
EDC-2020 
SUMMARY FOR DECISION-MAKERS

A research project on endocrine disrupting chemicals that has brought together scientists  
from different disciplines to promote the development of a chemical-safe world



Global production of chemicals is continuing to  
increase. Research shows that the impact of chemicals 
on human health and environment leads to extensive 
costs and that chemical risk assessment of chemicals 
has major shortcomings. EDC-2020 was initiated to 
meet these challenges in a long-term perspective.

In this project, researchers from different academic 
disciplines have worked together and have significantly 
increased our understanding of the impact of endocrine 
disrupting chemicals. 

EDC-2020 has also increased interactions  
to improve education and competence  
provision in the toxicology  
sciences field.

Integrated research on effects, exposure and risk  

assessment.

Promoted the development of junior researchers.

Opened doors for new consortia applications and  
projects with funding from the EU and national research 
councils such as MISTRA, the Swedish Research Councils 
VR, Formas and Forte.

Increased collaboration between university researchers  
across disciplinary boundaries, and contributed to  
significant networking.

Increased internationalization of Swedish research related 
to chemicals, health and environment.

Strengthened Swedish competence and ability to meet 
future challenges related to anthropogenic chemicals in 
general.

    

Perspective on EDC-2020

What 
impacts has 
EDC-2020 

had on Swedish 
research?

Facts about EDC-2020

Project title  Meeting future regulatory and societal needs regarding endocrine disrupters:  
   Exposure, effects and risks (EDC-2020).

Period   2014-2019.

Financial support The Swedish Research Council Formas (50 milj. SEK) and Karolinska Institutet (10 milj. SEK).

Partners  University of Gothenburg, Karlstad University, Karolinska Institutet, KTH Royal Institute of   
   Technology, Linköping University, Lund University, Stockholm University, Swedish University   
   of Agricultural Sciences, Umeå University, Uppsala University and Örebro University.

Project leader  Professor Åke Bergman, Swetox (2014-2018), Örebro University (2019).
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While the production of chemicals is rapidly increasing, research shows that 
many chemicals have negative impacts on human health, which together with 
negative effects on the environment leads to enormous societal costs. Our  
society needs to evolve from a reactive focus on known environmental  
pollutants towards a proactive focus on reliable safety assessments during  
the development of new products and materials.

Today, research on chemicals, health and environment is supported by grants 
to smaller projects, grants without strategic coordination. EDC-2020 has 
shown that long-term collaboration between different fields of research is the 
key to strengthening the national work within the field.

What is needed for Sweden to take the lead in  
achieving a chemical-safe world?

Swedish research funding agencies should allocate targeted  
resources to build large, interdisciplinary, internationally competitive 
research projects to increase the knowledge about chemical risks.

Swedish academy should provide support for enhanced  
collaboration within research and education between the  
diversified fields of chemicals, health and environment.

The Swedish government should acknowledge the need to maintain 
necessary competence for chemical risk and safety assessment  
and create opportunities to support competence provision.
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There is an urgent need for strengthened societal efforts to enable Sweden 
to continue to have a leading international role in the development of a 
chemical-safe world:
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Results of  
EDC-2020 research 
and interactions

Oocytes and fetuses  
are exposed to a mixture  
of endocrine disrupting  

environmental chemicals

Page 6

Eight researchers were given the 
opportunity to build research groups 
within EDC-2020. Moreover, the 
project formed a hub for collabora- 
tions with various stakeholders and 
international research groups.  
EDC-2020 provided critical support 
for establishing Swetox (the Swedish 
Toxicology Sciences Research  
Center) and its international  
recognition. Today, the established 
collaborations between the Swedish 
universities continue through  
Swaccs (Swedish Academic  
Consortium on Chemical Safety).

The research performed within 
EDC-2020 has generated important 
scientific results. Read more about 
them on the next few pages.

Exposure

Phthalates are easily  
taken up from our indoor  

air via inhalation
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Household dust is an  
important route of  

exposure for chemicals

Page 7

Combining different  
cell types to mimic the  

lung helps us understand 
health effects of airborne 

contaminants

Page 9
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Swetox Academy made 
significant contributions 
to Swedish competence 

provision

Page14

Effects 
& 

Mechanisms

New methods give safer  
limit values and reduce the 
need for laboratory animals 
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Risk 
assesment

Environmental  
chemicals can disrupt the 
body’s ability to transform 

its own hormones and other 
chemical substances 

Page10

Cellular and  
computational methods  

can be combined to  
predict chemicals with  

bioaccumulative properties
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Epigenetic changes  
can explain how prenatal 

chemical exposure impairs 
brain development
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International 
cooperation

Education 
& 

Collaboration

Exchange with leading 
international scientist and 

international activities

Page15



A woman’s fertility and reproductive health depend on the endocrine system, which is  
controlled by hormones such as estrogens. A central part of the reproductive system is 
the ovaries that contain immature oocytes and produce hormones. If the ovarian activity is 
disturbed for instance by chemicals, the consequence may be impaired fertility.

We have studied whether persistent environmental chemicals reach the ovaries and directly 
expose the oocytes, and if the exposure is connected to ovarian function. We have also 
studied if chemicals can pass the placenta and expose the unborn baby.

We focused on 30 different persistent environmental chemicals, and found approximately a 
half of them in the blood of every woman in the study. The levels of chemicals in this mixture 
were as high in the bloodstream as inside the ovary showing that oocytes are directly  
exposed. There were significant associations between chemical exposure and the number  
of oocytes in the ovaries. Furthermore, we found that the chemicals pass through the  
placenta and accumulate in fetal tissues.

These findings suggest that our earliest developmental stages, oocytes and fetuses,  
are exposed to extensive mixtures of environmental chemicals. These findings strongly 
suggest that the effects of chemicals on ovaries need to be better studied and taken into 
consideration in chemical health risk assessment.

Principal Investigator: Associate Professor Pauliina Damdimopoulou, Department of Clinical Science,
Intervention and Technology, Karolinska Institutet, Huddinge. 

Contact: pauliina.damdimopoulou@ki.se

EXPOSURE

Oocytes and fetuses are exposed to a mixture of  
endocrine disrupting environmental chemicals
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There is a lack of knowledge regarding how much chemicals we 
are exposed to through ordinary household dust, which is  
unfortunate since we spend up to 90% of our time indoors. There 
we are surrounded by chemicals that are added to the materials 
and products we use. The chemicals can leak to the air and stick 
to dust particles. Exposure may occur by inhalation of small dust 
particles while other particles stuck to the fingers and ingested 
following a hand to mouth behaviour. The estimated exposure is 
higher in small children due to a longer time spent closer to the 
floor along with a more frequent hand to mouth behaviour  
compared to older children and adults. 

In the project we collected vacuum cleaner bags from ordinary 
homes. The dust was processed in to different size fractions. In 
total, we analysed eight different types of chemicals adsorbed to 
the dust: phthalates (plasticizers), brominated and phosphorus-
based flame retardants (PBDE and OPE), polycyclic hydrocarbons 
(PAHs), pesticides, per- and polyfluorinated substances (PFAS), 
polychlorinated biphenyls (PCBs) and musks. We also conducted 
a study with rats to compare the bioavailability of a chemical  
following an inhalation exposure with a gastrointestinal exposure.

Although our animal study showed that absorption via the lungs 
can be effective, most of the dust gets into the stomach. We  
calculated the intake of various hormone disrupting chemicals  
and saw that household dust could be an important route of  
exposure for certain chemicals, especially in children. Investigating 
the bioavailability of chemicals in dust and their potential effects  
on humans and the environment is an important area of research.

Principal Investigator: Dr. Åsa Gustafsson, Department of Science and  
Technology, Örebro University, Örebro and the Swedish Defence  
Research Agency, Umeå.

Contact:  asa.gustafsson@foi.se.

Principal Investigator: Docent Per Gerde, Institute of  
Environmental Medicine, Karolinska Institutet, Stockholm. 

Contact: per.gerde@inhalation.se.

EXPOSURE

Household dust is an important route of exposure  
for chemicals
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EXPOSURE

Phthalates are easily taken up from our indoor air via inhalation

In a collaboration with researchers at Lund University, we 
performed studies on volunteers in exposure chambers  
under controlled conditions. 16 volunteers were exposed to  
diethyl phthalate (DEP) and the very common environmental 
contaminant diethylhexyl phthalate (DEHP), either by  
inhalation or directly via the skin.

The advanced measuring instruments available at Lund  
University have revolutionized the understanding of exposure 
by enabling precise and accurate measurements over time.  
By exposing subjects to labelled phthalate esters we have 
been able to study the exposure in detail without being  
disturbed by common everyday exposure.

These experiments have so far focused on how phthalates  
are absorbed in the body. We have found that inhalation plays 
a greater role than skin absorption from airborne phthalates. 
In addition, volatile phthalates more readily penetrate the skin 
compared to less volatile phthalates.

In the next step, we want to investigate how airborne dust 
particles can act as carriers of phthalates. This will help us 
understand how chemicals are absorbed into the body  
from indoor air, a knowledge that is important for both the  
construction industry and authorities.
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Principal Investigator: Associate professor Annette Krais, Department of Environmental and Occupational Medicine, Lund University, Lund. 

Contact: annette.krais@med.lu.se.



 

Exposure to air pollution is associated with seven million deaths/year for diseases such  
as stroke, lung cancer, cardiovascular disease, chronic obstructive pulmonary disease and  
respiratory tract infections. The role of air pollutants to explain the mechanisms of these 
health effects are still partly unknown.

We developed a cell model that combines several different cell types, to reflect the  
structures that exist in the lungs and their blood vessel systems. In this model, cells can  
be exposed to particles and chemicals and we can observe the secretion of molecules 
related to human health. We also developed an image analysis method to evaluate how 
particles damage the airway epithelium, which is a possible way for particles to reach the 
internal organs of the human body.

Particles in urban air are carriers of chemicals. In one study, we have described the levels 
of plasticizers (phthalates) on particles in urban air and calculated the exposure levels. With 
this methodology we can calculate the total exposure via particles that are inhaled.

A good characterization of inhaled particles and new methods for studying the molecular 
and cellular effects of chemicals bound to particles will lead to a better understanding of  
the health effects of air pollution.

Principal investigator: Dr. Ernesto Alfaro-Moreno, Karolinska Institutet and Department of Science and 
Technology, Örebro University, Örebro. 

Contact: ernesto.alfaro-moreno@oru.se

EFFECTS & MECHANISMS

Combining different cell types to mimic the lung helps us 
understand health effects of airborne contaminants
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The body has important systems that regulate the levels and 
degradation of hormones and other chemical substances. 
These systems can be disturbed by exposure to environ-
mental chemicals, which in turn may lead to altered levels of 
these substances in the body and thereby cause negative 
health effects. Therefore, in the risk assessment of chemicals, 
it is very important to understand how chemical exposure 
affect these processes.

We have studied how exposure to chemicals found in our 
environment can interfere with the function of the body’s 
degradation processes and how a disrupted function of these 
processes affects early development, the immune system and 
endocrine system.

To study the process from molecular to functional effects, we 
have combined experiments using cells, zebrafish embryos 
and mice. The results clearly show that disrupted function 
of certain degradation processes can cause developmental 
toxicity, affect levels of various hormones, and disrupt the 
immune system. These results are an important step towards 
better understanding of mechanisms underlying the effects of 
several commonly occurring chemicals.

Principal Investigator: Dr. Emma Wincent, Institute of Environmental 
Medicine, Karolinska Institutet, Stockholm. 

Contact: emma.wincent@ki.se

EFFECTS & MECHANISMS

Environmental chemicals can disrupt the 
body’s ability to transform its own  
hormones and other chemical substances
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Many pharmaceuticals or chemicals accumulate in cells and tissues resulting in very high 
tissue concentrations. This can lead to rather unpredictable, new and possibly long-term 
effects on the organism. 

The mechanisms of accumulation differ among various classes of compounds.  Many  
compounds accumulate in parts of the cell with low pH values, such as lysosomes.  
With the help of cell-based methods combined with mathematical calculations, we have  
investigated the factors governing cellular accumulation of perfluorinated chemicals and 
pharmaceuticals. In addition, we aimed to understand the effects of high accumulation on 
cells and organisms.

Altogether we could show that accumulative properties of compounds can be predicted 
from compound’s 2-dimensional and 3-dimensional molecular structure, as well as their 
affinity for lipids and phospholipids. For some classes of molecules, cellular accumulation 
was even predictable from compounds effects on cells, such as changed lysosomal volume 
or from their impact on cell differentiation. In addition, we show that binding of compounds 
to phospholipid membranes was crucial for their accumulation and biological effects. These 
results markedly contribute to the general understanding of accumulative behaviour of  
compounds and how they affect cells. Our new cellular and computational methods can  
be applied to detect yet unknown accumulating compounds.

Principal Investigator: Dr. Vesna Munic Kos, Department of Physiology and Pharmacology, Karolinska 
Instititutet, Stockholm.  

Contact: vesna.munic.kos@ki.se

EFFECTS & MECHANISMS

Cellular and computational methods can be combined to  
predict chemicals with bioaccumulative properties
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Prenatal exposure to endocrine disruptors can induce long 
lasting changes that manifest as health problems much later 
in life. This lag between timepoint of exposure and negative 
effect is one of today’s biggest challenges for chemical risk 
assessment as it is difficult to catch with current testing  
methods. Epigenetics is one of the keys to understanding 
underlying mechanisms of such long-lasting effects.  
Epigenetics is the regulatory system of DNA and defines 
when and in which cells a certain gene is expressed.  
Epigenetic information is long-lasting and reacts to environ-
mental stimuli such as chemical exposure. Thus, studying 
epigenetic patterns is important to understand health risks 

EFFECTS & MECHANISMS

Epigenetic changes can explain how prenatal chemical exposure impairs brain
development

induced by different chemicals.

In this project, we used an interdisciplinary approach  
combining molecular and animal studies with epidemiologi-
cal data. When rats were exposed to bisphenol A (BPA) we 
found, among others, epigenetic changes in a gene important 
for brain development. We could then link epigenetic changes 
in the same gene to lower IQ and higher prenatal chemical 
exposure in children. We thus have identified an early and 
sensitive marker for chemically-induced impact on human 
brain development. This lays the ground for the development 
of novel methods for chemical testing.
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Principal Investigator: Professor Joëlle Rüegg, Evolutionary Biology Centre, Department of Organismal Biology, Uppsala University, Uppsala.

Contact: joelle.ruegg@ebc.uu.se



The purpose of risk assessment and limit values is to protect the 
health of all humans, including sensitive groups such as asthmatics 
and pregnant women. Nevertheless, human data is a poorly utilized 
resource. We have shown that existing studies on asthmatics are 
often disregarded when assessing airborne irritant chemicals. 

Another major challenge in risk assessment is the mixtures of  
chemicals that we are all exposed to. Testing all combinations is 
impossible. Instead, our new strategy is to test mixtures that have 
a statistical correlation with observed health effects. One worrying 
finding is that today’s risk assessments underestimate the risks of 
mixtures.

About one million laboratory animals are used annually for risk  
assessment purposes in the EU. We have studied different ways  
of accounting for animal suffering in the ethical assessment of  
an animal experiment. Futhermore we have developed new  
methodology for calculating dose-response relationships and using 
computer simulations to show how the quality of the information can 
be improved by planning experiments in a more flexible way. By  
combining the account for ethics, experimental design, and new 
ways to calculate the dose-response relationships will increase the 
possibility of optimizing animal experiments would increase. With 
these new methods we can reach safer limit values and reduce the 
need for laboratory animals.

Associate professor Mattias Öberg, 
Institute of Environmental Medicine, 
Karolinska Institutet, Stockholm.

Contact: mattias.oberg@ki.se

RISK ASSESSMENT

New methods give safer limit values and 
reduce the need for laboratory animals
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The purpose of Swetox Academy was, to through collaboration between universities and other 
stakeholders, strengthen Sweden’s competence provision in the area of chemicals, health and 
environment. Education in this area is available at most universities, but often to a limited extent. 
Safety assessment of different types of chemical products needs to comply with applicable 
regulations and be of high quality, i.e. be carried out by people with high competence in this 
broad area. In order to succeed with this competence provision, which is crucial to meet  
Sweden’s environmental goals and the UN’s sustainability developmental goals, sufficient  
competence needs to be trained at the universities in close collaboration with research, as  
well as governmental agencies and companies.

The Swetox Academy activities, 2014-2018, contributed with:

• Annual Swetox Academy workshop for junior researchers and stakeholders from  
agencies and companies

• Networking between relevant stakeholders

• Development of existing and new courses through collaboration

• Degree projects

The activities have been greatly appreciated by students as well as teachers, course  
managers and supervisors. For future competence provision and collaboration, it is important 
with a continuation of the annual Swetox Academy workshop for junior researchers and different 
stakeholders. A structure for collaboration on postgraduate courses and the development of 
new subject-specific courses should also be given high priority. This collaboration between the 
universities and stakeholders, not least with the part of Swetox Södertälje that transitioned to 
RISE in 2019, is important for Swedish competence provision also in the future.  

Principal Investigator: Professor Annika Hanberg, Institute of Environmental Medicine, Karolinska Institutet, 
Stockholm. 

Contact: annika.hanberg@ki.se

EDUCATION & COLLABORATION

Swetox Academy made significant contribution to Swedish 
competence provision
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EDC-2020 included resources to invite internationally 
prominent researchers to discuss and establish contacts 
within the frame of EDC-2020 vis-à-vis researchers at 
several Swedish universities. The contacts were developed 
to include authorities and the private sector. Exchange of 
knowledge and discussions led to, among other things,  
several research projects within the EU’s Horizon 2020  
program. This opened the door to even more in-depth  
collaborations within and outside Sweden.

EDC-2020 has, through the established collaborations, 
come to influence the research and regulatory agenda in the 
EU in the field of endocrine disruptors. These collaborations 
continue into the new, recently started EU-funded research 
projects.

In the field of endocrine disruptors, two workshops were 

INTERNATIONAL COOPERATION

Exchange with leading international scientist and international activities

also organized at Tongji University in Shanghai, where a 
comprehensive representation of Chinese researchers met 
EDC-2020 researchers within the project and from several 
Swedish universities with links to EDC-2020. The effort  
has greatly strengthened Swedish research in the field of  
endocrine disrupting substances and mixtures of chemicals.

Principal Investigator: Professor Åke Bergman, Department of Science 
and Technology, Örebro University, Örebro

Contact: ake.bergman@oru.se
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