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ENDOCRINE DISRUPTING CHEMICALS 

Foreword 

This R e s m h  and Documentation Paper was requested by the Committee for the Envimnmeni, 
Consumer Protection and Public Health at the instigation of David Bowe MEP, aspart of the 
1997 Research Programme of the Directorate-General for Research of the Eumpean 
Parliament 

The aim of this paper is to provide an overview of this very complex subject to pmvide Members 
of Parliament with a comprehensive and easily understood synthesis and to suggest courses of 
action in the light of the findings. 

The p p e r  has been produced using a greQt muny reference sources to try to obtain as balanced 
a v i m  of the situation m is possible under the cimumtunces. Those circumstances are daflcult. 
There are vital interests involved on the part of the chemical industry, which has been very 
assiduous in putting forward its point of view. 

Many of the chemicals which are claimed to be endocrine disruptors are also problematic in 
their own nght by virtue of being carcinogenic andor persistent organic pollutants. Some of 
the chemicals concerned are already banned in the developed world and have been for some 
time. Equally, some of the suspected chemicals are in pequent and important use. 

Essential& the dlffiulty is one of knowing where exactly toplace the phenomenon of endocrine 
dkruption on the scale ofpment andpotentialpmblems aflicting the envimnment. On the one 
hand, in recent times, injudicious interpretation by the media of certain scientijicjindings has 
produced a number of "scam': which in some cases have exaggerated the risk to the public and 
clouded the &sue. On the other hand, there have been cases where it has been discovered that 
a particular health threat may be greater and more insidious than previously assumed (For 
example radiation exposure). Thus those responsible in society must tread a carefil course 
between the extrvmes of unfounded panic on the one hand, and complacent denial on the other. 

There is much evidence for disruption of the endocrine system in both wildlife and humans in 
certain well-documented cases and in certain heavily-pollutedparVs of the world. The dz@culty 
lies in knowing to what extent this problem may be widespread and may be posing a threat to 
future generations. If the worst-case scenario regarding the potential efJects of endocrine 
dkruptors is even partially realised, then the problem may be extremely serious for the h u m  
race. Unfortunately, when the issue of endocrine disruptors first emerged as a public issue, 
emphasis was put on the question of reduction of male fertility in particular. This was 
unfortunate, firstly because the statistics of sperm count on which this aspect is large& based, 
and indeed the possible factors which may lead to reduction in sperm count, are very much open 
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to &bate, secondly because the public reaction to this tended to be somewhat apathetic and on 
the lines of "With world oveFopulation, why should we wony about falling fertility?"'. 

The problem however k much more a matter of the quality of human reproductive capad@ and 
the possible adverse efect of endocrine disrupting chemicals on the unbom and ultimately on 
their future ogspring. The physiological viability and repmductive capacity of fiture 
generations may be at risk. There is no doubt that much more careful research is needed 

Envimmntal legislation mandates the precautionary principle and experience reinforces the 
wisdom of this approach in dealing with any potential threat to human health. 

The issue of endocrine disruptors emerged because of research in a quiet comer of the scienrific 
field Research, firthermore, across drfSerent scientijic specialities and  cross a fairly long 
timescale. This is not nomlly the kind of research that is considered by young aspiring 
scientists because it does not attract much in the way of research gmnts. And yet such 
unrromantic scientific labour is needed now more than ever before. There are no more Newtons 
or von Humbold& in science capable of scanning the entire horizon of knowledge. The field has 
become too big and specialists ever more specialized. Cross-referencing of informution @m 
dlflerent scientific specializations is more essential than ever, andyet relatively neglected 

Given the fact that many of the chemicals concerned form an integral part of the modem 
technological economy, it would bepmnatun to rush into ill-considered legislation. However, 
it would be wise to start looking closely at chemicals as potential endocrine disruptors per se 
both by commissioning new research, and, perhaps even more valuably, collating previous 
research across dIfJerent scientific fields - a meticulous, unmmantic and neglected field of 
scientljic endeavour which tends to attract too few good scientists and too little finding. 

~~ 

1 Conversation with Dr The0 Colborn, March 1997. 
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ENDOCRINE DISRUPTING CHEMICALS: 
A challenge for EU environmental regulation? 

1. Introduction 

Concern has intensified in recent years that certain synthetic chemicals in common use 
throughout the world may interfere with the functioning of the endocrine system in animals and 
humans. It has been suggested that disruption of the endocrine system may be responsible for 
a variety of disorders, such as increases in the rates of certain cancers, learning and behavioural 
problems, deficiencies in the immune system and abnormalities in the reproductive system. 

Although a substantial number of scientific studies have been undertaken into endocrine 
disruption, and more are currently underway, the scientific data is contradictory and open to 
different interpretations. Although the concept of endocrine disruption was first mooted in the 
1970s, concern was heightened in 199 1 by a scientific conference in Wisconsin which released 
the so-called Wingspread Statement which warned that unless action was taken to reduce the 
level of endocrine disruptors present in the environment, widespread harm to human and animal 
health would ensue. In 1995, a conference of scientific experts meeting at Erice in Sicily issued 
a statement warning, inter alia, that: 

"Endocrine disrupting chemicals can undermine neurological and behavioural development and 
subsequent potential of individuals exposed in the womb or, in fish, amphibians, reptiles and 
birds, the egg. This loss of potential in humans and wildlife is expressed as behavioural and 
physical abnormalities ... Widespread loss of this nature can change the character of human 
societies or destabilise wildlife populations". 

Public concern was further stimulated by the publication in 1996 by Dr The0 Colborn of Our 
Stolen Future, a digest of the scientific research into endocrine disruption written for the lay 
reader, which argued forcefully that endocrine disrupting chemicals are responsible for 
increasingly common reproductive and behavioural problems in humans and wildlife'. 

At the heart of the concern over endocrine disruption is the extremely wide range of substances 
which have been suggested as endocrine disruptors. Large numbers of chlorinated and non- 
chlorinated compounds and heavy metals widely used in industrial and household products such 
as paints, detergents, lubricants, cosmetics, textiles and plastics may be endocrine disrupting 
chemicals (EDCs), as well as many pesticides and some by-products of sewage treatment, waste 
incineration and other forms of combustion. The chemical industry, while accepting the need 
for further research into endocrine disruption, has counselled against leaping to over-hasty 
conclusions on the basis of insufficient data2. Moreover, a recent extensive survey of the 
literature on endocrine disruption conducted by the United States Environmental Protection 
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literature on endocrine disruption conducted by the United States Environmental Protection 
Agency adopted a cautious approach, concluding that endocrine disruption was not an adverse 
outcome in itself but rather a mechanism which had the potential to produce carcinogenic, 
reproductive or developmental problems of the type routinely considered when licensing 
chemicals3. 

This paper will: 

a. outline salient aspects of the functioning of the endocrine system and the mechanics of 
endocrine disruption; 

b. summarise the research undertaken into the issue of endocrine disruption; 
c. outline the measures concerning endocrine disruption taken by a number of governments 

and international organisations; 
d. assess the legal principles relevant to any action to be taken by the European 

Community. 

2. Disruption of the endocrine system 

The endocrine system, in association with the nervous system and the immune system, regulates 
the body’s internal activities so as to preserve a balanced internal environment. Hormones are 
produced and released into the bloodstream by a variety of glands, such as the testes, ovaries, 
adrenal, pancreas, pituitary, thyroid and parathyroid. All body tissues designed to respond to 
a hormone contain specially shaped molecular configurations called receptors at their cell site. 
Each receptor has an affinity for a particular hormone. The hormone and its receptor thus fit 
together like a lock and key so that each hormone can affect only those tissues for which it is 
targeted. Once the hormone has found its receptor, a chain of chemical responses within the 
target tissue is activated to complete the hormonal function. The concentration of hormones in 
the blood is regulated by the central nervous system which releases activating or inhibiting 
superior hormones in order to ensure that an appropriate hormonal level is maintained. Thus 
hormonal effects are complicated by a series of cyclical interactions, all of which must be taken 
into account when investigating endocrine disruption. 

The Organisation for Economic Co-operation and Development (OECD) has adopted the 
following definition of endocrine disruptor: 

“An exogenous substance which causes adverse health effects in an intact organism, or its 
progeny, consequent to changes in endocrine f~nction”~. 

Chemicals which act as endocrine disruptors may interfere with the synthesis, secretion, 
transportation, action or elimination of natural hormones. In some cases, chemicals may mimic 
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normal hormones by fitting the Yock" or receptor in the same way as a hormone so fooling the 
body into responding. Others may "lock up" a cell receptor, so blocking the entrance of natural 
hormones. Still others act as triggers, setting off reactions in the cell which would not normally 
be produced by a hormone. It is suggested that this disruption of the normal functioning of the 
endocrine system is not in itself dangerous but is a mechanism which can lead to a variety of 
medical disorders. While exposure to EDCs may produce adverse effects on adults, the literature 
suggests that it is the foetus, undergoing rapid development, which is especially vulnerable to 
endocrine disruptors5. 

Humans are exposed to EDCs in a variety of ways. For the majority of people, the most 
important form of exposure is through food. Many foods contain traces of pesticides and other 
contaminants, such as PCBs, PAH and dioxin. Breast milk also contains significant levels of 
PCBs and dioxins. Phthalates, which escape from plastic packaging material and storage 
containers into food, may also be EDCs. Endocrine disruptors may also be present in drinking 
water; oestrogen, for example, is often found in water which has not been purified using 
activated carbon filtration. Moreover, workers in the paper, plastics and food industries come 
into contact daily with chemicals which may be EDCs. The use of pesticides in gardens and 
allotments may also expose humans to EDCs. EDCs are used in a number of pharmaceuticals, 
most notably the contraceptive pill. 

The majority of chemicals suggested as endocrine disruptors resemble either the hormone 
oestrogen or, to a lesser extent, testosterone. Chemicals which mimic oestrogen are contained 
in many foodstuffs, such as garlic, rye, barley, rice, soya, carrots, peas and beans. The presence 
of plant oestrogen mimics (known as phytoestrogens) in foods which have been widely eaten 
for hundreds of years with no apparent harm to human health has led some scientists to argue 
that synthetic oestrogens are equally unlikely to have any unpleasant effects on the human 
endocrine system6. On the other hand, it has been argued that synthetic oestrogens are 
fundamentally different to phytoestrogens, not least because synthetic oestrogens, which resist 
metabolism when consumed by an animal, are stored for long periods in fat and thus 
dramatically increase in concentration as they move up the food chain, while phytoestrogens are 
rapidly metabolised after consumption7. Moreover, the human body has had thousands of years 
in which to adapt to phytoestrogens and may have developed ways to inactivate them. 

3. Human health 

a. Male reproductive system 
Several recent surveys have indicated a widespread increase in male reproductive disorders, 
principally cryptorchidism (failure of the testes to descend into the scrotum), testicular cancer 
and prostate cancer. There has been disagreement over whether sperm quantity and quality are 
declining. 

- 9 -  PE 167.067 



ENDOCRINE DISRUPTING CHEMICALS 

In 1992, a Danish review of 61 studies on semen analysis worldwide found that the average 
human sperm count had dropped by approximately 50 per cent between 1938 and 1991, from 
an average of 113 million per m1 of semen to 66 million per m18. The study also recorded a 
decline in the volume of ejaculate from 3.4 to 2.75 ml over the same period. This study attracted 
considerable publicity and has subsequently drawn sharp criticism. Some critiques questioned 
the consistency of the data used, arguing that results were obtained from different populations 
of men from different geographic areas and at different times and thus could not be properly 
compared9. Moreover, they have called into question the lack of control over abstinence time 
before provision of the sperm samples, as the length of the abstinence period is vital to both 
sperm concentration and volume of ejaculate. Furthermore, only 12 per cent of the data 
suryeyed in the Danish study was drawn from the first 30 years of the period covered. Finally, 
it has been suggested that the criteria used in the studies might have changed due to a change in 
World Health Organisation criteria for judging sperm count to be inadequate for normal 
fertility'O. 

Other studies of sperm production show conflicting results. A study of semen donors in Paris 
between 1973 and 1992 found that sperm count had declined from 89 million per m1 of semen 
to 60 million per m1 but that there was no decline in the volume of ejaculate". Studies in 
London and Scotland have also revealed a decline in sperm c~unts'~. A study of sperm samples 
taken from 360 men in Belgium between 1990 and 1993 found a decline in the percentage of 
well-formed sperm from 39.6 per cent to 27.8 per cent, while the percentage of sperm with 
normal motility (swimming ability) dropped from 53.4 per cent to 32.8 per cent13. On the other 
hand, a survey of several studies conducted in Finland between 1958 and 1992 found no 
decrease either in sperm count or in ejaculate volume among Finnish men14. Two American 
studies, conducted at a number of locations across the United States, have found no changes in 
sperm quality15. 

Some studies have argued that the cause of falling sperm counts and increased reproductive 
abnormalities in men is exposure to oestrogen in the womb. A 1993 report postulated that 
decreases in sperm concentration and semen volume, as well as an increased incidence of 
testicular cancer, were caused by a common environmental factor, most probably exposure of 
the foetus to an excess of oestrogenic compounds16. A subsequent report commissioned by the 
Danish Environmental Protection Agency (EPA) reached the conclusion that there had been a 
general, although not necessarily global, decline in semen quality during the last fifty years17. 
The report also concluded that, although there were substantial regional variations with the 
incidence in Denmark being four times greater than that in Finland, there was a worldwide trend 
towards an increased incidence of testicular cancer. The report found that testicular cancer had 
increased in men under 50 by 2 to 4 per cent per annum in Scandinavia, Britain, Australasia and 
the United States. Turning to cryptorchidism, the report noted that the data from different studies 
was difficult to compare; while there had been a significant increase in cryptorchidism in 
England, there seemed to have been no increase in New York. Increases in hypospadias 
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(malformation of the penis consisting of a fissure of the lower wall of the urethra) had also been 
observed in a number of countries but again there were clear differences between regions. 

The Danish EPA report noted that a number of studies of animals had found that oestrogenic and 
other endocrine disrupting chemicals were responsible for reproductive disorders similar to those 
found in humans and that exposure to DES during pregnancy, both in humans and animals, 
resulted in increased levels of male reproductive disorders and decreased sperm count. The 
report concluded that while there was insufficient evidence either to prove or disprove the theory 
that adverse changes in male reproductive health were the result of exposure to environmental 
oestrogen, the evidence suggested that environmental oestrogens had the capacity to induce 
minor and major reproductive defects in man. If environmental oestrogens were indeed 
responsible for these changes, the current prevalence in male children would not be known for 
another 20 to 40 years. Moreover, inadequate data on the level of actual human exposure to 
these chemicals meant that no accurate risk assessment could be made. Subsequent experiments 
on rats have found that exposure to relatively high levels of the oestrogenic chemicals 
octyphenol, octyphenol phenoxylate, butyl benzyl phthalate and diethylstilbestrol (DES) 
produced reductions in testicular weight and the rate of sperm production". 

Studies of human male offspring exposed to DES, an artificial oestrogen frequently prescribed 
to women during the 1950's and 1960's to ease pregnancy, have demonstrated that one third of 
male offspring exposed to DES in utero demonstrated genital malformation, abnormalities of 
the reproductive tract and reduced sperm counts19. These men exhibited higher than average 
levels of epididymal cysts, testicular abnormalities and cryptorchidism". No evidence was 
found of increased susceptibility to testicular cancer. 

Other chemicals, apart from those which affect the oestrogen receptor, may disrupt the 
development of the male reproductive system. Certain chemicals have been identified as anti- 
androgens, that is, chemicals which bind to the androgen receptor thus blocking the binding of 
true androgens. Examples of anti-androgens are the pharmaceutical hydroxyflutamide, the 
pesticides procymidone and vinclozolin and the DDT derivative p,p'-DDE. When vinclozolin 
was administered to pregnant rats, the male offspring displayed hermaphrodite characteristics, 
including impaired penis development, undescended testes, vaginal pouches, nipples and reduced 
or absent sperm productionz1. 

Male rats exposed to polychlorinated biphenyls (PCBs) in their mothers' milk exhibit reduced 
fertilityu. Other studies on rats and hamsters have found that pups born to mothers who had 
ingested a single dose of dioxin during pregnancy had sperm levels up to 56 per cent lower than 
pups whose mothers had not been exposed to dioxinu. However, sensitivity to dioxin and 
similar agents may differ substantially between speciesz4. 
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Death due to prostate cancer has increased by 17 per cent over the past 30 years despite 
improved diagnosis and is the second most prevalent cause of cancer death among males. Little 
is known about its causes. One study on mice has found that if the male foetus is exposed to 
high levels of oestrogen, slight increases in exposure to oestrogen as an adult leads to a sharp 
increase in androgen receptors in the prostate=. The high number of androgen receptors make 
the prostate permanently hyper-sensitive to male hormones and vulnerable to enlargement. 
Experiments on rats have demonstrated that persistent exposure to oestrogen as adults can induce 
prostate cancep. A study of Canadian farmers has found an association between the use of 
herbicides and prostate ~ancei?~, while a thirty year study of coke oven workers found an 
association between oven emissions and prostate cancep. 

b. Female reproductive system 
It has been suggested that EDCs may lead to dysfunction and malformation of the reproductive 
organs and infertility. These effects may come about both through exposure to EDCs as a foetus 
or, in other cases, through direct exposure as an adult, although this appears to be uncommon. 
The ovarian follicle contains cells which produce steroid hormones in mature females; the 
follicle alters during the menstrual cycle and hormone production depends upon the phase of 
the cycle. The effects of environmental chemicals on ovarian function are poorly understood. 
The herbicide Atrazine has been shown capable of disrupting ovarian structure and function in 
adult rats; the effect depends upon the dose administered but the precise mechanism of 
disruption remains ~nclea?~. The oocyte itself seems to be sensitive to methotrexate and 
cyclophosphamideM. One study conducted on a sample of 47 women suggested that chlorinated 
hydrocarbon chemicals can lead to cleavage of the embryo, most probably through disruption 
of the oocyte3’. Experiments on rats have demonstrated that methoxychlor can hinder uteral 
implantation of the oocyte3’ and that dicofol leads to ovarian impairmenf3. 

Studies into the effect of DES represent by far the clearest example of endocrine disruption. 
Studies of female rats exposed in utero to DES have demonstrated that they suffer structural 
abnormalities of the uterus and oviducts, reproductive dysfunction, vaginal cancer and ovarian 

Most of the same effects have been observed in women exposed to DES in utero35. 
However, these results must be treated with caution as doses of DES administered to pregnant 
women were far higher than the level of synthetic chemicals usually present in the bloodstream. 

Endometriosis is a condition whereby the tissue lining the uterus migrates to the abdomen, 
ovaries, bladder or bowel, resulting in growths which cause pain, bleeding and infertility. The 
incidence of this disease appears to be increasing sharply, especially among young women. 
Before 1921, only twenty cases had been reported in the world wide medical literature, while 
it is estimated that today the disease affects about 5.5 million women in the United States and 
CanadaM. 
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The causes of endometriosis are unknown. However, a 1993 study demonstrated that rhesus 
monkeys exposed to dioxin developed endometriosis ten years after exposure3'. The severity 
of the disease was dependent upon the dose m Another study has shown that women 
suffering from endometriosis have higher levels of PCBs in their blood than healthy women3. 
However, another study of 15 women with endometriosis found that levels of dioxin, furan and 
PCBs in their blood were no higher than usual39. 

. .  

The incidence of breast cancer has risen over the past decades in many countries. In Finland, 
for example, the incidence of breast cancer has risen from 25 per 100,000 in 1953 to more than 
40 per 100,000 in 1980 and in Denmark from 40 per 100,000 in 1945 to about 60 per 100,000 
in 1980. Although these increases may be partly explained by improved detection, there is 
nevertheless consensus that in the United States, there has been an annual 1 per cent increase in 
breast cancer since the 1940'~~. While a number of risk factors for breast cancer have been 
identified, such as age at menarche, menopause and first pregnancy, diet, family history, 
radiation exposure and alcohol intake, the precise roles which each of these factors plays remains 
unclear. 

A 1993 study proposed that certain chemicals, such as DDT, PCBs, endosulfan, kepone and 
atrazine, might alter the production and metabolism of oestrogen and that pre-natal exposure 
to these chemicals might sensitise the foetus to oestrogen thus making it more susceptible to 
breast cancer41. Other studies have found unusually high levels of synthetic chemicals present 
in women who have developed breast cancer. A 1994 Canadian study found significantly higher 
levels of DDE, a chemical arising during the breakdown of DDT, in women with oestrogen- 
responsive tumours42. A study performed by New York University, on a group composed 
mainly of Caucasian women, found that those with the highest blood levels of DDE were four 
times more likely to develop breast cancer than those women with the lowest levels of DDE". 
Another study, however, performed in California on white, black and Asian women, found no 
link between breast cancer and levels of DDE4. 

A study in Israel found an 8 per cent decline in deaths due to breast cancer between 1976 and 
1986. It ascribed this fall to the steep decrease in concentrations of hexachlorocyclohexane 
(HCH), lindane and DDE in cows' milk following restrictions on the use of these pesticides 
introduced in 197845. Yet a subsequent study reviewing this study and further data on breast 
cancer in Israel concluded that there was no evidence for a causal relationship between pesticide 
exposure and breast cancer4. Moreover, two recent reviews of the existing data have failed to 
find any association between synthetic chemicals and breast cancer47. 

c. Neuroendocrine system 
The hypothalamus and the pineal gland monitor hormone levels and release either activating or 
inhibiting hormones to ensure that a balanced hormonal level is maintained. If the 
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neuroendocrine system is disrupted, hormonal levels in the body will be affected which may lead 
to changes in behaviour. 

The clearest evidence concerning disruption of the neuroendocrine system comes from studies 
of DES. Experiments on female rodents have shown that exposure to DES or unusually high 
levels of oestrogen in utero leads to a more masculine pattern of behaviour; such females mount 
other animals more frequently and display unusually boisterous and aggressive characteristicsa. 
Two studies of women exposed to DES in utero found that a substantially higher than average 
number were lesbian or bisexual, although studies on males exposed to DES have found no sign 
of any effects on sexual ~rientation~~. The same studies also investigated other aspects of the 
subjects’ behaviour; one study found the women showed less interest in raising children but the 
other study failed to find such an association. Researchers have also found unusually high rates 
of depression among men and women exposed to DES before birth, as well as other psychiatric 
disorders such as anxiety, anorexia nervosa and phobic neurosis. One study reported that 40 per 
cent of the women and 71 per cent of the men had experienced major depression requiring 
medical assi~tance~~. 

Some organochloride pesticides such as DDT1, kepones2, methoxychlors3 and zearalenone% have 
been shown to affect female rats so that they display behaviour more typical of the male and also 
exhibit disorders of the genitals . Male rats whose mothers have been exposed to dioxin show 
diminished male sexual behaviour in mating encounters and increased propensity to exhibit 
female sexual behaviou?’, although there is disagreement as to whether this altered behaviour 
arises because dioxin has affected the sexual development of the brain or has instead disrupted 
the development of the genitals. 

d. Thyroid 
The main function of the thyroid gland is to synthesise, store and release the thyroid hormones 
thyroxine (T4) and tri-iodothyronine (T3) which are essential for normal growth, mental 
development and metabolism. Studies of PCBs and dioxin have suggested that they may affect 
production of the thyroid hormones. 

It is possible that PCBs and dioxin mimic or block normal hormone action by binding to the 
thyroid receptor or that they may increase the number of receptors. One study has found that 
two derivatives of PCBs commonly found in human tissue and breast milk (PCB 118 and PCB 
153) reduce levels of T4, which is crucial to pre-natal brain development, in rats exposed in 
uteroM. It is suggested that distortions of thyroid activity by PCBs and dioxin in the foetus lead 
to learning disabilities, attention problems and hyperactivitys7. Laboratory mice exposed to 
PCBs in utero develop “spinning syndrome” in which they constantly circle their cage, have 
depressed reflexes, make a higher than average number of mistakes when running a maze and 
have difficulty in learning how to swim. Exposure to PCBs in the womb and through breast 
milk causes motor impairment, memory and learning problems and hyperactivity in monkeys58. 
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One major study of the effect of PCBs on humans concerns children born to Taiwanese women 
who consumed cooking oil contaminated with high levels of PCBs and furan in 1979; the studies 
concerned both children in utero when their mothers consumed the oil and children conceived 
subsequently by these women. These children demonstrated weight and size deficiencies at 
birth, abnormal penis development, impaired motor abilities, and attention deficitss. A study 
of the children of mothers who had eaten fish from Lake Michigan containing PCBs and other 
chemicals found that the higher the mother's consumption of fish, the lower the birth weight and 
head circumference of the baby. These babies exhibited weak reflexes and unbalanced 
movements; subsequent tests as the babies grew older revealed impaired cognition and lower 
scores in verbal and memory tests@. However, it is not clear that PCBs were solely responsible 
for these effects as the mothers had been exposed to such a wide range of chemicals. Another 
study comparing infants' behaviour to the level of PCBs in their mothers' breast milk found that 
the more highly exposed infants showed weaker reflexes and poor motor co-ordination6'. 

4. Effects on Wildlife 

Studies have suggested that endocrine disrupting chemicals are responsible for a variety of 
problems in wildlife, including abnormal thyroid function in birds and fish; reduced fertility in 
birds, fish and mammals; reduced hatching success in fish, birds and reptiles; the development 
of female characteristics by male fish, birds, reptiles and mammals; and the alteration of the 
immune system in birds and mammals. 

a. Invertebrates 
A 1988 study found that female dog-whelk snails exposed to tri-n-butyltin (TBT) compounds, 
which are used as marine anti-fouling paints on ships, developed male genitalia, including a 
penis and vas deferens, and became sterile6'. There was a direct relationship between the level 
of exposure to TBT and the degree of change in sexual characteristics. The authors found that 
because of the widespread use of anti-fouling paints, it was impossible to find unaffected 
populations of snails in England and Wales. Moreover, the number of snails was diminishing 
in many areas due to the effects of TBT. A study of eight species of marine snails in the north- 
east Pacific found imposex (the induction of male sex characteristics in females) in all but one 
species as a result of exposure to TBT63. A study of molluscs in Singapore, Malaysia and 
Indonesia found imposex to be widespread; levels of TBT were not measured but there is 
considerable shipping traffic in these waters"''. A study of the periwinkle in two British estuaries 
found a steady population increase as TBT residues in water and sediments decreased as the 
result of a partial ban on the use of TBl'"j5. TBT is found in molluscs and fish eaten by man and 
is not removed by cooking. 
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b. Fish 
In the late 1980s, British anglers reported that they were catching considerable numbers of fish 
displaying both male and female characteristics in lagoons below sewage treatment plants; it was 
suggested that synthetic oestrogens present in the sewage could be responsible. As a result of 
these observations, rainbow trout were placed at the outfalls of thirty sewage treatment plants 
in England and Wales. After three weeks' exposure, all the fish which survived were found to 
have higher than normal levels of vitellogenin, a protein usually induced only in the female in 
response to oestrogen, indicating that the sewage contained an oestrogen-like substance capable 
of disrupting the male's hormonal functions66. A subsequent study of an English river into which 
sewage was discharged found that after three weeks male trout in cages up to 15 km from the 
point of discharge exhibited increased vitellogenin levels". A 1995 study of six rivers in the 
United Kingdom found oestrogenic activity in three of them. In one river, the Aire, the 
concentration of vitellogenin in male fish was similar to that found in female fish in unexposed 
sites: nonylphenol, derived from nonyphenol ethoxylates used in wool scouring plants nearby, 
was thought to be responsiblea. This study also indicated that various unrelated oestrogenic 
chemicals, such as o,p'DDT, arochlor and bisphenol a, while each present in the environment 
at a level insufficient to produce an oestrogenic effect, could collectively induce oestrogenic 
activity. 

Other chemicals may produce masculine characteristics in female fish. A 1980 study found that 
female mosquito fish whose habitat was four miles downstream from pulp and paper mills in 
Florida developed masculine characteristics, including the male sex organ, the gonopodium@. 
These females attempted to mate with other females. Males from the same area displayed 
exceptionally aggressive mating behaviour. Although the chemicals present in the water were 
not analysed, a subsequent study has found that mill effluents contain phytosterols, dioxins and 
furans, which may all have endocrine-disrupting effects70. Studies of fish living in an area of 
Lake Superior near a paper mill found that male and female fish reached sexual maturity at an 
older age than usual, that they had lower levels of sex hormones in their blood, that the females 
contained fewer eggs than usual and that males' secondary sexual characteristics were 
underde~eloped~~. A further study demonstrated that these characteristics were produced by the 
effluent acting at multiple sites in the pituitary-gonadal axis72. 

Studies of salmon in the Great Lakes have found that all of the fish surveyed over the last 18 
years have exhibited thyroid abnormalities and many display reproductive difficulties". 
Although it appears that these effects are caused by some factor present in the Great Lakes which 
affects the endocrine system, this substance has not been identified. 

c. Reptiles 
In 1980, a spill from a chemical plant contaminated Lake Apopka in Florida with a number of 
chemicals (DDT, DDE, dicofol, chlorenzilate and dichlorobenzophenone) which have 
subsequently affected the endocrine system of alligators living in the lake. Male alligators have 
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penises only one-half to one quarter of the usual size and have extremely low levels of both 
testosterone and oestrogen, while the ratio of oestrogen to testosterone is unusually high74. On 
the other hand, female alligators have an unusually high ratio of oestrogen to testosterone. The 
contamination has also affected hatching and population growth. In Lake Appka, only 5 to 20 
per cent of alligator eggs hatched in each nest, compared to a normal rate of 65 to 80 per an t ,  
while the mortality rate for hatchlings was ten times higher than normal7’. The number of 
juvenile alligators on Lake Apopka declined by 90 per cent between 1980 and 1987. 

In a 1994 study, alligator eggs taken from an uncontaminated lake were painted with DDE and 
incubated at a temperature which would usually produce mostly male hatchlings. 20 per cent 
of the eggs produced female hatchlings and 40 per cent produced “intersex” hatch ling^^^. 
Another study applied PCBs to M l e  eggs and incubated them at temperatures which would 
usually produce males. A significant percentage hatched as females and, of the eggs which 
received the highest dose, all hatched as femalesT7. The concentrations of PCB sufficient to 
disrupt normal development in turtles were similar to the average concentration of PCBs found 
in human breast milk. 

d. Birds 
Several studies have suggested that birds which eat fish containing endocrine disrupting 
chemicals suffer harm to their reproductive systems. A study of tern eggs at Green Bay in Lake 
Michigan which had been contaminated with residues of TCDD, PCDD and PCBs found that 
hatching success was 75 per cent lower than Quail fed the pesticide kepone lay eggs 
which are significantly weaker and thinner-shelled than normal79. 

Studies of gulls on Santa Barbara Island, an area heavily polluted with DDT and PCBs, have 
found that female gulls are nesting together and consequently raising unusually large clutches 
of eggs; the fertility of these eggs is lows0. These studies suggested that male gull embryos 
exposed to pollutants developed female characteristics which subsequently affected their 
reproductive behaviour; males no longer migrated to the breeding colonies leading to an excess 
of females and reduced competition for nest sitesg1. 

e. Mammals 
As with birds, mammals which eat fish contaminated with PCBs, DDT, DDE, mirex and 
mercury, suffer damage to their reproductive and immune systems. Between 1950 and 1975, 
the seal population in the western part of the Wadden Sea, an area heavily polluted by the 
outflow of the Rhine, fell from 3,000 to 500 animals. In a 1986 study, one group of seals were 
fed with fish caught in the Wadden Sea, containing high levels of PCBs and DDE, and another 
group were fed fish from the north-east Atlantic, containing lower levels of contaminantsw. The 
first group had substantially less success in reproducing than the second, which the study 
concluded was due to the effects of PCBs. A subsequent study found reduced levels of thyroid 
hormone and impaired vitamin A metabolism in seals fed Wadden Sea fish which over time 

- 17- PE 167.067 



ENDOCRINE DISRUPTING CHEMICALS 

would lead to a persistent vitamin A deficiency, resulting in retarded growth, adverse 
reproductive effects, skin and eye disorders and increased susceptibility to infection, all of which 
have been observed in marine mammals living in the Baltic, North and Wadden seasm. 

The population of beluga whales in the St Lawrence estuary in Canada, a heavily polluted area, 
has declined from 5,000 to 500 during this century. A 1995 study observed abnormalities in the 
ovaries, the unusual Occurrence of an hermaphrodite beluga, thyroid lesions, and vulnerability 
to infections and postulated that the cause was exposure to PCBs, dieldrin and TCDDw. 

In recent years, there have been several examples of large numbers of dolphins dying suddenly 
for no apparent reason. High levels of PCBs, DDT, DDE and TCDD have been found in these 
animals and it has been suggested that these chemicals may have suppressed the dolphins’ 
immune systems. One study found a relationship between increasing levels of these 
contaminants and increased suppression of the immune systema; this study was, however, 
performed on a small sample and additional work is required before firm conclusions can be 
drawn. 

Ninety per cent of Florida panthers exhibit cryptorchidism and many have poor sperm quality. 
Cryptorchidism is rare in captive panthers and unknown in other felines and a 1995 study 
suggested that the cause may lie in the panthers’ diet86. Panthers eat large numbers of racoons, 
which themselves eat fish and molluscs containing high levels of DDE and PCBs. It is suggested 
that DDE may have an anti-androgenic effect which causes cryptorchidism. 

5. National and International Action 

No EU Member State has adopted legislation to regulate EDCs in general. Expert committees 
on EDCs have been established by Austria, Belgium, France, Germany, Sweden and the United 
Kingdom and are planned in Greece and Italy. While no measures have been taken against 
EDCs qua EDCs, it has been known for some time that certain chemicals now thought to be 
EDCs cause disorders such as cancer or sterility, even though it has not been clear that these 
disorders are produced through hormonal action. Consequently, isolated measures to control 
certain EDCs have been adopted by some Member States. Belgium has introduced voluntary 
agreements concerning the use of nonylphenol-ethoxylates (NPEOs) in detergents. Denmark 
has imposed limit values for NPEOs in sludge, banned certain ingredients in pesticides and 
veterinary products and plans to phase out NPEOs in textile detergents and diethylhexylphthalate 
(DEHP) in PVC. Finland requires that approval be granted for the use of vinclozolin and certain 
pesticides. Sweden has adopted legislation on DDT, PCBs, TBT, atrazine, dicofol, benomyl and 
vinclozolin and intends to phase out NPEOs in pesticides. The United Kingdom has introduced 
voluntary agreements concerning the use of alkylphenol-polyethoxylates (APEOs) in the wool 
scouring industry. 
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In April 1997, the Danish Environmental Protection Agency reported that tests on baby teething 
rings made from PVC had revealed that some rings released substantial amounts of phthalatesB7. 
The EPA fecommended that three brands of ring should be withdrawn; the Italian manufacturer 
Chicco subsequently withdrew the rings from sale in Denmark, Italy and Spain. Most Danish 
retailers then withdrew all plastic teething rings and the largest toy retailer in Sweden withdrew 
75 products containing PVC. On 3 June the International Council of Toy Industries established 
a working group to investigate the risk to babies of sucking on toys containing phthalates. 

The OECD is currently considering whether new test guidelines should be adopted for EDCs. 
In September 1996, the national co-ordinators of the OECD Test Guidelines Programme 
proposed that new Test Guidelines should be developed for the testing and hazard 
characterisation of endocrine disruptors, as the existing guidelines were probably insufficient to 
detect all disorders caused by endocrine disruption. This proposal was endorsed in November 
1996 by the OECD Chemicals and Management Groups and the OECD Pesticide Forum which 
launched the OECD Endocrine Disruptors Project. The objects are: to co-ordinate national and 
regional activities on the risk assessment and management of EDCs; to develop new Test 
Guidelines for the hazard characterisation of EDCs; and to harmonise risk characterisation and 
regulatory policies among member countries. To this end, a Detailed Review Paper has been 
prepared which assesses existing test methods, identifies gaps in existing Test Guidelines 
concerning disorders which may be caused by EDCs and proposes the development of new 
Guidelines or the revision of existing ones. The OECD has also sent a questionnaire to its 
member states asking for details of national policies on EDCs; a report based on the responses 
is expected shortly. 

Several international initiatives are currently underway to address the problem of Persistent 
Organic Pollutants (POPs). These chemicals, which resist photolytic, chemical and biological 
degradation, are characterised by low water solubility and high lipid solubility and thus 
accumulate in the fatty tissues of living organisms. POPs are semi-volatile and able to move 
long distances in the atmosphere. They are transported in the environment in low concentrations 
by movement of fresh and marine waters and so are widely distributed across the earth, even in 
regions where they have never been used. Treaties to control POPs are currently being drafted 
under the auspices of the United Nations Economic Commission for Europe (UNECE) and the 
United Nations Environment Programme (UNEP). These treaties are relevant as the substances 
identified as POPs in these draft treaties are also considered to be EDCs. 

POPs come into existence in three ways and thus require a particularly sophisticated regulatory 
system. Some, such as PCBs, are industrial chemicals. Others, such as dioxins, furans and 
P M ,  are the by-products of combustion or are waste materials. Still others are pesticides, such 
as aldrin, chlordane and DDT. Different types of action are needed to control each category and 
it has been easiest to reach agreement on substances which have little practical use. For 
example, the nine pesticides listed in UNEP Decision 18/32 are little used, many of them are no 
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longer even produced and substitutes exist for all of thema. It has been more difficult to reach 
agreement on dioxins and furans, as the technology necessary to eliminate them is expensive and 
not widely available in the developing world. It is clear that the treaties will not cover all POPs 
and that it will be necessary to add other POPs in the futurew. Moreover, while the two draft 
treaties deal with fifteen and twelve substances respectively, the scientific literature on EDCs 
suggests that around fifty chemicals (listed the Appendix) may be endocrine disruptors. 

In February 1996, discussions were opened in UNECE concerning the agreement of a Protocol 
to the 1979 Convention on Long Range Transboundary Air Pollution (LRTAP), to which the 
Community and all its Member States are party. By January 1997, the Working Group had 
prepared a draft text for the Protocol which provides for a range of measures to be adopted, from 
the banning or phasing out of certain substances to restrictions on use. Agreement, subject to 
one reservation, was reached on the list of 15 POPs to be covered by the Protocol: aldrin, 
chlordane, DDT (DDD and DDE), dieldrin, dioxins, furans, endrin, heptachlor, 
hexabromobiphenyl, hexachlorobenzene, mirex, PAHs, PCBs and toxaphene. Short chain 
chlorinated paraffins, lindane and pentachlorophenol will require further examination before a 
decision is taken. It is hoped that the final text will be ready by early 1998. 

In 1995, the Governing Council of UNEP adopted Decision 18/32 which invited the Inter- 
Organisation Programme for the Sound Management of Chemicals (IOMC), working with the 
International Programme on Chemical Safety (IPCS) and the Inter-Governmental F o m  on 
Chemical Safety (ICFS) to establish a Working Group to assess and consolidate information 
about certain POPs, to examine the benefits and risks of their use, to evaluate the availability of 
substitutes and to assess policies for reducing discharges of POPs. The Decision named twelve 
substances as POPs: PCBs, dioxins, furans, aldrin, dieldrin, DDT, endrin, chlordane, 
hexachlorobenzene, mirex, toxaphene and heptachlor. In July 1996, the Working Group 
reported inter alia that? 

a) international action, including a global treaty, is necessary to reduce the risks to human 
health and the environment from the release of the twelve specified POPs; 

b) a process will be required to develop science-based criteria and a procedure for 
identifying POPs in addition to the twelve specified in Decision 18/32 and that an expert 
group be established to carry out this work. The group should take full account of the 
circumstances of developing countries and countries with economies in transition; 

c) practical and financial assistance should be provided to the developing countries and 
countries with economies in transition to assist them in eliminating POPs; 

d) substitutes exist for all the pesticide POPs and their production should be phased out 
rapidly; 
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e) there is disagreement on whether it is realistic to expect the developing countries to 
reduce emissions of POPs generated as unwanted by-products. The best technology 
waste incineration facilities are expensive to construct, sophisticated to operate and their 
widespread deployment in the developing countries is unlikely in the near future. 
Reduction of the releases of these POPs should be pursued by means which are feasible 
and practical; 

f) the POP industrial chemicals should be phased out over time and, during the transition 
to complete elimination, use, storage and disposal should be carefully monitored. 

In January 1997, the Governing Council of UNEP adopted resolution 19/13 which endorsed the 
Working Group's conclusions and requested the convention of an inter-governmental negotiating 
committee charged with preparing a treaty to ban the twelve POPs and to give effect to the other 
recommendations of the Working Group. The Council requested that the committee should start 
work by early 1998 and that the treaty should be concluded by 2000. 

POPs have also been considered under the auspices of the Global Programme of Action for the 
Protection of the Marine Environment from Land-based Activities. The 1995 Washington 
Declaration on the Protection of the Marine Environment from Land-based Activities, adopted 
by over one hundred states and the European Community, called inter alia for the adoption of 
a global treaty for the reduction or elimination of the use of the POPs identified in Decision 
18/32. The Programme of Action adopted by the Conference called on States to maintain 
inventories of releases of POPs and, in the light of the precautionary principle, to develop 
national programmes for the reduction and/or elimination of emissions. The Declaration also 
called for amendments to existing regional agreements and programmes of action on pollution 
to establish measures to eliminate emissions of POPs. 

POPs are also addressed by the amendments adopted in 1996 to the 1980 Protocol for the 
Protection of the Mediterranean Sea against Pollution from Land-based Sources and Activities. 
This instrument is a protocol to the 1976 Barcelona Convention for the Protection of the 
Mediterranean Sea against Pollution, to which France, Greece, Italy, Spain and the Community 
are party. The Protocol provides that the parties shall eliminate pollution deriving from land- 
based sources and activities; priority shall be given to substances which are toxic, persistent and 
liable to bioaccumulate and in particular to POPs. Annex I provides that certain characteristics 
shall be taken into account when drawing up action plans under the protocol, such as persistence, 
toxicity, bioaccumulation, health effects and risk and the risk of undesirable changes in the 
marine ecosystem and the irreversibility or durability of effects. Moreover, certain categories 
of substance shall serve as guidance in the preparation of action plans, including heavy metals, 
biocides and their derivatives and organohalogen compounds, with priority being given to aldrin, 
chlordane, DDT, dieldrin, dioxins and furans, endrin, heptachlor, hexachlorobenzene, mirex, 
PCBs and toxaphene. 
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Both the 1992 Paris Convention for the Protection of the Marine Environment of the North East 
Atlantic (the OSPAR Convention), which is expected to come into force next year and to which 
the Community and all the Member States except Austria, Greece and Italy are party, and the 
1992 Convention on the htection of the Marine Environment of the Baltic Sea Area, to which 
Denmark, Finland, Germany, Sweden and the Community are party, provide for controls on 
POPs, although this term is not used in the Conventions. Both Conventions provide that the 
parties shall adopt programmes to prevent and eliminate pollution from land-based sources: the 
pollutants in question are to be identified by reference to certain criteria such as their persistency, 
toxicity and tendency to bio-accumulation Moreover, the appendices provide that these criteria 
indicate that certain groups of substances shall be the subject of measures; the named substances 
include heavy metals and their components, organohalogen compounds, biocides such as 
pesticides, herbicides and insecticides and persistent synthetic materials. The Baltic Sea 
Convention adds other organic compounds especially harmful to the marine environment to the 
list and also provides that the Parties shall prohibit the use of DDT, DDE and DDD, PCBs and 
PCTs (except in existing closed system equipment or for research, development and analytical 
purposes) and organotin compounds for small pleasure craft. The Baltic Sea Convention further 
stipulates that the parties shall minimise, and where possible ban, the use of 26 named pesticides. 

The Esbjerg Declaration of the 1995 Fourth Ministerial Conference on the Protection of the 
North Sea, in which Belgium, Denmark, France, Germany, the Netherlands, Norway, Sweden, 
Switzerland, the United Kingdom and the European Commission participate, agreed on the 
objective of continuously reducing discharges, emissions and losses of hazardous substances so 
moving towards the target of their cessation within 25 years. Hazardous substances were defined 
as substances which are toxic, persistent and liable to bioaccumulate; toxicity was defined to 

include "adverse effects on the function of the endocrine system". The Declaration invited 
OSPAR and the European Commission as a matter of urgency to launch investigations and risk 
assessments to improve knowledge of the consequences of substances suspected to have 
endocrine or hormone-like effects and to adopt the necessary measures. The Ministers also 
agreed on a number of specific activities, such as taking action to reduce further discharges of 
substances such as cadmium, mercury, other heavy metals and dioxin and to continue efforts to 
trace sources of PCBs and DDT with a view to stopping further discharges. 

In September 1997, the OSPAR Commission adopted a draft strategy to implement OSPAR's 
objectives concerning hazardous substances. This document is currently in draft form and 
substantial amendments are expected before it is signed in 1998. At the moment, the strategy 
provides that the Commission shall work initially to control the POPs listed in UNEP Decision 
19/13 and in the protocol to the Convention on Long Range Transboundary Air Pollution and 
shall adopt, as soon as possible, a means of identifying substances which give reasonable 
grounds for concern that they are endocrine disruptors. The strategy provides that OSPAR will 
develop appropriate evaluation criteria to establish whether substances Rave the potential to 
cause adverse effects on organisms in the marine environment and identifies a number of 
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research methods; it suggests that the internationally harmonised classification criteria for 
dangerous substanm set out in Annex VI of Directive 67/548 could form the basis of a general 
screening tool for identifying hazardous substances. The Appendix, which sets out a draft list 
of hazardous substances, identifies 40 substances (listed in the Appendix to this paper) as 
potential endocrine disruptors. 

Although the Community has not adopted any legislation dealing with EDCs or POPsperse, a 
number of Directives are relevant. Directive 76/464 on pollution caused by certain dangerous 
substances discharged into the aquatic environment is designed to prevent pollution of inland 
surface water, territorial waters, internal coastal water and groundwater by eliminating 
discharges of dangerous substances specified in List I of the Annex and reducing discharges of 
substances in List 11 of the Annex. List I includes organohalogen compounds, substances proven 
to possess carcinogenic properties, mercury and cadmium. Directive 80/68 on groundwater 
requires the Member States to prevent the introduction into groundwater of certain listed 
substances by prohibiting direct discharges and to take appropriate measures against activities 
which might lead to indirect discharges. As these Directives are now rather old, the Commission 
has proposed9' the adoption of a Water Resources Framework Directive which will integrate the 
practical implementation of Community water legislation by, for example, integrating the 
regulation of the treatment of surface water and of groundwater, and the control of pollution 
both by emission controls and quality objectives. Also of relevance is Directive 91/271 which 
establishes a complex system of controls on the treatment of urban waste water; it requires that 
waste water from agglomerations above certain sizes shall be subject to treatment and establishes 
minimum standards for that treatment, dependent upon the size of the agglomeration and the 
sensitivity of the discharge area. 

Turning to legislation concerning waste, Directive 91/689 applies the provisions of Directive 
75/442 on waste in general to hazardous waste by prohibiting the uncontrolled disposal of waste 
and requiring the establishment of an adequate network of disposal facilities. In addition, 
national authorities are required to draw up public plans for the management of hazardous waste 
and detailed records must be kept by operators of all discharges. Directive 76/403 prohibited 
the uncontrolled discharge, dumping and storage of PCBs and made compulsory the disposal 
of waste PCBs. Directive 96/61 on integrated pollution prevention and control requires the 
Member States to ensure that installations undertakiig a broad range of industrial activities cause 
no significant pollution, avoid waste production and, where waste is produced, avoid or reduce 
any impact on the environment through its disposal. The Directive also provides for the 
Community to set emission limits for certain substances, including substances which have been 
proven to possess carcinogenic or mutagenic properties or properties which may affect 
reproduction via air or water, organohalogen compounds, bioaccumulable organic toxic 
substances and biocides and plant health products. 
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6. The Community's legal obligations 

The central principle of international environmental law is contained in Principle 21 of the 1972 
Stockholm Declaration and Principle 2 of the 1992 Rio Declaration which provide that "States 
have ... the responsibility to ensure that activities within their jurisdiction or control do not cause 
damage to the environment of other States or of areas beyond the limits of national jurisdiction". 
Related to this is the preventive principle, which requires that action be taken at an early stage, 
if possible before damage has O C C U K ~ ~ .  The preventive principle requires states to prohibit 
activities which cause or will cause damage to the environment in violation of the standards 
established under the rules of international law. 

Article 13Or(2) of the Treaty on European Union (TEU) provides that Community environment 
policy shall be based both on the preventive principle and the precautionary principle. The 
obligation to observe the precautionary principle is especially important given the uncertain 
nature of the scientific evidence concerning endocrine disrupting chemicals. While the TEU 
does not define the precautionary principle, guidance may be drawn from Principle 15 of the Rio 
Declaration, which represents the most authoritative interpretation of the principle; it provides 
that "Where there are threats of serious or irreversible damage, lack of full scientific certainty 
shall not be used as a reason for postponing cost-effective measures to prevent environmental 
degradation". 

The precautionary principle thus requires activities and substances which may be harmful to the 
environment to be regulated, even if no conclusive evidence is available as to the harm which 
they may cause. The precautionary principle is, moreover, mandatory; lack of scientific proof 
shall not be used as a reason to defer action. What remains open, however, is the degree of risk 
which is necessary to override arguments for postponing action. Must there be widespread 
consensus that a serious threat exists or agreement that on the balance of the probabilities there 
is some threat to the environment or merely that there are some grounds for concern that 
environmental damage will arise? As will be seen from the examples cited below, different 
formulations have been employed in different treaties, but the majority of treaties employ terms 
such as ''reasonable grounds for concern" or "reason to assume that a risk may exist". Some 
jurists have argued that the precautionary principle should be interpreted so that once aprima 
facie case is established that a risk exists, scientific uncertainty works against the potential 
polluter rather than, as in the past, his favour92. Another reformulation is that where the 
environmental risks being run by regulatory inaction are in some way uncertain but non- 
negligible, regulatory inaction is unj~stified~~. It has been widely suggested that the most 
effective way of applying the precautionary principle in practice is to reverse the traditional 
burden of proof, whereby the onus lay on the proponent of environmental legislation to prove 
that an activity causes damage. Instead, the precautionary principle requires persons carrying 
out an activity to prove that it is safe before they are permitted to pursue it. A second question 
is whether the precautionary principle requires the implementation only of "cost-effective" 
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measures or of all measures necessary to prevent harm from owwring. The words "cost- 
effective" are not used in Article 130r(2) TEU but Article 130r(3) provides that in preparing its 
policy on the environment, the Community shall take account of the potential benefits and costs 
of action or lack of action. 

Several treaties to which the Community or certain Member States are party impose obligations 
to apply the precautionary principle in restricting the production of dangerous chemicals. Under 
Article 194(1) of the 1982 United Nations Convention on the Law of the Sea, parties are 
required to take all measures consistent with the Convention necessary to prevent, reduce and 
control pollution of the marine environment from any source, using the best practicable means 
at their disposal and in accordance with their capabilities. Pollution is defined under Article l(4) 
as "the introduction by man, directly or indirectly, of substances or energy into the marine 
environment, including estuaries, which results or is likely to result in such deleterious effects 
as harm to living resources and marine life, hazards to human health ...imp airment of quality for 
uses of sea water and reduction of amenities". It is notable that this definition covers not only 
acts which are proven to be hazardous but acts which are "likely to" result in harmful effects. 

The OSPAR Convention provides that the parties shall take all possible steps to prevent and to 
eliminate, rather than simply to control, pollution from land-based and offshore sources. Article 
l(d) defines pollution broadly as "the introduction by man, directly or indirectly, of substances 
or energy into the maritime area which results, or is likely to result, in hazards to human health" 
etc. Article 2(2)(a) adopts a broad formulation of the precautionary principle; preventive 
measures are to be taken when there are "reasonable grounds for concern that substances ... may 
bring about hazards to human health, harm living resources and marine ecosystems ... even where 
there is no conclusive evidence of a causal relationship between the inputs and the effects". The 
Baltic Sea Convention requires the parties to prevent and abate pollution in the Baltic Sea from 
land-based and offshore sources. Pollution is defined under Article 2(1) as the introduction of 
substances which "are liable to create hazards to human health" etc. Article 3(2) adopts a 
slightly different formulation of the precautionary principle; the parties shall take preventive 
measures "when there is reason to assume that substances ... may create hazards to human health 
[etc] ... even where there is no conclusive evidence of a causal relationship between inputs and 
their alleged effects". 

Turning to freshwater, more than thirty treaties are in force between all or some of the Member 
States which protect the quality and use of rivers. Of particular importance is the 1992 
Convention on the Protection and Use of Transboundary Watercourses and International Lakes 
to which the Community and all its Member States except Ireland and Portugal are party. The 
parties undertake inter alia to prevent, control and reduce pollution causing or likely to cause 
transboundary impact. In performing their obligations, the parties shall be guided by the 
precautionary principle, by virtue of which action to control hazardous substances "shall not be 
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postponed on the ground that scientific research has not fully proved a causal link between those 
substances, on the one hand, and the potential transboundary impact, on the other". 

7. Conclusion and Recommendations 

The causal relationship between endocrine disruption by environmental chemicals and disorders 
such as cancer, sterility and behavioural problems has been subject to numerous scientific 
studies. The results are, however, confused and allow different conclusions to be drawn. The 
complexity of the endocrine system and incomplete understanding of its functioning remain 
barriers to reaching clear results. Moreover, some of the postulated disorders, such as decreases 
in sperm quantity and quality, are themselves disputed. Nevertheless, it is clear that at least 
some chemicals, most notably DES, can seriously interfere with the endocrine system with 
adverse effects on the health of humans and animals, although it remains unclear whether the 
levels of these chemicals present in the environment in general are sufficient to harm human 
health. Scientific disagreement about the importance of endocrine disruption seems likely to 
persist for some time. 

When considering whether the EU should take action on EDCs, it must be remembered that the 
precautionary principle is not only part of the environmental provisions of the TEU but is also 
a provision of numerous environmental treaties to which the Community and its Member States 
are party. It is clear that, with only a few exceptions, a causal link between suspected EDCs and 
endocrine disruption has not been proved. But the question which the EU must address is not 
whether there is proof that certain chemicals disrupt the endocrine system but whether there are 
reasonable grounds for concern that these chemicals may disrupt the endocrine system. In other 
words, has apriwz facie case been established that EDCs may affect human and animal health? 

Endocrine disruption is not in itself an adverse outcome but a mechanism which may have 
carcinogenic, reproductive, developmental or behavioural effects. Some of these effects can 
already be detected using current testing procedures, even though it may not be clear whether 
the disorder has been brought about through endocrine disruption. However, there is widespread 
agreement that existing test guidelines are not sufficient to detect all  potential EDCs. The 
development of new or revised test guidelines for EDCs by the OECD is an important 
development, as the new guidelines will enable regulatory authorities to test specifically for 
EDCs when licensing chemicals. It is, however, unclear how long it will take the OECD 
Member States to agree on the new Test Guidelines. Moreover, there is disagreement between 
regulatory authorities on whether the new guidelines should be applied only to new chemicals 
or to all existing chemicals as well. 

The European Commission's recently reorganised Scientific Committee for Toxicity, Ecotoxicity 
and the Environment could speed the adoption of the new Test Guidelines by co-ordinating the 
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position of the regulatory authorities of the EU Member States, which, at the moment, vary 
widely. In particular, the Cammittee could ensure that all EU Member States agree that the new 
guidelines should be applied to all existing chemicals and not merely new ones. It is existing 
chemicals which have given rise to anxiety about endocrine disruption and to exclude them from 
review would be preposterous, even if testing them will be time-consuming and costly. The 
ScienWk Committee may find it appropriate to establish a standing sub-committee on EDCs for 
this purpose. 

The adoption of the new Test Guidelines and their implementation by national regulatory 
authorities may take a long time. More time will elapse while the new test procedures are 
actually applied to suspected EDCs. In view both of the gravity of the harm which may arise 
from endocrine disruption and the Member States' acceptance that EC environmental policy shall 
be based on the precautionary principle, it is necessary to consider whether the scientific 
evidence already available justifies action in respect of certain chemicals. Consequently, the 
Scientific Committee should consider whether the existing scientific data establishes aprima 
facie link between certain chemicals and harmful disruption of the endocrine system. 

If the Committee decides that the existing data does give rise to reasonable grounds for concern 
that certain chemicals may disrupt the endocrine system, selecting an appropriate form of 
regulation will be difficult. It would, for example, be possible to regulate emissions of EDCs 
under Directive 96/61 on integrated pollution prevention and control but this would address only 
part of the problem. Humans and animals are exposed to EDCs from an extremely wide range 
of sources, as the action taken against plastic teething rings in Denmark illustrates. Only a ban 
on the production and use of EDCs is likely to be effective in reducing human exposure. 
Naturally, such a ban would damage producers of EDCs, who are likely to resist strenuously any 
attempt at regulation. 
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APPENDIX 
Smpaed Endocrine Disrupting Chemicals and 

International Regulation 

Chemical 

Brominated flame Flame retardant 

Atrazine Pesticide 

beta-HCH Pesticide 

Chlordane Pesticide * 
DDT Pesticide * 
Dicofol Pesticide 

Dieldrin Pesticide * 
Endosulfan Pesticide 

Endrin Pesticide * 

.- 37 - 

LRTAP 
Protocol 

Draft 
OSPAR 
strategy - 

* 

* 
* 
* 
* 
* 
* 

I *  
* 

I *  

* I  * 

*I# 
I *  
I *  

* * 
* * 

4 
* l *  

I *  
* I # 
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UNEP LRTAP 
Chemical Use Decision Protocol 

18/32 

Heptachlor Pesticide * * 
Hexachlorobenzene Pesticide * * 
Kelthane Pesticide 

. .  

Draft 
OSPAR 
Strategy 

# 
- 

* 
* 
* 
* 
# 

* 
# 

* 
# 

* 
* 
* 
* 
# 

* 

* 
* 
* 
* 
* 

- 38 - PE 167.067 



ENDOCRINE DISRUPTING CHEMICALS 

Chemical 

11 Octylphenol 

PCBs 

I PCB hydroxy metabolites 

II TCDD, PCDD, PCDF 
(dioxins and furans) 

~~ ~~ ~ ~~~~~~~ ~~ 

Mercury 

Butylated hydroxytoluene 

11 4-Nitrotoluene 

USe 

Industrial 

Coolants and lubricants in 
transformers and 
capacitors 

As for PCBs 

Released during burning 
of chlorinated substances 

Found in asphalt and 
creosote. Released during 
incomplete combustion of 
coal, oil, gas, wood and 
refuse. 

Flame retardants 

Discharged from 
phosphate factories. 
Batteries. 

Arises from old mines, 
leaded petrol and cement. 

Released from chlor-alkali 
plants producing caustic 
soda and chlorine. 
Batteries. 

Food additive 

Dyes 

UNEP 
Decision 

18/32 

* 

* 

LRTAF' 
Protocol 

* 

* 

Draft 
OSPAR 
Straw - 

* 
* 

* 
~ 

* 

* 

# 

# 

# 

# 

All chemicals listed above are mentioned in the scientific literature summarised in this Working 
Paper as suspected endocrine disruptors; 

(*) indicates that this substance is currently under discussion by the UNECE Working 
Group; 

# indicates that this substance is included in the Draft O S P M  Strategy but not aS a 
Potential Endocrine Disruptor. 

Certain EU Directives cover a handful of the substances listed above, such as mercury, cadmium 
and PCBs. 
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