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Congratulations to everyone, past and present, who has contributed to the 

Groundwater Newsletter, over what is now 16 years and 50 issues! Groundwater 

Section staff take us through how the Newsletter has changed over time, but 

what has remained constant since the first issue in August 1986, is the continued 

importance of groundwater as a resource in Ireland, and the ongoing interest in 

sharing groundwater information that is specifically relevant to Irish practitioners. 

¢ƻ ƳŀǊƪ ǘƘŜ ƻŎŎŀǎƛƻƴΣ ǘƘƛǎ ƛǎǎǳŜ ƛǎ ŀ ōǳƳǇŜǊΣ ŜǎǇŜŎƛŀƭƭȅ ǘƘŜƳŜŘΣ ŜŘƛǘƛƻƴ ƻƴ ΨThe 

future for GroundwaterΩΦ ¢ƻ ǘƘƛǎ ŜƴŘΣ ǎŜǾŜǊŀƭ ŀǳǘƘƻǊǎ ƘŀǾŜ ǇǊƻǾƛŘŜŘ ƻǇƛƴƛƻƴ-type 

articles about where they think groundwater is heading, or perhaps needs to 

head? We have articles outlining Irish, US, Scottish and Australian regulatory and 

ƳŀƴŀƎŜƳŜƴǘ ŜȄǇŜǊƛŜƴŎŜǎΣ ƛƴǎƛƎƘǘǎ ŦǊƻƳ ŀ [ƻŎŀƭ !ǳǘƘƻǊƛǘȅ ΨŎƻŀƭ ŦŀŎŜΩ ǇŜǊǎǇŜŎǘƛǾŜΣ 

an academic view point on the future of hydrogeology education, and a piece on 

the future directions of IAH (International). 

This edition also includes some more technical articles on potential future issues 

like the emerging contaminants, e.g. pharmaceuticals, industrial compounds, 

lifestyle and personal care products, and nanoparticles, as well as the 

controversial practice of fracking.  

Closer to home, we take a look at the challenges that lie ahead in Ireland in 

understanding karst and conceptualizing Groundwater Dependent Terrestrial 

Ecosystems, and what we can learn from the groundwater level monitoring 

network and the new Tellus Border geophysical and geochemical survey data. A 

recent impact assessment for a new graveyard using the EA guidance is shared 

and a new guidance document from the EPA on Discharges to Groundwater is 

introduced. We hear about the use of stable isotopes in a groundwater research 

ǇǊƻƧŜŎǘ ŀƴŘ ǘƘŜ ǊŜǎǳƭǘǎ ƻŦ ŀ ǎǘǳŘȅ ƻƴ ǇŜƻǇƭŜΩǎ ǇŜǊŎŜǇǘƛƻƴǎ ƻƴ ǘƘŜ ǉǳŀƭƛǘȅ ƻŦ ǘƘŜ 

water from their wells. Finally, we also remember our EPA colleague Mícheál 

MacCárthaigh, who sadly passed away earlier this year. 

We are very grateful to all our contributors for this commemorative issue, 

particularly our international authors, all of whom gracefully obliged us with 

ŎƻƴǘǊƛōǳǘƛƻƴǎ ŀŘŘǊŜǎǎƛƴƎ ƻǳǊ ǘƘŜƳŜΦ IŜǊŜΩǎ ǘƻ ǘƘŜ ƴŜȄǘ рл ƛǎǎǳŜǎΗ  

Monica Lee, Groundwater Section and Jenny Deakin, Editor 
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Groundwater Newsletter  

The first Groundwater Newsletter's objective in 

!ǳƎǳǎǘ мфус ǿŀǎ ǘƻ ΨōǊƛƴƎ ǘƻƎŜǘƘŜǊ ƴŜǿǎΣ 

developments, review and opinions on all areas 

ƻŦ ƎǊƻǳƴŘǿŀǘŜǊ Χ ǘƻ ǇǊƻƳƻǘŜ ŀ ǇǊƻǇŜǊ 

appreciation of the value and importance of 

ƎǊƻǳƴŘǿŀǘŜǊΦΩ ¢ƘŜ ŀƛƳ ǿŀǎ ǘƻ ƘŀǾŜ ǾŀǊƛŜŘ 

articles and a wide readership. This first edition 

was filled with short and snappy articles on 

specific water supply works, aquifer descriptions, 

including characteristics, water quality issues 

and a piece on geothermal resources. Since then 

there has been a continual interest in Irish 

aquifers, specific groundwater sources and 

water quality trends, contaminant issues and 

overseas work/development. We have been 

informed about technical and regulatory aspects 

of septic tanks and landfills; mining issues; varied 

aspects of karst; groundwater vulnerability and 

protection schemes; field and analytical 

techniques; and the many, many other topics 

that you are all familiar with. 

Given its genesis in the GSI, with Donal Daly 

(EPA, formerly Groundwater Section, GSI) as the 

founder and editor for many years, the main 

themes often reflected the interests of the 

Groundwater Section. So what developments 

has the Groundwater Section made over this 

time?  

Projects in the 1980s and 1990s, for example, on 

the Nore River Basin, in County Roscommon, 

compiling national datasets (wells, springs, karst 

features, warm springs) greatly aided our 

understanding of Irish hydrogeology, and the use 

of different techniques such as geophysics, 

baseflow assessments and groundwater 

recharge estimations. This understanding 

provided an excellent basis for the aquifer 

classification system, which is described in the 

мффп ŀǊǘƛŎƭŜ ΨDǳƛŘŜƭƛƴŜǎ hƴ !ǉǳƛŦŜǊ 5ŜŦƛƴƛǘƛƻƴΩΦ  

Within this timeframe, the role of risk 

assessment and risk management are firmly 

grasped as the way forward in groundwater 

protection, as highlighted in the 1996 article 

Ψwƛǎƪ !ƴŘ wƛǎƪ aŀƴŀƎŜƳŜƴǘ ς A Framework For 

DǊƻǳƴŘǿŀǘŜǊ tǊƻǘŜŎǘƛƻƴ {ŎƘŜƳŜǎΩΦ ¢ƘŜ ǳǎŜ ƻŦ 

this framework consolidated the concept of the 

Source-Pathway-Receptor model that underpins 

environmental management. The article also 

defined aquifers, wells and springs as important 

receptors and also described the groundwater 

vulnerability as the S-P-R Pathway. The 

groundwater vulnerability research of the late 

1990s further supported the pathway concepts 

and in 1999, the Groundwater Protection 

Scheme Guidelines were published. In parallel, 

the Groundwater Section was producing County 

Groundwater Protection Schemes for Local 

Authorities, enabling them to manage risks to 

groundwater. Also throughout the 1990s, there 

was an increase in the number of articles about 

specific contaminants (toxic wastes, metals, 

nitrates, phosphates) and activity-related risks 

(e.g. from landfills, septic tanks, farms). In terms 

of S-P-R, the Source was sparking an interest.  

Articles in the Noughties reflected further 

understanding and development of the same 

ǘƻǇƛŎǎΥ ΨbǳƳōŜǊ DŀƳŜǎ ǿƛǘƘ wŜŎƘŀǊƎŜΩΤ 

ΨaƛŎǊƻƎǊŀǾƛǘȅ ƛƴ YŀǊǎǘ !ǊŜŀǎΩΤ ΨDŜƻǘƘŜǊƳŀƭ 

IŜŀǘƛƴƎ ƻŦ /ƻǳƴǘȅ /ƻǳƴŎƛƭ hŦŦƛŎŜǎΣ ¢ǳƭƭŀƳƻǊŜΩΦ 

We were informed about guidance documents 

(e.g. EPA's Code of Practice for OSWWTs) and 

legislation, especially the EU Water Framework 

5ƛǊŜŎǘƛǾŜ ό²C5ύΦ ¢ƘŜ {ŜŎǘƛƻƴΩǎ ǿƻǊƪ ǿŀǎ ƴƻǿ 

focusing on characterising groundwater for the 

purposes of the WFD.  This involved producing a 

national aquifer map1, from which the 

Groundwater Bodies were derived. These were 

further developed by the River Basin District 

consultants with additional data and then 

eventually used as the assessment, reporting  

 
1Prior to this, aquifer maps were being produced on a 

county basis as part of the Groundwater Protection 

Schemes.  
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and management unit for groundwater under 

the WFD.  

So if we jump forward to the present day, how 

have these areas since developed in the 

Groundwater Section? An allocation of National 

Development Plan funding has enabled us to 

expedite the Groundwater Protection Scheme 

Programme. Specifically, consultants have been 

taken on to map the groundwater vulnerability 

for those counties that had not been mapped ς 

c.50% of the country. This map (including its 

component maps) is not only being used to 

compile County Groundwater Protection Scheme 

for Local Authority use (focusing on resource 

rather than source protection), but is also part of 

the suite of maps used for national risk 

assessments e.g. WFD assessments. By the end 

of this year we will have our first national, 

standardised groundwater vulnerability map. 

DǊƻǳƴŘǿŀǘŜǊ {ŜŎǘƛƻƴΩǎ ǿƻǊƪ ƛƴ ǎƻǳǊŎŜ 

protection zone (SPZ) delineation has adapted 

over the years from being a significant part of 

the county GWPS projects, to being part of the 

ǊŜǾƛŜǿ ǇǊƻŎŜǎǎ ƻƴ ǘƘŜ 9t!Ωǎ {t½ ŘŜƭƛƴŜŀǘƛƻƴ  
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project2, and over the last year, managing SPZ 

delineation for public water supplies in response 

to direct requests from Local Authorities to 

either the GSI or EPA. In addition to this, a pilot 

project delineating zones of contribution for 

group water schemes was instigated in 2010. 

Working closely with the National Federation of 

Group Water Schemes (NFGWS), one of the aims 

of the project is to engage with the personnel 

from the schemes to provide better information 

and enable better understanding and use of 

water supplies and the protection maps. The 

Groundwater Section plans to build on this work 

in the coming years by working with Local 

Authorities to help them to meet their needs 

and expanding the group water scheme project 

in collaboration with the NFGWS to produce 

zones of contribution for all groundwater 

schemes.  

The EPA is the responsible authority and driver 

for the Water Framework Directive work. 

Further to the initial spate of groundwater 

ŎƘŀǊŀŎǘŜǊƛǎŀǘƛƻƴ ǿƻǊƪΣ ǘƘŜ D{LΩǎ DǊƻǳƴŘǿŀǘŜǊ 

Section currently manages the re-delineation of 

the Groundwater Bodies (GWBs) on behalf of the 

EPA for the next planning cycle (2015). GWBs 

have been drafted and are due to be finalised 

mid 2012. For future planning cycles, the 

Groundwater Section will input to further 

characterisation as required by the EPA.  

Geothermal resources are noted in the first 

edition of the newsletter and a number of times 

in the 1990s. Over the last two years there has 

been a renewed interest in the geothermal 

resources in the Groundwater Section. This has 

culminated in securing NDP funding for a shallow 

geothermal resources project, which is looking at 

providing best practice guidance for 

installations, starting up a database of 

geothermal installations and eventually to 

improve the existing geothermal resource/ 

 
2EPA procured a consultant consortium to delineate source 

protection zones or zones of contribution around WFD 

groundwater monitoring points.   

suitability maps. The long term aim is to provide 

better information to aid sustainable use of the 

resource and therefore support the growth of 

this industry. The current project is one baby 

step towards this end. The Section is also 

peripherally involved with looking at deep 

geothermal energy, the exploration of which is 

main theme of the Geothermal Bill that is 

currently being drafted, and which is also the 

focus of the SFI funded IRETHERM project.  

¢ƘŜ ŎƻƳǇŀǊƛǎƻƴ ƻŦ ΨǘƘŜƴΩ ŀƴŘ ΨƴƻǿΩ Ƙŀǎ ōŜŜƴ 

interesting in highlighting how far we have come 

in terms of understanding Irish hydrogeology 

and collating data to produce maps that convey 

that information. The groundwater maps raise 

awareness of groundwater and provide a basis 

that helps our colleagues (hydrogeological or 

otherwise) to understand and take account of 

groundwater. It was also interesting to see warm 

spring in the first edition, especially as shallow 

geothermal resources are currently of interest in 

the Groundwater Section and deep geothermal 

resources are of interest to our parent 

department (DCENR).  

Although involved in many varied projects, the 

Groundwater Section has worked towards, and 

on, resource and source identification and 

protection as a central theme for a number of 

decades. The current and future achievements 

are due to the vision, collaboration and hard 

work of the many former and current members 

of the section, whether employed as permanent 

staff, project hydrogeologists or consultants ς 

too numerous to name individually, but we know 

who we are! The changing way in which we have 

to operate ς the use of consultants ς is a 

recognised sign of the times. However, the 

continued focus, interest and funding for this 

area highlight its importance.  

Monica Lee, Taly Hunter Williams and Caoimhe 

Hickey 

Groundwater Section 

Geological Survey of Ireland  
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Introduction 
Looking to and trying to anticipate the future is 

an effort best left, it could be argued, to those of 

the highest intellectual ability (people like the 

present day equivalents of the great Greek 

ǇƘƛƭƻǎƻǇƘŜǊǎ ŎƻƳŜ ǘƻ ƳƛƴŘύΤ ȅŜǘΣ ƛŦ ΨƻǊŘƛƴŀǊȅΩ 

ǇŜƻǇƭŜ ŘƻƴΩǘ ǘǊȅΣ ǘƘŜǊŜ ƛǎ ŀ ŘŀƴƎŜǊ ǘƘŀǘ ǘƘƻǎŜ ƻŦ 

us living in Western democracies will not adapt 

to our changing world in a way that is 

appropriate to leave a world in which our 

children and their children will be happy in terms 

of having adequate supplies of water, food, 

energy and jobs. This is my reason for raising 

certain issues and questions in this article; they 

are written to provoke thought and not offense! 

Perhaps the biggest threat facing humankind is 

the likely impact of climate change; however, 

this issue is not dealt with here. 

Barriers to Anticipating the Future 
Dark Knowledge 

²ƘŜƴŜǾŜǊ L ǘƘƛƴƪ ƻŦ ǿƘŀǘ ǘƘŜ ŦǳǘǳǊŜ Ψǿƛƭƭ ōǊƛƴƎΩΣ L 

ǿƻǊǊȅ ŀōƻǳǘ ǘƘŜ ǘǊǳǘƘ ƛƴ 5ƻƴŀƭŘ wǳƳǎŦŜƭŘΩǎ1 

ΨƪƴƻǿƴǎΩΣ Ψƪƴƻǿƴ ǳƴƪƴƻǿƴǎΩ ŀƴŘ Ψǳƴƪƴƻǿƴ 

ǳƴƪƴƻǿƴǎΩ ƻōǎŜǊǾŀǘƛƻƴǎΦ aȅ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴ ƻŦ 

ǘƘƛǎ ƛǎ ǘƘŀǘ ǘƘŜǊŜ ƛǎ ΨƪƴƻǿƭŜŘƎŜ ǿŜ ƴŜŜŘ ǘƻ ƪƴƻǿΣ 

ōǳǘ ŘƻƴΩǘ ƪƴƻǿΣ and ΧΧΦΦ ŘƻƴΩǘ ƪƴƻǿ ǘƘŀǘ ǿŜ 

ƴŜŜŘ ǘƻ ƪƴƻǿΩΦ ²ƘƛƭŜ ǘƘƛǎ Ƴŀȅ ōŜ ŀ ŦǊƛƎƘǘŜƴƛƴƎ 

concept, it should temper our vision of the 

future rather than stop us from considering it. 

Remembering and Learning from the Lessons of 

History 

Two quotations2 illustrate the challenge: 

"That people do not learn very much from the 

lessons of history is the most important of all the 

lessons of history." Aldous Huxley  

"What experience and history teach is this - that 

people and governments never have learned  
 

1Former US Secretary for Defense 
2In all quotations in this article, where outdated sexist 
language is used, amendments have been made.  

Water/Groundwater ς Challenges and Questions for the Future 

A Personal View  

anything from history, or acted on principles 
deduced from it." G. W. F. Hegel 

While hopefully these quotations are too 

extreme, they indicate our propensity to be 

optimistic and our inability to analyse mistakes 

and learn from them. In late 1929 after seven 

years of unprecedented growth in the US, 

Herbert Hoover, the then President, initiated a 

ǎǘǳŘȅ ŜƴǘƛǘƭŜŘ ΨwŜŎŜƴǘ {ƻŎƛŀƭ ¢ǊŜƴŘǎΩ ƛƴ 

anticipation of continued prosperity; four weeks 

ƭŀǘŜǊ ǘƘŜ ŎǊŀǎƘ ƻŎŎǳǊǊŜŘΦ ²ƘƛƭŜ ǘƘŜǊŜ ƛǎƴΩǘ 

necessarily a direct analogy here to the recent 

Irish and world economic problems, reading 

about the Great Depression generates eerie 

ŜŎƘƻŜǎΦ {ƻΣ ƭŜǘ ǳǎ ōŜ ΨǿƛǎŜ ǇŜƻǇƭŜΩ ƛƴ ǘƘŜ ŎƻƴǘŜȄǘ 

of the quote from another famous leader, 

Winston Churchill, ά!ƭƭ ǇŜƻǇƭŜ ƳŀƪŜ ƳƛǎǘŀƪŜǎΣ 

ōǳǘ ƻƴƭȅ ǿƛǎŜ ǇŜƻǇƭŜ ƭŜŀǊƴ ŦǊƻƳ ǘƘŜƛǊ ƳƛǎǘŀƪŜǎέΦ 

Complacency and Ignorance 

Complacency is, perhaps, an inevitable feeling at 

a time when most of us in Ireland live a life that 

is more comfortable than ever before in our 

history. Looking ahead can be threatening in 

circumstances where there are clear indications 

of instability to some degree or other. However, 

the very likelihood of instability means that 

there should an onus on us all to, at the very 

least, inform ourselves. Knowledge then has the 

potential to become the first step for future 

actions. There is an onus, in my view, on people 

like the readers of the Groundwater Newsletter 

ς scientists and engineers who have the relevant 

technical expertise ς to provide the leadership 

and information required to enable society to 

have an adequate basis for formulating their 

own views.  

World-wide Context ς the Age of Scarcity 

Population Growth 

The population of the world reputedly reached 

seven billion in 2011 and is predicted to reach 
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nine billion by 2050 (Figure 1) with most of the 

growth occurring in developing countries, 

thereby creating a greater need for resources.  

Uncertain Political Structures 

In a world with many totalitarian regimes and 

where representative democracies, by their 

nature, struggle to take a long-term view, can  

we be confident that the dependence of a 

healthy economy on a healthy ecosystem will 

influence short term political & economic 

considerations? 

Growth and Sustainability 

Economic growth is seen by governments world-

wide as essential to alleviating the current 

economic problems, such as unemployment. Is 

this economic growth sustainable in terms of 

resource depletion and environmental impact? 

Or will human ingenuity and technological 

innovation mitigate the potential negative 

impacts of growth? We must ensure that the 

ŀƴǎǿŜǊ ƛǎ ΨȅŜǎΩ ŀǎ ƻǳǊ ƻōƧŜŎǘƛǾŜ Ƴǳǎǘ ōŜ ǘƻ 

άǇǊƻŘǳŎŜ ƳƻǊŜ ǿƛǘƘ ƭŜǎǎέΦ  

Water: The New Oil3 

The future may well be best illustrated by a 

quotation in 1995 from Ismail Serageldin, the 

former chairperson of the World Commission for 

Water in the 21st Century: άaŀƴȅ ƻŦ ǘƘŜ ǿŀǊǎ 

this century were about oil, but those of the next 

ŎŜƴǘǳǊȅ ǿƛƭƭ ōŜ ƻǾŜǊ ǿŀǘŜǊέΦ 

Already there have been water riots and deaths 

in conflicts over water in Karachi, Gujarat and 

China, and there are continuing tensions in the 

Middle East and Egypt over water scarcity. 

²ŀǘŜǊ ƛǎ ƻǾŜǊǘŀƪƛƴƎ ƻƛƭ ŀǎ ǘƘŜ ǿƻǊƭŘΩǎ ǎŎŀǊŎŜǎǘ 

ŎǊƛǘƛŎŀƭ ƴŀǘǳǊŀƭ ǊŜǎƻǳǊŎŜΦ άBut water is more than 

the new oil; oil, in the end, is substitutable, albeit 

painfully, by other fuel sources, or in extremis 

Ŏŀƴ ōŜ ŘƻƴŜ ǿƛǘƘƻǳǘΤ ōǳǘ ǿŀǘŜǊΩǎ ǳǎŜǎ ŀǊŜ 

pervasive, irreplaceable by any other substance, 

and utterly indispensableέ ό{ƻƭƻƳƻƴΣ нлмлΦύ 

Some facts about water usage: 

Over the past two centuries, freshwater  
 

3¢Ƙƛǎ ǎŜŎǘƛƻƴ ƛǎ ōŀǎŜŘ ƭŀǊƎŜƭȅ ƻƴ ƳŀǘŜǊƛŀƭ ŦǊƻƳ ά²ŀǘŜǊέ ōȅ 
Steven Solomon. Published by HarperCollins. 2010. 

Figure 1. World population growth, from 1750 to 2050. 
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usage has grown 2 times faster than the 

population. 

1.1 billion people lack access to at least 4 

litres per day of safe water to drink. 

2.6 billion lack the additional 22 litres needed 

daily for rudimentary sanitation and hygiene. 

China has 20% of the world population but 

only 7% of its freshwater. 

India has 17% of the world population but 

only 4% of its freshwater. 

In both China and India, mining of 

groundwater is occurring and water levels are 

dropping in areas. 

Global warming poses a threat to the existing 

surface water resources in both China and 

India. 

Food production is water intensive: 

ς 1 kg wheat needs ~0.7 m3 water. 

ς ! Ǝƭŀǎǎ ƻŦ ŎƻǿΩǎ Ƴƛƭƪ ǊŜǉǳƛǊŜǎ Ϥм m3 water. 

ς A well-nourished person consumes ~4 m3/d 

each day in the food he/she eats. 

Exporting food is effectively exporting virtual 

water.  

As food production is water intensive, can we 

in Ireland make this a competitive advantage 

by giving a sufficiently high priority to water 

management that we ensure that our existing 

good water quality is protected and our poor 

water quality is restored to good?  

European Policy Context 

Resource Efficiency 

The European Commission view can be summed 

up by the following quotations4: 

άaƛƴŜǊŀƭǎΣ ƳŜǘŀƭǎ ŀƴŘ ŜƴŜǊƎȅΣ ŀǎ ǿŜƭƭ ŀǎ ǎǘƻŎƪǎ 

of fish, timber, water, fertile soils, clean air, 

biomass, biodiversity are all under pressure. 

Whilst demand for food, feed and fibre may 

increase by 70% by 2050, already 60% of the 

 

4European Commission communication to the European 
Parliament and European Council, 2011  

ǿƻǊƭŘΩǎ ƳŀƧƻǊ ŜŎƻǎȅǎǘŜƳǎ ǘƘŀǘ ƘŜƭǇ ǇǊƻŘǳŎŜ 

these resources have been degraded or used 

unsustainably. Today in the EU, we use  

16 tonnes of materials per person each  

year, of which 6 tonnes are wasted, with  

half going to landfill. If we carry on using 

resources at the current rate, by 2050 we will 

need the equivalent of more than two planets to 

sustain us, and the aspirations of many for a 

better quality of life will not be achievedΦέ 

The vision for the future in the EC Roadmap to a 

Resource Efficient Europe is as follows: ά.ȅ нлрл 

the EU has grown in a way that respects 

planetary boundaries, thus contributing to global 

economic transformation. It is competitive and 

provides a high standard of living with much 

lower environmental impacts. All resources are 

sustainably managed, from raw materials to 

energy, water, air, land and soil. Climate change 

targets have been met and biodiversity and the 

ecosystem services it provides have been 

ǇǊƻǘŜŎǘŜŘΣ ǾŀƭǳŜŘ ŀƴŘ ǎǳōǎǘŀƴǘƛŀƭƭȅ ǊŜǎǘƻǊŜŘΦέ  

Water Framework Directive (WFD) 

The WFD is a critical policy driver for Ireland; it is 

powerful in concept in that it provides a policy 

framework which requires an integrated 

approach to policy-making and river basin 

management. It is an over-arching directive that 

aims to achieve greater policy coherence by 

linking with other relevant directives, as shown 

in Figure 2.  

Ireland: Looking to the Future ς Hopes, 
Wishes and Challenges 

Governance Issues 

That the environmental protection required for 

a sustainable future is given a higher priority 

and that the current fragmented governance 

arrangements for river basin management are 

rectified in parallel with the setting up of Irish 

Water. 

While characterisation, monitoring and reporting 

are essential elements of the surface water and 
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Figure 2: Illustration of the range of the WFD in connecting and integrating the legislative tools of European wa-
ǘŜǊ ǇƻƭƛŎȅ ό¢Ƙƛǎ ŦƛƎǳǊŜ ƛǎ ŀƴ ŀƳŜƴŘŜŘ ǾŜǊǎƛƻƴ ƻŦ ŀ ŦƛƎǳǊŜ ƛƴ ά{ǳǇǇƻǊǘ ǘƻ CƛǘƴŜǎǎ /ƘŜŎƪ ²ŀǘŜǊ tƻƭƛŎȅέ wŜǇƻǊǘ ǇǊŜπ
pared by Deloitte Consulting and the Institute for European Environmental Policy (2011)).  

groundwater regulations, and of WFD 

implementation, the programme of measures is, 

arguably, the critical element for maintenance of 

existing good quality water and restoration of 

poor quality. It is also the most difficult to 

undertake successfully. 

Currently, there is no single body having 

ultimate responsibility for river basin planning, 

and water management and protection. My wish 

for the future is that the governance 

arrangements will change such that one body 

will be given this responsibility; until this 

happens, environmental protection is unlikely to 

be adequately represented in achieving a 

sustainable balance between environment 

protection and development. 

In addition, at this time of scarce resources and 

when our efficiency and competitiveness are 

essential for our future, integration of water 

protection measures undertaken by a range of 

public bodies ς EPA, local authorities, GSI, IFI, 

DECLG, DAFF, MI, Teagasc, etc. ς is essential. 

Water Framework Directive 

That the Surface Water (S.I. No. 272 of 2009) 

and Groundwater (S.I. No. 9 of 2010) 

Regulations, which give effect to the 

requirements of the WFD in Ireland, are 

accepted as necessary and beneficial, 

irrespective of the threat from European Court 

Judgements. 

Food Harvest 2020 

That the objectives of Food Harvest 2020 (for 

instance, a 50% increase in milk production) are 

achieved. Achieving these objectives will only be 

possible in circumstances where agriculture is 

sustainable in terms of maintenance of our good 

water quality and improvement of any poor 

water quality caused by agriculture. This will 



 

 

Page 9 Issue 50 

require greater appreciation of water and 

catchment management by the farming 

community. 

Risk-based Decision-making 

That the risk-based approach used with some 

success to-date in decision-making becomes 

more successful by ensuring that the pathway 

element of the source (pressure)ςpathwayς

receptor (SPR) framework is included; this 

requires some knowledge, appreciation and 

visualisation of the geological and hydro(geo)

logical properties of the country, thereby 

enabling the measures required to protect/

restore water to be focussed on critical source 

areas (CSAs). [Sadly, many geologists, 

particularly in the academic community, do not 

have the vision or leadership to realise the value 

of geological information in land-use planning, 

river basin management and environmental 

protection, and therefore do not give an 

adequate priority either in their teaching or 

research to the environmental geology area.]  

Unnecessary Small Point Pollution Sources 

¢Ƙŀǘ ǎƻƛƭŜŘ ǿŀǘŜǊ ŦǊƻƳ ΨŘƛǊǘȅΩ ŦŀǊƳȅŀǊŘǎ ŀƴŘ 

effluent from domestic wastewater treatment 

systems are not allowed to enter directly into 

water, thereby unnecessarily using up the 

limited capacity of ecosystems to accept 

nutrients. 

Unless dealt with, small point pollution sources 

will reduce the likelihood of achieving Food 

Harvest 2020 objectives as they make it more 

difficult to achieve our water quality objectives. 

[This wish may seem trivial; however, note that 

the annual phosphate load from each of us can 

pollute almost 15 million litres of water. And, 

discharges from small point sources are 

preventable.] 

άLƴǘŜƎǊŀǘƛƻƴέ ŀƴŘ ά{ƳŀǊǘ {ŎƛŜƴŎŜέ 

¢Ƙŀǘ ΨōŀǊǊƛŜǊǎ ƛƴ ǘƘŜ ƳƛƴŘΩ ŀǊŜ ōǊƻƪŜƴ ǎǳŎƘ ǘƘŀǘ 

the point made by James Lovelock (of Gaia 

Theory fame) in a lecture in Dublin a few years 

ago, as given in the Irish Times, becomes 

meaningless. Lovelock complained that the 

ǎŎƛŜƴǘƛŦƛŎ ŎƻƳƳǳƴƛǘȅ ǿŀǎ ǘƻƻ ŘƛǾƛŘŜŘ άƴƻǘ ŦƻǊ 

ŀƴȅ ōŀŘ ǊŜŀǎƻƴ ōǳǘ ōŜŎŀǳǎŜ ōƛƻƭƻƎƛǎǘǎ ŘƻƴΩǘ 

ǎǇŜŀƪ ǘƻ ŎƘŜƳƛǎǘǎέΦ 9ǾŜƴ ǿƛǘƘƛƴ ōƛƻƭƻƎȅΣ ǘƘŜǊŜ 

ŀǊŜ ƴƻǿ ол ōǊŀƴŎƘŜǎ άŀƭƳƻǎǘ ǇǊƻǳŘ ƻŦ ǘƘŜ ŦŀŎǘ 

ǘƘŀǘ ǘƘŜȅ ŘƻƴΩǘ ǘŀƭƪ ǘƻ ƻƴŜ ŀƴƻǘƘŜǊέΦ This view 

applies not just to chemists and biologists, but 

can also be applied to geologists and others. 

ά{ƳŀǊǘ ǎŎƛŜƴŎŜέ ƛǎ Ǿƛǘŀƭ ƛǎ ŀ ƳŜŀƴǎ ƻŦ LǊŜƭŀƴŘ 

achieving both a competitive economy and a 

good environment. We must set out to achieve 

an appropriate integration of knowledge, ideas, 

solutions and implementation between 

chemistry, biology and geology, groundwater 

and surface water, and science and engineering. 

Ways of achieving this include: pooling our 

existing knowledge more effectively; breaking 

down sectional and organisational boundaries; 

focussed research, with emphasis on integration 

of appropriate scientific and engineering areas 

within and among third level colleges; getting 

greater input from scientists and engineers 

working in consultancies; and, most importantly, 

getting the involvement of lands managers, such 

as farmers, planners, forestry-sector, etc. While 

this is happening to some degree, it needs to be 

fast-tracked. 

Communication and Awareness 

That, in the coming years, even if it means a 

ǎƻƳŜǿƘŀǘ ƭƻǿŜǊ ΨǎǘŀƴŘŀǊŘ ƻŦ ƭƛǾƛƴƎΩ ƛƴ ǘƘŜ ǎƘƻǊǘ

-term, the majority of the Irish public will 

support effective environmental protection and 

water quality management; without this 

support achieving WFD and Food Harvest 2020 

objectives are unlikely to be possible. Therefore, 

it will be vital that priority is given to 

communicating with, including in the process 

and getting feedback from, communities in both 

rural and urban areas. It is essential that there 

should be empathy with and understanding of 

the views and needs of these communities. 

 

Donal Daly 

Hydrometric and Groundwater Programme 

EPA 
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The United States is a geographically large and 

diverse nation, and as such, it has varying water 

resource issues, and varying perspectives on 

how those water resources should be managed.   

The National Ground Water Association (USA), 

while primarily focused upon the groundwater 

component of the hydrologic cycle, recognizes 

the interdependence of water resources.  The 

Association recognizes that unlike surface water 

bodies which often represent natural 

boundaries, as well as artificial political 

boundaries between people, groundwater 

generally does not adhere to the same 

restrictions and will be found below natural and 

political boundaries.   

The nation does not have a unified, federally-

directed national water policy.  More than two 

dozen federal agencies are engaged in water 

issues in the nation, a further complication to an 

already complicated issue.  Additional political 

jurisdictions, such as state governments, county 

governments, municipal governments, water 

and natural resource districts, Native American 

interests, and private ownership issues, make 

evident the groundwater management 

challenge. 

Regulatory organizations with groundwater 

responsibility have two fundamental concerns: 

quantity and quality.  You may have many acre-

feet of groundwater, but if the quality is not 

right, you may not have nearly the same 

amount.  While efforts are underway to establish 

a national groundwater monitoring network, 

with several states now operating pilot projects 

to test the concepts, much remains to be done.  

Sufficient funding for establishment, and then, 

operation and maintenance of the network 

through cooperative funding with state 

governments, must be appropriated and then 

allocated. 

There are nearly 40,000 groundwater-dependent 

community water systems providing drinking 

water to 88 million Americans.  Of course, their 

concerns are focused on supply and quality of 

that supply.  They are required to meet certain 

standards by the U.S. Environmental Protection 

Agency in terms of quality standards, and of 

course, those 88 million users expect there to be 

all the water available when they need it. 

Additionally, our nation has 13.2 million 

occupied households served by their own private 

water well system.  These systems are not 

federally regulated and the operation and 

maintenance of those systems, including the 

verification of the groundwater quality, are a 

ƘƻƳŜƻǿƴŜǊΩǎ ǎǘŜǿŀǊŘǎƘƛǇ ǊŜǎǇƻƴǎƛōƛƭƛǘȅΦ 

While there are varying groundwater 

management issues across the nation, it may be 

possible to generalize there is a movement away 

from a production mindset to one of 

management.  This is particularly true in water-

stressed regions, such as the desert regions of 

the southwest, home to cities of significant size 

and rapid population growth -- Phoenix, Las 

Vegas, Houston, and others.  

Localized groundwater management is 

improving, although not everywhere and not 

consistently.  In some areas there seems to be 

an unmeasured but growing awareness -- among 

not only scientists and regulators, but also the 

general public -- of the declines in groundwater 

levels and the related quality issues and energy 

costs relates to declining groundwater.  More 

consideration, planning & human management 

The future for Groundwater in the USA  

Kevin McCray, CEO of the National Ground Water Association, provides some insights  
into the future of groundwater in the USA  
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needs to be applied, particularly in the coastal 

ǊŜƎƛƻƴǎ ǎƻ ƎǊƻǳƴŘǿŀǘŜǊ ƛǎƴΩǘ ƻǾŜǊ ŜȄǘǊŀŎǘŜŘΣ 

creating a need for seawater intrusion 

management. 

Texas, a southwestern state, has recently 

suffered a historically severe and extended 

drought.   There are 96 groundwater districts 

ǘƘŜǊŜΦ  CƛǾŜ ƻŦ ǘƘŜ ǎǘŀǘŜΩǎ мс ǊŜƎƛƻƴŀƭ ǿŀǘŜǊ 

planning groups, charged with evaluating and 

recommending strategies to address water 

shortages, see brackish aquifers as important 

potential water supply sources.  The Texas 

²ŀǘŜǊ 5ŜǾŜƭƻǇƳŜƴǘ .ƻŀǊŘΩǎ LƴƴƻǾŀǘƛǾŜ ²ŀǘŜǊ 

Technologies group has taken on the roles of 

systematically mapping and characterizing the 

brackish portions of the 30 major and minor 

aquifers in the state, and funding projects that 

can provide tangible and replicable examples of 

water desalination technologies. 

And yet, the Texas Supreme Court, the highest in 

the state, ruled on February 23, the groundwater 

ǳƴŘŜǊ ŀ ƭŀƴŘƻǿƴŜǊΩǎ ƘƻƭŘƛƴƎǎ ƛǎ ǘƘŜƛǊ ǇŜǊǎƻƴŀƭ 

property, and thus, their own to pump and use, 

perhaps despite what the local groundwater 

district might have permitted. 

In some regions overlying the Ogallala Aquifer, 

ǘƘŜ ƴŀǘƛƻƴΩǎ ƭŀǊƎŜǎǘΣ ƳŀƴŀƎŜƳŜƴǘ ǎŜŜƳǎ ǘƻ ōŜ 

contributing to rising groundwater levels.  Of 

course, groundwater mining continues in other 

Ogallala regions, but by implementing 

management schemes ς including how the 

extracted groundwater is used ς we may sustain 

groundwater for far longer than it would last 

without this oversight. 

National controversy over a federal decision to 

delay construction of an energy fuels pipeline 

atop portions of the Ogallala is a recent example 

Real time and periodic groundwater level monitoring results from the USGS Groundwater Watch website 
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of the growing awareness of the water-energy 

nexus. 

Some ecosystems are groundwater dependent, 

and thus, are vulnerable to environmental 

changes and increasingly to groundwater use.  

The importance of groundwater to ecosystems 

may perhaps be best illustrated by the federal 

Endangered Species Act and how the protection 

of aquatic species in groundwater-dependent 

surface water bodies may impact groundwater 

utilization and drive new management 

perspectives and practices. 

Storm water management and capture is 

increasingly being integrated into water 

management throughout the U.S., often through 

the use of retention basins for infiltration.  Issues 

of water quality, including the need for pre-

treatment before recharge have slowed the 

adoption of artificial groundwater replenishment 

schemes. 

Of course, management also implies sound water 

use practices.  Miles of leaking water mains, while 

inadvertently contributing to groundwater 

recharge, are not effectively contributing to 

efficient and effective water management.  A 

recent report from the American Water Works 

Association contends our nation needs to invest 

$1 trillion between now and 2025 for our public 

water systems, with replacement of pipelines on 

the order of half of that expense. 

²ŜΩǾŜ ƘŜŀǊŘ ǊŜǇƻǊǘǎ ǿƘŜǊŜ ƛǘ ƛǎ ŎƻƴǎƛŘŜǊŜŘ 

acceptable for water mains to leak as much as 15 

percent τ sometimes more τ ƻŦ ǘƘŜ ǎȅǎǘŜƳΩǎ 

treated water.  A private water utility in a densely 

populated western U.S. community which had a 

finite water supply for its customers was able to 

grow its connections and its revenue by simply 

fixing its leaky infrastructure and capturing that 

previously lost water. 

Technology contributes toward managed water 

resources.  IBM has started a pilot program in 

Dubuque, Iowa using digital water meters in just 

151 homes.  By monitoring household water use 

and patterns, information could be created for 

homeowners about how to consume less and by 

alerting them to possible leaks. The pilot 

generated water savings of nearly 7 percent, 

which would be about 65 million gallons a year if 

extended to the entire city of 60,000. 

Energy costs can be a contributor to groundwater 

conservation.  As groundwater depths increase, 

head increases, and energy costs to move that 

water climb.  Farmers and other users may turn 

off their demand until water tables recover to 

more cost-effective levels.  Software that 

measures the water needs of crops more precisely 

means more effective water withdrawals, which 

can lead to more sustainable and managed use.  

Farmers have an incentive to be good water 

stewards τ its how they grow the crops they sell.  

Industry is the same way.  Using only what water 

you need and finding ways to engineer water out 

of manufacturing processes and the products 

results in water savings, as well as cost savings.  

Similarly, industry has recognized that it is less 

expensive to prevent groundwater contamination 

than it is to clean it up. 

{ƻƳŜ ст ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ ƴŀǘƛƻƴΩǎ тфΦс ōƛƭƭƛƻƴ 

gallons of groundwater withdrawn daily goes to 

agricultural irrigation; irrigation that contributes 

toward sales of at least as much as $13.5 billion 

for just the five crops of corn, soybeans, wheat, 

rice, and cotton.  The U.S. actually reduced the 

volume of groundwater it withdrew for 

agricultural irrigation between 2000 and 2005 by 

about 8 percent.  Of course, these are estimates 

and these estimates have gone up and down since 

1970.  Extended drought in groundwater 

dependent regions of agricultural America could 

drive those estimates upward.  Fortunately, 

farmers are increasingly motivated to use only 

what they need ς the energy costs of pumping 

water are a great incentive to use only the water 

ƴŜŜŘŜŘΣ ŀƴŘ ǿŜΩǾŜ ŘŜǾŜƭƻǇŜŘ ǊŜǎƻǳǊŎŜ 

management practices and oversight that also 

contribute to better groundwater use. 
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Recently a meeting of local, regional, national, 

and international water and environmental 

organizations and government agencies explored 

addressing the need for integrated water 

resources management in the nation. 

A proposed memorandum of understanding 

(MOU) for the meeting participants was drafted 

for the stated  purpose of promoting 

partnerships for and reducing barriers to the 

implementation of sustainable integrated water 

management.  The MOU proposed better 

aligning programs and research, enhancing 

communication and information exchange, and 

establishing opportunities for joint activities 

supportive of adaptive, integrative water 

management planning.  At present, the 

prospects for that MOU appear to be slim. 

²ƘƛƭŜ Ƴŀƴ ƛǎ ǘƘŜ ǇƭŀƴŜǘΩǎ Ƴƻǎǘ ƛƴǘŜƭƭƛƎŜƴǘ 

ŎǊŜŀǘǳǊŜΣ ǎƻƳŜǘƛƳŜǎ ƘŜ ŘƻŜǎƴΩǘ ŀƭǿŀȅǎ ŀŎǘ 

intelligently.  Part of the huge groundwater 

challenge is how to increase public awareness of 

a resource that is out of sight, and thus out of 

mind and susceptible to stupid actions that 

pollutes or threatens this portion of the 

hydrologic cycle. 

Unfortunately, the average citizen anywhere in 

the world probably fails to appreciate concern 

about groundwater supplies.  As a resource in 

the subsurface, it tends to be out of sight and 

out of mind.  When one needs water, and 

groundwater is the only water available, then it 

does take on a more consequential role and 

earned respect. 

The entire planet, not just the U.S., could benefit 

from learning to use our water resources 

collaboratively, or conjunctively.  Where both 

groundwater and surface water supplies are 

available, they need to be managed not as 

separate systems, but as part of the hydrologic 

cycle for the watershed.   

Kevin McCray 

CEO, National Ground Water Association 

Kevin McCray has been the chief executive officer 

of the National Ground Water Association (USA) 

since 1995.  

NGWA represents all of the professions involved 

with providing, protecting, managing, and 

remediating groundwater resources around the 

world.  With more than 11,500 members in 60 

nations, NGWA is a leader in professional 

development, knowledge dissemination, and 

advocacy on behalf of the safe and productive 

use of the resource, as well as of the professions 

of the industry.   It collaborates globally with 

hundreds of organizations, and has formal 

cooperation agreements with nearly two dozen 

international groups serving science and 

technology.  

 

 

 

 

www.ngwa.org 

Water use for irrigation in the US in 2005. Nearly 
90% of groundwater used for irrigation was with-
drawn in 13 States. Amongst these, groundwater 
was the primary source of water for irrigation in the  
Midwest and South-central states, in Nebraska, Ar-
kansas, Texas, Kansas, Mississippi and Missouri. 
Source: UGSS website 
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Australia is the land of extremes when it comes 

to water. Floods and droughts are part of the 

normal weather cycles and in a place where 

potential evapotranspiration is far higher than 

rainfall for most of the year over the majority of 

the country, it is no surprise that the Australians 

are well practiced at water management. In 

contrast to Ireland, water quantity rather than 

quality is the main focus of Australian water 

management practices, but in my view there are, 

nevertheless, lessons that we can learn here to 

prepare for the future, based on their 

experiences. 

Australian State governments manage their 

water under an overarching piece of federal 

legislation, known as the National Water 

Initiative (NWI). The overall objective of the NWI 

ƛǎ ǎǳƳƳŀǊƛǎŜŘ ŀǎ Ψǘƻ ŀŎƘƛŜǾŜ ŀ ƴŀǘƛƻƴŀƭƭȅ 

compatible market, regulatory and planning 

based system of managing surface and 

groundwater resources, for rural and urban use, 

that optimises economic, social and 

ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƻǳǘŎƻƳŜǎΩΦ ¦ƴŘŜǊ ǘƘŜ b²LΣ 

governments have made commitments to: 

prepare water management and sharing 

plans with provision for the environment 

deal with over-allocated or stressed water 

systems 

introduce registers of water rights and 

standards for water accounting 

expand the trade in water 

improve pricing for water storage & delivery 

meet and manage urban water demands 

These commitments reflect the decision taken in 

Australia to make water a saleable or tradable 

commodity, with the hope that in so doing, they 

will achieve conservation and environmental 

ƻǳǘŎƻƳŜǎΦ ²ƘƛƭŜ L ŘƻƴΩǘ ōŜƭƛŜǾŜ ǎǳŎƘ ŀ ŘǊŀǎǘƛŎ 

step is an appropriate direction for Ireland to 

take, there are two key objectives of the NWI 

that I think we can learn from here: (a) to 

recognise the connectivity of surface and 

groundwater resources and manage them as a 

single resource, and (b) to ensure that 

stakeholders, particularly landholders, play a key 

role in the development of water management 

and sharing plans. The other area that I believe 

we should look to the Australians in is integrated 

catchment management. 

Interconnected water resources 
The Australians have fallen into a horrible trap. 

¢ƘŜȅ Ŏŀƭƭ ƛǘ ΨŘƻǳōƭŜ ŀŎŎƻǳƴǘƛƴƎΩΦ ²ŀǘŜǊ ƭƛŎŜƴŎŜǎ 

and entitlements are big business in Australia. 

Agricultural productivity in many areas is 

dependent upon irrigation and securing enough 

water at the right time, and at the right price, is 

critical to profitability. Farmers tend to draw on 

their surface water allocations first because the 

surface water resources are so transient and 

unpredictable, and building reservoirs is 

expensive. Groundwater allocations are kept in 

reserve for drought periods when the surface 

water resources are no longer available. The 

problem is that the surface water and 

Water management for the future τ lessons from Australia  

¢ƘŜ !ǳǎǘǊŀƭƛŀƴǎ ŀǊŜ ǿŜƭƭ ǇǊŀŎǘƛŎŜŘ ƛƴ ǿŀǘŜǊ ƳŀƴŀƎŜƳŜƴǘΧ ƛǎ ǘƘŜǊŜ ŀƴȅǘƘƛƴƎ ǿŜ Ŏŀƴ ǘŀƪŜ ŦǊƻƳ ǘƘŜƛǊ 
experiences and apply here? 

Centre pivot irrigation technology in Tasmania  



 

 

groundwater in these large river basins are 

essentially the one resource, and when you add 

up the total volume of water that has been 

allocated across the different groundwater and 

surface water allocation systems, the sum is 

greater than the total amount of water available. 

So who gets precedence? Whose entitlement is 

worth more than the other at the critical time? 

How can they be shared and transferred? How 

can an allowance be built in for the lag times in 

impacts of groundwater abstractions on river 

resources? How much is required to be left in 

the river to keep ecosystems alive in low flow 

periods? How can keeping that water in rivers be 

justified when entire crops, jobs and livelihoods 

are at stake? Add climate change, and the 

impacts of water hungry land-use changes such 

as new forestry plantations, into the mix, and 

you can begin to get a feel for the extent of the 

technical and political dilemmas the Australians 

now find themselves in (Young & McColl, 2009). 

²ƘƛƭŜ LΩƳ ƴƻǘ ǎǳƎƎŜǎǘƛƴƎ ǘƘŀǘ ǿŜ ŀǊŜ ƭƛƪŜƭȅ ǘƻ 

reach equivalent levels of desperation for water 

in Ireland as in Australia, I do think that we 

would do well to learn from their mistakes and 

establish a truly integrated water management 

system whilst we still have the opportunity. The 

river basin districts are a good first step, but in 

my view, any future water accounting, 

entitlement or management systems must 

consider groundwater and surface water as one 

connected resource. 

Multi -disciplinary water management 
This leads on to the second lesson. One of the 

principle reasons in my view that the double 

accounting problem has arisen, is that surface 

water entitlements and groundwater 

entitlements have traditionally been quantified 

and allocated by different sets of professionals, 

with different educational backgrounds, located 

in different Departments: hydrologists and 

engineers managing the surface water resources 

on the one hand, and hydrogeologists managing 

the groundwater on the other. 
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This is the same, age-old, traditional split in 

expertise that we have also subscribed to on 

this side of the world. If we are to ensure we 

do not collectively inadvertently make 

management mistakes of the scale of the 

Australian double accounting problem, it will 

be important in the future that 

hydrogeologists, hydrologists, engineers, 

biologists, soil scientists and other specialists 

with an interest in water, share knowledge and 

experiences to work towards efficient and 

effective water management. With resources 

becoming more and more tight, and as we 

come under increasing pressure from the EU, 

this will become critical in my view. The days of 

working only within our discipline-specific 

comfort zones should be long gone. 

Integrated catchment management 
It is becoming a bit of an over-used phrase 

nowadays, but I believe that integrated 

catchment management, that considers all land 

and water activities in the whole of the 

catchment, from the headwaters out to the 

marine environment, is important for achieving 

long term successful environmental 

management outcomes. This is also something 

the Australians are becoming better at, due, in 

no small part, to the tireless campaigning by 

ǘƘŜ ΨǇƻƻǊŜǊ ŎƻǳǎƛƴΨ ŘƛǎŎƛǇƭƛƴŜǎ ƭƛƪŜ ǘƘŜ 

groundwater and estuarine sciences. In my 

view groundwater and estuarine professionals 

in Ireland need also to raise their voices to 

ensure their disciplines are incorporated into 

management frameworks in a meaningful way. 

Stakeholder involvement 
Finally, one other area in which the Australians 

have excelled in my view, is in the involvement 

of communities in water and catchment 

management. They do this well through three 

different means. 

Firstly, the country is divided into Natural 

Resource Management (NRM) regions, akin to 

our RBDs, for the purposes of delivering on-
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ground sustainable agriculture programmes 

(www.nrm.gov.au).  The Federal and State 

Governments fund a small army of qualified 

people who operate as environmental extension 

officers in their regions. They draw up NRM 

plans with the local community, and farmers and 

landholders can access small scale grants to 

deliver on-ground works that will contribute to 

the objectives of the plans. Typical activities 

include rehabilitation of riparian areas, fencing 

stock out of rivers and streams, planting native 

trees, clearing weeds, restoring wildlife habitat 

corridors, etc. 

Within the NRM framework, there is a massive 

volunteer Landcare movement (www.landcare 

online.com.au) which comprises more than 6000 

locally-based community groups who care for 

the natural resources of their areas. These 

groups can also access the grants for on-ground 

project works. Over 40% of farmers are involved 

in Landcare and many more practice Landcare 

farming. One of the spin-offs of these groups is 

that urban and rural urban people also often 

take part, which leads to a greater wider 

appreciation of the issues affecting farmers and 

the land use decisions they make. 

Finally, it is a requirement of the NWI that 

landholders are consulted in the development of 

water sharing and management plans. This helps 

ǘƻ ŀŎƘƛŜǾŜ Ψōǳȅ-ƛƴΩ ƛƴǘƻ ǘƘŜ Ǉƭŀƴǎ ŀƴŘ ŜƴǎǳǊŜǎ ŀ 

stronger likelihood that the measures will 

actually be implemented. As an example, 

although it was admittedly an extreme case, the 

consultation effort for two such plans I worked 

on involved monthly, full-day, round table 

meetings between irrigators, anglers, the 

hydroelectric agency, elected Councillors 

environmental interests and the Department, 

over the course of two years. Meetings included 

ǇǊƻǾƛŘƛƴƎ ǘƘŜ ƎǊƻǳǇ ǿƛǘƘ ƳƻŘŜƭƭŜŘ ΨǿƘŀǘ ƛŦΩ 

resource allocation scenarios which were revised 

and updated as the development of the plans 

ǇǊƻƎǊŜǎǎŜŘΦ ¢ƘŜ ǊŜǎǳƭǘƛƴƎ ΨŀŎǘƛƻƴǎΩ ƛƴ ǘƘŜ Ǉƭŀƴǎ 

reflected the operational practicalities that were 

unique to that system. This would have been 

unachievable without this level of input from the 

water users. In this particular case, which was 

very political and highly contentious, the most 

important outcome of the whole consultation 

process in my view, was the acknowledgement (I 

ǿƻǳƭŘƴΩǘ Ǝƻ ǎƻ ŦŀǊ ŀǎ ǘƻ ǎŀȅ ŀŎŎŜǇǘŀƴŎŜΗύ ŀƴŘ 

better understanding of the needs and values of 

other water users, that was gained by the 

meeting participants. 

Stakeholder involvement in natural resource 

management in Ireland could be improved in my 

view, but it would need a substantial investment 

in dedicated liaison officers. The process is also 

very time consuming and funding for support 

grants would be required. The experience in 

Australia has been that if solutions to 

environmental problems can be found that 

benefit the relevant landholder, and if he/she 

Ŏŀƴ ōŜ ǎǳǇǇƻǊǘŜŘ ŦƛƴŀƴŎƛŀƭƭȅ ǘƻ ƳŜŜǘ ǘƘŜ Ψƻǳǘ ƻŦ 

ǇƻŎƪŜǘΩ Ŏƻǎǘǎ ƻŦ ƳŀƪƛƴƎ ŀ ŎƘŀƴƎŜΣ ŀƴŘ ƛƴ ǎƻƳŜ 

cases the ongoing maintenance, the outcome is 

generally good. 

We are at an important juncture in water 

management in Ireland and we have the 

opportunity to put truly integrated management 

systems in place. Lets hope we take it. 

Jenny Deakin, TCD 

Previously Head of the Groundwater Section, 

Dept of Primary Industries, Water and 

Environment, Tasmania, Australia 

Demonstrating an aquifer model to the public  

http://www.nrm.gov.au
http://www.landcareonline.com.au
http://www.landcareonline.com.au
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aƛƴŜǿŀǘŜǊ ǊŜōƻǳƴŘΧΦΦ ŀƎǊƛŎǳƭǘǳǊŀƭ ƴƛǘǊŀǘŜǎΧ

over-ŀōǎǘǊŀŎǘƛƻƴΧΦ ƭŜƎŀŎȅ ƭŀƴŘ ŎƻƴǘŀƳƛƴŀǘƛƻƴΧΦ 

ǎŜǇǘƛŎ ǎƻŀƪŀǿŀȅǎΧƭŀƴŘŦƛƭƭΧƴǳŎƭŜŀǊ ǿŀǎǘŜ 

ŘƛǎǇƻǎŀƭΧ Ŏƻŀƭ ōŜŘ ƳŜǘƘŀƴŜΧǎƘŀƭŜ ƎŀǎΧ

ŘǊƻǳƎƘǘǎ ϧ ƎǊƻǳƴŘǿŀǘŜǊ ŦƭƻƻŘǎΧΦ ¢Ƙƛǎ ƛǎ ōƛƎ 

stuff! But society is not aware that hydrogeology 

ƛǎ ŎŜƴǘǊŀƭ ǘƻ ǘƘŜǎŜ ƛǎǎǳŜǎΦ LǘΩǎ ŀ ǎǇŜŎƛŀƭƛǎǘ ŦƛŜƭŘΣ 

and the current economic climate means the 

number of practitioners is declining, in both the 

private and public sectors.  Admittedly, 

investigation of groundwater problems can be 

an expensive process, with individual samples 

costing upwards of £10,000 by the time the 

borehole is taken into account. Include the cost 

of remediation, and two or three zeros can easily 

be added to the bill, even for isolated problems. 

So there is a risk that groundwater management, 

and hydrogeologists, could be considered an 

ŜȄǇŜƴǎƛǾŜ ƭǳȄǳǊȅΦ LǘΩǎ ŀ Ǌƛǎƪ ǘƘŀǘ ƛǎ ŀƭǊŜŀŘȅ 

manifest, and to halt it we need to get better 

and more visible at influencing decisions at a 

practical level.  

!ǎ {ŎƻǘƭŀƴŘΩǎ ǇǊƛƴŎƛǇŀƭ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǊŜƎǳƭŀǘƻǊΣ 

SEPA has been fundamentally changing its 

approach in recent years. Moving away from 

focusing on individual regulations and targeting 

its resources at compliance, SEPA is adopting a 

ƳƻǊŜ ΨƘŀǊƳǎ ōŀǎŜŘΩ ŀǇǇǊƻŀŎƘ ς identifying key 

environmental problems, fixing them through 

problem-solving partnership projects, and raising 

awareness both of the issues and the 

importance of addressing them. This is the 

ŜǎǎŜƴŎŜ ƻŦ ΨōŜǘǘŜǊ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǊŜƎǳƭŀǘƛƻƴΩ ŀǎ 

championed by Malcolm Sparrow, Professor of 

the Practice of Public Management at Harvard 

University, who has been training large numbers 

of staff from UK regulators over the past few 

ȅŜŀǊǎΦ άCƛƴŘ ƛƳǇƻǊǘŀƴǘ ǇǊƻōƭŜƳǎΣ ŦƛȄ ǘƘŜƳΣ ǘƘŜƴ 

ǘŜƭƭ ŜǾŜǊȅōƻŘȅέ ƛǎ Ƙƛǎ ǎƛƳǇƭŜ ƳŀƴǘǊŀΣ ōǳǘ ƛǘ ƛǎ 

very much becoming the order of the day at 

SEPA, with changes to legislation and to the 

ŀƎŜƴŎȅΩǎ ŦǳƴŘƛƴƎ ƳƻŘŜƭ ƛƴ ǘƘŜ ǇƛǇŜƭƛƴŜ ǘƻ 

accommodate it. 

.ǳǘ ǿƘŀǘ ǿƛƭƭ ǘƘŀǘ ƳŜŀƴ ŦƻǊ ǘƘŜ ǇǊƻŦŜǎǎƛƻƴΚ LǘΩǎ 

all too easy for hydrogeologists to retreat into 

their traditional heartland, staying close to their 

drilling rigs and generating complex technical 

reports which bounce back and forth between 

consultants and regulators. But is that really the 

most valuable approach? Does anyone 

understand what we are saying, or what we are 

asking for? Do farmers, for example? Or landfill 

operators? Or policy-ƳŀƪŜǊǎΚ 5ƻ ŎƻƴǎǳƭǘŀƴǘǎΩ 

clients really understand that a sound 

hydrogeological risk assessment, properly 

handled, can save money in the investigation 

and design of a new site, rather than simply 

ǘƛŎƪƛƴƎ ŀ ǊŜƎǳƭŀǘƻǊΩǎ ōƻȄΚ 5ƻ ƻǇŜǊŀǘƻǊǎ 

understand the information required by 

regulators? Or that in many cases they are 

wasting money and even polluting their own 

water supplies when they fail to adopt best 

practice? Can academic insights better inform 

practical applications on the ground, rather than 

simply informing other academics?  

What does all this mean for hydrogeologists as 

consultants, academics and regulators in the 

future? We know we are an important 

component of an integrated approach to 

identifying environmental harms, and 

developing and implementing problem-solving 

ǇǊƻƧŜŎǘǎ ǘƻ ŀŘŘǊŜǎǎ ǘƘŜƳΦ .ǳǘ ƛŦ ǿŜΩǊŜ ǘƻ ŀǾƻƛŘ 

ōŜƛƴƎ ŎƻƴǎƛŘŜǊŜŘ ΨŜȄǇŜƴǎƛǾŜ ƭǳȄǳǊƛŜǎΩΣ ǿŜ ƴŜŜŘ 

to become excellent science communicators as 

well as excellent scientists. We need to be ready 

to put away the technical terms, come up with a 

solution and engage with people. We need to be 

ready to speak to the media, to meet face-to-

face with sceptical farmers or landfill operators. 

Groundwater Management ï expensive luxury or policy priority?  

Groundwater management has always been an important consideration for environmental regulators 
τ but will it remain a priority, or is it at risk of becoming an unaffordable luxury? 
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When we communicate effectively we enhance 

awareness and understanding of our profession, 

of the expertise we bring to partnerships, and of 

the contribution we can make to the 

environment, to the economy, and to the well-

being of communities. The alternative is being 

ōǊŀƴŘŜŘ ŜȄǇŜƴǎƛǾŜ ƭǳȄǳǊƛŜǎΣ ŀƴŘ ǿƘŀǘΩǎ ǘƘŜ ǳǎŜ 

of that? 

Groundwater management, and hydro-

geological expertise, are both considered 

ǾŀƭǳŀōƭŜ ŎƻƳǇƻƴŜƴǘǎ ƻŦ {9t!Ωǎ ƘŀǊƳǎ-based, 

problem-solving approach. But, we do have to 

become expert communicators as well as 

expert scientists. Once we do that, we can all 

start to see how we can continue to make a real 

difference.  

Vincent Fitzsimons 

Water Resources Unit Manager 

Scottish Environment Protection Agency 

Progression in groundwater protection and management 

A Local Authority Perspective  

Background 
In Wexford, as in Ireland, there is a generally 

held public perception, that groundwater is not 

subject to the same level of contamination 

problems as is experienced by most other EU 

countries. This perception is largely due to the 

fact that groundwater flow and contaminant 

sources are neither readily observed nor easily 

measured, and the subsequent impact on the 

aquifer, and extent of its pollution can be 

generally slow to reveal itself and difficult to 

conceptualise (ƻǳǘ ƻŦ ǎƛƎƘǘΣ ƻǳǘ ƻŦ ƳƛƴŘ ƻǊ ǿŜΩƭƭ 

ignore it for as long as possible). 

In County Wexford 40% of our drinking water 

comes from groundwater sources found in two 

major aquifers (Figure 1):   the volcanic aquifer 

that runs from south west Wexford to northeast 

Wexford; and the limestone aquifer in 

Fardystown. Groundwater also feeds our surface 

waters and in many cases, particularly in 

summer months, between 50% and 90% of the 

base flow of many rivers may be due to ground 

waters resources. It is therefore of vital 

importance that we protect our groundwater 

resources in order to maintain the quality of 

drinking water supplies and to remember that  

surface water quality will also be affected if 

contamination occurs.  

The Problem 
An increasing number of groundwater 

problems are however coming to the attention 

of scientific staff in the GSI/Groundwater, Local 

Authorities, and the EPA over the past 15 to 20 

years, indicating that the above mentioned 

perception is not justified. These problems are 

both localised and increasingly regionally, 

where groundwaters are indicating elevated 

bacteriological, nitrogen, phosphorus and other 

contaminant concentrations. The contaminants 

are from a variety of sources such as discharges 

of sewage from single houses and housing 

developments as well as inappropriate control 

and application of animal and artificial 

fertilisers in agriculture. Microbial 

contamination of groundwater in Ireland is 

high, probably higher than in any other country 

in the EU with many areas indicating 30% of 

domestic wells are showing faecal pollution, 

while in some highly vulnerable thin soiled/

karst areas more than 50% are polluted (Daly, 

2003). Since the mid 1980s, the GSI (Donal Daly 

and Co) and other researchers, have drawn 

attention to the importance of septic tank 

systems and farmyards as sources of 

groundwater pollution (Figure 2). This problem 

further elucidated in the early 1990s with 

further work by Daly, Thorn and Henry (1993). 



 

 

Surprisingly however, the seriousness of this 

problem is still not being appreciated both by 

the public, and more surprisingly even, by a large 

number of professionals both within and outside 

of the regulatory framework. This is a worrying 

position to be in given the vulnerability of our 

groundwater resources (Figure 3). The 

Page 19 Issue 50 

cumulative impacts of these discharges are not 

fully appreciated and it is not fully realised that 

ǘƘŜ ƴǳǘǊƛŜƴǘǎκŎƻƴǘŀƳƛƴŀƴǘǎ ƛƴ ŀ άǿŜƭƭέ ǘǊŜŀǘŜŘ 

effluent do not just disappear and will 

eventually move over periods of time into 

ground water and thereafter into surface 

waters and marine habitats.  

Figure 1. Simplified aquifer map of Co. Wexford 

Figure 2. Extract from Groundwater Newsletter No. 3, February 1987 
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Dilemma  
Wexford aquifers face pressures from two 

sources. Firstly the county is home to a large, 

highly productive tillage and high intensity 

agriculture sector which accounts for a 

substantial part of the economy. Due to the 

intensity of the farming carried out, fertiliser 

applications are generally the maximum 

amounts allowed under the Good Agriculture 

Practice Regulations and are a mix of both 

artificial and organic manures, both animal and 

treated sewage sludge. A considerable 

ǇǊƻǇƻǊǘƛƻƴ ƻŦ ǘƘŜ ǎƭǳŘƎŜΩǎ ŦǊƻƳ ǘƘŜ wƛƴƎǎŜƴŘ 

wastewater treatment plant are exported to 

Wexford where they are utilised in tillage. 

Secondly, and which this paper will deal mainly 

with, the county also had a large number of one-

off houses in the countryside including, uniquely 

to Wexford, a considerable number of country 

based housing developments ranging from 5ς7 

houses. In 2011 it was estimated that there are 

approx 27 - 30,000 one-off houses, each with 

their own On-Site Wastewater Treatment 

Systems (OSWTS) or discharging to a  communal 

wastewater treatment system (Figs 4 and 5). 

 

Due to an abundance of coastline (200km) and 

beaches, there is also a high number of holiday 

home developments and mobile home parks in 

County Wexford, with many of these built along 

the costal areas on the east and south coasts. 

Figure 3. Wexford Aquifer Vulnerability Map  Figure 4. Map of domestic dwellings  

Figure 5. Map of commercial registered premises  



 

 

As can be seen from the above maps the extent 

of rural dwellings is fairly evenly spread across 

the county. On closer inspection, particularly 

with aerial photography (Figure 6), it will be 

clearly observed that there is virtually no road in 

the county, whatever the size, which does not 

have a sizable amount of housing development 

each with their own OSWTP.  

Due to poor percolation rates in many areas due 

to the Macamore series soils and the fact that 

many of the rivers in the county have only 

limited assimilative capacity due to their small 

size, the problem of how do we in the 

Environment Section manage all of the 

discharges was quickly appreciated during the 

building boom years of the Celtic Tiger. 

There is also the growing realisation that there is 

a limited capacity of the environment in its 

entirety to assimilate all that is thrown at it. If 

one sector is allowed to increase then other 

sectors will have to be reduced. This is becoming 

very apparent with regard to nitrates in 

groundwaters and also with other chemical 

species such as phosphorus etc as further 

research is carried out.  
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Protection & Management, Past & Present 
The authorisation of discharges to groundwater 

in Ireland is currently regulated and authorised 

by either local authorities under Section 4 

licences granted under the Local Government 

(Water Pollution) Acts 1977 to 1990 and their 

subsequent regulations, or by the EPA under 

IPPC licences for those sites which are 

prescribed under the EPA Act 1992. 

The 1977 Act and more particularly the 

subsequent regulations laid down the 

regulatory framework on how discharges to 

waters are to be licensed. Under Section 3 of 

the Act all discharges of polluting matter to 

waters was deemed to be illegal, except those 

discharges which were carried out under 

licence granted under Section 4 of the Act. 

Section 4 states that all discharges to waters 

are to be regulated via a discharge licence with 

a number of exceptions such as discharges 

from municipal sewers, discharges from ships 

to marine waters, and for any discharge to 

groundwaters, <5 m3/d, of a domestic type 

effluent. 

It was recognised by Wexford County Council 

however, during the early part of the last 

decade that action was needed to address a 

deficit in how our discharges to waters were 

managed. This was due to the large number of 

Section 4 discharge licence applications to 

Wexford County Council during the building 

boom. During 2006 for example, in Wexford 

there were 120 Section 4 discharge licence 

applications received of which 24 applications 

were for Section 4 discharge licences in which 

it was proposed to discharge effluent to 

groundwaters. These applications were for 

housing developments ranging form 7 to 24 

houses. During the same period there were 

approx 2700 planning applications for single 

houses and 750 planning permission 

applications for cluster developments of 2 to 5 

houses of which 54% were granted, with most 

of them proposing to discharge the effluent to Figure 6. Aerial photograph of rural development 
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groundwater. As you can see the numbers were 

building up rapidly and while there was an 

attempt by the EPA to provide guidance on 

ǎƛƴƎƭŜ ƘƻǳǎŜ ŘƛǎŎƘŀǊƎŜǎ ƛƴ ǘƘŜ ŜŀǊƭȅ нлллΩǎ ƛƴ 

ideal conditions, there was virtually no official 

guidance on how to deal with discharges of 

larger amounts, either to surface waters or 

groundwaters or to less than ideal ground 

conditions.  

To that end in 2006 a set of advice notes were 

published by Wexford Co Co offering guidance to 

developers on how to assess the impact of a 

proposed development on the aquatic 

environment . These guidelines were compiled 

following many hours of telephone calls, letters, 

meetings and badgering various experts in the 

fields of both surface and groundwaters. In 2008 

these notes were updated and condensed into 

one advice note which covered all discharges to 

all waters. Dealing with discharges to 

groundwaters specifically, the information we 

were requesting was for a full water quality and 

hydrological assessment of the underlying 

aquifer so as to ascertain what the aquifers 

quality and hydrogeological characteristics were 

before making a decision as to whether a 

discharge would be allowed to go ahead. Prior to 

this there was a tendency to look exclusively at 

the discharge itself and no cognisance of the 

receiving waters was taken. If the effluent met 

certain minimum standards then it was granted 

permission regardless of the quality or 

assimilative capacity of the receiving waters. The 

information we requested is seen in Figure 7.   

Following receipt and assessment of the data 

with the application, the raw data were put into 

a spreadsheet which we had developed to assess 

the impact of the effluent on the aquifer quality. 

The calculations were very simple, looking at the 

vertical and horizontal dilution only, and made 

no attempt to look at dispersal characteristics, 

or attenuation of the effluent as it made its way 

through the soil and bedrock, or any other of a 

multitude of factors which would influence the 

impact the discharged effluent had on the 

receiving waters. It was however we believe a 

good first attempt to start to properly regulate 

the discharges and start to put some ballpark 

assessment of the impacts and thus start to 

protect our resource.  

More recently the European Communities 

Environmental Objectives (Groundwater) 

Regulations, 2010 (S.I. No. 9 of 2010) 

(Groundwater Regulations) have given for the 

first time a comprehensive set of all 

encompassing set of groundwater standards. 

With the publication in 2010/2011 by the Local 

Authority Services National Training Group 

ό[!{b¢Dύ ƻŦ ǘƘŜ ƎǳƛŘŀƴŎŜ ŘƻŎǳƳŜƴǘ άDǳƛŘŀƴŎŜΣ 

Procedures and Training on the Licensing of 

5ƛǎŎƘŀǊƎŜǎ ǘƻ {ǳǊŦŀŎŜ ²ŀǘŜǊǎ ŀƴŘ {ŜǿŜǊǎέ ŀƴŘ 

more recently the  Environmental Protection 

!ƎŜƴŎȅ ŘƻŎǳƳŜƴǘ άDǳƛŘŀƴŎŜ ƻƴ ǘƘŜ 

!ǳǘƘƻǊƛǎŀǘƛƻƴ ƻŦ 5ƛǎŎƘŀǊƎŜǎ ǘƻ DǊƻǳƴŘǿŀǘŜǊέ 

and its incorporation into the LASNTG, we have 

at long last reached a stage whereby we have 

for the first time a comprehensive suite of 

guidance documents for discharges to 

groundwaters. These have of course 

superseded our Advice Notes and are fully 

integrated into our assessment of all discharge 

licence applications.  

Protection and Management, Future 
Historically groundwater monitoring/protection 

in the Republic of Ireland focused on drinking 

water supplies and investigating the impacts of 

point source pollution. However, the WFD 

adopts a more holistic view of water resources, 

establishing links between groundwater and 

associated surface water and ecological 

receptors. Cumulative impacts on 

ƎǊƻǳƴŘǿŀǘŜǊǎ ƻŦ ǘƘŜ Ƴŀƴȅ άǎƳŀƭƭέ 

developments and single house OSWTS 

discharges will be the next big thing to hit 

environmental assessments as it is something 

we have steadfastly ignored for many reasons.  

Environmental regulation has reached a stage 

of sophistication in Ireland whereby non-

professionals or professionals with no 

http://www.epa.ie/whatwedo/advice/wat/guidegw/dischgw/
http://www.epa.ie/whatwedo/advice/wat/guidegw/dischgw/


 

 

qualifications and significant expertise in the 

area cannot be expected to carry out the often 

complex assessment that is required for proper 

regulation and management of environmental 

matters. Gone of the days when Section 12 

notices and blanket farm inspection is the apex 

of complexity in water quality regulation. We 

cannot remain where we have been for the past 

35 years since the 1977 WPA was enacted. We 

need to involve considerably more experts, such 

as hydrogeologist, ecologists, riverine and 

fisheries specialists, etc in the assessment of all 

discharges to waters and in particular for 

groundwater assessments. Not only that they all 

need to take a more holistic view of what they 

are dealing with and more closely integrate their 

views and expertises together in assessing 

licence applications. 

I believe that maybe now is a good time to 

broach shared services between local 

authorities whereby a hydrogeologist and 

other environmental specialists are employed 

as a shared service between a numbers of LAs, 

thereby gaining an expert who knows what 

they are talking about.  

Brendan Cooney, Wexford Co. Co. 
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In 2003 I presented a paper at the annual IAH 

(Irish group) seminar in Tullamore on Irish 

Hydrogeology and third level education1. Much 

has happened since then, especially with regard 

to hydrogeology courses in the UK, so I feel an 

update is timely for this 50th issue of the 

Groundwater Newsletter. But first, a few words 

about the situation in Ireland. 

I am often asked whether an Irish university will 

introduce a taught masters course in 

hydrogeology. In my view this is unlikely. To be 

viable, the course would need to attract 

students from outside Ireland as well as from 

within. Although there may be sufficient 

demand from international students, especially 

from developing countries, such a course could 

only run successfully if our Government was to 

offer a number of funded studentships. The 

former masters course in hydrology at NUI 

Galway was very successful when Government 

studentships were in place, but it shut down 

shortly after funding was withdrawn. Sadly, I see 

very little prospect of our Government providing 

studentships for a new course, especially given 

our current economic woes. 

So what are the options for Irish graduates in 

geology, civil engineering or environmental 

sciences who wish to study hydrogeology? 

²ƛǘƘƛƴ LǊŜƭŀƴŘΣ ōƻǘƘ ¢Ǌƛƴƛǘȅ /ƻƭƭŜƎŜ ŀƴŘ vǳŜŜƴΩǎ 

University run masters degrees in environmental 

engineering, and these courses include modules 

with substantial hydrogeology components (for 

example, in the case of TCD, modules on 

engineering hydrology, water resource planning, 

waste management and hydrological modelling 

all have a strong groundwater content). 

However, the educational objectives of such 

environmental engineering courses are not the 

same as those for specialist taught masters 

courses in hydrogeology. For the latter, 

students must turn to the UK or further afield. 

The UK has a strong tradition of high quality 

teaching in hydrogeology, but the situation is 

fluid (oops) and, I believe, under threat. At the 

moment, there is the long-established full-time 

hydrogeology masters course at Birmingham, 

together with the more recent hydrogeology 

courses at Leeds and Strathclyde, the 

environmental hydrogeology course at Cardiff, 

the MSc in contaminant hydrogeology at the 

University of Sheffield and an applied 

hydrogeology masters in Newcastle (which 

ƛƴŎƭǳŘŜǎ ŀ ΨŦƭŜȄƛōƭŜ ƭŜŀǊƴƛƴƎΩ ƻǇǘƛƻƴ ǿƘŜǊŜōȅ ǘƘŜ 

degree can be taken over several years). 

However, the hydrogeology courses at Leeds 

and Cardiff will close from September this year, 

adding to the list of now defunct hydrogeology 

masters courses: University College London 

(the first of the taught hydrogeology masters, 

which ran from 1965 to 2001), East Anglia 

(1992-1999) and Reading (1992-c.2002).   

The UK Natural Environment Research Council 

(NERC), which previously funded a number of 

hydrogeology studentships, has withdrawn its 

support for applied geosciences masters 

courses (including hydrogeology), and currently 

gives priority to funding of doctoral students. 

Whilst funding of research is important (as an 

academic I would say this), I believe that taught 

masters courses in hydrogeology make an 

essential contribution to our profession, 

producing hydrogeologists with a broad skill set 

in the science and practice of hydrogeology. 

The Birmingham MSc lost all its funded student-

ships for the current academic year, suggesting 

that even this well-regarded course could be 

vulnerable in the future. Aside from the 

importance of funding per se, the award of 

Whither hydrogeology education? 

Bruce Misstear looks at the options for students wishing to pursue an education in hydrogeology and 
the future for such courses 



 

 

student-ships is an indicator of the status of a 

course, and hence serves as a recommendation 

for other potential students. Thus loss of funding 

has far-reaching implications for the viability of a 

course. 

The uncertain future of specialist taught masters 

courses in hydrogeology is exacerbated by the 

increasing numbers of masters-ƭŜǾŜƭ άŀŘŘ-ƻƴέ 

primary degree courses (partly stimulated by the 

requirements of the so-called Bologna 

declaration, with a 3+2 year two-cycle masters 

the norm in continental Europe, or 3+1 year 

MSci programme in UK) and also by the fact that, 

in the UK, there are now significant fees charged 

for primary degrees, so graduates are naturally 

more reluctant and less able to self-fund further 

education. There are a number of short-courses 

available in hydrogeology, including a diploma at 

UCL, but these do not constitute an alternative 

to the traditional full-time taught masters. 

Aspiring hydrogeology students also have the 

option of studying abroad, including the USA, 

Canada or Australia, but these options are likely 

to be expensive when full costs are considered. 

If we reach the point where there are 

insufficient hydrogeologists graduating with high 

quality masters in hydrogeology to supply the 

job market, then this will have serious 

implications for our profession. There is a danger 

that hydrogeological tasks in government 

agencies and consultancies will be carried out by 

staff who are not hydrogeologists, resulting in 

poor quality work. I worry especially that we will 

see a continuation of a modern trend whereby 

field data collection and drilling are not properly 

prioritised, or supervised, with a greater reliance 

being placed on desk-bound studies, including 

the application - or misapplication - of 

hydrogeological software. 

Of relevance to this last concern, in the previous 

ǇŀǇŜǊ L ŀƭǎƻ ǿǊƻǘŜ ŀōƻǳǘ ǘƘŜ Ψ[ƻǎǘ ǘǊƛōŜ ƻŦ 

ƘȅŘǊƻƎŜƻƭƻƎƛǎǘǎΩΣ ŀ ǇƘǊŀǎŜ ŦǊƻƳ ŀƴ ŀǊǘƛŎƭŜ ƛƴ 

Ground Water which was used by the author to 

Page 25 Issue 50 

describe those hydrogeologists who had 

specialized in hazardous waste clean-up, often 

adopting a recipe book approach, and who had 

become dislocated from the world of 

groundwater resources. I also presented my 

own examples of the pitfalls associated with a 

recipe book approach and the need for 

hydrogeology education to encompass the 

fundamentals of our science and its 

application. I do not have time in this short 

article to develop this point further except to 

say that I feel it is still an issue, especially, 

perhaps, with the continued expansion of the 

role of groundwater modelling within 

hydrogeology, and professionals who regard 

themselves as modellers first and 

hydrogeologists second. Alas, many modelling 

studies are underpinned by a poor 

understanding, and hence poor conceptualis- 

ation, of the hydrogeology, and are overly-

complex for the problem at hand. I shall leave 

the last word on this to Cliff Voss, Executive 

Editor of Hydrogeology Journal, who, whilst 

emphasising the value of models as tools for 

hydrogeologists, wrote in a recent editorial on 

ΨDǊƻǳƴŘǿŀǘŜǊ ƳƻŘŜƭƭƛƴƎ ŦŀƴǘŀǎƛŜǎΩ that: 

άthe best way to go forward with practical 

management [of water resources] is to rise 

above groundwater models as final products, 

and instead, empower hydrologists to provide 

advice by using groundwater models in simple 

ways, that are intended to elucidate 

understanding. Pursuit of complexity in 

groundwater models intended for practical 

management is a diversion from the real work 

at hand.έ2  

Bruce Misstear 

Engineering School, TCD 

References 
1Misstear, B.D.R. (2003) Irish hydrogeology and 
third-level education, in Proc. 23rd annual 
ƎǊƻǳƴŘǿŀǘŜǊ ǎŜƳƛƴŀǊ ƻƴ ΨDǊƻǳƴŘǿŀǘŜǊΥ ƛǘǎ 
ǎǘŀƪŜƘƻƭŘŜǊǎΩ, IAH (Irish Group), Tullamore, p29-30. 

2±ƻǎǎΣ /Φ όнлммύ 9ŘƛǘƻǊΩǎ ƳŜǎǎŀƎŜΥ DǊƻǳƴŘǿŀǘŜǊ 
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It is probable that most issues of the 

groundwater newsletter have contained an 

article related directly or indirectly to 

groundwater in karstified limestone. Obviously 

this is a reflection of the great importance of 

karstified aquifers as the source for public water 

supplies but it also reflects the emphasis placed 

on the need to understand and manage the 

karstic environment to a degree that is 

uncommon in other countries. This approach 

was pioneered by Bob Aldwell and David Burdon 

prior to the advent of the Newsletter but has 

since been vigorously promoted by GSI and more 

recently by the E.P.A. This has meant that Irish 

workers in the field of groundwater probably 

have a greater awareness of and knowledge of, 

the peculiarities of karst waters then their 

equivalents in other parts of the world and the 

information dispensed via the newsletter has 

been very important in this respect. For 

example, Ireland has an aquifer classification 

system that explicitly recognises degrees of 

karstification and has begun the systematic 

delimitation of robust SPZs for karst sources. 

Karst aquifers are notoriously difficult to 

evaluate and are resistant to the methodology of 

conventional groundwater studies. As many 

consultants and researchers in Ireland can 

testify, the input of a great deal of resources 

can yield little in the way of certain answers. 

Two important aspects of karst in Ireland seem 

likely to be at the forefront of investigation in 

the immediate future. 

We understand quite well how groundwater 

behaves in upland, plateau karsts such as 

those of the northwest and the Burren, but 

these are areas with low demand for 

groundwater and comparatively few issues 

of water quality. Much less is understood 

A quarry face in the lowland karst limestones in the Nuenna catchment, Co. Kilkenny (J. Deakin) 

Future challenges in karst 

David Drew provides some thoughts on where the future challenges lie in understanding  
groundwater in karst limestones 

Corrandulla karst spring, Co. Galway (H. Moe) 
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about the hydrogeology of the thousands of 

square kilometres of karstic limestone in low-

lying areas whether it be the interfluve karst 

of Tipperary and Cork or the featureless 

lowlands west of the Shannon. It is in these 

areas that most groundwater public water 

supply schemes are located and in which 

economic activity and population density are 

greatest; yet the character of these aquifers 

is imperfectly understood. For example, 

water tracing is one of the most important 

investigative techniques used in karstic 

studies giving unambiguous information 

concerning directions and rates of 

groundwater flow. However, tracing 

experiments on the lowlands have a success 

rate (a positive detection of the tracer) of 

well under 50% compared with a success rate 

for tracing in upland areas both in Ireland and 

elsewhere, of 90% or greater. This implies 

that we cannot simply transplant the 

hydrogeological model for uplands karsts 

onto the lowland situation and that our 

conceptual model is therefore lacking in 

resolution. 

Water quality in karst aquifers is also a topic 

worthy of further investigation, both in 

relation to pollution and in relation to the 

natural physical and chemical character of 

the groundwater which can give useful 

information as to the character of the 

aquifer. Strategies used for monitoring water 

quality in conventional groundwater systems 

commonly use sampling frequencies months 

apart or perhaps bi-annually and this is 

normally sufficient to characterise water 

quality adequately. This is probably not the 

case in karst waters where chemical and 

microbiological variables may vary wildly on a 

scale of days or even hours. Average values 

are of limited use without knowledge of 

extremes also. Semi-continuous sampling, 

possibly for relatively short periods of time, 

may be necessary although the resource 

implications are considerable. 

Thus, problems remain, but Ireland has a record 

of addressing the peculiar nature of its most 

important groundwater systems at least the 

equal of other European countries in which karst 

water is of great importance ς France, Slovenia 

and Croatia for example. And it is to be hoped 

that the impetus continues into the future to 

optimise the management of the karst 

groundwater resource. 

David Drew 

Karst features and traces in the lowlands of east  Galway and south Mayo, GSI karst database 
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What are emerging contaminants? 
A large variety of trace contaminants are starting 

to be detected in groundwater at potentially 

environmentally significant concentrations. Such 

emerging contaminants (ECs) include not only 

newly developed compounds but also 

compounds newly discovered in the 

environment, in some cases due to analytical 

developments,  and compounds that have only 

recently been categorised as contaminants. ECs 

include a host of different compounds including; 

pharmaceuticals and personal care products 

(PPCPs), pesticide metabolites/degradation 

compounds, veterinary products, industrial 

compounds/by-products, food additives as well 

as engineered nano-materials. 

These types of compounds (largely organic) are 

used by society in huge quantities for many 

different purposes including, industrial 

manufacturing processes, human and animal 

healthcare, and the production and preservation 

of food, to list a just a few. In the last few 

decades there has been a growing interest in the 

occurrence of these ECs in the aquatic 

environment, their environmental fate and 

potential toxicity (Kümmerer, 2009). Due to the 

vast array of possible compounds, many 

published studies have selected ECs according to 

priority lists established, taking into account 

usage, predicted environmental concentrations 

as well as toxicological, pharmacological and 

physicochemical data (Hilton et al., 2003). To 

date the occurrence of ECs has been much better 

characterised in wastewater and surface water 

compared to groundwater. 

Regulatory context  
Monitoring of anthropogenic micro-organic 

pollutants in river basins is required within the 

framework of various national regulations within 

the EU, with the overall aim of protecting and 

improving the quality of water resources. As part 

of achieving this, groundwater bodies have to be 

ŀǎǎŜǎǎŜŘ ŀǎ ōŜƛƴƎ ŀǘ άƎƻƻŘ ǎǘŀǘǳǎέΦ Lƴ ŀǎǎŜǎǎƛƴƎ 

status, threshold values (standards) have to be 

established for pollutants that put the 

groundwater body at risk of failing to achieve 

any of its environmental objectives. Whilst for 

many chemical pollutants there is sufficient 

information to establish threshold values, in the 

case of many ECs the paucity of knowledge on 

occurrence, toxicity, impact, and environmental 

behaviour mean that threshold values cannot 

yet be set. However, in the future, if ECs are 

found to lead to the risk of pollution of 

groundwater, and have the potential to 

compromise environmental objectives, then 

standards (threshold values) will be required. 

Overall, the number of compounds that are 

regulated, through drinking water standards 

and/or environmental quality standards, is likely 

to grow in the coming decades. 

Major sources of ECs, and pathways to 
groundwater 
Sources of ECs in the environment that may 

eventually impact groundwater can be divided 

into point-sources and diffuse sources of 

pollution. Diffuse sources originate from poorly 

defined sources that typically occur over broad 

geographical scales. Examples of diffuse source 

pollution include agricultural runoff from bio-

solids and manure sources, storm-water and 

urban runoff, leakage from reticulated urban 

drainage systems and diffuse aerial deposition. 

Diffuse sources of pollution have higher 

potential for natural attenuation in the soil and 

subsurface and a lower environmental loading 

compared to point sources, but they can be 

poorly defined with less direct/obvious links 

ōŀŎƪ ǘƻ ǘƘŜ ΨǇƻƭƭǳǘŜǊΩΦ !ǎ ǎǳŎƘΣ ƛǘ ŎƻƴǘƛƴǳŜǎ ǘƻ ōŜ 

The challenge of emerging groundwater contaminants  

Emerging contaminants, including a range of pharmaceuticals, industrial compounds and personal care 
and lifestyle products, are increasingly being found in groundwater but they are poorly understood.  
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a real challenge to monitor, regulate and assess 

their impact on groundwater resources. 

In contrast, point sources of ECs originate from 

discrete locations, whose spatial extent/plume 

of pollution is therefore usually more 

constrained. Important examples include waste 

disposal sites (landfill sites, industrial 

impoundments, farm waste lagoons), industrial 

effluents (e.g. manufacturing plants, hospitals, 

food processing plants), resource extraction 

(mining), municipal sewage treatment plants and 

combined sewage-storm-water overflows, and 

septic tanks. Most published studies have 

focussed on point source pollution because this 

usually results in higher EC loading to a particular 

environmental receptor (surface water or 

groundwater body or aquatic species) and is 

easier to detect. Engineered solutions to point 

source pollution are perhaps more straight-

forward, are seen to deliver the greatest 

environmental benefit, and as such attract the 

greatest funding. There is a stronger historical 

legacy of regulatory control on point source 

pollution, and the connection between the 

pollution and the polluter is often easier to 

define. 

Occurrence of ECs in groundwater 
Loos et al. (2010) reported results from the first 

pan-European reconnaissance of 164 

groundwater samples collected and analysed for 

persistent organic pollutants from 23 countries. 

The most frequently detected compounds 

included ECs such as DEET (insect repellent), 

caffeine, perfluorooctane sulfonate (surfactant 

formerly used in coatings and fire-fighting foam) 

as well as carbamazepine (mood stabilising drug) 

and metabolites of the commonly detected 

pesticide atrazine.  

A recent review of world-wide EC occurrence in 

groundwater by Lapworth et al. (2012) 

demonstrated that nanogram-microgram per 

litre concentrations are present in groundwater 

for a large range of ECs, as well as metabolites 

and transformation products. Under certain 

conditions this pollution may pose a threat to 

freshwater bodies for decades due to relatively 

long groundwater residence times, low potential 

for microbial breakdown and prevailing redox 

conditions. Overall, >180 different ECs have 

been detected in groundwater. Figure 1 

summarises maximum EC concentrations found 

in groundwater (world-wide) for major groups of 

compounds: steroids and hormones; sweeteners 

and preservatives; ΨƭƛŦŜ-ǎǘȅƭŜΩ ŎƻƳǇƻǳƴŘǎ ς e.g. 

caffeine; industrial compounds; personal care 

products (PCPs) and veterinary medicines.  Table 

1 summarises the occurrence of ECs in 

groundwater from regional and national 

reconnaissance studies. 

Stuart et al. (2012) recently reviewed the types 

of ECs found in UK groundwater. Results from 

the Environment Agency for England and Wales 

showed 260 different organic pollutants were 

detected at more than 10 locations. There were 

frequent detections of the following ECs: 

caffeine (27%); DEET (10.6%), bisphenol A 

(plastics manufacture, 7.9%); carbamazepine 

(1.2%); triclosan (antibacterial agent, 0.8%). As 

an example, Figure 2 shows the widespread 

occurrence of caffeine in groundwater across 

England and Wales. 

 

Antiobiotics and other pharmaceuticals and health 
care products are typical of emerging contaminants 
(www.freeimages.co.uk) 
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Country Study (sites, compounds*) Maximum concentration (ng/L) /frequency (%) Reference 

England 
& Wales 

Nation-wide survey  

(2644, >800) 

DEET (6.53 ng/L, 10.6%), bisphenol A (9.33 ng/L, 7.9%), 
carbamazepine (3.63 ng/L, 1.2%), triclosan (2.13 ng/L, 
0.8%), caffeine (4.53 ng/L, 27%), nicotine (83 ng/L, 4%), 
ibuprofen (290 ng/L, 0.3%). 

Stuart et al. 
(2011) 

France   Rhône-Alpes 

(70,51)  

Salicylic acid, carbamazepine, and testosterone (100%), 
paracetamol and androstenedione >90%, diclofenac 
and sulfamethoxazole > 60% 

Vulliet and 
Cren-Olivé 
(2011) 

Germany Baden-Württemberg  

(105,60) 

 

-blockers, analgesics, carbamazepine, diclofenac, 
antibiotics iopamidole (>10 ng/L) 

 

Sacher et al.  
(2001) 

USA Nation-wide survey  

(47,65) 

DEET (35%), bisphenol A (30%,), tri(2-chloroethyl) 
phosphate (30%), sulfamethoxazole (23%)  4-
octylphenol monoethoxylate (19%) 

Barnes et al. 
(2008) 

*Number of compounds screened for in samples 

Figure 1. Box-plot of maximum EC concentration in groundwater (world-wide) for major groups of compounds. 
The red line shows the EU maximum acceptable concentration (100 ng/L) for individual pesticides in drinking 
water for comparison. Source: Lapworth et al. (2012)   

Table 1.  Occurrence of ECs in groundwater from selected published reconnaissance studies  
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Future challenges 
A large variety of ECs are detected in 

groundwater at potentially environmentally 

significant concentrations as a result of both 

recent and historical activities. However, 

compared to other freshwater resources the 

occurrence of ECs in groundwater is poorly 

characterised. Recent studies have shown that 

important groups of ECs include a range of 

pharmaceuticals and personal care products, 

industrial and life-style compounds. Presently, 

very little is known about the occurrence and 

fate of anthropogenic nano-materials in 

groundwater, but this newly emerging group of 

contaminants will warrant further research in 

the future. To date, many national and regional 

studies have been biased towards potentially 

contaminated sites so the actual frequency and 

distribution in groundwater remains largely 

unknown. More systematic regional-scale 

studies are needed to assess the spatial and 

temporal occurrence of ECs in groundwater. In 

the coming decades, a growing number of ECs 

are likely to have drinking water standards, 

environmental quality standards and/or 

groundwater threshold values defined, and so a 

better understanding of the spatial and temporal 

variation remains a priority.  

Dan Lapworth and Marianne Stuart 

Groundwater Science Programme 

British Geological Survey 
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Nanotechnology 
Nanotechnology is concerned with developing 

ways to exploit the novel properties of materials 

when they are reduced to the nanoscale, i.e. to 

within the range of 1ς100 nm. 1 nm is ten 

thousand times smaller than the width of an 

average human hair. At this scale, materials 

display very different properties to those they 

display at larger scales, for example, vastly 

increased strength, reactivity or conductivity. 

Such properties potentially have very significant 

practical applications, and are of great interest 

to industry. Many types of manufactured 

nanoparticles are currently being produced, and 

the volume and diversity of these is set to 

expand rapidly. In addition to these purposely-

manufactured nanoparticles, two other main 

classes of nanoparticle exist: natural 

nanoparticles; and incidental nanoparticles, that 

are produced inadvertently by manufacturing 

and other human activities.   

Use of nanoparticles 
Nanoparticles are already manufactured for 

use in many products, including cosmetics and 

sunscreens, textiles, surface coatings, medical 

products and many developments in 

electronics and information technology. A 

number of widely available products, including 

anti-bacterial socks and sportswear, will be 

familiar items from the high street (Figure 1). 

 

The manufactured nanoparticles currently 

being produced are of many compositions and 

morphologies, including those based on carbon 

(e.g. carbon nanotubes and nanowires) and 

those based on metal compounds (e.g. oxides 

of zinc, silver, and titanium, often 

approximately spherical in shape). Some 

nanoparticles have multiple compositions, 

being coated with a compound different to that 

of the core particle. Where particles are in 

suspended form, it is normal to use a stabilizing 

Manufactured nanoparticles: assessing the mobility of  

a future class of contaminant 

Nanotechnology holds huge potential for advances in a wide range of applications, yet we know little 
about the impacts of these tiny particles on the environment. New research is looking at their mobility 

Figure 1. Examples of consumer products containing nanoparticles. The developers use the unique properties of 
nanosize particles to enhance the performance of the product, for example strong and light nanotitanium in 
tennis rackets or anti-bacterial nanosilver in sportswear and socks.  
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compound to avoid aggregation and sedimen-

tation.  

Given the huge range of possible types of 

nanoparticle, each with its own set of properties, 

the potential for future development is 

seemingly endless, with expectations that 

nanomaterials will provide cost effective 

solutions for issues in almost every aspect of 

human life. Examples of this range from 

developing drugs which can target particular 

organs to the use of nano-iron for fast and 

precise in situ treatment of groundwater 

pollutants (e.g. chlorinated solvents and 

organochlorine pesticides)(Zhang, 2003). 

Concerns 
The flipside to these exciting possibilities is that 

the unusual properties of manufactured 

nanoparticles could cause them to be a health 

risk to humans and the environment in general. 

The size and surface characteristics of 

nanoparticles are such that they could 

potentially be mobile within organisms and 

interact with their biological systems. For 

example, studies have reported impacts, even in 

some cases at ppm concentrations, through the 

production of reactive oxygen species and 

oxidative stress, protein denaturation, and 

ƛƴǘŜǊŦŜǊŜƴŎŜ ǿƛǘƘ ǇƘŀƎƻŎȅǘƛŎ όΨŎŜƭƭ ŜƴƎǳƭŦƛƴƎΩύ 

function leading to reduction in efficiency of 

infectious agent removal. Although much 

research is being undertaken to determine the 

risk posed by manufactured nanoparticles to 

biological processes, this is a vast field that is 

only in its infancy. 

Whilst research into the toxicity of nanoparticles 

continues, environmental transport and fate 

must also be considered: we must not be taken 

unawares as we were when chlorinated solvents 

were first introduced. In the environment, 

nanoparticles potentially may be mobile, 

depending on particle surface speciation and the 

dispersal medium. This means they could have 

the potential to reach groundwater sources and 

become a threat to potable water and to 

indigenous bacterial populations, the latter 

being important to natural remediation of 

contaminated land. 

The main routes to groundwater are currently 

suggested to be direct from point sources (Table 

1), which include application of agrochemicals 

Table 1. Examples of mechanisms which introduce manufactured nanoparticles into the environment [edited 
from Gottschalk and Nowack (2011)] 

Source and release 

characteristics  

Examples  Environmental 

compartment  

Indirect release Point sources 
  

Nano-paints (run-off collected in sewer system) 
Application of sunscreen containing TiO2 
Engineered nanomaterial (ENM) as food additive 
Medical use 

Water, soil (if 

biosolids with ENM 
removed during 

water treatment 
are applied on land) 

CeO2 in fuels 
Dismantling of batteries 
Recycling of plastic/glass/metal with nano-coating 

Air, soil 

End-of-life treatment (incineration) of nanotextiles, 

nanocomposites 

Air 

Direct release Groundwater remediation Groundwater 

Application of agrochemicals Soil, air 

Use for water treatment Water 

Leaching/draining from landfills Groundwater, soil 

Diffuse sources 

(release from 
products) 

Wear during use, e.g. from tires, textiles, etc. Air, soil, water 

nano-TiO2 wash off from sunscreen (in lakes, etc.) Water 

Weathering, e.g. of outside paints Soil, water 

Use of CeO2 in fuels Air, soil 

Spreading of biosolids onto land Soil 
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and leaching from landfill sites. Other potential 

routes are accidental spills during manufacture, 

storage and transport of nanoparticles, and low 

volume exchange from surface water and soil 

moisture to groundwater.  

Research into the mobility of manufactured 

nanoparticles in groundwater is essential in 

order to assess how important this pathway 

could be between nanoparticle sources and 

potentially vulnerable receptors. Their mobility 

will also serve to measure the importance of 

nanoparticle-facilitated transport of contamin-

ants considered to be otherwise immobile. 

Current research into nanoparticle mobility 
in groundwater 

Research into the transport of nanoparticles in 

groundwater generally consists of lab 

experiments where uniform particles in 

electrolyte solutions are passed through 

columns of artificial porous material: such 

studies are aimed at isolating the main transport 

processes. The porous media used in such 

experimentation range from glass beads to 

aquifer material, the latter often being 

disaggregated, cleaned then packed into the 

column thus destroying their natural fabrics. 

Particle concentrations in the effluent and 

retained in the column material are measured 

(during and after the experiment respectively) 

and these data analysed to probe particle 

behaviour within the column.  

Types of particle behaviour identified within 

porous media columns include: 

Free particles transported through the pore 

space without interaction; 

Particles interacting with each other 

(aggregation); 

Particles/aggregates attaching to the porous 

media surfaces; 

Particles/aggregates physically strained / 

filtered. 

Changes in the physical and chemical state of 

the system, including changes in flow rate, ionic 

strength, pH, particle size and the 

heterogeneity of the properties of the particles 

and the stationary porous media, have been 

observed to affect transport behaviour. Particle 

aggregation and attachment to the porous 

media have also both been found to be 

reversible following slight alterations to the 

chemical equilibrium (e.g. Petosa et al., 2010). 

Attached particles can enhance the removal of 

suspended particles by the medium if the 

ǇŀǊǘƛŎƭŜǎ ŀǊŜ ŀǘǘǊŀŎǘŜŘ ǘƻ ƻƴŜ ŀƴƻǘƘŜǊ όΨŦƛƭǘŜǊ 

ǊƛǇŜƴƛƴƎΩ ƻŦ ǘƘŜ ƳŜŘƛǳƳύΣ ƻǊΣ ǿƘŜǊŜ ǘƘŜ ŦƻǊŎŜǎ 

between the particles are repulsive, can reduce 

the efficiency of removal of particles 

ŀǘǘŜƴǳŀǘŜŘ ōȅ ΨōƭƻŎƪƛƴƎΩ ǘƘŜ ǎǳǊŦŀŎŜ ƻŦ ǘƘŜ 

column material. Particle transport models 

have been developed using the observations 

made during these column studies. 

Research using intact rock columns 
Little work has been undertaken using intact 

rock, so these modelling attempts are untested 

in conditions closer to those in the 

environment: most regulatory authorities are 

wary of allowing field experimentation in the 

absence of well-defined toxicity data. Rock 

columns may produce significantly different 

results for nanoparticle mobility, due to the 

increased heterogeneity of these systems and 

the presence of natural rather than artificially-

generated surfaces. In contrast to 

homogeneous glass bead columns, aquifer 

rocks contain grains which are much more 

varied in shape, size, angularity, surface 

roughness and provenance.  

Some preliminary work has been undertaken at 

Birmingham University on the movement of a 

range of manufactured nanoparticles through 

intact sandstone columns. Nanoparticle 

compositions investigated include silica, 

titanium dioxide, and antimony pentoxide. In 

general the same sorts of processes identified 

in the artificial column experiments have been 

observed, including ripening and blocking 

(Figure 2).  



 

 

For example, in the case of 100 nm diameter 

silica nanoparticles, attenuation rapidly 

increases with ionic strength and at ionic 

strengths comparable with fresh groundwater 

there is almost complete attenuation:  however, 

with extended injection, blocking appears to 

occur and breakthrough concentrations 

gradually rise. A significant proportion of SiO2 

particles can be released by change in ionic 

strength in some cases indicating that some of 

the removal is reversible. In the case of TiO2 

particles in low ionic strength suspensions, initial 

breakthrough concentrations are high, but 

subsequently ripening occurs, and breakthrough 

concentrations fall. 

In addition to the intact sandstone column 

studies, in collaboration with Malvern 

Instruments, we have been investigating the 

heterogeneity of electrical potential on the rock 

surfaces: the results are showing that the 

surface electrical properties of the sandstones 

are essentially uniform thus indicating 

heterogeneity may not be an issue for the red-

bed lithologies examined, a finding which, if 

substantiated, will ease some of the potential 

problems with quantification of the processes.  

Work continues with the ultimate aim of 

quantitative prediction of nanoparticle 

mobility. At some stage, field testing will be 

necessary. This is particularly the case if we are 

to evaluate the mobility of nanoparticles in 

fracture flow systems: clearly in such systems, 

and especially in karstic systems, nanoparticles 

might be expected to be considerably more 

mobile than in intergranular systems.   

Bryony Anderson 

University of Birmingham 
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