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Summary

Many plastic additives are known to interfere with hormone 
functioning and are, by definition, endocrine disrupting chemicals. 

There is clear and extensive evidence of the human health impacts 
of many chemicals in common plastics.

The health and economic impacts of these widely used chemicals 
can be profound and life threatening



What is the Endocrine Society?

It is the world’s oldest, largest, and most active organization devoted 
to research on hormones and the clinical practice of endocrinology. 

Its membership consists of over 18,000 scientists, physicians, 
educators, nurses, and students in more than 120 countries.



What are endocrine disrupting chemicals?

Endocrine disrupting chemicals 
(EDCs) interfere with hormonal 
signaling systems

• Mimic, block, or modulate the 
synthesis, release, transport, 
metabolism, binding, or elimination of 
natural hormones

• Brain, pituitary, gonads, thyroid, and 
other components of the endocrine 
system





Response to WHO/UNEP Report

WHO/UNEP report 
(2012) “welcomed” by all 
participant countries at 
2015 Strategic Alliance 
for International 
Chemicals Management



Mainstream recognition



Plastics are a crucial source of EDCs

Bisphenols (polycarbonate plastics, aluminum can linings)

Phthalates (food packaging)

Per- and polyfluoroalkyl substances (PFAS, nonstick cooking and 
fluoropolymer plastics)

Brominated flame retardants (additives to reduced flammability)

Burning plastics  dioxins



Environmental chemicals and endocrine 
mechanisms for adiposity and insulin resistance



Bisphenols

Used in polycarbonate plastics and epoxy resins (aluminum cans, 
thermal paper receipts

Experimental studies suggest that bisphenol A disrupts multiple 
metabolic mechanisms, at levels commonly seen in US population

• Increases fat cell size, disrupts adiponectin function and low-grade 
synthetic estrogen

As concern has increased, ~40 chemically similar replacements now 
in use: bisphenol S (BPS), BPF, BPAF, BPZ, BPP…

• BPS: similar estrogenicity, embryotoxicity (potentially others)
Masuno et al. J Lipid Res. 2002;43(5):676-684; Sakurai K et al. Br J 
Pharmacol. 2004;141(2):209-214;



Phthalates

Low-molecular weight (LMW) phthalates used in shampoos, cosmetics, lotions 
and other personal care products to preserve scent

• Anti-androgenic properties (reduced transcription of the androgen receptor)

High molecular weight (HMW) phthalates used to produce vinyl plastic for 
flooring, clear food wrap and intravenous tubing.

• Mono-(2-ethylhexyl) phthalate (MEHP), a metabolite of one HMW phthalate 
used in food packaging, di-2-ethylhexylphthalate (DEHP), increases 
expression of three peroxisome proliferator-activated receptors (PPARs)
which play key roles in lipid and carbohydrate metabolism 

Bornehag and Nanberg 2010; Colon et al. 2000; Engel et al. 2010; Miodovnik et al. 2011; 
Sathyanarayana 2008; Swan 2008; Swan et al. 2005; Desvergne et al. 2009, Grun and Blumberg 
2007, Philips et al Repro Tox 2019



BPA  cardiovascular mortality

BPA associated with:
• reduced carotid intima-media thickness of 12-30 and >70 year 

olds
Lin et al Atherosclerosis 2015, Lind et al Atherosclerosis 2011)

• BPA associated with severity of coronary artery disease in 
angiography

Melzer et al PLOS One 2012

• Reduced heart rate variability in adults
Bae et al Hypertension 2012

• All-cause mortality, and cardiovascular disease mortality
Bao et al JAMA Network Open 2020



Phthalates  cardiovascular mortality

Low T either predictor of or marker of cardiovascular mortality in 
adult men

High molecular weight phthalates were associated with lower total, 
free, and bioavailable testosterone among men age ≥60.

Attina et al Lancet Diab Endo 2016; Hauser et al JCEM 2015

High molecular weight phthalates associated with all-cause mortality, 
and cardiovascular disease mortality
• Extrapolating to the population of 55-64 year old Americans, 90,761-

107,283 attributable deaths and $39.9-47.1 billion in lost economic 
productivity. Trasande et al Env Pollution 2021



Per- and polyfluoroalkyl substances (PFAS)

Synthetic organic fluorinated compounds with high stability and 
thermal resistance

• Detectable in blood of  >98% of the population.

• Food packaging is a major route of exposure (nonstick 
cooking, microwaveable popcorn bags)



PFASs restrict fetal growth and increase childhood 
obesity

Meta-analysis of 24 studies: −10·5 g (95% CI: −16·7, −4·4) birth 
weight per ng/ml increase in maternal or cord blood PFOA

Steenland et al Epidemiology 2018

Meta-analysis of 10 studies: 25% increase in childhood overweight 
and 0.10 unit increase in BMI z-score per ng/mL PFOA in maternal 
blood

Liu et al 2018



PFAS contribute to adult weight gain/diabetes

Diabetes Prevention Program lifestyle intervention trial:
• Total PFAS were associated with increased weight gain exclusively among the 

control group.
Cardenas et al 2018

Follow-up of the successful POUNDS LOST trial:
• Perfluorooctane sulfonate (PFOS) and perfluorononanoic acid (PFNA), 

were associated with reductions in resting metabolic rate.
Liu et al 2018

PIVUS (Sweden), Nurses (US), DPPOS (US):
• PFAS associated with incident diabetes

Cardenas et al 2019, Sun et al 2018, Lind et al 2014



Phthalates and other EDCs in plastic reduce 
fertility
Fertility is a condition of a couple, where reproductive health of both 
sexes plays a role

Louis et al 2013

Fetal exposure to phthalates with reduced infant anogenital distance 
(AGD)
• Shortened adult AGD is associated with reduced semen quality 

and testosterone level
Swan et al EHP 2005, Bornehag et al EHP 2014

Multiple studies have identified reduced male fertility and poor 
semen quality with multiple EDCs, including phthalates, bisphenol A, 
and polyfluorinated chemicals

Juul et al Nat Rev Endo 2014



What is the burden of disease burden and are 
the health costs due to EDCs?
Expert panels identified conditions where the evidence is strongest 
for causation

• Developed ranges for fractions of disease burden that can be attributed 
for EDCs

• Adapted GRADE Working Group and WHO criteria for evaluating 
Adapted IPCC approach to integrate epidemiology and toxicology 
evidence and estimate probability of causation

Trasande et al J Clin Endo Metab 2015





Attina et al Lancet Diab Endo 2016

Does not include 
$39.9-47.1 billion
in mortality costs
(more recent
publication)



PFAS disease burden and costs

• LBW due to prenatal exposure
• childhood obesity due to prenatal 

exposure
• kidney cancer due to lifetime exposure
• testicular cancer due to lifetime 

exposure
• hypothyroidism in females due to 

lifetime exposure
• adult obesity due to exposure over the 

lifespan
• T2D in females due to exposure over 

the lifespan
• GDM due to exposure measured in 

pregnancy
• endometriosis due to exposure over the 

lifespan
• PCOS due to exposure over the 

lifespan
• couple infertility due to lifetime 

exposure in females
• female breast cancer due to lifetime 

exposure, and
• pneumonia in children due to prenatal 

exposure

Obsekov et al Exposure and Health 2022

We leveraged systematic reviews and used meta-analytic inputs whenever 
possible, and identified PFAS-attributable disease costs in the US of $5.52-
62.6 billion in overall costs.



Global costs of EDCs

Likely similar as industrializing nations become predominant 
consumers and producers of chemicals as expected by OECD by 
2030

Data from 70 countries suggest exposure to PFOA contributed to 
approximately 461,635 (95% CI: 57,418-854,645) cases per year of 
LBW during the past two decades

• Predominantly from Asian regions

Fan et al ES&T 2022



Summary

Many plastic additives are known to interfere with hormone 
functioning and are, by definition, endocrine disrupting chemicals. 

There is clear and extensive evidence of the human health impacts 
of many chemicals in common plastics.

The health and economic impacts of these widely used chemicals 
can be profound and life threatening



Thank you!

Leotrasande.com
Leonardo.Trasande@nyulangone.org



Credit: Cole et al. (2013)

Credit: Patrick Hendry Credit: David Theilen 

Credit: Naja Bertolt Jensen

Plastics Pollution 
Affects the Function of the Planet 

Patricia Villarrubia-Gómez,* Bethanie Carney Almroth, Marcus Eriksen, Morten Ryberg, and Sarah E. Cornell

Credit: Cole et al. 2013 Credit: EO Photographer Vincent Kneefel



The Planetary Boundaries

Credit: Azote (2022)

6 boundaries crossed

2022



Life cycle of plastics
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The Impact Pathway
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Proposing novel thinking to control variables: 
The Impact Pathway



Plastics and Planetary 
Boundaries: 
Impacts on Climate Change

Credit: E. Wikander / Azote (2022)
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Plastics and Planetary 
Boundaries: 
Impacts on Climate Change

Credit: E. Wikander / Azote (2022)



Plastics and Planetary 
Boundaries: 
Impacts on Loss of 
biodiversity integrity

Credit: E. Wikander / Azote (2022)



Plastics and Planetary 
Boundaries: 
Impacts on Loss of 
biodiversity integrity

Credit: E. Wikander / Azote (2022)Credit: E. Wikander / Azote (2022)



All planetary boundaries are impacted:

- Disruption to Earth-system proceseses;

- Changes in one boundary have a knock on 
effects on another boundary:

- Exacerbation of the impacts of other 
planetary boundaries.

Plastics and Planetary 
Boundaries

Credit: Edited from Elsa W./Azote (2022)Credit: Villarrubiia-Gómez et al (2022) / E. Wikander / Azote (2022)



Social – Ecological System

International Policy

Business

Society 
Environmental Justice
Language justice 
Cultural and context specific aspects

Look Up! at the Big picture: 

is it a Complex system 

Planetary Boundaries: 
A challenge to move 

beyond…

Credit: Cris Leboutillier

Credit: Zeljkosantrac / Getty Images

Credit: Getty images/iStockphoto

Credit: Andrew GemmellCredit: Chris LeBoutillier



- Plastics drive systmetic problems with planetary consequences;

- Impacts on all Earth system processes;

- Exacerbation of the impacts of other planetary boundaries;

- Plastics trigger unexpected changes through interactions and altered feedbacks. 

We call for experts and policymakers to take urgent action, considering plastics
pollution not only as a waste management problem but as an integrative part of
climate change, biodiversity and natural resource use policy.

Conclusions



www.stockholmresilience.org/subscribe

Do you need more information?

GREAT!!

Let’s discuss!



Griffins Ochieng
IPEN Plastics Working Group Co-Chair
Center for Environment Justice & Development
Kenya

New Data: Plastic’s Toxic Chemicals in 
Africa, Asia, E. Europe & Latin America 

International Pollutants Elimination Network (IPEN)
www.ipen.org |  ipen@ipen.org | Twitter: @ToxicsFree

http://www.ipen.org/
mailto:ipen@ipen.org


Mission: a toxics-free future for all
600+ Member NGOs
126 Countries 
25 Years Treaty Experience

Global Network of Public Interest Organization



Health Threats from Plastic’s Toxic Chemicals
New Data: Africa, Asia, CE Europe & Latin America 

PLASTIC WASTE FUEL



Plastic Material’s Life-Cycle
Phase 1: Production of Pellets

PCBs & UV Stabilizers
22 coastal locations across
Africa, Americas, Asia, Europe 
& Latin America

100% contain PCBs and UV 
stabilizers

50% of the locations had highly 
or extremely 
PCB levels



Plastic Material’s Life-Cycle
Phase 2 Production: BPA Plastic Material Products

BPA & Baby Bottles
78% of Products tested
61% of samples labelled 

“BPA-free” contained BPA
Data from:
• Bangladesh
• Bhutan
• China
• Indonesia
• Malaysia
• Russia, 
• Sri Lanka
• Tanzania



Plastic Material’s Life-Cycle
Phase 3 Recycled Plastic Materials (Recycled Pellets) 

BPA, Frame Retardants & 
UV Stabilizers
24 locations across
Africa, Asia, Europe & Latin 
America

100% of samples contain 1 or 
more of the 3 substances 

84% of samples contain all 3 
substances



Plastic Material’s Life-Cycle
Phase 4: Recycled Plastic Material Products

BFRs in Recycled Plastic Products

100% of Materials test showed
Banned BFRs (penta/octa/deca/HCBCD)

Data from 
• China
• Indonesia
• Russia



Plastic Material’s Life-Cycle
Phase 5: Recycled Plastic Material Products

BFRs in Recycled Plastic Products
• 72% of Products BFR (PBDE levels) 

exceeding 50 ppm (POPs Waste)
• 9 of 83 samples had high

Brominated dioxin levels
Data from 
• Burkina Faso
• Cameroon
• Egypt
• Ethiopia
• Gabon
• Jordan
• Kenya
• Morocco
• Syria
• Tanzania
• Tunisia



Recycled Plastic Toys can
Exposes Children to Dioxin

Publish peer review
Contribute to 
daily dioxin 
intake in children

Chemosphere article:
bit.ly/DioxinToys



PLASTIC WASTE FUEL
Incineration
Chemical Recycling
Cement Kilns

Plastic Material’s Life-Cycle
Phase 6: End-of-Life Toxic Emissions & Release (Local)

Dioxin in Eggs from 
Plastic Waste Burning

Review of previous and 
new data since 2000

waste incinerators, open burning
cement plants & metal industries

Data from Africa, Asia, Americas & 
Europe

92% of eggs sampled near incinerations 
were above EU health standards 



PLASTIC WASTE FUEL
Incineration
Chemical Recycling
Cement Kilns

Plastic Material’s Life-Cycle
Phase 6: End-of-Life Toxic Emissions & Release (Local)

https://bit.ly/DioxinEggOEWG

https://bit.ly/DioxinEggOEWG




Online Access 
IPEN Reports
IPEN Policy Views & Analysis
www.ipen.org

Generating Data For You
Thank You

http://www.ipen.org/


Plastic Production: Africa (7%)  &  Latin America (4%)





Panel Discussion:
Dr. Amalia Laborde | Head, Centre in Human Environmental Toxicology (CIAT), Uruguay

Amanda Finger| Scientific Officer , Federal Office for the Environment, Switzerland

Teeraporn Wiriwutikorn |Specialist on Waste & Hazardous Substance Management,  
Ministry of Natural Resources and Environment, Thailand

Dr. Sam Adu-Kumi | National Focal Point, Chemicals & Waste MEAs, Environmental 
Protection Agency, Ghana 

Jacqueline Alvarez | Chief of the UNEP Economy Division’s Chemicals and Health Branch 



Panel Discussion:

• What are the opportunities for a plastics treaty to protect human health and the 
environment 

• How can the Plastics Treaty help control the use and exposure to hazardous chemicals 
throughout the life cycle of plastics

• What guiding principles should be adopted to achieve a non-toxic circular economy for 
plastics

• What are some of the gaps in international law in relation to recycling plastics with 
hazardous chemicals, and trading of plastic waste
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