stage in the ammonia-to-nitrate
oxidation. Under natural conditions, nitrate is present
only in low concentrations - normally in the range 5-9
mg/l of nitrate. Drinking water treatment does not
remove nitrate. (Note that the units used below are in
terms of molecular nitrate rather than nitrogen
equivalent).

5.25 As pointed out in Chapter 2, there are health risks
associated with excess nitrate consumption in the
human diet. These include methaemoglobinaemia in
infants (blue baby syndrome) and potential carcinogenic
hazards for the general population (Dorin, 1983).
Nitrate itself is not a direct toxicant but is a health
hazard because of its conversion in the stomach to
nitrite which reacts with blood haemoglobin to cause
methaemoglobinaemia. If water contains more than 450
mg/l nitrate, it is unsuitable for consumption by
livestock (Freeze and Cherry, 1979).

5.26 Under the EC (Quality of Water intended for
Human Consumption) Regulations, 1988 (S.I. No. 81 of
1988), the MAC of nitrate is 50 mg/l (or 11.3 mg/l as
N). In the EU Directive 80/778/EEC, a guideline value
of 25 mg/1 (or 5.65 mg/I as N) is recommended.

5.27 A total of 556 samples were analysed for nitrate.
An additional 349 samples were analysed for Total
Oxidised Nitrogen (TON) (nitrate plus nitrite). These
TON results were converted to nitrate by subtracting
nitrite values where available or by assuming that the
nitrite levels present were insignificant in comparison to
the nitrate levels. This gave a total of 905 individual
nitrate samples taken at 193 monitoring stations. The
results are summarised in Fig. 5.3 while the ranges of
the mean concentrations measured at the individual
sampling stations are shown on Map 4 in Appendix VI.

5.28 Mean concentrations of nitrate of 25 mg/l or less
were recorded at 155 of the 193 sampling points but
exceeded 50 mg/l at five stations. Concentrations
greater than 50 mg/l were recorded in 26 individual
samples. Of these, 15 were taken at stations where the
mean nitrate concentration was also greater than 50
mg/l. The remaining 11 samples were taken at nine
stations and had concentrations in the range 50-103
mg/l. The highest individual nitrate concentration was
153.3 mg/l.

5.29 The results of the examination of samples for
nitrates indicates that there was no widespread pollution
of particular aquifers although elevated values (i.e. with
mean concentrations >50 mg/l) were found in Carlow,
Kildare, Limerick and Louth. This indicates a local
pollution problem, either associated with failure of the
protection measures at the groundwater source or with
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agricultural practices nearby. However, these high
nitrate levels were not, in general, associated with raised
concentrations of ammonia or nitrite or by bacterial
contamination. All sources with mean nitrate results
greater than 50 mg/l should be examined and the source
of the problem identified and controlled.

Chloride Concentrations

5.30 Chloride exists in all natural waters, the
concentrations varying very widely and reaching a
maximum in sea water (up to 20,000 mg/1 Cl). Chloride
does not pose a health hazard to humans and the
principal consideration is in relation to palatability.
Where there is a high chloride level there may also be
an associated high sodium concentration. Under the EC
(Quality of Water Intended for Human Consumption)
Regulations, 1988 (S.I. No. 81 of 1988), the MAC value
for chloride is 250 mg/1 Cl.

5.31 In fresh waters, the sources of chloride include rain
water, soil and rock formations, sea spray and waste
discharges. Sewage contains large amounts of
chloride, as do some industrial effluents. Concentrations
vary and what is important is not the absolute level
(although one would expect levels below 30 mg/l in
uncontaminated groundwater) but rather the relative
levels from one sampling period to the next. Because
sewage is such a rich source of chloride, a high level or
a significant increase may give rise to suspicions of
pollution from sewage. However, in coastal areas
elevated chloride values may be due to sea spray or salt
water intrusion and not necessarily due to pollution
(Flanagan, 1992). Saline intrusion in groundwaters is
not common in Ireland; the best known example is in
the low-lying, karst limestone area east and south of
Galway City.

532 A total of 886 samples, taken at 189 of the
sampling locations, were analysed for chloride. The
results are summarised in Fig. 5.4 while ranges of the
mean concentrations measured at the individual
sampling stations are shown on Map 5 in Appendix VI.
Mean concentrations of chloride measured were less
than 30 mg/l at 85 per cent (160) of the sampling
locations and exceeded 100 mg/1 at only three locations.
However, mean concentrations were well below the
MAC at all points.

5.33 All of the individual samples taken had less than
the MAC while in 85 per cent (749), the concentrations
were less than 30 mg/l. The highest individual chloride
concentration recorded was 195 mg/l Cl; this sample
had a sodium concentration of 41 mg/l indicating that
the contamination was not due to salt. The location of
this sample and of another with raised chloride
concentrations are well removed from the coast but in
some other cases a secawater effect may have been
responsible for the above average chloride content.
While some of the samples with raised chloride
concentrations also had levels of ammonia or bacterial
contamination indicative of organic pollution, this was
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not a consistent pattern; thus, chloride content alone is
not likely to be a reliable guide to the presence or
absence of such pollution.

Phosphate Concentrations

5.34 Phosphorus occurs widely in nature in plants, in
micro-organisms and in animal wastes. It is used as an
agricultural fertiliser and as a constituent in detergents.
The significance of excess phosphorus in water is
principally in regard to the phenomenon of
eutrophication of lakes and rivers. Phosphorus gaining
access to such water bodies, along with nitrogen,
promotes the growth of algae and other plants leading to
blooms. Its importance in this regard has been
recognised in the Local Government (Water Pollution)
Act 1977 (Water Quality Standards for Phosphorus)
Regulations, 1998 (SI No. 258 of 1998). However
phosphorus has not been regarded as a problem in
groundwaters as it was considered to be retained in the
soil zone and unlikely to penetrate to groundwaters.

5.35 Under the EC (Quality of Water Intended for
Human Consumption) Regulations, 1988 (S.I. No. 81 of
1988), the MAC value for phosphorus is 5000 ug/l
measured as phosphorus pentoxide; this is equivalent to
2.2 mg/l phosphate expressed as P, the form in which
phosphorus is usually measured in waters. It should be
pointed out that this concentration is greatly in excess of
that likely to cause eutrophication in surface waters.
Phosphate has little significance for human health at the
levels normally found in water sources and has been
dropped as a parameter in the revised directive on
drinking water quality (CEC, 1998).

536 A total of 833 samples were analysed for
phosphate at 189 stations. The results are summarised in
Fig. 5.5 while the ranges of the mean concentrations
measured at the individual sampling stations are shown
on Map 6 in Appendix VI. Mean concentrations of
phosphate were less than 0.04 mg/l P at 87 per cent
(164) of the sampling points. While mean
concentrations between 0.1 and 0.6 mg/l P were
measured at four locations, all were well below the
MAC. The highest concentration recorded in an
individual sample was 0.58 mg/l P. There was little sign
of a correlation between raised phosphate
concentrations and indications of organic pollution.

5.37 Based on these measurements, it appears that Irish
groundwaters generally have phosphate concentrations
of less than 0.04 mg/l P and typically are less than 0.02
mg/l P. Thus, as groundwater provides the baseflow in
rivers, the inflow from unpolluted aquifers may assist in
diluting the phosphorus loadings from other sources.

Iron and Manganese Concentrations

5.38 Iron is present in significant amounts in soils and
rocks, principally in insoluble form. However, many
complex reactions which occur naturally in ground
formations can give rise to more soluble forms of iron
which will therefore be present in water passing through
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such formations. Background levels vary considerably
depending on the rock structure. Excessive
concentrations of iron do not cause health problems but
are of concern for aesthetic and taste reasons. A
groundwater sample may be colourless but on exposure
to air, the iron may precipitate out due to oxidation of
the soluble ferrous to the insoluble ferric form which
appears as a reddish-brown (rust) deposit.

5.39 Manganese is widely found in soils. Like iron, it
may be present in solution in groundwaters due to
reducing conditions and the excess metal will be
deposited as the water is brought to the surface and
reaerated. The principal objection to the presence of
relatively large concentrations of manganese in drinking
waters is, again, aesthetic due to turbidity and taste,
there being little significance for health. It may also
cause staining of fabrics.

5.40 Since organic pollution can lead to serious
deoxygenation of groundwaters and provide the
necessary reducing conditions to bring the two metals
into solution, marked increase in levels of iron and
manganese can, therefore, be considered indicative of
such pollution.

5.41 Under the EC (Quality of Water Intended for
Human Consumption) Regulations, 1988 (S.I. No. 81 of
1988), the MACs for iron and manganese, respectively,
are 200 ug/l and 50 ug/l; these are equivalent to 0.2 mg/I
Fe and 0.05 mg/l Mn.

5.42 Iron A total of 730 samples were analysed for
iron at 193 stations. The results are summarised in Fig.
5.6 while the ranges of the mean concentrations
measured at the individual sampling stations are shown
on Map 7 in Appendix VI. There were 43 sampling
stations with mean iron concentrations greater than 0.2
mg/1 of which 16 had mean concentrations over 1 mg/l.
The highest individual iron concentration was 8.48 mg/l
Fe.

5.43 Manganese A total of 715 samples were analysed
for manganese at 193 stations. The results are
summarised in Fig. 5.7 while the ranges of the mean
concentrations measured at the individual sampling
stations are shown on Map 8 in Appendix VI. There
were 42 sampling stations with mean manganese
concentrations greater than 0.05 mg/l, the bulk of these
being in excess of 1 mg/l. The highest individual
manganese concentration was 11.6 mg/1.

5.44 These results show that iron and manganese
contamination of the groundwaters sampled is relatively
common and likely to cause problems for consumers in
many cases unless appropriate pre-treatment is used. In
general, samples with high concentrations of one metal
also had raised concentrations of the other.

Results of Bacteriological Examination of Samples
545 From the perspective of human use and
consumption of groundwaters, the most important
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consideration is the absence of pathogenic organisms,
i.e. those organisms capable of infecting or of
transmitting diseases to humans. These organisms are
not native to aquatic systems and usually require an
animal host for growth and reproduction. They can,
however, be transported by natural water systems.
Many species of pathogens are able to survive in water
and maintain their infectious capabilities for significant
periods of time. These pathogens include bacteria (e.g.
faecal streptococci and Salmonella), viruses, protozoa
and helminths (parasitic worms).

5.46 The universal indicator organisms for the presence
or absence of pathogens originating in sewage are the
coliforms, specifically Escherichia coli. These bacteria
are of definite faecal origin (human and animal). Their
presence is proof that faecal contamination has occurred
and an indication, therefore, that there is a potential
presence of pathogens. Conversely, the absence of these
faecal coliforms (specifically the E. coli Type 1) must
be demonstrated as an assurance of the minimisation of
this potential. As all coliform organisms (or organisms
which respond to the test conditions) are not of faecal
origin, some types being able to grow in soil, a second
analysis is carried out for the presence of total
coliforms, giving an indication of the general level of
microbiological contamination of a water. The latter is
a confirmatory test.

5.47 The pollution indicated by the E. coli bacteria can
come from different sources, e.g. septic tank effluent,
farmyard waste or landfill sites. The natural
environment, in particular the soils and subsoils, is
effective in removing bacteria and viruses by predation,
filtration and absorption. A high risk situation can arise
where permeable sands and gravels with a shallow
water table are present and where fractured rock,
particularly limestone, is present close to the surface.
These conditions allow rapid passage of contaminated
material into the groundwater. While the presence of
clayey gravels, tills, and peat will, in many instances,
hinder the vertical migration of microbes, preferential
flow paths, such as cracks in clayey materials can also
allow rapid movement by bypassing the subsoil.

5.48 A total of 537 samples at 125 stations were
examined for faecal coliforms. Positive counts were
obtained in 185 (34 per cent) of these samples and in
24, the counts exceeded 100/100 ml (Fig. 5.8). Some of
the stations at which nil counts were obtained had
positive counts on other occasions. Taking a positive
faecal coliform count of greater than 10 coliforms/100
ml as a threshold indicator of gross contamination, 98
samples, taken at 48 sites, would be so described. A
total of 541 samples at 127 stations were examined for
total coliforms of which 284 showed positive counts.
Faecal coliforms were not found in all samples with
positive total coliform counts.

5.49 The stations which had positive faecal coliform
counts above 10 coliforms/100 ml were in Counties
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Roscommon (10); Galway (7); Leitrim and Mayo (5
each); Cavan and Sligo (4.); Monaghan (3); Clare,
Donegal, Longford and Louth (2 No. in each county)
and Kilkenny and Westmeath (1 each). This relatively
widespread occurrence of coliform contamination
emphasises the importance of disinfection of drinking
water drawn from groundwater sources. While the
results for this parameter do not necessarily represent
the overall national picture, as (1) there was a
significant number of samples that were not subjected to
bacteriological examination and (2) no samples were
taken in the South-East, any indication at all of
contamination, however mild, must be regarded as a
matter of gravity and the circumstances promptly
investigated. This matter has been addressed in detail in
the annual reports on drinking water quality published
by the Agency (EPA, 1997).
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TAH (Irish Group) News

Future IAH Technical Discussion Meetings
(TDMs)

These meetings are held every year from
September to the following June. TDMs are held
in the Geological Survey of Ireland and open to all.
They start at 18:00 hrs and are preceded by
tea/coffee from 17:30 hrs. For further information,
contact either Kevin Cullen (01-294 1717) or
Donal Daly (01-604 1490). Our line up for the
Autumn is as follows:

September 2000: An Agricultural Practices
Course is due to be held at Johnstown Castle, Co.
Wexford in September. In addition to practical
field demonstrations, this meeting will consist of
technical discussions so there will be no TDM held
in the GSI for this month. Details of the course
will be circulated to members in the coming weeks.
October: "Ranking Environmental Risks and
Hazards using GIS" - a case study using

petrol storage facilities in Wales by Richard
Cantwell, K.T. Cullen & Co. Ltd.

November: Presentation on the Irish Forest Soils
project by Robbie Meehan, Teagasc.

seokskoksk

IAH Fieldtrip to the South Munster
Synclines - 2000

To avail of the long bright evenings and warm
summer days, this years weekend fieldtrip was
held in May. Our trip focused on the South
Munster Syncline Region of Cork and was led and
organised by Geoff Wright and Morgan Burke. A
total of 25 people attended the fieldtrip.

On Saturday morning the group assembled at
Glounthaune Church (an experience in itself for
some of our members). Our first stop was at
Carrigtwohill limestone quarry where we were
given an opportunity to examine the limestones
and to discuss dewatering of the quarry which
amounts to approximately 16,000 m*/d. A second
limestone quarry was visited at Carrigacrump

which contains one of the best cave systems in east
Cork. While some of the cave system has been
quarried, it was still possible to examine some
smaller caverns and karst features developed in the
limestone. The Dower Spring (yielding 6800 m*/d)
and other karst springs and swallow holes were
visited at a number of locations including Water
Rock House, Shanagarry and Poulnahorka. There
was also time to visit the water supply schemes of
both Cloyne-Aghada and Dungarvan-
Ballynamuck. Eugene Daly informed the group
that the Dungarvan-Ballynamuck supply was the
highest known yield recorded for a borehole in
Ireland (13,000 m*/d or 2.5 million gpd).

The Sunday morning meeting point was the
Natural Energy Centre at the Spa House, Mallow.
The Energy centre was introduced by Alex
Grassick and our own Colette Cronin spoke of the
hydrogeology of the Mallow springs and the
geology of surrounding area. Colette informed us
that there are 6 warm springs in Munster, the
largest of which is Lady's Well which is located
adjacent to the Spa House. It was then time to test
the temperature of this largest warm spring which
averages 22°C (eleven degrees higher than most
Irish springs).

Leaving Mallow behind, it was time to head
underground and visit the truly spectacular caves
of Mitchelstown (well worth a visit for those who
have not had the pleasure). Our tour guide lead us
through 3 huge caverns, each decorated with
wonderful examples of stalagmites and stalactites
and other speleothem formations. When we
reached our final destination in the cave, known as
“The Stage”, the acclaimed acoustics of the cavern
systems were demonstrated by a bout of yodelling
(thanks Kevin!).

Thanks again to all who attended the fieldtrip. It
was a superb weekend and a great opportunity to
visit some of the karst features and warm springs
of the picturesque South Munster Synclines.

Anita Furey, IAH Secretary (afurey@ktcullen.ic) and Morgan Burke, Fieldtrip Secretary

(mburke@minerex.iol.ie)
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Farewell to John Dunne
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On a cold, bright January morning a huge crowd of
mourners gathered in John Dunne’s adopted home
town of Mallow to pay their last respects to one of
the foremost figures in Irish well drilling, a man
who spanned the huge technological leap forward
in well construction - from the manual well-
digging of the 1940s to the powerful high-tech
drilling machines of today.

In their different contributions to the requiem
mass, the parish priest and members of John’s
family recalled various aspects of his character: his
vibrancy, his love of music and singing, his love of
books and learning, his encyclopaedic knowledge
of the highways and byways of Ireland, his
hospitality and openness.

Geoff Wright, Geological Survey of Ireland

As his parish priest recalled, ‘Helpfulness’ was
John’s middle name. Although not a member, John
was a great friend and supporter of the Irish Group
of IAH from its very beginning, and a regular
attendee at our meetings. He was a particular
supporter of our Annual Seminar in Portlaoise, and
always had a relevant question or comment. “We
can always learn something” he used to say. And
indeed he was a real example of lifelong learning -
at the age of 63 he attended and successfully
completed a diploma course in geology at UCC,
where he was also a strong supporter of the Cork
Geological Association.

The Groundwater Section of GSI will always have
good reason to remember John, because the well
records he sent to wus, and the anecdotal
information and advice he so freely offered, have
contributed in no small measure to our
hydrogeological data bases. As we gathered in
Mallow, I recalled a similar cold January morning
twelve years earlier in the nearby town of
Buttevant, when we said goodbye to David
Burdon. John and David were good friends and
shared a deep mutual respect. Though different in
many ways, they had much more in common than
the accident of living in the same part of Ireland
and their common interest in groundwater: at a
deeper level they were both such encouragers, they
were always keen to learn new things, they were
both real Christian gentlemen.

To his family we offer our sincerest condolences.
As the notice in The Examiner said, “He will draw
waters from the wells of salvation”. Rest in Peace,
John. We shall not see your like again.

CONTRIBUTIONS FOR THE NEXT ISSUE OF THE NEWSLETTER

Contributions for the next issue should arrive before 1st October 2000 to:

The Editor, GSI Groundwater Newsletter,
Geological Survey of Ireland,
Beggars Bush, Haddington Road, Dublin 4.

The contributors are responsible for the content of the material in this Newsletter.
The views expressed are not necessarily those of the
Geological Survey of Ireland.
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