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Foreword

In August 2009 the Royal Society of Chemistry (RSC) hosted the ‘Interna-
tional Union of Pure and Applied Chemists’ 42nd Congress in Glasgow. This
congress featured over 50 symposia, which highlighted the positive impact of
Chemistry on the world around us.

A key symposium within the congress focused on sustainable water and the
impact of climate change, economics, social justice and changes in the popu-
lation on water resources. This book showcases some of the topics of discussion
that featured in the symposium and emphasises the importance of chemical
sciences in achieving sustainable water resources on a global scale.

The RSC has considered how chemical sciences can support sustainable
water resources in their Water Sustainability Report published in 2007. The
report itself focuses on the key role of chemical sciences in supporting the future
shape of water management and covers the entire hydrological cycle, paying
particular attention to the management of domestic, industrial and agricultural
water use, as well as contamination and climate change. The RSC has further
developed water resource sustainability into its priority roadmap for chemical
sciences. Both documents can be obtained through the RSC web site
(www.rsc.org/ScienceAndTechnology/Policy/Documents/water.asp).

At a global level, pressure on water resources is increasing. There are many
factors influencing the hydrological cycle and these include increased economic
activity of developing and developed nations, urbanisation and increased
population, together with human-induced climate change.

Every nation holds the right to advance its economic prosperity but this leads
to greater abstraction of water and a higher risk of pollution, all of which has a
profound effect on the environment and ecosystem health. Within the UK it is
worth noting that Ecosystem Services, which is part of the government’s
Department of the Environment, Food and Rural Affairs (Defra), has been set
up to establish an ecosystem approach that is truly sustainable (see www.eco-
systemservices.org.uk). This is aligned to the United Nations ‘“Millennium
Ecosystem Assessment” which highlighted the multiple benefits of an ecosys-
tems approach to developing sustainable national policy. Ecosystem Services
are developing research projects that will inform decision making at a national
and local level within the UK and this all supports and contributes to sus-
taining water resources. It is clear then, that the key objective of the Ecosystem
Services project is to make the link between ecosystem health, market forces
and policy decisions.
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Relating the ecosystem approach back to water sustainability can be done by
considering the main drivers that influence the changes we face and under-
standing the common links and influences.

In the first instance we should consider environmental changes. This includes
climate change, leading to temperature changes, precipitation changes and a
build-up of greenhouse gases in the atmosphere. In addition to these factors we
also observe that air quality in general is changing. All of these influences have
an impact on the frequency of bad weather events, flood risk and drought. As
an example, the increase in the temperature of the planet leads to an increase in
snow and glacier melt which implies less winter storage of water that leads to a
reduction of water availability in spring. Again, this has an impact on the
sustainability of micro and macro flora and fauna within the ecosystem.

Climate change also has a profound influence on the ecosystem health, which
puts natural resource availability at risk and limits a nation’s ability to achieve
full growth potential.

Philippe Quevauviller explores the relationship between water sustainability
and climate change in more detail in the first chapter. He comments on some of
the observations by the Intergovernmental Panel on Climate Change (IPCC)
and links this back to the impact and potential effect on the European objec-
tives in moving to sustainable water management where water sources are
demonstrably of good quality and of good ecological status. Finally he outlines
the key research priorities for Europe in a global context.

In the second chapter, Alan MacDonald and his co-authors highlight the
impact of climate change in an African context, exploring some climate change
scenarios and their possible outcomes. This chapter then goes on to consider
water availability and water stress and makes the link back to better source
control and considers changes in demand across the African continent.

Following on from these chapters, Ulrich Borchers and his co-authors dis-
cuss the importance of the Water Framework Directive in delivering “good
status” for waters in Europe and presents a case study of work carried out to
monitor for priority substances in water bodies. This third chapter touches
upon some of the analytical challenges that chemists face when developing
methods which will allow countries to demonstrate improvements to water
quality.

Having discussed environmental change as a driver in the health and sus-
tainability of the ecosystem and water, we must now also consider the changing
trend in human behaviour as a driver that influences water sustainability and
ecological wellbeing.

There are a number of trends in human behaviour that impact on our
environment that should be considered in this debate. These include market
forces, population changes, urbanisation, economic growth, price of raw
materials, advancements in technology, and the removal and introduction of
species within the ecosystem.

Since the industrial revolution, the pace of change on a global scale has
increased exponentially, with new technological advances enabling changes to
how raw materials are mined, improvement being made in manufacturing
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processes and increasing the speed at which knowledge can be shared and
applied.

This has many effects, one of which is the change in demand within the
population that influence markets. In the United Kingdom, as an example, we
expect seasonal perishable goods such as fruit and vegetables to be available all
year round. The result of this demand is an increase in imports which drives
changes in manufacturing and distribution. In the fourth chapter, Jerry Knox
and his co-authors explore the implications that these demands have on the
water resources of the exporting nations, and the effect that this can have on
our water footprint and food security in the longer term. The chapter also
touches on the longer term economic impact of the growing reliance on
imported food within the UK which can equally be applied to other countries.

It follows that land use and land management play a crucial role within the
ecological framework that supports sustainable water. In many countries
across the world we are seeing changes to the population and an increase in
urbanisation which impact on land use, ecology, and therefore water resource
sustainability. We can see an increasing trend in the use of irrigation and de-
salination in some water stressed areas. New research and technology is
influencing farming practices. New methods of working support changes in
woodland and forest management. All of these changes influence the ecosystem
and have an impact on water resources. It is therefore critical to understand the
relationship between all of these factors when assessing new ideas and research
topics that will benefit the sustainability approach.

As the priority and availability of water changes, we must also remember
that everyone should have the right to a safe source of drinking water. In
chapter five, Adrian McDonald and his co-authors look at social justice at
three levels within society. Initially they examine social justice at the corporate
level, making the link between land management, farming waste and the
impacts on other water users, giving some examples based in Scotland, and link
this to the impact on the end consumer. They further explore aspects of indi-
vidual social justice, considering the impact of debt and deprivation, and use
statistics from England and Wales to support their arguments. Finally they
consider the position of social justice from a global perspective, considering
upland drainage systems and the impact that this has on coastal communities in
the longer term.

We have debated some of the drivers for change and the impacts that these
have on water availability, which creates local and global challenges in every-
thing from supply of safe drinking water to improvements in land management
and carbon reduction. In addition to these aspects of innovation, there are
research scientists around the world looking at the longer term with a view to
developing technology that will act as an enabler of sustainability.

Both Stuart Khan and Greg Lowry (with his co-author Matt Hotze) in the
final two chapters present some new ideas and different approaches to dealing
with water availability and removal of contamination, with an objective of
maximising the use of recycled water. These techniques and processes will
become more important in protecting our freshwater sources in the future. It is
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important that we continue to support investment in research and innovation if
we are to achieve the objective of safe clean drinking water for the global
population.

It is now worth considering policy as a driver for change in moving to a more
sustainable water and healthier ecosystem. We can invest any amount of time
and money in research, but if this is not supported by good policy then it is
unlikely to realise full value and benefit. It is important then, that national
governments agree an alignment of policy wherever possible and this should
include legislative instruments and well as setting the right taxation levies.

As an example, in Scotland the government has created a Coordinated
Agenda for Marine, Environment and Rural Affairs Science (CAMERAS, see
www.scotland.gov.uk/Publications/2009/01/21125048/3) which links into the
ecosystems services approach. The CAMERAS group is tasked with develop-
ing sustainable strategies for science research in the environmental sector and
provides an exciting opportunity to align activities that link land management,
marine and fresh water ecosystems. The strategies that are in place and under
development are aligned to the United Kingdom and European research
priorities. It is important that we take every opportunity in finding solutions
together and recognise that many challenges cross a range of scientific and
engineering disciplines.

Throughout this foreword we have only scratched the surface of the debate
around creating a more sustainable approach to water management and we
have touched upon some of the key influencing factors and the questions that
they present us with.

What we can conclude from this is that water sustainability, climate change,
ecological health, population changes, land management, urbanisation and
economic prosperity are all intrinsically linked. It is therefore important to
recognise that the challenges we face on a global scale can only be resolved by
scientists, engineers and policy makers working together to create aligned
objectives and strategies.

Richard Allan
Chief Scientist, Scottish Water



Preface

This book series focuses on issues in environmental science and technology
which are of particular current interest and concern, as may be seen from the
titles of other recent volumes which are listed on an earlier page. Few issues
are of greater significance today than the subject of this book — the sustain-
ability of water supplies to the growing populations throughout the world.

It is predicted that climate change will result in big changes to the global
distribution of rainfall, causing drought and desertification in some regions but
floods in others. Already there are signs of such change occurring, with parti-
cularly serious consequences for some of the poorer countries. The need for
international cooperation in managing the effects of climate change and other
influences on the hydrological cycle is becoming urgent: future wars may well
be fought over water.

As is usual for books in this series, we have brought together a group of
experts in the subject area to contribute articles covering a wide range of topics
which bear on the overall theme of sustainable water. The authors of the seven
chapters are drawn from institutions in the UK, Belgium, Germany, Ireland,
Australia and the United States and apply their specialised knowledge to a wide
range of relevant subjects, including policy making in the European Union,
rural water supplies in Africa, chemical monitoring and analytical methods,
water use in agriculture, social justice in supplying water, potable water recy-
cling and sustainable water treatment. Although wide ranging, the coverage is
not intended to be comprehensive, but the Foreword provides a context and
also summarises the content.

The book aims to be useful not only to those in the water industry but more
widely to policy makers and planners, researchers and environmental con-
sultants, as well as to students in environmental science, technology, engi-
neering and management courses. There is much here also to interest all
concerned with major environmental issues such as climate change and the
many other factors which influence the sustainability of water supplies.

Ronald E. Hester
Roy M. Harrison

Issues in Environmental Science and Technology, 31
Sustainable Water

Edited by R.E. Hester and R.M. Harrison

€ Royal Society of Chemistry 2011

Published by the Royal Society of Chemistry, www.rsc.org

ix



Editors

Ronald E. Hester, BSc, DSc (London), PhD (Cornell),
FRSC, CChem

Ronald E. Hester is now Emeritus Professor of Chemistry in
the University of York. He was for short periods a research
fellow in Cambridge and an assistant professor at Cornell
before being appointed to a lectureship in chemistry in York
in 1965. He was a full professor in York from 1983 to 2001.
His more than 300 publications are mainly in the area of
vibrational spectroscopy, latterly focusing on time-resolved
studies of photoreaction intermediates and on biomolecular systems in solu-
tion. He is active in environmental chemistry and is a founder member and
former chairman of the Environment Group of the Royal Society of Chemistry
and editor of ‘Industry and the Environment in Perspective’ (RSC, 1983) and
‘Understanding Our Environment’ (RSC, 1986). As a member of the Council
of the UK Science and Engineering Research Council and several of its
sub-committees, panels and boards, he has been heavily involved in national
science policy and administration. He was, from 1991 to 1993, a member of the
UK Department of the Environment Advisory Committee on Hazardous
Substances and from 1995 to 2000 was a member of the Publications and
Information Board of the Royal Society of Chemistry.

Roy M. Harrison, BSe, PhD, DSc (Birmingham), FRSC,
CChem, FRMetS, Hon MFPH, Hon FFOM

! Roy M. Harrison is Queen Elizabeth II Birmingham Cen-
il tenary Professor of Environmental Health in the University
4! of Birmingham. He was previously Lecturer in Environ-
| mental Sciences at the University of Lancaster and Reader
and Director of the Institute of Aerosol Science at the Uni-
versity of Essex. His more than 300 publications are mainly
in the field of environmental chemistry, although his current work includes
studies of human health impacts of atmospheric pollutants as well as research
into the chemistry of pollution phenomena. He is a past Chairman of the
Environment Group of the Royal Society of Chemistry for whom he has edited
‘Pollution: Causes, Effects and Control’ (RSC, 1983; Fourth Edition, 2001),

Xvii



Xviii Editors

and ‘Understanding our Environment: An Introduction to Environmental
Chemistry and Pollution’ (RSC, Third Edition, 1999). He has a close interest in
scientific and policy aspects of air pollution, having been Chairman of
the Department of Environment Quality of Urban Air Review Group and the
DETR Atmospheric Particles Expert Group. He is currently a member of
the DEFRA Air Quality Expert Group, the DEFRA Expert Panel on Air
Quality Standards, and the Department of Health Committee on the Medical
Effects of Air Pollutants.



List of Contributors

Peter Boden, School of Geography, University of Leeds, LS2 9JT

Helen Bonsor, British Geological Survey, Murchison House, West Mains Rd,
Edinburgh EH9 3LA, UK

Ulrich Borchers, IWW Water Centre , Moritzstrasse 26, D-45476 Muelheim an
der Ruhr, Germany

Roger Calow, Overseas Development Institute, Westminster Bridge Road, Lon-
don, UK, SEI1 7JD

Martin Clarke, Department of Geography, Earth and Environment Faculty,
University of Leeds, Leeds LS2 9JT, UK

Colman Concannon, EPA, Richview, Glenskeagh Road, Dublin 14, Ireland

Tim Hess, Department of Sustainable Systems, Cranfield University, Bedfordshire,
MK43 0AL, UK

Matt Hotze, Center for Environmental Implications of Nanotechnology
(CEINT), Carnegie Mellon University, Civil and Environmental Engineering,
119 Porter Hall, Pittsburgh, PA 15213-3890, USA

David Kay, Institute of Geography and Earth Science, Aberystwyth University,
Aberystwyth, SA23 3DB, UK

Melvyn Kay, Department of Sustainable Systems, Cranfield University, Bed-
fordshire, MK43 0AL, UK

Stuart Khan, UNSW Water Research Centre, University of New South Wales,
NSW, 2052, Australia

Jerry Knox, Department of Sustainable Systems, Cranfield University, Bed-
fordshire, MK43 0AL, UK

Gregory Lowry, Center for Environmental Implications of Nanotechnology
(CEINT), Carnegie Mellon University, Civil and Environmental Engineering,
119 Porter Hall, Pittsburgh, PA 15213-3890, USA

Alan MacDonald, British Geological Survey, Murchison House, West Mains Rd,
Edinburgh EH9 3LA, UK

Adrian McDonald, Department of Geography, Earth and Environment Faculty,
University of Leeds, Leeds LS2 9JT, UK

Ciaran O’Donnell, EPA, Richview, Glenskeagh Road, Dublin 14, Ireland

Philippe Quevauviller, European Commission, DG Research, Brussels, Rue de la
Loi 200, B-1049 Brussels, Belgium

David Schwesig, IWW Water Centre , Moritzstrasse 26, D-45476 Muelheim an
der Ruhr, Germany

Keith Weatherhead, Department of Sustainable Systems, Cranfield University,
Bedfordshire, MK43 0AL, UK

Xix



Contents

Water Sustainability and Climate Change in the EU and Global Context —

Policy and Research Responses
Philippe Quevauviller

1 Introduction
2 Climate Change Impacts on Water
3 Policy Background
3.1 Introduction
3.2 EU Policies
3.3 At International Level
4 Current Research
4.1 Introduction
4.2 Research into Climate Change Scenarios
4.3 Research into Climate Change Impacts on the
Water Environment and Cycle
4.4 Research into Mitigation/Adaptation Options
and Costs
4.5 Research on Droughts and Water Scarcity
4.6 Research on Floods
4.7 Research Perspectives and Needs
5 Conclusions: Needs for Improving Science — Policy Links
References

Potential Impact of Climate Change on Improved and
Unimproved Water Supplies in Africa
Helen Bonsor, Alan MacDonald and Roger Calow

1 Introduction
2 Scenarios of Climate Change

(O S L )

12

13
15

16

17
19
19
20
21
22

25

26
28

Issues in Environmental Science and Technology, 31
Sustainable Water

Edited by R.E. Hester and R.M. Harrison

¢ Royal Society of Chemistry 2011

Published by the Royal Society of Chemistry, www.rsc.org

Xi



Xii Contents

2.1 IPCC Fourth Assessment of Climate Change 28
2.2 Key Uncertainties in Climate Projections 29
2.2.1 General Uncertainties in Climate
Projections 29
2.2.2 Uncertainties in African Climate
Projections 30
2.3 Projected Climate Change in Africa 31
2.4 Climate Science since the IPCC Fourth
Assessment: 4 °C Possibilities 32
2.5 Summary 34
3 Impacts of Climate Change on Rural Water Supply in
Africa 34
3.1 A Framework for Discussion 34
3.2. Likely Impact of Climate Change on Available Water
Resources 35
3.2.1 General 35
3.2.2 Surface Water Resources 35
3.2.3 Groundwater Resources 37
3.3 Access to Reliable Water Supplies 39
3.4 Changing Water Demands 43
4 Summary 44
References 45

The European Water Framework Directive — Chemical

Monitoring Programmes, Analytical Challenges and Results from an Irish

Case Study 50
Ulrich Borchers, David Schwesig, Ciaran O’Donnell and

Colman Concannon

1  The Chemical Monitoring Approach of the WFD 51
1.1 Basic Principles and Approach S1
1.2 Environmental Quality Standards (EQS) and
Resulting Monitoring Requirements 52
1.3 Design of Monitoring Programmes in the EU 54
1.3.1 General 54
1.3.2 Design of Surveillance and Operational Monitoring
Programmes 54
1.3.3 Sampling Strategy 55
1.3.4 Sampling of Water and Suspended
Particulate Matter (SPM) 55
1.4 Frequency of the Monitoring 56
2 Analytical Challenges of the WFD Monitoring 57
2.1 Analytical Methods for the Determination of Priority
Substances in Water 57

2.2 The EU QA/QC Directive 2009/90/EC 58



Contents

23

Priority Substances Difficult to Analyse

2.3.1 Organochlorine Pesticides

2.3.2 Polycyclic Aromatic Hydrocarbons (PAHs)
2.3.3 Tributyltin Compounds

2.3.4 Pentabromodiphenylether (PBDE)

2.3.5 Short-Chain Chlorinated Paraffins (SCCPs)

3 Case Study: Surface Water Monitoring in Ireland

3.1

3.2 Overview of Results of the Chemical Monitoring of Priority

Introduction

Substances

3.2.1 Substances with Concentrations below LOQ

3.2.2 Substances with Concentrations above LOQ
(Positive Results)

3.2.3 Substances with Concentrations above the EQS

3.3 Discussion

3.3.1 Mecoprop

3.3.2 Glyphosate

3.3.3 Polycyclic Aromatic Hydrocarbons (PAHs)
3.4 Challenges and Pitfalls

3.4.1 Tributyltin

3.4.2 Di(2-ethylhexyl)phthalate (DEHP)

References

Managing the Water Footprint of Irrigated Food Production
in England and Wales

Tim Hess, Jerry Knox, Melvyn Kay and

Keith Weatherhead

1 Water Footprints — Understanding the Terminology

1.1
1.2

Definition of Water Footprint
“Blue” and “Green” Water

2 Water Use in Irrigated Agriculture

2.1
22
2.3

Areas Irrigated and Volumes of Water Abstracted
Irrigation Water Sources
Location of Irrigation

3 Managing the Water Footprint

3.1

3.2

Managing Water Better

3.1.1 Improving Management to Increase Irrigation
Efficiency

3.1.2  Switching Technology to Increase Irrigation
Application Uniformity

3.1.3 Securing Water Resources and Using ““Appropriate”
Quality Water

Managing Abstraction

Xii
59
59
60
60
62
62
64
64

64
64

68
68
72
72
73
73
74
74
75
76

78

79
79
79
80
80
82
82
83
83

85

86

87
87



Xiv Contents

4 Discussion 88
5 Conclusion 90
Acknowledgements 90
References 90
Social Justice and Water 93

Adrian McDonald, Martin Clarke, Peter Boden and David Kay

I  The Emergence of the Social Justice Concept 93

2 Definitions and Meaning 94

3 Water and Interaction with People 94

4 Water and Social Justice on a World Scale 95

5 Flooding and Social Justice 96

6 Water and Social Justice on a UK Scale 97

6.1 What Price Water? 97

6.2 Water and Social Justice in the UK at Fine Scale 99
6.2.1 Why an Analysis of Water Debt: Water Debt and

Corporate Justice? 99

6.2.2 Water Debt in Context 100

6.2.3 The Linkage to Deprivation 102

6.3 Developing a Socially just Response to Water Debt 107

7 Social Justice and Water Futures 109

References 111

Safe Management of Chemical Contaminants for Planned Potable
Water Recycling 114
Stuart Khan

1 Introduction: Planned Potable Water Recycling 115
2 Chemical Contaminants in Potable Water Recycling 116
3 Chemical Risk Assessment and Potable Water Recycling 118
4 Relative Risk 122
5 Direct Toxicity Testing 123

5.1 In vivo Toxicity Testing 123

5.2 In vitro Toxicity Testing 124
6 Indicator Chemicals and Surrogate Parameters 126
7 Probabilistic Water Treatment Performance Assessment 128
8 Australian Guidelines for Water Recycling 132
9 Conclusions 135

References 135



