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SUMMARY

Thousands of man-made chemicals have been released into the environment in vast
quantities since the chemical industry began to boom in the 1950s. This has brought many,
often unforeseeable, problems for the environment. Only very recently evidence of a
potentially huge threat has been unfolding - that of endocrine disruption — the disruption of
hormone systems in wildlife and humans by man-made chemicals.

In 1991, scientists hypothesised that endocrine-disruption could be the cause of declines in
the populations of many wildlife species which have occurred over the past 50 years.
Effects in wildlife which are suspected to result from exposure to endocrine-disrupting
chemicals, include adverse effects on the development of young, reproductive problems
and weakened immune systems. Human health could also be affected. The ability of these
chemicals to interfere with hormone systems has potentially implicated them in decreasing
sperm counts, increases in reproductive problems, reduced intellectual capacity and
behavioural problems. Many of the effects appear to be caused by disturbing development
of the embryo or foetus, either in the womb of mammals and humans or in the eggs of egg-
laying animals. This can occur because the chemicals are passed on from a mother's body
to the next generation.

It is imperative that precautionary action on endocrine-disrupting chemicals is taken now to
safeguard the future. These chemicals could already pose a long-term threat to world
biodiversity and to human society. Many scientists have expressed great concern about
endocrine-disruption. At a meeting in Erice, Sicily, in 1995, scientists were certain that:

“A trivial amount of government resources is devoted to monitoring environmental
chemicals and health effects. The public is unaware of this and believes that they are
adequately protected. The message that endocrine disrupters are present in the
environment and have the potential to affect many people over a lifespan has not
effectively reached the general public, the scientific community, regulators or policy
makers. Although this message is difficult to reduce to simple statements without over- or
understating the problem, the potential risks to human health are so widespread and far-
reaching that any policy based on continued ignorance of the facts would be

unconscionable”.

Endocrine-Di tina Chemicals - A Global Probl
Over 50 chemicals, most of which are still in commercial use, have been identified as
endocrine disrupters. However, those identified to date may only represent the tip of
the iceberg. Of the thousands of synthetic chemicals which are currently produced,
only a tiny fraction have been tested for their ability to disrupt hormones, since
current regulation does not require such testing.

Chemicals which vary widely in their structure and which have numerous different
uses have been identified as endocrine disrupters. They include chemicals in the
following categories:

* plastics: Chemicals used in PVC and in the production of other plastics including
certain phthalate plasticisers.

*organohalogen chemicals: Particularly those containing chlorine
(organochlorines), including PCBs, dioxins and many pesticides.

*pesticides: a variety of different pesticides used in agriculture.



* industrial chemicals: various industrial chemicals, including alkylphenols which
are derived from chemicals used in detergents and other products.

Many endocrine disrupting chemicals have become widespread contaminants across
the globe. This is not only due to their vast usage on a worldwide scale, but also
because some can be transported for thousands of kilometres on air currents. Many -
are persistent in the environment, taking years to degrade. Some persistent
chemicals now pollute polar regions where they have never even been used.

Even low environmental levels of many endocrine-disrupting chemicals can lead to
high levels in the body tissues of animals and humans. This is because many
endocrine disrupters, most notably more persistent chemicals, become stored in fatty
tissues. They build up to higher levels in fat as more of a chemical is taken in. For
many, the levels in fat increase as one animal eats another, so that the highest
levels are found in predator animals at the top of food webs.

xposure to Endocrine Disrupters is Unavoidable

For the general population, the greatest exposure to endocrine-disrupting
chemicals is from food intake. Since many are fat soluble, the highest levels are
present in meat, fish and dairy products. Exposure may also come from pesticide
residues remaining in fruit and vegetables, and from low levels in drinking water.
Food packaging has been reported to contaminate food with endocrine-disrupters.
Bisphenol-A is used in the lining of some food cans, and phthalates have been found
in some food wrappers. Recent concern has also focused on PVC toys which could
potentially expose children to certain hazardous chemicals including some

endocrine-disrupters.

The developing young are directly exposed to endocrine-disrupting chemicals.
Chemicals which are circulating in the maternal body may be passed directly to the
eggs of egg laying animals, or through the placenta to the developing foetus in the
womb in mammals, and through breastmilk to the nursing young. It is almost certain
that every pregnant woman has endocrine-disrupting chemicals in her body that are
transferred to the foetus in the womb, and are present in her breastmilk. It is thought
that body fat is mobilised before pregancy and lactation, releasing persistent
chemicals stored in the fat. This means that a proportion of the chemicals which
have accumulated in a woman'’s body during her whole lifetime may be passed to
her child.

Endocrine Di i
There are profound interconnections between many body systems and the
hormone (endocrine) system, including the nervous, reproductive and immune
system. Hormones act like chemical messengers, providing communication between
different parts of the body and regulating many body functions. For their messages
to be interpreted, hormones bind to specific sites in cells called receptors, following
which a particular biological effect will be triggered.

Endocrine-disrupting chemicals may upset the balance of hormones in the
body and thereby disturb the regulation of body functions. Chemicals may
interfere with the balance of hormones in a number of ways. They may bind to
hormone receptors and consequently mimic or block the actions of hormones, alter
the natural production and breakdown of hormones, or interfere with hormonal

control by the brain.

It is particularly thyroid hormones and steroid hormones which are affected by
endocrine disrupters. Steroid hormones include the male sex hormone testosterone,
the female sex hormone estrogen, and other hormones which are produced by the
brain and adrenal glands. To date, most research has focused on “estrogenic”
chemicals which mimic the hormone estrogen. Less is known about effects on other
hormones.

The developing young are the most vulnerable. Steroid and thyroid hormones
play a major role in regulating the development of organs and tissues in the foetus
and developing young. For instance, sex hormones are involved in controlling the
development of the reproductive system, and thyroid hormones are important in
regulating development of the nervous system. The foetus is exquisitely sensitive to
changes in hormone levels. Even a single disturbance at a critical time when a body
system is developing can cause irreversible changes, which in turn, can lead to
permanent health effects in the young or later in life. Exposure to endocrine-
disrupting chemicals during development may therefore lead to permanent effects on
health. Since hormones which are affected by endocrine disrupters, and the
processes of development which they regulate, are very similar in all vertebrates,
these chemicals may cause effects in animals and humans alike.

The greatest effects of endocrine-disrupters can occur at the lowest doses. For
many chemicals, increasing the dose will increase the toxic effect it causes.
However, for endocrine-disrupters, lower rather than higher doses can have the most
effect.

Health Effects of Endocrine Di I
Health effects which have been associated with exposure to endocrine-
disrupting chemicals in the egg or in the womb, often represent diminished
potential - a loss of health or competency. Such effects, including reduced
fertility, reduced intellectual capacity or weakened immune systems, may only be
subtle. They may not directly threaten the existence of an individual. However,
considered at a population level, these sorts of effects could destabilise wildlife
populations and change the whole character of human society.

Many different adverse effects in numerous wildlife species have been
associated with exposure to endocrine-disrupting chemicals. The mechanism
by which these effects have occurred is suspected to be endocrine-disruption,
although this is not certain in most cases. The effects in wildlife have been recorded
over the past 50 years, with many still becoming evident today. They include
decreased hatching success of eggs in fish, birds and turtles, feminisation of male
fish, embryo death and deformities in birds, reproductive problems in reptiles, birds,
and mammals, and altered immune systems in marine mammals. In many cases
these effects have lead to population declines.



Exposure to endocrine-disrupting chemicals may be linked to increases in
reproductive disorders in humans. It is known that exposure in the womb to a
man-made synthetic estrogen drug causes a range of reproductive problems in
humans and in laboratory animals. Studies on animals also show that exposure to
estrogenic chemicals and other endocrine disrupting chemicals cause very similar
effects. From such evidence it has been suggested that exposure to endocrine-
disrupting chemicals could be partly or wholly responsible for increases in the
incidence of male reproductive disorders which have been recorded in many
countries over the past 20-50 years. These effects include, reduced sperm count, an
increased incidence of testicular maldescent, urethral abnormalities, testicular cancer
and prostate cancer.

Exposure to estrogenic chemicals in the womb may also be causing earlier puberty
in girls. Research indicates that exposure to some endocrine disrupters throughout
life could be associated with increases in the incidence of breast cancer and
endometriosis, and a shorter duration of lactation in women.

Studies on the general population suggest that exposure in the womb to PCBs
and /or dioxins can reduce intellectual capacity and alter inmune systems.
Studies indicate that the levels of PCBs and dioxins present in body tissues in some
women of the general population are sufficient to cause subtle effects on the nervous
and immune systems of their children. Effects on the nervous system include slightly
reduced 1Q, attention deficits, poorer memory and slight adverse effects on
psychomotor and neurological function. Whether such effects on the nervous and
immune systems are caused by endocrine-disrupting mechanisms is uncertain.

The fact that many of the effects of endocrine-disrupting chemicals impact on the
next generation means that we may only see the consequences many years after
exposure. It is not possible to predict what the consequences for our children and
grandchildren will be if the production of endocrine-disrupting chemicals continues.
Nevertheless, there is a potential for severe widespread impacts on wildlife, human
health and human society. Global action of a precautionary nature is needed now to
safeguard the future. These chemicals should be phased out and safer alternatives
implemented where available. Industry must pursue clean production technologies
with the aim of preventing further releases of these chemicals into the environment.
This is not an extreme viewpoint or an impossible task. The goal to phase out toxic,
persistent and bioaccumulative chemicals, some of which are endocrine disrupters,
has already been embraced at several international government conventions. What
is needed is implementation of these agreements and their extension to include
endocrine disruption as a recognised hazard in its own right.

1. INTRODUCTION

Since the late 1950s to the present day, many dramatic declines in wildlife
populations, caused by reproductive failure and problems with the development of
young, have been associated with exposure to man-made chemicals. Yet it was not
until 1991, that scientists realised that a common thread could link these problems in
wildlife. Many of the observed effects were synonymous with what would be
expected from disruption of the body’s hormones. At that time, a meeting of expert
scientists proposed a hypothesis that exposure to chemicals which disrupt
hormones, endocrine-disrupting chemicals, could be to blame for the detrimental
effects on health and declines of numerous wildlife species (Wingspread 1991).

The adverse effects in wildlife included decreased hatching success in fish, birds and
turtles, reproductive abnormalities and decreased fertility in fish, birds, reptiles and
mammals, behavioural abnormalities in birds, and compromised immune systems in
birds and mammais. Such problems were not only recorded in species inhabiting
heavily polluted areas, such as in the area of the US and Canadian Great Lakes, but
were also evident in wildlife in many other regions of the world (Wingspread 1991,
Colborn et al. 1993).

A high proportion of the adverse effects in wildlife, suspected to be caused by
endocrine-disrupting chemicals, result not from their impact on adult animals but on
the developing young. These chemicals are transferred from the mother’s body to
the egg, or to the developing foetus in the womb, and via mothers' milk to newbomns.
Research has shown that hormones are crucial for regulating the development of all
animals which have backbones. By disturbing the delicate balance of hormones
during development, endocrine-disrupting chemicals may permanently change the
course of development, leading to a wide range of adverse effects. The reproductive,
nervous and immune systems appear to be particularly vulnerable to these effects
on the next generation.

In 1862, Rachel Carson warned of the dangers of man-made chemicals to the
environment and to humans in her book, Silent Spring, concluding, “Our fate is
connected with the animals”. In 1993, after reviewing both human and wildlife data
on endocrine-disrupters, scientists similarly proposed that wildlife could be acting like
“sentinels”, or mirrors to health effects which could also occur in humans
(Wingspread 1993). Presently, it is only hypothesis rather than fact that endocrine-
disrupting chemicals are affecting human health, but evidence is mounting. Research
suggests that the chemicals may be implicated in the rise of several reproductive
disorders in humans over the past few decades, including reduced sperm counts and
increased breast cancer. They may also be associated with reduced intellectual
capacity and behavioural problems. Like the effects in wildlife, many effects in
humans appear to be on the next generation, although adults may be also be
affected (Colborn et al. 1983, US EPA 1997).



There is already evidence which suggests that some endocrine-disrupting chemicals
have reached levels in the environment where they could cause adverse effects on
development in humans and wildlife. Effects on development are often not gross, but
instead represent diminished potential - a loss of health and competency, such as
reduced fertility, reduced intellectual capacity and weakened immune systems.
These sorts of effects may not obviously threaten the existence of an individual but,
considered at a population level, they could change the whole character of human
society or destabilise wildlife populations. There is now great concern among many
scientists that endocrine-disrupting chemicals could pose a long-term threat to world
biodiversity and to human society (Alleva et al. 1995).
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2. IDENTIFICATION OF ENDOCRINE-DISRUPTING CHEMICALS

2.1 The Chemicals

Chemicals that have very different structures and all kinds of different uses have
been identified as being able to disrupt hormones. They include (1) chemicals used
in PVC and other plastics production, including certain phthalate plasticisers (2) a
variety of pesticides; (3) organohalogen chemicals, particularly those containing
chlorine (organochlorines), such as PCBs, dioxins and many pesticides, and (4)
various industrial chemicals including alkylphenols which are derived from chemicals
used in detergents and other products, and bisphenol A for which the main uses are
epoxy resins and polycarbonate plastics.

A list of known and suspected endocrine-disrupting chemicals is given in Table 1.
Over 50 endocrine-disrupting chemicals have been identified but there could be
many more. Conservative estimates suggest there are about 63,000 man-made
chemicals in common use worldwide, and that 200 to 1000 new chemicals enter the
market each year, (Shane 1994). Presently only a tiny fraction have been tested for
their ability to disrupt hormones.

2.2 Identification

Endocrine-disrupting chemicals vary widely in their chemical structure. It is unlikely
that the ability of a chemical to disrupt hormones will ever be predictable from
structure alone (McLaclan 1993, Katzenellenbogen 1985). Scientific studies which
have identified these chemicals have relied on using “in vitro” tests (cell culture) and
“in vivo” (laboratory animals) tests. Current regulatory systems do not require
chemicals to be screened for their ability to disrupt hormones, or tested for health
effects resulting from endocrine disruption, although this is now under discussion
(see section 15.1).

To date, most testing for endocrine disrupters has focused on “estrogenic” chemicals
which mimic the female sex hormone estrogen. Many chemicals have been
designated as being estrogenic based on laboratory tests which use animal or
human cells grown in culture. Cell culture tests are now available which can identify
whether a chemical is likely to be estrogenic in different kinds of animals. For
example, a test has been developed which uses fish cells to find out whether
chemicals which pollute the aquatic environment would be estrogenic to fish
(Sumpter and Jobling 1995). A test using human cells has also been developed to
predict whether a chemical would be likely to be estrogenic in humans (Soto et al.
1992, 1995). Over 30 chemicals have now been identified as being estrogenic using
cell culture tests (eg. Soto et al. 1995). In addition, several chemicals have also been
identified which interfere with male sex hormones known as anti-androgenic
chemicals (Kelce et al. 1995, Danzo 1997). Some endocrine-disrupting chemicals,
such as DDT, have also been identified by the sorts of adverse health effects they
cause when tested in laboratory animals (Bustos et al. 1988).

Note that estrogenic and anti-androgenic effects represent only a subset of the
potential effects of known or suspected endocrine disrupters, as sex hormones are
only one component of the endocrine system. Testing for other effects has been
extremely limited to date.
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7.2 Hormones Which Are Affected by Endocrine Disrupters.

Steroid hormones include the male sex hormone testosterone, female sex hormones
estrogen and progesterone, and various hormones produced by the pituitary and
adrenal glands. These hormones, together with thyroid hormones, are not only found
in humans but are produced by all animals which have a backbone - fish,

amphibians, reptiles, birds and mammails. In all of these animals and in humans, the

structure of these hormones is almost identical and they have very similar functions.
It appears that, throughout evolution, these hormones have remained the same,
being a successful way of regulating bodily processes in animals and humans alike.
It is these steroid hormones and thyroid hormones in particular with which synthetic
endocrine-disrupting chemicals are able to interfere (Colborn et al. 1993).

7.3 How Endocrine Disrupters Work

Endocrine-disrupting chemicals can interfere with the way in which steroid hormones
and thyroid hormones normally work. As a consequence they may upset the delicate
balance of hormones in the body, which, in turn, may lead to adverse effects on

health.

A definition of an endocrine disrupter proposed by the US Environmental Protection
Agency, is “an exogenous agent that interferes with the synthesis, secretion,
transport, binding, action, or elimination of natural hormones in the body that are
responsible for the maintenance of homeostasis, reproduction, development, and/or
behaviour (US EPA 1997). Some of the mechanisms by which man-made endocrine-
disrupters can interfere with hormones are outlined below:

* Hormone Mimicry: Some chemicals mimic hormones by binding to hormone
receptors in cells, and thereby triggering the same biological effect as the hormone
(McLachlan 1993). For example, many chemicals are now known w}‘uch can mimic
the female sex hormone estrogen by binding to estrogen receptors in cells. These
are the so-called “estrogenic chemicals” because they act like the hormone estrogen

(Soto et al. 1995).

*Blocking Hormone Receptors: Some chemicals bind to hormone receptors and
block them. This prevents hormones from binding to the receptors and exerting their
normal biological effects (McLachlan 1993). A few chemicals are known which can
block the male sex hormone, the “androgen”, receptor. These include the pesticides
vinclozolin and DDE, which is the breakdown product of DD‘!‘ (Kelce et 'al. 1994 and
1995, Gray et al. 1994). These chemicals are known as “anti-androgenic chemicals”.
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* Altering Hormone Metabolism: Some chemicals do not directly interfere with
hormones or their receptors, but upset the balance of hormones by interfering with
their metabolism, ie., their synthesis or natural breakdown and elimination from the
body. For instance, the organochlorine pesticides DDE, atrazine and kepone have
been found to alter the metabolism of estrogen (Bradlow et al. 1995). Another
example of altered hormone metabolism comes from a recent study of flounder
fishes in Rotterdam harbour in the Netherlands. Female fish had raised estrogen
levels, most likely due to the mixture of chemicals present in the harbour. The
chemicals had the effect of impeding the normal processes in the liver which are
responsible for the breakdown of estrogen (Janssen et al. 1997).

*Affects on Hormonal Control: The brain and the endocrine system are profoundly
interconnected with each other. While the brain regulates hormonal activity,
hormones themselves influence brain function, including behaviour, in adults and
affect brain development during early life.

The main control centre for the hormone system is the pituitary gland in the brain -
which itself produces hormones that tell other endocrine glands whether to increase
or decrease their production of hormones. The pituitary receives signals on how to
act from another part of the brain, the hypothalamus, which constantly monitors the
levels of hormones in the blood.

Some hormone-disrupting chemicals appear to affect the brain’s control of the
hormone system, either by their direct impact on steroid hormone levels, or indirectly
by affecting the activities of the brain in other ways (Colborn et al. 1996, EPA 1997).

* Ah Receptor: The Ah receptor is not a hormone receptor but another sort of
receptor in cells. Some chemicals, notably the dioxins and certain PCBs, can bind to
these receptors and in so doing trigger many different biological effects, among
which can be the disruption of hormones. It is thought that this is how these
chemicals can cause anti-estrogenic effects and alter levels of thyroid hormones
(Safe and Krishnan 1995). Besides the dioxins and PCBs, there are other chlorinated
and non-chlorinated chemicals which are suspected of being able to bind to the Ah
receptor (see table 2), (Giesy et al. 1994). These chemicals may therefore also be
endocrine-disrupters. Indeed, there is experimental evidence for some, including
certain PAHs, that they might be (Santodonato 1997).

Research has shown that while some chemicals may disrupt hormones by one of the
above mechanisms, others may cause their effects in a multitude of different ways.
Experiments with DDT for instance have clearly shown that it is estrogenic - it can
bind to the estrogen receptor and causes adverse effects on health that would be
expected for an estrogenic chemical. However, a recent study has shown that it can
also bind to the androgen receptor, and so it is possible that it could cause adverse
effects from this action too (Danzo 1997). Similarly, the organochlorine pesticides
endosulfan and alachlor have been found to bind not only to the estrogen receptor
but also to the progesterone receptor (Vonier et al. 1996).
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normally only made by female fish because it forms yolk in figh
produced by male fish if they are exposed to estrogen. This ing
in the sewage effluent had estrogen-like activity (Purdom et a/.
1996).

eggs. It is only
icated that something
1994, Matthiessen

Subsequent studies showed that the estrogenic activity of domestic
due to natural estrogens which are excreted by women and, to a myuch lesser extent
to synthetic estrogen from the contraceptive pill. However, this could not account for.
some of the effects being detected in fish, especially from industria| sewage
(Desbrow et al. 1996).

sewage could be

Estrogenic chemicals including alkylphenols and phthalates have been detected in
sewage (Jobling et al. 1995). Alkylphenols are now the prime suspects for causing
the feminisation of fish in some areas. These chemicals are present in industrial
sewage because of their formation as persistent breakdown products of alkylphenol
ethoxylates, which are used in industrial detergents. The ethoxylates are also widely
used as “inert” additives in pesticides, although thg potential for contamination of
soils and surface waters with alkylphenols from this source are not we|| studied.

Once discharged into the environment alkylphenols may bioaccumulate in fish tissue
(Warhurst 1995, Schwaiger et. al. 1997). The most common ones are nonylphenol
and octylphenol. Experiments found that these chemicals caused yolk protein to be
produced by male fish, and reduced testes growth, at levels similar to those in some
UK rivers (Jobling et al. 1996). Scientists have concluded that, at least for the river
Aire in the UK where a wool scouring factory discharges thesg chemicals into the
river, alkylphenols could be solely respgnsnble for causing feminisation of male fish
(Matthiessen 1996). Initial studies on wild fish in the Tyne estuary have found
feminisation in male fish which is associated with nonylphenol levels, although it is
not yet known whether other chemicals may be implicated (Lye and Frid 1997),

Effluent discharges from pulp and paper mills have also been reported to cause
feminisation of male fish. These effects gould relate to the presence of
organochlorines in the effluent and possibly also to natural chemicals present in
wood (Heuval et al. 1994, Landner et al. 1994).

* Reptiles . .
Follosving an extensive spill of pesticides, dicofol and DDT, in Lake Apopka, Florida,
in 1980, the inhabiting population of alligators has continually declined. The decline
appears to be caused by a decrease in h.atchmg success of the alligator eggs,
together with reproductive abnormalities in the young alligators. The young males
have abnormally small penises, half to a quarter of the normal size, and
abnormalities of the testes. Furthermore, they have altered levels of sex hormones.
The research indicates that the gonads of the alligators are permanently changed
during sexual development whilst in the egg, leading to the reproductive
abnormalities. This is almost certainly because the eggs contain high amounts of
estrogenic pesticides from the chemical spill and DDE, the breakdown product of
DDT. DDE has two forms (isomers), one of which (o,p-DDE) is estrogenic and the
other (p,p’-DDE) has anti-androgenic properties (Guillette et al. 1994 and 1995,
Kelce et al. 1995, Vonier et al. 1996, Crain et al. 1997).
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*Birds . .

The Great Lakes, North America, were subjected to very high levels of
organochlorine chemical contamination in the 196Qs and 70s. Although levels have
now substantially decreased, residues remain significant. In the 1970s, Herring Gull
colonies around the Great Lakes regions suffered from sharp population declines.
Studies showed that this was probably due to reduced numbers of male birds that
were capable of breeding. The gonads of male chicks were found to be feminised, ie.
they had female (ovarian) type structures. Subsequent experiments showed that the
levels of chemicals such as DDT and DDE found in the gulls eggs were sufficient to
cause these reproductive abnormalities in the male birds. Researchers suggested
that estrogenic properties of such chemicals could be the cause of the problem (Fox
et al. 1992, Fry 1995).

*Mammals

The Florida Panther is an endangered species of wildcat with fewer than 50
remaining in their natural habitat. Many of the males suffer from health problems and
reproductive problems, including a reduced sperm count, and an increased incidence
of undescended testes in male cubs. The female panthers have very high levels
chemicals in their bodies many of which are endocrine disrupters, including DDE,
PCBs, mercury, methoxychlor, and transnonachlor. It is thought that the reproductive
impairment of the males could be largely, if not entirely, a result of exposure to these
chemicals from their mothers during development, and may be caused by endocrine-
disruption (Facemire et al. 1995).
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10. FEMALE REPRODUCTION

Human and animal studies indicate that some endocrine-dj
affect the female reproductive system, both during develop
adulthood. However, it is not certain whether exposure to
levels of these chemicals is having such effects.

Srupters can adversely
ment and during
current environmental

10.1 Developmental Effects

The exposure of over § million women between 1945 and 1971 not on sed
reproductive abnormalities in boys born to the women (see section 9‘;; ‘I::?: also
affected the giris. Many of the girls suffered from vaginal canger i their teens, had
reduced fertility and a high incidence of structural abnormaiities of the reprodl.;ctive
system (Gray 1992).

When DES was given to pregnant laboratory rodents, it causeq comparable
reproductive problems in female offspring. This indicated that evidence from animal
studies on endocrine disrupters and reproductive effects s very relevant to humans
Laboratory studies have also shovs{n that 'w.hen pregnant laboratory rodents are .
exposed to high levels of estrogenic pesticides, such as DDT, methoxychlor and
chlordecone, their female offspring suffer from similar effects o those caused by
DES. These include reduced fertility and various structural abnormajities of their
reproductive systems (Gray 1992). Exposure to low doses of digxin that are within
an order of magnitude of doses which may be expected from current environmental
levels, also causes similar effects (Gray et al. 1995b),

From the above studies in animals, and from the unfortunate e i . .
humans, it is plausible that exposure to estrogenic chemicals, :Egr;':;?b‘{;'t& 252 r|n
endocrine disrupters, during development, could lead to reproductive abnormalities
in female offspring. Presently, there is some evidence that exposure to endocrine
disrupters in the environment, both during development ang during adult life, may
affect the female reproductive system: '

Onset of Puberty _

Animal studies have shown that exposure to increased levels of estrogens in the
womb causes an earlier onset of puberty. Records show that women of industrialised
countries now reach puberty at an earlier age. It has been suggested that this may
be a result of exposure to estrogenic chemicals during development in the womb
(Whitten 1992).

Increased Risk of Miscarriage and Occupational Chemical Exposure
Perchloroethylene (PERC) is the main solvent used in dry-cleaning. Consequently
workers in the industry are exposed to this chemical (Aggazzoti et al. 1994). Studies
have shown that women who work in the dry-cleaning establishments may have a
greater risk of having miscarriages as a result of exposure to PERC (Olsen et al.
1990, Lindbolm et al. 1992, Kyyronen et al. 1989). PERC is suspected to be an
endocrine disrupter, because it appears to affect pituitary function in the brain. It has
been sugges-ted that endocrine disruption may be the mechanism accounting for the
increased risk of miscarriage following exposure (Zielhuis et al, 1989, Ferroni et al.
1992).

10.2 Effects in Adult Women

Shortened Duration of Lactation .
Declines in the duration of lactation have been reported throughqut thg wo!'ld. j‘hls
represents a serious public health concern because of t!\e assocua}ted implications for
increased infant iliness and death, especially in developing countries.

The impact of DDE (breakdown product of DDT) on women'’s abilit.y to lactate, has
been investigated in North Carolina, US, and also in northern Mexico where DDE
levels are very high due to continued use of DDT in the country. Both studies found
that women with higher levels of DDE in their breastmilk lactated for shorter time
periods than women with lower levels. The main reason why women lactated for
shorter times was because they produced insufficient milk to continue breast feeding.
Researchers think that DDE could be inhibiting lactation because of its estrogen-like
effects. The study concluded that exposure to DDE, and possibly to other estrogenic
pollutant chemicals, may therefore be contributing to lactation failure throughout the
world (Gladen and Rogan 1995).

Breast Cancer.

The incidence of breast cancer has steadily risen worldwide since 1940. Known risk
factors for the disease in women, such as family history of breast cancer, or age at
puberty and menopause, at best can only account for a third of all cases, leaving the
cause of the remaining cases uncertain (Harris et al. 1992).

Interestingly, there is good evidence in humans that elevated levels of the bodies
own natural .estrogen actually increases the risk of getting breast cancer (Toniolo et
al. 1995). It is therefore plausible that exposure to estrogenic chemicals, which might

amplify the effects of estrogen, could also increase the risk of breast cancer (Davis
et al. 1993, Davis and Bradlow 1995).

Both animal and human studies indicate that estrogenic organochlorine chemicals
could be involved in increasing the risk of breast cancer. Animal studies show that at
high levels, PCBs and the pesticides DDT and atrazine cause an increased
incidence of breast cancer (Stevens et al. 1994, Wetzel et al. 1994, see Davis et al.
1993). Not all research on women is consistent, but recent studies 'show that women
from the geperal population who have higher body levels of DDE appear to have an
increased risk of breast cancer (Wolff et al. 1993, Dewailly et al. 1993, Savitz 1994).

Further evidence that estrogenic organochlorine chemicals i i

breast cancer, comes from looking at how they affect estroggﬁr?nazzégﬁsr::kg;trogen
is normally broken down in the body to either of two forms - a “good” estrosien and a
“bad” estrogen. The actions of the “bad” estrogen are thought to increase the risk of
breast cancer, by causing breast cells to multiply. Studies in animals and women
with breast cancer have found that the ratio of the two forms of estrogen is altered
so that there is too much “bad” estrogen. This implicates elevated levels of “bad” '
estrogen as a potential cause of breast cancer. When scientists tested the effect of
several organochlorine pesticides on estrogen metabolism, they found that these
chemicals also altered the ratio of the two forms of estrogen, such that levels of
“bad” estrogen were significantly
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elevated. This suggested that exposure to these pesticides, namely atrazine, DDE,
DDT, and kepone, may influence estrogen metabolism in a way that could increase
breast cancer risk (Bradlow et al. 1995).

As yet the hypothesis that estrogenic organochlorines may increase the risk of
breast cancer is not proven. However, research does suggests that exposure to such
chemicals could contribute to an increased risk and thereby account for many of the
unexplained cases of this disease (Davis and Bradlow 1995).

Endometriosis

Endometriosis is a disease associated with infertility and chronic pain. The incidence
of this disease is thought to have risen over the past few decades, and it is now
estimated to affect 10% of all women of reproductive age in the US (Rier et al. 1995).
Studies on monkeys have indicated that exposure to PCBs or dioxin can increase
both the prevalence and severity of endometriosis (Rier et al. 1993). It is possible
that dioxin may affect endometriosis because of its hormone-disrupting effects which
could impact on the immune system (Rier et al. 1995).

It is of concern that exposure to dioxin was associated with an increased prevalence
and severity of endometriosis in monkeys, at levels which are within an order of
magnitude of current levels in people’s bodies (US EPA 1994). This research
suggests that PCBs and dioxins could also increase the threat of endometriosis in
women, although direct human evidence is currently very limited. It is known that
endometriosis is more prevalent in industrialised countries where the levels of these
chemicals are the highest (Koninckx et al. 1995). One study on women found higher
body levels of PCBs were linked with endometriosis, but another found no
association with levels of PCBs or dioxins (see US EPA 1997). Further investigation
is therefore needed to confirm whether or not PCBs and dioxins are linked to
endometriosis in women. In the meantime, an attitude towards dioxin pollution in the
environment which considers levels to be “too low to be harmful” could be over-
optimistic (Koninckx et al. 1994).

10.3 Wildlife Studies

* Reptiles

Lake Apopka in Florida was heavily contaminated by a spill of dicofol and DDT in
1980, and young male alligators have altered sex hormone levels and suffer from
reproductive abnormalities. The females too have been affected. They also have
altered levels of sex hormones and abnormalities in the structure of their
reproductive systems. Again, these abnormalities are most likely caused by
permanent modification during development in the egg as a result of exposure to
endocrine-disrupting chemicals (Guillette et al. 1994).

*Birds

Pollutants which have been found in bird’s eggs, including organochlorines,
pesticides and heavy metals, have been reported to cause reduced hatchability of
eggs, death and deformities in the embryo, and reduced survival of chicks hatched
from eggs. Some of the effects may be due to the endocrine-disrupting properties of
these chemicals (Fry 1995).

32

The most dramatic effect on the reproductive performance of wild birds was eggshell
thinning caused by DDE, the breakdown product of DDT. From the 1950s to 70s, this
resulted in the population decline of many predatory and fish-eating wild bird species
(Fry 1995, Giesy et al. 1994).

Egg-shell thinning is now less common, although other breeding problems persist.
Organochlorine pollution in the Great Lakes regions has decreased over the past two
decades but still remains relatively high. Some bird populations such as double-
crested cormorants and herring gulls have made dramatic recoveries since
population crashes in the 1970s, but others, such as common and Fosters terns,
continue to decline. Problems in these Great Lakes birds include death and
deformities in embryos and chicks, (eg. crossed bill, lack of eyes, skeletal
malformations), as well as other problems, including edema and behavioural
changes. There is evidence that these effects, which result in reproductive failure of
the birds, may result from contamination with dioxins, PCBs and possibly other
chemicals which exert toxic effects through the Ah receptor (Giesy 1994).

Severely reduced breeding success in cormorants has been reported in the area of
the Rhine and Meuse delta in the south-western part of The Netherlands. Egg shell-
thinning and increased embryonic mortality is reported to be responsible for reduced
hatching success of the birds. Research has shown that high levels of DDE are

linked to the egg-shell thinning, whilst levels of PCBs are related i
and breeding success of the birds (Dirksen et al. 1995). to reduced hatching

*Marine Mammals

Between 1950 and 1975, the population of common i iti

Sea, The Netherlands, collapsed from 3000 to less t:ae: lgc;ghaat:)imgsl’stl}ﬁ \%aatéden
studies revealed that the female seals were experiencing reproductiv'e failure .due to
problems relating to the process of implantation. This was found to be linked to high
levels of PCBs in the seals. Female Baltic ringed seals and grey seals have also g
suffered from reproductive problems. Research suggests that txis can been
attributed to hormone-disrupting effects of PCBs ang possibly other organochlori
pollutants in the seals (Reijnders 1986, Reijnders and Brasse{lr 1992‘)) ga orine

The St. Lawrence estuary in Quebec, Canada . i . . .
organochlorines and other poliutants. The local l:;‘pet.lalzltli)é: c;l;tgg:'lnatiihw:th
drastically reduced in the first half of the century by over-huntin Ist’?\ . a;‘ es was
failed to recover in the past 40 years, despite a reduction in hurgti Rs' owehver,
think that this could be due to high levels organochiorine chemic l-I‘g' h?s: areners
contaminate the whales and a range of adverse health effects w:,shw ic g )
from this contamination. The female whales suffer from "eproduct:c coubI resuA
very low proportion of the females are breeding. In addition IesionVehpro t?ms.
detected in the mammary glands of 36% of the femaleg whi'ch wousld savg e?n ffect
their ability to feed if any calves were produced. It js possible that the l'en:::ucs; y ? e
effects are caused by estrogenic activity of the organochlorine ollutan?sgJ (%elg ive o
al. 1995, US EPA 1997, see Johnston and McCrea 1992) P uise
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11. SEX RATIO

In humans and many other animals, sex ratio is determined in humans by the sperm,
which carry either an X or a Y chromosome. All eggs have X chromosomes, so at
fertilisation, either a female (XX) or a male (XY) is produced. Traditionally, the
number of X and Y sperm produced was thought to be equal so that the number of
males and females born should also be equal, giving a sex ratio of 0.5. In reality,
there is a slight excess of males at birth, which may be accounted for by several
different factors, including age of parents and time of insemination within the cycle
(Moller 1996).

It has been hypothesised that the steroid hormone concentrations of both parents
may influence sex determination, so that changes in levels may result in a skewed
sex ratio. If this hypothesis is correct, with an increased exposure to man-made
estrogenic chemicals in recent decades, it may be expected that the sex ratio would
be altered, such that fewer males were born (Moller 1996).

There is some evidence to support this hypothesis. Following an accident at a
chemical plant in Seveso, Italy, the local population was exposed to high levels of
dioxin (TCDD). Research shows that exposure of both parents was associated with
an significant increase in the proportion of girls born (Mocarelli et al. 1996). Another
study showed that more females than males were fathered by men who were
exposed to an endocrine-disrupting pesticide DBCP (see Moller 1996).

Recent studies have investigated trends in the sex ratio of the general population in
The Netherlands and Denmark over the past few decades. It was found that the
proportion of boys born over the past 50 years had slightly, but statistically
significantly, decreased (Pal-de Bruin et al. 1997, Moller 1996). From 1950 to the mid
1990s the ratio declined from 0.515 to 0.513 in Denmark and from 0.516 to 0.513 in
The Netherlands. If the hypothesis that hormone levels influence sex determination
is correct, this may reflect the increased exposure to endocrine disrupting chemicals
over the past 50 years. The Netherlands study concluded: “our finding of a
decreasing ratio of male to female newborn babies in The Netheriands can only add
to concern about the potential hazards of environmental endocrine disrupters” (Pal-

de Bruin et al. 1997).
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12, EFFECTS ON THE NERVOUS SYSTEM

There is evidence from human studies that exposure to PCBs and/or dioxins during
development can lead to adverse effects on the nervous system of infants and
children. These effects include reduced cognitive function, such as lower 1Q, poorer
short and long term memory, attention deficits and effects on psychomotor
development. Although the effects which have been recorded are subtle in nature,
they do represent diminished potential in children. Research suggests that some
women of the general population currently have body levels of PCBs and dioxins
which may cause such effects in their children.

With regard to wildlife , some behavioural changes in birds have been associated
with exposure to man-made chemicals. In the Great Lakes region in the 1970s,
impaired incubation and chick rearing behaviours in gulls has been associated with
exposure to organochlorines. Also, female-female pairs of birds have been found
tending abnormally large clutches of eggs. This phenomenon has been recorded
between the late 1960s and 1980s in Western gulls in Southern California, and in
populations of Herring gulls and Caspian Terns from the Great Lakes regions. It has
been suggested that the altered behaviour of these gulls could be due to a reduction
in the number of males in the colonies which are capable of breeding. This could be
due to exposure to organochlorine chemicals which may cause feminisation of male

e;ngbsr)yos or a reduction in male chick survival (see also section 9.4), (Fox 1992, Fry
1 . ‘ ’

12.1 Development of the Nervous System

Thyroid hormones and gonadal sex hormones play a role in controlling development
of the nervous system both in the womb and during childhood (Porterfield 1994
Hines 1992). A disturbance in the levels of these hormones at critical times whén the
nervous system is developing can cause changes which may, in extreme cases

even result in permanent brain damage. For instance, in a condition known as |
congenital hypothyroidism, a deficiency in thyroid hormones during late foetal life and
early infancy, causes permanent mental retardation. Treatment with hormones after
birth can prevent mental retardation, but children may still suffer from various
psychomotor problems, memory problems and slightly reduced IQ (Porterfield 1994).

It is known that PCBs and dioxins cause damage to the d i

g evelo
but how they do this is not well understood. It is possible that t'fe';gc:il;\;ott:‘sissystem.
damage by disrupting thyroid hormones and sex hormones during development

Thyroid hormones ,
Animal studies show that PCBs and dioxins can alter the [e i

. . vels of th
duqng development. Certain PCBs can also alter the levels of natura);rgt"ni?nci,g;]:nes
which are essential for the transmission of nerve signals (neurotransmitters). Both of
these effects may explain why these chemicals cause adverse effects on thé
developing nervous system (Morse et al. 1992, Seo et a/, 1995 Seegal and Shain
1992). '
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12.3 Possible Consequences of Effects on the Nervous System

Although effects which have been found on the nervous system are relatively subtle
in nature and may not greatly affect an individual, they do, nevertheless represent
diminished potential of individuals. When considered at a population level, such
effects could be far reaching. For example, a 5 point drop in |Q across a population
would, in effect, halve the number of people with high powered minds who have the
ability to become the most gifted doctors, scientists, writers etc., and would greatly
increase the number of slow learners who require special remedial education. This
could fundamentally change the character of society (Colborn 1996).

Experts at a meeting in Erice, Sicily (Alleva et. al. 1995), expressed concern about
neurological effects resulting from exposure to endocrine disrupters. They were
certain that: “Endocrine-disrupting chemicals can undermine neurological a.nd
behavioural development and subsequent potential of individuals exposed in th_e
womb or, in fish, amphibians, reptiles and birds, the egg. This loss of po.tc.entlal in
humans and wildlife is expressed as behavipural and ;?hysical abr-lgrmaht-les. I? may
be expressed as reduced intellectual capacity gnd soc[al adaptability, as |mpa|re_d
responsiveness to environmental demands, or in a variety of other funcﬂopa] guises.
Widespread loss of this in nature can change the charactef of humaq societies or
destabilise wildlife populations. Because .profour.\d economic and social .
consequences emerge from small shifts |n.funct|9nal potential a!t the population level,
it is imperative to monitor levels of cont'amlngntS in humans, animals, apd the
environment that are associated with dls”ruptlon of nervous and endocrine systems
and reduce their production and release”.
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13. IMMUNE SYSTEM

The immune system consists of a network of various types of specialised cells which
circulate in the body and serve to prevent infection and disease. Some toxic
chemicals can alter the levels or functioning of immune system cells. This can lead to
a decrease in resistance to infection and tumours, or an increase in auto-immune
diseases (Thomas 1990).

Research has shown that the immune system and the endocrine system are closely
inter-connected. For instance, steroid hormones, including estrogen, testosterone,
and hormones produced by the pituitary and adrenal glands, are all involved in the
regulation of the immune system (Grossman 1984, Berczi 1989).

13.1 Effect of Endocrine-Disrupters on Inmune System Development
Presently, little is known about the potential impact that endocrine-disrupting
chemicals could have on the immune system during development. There is evidence
that exposure to the synthetic estrogen drug DES during development in the womb,
leads to permanent changes in the immune system of both laboratory rodents and
humans. For example, women who were exposed to DES in the womb, had changes
in some immune system cells, and had an increased susceptibility to auto-immune

and other diseases associated with defects in immune system regulation (Blair et al.
1992, Blair 1992).

Evidence from studies on DES raises the possibility that exposure to estrogenic or
other endocrine-disrupting chemicals during development, could alter development
of immunity and lead to permanent changes in immune system function in later life.
Animal studies do show that exposure to some estrogenic chemicals during
development, including DDT and chlordane, cause suppression of the immune
system (Rehana and Rao 1992, see Holladay and Luster 1996). However, it is not

known whether immune suppression in these studies was caused by disruption of
hormones or by other mechanisms.

13.2 Human Studies
Several studies have shown that some women of the
levels of chemicals with the ability to disrupt hormone
which are within the range at which changes in the i

may occur. However, such effects may be caused
endocrine disruption.

general population have body
s, ie. PCBs and/or dioxins,
mmune systems of their babies
by mechanisms other than

Increased Infections

Inuit women inhabiting Arctic Quebec have relatively high body levels of persistent
organochlorines because of their seafood-rich diet. Research has shown that higher
levels of PCBs and dioxins in their breastmilk were linked with an increased
incidence of ear infections in their babies (Dewailly et a/. 1993). Other studies on
women who ate fish from the Great Lakes before becoming pregnant, reported that
higher body levels of PCBs in the women were associated with an increased
incidence of bacterial infections in their babies (Bernier et al. 1995, see Tryphonas
1995).
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Defining Endocrine disruption:

An endocrine disrupter has been defined as an exogenous agent that interferes with
the synthesis, secretion, transport, binding, action, or elimination of natural
hormones in the body that are responsible for the maintenance of homeostasis,
reproduction, development, and/or behaviour (US EPA 1997). However, the effects
of interference with hormones in themselves are not considered to be “adverse”
effects by regulators. An adverse effect would only be considered as an effect which
manifested in a physiological outcome in an animal. For instance, the US EPA
(1997) state that:

“Based on current science, the Agency does not consider endocrine disruption to be
an adverse effect per se, but rather to be a mode or mechanism of action potentially
leading to other outcomes, for example, carcinogenic, reproductive of developmental
effects, routinely considered in reaching regulatory decisions”.

However, as previously discussed, there are many problems with testing for the
effects of endocrine disrupters in animals and to wait for scientific proof from such
studies before taking any action could take decades. Therefore, once a chemical is
identified as being able to interfere with hormones by in vitro test systems alone, or
by in vivo tests, this should be sufficient information to warrant action. Such
chemicals should be targeted to be phased out of production and use.

15.2 The Way Forward .
It is clear that more research is needed to understand fully the mechanisms, the

effects and the consequences of endocrine disruption. However, scientific certainties
about the effects and the risks posed by endocrine-disrupting chemicals could be
decades away. To wait for conclusive scientiﬁq proof that the§e chemicals are
adversely affecting human and wildlife populgtlons before taking action could have
devastating consequences for future generations. Action at a global level is needed
now to deal with what has become a global problem.

From the discussion above, it is evident that current methods of regulating chemicals
based on risk assessment and hazard assessment are wh<_>lly unsuitable for
assessing risks and effects of endocrine disrupters. There is only one clear way
forward which can avoid all these problems and safeguard future generations - the
adoption of the precautionary principle and the implementation of zero discharge
strategies. This means prevention of pollution at source, and implementation of clean

production in industry and agriculture. ,

Adoption of the Precautionary Principle

The precautionary principle acknowledges that, if further environmental degradation
is to be minimised and reversed, precaution and prevention must be the over-riding
principles of policy. It requires that the burden of proof should not be laid upon the
protectors of the environment to demonstrate conclusive harm, but rather on the
prospective poliuter to demonstrate no likelihood of harm. The precautionary
principle is now gaining acceptance internationally as a foundation for strategies to
protect the environment and human health (Stairs and Johnston 1991).
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It is already known that over 50 man-made chemicals, most of which are still in use,
can interfere with steroid or thyroid hormones. This should be sufficient evidence to
justify the phase out these chemicals under the precautionary principle. For some
endocrine disrupters, including many persistent, bioaccumaltive chemicals, safer
alternatives are already available which could be used. For instance, phthalate
plasticisers are used in the production of PVC, and in manufacturing this plastic,
dioxins are produced as unwanted by-products. However, there are already
alternative materials which can be used for many applications of PVC (Greenpeace
1996).

Phasing out chemicals requires careful planning to take into account the many !
factors involved. For example, a proposed plan to phase out organochlorine 7
chemcials was made to the governments of Canada and the US by the International |
Joint Commission for the Great Lakes. In essence, it requires orderly timetables to

be set for the elimination of chemicals, together with implementing safer alternatives

and looking after the interests of workers. For example, it is necessary to:

“Consult with industry and other interests to develop timetables to sunset the use of
chiorine and chlorine containing compounds as industrial feedstocks, and examine
the means of reducing and eliminating other uses, recognising that socioeconomic
consid;)alrations must be taken into account in developing the strategies and
timetables”.

and, essential that:
“Governments, industry and labour be

social dislocation that ma
substances” (IJC 1994).

gin devising plans to cope with economic and
Y occur as a result of sunsetting persistent toxic

Adoption of Zero Discharge

The aim of “zero discharge” is to halt environ issi
. r mental emissions of all
substances into the environment. Although it is sometimes discussecrl1 :zat;:;ugs

simplistic or even impossible, it is a goal whereb re i i
places on the way to achieving it (Sprague 1991{ gulation can be seen as resting

Zero discharge necessitates the adoption of clean
industry and agriculture. It is essential that t
material use should be fully supported by fi
legislation.

production techniques both in
he change to clean production and
scal incentives ‘and enforceable

The principle of clean production has alread
Council of the UNEP and has received gro
international fora. For example, the Fourth Ministeria| Conf i

) e, erence on th
of the North Sea committed signatory states to the cessation of all disc:a':grg'tsecnon
emissions and losses of hazardous substances within 25 years (MINDEC 199'5)

This essentially represents the adoption of a zero discharge
1996b). The North Sea States agreed at the conference: g¢ strategy (Johnston

y been endorsed by the Governing
Wing recognition at a wide range of

“to pursue the development and use of clean technology for production processes”,
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le D
USES
CHEMICAL
ORGANOHALOGENS
Dioxins

Several Polychlorinated biphenyls (PCBs)

Perchioroethylene (PERC)

Halogenated phenols:
pentachlorophenol (PCP),

Polybrominated bisphenol-A,
4-Cl-3-methylphenol,

4-Cl-2-methylphenol
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ERS AND THEI

!LS'EQQMMENJ‘_Q

::Jgg;:g?a"y Produced by-products of
derived ch 'N Which chiorine and chlorine
disposed oefmlcals are produced, used and
as waste ',C°ml3ustion processes such
€ InCineration are a major source.

Now banned worl
old electrical equi
persiste
environ
continu

dwide, but still found in
Pment. Due to

nce they still ubiquitous in the
ment. Inputs into the environment
e from waste dump leakage.

The main solvent used j
Water-based alternatiy
are now availaple.

n dry-cleaning.
es to dry-cleaning

Used as a wood Preservative and in

textlleg. Now banned in some European
countries.

Widely used as a flame retardant in
plastics.

Used in cosmetic products.

Used as an additive in pesticides.

PESTICIDES

amitrole, benomyl, carbaryl, carbofuran,
several conazole fungicidgs (eg.
propiconazole), diazinon, linuron,
mancozeb, maneb, metiram, metribuzin,
oxydemeton-methyl, pgrathlon, _
phenylphenol, procymidone, certalr-\
synthetic pyrethroids (eg. pe_rmethnn,
phenothrin), thiram,_ tributyl tin (TBT),
vinclozolin, zineb, ziram

Organochlorine Pesticides:
alachlor, atrazine, chlordane, chlordecone

(kepone), DDT, DDE, DBCP, dicofol,
dieldrin, endosulfan, hexachlorobenzene,
beta-HCH, gamma-HCH (lindane),
methoxychlor, mirex, toxaphene,
transnonachlor

PLASTICS
Phthalate plasticisers: eg.

benzylbutylphthalate (BBP), di-n-
butylphthalate (DBP)
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Used in agriculture and aquaculture. Other
applications include, eg. the use of TBT in
anti-fouling paints on ships.

Used in PVC, polyvinyl acetate, poly-
urethane and some polystyrene plastics.
About 90% used in the manufacture of
PVC. to make numerous products eg.
ﬂoprlng, water pipes, cables, furniture,
phlldrgn's toys, pharmaceutical packaging
|ncluqlng blood bags. Phthalates are also
used in non-plastic applications eg. Paints,

Pesticides, inks, hairspray and insect
repellents.
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