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Endocrine Disrupters1 (EDCs) in the Environment 

 
1 Introduction to the Third Edition 
 
Following the First Edition of this ROCK (published in November 2000) the 
interest in, and research into, Endocrine Disrupting Chemicals (EDCs) - sometimes 
referred to as Endocrine Modulators (EMs) or Endocrine Active Chemicals 
(EACs) - had grown sufficiently to require a revised and updated Second Edition 
which was published in July 2002. However, research into, and general concern 
about, EDCs has continued apace and so the Foundation for Water Research 
considered that it would be useful to provide a further, third, update on the subject. 
In the first and second editions the use of the less tendentious term “Endocrine 
Modulators” was preferred; however, since the term Endocrine Disrupter (or 
Disruptor) has become the most widely used term it is now the one used in this 
Third Edition. 
 
In the First Edition it was noted that, although there is undoubtedly some risk to 
some organisms, the risk to human beings is less clear. This arises partly because 
there are many factors which influence the effects of chemicals on biological 
systems, and partly because evolution has equipped living organisms with the 
ability to resist chemical attacks. A good example of this sort of evolution is the 
appearance of the superbug MRSA. MRSA is a strain of Staphylococcus aureus 
(MRSA is an acronym for Methicillin Resistant S. aureus) which has evolved a 
resistance to a wide range of antibiotics (Hunt et al., 1999; Kingman, 2001). 
 
Since the Second Edition of this ROCK the Commission of the European 
Community has produced a series of strategy documents, the most recent being a 
Community Strategy for Endocrine Disrupters (EU, 2007). There is also a 
European Union website which gives details of research in the EU2. Extensive  
research into endocrine disrupters is being undertaken in many countries across the 
world. In the UK research has been commissioned by the Department for the 
Environment Food and Rural Affairs (Defra)3, the Medical Research Council and 
the Environment Agency, and a joint research programme has been established 
with Japan4. In the USA the Environmental Protection Agency identified research 

                                                 
 1  In the USA the word is commonly spelled “disruptors”, whereas in the UK the usual spelling    

is “disrupters”. 
2 see http://ec.europa.eu/research/endocrine/index_en.html    
3 see Defra website at: 
http://collections.europarchive.org/tna/20080726154834/http://www.defra.gov.uk/environment/
chemicals/hormone/index.htm     
4 see http://www.uk-j.org/text/uk-j.html  
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into EDCs as one of its top six research priorities. This interest has continued to 
grow rapidly and investigations and research have generated considerably more 
information on endocrine disrupters since the Second Edition was published. There 
has also been a growth in misinformation and alarmist reports on EDCs from 
pressure groups, in the popular press and on a number of websites. It is therefore 
important to have a source of balanced and objective information on this topic. 
However, a short summary report such as this cannot hope to do more than give a 
broad overview of this large, important, and growing area of concern and if the 
reader requires more information it can be found by following up the references 
and bibliography at the end of this ROCK. 
  
2 Background 
 
During the 1960s and 70s public interest grew in the potential effects on wildlife 
and human beings of substances used by agriculture and industry which inevitably 
found their way into the environment (from soil and thence via rainwater run-off to 
streams, lakes and underground water and even to the air). A major factor in this 
interest was the publication in 1962 of Rachel Carson's book, Silent Spring 
(Graham, 1970). This interest was instrumental in the foundation of the pressure 
groups Friends of the Earth in the USA in 1969 and in the UK in 1970 (Barr, 
1971). Greenpeace began campaigning against persistent organic pollutants 
(POPs), which includes many EDCs, in the early 1990s. 
 
The concerns over the presence of xenobiotics5 in the environment extended to 
drinking water and in 1970 the WHO European Drinking-Water Standards (WHO, 
1970) provided recommended limits for the first time on certain toxic chemical 
substances such as polycyclic aromatic hydrocarbons and pesticides. 
 
Pesticide sales increased throughout the 1970s and 1980s, but by the early 1990s 
sales of pesticides in many European countries had started to decline (Edwards, 
1994) although sales began to recover and then stabilise in the 2000s. The initial 
decline was partly due to the fact that, apart from the known toxicity of pesticides 
and other industrial organic chemicals, it was suspected that there were additional 
effects which might arise from long-term exposure to many xenobiotics. These 
possible effects included cancer, mutagenicity i.e. birth-defects (teratogenicity), 
reductions in fertility and effects on the functioning of organs of the body such as 
the liver, ovaries, testes, the brain etc. The situation has not been helped by 
exaggerated and lurid reports in the press; see, for example, the article by 
Butterworth (2009). 
                                                 
5 Xenobiotics is a term used to cover all non-naturally occurring chemicals and which may have 
some biochemical function. In reality this applies to all synthetic chemicals.  
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These effects were generally shown by laboratory tests undertaken on animals, 
especially rats, and the possible effects on human beings were deduced from these 
animal experiments rather than from data on human beings. One of the problems 
with tests on rats is that they are not human beings and the extrapolation from 
effects on rats to effects on people is unreliable (Dijkstra, 2011; vom Saal, 2005). 
There have been exceptions where human-based data have become available from 
tragic pollution incidents such as the Seveso disaster in Italy.  [In July 1976 a 
rupture occurred on a chemical reactor in a plant near Seveso in Italy which 
resulted in a number of chlorinated compounds, including small quantities of the 
toxic dioxin TCDD6, being discharged over the local countryside causing some 
animals to die and people to fall ill (Lees, 1996).] Occasional, but nonetheless 
tragic, examples of this kind have alerted the public to the risks of polluting 
substances and consequential concern over the presence of chemicals in the 
environment and the quality of food and drinking water. This concern was a factor 
in the establishment of the Food Standards Agency in the UK in 2000. 
 
During the 1980s, scientists identified other changes in certain marine and 
freshwater organisms. These changes concerned the reproductive systems of 
aquatic species and included the following observations: 
 

• The development of male characteristics in female dog whelks associated 
with contamination by the anti-fouling agent tributyl tin (TBT); 

• A high incidence of fish exhibiting both male and female reproductive 
organs downstream of some sewage treatment works (Hotchkiss et al., 
2008); 

• A decline in the population of alligators in central Florida linked to low 
levels of certain hormones in male alligators. 
 

These observations turned the spotlight on the so-called "endocrine disrupting" 
effects of chemicals in the environment. 
 
In 2006 the EU introduced the Registration, Evaluation, Authorisation and 
restriction of Chemicals Regulations, known as REACH, (EC Regulation, 2006) 
which came into force on 1st June 2007. This regulation covers a wide range of 
chemicals and prohibits the use of certain classes of chemical unless their use has 
been authorised by the European Commission. Chemicals which require specific 
authorisation are defined as substances “such as those having endocrine disrupting 
properties or those having persistent, bioaccumulative and toxic properties or very 
persistent and very bioaccumulative properties” (Article 57(f), REACH 
Regulations). 
                                                 
6  2, 3, 7, 8-tetrachlorodibenzo-p-dioxin, also known as dioxin.  
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3 What are Endocrine Disrupters? 
 
The system in the body which produces hormones is called the endocrine system. 
Hormones are "chemical messengers" which are produced by glands in one part of 
the body, enter the blood stream and are carried to distant organs and tissues to 
modify their structure and function, for example by affecting growth, reproduction, 
metabolism7 etc. A well-known example is the hormone adrenalin which is 
produced in people and animals under stress and which affects breathing, the heart-
rate, muscular activity and carbohydrate metabolism. The primary oestrogen 
produced by the endocrine system in the human body is 17-beta-oestradiol, which 
is used as the standard against which "oestrogen activity" of other substances is 
measured. 
 
Examples of other hormones produced in the human body are testosterone, 
progesterone and insulin (which plays an important role in carbohydrate 
metabolism). 
 
Many xenobiotics have been shown to be capable of mimicking or interfering with 
the reactions of hormones in animals and people. These compounds are variously 
referred to as endocrine modulators, endocrine disrupters (or endocrine disrupting 
chemicals - EDCs), hormone mimics and by sensation-seekers as gender benders. 
Endocrine disrupters are not confined to the xenobiotics; many, if not the majority, 
occur naturally in the environment. Another class of EDC is synthetic hormones 
such as diethylstiboestrol (DES), which are deliberately designed to mimic 
hormones for some specific purpose such as contraception. DES was widely used 
to prevent miscarriage, as a post-coital contraceptive and as a growth hormone in 
cattle.  
 
The Environment Agency (2000) has defined EDCs as: 

 

“Naturally occurring or synthetic substances that interfere with the 
functioning of endocrine systems resulting in unnatural responses.” 
 

The International Programme on Chemical Safety (IPCS), a cooperative venture 
between WHO, International Labour Organisation (ILO) and United Nations 
Environment Programme (UNEP), defines EDCs as: 
 

                                                 
7 Metabolism is the process in which complex substances in the body - for example food - are 
broken down to provide energy, and synthesised to produce substances such as amino acids 
which are required by the body for growth and maintenance.  
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 “Endocrine disrupters are exogenous8 substances that alter 
function(s) of the endocrine system and consequently cause adverse 
health effects in an intact organism, or its progeny, or 
(sub)populations.” (Damstra et al., 2002). 

 
Neither definition takes account of dose-size (usually measured as a quantity per 
unit body weight, e.g. mg of substance/kg of body weight), which is an important 
factor in assessing the effects of chemicals on living people, animals and plants. 
 
Some of the alleged effects of endocrine disrupters include: 
 

• decreasing thyroid function and increasing parathyroid hormone activity 
caused by ingesting fluoride (National Research Council, 2006); 

• causing reproductive abnormalities (Guillette et al, 1994); 
• causing decreased sperm counts in men (Carlsen et al, 1992; Sonnenschein, 

1998); 
• effects on the brain of developing foetuses (McCally, 1997); 
• causing cancers; 
• acting synergistically with other chemicals to cause, or intensify, the above 

effects. 
 
Other factors of concern, and which apply to many other chemicals as well as 
EDCs, are environmental persistence and bioaccumulation (DETR, 1999). 

 
4 Which chemicals are Endocrine Disrupters? 
 
There is no comprehensive list of endocrine disrupters. A major problem in 
deciding whether a substance is an endocrine disrupters or not is the absence of 
internationally accepted tests for endocrine disrupters, and until such tests are 
developed the description of a substance as a suspected endocrine disrupter is 
generally hypothetical. As a consequence a significant part of the research effort is 
directed towards developing such tests. The OECD has established a Task Force 
on Endocrine Disrupter Testing and Assessment  which reports regularly on tests 
and protocols. A key activity in this work was to develop new Test Guidelines to 
detect endocrine disrupters (OECD, 2011), and OECD Guidelines for the Testing 
of Chemicals were finally published in November 20109. The EU has established a 
database of possible EDCs which can be found on the relevant website (EU, 2006). 
                                                 
8 A substance not manufactured within the cells or organism it affects. Adrenaline, for example, 
is thus not exogenous.  
9 Up-to-date information can be found on the OECD Task Force website at 
    http://www.oecd.org/department/0,3355,en_2649_34377_1_1_1_1_1,00.html  
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The Environmental Protection Agency (EPA) in the USA issued a list of chemicals 
to be screened for their potential as EDCs in April 2009 and a second list in 
November 2010 (EPA, 2010)10.  
 
A wide variety of different chemicals have been suggested as potential endocrine 
disrupters. These include the following groups of chemicals: 
 

• insecticides:- aldrin; beta-HCB; carbaryl; chlordane; dimethoate; 
dinitrophenol; fenitrothion; lindane; malathion; pentachlorophenol (also a 
fungicide and herbicide); pyrethrins. 

 
• herbicides:- 2,4 D and 2,4,5, T (a 50:50 mixture of these was used as a 

defoliant by the USA in the Vietnam War under the name Agent Orange); 
atrazine; linuron; paraquat; simazine.  

 
• fungicides: - benomyl; fenarimol; hexachlorobenzene; mercuric chloride; 

tributyltin; zineb.  
 

• dioxins:- there are 75 different types of dioxin, many of which are not 
significantly toxic. 

 
• PCBs:- polychlorinated bi-phenyls; this is a family of more than 200 

compounds used as heat-transfer fluids in refrigerators and as a coolant in 
electrical equipment, for fire-retardant coatings, in newsprint inks and a 
number of other applications. 

 
• THMs:- trihalomethanes, which may be produced during the chlorination of 

drinking water when chlorine reacts with naturally occurring organic 
substances. 

• alkylphenol polyethoxylates:- APEO - used in detergents. 
 

• bisphenol A:- BPA - this is a monomer used in the production of many 
plastics, some of which are used as canned food tin liners.11 

 
• phthalates - phthalates are used as “plasticisers”, substances which make 

plastics more flexible. They are most commonly used to make PVC plastics 
flexible. PVC is used in a wide variety of products such as food-packaging 
(eg “cling-film”), toys, blood-bags, electrical cabling, footwear and so on. 

                                                 
10 Details of the EPA program and its lists of chemicals and can be found on the website 
http://www.epa.gov/endo/    
11  A study for the UK Foods Standards Agency found that there is no risk from the bisphenol A 
used in tinned food can liners (Food Standards Agency, 2001). This is supported by many other 
sources, but remains controversial.  
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• synthetic hormones:- stilboestrol, contraceptive pills. 
 

• natural hormones:- sewage contains human waste and therefore contains 
endocrine chemicals produced by the human body. Some work has 
suggested that the presence of hormones of human origin in treated sewage 
(especially from pregnant women) has caused the feminisation of fish in 
rivers into which treated sewage is discharged (Purdom et al., 1994; 
Williams, 2000). 

 
• pharmaceuticals and personal care products (PPCPs):- these are 

chemicals used to combat disease and health problems and as cosmetics. 
They are also used in agriculture to boost output from livestock. PPCPs have 
been found in water around the world. There is little evidence so far that 
they have a net adverse effect on human health. 

 
• perchlorates:- perchlorates, which have been shown to have EDC 

characteristic, are both naturally occurring and synthetic. They have been 
found in water bodies, drinking water supplies and in powdered infant 
formula (Anon., 2011). 

 
• Phytoestrogens:- these are naturally occurring substances found in plants 

and which are part of the normal diet. Phytoestrogens are found in broccoli, 
cauliflower, soybeans, carrots, oats, rice, onions, legumes, apples, potatoes, 
beer, and coffee (EXTOXNET , 1998) 

 
Since the number of potential endocrine modulating substances is so large the 
EU’s Community Strategy for Endocrine Disrupters lists 553 substances in its 
“Candidate List” of EDCs for further investigation. EDCs are included in the 
Framework Programme of the European Community for Research, 
Technological Development and Demonstration Activities 2007–2013 (EU, 
2007). 
 
Not all endocrine disrupters, or suspect endocrine modulators, are xenobiotic (or 
synthetic). A large group of pesticides occurs naturally in plants, which have 
evolved defence mechanisms against attack by insects and moulds. Pyrethrins for 
example, which are listed by pressure groups as endocrine disrupters, are derived 
from plants. In fact Ames & Gold (2000) have estimated that 99.99% of all 
pesticides in the average diet are of natural origin - in other words only 0.01% are 
xenobiotic. 
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Fig. 1: Not all PPCPs and pesticides are EDCs. The diagram indicates the 
relationship between three groups of chemicals 

 
Many fruits and vegetables contain substances which are, or are suspect, endocrine 
disrupters. The best known example is soya beans (Doerge et al., 2002) and soya 
products such as tofu, but a wide range of other fruits and vegetables in our diet 
contain EDCs and mankind has evolved to cope with them in the quantities found 
in a normal diet. 
 
5 How serious is the risk from endocrine disrupters? 
 
The two risks we are concerned with are the effects on wildlife and the 
environment in general, and the effects on human beings. 
 
Some chemicals can unquestionably have an effect on the endocrine systems of 
animals and human beings. Apart from those hormones which are manufactured by 
the body, some xenobiotics are designed specifically to function as hormones such 
as those used for contraceptive purposes. Chemicals that mimic or interfere with 
the functioning of hormones may also be toxic, or may have relatively low 
toxicity. For example, DDT, a highly effective insecticide which is no longer used 
in many developed countries and which was the main subject of the criticism in 
Silent Spring (Graham, 1970), is relatively non-toxic to man (Timbrell, 1995). 
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However, although the toxicity of DDT is comparable to that of aspirin (Mellanby, 
1969), it is a fat-soluble substance which can become concentrated as it passes up 
the food-chain12.  Timbrell (1995) quotes the example of a lake in California in 
which the plankton contained 4 ppm of DDT, the bass in the same area contained 
138 ppm, and grebes feeding on them contained 1,500 ppm.  
 
Although DDT is relatively non-toxic to mammals (Tomalin, 1994) one of the side 
effects of the bioaccumulation of DDE (produced in the environment by the 
breakdown of DDT) in birds was the 10% thinning of egg-shells and a 
consequential increase in breakage (Lincer, 1975) which could have led to a 
decline in the affected species. 
 
The fact that an endocrine disrupter can have an effect on the endocrine system 
should not be taken as indicating that it is harmful. The physiological effect of any 
chemical depends on the quantity ingested or absorbed by the organism. 
Furthermore, the effect is also species-dependent. In the case of DDT it is highly 
toxic to insects whereas (as noted above) it is relatively non-toxic to human beings. 
Furthermore, it should not be forgotten that DDT has been instrumental in the 
battle against malaria and has saved - and still is saving - untold numbers of human 
lives. 
 
Some chemicals which are known or suspect endocrine disrupters have been 
shown to be capable of causing problems in laboratory animals such as cancer, 
liver damage, infertility, growth abnormalities and sexual abnormalities. However, 
the fact that a chemical can have adverse effects in laboratory animals does not 
necessarily indicate an unacceptable risk for humans, although in most cases these 
are the only available data concerning hazard. 
 
Ames and Gold (2000) point out that about 50% of chemicals, both naturally 
occurring in plants and animals, or synthetic, that have been tested in standard, 
high-dose animal cancer tests cause cancer in rodents, see Table 1 below. Barlow 
et al., (1992) comment that the human diet is known to contain many components 
which can be shown experimentally to be mutagens or carcinogens. 

 
 
 
 
 
 

                                                 
12  This process of concentration up a food chain is sometimes called bioaccumulation or 
biomagnification.  
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Table 1: Proportions of chemicals evaluated as carcinogens  
(Ames & Gold, 2000) 

 

CHEMICALS % CAUSING CANCER 

chemicals tested on both rats and mice 
     naturally occurring chemicals 
     synthetic chemicals 
chemicals tested on both rats and/or mice 
     chemicals in Carcinogenic Potency 
Database 
     natural pesticides 
     mould toxins 
     chemicals in roasted coffee 
drugs 

59% 
57% 
60% 

 
52% 
52% 
61% 
70% 
49% 

 
Ames and Gold conclude that “the very low levels of chemicals to which humans 
are exposed through water pollution or synthetic pesticide residues may pose no 
or minimal cancer risks”. 
 
The assessments of the limits to which human beings can be exposed for 
regulatory purposes generally assume a linear model, for example in setting 
drinking water standards. This assumes that the effect produced is directly 
proportional to the dosage. In simple terms, this assumes that half the dosage will 
produce half the frequency of abnormalities or cancers. 
 
Most kinds of toxic substance can be metabolised by the body, frequently with no 
undesirable side-effects, provided the dose does not exceed a certain value. 
Therefore, in setting limits, it is assumed that there is a dosage level below which 
no observed adverse affects occurs - the NOAEL, measured in mg per kg 
bodyweight per day - or that there is a lowest-observed-adverse-effect-level, the 
LOAEL measured in mg/kg/day. This is sometimes also referred to as the No 
Observable Effect Level or NOEL13. The tolerable or acceptable daily intake - the 
TDI or ADI is estimated thus: 
 

TDI = NOAEL / UF   or TDI = LOAEL / UF 
 
where UF is an uncertainty factor which typically varies between 10 and 1,000. 
 
                                                 
13  NOEAL or NOEL. This is the highest level of concentration or quantity at which a chemical 
can be administered or ingested without any adverse effect being observed on, for example upon 
health, growth, development, reproductive capacity or lifetime.  
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The various uncertainties and their factors which are used in deriving the WHO 
drinking water standards are given in Table 2: 
 
Table 2: Uncertainty factors used in setting WHO drinking water standards. 

 
 Source of uncertainty Factor 

interspecies variation (animals to humans) 1 to 10 
intraspecies variation (individual variations) 1 to 10 
adequacy of studies or database 1 to 10 
nature and severity of effect 1 to 10 

 
Thus the theoretical minimum is 1 (i.e. 1x1x1x1) and the maximum is 10,000 (i.e. 
10x10x10x10). 
 
In the case of substances such as food additives or pesticide and drug residues 
which may be ingested by other means (i.e. in food) a typical uncertainty factor is 
100, although it may also be as high as 1000. Exposure in the industrial 
environment is regulated in the USA by the Threshold Limit Value (TLV) or 
Minimum Risk Levels (MRL), and in the UK by the Maximum Exposure Limit 
(MEL) which is usually based on an eight-hour working day (Timbrell, 1995). 
Minimum Risk Levels for a wide range of chemicals, together with associated 
uncertainty factors ranging from 3 to 1000, can be found on the website of the 
American Agency for Toxic Substances and Disease Registry (ATSDR, 2010). 
 
In order to estimate the potential risk of an endocrine disrupter to the endocrine 
system it is helpful to compare their hormonal potency against some common 
standard. As noted above, the primary oestrogen which is used as the standard 
against which the "oestrogen activity" of other substances is measured is 17 beta-
oestradiol, a natural hormone produced in the human body. The relative potencies 
of selected endocrine disrupters is shown in Table 3 below (Gaido et al., 1997; 
ACSH 1999). 
 
It has been pointed out, especially by activists concerned about environmental 
pollution and health risks arising from chemicals in general and EDCs in 
particular, that the adverse effects of chemicals may not become apparent for many 
years after they have been introduced and used. Examples used include cigarette 
smoking, thalidomide, DDT, dioxins, and so on. This concern led to the 
introduction of the Precautionary Principle which, in effect, said that no chemicals 
should be introduced into the environment until proved to be non-harmful.  This is 
virtually impossible and could lead to the loss of potentially valuable benefits, so 
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the principle was modified by the Rio Declaration14 which stated that a “lack of 
full scientific certainty shall not be used as a reason for postponing cost-effective 
measures to prevent environmental degradation”.  
       
However, public anxiety has been compounded by the so-called “low-dose 
hypothesis” which asserts that environmental exposure to EDCs is capable of 
causing effects in laboratory animals at “low doses” and that these effects have not 
been detected earlier because standard toxicology studies have been performed at 
high doses. This hypothesis has been exploited by well-meaning but ill-informed 
activists who have established pressure groups opposing the use of all chemicals 
which have been shown to have endocrine effects. However, if a chemical interacts 
with the endocrine system it does not necessarily follow that there will be adverse 
effect. With the right dose and timing of exposure, almost anything – including 
everyday food – can, and often does, elicit an endocrine system response (Dooley, 
2010). 
 

Table 3:  Relative potencies of some oestrogenic endocrine  
disrupters compared with oestradiol. (Gaido, 1997; ACSH 1999) 

 

  Chemical Oestrogenic potency ratio 
(potency of the chemical to that of oestradiol) 

oestradiol (a naturally occurring 
hormone present in all normal human 
beings) 

1 

diethylstiboestrol (DES, a synthetic 
hormone) 

0.64 - slightly over half as active as oestradiol 

Coumestrol (a phyto-oestrogen; an 
oestrogen-like chemical found in 
plants) 

0.0129 - 77 times less active than oestradiol. 

p-nonylphenol (a chemical used in 
certain plastics) 

0.0002 - five thousand times less potent than 
oestradiol. 

bisphenol A (a monomer used to 
manufacture certain plastics, e.g. 
coatings for tins of food) 

0.00007 - fifteen thousand times less potent 
than oestradiol. 

beta-siterol (a natural plant chemical 
used as an anti-cholesterol agent) 

0.0000045 - two hundred and twenty 
thousand times less potent than oestradiol. 

                                                 
14 see http://www.pprinciple.net/PP%20Guidelines_english.pdf   
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Methoxychlor (a pesticide) 0.0000002 - five million times less potent 
than oestradiol. 

DDT (a pesticide) 0.000000125 - eight million times less potent 
than oestradiol. 

DDE (a breakdown product of the 
pesticide DDT) 

0.000000042 - twenty four million times less 
potent than oestradiol. 

  
However, comparisons as represented by Table 3 above, should be treated with 
caution because the effects in various living organisms will depend on factors such 
as the rate of uptake, the duration of exposure, the quantity of the chemical, 
whether the effects on the affected endocrine system are irreversible and the 
maturity of the affected organism and inter-species variations. For example, 
Ethynyl  Estradiol, a synthetic hormone, has a reported potency ratio of anything 
from 1.2 (Voogt, 2003) to 11-27 (Thorpe et al., 2003). 
 
6 So what are the risks to the environment and human beings? 
 
There is unquestionably some risk to parts of the environment from endocrine 
disrupting substances.  Examples include the thinning of the eggs of some species 
of bird resulting in lower hatching success rates as a result of exposure to DDT and 
its by-product DDE; the masculinisation of whelks (Mathiessen, 1998) subjected to 
the biocide tributyl tin which was used in anti-fouling paints on boats and ships 
until it was banned by the International Convention on the Control of Harmful 
Anti-fouling Systems on Ships15 (Environment Agency, 2011) and the 
feminisation of fish subjected to natural hormones in treated sewage discharges 
into rivers. Although some evidence continues to accumulate on adverse effects on 
the development of fish, especially from sewage discharges, the overall effects are 
not serious (EDMAR, 2002) and can be mitigated by more modern treatment 
processes (Koh et al., 2008). Nevertheless, much of the possible risk to the 
environment is unclear. The UK Environment Agency (2000) has commented that 
 
 "much of the published data relate to laboratory conditions and do 

not necessarily reflect the responses which would occur in an 
animal in the environment". 

 
The risk to human beings is even less clear. It appears from most of the published 
objective studies that little evidence has been found that, at the concentrations at 
which human beings are subjected to endocrine disrupters, the risk of adverse 

                                                 
15 The convention came into effect in September 2008. 
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effects is other than low. The work on the decline in male sperm concentration in 
adult males reported by Carlsen et al., (1992) and Sonnenschein (1998) has not 
been confirmed by subsequent studies (Lukachko, 1999; Jørgensen et al., 2001). 
 
7 Do the risks from endocrine disrupters justify strong action 
and expenditure? 
 
Following the United Nations Conference in 1992, principle 15 of the Rio 
Declaration provided that: 
 
 “In order to protect the environment, the precautionary approach 

shall be widely applied by States according to their capabilities. 
Where there are threats of serious or irreversible damage, lack of 
full scientific certainty shall not be used as a reason for postponing 
cost-effective measures to prevent environmental degradation”. 

 
It is true to say that so far there is a lack of full scientific certainty. Unfortunately 
there is no such thing as "full scientific certainty". All scientific knowledge is 
based on probabilities rather than certainty, and at the present stage of knowledge 
on endocrine disrupters there is considerable uncertainty on the extent of the 
potential risk to the environmental and human health. There is a large number of 
chemicals which are known to be, or are suspected of being, endocrine disrupters 
but very few of these have been proven to pose a threat of "serious or irreversible 
environmental damage". Even DDT, which was the primary target in Rachael 
Carson's book "Silent Spring", did not cause irreversible damage, and the degree of 
the seriousness of the damage it caused is debatable. It can be argued that judicious 
use of DDT can be beneficial to mankind. Indeed, it has been estimated that over a 
period of two decades the use of DDT has prevented 500 million deaths that would 
otherwise have been inevitable (National Academy of Sciences, 1970). 
 
Therefore, when we consider the risks of individual endocrine disrupters we must 
also consider the benefits which arise from their use. Many of the proven or 
suspect chemicals are valuable, most notably the pesticides. We must not lose sight 
of the fact that a significant number of the population in the world suffer from 
serious diseases carried by insects and parasites which can be controlled by 
pesticides. The World Health Organisation reports that malaria is the second most 
serious tropical disease after tuberculosis; in 2008 there were between 200 million 
and 300 million cases, of which between 0.71 and 1 million die; every day over 
2,000 children under the age of 5 die from malaria (WHO, 2009). Many of these 
lives could be saved by the use of DDT and pyrethrum.  Many of the affected 
countries are among the poorest who cannot readily afford more expensive means 
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of combating the disease. It has been estimated that the cost of malaria to sub-
Saharan Africa is 1.3% of GDP with direct losses arising from the costs of medical 
support, lost labour and death of US$12 billion (WHO, 2009). 
 
It is important that the risks from endocrine disrupters and other potentially 
harmful chemicals are put into a wider context. Table 4 below gives examples of 
risks taken by people in the normal course of their lives. 
   
    
 Table 4: Examples of risks involved in normal activities16. 

 
 

Activity 
 

Risk of 
 

Cases per million 

travel 1000 miles by air fatal accident 3 

travel 1000 miles by car fatal accident 20 

travel 1000 miles by 
motorcycle 

fatal accident 400 

working 10 years in a factory fatal accident 300 

1 glass of wine a day for 10 
years 

cirrhosis 1,000 

1 cigarette a day for 10 years heart attack or lung cancer 2,500 

living for 1 year at age 30 death from all causes 1,000 

living for 1 year at age 55 death from all causes 10,000 

 
 
We do not yet have comparable data for the risks involved for human beings as a 
result of the effects of endocrine disrupters. However, we do know that the 
exposure levels of human beings to endocrine disrupters and suspected disrupters 
are very low compared to the levels of hormones in the body. Furthermore, with a 
few exceptions such as Ethynyl Estradiol (EE) which is used in contraceptive pills, 
the potency of the endocrine disrupters is very low in comparison to the body's 
natural hormones (see Table 3 above) so that the potential for disrupting the body's 
hormones would appear to be low in adults at least. One effect which might appear 
to contradict this is the alleged reductions in sperm counts in adult males reported 
by Carlsen et al., (1992) and Sonnenschein (1998). However, this work has been 
                                                 
16 Data taken by the author from various sources including, inter alia, the Health & Safety 
Executive (HSE) and “Risk Assessment: A study group Report” from the Royal Society, 1983. 
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shown to be inconclusive (Ames & Gold, 2000; Lukachko, 1999) and remains a 
hypothesis. In fact, out of 22 studies undertaken between 1973 and 1996 only 9 
found a decrease in sperm concentration, 5 found an increase and 9 found no 
change (Damstra et al., 2002). Nevertheless, there is still much uncertainty 
concerning the risks to human beings especially when assessing the potential 
effects on, for example, the developing foetus and young children. Despite this 
lack of data there has been an intensive campaign over many years against BPA 
(bisphenol-A), a chemical used in the manufacture of the plastics from which 
baby-bottles, refillable water-containers, CDs and the resins which line the inside 
of tin cans used for food and drinks are made.  
 
Anti-chemical lobby groups frequently publish alarmist studies in which EDCs 
have been found in body tissue (e.g. blood or urine samples) whilst ignoring the 
fact that the concentrations are well below the NOEL. An example of this poor 
quality science can be found in the study by lobbying groups on the detection of 
BPA and phthalates in urine samples (Rudel et al., 2011) which was reported in 
popular journals. However, the levels found were 1,000 times below the 
precautionary American Federal Limits which are, in turn, considerably below the 
NOEL (ACSH, 2011a). 
  
Professor Robert Brent17 has written that “The overwhelming scientific evidence 
points to the conclusion that at current exposure levels, BPA is not toxic.” 
(Brent, 2010), and the European Food Safety Authority (EFSA) issued a press 
release in September 2010 saying that the Tolerable Daily Intake for BPA of 0.05 
mg/kg body weight does not need to be revised. A major study (Galloway et al., 
2010) concluded that higher exposure to BPA may be associated with endocrine 
changes in men although another study (Mendiola, 2010) came to a similar 
cautious conclusion that exposure to low levels of BPA in fertile men may be 
associated with a modest reduction in free testosterone but effects “are likely to be 
small and of uncertain clinical significance”. 
 
Furthermore, it has been claimed that there is an even greater risk if pressure 
groups succeed in achieving a complete ban on the use of BPA. Entine (2011) has 
pointed out that  
 

“Among its myriad uses, [BPA] can be found in can liners that 
increase the shelf life of food and prevent botulism, which is a 
genuine health threat. There are no effective substitutes. Ban BPA, 
and people will die.” 

                                                 
17  Distinguished professor of pediatrics, pathology and radiology at Jefferson Medical College, 
duPont Hospital for Children, Wilmington, Delaware. 
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8 What action is being taken over endocrine disrupters? 
 
Notwithstanding the fact that there is very little positive evidence of risks arising in 
human beings from the use of BPA - as pointed out above - the Canadian 
government took the unjustifiable decision to ban its use in October 2010 (Canada 
Gazette, 2010). Generally, other governments and the EU are taking a more 
evidence-based approach to the matter and Canada remains alone in applying a 
complete ban on the use of BPA. 
 
In 2002 the EU issued a framework directive authorising the use of a wide range of 
plastics and monomers (the chemicals from which plastics are made) for products 
intended to come into contact with foods which included BPA as an approved 
chemical (EU, 2002a). In 2010 both Denmark and France banned the use of BPA 
in the manufacture of infants’ feeding bottles (Harrington, 2010) although a 
subsequent study by the European Food Standards Authority (EFSA) found that 
there is no evidence to justify banning the use of BPA in the manufacture of 
infants’ feeding bottles (EFSA, 2010). Notwithstanding this opinion the EU, under 
pressure from Denmark, has introduced a Directive banning the use of BPA in the 
manufacture of infants’ feeding bottles (EU, 2011). In April 2011 Denmark also 
formally  requested the EU to ban the use of four of the eight phthalates used as 
plasticisers in the manufacture of plastics (ECHA18, 2011) despite the lack of 
evidence of harm caused by phthalates in the small quantities in which they are 
used (ACSH, 2011b).  
 
The risks from endocrine disrupters in the environment are still uncertain and as a 
consequence governments continue to maintain a “watching-brief” and to fund 
research into the topic and EDCs are being constantly investigated. This 
uncertainty, coupled with public concern and uninformed, alarming, media reports, 
makes EDCs currently one of the highest research priorities in the USA, Europe 
and Japan. The EPA's Science to Achieve Results (STAR) program on endocrine 
disrupters is described in its Star Report (EPA, 1998). As a result of growing 
international interest a number of co-ordinating groups have been established. The 
OECD (Organisation for Economic Co-operation & Development) has a Task 
Force on Endocrine Disrupter Testing and Assessment, which covers work in the 
UK, Japan, the USA, Europe and Korea. The World Health Organisation (WHO) 
had a joint programme with the UNEP and the ILO on the "Global Assessment of 
the State-of-the-science of Endocrine Disrupters" which finished in 2002 (WHO, 
2002). 
 

                                                 
18 ECHA is the European Chemicals Agency Annankatu 18, P.O. Box 400, FI-00121 Helsinki, 
Finland. 
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A major undertaking, called the Global Endocrine Disruptor Research Inventory 
(GEDRI) listing all international research into EDCs was started in 1996 by the US 
Environment Protection Agency. The undertaking was transferred to the European 
Joint Research Centre in Italy and by 2011 the total number of listed projects had 
risen to 778 (EPA, 2011). 
 
The International Programme on Chemical Safety (IPCS) under the aegis of WHO 
undertook studies on EDCs (Damstra et al., 2002). WHO no longer considers 
EDCs to be a major public health hazard and does not now include them on its list 
of the 10 chemicals or groups of chemicals of major public health concern. This 
list consists of: Air pollution, Arsenic, Asbestos, Benzene, Cadmium, Dioxin and 
dioxin-like substances, Fluoride in excess, Lead, Mercury and highly hazardous 
pesticides (WHO, 2010). 
 
The Commission of the European Union’s Community Strategy for Endocrine 
Disrupters lists 553 substances in the EU “Candidate List” of EDCs, and includes 
EDCs in the Framework Programme of the European Community for Research, 
Technological Development and Demonstration Activities 2007–2013 (EU, 2007). 
As noted above, the EPA has produced two lists of chemicals to be investigated for 
endocrine disruption characteristics (EPA 2009, EPA 2010). 
 
In addition to its international co-operation, the UK has a number of active 
programmes being undertaken nationally. These include the study on Endocrine 
Disrupters in the Marine Environment (EDMAR) which investigated the 
oestrogenic (or feminising) effects of chemicals in estuarine waters and was 
undertaken by the Centre for Environment, Fisheries and Aquaculture Science 
(CEFAS – see http:/www.cefas.defra.gov.uk). This research finished in 2001 and 
the Final Report (EDMAR, 2002) was issued in 2002 . The UK Water Industry 
also undertook some research through UKWIR19 on the endocrine disrupting 
effects of sewage effluents, endocrine disrupters in sewage sludge and a study of 
treatment options with the potential costs for treating endocrine disrupting 
substances in wastewater (UKWIR, undated). 
 
9 Conclusions 
 
The Precautionary Principle agreed at the Rio Summit stated 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".  

                                                 
19 UK Water Industry Research.  See http://www.ukwir.org/  
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Much of the evidence at present is that the environmental threats from the majority 
of endocrine disrupters are not serious or irreversible and that simple measures for 
reducing environmental impact may be achievable without sacrificing the benefits. 
Similarly, there is no good evidence that, with the exception in certain 
circumstances of diethylstilboestrol (DES), EDCs pose a significant threat to 
human health. The use of DES in animal feed was banned in the USA in 1979 
(Brower, 2001) and subsequently in 1988 in all food-producing animals in the EU 
(EU, 2002b). It should be noted, however, that DES is still used in treatment of 
certain conditions (Cox, 2008).  
 
The European Workshop on Endocrine Disrupters (EU, 2001) concluded that the 
area of endocrine disrupters is one of concern, but that 
 

 "there are still problems (particularly for human health) in 
establishing causal links between exposure to suspected endocrine 
disrupters and any effects measured." 

 
The UNEP/ILO/WHO draft report on Global Assessment of the State-of-the-
Science of Endocrine Disrupters (Damstra et al., 2002) came to a similar 
conclusion, namely that although the potential risks to human beings and wildlife 
have not been adequately addressed, 
 

"there is weak evidence that human health has been adversely 
affected by exposure to endocrine-active chemicals." 

 
WHO does not list EDCs among the chemicals and groups of chemicals of major 
public concern. Nevertheless, the occurrence of observable changes in the 
reproductive physiology of certain aquatic species in some eco-systems supports 
the call for further research. Given the large numbers of chemicals that may have 
some endocrine properties, and the numerous endocrine functions in different 
animal species, and the variety of other potential hazards from chemicals, there is a 
need for continuing action on the development of test procedures to reveal all 
potentially harmful effects of chemicals. The OECD has established a Task Force 
on Endocrine Disrupter Testing and Assessment (OECD, 2000); a key activity in 
this work is to develop new, and revise existing, Test Guidelines to detect 
endocrine disrupters. By 2006 50 test procedures had been published (OECD, 
2006). 
 
However, caution should be exercised in the direction of the research into EDCs. 
There is no firm evidence that bisphenol A is a hazard for human health, yet, as 
Professor Richard Sharpe of Edinburgh University has pointed out:  
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 “Fundamental, repetitive work on bisphenol A has sucked in tens, 
probably hundreds, of millions of dollars from government bodies 
and industry which, at a time when research money is thin on the 
ground, looks increasingly like an investment with a nil return.” 
(Sharpe, 2010) 

 
Information produced by a number of international programmes currently being 
undertaken on endocrine disrupters will become part of larger initiatives 
concerning the delivery of public information about the properties of chemicals. 
This includes initiatives such as The US Chemical Right-to-Know data collection 
exercise, and the CEFIC Confidence in Chemicals initiative (Stevenson, 2000). 
Negative reports in the press and elsewhere on EDCs should be read with caution 
since there are many pressure groups willing to misrepresent scientific findings 
and exploit scientific uncertainty. 
 
Finally, it should be borne in mind that many plants contain naturally occurring 
EDCs.  Mankind eats plants and plant products and in so doing consumes EDCs 
(e.g. in soya, carrots, broccoli, beer, oats etc.) and has been doing so for millennia 
without becoming extinct. Life has evolved to be able to deal with naturally 
occurring phytoestrogenic EDCs when consumed in moderation and the evidence 
so far is that most synthetic EDCs do not pose a significant risk either in the 
concentrations in which they are found in the environment nor when present in 
products such as plastic wrapping and containers, household goods, soaps and 
personal care products etc. 
 
References 
  
ACSH (1999) “Endocrine Disrupters: A Scientific Perspective.” 
http://www.acsh.org/publications/pubID.343/pub_detail.asp  
 
ACSH, (2011a) “Study lauds BPA- and DEHP-free diet: But where's the harm?” 
Health Facts and Fears. 
http://www.acsh.org/factsfears/newsid.2491/news_detail.asp  
 
ACSH (2011b) “BPA, phthalates falsely incriminated in junk science studies.” 
Health Facts and Fears. 
http://www.acsh.org/factsfears/newsid.2241/news_detail.asp  
     
Ames, B.N. & Gold, L.S. (2000) "Paracelsus to parascience: the environmental 
cancer distraction." Mutation Research, 447, 3-13. 
 



Review of Current Knowledge 

 23

Anon. (2011) “Perchlorate state.” New Scientist, 209(2799), 6-7. 
ATSDR (2010)  ATSDR Minimal Risk Levels (MRLs). 
http://www.atsdr.cdc.gov/mrls/index.asp   
 
Barlow, S.M., Bridges, J.W., Calow, P., Conning, D.M., Curnow, R.N., Dayan, A. 
D., Purchase, I.F.H. and Suckling, C.W. (1992) “Toxicity, toxicology and 
nutrition” in Risk: Analysis, Perception and Management. A Report of a Royal 
Society Study Group. pub. The Royal Society. ISBN 0 85403 467 6. 
  
Barr, J. ed. (1971) The environmental handbook, Friends of the Earth/Pan Books. 
ISBN 0 345 02137 1. 
  
Brower, V. (2001) “Talking apples and oranges”. EMBO reports 2, 3, 173–174, 
doi:10.1093/embo-reports/kve056  
 
Brent, R.L., (2010) “NGOs BPA report intended to frighten, not enlighten”. Article 
on ACSH website at http://www.acsh.org/factsfears/newsID.1445/news_detail.asp  
 
Butterworth, T. (2009) “Nicholas Kristof: STATS winner of the worst “science” 
journalist of the year”.  
http://stats.org/stories/2009/worst_science_kristof_dec14_09.html   
  
Canada Gazette Part II: Official Regulations. (2010)  Vol. 144, No. 21, October 13. 
Order Adding a Toxic Substance to Schedule 1 to the Canadian Environmental 
Protection Act, 1999. 
 
Carlsen, E., Giwercman, A., Keidling, N., Skakkeback, N.E. (1992) "Evidence for 
decreasing quality of semen during the last 50 years." Brit. Med. J., 305, 609-613. 
 
Cox, R.A. and Sundar, S. (2008) “Re-induction of hormone sensitivity to 
diethylstilboestrol in androgen refractory prostate cancer patients following 
chemotherapy.” British Journal of Cancer. 98, 238–239. 
doi:10.1038/sj.bjc.6604052 
 
Damstra, T., Barlow, S., Bergman, A., Kavelok, R. & Van der Kraak, G. (2002) 
"UNEP/ILO/WHO Global assessment of the state-of-the-science of endocrine 
disruptors". WHO, Geneva, Switzerland. A copy can be found at:- 
http://www.who.int/ipcs/publications/new_issues/endocrine_disruptors/en/   
    
 
 
 



Review of Current Knowledge 

 24

 
DETR, (1999) “Sustainable production and use of chemicals: A strategic approach 
- The government's chemicals strategy.” 17th Dec. 1999. 
http://archive.defra.gov.uk/environment/quality/chemicals/documents/chemicals-
strategy0904.pdf  
 
Dijkstra, A. J. (2011) Chemistry & Industry, Issue 6 21st March, p30. 
 
Doerge, D. R. & Sheehan, D. M. (2002) “Goitrogenic and Estrogenic Activity of 
Soy Isoflavones.” Environmental Health Perspectives. 110 (Supplement 3). 
 
Dooley, C. (2010) Letter to the Committee on Energy and Commerce, United 
States House of Representatives. 
http://www.americanchemistry.com/s_acc/bin.asp?CID=318&DID=10734&DOC=
FILE.PDF    
 
EC Regulation No 1907/2006 of the European Parliament and of the Council of 18 
December 2006 concerning the Registration, Evaluation, Authorisation and 
Restriction of Chemicals (REACH). 
see http://www.hse.gov.uk/reach/legislation.htm for more details. 
 
ECHA (2011) Registry of intentions for Annex XV dossiers.  
http://echa.europa.eu/chem_data/reg_int_tables/reg_int_en.asp?sortby=Dossier_by
&order=ascending&substance_type=Restriction&substance_state=submitted  
 
EDMAR (2002) “AE1127: Final Report Endocrine Disruption in the Marine 
Environment.”  
ISBN 0 907545 16 5 http://www.salmon-trout.org/pdf/Cefas.%20(2002).pdf  
 
Edwards, C.A. (1994) "Pesticides as environmental pollutants" in The world 
directory of pesticide control organisations, pub. The British Crop Protection 
Council and the Royal Society of Chemistry. ISBN 0 948404 78 7. 
 
EFSA (2010) “Scientific Opinion on Bisphenol A: evaluation of a study 
investigating its neurodevelopmental toxicity, review of recent scientific literature 
on its toxicity and advice on the Danish risk assessment of Bisphenol A.” EFSA 
Journal 2010, 8(9), 1829 [116 pp.]. doi:10.2903/j.efsa.2010.1829 
 
Entine, J. (2011) Don't Rush to Ban Chemicals. Oftentimes, government 
regulations do more harm than good. National Review Online, March 2, 2011 
http://www.nationalreview.com/articles/260862/don-t-rush-ban-chemicals-jon-
entine?page=1  



Review of Current Knowledge 

 25

Environment Agency (2000) "Endocrine-disrupting substances in the environment: 
the Environment Agency's strategy." Environmental Issues Series. ISBN 1 857 
05261 7. 
 
Environment Agency (2011)  “Tributyltin compounds.”  http://www.environment-
agency.gov.uk/business/topics/pollution/39167.aspx  
 
EPA (1998) “The Endocrine Disruptor Problem.” The Star Report, 2(1). 
http://www.epa.gov/ncer/publications/starreport/startree.pdf  
 
EPA (2009) “Overview of the April 2009 Final List of Chemicals for Initial Tier 1 
Screening.” http://www.epa.gov/endo/pubs/prioritysetting/final_listfacts.htm   
 
EPA (2010) “Endocrine Disruptor Screening Program; Second List of Chemicals  
for Tier 1 Screening.” EPA-HQ-OPPT-2009-0477, FRL-8848-7. Federal Register, 
75(221) 
 
EPA (2011) Endocrine Disruptor Research Project Level Inventory Project Titles 
http://oaspub.epa.gov/gedri/pack_edri.All_rstitles  
 
EU (2001) European Workshop on Endocrine Disrupters, Aronsberg, Sweden. 
see http://ec.europa.eu/environment/chemicals/pdf/workshop_report.pdf    
 
EU, (2002a). Commission Directive 2002/72/EC. Relating to plastic materials and 
articles intended to come into contact with foodstuffs. For a pdf version see the 
following link:- 
http://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2002:220:0018:0018:
EN:PDF 
 
EU (2002b) “Hormones in bovine meat.”  
http://ec.europa.eu/dgs/health_consumer/library/press/press57_en.pdf   
 
EU (2006)  http://ec.europa.eu/environment/endocrine/strategy/short_en.htm   
  
EU (2007) “Community Strategy for Endocrine Disrupters.” SEC(2007) 1635 
http://ec.europa.eu/environment/endocrine/documents/sec_2007_1635_en.htm  
 
EU, (2011). Commission Directive 2011/8/EU of 28 January 2011 amending 
Directive 2002/72/EC as regards the restriction of use of Bisphenol A in plastic 
infant feeding bottles. 
http://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2011:026:0011:0014:
EN:PDF 



Review of Current Knowledge 

 26

EXTOXNET (1998) “Questions about endocrine disruptors.”   
http://extoxnet.orst.edu/faqs/pesticide/endocrine.htm  
 
Food Standards Agency (2001)  “Statement on a survey of bisphenols in canned 
foods.”  The Committee on Toxicity of Chemicals in Food, Consumer Products 
and the Environment. 
http://www.food.gov.uk/multimedia/pdfs/bisphenols.pdf  
 
Gaido, K.W., Leonard, L.S. & Lovell, S. (1997) "Evaluation of chemicals with 
endocrine modulating activity in a yeast-based steroid hormone receptor gene 
transcription assay." Toxicol. Appl. Pharmacol. 143, 205-212. 
 
Galloway, T., Cipelli, R., Guralnik, J., Ferrucci, L., Bandinelli, S., Corsi, A.M., et 
al. (2010) “Daily Bisphenol A Excretion and Associations with Sex Hormone 
Concentrations: Results from the InCHIANTI Adult Population Study.” Environ 
Health Perspect 118, 1603-1608. doi:10.1289/ehp.1002367 
 
Graham, F. (1970) Since silent spring. pub. Hamish Hamilton. Paperback edition 
1972, Pan/Ballantyne, ISBN 0 330 02938X. 
 
Guillette, L.J., Gross, T.S., Masson, G.R., Matter, J.M., Percival, H.F. and 
Woodward, A.R. (1994). "Developmental abnormalities of the gonad and 
abnormal sex hormone concentrations in juvenile alligators from contaminated and 
control lakes in Florida." Env. Health Perspect. 102, 680-688. 
 
Hotchkiss, A.K., Rider, C.V., Blystone, C.R., Wilson, V S., Hartig, P.C., Ankley, 
G.T., Foster, P.M., Gray, C.L., & Gray, L.E. (2008). “Fifteen Years after 
"Wingspread"-Environmental Endocrine Disrupters and Human and Wildlife 
Health: Where We are Today and Where We Need to Go”  Toxicol. Sci. 105(2): 
235-259. doi: 10.1093 
 
Harrington, R. (2010) “Denmark and France maintain bisphenol A ban.”  Food 
Production Daily. 
www.foodproductiondaily.com/Quality-Safety/Denmark-and-France-maintain-
bisphenol-A-ban  
 
Hunt, C. et al., (1999) "Four pediatric deaths from community-acquired 
methicillin-resistant Staphylococcus aureus - Minnesota and North Dakota, 1997-
1999". Arch. Dermatol. 135, 1566-1568. 
 
Jørgensen, N., Andersen, A. G., Eustache, F., Irvine, D. S., Suominen, J., Petersen, 
J.H., Andersen, A. N., Auger, J., Cawood, E. H. H., Horte, A., Kold-Jensen, T., 



Review of Current Knowledge 

 27

Jouannet, P., Keiding, N. B., Vierula, M., Toppari, J. & Skakkebaek, N. (2001) 
"Regional differences in semen quality in Europe". Hum Reprod, 16 : 1012-1019. 
 
Kingman, S. (2001) “Hospital Acquired Infections”. London School of Hygiene & 
Tropical Medicine. 
 
Koh, Y.K.K., Chiu, T.Y., Boobis, A., Cartmell, E., Scrimshaw M.D. & Lester, J. 
N. (2008) “Treatment and removal strategies for estrogens from wastewater.” 
Environ Technol. 29(3):245-67. 
 
Lees, F.P. (1996) Loss prevention in the process industries, 2nd edition. 
Butterworth-Heinemann. ISBN 0 7506 1547 8. 
 
Lincer, J. (1975) "DDE-induced eggshell-thinning in the American kestrel: a 
comparison of the field situation and laboratory results." J. Appl. Ecology, 12(3), 
781-794. 
 
Lukachko, A. (ed) (1999). "Endocrine disrupters: A scientific perspective." A 
report prepared by the American Council on Science & Health, New York. 
http://www.acsh.org/publications/booklets/enddis.html  
 
Matthiessen, P. and Gibbs, P.E. (1998) "Critical appraisal of the evidence for 
tributyltin-mediated endocrine disruption". Env. Toxicol. Chem. 17, 37-43. 
 
McCally, M. (1997) "Five years down the road from Rio." Brit. Med. J. 315, 3-5 
 
Mellanby, K. (1969) “Pesticides and pollution”, pub. Collins-Fontana. 
  
Mendiola, J. et al. (2010) “Are environmental levels of bisphenol A associated 
with reproductive function in fertile men?”  Env. Health Perspect. 118(9), 1286-
1291.   doi 10.1289/ehp.1002037 
  
National Academy of Sciences, USA (1970) The Life Sciences: Recent Progress 
and Application to Human Affairs, the World of Biological Research, Requirement 
for the Future.  Committee on Research in the Life Sciences, Washington, DC. 
 
National Research Council - Committee on Fluoride in Drinking Water (2006) 
Fluoride in Drinking Water: A Scientific Review of EPA's Standards. 
ISBN 10 0-309-10128-X (Book) ISBN 13 978-0-309-10128-8 (Book) 
ISBN 10 0-309-65796-2 (PDF) ISBN 13 978-0-309-65796-9 (PDF) 
 



Review of Current Knowledge 

 28

OECD (2006) “Detailed Review Paper for Avian Two-generation Toxicity Test.” 
Environment, Health and Safety Publications: Series on Testing and Assessment. 
No. XX 
http://www.oecd.org/dataoecd/25/30/2956228.pdf 
 
OECD (2011) “Endocrine Disrupter Testing and Assessment.” 
http://www.oecd.org/document/62/0,2340,en_2649_34377_2348606_1_1_1_1,00.
html  
  
Purdom, C.E., Hardiman, P.A., Bye, V.J., Eno, N.C., Tyler, C.R. & Sumpter, J.P. 
(1994) “Estrogenic effects of effluents from sewage treatment works.” Chem Ecol, 
8, 275-285. 
 
Rudel, R.A., Gray, J.M., Engel, C.L., Rawsthorne, T.W., Dodson, R.E., Ackerman, 
J.M., et al. (2011) “Food Packaging and Bisphenol A and Bis(2-Ethylhexyl) 
Phthalate Exposure: Findings from a Dietary Intervention.” Environ Health 
Perspect 119(3). doi:10.1289/ehp.1003170 
 
Sharpe, R.M. (2010) “Is It Time to End Concerns over the Estrogenic Effects of 
Bisphenol A?” Toxicological Sciences. 114(1), 1–4. doi:10.1093/toxsci/kfp299 
 
Sonnenschein, C. and Soto, A.M. (1998) "An updated review of environmental 
estrogen and androgen mimics and antagonists." J. Steroid Biochem. and Mol. 
Biol. 65 1-6, 143-50. 
 
Stevenson, R. (2000) "Clearing the backlog." Chemistry in Britain. July, 2000, 34-
38 
 
Thorpe, K.L., Cummings, R.I., Hutchinson, T.H., Scholze, M., Brighty, G., 
Sumpter, J. P. & Tyler, C.R. (2003) “Relative potencies and combination effects of 
steroidal estrogens in fish.” Environ. Sci. Technol. 37, 1142-1149. 
 
Timbrell, J. (1995) Introduction to toxicology. pub. Taylor & Francis, London.  
ISBN  0-7484-0241-1. 
 
Tomalin, C. (ed) (1994) The Pesticide Manual, 10th Edition. pub. British Crop 
Protection Council and the Royal Society of Chemistry. ISBN 0 948404 79 5. 
 
UKWIR, (undated) Go to http://www.ukwir.org.uk/  and then enter “endocrine” in 
the search box on the top right-hand side of the webpage. This will produce a list 
of papers and reports on UKWIR’s research.  
 



Review of Current Knowledge 

 29

Voogt, P. & Hattum, B. (2003) “Critical factors in exposure modeling of endocrine 
active substances.” Pure Appl. Chem., 75(11–12), 1933–1948. 
 
vom Saal, F.S. & Hughes, C. (2005) “An Extensive New Literature Concerning 
Low-Dose Effects of Bisphenol A Shows the Need for a New Risk Assessment”. 
Environ Health Perspect. 113(8): 926-933. doi: 10.1289 
 
WHO - World Health Organisation (1970) European Standards for Drinking-
Water. Second edition, WHO, Geneva. 
 
WHO (2002) “Global assessment of the state-of-the-science of endocrine 
disruptors”. Report available on:- 
http://www.who.int/ipcs/publications/new_issues/endocrine_disruptors/en/index.ht
ml  
 
WHO (2009) World Malaria Report 2009.  ISBN 978 92 4 156390 1 
 
WHO (2010)  “Preventing disease through healthy environments: Action is needed 
on Chemicals of Major Public Health Concern.” See 
http://www.who.int/ipcs/features/10chemicals_en.pdf  
 
Williams, Paul (2000) “Hormone disruption in wildlife.” Environment Agency.  
Copy available in the Roger Deakin Archive, University of East Anglia. See 
Document No. RD/WLOG/1/13 in the archive listing. 
https://www.uea.ac.uk/is/collections/Roger+Deakin+Listing  
 
Bibliography 
 
Relational Database of Information on Potential Endocrine Disrupters (REDIPED). 
2007. Available on CD-ROM from the Institute of Environment and Health at 
Cranfield University.  
See 
http://www.cranfield.ac.uk/health/researchareas/environmenthealth/ieh/page21018.
html  
 
A range of reports and publications on EDCs, of varying quality, can be found on 
the website 
http://pdf-ebooks.org/ebooks/endocrine-disruptor-pdf.pdf  
 
Endocrine-Disrupting Chemicals: From Basic Research to Clinical Practice 
edited by Andrea C. Gore. Humana Press, 2007.  ISBN: 978-1-58829-830-0 



Review of Current Knowledge 

 30

Silent Spring by Rachel Carson. New  edition (28 Sep 2000) pub. Penguin Modern 
Classics (paperback)  ISBN-10: 9780141184944 & ISBN-13: 978-0141184944  
  
Bioaccumulation of Xenobiotic Compounds by Desley W. Connell. Pub. 1989 by 
CRC Press. ISBN 0 849348 102 
The Pesticide Manual. Published by The British Crop Protection Council and the 
Royal Society of Chemistry. ISBN 0 948404 79 5 
 
Endocrine Disrupting Chemicals by R.E. Hester. pub. Royal Society of Chemistry, 
1999. ISBN 0 85404 2555 
 
Environmental Endocrine Disruptors by L.J. Guillette. pub. Taylor & Francis, 
1998. ISBN 1 56032 5712 
 
Endocrine Physiology by Balint Kacsoh (paperback). pub. McGraw-Hill Health 
Professional Division, April 2000. ISBN 0 07034 4329 
 
Some limited information can be found in the “EU Environmental Policy 
Handbook: A Critical Analysis of EU Environmental Legislation. Making it 
accessible to environmentalists and decision makers.” Editor: Stefan Scheuer. 
Brussells, 2005. It can be bought from bookshops or online or downloaded from: 
http://www.eeb.org/?LinkServID=3E1E422E-AAB4-A68D-
221A63343325A81B&showMeta=0  
 
Websites 
 
Note: Web sites which have been superceded or closed down are usually archived 
on the Wayback Machine on site: http://www.archive.org/  Some closed websites 
can also be found cached by the Google search engine. In the UK digital 
government information from central government websites is regularly archived in 
The National Archives at http://www.nationalarchives.gov.uk/webarchive/. So, if 
you get an “unobtainable” message when trying to access a reference to a website, 
try one of the archive sites. 
 
The Government’s Chemicals Strategy: Sustainable production and use of 
chemicals - a strategic approach. Search for “endocrine disrupters” in the 
document. 
http://archive.defra.gov.uk/environment/quality/chemicals/documents/chemicals-
strategy0904.pdf  
 



Review of Current Knowledge 

 31

"Endocrine Disrupters: a Scientific Perspective." 
http://www.acsh.org/publications/booklets/enddis.html  
 
European Centre for Ecotoxicology and Toxicology of Chemicals (ECETOC) 
There are a series of useful reports on EDCs, eg report TR106 “Guidance on 
Identifying Endocrine Disrupting Effects.” Technical Report No. 106, June 2009. 
see http://www.ecetoc.org/publications  
 
The EPA website at http://www.epa.gov/endo  
 
European Environment Agency website: 
http://glossary.en.eea.europa.eu/terminology/concept_html?term=endocrine%20dis
rupter  
 
EU – DG Environment, Endocrine Disrupters website 
http://ec.europa.eu/environment/endocrine/index_en.htm   
 
“The Harvard School of (Unscientific) Public Health (Activism)” 
Elizabeth M. Whelan, Sc.D., M.P.H., ACSH, January 27, 2010 
http://www.acsh.org/factsfears/newsID.1264/news_detail.asp 
 
"Hormone (endocrine) disrupting substances in the environment." 
UK Department of the Environment, Food and Rural Affairs website at  
http://archive.defra.gov.uk/environment/quality/chemicals/hormone/  
 
The International Programme on Chemical Safety. 
http://www.who.int/pcs/  
 
World Health Organisation. 
http://www.who.int/  
 
 
 
 
 
 
 
 
 
 
 



Review of Current Knowledge 

 32

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Review of Current Knowledge 

 33

 
 
 
 
 


	ENDOCRINE DISRUPTERS in the Environment
	CONTENTS
	1 Introduction to the Third Edition
	2 Background
	3 What are Endocrine Disrupters?
	4 Which chemicals are Endocrine Disrupters?
	insecticides
	herbicides
	fungicides
	dioxins
	PCB
	THMs
	alkylphenol polyethoxylates
	bisphenol A
	phthalates
	synthetic hormones
	pharmaceuticals and personal care products (PPCPs)
	perchlorates
	Phytoestrogens

	5 How serious is the risk from endocrine disrupters?
	6 So what are the risks to the environment and human beings?
	7 Do the risks from endocrine disrupters justify strong action and expenditure?
	8 What action is being taken over endocrine disrupters?
	9 Conclusions
	References
	Bibliography
	Websites

