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ABSTRACT

The environmental risk assessment of substances 1s introduced and the various controls
used to protect the environment are outlined. The European notification system and the
risk assessments required as part of the system are detailed. Through an examination of

the existing European Union System for the Evaluation of Substances tool and

sensitivity analyses based on vanability in the measurement of physico-chemical
properties for a substance, a spreadsheet model was developed to allow multiple risk
assessments for the same substance to be calculated simultaneously. The development
and testing of the NECXES spreadsheet tool are documented in detail.

Data for the capacity and dilution factor at Sewage Treatment Plants (STPs) in England
and Wales were collated and statistically analysed and compared to European default
values used for generic risk assessments. The default capacity value for STPs (10,000
population equivalents) was protective of 70% of the STPs sampled. The remaining
30% however, a small number of large works, contributed 94% of the total effluent
discharged from STPs in England and Wales.

The STP data were used with the NEXCES tool to perform and compare probabilistic
risk assessments to those calculated using deterministic methods for a number of test
substances. The probabilistic calculations produced a lower median exposure
concentration for water than the generic assessment for all of the test substances.
Regression analysis allowed the probability of adverse effects to be quantified for the
various deterministic risk values. The NEXCES tool was also used to develop a rapid

assessment tool for new substances, in the form of contour plots, which can be used to

assess the risk of substances using minimal data.

The main conclusions and contributions to the academic and industrial fields, as well as

the field of environmental technology are presented. Areas where there are

opportunities for further research are also outlined.
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It has been said (Sutter 11, 1993) that Prometheus was the patron deity of risk

assessors.

Prometheus (Greek: forethought) collected all the hazards in the
World and placed them in a box. He warned his brother Epimetheus
(Greek: afterthought) to keep the hazards contained. Epimetheus

however, allowed Pandora (Greek: all-giving) access to the box,
which without proper instruction she opened, releasing all the hazards

within. Prometheus was the only one to be punished by Zeus.

May we be more promethean in our assessment of risks, and ensure all hazards

are accompanied with clear and understandable instructions and warnings. To
do this our risk assessments need to be rapid and transparent and the resulting

controls effective.
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EXECUTIVE SUMMARY

Introduction to the Engineering Doctorate Programme

The Engineering Doctorate is a four-year research degree, based in industry and
supported by a programme of professional development courses. The Engineering and
Physical Science Research Council (EPSRC) sponsored EngD programmes were set up

in response to industry needs for more industrially orientated research students.

Of an original five centres set up to run EngD programmes the Brunel/Surrey centre
was unique in that all of its projects followed a distinct theme, that of ‘Environmental
Technology’, all new and existing centres are now required to follow a theme. The
Brunel/Surrey EngD aims to provide graduates with the necessary skills to balance

environmental risk along with all of the traditional variables of cost, quality,

productivity, shareholder value, legislative compliance etc.

The Brunel/Surrey EngD programme involves a balance of pulls (Figure 1), the
Research Engineer must balance the academic and industrial requirements of the

research while considering the environmental 1ssues inherent in the project or projects
undertaken.

Traditional
Academic Pull

Sumrey/Brunel
EngD: equa but
different to the
PhD. A bhalance of
the three ‘pulls’

Traditional

Environmental
Industrial Pull

lssues Full

Figure 1 — The three elements of an EngD research project



The overall objective of the Brunel/Surrey EngD programme is:

“..to create graduate Research Engineers with the necessary background
knowledge, skills and expertise to understand the relationship between the
environment, technology and business and to apply this understanding to the

development, promotion and execution of corporate strategy.”

Brunel & Surrey EngD Course Handbook 2000-2001

The EngD is distinguished by its programme of complementary courses that must be

completed by the Research Engineers (REs). These courses have the following aims:

e To present a view of the relationship between engineering and the

environment including sociological aspects

. To provide professional development in key business skills and

competencies

. To close any g:«.{ps in the knowledge required to undertake the research

project

The programme of courses is comprised of compulsory and elective modules, and the

completion of a relevant assignment is usually requires after the course. The modules

taken and completed during this research are outlined in the following table:

Year 1 | Induction course: Communication & Leadership 1
Clean Technology and Sustainability

Project Management

Life Cycle Approaches

Hands on Audit

Risk Perception & Communication

+ elective — Conference Project Management

Year 2 | Sociology 1 Research Methods
Sociology 2 Environmentalism
. Leadership 2
Environmental Law

Year 3 | Financial Management
Marketing
Risk Management

Year 4 | Talking to the Media
Maternials 1n the Environment

Environmental Economics and Sustainability
+ elective — EPSRC Graduate School

xii



During the four-year research programme the REs are required to submit progress
reports on a six-monthly basis. The six-monthly reports are a record of progress toward
the ongoing research objectives. These reports do not necessarily describe work at a

conclusive stage, simply the progress made towards the set deliverables in previous

reports.

The Structure of this Portfolio

This portfolio comprises two volumes, the first of which contains the main thesis from
this research, including this executive summary, a more detailed introduction into the
area of research, the development of the research and the main findings, conclusions
and contributions to the field of environmental technology as well as the academic and

industrial fields. A list of publications has been included in this first volume along with

supporting information and documentation in the form of appendices.

The second volume contains a set of bound six-monthly reports charting the progress of
this research along with the progress towards the agreed objectives from the previous
period and set objectives for the following six-months. At each six-month interval the
aims and objectives of the EngD programme and progress towards these were also
considered. The main research has been presented in the first volume of this portfolio

and the second volume and the six-monthly reports contained should be should be

considered as progress summary notes for each six-month period.

Outline of the Research

The importance of chemicals in our society, their potential to cause harm and their risk

assessment are introduced in Chapter 1. The development of environmental legislation
to control hazardous substances is briefly outlined. The role and responsibilities of the
Environment Agency, the primary regulatory body in England and Wales, and one of its
main national centres, the National Centre for Ecotoxicology and Hazardous

Substances, is described.

In Chapter 2 the nisk assessment procedure required under the European Notification
System for new and existing substances is outlined. Both the EU Technical Guidance
Document and the European Union System for the Evaluation of Substances (EUSES)
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for performing risk assessments are introduced. The quantitative structural activity
relationships (QSAR) that are used to predict partition coefficients are detailed along

with the “base set” physico-chemical data used to calculate the risk assessments.

Initial sensitivity analysis investigations to determine the effect of the variability in the
measurement of physico-chemical properties on the exposure assessment are reported.
The boiling point and melting point values had no effect, while variations in the vapour

pressure and solubility in water values were found to have a small effect (+3%) on the

assessment. Variations in the Kow value had a much larger effect (£13%) for most of

the substances tested.

The choice of QSAR used to estimate Koc from Kow was also found to have a large
effect (£30%) on the resulting assessment. The EU default QSAR was found to

produce a value below the average of the range, which cannot be considered to be a

worst case for the aquatic compartment.

The development of a spreadsheet-based model (NEXCES) for performing risk .
assessments for the aquatic compartment on the local scale is reported in Chapter 3.
There is a need for such a model due to the inability of EUSES to perform multiple

treatments of the same assessment.

Construction of the spreadsheet i1s documented and addresses how some of the
problems, as detailed in the EUSES Blacklist, were overcome. This included the latest
SimpleTreat model and the ability to select the QSAR for predicting the partition

coefficient Koc from Kow.

Validation of the spreadsheet is outlined. Investigations into the effect of variance in
the measurement of the vapour pressure and Kow values are used to demonstrate the

power of the NEXCES tool. Five thousand calculations were run for variations in each
physico-chemical property producing distributions and ranges for the risk

characterisation ratios.

In Chapter 4, two parameters, dilution and capacity, used in the modelling of sewage
treatment plants (STP) in the risk assessment system are examined. The value for the
dilution factor available at the point of discharge from a STP can be a critical value in
the risk assessment. Data were collated from the 8 administrative régions in England
and Wales. These were statistically analysed to determine how the data for England and
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Wales compared with the generic default values used in the European risk assessment

system.

By capacity, 30% of STPs were larger than the EU default value of 10,000 population
equivalents and contribute to more than 90% of the total effluent discharged by STPs in
England and Wales. The dilution data produced a median value of 5.2, which is less
than the EU default value of 10, which means generic risk assessments may under-
predict risk. Geographical information system technmiques were used to produce

geographical plots to highlight areas of particular concern.

The data collated in Chapter 4 were then re-sampled and used to perform probabilistic
assessments for test substances in Chapter 5, using the spreadsheet model developed in
Chapter 3. The developed NEXCES tool was used to perform probabilistic nisk
assessments using STP capacity and dilution factor data. The data collated were re-

sampled to produce 5000 pairs of values to run a similar number of risk assessments.

Probabilistic and deterministic risk assessments for a number of test substances were
performed and compared. Regression analysis of the results from these was used to
determine the probability values for the deterministic RCR thresholds (>1, >10, etc.).

The development of a rapid risk assessment tool for new substances is described in
Chapter 6. The tool was developed in response to a real need by the UK competent
authority for the European notification system. Preliminary contour plots of risk

depending on a substance’s Koc value and the soluble fraction discharged from the STP

are examined.

The procedure was refined to include consideration of the SimpleTreat model,
measuring local exposure in water rather than risk. These analyses illustrate that local
exposure is independent of the Henry’s law constant (HENRY) at low values of HENRY.
These findings have led to the final development of the rapid assessment tool for new
cosmetic substances, where HENRY value is less than 0.1. The contour plots allow risk
assessments for substances to be rapidly performed based on the Kow, and toxicity

alone.

The research presented in this thesis is briefly reviewed in Chapter 7. The main
findings from the research are presented, with a consideration of how the work fits into

the wider context of the control and risk assessment of substances in the environment.
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The contributions to the academic and industrial fields are outlined along with the
contributions to the field of environmental technology. Some of the areas where there

are opportunities for further work are also outlined.

Main Conclusions

The initial aim of this research was to examine the different ways in which hazardous

substances are controlled and this was done through working with a number of the key
groups in the National Centre for Ecotoxicology and Hazardous Substances. The
various risk and hazard assessment systems used by the CAU, ETS and DTA were

reviewed.

From the review process two main arcas of interest were proposed for further
investigation, using an Environment Agency format, and the two project proposals were

presented as part of the 24-month dissertation:

1. Sensitivity mﬂysis of values in the environmental exposure section of the
European Notification risk assessment system as performed in the EUSES

system.

2. Comparative study of single substance and whole sample toxicity risk

assessments on selected discharges

The first of these project proposals became,the focus of the remainder of this research.

The spreadsheet tool was developed to initially facilitate the sensitivity analyses but
then allowed the project proposal to be expanded to include probabilistic risk

assessments and the development of the rapid assessment contour plots.

The main contributions arising from this research have led, for the first time to:

e Quantification of some of the sensitivities in the exposure assessment of the EU

generic risk assessment system

— Confirmation that measurement errors for Kow have the greatest effect on the

resulting risk assessment of all physico-chemical properties examined

— Demonstration that the European default QSAR for predicting Koc from Kow

does not produce a worst-case assessment for the aquatic compartment
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Development, documentation and testing of a spreadsheet tool implementing the
latest model for sewage treatment works and capable of rapidly performing multiple

treatments of the same assessment making probabilistic risk assessments feasible

Demonstration of the critical nature of the dilution factor in the risk assessment

process through the collated and analysis of paired data for dilution and capacity of
STPs in England and Wales

Demonstration that the EU generic risk assessment overstates the capacity of STPs

in 70% of cases and as a result the default value of <10,000 PE is protective of this

works

Quantification of the risk associated with deterministic values through comparative

probabilistic risk assessments for a number of test substances, thus providing a

better indication of the need for additional testing

Development of a rapid risk assessment tool for new substances, to produce a visual
“litmus test” which allows preliminary assessments to be made using minimal data

for a substance
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CHAPTER1

INTRODUCTION

SUMMARY

The importance of chemicals in our society, their potential to cause harm and
their risk assessment are introduced. The development of environmental
legislation to control hazardous substances is briefly outlined. The role and
responsibilities of the Environment Agency, the primary regulatory body in
England and Wales, and one of its main national centres, the National Centre for

Ecotoxicology and Hazardous Substances, is described.

The European Notification System and the risk assessment of new and existing
substances is reviewed. Principles of ecotoxicology and the tests performed to

produce toxicity data for risk assessments are explained along with the

interpretation of these data.

The scope of this thesis is set out and the research undertaken introduced.



1 INTRODUCTION

The UK chemical industry is one of the largest in the world. Chemicals are ubiquitous

and are used extensively in our society in almost every activity:

e Agriculture e Medicines
e Industry e Petrochemicals

The various chemical substances are used in our society in differing volumes and under
different conditions. All chemical substances represent a risk at some level, whether it

is practically negligible or an extremely high nisk. Paracelsus (1493-1541) made the
observation that (Mornarty, 1993):

“All things are poisons, for there i1s nothing without poisonous qualities. It
is only the dose which makes a thing a poison.”

Similarly all things and activities can pose a hazard. It is the probability of occurrence
combined with the severity of the hazard that represents the risk. The risk is defined as

the intrinsic ability to cause harm (hazard) and the probability of this happening.

In all stages of the life cycle of a chemical substance there is therefore a need to identify
hazards, quantify risks, and where necessary reduce the risks. This four-year
Engineering Doctorate has focused on the development of new and existing risk

assessment procedures as used and practised within the Environment Agency for
England and Wales.

Current systems for the assessment of substances were reviewed and compared. An
understanding of the underlying sciences was obtained through investigating the field of

ecotoxicology and engaging in the practical tasks of performing ecotoxicology tests.

In the sections that follow the size of the potential problem is outlined by reviewing the
magnitude of the chemical industry, and the role of the Environment Agency as the
relevant regulatory body. In particular, the role of the National Centre for
Ecotoxicology and Hazardous Substances is described, along with the groups within
which risk assessment procedures were studied. A brief examination of the history and

development of the relevant environmental legislation is presented.



1.1 THE CHEMICAL INDUSTRY

There are more than 100,000 chemicals on the European Inventory of Existing
Chemical Substances, (EINECS) that are marketed within Europe. Several hundred
chemicals are added to this figure annually. The Organisation for Economic Co-
operation and Development (OECD) classes more than 4000 substances as high
production volume chemical (HPVC), those manufactured in quantities greater than
1000 tonnes/year.

The chemical industry is the 4th largest manufacturing industry in the UK with 10.8%
of manufacturing output and 2-3% of UK GDP'. The industry can also claim in the
region of £36 billion in sales annually. Figure 1.1 details the division by value (GDP),

of chemicals for different uses in the chemical industry.

Industrial gases 3% 3.5% Agrochemicals

Dyes & pigments 6% Paints, varnishes
3.5% & printing inks

Basic inorganics 27% Pharmaceuticals

3.5%

Basic organics

11%

Fertilisers 1%

Plastics & |

synthetic /

rubber 13.5% ' 12% Soaps,
toiletries &
cleaning preps

Man-made

U
flores 3% 13% Other specialities
Figure 1.1 - UK chemical industry sector contributions to gross value added?, 1996

(adapted from CIA, 2001)

' GDP, Gross Domestic Product — an economic term used as a measure of the value of output produced
within the domestic boundaries of the UK. The value now includes the output of foreign owned firms
that are located in the UK following high levels of foreign direct investment in the UK economy in the
1980s and 1990s. The value of GDP can be calculated in three ways (from output, income or expenditure)
all of which should be equal (Riley, 1999).

? Gross Valued Added, under new definitions introduced in 1998, GDP is now known as Gross Valued
Added (Riley, 1999)



Pharmaceuticals represent the largest sector of the chemical industry, closely followed

by plastics and then soaps and cleaning products.

There is a large demand for chemicals in the UK both by consumers and industry.

Table 1.1 shows this demand for chemicals by vanious industry groups and consumers

as measured by direct sales.

The production and construction industry accounts for nearly half of all direct sales of
chemicals, and consumer (household) spend represents a further 30%, a significant
proportion. Within the production and construction sector the chemical industry itself
accounts for almost 23% of demand. This suggests that many of the chemicals
produced remain in the chemical industry possibly as intermediates or feedstock for

other production or formulation processes.

Agriculture 3.00%
Food & drink (processing) 2.50%
Textiles & clothing 2.50%
Paper, printing & publishing 3.00%
Chemicals 22.50%
Plastic & rubber processing 8.00%
Electrical engineering 3.00%

Transport equipment (including cars) 1.50%
Other production & construction indus  6.50%

Total Production & Construction Industry 49.50%

— Healthcare ________________ 12.00%
Other services 6.50%

Total Service Industries 18.50%

TOTAL 100.00%

Table 1.1 - UK demand for chemicals - shares of direct purchases in 1997, (CIA, 2001)

The 1990s saw a growth in the chemical industry (Figure 1.2) such that the industry had
the second largest growth rate of UK industries and is well above the average.



Electrical & instrument eng'g '
CHEMICALS

Rubber & plastic processing

Transport equipment

Paper, printing & publishing

Food, drink & tobacco

Other metal products

Mechanical eng'g

Other mineral products

Textiles & clothing
ALL MANUFACTURING

GDP

-3 -2 -1 0 1 2 3 4 ~

Figure 1.2 -UK industrial growth rate comparisons 1988-98, (CIA, 2001)

This growth is reflected in the fact that the chemical industry 1s the UK’s largest export

industry with a trade surplus of approximately £4.4 billion. Furthermore, the UK
chemical industry is ranked 5th largest in the World®. Figures 1.3 (a, b) demonstrate the

continuing growth within the industry.

Average growth rates
1988-98 % p.a.

Indices, 1988-98
1988=100

Total Home Exports
output sales

Figure 1.3 a, b - UK chemical industry total output, home sales & export volume trends (CIA, 2001)

* Facts and figures from the Chemical Industries Association, the UK chemical industry's leading trade
and employer organisation, Kings Buildings, Smith Square, London, SW1P 3JJ



There is a trend for both the chemical industry as a whole and its exports to increase
over the coming years, whilst UK sales in the industry seem to have steadily declined
throughout the 1990s. Whether or not there is a turnaround in UK sales, the chemical
industry in the UK is getting larger. There is a high demand for 1its products 1n other

industries and by consumers.

There is a large quantity of chemicals in our society and we have an increasing
dependency upon them. The chemical industry accounts for a large part of the UK’s
manufacturing economy. Society clearly benefits from chemicals, they are used by
consumers at home, and in other industry sectors as raw materials, intermediates and as
final products. Some of these chemicals however represent significant hazards.
Adequate controls and guidelines need to be set to protect human health and the

environment from the adverse effects of these chemicals.

1.2 ENVIRONMENTAL LAW AND CHEMICAL MANAGEMENT

The extent and influence of the chemical industry has been outlined in brief. In this
section the control and regulation of chemicals in the form of environmental legislation
will be examined. These controls have developed over many decades; the impetus for
and influences upon these developments in environmental legislation are briefly

reviewed. The Environment Agency and the scope of its work are also introduced.

1.2.1 The Development of Environmental Legislation

Environmental law is a relatively new concept, dating back to the 1970s. Laws and
other controls were 1n place prior to this but were usually introduced as parts of other
issues rather than environmental protection itself. Some of the earliest legislation to
affect the environment was the regulation of emissions from tanneries into rivers in the
medieval period. Much later the growth and advances brought about in the Industrial
Revolution (circa 1750-1900) however, resulted in impacts on both human health and

the environment.



As a result of this the 1800s saw three key pieces of legislation introduced in an attempt

to control the escalating problems (Lindner, 2001):

e The Alkali Act, 1863 — created the Alkali Inspectorate, principally to control
atmospheric emissions from the chlor-alkali industry
e The Public Health Act, 1875 — provided changes in housing, town and country

planning, as well as public health issues

e The Rivers Pollution Prevention Act, 1876 - introduced a framework for water

pollution controls, although there were problems with enforcement

A large part of environmental law has its roots in planning legislation. Back in the 19™
Century public health and housing legislation controlled planning, this was later
followed in the early 20" century by a system of town planning. In 1947 the Town and
Country Planning Act (TCPA 1947) was passed, under which some controls were set
out for hazardous processes and hazardous substances. Although not specifically
environmental law it provided a framework for the implementation of later

environmental legislation.

A resurgence in environmental issues occurred in 1962 when Rachel Carson’s book
‘Silent Spring’ was published. The book wamns of the dangers in the indiscriminate use
of pesticides, using as an example the insecticidle DDT (dichloro-diphenyl-
trichloroethane). Her call for action led to the eventual US ban of the substance (Park,
2001). Her book was also instrumental i1n the establishment of two of the main

environmental pressure groups, namely Friends of the Earth and Greenpeace.

The first United Nations Conference on the environment was held in 1972 in

Stockholm, Sweden. It was at the Conference on the Human Environment where the

concept of sustainable development was introduced. The Declaration of Principles
suggested that (IEMA, 2000):

“... we have a nght now to a life of dignity and equality in an environment

of quality but that we also have a solemn responsibility to protect and

improve the environment for present and future gmeraﬁom.”

Conference on the Human Environment: Draft Declaration, 1972



Although the Stockholm conference did not suggest how the aims in the declaration
might be achieved, it led to the establishment of Ministries of the Environment all over

the World and the United Nations Environment Programme (UNEP).

The report, ‘Our Common Future’ written by the former Norwegian Prime Minister Gro
Harland Brundtland and published in 1987 by the UN Commission on Environment and
Development (UNCED) linked economic and environmental issues in a way that the
Stockholm declaration failed to do. The report which has become known as the

“Brundtland Report” sets out the now familiar definition of sustainable development as
(Brundtland, 1987):

“Development that meets the needs of the present without compromising the

ability of future generations to meet their own needs”™

Implicit in the term sustainable development is the recognition that there will continue
to be ‘development’ while minimising impacts on the environment from further

resource depletion, emissions and waste generation. The Brundtland Report laid the
foundation for the Earth Summit held in Rio de Janeiro in 1992.

The Rio Earth Summit at the United Nations Conference on Environment and

Development agreed four main principles for moving towards a sustainable future:

e Humans are at the centre of concerns for sustainable development

e The right to develop must be exercised in such a way that the
development and environmental needs of both present and future
generations are met

e Environmental protection must be considered as an integral part of the
development process

e There 1s a need to reduce and eliminate unsustainable patterns of

production and consumption

These four principles all emphasise man’s dependence on the environment.
Traditionally nature has been seen as a resource for human use; the UK Biodiversity
Action Plan (1993) was the first formal recognition that nature itself could have inherent
importance. The increasing adoption of a precautionary approach towards development

demonstrates this change in perception of nature’s inherent value.



Within sustainable development the Precautionary Principle 1s an emerging and
important concept. The effects of this philosophy were outlined at the.Rio Declaration

on Environment and Development (DETR, 1998):

“In order to protect the environment, the precautionary approach shall be
widely applied by States according to their capabilities. Where there are
threats of serious or irreversible damage, lack of full scientific certainty
shall not be used as a reason for postponing cost-effective measures to

prevent environmental degradation.”

Rio Declaration on Environment and Development, 1992

There are problems however with the Precautionary Principle. In the 1960s the United
States Food and Drug Administration (US FDA) set a precautionary limit for the human
carcinogen (aflatoxin) found in peanuts at the analytical limit of detection, then 20 ppb
(parts per billion). A decade later however analytical science had advanced and the
toxin could then be measured at 5 ppb and even 1 ppb, the problem faced by the FDA
was whether it was scientifically defensible to lower the standard to the new analytical
limit of detection (Rodricks, 1992). They did not, due to the economic costs that
industry would face in trying to achieve such a standard. The problem with
precautionary action 1s the constant need for re-evaluation due to new scientific

evidence.

Environmental legislation in the UK has become increasingly influenced by the
European Union (EU) and international agreements. The role of the EU (formerly the
European Community, EC) was originally to achieve co-ordination of the economic

policies of the EC through a single European Market; this role was later extended to
policies within social, environmental and other fields (Malcolm, 1994). EU Regulations

are directly applicable to all Member States and are binding in their entirety (e.g.
Exiting Substances Regulations, ESRs*). EU Directives however, are only binding to
those Member States that 1t addresses (Humphreys, 1996) and each Member State uses
their own legal mechanisms to implement the measures detailed in the Directive (e.g.

Dangerous Substances Directive®).

* Commission Regulation 793/93/EEC on the evaluation and control of the risks of exiting substances
* Commission Directive 67/548/EEC on the approximation of the laws, regulations and administrative
provisions relating to the classification, packaging and labelling of dangerous substances.



A trend appearing in EU law is the use of directives that set out a framework or
structure of controls, which are then applied to specific situations through further
‘daughter Directives’ (Ball & Bell, 1994). An example of such a Framework Directive
is the Water Framework Directive through which it is hoped an integrated and co-

ordinated approach to water management can be introduced (Foster et al., 2001).

Environmental legislation and the regulation of potential impacts to the environment
have built up in a rather haphazard fashion. Many of the Acts and revisions of
legislation were made on a reactive basis. Park (2001) outlines the development of
what he terms as environmentalism (the social and societal pressures leading to these

environmental regulatory changes) as three waves of environmentalism:

e First Wave—  The conservation era launched by Roosevelt and Pinchot
in the US (c1915-1960s)

e Second Wave — The explosion of pollution control laws and regulations,
during the 1960s and 1970s

e Third Wave— The current solution-orientated environmental climate

Malcolm, (1997) suggests that environmental regulation has grown in direct proportion
to environmental awareness. In the last decade alone there has been an explosion of
international treaties and protocols, European laws and domestic legislation concerned

with the environment.

For further details on the history and development of environmental law readers are
directed to ‘Environmental Law’ (Ball & McGillivray, 2000). This book is now in its 5"
edition, previously Ball and Bell (21““l edition, 1994), which testifies to the speed at
which environmental legislation 1s developing. For issues relating to the planning and
process control side of environmental legislation, which is beyond the scope of this

introduction another valuable resource i1s ‘A Guide to Environmental Law’ (Malcom,
1994).

1.2.2 Environmental Legislation — The Current Situation

Having presented a brief history of the development of environmentalism and
environmental legislation, some of the main pieces of legislation shall now be

considered in further detail. The regulatory controls for water, air, integrated pollution
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control, and the establishment of the environment regulatory bodies shall be considered.

The list below 1s not an exhaustive list, but includes some of the major legislative
instruments particularly those with relevance to the control of hazardous substances in

the environment.

¢ Regulation of water
— Water Resources Act 1991
~ Ground Water Regulations 1998

e Regulation of atmospheric pollution
— Clean Air Act 1993
— Air Quality Regulations 1997

e Integrated pollution control regulations

— Environmental Protection Act 1990

— Pollution Prevention and Control Act 1999

e Establishment of environmental regulators

— Environment Act 1995

Regulation of Water
The regulation of water is divided in to two distinct areas:

e Water used for specific uses
-  Drinking water
— Bathing water

— Water for fish and shellfish habitats

e Dangerous substances in water

Up to the 1940s water supply and sewage disposal were mainly controlled through
municipal authorities (Garbutt, 2000). It was the River Boards Act 1948, and
subsequently the Water Resources Act 1963 (WRA 1963) that established a regional
structure of authorities based upon river basins.

A further major restructuring of the industry was brought about by the Water Act 1989
(WA 1989), Water Resources Act 1991 (WRA 1991) and the Water Industry Act 1991
(WIA 1991). This included the privatisation by the Government of the operational side
of the water industry (water supply, sewage services and some recreational SErvices).

The Office of Water Services (OFWAT) was formed, regulating water supply and
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sewage provisions, while the National Rivers Authority (NRA) was created (WA 1989)

with powers including the regulation of pollution and water abstraction in watercourses.

While these developments split the regulation of water into that of provision and
protection, another major step was taken with the Rivers (Prevention of Pollution) Act
1951. This legislation required consents for sewage and industrial discharges to inland
waters. The WRA 1963 extended this consenting to certain underground waters. The
geographical coverage of discharge consenting was further increased by the Control of
Pollution Act 1974 (COPA 1974) which covered inland waters, underground waters,
tidal and coastal waters (up to 3 miles). COPA 1974 also introduced a public register of

information and allowed the possibility of private prosecutions.

The Dangerous Substances Directive 76/464 ° relates to dangerous substances discharge
to water, (not to be confused with the Dangerous Substances Directive concerning
packaging and labelling). This directive is a “framework directive” setting out a
programme of action to be followed by later “daughter” directives which in this case
deal with individual chemicals.

The Directive outlined two lists of chemicals, the first of substances the pollution from
which should be eliminated and the second of substances where pollution is to be

reduced (See Appendix 1):
ListI - Black List

Particularly toxic, persistent or bioaccumulating substances.

List II - Grey List
Groups and families of substances which affect the smell and taste of

water, also substances affecting the balance of oxygen in the water.

The daughter directives detail limits for these chemicals, threshold volumes which

discharges should not exceed. The Groundwater Regulations 1998’, ensure the UK is

compliant with the EC 1980 directive on Groundwater’. The regulations concern the

protection of groundwaters from List I and List II substances as outlined in the

(discharge to water) Dangerous Substances Directive. Further details about the UK’s

® Council Directive 76/464 on pollution caused by dangerous substances discharged into the aquatic
environment

7 Groundwater Regulations, Statutory Instrument 1998 No. 2746

® Council Directive 80/68/EEC on the protection of ground water against pollution caused by certain
dangerous substances
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Environmental Quality Standards (EQS) system are outlined in the section on the

Environmental Toxicology Section (Section 1.4.2).

Regulation of Atmospheric Pollution
Regulations controlling atmospheric pollution developed from the legislation against

smoke and smog nuisances. The Clean Air Act 1956, which was supplemented by the
Clean Air Act 1968, imposed controls on atmospheric pollution. This included controls
for all commercial activities not previously covered by regulations and for the first time

also referred to domestic fires.

During the 1970s a gradual improvement in air quality took place (Ball & McGillivray,
2000). However at a similar time there was a growing awareness of the problems
related to sulphurous emissions from vehicles and chimneys. The resulting NOx and
SOy particles that are formed in the atmosphere were linked with acid rain and acid

deposition particularly in Scandinavian regions.

Other growing issues such as ozone depletion and the threat of global warming led to
various emission standards being set. There were also prohibitions on some substances,
e.g. chlorofluorocarbons (CFCs). The Air Quality Standards Regulations 1989’ set
quality standards for the atmosphere; these standards detail limit levels for sulphur

dioxide, nitrogen dioxide, lead and smoke as measured by a system of sampling stations
around the UK.

Historically local authorities have been responsible for enforcing atmospheric pollution
limits and nuisance controls. Under emerging, integrated approaches to pollution
control the newly formed environmental regulators are now responsible for the most

polluting industries.

Integrated Pollution Control Regulations

The compartmentalised approach to pollution control in the UK has been criticised for
its failure to view the environment as a whole (Ball & McGillivray, 2000). Instead
individual environmental compartments (air, land and water) are considered and
regulated separately. There was previously no consideration of the possible
consequences of imposing a control on one environmental compartment or media and

the effects it would have on the others. Under such a situation by changing an industrial

? Air Quality Standards Regulations, Statutory Instrument 1989 No. 317
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process the controls for water may be met while transferning the environmental burden

to the land or air compartments.

The Environmental Protection Act 1990 (EPA 1990) introduced a system of integrated
pollution control for industrial processes. The legislation is a process-orientated control
system and has two main parts. The first part, Integrated Pollution Control (IPC) relates
to more polluting processes (Figure 1.4) and addresses the minimisation of pollution to
all environmental media. The second part, Air Pollution Control (APC) is aimed at the

less polluting industries and only controls atmospheric emissions.

Prescnbed Processes:

Fuel and power industry

Gasification, carbonisation, combustion and petroleum processes.

Chemical industry
Petrochemical, organic, chemical pesticide, pharmaceutical, acid manufacturing,
halogen, chemical fertiliser, bulk chemical storage, and inorganic chemical

processes.

Minerals industry

Cement, asbestos, fibre and ceramic processes.

Metal industry

Iron and steel, smelting and non-ferrous processes.

Waste disposal industry

Incineration, chemical recovery, and waste derived fuel processes.

Miscellaneous industry
Paper manufacturing, di-1socyanate, tar and bitumen, uranium, coating, coating
manufacturing, timber and animal and plant treatment processes.

Figure 1.4 — Prescribed processes as outlined in schedule to the environmental protection
regulations under EPA 1990, (Ball & McGillivray, 2000)

The EPA 1990 refers to IPC being administered by an ‘enforcing authority’. The
authority in England and Wales is the Environment Agency as formed by the
Environment Act 1995. The Scottish Environmental Protection Agency (SEPA) is

similarly responsible for IPC in Scotland. Meanwhile local authorities carry out the
duties under APC for the less polluting industries.
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A number of regulations were passed under the framework of EPA 1990 outlining the

‘prescribed’ processes incorporated and detailing the system of authonsations for these

processes:

e Environmental Protection (Prescribed Processes and Substances)

Regulations 1991

e Environmental Protection (Applications, Appeals and Registers)
Regulations 1991"

e Environmental Protection (Authorisation of Processes) (Determination
Periods) Order 1991

The UK Pollution Prevention and Control Act 1999, implemented the requirements of
the European Integrated Pollution Prevention and Control Directive 1996 (IPPC)".
This legislation broadens the scope of IPC and includes specific requirements for the
use of a Best Available Technology (BAT) approach to pollution prevention. There is a
7-year rolling programme for applying the IPPC regulations to those processes and
installations detailed in the legislation. This was due to start in 1997, but actually

commenced 1n 2000,

IPPC continues the trend of integrating environmental legislation and considering a
more holistic approach that considers the interactions and consequences of controls on

processes and chemicals. IPPC also aims to promote sustainability by requiring BAT to

meet the process controls.

1.2.3 Establishment of Environmental Regulators

Along with the integration of regulatory approaches such as the EPA 1990 an
integration of the regulatory bodies for the environment was made with the
Environment Act 1995 (EA 1995). The Act introduced key changes in the organisation

and enforcement of environmental legislation in the UK.

19 Environmental Protection (Prescribed Processes and Substances) Regulations, Statutory Instrument
1991, No. 472 as amended

'! Environmental Protection (Applications, Appeals and Registers) Regulations, Statutory Instrument
1991, No. 507

'2 Environmental Protection (Authorisation of Processes) (Determination Periods) Order, Statutory

Instrument 1991, No. 513
'3 Council Directive 96/61/EEC on integrated pollution prevention and control
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