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Foreword

Hormones regulate everything from mood to gender. They
are crucial to metabolism, the nervous system and repro-
duction. Although the detailed significance of hormones is
not fully understood, research shows that there are fine
balances between different substances so that a body’s fun-
ction will be triggered or suppressed. This vitally important
chemistry is now threatened by chemicals.

Chemicals that disrupt hormones, known as endocrine
disruptors, can strengthen, weaken or short-circuit the sig-
nals of the body’s own substances. We have known for some
time that individual substances - including DDT, PCBs,
DEHP and tributyltin - can affect hormones leading to se-
vere effects, but the properties of most substances are unk-
nown. Studies show that environmental toxicants are spread
for example from foods, clothes, toys, cosmetics, hygiene
products and electronics, as well as from factory emissions.
No one knows how the resultant cocktail of thousands of
substances we live in affects us. Many substances have been
found to be or suspected to be endocrine disruptors, but
there is great uncertainty over long-term effects and possible
combination effects.

Despite the gaps in our knowledge, the warnings issued
by researchers have become shriller. In recent years, science
hasidentified links between endocrine disruptors and obe-
sity, diabetes and ADHD. There is particularly strong sup-
port for the notion that endocrine disruptors may harm the
ability to reproduce. Shifts in development of puberty, de-
terioration in sperm production and deformities of genital
organs are some of the effects — and unfortunately they are
becoming more common.

The ability of humans to reproduce is seriously threate-
ned. The fertility of men in particular is in danger. After
working for decades on campaigns to save the peregrine
falcon, white-tailed eagle and other species from environ-
mental pollutants, the Swedish Society for Nature
Conservation is therefore launching a new campaign - Save
the Men!

Obviously not all chemicals are dangerous, but even sub-
stances that are merely suspected of being endocrine dis-
ruptors must be eliminated. It is better not to give the bene-
fit of the doubt to chemicals that may harm human
reproduction. This necessitates a new policy on— chemicals.
To save male fertility, it is primarily necessary to protect
foetuses, infants and children. This obvious also requires
women to be protected.

The policy must be based on protecting foetuses and
children, as they are most exposed and sensitive. Risk as-
sessments must be made from a children’s perspective.
Substances that are found or suspected to be endocrine dis-
ruptors should, on principle, be banned or replaced in ac-
cordance with the precautionary principle. The asymmetry
that prevails today - the fact that chemicals may be intro-
duced without adequate risk assessment, but that a tough
and costly risk assessment is required to regulate the same
chemical - should be reversed. Experience of regulations
shows that the chemical industry copes with such innova-
tive challenges. Great progress is possible.

We consider that, on this basis, Sweden must pursue an
ambitious policy in the EU and internationally. An im-
portant way of doing so is to set a precedent nationally. That
would increase the pressure on other countries and bring
about swifter protection in Sweden. Endocrine disruptors
in notorious groups of chemicals such as brominated flame
retardants, phthalates and organofluorine chemicals need
to be regulated quickly.

Itis difficult to imagine anything worse for humanity in
the longer term than for these fertility problems to continue
to worsen. If men are not saved, nothing else will matter in
thelong run. This must not happen — and it need not happen.

M\

Mikael Karlsson
President of the Swedish Society for Nature Conservation
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1. Humanity in a chemical cocktall

Many substances occur naturally in the environment, but
in the past hundred years the manufacturing of syntheti-
cally produced chemicals has increased many times over.
One million tonnes of chemicals were manufactured th-
roughout the world in 1930. The European Commission
reported in 2001 that the volume had risen to 400 million
tonnes.! The number of chemicals in the world has also
risen, partly because they can be customised with ever gre-
ater precision to meet ever more purposes. Many people’s
image of a chemical is a liquid in a test tube, an image that
perhaps stems from chemistry lessons at school. In society
there are chemicals in the form of fuels (such as petrol),
various household products (such as dishwater detergents,
laundry detergents or lighter fluids), cosmetics, medicines,
pesticides or food additives. These are products that most
people can picture being manufactured in chemical facto-
ries. On the other hand, it is less clear that the vast majority
of the things we surround ourselves with have also been
manufactured using various chemicals. An average of
around three kilograms of chemicals is required, for ex-
ample, to manufacture a one kilogram T-shirt.? Spinning
oils, bleaches and dyes are just some of the chemicals needed
to give a T-shirt its appearance. A computer contains large
quantities of various materials that may have been treated
with flame retardants, and the properties of various chemi-
cal compounds are utilised in the electronic components.
Building materials are another example of articles that often
contain various chemicals aimed at endowing them with
desirable characteristics. Building materials have alonglife,
and it is therefore important not to use chemicals that may
cause problems in the future, as the environmental toxicants
PCBs have done in buildings.

Chemical emissions to the environment occur in the
extraction of minerals, careless handling of chemicals in
the manufacturing of products, use of the product, waste
management or the use of pesticides. The effects may be
acute, such as poisoning, or long-term, such as emissions of

persistent and bioaccumulative environmental toxicants.

Some groups that have been highlighted are brominated
flame retardants, phthalates, antibacterial agents, medicines
and perfluorinated substances. Several of the flame retar-
dants in current use have a chemical structure similar to
that of the classic environmental toxicants PCBs and DDT;
several have proved to be persistent and bioaccumulative,
and they often produce adverse effects in living organisms.*

Because of the large number of sources, there is a mix-
ture of chemicals in the environment with an unknown
composition. As the number of chemicals used is verylarge,
the number in the environment is also very high. More than
145,000 different substances are registered in Europe alone.
There is therefore an almost infinite number of conceivable
mixtures, and we are consequently living in a cocktail of
different chemicals. The impact of substances on health and
the environment is at best studied for the individual sub-
stance, but very rarely for mixtures. A mixture is almost
always more harmful than the concentration of the most
harmful individual substance in the mixture. This is not
currently included in the assessments made of the hazar-
dousness of chemicals. We are consequently all guinea-pigs
in a huge, uncontrolled chemical experiment. With this in
mind, is it not particularly surprising that the Swedish
Parliament’s environmental quality objective of A Non-
Toxic Environment is deemed by the authorities to be im-
possible to achieve by 2020.

Chemical problems in the South too

Chemical problems today are global and on the increase.
The manufacturing of articles has in many cases moved
from countries in the North, such as Sweden, to developing
countries in the South where manufacturing costs are lower.
A classic example is textile production, which has been
transferred from Sweden to Eastern and Southern Europe,
and is now principally located in Asia. As a result of the
transfer, the legislation of other countries is applicable to
production. Many countries in the South have low require-
ments for health and the environment. Although thisis only
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the reason for transferring production in exceptional cases,
the consequence may be that the environmental effects in-
crease and are made invisible to consumers in the North. In
recent decades a large proportion of chemical production
has also been transferred from OECD countries to non-
OECD countries*. This has led to the consumption of che-
micals having also increased in many countries in the South,
and it quite often turns out that a particular product may
have worse contents from the point of view of health and the
environment in the South than in the North, despite being
marketed under the same product name.

Well-known environmental toxicants that are often ca-
tegorised as CMR (carcinogenic, mutagenic and/or toxic to
reproduction) and PBT (persistent, bioaccumulative and/
or toxic) are still used in many countries in the South. This
means that, among other things, they may be difficult to
break down and are stored in tissues, and they may disrupt
development and reproduction in humans and animals and
cause cancer. The consequence of this may be that people
are harmed or die after being exposed through careless
handling of chemicals.

Certain medicines, for example, have proved very harm-
ful to nature, and the problems are exacerbated when ma-
nufacturing is transferred to countries with low environ-
mental requirements. In Pakistan, for example, the Bengal
vulture was almost completely wiped out (95% of the popu-
lation disappeared) after cattle had been fed the painkiller
diclofenac, which is sold in Sweden under the name
Voltaren. When the cattle died, the vultures ate their carcas-
ses, and were severely harmed as their kidneys could not
handle the drug residues®. It has also been found that phar-
maceutical factories can release huge quantities of active
substances directly into the environment. When the anti-
biotic ciprofloxacin is manufactured in India, the concen-
tration in the effluent around the factory has proved to be
higher than the level in the blood of people who take the
medicine®. Use of drugs also leads to emissions with, in

some cases, unknown effects in the environment in which
they are used.

In the South, more than a fifth of all work-related deaths
and injuries are directly caused by incorrect handling of
chemicals at work. As many as 439,000 deaths and 35 mil-
lion injuries are caused by chemicals every year’. Inadequate
working conditions lead to direct exposure of humans to
chemicals, and careless management of chemicals leads to
emissions of chemicals that are dispersed in the environ-
ment. In the manufacturing of textiles, toys, electronics,
leather, detergents and cleaning products, plastic and pet-
roleum products and other everyday products — which are
often sent to consumers in the North - people are often
exposed to harmful quantities of chemicals at their work-
place. There are rarely directions on how the chemicals
should be handled, and when there are they are often diffi-
cult to understand, particularly if many people are illite-
rate. In addition, protective equipment that may be too ex-
pensive and difficult to use in a hot climate is often required.

In broad terms, politicians, authorities, industry and the
general public in poor countries find it difficult to check the
use of chemicals, and other social problems are often prio-
ritised ahead of issues related to chemicals. Chemicals le-
gislation, or application of it and compliance with it, is often
weak. Poor people are often badly affected by environmen-
tal toxicants, particularly if their state of health is already
weakened due to malnutrition or diseases such as malaria
and HIV/AIDS, which increase susceptibility to chemicals.

Poor people additionally live in areas where environme-
ntally hazardous industrial activity, incinerators or landfill
sites are located. At the same time, they are particularly
dependent on local ecosystem services for their livelihood,
which are adversely affected by pollutants. Polluted effluents
from factories result in water that people use every day also
becoming toxic and unusable, while fish and other animals
in the water are harmed by the chemicals. The poorest pe-
ople, who often grow their own food, or catch fish in nearby
rivers, may consequently suffer.
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Children are particularly prone to chemical exposure.
Examples of sources of exposure are umbilical blood, breast
milk and other food, contaminated air, toys and clothes. The
estimated 250 million children (aged between 5 and 14) in
the South who work may also be exposed to chemicals in
their working environment®. Many children living in poor
countries are malnourished, are in poor general condition
and are therefore particularly sensitive to environmental
toxicants.

A closer look: DDT is still in use against malaria

DDT continues to be used to control malaria in many poor
countries, mainly because of its low cost in use®. Around 270 mil-
lion people are infected with malaria annually, and around 2 mil-
lion die from this disease. African countries south of the Sahara
are worst affected, with 90% of all malaria cases'. The reason
why DDT continues to be used to control malaria is that other
methods of control, such as impregnated nets and biological
control, are still very expensive or require greater knowledge.
Several environmental toxicants spread over long distances, as
has been seen for example in South Africa, Uganda and Kenya,
where high levels of DDT have been found in breast milk, inclu-
ding in areas where DDT is not used for malaria control™2.

Chemicals are spread globally

No one knows what quantities of chemicals are released
around the world, but measurements show that they can be
carried with water and wind across national boundaries.
An enormous number of tonnes of chemicals that can dis-
rupt development and reproduction or cause severe illnesses
in humans are involved. Toxic substances that are persistent
and are released tens of thousands of kilometres away in the
South evaporate in the hot climate. They are then carried by
winds until they condense in cold conditions and fall to the

ground before possibly evaporating again and moving
further across the globe. This phenomenon is known as the
grasshopper effect, and the movements in the atmosphere
can take place in both long and short hops, and take diffe-
ring lengths of time for different substances, depending on
their inherent properties. Volatile substances evaporate
more readily than less volatile substances.

High levels of PCBs have been found in polar bears on
Svalbard. PCBs affect the levels of the male sex hormone
testosterone in the male polar bears, which can seriously
impair their ability to reproduce® and even lead to hermaph-
roditic males. In recent years newer groups of chemicals
such as perfluorinated substances and brominated flame
retardants have also been found in polar bears'. The endo-
crine systems of polar bears do not differ greatly from those
ofhumans, and many of the chemicals transported around
the world end up in countries around the poles, such as
Sweden.

Mercury is another example of a hazardous chemical
transported over long distances. One of the largest sources
today is coal-fired power stations, and a significant propor-
tion of the mercury released in the South is transported
through the air to countries in the North. In oxygen-poor
aquatic environments mercury is converted to methylmer-
cury, which is readily taken up by fish. Much of the mer-
curyin fish thus originates far from the place where the fish
has been caught. In Sweden, for example, women who are
expecting babies are recommended only to eat certain types
of fish a maximum of two to three times a year, because of
the high levels of mercury they contain®. Substances such
as DDT, PCBs and the pesticide hexachlorocyclohexane,
sold under the name Lindane, are demonstrably transported
from the South to the North as they are still used in other
countries, even though they are banned in Sweden'®.
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2 Assessments of the properties of chemicals

In order to estimate various properties and effects of che-
micals, they are tested in many ways. It is assumed for many
properties that the effect is proportional to the concentra-
tion or dose to which the test organism is exposed. This
means that substances are regarded as safe at low concen-
trations. It is important to emphasise that this correlation
does not apply to all properties and that it is unclear when
it does and does not apply. In the case of endocrine disrup-
tors, stronger effects can arise at low concentrations than at
high ones, and for some carcinogenic substances it is not
possible to state any safe level. Another example is asbestos,
where exposure even to individual fibres can be dangerous.

Studies done on large groups of people who have been
affected by a disease or other effect are known as epidemio-
logical. These studies search for the explanation for what
affects humans, for example exposure to various chemicals.
An example of an epidemiological study is looking at how
workers who have been affected by cancer have been expo-
sed to a particular substance and comparing this with a
control group that has not been exposed to the same sub-
stance. It is very difficult to show clear causal relationships
in epidemiological studies as concentrations in the environ-
ment are often low and many factors are generally involved.
On the other hand, it is possible to find factors that co-vary
with the studied effect.

Tests on animals are often performed instead of epide-
miological studies in order to induce effects rapidly. The
concentrations in these tests are often far higher than those
that normally occur in the environment. The difficulty then
lies in drawing conclusions from animal studies where va-
rious chemicals have been tested for a short time and at a
high concentration, with regard to effects to humans, who
are exposed to substances at alow concentration over a long
period, and often to many substances simultaneously.

It has been common for a long time to study how one
substance at a time affects different organisms. This has also
led to data of that type forming the basis for legislation and
risk assessments of different chemicals. Various limit values

for chemicals that occur for example in the working envi-
ronment, as additives in foods or phthalates in toys are often
set on the basis of a concentration having been identified at
which harm has occurred and then adding a safety factor,
for example 100, which is assumed to be sufficient to protect
humans. Risk assessments then take this assumed safe level
as a basis and compare it with the exposure from various
sources of the substance in question, without looking at how
it possibly interacts with other substances.

Knowledge of how chemicals affect the environment is
generally even more inadequate than with regard to health
effects. This is due to environmental effects being noted at a
later time than effects on health. The data that exists often
applies to the acute toxicity of individual substances, that is
to say how high a level is needed to quickly kill or seriously
harm a species. In reality the equivalent may be a large
discharge of a toxic chemical that kills fish more or less im-
mediately, but the common situation is that many chemicals
occur at relatively lower levels. If individual chemicals have
been inadequately studied, this applies to an even greater
degree to how chemicals in a mixture affect the environment.

A closer look: Different measures of acute toxicity

A common toxicity test that has been used for a very long time is toxi-
city to rats (i.e. establishment of the dose that is lethal to 50% of the
test animals).. The measure of this is known as LD50. LD stands for le-
thal dose, and 50 means 50%. Other types of toxicity tests are also
used, for example chronic toxicity and damage to genetic material and
reproduction are studied. Environmental effects may be measured on
fish, crustaceans or algae. These species are studied to see what effect
chemicals have in the aquatic environment. It is then tested at what
concentration in the water half the population (LC50) die, for example,
or fewer, for example LC10, where 10% of the population die. In the
case of crustaceans what is known as effect concentration is looked at
instead. EC50 is the concentration at which, for example, 50% of the
population no longer move. In the case of algae the way in which algal
growth is inhibited is looked at instead. This is known as immobilisa-
tion, and the effect is termed IC (inhibitory concentration). In some
tests the highest level that does not cause any harm or measurable
effect isalso determined (No Observed Adverse Effect Level, NOAEL)
or No Observed Effect Concentration, NOEC). However, these tests do
not show endocrine disruptor effects, which often occur at even lower
concentrations than NOEC.



SAVE THE MEN

Different ways of estimating effects of mixtures
Cocktail effect or combination effect means that all the
substances in a mixture contribute to the properties of the
mixture, such as its toxicity. This may be obvious, but de-
spite it only the toxicity of the individual substances contai-
ned in the mixture is generally assessed, not the aggregate
effect. Using present-day methodology it is completely im-
possible to carry this out for all conceivable mixtures as
animal tests take a long time. The reason why so few tests
have been done is that it is difficult to know how different
substances interact, and with regard to substances in the
environment it is also difficult to establish all the different
substances that are present. It is also more difficult to find
correlations between different effects and levels in the envi-
ronment if many different parameters, such as the concen-
trations of different substances, have to be studied.

There are several ways of estimating the toxicity of mix-
tures. The two most common are the concentration addition
method and a concept based on independent action. These
are purely theoretical methods based on knowing the pro-
perties of the individual substances contained in the mix-
ture and calculating an expected aggregate effect. In the
concentration addition method, the toxicity of the substan-
ces contained is added together in proportion to their con-
centration in the mixture. This is based on an assumption
that the toxic action of the substances works in the same
way. When calculation is based on independent action, it is
assumed instead that the substances may have different ways
of attaining the same toxic action and the effects are then
multiplied instead of being added together. To evaluate the
methods, the results are compared with measured values,
and the concentration addition method has proved most
usable, although it may lead to a more cautious assessment
than calculations based on independent action. However,
the difference is no greater than 1.5-3 times for studied
chemicals.”

These two methods are intended to theoretically weigh

together the known properties of the individual substances.
In reality the chemicals may, in certain cases, further
strengthen but also weaken each other’s effects compared
with what might be expected on the basis of the calculation
models. In a mixture where several chemicals occur and the
effect is greater than can be calculated using the methods
described above, there are said to be synergistic effects. In
cases where the chemicals in the mixture reduce each other’s
effects, there is said to be an antagonistic effect.

Environmental effects of mixtures

There are various types of mixtures. A detergent consists of
around 10-30 different chemicals that have been mixed
together. The mixture has a known composition, which has
been developed to give the detergent its function. When the
detergent reaches the sewer it is mixed again with other
substances from different sources to form a new mixture,
now with an unknown composition. That is the way it is with
all the different chemicals that are used and then reach the
environment. For a known mixture, such as the detergent,
itis possible to test its properties, e.g. toxicity to fish, and it
is also possible to make a theoretical calculation of the ef-
fects if the properties of the individual substances are
known. With regard to the mixture present in wastewater,
it is possible to test the effects of the water on fish, but it is
impossible to estimate the toxicity of the mixture theoreti-
cally today as the composition is unknown. To enable the
contents to be determined by chemical analysis, it is also
necessary to know what one is looking for in order to be able
to find it.

Large numbers of studies show that many different che-
micals that have been manufactured by humans are present
in the environment. Even when they have been used as pure
substances in a technical process, they are mixed with other
substances when they enter the surrounding environment.
Just a few examples of studies that have looked at how dif-
ferent animals or plants are affected by a known mixture of
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chemicals and how well the combination effects can be de-
scribed are addressed here.

One of the most studied groups of chemicals is that of
pesticides, such as plant protection products and biocides.
They have been developed to be toxic as they are intended
to control microorganisms, animals or plants and are inten-
tionally spread in the environment. Their impact on health
and the environment has been the focus of attention over a
very long period of time. Test requirements have also been
more extensive in Sweden, for example, than for other che-
micals.

The concentration addition method works well as a way
of estimating the ecotoxicological properties of the mix-
ture for pesticides that have the same mechanism of action.
There are, however, mixtures that deviate. If organop-
hosphates and carbamates are mixed with other organop-
hosphates or pyrethroids, the toxicity is higher than when
itis calculated by the concentration addition method. This
effect is synergistic, meaning that the substances contained
in the mixture reinforce each other’s toxicity.

Mixtures of the insecticide a-cyper-methrin and various
fungicides exhibit a synergistic action in most cases. A mix-
ture of a-cypermethrin and prochloraz was 12 times more
toxic than the concentration addition method could predict.
The toxicity of triazoles mixed with a-cypermethrin was
6-7 times higher than calculated, while fenpropimorph
mixed with a-cypermethrin showed an antagonistic action,
in other words lower toxicity than indicated by the concen-
tration addition method."

Antifouling paints contain biocides that, just like plant
protection products, are intended to be toxic, in this case to
prevent the growth of organisms on boat and ship hulls.
Synergistic effects have been discovered for mixtures that
have been studied, just as they have for certain plant protec-
tion products, in comparison with theoretical calculations.
Only 5% of the individual EC50 for algae was needed to
achieve 50% effect for a mixture of Irgarol (which contains

copper) and diuron. This means that the mixture is ten times
more toxic than could be predicted by the concentration
addition method. Mixtures of diuron and zinc pyrithione
and of Irgarol and zinc pyrithione also showed synergistic
effects. One explanation as to why the mixture of copper
and zinc pyrithione shows synergistic effects compared with
the concentration addition method may be the rapid con-
version that takes place to the more toxic form copper py-
rithione." There were also mixtures that showed small signs
of the opposite, that is to say lower toxicity than calculated®.

In the testing of a mixture consisting of three different
biocides, zinc pyrithione, diuron and Irgarol, toxicity to the
embryo was found to be substantially lower than indicated
by the concentration addition method. It appears difficult
to estimate the effects of an antifouling paint using the con-
centration addition method.

How the uptake of copper by crustaceans is affected by
the simultaneous presence of carbon nanotubes has also
been tested. One nanometre is a millionth of a millimetre,
or a billionth of a metre. Carbon nanotubes are only a few
nanometres thick, but can vary in length from nanometres
to decimetres. Carbon nanotubes are suspected of being
capable of having effects similar to asbestos on the lungs.
The effects of this mixture too could be predicted by the
concentration addition method?. This study also suggests
that the uptake of nanomaterials may increase the bioavai-
lability of copper, as a result of copper becoming attached
to the nanotubes that can then pass through membranes.

Mixtures of medicines may also show greater toxicity
than expected. A mixture of fluoxetine, ibuprofen and ci-
proxfloxacin had a lethal effect on fish*%. For crustaceans
and algae, the concentration addition method has worked
well in predicting the toxicity of a mixture of diclofenac,
ibuprofen, naproxen and acetylsalicylic acid, all medicines
used to treat inflammation)?. The same applies to the
B-blockers propranolol, atenolol and metoproplol*.
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3. Cocktail effects — a threat to health

Foetuses (embryos) and children are particularly sensitive
to chemicals, as their bodies have not yet fully developed.
This applies in particular to the development of the brain,
nervous system, immune system and genital organs® %%,
The following sections address known combination effects
on the brain, nervous system, immune system and general

development in foetuses, in both humans and other species.

Disruption of development of the nervous system
Three types of chemicals that are each separately known to
disrupt the functions of the brain and nervous system are
methylmercury?®, polychlorinated biphenyls (PCBs)** and
polybrominated diphenyl ethers (PBDEs)*. Both PCBs and
PBDE: exist in many different variants depending on how
many chlorine or bromine atoms the basic molecule con-
tains. The different variants are known as congeners. They
are common environmental pollutants that often enter our
bodies through the consumption of fish and shellfish*-*. It
is characteristic of these chemicals that they are readily
taken up by the body as they are fat-soluble and at the same
remain in the environment for a long time. Chemicals with
such properties are described as bioaccumulative and per-
sistent. Our bodies contain a large amount of fats, not just
pure fatty tissue under the skin and around organs but also
in membranes that surround cells, such as in the nervous
system and the brain. Methylmercury, PCBs and PBDEs
accumulate in those parts of the body in which there is fat
and can exert their toxic action there. You can read more
about these chemicals in Chapter 7.

Between 90 and 100 per cent of the methylmercury that
enters our bodies through food is taken up through the
gastro-intestinal system and transported to different parts
of the body with the blood*. Methylmercury can freely cross
the blood-brain barrier* - the selective barrier that regula-
tes the exchange of chemical substances and compounds
between the blood and the brain - and the placenta from
mother to foetus®. Children may thus be born with methyl-

mercury in their bodies. The nerve-disrupting properties
of methylmercury may lead to hearing and visual impair-
ments and impaired memory, as well as a deterioration of
muscle-coordinating capability®.

PCBs are taken up by the body from food through the
gastrointestinal system® . They can also cross the placenta
between the mother and foetus®, and children may there-
fore be born with PCBs in their bodies. PCBs disrupt the
blood-brain barrier by inhibiting the production of certain
structural proteins in this barrier. When the composition
of the proteins in the blood-brain barrier changes, patency
to various substances increases, which canlead to tumours*®
41 There is then a risk of exposure to PCBs leading to unex-
pected combination effects with many different chemicals
that normally cannot cross the blood-brain barrier. PCBs
also disrupt the development of the part of the brain known
as the cortex'>*?, where auditory information is processed.
Several epidemiological studies suggest that exposure to
PCBs at the foetal stage, or later in life, my harm reflexes,
adversely affect muscle motor response, and lead to reduced
capacity in the senses and a deterioration in IQ** 4546474549,
>0, Levels of PBDEs in the environment are increasing in
many places, and in humans they are now starting to ap-
proach the levels of PCBs>" 2. PBDEs are taken up in the
body from food™, but may also cross the placenta from mot-
her to foetus®*. Many different animal experiments have
shown that the development of the brain and the nervous
system is disrupted by PBDEs>, and an epidemiological
study suggests that PBDEs may cause a deterioration in
muscle motor response, reduced verbal capacity and lower
IQ in children®. The scientific basis for these substances
each separately being harmful to the development of the
brain and nervous system is extensive, but what do we know
about any combination effects, i.e. about the cocktail effect?

Among several others, a research team from Uppsala
University has shown that methylmercury, PCBs and PBDEs
have combination effects on the brain and nervous system
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that reinforce each other and are therefore examples of sy-
nergistic effects, that is to say combination effects that are
greater than additive effects:

o Inonestudy they found that mice exposed to a combi-
nation of methylmercury and PCB-153 (commonly oc-
curring in the environment) at individual concentra-
tions that in themselves were harmless showed
neurological effects of the same order of magnitude as
mice exposed to a ten times higher dose of methylmer-
cury only*”.

o Inanother study, they found that the combination of
PCB-52 and PBDE-99 (commonly occurring in the
environment) in individual concentrations that in
themselves were harmless gave rise to greater neurolo-
gical effects in mice than PCB-52 alone at a five times
higher concentration than in the combination treat-
ment>®.

+ Inafurther study it was found that PBDE-99 in combi-
nation with methylmercury caused structural changes
in nerve cells at concentrations at which these chemical
compounds each separately do not produce any effects®.

Disruption of development of the immune system

A functioning immune system is crucial in enabling the
body to withstand attacks by bacteria, viruses and parasites
and clearing away genetically defective cells that in the long-
er term can lead to cancer. There are critical periods in the
development of the immune system, both at the foetal stage
and later in life, when exposure to chemicals that disrupt
this development can led to serious deficiencies in the im-
mune system. It is suspected that childhood leukaemia can
arise in this way. Childhood leukaemia is on the rise in many
parts of the world®®®, as are asthma and allergies, which are
also due to imbalances in the immune sysem’”". A cocktail

Fordjupning: Metylkvicksilver kan ge sdmre inldrning
Epidemiska akuta metylkvicksilverférgiftningar ar kanda fran
Japan och Irak under 1950- till 1970-talen, med dramatiska effek-
ter hos bade vuxna och barn. Dodsfall och neurologiska missbild-
ningar forekom. Det finns ndgra storre befolkningsstudier, sa kall-
lade epidemiologiska studier, ddr man har férsokt utvardera
effekter av kronisk exponering for [aga halter metylkvicksilver -
en normal exponeringssituation for majoriteten av oss. | en val-
kénd studie fran Fardarna fann man samband mellan metylkvick-
silverinnehall i médrarnas har och navelstrangsblod och hur
barnen vid sju ars alder presterade i 11 olika neurologiska tester.
Studien antyder att kronisk exponering for laga halter av metyl-
kvicksilver kan ge sma men matbara utvecklingsstérningar i nerv-
systemet. Andra studier har gett liknande resultat, men det finns
aven enstaka studier med motsdgande resultat. | en studie av barn
fran Seychellerna, till exempel, kunde man inte visa ndgot sam-
band mellan metylkvicksilver och hur barnen presterade i sex neu-
rologiska tester®" 62636485 En komplicerande faktor i tolkningen av
resultaten fran den fardiska studien var att den studerade popula-
tionen ocksa exponerades for héga halter av PCBE. En samverkan
mellan PCB och metylkvicksilver har foreslagits forklara resulta-
ten i Farostudien ¢’. Vidare tycks resultaten fran den svenska fors-
kargruppen i Uppsala ge stéd at att de neurologiska effekter som
studerades i den fardiska studien uppkom genom kombinations-
effekt - i detta fall en samverkan mellan metylkvicksilver och PCB.

of foreign chemicals in our surroundings and in our bodies
may be part of the explanation behind these trends.

A number of studies have demonstrated effects on the
immune system when different chemicals interact. The ex-
amples below illustrate how chemicals can interact in crea-
ting imbalances in the immune system.

o A combination of the semi-metal arsenic and the metal
lead is more toxic to certain cell types in the immune
system in mice than the sum of the toxicity of the indi-
vidual substances™. This is an example of synergism.
Humans have spread arsenic and lead in the environ-
ment, and effects similar to those shown by mice cannot
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be ruled out in humans.

+  Astudy showed that mixtures of organochlorine com-
pounds, from the groups of PCBs and dioxins, produ-
ced different types of combination effects (synergism,
antagonism and additive effects) than the effect of the
individual compounds on the immune system in dif-
ferent organisms”. Humans spread dioxins in the en-
vironment involuntarily, principally through combus-
tion processes (read more about dioxins in Chapter 7).

+  Polyaromatic hydrocarbons (PAHs) are a group of
bioaccumulative and, in some cases, carcinogenic or-
ganic compounds dispersed in the environment th-
rough all kinds of combustion processes such as traffic,
burning of coal and oil, forest fires and volcanic erup-
tions. In a study of the effect of PAHs on the activity of
the immune system, mixtures of PAHs gave rise to sy-
nergistic combination effects™. Another study showed
that the metal cadmium and the polyaromatic hydro-
carbon benzola]pyrene each separately affected the im-
mune system, but when fish already exposed to cad-
mium were also exposed to benzo[a]pyrene the effect
was substantially greater than was expected from the
effects of the individual chemicals™.

Disruption of foetal development

A growing foetus (embryo) undergoes series of closely co-
ordinated phases of cell growth, cell death and formation of
organs. Imbalances in these phases lead to disruption of
development, which may result in the foetus being deformed
or dying. There are many examples of documented combi-
nation effects with respect to foetal development. Some ex-
amples follow below:

o Inastudyoftheeffects of bisphenol A (BPA),a common
raw material in the manufacturing for example of po-
lycarbonate and epoxy plastics and genistein, which is
an oestrogen-like compound in soya beans, clear sy-
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nergistic effects were found in rat foetuses with regard
to the proportions of different body parts and to organ
development, particularly the spinal cord and the parts
of the brain and nervous system associated with vision
and smell”. The research team that conducted the study
believes that there is a risk of similar effects on human
foetal development, which is a cause for concern as BPA
is widely used, while consumption of soya-based pro-
ducts (vegetarian alternatives to dairy products) is
steady rising. In a recently conducted study in the
United States on the level of BPA in urine, BPA was
detected in 93% of all samples””.

o BPA and the pesticide pentachlorophenol can occur in
the environment as combined pollutants in water’,
which may be harmful to aquatic organisms.
Combination effects with respect to embryo death and
cardiac oedema in fish embryos exposed to these com-
pounds were demonstrated in a study®. The combina-
tion effect already arose when the fish were exposed to
pentachlorophenol at concentrations that were below
the lowest concentration at which an effect can be de-
tected - the LOEC value. The study showed the occur-
rence of both synergistic and antagonistic combination
effects.

The metals iron and aluminium are spread in large quanti-
ties in the environment. Some uses with spread to the envi-
ronment are as precipitation chemicals in sewage treatment
plants, dietary supplements and medicines, and industrial
processes. These metals in combination may be more harm-
ful to foetal development in certain aquatic organisms that
each of the metals separately. Varying degrees of combina-
tion effects — from additive to synergistic — between iron
and aluminium have been observed in embryos of mussels
and sea urchins. The embryos stopped developing, were
deformed, or died.
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4. Endocrine disruptors and reproductive toxicity

An endocrine system that works well is essential for a num-
ber of physiological processes in the body, such as reproduc-
tion, metabolism and the development of the nervous sys-
tem. The endocrine system, which actually consists of a
number of parallel systems for different functions, is orga-
nised into several levels with mutual feedback. To enable a
particular physiological function to be maintained, several
hormones are generally required to be produced and relea-
sed and to act in a correct manner. This structure creates
many possible “targets” (see figure 1) for endocrine disrup-
tors, which also increases the risk for combination effects as
different substances, despite acting at different levels, may
disrupt the same process.

Chemical substances that disrupt the functioning of the
endocrine system and in so doing cause adverse effects on
health are generally known as endocrine disruptors. There
are endocrine disruptors in a wide range of products, for
example pesticides, plastics, textiles and medicines. They
also occur naturallyin certain plants and moulds. Endocrine
disruptors have a wide geographical spread and can give rise
to harmful effects both in humans and in other animal spe-
cies, including birds, fish and reptiles” 8. Epidemiological
studies in recent years have demonstrated correlations bet-
ween exposure to endocrine disruptors and obesity, diabe-
tes, ADHD and deformities of the urinary tract and genital
organs, which has raised the issue of the significance of these
substances to public health®> 83848,

The first endocrine disruptors were identified through
their similarities to the female sex hormone oestrogen, and
this chemical similarity to endogenous hormones, and the
ability to imitate these, was long regarded as explaining the
endocrine-disrupting effect. As new substances have been
identified, more mechanisms have been revealed and it is
now known that endocrine disruptors also affect other levels
of endocrine systems. This group of compounds also differs
in several important respects from other toxic substances.
A fundamental concept in toxicology is being able to predict

what happens at lower doses on the basis of observations at
a particular dose. This has proved particularly difficult for
endocrine disruptors, and in some cases the effects are dia-
metrically opposed in exposure to low and high doses. One
example is the phthalate DEHP, which at low doses (10 mg/
kg) speeds up the development of puberty in experimental
animals while high doses (750 mg/kg) instead delay deve-
lopment?®. The effects of endocrine disruptors are often dis-
covered far below the NOEC values and are therefore missed
in traditional test methods.

What effects arise after exposure to endocrine disruptors
additionally depends greatly on the time of exposure and
the levels of the body’s own hormones® %%, Boys with an
endocrine disorder that means that testosterone is totally
lacking or is prevented from acting will be born with fema-
le external genital organs despite having testes, while milder
disruption results in a lower degree of feminisation. Many
researchers have therefore chosen to study the effects of
endocrine disruptors, both individual substances and mix-
tures, on foetal development in male animals, principally
rats. Asaresult, ithas been possible to identify a critical time
window (days 15.5-19.5 of embryonic development) in
which the exposure must take place for the males to be fe-
minised. The females are vulnerable during the same inter-
val of time, but instead to substances that resemble testos-
terone and  consequently cause undesirable
masculinisation®. Taking account of human foetal deve-
lopment, this means that the child is probably at its most
sensitive during weeks 8-14 of gestation.

Combination effects on development and
reproduction

To identify and grade an endocrine disruption in boy foe-
tuses, as well as measuring testosterone levels two types of
deformities or abnormalities in the urinary tract and geni-
tal organs that arise in testosterone deficiency are studied:
hypospadias and cryptorchidism. Hypospadias is a defect
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in which the opening of the urethra is on the underside of
the penis, while cryptorchidism means that the testis has
not migrated down into the scrotum from the inguinal
canal or the abdominal cavity. Another common sign of
disrupted testosterone function is a reduced distance bet-
ween the rectum and genital organs (anogenital distance,
AGD), which is probably the most sensitive marker of
disturbed testosterone function®.

Combination effects during foetal development have
been documented for both compounds in the same chemi-
cal group (for example phthalates) and active substances in
different product categories, for example plastics and pes-
ticides®>°***. Chemicals that have different modes of action
or targets can also give rise to combination effects, as can
mixtures where the individual substances occur at such
levels that they do not cause any harm (No Observed
Adverse Effect Level, NOAEL)*>%. These observations con-
tradict the theory previously accepted generally®” that com-
bination effects can only arise when each substance occurs
in doses that exceed its NOAEL and for chemicals that act
in the same way. It is usually possible to estimate the effects
relatively well using the dose addition model, but there are
also examples of mixtures that give rise to synergistic ef-
fects, which are more difficult to predict® 1.

It can broadly be said that human reproduction can be
affected at far lower concentrations than those that produce
acute effects in children and adults.

As mentioned earlier, the dose-addition model often
works well in predicting combination effects. In an experi-
ment with a mixture of six phthalates and four pesticides,
seven out of eight parameters (including defects) followed
the calculated dose-addition curve'®'. Another example of
dose addition is the inhibition of testosterone production
in rat foetuses exposed to a phthalate mixture (DEHP, DBP,
BBP, DiBP, DPP)'%2,

Combination effects of endocrine disruptors are not li-
mited to foetal development or the processes regulated by
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testosterone. A cocktail consisting of seven oestrogenic sub-
stances was evaluated in a test in which substances with
oestrogenic properties were identified by the fact that they
increased the weight of the uterus, and a marked combina-
tion effect was found. The mixture consisted of nonylphenol,
bisphenol A (BPA), methoxychlor, genistein, oestradiol,
diethylstilbestrol and ethinyloestradiol, at doses that were
each inactive, and it doubled the uterine weight in the trea-
ted rats'®. A mixture of two plant oestrogens (daidzein and
genistein) and six synthetically produced compounds (met-
hoxychlor, o,p-DDT, octylphenol, bisphenol A, betahex-
achlorocyclohexane and 2,3-bis(4-hydroxyphenyl)-propi-
onitrile) also resulted in a significantly higher uterine weight
when they were analysed in the same type of test'®. The
effect was dose-additive and arose at aslow a dose as 1/10 of
LOAEL (for the individual compounds). The development
of puberty is another example of a physiological process af-
fected by substances with oestrogenic properties.
Simultaneous exposure to genistein and methoxychlor gave
the females an earlier and the males a later start to puberty
than non-exposed animals'®.

Aswell asin animal studies, potential endocrine disrup-
tors, and combination effects of these, are often studied in
cell cultures, using what are known as in vitro tests. By iso-
lating cells from any of the organs where the hormone con-
cerned acts, it is possible to study in a more direct way than
in animal experiments whether a chemical strengthens,
counteracts or takes the role of the body’s own (endogenous)
hormone. The advantage with this type of tests is that they
do not necessarily require experimental animals. They are
also cost-effective and enable a large number of substance
combinations to be analysed. However, cell cultures are only
capable of capturing effects at one level of the endocrine
system, why a result from tests of this type may need to be
supplemented by animal studies. Examples of mixtures that
have been shown to give rise to oestrogenic combination
effects in cell-based tests are UV filters (synergistic, NOEC),
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medicines (synergistic, NOEC), plant oestrogens (concen-
tration additive) and parabens (concentration additive)'*®
107,108,109 Tp a corresponding way antiandrogenic effects have
been documented for different mixtures of pesticides!*!".
The in vitro methodology has greatly advanced in recent
times, which will lead to entirely new opportunities for tes-
ting and new test strategies.

Although most of the studies that have been published
on combination effects of endocrine disruptors have been
concerned with sex hormone-regulating functions, there
are other interesting examples. An American research team
showed in 2005 that a mixture of 18 polyhalogenated aro-
matic hydrocarbons (including 12 PCBs and 2 dioxins) in-
hibited thyroid function (release of thyroxine) in rats. The
effect was dose-additive at low, environmentally relevant
doses, while it was synergistic at higher doses'*2.

It is not an easy task to determine what significance en-
docrine disruptors have for present-day public health pro-
blems. However, the studies reported here provide great
cause for concern. This is particularly the case as endocrine-
related disruptions have substantially increased in recent
decades. For example, sperm concentrations were only half
as high in 1990 as fifty years previously, and the number of
boys born with hypospadias is increasing in both Europe
and North America'>!'* !>, The substantial change over a
short period and the observation that second-generation
immigrants follow the statistics of the new homeland indi-
cate strongly that the underlying explanation is one or more
environmental factors®. Epidemiological research has tra-
ditionally focused on individual compounds or groups of
structurally similar substances, but a recently published
study analysed 121 endocrine disruptors in the breast milk

of Danish and Finnish women'”. Finland has a low and
Denmark a high incidence of reproductive disorders, and
there was therefore a desire to investigate whether the reason
was a difference in chemical exposure. The result was clear:
the samples from Denmark contained substantially more
of the endocrine disruptors than the Finnish samples.
Combination effects thus probably arise between the che-
micals we have in our blood, which is then manifested
among other things in testicular cancer and urogenital de-
fects. To our knowledge, it has not yet been studied whether
other diseases and disorders, such as diabetes and ADHD,
can be linked to a generally higher exposure to chemicals,
but such studies would, of course, be valuable.

A closer look — Oestrogens harm the environment

Attention has also been drawn to the environmentally hazardous
properties of oestrogens. In the 1990s researchers observed
clearly oestrogenic effects in fish downstream of sewage treat-
ment plants in Britain, more recently also documented in Sweden,
which has led to increased interest in the issue'™® "', The marker
used in these studies (as in many others) was the concentration of
vitellogenin, a liver protein whose production is strongly linked to
exposure to oestrogenic substances. Although the number of stu-
dies is limited, it has also been possible to demonstrate combina-
tion effects of oestrogenic compounds in fish. A mixture of 17
B-oestradiol (endogenous oestrogen), 17 a.-ethinyloestrodiol
(contraceptive pill oestrogen), bisphenol A, nonylphenol and oc-
tylphenol induced vitellogenin production in a concentration-ad-
ditive manner in the freshwater species Phimephales promelas (a
carp)™. In a corresponding way, a mixture of oestradiol, ethi-
nyloestradiol and bisphenol A was found to raise vitellogenin con-
centrations in sea bass'". In this case too, the effect was concen-
tration-additive. As in several other studies mentioned, the
oestrogenic effect in the two fish experiments arose at doses
where the individual substances were inactive.
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A closer look — Combination effects on male hormones
Arecently published study by Sofie Christiansen and her collea-
gues at the Technical University of Denmark illustrates several of
these aspects well™2. This study examined a mixture of four che-
micals with different uses, namely the phthalate DEHP, the pesti-
cides vinclozolin and prochloraz and the medicine finasteride. All
these four compounds are well documented as endocrine disrup-
tors, but with different targets. DEHP reduces the production of
testosterone from cholesterol (target 3, see Figure 1), vinclozolin
obstructs the action of the androgen dihydrotestosterone (DHT)
by blocking its binding to the androgen receptor (target 5), finas-
teride (a drug used to treat benign prostatic hyperplasia) blocks
the conversion of testosterone to DHT (target 4), while prochloraz
has several of these steps as targets (3 and 5)'%% 124125126127 The
mixture was found to give rise to both dose-additive and syner-
gistic combination effects on foetal development, depending on
which parameter was analysed. The anogenital distance (AGD) in
exposed rats decreased in a dose-additive way, while the effect
was synergistic with respect to hypospadias. The defect was ob-
served at 3-4 times lower doses than had been calculated in the
theoretical model for dose addition. A further interesting result
from the study was that AGD was reduced after exposure to a
mixture where the doses of each individual substance correspon-
ded to NOAEL. Also other types of mixtures can disrupt foetal de-
velopment at NOAEL doses (or lower). Exposure to a cocktail of
five fungicides, where the doses contained in the mixture were as
low as 25% of NOAEL, resulted in a high incidence (>400%) of hy-
pospadias in the male offspring. A significant change in AGD
was simultaneously found in both male and female animals',
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Figure 1. Example of hormonal regulation and possible targets for endocrine
disruptors. The hormone GnRH (target 1) is released from the hypothalamus
and acts on the pituitary, resulting in release of the hormone LH (target 2).
In the testis, LH induces production of testosterone from cholesterol (target
3).In the prostate, testosterone is then converted to dihydrotestosterone
(target 4), a more potent androgen®, which acts by binding to the androgen
receptor (target 5). Through a feedback mechanism, the levels of testostero-
ne also control how much GnRH and LH is released from the hypothalamus
and pituitary (targets 6 and 7). All these steps are potential targets for endo-
crine disruptors.

*Androgens are a group of sex hormones that control male sexual develop-
ment. They exert their effect by binding to a specific receptor, the androgen
receptor. The two mostimportant androgens are testosterone and
dihydro-testosterone (DHT).
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5. Politics and legislation in the field of chemicals

Chemicals legislation goes back a long way in time, within
the EU to the 1960s. The rules governing industrial chemi-
cals in the EU have recently been revised. A directly appli-
cable Regulation called REACH'® (Registration, Evaluation,
Authorisation and restriction of CHemicals) came into
force in 2007. The registration rules set forth requirements
on data for substances within particular volume ranges, but
the focus is on the individual substances. This means that
knowledge about the substances will increase, but it does
not automatically provide knowledge about mixtures and
combination effects or endocrine disrupting effects. What
properties must be tested for registration also depends on
how much of the substance is manufactured or imported.
The greater the volumes, the more test data are required. For
substances manufactured in quantities of between one and
ten tonnes, toxicological data have to be produced on skin
irritation, eye irritation, skin sensitisation, mutagenicity
and acute toxicity. Environmental effects to be studied re-
late to toxicity in the aquatic environment for crustaceans
and algae and degradability. Stricter requirements for data
are set for substances manufactured in volumes in excess of
100 tonnes, such as extensive reproduction studies, toxicity
to soil organisms, chronic toxicity tests on fish and mapping
of dispersal routes in the environment. Conversely there are
no requirements for substances in volumes of less than 1
tonne, which in fact means the majority of the substances
that may be on the market.

The CLP Regulation'*® on the classification, labelling and
packaging of products is also applicable to chemical pro-
ducts. This addresses how mixtures are to be classified and
labelled, but in the vast majority of cases is concerned with
data for the individual substances. The information produ-
ced through REACH is not sufficient to classify the substan-
ces correctly for substances in quantities of less than ten
tonnes. Mixtures are labelled on the basis of their physical
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properties (flammability, explosiveness etc.), health effects
(toxicity, cancer, adverse effects on reproduction etc.) and
environmental effects (principally for aquatic organisms
such as fish, crustaceans and algae). It is only for acute toxi-
city to animals and plants on land or in water that attempts
are made in certain cases to take account of how different
substances interact in the mixture.

There is other legislation in the environmental area where
the status in the environment is looked at instead. Examples
are the Water Framework Directive', which among other
things sets limit values for certain substances in water, and
the Industrial Emissions Directive (IED)'*?, which sets li-
mits for emissions to air and requirements for best available
technology. The Water Framework Directive establishes
environmental quality standards for 33 prioritised substan-
ces. Mixtures will be addressed in the technical guidance
document for environmental quality standards that is being
developed. The mixtures of different substances that occur
in air and water are all unintentional, and their composition
is therefore more difficult to predict.

The legislation on pesticides, the Plant Protection
Products Directive (91/414/EC) and the Biocides Directive
(98/8/EC), regulates the use of plant protection products
(products mainly used in agriculture and in parks, golf
courses and domestic gardens) and biocides (which includes
other pesticides, for example wood preservatives, antifou-
ling paints, rodenticides and disinfectants). The legislation
on plant protection products has recently been revised, and
the Directive is being replaced by the Plant Protection
Products Regulation No 1107/2009/EC, which is due to
come into force on 14 June 2011. This sets expanded requi-
rements for residual levels of several different pesticides in
foods or feeds not to have a harmful effect on health. The
legislation is also being revised for biocides, and a regulation
is on the way there too.
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6. Ways forwarad

The Swedish Society for Nature Conservation has been
working on chemicals for many years, with analysis and
surveying of environmental toxicants in the peregrine fal-
con, white-tailed eagle and consumer products, the Good
Environmental Choice ecolabelling scheme and consumer
guidance, and proposals for enhanced legislation at the
Swedish and international levels, including proposals for
prohibition of individual chemicals such as DDT or techni-
ques such as chlorine bleaching of paper. The Society’s po-
licy on environmental toxicants describes objectives, posi-
tions and measures to enable the Swedish Parliament’s
objective of a non-toxic environment within a generation to
be attained. The precautionary principle and the responsi-
bility of the polluter are two cornerstones of this policy,
meaning that preventive measures must already be taken in
the event of uncertainty over threats to the environment and
health, and that the polluter has to meet the costs of these
measures. A key measure is to require everyone who uses
chemicals to replace and search for alternatives to hazardous
substances at all times.

The Society makes it easier for consumers to follow the
principle of replacement in everyday life through the Good
Environmental Choice ecolabelling scheme. Good
Environmental Choice sets limits for what properties can
be accepted in a chemical on the basis that the less toxic the
chemicals are as individual substances, the lower their com-
bined toxicity is likely to be. With strengthened fundamen-
tal statutory requirements for better knowledge and data for
example on combination effects, advanced requirements on
that point can be developed in ecolabelling. It is important
to be aware that the purpose of the ecolabelling is to guide
consumes towards relatively better products, and that the
labelling cannot replace legislation to limit the most hazar-
dous substances or technologies.

Thisreport has described what is known today about the
toxicity of mixtures and what gaps exist in present-day le-
gislation. Unfortunately there is great cause for concern. The

combination effects observed in animal experiments, for
example a shift in the development of puberty and deformi-
ties of the genital organs, are the same type of adverse effects
that have increased greatly in the population in recent years.
The effects additionally already occur at levels measured in
nature, or are regarded as safe according to present-day risk
assessment methodology. It is particularly alarming that
researchers are additionally showing that endocrine disrup-
tors can reinforce each others’ effects, particularly when
they occur in large numbers and with a wide geographical
spread. Urgent action is therefore required to Save the Men,
which obviously means also protecting children and foetu-
ses, and consequently also women.

A first measure is to review the system of risk assess-
ments. Despite the great need for data and knowledge there
are great deficiencies, for example the fact that combination
effects are not assessed despite the research clearly showing
that such effects exist. Human blood contains a cocktail of
hundreds of chemicals, and it is not justifiable to assess these
separately without taking account of combination effects.
An argument against including combination effects in the
risk assessment has been that there is an infinite number of
potential interactions and that there has been a lack of re-
liable mathematical models. Our review shows, however,
that there are now some models that work well and can be
applied to endocrine disruptors. The dose addition model
was able to predict combination effects with high precision
in most cases and proved also to be usable for substances for
different mechanisms of action. The independent action
model, on the other hand, consistently underestimated the
effects’*>'*. The dose-addition model should therefore be
introduced as soon as possible in risk assessment contexts,
at the same time as the research on new test methods is
strengthened.

Another important aspect in the risk assessment of en-
docrine disruptors is to identify particularly sensitive
groups so that they can be protected. Sensitivity varies bet-
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ween different periods of life and with the levels of the body’s
own hormones. Increased vulnerability can also arise as a
result of genetic variation between different individuals or
population groups. The properties of the substance are also
of key significance. For example, boy foetuses are very sen-
sitive to substances that inhibit testosterone, while prepu-
bertal girls are particularly vulnerable to substances with
an oestrogenic action. Increased knowledge of individual
chemicals is also essential in making it possible to predict
possible combination effects and develop risk assessments
models. Further research on endocrine disruptors, both
individual substances and mixtures, should therefore be
prioritised while also taking action quickly to strengthen
protection for those most at risk. The 2009 report that esta-
blished that Danish two-year-olds are exposed to such levels
of endocrine disruptors that their health is at risk indicates
the need for rapid action'®.

With regard to the classification and labelling of mixtu-
res, the simple theoretical models should start to be applied
quickly so that at least some account is taken of combination
effects. It is more difficult in the current situation to see how
the unintentional mixtures that are present in water and air
should be dealt with. In some cases toxicity can be tested,
but this is not always realistic, and in some cases the sub-
stances must be assessed on the basis of their inherent pro-
perties, in line with the precautionary principle.

Once the substances have been more or less scrutinised,
decisions are required on some form of regulation. Even the
suspicion of hazardous properties, such as toxicity, endo-
crine disrupting properties or persistence combined with
bioaccumulability should halt the introduction of new sub-
stances and lead to the phase-out of existing ones. This in
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turn requires a reform of chemical legislation. The REACH
Regulation, for example, must in general include substan-
ces in lower volumes and be modified so that it becomes
easier to bring about permit consideration or restrictions.

It is important to focus on four areas in REACH and
other chemicals legislation with regard to endocrine disrup-
tors. There are requirements that are backed by environme-
ntal organisations throughout Europe, see annex. Firstly it
isimportant to immediately commit more resources to work
aimed at identifying known and suspected endocrine dis-
ruptors and bringing them within the framework of
REACH, particularly in cases where children and women
of childbearing age can be imagined to be exposed. Secondly
there is a need to tighten up the requirements for substitu-
tion of substances in REACH. Particularly on the basis of
our understanding of cocktail effects, endocrine disruptors
should in future automatically be included among the sub-
stances classified in REACH as being of very high concern,
and permits should never be granted for such substances if
there are less hazardous alternatives. Thirdly, information
on such classification should always be transparent and fully
available to consumers and companies that use chemicals
in their operations. Fourthly, there is a need in future for a
radical reform of all rules on chemicals in the EU, so that
substances that are endocrine disruptors, according to cri-
teria in line with the precautionary principle, will always be
the object of regulatory measures. The Swedish Society for
Nature Conservation has presented a number of proposals
in various contexts for a policy for a non-toxic environment,
which among other things means that male fertility can be
protected.
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7. Facts about various chemicals

Bisphenol A (BPA)

Function:

BPA is principally used for the production of polycarbonate plastic and for
epoxy adhesives. Polycarbonate plastics are widespread and are used in so-
ciety, for example in water bottles, sports equipment, CDs and DVDs and
spectacle lenses.

Known environmental and health problems:

BPA has hormone-like properties, which may damage the foetus, have ad-
verse effects on reproduction and affect the immune system, and it is also
suspected that BPA is carcinogenic. Based on laboratory experiments and
observations of various organisms in the environment, BPA is considered
capable of leading to feminisation of males. BPA is classified as harmful to
aquatic organisms and can cause long-term harmful effects in the environ-
ment.

Restrictions:

Arisk evaluation of BPA is currently under way in the EU. Denmark and
Canada have banned BPA in feeding bottles. The EU has taken a decision
that there must be no bisphenol A in feeding bottles from the summer of
2011,

DDT

DDTis an insecticide developed during the 1940s. It was commonly used
against insect-borne diseases such as malaria and typhus during the
Second World War. Commercially available DDT is actually a mixture of se-
veral chemicals, the greater part of which consists of p,p'-DDT and o.p'-DDT.

Known environmental and health properties:

DDT is an endocrine disruptor, and during the 1950s and 1960s it was found
that it interfered with sexual development and caused thinning of the egg
shellin birds. It is also persistent, bioaccumulative and classified by WHO
(IARC) as "possibly carcinogenic to humans".

Restrictions:

There has been a complete ban on DDT in Sweden since 1969. In 1986 it was
prohibited in the EU, and in 2001 DDT was one of the twelve original sub-
stances placed on the Stockholm Convention list of persistent organic sub-
stances requiring far-reaching global measures. However, DDT is still used
against malaria by many countries in the South.

Dioxins

Function:

Dioxins is a collective name for a group of chlorinated combustion products
that can be formed when organic matter is burned together with material
containing chlorine, for example PVC plastic. Dioxins do not have any uses,
but are undesirable environmental pollutants

Known environmental and health problems:
Dioxins are soluble in fat and persistent and are therefore readily taken up

by organisms and can be spread in the food webs of ecosystems. As they are
soluble in fat, they are principally found in animal foods with a high fat con-
tent. Several of them can harm foetal development, disrupt the immune
system and general metabolism, and lead to DNA damage (mutations),
which can result in cancer. The most toxic dioxin is 2,3,7,8-tetrachlorodiben-
z0-p-dioxin (TCDD). TCDD is one of the most potent toxicants known. Itis
classified by WHO (IARC*) as carcinogenic to humans, and only extremely
low levels are considered safe.

Foetal development is particularly vulnerable to dioxin exposure, and the
Swedish National Food Administration therefore advises pregnant women
not to eat Baltic fish more than two or three times a year. Sweden has an ex-
emption from EU rules which permits fish with dioxin levels in excess of the
common limit values to be sold.

*IARCis an abbreviation for International Agency for Research on Cancer,
which is WHO's cancer research body.

Finasteride

Function:

Finasteride is a medicine used to treat benign enlargement of the prostate
(prostatic hyperplasia). It acts by blocking the conversion of testosterone to
dihydrotestosterone (DHT). DHT is a hormone that stimulates growth of the
prostate, there is therefore a desire to stop its production, which can be
done with finasteride treatment. On the other hand, DHT is essential during
foetal development so that boy foetuses develop naturally, and pregnant
women must be very careful not to come into contact with finasteride.

Known environmental and health properties:

Finasteride is persistent and bioaccumulates in nature. It is also harmful to
aquatic organisms. However, in the human body finasteride is broken down
to less active substances before it is excreted.

Phthalates

Phthalates are a group of chemicals that are produced in large quantities
and occur in a large number of everyday articles. Small phthalates of low
molecular weight are found in cosmetics, while larger phthalates of higher
molecular weight are used as plasticisers in plastics. It is principally the large
phthalates that are associated with negative health effects. These include
dibutylphthalate (DBP), die=thylhexylphthalate (DEHP), benzylbutylphtha-
late (BBP), diisobutylphthalate (DIBP), diiso—~decylphthalate (DIDP), diisono-
nylphthalate (DINP) och di-n-octylphthalate (DNOP).

Known environmental and health properties:

DBP, DEHP, BBP, DIBP, DIDP, DINP and DNOP are endocrine disruptors (to va-
rying degrees) and can adversely affect foetal development and reproducti-
ve capacity. Certain phthalates also have environmentally hazardous pro-
perties. DBP and BBP, for example, are bioccumulative and very toxic to
aquatic organisms.

Restrictions:
Four phthalates (DEHP, DBP, BBP and DIBP) are included in the candidate list
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for REACH, which means that they have been identified as substances of
very high concern. A special permit may in future be required to use these
substances. The fact that they are included in the candidate list also means
that the seller of an article containing more than 0.1% of any of these pht-
halates is obliged, on request, to inform his customers of this fact.

Special rules limit how phthalates may be used in toys. DEHP, DBP and BBP
must not be present at levels above 0.1% in any toys or child-care articles,
while DIDP, DINP and DNOP are prohibited above 0.19% in toys or child-care
articles that can be putin the mouth. DEHP is one of the prioritised substan-
ces in the Water Framework Directive and is thus to be phased out. In the
spring of 2011, Denmark proposed regulation of the phthalates DEHP, DBP,
BBP and DIBP based on their combination effects.

Metal compounds

Function:
Metals have a plethora of different functions in society, but also occur as
impurities, for example in motor fuels and commercial fertilisers.

Aluminiumis principally used for metal alloys, but is also used in cosmetics
and medicines.

Arsenic was previously used in large amounts as an impregnating agent in
the wood industry. It may also be present in alloying metals and is used in
glass manufacturing.

Lead is used for instance in storage batteries and electronic equipment, ca-
bles, paints, weights and ammunition and cut glass and for protection
against radiation.

Ironis mainly used for the production of steel.

Cadmium has previously been used on a large scale in batteries, but its use
there is steadily decreasing, in solar panels, as a stabillser in plastics and in
pigments. Cadmium is a contaminant in commercial fertiliser.

Known environmental and health properties:

Aluminium can cross the blood-brain barrier and is suspected of being
linked to the development of dementia and Alzheimer's disease, although
the correlations have not been entirely clarified. Aluminium is toxic to fish
by damaging the gills.

Arsenic causes disturbances to the metabolism and is classified as very toxic
to aquatic organisms and can cause harmful long-term effects in the envi-
ronment. Arsenic is readily taken up by organisms, is accumulative and can
be spread through the food webs of ecosystems. Several arsenic com-
pounds are additionally suspected of being carcinogenic.

Lead can cross blood-brain barrier and cross the placenta from mother to
foetus. Nerve damage and damage to the cardiovascular system are the
most serious health effects of lead. More and more lead compounds are su-
spected of also being carcinogenic. Lead is very toxic to aquatic organisms
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and can cause long-term harmful effects in the environment.

Ironis not normally freely present in the cells, but is bound to proteins and
enzymes. Iron is often vital to enzyme function. Exposure to other metals
may, however, release iron in the cells and cause the occurrence of free radi-
cals that lead, among other things, to DNA damage, which can also increase
the risk of cancer.

Cadmiumamd several of its compounds are classified as carcinogenic, as
well as very toxic to aquatic organisms, and can cause harmful long-term
effects in the environment. As cadmium is readily taken up by organisms
and accumulates in them, the metal is dispersed in food webs of ecosys-
tems. Cadmium crosses the placenta from mother to foetus and damages
the kidneys and skeleton.

Restrictions:

The use of certain aluminium compounds is limited in cosmetics by the
Cosmetics Directive (Directive 1976/768/EC) and in toys by the Toys
Directive (Directive 2009/48/EC).

The use of arsenic in the European Union is limited under Annex XVII of
REACH, in antifouling paints and for preservation purposes. It is also limited
in toys under the Toys Directive (Directive 2009/48/EC).

Lead carbonates and sulphates are prohibited for use in paints in the
European Union under Annex XVII of REACH. Lead is additionally requlated
in electrical and electronic products through the RoHS Directive (Directive
2002/95/EC), in batteries by the Batteries Directive (2006/66/EC), in cosme-
tics by the Cosmetics Directive (Directive 1976/768/EC), in toys by the Toys
Directive (Directive 2009/48/EC), in motor fuels by the Petrol Directive
(Directive 1998/70/EC), in the End-of-Life Vehicles Directive (Directive
2000/53/EC) and some directives concerned with food production and
packaging.

Under Annex XVII of REACH, cadmium must not be used in the European
Union for paints or types of plastic defined in Annex XVII. It is also limited in
toys under the Toys Directive (Directive 2009/48/EC) and in electronic pro-
ducts through the RoHS Directive (Directive 2002/95/EC). The Cosmetics
Directive (Directive 1976/768/EC) prohibits cadmium in cosmetic products.

Methylmercury

Methylmercury is a highly toxic mercury compound formed in the natural
environment from metallic mercury. Methylmercury is a fat-soluble com-
pound and accumulates in the food chain. The principal source of exposure
for humans is consumption of fish.

Known environmental and health properties:

Methylmercury is transferred between mother and foetus. It also crosses
the blood-brain barrier, the function of which is to prevent hazardous sub-
stances from reaching the brain tissue. Methlymercury, even at very low le-
vels, disrupts the development of the nervous system in the foetus. In the
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case of exposure to high doses the damage is extensive and is manifested in
the form of a substantial decline in intellectual and motor capacity, while lo-
wer exposure results in more subtle adverse effects such asimpaired speech
development and memory capacity. WHO (IARC) classifies methylmercury
as "possibly carcinogenic in humans".

Restrictions:

There has been a general ban on mercury in Sweden, which includes com-
pounds containing mercury, since 2009. This ban is more extensive than the
previous one from 1993, but does not encompass certain uses where EU-
harmonised legislation prevails. For this reason mercury may, for example,
be presentin lighting. Despite decades of decreased use of mercury in
Sweden, the levels in nature are increasing, which makes clear the need for
common international rules and commitments. Emissions of mercury and
its compounds have to have ceased completely in 2020 under the Water
Framework Directive.

Nonyl- and octylphenol

Nonyl- and octylphenol belong to the group of alkylphenols and are formed
as breakdown products of nonyl and octylphenol ethoxylate (surfactants
used in cleaning products).

Known environmental and health properties:
Nonyl- and octylphenol are bioaccumulative and toxic to aquatic organisms
(nonylphenol is classified as very toxic). They are also endocrine disruptors.

Restrictions:

There is legislation in the EU that very greatly restricts the use of nonylphe-
nol and nonylphenol ethoxylate in industrial processes. However, there is no
equivalent legislation for finished products, and imports of articles (for ex-
ample textiles) containing these substances are therefore permitted. Both
nonyl- and octylphenol are included among the prioritised substances of
the Water Framework Directive. This means that they have been identified
as highly problematic and are to be phased out. Nonylphenol is deemed to
be so problematic that emissions to the aquatic environment are to have
ceased completely by 2020.

Parabens

Parabens are a group of chemical substances that are used as preservatives,
for instance in cosmetics and medicines. Some commonly occurring para-
bens are methylparaben, ethylparaben, propylparaben, benzylparaben and
butylparaben.

Known environmental and health properties:

Butylparaben can cause allergy by skin contact and is bioaccumulative.
Many parabens have also been found to have oestrogenic properties. The
strongest oestrogenic effects are shown by butyl- and propylparaben,
which have also been found to lower sperm production and testosterone le-
vel in male animals.

Restrictions:

No parabens have been permitted as preservatives in products such as
laundry and dishwater detergents since 1 January 2011. However, parabens
are not restricted from use in cosmetic products.

Pentachlorophenol (PCP)

Function:
PCP has been used as a herbicide and fungicide, to impregnate wood, as a
general disinfectant, and as a component in antifouling paints.

Known environmental and health properties:

PCP is very toxic to aquatic organisms and can cause harmful long-term ef-

fectsin the environment. It is persistent in certain environmental conditions
and can therefore be found in organisms and sediments. Acute toxic effects
of PCP exposure including damage to lungs, eyes, skin, blood and heart, kid-
neys, liver and immune system.

Restrictions:

Under Annex XVII of REACH, pentacholorophenol, and its salts and esters,
as pure compounds (100%), are banned on the European Union market, but
in a very limited amount may be included in chemical products that are mix-
tures of different compounds.

Perfluorinated substances

Perfluorinated substances have been used since the 1950s for their water-
and grease-repellent properties. They can be found for example in surface-
treated clothes, fire extinguishers and floor polish. It is common to perflu-
orinated substances that they break down extremely slowly in nature. As
they are extremely persistent, it is important to restrict the use and spread
of all perfluorinated substances, even those that have not yet been found to
cause adverse health and environmental effects.

Known environmental and health properties:

As well as being persistent, some of the perfluorinated substances also have
hazardous properties for the environment and health. Perfluorooctane
sulphonate (PFOS), which is probably the best known of them, can harm
foetal development and breastfeeding infants. PFOS accumulates in the li-
ver and blood. It is also toxic to aquatic organisms. Knowledge of many of
the other perfluorinated substances is still very limited.

Restrictions:

There has been a ban on PFOS in chemical products and articles in the EU
since 2006. The ban includes substances that are broken down to PFOS, but
many uses are exempt. In 2009 PFOS was placed on the Stockholm
Convention list of persistent organic pollutants that require far-reaching
global action PFOS is one of the eleven substances that have been assessed
for possible inclusion as in the Water Framework Directive list of "prioritised
substances".
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Polyaromatic hydrocarbons (PAHs)

Function:

Polyaromatic hydrocarbons are a large group of combustion products from
incomplete combustion of organic matter or can occur as constituents of
petroleum products, i.e. the oil produced from mineral oil. PAHs do not, in
themselves, have any uses and are undesirable environmental pollutants.

Known environmental and health problems:

PAHs are to varying degrees fat-soluble and persistent, and they can there-
fore be taken up by organisms and dispersed in the ecosystem'’s food webs,
particularly among invertebrates that have particularly great difficulty in
breaking down PAHs. They can cause harmful long-term effects in the envi-
ronment. Many of the breakdown products from PAH cause DNA damage
(mutations), which can result in cancer. PAHs are the group of organic com-
pounds with the greatest number of known carcinogens.

Restrictions:
In the European Union levels of certain PAHs are regulated in extender oils
for car tyres (see Annex XVII to the European chemicals regulation REACH).

Polybrominated diphenylethers (PBDEs)

Function:
Flame retardants in electronic products, furniture, vehicles, plastic articles
and textiles.

Known environmental and health problems:

Polybrominated diphenylethers are a group of around 70 different com-
pounds and belong to the group of brominated flame retardants. They are,
in varying degrees, fat-soluble and persistent, and some of them are readily
taken up by organisms and dispersed in the food webs of ecosystems, where
they remain for a long time. There are great gaps in our knowledge of envi-
ronmental and health effects for several of these compounds. The five PBDE
variants (pentabromodiphenylether, octabromodiphenylether, decabromo-
diphenylether, tetetrabromobisphenol A and hexabromocyclododecane)
that have been historically used in the largest volumes have been studied.
Many PBDEs are very toxic to aquatic organisms and can cause harmful
long-term effects in the environment, some harm the nervous system and
octabromodiphenylester is classified as toxic to reproduction.

Restrictions:

Penta- and octadiphenylethers above a certain level are banned in chemical
products and articles in the European Union (see Annex XVII of the
European chemicals regulation REACH). PBDE is additionally prohibited for
use in electrical and electronic products under the RoHS Directive (Directive
2002/95/EC).
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Polychlorinated biphenyls (PCBs)

Function:

PCBs are used as electrical insulation fluids in transformers and capacitors,

hydraulic oils and cutting oils, may be found in sealants, paints and carbon-
less paper, and are used as plasticisers and stabilisers in plastics and cement
etc.

Known environmental and health problems:

PCBs are fat-soluble and persistent, and are therefore readily taken up by
organisms and spread in the food webs of ecosystems, where they remain
foralong time. PCBs damage the brain and harm its development, have
hormone-like properties and can disrupt general metabolism and reproduc-
tion and give rise to certain types of cancer. Skin exposure can lead to ras-
hes, known as chloracne, and ulcers.

Restrictions:

All new use of PCBs was prohibited in Sweden in 1978, and they have since
been gradually phased out, most recently through Ordinance SFS 2007:19.
Globally PCBs still pose an environmental problem. In the European Union,
the production and use of PCBs is regulated by Regulation (EC) No 850/2004
of the European Parliament and of the Council and exports of them by
Regulation (EC) No 689/2008.

Vinclozolin and prochloraz
Vinclozolin and prochloraz are fungicides.

Known environmental and health properties:

Vinclozolin can harm foetal development and result in impaired reproducti-
ve capacity. Itis also bioaccumulative and toxic to aquatic organisms, and
can cause allergies. In addition, vinclozolin is suspected of being carcinoge-
nic. Prochloraz is persistent, bioaccumulative and highly toxic to aquatic or-
ganisms.

Vinclozolin and procholoaz are mentioned in the report principally because
of their endocrine disrupting properties. As they disrupt the normal functio-
ning of the body's androgens (male sex hormones), they can harm foetal de-
velopment of boys.

Restrictions:

Vinclozolin is not permitted for use in the EU. Prochloraz is currently being
evaluated, and pending a decision it may be used until the end of December
2011. Both vinclozolin and prochloraz are used in many countries outside
the EU.
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8. Glossary

Androgens

Sex hormones that control the sexual development in men
and male animals. Testosterone and dihydrotestosterone
(DHT) are the most important ones in humans.

Antiandrogenic effects

This term is used for effects where functions controlled by
androgens are disrupted, for example by chemicals. Such
disruption may arise as a result of the chemical reducing the
production of the hormone (for example testosterone) or
blocking its action.

Bioaccumulative substances

Substances with properties such that they are stored in tis-
sues and increase in concentration as they are taken up more
quickly than they are broken down or excreted.

In vitro methods
Tests conducted on cell cultures instead of using animal

experiments.

LOAEL/LOEC (Lowest Observed Adverse Effect Level/ Lowest
Observed Effect Concentration)

The lowest dose/concentration at which no toxic effect has
been observed.

NOAEL/NOEC (No Observed Adverse Effect Level/No
Observed Effect Concentration)

The highest dose/concentration at which no toxic effect has
been observed.

North and South

North and South today is a generally accepted concept iden-
tifying a socio-economic and political demarcation that
exists between developed countries (collectively known as
the North or “Global North”) and developing countries and
countries in economic transition (collectively known as the

South or “Global South™). It is more common to use these
terms today than, for example, the Third World.

OECD countries

The OECD is a cooperative organisation, principally for
industrialised countries, that mainly concerns itself with
economic and development issues. Certain environmental
issues are also on its agenda. Members include all the
Member States of the EU, the United States, Japan and
Canada. Countries such as Mexico, Turkey and Chile have

become members in recent years.

Persistent substances
Substances that are long-lived or difficult to break down.

Pesticides

This is a collective name for plant protection products and
biocides. Plant protection products are used to protect
plants in agriculture and forestry against attack, while bio-
cides is the name for those pesticides that are used in other
contexts, for example antifouling paints and rodenticides.

Risk assessment

In order to assess the risks associated with chemical sub-
stances, risk assessments are made in which the predicted
exposure to a substance is compared with the level at which
harmful effects arise. Account is taken both of the inherent
properties of the substance (hazardousness), for example
whether it causes reproductive effects or allergies, and of
what the exposure situation is like, and the risk is described.

Toxicology
The science of the properties and actions of poisons.

23



SAVE THE MEN

9. Referenser

1. European Commission (2001) “Towards Sustainability”, A European Community
Programme of Policy and Action in Relation to the Environment and Sustainable
Development, Commission of the European Communities, COM(92) 23/Il final,
Brussels; White Paper - Strategy for a future Chemicals Policy. Commission of the
European Communities, COM(2001) 88 final, Brussels.

2.0lsson E, Posner S, Roos S, Wilson K, 2009. Kartlaggning av kemikalieanvéndning i
klader. Swerea IVF Uppdragsrapport 09/52

3. Betts K. 2008. Does a key PBDE break down in the environment? Environment
Science Technology,10.1021/es8018463.

4. 0ECD, 2001. Environmental Outlook for the Chemicals Industry. Organisation for
Economic Co- operation and Development (http://www.oecd.org/
dataoecd/7/45/2375538.pdf).

5. Oakes et al., 2004. Diclofenac residues as the cause of vulture population decline in
Pakistan. Nature. 427, 630-633.

6. Larsson et al., 2007. Effluent from drug manufactures contains extremely high
levels of pharmaceuticals. Journal of Hazardous Materials. 148, 751-755.

7. International Labour Organization,2005 (http://www.ilo.org/global/About_the_ILO/
Media_and_public_information/Press_releases/lang--en/WCMS_075502/index.
htm)

8. World Bank, 2002. Toxics and poverty. The impact of toxic substances on the poor in
developing countries.

9.The National Vision, August 13th, 2008, Uganda.

10 World Bank, 2002.Toxics and poverty. The impact of toxic substances on the poor in
developing countries.

11.Bouwman et al., 2006. Simultaneous presence of DDT and pyrethroid residues in
human breast milk from a malaria endemic area in South Africa. Environ. Pollut. 144,
902-917.

12.Kinyamu et al., 1998. Levels of organochlorine pesticides residues in milk of urban
mothersin Kenya. Bull. Environ. Contam. Toxicol. 60, 732-738.

13. Magnusson U., Brunstrém B., Norrgren L. 2005. Fortplantningsstdrningar och
kemikalier. Centrum fér Reproduktionsbiologi. ISBN 91-576-6816-7.

14.VerreaultJ., Gabrielsen G.2006. Contaminants in Polar Bears: Temporal and
Geographical Trends (http://mosj.npolar.noffilearchive/IsbjornTolkning(2006).pdf)
15. Livsmedelsverket. http://www.slv.se/sv/grupp1/Risker-med-mat/Metaller/
Kvicksilver/

16. Olsson M., Bignert A.1997. Miljs6vervakningsdata ger perspektiv. (http://www.smf.
su.se/nyfiken/ostersjo/arsrapp/ostersjo97/T6s16-19.pdf)

17. Kortenkamp et al. 2009 State of the Art Report on Mixture Toxicity European
Commission Study Contract Number 070307/2007/485103/ETU/D.1

18. Ngrgaard K. B. and Cedergreen, N. 2010. Pesticide cocktails can interact
synergistically on aquatic crustaceans. Environ Sci Pollut Res (2010) 17:957-967

19. Dahlloff, I., Grunnet, K., Haller, R., Hjorth, M., Maraldo, K., & Petersen, D. G. Analysis,
fate and toxicity of zinc- and copper pyrithione in the marine environment. 2005.
Nordic Council of Ministers.

20. Koutsaftis, A. & Aoyama, I. 2006, "The interactive effects of binary mixtures of
three antifouling biocides and three heavy metals against the marine algae
Chaetoceros gracilis", Environmental Toxicology, vol. 21, no. 4, pp. 432-439.
21.Kim,K.T, Klaine, S.J, Lin, S., Ke, P.C. and Kim, S.D. 2010, "Acute Toxicity of a Mixture
of Copper and ingle-Walled Carbon Nanotubes to Daphnia Magna", Environ. Toxicol.
Chem. 2010;29:122-126.

22.Richards, S. M. et al. 2004, "Effects of pharmaceutical mixtures in aquatic
microcosms", Environmental Toxicology and Chemistry, vol. 23, no. 4, pp. 1035-1042.
23. Cleuvers, M. 2004, "Mixture toxicity of the anti-inflammatory drugs diclofenac,
ibuprofen, naproxen, and acetylsalicylic acid", Ecotoxicology and Environmental
Safety, vol. 59, no. 3, pp. 309-315.

24. Cleuvers, M. 2005, "Initial risk assessment for three beta-blockers found in the
aquatic environment", Chemosphere, vol. 59, no. 2, pp. 199-205.

25. Counter, S.A., Buchanan, L.H., 2004. Mercury exposure in children: review.
Technology and Applied Pharmacology 198, 209-230.

26. Dietert, R.R., 2009. Developmental immunotoxicity (DIT), postnatal dysfunction
and childhood leukemia. Blood, Cells and Diseases 42, 108-112.

27.Chen, M.-L., Lee, H.-Y., Chuang, Gou, B.-R., Mao, |.-F,, 2009. Association between
nonylphenol exposure and development of secondary sexual characteristics,
Chemosphere 76,927-931.

28. Zahir, F,, Shamim, J.R., Soghra, K.H., Khan, R.H., 2005. Low dose mercury toxicity
and human health. Environmental Toxicology and Pharmacology 20, 351-360.

24

29.Royland, J.E., Wu, J., Zaiwa, N.H., Kodavanti, P.R.S., 2008. Gene expression profiles
in the cerebellum and hippocampus following exposure to a neurotoxicant, Arcolor
1254: Developmental effects. Toxicology and Applied Pharmacology 231, 165-178.
30. Coburn, C.G., Curras-Collazo, M., Kodavanti, P.R.S., 2008. In vitro effects of
environmentally relevant polybrominated diphenyl ether (PBDE) congeners on calcium
buffering mechanisms in rat brain. Neurochemical Research 33, 355-364.

31.Diez, S., Montuori, P,, Pagano, A., Sarnacchiaro, P, Bayona, J. M., Triassi, M., 2008.
Hair mercury levels inan urban population from Southern Italy: fish consumption as a
determinant of exposure. Environment International 34, 162-167.

32. Fischer, C., Fredriksson, A., Eriksson, P., 2008. Neonatal co-exposure to low doses
of an ortho-PCB (PCB 153) and methyl mercury exacerbate defective developmental
neurobehavior in mice. Toxicology 244, 157-165.

33. Counter, S.A., Buchanan, L.H., 2004. Mercury exposure in children: review.
Technology and Applied Pharmacology 198, 209-230.

34. Kerper, L.E., Ballatori, N., Clarksson, TW., 1992. Methylmercury transport across
the blood-brain barrier by an amino acid carrier. American Journal of Physiology 262,
R761-R765.

35.Goyer, R.A., 1995. Factors influencing metal toxicity. San Diego: Academic Press, p.
31-45.

36.Grandjean, P. Weihe, P., 1998. Cognitive performance of children prenatally
exposed to safe levels of methylmercury. Environmental Research 77, 165-172.
37.Kimborough, R.D., 1995. Polychlorinated biphenyls and human health: an update.
Critical Reviews in Toxicology 25, 113-163.

38.Bjerregaard, P, Dewailly, E., Ayotte, P, Pars, T, Ferron, L. Mulvad, G., 2001. Exposure
of Inuitin Greenland to organochlorines through the marine diet. Journal of
Toxicological Environmental Health Part A 62, 69-81.

39. Kawashiro, Y., Fukata, H., Omori-Inoue, M., Kubonoya, K., Jotaki, T, Takigami, H.,
Sakai, S.-1., Mori, C., 2008. Perinatal exposure to brominated flame retardants and
polychlorinated biphenyls in Japan. Endocrine Journal 55, 1071-1084.

40. Eum, S.-Y., Andras, I. E., Couraud, P--0., Hennig, B., Toborek, M., 2008. PCBs and
tight junction expression. Environmental Toxicology and Pharmacology 25, 234-240.
41.Seelbach, M., Chen, L., Powell, A., Choi.Y.-J,, Zhang, B., Hennig, B., Toborek, M.,
2010. Polychlorinated biphenyls disrupt blood-brain barrier integrity and promote
brain metastasis formation. Environmental Health Perspectives 118, 479-484.
42.Kenet, T., Froemke, R.C., Schreiner, C.E., Pessah, I.N., Merzenich, M.M., 2007.
Perinatal exposure to a noncoplanar polychlorinated biphenyl alters tonotopy,
rececptive fields, and plasticity in rat primary auditory cortex. PNAS, The National
Academy of Sciences of the USA 104, 7646-7651.

43. Kimura-Kuroda, J., Nagato, I, Kuroda, Y., 2007. Disrupting effects of hydroxy-
polychlorinated biphenyl (PCB) congeners on neuronal development of cerebellar
Purkinje cells: A possible causal factor for developmental brain disorders?
Chemosphere 67, S412-5420.

44, Stewart, PW., Reihman, J., Lonky, E.I., Darvill, T.J,, Pagano, J., 2003. Cognitive
development of preschool children prenatally exposed to PCBd and MeHg.
Neurotoxicological Teratology 25, 11-22.-

45.Fein, G.G., Jacobson, J.L., Jacobson, SW., Scwartz, PM., Dowler, J.K., 1984. Prenatal
exposure to polychlorinated biphenyls: effects on birth size and gestational age.
Journal of Pediactrics 105, 315-320.

46. Jacobson, J.L., Jacobson, S.W., 1996. Intellectual impairment in children exposed to
polychlorinated biohenyls in utero. New England Journal of Medicine 335, 783-789.
47.Jacobson, J.L., Jacobson, S.W., Humprey, H.E., 1990. Effects of exposure to PCB and
related compounds on growth and activity in children. Neurotoxicological Teratology
12,319-326.

48. Patandin, S., Lanting, C.l., Mulder, P.G., Boersma, E.R., Sauer, P.J., Weisglas-Kuperus,
N., 1999. Effects of environmental exposure to polychlorinated biphenyls and dioxins
on cognitive abilities in Dutch children at 42 months of age. Journal of Pedriatics 134,
33-41.

49.Stewart, P, Reihman, J., Lonky, E., Darvill, T., Pagano, J., 2000. Prenatal PCB
exposure and neonatal behavioral assessment scale (NBAS) performance.
Neurotoxicology and Teratology 22, 21-29.

50. Walkowiak, J., Wiener, J.A., Fastabend, A., Heinzow, B., Kramer, U., Schmidt, E.,
Steingruber, H.J., Wudram, S., Winnke, G., 2001. Environmental exposure to
polychlorinated biphenyls and quality of the home environment: effects on
psychodevelopment in early childhood. Lancet 358, 1602-1607.
51.Johnson-Restrepo, B., Kannan, K., Rapaport, D.P, Rodan, B.D., 2005.
Polybrominated diphenyl ethers and polychlorinated biphenyls in human adipose



SAVE THE MEN

tissue from New York. Environmental Science and Technology 39, 5177-5182.

52. Morland, K.B., Landrigan, P.J., Sjodin, A., Gobeille, A.K., Jones, R.S., McGahee, E.E.,
Needham, L.L., Patterson, D.G.Jr.,, 2005. Body burdens of polybrominated dipheny!
ethers among urban anglers. Environmental Health Perspectives 113, 1689-1692.

53. Darnerud, P.O., Eriksen, G.S., Johannesson, T., Larsen, P.B., Viluksela, M., 2001.
Polybrominated diphenyl ethers: occurence, dietary exposure, and toxicology 109k
49-68.

54.Tan, J., Loganath, A, Ching, Y.S., Obbard, J.P, 2009. Exposure to persistent organic
pollutants in utero and related maternal chatcateristics on birth outcomes: A
multivariate data analysis approach. Chemosphere 74, 428-433.

55.Viberg, H., 2009. Exposure to polybrominated diphenyl ethers 203 and 206 during
the nonatal brain growth spurt affects proteins important for normal
neurodevelopment in mice. Toxicological Sciences 109, 306-311.

56. Herbstman, J.B., Sjodin, A., Kurzon, M., Lederman, S.A., Jones, R.S., Rauh, V.,
Needham, L.L., Tang, D., Niedzwiecju, M., Wang, R.Y., Perera, F,, 2010. Prenatal Exposure
to PBDEs and Neurodevelopment. Environmental Health Perspective 118, 712-719.
57.Fischer, C., Fredriksson, A., Eriksson, P., 2008. Neonatal co-exposure to low doses
of an ortho-PCB (PCB153) and methyl mercury exacerbate defective developmental
neurobehavior in mice. Toxicology 244, 157-165.

58. Eriksson, P, Fischer, C., Fredriksson, A., 2006. Polybrominated diphenyl ethers, a
group of brominated flame retardants, can interact with polychlorinated biphenyls in
enhancing developmental neurobehavioral defects. Toxicological Sciences 94, 302-
309.

59. Fischer, C., Fredriksson, A., Eriksson, P,, 2008. Coexposure of neonatal mice to a
flame retardant PBDE99 (2, 2", 4, 4", 5-pentabromodiphenyl ether) and methyl mercury
enhances developmental neurotoxic defects. Toxicological Sciences 101, 275-285.
60. Grandjean, P, Weihe, P, White, R.F,, Debes, F., Araki, S., Yokoyama, K., Murata, K,
Serensen, N., Dahl, R., Jergensen, P.J., 1997. Cognitive deficit in 7-year-old children
with prenatal exposure to methylmercury. Neurotoxicological Teratology 19, 417-428.
61. Davidson, PW., Myers, G.J., Cox, C., Shamlaye, C., Marsh, D.0., Tanner, M.A., Berlin,
M., Sloanne-Reeves, J., Cerichiari, E., Choisy, 0., Choi, A., Clarkson, T.W., 1995.
Longitudinal neurodevelopmental study of Seychellois children following in utero
exposure to methylmercury from maternal fish ingestion: outcomes at 19 and 29
months. Neurotoxicology 16, 677-688

62. Myers, G.J., Davison, PW., Cox, C., Shamlaye, C., Tanner, M.A., Choisy, 0., Sloanne-
Reeves, J., Marsh, D.0., Chernichiari, E., Choi, Berlin, M., Clarkeson, TW., 1995. Pilote
neurodevelopment study of Seychellois children following in utero exposure to
methylmercury from a maternal fish diet. Neurotoxicology 16, 629-638

63. Myers, G.J., Marsh, D.0., Davison, PW., Cox, C., Shamlaye, C., Chernichiari, E.,
Choisy, 0., Clarkson, TW., 1995. Main neurodevelopment study of Sychellois children
following in utero exposure to methylmercury from a maternal fish diet: outcome at
six months.

64. Davidson, PW., Myers, G.J., Cox, C., Axtell, C., Shamlaye, C., Sloanne-Reeves, J.,
Cerichiari, E.,Needham, L., Choi, A., Wang, Y., Berlin, M., Clarkson, TW., 1998. Effects of
prenatal and postnatal methylmercury exposure from fish on neurodevelopment.
Journal of the American Medical Association 281, 897.

65. Stewart, PW., Reihman, J., Lonky, E.I, Darvill, T.J., Pagano, J., 2003. Cognitive
development of preschool children prenatally exposed to PCBd and MeHg.
Neurotoxicological Teratology 25, 11-22.

66. Counter, S.A., Buchanan, L.H., 2004. Mercury exposure in children: review.
Technology and Applied Pharmacology 198, 209-230.

67.Stewart, PW., Reihman, J., Lonky, E.I., Darvill, T.J,, Pagano, J., 2003. Cognitive
development of preschool children prenatally exposed to PCBd and MeHg.
Neurotoxicological Teratology 25, 11-22.

68. Kaatsch, P, Mergenthaler, A., 2008. Incidence, time trends and regional variation
of childhood leukemia in Germany and Europe. Radiation Protection Dosimetry 132,
107-113.

69. Baade, P.D., Youlden, D.R., Valery, P.C., Hassall, T., Ward, L., Green, A.C. Aitken, J.F,
2010. Trends in incidence of childhood cancer in Australia, 1983-2006. British Journal
of Cancer 102, 620-626.

70.Branum, A.M., Lukacs, S., 2009. Food allergy among children in the United States.
Pedriatrics 124, 1549-1555.

71. Anthracopoulos, M.B., Antonogeorgos, G., Liolios, E., Triga, M., Panagiotopoulou,
E., Priftis, K.N., 2009. Increase in chronic or recurrent rhinitis, rhinoconjunctivitis and
eczema among schoolchildren in Greece: Three surveys during 1991-2003. Pedriatric
Allergy and Immunology 20, 180-186.

72. Bishayi, B., Sengupta, M., 2006. Synergism in immunotoxicological effect due to
repeted combined administration of arsenic and lead in mice. International
Immunopharmacology 6, 454-464.

73. Mori, C., Morsey, B., Levin, M., Gorton, T.S., deGuise, S., 2008. Effects of
organochlorins, individually and in mixtures on B-cell proliferation in marine
mammals and mice. Journal of Toxicology and Environmental Health 71, Part A, issue
4,266-275.

74.Harper, N, Steinberg, Safe, S., 1996. Inmunotoxicity of a reconstituted polynuclear
aromatic hydrocarbon mixture in BW3F1 mice. Toxicology 109, 31-38.

75. Lemaire-Gony, S., Lemaire, P, Pulsford, A.L., 1995. Effects of cadmium and benzo(a)
pyrene on the immune system, gill ATPase and EROD activity of European sea bass
Dicentrarchus labrax. Aquatic Toxicology 31, 297-313.

76.Xing, L., Xu, Y., Xiao, Y., Shang, L., Liu, R., Wei, X., Jiang, J., Hao, W., 2010.
Embryotoxic and teratogenic effects of the combination of bisphenol A and genistein
oninvitro cultured postimplantation rat embryos. Toxicological Sciences 115, 577-
588.

77.Vandenberg, L.N., Hauser, R., Marcus, M., Olea, N., Welshons, W.V., 2007. Human
exposure to bisphenol A (BPA). Reproductive Toxicology 24, 139-177.
78.Huang, Y.R., Shi, J.H., Zhou, L., Di, Y., Quan, H., 2001. Environmental monitoring and
governance in the East Asian coastal hydrosphere. Endocrine Disrupter Compounds
(EDCs) in water 2001. Report, China.

79.Newbold RR. Lessons learned from perinatal exposure to diethylstilbestrol. Toxicol
Appl Pharmacol. 2004 Sep 1;199(2):142-50.

80. Waring RH, Harris RM. Endocrine disrupters: a human risk? Mol Cell Endocrinol.
2005 Dec 1;244(1-2):2-9.

81.Sonne C. Health effects from long-range transported contaminants in Arctic top
predators: An integrated review based on studies of polar bears and relevant model
species. Environ Int. 2010 Jul;36(5):461-91.

82. Hatch EE, Nelson JW, Stahlhut RW, Webster TF. Association of endocrine disruptors
and obesity: perspectives from epidemiological studies. IntJ Androl. 2010
Apr;33(2):324-32.

83.Lee DH, Lee IK, Song K, Steffes M, Toscano W, Baker BA, Jacobs DR Jr. A strong
dose-response relation between serum concentrations of persistent organic
pollutants and diabetes: results from the National Health and Examination Survey
1999-2002. Diabetes Care. 2006 Jul;29(7):1638-44.

84. Fernandez MF, Olmos B, Granada A, Lopez-Espinosa MJ, Molina-Molina JM,
Fernandez JM, Cruz M, Olea-Serrano F, Olea N. Human exposure to endocrine-
disrupting chemicals and prenatal risk factors for cryptorchidism and hypospadias: a
nested case-control study. Environ Health Perspect. 2007 Dec;115 Suppl 1:8-14.
85.Kim BN, Cho SC, Kim Y, Shin MS, Yoo HJ, Kim JW, Yang YH, Kim HW, Bhang SY, Hong
YC. Phthalates exposure and attention-deficit/hyperactivity disorder in school-age
children. Biol Psychiatry. 2009 Nov 15;66(10):958-63.

86.Ge RS, Chen GR, Dong Q, Akingbemi B, Sottas CM, Santos M, Sealfon SC, Bernard
DJ, Hardy MP. Biphasic effects of postnatal exposure to diethylhexylphthalate on the
timing of puberty in male rats. J Androl. 2007 Jul-Aug;28(4):513-20.

87. Gunnarsson D, Leffler P, Ekwurtzel E, Martinsson G, Liu K, Selstam G. Mono-(2-
ethylhexyl) phthalate stimulates basal steroidogenesis by a cAMP-independent
mechanism in mouse gonadal cells of both sexes. Reproduction. 2008
May;135(5):693-703.

88. Ulleras E, Ohlsson A, Oskarsson A. Secretion of cortisol and aldosterone asa
vulnerable target for adrenal endocrine disruption - screening of 30 selected
chemicals in the human H295R cell model. J Appl Toxicol. 2008 Nov;28(8):1045-53.
89. Welsh M, Saunders PT, Fisken M, Scott HM, Hutchison GR, Smith LB, Sharpe RM.
|dentification in rats of a programming window for reproductive tract
masculinization, disruption of which leads to hypospadias and cryptorchidism. J Clin
Invest. 2008 Apr;118(4):1479-90

90. Welsh M, Saunders PT, Fisken M, Scott HM, Hutchison GR, Smith LB, Sharpe RM.
Identification in rats of a programming window for reproductive tract
masculinization, disruption of which leads to hypospadias and cryptorchidism.J Clin
Invest. 2008 Apr;118(4):1479-90

91.Swan SH, Main KM, Liu F, Stewart SL, Kruse RL, Calafat AM, Mao CS, Redmon JB,
Ternand CL, Sullivan S, Teague JL; Study for Future Families Research Team. Decrease
in anogenital distance among male infants with prenatal phthalate exposure. Environ
Health Perspect. 2005 Aug;113(8):1056-61.

92. Howdeshell KL, Wilson VS, Furr J, Lambright CR, Rider CV, Blystone CR, Hotchkiss
AK, Gray LE Jr. A mixture of five phthalate esters inhibits fetal testicular testosterone

25



SAVE THE MEN

production in the sprague-dawley rat in a cumulative, dose-additive manner. Toxicol
Sci. 2008 Sep;105(1):153-65.

93. Jacobsen PR, Christiansen S, Boberg J, Nellemann C, Hass U. Combined exposure to
endocrine disrupting pesticides impairs parturition, causes pup mortality and affects
sexual differentiation in rats. IntJ Androl. 2010 Apr;33(2):434-42

94, Rider CV, Furr JR, Wilson VS, Gray LE Jr. Cumulative effects of in utero
administration of mixtures of reproductive toxicants that disrupt common target
tissues via diverse mechanisms of toxicity. IntJ Androl. 2010 Apr;33(2):443-62.

95. Rider CV, Furr JR, Wilson VS, Gray LE Jr. Cumulative effects of in utero
administration of mixtures of reproductive toxicants that disrupt common target
tissues via diverse mechanisms of toxicity. IntJ Androl. 2010 Apr;33(2):443-62.

96. Christiansen S, Scholze M, Dalgaard M, Vinggaard AM, Axelstad M, Kortenkamp A,
Hass U. Synergistic disruption of external male sex organ development by a mixture of
four antiandrogens. Environ Health Perspect. 2009 Dec;117(12):1839-46.

97. Rider CV, Furr JR, Wilson VS, Gray LE Jr. Cumulative effects of in utero
administration of mixtures of reproductive toxicants that disrupt common target
tissues via diverse mechanisms of toxicity. IntJ Androl. 2010 Apr;33(2):443-62.

98. Christiansen S, Scholze M, Dalgaard M, Vinggaard AM, Axelstad M, Kortenkamp A,
Hass U. Synergistic disruption of external male sex organ development by a mixture of
four antiandrogens. Environ Health Perspect. 2009 Dec;117(12):1839-46

99. Rider CV, Furr JR, Wilson VS, Gray LE Jr. Cumulative effects of in utero
administration of mixtures of reproductive toxicants that disrupt common target
tissues via diverse mechanisms of toxicity. IntJ Androl. 2010 Apr;33(2):443-62.

100. Hass U, Scholze M, Christiansen S, Dalgaard M, Vinggaard AM, Axelstad M,
Metzdorff SB, Kortenkamp A. Combined exposure to anti-androgens exacerbates
disruption of sexual differentiation in the rat. Environ Health Perspect. 2007 Dec;115
Suppl 1:122-8

101. Rider CV, Furr JR, Wilson VS, Gray LE Jr. Cumulative effects of in utero
administration of mixtures of reproductive toxicants that disrupt common target
tissues via diverse mechanisms of toxicity. Int J Androl. 2010 Apr;33(2):443-62.

102. Howdeshell KL, Wilson VS, Furr J, Lambright CR, Rider CV, Blystone CR, Hotchkiss
AK, Gray LE Jr. A mixture of five phthalate esters inhibits fetal testicular testosterone
production in the sprague-dawley rat in a cumulative, dose-additive manner. Toxicol
Sci. 2008 Sep;105(1):153-65.

103. Tinwell H, Ashby J. Sensitivity of the immature rat uterotrophic assay to mixtures
of estrogens. Environ Health Perspect. 2004 Apr;112(5):575-82.

104. Charles GD, Gennings C, Tornesi B, Kan HL, Zacharewski TR, Bhaskar Gollapudi B,
Carney EW. Analysis of the interaction of phytoestrogens and synthetic chemicals: an
in vitro/in vivo comparison. Toxicol Appl Pharmacol. 2007 Feb 1;218(3):280-8.

105. You L, Casanova M, Bartolucci EJ, Fryczynski MW, Dorman DC, Everitt JI, Gaido
KW, Ross SM, Heck Hd H. Combined effects of dietary phytoestrogen and synthetic
endocrine-active compound on reproductive development in Sprague-Dawley rats:
genistein and methoxychlor. Toxicol Sci. 2002 Mar;66(1):91-104.

106.van Meeuwen JA, van Son O, Piersma AH, de Jong PC, van den Berg M. Aromatase
inhibiting and combined estrogenic effects of parabens and estrogenic effects of
other additives in cosmetics. Toxicol Appl Pharmacol. 2008 Aug 1;230(3):372-82.

107. Fent K, Escher C, Caminada D. Estrogenic activity of pharmaceuticals and
pharmaceutical mixtures in a yeast reporter gene system. Reprod Toxicol. 2006
Aug;22(2):175-85.

108. Kunz PY, Fent K. Estrogenic activity of UV filter mixtures. Toxicol Appl Pharmacol.
2006 Nov 15;217(1):86-99.

109. van Meeuwen JA, Ter Burg W, Piersma AH, van den Berg M, Sanderson JT. Mixture
effects of estrogenic compounds on proliferation and pS2 expression of MCF-7
human breast cancer cells. Food Chem Toxicol. 2007 Nov;45(11):2319-30.

110. Nellemann C, Dalgaard M, Lam HR, Vinggaard AM. The combined effects of
vinclozolin and procymidone do not deviate from expected additivity in vitro and in
vivo. Toxicol Sci. 2003 Feb;71(2):251-62.

111. Birkhej M, Nellemann C, Jarfelt K, Jacobsen H, Andersen HR, Dalgaard M,
Vinggaard AM. The combined antiandrogenic effects of five commonly used
pesticides. Toxicol Appl Pharmacol. 2004 Nov 15;201(1):10-20.

112. Crofton KM, Craft ES, Hedge JM, Gennings C, Simmons JE, Carchman RA, Carter
WH Jr, DeVito MJ Thyroid-hormone-disrupting chemicals: evidence for dose-
dependent additivity or synergism. Environ Health Perspect. 2005 Nov;113(11):1549-
54.

113. Carlsen E, Giwercman A, Keiding N, Skakkebaek NE. Evidence for decreasing
quality of semen during past 50 years. BMJ. 1992 Sep 12;305(6854):609-13.

26

114. Leung AK, Robson WL. Hypospadias: an update. Asian J Androl. 2007 Jan;9(1):16-
22.

115. Paulozzi LJ, Erickson JD, Jackson RJ. Hypospadias trends in two US surveillance
systems. Pediatrics. 1997 Nov;100(5):831-4.

116. Myrup C, Westergaard T, Schnack T, Oudin A, Ritz C, Wohlfahrt J, Melbye M.
Testicular cancer risk in first- and second-generation immigrants to Denmark. J Natl
Cancer Inst. 2008 Jan 2;100(1):41-7

117. Krysiak-Baltyn K, Toppari J, Skakkebaek NE, Jensen TS, Virtanen HE, Schramm KW,
Shen H, Vartiainen T, Kiviranta H, Taboureau O, Brunak S, Main KM. Country-specific
chemical signatures of persistent environmental compounds in breast milk. IntJ
Androl. 2010 Apr;33(2):270-8.

118. Purdom CE, Hardiman PA, Bye VJ, Eno NC, Tyler C, Sumpter J. Estrogenic effects of
effluents from sewage treatment works. Chem Ecol 1994,;8:275-85.

119. Larsson DGJ, Adolfsson-Erici M, Parkkonen J, Pettersson M, Berg H, Olsson P-E,
Forlin L. Ethinyloestradiol - an undesired fish contraceptive? Aquatic Toxicol
1999;45:91-7.

120. Brian JV, Harris CA, Scholze M, Backhaus T, Booy P, Lamoree M, Pojana G, Jonkers
N, Runnalls T, Bonfa A, Marcomini A, Sumpter JP. Accurate prediction of the response
of freshwater fish to a mixture of estrogenic chemicals. Environ Health Perspect. 2005
Jun;113(6):721-8.

121. Correia AD, Freitas S, Scholze M, Goncalves JF, Booij P, Lamoree MH, Mafiands E,
Reis-Henriques MA.Mixtures of estrogenic chemicals enhance vitellogenic response in
sea bass. Environ Health Perspect. 2007 Dec;115 Suppl 1:115-21.

122. Christiansen S, Scholze M, Dalgaard M, Vinggaard AM, Axelstad M, Kortenkamp A,
Hass U. Synergistic disruption of external male sex organ development by a mixture of
four antiandrogens. Environ Health Perspect. 2009 Dec;117(12):1839-46.
123.Vinggaard AM, Hass U, Dalgaard M, Andersen HR, Bonefeld-Jorgensen E,
Christiansen S, Laier P, Poulsen ME. Prochloraz: an imidazole fungicide with multiple
mechanisms of action. Int J Androl. 2006 Feb;29(1):186-92.

124.Borch J, Metzdorff SB, Vinggaard AM, Brokken L, Dalgaard M. Mechanisms
underlying the anti-androgenic effects of diethylhexyl phthalate in fetal rat testis.
Toxicology. 2006 Jun 1;223(1-2):144-55.

125. Lin H, Lian QQ, Hu GX, Jin Y, Zhang Y, Hardy DO, Chen GR, Lu ZQ, Sottas CM, Hardy
MP, Ge RS. In utero and lactational exposures to diethylhexyl-phthalate affect two
populations of Leydig cells in male Long-Evans rats. Biol Reprod. 2009 May;80(5):882-
8

126. Anway MD, Memon MA, Uzumcu M, Skinner MK. Transgenerational effect of the
endocrine disruptor vinclozolin on male spermatogenesis. J Androl. 2006 Nov-
Dec;27(6):868-79.

127.Aggarwal S, Thareja S, Verma A, Bhardwaj TR, Kumar M. An overview on 5alpha-
reductase inhibitors. Steroids. 2010 Feb;75(2):109-53.

128. Jacobsen PR, Christiansen S, Boberg J, Nellemann C, Hass U. Combined exposure
to endocrine disrupting pesticides impairs parturition, causes pup mortality and
affects sexual differentiation in rats. IntJ Androl. 2010 Apr;33(2):434-42.

129. Regulation (EC) No 1907/2006 on Registration,Evaluation, Authorisation of
Chemicals

130. Regulation (EC) No 1272/2008 on classification, labelling and packaging of
substances and mixtures

131. Directive 2000/60/EC of the European Parliament and of the Council establishing
a framework for the Community action in the field of water policy

132. Directive 2010/75/EC of the European Parliament and of the Council of 15 January
2008 concerning industrial emissions

133. Kortenkamp et al. 2009 State of the Art Report on Mixture Toxicity European
Commission Study Contract Number 070307/2007/485103/ETU/D.1

134. Rider CV, Furr JR, Wilson VS, Gray LE Jr. Cumulative effects of in utero
administration of mixtures of reproductive toxicants that disrupt common target
tissues via diverse mechanisms of toxicity. IntJ Androl. 2010 Apr;33(2):443-62.

135. DEPA 2009. Survey and Health Assessment of the exposure of 2 year-olds to
chemical substances in Consumer Products. Survey of Chemical Substances in
Consumer Products, 102, 2009.



SAVE THE MEN

S_‘-ﬁ Mioy,, - 7 n, ENVIRONNEMENT SANTE (.-j‘“'."'“"'?’ﬁ?
ChemSec: K%{ Sy istas ‘Es 5@ E
i WECF [T R

* Swedish Society for Nature Conservation

C et 57808 htion GREENPEACE” @BunD ‘beuc

FEFUNDF DF® FROF

Endocrine Disrupting Chemicals under REACH:
Four Priority Areas for Regulation

Endocrine disrupting chemicals (EDCs) have been linked with several health problems
including the deterioration of male reproductive health, the increased incidence of
hormone related cancers and the increase in cardiovascular disease, obesity and
diabetes. Despite this growing weight of evidence, the EU has been very slow in
regulating EDCs. We therefore call upon the European Commission, Member States
and relevant European institutions to:

ACT NOW: Expedite the use of REACH to reduce exposure to EDCs
Chemicals with ED properties should be subject to restrictions or authorisation and
phased out without delay. Priority should be assigned based on their hazardous
properties and the likelihood of coming into contact with the public, particularly with
vulnerable populations such as infants, children, women of childbearing age and
pregnant women, or the environment. SIN List 2.0 is a good starting point for identifying
priority chemicals for stricter control under REACH, as it shows that the Commission and
Member States can act now despite the fact that an EU wide approach for identifying
EDCs is not in place yet.

PLAY IT SAFE: Replace EDCs with safer alternatives whenever they exist
The Commission shall review by June 2013 the conditions for granting authorisations to
chemicals with ED properties under REACH. Given the possibility of mixture effects, the
goal should be the elimination of exposure to chemicals with ED properties. This review
should ensure that:

A ED properties are recognised under a distinct and additional criterion in Article 57
for naming a chemical as a SVHC and separated from the Equivalent Concern
criterion (57f).

A An authorisation can only be granted for a limited period if no safer alternatives
are available and the use is absolutely essential to society.

A CMR chemicals with ED properties be proposed on the basis of both 57¢ and f.

PROVIDE TRANSPARENCY for citizens: Disclose information on EDCs
Sufficient information to allow chemical users and consumers to make informed choices
must be publicly available on ECHA's website. Member States should make information
available about EDCs present in consumer and industrial goods and how citizens and
workers can protect themselves from them.

GET THE CRITERIA RIGHT: Develop comprehensive criteria for identifying
chemicals with ED properties to be used across all relevant EU legislation

A Public interest stakeholders must be involved in the development of the criteria
currently being elaborated in the EU, which will have implications for several
policies.

A The absence of precise scientific knowledge of how a substance with endocrine
properties exerts its effects (mechanisms of action) should not hinder or retard
the regulation of such a chemical.

A Independent peer reviewed studies (including non-GLP ones) should be
considered when assessing whether a chemical has ED properties and its likely
effects to humans and the environment.

A Apply the precautionary principle in the identification of ED chemicals.

We therefore call upon the European Commission, Member States and the
relevant European institutions to achieve the above by 2013.
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Chemicals in the environment are attracting increasing attention. The legislation has recently been tigh-
tened, and more knowledge is gradually being developed. Despite this, chemicals continue to have an
impact on our environment and health. What were previously assumed to be safe levels of chemicals are
proving to be capable of harming sensitive processes that are controlled by hormones. These may be vital
functions such as the ability to have children and development of the nervous system.

The chemicals that can be found in the environment are often at low levels and in an unknown mixture
from the diffuse sources that disperse them. This report addresses what is known about how chemicals
affect reproduction and development of other important functions in the body. It also describes simple
methods that can be used to estimate the properties of chemicals in a mixture and what gaps there in
present-day legislation.

Unfortunately there is great cause for concern. The combination effects observed in animal experiments,
for example a shift in the development of puberty and defects of the genital organs, are the same type of
disruptions that have increased greatly in the population in recent years. It is particularly alarming that
endocrine disruptors can reinforce each others’ effects, particularly when they occur in large numbers
and with a wide geographical spread. Urgent action is therefore required to Save the Men, which obvious-
ly means also protecting children and foetuses, and consequently also women.
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