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ENDOCRINE-DISRUPTING CHEMICALS:
A lurking threat to human health and wildlife

Over the past few decades scientific evidence is increasingly suggesting that many chemicals polluting the environment
can interfere with the endocrine system of humans and wildlife and cause detrimental health effects. The high incidence
and increasing trends of many endocrine-related disorders in humans and the observations of endocrine-related
effects in wildlife populations has sparked a tremendous amount of discussion and controversy and a blizzard of media
coverage. At the same time it has won a place in the public policy agenda, gathering a momentum for measures to
control and eliminate Endocrine-Disrupting Chemicals at European and International level.

THE ENDOCRINE SYSTEM:
An essential yet delicate regulator of all
biological processes in living organisms

All mammals, reptiles, birds, fish, and other types of living
organisms have endocrine systems. The endocrine system
is responsible for controlling and coordinating numerous
functions within living organisms, such as their metabolism,
immunity, behavior, growth and development. Simple one-
celled organisms don’t have a great need for a complex
endocrine system. However, as organisms evolved into
more complex ones, large intercellular communication
mechanisms became necessary for maintaining internal
stability within an organism (called homeostasis), in spite of
environmental change.

The endocrine system is a complex network of hormone-

producing glands which produce and release carefully »

: * THE TWO MAIN SYSTEMS CONTROLLING
measured doses of hormones into the blood or other AND COORDINATING THE PROCESSES
extracellular fluids. Hormones, when released by glands, AND FUNCTIONS OF COMPLEX
travel throughout the body acting as chemical messengers MULTI-CELLULAR LIVING ORGANISMS

and interface with cells that contain matching receptors ® The nervous system, which exerts rapid point-to-
»

inside their nucleus or on their surfaces. A hormone binds point control by means of electrical signals passing

with a receptor‘, much like a key would fit into a lock. Once down the nerves to particular organs or tissues.
a receptor and a hormone bind, the receptor carries out the @ The endocrine system, which is a slower system
’

hormone’s instructions by either altering the cell’s existing based on chemical messengers, the hormones,

proteins or turning on genes that will build a new protein. which are secreted into the blood or other extra-
Both of these actions create reactions throughout the body. cellular fluids and can reach all parts of the body.



® WHAT ARE Certain natural or synthetic chemicals, existing or produced outside an organism
ENDOCRINE - (exogenous), have the potential to alter its hormonal and homeostatic systems
that enable it to communicate with and respond to its environment. Although
DISRU PTIN(_'E terminology varies, usually the synthetic exogenous ones are called Endocrine -
CHEMICALS? Disrupting Chemicals or Endocrine - Disrupting Compounds (EDCs), and
the natural ones are called Endocrine Active Substances.

m THE EDCs DEFINITION DISPUTE:

JEOPARDIZING HEALTH OR TRIGGERING FALSE ALARMS

The growing concerns over the potential adverse effects of EDCs have triggered a scientific and
policy dispute over how exactly to define EDCs. It is not obvious to most people, but definitions
of substances, threats and issues are what underpin the legal instruments regulating them. The
challenge in defining and regulating EDCs is that depending on how broad or narrow, general
or specific the definition is, may lead either to unnecessary regulation of no consequence in
protecting human health and wildlife or increased exposure to real threats endorsed by law.
Furthermore, a scientific definition is not necessarily the same as the definition that is needed
for use in law.

There is no globally agreed definition, but the WHO International Programme on Chemical
Safety presented in 2002 is most widely referenced. According to this, an endocrine disruptor
is “an exogenous substance or mixture that alters function(s) of the endocrine system and
consequently causes adverse health effects in an intact organism, or its progeny, or (sub)
populations”. Although several EU Member States support this scientific definition, there is no
agreed regulatory definition at EU level to date - it is in the process of being elaborated.

Noteworthy of mentioning is that several pieces of EU legislation already refer to chemicals
with endocrine-disrupting properties, such as the pesticides and biocides regulations. However,
an appropriate regulatory definition is urgently needed to be adopted and applied across all
relevant existing EU laws and taken up by any other relevant legislation developed in the future.




m or partly mlmlc the actlon of. naturally occurring

HOW DO EDCs WORK?

There are many possible mechanisms by which EDCs may interact with the endocrine systerh and cause adverse
effects. Endocrine disruptors may turn on, shut off, or modify signals that hormones carry, which may affect the
normal functions of tissues and organs. ... o )

EDC:s can interfere with the synthesis, ‘Secretion, transport binding, act|on or ellmmaﬂon of natural hormones

in the body that are- respon5|ble for development behawor fertility, and malntenance of homeostasis (normal cell
metabollsm) e / ; b
More specifically EDCs can: % . et

(endogenous) hormones, such as oestrogen (the .
~ female sex‘hormone), testosterone (the male sex . :
: ‘~-~horm0ne) and thyroid hormones, by binding to

a cellular receptor, potentially settmg off similar
chemlcal reactions in the body (agomstlc effect)

the receptors with|n the cells by b|nd|ng to them
‘_ thereby preventmg the action of naturally. occurrlng
hormones (antagonlstlc effect)

m the synthesis, transport, metabol|Sm and

excretion of hormones, thus altermg the
concentrations of natural hormones ‘




® WHICH TYPES OF CHEMICALS
HAVE ENDOCRINE-DISRUPTING
PROPERTIES?

A wide variety of natural and synthetic chemicals have
been reported to interfere with the endocrine system
and ultimately disturb the normal function of tissues and

organs, particularly those of the reproductive tract.
Based on their origin, EDCs are classified in the following
categories:

@® NATURAL SUBSTANCES

i---.-@ Natural compounds

These include phytoestrogens,
substances contained in some plants
(e.g. sprouts, soya beans, etc.) which
display oestrogen-like activity and

by fungi and mould.

©® SYNTHETIC SUBSTANCES [T eanas

------ ® Synthetically produced
5 hormones

These include industrially produced
hormones designed to intentionally
interfere with and modulate the
endocrine system. They are most
often used as oral contraceptives,
in hormone-replacement

treatment and as animal feed additives.

mycoestrogens, substances produced

i-----@ Natural hormones

They include oestrogen

(responsible for female sexual development),
progesterone and testosterone
(responsible for male sexual development)
which are found naturally in the bodies

of humans and animals. .

----- @ Synthetic chemicals

These include a large number of chemicals
designed for uses in industry (e.g. industrial
cleaning agents, solvents, lubricants, etc.),
agriculture (e.g. pesticides) and in consumer
goods (e.g. plastic additives, health care
products, etc.). This group also includes
chemicals which are a by-product of industrial
processes such as dioxins, which are, depending
on the chemical, either known or suspected
of interfering with the endocrine systems

of humans and wildlife.

Most of the controversy around endocrine
disruption is linked with synthetic chemicals.
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COMPOUND

Polychlorinated
biphenyls (PCBs)

Polychlorinate

® Dibenzo- p-dloxms (PCDDs)

& Polychlormated
leenzofurqns (PCDFs)

Polybromfpated Diphenyl

@ Ethers (PBDEs)

& Polybromiinated
biphenyls (PBBs)

Perfluorinated
compounds (PFCs)

USES

PCBs are a large group of chemical compounds which were used widely as insulators and
coolants in transformers and other electrical eqmpment”i:‘or severat decades, they were also
routinely used in the manufacture of a wide varlety of common products such as plastics,
adhesives, paints and varnishes, carbonless copying paper, newsprint, ﬂuorescent light ballasts
and caulking compounds. The manufacttre of PCBs was internationally banned in 1979
because of their deleterious health effécts on humans and wildlife. They are included in the

“dirty dozen” of the Stockholm Conyention on Persistent Organic Pollutants (POPs').:

PCDDs-and PCDFs are unwanted halogenated aromatic by-products in a variety of |ndustr|al
and thermal processes and these contaminants are found in a variety of environmental
compartments, Includlng air, soil; sedlment and biota. The most important sources of PCDD/
Fs are incineration of mixed" waste at too low temperatures, metal smelting and refmmg, and
chlorine bleaching of, pulp They.are |nc|uded in the “dirty dozen” of the S;pckholm’Convention
on Persistent Organic. PQIIutants (POPs)

PBDEs and PBBs are classes of brominated h}/drocarbons also referred o és brbminated flame
retardant (BFR) chemlcals They are used in a wide variety. of products, lncludlng furniture; -
upholstery, electrical eqmpment electronic devices, textiles and other household- products
The use of pentabromodlphenyl ether (penta-BDE) and octabromodiphenyl ¢ ether (octa-
BDE) was banned in Europe in 2004 and in 2009 they were added to the list of POPs of the
Stockholm Convention. Decabromodiphenyl ether (Deca BDE) is on the EU list of Substances
of Very High Concern under the REACH law since 2012. ;

,__PECs-ar‘é't'jsed as surfactants, surface coating, in fire-fighting foams and in other applications

to decrease staining and sticking and increase resistance to water and oil. They are also
used as lubricants and paints. The PFCs of most concern are perfluorooctanesylfonic acid
(PFOS) and perfluorooctanoic acid (PFOA); both are widespread and highly persistent in

the environment and have a long biological half-life in humans. Perfluorooctanesulfonic acid......—"

(PFOS) and perfluorooctanesulfonyl fluoride are included in Annex B (which encourages
reduced production) of the Stockholm Convention for POPs. In addition, at EU level the use
of PFOS in finished and semi-finished products was practically banned in 2006, but industrial
uses continue. In 201 | PFOA was classified as Toxic to Reproduction and thus qualifies as a
Substance of Very High Concern under REACH.



COMPOUND

Chlorinated
..::@ hydrocarbons
“(Organochlorine
pesticides)

@® Phthalates

pe such as BPA

% @® Parabens

x.‘“xljeavy Metals

©
@

USES

Organochlorine pesticides are chlorinated hydrocarbons used extensively in the 1940s and
through to the 1960s in agriculture and mosquito control. Representative compounds in this
group include DDT, methoxychlor, dieldrin, lindane, etc. Most of them are banned in the
United States and the EU, although some are often still illegally used (e.g. in Eastern European
countries and developing countries).

Phthalates are used as plasticizers ina wide range of consumer products incIuding food
medical equipment. Some phthalates have already been offlaally cIassn“ed in Europe as toxm to
reproduction, are listed inr ‘the EU list of Substances of Very" High Concern under the REACH
law and are banned in certaln uses, notably childcare articles and toys

Bisphenol A (BPA):.‘fs extensively used in the production of epoxy ré.sin and polycarbonate
plastics for use in food cans and containers, food processing materials, baby feeding bottles,
toys, medical devices and dental composites, thermal paper (cash receipts) BPA has been

.‘."“-,‘banned from baby bottles in the EU since March 2012. In addition, BPA has been banned in

food contalners for chlldren under 3 years old in Denmark, France ‘Austria and Belgium.

Paraberis are mostly ug‘ed as preservatives and antimicrobial agé’nts and they can be found

in food; shampoo, cream, ‘deodorant, hairspray, and cosmeti‘(‘fs In March 201 | Denmark
introduced a ban against the'l use of propyl- and butylparabens in cosmetic products aimed at
chlldren under three years old. - e

Heavy metals were formed during the earth’s birth. They are released into the enwronment
eithier from natural sources, but also from their deliberaté use in industrial processes and

products (such as agricultural products and consumer prioducts). Heavy metals such as arse_nlc,
“ cadmium, mercury, lead, etc. have been reported to act:as endocrine disrupting chemicals. :

Certain metals such as lead, cadmium and mercury have'been banned from use in products
ranging from plastics, jewellery to cell phones, thermometers blood pressure instruments,
toys, and batteries. A global treaty to control mercury was'agreed in January 2013.



@® EDGCs |N OUR " The majority of EDC:s are ubiquitous in our environment as they may be
ENVI RQNMENT released into Water, the air or soils during the life cycle of a product and/or

WHERE CAN TH EY by manufactu'ring or other industrial processes.

5 ; The grotip of molecules identified as endocrine disruptors is highly
BE FOUND heterogeneous and includes synthetic chemicals used and/or commonly
produced in our daily lives.

Indicative sources of synthetic EDCs

Industrial chemical products

such as solvents, Iubrlcants etc.

® By-products of manufacturmg/mdustrlal processes

such as mcmeratlon paper productlon and fuel combustion (e.g. dioxins and furans etc. )

0 Pesticides, herb|C|des, funglades

® Plastics and plasticizers

which contain or are BPA, phthalates etc.

. Medicinal products

such as drug estrogens (e g blrth control pills), cimetidine, etc

. Personal care products

such as soaps and cosmetics, some of WhICh contam nonylphenol compounds and parabens etc

0 Household maintenance products

such as laundry detergents and cleaning products which contain alkylphenols and surfactants
(e.g. nonylphenol and octylphenol).

. Consumer goods

(e.g. polybromlnated diphenyl ethers and polybromlnated blphenyls)
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BISPHENOL A (BPA):
SHOULD WE BE WORRIED?

BPA is a chemical with one of the largest production volumes worIdWide. It is a building block.of
polycarbonate plastics often used in food and beverage contalners, and it is also used as an addltlve in
other plastics. BPA is also a component of epoxy- resms used for some dental materials, including dental
sealants and for the I|n|ng of food and beverage contalners as weII as numerous other products. '

BPA has been researched very thoroughly over the Iast few years and it has been shown that its effects are
multiple and complex. They may involve several endocrlne-related pathways, any number of which could
be activated at a glven time or during a specific susceptlble wlndow of exposure. The prenatal and neonatal
period represent the most vulnerable window of exposure and some of the effects that may occur include
altered time of puberty, altered estrous cycles, prostate changes, alteratlons in brain sexual dlmorphlsms
(differences in varlous brain regions between men and women |mpI|cated in gender and reproductlve
behaviors), altered socm-sexual behavior and many other., When it comes to adul-t'sﬂ,' mcreased levels of BPA
from early life exposure have been correlated with healtr,h effects such as diabetes, cardiovascular disease,

miscarriages, decreased‘~~semen quality and sperm DNA"'damage, etc.

Even though BPA is surrounded by a number of controver5|es regardlng the Ievels, routes and wmdows

NGOs and some government authorltles belleve there is currently sufficient evidence to raise enough
concerns which warrant prohibition on the basns of the precautionary principle. At EU level BPA’s use
in baby bottles was banned (March 20I2) whlle several EU countries have put a ban on BPA in food

containers for children under 3 years.




UNDERSTANDING MORE ABOUT EDCs

In contrast to our prior understanding of the mechanisms of toxicity of chemicals,
endocrine disruption is marked by some special characteristics:

" Mounting evidence indicates that even infinitesimally low levels of exposure to EDCs may
: cause endocrine disrupting effects to humans and wildlife, particularly if exposure occurs
during a period of time that is critical to the organism’s development (e.g. the human fetus

LOW

in prenatal phase). Surprisingly, several studies have shown that low doses may even exert
EFFECTS . greater effects than higher doses; and the low dose hypothesis is galnlng acceptance in the

scientific and policy community.

The timing/age of exposure of humans and wildlife to EDCs is as crucial when it

comes to their effects as the level of the exposure. In all living organisms there ______ TIMING/AGE

are “critical. WIndows of development” during which they are more vulnerable to OF EXPOSURE

endocrine. dlsr‘uptlon ________________________ [
LATENCY * The negative effects of expOsure of humans and wildlife to EDCs may not be apparent
DELAYED ‘ ----- -’ immediately after birth or in early life stages but’ may manifest themselves much later in
EFEECTS :  life - possibly a long time after brrth or even durlng adulthood or aging.

Some EDCEs have been shown to exert additive or even synergistic ; effects. That means that d COCKT AIL B

they have the potential to add up together and cause greater effects to living organisms than  #-----@ EFFECT

tests on |nd|\ndual chemicals reveal.

TRANS- " EDCs may- affect not only the exposed individual organism or person but also
....................... . their’ chlldren/progeny and subsequent generations.
EFFECT



All these special characteristics.of EDCs pose a tremendous
challenge to our regulatory systems for ensuring proper protectlon for
human health and the enwronment Chemical risk assessment processes
are based on the assumption that dose-response curves are llnear and use
this assumption to set “safety thresholds below the apparent ho effect
levels, thresholds at which no harm is assumed to be p055|ble Howevar
EDCs seem to have different dose -response relationships, whlch makes
it difficult to extrapolate reliable: thresholds from high dose testlng In
addition, existing chemical testmg regimes (e.g. short-term’ and long-term
toxicity tests) observe organisms for a smaII proportlon of their life cycle

latency periods.

Furthermore, chemical risk assessments focus on individual substances thus taking little or no account of the fact
living organisms are already exposed to multlple"other chemlcals which will “mix” in thelr bodies with the chemical
being permitted at a supposedly safe level. N

The above mentioned difficulties cIearIy illustrate the I|m|tat|ons and flaws of the existing chemical assessment and
monitoring schem_e_s These characterlstlcs and difficulties must be adequately tackled by the development of a new

generation of robust, sensitive and validated chemical screening and monitoring tools in order to ensure that ECDs
don’t sI|p through the regufatory net J

® DO EDCs A growing number of field and laboratory studies shows that a broad range of wildlife is
AFFECT susceptible to EDCs, such as mammals, birds, reptiles, amphibians, fish and invertebrates.
WILDLIFE? There have been observations of a wide array of EDCs induced effects on wildlife
. and these vary from subtle changes in the physiology and sexual behavior of species

to permanently altered sexual differentiation, inhibition of growth and development,
increased larval mortality and many others.




Indicative list of EDCs impacts on species

Mammals

Fish

Invertebrates

® Reproductive abnormalities and failure.

© Adverse impacts on immune function of certain species (e.g. seals).

Example: chronic exposure of polar bears to various organohalogen compounds such as PCBs and
DDT have been associated with reduced size of their genitalia.

® Malformations of the reproductive tract, alterations in hormonally induced physiological processes
and decreased reproductive performance.

© Changes in reproductive behaviours such as increased incidences of homosexual pairings.
Example: eggshell thinning of various bird species such as gulls has been attributed to a range of
EDCs (e.g. PCBs, BFRs and mercury). Eggshell thinning significantly reduces the survival of the
embryos and hatchability, potentially resulting in major population declines.

® Reproductive and steroidogenic abnormalities in certain species (e.g. alligators).

® Genital sexual dimorphism (e.g. in turtles).

® Feminisation of sex ratios.

Example: alligators exposed to organochlorine pesticides exhibited low reproductive success due to
alterations in gonadal anatomy and secondary sex characteristics.

¢ Intersex and gonadal dysgenesis in males.

® Growth inhibition.

¢ Delayed or inhibited metamorphosis of certain species (e.g. frogs).

¢ Impaired mating behaviour.

® Adverse effects in larval amphibian growth and development.

Example: developmental exposure of frogs to atrazine demonstrated reduced ability of male adults to
compete for females, reduced spermatogenesis and decreased fertility.

¢ Induction of intersex and impairment of reproductive functions in males.

® Demasculinisation of primary and secondary reproductive characteristics of certain species.

® Abnormal modulation or disruption of development and reproduction.

¢ Interferences with the fish immune system.

Example: exposure of fish to the synthetic estrogen ethinylestradiol decreases the number of eggs and
the number of fertilized eggs.

¢ [nduction of imposex in female species (e.g. snails).

¢ Induction of intersex and oocyte atresia (e.g. in mollusks).

¢ Increased larval mortality, inhibition of metamorphosis and reduced reproductive capacity

(e.g. crustaceans).

 Adverse effects on adult fertility and larval morphology (e.g. mollusks, arthropods, etc.).

Example: sex alteration (feminisation or masculinisation) was observed in mussels living in areas polluted
with polycyclic aromatic hydrocarbons (PAHSs), polychlorinated biphenyls (PCBs) and metals.



Results from animal models, human clinical observations and epidemiological studies provide
DO EDCs P g P
AFFECT converging evidence that implicates EDCs in various human diseases and health disorders.
Even though serious gaps in scientific knowledge remain, and the challenge of identifying

HUMAN direct causal associations between low-level exposures to EDCs and adverse health

HEALTH? outcomes is staggering, there is a variety of epidemiological evidence and toxicology studies
which suggest that EDCs may be contributing to a number of diseases and disorders
in humans, some of which are listed below.

LIS Indicative list of human health effects potentially caused by EDCs  ----occoeeeee :

e impaired fertility e fecundity or infertility Men o impaired fertility from reduced sperm

e early puberty e uterine fibroids e endometriosis reproductive tissues e diabetes e obesity

e abnormal number of chromosomes e adverse _ count and poor semen quality e reduced
pregnancy outcomes such as miscarriages ; ' testosterone levels e testicular cancer

e intrauterine growth restriction e preterm [ ’V e malformed reproductive organs
delivery e low birth weight e ectopic pregnancies (hypospadias, chryptochordisms,

e menstrual irregularities e disturbed lactation e J micropenis) e prostate cancer and other
polycystic ovarian syndrome e polyovular follicles \'\_ recognized abnormalities of the male

e breast cancer e diabetes o obesity ¢ metabolic : e metabolic syndrome e thyroid disorders
syndrome e thyroid disorders e thyroid cancer e thyroid cancer e neurological disorders
e neurological disorders (developmental: such as (developmental: such as attention deficit
: attention deficit disorder; and degenerative such disorder; and degenerative such as
Teranas @®  as Parkinson’s Disease) CELELED @®  Parkinson’s Disease)

THE WAY

The evidence generated by resear " idies clearly illustrates that
EDCs and thei‘hcteristics pose a real threa of humans and living
organisms. Urgént action should be undertaken at poli vel to ensure that exposure
to EDC:s is reduced or even eliminated. Hand in hand with policy developments, ongoing
research should focus on identifying actual and potential EDCs and assessing the risks

involved, developing appropriate testing systems and regulatory testing requirements, as

well as promoting the development of safer, greener chemicals and processes to replace

EDCs as soon as possible.
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