
Foreword

In 1998 we issued a consultation document on endocrine-disrupting substances, not simply to add 
to the ever-growing mountain of literature on the subject, but because of the new evidence which had
emerged of their effects on our own freshwater fish. We realised it was a complex subject and that a
considerable range of opinions already existed on what could, and could not, be done about it. We also
realised that this level of uncertainty and debate was a recipe for delaying action!

Delaying action, however, is not an option. We have therefore drawn up a strategic approach that is based on
the most up-to-date evidence, backed by a programme of further monitoring, research, and collaboration in
order to reduce uncertainty. It is a first step, but a big one. There is still a long way to go.

Dr R J Pentreath

Chief Scientist and Director of Environmental Strategy

Endocrine-disrupting substances in the environment:
The Environment Agency’s strategy
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Introduction

1 In January 1998 we issued a consultation 
report, Endocrine-disrupting substances in 
the environment: What should be done?
This outlined our concern about the potential
impact of certain substances on wildlife, 
drawing upon recent research sponsored by the
Environment Agency on the effects of discharges
from sewage-treatment works on freshwater fish. 
The report sought views on ways in which we 
could address this complex issue.

2 We received about 60 responses to the 
consultation. These were helpful in finalising 
our approach. We have also taken into account 
our existing powers and duties in determining 
our contribution to dealing with the issue.

3 We recognize that this is an international 
matter, which is being considered by many other
organisations and by the UK Government. We
will keep our strategy under constant review and
update it as new information becomes available.

The Environment Agency’s 
strategic approach

4 Our approach is founded upon the principles 
of taking an integrated view towards
environmental protection, sound science, 
working with all relevant sectors of society, and
taking a precautionary stance. It deals primarily
with the issue of endocrine-disrupting substances
in the environment and what actions can be
taken to protect the environment and the wildlife
it supports. While inevitably touching upon
human exposure, the strategy does not deal
specifically with public health issues.

5 It has four main elements:

• taking cost-effective action to reduce the risk of
potential endocrine-disrupting substances
causing harm to the environment;

• carrying out targeted monitoring to evaluate 
the concentrations of these substances in 
the environment;

• addressing areas of scientific uncertainty through
further research with others; 

• raising awareness and providing information.

6 To implement our strategic approach, certain
substances and processes need to be targeted.
Although we recognize the high level of
uncertainty in determining substances for priority
action (test methods are being developed
internationally and lists are being evaluated at
European level), we consider that actions are
needed now to minimise discharges of certain
substances. These substances are: 

• those already subject to statutory control 
for other reasons such as their toxicity and
persistence, but for which endocrine-disrupting
effects have also been reported; 

• some alkylphenols and steroids not currently
subject to existing statutory controls but
according to recent evidence, may be 
harming wildlife.

7 We have identified sources and pathways 
by which each substance may enter the
environment, and considered more than 20 
areas for further action which include:

• the implementation of pollution reduction
programmes for hazardous substances subject 
to statutory control;

• developing, with others, implementing and
monitoring of operational environmental 
quality standards or targets for steroids and the
alkylphenols, where these do not already exist;

• encouraging industry to implement voluntary
reduction measures;

• targeting pollution prevention work and
reviewing whether more can be done under the
Integrated Pollution Prevention and Control
regime to minimise releases at source.

3

Executive summary

M415866 EA 24pp insides  3/14/00  2:21 PM  Page 3



8 Our actions will be targeted at the areas and
processes on a risk basis. We have used the 
Agency’s new Pollution Inventory to identify
sources and quantities of discharges of potential
endocrine-disrupting substances to the
environment. Maps of emissions of alkylphenols
and tributyltin are presented. We will review all
sources and determine appropriate actions 
for pollution prevention. Timescales for
implementation range from 2000 to 2005.

9 We also present an initial assessment of the 
risks of endocrine-disrupting effects in wildlife
through exposure to steroids from sewage-
treatment works’ discharges to rivers across
England and Wales. This approach will help
support decision-making about priorities for
investment in treatment to remove steroids 

from sewage effluents. This will require a 
further programme of collaborative research 
in order to set appropriate environmental
standards, to refine risk assessment techniques,
to identify treatment options and their respective
costs and benefits, and to investigate in more
detail the ecological relevance of endocrine
disruption in wildlife populations.

10 The actions outlined in this strategy to address
endocrine-disrupting substances are just one 
part of a wider debate over policy on chemicals
and the environment. This is currently being
discussed through consultation in the UK and
Europe. The Agency is reviewing its own
regulatory approach with respect to these new
developments and will consult on a broader
chemicals strategy in the year 2000.

4
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In taking forward its Environmental Strategy1 the
Environment Agency has been addressing several
specific issues of current concern. Our approach has
been to draw together the available information, 
to consider our options within our own sphere of
responsibilities and influence, and then to consult
others before deciding what action to take.

We have applied this approach to the issue of
endocrine disruptors in the environment and, as a
result, we set out here the strategy that we intend 
to pursue to address this difficult and complex issue.

1.1 Background
Over the past few years, the effects of endocrine-
(hormone-) disrupting chemicals in humans and
wildlife have been receiving increasing attention. 
The issue itself is not a new one: evidence of disruption
of reproductive systems in animals caused by exposure
to certain groups of chemicals has been documented
over the past 40 years. But there is now more
conclusive evidence of effects on wildlife populations. 

Endocrine-disrupting substances are a potentially
serious problem for the environment. The Agency,
responsible for protecting or enhancing the
environment as a whole, has specific duties and
powers for preventing and controlling pollution. 
Of particular relevance in this context are the 
UK and European legislation concerning water 
pollution control and that relating to Integrated
Pollution Prevention and Control (IPPC) of 
major industrial processes.

The Agency is also responsible for managing certain
environmental resources and ensuring that there is 
a sustainable balance between society’s needs 
for those resources and the protection of the
environment. The presence of endocrine-disrupting
substances has particular implications for the Agency’s
role in managing the water environment to protect its
different uses and wildlife. Our strategy therefore deals
primarily with the issue of endocrine-disrupting
substances in the environment and what actions could
be taken to protect it and the wildlife it supports. 
This inevitably touches upon human exposure via
environmental media, although the strategy does not
deal specifically with public health issues, which are
the direct responsibility of other public bodies. 

1.2 The consultation process
To assess this issue we examined the evidence for
endocrine disruption in wildlife and considered 
what needed to be done. This led to two Agency
publications, in January 1998:

• a scientific review of the evidence and extent of
endocrine disruption in wildlife entitled Endocrine-
disrupting substances in wildlife;2

• a consultation report entitled Endocrine-disrupting
substances in the environment: What should be done?3

The consultation paper contained a series of
suggestions for action that could be taken by the
Agency itself and by others. It generated much 
interest and comment, and many different and
sometimes divergent views were expressed. In
particular, consultees held very different opinions on
the extent to which action should be taken now, on
the basis of limited available scientific information in
an area where considerable uncertainties still remain.
A summary of these responses is available from the
Agency on request. 

We have considered the views expressed by 
consultees very carefully, although no broad
consensus has emerged on how the issue should be
tackled and on what actions should be taken and by
whom. The responses were, nevertheless, very helpful
in drawing out the key issues which we have used in
developing our strategy.

1.3 What is the current state of 
knowledge on endocrine-disrupting
substances?

There have been various definitions of endocrine-
disrupting substances, but essentially they are either
naturally occurring or synthetic substances that
interfere with the functioning of endocrine systems
resulting in unnatural responses. Endocrine systems are
responsible for the regulation of many different
physiological processes, but the main concerns about
the effects of endocrine-disrupting substances to date
have centred around reproductive processes. There is
also growing interest in influences on neurobehaviour,
growth and development, and these, too, will need to
be addressed.

5

1. Introduction

M415866 EA 24pp insides  3/14/00  2:21 PM  Page 5



Evidence suggests that there is a potentially wide 
range of substances with endocrine-disrupting
properties, each with different possible pathways
through the environment. Much of the published data
relate to laboratory conditions and do not necessarily
reflect the responses that would occur in an animal in
the environment. Some substances have been shown
to be biologically active at very low concentrations and
to cause serious, irreversible effects. In some of the
relatively few cases where effects on wildlife in field
situations have been investigated in detail, the
incidence of reproductive abnormalities is greater than
previously realised.4 Much of this work has been led by
the Agency itself, and we have sponsored considerable
research into endocrine disruption in wildlife.

The ecological significance of these observations is 
not well understood, however. Exposure to some of
these substances (such as natural and synthetic 
steroids in sewage effluent) has been occurring for
many years. The recent concern about this issue
therefore needs to be put into context. Significant
uncertainties remain over what substances (and
combinations of substances) are implicated, the
concentrations of substances at which effects occur,
what species might be affected, the severity of these
effects and the overall risk to wildlife.

1.4 Guiding principles for the 
Agency’s approach

Statutory guidance from ministers to the Agency5

sets out three elements that are relevant to
developing our strategy. The Agency is required to:

(i) adopt, across all its functions, an integrated
approach to environmental protection and
enhancement which considers impacts of
substances and activities on all environment
media and on natural resources;

(ii) work with all relevant sectors of society, including
regulated organisations, to develop approaches
that deliver environmental requirements and
goals without imposing excessive costs (in
relation to benefits gained) on regulated
organisations or society as a whole;

(iii) operate to high professional standards, based on
sound science, information and analysis of the
environment and of processes that affect it.

The Agency recognizes the level of uncertainty
surrounding this issue and the need to take a
precautionary approach, defined in the Rio
Declaration on Environment and Development6

as follows:

“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.”

This approach has been recognized as one of the 10
guiding principles and approaches in the UK Strategy
for sustainable development, A better quality of life.7

The UK Strategy continues to say that precautionary
action requires assessment of the costs and benefits
of action, and transparency in decision making.

1.5 Reviews of chemicals policy
The issue of endocrine-disrupting substances now 
has to be viewed within the wider context of the
reviews taking place on policy and legislation
regarding chemicals in the environment. The
Government has recently published a strategy for 
the sustainable production and use of chemicals;8

this includes exploring options to improve upon
present programmes for existing and new chemicals. 
It is considering how to promote eco-efficiency 
in industry, the potential for speeding up risk-
assessment procedures, and how to take a more
precautionary approach. Discussions are also taking
place within the European Union on how the existing
European regulatory and legislative frameworks could
be streamlined to reduce the burdens imposed on
member states and on industry.

A Hazardous Substances Strategy has been adopted
by the Oslo and Paris Commission (OSPAR), with 
the ultimate aim of achieving concentrations near
background levels for naturally occurring substances
and close to zero for synthetic substances. The United
Nations Economic Commission for Europe has
recently agreed a protocol on persistent organic
pollutants. All these initiatives have a bearing on how
the problem of chemicals with endocrine-disrupting
properties can be addressed.

6
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On the basis of the review of available information
and consideration of the responses to the consultation
paper, the Agency proposes to adopt a strategy with
four main elements. These elements involve:

• taking cost-effective action to reduce the risk of
potential endocrine-disrupting substances causing
harm to the environment;

• carrying out targeted monitoring to evaluate 
the concentrations of these substances in the
environment;

• addressing the areas of scientific uncertainty through
further research with others;

• raising awareness and providing information.

These elements are discussed further in 
subsequent sections.

2.1 What are the substances to be 
addressed by the Agency?

There has been much debate about which substances
cause endocrine disruption, and much uncertainty
over identifying these substances remains. The need 
for an internationally agreed screening procedure 
has been recognized, and is being developed by 
the Organisation for Economic Cooperation and
Development. Many ‘lists’ of potential endocrine-
disrupting substances were collated by the European
Commission9 as a starting point for further analysis
and determining priorities. The Agency wants to start
taking appropriate precautionary action now, so we
have decided that our initial priorities should be to:

1 implement pollution-reduction programmes 
for certain substances with reported endocrine-
disrupting properties which are already subject 
to statutory control in the UK for other reasons;

2 reduce the quantities of other substances
released into the environment which are not
already subject to statutory designations but for
which the Agency believes there is evidence that
they are causing actual or potential effects in
wildlife populations. Specifically, these groups of
substances are the alkylphenols and steroids.

The substances falling into each of these two
categories are shown in Table 1. We will focus our
initial action on these substances but recognize that
this list of substances is not exhaustive and will need
to be reviewed regularly. Other substances, for
example pthalates, have raised concerns but, since
evidence for effects of these in wildlife is weak, they
have been excluded from our initial priorities. 

We are aware of priorities being developed by 
the European Commission, the Oslo and Paris
Commission (OSPAR) and under the proposed Article
16 of the EC Water Framework Directive. We are also
aware of the Government-funded prioritisation work
in progress on endocrine-disrupting substances. This 
will identify priority chemicals for the environment
requiring further detailed investigation. It will also
include an evaluation using clear criteria to determine
the likelihood of endocrine-disrupting effects in the
environment and the need for regulatory control. 
In addition, the Government’s prioritisation database 
will help determine other substances requiring 
further investigation. The Agency will follow these
developments closely and take account of any
agreements at national, European and international
level in revising this initial list of substances.

7
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Category 1 – Substances already subject to statutory control and reported as potential 
endocrine disruptors

Category 2 – Other substances reported as potential endocrine disruptors

Substance Relevant statutory designation Current environmental 
and control (if any) quality standard status

DDT EC Dangerous Substances Directive Statutory EQSs in place
‘Drins 76/464/EEC List I substances;
Lindane IPC prescribed substances 

Polychlorinated biphenyls IPC prescribed substance No statutory EQSs; 
(PCBs) hazard assessment of priority 

congeners being carried out 
by Agency

Polychlorinated dibenzofuran; IPC prescribed substances No statutory EQSs but 
Dibenzo-p-dioxin congeners operational EQSs under 

development by Agency

Tributyltin IPC prescribed substance; Statutory EQS in place
List II dangerous substance

Atrazine
Dichlorvos
Endosulfan Identified List II dangerous
Simazine substances and IPC prescribed Statutory EQSs in place
Trifluralin substances
Demeton-S-methyl
Dimethoate
Linuron
Permethrin

Nonylphenol None Operational EQS developed 

Nonylphenol ethoxylate None Operational EQS under 
development

Octylphenol
Octylphenol ethoxylate None Operational EQS developed 

by Agency

Ethinyl oestradiol
17ß oestradiol None
Oestrone None

Table 1
Substances for which endocrine-disrupting effects have been reported and which 
the Agency will address
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Endocrine-disrupting substances can enter the
environment in three principal ways:

• through releases to air, land, or water as 
by-products from industrial processes or 
waste disposal; 

• in aquatic discharges from domestic or industrial
wastewater treatment plants and sewerage systems;

• through intentional use (such as pesticides).

These pathways are similar to those of other
contaminants, and pollution control legislation has been
built up over the years to address these routes. We have
already taken significant actions on some substances. 
For example, when environmental problems due to
nonylphenol were recognized in the Aire and Calder
catchments in Yorkshire, the Agency achieved the
adoption of voluntary changes by many of the industrial
dischargers involved. We have evaluated what more can
be done to use our existing powers and duties to reduce
the quantities of potential endocrine-disrupting
substances entering the environment.

3.1 Deriving environmental quality 
standards (EQSs)

Environmental quality standards (EQSs) have for many
years been central to pollution prevention and control
practice in the UK. They provide the basis for setting
discharge consents and catchment management
planning to ensure that the environment and its
different uses are protected. There is no reason, in
principle, to treat endocrine-disrupting substances any
differently from other dangerous substances. Indeed,
many substances listed in Table 1 already have EQSs or
have EQSs under development, although some of
these were set without considering possible endocrine-
disrupting effects. EQSs are obtained from a
consideration of all reported ecotoxicological end-
points (both lethal and sub-lethal), although the
available data are often poor or non-existent, especially
with respect to endocrine-disrupting end-points. They
are usually based upon the lowest credible adverse
effect concentrations. In the case of endocrine-
disrupting substances this may be a reproductive effect 

(as was the case with the EQS for tributyltin), but it
may equally be an adverse effect not caused by
disruption of the endocrine system. This was the case
for nonylphenol, where endocrine disruption was not
the most sensitive end-point. EQSs will continue to be
set on the most sensitive end-point.

The substances in Category 1 (Table 1) all have 
EQSs. Pollution reduction programmes have 
been developed to meet the requirements of the
Dangerous Substances Directive (76/464/EEC) and to
ensure compliance with statutory EQSs. The Agency
will bring forward the implementation of these
programmes as a matter of priority.

We will also ensure that work is undertaken to 
identify EQSs for all the substances in Category 2, 
Table 1. In some cases, where scientific information is
currently lacking, such as the steroids, this will mean
establishing dose-response relationships for target
species. This presents particular challenges because
these substances are known to be biologically active 
at very low concentrations. This work will need to be
done on a collaborative basis involving the skills and
experience of different organisations.

Once EQSs have been established, the Agency 
will monitor their achievement in the environment
through targeted monitoring (see section 4). Some
consultees pointed to the limitations of the EQS
approach, particularly when the number of chemicals
is continuing to grow, where effects are detected at
very low concentrations and are often difficult to
measure, and where substances may act together 
in different ways. 

The Agency has been involved in developing other
biological approaches, including Direct Toxicity
Assessment (DTA). The DTA programme is currently 
at the demonstration stage and is aimed at reducing 
the level of toxicity in discharges to avoid lethal
concentrations. Dependent upon the outcome of this
programme, it will be extended to address sub-lethal
(including reproductive) effects.

9
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3.2 Addressing point-source discharges
Sewage treatment and disposal 
In this section we specifically address the issue of
steroids in discharges from sewage works. Other
substances also enter the environment through this
route. Some of these are covered in later sections in
addressing controls of trade effluents at source.

Recent research has shown that incidence of
feminisation of male fish in rivers is significantly higher
at sites downstream of the discharges of sewage
effluents and that the severity of effects seems to be
linked to the size of the discharge.4 Our understanding
of what individual or combination of substances in
sewage effluents is responsible for these effects is not
complete. Experiments to assess the oestrogenic effects
of different substances in sewage effluents show that
certain steroids (both naturally produced and
synthetic) are considerably more potent than other
categories of substances.10

10

This map was derived using estimates of the average dilution available for large sewage-

works effluents (above 10,000 population equivalents). It assumes that the median steroid

concentration in the effluents is 12ng/l. Using simple mass balance and assuming upstream

concentrations are zero, this map of sites likely to exceed 5ng/l total steroids was derived.

The likely exceedances are at the point of discharge and takes no account of degradation

processes in the river. More work is required to refine the assumptions made and data

used, many of which are broad estimates.

Figure 1  Indicative map of rivers likely to have the greatest 
concentration of steroids
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Steroids are a group of chemicals that present
particular challenges because:

– they are likely to be present in all 
sewage effluents;

– some are naturally produced and sources 
are not readily controllable; 

– they are biologically active at very low
concentrations.

Steroids must have been introduced into the
environment ever since sewage effluent has been
discharged into rivers and coastal waters. This is 
not therefore a new phenomenon, although the
quantities of effluent discharged have increased
throughout the 19th and 20th centuries as the
population has grown and the number of large
sewage-treatment works has increased. Other
substances in Categories 1 and 2 in Table 1 may 
also enter the environment through this route.

The Agency intends to address this issue through the
following series of actions.

• Identifying high-risk areas.
This will be based on an assessment of the volume of
sewage discharges (taking account of population
served) and the dilution capacity of receiving waters.
The Agency has carried out a preliminary assessment
of high-risk areas on this basis. When an EQS has been
established for steroids, and assuming a level of
steroid input from treated sewage discharges, areas of
potential exceedance of the EQS can be established.
These can be used to draw indicative maps, such as
Figure 1, to show the extent of risk of endocrine
disruption in fish populations. With further
development of the assumptions made, such maps
can then be used for targeting monitoring (section 4)
and priorities for improvements to sewage treatment.

• Monitoring against established EQSs and new
EQSs as they are developed.
This will determine the risk of adverse biological
effects and how widespread these might be.
Monitoring will be focused in high-risk areas
including surveys of effects in local wildlife and
measuring concentrations of steroids and other
substances.

• Determining what options are available and in
what combination to meet EQSs and/or reduce
concentrations, and to assess the costs and
benefits of these options.
Some options can be progressed before EQSs are
established; others will follow after the development
of EQSs. Areas that need to be addressed are:

– catchment management solutions that take
account of the balance between water quality
and quantity and minimise potential effects on
other water uses and wildlife; 

– further research into wastewater treatment
technology and, in particular, understanding how
previously re-activated hormones could 
be treated. Treatment options are required to
reduce steroid concentrations in discharges;

– reducing inputs of endocrine-disrupting
substances entering sewerage systems via trade
effluents and industrial premises.

• Taking account of the options above when 
issuing and reviewing licences for discharges 
and abstractions.
This could include implementing new consent
conditions linked to biological effects when they have
been fully developed (see section 4).

Preventing pollution from industry
The Agency is responsible for implementing Integrated
Pollution Control (IPC) on industrial processes considered
to have the greatest potential to pollute the environment
(Part A processes). Under IPC, the principle of best
available techniques not entailing excessive cost
(BATNEEC) is used to prevent the release of prescribed
substances or, where that is not practicable, to reduce
and render harmless the release. Provided BATNEEC has
been used, a release can be authorised even though it
may not be entirely harmless. Most pesticides with
endocrine-disrupting properties are “prescribed”
substances but some other categories of endocrine-
disrupting substances are not prescribed to water (for
example alkylphenols), so for these latter substances
BATNEEC must be used to render harmless only (and not
to prevent release). IPC is strengthened when an
environmental quality standard exists. BATNEEC is still
applied, but the EQS must be met. If the EQS cannot be
met, the Agency would not issue an authorisation.
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Nevertheless, the Agency has been successful at
bringing pressure to bear on IPC-authorised
companies and has achieved environmental
improvements above strict interpretation of the law. 
For example, a release of nonylphenol (which is not
prescribed) from one site to sewer has been reduced
by over 90 per cent in the past three years.

Most of the substances listed in Table 1 are prescribed
substances under IPC and subject to control by the
Agency; the exceptions are steroids and alkylphenols.
The range of relevant processes subject to control
includes:

– gasification

– fuel combustion

– metal production

– manufacture and use of organic chemicals

– processes involving halogens

– pesticide production

– waste incineration and recovery

– paper and pulp manufacturing

– coating processes (including application 
of organotin anti-foulants in shipyards)

– timber processes

Implementation of the Integrated Pollution
Prevention and Control (IPPC) Directive commenced
in late 1999. Among other things, this refers
specifically to substances and preparations proven to
possess carcinogenic or mutagenic properties or
properties that may affect reproduction among those
that need to be taken into account in establishing
emission limits for industrial processes.

12

Figure 2  Release of tributyltin from Part A processes in 1998

TBT compounds released to:

sewer(kg)
controlled
waters(kg)

>1.0

0.5 to 1.0

< 0.5

Source: Environment Agency (Pollution Inventory)
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The Agency intends to take the following approach in
preventing and minimising releases of endocrine-
disrupting substances from industrial processes.

• Identify those industries that produce or use the
substances in Table 1 or sites from which there is
a risk of releases as a by-product from prescribed
processes. The Pollution Inventory, first available in
the summer of 1999, has been used to identify
sources of the substances in Table 1. Appendix 1
shows the number of sites and discharges to 
different environmental media reported by different
industries. From this information, we have prepared
maps of known emissions of alkylphenols and
tributyltin from Part A processes (Figures 2 and 3). 
The Agency will review all identified sources of these
substances and assess whether more can be done
with respect to BATNEEC and applying the
precautionary approach. This will include substances
discharged to sewer and which could potentially
enter the environment through sewage-treatment

discharges. High-risk maps can then be prepared,
similar to those in Figure 1, and monitoring targeted
in these areas.

• Continue to apply existing EQSs and apply new
EQSs as they are developed to ensure that
emissions from authorised processes do not 
lead to concentrations of chemicals in the
environment that would exceed them.

• Encourage process operators to adopt waste
minimisation schemes and to phase out the
manufacture and use of products containing
substances in Table 1. The Agency is already
involved, with others, in waste minimisation 
schemes and has achieved voluntary reductions 
in the use of some substances.

• Encourage the water industry to play its part 
in minimising releases of substances in Table 1
from industry by assessing their sources,

Figure 3  Release of alkylphenols from Part A processes in 1998

>6,000

4,000 to 6,000

2,000 to 4,000

0 to 2,000
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behaviour and fate in sewerage systems, through
sewage treatment processes and via sludge
disposal. Similarly, industry needs to understand the
fate and behaviour of any waste products through
any on-site treatment facilities which then discharge
to the environment.

• Press for the recognition of substances in Table 1
in the Best Available Techniques reference
documents that are being developed in Europe
under the IPPC Directive. These substances also
need to be recognized in the proposed Water
Framework Directive.

• Introduce direct toxicity assessment (DTA)
techniques to address complex mixtures of
substances from industry and to serve as the 
basis for toxicity reduction programmes.

3.3 Diffuse pathways into the 
environment 

For some of the substances listed in Table 1, the main
pathways into the environment will be from diffuse
sources, with a plethora of different possible routes.
Contamination arising from diffuse sources can arise
because:

– substances (such as pesticides) are deliberately
introduced into the environment for a specific
purpose (such as controlling pests);

– substances may be released as unwanted 
by-products from certain processes, and
redeposited elsewhere in the environment 
(such as atmospheric deposition of air emissions); 

– substances may be released unintentionally from
the use of different products (such as certain
domestic products).

Because of the multitude of different possible
pathways into the environment, diffuse-source
pollution is difficult to prevent and control. We will
therefore adopt a multi-faceted approach, which will
include the following actions.

• Working with others to ensure that best practice
guidelines for the use of substances are followed.
An example is provided by the work the Agency has
done with the Health and Safety Executive and the
farming industry to ensure good practice in the use
of sheep dips.

• Providing scientific support to the Government in
assessing the risks to the environment associated
with both existing and new chemicals, including
the pesticides approvals process. The Agency will
play its part, via its National Centre for Ecotoxicology
and Hazardous Substances, in both the European
reviews of existing substances (some of which are
reported to have endocrine-disrupting properties)
and in supporting the development of standardised
and cost-effective screening methods for endocrine-
disrupting effects of new products, much of which 
is being led by the Organisation for Economic 
Co-operation and Development. We also 
provide scientific support to the Government 
on the assessment of applications for approval 
and reviews of pesticides, biocides and 
veterinary products.

• Where concerns exist over the use of particular
products, working with industry to explore the
potential for using alternatives. This should be
based upon analysis of relative risks throughout the
whole life cycle of the products. Alternatives need to
be at least as “safe” as the chemicals they replace.
The Agency will continue to encourage such
voluntary action where it is needed and will help
where it can by providing environmental information
to support the targeting of actions.

• Carrying out catchment-based risk assessments to
support the targeting of pollution prevention
initiatives. We have developed various methods 
and tools to help assess the environmental risks
associated with the use of products and land
management activities. For example, the POPPIE
(Prediction of Pesticide Pollution in the Environment)
system has been developed to identify catchment
areas at risk from the use of different pesticides, and
is being used to help target actions to prevent
pesticide pollution.

• Supporting the international initiative to 
phase out the use of organotin-based 
anti-fouling paints on all boats and ships.
Until the use (both legal and illegal) of these
products has been completely phased out, the
Agency will continue to regulate shipyards under IPC
and other processes where there is a risk of releases
of organotins into the environment (see Figure 2),
and to take preventative action to minimise releases
from diffuse sources of these substances. We will also
continue to support the monitoring of the effects on
wildlife in TBT-enriched environments.
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Wastewater
treatment/disposal

Identify areas of high risk
(rivers with high proportion 
of sewage effluent)

Develop EQSs for steroids and
measure concentrations of the
substances in the environment
and compare against them

Assess catchment management
solutions to meeting EQSs, 
taking account of costs 
and benefits

Investigate and improve
wastewater treatment
technologies

Reduce inputs of endocrine
disruptors to sewerage systems

Take account of issue when
issuing and reviewing licences
for discharge and abstraction

Industrial processes
IPC/IPPC

Identify areas of high risk by 
using the Pollution Inventory
(industries producing, using 
and releasing)

Apply EQSs and ensure
conditions of authorisations 
are met, and prosecute 
where failures

Seek voluntary arrangements
with process operators, where
appropriate, for discontinuing
use of substances and waste
minimisation

Encourage the water industry
to use trade effluent controls
to minimize releases to 
sewage works

Press for recognition of the
substances in the technical
guidance notes for IPPC

Introduce direct toxicity
assessment techniques to 
address mixtures

Diffuse sources

Work with others to ensure 
“best practice” is followed in
using the substances in the
environment

Provide advice on pesticides
approvals and other
assessments of new chemicals

Work with industry to develop
alternative products which are
tested for endocrine effects

Identify high-risk catchments
(where pesticides are used) 
and target these for pollution
prevention work

Support phase out of 
organotin-based anti-fouling
paints on large boats and
monitor in the environment

Implement pollution reduction
programmes for substances 
with EQSs

Determine appropriate action 
for historically polluted
sediments (which could be 
“do nothing”) and implement
PCB regulations

Influence design of facilities 
to trap pollutants in 
road runoff

Contribute to R&D on
contaminants in sludge

Figure 4
Summary of actions for reducing endocrine-disrupting substances in the environment
according to main pathways
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Table 2
Summary of actions needed to reduce potential endocrine-disrupting substances
entering the environment

Substance Main sources or pathways Action

DDT Still used in some countries so could be on Banned in UK. Generally decreasing
imported goods, but main sources likely to in UK environment.
be historically contaminated sites.

‘Drins Still used in some countries as a pesticide. Banned in UK. Ensure EQSs met.
Residue could be on imported goods and Identify sources of failure and take 
in historically contaminated sites. appropriate action.

Lindane Used as pesticide and imported on Ensure EQSs met. 
fleeces historically. Identify sources of failure and take 

appropriate action.

PCBs Improper disposal of electrical transformers. Banned. Need to consider remediating 
Also formed as a by-product of some processes. historical pollution if real benefits 

expected. Agency is to be the competent
authority for phase out of remaining PCBs.

Dioxins and furans Diffuse sources including metal processing Continue to ensure IPC authorisations met.
industries, domestic burning, waste incineration.

Tributyltin Used on large ships. Enters as diffuse pollution. Support phasing out of use on large boats 
Also a wood preservative. (International Maritime Organisation).

Reduce emissions from Part A processes.

Atrazine Atrazine is used on maize. Identify high-risk areas and then 
Simazine Enters by diffuse pollution. implement pollution reduction 

(Both banned from non-agricultural use). programme. Ensure best practice followed 
in use of substances. Monitor environment.

Dichlorvos Intentional uses as pesticides which may Identify high-risk areas and then 
Endosulfan enter environment as diffuse pollution. implement pollution reduction 
Trifluralin programmes. Ensure best practice followed
Demeton -S- methyl in use of substances. Monitor environment.
Dimethoate
Linuron

Permethrin Used in horticulture, domestic pest control Implement pollution reduction 
and as mothproofer in textile industry. programmes including the use of best
Also as wood preservative. practice in using the substances.
Sources likely to be diffuse. Monitor environment.

ALKYLPHENOLS
Nonylphenol Industrial use as surfactants. To be phased out by 2000 for some uses.
Nonylphenol ethoxylate May enter environment via sewage works. Develop EQSs or targets and then seek to 
Octylphenol reduce use to achieve these. 
Octylphenol ethoxylate Reduce emissions from Part A processes.

STEROIDS
Ethinyl oestradiol Sewage-treatment works’ discharges Develop EQSs/targets. Identify high risk 
17ß oestradiol areas; require water industry to improve
Oestrone sewage-treatment processes.
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Table 3
Timescales for implementation of Agency actions

Action Timescales

Releases from Part A processes
Review all sources of releases of potential endocrine-disrupting 2000 to 2004 when
substances from Part A processes using the Pollution Inventory. authorisations reviewed
Identify what further actions can be taken to reduce these 
releases and implement through authorisation review process.

Releases of steroids from sewage-treatment works
Develop an environmental quality standard for total steroids. 2000

Refine work on identifying rivers likely to have high 2000
steroid concentrations.

Target river monitoring at these sites through special surveys. 2001 to 2003

Set up collaborative projects on test catchments (high-risk areas) 2000 to 2004
to investigate ecological relevance of endocrine disruption, 
options for reducing inputs including research into wastewater 
treatment options, and undertake cost-benefit assessments.

• Determine appropriate action for historically
polluted sediments. This is particularly relevant 
for dealing with PCBs. In some cases it may be
appropriate to dredge and treat; in others it may
cause less environmental impact if they are left
undisturbed. Costs and benefits also need to be
taken into account.

• Minimise the impact of road runoff. Many
pollutants enter the aquatic environment through
road runoff. The Agency will continue to influence
the design of facilities that trap sediments in runoff,
to reduce pollution by this route.

• Contributing to collaborative work to identify 
the presence of contaminants in sludges from
wastewater treatment processes spread on land.
This is particularly important in areas where
combined sewerage systems receive discharges 
of trade effluent. Several endocrine-disrupting
chemicals such as alkylphenols have been found 
in sewage sludge, but relatively little is known 
about the levels and behaviour of both natural and
synthetic oestrogenic substances in sludges. The
Agency is currently contributing £277,500 over four
years to a £3.5 million collaborative project to
investigate toxic substances in sludge.

3.4 Summary
The actions that we will take for the three pathways
described above are shown in Figure 4. The actions for
specific substances are summarised in Table 2 and the
timescales for implementation are given in Table 3.
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5. Addressing areas of uncertainty

There is a lack of reliable information on the
concentrations of many reported endocrine-
disrupting chemicals in the environment. Some
substances are monitored routinely to fulfil statutory
obligations, in particular those arising from the EC
Dangerous Substances legislation. Otherwise, the
available information is restricted to the results of a
few specific investigations. Because of the range of
different substances implicated, and the technical
difficulties and expense of the chemical and
biological analysis, it is neither sensible nor practical
to look for all the priority substances at all sites where
they may be present. A targeted approach is needed,
based upon the risk of environmental exposure. The
Agency intends to adopt the following approach.

• Identify areas of high risk of exposure to the
priority substances. This will be particularly
important in the case of waters receiving high
volumes of sewage effluent, with limited dilution
capacity for long periods (see Figure 1). In these
areas of high risk, monitoring programmes will be
designed to answer specific and relevant questions. 

• Deploy techniques that allow us to assess 
the direct effects of exposure to endocrine-
disrupting chemicals. A few techniques for fish
(such as vitellogenin production and morphological
indicators of reproductive abnormalities) and
invertebrates have already been developed and

tested in specific field investigations. Further research
is needed to produce rapid, reliable and cost-
effective biological indicators of the extent and
severity of endocrine disruption in wildlife
populations. These are needed for screening of 
sites for more detailed investigation if needed.

• Further develop analytical techniques capable 
of detecting and quantifying levels of these
substances in the environment, which may be
biologically active at very low concentrations.
These are needed to help make the links between
any observed biological effects and the presence of
chemicals that may be responsible, so that pollution
prevention and control plans can be established.
Such techniques are likely to be very expensive and 
a few specific chemicals will need to be targeted.

• Encourage industry to play its part in 
identifying substances in its processes and
products, in monitoring any releases of these 
substances into the environment, and in
reporting the information to the Agency. 
Formal arrangements already exist for reporting
many of the substances in Table 1 under the new
Pollution Inventory. In addition, the Agency would
like to see voluntary action taken by dischargers in
measuring or estimating the quantities of other
substances released (those in Table 1 but not in 
the Pollution Inventory).

There is still considerable uncertainty about the 
issue of endocrine-disrupting substances in the
environment. Further research is needed to answer 
the important questions of:

– which chemicals we should be concerned about
(to review Table 1);

– the extent and degree of environmental
exposure to these chemicals;

– whether exposure causes adverse effects on
species and ecosystems and if so, what is the
degree and consequence of these effects.

Very different views were expressed in the
consultation process on the degree of uncertainty
surrounding this issue and the extent to which
preventative actions should be taken now on the
basis of incomplete scientific knowledge.

The Agency has already committed significant
resources to investigating endocrine-disrupting
impacts in the environment and their causes. This
research will continue focusing on key areas relating
to its responsibilities and duties. We have committed
over £1 million to this issue since 1993, much in
collaboration with others through research totalling
£3.6 million. We will continue to raise research

4. Carrying out targeted monitoring programmes
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priorities with others and to develop collaborative
research programmes with them, particularly UK
government departments and industry, which have
extensive programmes already.

Although many research programmes are in progress
across the world, the Agency’s prime focus is to
understand the basis for impacts that are, or could 
be, occurring, in order to protect the environment. 
The priority areas for our research are therefore
assessing the state of the environment, identifying
impacts, and supporting control and prevention
options. This directly influences the research that we
fund and that in which we will seek the collaboration
and support of others.

The following are specific priorities for further
investigation. Our contribution to each of these 
will depend on our priorities and responsibilities, 
as outlined above.

• Development of standard and cost-effective
screening tests (that can be validated) for
endocrine-disrupting activity of different
chemicals. This is particularly important for new
chemicals that may come on the market, and needs
to be done to international standards. The
Organisation for Economic Cooperation and
Development is co-ordinating the development of
these techniques, and the Agency is providing input
to these developments. Work on two test types
began at the end of 1998.

• Providing the necessary information to underpin
the development of EQSs that take account of
endocrine-disrupting effects. This may also require
the reassessment of existing EQSs. Once developed,
these can be used to control exposure to these
substances. This, in particular, will require
collaborative resources.

• Further investigation of the processes by which
chemicals interfere with the functioning of
endocrine systems.

• Development of biological methods that can be
used to assess direct effects in environmental
monitoring and surveillance programmes.
This will include establishing priority species to act as
indicators of harm. Once these are established, we
will need to assess the range of impacts in aquatic
and terrestrial species, including those at the
population level.

• Investigation of the fate and behaviour of natural
and synthetic endocrine-disrupting substances in
environmental media (particularly in water at low
levels, suspended particulates, sediments and
soils), in wastewater treatment processes 
and in landfills.

• Further research into the substances in discharges
that cause effects in wildlife.

• Improving understanding of the effects of
exposure to combinations of substances. 
The effects of mixtures are very uncertain. There are
suggestions of both additive and synergetic effects
but more work is needed.

• Improving the definitions and processes for risk
assessment for endocrine-disrupting substances
and their effects.

• Further development of modelling techniques 
to identify risk areas in surface, ground, and
coastal waters.

• Development of improved or alternative
technologies to prevent the release of known
endocrine-disrupting chemicals into the
environment.

• Collaborative programme of research in test
catchments to identify in detail areas of risk,
wastewater treatment options, costs and benefits
appraisal, and ecological significance.

• Further research into phyto-oestrogens and their
beneficial or detrimental effects in different
species. This topic is of most interest to human
health. The Ministry of Agriculture, Fisheries and
Food, the Department of Health and the Medical
Research Council already have research projects.

The consultation process clearly identified
opportunities for collaboration in taking the research
forward. The benefits are that resources are pooled,
duplication is reduced, and that the adoption of
solutions can be more readily agreed. The Agency
recognizes that it can contribute much to the 
research of other organisations, for example by
providing support with sampling and analysis and
sharing environmental data.

M415866 EA 24pp insides  3/14/00  2:21 PM  Page 19



20

Specifically, the Agency will develop partnerships with:

• government organisations, to quantify hazard and
risk from key endocrine-disrupting substances and
develop common, consistent regulatory approaches
to such substances;

• research councils, to develop community
programmes with academia to address the
fundamental science needs;

• industrial sectors, to improve process and
treatment, and evaluate the nature of endocrine-
disrupting substances released to the environment
from individual sectors;

• international organisations, to inform and build the
research necessary to develop common approaches
to testing and evaluation; 

• other regulatory organisations, to ensure that
regulation is sufficient to protect the environment.

The issue of endocrine disruptors has received
considerable media attention and, compared with
many other environmental issues, there is a relatively
high level of public awareness of the potential risks,
particularly for human health. The Agency wants to
ensure that there is a balanced debate based upon
the best information available as we progressively
discover more about the chemicals involved and their
effects. We will therefore play our part by using the
means at our disposal to educate and inform our own
staff, those that we regulate and wider society, and to
raise awareness about the present uncertainties
surrounding the issue.

While we can achieve a great deal through regulation,
we can achieve much more, more quickly, with the
support and assistance of others, including producers,
users, and the public. It is the lack of understanding or
awareness of the information available which, in many
cases, is the key factor leading to environmental
damage or neglect, whether accidental or deliberate.
This damage to the environment can be avoided or
reduced only through: 

• a recognition of what substances and processes
are involved;

• an understanding of the impacts on the
environment and a knowledge of the extent and
implications of these impacts for each substance;

• an appreciation of options for reducing or
avoiding that impact;

• a willingness to do something about it.

The Agency recognizes that it needs to encourage 
this understanding and has a responsibility to inform
society about the environment, its current state 
and what is contributing to its degradation. Our
education strategy has the following goals:

• to work with industry and produce marketing
campaigns to promote prevention of pollution
rather than remediation;

• to foster public awareness of environmental
issues to encourage responsibility for the
environment and its challenges;

• to educate young people through teaching aids
and other initiatives;

• to improve understanding of environmental
issues, through links with education, work
placements and an awards scheme;

• to build on established and create new
international relationships to further sustainable
development.

We will provide contemporary, objective information
about chemicals and their impacts and, within the
context of sustainable development, will promote 
best environmental practice and encourage best
available techniques.

We will continue to make information readily
available on our website, www.environment-
agency.gov.uk, including the Pollution Inventory, 
and produce other relevant information from time
to time. We will also continue to make the results of
our research widely available through full technical
reports and summary leaflets.

6. Raising awareness and providing information
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There is much uncertainty over the scale and nature
of the effect of certain substances on the endocrine
functions of wildlife. More research is needed,
particularly into developing and validating the testing
and screening of substances. Research takes time, but
the Agency considers that some action can be taken
now to reduce the risk of environmental harm.

We have an important role to play in this issue, 
but we can only go so far with the powers and
resources available to us. This is an issue of worldwide
concern and can only properly be addressed through
well-organised international collaboration. Many
governments, organisations, and industry have been
actively addressing this issue, reflecting the level of
concern that exists. We will continue to promote
international cooperation by sharing our information,
engaging in collaborative research programmes, and
providing the important technical support required 
for policy making.

Although endocrine-disrupting substances have
received so much attention recently, many of the
actions identified here are essentially no different
from the approach adopted for other groups of
dangerous substances. Endocrine disruptors must
therefore be addressed as just one part of the
emerging thinking that is being put into the reviews
of policy and legislation currently taking place in the
UK and Europe. The Agency is now reviewing its own
approach to dealing with chemicals in the
environment, of which this strategy for addressing
endocrine-disrupting substances will form an
important part.

We look forward to further dialogue with others about
this issue, and will provide feedback on progress with
our strategy through our Annual Report.

7. Conclusions
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Source: Environment Agency, 1999

ND = not detected

Load (kg) emitted in 1998

Substance Controlled Sewer Air Total
Water

Aldrin 0.36 0.088 0.45

Atrazine 3.0 1.3 4.3

DDT – all isomers 0.52 0.84 1.4

Demeton ND

Dichlorvos 4.9 0.14 5.1

Dieldrin 0.36 0.080 0.44

Dimethoate ND

Dioxins (reported as TEQ) 1.9x10-7 4.5x10-9 0.11 0.11

Endosulfan 0.36 0.15 0.50

Endrin 0.37 0.25 0.61

Hexachlorocyclohexane (all) 1.1 7.9 9.0

Isodrin 0.11 0.0048 0.11

Linuron ND

Nonylphenol ethoxylate 18500 15700 34200

Nonylphenols 6000 65 6100

Octylphenols 300 300

Permethrin 0.012 0.20 0.21

Polychlorinated biphenyls – total 8.23 0.12 0.1 8.4

Simazine 2.9 1.4 4.3

Tributyltin compounds 9.8 0.35 10

Appendix 1
Emissions of potential endocrine-disrupting substances from Part A processes
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