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Protecting humans and wildlife
from harmful chemicals

FROGS AT RISK AND POSSIBLE IMPLICATIONS FOR HUMANS?
WHY EU CHEMICALS LEGISLATION NEEDS UPDATING TO ADDRESS CHEMICALS THAT

DAMAGE THE IMMUNE SYSTEM.

This Briefing

« Outlines the current evidence linking chemical exposure
to reduced immune function and infectious disease
outbreaks in frogs.

« Summarises the evidence for chemicals impacting on
immune system function in the laboratory and in other
wildlife species and humans.

» Aims to alert families, consumers, farmers, food
retailers, consumer product manufacturers, NGOs and
policymakers about the potential risks from chemicals
which harm the immune systems of humans and
wildlife.

« Calls for the development of EU chemicals policy/
legislation that will prevent the release of immunotoxic
chemical pollutants, thereby reducing the toll of
infectious disease on frog and other wildlife populations
— as well as humans.

« Calls for further research to deepen our understanding
of the effect of chemicals on the immune system.

Introduction & Summary

Ponds are often small wildlife sanctuaries in domestic
gardens and our natural environment. They are wonderful
learning environments for families and young children.
One of the highlights within any pond is the frog spawn,
tadpoles and adult frogs. All stages of a frog’s development
are loved by children. Families would agree that it is a
great shame that some frog populations succumb to viral
and fungal diseases causing local population crashes

in some ponds. Action needs to be taken to understand
the environmental factors that affect frog health and to
ensure our ponds and frogs stay in good health. Studies
are beginning to show that there are links between human
presence and impacts of pollutants, such as increased
incidence of infection and disease.

Scientific research over the last decade suggests that
exposure to man-made chemicals in our environment may
be playing an important role in frog diseases because some

chemicals can weaken the immune system and increase
susceptibility to infections and disease (1-2).

Indeed, the wider scientific literature suggests that
chemical pollutants can undermine immune function

in many wildlife species (3) and can do so at low
concentrations which are difficult to detect in the wild.
Laboratory studies substantiate evidence from the natural
environment showing that many man-made pesticides

and industrial chemicals introduced into the environment
have the potential to disturb the immune system of wildlife
species, and humans (4-10).

Frogs might be particularly susceptible to effects of
chemical toxicants in our environment because they
are exposed to water, air and soil pollutants as larval
“tadpoles” that live in water and as adult air-breathing
frogs that move between land and water and use both
lungs and skin for respiration (to breathe).
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Amphibian populations are declining

In 1989, ecologists from across the world shared
remarkably similar and worrying tales of amphibian
species, previously found in abundance, disappearing from
what appeared to be pristine habitat. In response, the
Declining Amphibians Population Task Force (DAPTF)*
was set up to determine if global amphibian declines were
a reality and if so, to reverse these declines (11). In 1999,
irrefutable evidence was published that amphibians had
declined sharply from the 1950s and were continuing to do
so on a global scale (12). Today amphibians are recognized
as the most threatened vertebrate Class assessed to date,
with as many as 200 species having become extinct since
1980 (12-13). While many drivers of amphibian declines
have been identified, including habitat loss, invasive
species, obvious pollution, or over-harvesting (for, among
other things, edible frogs’ legs or pets), in many cases no
cause has been identified. However, new and accumulating
data indicate that these unidentified reasons for decline
are often the result of two previously unrecognized threats;
infectious diseases and low concentrations of agricultural
and urban pollutants, and how they act together.

Amphibians occupy the majority of the world’s land and
fresh water habitats, leaving them exposed to man-made
chemical threats from many sources. Amphibian skin

is highly permeable and critical for fluid balance and
oxygen absorption etc. For example, most amphibians do
not drink water, but instead absorb it through their skin
from moist soil or water (14). This multifunctional skin
also provides defences to infection, acting as a barrier to
infectious agents. Environmental threats such as pollution
have the capacity to destabilize these functions. Moreover,
pollutants that are taken in through the skin, bypass being
broken down and made harmless in the gut.

In the UK, notable declines have been reported for the
Great crested newt and Natterjack toad, considered to be
our most endangered species. However, there are some
reports suggesting abundant species such as the common
frog and common toad have also undergone substantial
and rapid declines, particularly in southern and eastern
England (1, 15).

Disease is a major threat to amphibian
survival

The main causes of amphibian population declines
are listed above and while all have the capacity to
cause substantial loss of amphibian biodiversity, many

amphibian species exposed to threatening processes do
not experience declines. The one exceptional threat is
infectious disease: nearly all amphibians exposed to a
threatening infectious agent are at risk because of it (see
http://www.iucnredlist.org/initiatives/amphibians/
analysis/major-threats). Thus, the effects of infectious
disease on amphibians are equally as destructive as habitat
loss. However there are fewer, if any, strategies in place to
tackle disease emergence.

The disease most widely associated with amphibian
decline is chytridiomycosis, caused by the fungus,
Batrachochytrium dendrobatidis (16). Die-offs have

been reported for more than 400 species worldwide

(17). Ranavirus infections have also caused population
declines of common frogs and possibly loss of whole frog
populations, and these are becoming more prevalent in
the UK (1). A National Wildlife Health Center study found
that 57% of North American amphibian mortality events
investigated from 1996 — 2001 were associated with
ranavirus infections (18). In addition, parasitic trematodes
have caused developmental abnormalities and population
declines of amphibians across North America (19).

Why are infectious disease outbreaks
killing amphibians?

The immune system protects against disease by identifying
and killing pathogens and other disease-causing cells. The
immune system is extremely efficient at preventing and
eliminating infections. However the immune system is not
impenetrable and operates best under certain conditions.
When these conditions are not in place, the immune
system does not work as effectively and pathogens (i.e.
diseases) can gain the upper hand.

It is not clear why diseases have begun to affect amphibian
populations. Not all species are losing the battle; different
species, and sometimes even populations of the same
species in different locations, vary in their response to the
same infectious disease. Evidence suggests that diseases
that are causing amphibian declines are spread by human
activities, and amphibian species are being exposed to new
pathogens against which they have not evolved immunity.

Additionally, pathogens may be more virulent when
combined with other environmental factors such as
exposure to pollution. In particular, several studies now
show that exposure to pollution may weaken the frogs’
immune systems such that they are no longer strong enough
to survive exposures to both every-day and new infections.

! The DAPTF was established in 1991 and consists of a network of over 3,000 scientists and conservationists belonging to national and
regional working groups which now cover more than 9o countries around the world. It operates under the umbrella of the IUCN (the

World Conservation Union) Species Survival Commission.



Existing evidence that chemicals can
harm the immune system of animals

In 1995, a group of experts meet at Wingspread, Wisconsin
to discuss growing evidence of chemically induced
alterations of the immune systems of wildlife and humans
(20). More recently a World Health Organisation and
United Nations Environment Programme (WHO/UNEP)
review shows that certain synthetic chemicals can harm
components of the immune system — these chemicals

are termed immunotoxic (21). Exposure to pesticides,

for example, reduces the numbers of white blood cells

and other disease-fighting cells and impairs their ability

to recognize and kill bacteria and viruses. Chemicals

can also alter the development of the immune system in
early life and can impair the function of the thymus and
spleen, both key organs in immune function. Alterations

in the developing immune system may not be recognized
as an adverse health effect until later in life, long after

the exposure to the immunotoxic chemical(s). Both the
prenatal and early postnatal period in mammals and early
life stages of amphibians, reptiles, fish, and birds are highly
vulnerable to immune system disruption.

Because the nervous, hormone and immune systems are
very closely linked, chemicals that affect the hormone

and nervous systems can also affect immunity and many
such chemicals have been identified. For example, the
neurotoxic effects of pesticides may disrupt the normal
chemical signaling that occurs between nervous, endocrine
and immune systems. Neurotoxic effects during key early
stages of development of the nervous system may impair
the establishment of a healthy immune system after birth
or may also have indirect effects on the immune system via
thyroid function, as this plays a role in maturation of the
immune cells.

Indeed, pesticides such as neonicotinoids are known to
affect the nervous and immune system of some insects
including bees, and, in addition, a recent review article
(22) highlighted immune effects in other non-target
animals such as rats and fish. This suggests that more
research is required to determine the possible impacts

of this group of pesticides on the immune function of
insectivorous animals such as amphibians, birds and bats
(22).

Other wildlife species
Marine Mammals

Perhaps the best evidence for effects of chemicals on
immune function is from studies on marine mammals such
as seals. Blood samples from affected animals contained
high levels of chemical residues and showed the animals
were suffering major viral or bacterial infections and
exhibited depressed immune system function (23-30).

In some cases, animals also exhibited frequent tumours.
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The most comprehensive of these studies are those on
the immunotoxic effects of contaminants in harbour
seals. Links between concentrations of PCBs in the seals
and changes in immune function and disease incidence
indicated immunotoxicity. Depressions in immune
response were also observed in harbour seals fed Baltic
Sea herring, containing PCBs among other contaminants
(31-37). These effects were attributed primarily to PCBs,
which are now known to be able to modify the immune
response in many animals. At least 20 species of whales,
dolphins and porpoises and 15 species of seals, sealions
and walruses have been shown to be vulnerable to more
than 30 different emerging and re-emerging disease
conditions. The data relating PCBs with depressed immune
function are now robust enough to support a cause and
effect relationship resulting in increased susceptibility to
infectious diseases in marine mammals. Contaminant-
induced immune suppression is therefore considered to
have contributed to the mass mortalities of many marine
mammals, including seals and dolphins.

Birds

Immunological effects of PCBs have also been reported in
birds. The first evidence of this was in 1970, when higher
mortality to duck hepatitis virus in ten day old mallard
ducklings fed PCBs was reported (38). Further effects have
since been reported in captive male American kestrels
exposed to PCBs and the flame retardant PBDEs, including
an increase in total white blood cell counts (39-41). In
wild glaucous gulls, the numbers of white blood cells

were linked to circulating concentrations of PCBs (42),
and glaucous gulls with high PCB and DDT levels had
higher parasite burdens than individuals with low levels,
suggesting an effect of these chemicals on host resistance
(43).

Fish

Immunological effects caused by exposure to
environmental contaminants, particularly PCBs, have also
been reported across a range of fish species (44-45). For
example, European eels fed with a diet containing PCBs
were found to have a complete suppression of the normal
immune (anti-body) response to parasite infection (46).

Studies show pesticides can impair
amphibian immune systems

Effects of chemicals on the immune systems of amphibians
are difficult to demonstrate conclusively in wild
populations due to many confounding factors including:
chronic exposures in diet and/or environment; exposures
to complex mixtures; constantly changing profiles of
contaminants; confounding factors such as age, sex,

and condition (general health) that can affect immune
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response; the interacting effects of multiple stressors in
addition to chemicals, such as climate change, habitat
alteration, invasive species, and/or eutrophication; as well
as legal, technical and ethical constraints to working with
wildlife, notably those listed under endangered species
legislation.

Dealing with these challenges will need the development
of highly sensitive methods for detecting pathogens and
chemicals, and distinguishing the effects of individual
chemicals and pathogens, chemical mixtures and co-
infections. Research is only just beginning to address this
complex issue. Nevertheless, studies are beginning to
show that there are links between human presence and
impacts of pollutants and increased incidence of infection
and disease. Infection with Ranavirus is more likely near
human habitation and sources of pollution, including
agriculture (47).

Associations between chemical exposures and immune
function in amphibians have been reported in the
laboratory, where studies have shown that exposure to
DDT and PCBs (a pesticide and industrial chemical, both
of which are now banned in EU countries) are correlated
with poor immune responses parasitic infections and death
(48). Very weak but still environmentally relevant (i.e. at
levels found in the environment today) concentrations

of the pesticides DDT, dieldrin or malathion injected

into frogs had an immune suppressing effect similar to
cyclophosphamide, a drug used to suppress the immune
system and prevent organ rejection in human transplant
recipients. DDT-exposed frogs had only 1 to 2 percent

of normal antibody production, while dieldrin led to 30
percent of normal production, two weeks after exposure.

It took frogs 20 weeks of living in a pesticide-free
environment to return their immune systems to typical
function. Ecologically relevant concentrations of atrazine, a
herbicide now banned in the EU, have also been shown to
reduce immune function in amphibians and in the wild has
been noted to be regularly accompanied by increased rates
of parasitic worm infection (49), which in turn has resulted
in an increase in limb deformities.

Apart from the well-documented effects of PCBs (which
still fundamentally contaminate our environment due to
their persistence), other chemicals have been implicated
in immune system dysfunction in wildlife. For example,
many pesticides (including certain organochlorines,
organophosphates, and pesticides based on tin or arsenic)
have been reported to have immunotoxic properties (50-
52).

Additionally, it is important to remember that for many
chemicals, whether they affect the function of the immune
system is simply not known, because so few chemicals have
been tested for such effects. Therefore, it is imperative

that further research is commissioned to fully understand
the risks posed by chemicals on the immune system and
that policy makers provide people and wildlife adequate
protection from these types of chemicals.

Disruption of the immune system in
humans

There are similarities in the immune systems of wildlife
and humans, consequentially the findings of effects of
chemicals on the immune systems of wildlife species
could also have implications for humans. Humans are also
exposed to numerous man-made chemicals in food, air and
via chemicals leaching out of many consumer products in
the home. As for wildlife, it is extremely difficult to prove
a cause and effect relationship in humans due to multiple
confounding factors of lifestyle (such as diet, alcohol
consumption, smoking, exposure to other environmental
toxins, individual health status). Moreover, individual
people can vary enormously in their sensitivity to toxic
chemicals; and data as to which particular chemicals an
individual has been exposed to, and at what stage in their
life, is often non-existent.

Considering both laboratory and epidemiological studies
together, there is evidence that chemical exposures
could play a role in the development of immune-related
disorders including immune cancers such as lymphoma
and leukemia (53-57), and could at least be partially
responsible for the increase in these diseases in recent
years.

Also for example, Canadian Inuit people, who eat mainly
fish and seal meat heavily contaminated with persistent
industrial chemicals and pesticides, have been reported to
have pronounced immune system deficiencies, particularly
among breast-fed infants and children. Meningitis and
inner ear infections occurred at rates 30 times that of
American children (50). These new insights stress a critical
need to acquire a better understanding of how chemicals
affect normal immune function and immune disorders.

Toxicity may also arise when the immune system responds
to the antigen specificity of the chemical leading to
hypersensitivity or allergy. It is therefore of concern that
allergies are becoming increasingly common, particularly
in children as this may be connected to the effects of
certain chemicals. Autoimmune thyroid diseases, caused
by abnormal interactions between cells of the thyroid
gland and immune cells could also be influenced by
exposure to chemicals that interfere with thyroid function
(57). Hormone or endocrine disrupting mechanisms are
considered to play a role in the immunotoxic effects of
several compounds including DES, and PCBs, dioxins and
furans.

Developmental immunotoxicity (DIT) caused by chemical



exposure may cause lifelong effects on the immunity

and overall health of exposed individuals, causing
predisposition to diseases such as asthma and childhood
leukemia (53). The incidence of childhood allergic disease
(including asthma) has increased since the mid-1900s,
and there are some reported links between phthalate
(chemicals in some plastics) exposure in house dust and
allergic symptoms in children (e.g. 58, 59).

A single study also shows triclosan (anti-microbial
chemical in some personal care products) levels in
children under 18 years of age were tightly correlated with
development of these diseases (60).

Exposures to chemical contaminants, particularly to
organochlorines and PCBs, have long been associated with
increased risk of blood disorders and cancers such as Non-
Hodgkin’s Lymphoma (61-65). Several further studies
have connected pesticide exposure and the development
of leukemia in children. Unfortunately, many of these
studies do not have detailed exposure information, only
study small numbers, and are limited by a recall bias

of the parents (54, 66). Moreover, association does not
always prove causation. Therefore, more work is needed
to determine the role of chemicals in causing childhood
leukemias and lymphomas.
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Conclusions

Frogs and other wildlife species

» There is irrefutable evidence showing that amphibian
populations have declined sharply from the 1950s and
are continuing to do so, on a global scale.

 Inthe UK, notable declines have been reported for the
great crested newt and the natterjack toad, considered to
be our most endangered species. In addition, there are
some reports that abundant species such as the common
frog and common toad have also undergone substantial
and rapid declines, particularly in southern and eastern
England.

» There is evidence that effects of infectious disease on
frogs are equally as destructive as habitat loss. However,
there are fewer, if any, strategies in place to tackle
disease emergence.

« New and accumulating data indicate that the
unidentified reasons for decline are often the result of
2 previously unrecognized threats; infectious diseases
and low concentrations of chemical pollutants. Diseases
(pathogens) may be more virulent when combined with
other factors such as exposure to pollution, which may
weaken frog immune systems such that they are no
longer strong enough to survive exposures to both every-
day and new infections.

« Because the nervous, endocrine and immune systems
are very closely linked, chemicals that affect hormones
and the nervous systems can also affect immunity
and many such chemicals have been identified. The
neurotoxic effects of pesticides may disrupt the
normal chemical signaling that occurs between the
nervous, endocrine and immune systems, and during
development may impair the establishment of a healthy
immune system.

« Immunotoxic chemical pollutants can undermine
immune function in many wildlife species and can do
so at low concentrations. Such concentrations already
occur in the environment.

» Amphibians occupy the majority of the world’s land and
fresh water habitats, leaving them exposed to man-made
chemical threats from many sources. Amphibians may
also be particularly susceptible because they can take in
pollutants via the skin, which enables these chemicals to
bypass metabolism in the gut.

 Studies show that there are links between human
presence and impacts of pollutants and increased
incidence of infection and disease in frogs. Infection
with Ranavirus is more likely near human habitation
and sources of pollution, including agriculture.
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« Exposure to DDT and PCBs (a pesticides and industrial
chemical, both of which are now banned in the EU)
are correlated with poor immune responses, parasitic
infections and death.

« Environmentally relevant (i.e. at levels found in the
environment today) concentrations of some pesticides
injected into frogs have shown effects similar to
cyclophosphamide, a drug used to suppress the immune
system.

« Ecologically relevant concentrations of the pesticide
atrazine has also been shown to reduce immune
function in amphibians in relation to parasite infections,
and in the wild atrazine exposure has been noted to be
regularly accompanied by increased rates of parasitic
worm infection, which in turn has resulted in an
increase in limb deformities in frogs.

+ Both the prenatal and early postnatal period in
mammals and early life stage of amphibians, reptiles,
fish and birds are highly vulnerable to immune system
disruption. Many species of animals living in polluted
areas have been reported with deficits in immune system
function.

Conclusions for humans

« Wildlife and humans have similarities in how their
immune systems function, so the finding of effects of
chemicals on the immune systems of wildlife species
may also have implications for humans.

« Humans are exposed to numerous man-made chemicals
in food, air and via chemicals leaching out of many
consumer products in the home.

« Individual people can vary enormously in their
sensitivity to toxic chemicals: and data as to which
particular chemicals an individual has been exposed to,
and at what stage in their life, are often non-existent.

« Animal studies have shown chemicals can alter the
development of the immune system in early life and
can impair the function of the thymus and spleen, both
key organs in the functioning of the immune system.
Alterations in the developing immune system may not
be recognized as an adverse health effect until later
in life, long after the exposure to the immunotoxic
chemical(s).

+ Chemical exposure during development may impair the
establishment of a healthy immune system after birth or
may also have indirect effects on the immune system via
thyroid function, as this plays a role in maturation of the
immune cells.

« Itis possible that mixtures of chemicals can undermine

immune function at very low levels — levels which
already exist in the environment.

Exposure to certain pesticides reduces the numbers of
white blood cells and other disease-fighting cells and
impairs ability to recognize and kill bacteria and viruses.

There is some evidence that chemical exposures could
play a role in the development of immune-related
disorders including immune cancers such as lymphoma
and leukemia, and it has been suggested they are at least
partially responsible for the increase in these diseases in
recent years.

Developmental immunotoxicity (DIT) caused by
chemical exposure may cause lifelong effects on the
immunity and overall health of exposed individuals,
causing predisposition to diseases such as asthma.

Potential exists for widespread immunotoxicity in
humans and wildlife because of the worldwide lack of
appropriate testing strategies to identify immunotoxic
chemicals and the lack of protective standards.

Science is not yet able to accurately characterize the
public health implications from pesticide-associated
immune system damage at the population level or for
specific groups. However, current evidence clearly
indicates that exposure to certain pesticides, individually
and/or in combination with other man-made chemicals
does compromise immune system function, and may
pose potentially significant threats to human health.
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Recommendations

1. In order to secure exposure reduction, particularly 7. Strategies need to be put in place to tackle disease
in advance of legislative action, consumers, farmers, emergence in frogs — similar to the strategies in place
and retailers should be made aware of the risks of concerning other threats — like habitat loss.

immunotoxic chemicals.
8. Dealing with the many factors at once will need the

2. In order to secure exposure reduction, particularly in development of highly sensitive methods for detecting
advance of legislative action, consumers, farmers, and pathogens and chemicals, and distinguishing the
retailers should be made aware of the products — food effects of individual chemicals and pathogens, chemical
and consumer products, etc - where immunotoxic mixtures and co-infections. Research is only just
chemicals can be found. beginning to address this complex issue.

3. Policy and EU legislation needs to be developed to 9. More research is needed to uncover the role of
reduce or preferably halt wildlife and human exposure to immunotoxic chemicals in human disease, particularly
immunotoxic chemicals. Such legislative actions need to childhood lymphoma and leukemias.

take into account the potential for mixture effects both of

multiple chemical exposures and chemicals and infectious ~ 1©- Further research is needed to develop screens and tests

so that all the immunotoxic chemicals to which wildlife

agents. . . .
and humans are exposed can be identified. Action
4. There is a critical need to acquire a better understanding should then be taken to minimize exposure to these
of how chemicals affect normal immune function and chemicals.

immune disorders. Given the potential effects on many
species, more effort is needed to understand all the
influences on the immune system.

11. In future, before chemicals are put on the market, they
should be subjected to adequate screens and tests to
ensure that wildlife and humans are not exposed to

5. There is a need to fully understand the amphibian ‘new’ immunotoxic chemicals.
immune system and for studies to determine the scale of

immune system changes among amphibian populations. 12. The OECD Test Guideline 443, which is an extended

one generation study, should always be undertaken
6. More research is required on the relationship between with the inclusion of the examination for developmental
exposure to immunotoxic chemicals and disease in immunotoxic effects.
declining amphibian populations.




FROGS AT RISK AND POSSIBLE IMPLICATIONS FOR HUMANS?

References

1. Teacher, A.G.F., Cunningham, A.A., Garner,
T.W.J. (2010). The impact of Ranavirus
infection on wild common frog populations in
the UK. Animal Conservation 13, 514-522.

2. Rohr, J.R., Schothoefer, A.M., Raffel,
T.R., Carrick, H.J., Halstead, N., Hoverman,
J.T., Johnson, C.M., Johnson, L.B., Lieske,
C., Piwoni, M.D., Schoff, P.K., Beasley, V.R.
(2008). Agrochemicals increase trematode
infections in a declining amphibian species.
Nature 455, 1235-12309.

3. Luebke, R.W., Hodson, P.V., Faisal, M.,
Ross, P.S., Grasman, K.A., Zelikoff, J. (1997).
Aquatic pollution-induced immunotoxicity
in wildlife species. Toxicological Sciences 37,
1-15.

4. Arkoosh, M.R., Casillas, E., Clemons, E.,
Kagley, A.N., Olson, R., Reno, P., Stein, J.E.
(1998). Effect of pollution on fish diseases:
potential impacts on salmonid populations.
Journal of Aquatic Animal Health 10, 182-
190.

5. Beckmen, K.B., Blake, J.E., Ylitalo,

G.M.,, Stott, J.L., O’Hara, T.M. (2003).
Organochlorine contaminant exposure and
associations with hematological and humoral
immune functional assays with dam age as

a factor in free-ranging northern fur seal
pups (Callorhinus ursinus). Marine Pollution
Bulletin 46, 594-606.

6. Bustnes, J.0., Hanssen, S.A., Folstad,

1., Erikstad, K.E., Hasselquist, D., Skaare,
J.U. (2004). Immune Function and
Organochlorine Pollutants in Arctic Breeding
Glaucous Gulls. Archives of Environmental
Contamination and Toxicology 47, 530-541.

7. Cuesta, A., Meseguer, J., Esteban, M.A.
(2011). Immunotoxicological effects of
environmental contaminants in teleost fish
reared for Aquaculture. In: Stoytcheva, M.
(Ed.). Pesticides in the modern world - risks
and benefits.

8. Albert, A., Drouillard, K., Haffner,

G.D., Dixon, B. (2007). Dietary exposure

to low pesticide doses causes long-term
immunosuppression in the leopard frog (Rana
pipiens). Environmental Toxicology and
Chemistry 26, 1179-1185.

9. Gilbertson, M.-K., Haffner, G.D.,
Drouillard, K.G., Albert, A., Dixon, B. (2003).
Immunosuppression in the northern leopard
frog (Rana pipiens) induced by pesticide
exposure. Environmental Toxicology and
Chemistry 22, 101-110.

10. Levin, M., Brenda, M., De Guise, S.
(2007). Modulation of the respiratory burst
by organochlorines mixtures in marine
mammals, humans and mice. Journal of
Toxicology and Environmental Health Part A
70, 73-83.

11. Heyer, W. R., Murphy, J. B. (2005).
Declining amphibian populations task force.
Amphibian Declines: The Conservation Status
of United States Species 17-21.

12. Stuart, S.N., Chanson, J.S., Cox, N.A.,
Young, B.E., Rodrigues, A.S.L., Fischman,

I~

D.L., Waller, RW. (2004). Status and
trends of amphibian declines and extinctions
worldwide. Science 306, 1783-1786.

13. Wake, D.B., Vredenburg, V.T. (2008). Are
we in the midst of the sixth mass extinction?
A review from the world of amphibians. Proc.
Natl. Acad. Sci. USA 105, 11466—11473.

14. Shoemaker, V.H., Nagy, K.A. (1977).
Osmoregulation in amphibians and reptiles.
Ann. Rev. Physiol. 39: 449-71.

15. Carrier, J., Beebee, T.J.C. (2003). Recent,
substantial and unexplained declines of the
common toad Bufo bufo in lowland England.
Biological Conservation 111, 395-399.

16. Skerratt, L.F., Berger L., Speare, R.,
Cashins, S., McDonald, K.R., Phillott, A.D.,
Hines, H.B., Kenyon, N. (2007). Spread of
Chytridiomycosis has caused the rapid global
decline and extinction of frogs. EcoHealth 4,
125-134.

17. Fisher, M.C., Garner, T. W. J.,

Walker, S.F. (2009). Global emergence

of Batrachochytrium dendrobatidis and
amphibian Chytridiomycosis in space, time,
and host. Annual Review of Microbiology 63,
291-310.

18. Green, D.E., Converse, K.A., Schrader,
AK. (2002). Epizootiology of sixty-four
amphibian morbidity and mortality events
in the USA, 1996-2001. Ann. N. Y. Acad. Sci.
969, 323-339.

19. Johnson, P.T., Lunde, K.B., Richie, E.G.,
Launer, A.E. (1999). The Effect of Trematode
Infection on amphibian limb development
and survivorship. Science 284, 802-804.

20. Colborn, T. (1996). Statement from
the work session on chemically-induced
alterations in the developing immune
system: The wildlife/human connection.
Environmental Health Perspectives 104, 4,
807-808.

21. WHO& UNEP. (2013). State of the Science
of Endocrine Disrupting Chemicals 2012.
WHO, Geneva.

22, Mason, R., Tennekes, H., Sanchez-

Bayo, F., Uhd Jepsen, P. (2013). Inmune
suppression by neonicotinoid insecticides at
the root of global wildlife declines. Journal of
Environmental Immunology and Toxicology
1:1, 3-12.

23. Aguilar, A., Borrell, A. (1994). Abnormally
high polychlorinated biphenyl levels in
striped dolphins (Stenella coeruleoalba)
affected by the 1990-1992 Mediterranean
epizootic. Science of the Total Environment
154, 237-247.

24. Beckmen, K.B., Blake, J.E., Ylitalo,

G.M., Stott, J.L., O’Hara, T.M. (2003).
Organochlorine contaminant exposure and
associations with hematological and humoral
immune functional assays with dam age as

a factor in free-ranging northern fur seal
pups (Callorhinus ursinus). Marine Pollution
Bulletin 46, 594-606.

25. Jepson, P.D., Bennett, P.M., Allchin, C.R.,
Law, R.J., Kuiken, T., Baker, J.R., Rogan, E.,
Kirkwood, J.K. (1999). Investigating potential

associations between chronic exposure to
polychlorinated biphenyls and infectious
disease mortality in harbour porpoises from
England and Wales. Science of the Total
Environment 243-244, 339-348.

26. Jepson, P.D., Bennett, P.M., Deaville, R.,
Allchin, C.R., Baker, J.R., Law, R.J. (2005).
Relationships between polychlorinated
biphenyls and health status in harbor
porpoises (Phocoena phocoena) stranded

in the United Kingdom. Environmental
Toxicology and Chemistry 24, 238-248.

27. Lahvis, G.P., Wells, R.S., Kuehl, D.W.,
Stewart, J.L., Rhinehart, H.L., Via, C.S.
(1995). Decreased lymphocyte responses in
free-ranging bottlenose dolphins (Tursiops
truncatus) are associated with increased
concentrations of PCBs and DDT in
peripheral blood. Environmental Health
Perspectives 103S, 67-72.

28. Hall, A., Pomeroy, P., Green, N., Jones, K.,
Harwood, J. (1997). Infection, haematology
and biochemistry in grey seal pups exposed to
chlorinated biphenyls. Marine Environmental
Research 43, 81-98.

29. Davison, N.J., Perrett, L.L., Law, R.J.,
Dawson, C.E., Stubberfield, E.J., Monies,
R.J., Deaville, R., Jepson, P.D. (2011).
Infection with Brucella ceti and high levels
of polychlorinated biphenyls in bottlenose
dolphins (Tursiops truncatus) stranded in
south-west England. Veterinary Record 169,
14.

30. Beineke, A, Siebert, U., McLachlan, M.,
Bruhn, R., Thron, K., Failing, K., Muller,
G., Baumgartner, W. (2005). Investigations
of the potential influence of environmental
contaminants on the thymus and spleen

of harbor porpoises (Phocoena phocoena).
Environmental Science & Technology 39,
3933-3938.

31. De Swart, R.L., Ross, P.S., Timmerman,
H.H., Heisterkamp, S., Vos, H.W., Reijnders,
P.J.H., Vos, J.G., Osterhaus, A.D.M.E.
(1995a). Impaired cellular immune response
in harbour seals (Phoca vitulina) feeding

on environmentally contaminated herring.
Clinical and Experimental Immunology 101,
480-486.

32. De Swart, R.L., Ross, P.S., Vedder, L.J.,
Boink, F.B.T.J., Reijnders, P.J.H., Mulder,
P.G.H., Osterhaus, A.D.M.E. (1995b).
Haematology and clinical chemistry values
for harbour seals (Phoca vitulina) fed
environmentally contaminated herring
remain within normal ranges. Canadian
Journal of Zoology 73, 2035-2043.

33. De Swart, R.L., Ross, P.S., Vedder, L.J.,
Timmerman, H.H., Heisterkamp, S., Van
Loveren, H., Vos, J.G., Reijnders, P.J.H.,
Osterhaus, A.D.M.E. (1994). Impairment

of immune function in harbor seals (Phoca
vitulina) feeding on fish from polluted waters.
Ambio. 23, 155-159.

34. De Swart, R.L., Ross, P.S., Vos, J.G.,
Osterhaus, A.D.M.E. (1996a). Impaired
immunity in harbour seals (Phoca vitulina)
exposed to bioaccumulated environmental
contaminants: review of a long-term feeding
study. Environmental Health Perspectives
104, 823-828.



35. De Swart, R.L., Ross, P.S., vos, J.G.,
Osterhaus, A.D.M.E. (1996b). Impaired
immunity in harbour seals [Phoca vitulina]
fed environmentally contaminated herring.
The Veterinary quarterly 18, S127-S128.

36. Ross, P.S., De Swart, R.L., Reijnders,
P.J.H., Van Loveren, H., Vos, J.G., Osterhaus,
A.D.M.E. (1995). Contaminant-related
suppression of delayed-type hypersensitivy
and antibody responses in harbor seals fed
herring from the Baltic Sea. Environmental
Health Perspectives 103, 162-167.

37. Ross, P.S., De Swart, R.L., Timmerman,
H.H., Reijnders, P.J.H., Vos, J.G., Van
Loveren, H., Osterhaus, A.D.M.E. (1996).
Suppression of natural killer cell activity in
harbour seals (Phoca vitulina) fed Baltic Sea
herring. Aquatic Toxicology 34, 71-84.

38. Friend, M., Trainer, D.O. (1970).
Polychlorinated Biphenyl: Interaction with
Duck Hepatitis Virus. Science 170, 1314-1316.

39. Fernie, K.J., Mayne, G., Shutt, J.L.,
Pekarik, C., Grasman, K.A., Letcher,

R.J., Drouillard, K. (2005). Evidence of
immunomodulation in nestling American
kestrels (Falco sparverius) exposed

to environmentally relevant PBDEs.
Environmental Pollution 138, 485-493.

40. Smits, J.E., Fernie, K.J., Bortolotti,

G.R., Marchant, T.A. (2002). Thyroid
hormone suppression and cell-mediated
immunomodulation in American Kestrels
(Falco sparverius) exposed to PCBs. Archives
of Environmental Contamination and
Toxicology 43, 0338-0344-.

41. Smits, J.E.G., Bortolotti, G.R. (2001).
Antibody-mediated immunotoxicity in
American kestrels (Falco sparverius) exposed
to polychlorinated biphenyls. Journal of
Toxicological and Environmental Health 624,
217-226.

42. Bustnes, J.O., Hanssen, S.A., Folstad,

1., Erikstad, K.E., Hasselquist, D., Skaare,
J.U. (2004). Immune Function and
Organochlorine Pollutants in Arctic Breeding
Glaucous Gulls. Archives of Environmental
Contamination and Toxicology 47, 530-541.

43. Sagerup, K., Henriksen, E.O., Skorping,
A., Skaare, J.U., Gabrielsen, G.W. (2000).
Intensity of parasitic nematodes increases
with organochlorine levels in the glaucous
gull. Journal of Applied Ecology 37, 532-539.

44. Wester, P.W., Vethaak, A.D., van
Muiswinkel, W.B. (1994). Fish as biomarkers

in immunotoxicology. Toxicology 86, 213-232.

45. Cuesta, A., Meseguer, J., Esteban, M.A.
(2011). Immunotoxicological effects of
environmental contaminants in teleost fish
reared for Aquaculture. In: Stoytcheva, M.
(Ed.). Pesticides in the modern world - risks
and benefits.

46. Sures, B., Knopf, K. (2004). Individual
and combined effects of cadmium and
3,3,4,4’,5-pentachlorobiphenyl (PCB 126) on
the humoral immune response in European
eel (Anguilla anguilla) experimentally
infected with larvae of Anguillicola crassus
(Nematoda). Parasitology 128, 4, 445-454.

47. St-Amour, V., Wong, W.M., Garner,
T.W.J., Lesbarréres, D. (2008).
Anthropogenic influence on the prevalence
of two amphibian pathogens. Emerging
Infectious Diseases 14, 1175-1176.

48. Mann, R.M., Hyne, R.V., Choung,

C.B., Wilson, S.P. (2009). Amphibians and
agricultural chemicals: review of the risks in
a complex environment. Environnemental
Pollution 157, 2903-2927.

49. Kiesecker, J.M. (2002). Synergism
between trematode infection and pesticide
exposure: A link to amphibian limb
deformities in nature? Proceedings of the
National Academy of Sciences 99, 9900—
9904.

50. Repetto, R., Baliga, S.S. (1997) Pesticides
and the Immune System: The Public Health
Risks. World Resources Institute, Washington
D.C., USA.

51. Albert, A., Drouillard, K., Haffner,

G.D., Dixon, B. (2007). Dietary exposure

to low pesticide doses causes long-term
immunosuppression in the leopard frog (Rana
pipiens). Environmental Toxicology and
Chemistry 26, 1179-1185.

52. Gilbertson, M.-K., Haffner, G.D.,
Drouillard, K.G., Albert, A., Dixon, B. (2003).
Immunosuppression in the northern leopard
frog (Rana pipiens) induced by pesticide
exposure. Environmental Toxicology and
Chemistry 22, 101-110.

53. Dietert, R. R. (2009). Developmental
immunotoxicity (DIT), postnatal immune
dysfunction and childhood leukemia. Blood
Cells Mol Dis. 42(2), 108-112.

54. Dietert, R. R., Zelikoff, J. T. (2008).
Early-life environment, developmental
immunotoxicology, and the risk of pediatric
allergic disease including asthma. Birth
Defects Res B Dev Reprod Toxicol. 83(6),
547-560.

55. Kwak, E. S., Just, A., Whyatt, R., Miller,
R.L. (2009). Phthalates, Pesticides, and
Bisphenol-A exposure and the development of
nonoccupational asthma and allergies: How
Valid Are the Links? Open Allergy J. 2, 45-50.

56. Whalen, M. M., Loganathan,

B.G., Yamashita, N., Saito, T. (2003).
Immunomodulation of human natural
killer cell cytotoxic function by triazine and
carbamate pesticides. Chem Biol Interact.
145(3), 311-319.

57. Winans, B., Humble, M.C., Lawrence,
B.P. (2011). Environmental toxicants and the
developing immune system: A missing link in
the global battle against infectious disease?
Reprod Toxicol. 31, 327-336.

58. Bornehag, C. G., Sundell, J., Weschler,
C.J., Sigsgaard, T., Lundgren, B., Hasselgren,
M., Hiagerhed-Engman, L. (2004). The
association between asthma and allergic
symptoms in children and phthalates in house
dust: a nested case-control study. Environ
Health Perspect. 112(14), 1393-1397.

59. Kolarik, B., Naydenov, K., Larsson, M.,
Bornehag, C.G., Sundell, J. (2008). The
association between phthalates in dust and

FROGS AT RISK AND POSSIBLE IMPLICATIONS FOR HUMANS?

allergic diseases among Bulgarian children.
Environ Health Perspect. 116(1), 98-103.

60. Clayton, E. M., Todd, M., Dowd, J.B.,
Aiello, A.E. (2011). The impact of bisphenol
A and triclosan on immune parameters in
the U.S. population, NHANES 2003-2006.
Environ Health Perspect. 119(3), 390-396.

61. Bertrand, K. A., Spiegelman, D., Aster
J.C., Altshul, L.M., Korrick, S.A., Rodig, S.J.,
Zhang, S.M., Kurth, T., Laden, F. (2010).
Plasma organochlorine levels and risk of
non-Hodgkin lymphoma in a cohort of men.
Epidemiology 21(2), 172-180.

62. De Roos, A. J., Hartge, P. Lubin,

J.H., Colt, J.S., Davis, S., Cerhan, J.R.,
Stevenson, R.K., Cozen, W., Petterson, D.G.
Jr., Needham, L.L., Rothman, N. (2005).
Persistent organochlorine chemicals in
plasma and risk of non-Hodgkin’s lymphoma.
Cancer Res. 65(23), 11214-11226.

63. Engel, L. S., Laden, F., Andersen, A.,
Strickland, P.T., Blair, A., Needham, L.L.,
Barr, D.B., Wolff, M.S., Helzlsouer, K.,
Hunter, D.J., Lan, Q., Cantor, K.P., Comstock,
G.W., Brock, J.W. (2007). Polychlorinated
biphenyl levels in peripheral blood and non-
Hodgkin’s lymphoma: a report from three
cohorts. Cancer Res. 67(11), 5545-5552.

64. Maifredi, G., Donato, F., Magoni,

M., Oirzio, G., Gelatti, U., Maiolino, P.,

Zani, C., Vassallo, F., Scarcella, C. (2010).
Polychlorinated biphenyls and non-Hodgkin’s
lymphoma: A case-control study in Northern
Italy. Environ Res. 111(2), 254-259.

65. Spinelli, J. J., Ng, C.H., Webber, J.P.,
Connors, J.M., Gascoyne, R.D., Lai, A.S.,
Brooks-Wilson, A.R., Le, N.D., Berry, B.R.,
Gallagher, R.P. (2007). Organochlorines and
risk of non-Hodgkin lymphoma. Int J Cancer
121(12), 2767-2775.

66. Belson, M., Kingsley, B., Holmes, A.
(2007). Risk factors for acute leukemia in
children: a review. Environ Health Perspect.
115(1), 138-145.

0o




‘ CHEMTrvst

Protecting humans and wildlife
from harmful chemicals

CHEM Trust is a UK charity working to protect humans and wildlife from harmful chemicals. Our particular
concerns relate to chemicals with hormone disrupting properties, persistent chemicals that accumulate in
organisms, the cocktail effect and the detrimental role of chemical exposures during development in the
womb and in early life.

CHEM Trust strongly supports the conservation of biodiversity and wildlife protection. Furthermore,
monitoring wildlife populations can provide vital insights into contaminant related threats to human health.

Both wildlife and humans are at risk from pollutants in the environment and we are working to develop more
effective chemicals policy and regulation to reduce that threat. CHEM Trust’s vision is a chemicals industry
that plays no part in causing impaired reproduction, deformities, disease, deficits in brain function, or other
adverse health effects.

Human exposure to some undesirable chemicals may arise from contamination of the food chain and from
the use and disposal of many everyday products such as TVs, computers, cars, construction materials, toys,
toiletries and cosmetics.
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