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Executive summary 

BACKGROUND 

Endocrine disruption has become a significant focus of environmental toxicology and medicine 
in the last few years. It is on the agenda of many expert groups, panels and steering committees 
of governmental organisations, industry and academia in Europe and the USA. 

In the light of the uncertainties and concerns relating to this topic, there was clearly a need to 
establish an agreed, integrated plan to direct future international research and monitoring 
activities within this field. This document records the output from the workshop "The Impact of 
Endocrine Disrupters on Human Health and Wildlife" held in Weybridge UK, 2-4 December 
1996 to address this issue. The specific objectives of this workshop were to: assess the scope of the 
problem in Europe; identify gaps in present knowledge and outstanding epidemiological 
questions; summarise current research activities in Europe; define research priorities for EC 
Framework Programme 5 and for national research programmes; define monitoring needs and, if 
appropriate, strategies; assess whether existing testing and screening methodologies are adequate 
and to recommend method development where appropriate; and to provide a forum for informal 
international discussion on research and testing of endocrine disrupters. The workshop was 
organised by the European Commission, the European Environment Agency, the W H O 
European Centre for Environment and Health, the OECD, national authorities and agencies of 
the UK, Germany, Sweden (Chemicals Inspectorate) and The Netherlands as well as CEFIC and 
ECETOC. 

The workshop report presents the conclusions reached and the recommendations made for future 
research activities. It has been prepared by staff of the Institute for Environment and Health, the 
Workshop Editorial Board and the Organising Committee on the basis of the initial source 
documents, the workshop plenary sessions and individual reports from working groups. 

CONCLUSIONS 

It was agreed that an endocrine disrupter could be adequately defined only in terms of effects on 
intact animals, although identification of potential endocrine disrupters was possible in vitro. The 
following definitions were endorsed: 

"An endocrine disrupter is an exogenous substance that causes adverse health effects in 
an intact organism, or its progeny, secondary* to changes in endocrine function." 

"Subsequent to the meeting it has been suggested that the word "secondary" be replaced by the word 
"consequent". 



"A potential endocrine disrupter is a substance that possesses properties that might be 
expected to lead to endocrine disruption in an intact organism." 

(Adverse hormonal effects may relate to disturbances in any of the major endocrine systems, 
including the reproductive, thyroid and adrenal systems). 

A number of conclusions were reached by the workshop participants. With respect to human 
effects, it was concluded that sufficient evidence existed that testicular cancer rates were increasing 
and that the apparent decline in sperm counts in some areas was unlikely to be attributable to the 
known confounding variables. The existing exposure information was considered generally 
insufficient to definitely associate the health effects seen in humans with chemical exposure. 
Similarly, for wildlife there were considered to be few cases within the EU where effects could be 
clearly ascribed to the effects of endocrine disrupters. It was suggested that the critical factor for 
survival of wildlife populations and the maintenance of biodiversity was identified as the 
effectiveness of reproduction, including offspring survival. The requirement for adequate 
background data and for a broad testing strategy for field studies using suitable sentinel species 
and biomarkers, was recognised. The subgroup considering mechanisms concluded that animal 
models were available which would permit the detection of many endocrine disrupting substances 
on the basis of recognised adverse reproductive effects, but considered that there was a need for 
further development work and validation. It was also suggested that priority should initially be 
given to the detection of effects rather than to mechanistic studies. It was concluded that an 
integrated strategy was necessary to monitor chemical levels in the environment, with the initial 
focus generally on those substances that have been shown to have endocrine disruptive activity in 
in vivo animal studies. It was identified that exposure monitoring studies should be integrated 
with studies on human or wildlife effects; there was also a call for the establishment of national 
specimen banks and better use of existing databases. The need to establish agreed experimental 
methodologies was recognised. The methodology working group concluded that the initial 
priority was to identify active chemicals rather than elucidate their mechanisms of action. To this 
end they developed proposals for a tiered screening strategy for endocrine disrupting substances 
that would be directed by the quantity and type of toxicological data already available for the 
chemical and suggested a range of possible model systems. 

It was accepted that resource allocation to this area should be balanced against other important 
public health issues. It was recommended that policy should be based upon scientific principles, 
following a weight-of-evidence approach and that studies should be performed following rigorous 
scientific principles and practice. When deemed necessary consideration should be given to 
measures to reduce exposure to endocrine disrupters in line with the Precautionary Principle, as 
described in Principle 15 of the 1992 Rio declaration. 



PRINCIPAL RECOMMENDATIONS 

The following key research and monitoring needs were identified by the working groups: 

Human epidemiology 

• Focus human epidemiology studies on compounds established, by in vivo animal studies, as 
endocrine disrupters except where high exposures to otherwise suspect chemicals is known. 

• Consider possible pre- and post-natal exposure effects in all studies. 

• Collect tissue and body fluid samples for possible future analysis from ongoing epidemiology 
studies and situations where exposure to possibly relevant chemicals is known to be occurring. 

• Investigate reproductive health in cohorts having differential general exposures to pollutants, 
industrial chemicals or naturally occurring endocrinologically active substances; investigate 
influences of "lifestyle"-related factors including dietary and socio-cultural differences. 

• Conduct follow-up epidemiology studies after any action is taken to reduce exposure to 
substances thought relevant to human reproductive health. 

• Continue current investigations into known changes in reproductive health and areas of 
uncertainty, focusing on establishing baseline measurements and geographical differences (e.g. 
pan European studies on testicular cancer, semen quality, cryptorchidism, hypospadias and 
female breast cancer). 

• Establish common standards for measuring important end-points where inter-laboratory 
differences may hamper regional comparison. 

• Include additional, readily measurable end-points (e.g. testis, penis and clitoral size in the new 
born, twinning rates, sex ratios) in epidemiological studies. 

• Identify and apply blood markers that are associated with sperm and ovarian function in 
humans and animals. 

• As the working group did not contain experts in the field of female reproductive health and 
breast cancer, it was considered inappropriate to make recommendations for research in this 
area. It was recommended that a working group should be convened to consider this aspect 
and other adverse effects in women potentially associated with endocrine disruption. 

Wildlife 

• Field studies are required where endocrine disrupting substance effects are suggested; these 
should involve a broadly based screen including assessment of gonadal function, behavioural 
patterns and offspring sex ratio, numbers and survival. Such studies should include comparison 
with control (unimpacted) areas. 

• Conduct basic research into comparative endocrinology and baseline (unaffected) populations. 

• Identify sentinel species using agreed selection criteria. 

• Develop biomarkers which predict impact on reproductive effectiveness. 



• Study the fate and bioavailability of known endocrinological disrupters; apply the insights 
gained to other substances. 

• Determine regional variations in the distribution of endocrine disrupting substances and 
wildlife populations. 

• Ensure all currently available data are utilised. 

Mechanisms and models 

• Extend basic knowledge of hormonal systems and their role in pathophysiological conditions. 

• Validate current animal models with particular reference to human relevance and establish 
new, meaningful animal models for testicular cancer and control of testicular descent. 

• Perform basic research into the mechanisms of testicular descent, hypospadias and polycystic 
ovaries in humans. Where appropriate identify non-hormonal pathways and conduct 
epidemiological studies. 

• Urgently investigate the aetiologies of persistent oestrus in rodents and polycystic ovaries in 
humans for similarity. 

• Obtain expert opinion on potential significance of endocrine disrupters in breast and prostatic 
cancer and selection of suitable animal models. 

• Develop non- or minimally-invasive biomarkers for endocrine function and disruption, and 
testicular function and establish their cross-species consistency and predictability. 

• Investigate techniques to study neurodevelopmental and neurobehavioural effects and to relate 
animal and human systems. 

Exposure 

• Conduct effects driven studies into exposure assessment in wildlife populations, both aquatic 
and terrestrial, targeted to well-defined end-points to establish what is "normal" as a baseline. 

• Conduct effects driven studies into exposure assessment in humans comprising 
epidemiological (including case-control) studies linked to evaluation of exposure and other 
lifestyle factors at critical life-stages. 

• Develop multi-media environmental fate and behaviour models and validate them against 
established databases of well characterised compounds and systems. 

• Improve current risk assessment methodologies so that the potential interactive effects of 
multiple exposures (i.e. exposure to several chemicals) are taken into account. 

• Develop a Europe-wide strategy for monitoring endocrine disrupting substances (EDS), 
focusing on those substances known to be active in recognised in vivo tests and including data 
on observed effects, external and internal exposure and key pathways. The outputs should be 
incorporated in IUCLID and other relevant databases. 

• Undertake studies of the cost and effectiveness of reductions in exposure to recognised EDS. 



Methodology 

• Prioritise and integrate structure-activity relationship (SAR) development in association with 
new data acquisition. 

• Assess if in vitro assays can be developed that predict changes in biosynthesis and degradation 
of hormones in whole organisms. 

• Attempt to develop and validate in vitro models for thyroid gland function. 

• Develop a source of auxiliary metabolism suitable for in vitro assay systems. 

• Develop and validate novel whole organism assays for endocrine disruption in birds and fishes, 
both to assess hazards to those species and as a possible replacement for rodent studies. 

• Evaluate the usefulness of monitoring arthropod metamorphosis and moulting. 

• Investigate if endocrine disruption effects in neonates or weanlings can be predicted by 
measurements made in exposed parent; if not, testing must include assessment of the effect of 
exposures in utero and during lactation. 

• Characterise a hierarchy of sensitivities for appropriate biomarkers in mammals, birds, fish and 
invertebrates, using a set of appropriately selected model chemicals. 

• Identify suitable sentinel species and endpoints to use where an evaluation will most usefully 
commence in wildlife species; including a comparison of benefits of using species with either 
fixed or variable sex ratios. 





I Introduction 

GENERAL BACKGROUND 

This document presents the outcome of a major conference on the impact of environmental 
endocrine disrupters on human health and the environment, held in Weybridge, UK, on 2-4 
December 1996. The meeting was organised by the European Commission (DGXII), the 
European Environment Agency, the World Health Organisation's European Centre for 
Environment and Health, the OECD, and the national authorities and agencies of the UK, 
Germany, Sweden (Chemicals Inspectorate) and The Netherlands as well as by European industry 
organisations (CEFIC and ECETOC). The workshop was hosted by the UK Department of the 
Environment. It was attended by participants from 11 European countries, the USA and Japan, 
plus representatives of the European Commission, W H O , EEA, OECD, ESF, CEFIC and the 
European Environment Bureau (see Annex 4). 

The objectives of this workshop were declared to be: 

• to assess the scope of the problem in Europe; 

• to identify gaps in present knowledge and outstanding epidemiological questions; 

• to summarise current research activities in Europe; 

• to define research priorities for EC Framework Programme 5 and for national research 
programmes; 

• to define monitoring needs and, if appropriate, strategies; 

• to assess whether existing testing and screening methodologies are adequate and to recommend 
method development where appropriate; 

• to provide a forum for informal international discussion on research and testing of endocrine 
disrupters. 

MATERIAL PROVIDED 

All delegates at the workshop were provided with a background review document giving a 
comprehensive summary of the conclusions and research recommendations derived from a series 
of recent assessments on the topic of environmental endocrine disrupters published by the 
Danish Environmental Protection Agency, the German Federal Environment Agency, the US 
Environmental Protection Agency, the UK MRC Institute for Environment and Health and the 
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International School of Ethology (see Annex 2). The summary table from this document is shown 
below: 

Consolidated key research and monitoring recommendations from previous assessments 
and reviews 

Environmental exposure assessment 

Human health investigations 

Ecological investigations 

Basic scientific research requirements 

Development of test systems/ 
biomarkers 

Identification/ use of sentinel species 

Risk models and risk assessment 

Other aspects 

Continue or extend current programmes and methods. 
Use to identify active chemicals. 

Retro- and Prospective epidemiology studies on links 
between abnormalities & functionality; maternal 
offspring associations; other factors (diet, area, race, etc.): 
Use established cohorts, exposed populations, etc.). 
Database on normal population. 

Retro- and Prospective epidemiology studies in a range 
of environments and geographical areas for reproductive 
health effects, especially in highly exposed areas: Use a 
variety of biomarkers and sample at many trophic levels. 
Database on normal populations. 

Elucidate detailed mechanisms of action at all levels of 
organisation: Include key stages of life cycle. 
Develop ADME-style profiles for active chemicals/ 
mixtures: Include different life-stages. 
Develop basic knowledge base for reproductive and 
endocrine systems. 

Develop tiered testing strategy using robust, validated in 
vitro/ in vivo model systems. 
Develop multiple exposure/ latent effect/ activity 
biomarkers for man and wildlife. 
Establish in vitro/in vivo models of endocrine 
responsive tumours. 

Investigate use of domestic animals as surrogate models 
for humans. 

Develop and maintain a list of priority chemicals for 
study. 
Enhance risk assessment methodologies to cope with sex 
hormone disrupting chemicals. 
Establish exposure/ effects database. 

Review and enhance current routine testing protocols. 
Develop techniques for regulation of complex mixtures, 
as encountered in the environment. 
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In addition, the delegates were provided with a discussion document in advance of the meeting, 
prepared by the Workshop Editorial Board, summarising current knowledge on health trends for 
humans and wildlife; a synopsis of this is given below: 

Human effects 

It is evident that there are adverse health trends affecting the reproductive organs of both men 
and women. Thus, the incidence of testicular cancer has increased quite dramatically in countries 
with cancer registries including Scandinavia, the countries around the Baltic Sea, Germany, UK, 
USA and New Zealand. Similarly, there has been an increase in the incidence of breast cancer in 
many countries and the incidence of prostate cancer also appears to have risen. While changes in 
the incidence of prostate cancer may have been influenced by better reporting and better 
diagnostics, this can not explain the bulk of the increase in testis cancer. Similarly, the reported 
increase in breast cancer incidence seems real. Other aspects of reproductive health, including 
semen quality and incidence of congenital malformations, are much more difficult to evaluate, 
due to problems with recruiting individuals for analysis and registration of abnormalities at birth. 
However, there are indications that, in some countries at least, semen quality has declined and 
the incidence of undescended testis and hypospadias has increased. An important point seems to 
be that these disorders are biologically associated. Thus, testicular cancer is more common in 
patients with cryptorchidism and vice versa. Therefore, an increase in the incidence of 
cryptorchidism parallel to the well-documented increase in testicular cancer would not be 
unexpected. Although increasing trends in testicular cancer have been noticed in virtually all 
countries with cancer registries, changes in semen quality are less uniform. In some areas, 
including Finland, no adverse trend in semen quality has been noticed. It is interesting that the 
incidence of testicular cancer in Finland is four times lower than in Denmark. Thus, at least for 
testicular cancer, it seems that there is a significant and important geographical gradient, which 
may give clues on aetiology. 

Whilst it is certain that there have been adverse trends in some aspects of reproductive health, the 
causes of these trends are largely unknown. However, as the changes have occurred over one or 
two generations, it is possible that the changing environment (including changes of lifestyle) may 
be responsible. It may be that man-made chemicals present in the environment are directly 
responsible for the observed changes. Although surprisingly little is known about the effects of 
toxicants on the reproductive system, there are well-documented substances which can cause 
deterioration of the reproductive organs, both of the adult and the foetus. The best known 
examples of agents causing inhibition of spermatogenesis are the pesticide, l,2-dibromo-3-
chloropropane (DBCP), and irradiation. An example of a synthetic agent which may be harmful 
to the foetus is diethylstilboestrol (DES), which has been shown to cause severe developmental 
problems of both the male and the female reproductive systems, including congenital 
abnormalities and cancer in adulthood. 
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Although our present knowledge about environmental agents and reproduction is extremely 
limited, we know enough about adverse trends in reproductive health to be concerned. 

Wildlife effects 

Observation of effects on the reproductive systems in various species of wildlife have been 
reported over several years. Recent review papers have identified the most prominent effects in the 
following organisms. 

• Marine molluscs: morphological changes of the reproductive organs in females, commonly 
called "imposex"; 

• Fish: hermaphroditism, production of yolk-precursor lipoprotein (vitellogenin) in males; 

• Reptiles (alligators, turtles): reduced fertility of males due to underdeveloped reproductive 
organs; 

• Birds: abnormal nesting behaviour in gulls described by abnormal clutch size and female-female 
pairing; 

• Mammals: disturbed fertility of males in Florida panthers, grey seals and common seals. 

The possible role of endocrine modulation as a common mechanism has been postulated for the 
above effects. However, data supporting true associations between effects and causative agents or 
factors are limited to a very small number of specific cases. The impact of other environmental 
factors such as habitat restriction, stress due to man's intrusion, changes in natural food supplies 
due to hunting and fishing and restocking policies have generally not been evaluated. 

WORKSHOP AND REPORTING PROCESS 

The background paper and discussion documents mentioned above, produced by the Institute for 
Environment and Health (IEH) in collaboration with the Workshop Editorial Board, formed the 
source material for a group of international experts together with scientists and representatives of 
relevant national and international governmental departments, industrial organisations and 
public interest groups, who participated in the workshop. During this meeting the delegates 
discussed the key issues in a series of workgroups and plenary sessions, and worked to develop 
recommendations for the direction of future work in this area. 
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The workshop consisted of an introductory plenary session at which the chairman, Dr G Del 
Bino, the hosts (the UK Department of the Environment) and the co-organisers explained the 
purpose and structure of the meeting, followed by three parallel discussion sessions addressing 
effects, exposure, and test methods. A plenary session on the final day brought all groups together 
to discuss key conclusions and recommendations (See Annex 3 for workshop programme). 
Because of the wide ranging topics covered under "effects", this group divided further into three 
sub-groups looking specifically at human epidemiology, wildlife, and mechanisms and models. 

This report of the meeting presents the rapporteurs' reports from the five working groups and sub
groups, followed by an account of the final plenary session and a summary of the main discussion 
points and key research recommendations. The Rapporteurs reports represent the majority 
opinion of the respective working groups. Other parts of this document were prepared after this 
meeting by the Editorial Board in association with the Organising Committee and do not 
necessarily represent a consensus of the meeting delegates. The recommendations listed in the 
final conclusions section are not listed in any particular priority order. 
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2 Working group reports 

The following working groups were established: 

Working group Topic 

1 Effects on humans and wildlife (including mechanisms and sensitivity of 
endpoints) 

1A Human epidemiology 
IB Wildlife 
1C Mechanisms and models for endocrine disruption 

2 Exposure (including ambient concentrations, production and use, and 
the use of chemical monitoring strategies) 

3 Methodology issues (particularly screening and testing of chemicals) 

17 



WORKING GROUP l:THE EFFECTS ON HUMANS AND WILDLIFE 
(INCLUDING MECHANISMSAND SENSITIVITY OF ENDPOINTS) 

SUBGROUP I A: HUMAN EPIDEMIOLOGY 

Members: 

Ph Grandjean (Chairman) 

S Barlow (Rapporteur) 

Ρ Beaumont 

R Bertollini 

D Bowe 

G Fulgraff 

Ρ Hinchcliffe 

N Keiding 

R Kroes 

A Lecloux 

R van Leeuwen 

Ρ van Look 

E Marafante 

Ρ Mocarelli 

E Nieschlag 

A Piersma 

A Richter 

Ν Skakkebaek 

A Spira 

J Toppari 

R Weber 

Current situation in Europe and globally 

The incidence of testicular cancer has increased in almost all countries which have reliable cancer 
registers. The extent of the increase varies, but has risen, for example, by three-fold in Denmark 
since the 1940s. There is also clear evidence of period effects in countries surrounding the Baltic 
Sea, i.e. an influence of year of birth, such that the incidence of testicular cancer has doubled in 
successive 10-year birth cohorts. The evidence is sufficient to conclude that these are real increases 
in the incidence of testicular cancer and are not attributable to differences in diagnoses, reporting 
and recording systems. 

Evidence of a temporal decline in sperm counts is less robust. Differences of greater than 50% in 
sperm count have been recorded in some comparisons between different geographical areas. Some 
studies which have taken a number of confounding factors into account have shown reductions 
of greater than 2% annually in sperm count. The lower counts observed in some geographical 
areas and the differences over time within some single centres are of sufficient magnitude in some 
instances to conclude that they are unlikely to be entirely attributable to known confounding 
variables, such as bias from selection of subjects, differing laboratory methodologies, and the 
influence of abstinence and frequency of intercourse. There is insufficient evidence concerning 
any trends in changes in sperm motility and morphology. 
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There is insufficient evidence on which to draw any conclusions concerning trends in the 
incidence of the congenital malformations, hypospadias and cryptorchidism. 

The incidence of breast cancer has risen in European countries and elsewhere. However, 
participants in the workshop commented that they did not have specific expertise in 
epidemiological study of endpoints relevant to female reproductive health. They, therefore, 
recommended that the E U / W H O convene a separate group to advise on this. 

It was noted that much of the emphasis of research in Europe has been on changes in male 
reproductive health. While theoretical considerations about development suggest that males may 
be potentially more at risk from endocrine disrupters than females, it would not be safe to assume 
that this is always the case. The current focus on the male could simply be a reflection of 
inadequate data. 

It should be emphasised that at present there is no evidence linking the observed changes in 
human reproductive health to exposure to endocrine disrupters. The conclusions of the US EPA-
sponsored workshop in 1995 remain valid today, that is, for many of the effects reported in both 
wildlife and humans that have been attributed to or associated with endocrine disruption, 
exposure assessment has generally been inadequate for quantitative risk assessment (Kavlock et al, 
Environmental Health Perspectives, 104, Suppt 4, 715-733, 1996). In the present workshop, it was 
emphasised that the changes observed in human health could be caused by factors unrelated to 
endocrine disrupters and any future research should be broad enough to encompass alternative 
hypotheses. 

With respect to individual substances which are currently being identified as potential endocrine 
disrupters, it may be premature as yet to pursue study of these in humans. Any focused work in 
humans would best follow from experimental studies which establish substances as endocrine 
disrupters in vivo. Exceptions may be situations such as accidents or other circumstances giving 
rise to high exposures to putative endocrine disrupters (e.g. exposure to TCDD in Seveso) where 
the opportunity to gather valuable information now should not be missed. For future human 
studies, the most relevant exposure information for individual substances would be internal dose, 
in order to take account of bioavailability. In the meantime, until clear clues or hypotheses emerge 
from experimental studies, it would be valuable to collect and store tissue and body fluid samples 
from subjects currently being studied for reproductive endpoints, so that they were available for 
later analysis. It could also prove useful to take a broader look at chemical exposures by selecting 
comparative cohorts with differing general exposure to environmental pollutants or classes of 
industrial chemicals. 

Should steps be taken now or in the future to reduce chemical exposures thought to be relevant 
to human reproductive health, it would be important to carry out human studies to assess 
whether the measures taken had any effect. 
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Future research 

There is a need to extend research on endpoints which have already been examined, not only on 
those for which there is insufficient evidence about trends, but also those (such as testicular and 
breast cancer) where evidence is sufficient to show there is a problem. It will be important in the 
general epidemiological work to continue to focus on geographical differences, on the assumption 
that these may be a proxy for chemical exposure, diet, lifestyle and other potentially influential 
factors. 

Endpoints relevant to males 

Testicular cancer 

Retrospective data gathered so far on testicular cancer are considered reliable but their limitations 
are recognised both with respect to providing a global picture and with respect to testing 
hypotheses on causation. There is a clear need for new population studies, on a pan-European 
basis, on testicular cancer. Future epidemiological studies should incorporate the simultaneous 
gathering of data which can be used to test hypotheses about causation and to search for other, as 
yet unrecognised factors which may be influential. Collection and storage of tissue and body fluid 
samples may be valuable for later analyses. In planning to gather such data, it should be 
remembered that causal influences may be both prenatal and/or postnatal. The difficulties of 
studies on adult males requiring retrospective enquiries about causal factors going back to prenatal 
and neonatal life should not be underestimated. 

Semen quality 

There is a similar need for new studies on semen parameters, not only to establish "baseline" data 
for geographical areas and to gather information relevant to causation, but which also further 
explore period effects, age effects and cohort effects. 

More attention needs to be paid to the difficult area of selection of subjects for sperm parameter 
studies and the potential influence of selection bias. Measures of daily sperm production would 
be ideal but are difficult to gather in practice. 

It is recognised that semen analyses have not, until recently, been subjected to rigorous quality 
control but the need for this is now well recognised. A number of groups are examining this issue 
and some European organisations are attempting to foster common standards. There may be a 
need for more co-ordination of this effort. The ongoing revision of the W H O manual on sperm 
studies should assist standardisation of methodology. The EU and W H O could play an important 
role in supporting or continuing to support such activities. 
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Congenital malformations 

Since cryptorchidism and hypospadias are known to be androgen-dependent phenomena and 
clearly related only to prenatal influences, pan-European epidemiological studies on these 
endpoints would be valuable in order to better define the extent of the problem, if any, to examine 
any geographical differences and to search for causal factors. The proximity of outcome to recent 
relevant exposures and pregnancy lifestyle of the mothers and the ability to take tissue samples 
such as blood, placenta and breast milk, to examine both recent and past exposures should be 
exploited. 

Serum markers 

The utility of serum markers should be explored as blood may be more readily available than 
semen samples. FSH and inhibin Β levels may be useful indicators of Sertoli cell and epididymal 
function; LH and testosterone may be useful indicators of Leydig cell function. An initial need is 
for fundamental research on serum markers to establish their relationship to sperm parameters. 
Parallel information from animal models which have been validated for their relevance to humans 
may also be of assistance. Production and clearance rates for hormones might be more informative 
but would involve unacceptable interventions. Serum banks containing samples from subjects. 

Endpoints relevant to females 

It was noted that considerable resources have been provided in the USA for breast cancer research. 
However, Europe also has much to offer in this area particularly with respect to exploitation of 
marked dietary and socio-cultural differences and utilisation of historical stored samples of 
relevant tissues and body fluids. 

Endpoints which may be useful but on which the group was unable to form a judgement 
included:-

Breast cancer 
Uterine pathology (e.g. endometriosis, fibroids) 
Ovarian pathology (e.g. polycystic ovary disease) 
Pregnancy failures (spontaneous abortions, ectopics) 
Serum markers of ovarian cycles and ovulation 

Endpoints relevant to males and females 

Fertility 

It was recognised that fertility may not be a very biologically sensitive endpoint, compared, say, 
with sperm parameters or serum hormones, but it has societal importance. Fertility can be 
usefully explored through time to pregnancy studies. It should be possible in some instances to 
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link time to pregnancy information with other data from the same subjects, such as sperm quality, 
serum hormones, etc. It has been suggested that sex ratios at birth may also be a marker of fertility. 
The examination of sub-fertile cohorts may at first sight seem useful, but it should be born in 
mind that there are considerable difficulties of interpretation, due to problems of definition and 
the influence and availability of modern medical treatments for sub/infertility. 

Markers in new-borns 

The possible utility of testis, penis and clitoris size in new-borns should be explored as they are 
readily measurable and their dependence on the androgenic background is well established. 

Other aspects in new-borns which may be worth pursuing include twinning rates and sex ratios 
at birth. 

Exploring the oestrogen/endocrine disrupter hypothesis 

Any future exploration in humans of the possible role of endocrine disrupters should take 
account not only of the potential influence of xenobiotics (including inadvertent prenatal 
exposure to oral contraceptives) but also of exposure to naturally occurring substances with 
endocrine activity which may be present in the diet. Research also needs to take account of the 
possibility that substances may be acting prenatally and/or postnatally. 

Other potential influences 

As well as active pursuit of the oestrogen/endocrine disrupter hypothesis, any research framework 
should be broad enough to encourage proposals on other hypotheses. These might include, for 
example, exploration of the influence of:-

Diet (including macroconstituents, trace elements and contaminants) 

Lifestyle (including smoking and alcohol consumption) and socio-cultural differences 

Genetics 

Temperature (including effects of tight clothing) 

Occupation 

Useful epidemiological designs 

A number of epidemiological designs, some of which have proved useful in other contexts, should 
be exploited to test hypotheses on cause and effect. For example:-
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Population migration studies 

Populations highly exposed to persistent chemicals 

Comparisons of groups with marked dietary differences 

Comparisons of groups with marked genetic and/or socio-cultural 
differences (e.g. racial or religious differences) 

Analytical epidemiological studies using banked sera and tissues 

Ecological studies using appropriate statistical methodology 

Nested case-control studies 
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Framework 

The group took note of the content of the background review and conclusions provided by the 
Editorial Board for the meeting. The group was guided by the secretariat to focus their attention 
on the European Union (EU) countries and immediately adjacent territories in so far as they 
impact on this aspect of the EU. 

The principal objective was to devise an agenda for research in the EU that would improve our 
understanding of the impact, assessment and management of endocrine disrupting materials on 
the ecosystems, communities and populations of wildlife within the EU. 

Main Criteria 

The group identified that the effectiveness of reproduction, including the survival of offspring was 
critical to both survival of wildlife populations and maintaining diversity. Therefore, at this stage 
the main actions should concentrate on the assessment of the impact of endocrine disrupting 
substances (EDS) on this critical factor. 

Assessment of Current Status 

Some cases exist within the EU area where adverse endocrine effects, or reproductive toxicity, in 
birds and mammals coincide with high levels of anthropogenic chemicals which have been shown 
to have endocrine disrupting properties in some test systems. There are some cases where 
biomarkers have indicated that EDS have changed the biochemistry and physiology of organisms 
but the relationship to reproductive effectiveness has not been established. It is possible that this 
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lack of observed effects on reproduction is a reflection of the lack of knowledge and not an 
indication of no effects in the environment. It is also not possible, at this time, to define the 
potential that exists for interactions between chemicals (e.g. additivity, antagonism, synergy, etc.). 
It will be important for the understanding of EDS that we explore these areas of uncertainty. 

A Scientific Approach 

To progress further, it is necessary to look for effects on wildlife in field situations that could be 
related to endocrine disruptive action. The assays used should relate as closely as possible to 
impact on reproductive effectiveness. A suite of assessments were identified that should be applied 
to provide a broad screen, recognising that their usefulness will vary between species and that 
other specific assessments will be more directly relevant to some species and communities. 

1. Assessment of the gonads, including where possible gonadal-somatic index, gonadal 
histopathology, gamete production. In particular indicators of imposex, intersex and 
hermaphroditism should be examined. 

2. Behavioural characteristics such as parental behaviour in birds and fish, sexual preference, and 
mating behaviour should be examined. 

3. Sex ratio, number and survival of offspring. 

For certain species or situations, more powerful indications of reproductive effectiveness or other 
endpoints for endocrine disruptive action (e.g. dimorphic brain nuclei), may be appropriate and 
should be used on the basis of the value of the assay for assessment of reproductive function. 

Methodology 

Underpinning Science 

In this sector of investigative science, there is a need for the development of specific areas. These 
are: 

1. Major improvement in the understanding of the comparative endocrinology of the most critical 
species. 

2. Refinement of the baseline relative to the endpoints that are being used. This will mean that it 
will be essential that several reference (non-impacted) environments will need to be investigated. 
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Species Selection Criteria: 

To avoid the waste of time and effort, it is important that species are selected carefully so that 
maximum benefit is obtained for the work. We have identified the following primary criteria for 
species selection: 

1. Sensitivity to the contaminants. 

2. Widespread distribution, taking full account of migratory characteristics and home range of the 
species selected. 

3. Ease of field sampling. 

4. Location in the environmental compartment in which the EDS may concentrate. 

5. Ability to maintain the species under laboratory conditions, including over several reproductive 
cycles. 

6. The species should have a well characterised endocrine system. 

Number of Species 

It is not helpful to be prescriptive here but the following criteria should be used when deciding 
the number of species to examined in a particular exposed ecosystem: 

1. Exposure profile in different environmental compartments. 

2. Well-characterised food chain. 

3. Potential for the compound to undergo bioconcentration, biomagnification or 
bioaccumulation in the food web of interest. 

Biomarker Selection 

There are a variety of biomarkers available at present but they are deficient in respect of their 
ability to indicate how the data gathered can be related to reproductive effectiveness. This 
deficiency needs to be rectified and must be the main focus for biomarker research. A subsidiary 
activity for biomarker research will be the development of biomarkers that predict the function of 
the androgen, progesterone and thyroid systems. 

Fate and Bioavailability 

It is recognised that many EDS are of historical importance because of their persistence in the 
environment even though their production and use has long since ceased. It is critical that we 
understand the fate and bioavailability of these materials in different environmental 
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compartments and to different species. These studies should be applied to substances that are 
identified as EDS which are in current use. 

Over-riding Criteria 

It is essential that the following requirements are met during the development and assessment of 
proposed research efforts: 

1. Determination of regional variations of EDS distributions and wildlife in the EU. 

2. Proper input of chemical measurements and know-how into what are essentially biological 
assays. 

3. Full use of existing data bases and studies. 

4- Use of advice and information from producers, users and processors of EDS. 

5. Reference to studies that have been carried out in other regions of the world. 

6. Perform studies with adequate quality assurance programs and audits. 
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The use of animal models to study endocrine disrupting effects 

A range of examples in which man-made chemicals had been demonstrated to exert adverse effects 

in animals via endocrine-disrupting mechanisms were discussed and these are outlined in brief 

below. 

• In utero and lactational exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) has been 

shown to reduce epididymal sperm counts and motility in adulthood in rats and hamsters as 

well as decreasing prostate size. Changes in responsiveness to oestrogens and androgens can also 

be induced according to species and time of exposure, as can changes in sexual behaviour, 

although the latter vary in their reproducibility. These effects have particular windows of 

inducibility. The mechanism is thought to be arylhydrocarbon (Ah) receptor mediated but this 

is not proven. There is also some evidence that prolonged low-level exposure of monkeys to 

T C D D can induce endometriosis in adulthood, though the mechanism is unknown. 

• in utero exposure of rats to polychlorinated biphenyls (PCB) disrupts the thyroid axis which 

can alter neuronal/glial cell development and potentially muscle and the testis as well as 

exerting generalised effects on metabolism. Thyroid hormone levels can clearly affect Sertoli cell 

multiplication and differentiation and, thereby, downstream factors such as Sertoli cell 

function, testis size, sperm counts, etc. 
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• Perinatal exposure of rodents to steroidal or plant-derived oestrogens or to some xenoestrogens 
can advance puberty and cause persistent oestrus in adulthood (thought to be equivalent to 
polycystic ovarian disease in women). The level and duration of exposure determine the age of 
onset of these adverse changes. The mechanism is thought to involve defective neuronal 
'wiring' of the hypothalamus. 

• Well-described adverse effects of phytoestrogens on reproductive function have been detected 
in a range of animal species (sheep, pigs, cheetahs, monkeys and birds). Effects of soy-derived 
phytoestrogens on the duration of the menstrual cycle in women have also been described. The 
mechanism probably involves direct interaction of the plant oestrogens with the host oestrogen 
receptor(s). 

• in utero and/or perinatal exposure to several man-made chemicals with anti-androgenic 
properties, most notably vinclozolin, have been shown to induce hypospadias and 
cryptorchidism in rodents as well as reducing ano-genital distance, interfering with preputial 
separation, causing retention of nipples, retarded growth of androgen-dependent organs, etc. 
The mechanism clearly involves antagonism of androgen binding to its receptor. 

• In a range of animal species, effects of various pharmaceutical 'hormonal' agents (e.g. DES, 
ethinyloestradiol, aromatase inhibitors, steroid biosynthesis inhibitors, flutamide, cyproterone) 
on a range of sex steroid-dependent end organ responses have been described. The mechanism 
of action of each clearly involves interaction with the appropriate sex steroid receptor. 

• There is evidence from a number of animal species that sex steroids exert programming effects 
on thymus size and on the immune system in general. In rodents, there are also effects on the 
liver and kidneys. However, the mechanisms are not clear. 

• Suppression of gonadotrophin secretion in utero or neonatally in a range of animals by diverse 
methods (administration of androgens, oestrogens, gonadotrophin-releasing hormone (GnRH) 
agonists or antagonists) will result in reduced Sertoli cell number and thus reduced testis size 
and sperm production in adulthood. Such effects are dependent on the window of exposure to 
the test agent. 

Conclusions regarding animal models for endocrine disrupting activity 

The following main areas of agreement were reached between members of the group: 

1. There is no shortage of animal models to detect adverse reproductive effects attributable to 
endocrine disrupting substances (EDS) with the exception of testicular cancer. 

2. A substance should only be considered to be an endocrine disrupter if it has an effect on the 
endocrine system in vivo. 
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3. It is critically important that endocrine disrupting effects are repeatable in different 
laboratories and by different groups, i.e. care should be taken to avoid drawing conclusions 
from single specific observations. 

4. The detection of adverse effect(s) should be of greater concern in the first instance than specific 
mechanism(s) of action. 

5. It is equally important to consider effects in females as well as in males, and in adults as well as 
in the foetus/infant. 

Subsequent discussions concentrated on whether good animal models exist for human 
reproductive disorders. 

The potential utility of animal models in investigating adverse human 
reproductive health effects 

General points 

While there is a plethora of information on the mechanisms and pathways via which hormones 
control development of the reproductive system, there remains insufficient knowledge to 
understand how xenobiotics may perturb development. This is particularly true for certain 
aspects; for example, although the effects of oestrogen are important and perhaps essential for 
normal male fertility, the specific role of oestrogen in the male is not fully understood. Another 
area poorly understood is the link between chemical-induced pathophysiological effects and 
endocrinology and so there is a need to examine these aspects further. There is also an urgent 
need for quantifiable biomarkers of endocrine action and disruption and, in particular, for blood 
biomarkers of testicular function. In the first instance there is a need to validate current animal 
models. The roles of animal models as discussed in this group are to study mechanisms and dose-
response relationships of substances with possible endocrine disrupting activity. 

Hypospadias 

The pathway by which this condition occurs is known for animals and man (deficiency in 
androgen action) and there are good animal models available to study its induction. The critical 
window of exposure is known in animals although it is not clear how this compares with man. 
Dose-response relationships and thresholds are not well understood for this condition and the 
endpoint does not distinguish between adverse effects on androgen production or action. There 
are good examples of environmental and other substances which can induce this effect such as 
p,p'-dichlorodiphenyldichloroethylene (ρ,ρ'-DDE) and vinclozolin. There may potentially be more 
sensitive measurements of androgen deficiency/action such as penis size or ano-genital distance, 
but the relevance of these end-points to humans is not clear. It is not known how many other 
pathways may lead to this effect and also what is the optimal time point for detection. The utility 
of hypospadias is that it is quick to detect, although not necessarily easy, but there are likely to be 
some false negatives generated. 
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Cryptorchidism 

The pathway for the development of this condition is not fully understood although the final 
phase of testicular descent is likely to be androgen dependent. The critical window of exposure is 
reasonably well established but because descent is probably a multifactorial event, there may be 
different sub-windows or sensitivities for each of these events. Animal models such as rodents or 
pigs can be used but because it is not clear whether regulation of the process of descent is the same 
in all species, there are uncertainties as to the relationship with cryptorchidism in humans. One 
recommendation would, therefore, be to better understand the mechanisms involved in testicular 
descent and to establish whether or not there are differences between species. In animal models, 
cryptorchidism can be induced by oestrogens and anti-androgens but it is not clear to what extent 
it may be induced by mechanisms which do not involve hormonal pathways. There are currently 
no clear biomarkers for this condition and there are uncertainties regarding possible thresholds 
and dose-response relationships. The accuracy of diagnosis in animals and man is imperfect and 
may be different. There is a need to better understand the mechanism of the initial phase of 
testicular descent and whether this is similar in animals and man. The utility of this endpoint is 
that it is quick although both false positives and negatives may be generated. 

Testicular cancer 

No animal models currently exist for testicular cancer. An animal model could potentially be 
developed, e.g. in primates, but this is likely to prove difficult. It appears that domestic species do 
not develop germ cell tumours, based on the absence of reports from the literature, though it is 
not certain whether this is proof that they do not occur. Recommendations in this area include 
the comparison of early germ cell differentiation in non-human primates with man and, if this is 
comparable, whether germ cell tumours might be inducible in the primate model via the 
experimental induction of gonadal dysgenesis. Any model should concentrate on exposure in the 
prenatal period. One gap in knowledge is whether germ cell tumours have been looked for in non-
rodent species having androgen-insensitivity syndromes. 

Sperm counts and quality 

The window of susceptibility for adverse effects on sperm counts or quality is potentially 
throughout life. Changes could be brought about via impairment of Sertoli cell multiplication 
and /o r differentiation during development through to effects occurring at puberty or 
perturbation of spermatogenesis in adulthood. In species for which the period of Sertoli cell 
multiplication is known, there are well described models for altering Sertoli cell number. 
However, the window of susceptibility is very different for humans and rodents and so a primate 
model may be useful. The mechanism of reduction in Sertoli cell number by hormones 
(androgens or oestrogens) is known to be at least partially due to reduced follicle stimulating 
hormone (FSH) levels (up to 50%). There are, therefore, other (unknown) pathways via which 
Sertoli cell number can be affected and the involvement of the endocrine system in these 
processes is not known. There are problems in distinguishing primary from secondary effects in 
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adulthood; hormonal effects may be mediated and/or compensated for by changes brought about 
via the hypothalamic-pituitary system. Any changes within individuals may, therefore, be obscured 
by the normal variation in these parameters within a population. In addition, it is difficult to 
compare sperm counts in men with those in animal species due to the large differences in the 
capacity for sperm storage. Two major recommendations in this area are the need for non-invasive 
markers of Sertoli cell number or function and for better markers of impaired testicular function. 
In the case of the former, inhibin-B and FSH levels could be very useful in man although there 
are uncertainties as to whether this is the case in rodents and so other possibilities need to be 
investigated. With regard to the utility of sperm counts and sperm quality measures, these are 
complex to perform, relatively insensitive and the data can be difficult to interpret. 

Prostate cancer 

This condition is both hormone dependent and hormone modulable. Programmed growth of the 
prostate can be affected by perinatal exposure to oestrogens and phytoestrogens and possibly also 
androgens and anti-androgens. Rodent models are of uncertain relevance to man. Dogs can 
develop benign prostatic hyperplasia (BPH) but it is not known whether this can be modulated by 
perinatal exposure to hormones or whether the condition progresses ultimately to cancer. The 
working group felt unable to give an expert comment on this and suggested that expert opinion 
should be sought on this endpoint and the utility of animal models for studying human prostate 
cancer. 

Polycystic ovaries (PCO) 

This condition is thought to be the human equivalent of persistent oestrus in rodents and its 
presence would be expected in women exposed to oestrogens during early life. Animal models 
exist which have fairly well defined windows of susceptibility. Some dose-response data are 
available (e.g. with advancement of vaginal opening) and the mechanisms of induction are at least 
partially understood. It can be induced by oestrogens or androgens (which are aromatised to 
oestrogens) and so is an oestrogen-specific pathway. In rodents, doses which are lower than those 
producing persistent oestrus can induce latent, intermittent persistent oestrus and early abortion 
(could potentially be confused with subfertility). There are parallels with human PCO but there 
is an urgent need to establish whether the aetiologies of persistent oestrus in rodents and PCO in 
humans are comparable. If there are similarities, it may have considerable utility as it is readily 
detectable using ultrasound or increase in androgen levels in women and persistent oestrus or 
increased androgen levels in rodents. Gaps in knowledge include the incidence of PCO in girls 
with early onset of puberty and the window of susceptibility in humans. Potential populations to 
study include females exposed to diethylstilboestrol (DES) and milk versus soya fed groups. In the 
DES cohort, it is known that there is an increased incidence of oligomennorhoea (more than 70% 
of which may be attributable to PCO), suggesting the sensitive window may be intra-uterine 
exposure. 
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Cyclicity/Fertility 

There are straight forward hormone-dependent endpoints and relevant animal models exist. 
There are good data in animals and some data in humans that endocrine disrupting substances 
(EDS) can affect cycles, although effects on cyclicity are not very sensitive. Fertility is an obvious 
endpoint which involves both the male and the female. It is hormone dependent and susceptible 
to disruption by hormonally-active substances. However, the causes are multifactorial and it is, 
therefore, difficult to pinpoint particular mechanisms. 

Breast cancer 

Animal models exist but these are of uncertain relevance to humans. In humans, it is the lifetime 
exposure to oestrogens that is important and this is difficult to model in rodents. There is a need 
to consider the possibility of developing a suitable primate model. Breast cancer is a multifactorial 
disease with diet and lifestyle factors being potentially important risk factors and it would be 
difficult to control for such potentially confounding factors in an animal system. The working 
group felt unable to give an expert comment on this and suggested that expert opinion should be 
sought on this endpoint and the utility of animal models for studying human breast cancer. 

Neurodevelopmental and behavioural effects 

There are sexually dimorphic regions of the brain in rodents and humans which are hormone-
induced although there are differences in the timing and the hormones involved. There are some 
human examples of substances having developmental effects, e.g. polychlorinated biphenyl (PCB) 
exposure in Yusho, Taiwan. Transmission of organohalogens via the placenta or milk to the foetus 
or infant and subsequent cognitive or developmental effects can be modelled in laboratory studies 
in rodents. However, there are uncertainties as to how the changes seen in rodent studies relate 
to likely effects in humans and whether the effects are due to hormone disruption/modulation. 
Animal models may be useful, however, in studying dose-response relationships. Other endpoints 
which can be measured in animals and, possibly, in humans include neurotransmitter levels or 
receptor densities using imaging/scanning methods. Neurobehavioural and neurodevelopmental 
effects have potentially very important health implications. The possible application of scanning 
and imaging techniques should be further investigated although it was recognised that markers in 
animals and humans are not necessarily the same and so it may only be possible to relate animal 
models to man in specific circumstances. It was also unclear to what extent demonstrable effects 
on behaviour had been shown in human populations exposed to EDS. 
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Other models 

A number of other possible animal models for endocrine disrupting effects were discussed briefly. 
They included: 

• Effects on bone mineralisation 

• Immunological effects 

• Cardiovascular effects 

• Adrenal effects 

• Endometriosis 

• Parathyroid effects 

• Pituitary effects 

• Kidney/liver imprinting effects 

General conclusions 

Different criteria will be required for the two approaches discussed above, i.e. 
1) testing substances for endocrine disrupting activity in vivo in animals and, 
2) using valid animal models for specific human reproductive diseases to study mechanisms 
of action and to investigate potential causal agents. 

With regard to point 1, there is already a diversity of potential in vivo test systems for the detection 
of endocrine disrupters and the development of new test systems appears not to be a priority, 
although the available tests are not necessarily appropriate for large scale screening (see Working 
Group 3 report). In contrast, for point 2 above, there remains a number of uncertainties about 
the exact comparability of animal models for human reproductive diseases and these need to be 
addressed. The data generated in animal models on cause-effect and dose-response relationships 
are likely to be used primarily for risk assessment purposes. Secondary to this would be the use of 
animal models to study mechanisms of action. It is unlikely that data on cause and effect will be 
obtained from epidemiological studies. It is, therefore, imperative that relevant animal models are 
refined and properly validated. Equally as important is to establish how to interpret the data from 
animal models in a risk assessment process. 

The working group identified a number of gaps in knowledge and recommended a number of 
research areas which could address these gaps. 

Research recommendations 

• Current animal models need to be validated. 

• There is an urgent need to establish whether the aetiology of persistent oestrus in rodents and 
polycystic ovaries in humans are comparable. If similarities exist, a rodent model may have 
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considerable utility. It would also be useful to ascertain the incidence of PCO in girls with early 
onset of puberty and the window of susceptibility for PCO in humans. 

• There is an urgent need for quantifiable biomarkers of endocrine action and disruption and, 
in particular, non-invasive markers of Sertoli cell number and markers of impaired testicular 
function need to be developed. Inhibin-B and FSH levels could be very useful blood biomarkers 
of Sertoli cell function in man but their utility is uncertain in rodents and needs to be explored. 

• The potential for developing an animal model for testicular cancer should be investigated. Early 
germ cell differentiation in non-human primates and man needs to be compared and, if 
similarities exist, the possibility of inducing germ cell tumours in the model via the 
experimental induction of gonadal dysgenesis should be evaluated. 

• With regard to cryptorchidism, there is a need to better understand the mechanisms involved 
in testicular descent, particularly the initial phase, and to establish whether these are similar in 
animals and man. 

• The possible application of scanning/imaging techniques to study the potential 
neurodevelopmental and neurobehavioural effects of endocrine disrupting substances should 
be further investigated. Using these techniques, it may be possible to study sexually dimorphic 
regions of the brain, neurotransmitter levels or receptor densities, although it is recognised that 
markers in animals and humans are not necessarily the same. As a result, it may only be possible 
to relate animal models to man in specific circumstances. 

• Priority should be given to the study of 'hormone disruptive diseases' in which programming 
(i.e. irreversible) effects during development are suspected as these may have a long latency of 
onset. 
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The task of this Working Group was to consider the current understanding concerning 
environmental exposure to endocrine disrupting substances (EDS), to identify the main gaps in 
knowledge and to make recommendations for future research and monitoring. The group took 
into account the material presented in the background paper (see Annex 2) as well as the 
particular experiences of the individual group members. This paper presents the considered key 
points regarding exposure to EDS, basic approaches to exposure assessment, present gaps in 
knowledge and some current research and monitoring activities. Finally, a number of research 
recommendations are made. 

In any assessment of risk arising from exposure to a potentially harmful substance, it is most 
important to understand to what extent and in what circumstances exposure may occur, taking 
due regard of degradation and metabolic processes. For terrestrial animals, and all birds and 
mammals, including humans, it is clear that the major route of exposure to EDS is usually by 
ingestion of food and, to a lesser extent, water. Inhalation is not considered a major route of 
exposure although airborne deposition and the consequent contamination of forage/food crops 
can be important. In aquatic organisms, absorption from water via various body surfaces is often 
a very important route of exposure. In either case the putative EDS has to be present in the 
environment or in the foodstuff in a form which is bioavailable. The fate and behaviour of 
substances in the environment is therefore crucially important, but for humans, due regard must 
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also be paid to exposure resulting from the deliberate and direct use of consumer and other 
products. 

As with any standard toxicological assessment, it is necessary to investigate how the levels found 
in the environment can lead to external exposure, then to internal exposure and finally to the 
observed effect. It is not possible fully to understand the significance of levels found in tissues or 
blood until the mechanism and timing of action of EDS and their metabolites are better 
understood. The life stage at which exposure occurs is also critical. With the current state of 
knowledge it is uncertain whether exposure concerns are limited to the time of egg formation, 
foetal and neonatal development and to pregnant and lactating females or if there may be 
significant potential effects at other times as well. 

Approach to exposure assessment 

The group considered four basic approaches for guiding exposure assessment: 

1. An effects driven approach, based on identification of adverse events and tracing back to 
exposures which may have been causative. This would normally be part of a "case-control" type 
study. 

2. A systems/modelling based approach, involving the development of generic exposure 
pathways modelling the source, fate and behaviour of substances and their uptake by organisms. 

3. A chemicals driven approach, based on a programme of testing/screening chemicals for 
activity and investigating exposure through environmental monitoring, utilising production and 
release data to help determine priorities, monitoring protocols, etc. 

4. A bioaccumulation driven approach involving chemical analysis of tissues of biota (especially 
top predators) for presence of xenobiotics or their metabolites - not necessarily known or 
suspected EDS. This information can then be used as the basis for a hypothesis-driven 
investigation. Such studies are best directed at persistent organic pollutants. 

Review of current research and monitoring activities 

The group briefly reviewed those current research and monitoring activities of which members 
were aware. Studies have been performed or are underway in one or more European countries to 
measure levels of the following substances in the environment and/or in products and foodstuffs 
(not necessarily because of their potential endocrine disrupting properties): 

• Organohalogens (e.g. dioxins, polychlorinated biphenyls (PCB)) 

• Bisphenol-A, phthlates, alkyl phenols 
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• Steroids 

• Pesticides 

• Phytoestrogens 

Particularly relevant activities included: 

• Identification of xenobiotics in humans and wildlife 

• Time-trend data collection and analysis of samples from wildlife specimen data banks in 
Sweden 

• Analysis of effluent (both domestic and industrial) from sewage treatment works and its effect 
on freshwater fish in the UK 

• Survey of possible EDS in consumer and other products in Norway, The Netherlands and 
Germany 

• Analysis in several countries of contaminants in foods representative of the total diet (food 
baskets) and in cows' milk, which is a useful indicator 

• Analysis of contaminants from food contact materials such as can linings and plastic wrappers 

• Evaluation of phytoestrogens in the diet and in particular soy based infant food 

• Estimation of production and consumption of possible EDS 

• Monitoring of deposition from air 

• Analysis of sediment cores 

Gaps in knowledge on exposure 

The group considered that a strategy for identifying substances of concern is an essential need and 
endorsed a requirement to verify the activity of suspected EDS by use of in vivo tests. 

Knowledge gaps concerning exposure were discussed and the following specific needs identified: 

• Information on the presence of EDS in the environment, products or foodstuffs; 
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• Data on sources of EDS and their release into the environment; 

• Information on bioaccumulation, biomagnification, metabolism, mobilisation and 
degradation of EDS and their fate and behaviour through environmental pathways; 

• Information on relevant exposure to natural and synthetic EDS; 

• Information on the links between exposure and adverse effects on wildlife; 

• Suitable biomarkers for exposure; 

• Techniques for assessment of exposure to mixtures. 

Although the link between exposure to EDS and effects in wildlife is not proven, many members 
of the group felt there was a need to take reasonable steps to reduce exposure whenever 
practicable. 

Recommended research criteria 

• An integrated approach is essential. Exposure assessments should not be done in isolation but 
should be linked to observed effects and specific field studies of wildlife or epidemiological case 
control studies in humans. 

• In any study it is important to consider all major routes of exposure, including the dietary 
route. Life stage and season should also be taken into account. 

• In modelling studies the substances modelled should be capable of being measured in the field. 

• A majority of members of the group recommended caution when undertaking studies of 
chemicals in the environment. There are many thousands of chemicals and chemical products 
on the market and assessment or monitoring should therefore focus on substances which have 
been shown to be active in recognised in vivo tests. 

• Maximum use should be made of existing databases available in the EU or OECD (for example, 
IUCLID and EXICHEM, established as part of the chemicals assessment programmes). 

• Sharing of information and research results should be encouraged to avoid duplication of 
effort. Many EDS are already monitored for other reasons. 

• The group supported the use and maintenance of national wildlife and human specimen 
banks, both to understand what is "normal" and for possible future use when specific 
endocrine disrupters have been better characterised. 
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• Sampling and analytical methods inevitably vary between research groups and from country to 
country. Care should be taken to validate approaches when setting up studies and interpreting 
the results. 

• For potential (alleged or suspected) EDS, society needs to consider what steps could be taken 
to deal with risk concerns. 

• A mechanism should be available to remove substances from the list of alleged or suspected 
endocrine disrupters based, for example, on the provision of adequate negative in vivo test data 
(taking into consideration relevant exposure levels). 

Recommendations for research and monitoring projects 

The following research and monitoring activities are to be encouraged: 

Effects-driven studies into exposure assessment in wildlife 

Studies are needed on specific wildlife populations for associations between exposure to putative 
EDS and adverse effects with well-defined end-points. Both aquatic and terrestrial studies are 
required. Such studies should establish the "normal" baseline and must be properly targeted to 
detect the required end-point. To be plausible, any hypothesis developed in the laboratory must 
be capable of being tested in the real world. 

Effects-driven studies into exposure assessment in humans 

Epidemiological case-control studies are needed, linked to an appropriate evaluation of exposure 
and other lifestyle factors at critical life-stages. 

Modelling 

Multi-media environmental fate models should be developed. These are potentially useful, cost-
effective tools for testing hypotheses and developing our understanding of chemical behaviour in 
the environment; many models already exist. The inputs required are physical and chemical 
property data for the compounds concerned, loss/degradation half-lives, and features of the 
environmental compartments concerned. Models of abiotic and biotic systems have also been 
developed; these require validation against established databases of well characterised compounds 
and systems before they can be more widely applied to other compounds. 
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Risk assessment methodologies 

There is a need to improve current risk assessment methodologies so that the potential interactive 
effects of multiple exposures (exposure to several substances or agents) are taken into account. The 
issue of exposure to mixtures is a problem which cannot currently be tackled due to lack of full 
understanding of the mechanism of action of endocrine disrupters. 

Monitoring strategy 

A Europe-wide strategy for monitoring EDS should be developed, taking into account existing 
work. Such monitoring should include the collection of data on (observed) adverse effects in 
wildlife (development of biomarkers), external and internal exposure (when possible) and key 
pathways of exposure. This will facilitate appropriate risk assessment. When agreement on toxic 
endpoints and test methods is reached for endocrine disrupters, such data and information 
should be included in the IUCLID and other relevant databases. 

Exposure reduction techniques and strategies 

Studies of the cost and effectiveness of reductions in exposure should be undertaken. All relevant 
information should be used to characterise the risk and where appropriate to establish risk 
mitigation steps to reduce exposure of humans and the environment. (Such mitigation steps could 
include waste minimisation, cleaner production and products, reduced waste treatment streams, 
improvements in product information, information on proper use and, where relevant, dietary 
advice). Such exposure reduction may have secondary benefits. 
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WORKING GROUP 3: METHODOLOGY ISSUES (PARTICULARLY 
SCREENING AND TESTING OF CHEMICALS) 

Members: 

H Koëter (Chairman) 

Β Hansen (Chairman) 

J Ashby (Rapporteur) 

I Brandt * 

Κ Cameron 

Ρ Gelbke 

Ρ Holmes 

A Maciorowski 

M Matsuo 

Ρ McCutcheon 

Ρ Olsson 

R Peterson * 

E Tiberg 

R Vogel 

* Part-time member of group 

Introduction 

The Group recognised two distinct approaches to the testing of chemical substances with respect to 

endocrine disrupting effects: 

a) Hazard characterisation for substances for which there are few or no data, either because they are 

currently in a chemical use category for which only a minimal data package is required or because 

they were already introduced well before data requirements were established; 

b) Hazard characterisation of chemical substances for which extensive data requirements, both with 

respect to mammalian and environmental toxicity, are already required based on chemical use 

category. 

With respect to the group of substances for which there are few or no data, the options exists for a 

step-by-step approach, starting with initial screening, or to go directly to mammalian toxicity studies. 
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In order to demonstrate the ability of a substance to disrupt an endocrine system it is necessary to 
make observations related to an endocrine system, i.e. to base the test in a whole organism. Two major 
mechanisms by which such disturbances can be induced are currently recognised, sex hormone 
receptor interactions and metabolic effects on sex and thyroid hormone biosynthesis and/or 
degradation. The first of these can be subdivided into agonist/partial agonist/antagonist effects at the 
oestrogen and androgen receptors and, perhaps, also the thyroid hormone and progesterone receptors. 
Receptor-mediated effects can formally be studied in vitro, but the current absence of a means to 
metabolise chemicals in the available in vitro receptor interaction assays severely limits their usefulness. 
Several yeast receptor-based assays appear to offer some level of metabolic competence and these offer 
the best current approximation to a viable in vitro receptor assay. These assays, however, can be 
expected to suffer from problems associated with chemical translocation into the cell and they are 
unlikely to offer a long-term testing option. Rectification of the problem of in vitro metabolism 
represents a current research need. With the development of appropriate metabolic systems, receptor-
mediated potential endocrine disrupters could be defined in vitro. Mechanisms of endocrine 
disruption involving changes to the normal metabolism are currently best evaluated in vivo but the 
development of appropriate in vitro assays represents a current research need. 

These several observations confirm that endocrine disrupting substances (EDS) must be defined in 
intact organisms while in vitro assays, after further refinement, will be of value to evaluate mechanisms 
of action and for screening chemicals for potential endocrine disrupting properties. 

Guiding assumptions 

It is important to know if chemicals tested according to current guidelines for reproductive 
endpoints and found negative will, nonetheless, show endocrine disruptive activities. A corollary 
is whether or not chemicals tested in modern 1- or 2-generation studies and found negative can 
be acquitted of endocrine disruptive activities. 

Screening may not be the same as testing. Methods may exist to make it unnecessary to test an 
agent, or other toxicities may predominate. Within chemicals series and against defined 
endpoints, structure activity relationships (SARs) may provide useful screens. 

The focus of the working group was on hazard identification methods. Risk assessment 
considerations will best be approached when adequate hazard identification methods have been 
agreed. 

There are few reference EDS available for study and there are no agreed chemicals that are devoid 
of endocrine disrupting effects. The group was not aware of an example of an environmental 
androgen. There is an intellectual necessity to find a few agreed chemicals which lack endocrine 
disruptive activity. These would have two potential uses. First, for empirical assays, they could be 
used to determine assay specificity (cf., their use in the validation of empirical assays for 
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carcinogenic potential). However the study of EDS is moving towards the use of assays that 
provide mechanistically relevant data, and their specificity is not as important as addressing the 
question of how the activity seen in the assay will translate across species. A second use for 
negative endocrine disruptive agents is to assess the magnitude of events associated with 
significant endocrine disruptive activity in the whole organism. For example, it may be possible to 
discount small changes in the induction of vitellogenin if effects of a similar magnitude can be 
produced by substances agreed as having no endocrine disruptive activity. 

The approach suggested by the group is to name effects expected of an EDS in whole organisms. 
When that is achieved, evaluation of how such effects can be predicted can be undertaken. 

By starting with endocrine disrupting effects in whole animals it is not necessary to concentrate 
on the mechanisms by which they are produced at the screening stage (i.e. receptor effects, 
biochemical effects and thyroid effects are automatically covered). 

As a pragmatic first step it will be assumed that adequate mammalian studies will alert to effects 
likely to be produced in wildlife. Wildlife studies will then be designed to evaluate the response 
of particular species under given exposure conditions. Certain endocrine disrupting activities in 
wildlife may be missed using this assumption. Further, to support this assumption it will be useful 
to study the binding affinity of a range of direct-acting xenoestrogens to oestrogen receptors 
derived from a range of classes and species, including the specific study of oc - and ß- oestrogen 
receptors. Furthermore, differences in the androgen receptor in some fish species (11-keto-
testosterone) should be assessed by binding studies with model anti-androgens such as vinclozolin 
(no xenoandrogens being available for study). 

Current ecotoxicological studies cover a broad spectrum of effects and are not designed to detect 
endocrine disrupting activities. They are also blind to mechanism. Such protocols will require 
amendment, or new ones may have to be developed. 

A previous assumption was that with respect to adequate coverage of the aquatic environment, 
effects in fish (eggs, fry) would cover for effects in amphibians. Likewise, with respect to coverage 
of the terrestrial environment, that effects in birds would cover for reptiles. These assumptions 
should be kept under review as they were not initially intended to cover endocrine disruptive 
effects. In particular, it is not known how chemicals might disturb metamorphosis or arthropod 
moulting, or affect sex ratios in non-mammals. 

There is a need to rank the sensitivity of the various endpoints discussed in this document and 
also to list their relative weightings as toxic effects. For example, is the induction of vitellogenin 
mRNA in trout less sensitive than the induction of egg shell protein mRNAs and, if so, which is 
the most appropriate marker of endocrine disruption? Likewise, vaginal opening versus 
uterotrophic effects in mammals. 
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As new endocrine disruptive toxicities emerge or as new temporal specificities of toxic effects are 
discovered, it will be valuable to check if existing toxicity protocols are able to register those effects 
(and if not, whether they are capable of appropriate amendment). Set against this is the reality 
that sometimes it is best to devise a protocol for the measurements of an important toxicity, as 
opposed to adding parameters to existing protocols. 

Screening assays 

Structure activity relationship (SAR) 

Given the diversity of mechanisms that can cause endocrine disruption, it is not anticipated that any 
generally useful SAR relationships will emerge. However, when attempting to prioritise chemicals for 
evaluation, existing SAR data may be of value for the identification of potentially active substances. 
Such prediction will be most secure in cases where an extensive database exists for the relevant class 
of chemical. SAR will not be useful for predicting the absence of endocrine disruptive activity, at least 
for the foreseeable future. Specifically, it is recommended that resources are given to the derivation of 
SAR studies that are integrated with the extension of the existing database on endocrine disruptive 
activities. 

In vitro screening assays 

Receptor binding assays 

Binding to the oestrogen (E) or androgen (A) receptor (R) will define receptor antagonists and 
antagonists without being able to distinguish between them. By using isolated receptors no 
account of metabolism will be taken. It may be possible to incorporate a hormone stripped 
auxiliary source of metabolism but difficulties with non-receptor protein interactions may be a 
problem. Positive results will be valuable but negative results will not eliminate endocrine 
disrupting activity for a chemical until the problem of auxiliary metabolism issues is resolved. 

Transactivation assays 

Several such transfected assays are already available (ER, AR, Progesterone R). They can be used 
to distinguish receptor agonists (reporter gene activation) and receptor antagonists (failure to 
respond to the natural ligand). The latter endpoints are usually derived from dose-response 
studies. Although some of the available systems have some limited metabolic capacity, the need to 
incorporate metabolic enzymes is recognised. This may be achieved by use of modified S9-mixes 
or enzyme gene transfections (cf. MCL cells of Crespi), but which enzymes to add, and in what 
ratio, is a permanent problem. 
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Yeast human oestrogen and androgen receptor (hER/ hAR) assays 

Several yeast systems have been described in the literature. Yeast have significant oxidative 
metabolic capacity and they respond as a useful assay at present. Problems associated with the 
translocation of chemicals into yeast will eventually become an important issue, as happened with 
yeast mutation assays. 

In order to allow the conclusion that a substance is of low concern with respect to endocrine 
disruption, when the results of the above tests are negative, more work is needed to improve the 
adequacy of metabolic activation in these tests. Furthermore, additional assays are needed to cover 
endocrine disrupting effects other than those resulting from receptor binding. 

In vivo non-mammalian assays for screening purposes 

Injection of chemicals into fish or bird eggs followed by measurement of a receptor mediated 
response is a viable concept for an endocrine disrupter assay. Limited metabolic capacity during 
embryonic development is a potential problem. To overcome this, females could be injected with 
the test agent prior to the laying/spawning of eggs, with observations being made on the egg or 
the embryo. A significant potential exists for the derivation of transgenic fish in which an 
appropriate receptor is transfected associated with a marker gene that can be assessed in vivo (e.g. 
green fluorescence). Such assessments can be made in embryos which could then be allowed to 
hatch, with observations being made on the fry. Selection of the test species would be influenced 
by metabolic capacity, practicability for injection (size of egg), presence of the hAR (as opposed to 
the 11-ketosterone AR) and existing knowledge of the genetics and development of the species. 
Rainbow trout, fathead minnows, zebra fish and medaka are some obvious options. Effects of 
individual chemicals and chemical mixtures on steroid hormone responsive endpoints could be 
studied in this system relatively rapidly and inexpensively when compared to similar studies in 
laboratory mammals. 

More work is needed to demonstrate the reliability, relevance and sensitivity of these assays. 
Subsequently, the most relevant tests should be developed as internationally acceptable (OECD) 
test guidelines. 

Endocrine disruption in mammals (rodents) 

Most endocrine toxicities of concern relate to events occurring during reproduction. This 
indicates a need to expose animals during pregnancy and during lactation. However, some 
endocrine toxicities may become evident in non-pregnant animals. 
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Non-pregnant animals 

Females 

Uterotrophic responses. If ovariectomized animals are used, longer term changes to serum lipids 
and bone density can also be monitored. Mammary gland hyperplasia and changes in ovarian 
function, including disruption of the oestrus cycle, are possible markers that could be developed. 
Some simple observations, such as changes to vaginal cytology and cycling, may represent 
repetitive or complementary markers to uterotrophic responses. Thyroxine levels and selected 
enzyme/hormone measurements can also be included in such studies. 

Males 

Changes in the weight of accessory sex glands, in particular the prostate, are the main markers of 
male endocrine disruption. Anti-androgens and oestrogens eliciting decreases in prostate weight 
can be monitored in intact animals, but the measurement of androgenic effect is most sensitively 
assessed in castrated males. Thyroxin levels and selected enzyme/hormone measurements can also 
be included in such studies. 

Exposure during pregnancy 

The largest number of markers of endocrine disruption are available for pups exposed in utero and 
during lactation. 

Female 

Ano-genital (AG) distance at birth, uterus weight at weaning, day of vaginal opening and onset of 
oestrus. Regularity of cycling. Fertility and fecundity. Size of the area of the pre-optic region is a 
marker that is currently showing promise and which is worthy of development. Intersex and other 
genital abnormalities can also be monitored (cf. Work group 1C). 

Males 

AG distance at birth, day of preputial separation, nipple development, testis and accessory sex 
organ weights in young adults. Daily sperm production (homogenisation-resistant testicular sperm 
and total caudal sperm counts) in young adults. Fertility, fecundity. Measurement of the nuclear 
size of the preoptic region of the brain. Intersex and other genital abnormalities can also be 
monitored (cf., Work group 1C). 

General 

Litter size and weight. Sex ratio changes. 
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Endocrine disruption in wildlife 

Egg production, hatching success and recruitment are primary markers for aquatic and avian 
species. Changes to normal sexual behaviour. Sex ratio changes are also a potentially valuable 
marker of endocrine disruption and a research need is to decide whether to use test species with 
fixed or variable sex ratios. Sex changes and hermaphroditic conditions can also be monitored. 
Separate consideration should be given to terrestrial and aquatic species, with the emphasis on 
defining unique sensitivities to endocrine disrupters defined in mammals, and the discernment 
of no-effect levels. A research need is to evaluate methods for monitoring effects on arthropod 
metamorphosis and moulting. 

Testing strategies 

Scheme 1 displays the current and future options for defining endocrine disrupters. The studies 
required for a particular agent will be influenced by the extent of any existing toxicity database for 
it. The various screening assays available for use in each tier have been discussed above. 
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The sequence of conducting tests and the point of entry into Scheme 1 will be influenced by many 
factors. At one extreme, an agent may have been adequately evaluated for reproductive effects, e.g. 
in a one- or two-generation study. In such cases, it may be possible to classify the agent as inactive 
as an endocrine disrupter, irrespective of any activities it may be shown to have in in vitro assays. 
At the other extreme, it may be important to study analogues of a confirmed endocrine disrupter 
in order to prioritise analogues for testing in vivo or to eliminate similarly active members of the 
chemical class. In such situations, SAR or in vitro assays may prove valuable in cases where the 
mechanism of action of the lead chemical is known and where appropriate in vitro assays 
responsive to it are established. In most cases, however, a single agent with few toxicity data 
available on it, will be under consideration. In these cases, four possible testing strategies are 
possible (Α-D, Scheme 1): 

Option A 

Until the problem of metabolism is solved, negative responses observed in vitro will still require 
follow-up testing in vivo. Positive responses in vitro may be of value but they are insufficient to 
define an endocrine disrupter. In vitro assays may be of value to study mechanisms of action of a 
confirmed endocrine disrupter, but still, the problem of metabolism will complicate such studies. 
A major research need is, therefore, to solve the problem of metabolism in vitro. There is also the 
need to devise assays for the metabolic disturbances likely to occur in whole organisms. There is 
also the research need to build up SARs in conjunction with the acquisition of new data. 

Option Β 

Limited studies in rodents are a possible method by which to evaluate for endocrine disruption. 
The available assays are discussed above. However, it is unclear at present whether it will be 
necessary to include assays in which pregnant animals are studied, together with the study of their 
offspring. There is therefore a research need to acquire data on a range of endocrine disrupters in 
order to establish two things: 

a) the hierarchy of sensitivities between the several available endpoints, 

b) the possible need to study the effects of chemicals on embryos and neonates. 

Until such data are available it is not possible to prescribe a preferred battery of assays. A few 
current precedents suggest that it may be necessary to include studies in utero for an adequate 
evaluation of endocrine disruption. 

Option C 

It may be decided that it is important to study the effects induced in animals exposed in utero. The 
possible endpoints that currently exist are detailed above. 
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Option D 

In some cases expected exposures may dictate that testing commences in wildlife species. The 
choice oftest species will be mandated by the particular emission condition prevailing. In general, 
however, endocrine disrupters defined in mammals will be selectively evaluated in wildlife species 
in order to evaluate their relative sensitivity and to establish no-effect levels. A research need is to 
select a range of sentinel species and endpoints for situations where the study of endocrine 
disruption commences in wildlife. 

Research needs 

1. To integrate the development of SAR in endocrine disruption with new data acquisition. 

2. To devise a source of auxiliary metabolism suitable for use with in vitro assays. 

3. To assess if in vitro assays can be developed to predict changes to the biosynthesis and 
degradation of hormones in whole organisms, and to predict changes to thyroid gland 
function. 

4. To devise novel whole organism assays for endocrine disruption in birds, fishes and 
invertebrates, both for their use to assess hazards to those species and to act as a possible 
replacement for rodent studies. 

5. To establish if endocrine disruption effects observed in neonates or weanlings can be 
predicted by measurements made in the exposed parent. Such research will resolve the 
question of whether there is an absolute need to conduct exposures in utero and during 
lactation. 

6. To establish a hierarchy of sensitivities for the markers of endocrine disruption in 
mammals, fish and birds, using a set of appropriately selected endocrine disrupters. 

7. To select sentinel wildlife species and endpoints for use in situations where the evaluation 
of an agent's endocrine disrupting activity will most usefully commence in wildlife species. 
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3 Summary of final plenary session 

The working group reports were presented to plenary by the Rapporteurs/Chairmen. Comments 
made by the delegates were noted and revisions made, as appropriate, based on those comments. 

The definition of an endocrine disrupter was discussed at length. It was agreed that any definition 
needed to focus on adverse effects observed in vivo ( for example, those listed on page 45) and 
encompass both effects on young or adult organisms and effects on their progeny. Since much of 
the experimental research to date has involved studies on isolated cells and preparations, 
substances with activity in such in vitro systems should be distinguished from accepted endocrine 
disrupters by the qualifying adjective "potential". The ability of screening systems to identify 
potential endocrine disrupters meant that they were likely to play an important role in setting 
priorities for research on existing and new substances. 

The following definitions for "endocrine disrupters" and "potential endocrine disrupters" were 
agreed: 

An endocrine disrupter is an exogenous substance that causes adverse health effects in an 
intact organism, or its progeny, secondary* to changes in endocrine function. 

A potential endocrine disrupter is a substance that possesses properties that might be 
expected to lead to endocrine disruption in an intact organism. 

(Adverse hormonal effects may relate to disturbances in any of the major endocrine systems, 
including the reproductive, thyroid and adrenal systems) 

In discussion it was emphasised that in reaching a decision as to whether a substance was an 
endocrine disrupter, it would be important to form a judgement about whether the effects 
observed constituted adverse health effects or just disturbance of homeostasis, and whether 
adverse effects were due to the endocrine disrupting activity per se or were secondary endocrine 
changes following overt toxicity to other systems. 

There was a spirited discussion on the extent to which research objectives and the taking of 
potentially mitigating actions should be determined by the present level of knowledge and 
uncertainty about endocrine disrupters. Should there be clear experimental evidence about in vivo 
activity of endocrine disrupters before initiating cause and effect research in wildlife or humans 
relevant to the endocrine hypothesis? Focusing the research effort on endocrine disrupters, 
should these turn out not to be significantly involved in the aetiology of human reproductive 

'Subsequent to the meeting it has been suggested that the word "secondary" be replaced by the word 
"consequent". 
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health disorders, runs the danger of neglect of other causal hypotheses and the wasting of limited 
research funds. There was a need to balance research needs and resources in this area with those 
in other areas addressing important public health issues. There was also the question of taking 
action at an early stage to reduce exposures to substances alleged to be endocrine disrupters even 
though scientific proof of cause and effect were absent. Application of the Precautionary Principle 
(as described in Principle 15 of the 1992 Rio declaration) which is accepted for control of some 
environmental pollutants and the possibility that reducing exposure to chemicals may have other 
as yet unrecognised benefits, could constitute an argument for action to reduce exposures, even if 
such actions turned out not to influence reproductive health. 

There was agreement that scientific results should inform policy decisions and, in an area as 
complex as endocrine disrupters where research findings cut across several disciplines, scientists 
need to adopt a weight-of-evidence approach to risk assessment. The weight of evidence at present 
from experimental, wildlife and human epidemiological research points to the need to screen for 
endocrine disrupter effects in the laboratory to prioritise and identify those with activity in intact 
organisms, while at the same time extending the important human and wildlife observations. It 
was recommended that all studies should be performed following rigorous scientific principles 
and practice. 

While biomarkers for endocrine disruption in humans and wildlife already exist, the focus of 
biomarker research should be the ability of the existing, and any new, biomarkers to predict 
changes in the reproductive health of whole organisms (including humans) and communities. 

Important scientific research issues which need addressing in the endocrine disrupter area are 
considerations of dose/response, whether effects are threshold or not and whether mixtures of 
substances can act additively, antagonistically and/or synergistically in intact organisms. Answers 
to these questions will be crucial in informing any future risk management decisions which need 
to be taken. 
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4 Conclusions and Recommendations 

There was general agreement at the workshop that an endocrine disrupter could only be 
adequately defined through the testing of chemicals in the intact animal, although it was accepted 
that identification of potential endocrine disrupters could be based upon data derived from in vitro 
studies. 

"An endocrine disrupter is an exogenous substance that causes adverse health effects in 
an intact organism, or its progeny, secondary* to changes in endocrine function." 

"A potential endocrine disrupter is a substance that possesses properties that might be 
expected to lead to endocrine disruption in an intact organism." 

Summaries of the specific conclusions and recommendations made by each of the working groups 
are presented below: 

Human epidemiology 

The working group concluded that there was sufficient evidence that the increase in human 
testicular cancer was real while the apparent decline in sperm counts in some areas was unlikely 
to be attributable to known confounding variables. It was considered that, to date, studies had 
been inadequate to assess any changes in female reproductive health other than breast cancer and 
that exposure information was generally insufficient to firmly associate human reproductive 
health changes to endocrine disrupting substances. The following recommendations were made: 

• Focus human epidemiology studies on compounds established, by in vivo animal studies, as 

endocrine disrupters except where high exposures to otherwise suspect chemicals is known. 

• Consider possible pre- and post-natal exposure effects in all studies. 

• Collect tissue and body fluid samples for possible future analysis from ongoing epidemiology 
studies and situations where exposure to possibly relevant chemicals is known to be occurring. 

• Investigate reproductive health in cohorts having differential general exposures to pollutants, 
industrial chemicals or naturally occurring endocrinologically active substances; investigate 
influences of "lifestyle"-related factors including dietary and socio-cultural differences. 

• Conduct follow-up epidemiology studies after any action is taken to reduce exposure to 
substances thought relevant to human reproductive health. 

'Subsequent to the meeting it has been suggested that the word "secondary" be replaced by the word 
"consequent". 
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• Continue current investigations into known changes in reproductive health and areas of 
uncertainty, focusing on establishing baseline measurements and geographical differences (e.g. 
pan-European studies on testicular cancer, semen quality, cryptorchidism, hypospadias and 
female breast cancer). 

• Establish common standards for measuring important end-points where inter-laboratory 
differences may hamper regional comparison. 

• Include additional, readily measurable end-points (e.g. testis, penis and clitoral size in the new 
born, twinning rates, sex ratios) in epidemiological studies. 

• Identify and apply blood markers that are associated with sperm and ovarian function in 
humans and animals. 

• As the working group did not contain experts in the field of female reproductive health and 
breast cancer, it was considered inappropriate to make recommendations for research in this 
area. It was recommended that a working group should be convened to consider this aspect 
and other adverse effects in women potentially associated with endocrine disruption. 

Wildlife 

The group considered that some cases exist within the EU area where adverse endocrine effects, 
or reproductive toxicity, in birds and mammals coincide with high levels of anthropogenic 
chemicals which have been shown to have endocrine disrupting properties in some test systems. 

The critical factor for survival of wildlife populations and the maintenance of biodiversity was 
identified as the effectiveness of reproduction, including offspring survival; it was felt that any 
assessment of potential effects of endocrine disrupting substances on wildlife should concentrate 
on this aspect. In order to avoid waste of resources, the need for baseline data and the targeted 
use of a broad testing strategy in field studies was suggested, as was the need to develop criteria for 
selecting sentinel species and to improve the predictive power of biomarkers. Recommendations 
made comprised: 

• Field studies are required where endocrine disrupting substance effects are suggested; these 
should involve a broadly based screen including assessment of gonadal function, behavioural 
patterns and offspring sex ratio, numbers and survival. Such studies should include comparison 
with control (unimpacted) areas. 

• Conduct basic research into comparative endocrinology and baseline (unaffected) populations. 

• Identify sentinel species using agreed selection criteria. 

• Develop biomarkers which predict impact on reproductive effectiveness. 

• Study the fate and bioavailability of known endocrinological disrupters; apply the insights 
gained to other substances. 

• Determine regional variations in the distribution of endocrine disrupting substances and 
wildlife populations. 

• Ensure all currently available data are made use of. 
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Mechanisms and models 

The group agreed that, with the exception of cancer, there were animal models available for 
detecting many potential reproductive effects of endocrine disrupters. It was, however, apparent 
that different approaches were needed for the screening of chemicals and for mechanistic studies. 
The group believed that those intended for use in mechanistic or dose-response studies required 
either development or formal validation. 

The group believed that priority should initially be given to detecting effects rather than 
elucidation of the mechanisms of action involved but that conclusions as to the disrupting 
capability of a substance should only be based on valid risk assessment processes using data 
derived from repeatable in vivo experimentation. The following recommendation for future 
activities were made: 

• Extend basic knowledge of hormonal systems and their role in pathophysiological conditions. 

• Validate current animal models with particular reference to human relevance and establish 
new, meaningful animal models for testicular cancer and control of testicular descent. 

• Perform basic research into the mechanisms of testicular descent, hypospadias and polycystic 
ovaries in humans. Where appropriate identify non-hormonal pathways and conduct 
epidemiological studies. 

• Urgently investigate the aetiologies of persistent oestrus in rodents and polycystic ovaries in 
humans for similarity. 

• Obtain expert opinion on potential significance of endocrine disrupters in breast and prostatic 
cancer and selection of suitable animal models. 

• Develop non- or minimally-invasive biomarkers for endocrine function and disruption, and 
testicular function and establish their cross-species consistency and predictability. 

• Investigate techniques to study neurodevelopmental and neurobehavioural effects and to relate 
animal and human systems. 

Exposure 

It was concluded that an integrated strategy was required for the monitoring of chemicals in the 
environment. Effort should focus on substances that have displayed endocrine disruptive 
potential in in vivo animal studies and monitoring activities should be integrated with human or 
wildlife epidemiological or field studies. To facilitate future research, the need to maximise the use 
and availability of current data and to establish national specimen banks of human and wildlife 
samples was recognised. Similarly, the benefits to be gained from establishing agreed 
methodologies and using models capable of extension into field situations was emphasised. The 
recommendations made by the group were: 
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• Conduct effects driven studies into exposure assessment in wildlife populations, both aquatic 
and terrestrial, targeted to well-defined end-points to establish what is "normal" as a baseline. 

• Conduct effects driven studies into exposure assessment in humans comprising 
epidemiological (including case-control) studies linked to evaluation of exposure and other 
lifestyle factors at critical life-stages. 

• Develop multi-media environmental fate and behaviour models and validate them against 
established databases of well characterised compounds and systems. 

• Improve current risk assessment methodologies so that the potential interactive effects of 
multiple exposures (i.e. exposure to several chemicals) are taken into account. 

• Develop a Europe-wide strategy for monitoring EDS, focusing on those substances known to be 

active in recognised in vivo tests and including data on observed effects, external and internal 
exposure and key pathways. The outputs should be incorporated in IUCLID and other relevant 
databases. 

• Undertake studies of the cost and effectiveness of reductions in exposure to recognised EDS. 

Methodology 

It was concluded that, at present, it is only possible to conclusively define the endocrine 
disrupting potential of a substance in terms of its in vivo activity although in vitro data might 
suggest its potential for such activity. The group further recognised the need to adopt different 
strategies for assessing a chemical's potential hazard depending upon the amount of toxicological 
information already available. It was considered that the principle requirement during any initial 
screening stages of hazard assessment was to identify adverse effects not to elucidate mechanism(s) 
of action; this latter aspect could be addressed in later mechanistic studies on a case by case basis. 
On the basis of certain assumptions about the ability to extrapolate between different phyla, the 
group developed proposals for a possible testing strategy and suggested a number of potential 
models that might be suitable. During this, a number of gaps in the current state of knowledge 
was identified that lead to the following suggestions for possible future research activity: 

• Prioritise and integrate SAR development in association with new data acquisition. 

• Assess if in vitro assays can be developed that predict changes in biosynthesis and degradation 
of hormones in whole organisms. 

• Attempt to develop and validate in vitro models for thyroid gland function. 

• Develop a source of auxiliary metabolism suitable for in vitro assay systems. 

• Develop and validate novel whole organism assays for endocrine disruption in birds and fishes, 
both to assess hazards to those species and as a possible replacement for rodent studies. 

• Evaluate the usefulness of monitoring arthropod metamorphosis and moulting. 

• Investigate if endocrine disruption effects in neonates or weanlings can be predicted by 
measurements made in exposed parent; if not, testing must include assessment of the effect of 
exposures in utero and during lactation. 
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• Characterise a hierarchy of sensitivities for appropriate biomarkers in mammals, birds, fish and 
invertebrates, using a set of appropriately selected model chemicals. 

• Identify suitable sentinel species and endpoints to use where an evaluation will most usefully 
commence in wildlife species; including a comparison of benefits of using species with either 
fixed or variable sex ratios. 

General conclusions 

In this complex area of endocrine disruption, scientists need to adopt a weight of evidence 
approach to risk assessment, and it is important that scientific research is directed at assisting 
policy development and decision making. Currently, this points to the need to screen for 
endocrine disrupting activity in the laboratory whilst extending important human and wildlife 
observations. Future research issues that should be addressed include consideration of dose-
response, presence or absence of thresholds and the effects of mixtures. 

The outcome of this workshop is considered to have clarified understanding of the importance 
of endocrine disrupting substances, and it provides a clear basis for future research and 
monitoring programmes. 
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Annex 2 

Background position paper 

The document presented on the following pages is an extract taken from the background 
document supplied in advance to all delegates to the workshop. 
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Executive summary 

This document was produced to provide a comprehensive data source for use by the workshop 
delegates. It reviews the background to the current concerns on environmental sex-hormone 
disruptive substances, identifies the key exposure issues and presents consolidated details of the 
conclusions reached and the recommendations for future research and monitoring made at a 
series of recent European and US workshops, working groups and meetings. 

A considerable degree of consensus was noted in the various assessments/reports reviewed on the 
need to take urgent action to address the uncertainties and gaps in our knowledge and to avert 
the potential dangers to human and wildlife populations from endocrine disruptive substances. A 
number of key research and monitoring activities was identified: 

BASIC SCIENTIFIC RESEARCH NEEDS 

• There is a clear need to elucidate the detailed mechanisms of action of sex hormone disrupting 
substances. This will require investigations at all levels of organisation and will need to include 
separate consideration of key stages of the life cycle of relevant species. 

• Detailed understanding of the bioavailability, absorption, bioaccumulation, metabolism, 
excretion and degradation will be required for active chemicals, and it will be necessary to 
develop techniques to deal satisfactorily with complex chemical mixtures. Again, different 
stages of the life-cycle will have to be considered separately. 

• There is a need to develop our basic knowledge of reproductive and endocrine systems in 
relevant species. 

• In order to facilitate satisfactory study and resolution of human, wildlife and environmental 
exposure issues, it is essential that multiple biomarkers are developed for exposure, latent effect 
and activity. 

• The development of in vitro and in vivo models of endocrine responsive tumours was 
considered to be necessary to facilitate the research programme. 

HUMAN HEALTH CONSIDERATIONS 

• Development of databases relating to the reproductive health of the normal human population 
was called for, to act as a reference source. 

• There is a need to perform retro- and prospective epidemiological studies on the associations 
between reproductive abnormalities, functionality and maternal-offspring associations. Other 
factors (diet, geographical area, race, etc.) also require investigation. The use of established 
cohorts and exposed populations was recommended. 

• A key element in the resolution of the problems relating to sex hormone disruptive substances 
was felt to be the development of a list of priority chemicals for study: It was considered 
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essential that this list was subject to regular update as new information became available. 

• It was considered necessary to assign resources to the further development of risk assessment 
methodologies for hormone disrupters. Further development of regulatory techniques and 
processes was considered necessary to cope with the presence in the environment of complex 
mixtures. 

• It is essential that a tiered testing strategy is developed that can utilise robust, validated in vitro 
and in vivo model systems. 

• In the light of the particular problems relating to chemicals showing this type of activity, it is 
essential to conduct a thorough review of the current routine testing protocols; it was 
considered that it would prove necessary to expand the tests and would also probably be 
necessary to develop novel test methodologies. 

• The possibility of utilising data from domestic animals to investigate links between potential 
effects and exposure in humans was raised; this will require further research. 

ADDITIONAL WILDLIFE CONSIDERATIONS 

• There is a need for databases relating to the status of "normal" wildlife populations. 

• Establishment of exposure/ effect databases was suggested. 

• Continuation and extension of curren1" environmental monitoring programmes/ methods were 
recommended with the results being used to identify hormonally active substances. 

• For wildlife populations, retro- and prospective epidemiological studies should be conducted in 
a range of environments and geographical areas to monitor reproductive health effects. 

• The potential benefits from investigating highly exposed ecological areas was noted: It is 
suggested that a wide variety of biomarkers be used and samples should be collected from many 
trophic levels. 
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Introduction 

BACKGROUND TO THE CURRENT SITUATION 

Endocrine disruption and disrupters have become a major focus of environmental toxicology and 
medicine in the last three-years. At present endocrine disruption is on the agenda of many expert 
groups, panels and steering committees of governmental organisations, industry and academia in 
the USA and in Europe. The key "problems" that boost the interest in and concern about 
endocrine disruption are derived from experimental and epidemiological studies covering both 
humans and wildlife, with particular reference to exposures early in life. These problems, and the 
inter-related aspects of hormonal control mechanisms and the factors affecting human and 
wildlife exposure to putative endocrine modulating substances in the environment, are briefly 
summarised below. 

Human-related "key problems" 

Human "problems" that are suggested to be related to endocrine disrupters include: 

• time-dependent reductions in sperm counts and quality; 

• increased incidence of cryptorchism and hypospadias; 

• increased incidence of testes, prostate and breast cancer; 

• reduced motor and/or cognitive development in infants. 

For all these "key problems" a (causal) relationship has been suggested with exposure to potential 
endocrine disruptive environmental contaminants. However, none of the studies on these key 
problems has actually investigated or reported associations with endocrine disruptive substances. 
Only studies on the aspect of neurodevelopment have reported data in relation to exposure to 
environmental contaminants. Therefore, at present there is little or no evidence that exposure to 
endocrine disrupters is in fact related to those key problems. 

It should, however, be mentioned that the epidemiological observations indicated as key 
problems, in particular the upward trends in testes, prostate and breast cancer incidences, are of 
concern as such and should be followed closely, whether or not endocrine disrupters are involved. 
Since, however, the endocrine disruption issue is on the agenda, the question may be raised: 

"Could the indicated key problems be (or have been) evoked by, or associated with, 
endocrine disruption?" 

The answer to this question is not easy, but one can say that the problems indicated above all have 
a component of sensitivity towards endocrine-active compounds. The tumours of testes, prostate 
and the breast are all sensitive and responsive to sex hormones. In fact, sex hormone antagonists 
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are being used in treatment of these cancers. Moreover, the production of sperm by the testes is 
under control of sex hormones, and may, therefore, be influenced by sex hormone mimicking 
compounds. In addition, cryptorchism and hypospadias are indices of disturbances in gonadal 
development which may be the result of alterations in sex hormonal function and or metabolism 
in utero. 

Since it cannot be excluded that endocrine disrupters could evoke these human health problems, 
and because we know that several environmental chemicals may act as agonists and/or antagonists 
on receptors normally involved in sex hormone-based signal transduction, there is a clear need to 
look more closely into the "endocrine disrupter" issue. 

Wildlife-related "key problems" 

In wildlife the "key problems" involve: 

• impairment or alterations of sexual development in fish and reptiles, such as: 

- masculinisation of female least killifish following exposure to phytosterol-containing effluents 
of the pulp and paper industry; 
- pseudo-hermaphroditism, or imposex in molluscs in relation to exposure to the anti-fouling 
agent, tributyltin (TBT); 
- reversal of temperature-dependent sexual development in turtles and alligators, following in 
ovo exposure to chlorinated biphenols. 

• induction of sex hormone-mediated responses in fish, such as increased production of 
vitellogenin in male and female caged fish in relation to exposure to sewage effluents. 

• behavioural changes in birds, such as supranormal clutch size and female-female pairing in 
birds. 

• bone deformities, such as crossed bills in birds and frequent fractures in otters. 

These wildlife cases have a better exposure assessment component associated with the observed 
effects (e.g. alterations in sexual development). Moreover, there are several experimental studies 
reporting on xenobiotic-induced changes in sexual development and sex hormone responses in 
similar, or closely related species offish and reptiles, that have been reported to be associated with 
these key problems in the wild. 

Thus, it can be concluded that there is more weight of evidence for endocrine disruption by 
chemicals in the environment from wildlife cases than from human studies. 
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ENDOCRINE DISRUPTION:THE HORMONAL SIDE OFTHE ISSUE 

AU of the key problems concerning humans and wildlife indicated above do have a component of 
sensitivity for, or may be evoked by, non-physiological doses of endocrine-active compounds. 
Outstanding questions include: 

• What are the hormones, their actions, interplay and their control systems that maintain 
physiological functions (such as reproduction, sexual and neural development and cellular 
differentiation/proliferation) in endocrine-sensitive tissues.7 

• How do these hormonal control functions compare between different species? 

• What are the sites and mechanisms of interaction of potential endocrine disrupters in 
hormonal function, metabolism or regulation systems and what would the situation be in utero 
versus the adult? 

These questions are all difficult to answer, but need to be addressed to be able to comprehend the 
potential impact of endocrine disrupters on human health and on populations of wildlife species. 
Although the issue of endocrine disruption is a complicated one, there are ways to simplify the 
problem by making use of the principles of hormone action as a starting point. The physiological 
and hormonal systems of the mammal are, perhaps, the most characterised and are, therefore, 
used as the principal basis for the following discussions. 

Principles of hormone action 

AH hormonal systems consist of two essential components: 1) the hormones, that act as internal 
messengers or ligands and 2) receptors, proteins specialised in receiving specific hormonal 
messengers (receptor-ligand binding) and transducing signals to the interior of cells, or to other 
cellular components and compartments. The net result of these hormone-receptor interactions is 
to evoke signals that stimulate cellular functions (production of specific proteins) as well as 
physiological functions, e.g. oestrus cycling in reproduction. The components of hormone action 
are the same (or similar) in all vertebrate species. 

Hormone metabolism 

Another important aspect of hormonal systems is that they consist of hormone producing organs, 
i.e. glands that are specialised in synthesis of a specific type of hormone, or hormone-precursors, 
which are secreted into the blood stream where they are circulating mainly in a protein-bound 
form. A small fraction of the hormones are free and available for uptake in specific target organs/ 
tissues. 

In the target tissues, there are a number of hormone metabolising enzyme systems. These 
metabolising enzyme systems include: 
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- cytochrome P450-based oxidoreductases and dehalogenases (in the case of thyroid 
hormones) to locally activate or deactivate hormones, 
as well as 
- conjugating enzymes, such as UDP-glucuronyltransferases (UGTs) and sulfotransferases 
(Sts) to further inactivate the hormones and to facilitate excretion. 

The net result of these metabolic steps is a) fine-tuning of the free fraction of activated hormone 
and b) damping the effects of fluctuations in hormone delivery to ensure that physiological 
concentrations of free, activated hormone remain available to evoke receptor-mediated signals to 
support or control physiological functions. 

Homeostatic control of hormone action 

Most physiological functions in vertebrates are maintained under varying exogenous conditions 
(homeostasis). Therefore, the hormone systems that help in homeostatic control of physiological 
functions are themselves also highly controlled by feedback control mechanisms. These feedback 
mechanisms serve to balance hormone production and elimination, as well as hormone action 
and reaction. 

The hypothalamic-pituitary route of feedback control for hormone production involves a cascade 
of positive and negative interactions, resulting in modulations in releasing and stimulating 
hormone levels which eventually result in a balanced hormone production by the endocrine 
glands. The feedback control on hormone action and reaction involves adaptations of receptor 
levels, receptor functionality, transcription regulation and message stabilisation factors within the 
hormonal target cells. In addition, adaptations of both cellular and extracellular metabolic 
enzyme activities and carrier protein levels may result in a balanced level of free hormones within 
the target cells. 

Hormonal cross-talk and physiological functions 

Another control mechanism of hormone action in more integrated physiological functions, is the 
existence of complex networks of "cross-talk" between different hormonal systems within the same 
target cells or tissues. These may mutually control the respective hormone-specific signal 
transduction pathways. A number of examples of cross-talk are given below: 

Receptors and gene expression 

There are several examples of "cross-talk" at the receptor and gene expression level between sex 
hormones and thyroid hormones. Thyroid hormone has been reported to up-regulate oestrogen 
receptor (ER) levels in liver of rats; receptors for oestrogen and thyroid hormone have related 
DNA-binding domains that interact with closely related DNA target sequences, which enable 
transcriptional control; receptors for thyroid hormone (TR), oestrogen (ER) and progesterone 
(PR) are known to compete for target gene expression involved in steroid dependent mating 
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behaviour, such as the gene for preproenkephalin; there are antagonistic interactions of estradiol 
and triiodothyronine on gene expression, such as the human glycoprotein hormone alfa-gene and 
the alpha-2-macroglobulin gene; estradiol and tamoxifen are partial agonists on thyroid hormone 
receptor mediated induction of growth hormone (GH); conversely, triiodothyronine (T3) partially 
mimicked the estradiol action to suppress LH synthesis by the pituitary. 

Sex differentiation and male reproductive development 

Each foetus is equipped with internal duct structures which would allow it to develop into either 
a male (the Wolffian ducts) or female (the Mullerian ducts). Sexual differentiation of the female 
is largely autonomous and is regarded as being the default pathway of foetal development, i.e. the 
Mullerian ducts will persist and the Wolffian ducts regress automatically unless hormonal signals 
(in the male) dictate otherwise. Development of the foetus into a male requires, first, the 
formation of a testis containing Sertoli cells and, second, the production of hormonal signals 
which masculinise the body. Formation of a testis containing Sertoli cells is dependent upon the 
expression of the Sry gene of the Y- chromosome. The Sertoli cells then begin to secrete anti-
Mullerian hormone (AMH; also called Mullerian inhibiting substance, MIS) which causes 
regression of the Mullerian ducts which would otherwise give rise to much of the internal female 
reproductive tract. Soon after testicular differentiation, Leydig cells form within the testis 
(probably under the influence of factors emanating from the Sertoli cells) and begin to secrete the 
hormone, testosterone. This acts locally upon the Wolffian duct system to stabilise it and prevent 
its regression. Much of the testosterone is secreted into the blood stream and subsequently acts at 
multiple sites around the body (e.g. the external genitalia) to bring about masculinisation. Prior 
to its actions at peripheral target sites, the testosterone is converted to the more potent androgen, 
dihydrotestosterone (DHT) via the enzyme, 5(-reductase. Deficiencies in the later enzyme or in 
AMH or testosterone production or in the actions of testosterone and DHT result in various 
forms of intersex conditions in genotypic males. Conversely, over-production of androgens 
(usually by the adrenal gland) will result in partial masculinisation of genotypic females. 

In addition to these hormonal signals which control sexual development per se, it is being 
increasingly recognised that several other hormones play subsequent roles in the development of 
a functioning testis and reproductive tract. For example, follicle-stimulating hormone (FSH) 
secreted from the anterior pituitarv gland is important in regulating the rate of multiplication of 
Sertoli cells during foetal and postnatal life, thus determining the final number of Sertoli cells, 
which in turn determines adult testicular size and the maximum daily sperm production of an 
individual. Thyroid hormones can also affect this process by altering when Sertoli cells stop 
multiplying and differentiate. There is also emerging evidence that other hormones, notably 
oestrogens and inhibins, probably play important, but as yet unknown, roles in the process of 
development of the normal male reproductive system. 
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Neuroendocrine and behavioural development 

Neuroendocrine development and behavioural functions are highly dependent on thyroid and sex 
hormones, as well as other hormone systems, including corticosteroids. Environmental signals 
can profoundly affect reproductive behaviour and physiology, as well as responses to steroids. ER, 
PR and TR compete for target gene expression in steroid-dependent mating behaviour; the thyroid 
hormone depleting agent Clofibrate irreversibly affects sexual behaviour in rats following perinatal 
exposure; T3 antagonises the oestradiol-stimulated adenohypophysial enlargement and enhanced 
dopamine D-2 receptor levels. 

Metamorphosis and vitellogenesis 

Both thyroid hormone and oestradiol are essential for amphibian metamorphosis and 
vitellogenesis. T3 strongly enhances the precocious activation of vitellogenin genes by estradiol in 
Xenopus tadpoles at the metamorphic climax stage of metamorphosis. 

Tumorigenesis 

Estradiol affects tumorigenesis and progression of thyroid neoplasias; in fact, the antioestrogen, 
tamoxifen, is being tested for treatment of thyroid cancers. On the other hand, physiological 
concentrations of T3 enhance oestradiol-stimulated growth of human breast cancer cell lines and 
T3 stimulates the expression of ERE-TK-CAT expression in these cell lines. Furthermore, there is 
a high prevalence of thyroid disorders in patients with breast cancer. 

Bone mineralisation 

Oestradiol blocks the T3 evoked decreases in bone mineralisation. Elderly women receiving 
thyroid hormone therapy show reduced bone mineral density, which can be reversed by additional 
oestrogen treatment. Oestradiol negates t heT3 associated loss of bone density in postmenopausal 
women. 

In conclusion, most physiological functions are controlled by an integrated and highly ordered 
system of hormonal regulation. The interplay between sex hormones and the thyroid hormones 
is prominently present in most of the pathophysiological disorders that have been suggested to be 
associated with exposure to endocrine disruptive substances. Therefore studies of the potential 
impact of endocrine active compounds on these highly integrated physiological systems should at 
least involve the main hormonal pathways that are known to play a role in these functional 
developments. 
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Species differences in hormone-controlled physiological functions 

Most of the hormonal systems, their functions, metabolism and cross-talk are the same, or similar, 
in all vertebrate species. However, there are some species, like reptiles and amphibia where 
differences do exist in the determining factors for, for example, sexual development. In turtles and 
alligators there is a temperature-sensitive component in the sexual development which plays a role 
in the testosterone to oestrogen conversion by the aromatase enzyme. In addition, there are 
differences in the timing of developmental events between different species which need to be kept 
in mind when extrapolating from one species to another. 

SUGGESTED DEFINIT ION OF TERMS RELATING TO 
ENDOCRINOLOGICALLY ACTIVE CHEMICALS 

Based on the aforementioned high level of integration and regulation, it is fair to state that the 
hormonal systems controlling physiological functions are robust. They are highly dynamic and can 
absorb relatively large fluctuations in hormone production, free hormone levels and hormone 
function, which may be caused by factors in the internal and / or external environment. 

It is necessary to keep these principles in mind when defining terms. An endocrine disrupter is 
probably best defined as: 

"any compound that causes a change in the functionality of the uniform concept of 
hormone action beyond the boundaries of homeostatic control" 

In all other cases of compound-evoked hormonal changes it is appropriate to use the term 
endocrine modulator. 

CHEMICAL EXPOSURE ISSUES 

For both humans and wildlife, exposure to anthropogenic compounds may be considered as the 
total daily dose received (external exposure). This includes uptake from food, via inhalation, 
intake via the gills and cutaneous uptake. It is, however, difficult to measure or even estimate this 
exposure. Alternatively exposure may be defined as the concentration of the anthropogenic 
compound (or any derived metabolite) in the body available to interact with target tissues. Only 
this internal exposure is of relevance for the development of endocrinological effects. Compounds 
considered important for internal exposure include: 

• persistent and semi-persistent lipophilic substances known to accumulate in adipose tissue in 
biota; 

• persistent or semi-persistent metabolites of xenobiotics with lipophilic properties; 

• substances, including metabolites, that are bound to transport proteins and/or receptors in the 
body; 
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• hydrophilic substances, and/or compounds with a relative high reactivity, present at a steady 
state concentration in biota due to high external exposures. 

The substances may be of natural origin or may come from anthropogenic sources. In general, 
natural compounds are substituted with hydrophilic functional groups or they may be easily 
hydrolysed/ conjugated to hydrophilic entities, even though endogenous compounds of high 
lipophilicity also exist. A majority of the exogenous compounds known to be persistent and semi-
persistent environmental contaminants are lipophilic substances with low or moderate 
reactivities. Substances that may exert endocrinological effects generally fulfil the requirements 
mentioned above. Such compounds include: 

• chemicals commercially produced and used as pesticides, substances and/or classes of 
compounds used in various technical applications and in goods. The production of at least 
some of these compounds may have been restricted or even stopped, but due to their 
persistence they may still be present in the environment. 

• chemicals produced as by-products (contaminants) in the production of polymers and other 
chemical products; transformation products formed under thermal conditions or ordinary 
chemical reactions; products derived from compounds used in the process (non-additives). 

• chemicals not yet released on the market. 

• metabolites of exogenous compound.:, e.g. compounds formed in vivo and retained in the body. 

• abiotically formed compounds that are bioavailable and accumulating in biota. 

Extensive analytical work and monitoring efforts are necessary for the establishment of solid data 
on the presence in biota of exogenous compounds. Animals at a high trophic levels are more at a 
risk for the development of toxicological effects (endocrinological effects) than animals at lower 
levels. Human and human health are of central importance to mankind. 

Anthropogenic compounds with structural resemblance to the lipophilic steroid-type sex 
hormones, corticosteroids and thyroid hormones are regarded as having the greatest potential for 
producing potential endocrine effects. 

Human exposure 

Humans are exposed to natural compounds via the food, including endocrinologically active 
substances in plants and animals. Of these, the major classes of known active plant compounds 
(phytoestrogens) are the lignans and isoflavones which possess an oestrogen-like structure. The 
external dose can be significant but little is known about the internal dose of these compounds. 
Pharmaceutical compounds with endocrinological functions are common, particularly in 
contraceptive drugs. Occupational exposures to chemicals in the work environment present a 
potential risk which needs to be scrutinised. 
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Exposure to environmental contaminants has been investigated through the analysis of human 
adipose tissue, mothers milk and blood. Although the database on anthropogenic substances in 
humans is extensive, it is still not entirely adequate. For example, levels of persistent contaminants 
in human mothers milk are extensively monitored, but very little is known about foetal exposure 
to xenobiotics since the concentration of persistent compounds in blood is less well studied. 

The concentration of many of the lipophilic compounds present in adipose tissue and mothers 
milk are directly correlated to plasma concentrations of the compounds. However, it is important 
to note that this is not the case for all anthropogenic substances present in the blood. Thus, 
hydroxylated compounds (such as halogenated phenols and biphenyls) have been shown to be 
present in high concentrations in blood (plasma) but not detected in adipose tissue or milk. 

Wildlife 

Animal species at the highest risk of effects due to endocrine disruption or modulation are 
probably the predators (mammals, birds, fish) feeding on fish, and animals intentionally or 
unintentionally exposed to hormonally active compounds. The concentrations of exogenous 
substances in wildlife have in general been based on analysis of muscle or adipose tissue. A large 
number of pesticides, technically used substances and metabolites of persistent pollutants have 
been identified in biota. All these compounds pose a potential risk to animals, especially in those 
with the highest concentrations. Suitable animal species to monitor for environmental 
contaminants (internal exposures) include seals (e.g. harbour seals {Phoca vituííina) or grey seals 
(Halichoerus grypus)), white tailed sea eagles {Haliaeetus albicala) and salmon (Salmo salar). 

Chemical analysis and monitoring activities 

Only anthropogenic chemicals and their metabolites or transformation products present in living 
tissues are able to interact with natural processes. It is thus important to develop and apply 
techniques which can detect and quantify the presence of anthropogenic substances and their 
derivatives in tissues. Logically, compounds present at the highest concentrations in humans and 
wildlife should be scrutinised first for their endocrine disrupting properties, although the 
presence of other contaminants may also be important. 

The potential classification of chemicals in terms of "oestrogen/ antioestrogen equivalents" (e.g. 
Oestrogen Equivalent Factor; EEF) has been suggested as of potential benefit. Using such criteria 
would permit coupling of exposure and potency aspects, although this is not without problems. 
Potency is generally expressed in terms of uterine oestrogen receptor affinity relative to 17ß-
oestradiol; however, there must be some question as to how representative this receptor is for the 
other body organs. In addition, it is necessary to address the difference between exposure and 
intake measurements, given the potential variability in bioavailability for various chemicals. 
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OBJECTIVES OF THIS DOCUMENT 

This document is intended to provide an information source for the workshop delegates. It 
presents consolidated data on the conclusions reached and the recommendations made for future 
research and monitoring at a series of recent major European and US workshops, working groups 
and meetings. The assessments/ reports considered in this paper comprise: 

• Danish Environmental Protection Agency Report on male reproductive health and 
environmental chemicals with estrogenic effects (MILJøPROJKT NR. 290): March 1995. 
Published by: Ministry of the Environment and Energy, Danish Environmental Protection 
Agency, Strandgade 29, DK-1401, Copenhagen K, Denmark. 

• Institute of Environment and Health Assessment on environmental oestrogens: consequences 
to human health and wildlife (Assessment Al) : July 1995. Published by: MRC Institute for 
Environment and Health, University of Leicester, 94 Regent Road, Leicester LEI 7DD, UK. 

• German Federal Environmental Agency : Endocrinically active chemicals in the environment 
(Texte 3 / 96) January 1996. Published by: Umweltbundesamt, Postfach 33 00 22, 14191 Berlin, 
Germany. 

• United States Environmental Protection Agency sponsored workshop: Research needs for the 
risk assessment of health and environmental effects of endocrine disrupters: August 1996. 

• United States Environmental Protection Agency workshop: Development of a risk strategy for 
assessing the ecological risk of endocrine disrupters: May 1996. 

Further information on the USEPA workshops is available from the United States 
Environmental Protection Agency, Mid-continent Ecology Division - Duluth, 6021 Congdon 
Boulevard, Duluth, Minnesota 55804. 

• International School of Ethology 11th Workshop, Erice, Sicily: Environmental endocrine 
disrupting chemicals: neural, endocrine, and behavioural effects: 1996. Sponsored by the 
Italian Ministry of Education, the Italian Ministry of University and Scientific Research, the 
Sicillian Regional Governemnt and the World Wildlife Fund. 

• Institute of Environment and Health: Round table discussion meeting on environmental 
oestrogens (Report pending). Available from MRC Institute for Environment and Health, 
University of Leicester, 94 Regent Road, Leicester LEI 7DD, UK. 
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The conclusions reached in these papers are summarised in the "Principal conclusions" section 
while the recommendations considered by each assessment/ report to require action as a high 
priority are presented in the "Principal recommendations" section. These are subsequently 
compared in the "Overview of recommendations" section so as to develop a common (unified) 
list of key research and monitoring priorities. 

In addition to the reports and assessments used for the preparation of the consolidated listings in 
this document, two other papers (listed below) were considered worthy of particular note and are 
provided as supplements to this report. 

European Centre for Ecotoxicology and Toxicology of Chemicals (ECETOC) Task Force on 
Environmental Oestrogens: "Environmental Oestrogens: Male Reproduction And Reproductive 
Development" report; ECETOC DOCUMENT No. 32": January 1996 

EERO assessment on "Functional Aspects of Developmental Toxicity of Polyhalogenated 
Aromatic Hydrocarbons in Experimental Animals and Human Infants" Brouwer, Α., Ahlborg 
U.G., van der Berg, M., Birnbaum, L.S., Boersma, E.R., Bosveld, Β., Denison, M.S., Earl Grey, 
L., Hagmar, L., Holene, E., Huisman, M., Jacobson, S.W., Jacobson, J.L., Koopman-Esseboom, 
C , Koppe, J.G., Kulig, B.M., Morse, D . C , Muckle, G., Peterson, R.E., Sauer, P.J : J., Seegal R.F., 
Smits-van Prooije, A.E., Touwen, Β.C.L., Weisglas-Kuperus, Ν., Winneke, G. Eur. J. Pharmacol., 
Environ. Toxicol. & Pharmacol. Section 293: 1-40 (1995). 

These papers were produced for the European Centre for Ecotoxicology and Toxicology of 
Chemicals task force and European Environmental Research Organisation, respectively, and 
relate to the response of the chemical industry to the problems associated with endocrine 
disrupting chemicals and to a detailed study of the effects of polyhalogenated aromatic 
hydrocarbons in man and animals. 
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Overview of the purpose, conclusions reached and 
r e c o m m e n d a t i o n s arising f r o m individual 
assessments 

DANISH ENVIRONMENTAL PROTECTION AGENCY (DEPA) REPORT 
ON MALE REPRODUCTIVE HEALTH AND ENVIRONMENTAL 
CHEMICALS WITH ESTROGENIC EFFECTS (Miljøprojkt nr. 290): 
MARCH 1995 

Purpose 

Following a period of intense public debate within the Danish news media on the possible role 
of environmental chemicals in disorders of the male reproductive system, the DEPA, Ministry of 
Environment and Energy, decided in September 1994 to support the preparation of a report on 
this topic. This was intended to summarise current knowledge on male reproductive health, to 
identify gaps in knowledge and to give guidance on future research needs to support risk 
assessment. A draft report was used as the basis for discussions at a workshop of Danish and 
international experts held in January 1995 at Rigshospitalet, Copenhagen. The final version was 
then edited by representatives of the Department of Growth and Reproduction at the National 
University Hospital, the Departments of Paediatrics and Physiology, University of Turku, Finland, 
and the Institute of Toxicology, Danish National Food Agency. A revised version of the official 
review has recently been published by Toppari et al (1996) in Environmental Health Perspectives. 

The report addressed the possible effects on male reproductive health of environmentally 
occurring chemicals known to posses oestrogenic activity. Factors considered in man included 
semen and sperm quality, testicular cancer, cryptorchidism, hypospadias and male breast cancer. 
Wildlife effects in gastropods, reptiles, fish, birds and mammals were also considered. The report 
reviewed the currently available test systems and methodologies used to identify and investigate 
oestrogenic or other sex hormone disrupting substances. Types of chemical considered included 
synthetic oestrogens developed for medical treatments (such as diethylstilboestrol), chemicals 
having other sex hormone disrupting capabilities (such as anti-androgens), chemicals exerting 
effects via other hormone systems (such as thyroxin) or via changes in metabolic enzyme systems 
(such as Cytochrome P450)· Specific chemical classes considered included organochlorine 
pesticides, polychlorinated biphenyls, polychlorinated dibenzo-p-dioxins, polychlorinated 
dibenzofurans, alklyphenol polyethoxylates and phytoestrogens. 
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Conclusions 

• The best available evidence points to an increase, in Europe and many other countries, of 
human reproductive disorders. 

• There is currently insufficient data available to establish any association between reproductive 
abnormalities and exposure to environmental oestrogens. 

• If foetal or neonatal exposure to environmental chemicals does result in damage to reproductive 
health, the current prevalence in recently exposed children will not be apparent for 20-40 years. 

• On the basis of current knowledge of steroid hormone effects during the foetal period, it is 
possible that other, unknown consequences may exist. 

• Current evidence indicates that environmental oestrogens have the capacity to induce 
reproductive defects in man; there is inadequate data on effects in animals and on human 
exposure levels to permit accurate risk assessment. 

• It will probably be necessary to rely on a weight of evidence approach to determine the possible 
harmful effects of environmental oestrogens in man. 

• Substantial differences exist in the incidences of reproductive defects in different countries and 
races. Also, there appears to be relationships to the incidences of other hormone-dependent 
diseases of the reproductive system. The aetiology of these differences should be explored to 
ascertain the extent to which they reflect ethnic/ genetic, lifestyle or environmental influences. 

• There is an urgent need to better understand the foetal hormonal environment during male 
sexual differentiation and development. 

• Resourcing study of the health risk of environmental oestrogens to man would have major spin 
offs in terms of understanding foetal/ neonatal determinants of disease, the routes and 
importance of exposure to non-pesticide environmental chemicals and the aetiology of 
geographic and ethnic influences in disease. 

Recommendations 

Epidemiological studies 

• Perform in-depth analysis of offspring of women exposed to known sex hormone disrupting agents 
(e.g. diethylstilbestrol); extend to more of the offspring and to other sexual disorders. Use derived 
data in prospective investigations in these and other defined population groups and retain serum 
and semen samples pending future needs. 
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• Gather baseline, multinational reference data from the general population on incidence/trends 
in reproductive defects, semen quality, sex hormone levels, testis size, etc.. 

• Perform trend analysis on malformations using established cohorts (e.g. 1960s Denmark 
cohort; British co-ordinated European study). 

• Analyse national cancer registries for association between testicular cancer and maternal breast 
cancer. 

• Extend work on testicular cancer rates in Denmark and Finland to other male reproductive 
disorders and semen quality. 

• Perform cross-sectional and prospective studies on the offspring of women with known 
occupational exposure to sex hormone disrupting agents. 

• Investigate use of domestic animals as models for human reproductive effects; available 
retrospective data to be reviewed and if suitable species are identified, prospective studies 
should be initiated. 

Wildlife studies 

• Multinational survey of male fish, amphibia, reptiles and birds from a range of wetland 
environments, including known contaminated and relatively unpolluted areas, for vitellogenin 
and endogenous sex hormone levels. Where possible use common or similar species. 

• In order to facilitate above study, continue development of a universal vitellogenin antibody. 
Also develop biomarkers for other sex hormone disrupting activities. 

Experimental studies 

• Investigate pharmacokinetics of priority oestrogenic environmental agents in maternal and 
oetal compartment levels, including in vitro receptor binding studies to sex hormone binding 
globulin, alpha-fetoprotein and oestrogen receptors. 

• Study ontogeny of oestrogen responsiveness in target tissues at whole animal, organ and cell 
culture levels and using transgenic animals: Use this information to predict chemicals most 
likely to alter sexual function and development. 

• Perform detailed work on characterisation of action of xenobiotics on key processes or genes. 

• Characterise distribution, metabolism, bioaccumulation and excretion of representative 
chemicals in adults, pregnant females and foetal forms using in vivo and in vitro techniques. 

• Use molecular biology and cell biology techniques to establish malignant testicular cell lines. 

• Perform transgenic work on specific cell transformations and develop new animal models (e.g. 
non-human primate and pig). 

• Study physiology and pathophysiology of oestrogens in developing male germ cells and impact 
on neoplasia. 

• Modify current reproductive test protocols and introduce new in vitro and in vivo assays to 
monitor for sex hormone disrupters. 
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Exposure studies 

• Develop methods to address exposure, absorption, distribution, bioaccumulation, metabolism and 
changes at different times of life-cycle. 

• Develop methods to deal with complex mixtures. 

• Chemicals to be initially prioritised on basis of hormonal disruptive activity and likely exposure 
levels using existing data sources wherever possible. 
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INSTITUTE FOR ENVIRONMENT AND HEALTH (lEH) ASSESSMENT 
ON ENVIRONMENTAL OESTROGENS: CONSEQUENCES TO 
HUMAN HEALTH AND WILDLIFE (Assessment A I): JULY 1995 

Purpose 

This assessment was published in July 1995 by the Medical Research Council's IEH, at the request 
of the UK Department of the Environment. It was intended to address the growing concerns of 
possible adverse effects on human health and wildlife arising from the release into the 
environment of man-made oestrogens and other substances possessing oestrogenic or anti-
oestrogenic properties. As part of the assessment process, a workshop attended by key 
international scientists was held at the IEH in Leicester in January 1995. 

The prime objectives of the assessment were to : 

review existing literature and scientific opinion on the evidence for changes in human 
reproductive health and effects on wildlife, and to examine possible links between the 
production and release into the environment of man-made chemicals and the observed 
effects; 

and to : 
identify gaps in knowledge, information and research that need to be filled and to make 
recommendations and establish priorities for future research. 

The report addressed a range of possible effects of environmental oestrogens on humans. These 
included effects on the male reproductive system, such as reduced sperm count and quality, 
cryptorchidism, hypospadias, testicular cancer and male breast cancer. Female effects considered 
included breast cancer and impact on the cardiovascular system. Wildlife changes reviewed 
included induction of vitellogenin in male fish, masculinisation of female fish, developmental 
abnormalities in reptiles, abnormal pairing behaviour and supernormal clutches in gulls and 
imposex in molluscs. In addition, brief reference was made to other body systems such as the 
thyroid. Xenoestrogens considered were synthetic hormones, phytoestrogens, organochlorine 
pesticides, polychlorinated biphenyls, dioxins, alkylphenol polyethoxylates and other chemical 
classes of concern. An annex to the report covered current test methods. 

Conclusions 

Humans 

• Evidence of an increasing trend in human hormonally-mediated effects is particularly 
convincing for breast cancer in women and testicular cancer. The balance of evidence suggests 
a downward trend in sperm count. 
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• A number of variables was identified for the relationship between human health and environmental 
oestrogens: 

o the oestrogenic potency of many environmental chemicals is low when compared with 
endogenous oestrogens although the effects of protein binding (e.g. to sex hormone binding 
globulin (SHBG)) must be considered; 

o many chemicals are now subject to regulatory bans or restrictions; 
o it is possible that additive or synergistic effects may occur although such interactions are very 

difficult to identify in practice; 
o humans have always been exposed to naturally occurring oestrogenic and anti-oestrogenic 

chemicals; 
o over the last 50 years many humans have been exposed to high concentrations of 

hormonally active medicines and oral contraceptives. 

Against this background, it is very difficult to assess the role of environmental chemicals on the 
reproductive health of the general population. 

• As testing is extended, a greater number of active chemicals will be found. Assessment of impact 
on human health must consider the specific toxicological action and the actual human 
exposures. 

• A concerted and co-ordinated national research programme is required. 

Wildlife 
• Evidence exists of chemicals exerting oestrogenic activity; to date such effects have been 

demonstrated only on a local scale. This contrasts to the widespread occurrence of imposex in 
molluscs. 

• It has not been possible to demonstrate conclusively which agents are responsible for effects 
observed in field situations. 

• It is proposed that a weight of evidence approach is used to evaluate field studies in the light of 
controlled laboratory experiments. 

• Consideration of oestrogenic and related activities showed be included in future studies of 
pollution effects on wildlife. 

• Additional biomarkers and screening assays are required. 

General point 
• As yet, a causal relationship between exposure to environmental oestrogens and adverse effects on 

human reproductive health and wildlife was not considered to be proven. 
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Recommendations 

Human health 
• Develop robust test procedures for identification of chemicals with oestrogenic (or similar) 

properties. 

• Establish the extent of exposure of human populations to putative oestrogens. 

• Develop biomarkers for persistent oestrogenic action. 

• Perform prospective epidemiological studies to investigate testicular cancer and dysfunction and 
look at geographical differences in incidence. 

• Establish a UK prospective study on sperm/ semen quality and develop standardised analytical 
techniques. 

• Perform a pan-European study on human reproductive disorders and extend the investigation 
to populations that are highly exposed to putative environmental oestrogens. 

• Investigate the association between environmental oestrogens and breast cancer in women, 
including reference to geographical variations in cancer incidence. 

• Develop experimental models to investigate the relationship between susceptibility to breast 
cancer and environmental factors. 

• Investigate the possible effects of environmental oestrogens on the vascular system in women 
from different geographical areas. 

• Investigate the bioaccumulation, metabolism, mobilisation and degradation of oestrogenic 
agents. 

• Study potential effects on mothers and developing offspring where there is exposure to 
chemicals suspected of having oestrogenic and / or anti-oestrogenic activity. 

• Develop suitable animal models to test for oestrogenic activity and perform studies to improve 
the understanding of mechanisms of action. 

Wildl i fe effects 
• Consider oestrogenicity as a possible factor in future studies on the effects of pollutants on 

wildlife, including studies on the developing embryo wherever possible. 

• Further extend experimental studies on fish to natural populations. 

• Develop biomarkers for oestrogenicity in wildlife and apply other tests (in addition to the well 
established induction of vitellogenin). 

• Link studies on the consequences of oestrogen exposure with long-term ecological studies 
wherever possible. 
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GERMAN FEDERAL ENVIRONMENTAL AGENCY : 
ENDOCRINICALLY ACTIVE CHEMICALS IN THE ENVIRONMENT 
(TEXTE 3/ 96): JANUARY 1996 

Purpose 

A meeting addressing the hormonal effects of environmental chemicals on humans and other 
organisms was initiated by the German Federal Environmental Agency. It included scientists from 
the agencies of the Federal and Länder governments, Universities, Research Institutes, Industry 
and Environmental Organisations. The meeting was held in March 1995, in Berlin, and a report 
of proceedings was produced in January 1996. 

Papers presented during the meeting addressed the following topics relating to the human health 
situation: trends in the incidence of male sperm numbers and reproductive abnormalities; 
concentrations of natural and synthetic oestrogens in various environmental compartments; 
effects of diethylstilboestrol on the offspring of exposed women; effects of phytoestrogens and 
their levels in food; effects of exposure to dioxins during the in utero period on future fertility and 
sexual behaviour; effects of dioxins and PCBs on sperm and trophoblasts, endometrial function 
and hormonal levels and links between oestrogens and neoplasia. Subjects relating to animal 
effects included: occurrence and effects of endocrinologically active substances in fish; chemical 
effects on sex differentiation in fish; changes in sex ratios in the North sea fisheries; effects of 
dichloroaniline on androgenic metabolism in fish; effects of organotins on snail populations and 
methods for detecting the environmental oestrogenic potential of chemicals. 

Conclusions 

• A number of reproductive health phenomena have been identified in humans: Explanation of 
the causes is still required. 

• On the basis of current knowledge it is not possible to reach conclusions on the impact of 
chemicals on the sexual development of fish. 

• The effects of tributyl tin are recognised in molluscs. 

• There is currently a lack of knowledge on the half-life and action of substances having 
endocrinological activity in the terrestrial environment. 

• Sex-hormone disrupting activities in addition to oestrogenic actions have been identified. 

• The possibility of an environmental influence on hormonal control in organisms is considered 
to be scientifically indisputable. 
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• At present it is not possible to establish cause-effect relationships to explain reproductive 
anomalies. 

• Potential effects on humans and nature are of such potential significance that immediate 
clarification is necessary. 

Recommendations 

H u m a n effects 

• Investigate causes of reduced fertility and increased breast cancer incidence. 

• Verify claimed increases in testicular cancer, cryptorchidism and hypospadias. 

Animal effects 

• Investigate the relevance of the vitellogenin test to population biology studies in fish. 

Natural and synthetic oestrogens 

• Collect reliable data on exposure to natural and synthetic oestrogens, active metabolites and routes 
of entry. 

Phytoestrogens 

• Evaluate human exposure to endocrinologically active plant materials; place special emphasis on 
groups with high exposures, e.g. vegetarians. 

Chemicals in the environment 

• Initiate research on whether and to what degree man and the environment is at risk from 
endocrinologically active chemicals present in the environment. 

• Adopt nationally and internationally co-ordinated interdisciplinary approaches. 

• Study in detail toxic and ecotoxic effects of a small number of model chemicals to define 
endpoints and develop screens. 

• Review current routine screening tests and modify/ enhance as necessary to optimise 
performance. 

• Develop research strategies to determine bioavailability at target tissues. 

• Develop research strategies for combinatory effects at target sites. 

• Examine complex mixtures (e.g. waste waters) for biological activity. 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY (EPA) 
SPONSORED WORKSHOP: RESEARCH NEEDS FOR THE RISK 
ASSESSMENT OF HEALTH AND ENVIRONMENTAL EFFECTS OF 
ENDOCRINE DISRUPTERS:August 1996 

Purpose 

The background to the calling of this meeting was the increasing evidence of adverse responses, 
in domestic and wildlife species and man, to environmental chemicals that interact with the 
endocrine system. The majority of the examples identified in animals relate to relatively high 
exposures to chemicals such as organochlorines, PCBs, dioxins and phytoestrogens. Reported 
effects in humans have been generally associated with high exposure situations. The possible 
impact on the general human population of low level exposure was less clearly understood. 
Concern has, however, been expressed relating to changes in human sperm quality and the 
incidence of certain cancers. In addition, the current test methodologies used for assessing data 
are targeted at detecting toxic effects, rather than elucidating mechanisms, and there is continued 
concern that they may be inadequate for the evaluation of endocrinological effects. 

In response to the hypothesis that humans and animals suffer adverse effects from exposure to 
endocrine disrupting chemicals, and die potential scope of the problem given the wide 
environmental occurrence and persistent nature of some of these active chemicals, the USEPA 
sponsored a workshop for invited participants aimed at identifying gaps in current research and 
knowledge and suggesting priorities for future research. The intention was that the output from 
the meeting should assist the Federal government in future decision making. Observers from 
academia, industry, governmental organisations, public interest groups and the press also 
attended the workshop which was held in Raleigh, North Carolina during April 1995. 

The meeting comprised a series of work groups, each of which considered either an identified 
significant health topic (carcinogenesis, reproductive toxicity, neurotoxicity and immunotoxicity) 
or one related to risk assessment (hazard identification, dose-response assessment, exposure 
assessment and risk characterisation). Both human and ecological aspects were considered. To 
assist the development of as wide an interdisciplinary approach as possible, each working group 
was composed of individuals drawn from a variety of backgrounds, including field ecology, 
epidemiology, basic science, toxicology, exposure assessment and risk assessment. 

For each working group, the current state of knowledge was reviewed and uncertainties identified. 
From this, the outstanding research needs were first identified and then prioritised. Similarly, 
work conducted by the groups considering risk assessment methodologies included review of 
existing guidelines/ test protocols, identification of areas for refinement or where development of 
new methodologies was necessary, assessment of dose-response issues and exposure monitoring. 
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For the purpose of the discussions, a wide reaching definition of an environmental endocrine 
disrupter was used: "an exogenous agent that interferes with the production, release, transport, 
metabolism, binding, action or elimination of natural hormones in the body responsible for the 
maintenance of homeostasis and the regulation of developmental processes". Effects were 
considered in many animals including insects, teleost fish, birds, reptiles and Beluga whales, while 
in man trends in reproductive abnormalities and functionality and cancer incidence were studied. 
Chemicals included in the discussions included hormones and drugs (such as diethylstilbestrol), 
phyto- and myco-estrogens, the polycyclic aromatic hydrocarbons, polychlorinated biphenyls, 
organochlorines (such as DDT and its metabolites), triazine herbicides, polychlorinated 
dibenzodioxins and polychlorinated dibenzofurans, metabolic inhibitors (e.g. 5-alpha-reductase 
inhibitors), alkylphenolic compounds, phthalates and some metals. 

A report was prepared which summarised the proceedings of each working group and identified 
and prioritised the relevant specific research needs. This was published by Kavlock et al in 
Environmental Health Perspectives in August 1996. 

Conclusions 

• The endocrine disrupter hypothesis is of sufficient concern to warrant a concerted research 
effort. 

• The need to consider the developing embryo, foetus and neonate separately from the adult is 
emphasised. 

• Exposure assessments are generally inadequate to permit a quantitative risk assessment. 

• There was general agreement that a multi-disciplinary approach is necessary to address human 
health and ecological aspects. 

• Key features of endocrine disrupting chemicals include: 

o Natural ligands must be present in the body that interact at some level with the 
exogenous chemical; 

o the concentrations of these natural ligands vary during the life cycle and must be 
maintained within narrow limits at key stages of development. 

• The validity of any hypothesis will have to rely upon the Hill criteria for causality. 

• Broad categories for research identified included basic research, biomarkers, exposure 
determination, exposure follow up, mixtures, multi-disciplinary studies, risk assessment 
methods, hazard identification and sentinel species. 
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Recommendations 

Basic research 

• Elucidate the cellular and molecular mechanisms of endocrine disrupting chemicals, including 
non-receptor processes. 

Develop sensitive, inexpensive and widely available analytical tools. 

Develop animal and / or cellular models of endocrine mediated tumours. 

Investigate the ontogeny of receptor based systems and their role in developmental regulation. 

Elucidate mechanisms and significance of subtle low dose effects. 

Identify/ characterise critical windows of susceptibility across species. 

Characterise sources of heterogeneity of responsiveness in populations (e.g. age, sex, nutrition). 

Biomarkers 

Develop biomarkers for exposure and effects. 

Develop validated biological indices as screening tools to assess exposure. 

Develop biomarkers for latent effects. 

Database development 

Obtain data on normal human and animal populations including variations and regional/ 
seasonal effects. 

Critically review short term test methods. 

Monitor retrospective and prospective reproductive health trends. 

Collect field data on hormonal levels, body burdens and gene expression markers. 

Perform systematic potency comparison of endogenous versus exogenous chemicals. 

Develop surveillance systems for wildlife cancer and mortality monitoring. 

Exposure determination 

Develop rapid and inexpensive exposure monitoring methods for wildlife populations. 

Increase efforts to monitor trends and status of endocrine disrupting chemicals. 

Exposure follow-up 

Use multi-disciplinary response teams to study exposed populations. 

Investigate autoimmune symptoms, hypersensitivity and disease in humans exposed to 
endocrine disrupting chemicals. 

Ensure co-ordinated research on exposed humans, wildlife and sentinel species. 
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Hazard identification 

• Measure target organ dosimetry; compare with ligand binding affinities. 

• Extend QSAR model development for hazard detection/ ranking. 

• Identify transcriptional events after ligand binding as QSAR input. 

• Develop validated apical methods for detecting chemicals that are endocrine disrupters. 

• Perform perinatal and multigenerational toxicity studies for cancer and non-cancer effects. 

Mixtures 

• Research the principles for additivity of mixtures. 

• Perform in vitro and in vivo studies of complex mixtures to evaluate validity of toxic equivalency 
factors (TEFs). 

• Identify and test environmentally relevant mixtures. 

• Systematically evaluate species, cellular and age dependent factors in response to mixtures. 

Multi-disciplinary studies 

• Perform systematic field and laboratory studies on critical uncertainties. 

• Improve information exchange and perform laboratory-field linked studies. 

• Examine correlation between wildlife and mammalian model effects. 

• Perform multi-disciplinary studies on endocrine effects. 

• Examine multiple endpoints and multiple tests for endocrine disruptive action. 

Risk models 

• Develop statistical models to predict risk from exposure and effects. 

• Improve design of current studies. 

• Develop "Applied Integrative Iterative Hierarchy" approach to exposure indicators. 

• Evaluate toxicity and mechanistic endpoints across species. 

• Study toxicokinetics and toxicodynamics of environmentally relevant chemicals. 

• Develop quantitative dose-response models on the basis of receptor theory and biochemical 
interactions. 

Sentinel species 

• Identify and monitor sentinel species having differential susceptibilities. 

• Study cancer in domestic animals. 
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US EPA WORKSHOP: DEVELOPMENT OF A RISK STRATEGY FOR 
ASSESSING THE ECOLOGICAL RISK OF ENDOCRINE DISRUPTERS: 
MAY 1996 

Purpose 

This workshop was called by the USEPA to progress further those ideas and research 
recommendations relating to the ecological effects of endocrine disruptive chemicals, developed 
at the meeting in April 1995 at Raleigh, NC (see above). 

The second meeting constituted a four-day planning exercise and was held in June 1995 at Duluth, 
Minnesota. The meeting comprised an initial workshop in which international experts discussed 
potential ecological risks of endocrine disrupting chemicals, followed by three break-out groups 
on the following topics: integration/ implementation, field considerations and laboratory 
considerations. The final part of the meeting involved the development of a specific research 
strategy by key governmental scientists, representing the USEPA, US Fisheries and Wildlife 
Services, National Biological Service and the National Oceanic and Atmosphere Administration. 
The strategy was intended to establish priorities for the allocation of the Office of Research and 
Development (ORD) resources, as a basis for co-ordination and communication among Federal 
agencies, to provide a research framework for regulatory programs and to provide guidance to the 
newly established USEPA/ORD external grants program. 

During the initial phase of the workshop a series of lectures and discussions were held on a wide 
range of topics including: frameworks for ecological risk assessment; comparative aspects of 
various endocrine systems; various systems at risk ( reproduction, growth/ development, 
immunocompetence, osmoregulation, behaviour); specific species related aspects (invertebrates, 
fish, birds, reptiles, mammals); ecoepidemiology and quantitative structure activity relationship 
(QSAR) approaches. The research needs identified were then subject to detailed review by the 
subsequent break-out groups: Integration and Implementation, Research Strategy and Modelling. 
The points raised were subject to further review and prioritisation by the governmental scientists 
attending the final part of the meeting, at which definitive selections were made. Following the 
meeting a report was produced. 

Conclusions 

The workshop report did not include a Conclusions section. 
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Recommendations 

Environmental monitoring 

• Develop a co-ordinated monitoring program. 

• Identify key chemicals on the basis of exposure data. 

Database development 

• Develop comparative databases on endocrinology and toxicology of potentially sensitive species. 

• Compile available data on endocrine functions and endocrine cycles in species of concern. 

• Consolidate exposure/ effect data from existing monitoring programmes to identify trends 
possibly attributable to endocrine disrupting chemicals. 

Basic research 

• Clarify relationship between the potential measurement endpoints used in experimental 
studies and assessment endpoints used in ecological considerations. 

• Clarify linkages between endpoints measured at different levels of biological organisation. 

• Identify suitable endpoints that are indicative of exposure and also predictive of population 
effects. 

• Enhance understanding of normal role played by endocrine regulated processes in population 
changes. 

• Extend/ adapt current measurement endpoints to other animals (e.g. amphibians, non-teleost 
fish, passerine birds and non-arthropod invertebrates). 

• Adapt existing assays in product testing or environmental monitoring, to study exposure during 
key developmental windows (Key areas for concern were identified as reproduction, 
development and immunocompetence): Develop new tests as necessary. 

• Develop basic knowledge of general biological processes/ endocrine function. 

• Enhance emphasis given to comparative endocrinology and toxicology to permit extrapolation 
of data between species. 

Test systems/ Biomarkers 

• Further develop and validate all short-term tests currently available. 

• Develop suitable screening tools (e.g. short-term in vitro and in vivo tests and Structure Activity 
Relationship models). 

• Use screening tests for key chemicals; progress relevant chemicals to longer term, more 
thorough testing. 

• Modify existing programs to include relevant information (e.g. measurement of chemicals, sex 
ratio data, endocrine parameters, etc.). 
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Risk assessment 
• Use validated short-term tests for retrospective and prospective (including pre-registration 

screening) assessments of ecological risk. 

• When basic knowledge base has been developed, use comparative endocrinology as basis of 
ecological risk assessment. 

• Perform detailed investigations of areas of known high exposure to establish links between 
laboratory endpoints and ecosystem changes in the field; use information to assess/ predict 
impact of chemical exposures in other areas. 
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INTERNATIONAL SCHOOL OF ETHOLOGY (ISE) I I th WORKSHOP, 
ERICE, SICILY: ENVIRONMENTAL ENDOCRINE DISRUPTING 
CHEMICALS: NEURAL, ENDOCRINE,AND BEHAVIOURAL EFFECTS: 
1996 

Purpose 

A multi-disciplinary workshop to study environmental endocrine-disrupting chemicals was held 
in November 1995, under the auspices of the ISE in the Ettore Majorana Centre for Scientific 
Culture, Erice, Sicily. The meeting was sponsored by the Italian Ministry of Education, Italian 
Ministry of University and Scientific Research, the Sicilian Regional Government and the World 
Wildlife Fund. 

The workshop, attended by international experts in the field, was called in response to the 
accumulation of evidence on endocrine disrupting chemicals since this working group had first 
issued a consensus statement in October 1991, published in "Chemically-induced Alterations in 
Sexual and Functional Development: The Wildlife/Human Connection". It was felt that failure 
to react to the problem could have major economic and social implications. Concern had been 
elevated by the growing evidence of the extreme sensitivity of developing nervous systems to 
chemical exposure and the linkage between developmental stage at exposure and observed effect. 
Discussions included the effects of chemicals on sex hormones and other endocrine systems, 
including the thyroid. 

Key objectives of the workshop were to : 
agree in principle the magnitude and geographical scope of impacts of endocrine 
disrupters on development and behaviour; 
review available technologies for suitable biomarkers; 
develop strategies for increasing communication among disciplines; 

and to 
suggest methods for informing the public and decision makers of the findings from this 
session. 

A consensus statement from the workshop was subsequently produced detailing the current state 
of knowledge on exposure to and effects of endocrine disrupting chemicals. The remaining 
uncertainties and suggestions for strategies to resolve the problems were also addressed. 

Conclusions 

• Endocrine disrupting chemicals can undermine neurological and behavioural development 
and the subsequent potential of the individuals exposed during development. 
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• Because the endocrine system is sensitive to perturbation, it is a likely target: Unlike 
naturally occurring endocrinologically active chemicals some synthetic chemicals or by 
products are persistent and show biomagnification. 

• Man-made endocrine disrupting chemicals occur throughout the world. 

• Wildlife, laboratory animals and humans will exhibit adverse effects at the concentrations of 
man-made endocrine disrupting chemicals found environmentally. 

• Gestational exposure to persistent man-made chemicals reflects the lifetime exposure of the 
mothers before they become pregnant rather than relating to recent maternal exposures. 

• The developing brain exhibits specific and often narrow windows during which exposure to 
endocrine disrupters can produce permanent changes in function and structure. 

• The commonality of hormonal systems across species is evidence that that adverse effects noted 
in animals may occur in humans. 

• A number of specific endocrine disrupting chemicals were identified. 

Recommendations 

Basic research 
• Investigate the nature of endocrine disruptive effects at the molecular, biochemical, 

physiological and behavioural levels. 

Ecosystem monitoring 
• Significantly increase resources for environmental contamination monitoring. 

• Develop sensitive and selective markers of hormone disruptive effects for man and wildlife. 

• Study a wide range of wildlife from all trophic levels. 

• Conduct specific studies of wildlife populations known to consume the same contaminated 
food as humans. 

Other actions 
• Ensure panels used to advise on research fund allocation are widely constituted. 

• Make greater use of inter-disciplinary research teams. 

• Take steps to reduce production and environmental release of active chemicals. 

• Ensure public, decision makers, the media and key health workers are appropriately informed. 

• Increase level oftesting of chemicals by producers. 
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Assess risk on basis of whole range of population responses (i.e. include consideration of sub 
group effects). 
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IEH: ROUND TABLE DISCUSSION MEETING ON ENVIRONMENTAL 
OESTROGENS (Report pending). 

Purpose 

A meeting was held in Leicester at the IEH in April 1996 to discuss the significance of substances 
present in the environment that could disrupt reproductive function in animals or humans. The 
scope of this "Round Table" meeting extended beyond chemicals exerting strictly oestrogenic 
activity to include those capable of other forms of sex hormone disruption. The round table was 
attended by various interested UK Governmental departments and agencies, industry and 
environmental interest groups. These included: the Department of the Environment; 
Department of Health; Ministry of Agriculture, Fisheries and Food; Health and Safety Executive; 
Environment Agency; Medical Research Council; Chemical Industries Association; British 
Plastics Federation; European Centre for Ecotoxicology and Toxicology of Chemicals; Water 
Services Association; European Chemical Industry Council; Greenpeace; World Wide Fund for 
Nature; Friends of the Earth - England and Wales, and Friends of the Earth, Scotland. In 
addition, a number of key independent scientists from the UK participated in the discussions. 
The meeting took the form of an initial brief outline of current policies and concerns from each 
of the represented organisations, followed by summaries of recent research developments by each 
of the independent scientists. This was followed by discussions to identify future directions and 
requirements. 

The principal objective of the meeting was to identify the key points of agreement on future 
actions between the various parties involved. For any areas where agreement could not be reached, 
or where there were differences of opinion or interpretation, underlying reasons were identified 
and discussed so as to identify possible ways for their resolution. The resulting discussions and 
recommendations were summarised by the IEH and circulated to all delegates. The report of the 
meeting may be published in the near future. 

Conclusions 

• It was considered that the currently available in vitro tests are not sufficiently predictive of the 
in vivo situation. 

• Chemicals should be prioritised for further study using agreed criteria. Caution was, however, 
urged since it could inhibit the search for other potential endocrine disrupting chemicals and 
from study of mechanisms and cause-effect relationships. 

• A need for human case-control and prospective studies was identified. 
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Recommendations 

Test systems 
• Develop more robust in vitro and in vivo models for general endocrine disrupters. 

Priorit isation of chemicals for study/ Database development 

• Develop a prioritisation list to direct the study of chemicals; such a list should be regularly 
updated. 

• Discuss the possibility of developing standardised data collection systems/ practices. 

• Potentially improve, within the UK, the flow of data and information on chemicals and their 
use. 

Human health 
• Conduct prospective studies (e.g. in Finland and Denmark as well as the UK) on sperm quality: 

Follow up, if appropriate, with investigation of differences in exposure, environment and 
genetic variability. 

• Perform basic research on human reproduction. 

• Construct databases on exposure, bioaccumulation and human health effects of chemicals. 

• Develop appropriate risk assessment techniques. 

Wildl i fe effects 

• Construct databases on exposure, bioaccumulation and adverse effects of chemicals. 

• Identify active chemicals in sewage. 

• Possibly develop a test cascade approach to identify adverse effects. 

• Develop risk assessment techniques. 

Regulatory aspects 

• With reference to the application of the "Precautionary Principle", more tightly monitor and 
survey releases and discharges, particularly in the case of point sources. 

• Always base decisions on scientific evidence. 

• Develop suitable regulatory approaches to deal with mixtures of chemicals having potentially 
additive effects. 
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Summary of key recommendations 
A comparison of all key (priority) recommendations is presented in Table 1. These details were 
abstracted from each of the reports or assessments previously detailed. In addition, Table 2 
presents a consolidated list of the most commonly proposed research and monitoring 
recommendations. 

In order to facilitate comparison and discussion, action points have been grouped into a number 
of major topic headings for presentation and, wherever possible, the terminology used has been 
standardised in Table 1. The major topic headings employed comprise: 

Environmental exposure assessment 
Human health investigations 
Ecological investigations 
Basic scientific research requirements 
Development of test systems 
Development of biomarkers 
Identification/ use of sentinel species 
Risk models/ risk assessment 
Other aspects. 

A considerable degree of consensus was noted between the various assessments and reports on the 
need to take urgent action to address the uncertainties and gaps in our knowledge and the 
potential dangers to human and wildlife populations from endocrine disrupting chemicals. There 
were, however, differences in the scope of the various working group deliberations and in the 
priorities assigned to the outstanding actions; this may explain the apparently wide range of action 
points presented in Table 1. Also, it should not be assumed that, where a particular point is not 
indicated against a given working group, it was not raised by that group, only that it was not 
identified as a key priority. 

A number of recommendations were of a general nature rather than identifying specific research 
or monitoring needs, and are not considered further. These included a recognition of the need 
to develop a co-ordinated, multi-disciplinary approach to all aspects of the assessment of 
environmental sex hormone disrupting chemicals, as called for by the German Federal 
Environmental Agency (GFEA) and the US Environmental Protection Agency (USEPA), and the 
improved availability of information to relevant parties requested by the USEPA, the 
International School of Ethology (ISE) and the Institute for Environment and Health (IEH) 
round table group. The ISE workshop also recommended widening the constitution of the panels 
controlling research funding to bring about improvement in the review of research needs and to 
take action to reduce the production and release of chemicals having hormonally disruptive 
activities. Also, the IEH pointed out that proof of cause and effect relationship for endocrine 
disruptive chemicals is likely to remain elusive and that a weight of evidence approach is likely to 
be essential to enable risk assessment on such chemicals to be made. 
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The recommendations relating to research and monitoring needs in Table 1 are discussed further 
below. A number of these proposals were frequently identified in the different papers and it was, 
therefore, possible to develop a list of proposals representative of a consensus position; these are 
presented in Table 2. 

ENVIRONMENTAL EXPOSURE ASSESSMENT 

In order to assess environmental exposures to endocrine disruptive chemicals, there was a general 
recognition of the need to continue existing programmes while extending the range of 
methodologies available and the resources available for monitoring. It was noted by several groups 
that data thus derived should play a key role in identifying active chemicals for further scrutiny. 
Other suggestions included detailed studies on the potential routes of exposure and ensuring that 
key life cycle stages are included in the monitoring programme. 

HUMAN HEALTH INVESTIGATIONS 

The majority of groups identified performance of additional epidemiological studies as a key 
requirement. Both retrospective and prospective studies are required to further elucidate the 
claimed relationship between reproductive abnormality/ dysfunction and exposure to 
environmental chemicals, and the associations between various disorders. There is a need to 
investigate relationships between variations from normal reproductive health and a range of other 
factors, such as diet, geographical area and race. Specific groups suggested for special 
consideration include: mothers having known exposures to active chemicals from either 
occupational or medical sources and their offspring (this would permit investigation of linkages 
between maternal and offspring conditions) and the general populations in areas of high 
environmental exposure, for example as a result of accidental discharge. 

The DEPA, USEPA and the IEH requested the establishment of databases on normal 
populations for a range of parameters to act as a reference source, whilst the DEPA identified 
National Mortality Registers as a valuable data source. Calls were also made to extend the range 
of abnormalities studied to include cardiovascular disease in women (IEH) and autoimmunity/ 
hypersensitivity (USEPA), while DEPA suggested that it would be of benefit to routinely retain 
semen and sera samples from epidemiological studies for possible future analysis, e.g. for 
environmental pollutants, hormone levels, etc.. 

ECOLOGICAL INVESTIGATIONS 

As for the human situation, performing retrospective and prospective investigations of animal 
populations in a range of environments and geographical regions and establishment of databases 
for normal populations, were widely suggested. Various possible experimental monitoring 
methodologies were raised, including sampling of fish stocks for effects and exposure using 
biomarkers (e.g. vitellogenin expression in males). The requirement to investigate animal classes 
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other than fish was also noted (DEPA, IEH, USEPA), indeed the USEPA called for the study of 
all trophic levels. Routine inclusion of monitoring for sex hormone disrupting activity in 
epidemiological studies was suggested (IEH/ USEPA) and the DEPA and USEPA called for other 
gene expression markers or hormonal assays. Highly exposed populations were identified as key 
areas for study (USEPA/ ISE). Other identified priority areas included studying mortality and 
cancer rates for populations and extending monitoring to incorporate autoimmune and 
hypersensitivity disease states. 

BASIC SCIENTIFIC RESEARCH REQUIREMENTS 

The need to understand, in detail, the mechanisms by which endocrine disrupters act was 
generally recognised as of vital importance. Suggested areas of research to be given priority were, 
however, quite variable across the work groups. Aspects raised included: receptor binding 
interactions; elucidation of the ontogeny of tissue responsiveness to hormones; studying the 
physiology of the developing germ cell and how chemical interference may impact upon neoplastic 
transformation; characterisation of key developmental processes and molecular level events 
including gene processes. 

Another key area identified was the need to research, for suspect chemicals (GFEA suggested the 
use of "model" chemicals), a range of factors including bioavailability, distribution, 
bioaccumulation, metabolism, mobilisation, excretion and degradation. Included in this list were 
the pharmacokinetic and pharmacodynamic aspects of compartmental modelling for key 
developmental stages. Together, these aspects could loosely be regarded as requiring the 
development of a detailed profile relating to absorption, distribution, metabolism, excretion and 
related processes (i.e. "ADME" profile) for selected chemicals. 

The ISE emphasised the need to include behavioural studies in any assessment. The USEPA 
considered that it would be necessary to perform detailed comparisons of the activities of 
endogenous and exogenous chemicals to elucidate any differences, while the GFEA and USEPA 
both drew attention to the need for detailed study of complex mixtures. Both the IEH and the 
USEPA highlighted the benefits of basic research into endocrine function and reproductive 
biology, whilst the USEPA noted that it would be necessary to develop sensitive yet inexpensive 
analytical tools. 

A range of other activities were suggested by the USEPA, including characterisation of sources of 
population heterogeneity, investigation of low-dose effects, target organ dosimetry and ligand 
binding, together with the clarification of the linkages between measurement endpoints at 
different levels of organisation and their association with higher level ecological effects. 
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DEVELOPMENT OFTEST SYSTEMSAND BIOMARKERS 

The need to develop a range of robust and validated in vitro and in vivo test systems to detect and 
characterise sex hormone disruptive activity by chemicals was consistently recognised, with the 
majority of groups calling for implementation of a tiered test strategy. In addition, the USEPA 
strongly supported the continued commitment of resources to the further development of QSAR 
models. 

Similarly there was a general recognition of a need to develop multiple biomarkers for latent 
effects, activity and exposure in both humans and wildlife. In addition, DEPA, IEH and USEPA 
suggested establishment of in vitro or in vivo models of endocrine responsive tumours. 

IDENTIFICATION AND USE OF SENTINEL SPECIES 

The use of sentinel species was only prioritised by the DEPA and USEPA. Both suggested 
investigating the use of domesticated species as human surrogates, whilst the DEPA also drew 
attention to a possible role for non-human primates. For wildlife monitoring, the USEPA 
emphasised the need to select sentinels from different trophic levels and to study the correlations 
between wildlife and the available mammalian models. 

RISK MODELSAND RISK ASSESSMENT 

Key elements identified included: the need to develop further the existing methodologies for risk 
assessment to better cope with sex hormone disruptive chemicals and to facilitate better 
predictivity and extrapolation between species; the potential benefit of establishing exposure/ 
effect databases and giving priority to the development and regular updating of lists of priority 
chemicals for further study. 

Other aspects addressed included the need to establish standard data collection procedures (IEH) 
and to validate the toxic equivalency factor (TEF) approach for mixtures of chemicals having a 
common mechanism of action (USEPA). 

OTHER ASPECTS 

There was strong support for the review and subsequent further development of the current 
standard test protocols. It was considered likely that novel supplementary test systems would have 
to be developed (see above). In addition, it was recognised by the USEPA and the IEH that it was 
essential to further develop regulatory approaches for complex mixtures, in order to address 
environmentally relevant situations. 
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Table I Comparison of key recommendations 

Topic 

Environmental 
exposure 
assessment 

Human health 
investigations 

Recommended action 

Exposure measurement of putative SHD 
Enhance monitoring methods/resources 
Identify active chemicals 
Study various stages of life cycle 
Study routes of exposure 
Review ongoing programs for links to possible effects 
Database of normal population 
Standardise sperm quality assessment 
Retro-/Pro-spective epidemiological studies of reproductive 
abnormalities/function/ status & links to other factors (e.g. area) 
Prospective epidemiological study of cardiovascular function/ 
geographical factors 
Studies of groups of known exposure & their offspring & 
populations with high exposures (including natural sources) 
Elucidation of effects on mothers & offspring & of linkages 
between effects 
Monitor national registries for links between maternal and offspring 
diseases (e.g. cancers) 
Routine retention of semen/sera from epidemiology studies 
Effects trend analysis on established cohorts 
Exposure/bioaccumulation/effect database 
Investigate relationship to autoimmune disease/hypersensitivity 

Report/ assessment 

D 
EPA 

* 

* 

* 

* 

* 

* 

* 
* 

IEH-
Al 
* 

* 
* 

* 

* 

* 

G 
FEA 

* 

* 

* 

* 

* 

* 

US 
EPA1 

* 
* 
* 

* 
* 

* 

* 

US 
EPA2 

* 
* 
* 
* 

* 

ISE 

* 
* 

IEH 
RT 

* 
* 
* 

* 

* 
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Table I Continued 

Topic 

Ecological 
investigations 

Basic scientific 
research 
requirements 

Recommended action 

Review current programmes for trends 
Normal population range database in various exposures/ 
environments 
Exposure/bioaccumulation/effect database 
Retro/ prospective reproductive health studies (including 
vitellogenin) 
Routine inclusion of SHD monitoring/ in studies, including 
endpoint/marker considerations 
Measure hormonal levels/ gene expression markers in different 
species 
Study populations with high exposure (including mimicking of 
human exposures) 
Study of natural fish (eg freshwater/estuarine/marine) pop'ns 
Studies of other (non-fish) species 
Sample all trophic levels 
Investigate autoimmune/ hypersensitivity diseases 
Study mortality/cancer incidences 
Basic research on human reproduction 
Basic biology/endocrine research 
Distribution, bioaccumulation, metabolism, bioavailability, 
mobilisation, degradation, excretion of suspect chemicals at 
significant life-cycle stages 
Study behavioural effects 
Elucidation of mechanisms of action 
in vitro receptor binding studies 

Report/ assessment 

D 
EPA 

* 

* 

* 

* 
* 

* 

* 

IEH-
Al 

* 

* 
* 

* 

* 

G 
FEA 

* 

* 

* 

* 

US 
EPA' 

* 

* 

* 

* 
* 

* 
* 

US 
EPA2 

* 
* 

* 

* 

* 

* 

* 

* 
* 

* 

ISE 

* 

* 

* 
* 

IEH 
RT 

* 

* 
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Table I Continued 

Topic 

Basic scientific 
research 
requirements 

Test systems/ 
biomarkers/ 
strategies 

Use of sentinel 
species 

Recommended action 

Ontogeny of tissue hormonal responsiveness at all levels of 
organisation 
Physiology of developing germ cells/ impact on neoplasia 
Characterisation of effects on key processes/ genes 
Elucidate cell transcription/transformation processes 
Develop sensitive/ inexpensive research tools 
Compare endogenous to exogenous chemical activities 
Study additivity of mixtures 
Detailed pharmacodynamics/ kinetics (including foetal &. 
maternal compartments) 
Clarify measurement/ assessment endpoints linkages 
Target "model chemicals" for in-depth study 
Target organ dosimetry / ligand binding 
Clarify significance/ mechanisms of low-dose effects 
Characterise susceptible windows for different species 
Characterise sources of population heterogeneity 
Robust in vitro/vivo systems to detect SHD activity 
Establish in vitro/vivo models of endocrine responsive tumours 
Develop tiered/structured test strategies 
Systems to investigate mixtures 
QSAR model enhancement 
Universal vitellogenin antibody or alternative 
Multiple biomarkers of activity/ latent effect/ exposure 
Domestic animals as human surrogates 
Use of non-human primate as human surrogate 

Report/ assessment 

D 
EPA 

* 

* 
* 
* 

* 

* 
* 

* 

* 
* 
* 
* 

IEH-
Al 

* 
* 

* 

G 
FEA 

* 

* 

* 

* 
* 

* 

us 
EPA' 

* 

* 
* 
* 
* 
* 

* 
* 
* 
* 
* 
* 
* 
* 
* 

* 
* 

us 
EPA2 

* 

* 

* 

* 

* 

ISE 

* 

IEH 
RT 

* 

* 
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Table I Continued 

Topic 

Use of sentinel 
species 
Risk models/ 
risk assessment 

Other 

Recommended action 

Use sentinels from multiple trophic levels 
Correlate wildlife/ mammalian models 
Validate TE F approach 
Use basic endocrinology in assessment 
Further develop risk assessment methods (including statistics) 
Use "weight of evidence" approach 
Standardise data collection procedures 
Develop exposure/effect database 
Develop methods to predict from known exposures to others 
Develop cross-species extrapolation methodology 
Ensure subpopulation effects included in assessment strategy 
Develop/ maintain priority chemical lists 
Develop regulatory approach to mixtures 
Co-ordinated approach/wide base to research decision making 
Improve data availability on chemicals 
Enhance/ supplement current test protocol requirements 
Improve awareness of public/decision makers, 
scientists &. medical professionals 
Reduce production/ environmental release of active chemicals 

Report/ assessment 

D 
EPA 

* 

* 

IEH-
Al 

G 
FEA 

* 

* 

* 

US 
EPA' 

* 
* 
* 

* 

* 

* 
* 
* 
* 
* 

US 
EPA2 

* 

* 
* 

* 
* 
* 

* 

* 

* 

ISE 

* 

* 

* 

* 
* 

* 

IEH 
RT 

* 
* 
* 
* 

* 
* 
* 
* 

'Jt Identified as key recommendation of report/ assessment 
SHD Sex Hormone Disrupting Chemical 
DEPA Danish Environmental Protection Agency report 
IEH-A' IEH Assessment Al 
GEPA German Federal Environmental Agency report 
USEPA' US Environmental Protection Agency health and environment risk assessment report 
US EPA2 US Environmental Protection Agency ecological risk strategy report 
ISE International School of Ethology working group 
IEHRT IEH round table meeting HO 



Table 2 Consolidated key research and monitoring recommendations from previous 
assessments and reviews 

Environmental exposure assessment 

Human health investigations 

Ecological investigations 

Basic scientific research requirements 

Development of test systems/ 
biomarkers 

Identification/use of sentinel species 

Risk models and risk assessment 

Other aspects 

Continue or extend current programmes and 
methods. 
Use to identify active chemicals. 
Retro- and Prospective epidemiology studies on 
links between abnormalities &. functionality; 
maternal-offspring associations; other factors 
(diet, area, race, etc.): Use established cohorts, 
exposed populations, etc.). 
Database on normal population. 
Retro- and Prospective epidemiology studies in a 
range of environments and geographical areas for 
reproductive health effects, especially in highly 
exposed areas: Use a variety of biomarkers and 
sample at many trophic levels. 
Database on normal populations. 
Elucidate detailed mechanisms of action at all 
levels of organisation: Include key stages of life 
cycle. 
Develop ADME-style profiles for activechemicals/ 
mixtures: Include different life-stages. 
Develop basic knowledge base for reproductive 
and endocrine systems. 
Develop tiered testing strategy using robust, 
validated in vitro/ in vivo model systems. 
Develop multiple exposure/ latent effect/activity 
biomarkers for man and wildlife. 
Establish in vitro/ in vivo models of endocrine 
responsive tumours. 
Investigate use of domestic animals as surrogate 
models for humans. 
Develop and maintain a list of priority chemicals 
for study. 
Enhance risk assessment methodologies to cope 
with sex hormone disrupting chemicals. 
Establish exposure/ effects database. 
Review and enhance current routine testing 
protocols. 
Develop techniques for regulation of complex 
mixtures, as encountered in the environment. 
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