


Without dramatically reducing plastic production,  
it will be impossible to end plastic pollution 

and eliminate the health threats 
from chemicals in plastics. 
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PLASTICS ARE 
INHERENTLY 
INCOMPATIBLE 
WITH A 
CIRCULAR 
ECONOMY
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EXECUTIVE SUMMARY
The global Greenpeace1 network is advocating for an 
ambitious, legally binding Global Plastics Treaty that 
accelerates and provides the conditions needed for a 
just transition away from dependence on plastic. The 
Treaty should promote safer, toxics-free materials and 
reuse-based, zero-waste economies, creating new 
jobs to support these practices, protecting human and 
planetary health, minimizing resource use, and delivering 
a just transition for workers and affected communities 
across the plastics supply and waste chains. 

Without dramatically reducing plastic production, it 
will be impossible to end plastic pollution and eliminate 
the health threats from chemicals in plastics. The Treaty 
must cap and reduce plastic production, and establish a 
pathway to end virgin plastic production. 

A key obstacle is the plastics industry, including fossil 
fuel, petrochemical, and consumer goods companies, 
which continues to put forward plastic recycling and 
recycled content as central solutions to the plastic 
pollution crisis. The reality is that fewer than 10% of 

all plastics ever produced have been recycled.2 This 
revelation leads many to promote higher recycling targets 
as the best way to resolve the global plastic crisis. For 
example, the members of the U.S. Plastics Pact lobby for 
the recycling and “circular use” of plastics, distracting 
attention from the need for massive reductions in global 
plastic production and shifting the burden of dealing with 
plastic waste away from themselves as the producers 
and onto the public. 

Many consumer goods companies, including Nestlé, 
Unilever, and Coca-Cola, tout the use of recycled plastic in 
their packaging as an important part of the solution, while 
failing to achieve significant reductions of overall plastic 
use, and in some cases increasing plastic use, or meaningful 
gains in reuse. But the reality is that most plastics collected 
for recycling are never recycled – and when plastics are 
recycled, they contain a toxic cocktail of chemicals that 
makes them unfit for food-grade and other consumer 
uses. In fact, plastics are inherently incompatible with a 
circular economy.
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DANGEROUS  
CHEMICALS 
IN RECYCLED 
PLASTIC:  
THE THREE 
POISONOUS  
PATHWAYS

Dangerous chemicals make their way into recycled 
plastic materials from a variety of sources. Since 
nearly all plastics are made from a combination of 
carbon (mainly oil/gas) and toxic chemicals, the 
most obvious pathway is direct contamination, as 
chemicals from the original plastic products simply 
transfer into recycled plastic. But chemicals can 
also enter recycled plastics in other ways, due to 
contamination in the plastic waste stream and the 
recycling process itself. 

The three uncontrollable poisonous pathways of 
plastic recycling are: 

1. Toxic chemicals in new virgin plastic materials: 
When plastics are made with toxic chemicals and 
then recycled, the toxic chemicals can transfer into 
the recycled plastics.

2. Leaching of toxic substances into plastic waste: 
Numerous studies show that plastics can absorb 
contaminants via direct contact and through 
the absorption of volatile compounds.3 When 
plastics are tainted by toxins in the waste stream 
and the environment and are then recycled, they 
produce recycled plastics that contain a stew of 
toxic chemicals. For example, plastic containers 
for pesticides, cleaning solvents, and other toxic 
chemicals that enter the recycling chain can result in 
contamination of recycled plastic.

3. New toxic chemicals created by the recycling 
process: When plastics are heated in the 
recycling process, this can generate new toxic 
chemicals that make their way into the recycled 
plastics. For example, brominated dioxins are 
created when plastics containing brominated 
flame retardants are recycled,4 and a stabilizer 
used in plastic recycling can degrade to a highly 
toxic substance found in recycled plastics.5 
Sorting challenges and the presence of certain 
packaging components in sorted materials can 
also lead to toxicity in recycled plastic. Studies 
have shown that benzene (a carcinogen) can be 
created by mechanical recycling of PET#1 plastic, 
even with very low rates of contamination by 
PVC#3 plastic, resulting in the cancer-causing 
chemical being found in recycled plastics.6
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PLASTIC 
RECYCLING'S 
UNCONTROLABLE 
POISONOUS 
PATHWAY
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THE HUMAN 
ENDOCHRINE 
SYSTEM

The hormones released by the  
endocrine system control many 
important functions in the body, 
including growth and development, 
metabolism, and reproduction. 
Because of the endocrine system’s 
critical role in so many important 
biological and physiological functions, 
impairments in any part of  
the endocrine system can lead to 
disease or even death.
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WHEN PLASTIC WASTE 
IS HIGHLY TOXIC 
POPS WASTE 

Persistent organic pollutants (POPs) are among 
the world’s most toxic chemicals, regulated 
globally under the Stockholm Convention, as is 
waste containing POPs. The Convention sets a 
concentration limit for each POP, called the Low 
POP Content Level (LPCL), and any plastic waste 
that contains one or more POPs above the LPCL 
threshold is defined as POPs waste.  Common 
plastics with intentionally added POPs include 
electronics, vehicle and aircraft plastic interiors, 
and synthetic textiles in furniture, carpets, and 
other floor coverings, among other products. 
Under the Convention, Parties must destroy 
and must not recycle POPs waste (with some 
exceptions if the POPs can be removed and 
managed separately). But current LPCLs are not 
strong enough to prevent recycling of plastic POPs 
waste, so, as several studies below show, many 
recycled plastic products have been found with 
high levels of these highly toxic POPs.

RECYCLING 
PLASTICS  

Plastics are made with as many as 13,000 chemicals, 
and researchers say 3,200 of these are chemicals of 
concern (while many more have never been assessed 
and may also be toxic).7 While virgin plastics contain 
unknown and untested harmful chemicals, studies 
show that recycled plastics often contain higher levels 
of chemicals that can poison people and contaminate 
communities.8 Chemicals in recycled plastics have been 
linked to cancer, cardiovascular disease, obesity, and 
other health issues.9

It is important to understand that not only are people 
exposed to toxic chemicals from the production and use of 
virgin plastic, they are also exposed to toxic chemicals by 
plastic recycling throughout the recycling stream:

• When plastics are exported under the guise of 
recycling, they are often dumped or burned, leading to 
environmental and food chain contamination. 

• Workers and their communities are exposed to toxic 
chemicals from plastics they collect, sort, and dismantle 
for recycling. Plastic recycling areas should be regulated 
as facilities that handle hazardous waste and like 
contaminated sites that release hazardous chemicals.

• Recycled plastic products expose consumers to toxic 
chemicals, including chemicals that have been globally 
banned. Recycling can combine toxic chemicals from 
different plastics and create new hazardous chemicals, 
all of which end up in recycled plastic products.

=  RECYCLING  
TOXIC 
CHEMICALS 
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THE SCIENCE 
ON CHEMICAL 
THREATS 
FROM PLASTIC 
RECYCLING: 
ENVIRONMENT 
AND FOOD

A broad range of studies demonstrate how people and 
the environment can be poisoned by plastic recycling.

RECYCLED PLASTICS CAN CONTAMINATE  
THE ENVIRONMENT AND FOOD CHAINS:
A 2013 report10 in Nature recommended regulating 
plastic waste as hazardous waste, including waste 
presumably intended for recycling, noting threats to 
the environment, food chains, and health. The article 
noted that wildlife that consumes plastics can be 
harmed by toxic chemicals in these products, with 
previous research showing such threats to all sea turtle 
species, 45% of marine mammal species, and 21% of 
seabird species. The authors state, “As plastic (waste) 
breaks into smaller pieces, it is more likely to infiltrate 
food webs.”

A 2013 study11 found harmful air-polluting chemicals 
around and inside plastic recycling facilities in China, 
with potential health impacts on workers and local 
residents. Concentrations of harmful chemicals near 
the facilities were higher than those at a reference site. 

Two studies12 from China found high levels of plastic 
flame retardant chemicals in soils, sediment, and road 
dust near plastic recycling facilities compared to low 
levels in samples from areas where no plastic recycling 
takes place.

A 2021 study13 by the International Pollutants Elimination 
Network (IPEN) and Arnika analyzed 35 pooled free-
range chicken egg samples and 1 individual egg sample 
from 25 locations worldwide for certain persistent 
organic pollutants. Eggs produced around e-waste 
and plastic waste recycling yards were among the most 
contaminated samples in the study.
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1. Plastic wrapped apples in a Hong Kong supermarket 
© Patrick Cho / Greenpeace  2. Municipal collection of 
recycling © Dmitry Kalinovsky / Shutterstock  3.Plastic 
in a landfill in China © Greenpeace / Yat Yin  4. Fish that 
ingested microplastic © The 5 Gyres Institute 5. Garbage 
next to rice fields in China © Rumbo a lo desconocido / 
Shutterstock  6. Microplastics pollution from the river 
Rhine in Germany© Oliver Tjaden / Greenpeace  7. Cooking 
with eggs © fizkes / Shutterstock
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RECYCLED PLASTICS CAN POISON  
WORKERS AND COMMUNITIES: 
A 2015 study14 found that workers in plastic recycling 
workshops face health risks from volatile organic 
compounds produced by recycling processes, with 
some workers facing an increased cancer risk.

A 2020 study15 of plastic recycling workers (waste 
pickers) in the Gaza Strip found that most had been 
exposed to hazardous materials in the previous 12 
months, and most reported occupational illnesses.

A 2021 study16 of Vietnamese recycling concluded 
that “the typical processes for plastic recycling 
in craft villages come along with health risks for 
workers and neighbors and a high potential of 
environmental pollution.”

A 2022 Human Rights Watch report17 documented 
the health impacts of plastic recycling facilities in 
Turkey, finding that recycling workers and nearby 
residents can be exposed to harmful chemicals 
when they inhale toxic dust or fumes. This poses risks 
of life-long health conditions, including cancer and 
reproductive harm.

A 2023 IPEN study18 found the plastic flame retardant 
chemical Dechlorane Plus (DP) in the blood, food, 
and surroundings of home-based recycling workers. 
Blood testing of one plastic recycling worker in 
Thailand found a level of DP nearly 280 times higher 
than the trace levels found in farm workers who lived 
15 km from the recycling operations. 

THE SCIENCE 
ON CHEMICAL 
THREATS 
FROM PLASTIC 
RECYCLING: 
POISONING 
WORKERS AND 
COMMUNITIES
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1. Recycled plastic in India © 
PradeepGaurs / Shutterstock  2. A trash 
collector working in a waste collection 
facility in Instanbul, Turkey.© Sahan 
Nuhoglu / Shutterstock  3. Electronic 
waste recycling plant in Turkey © 
OVKNHR / Shutterstock  4. Volunteer 
wearing gloves to handle plastic 
sorting work at a plastic recycling 
plant. © Greenpeace
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RECYCLED PLASTIC PRODUCTS  
CAN POISON CONSUMERS: 
A 2015 study19 by researchers from Czechia and Germany 
found that recycled plastics used in food packaging 
and other products contained toxic flame retardants, 
including banned POPs, with potential health impacts on 
children and consumers.

A 2017 study20 found high levels of toxic flame retardants 
in toys and other recycled plastic products purchased in 
the EU, with one child’s toy containing levels of a regulated 
chemical nine times higher than EU safety limits.

A 2018 study by IPEN, Arnika, the Health and 
Environment Alliance, and BUND21 found high levels 
of dioxins in recycled plastic products, including toys, 
from seven countries on four continents. The levels were 
similar to those found in some hazardous wastes, such 
as waste incineration ash, and in half of the products 
exceeded proposed limits for chlorinated dioxin in 
hazardous waste.

A 2021 IPEN study22 analyzed recycled plastic pellets 
purchased from 24 recycling facilities in 23 countries. 
Testing showed that all of the pellets contained at least 
one toxic chemical and 21 samples contained all three 
types of chemicals tested for, including endocrine-
disrupting chemicals and chemicals with links to 
neurotoxicity, cytotoxic effects, and cardiovascular 
impacts. Noting that recycled pellets are often 
made into toys and other products for children, the 
report warned that its results “raise concerns about 
potential health impacts and exposure of vulnerable 
populations such as children.”

A 2020 study23 found high levels of highly toxic dioxins 
in recycled plastic toys, three of which were found to 
be “as contaminated as hazardous waste” under the 
Stockholm Convention’s limits. It also estimated daily 

ingestion of toxic chemicals from children’s mouthing 
habits, finding that the “contribution of the ingestion 
of contaminated black plastic to children’s dioxin 
body burden is significant and often higher than the 
recommended TDI [tolerable daily intake].”

A 2022 IPEN report24 summarized data on recycled plastic 
products from China, Indonesia, and Russia, finding that 
all of the products contained toxic chemicals, including 
substances banned under international conventions. All 
73 products analyzed contained one or more globally 
banned flame retardant chemicals. 

A 2022 study25 found that recycled plastic bottles had 
higher concentrations of toxic chemicals than bottles 
made with new plastics, indicating that the recycling 
process can intensify chemical threats.

A 2022 study26 by IPEN, Arnika, and partners in 11 African 
and Arabic countries found toxic chemicals in recycled 
plastic toys, kitchen utensils, and other products. Out of 
83 products analyzed, 61 had levels of POPs that would 
define the products as POPs waste under limits proposed by 
African countries. 

A 2023 study27 from the Fraunhofer Institute and IES Landau 
tested post-consumer plastic recyclates from different 
European countries, finding 51 chemicals with intermediate 
to high toxicity risks and 30 that could not be identified 
(under EU law, only authorized substances can be used in 
food grade plastics28).

A 2023 IPEN study of recycled plastic products purchased 
in Kenya29 found that 14 of the 18 products contained high 
levels of toxic flame retardants, exceeding a definition of 
hazardous POPs waste proposed by African countries. One 
sample, a toy car, was tested for brominated dioxins and 
contained the toxic chemicals at higher concentrations than 
levels found in ash from waste incineration. 

THE SCIENCE ON 
CHEMICAL THREATS  
FROM PLASTIC 
RECYCLING: 
PRODUCTS POISONING 
CONSUMERS 
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1. Plastic ffragments © Meaw_
stocker / Shutterstock  2.Electronic 
waste recycling plant in Turkey © 
OVKNHR / Shutterstock  3. Fruit 
in single use plastic packaging 
© monticello / Shutterstock  4. 
Product images of plastic bottles 
made by Coca-Cola, Pepsi and 
Nestle, three of the biggest plastic 
polluters. © Tim Aubry / Greenpeace  
5.Child chewing on plastic toy © 
DeymosHR / Shutterstock
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HEALTH THREATS 
FROM PLASTIC 
RECYCLING 
INDUSTRY 
ACCIDENTS 

As plastic stockpiles increase, the risk of large fires at 
recycling facilities is increasing, especially when facilities 
hold e-waste plastics with used batteries. A survey in 
the U.S. and Canada in 2022 found a record 390 fires in 
plastic recycling and waste facilities.30 Another project 
has mapped fires at plastic recycling facilities globally 
since 2018.31 A report from Turkey noted that the number 
of fires at plastic recycling facilities in that country 
increased from 33 in 2019 to 121 in 2021, one every three 
days.32 Similarly, in Malaysia a 2020 report noted a 

1
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1. A fire at a plastics recycling plant in Richmond, 
Indiana, forced the evacuation of 2,000 nearby 
residents. Credit: Kevin Shook/Global Media 
Enterprise. 2. Fire at plastics factory, Hull, UK   
3. Black smoke rises over an explosion at a plastic 
factory in Thailand.© Varit Soponpis / Shutterstock

2

3

doubling in fires at plastic recycling facilities over the 
previous year, stating that environmental health experts 
had warned residents that the fumes from the fires could 
cause respiratory problems, trigger and aggravate 
asthma, and cause rashes and eyesores.33 Two 2017 
studies34 found that a 2015 fire at a plastic recycling 
facility in Greece released persistent carcinogenic 
compounds (dioxins and furans) and concluded that 
even short-duration releases could increase lifelong 
cancer risks for nearby residents. After another Greek 

plastic recycling facility fire in 2020, health experts 
warned residents to avoid or thoroughly wash local 
produce due to the toxicity of chemicals released by 
burning plastics.35 In the 12 months up to April 2023, large 
fires have been reported at plastic recycling facilities 
in Australia,36 Canada,37 Ghana,38 Russia,39 Southern 
Taiwan,40 Thailand,41 and the United Kingdom,42 and in 
the U.S. states of Florida,43 Indiana,44 North Carolina,45 

and Nebraska46 (at a plant that was producing plastic 
lumber from recycled plastics).]
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PRODUCTION 
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ENDING THE LOVE 
AFFAIR WITH PLASTIC 
“RECYCLED CONTENT” 
AND FOCUSING ON 
REDUCING PLASTIC 
PRODUCTION AND USE 

Without dramatically reducing plastic production, it 
will be impossible to end plastic pollution. The existing 
discrepancy between the amount of plastic produced 
and the amount recycled is vast, with the Organisation 
for Economic Co-operation and Development (OECD) 
estimating that only 9% of plastic waste is recycled 
globally. The situation is only set to get worse as plastic 
production is forecast to triple by 2060, with only a 
minimal increase in recycling predicted.47 The downstream 
impacts of overproduction of plastic are well documented, 
including harming the health of communities living near 
dumpsites and incinerators, evidence of prevalence of 
plastic in the human body, and devastation to marine life. 

According to UN statistics, in 2018 approximately 6 million 
tonnes of plastic waste were traded internationally, largely 
in the form of exports of unsorted mixed plastics from high-
income to low-income countries, predominantly in South 
and South East Asia.48 A 2023 report found that this number 
is likely a significant underestimation, and warned that 
“without global policies to reduce plastic production, there 
will continue to be an unequal exchange of plastic wastes 
from high-income countries to low- and middle-income 
countries”49 – many of them with a lower GDP than the 
revenue of major plastic producing companies.

Despite the devastating impacts of the overproduction of 
plastic and the need to accelerate refill- and reuse-based 
systems, the plastics industry continues to argue that the 
global plastic crisis can be addressed by raising national 
recycling targets and increasing the amount of recycled 
content in single-use plastic packaging. But in addition to 
the health concerns associated with the use of recycled 
plastics, increased plastic recycling means expanding 
toxic health and environmental threats throughout the 
recycling stream. These threats unequally impact the 
most vulnerable communities.

Instead of encouraging more toxic plastic 
recycling, the Global Plastics Treaty must:

1 Achieve immediate, significant reductions in 
plastic production, establishing a pathway to 
end virgin plastic production.

2 Promote a shift to refill- and reuse-based 
economies, creating jobs and standards in new 
reuse industries and supporting established 
zero-waste practices.

3 Support a just transition for workers across the 
plastics supply chain, prioritizing waste pickers 
who collect approximately 60% of all plastic 
that is collected for recycling globally. 

4 Promote non-combustion technologies for 
plastic stockpiles and waste disposal.

5 Institute the “polluter pays” principle for plastic 
waste management and for addressing the 
health and environmental costs throughout 
the plastics life cycle.

6 Significantly improve regulation, oversight, 
safety and worker protections for existing 
recycling facilities.

7 Require transparency about chemicals in 
plastics and eliminate all toxic additives and 
chemicals used in the plastics life cycle. 

17FOREVER TOXIC



6 News. 2023. Omaha Fire Investigating Large Fire 
at First Star Recycling. March 30, 2023. https://
www.wowt.com/2023/03/30/ofd-investigates-
large-fire-first-star-recycling/

Agence France Presse. 2022. In Turkey, Plastic 
Waste and Toxic Fumes. https://time.news/in-
turkey-plastic-waste-and-toxic-fumes/

Ahern, T.P., Spector, L.G., Damkier, P. Esen, B.Ö., 
Ulrichsen, S.P., Eriksen, K., Lash, T.L. ... Cronin-Fenton, 
D.P. 2022. Medication-Associated Phthalate 
Exposure and Childhood Cancer Incidence. Journal 
of the National Cancer Institute 114 (6): 885–894. 
https://doi.org/10.1093/jnci/djac045

Al-Khatib, I.A., Al-Sari, M.I. & Kontofianni, S. 2020. 
Assessment of Occupational Health and Safety 
Among Scavengers in Gaza Strip, Palestine. Journal 
of Environmental and Public Health 2020: 3780431. 
https://doi.org/10.1155/2020/3780431

Alvarado Chacon, F., Brouwer, M. & van Velzen, E. 
2020. Effect of Recycled Content and rPET Quality 
on the Properties of PET Bottles, Part I: Optical and 
Mechanical Properties. Packaging Technology and 
Science 33(2): 347–357. http://dx.doi.org/10.1002/
pts.2490

Associated Press. 2023. “Toxic” Plastic Fire Forces 
1,000 People to Evacuate in Indiana. The Guardian, 
April 12, 2023. https://www.theguardian.com/
us-news/2023/apr/12/toxic-indiana-plas-
tic-fire-evacuation

Ayamany, K. 2020. Incidence of Fire at Recycling 
Plants Spikes During MCO, Causing Health 
Hazards from Toxic Fumes. The Sun Daily, June 
16, 2020. https://www.thesundaily.my/local/
incidence-of-fire-at-recycling-plants-spikes-
during-mco-causing-health-hazards-from-toxic-
fumes-AY2607057

Brosché, S., Strakova, J., Bell, L. & Karlsson, T. 2021. 
Widespread Chemical Contamination of Recycled 
Plastic Pellets Globally. IPEN. https://ipen.org/
documents/widespread-chemical-contamina-
tion-recycled-plastic-pellets-globally

Budin, C., Petrlík, J., Strakova, J., Hamm, S., Beeler, 
B., Behnisch, P., Besselink, H. ... Brouwer, A. 2020. 
Detection of High PBDD/Fs Levels and Dioxin-Like 
Activity in Toys Using a Combination of GC-HRMS, 
Rat-Based and Human-Based DR CALUX® Reporter 
Gene Assays. Chemosphere 251: 126579. https://
doi.org/10.1016/j.chemosphere.2020.126579

Callaghan, M.A., Alatorre-Hinojosa, S., Connors, 
L.T., Singh, R.D. & Thompson, J.A. 2020. Plasticizers 
and Cardiovascular Health: Role of Adipose Tissue 
Dysfunction. Frontiers in Pharmacology 11: 626448. 
https://doi.org/10.3389%2Ffphar.2020.626448

CEJAD, IPEN & Arnika. 2023. Hazardous Chemicals in 
Plastic Products and Food Chain in Kenya. https://
ipen.org/documents/hazardous-chemicals-plas-
tic-products-and-food-chain-kenya

CHEM Trust. 2022. CHEM Trust Newsletter: 
April 2022. https://us18.campaign-archive.
com/?u=427121cff9f1b71a8caa3e46c&id=-
3c3a91623a

Cook, E., Derks, M. & Velis, C. 2023. Plastic Waste 
Reprocessing for Circular Economy: A Systematic 
Scoping Review of Risks to Occupational and Public 
Health from Legacy Substances and Extrusion. 

Science of the Total Environment 859(2): 160385. 
https://doi.org/10.1016/j.scitotenv.2022.160385

CTV News Edmonton. 2022. Fire at West-End Recy-
cling Facility out After 20 Hours. https://edmonton.
ctvnews.ca/fire-at-west-end-recycling-facility-
out-after-20-hours-1.6043319

Dvorska, A., Strakova, J., Brosche, S., Petrlik, J., 
Boontongmai, T., Bubphachat, N., Thowsakul, 
C. ... Jeungsmarn, P. 2023. Environmental, Food 
and Human Body Burden of Dechlorane Plus in a 
Waste Recycling Area in Thailand: No Room for 
Exemptions. IPEN, Arnika, and EARTH. https://ipen.
org/documents/environmental-food-and-human-
body-burden-dechlorane-plus-waste-recycling-
area-thailand-no

E.hope, K. 2022. Ghana: Fire Ravages Plastic Recy-
cling Factory at Kronum. AllAfrica, August 8, 2022. 
https://allafrica.com/stories/202208080354.
html

ekathimerini.com. 2020. Recycling Plant 
Fire Causes Dangerous Air Pollution. https://
www.ekathimerini.com/news/255937/recy-
cling-plant-fire-causes-dangerous-air-pollution/

Elworthy, J. 2022. Multiple Crews Tackle Blaze at 
Fenland Plastics Recycling Plant. Ely Standard, 
July 11, 2022.  https://www.elystandard.co.uk/
news/20684741.multiple-crews-tackle-blaze-fen-
land-plastics-recycling-plant/

European Commission. 2011. Commission 
Regulation (EU) No 10/2011 of 14 January 2011 
on Plastic Materials and Articles Intended to 
Come into Contact with Food. https://eur-lex.
europa.eu/LexUriServ/LexUriServ.do?uri=CON-
SLEG:2011R0010:20111230:EN:PDF

Everington, K. 2022. Video Shows Fire Break Out in 
Southern Taiwan Factory. Taiwan News, October 
11, 2022. https://www.taiwannews.com.tw/en/
news/4682936

Gerassimidou, S., Lanska, P., Hahladakis, J., Lovat, 
E., Vanzetto, S., Geueke, B. ... Iacovidou, E. 2022. 
Unpacking the Complexity of the PET Drink Bottles 
Value Chain: A Chemicals Perspective. Journal of 
Hazardous Materials 430: 128410. https://doi.
org/10.1016/j.jhazmat.2022.128410

Guzzonato, A., Puype, F. & Harrad, S.J. 2017. Evidence 
of Bad Recycling Practices: BFRs in Children’s Toys 
and Food-Contact Articles. Environmental Science: 
Processes & Impacts 19(7): 956-963. https://doi.
org/10.1039/c7em00160f

He, Z., Li, G., Chen, J., Huang, Y., An, T. & Zhang, C. 2015. 
Pollution Characteristics and Health Risk Assess-
ment of Volatile Organic Compounds Emitted from 
Different Plastic Solid Waste Recycling Workshops. 
Environment International 77: 85–94. https://doi.
org/10.1016/j.envint.2015.01.004

Heindel, J.J., Howard, S., Agay-Shay, K., Arrebola, J.P., 
Audouze, K., Babin, P.J., Barouki, R. … Blumberg, B. 
2022. Obesity II: Establishing Causal Links Between 
Chemical Exposures and Obesity. Biochemical Phar-
macology 199: 115015. https://doi.org/10.1016/j.
bcp.2022.115015

Hromadske Int. [@Hromadske]. 2023. Twitter post, 
April 22, 2023. https://twitter.com/Hromadske/
status/1649723411411738628

Huang, D.-Y., Zhou, S.-G., Feng W.-F. & Tao, L. 2013. 
Pollution Characteristics of Volatile Organic 
Compounds, Polycyclic Aromatic Hydrocarbons 
and Phthalate Esters Emitted from Plastic Wastes 
Recycling Granulation Plants in Xingtan Town, South 
China. Atmospheric Environment 71: 327–334. 
https://doi.org/10.1016/j.atmosenv.2013.02.011

Human Rights Watch. 2022. “It’s as If They’re Poi-
soning Us”: The Health Impacts of Plastic Recycling 
in Turkey. https://www.hrw.org/sites/default/files/
media_2022/09/turkey0922web_0.pdf 

IPEN. 2022. How Plastics Poison the Circular 
Economy: Data from China, Indonesia and Russia 
and Others Reveal the Dangers. https://ipen.org/
documents/how-plastics-poison-circular-econ-
omy

Karlsson, T., Dell, J., Gündoğdu, S. & Carney Almroth, 
B. 2023. Plastic Waste Trade: The Hidden Numbers. 
IPEN. https://ipen.org/documents/plastic-waste-
trade-hidden-numbers

Martin, L. 2022. Warehouse Fire Investigation 
Continues. rrspin, November 30, 2022. https://
www.rrspin.com/news/6713-warehouse-fire-in-
vestigation-continues.html

May, N. 2023. Huge Fire Rips Through Plastics 
Factory in South-East Melbourne. https://www.
theguardian.com/australia-news/2023/feb/08/
huge-fire-plastics-factory-south-east-mel-
bourne-keysborough

McLaughlin, T. 2022. After 3-Month Closure, 
Escambia ECUA Recycling Facility Damaged by 
Fire on Reopening Week. Pensacola News Journal, 
October 3, 2022. https://www.pnj.com/story/news/
local/escambia-county/2022/10/03/ecua-re-
cycling-center-escambia-county-hit-fire-sew-
er-overflow/8168153001/

Newsflare. 2023. Fire Tears Through Plastic Recy-
cling Factory in Thailand. https://www.newsflare.
com/video/550931/fire-tears-through-plastic-
recycling-factory-in-thailand

OECD. 2022. Global Plastic Waste Set to Almost 
Triple by 2060. https://www.oecd.org/environment/
global-plastic-waste-set-to-almost-triple-
by-2060.htm

Petrlík, J., Beeler, B., Strakova, J., Allo’o Allo’o, S.M., 
Amera, T., Brosche, S., Gharbi, S. ... Zulkovska, K. 
2022. Hazardous Chemicals in Plastic Products. 
IPEN & Arnika. https://ipen.org/documents/
hazardous-chemicals-plastic-products

Petrlík, J., Behnisch, P., DiGangi, J., Straková, J., 
Fernandez, M. & Jensen, G. 2018. Toxic Soup: Dioxins 
in Plastic Toys. IPEN, Arnika, HEAL, and BUND. 
https://ipen.org/documents/toxic-soup-diox-
ins-plastic-toys

Petrlík, J., Bell, L., Beeler, B., Møller, M., Jopkova, M., 
Arisandi, P., Brabcova, K. … Skalsky, M. 2021. Plastic 
Waste Disposal Leads to Contamination of the Food 
Chain. IPEN & Arnika. https://ipen.org/documents/
plastic-waste-disposal-leads-contamina-
tion-food-chain

Puype, F., Samsonek, J., Knoop, J., Egelkraut-Holtus, 
M. & Ortlieb, M. 2015. Evidence of Waste Electrical 
and Electronic Equipment (WEEE) Relevant 
Substances in Polymeric Food-Contact Articles 
Sold on the European Market. Food Additives & 

Contaminants: Part A 32(3): 410–426. https://doi.or
g/10.1080%2F19440049.2015.1009499

Quinn, M. 2023. High Number of Facility Fires in 
2022 Prompts Renewed Look at Battery Recycling 
Efforts. Waste Dive, March 22, 2023. https://www.
wastedive.com/news/high-number-of-facility-
fires-in-2022-prompts-renewed-look-at-battery-
recyc/645682/

Rochman, C.M., Browne, M.A., Halpern, B.S., 
Hentschel, B.T., Karapanagioti, H.K., Rios-Mendoza, 
L.M., Takada, H. ... Thompson, R.C. 2013. Classify 
Plastic Waste as Hazardous. Nature 494: 169–171. 
https://www.nature.com/articles/494169a

Rung, C., Welle, F., Gruner, A., Springer, A., Steinmetz, 
Z. & Munoz, K. 2023. Identification and Evaluation 
of (Non-)Intentionally Added Substances in 
Post-Consumer Recyclates and Their Toxicological 
Classification. Recycling 8(1): 24. https://doi.
org/10.3390/recycling8010024

Salhofer, S., Jandric, A., Soudachanh, S., Xuan, T.L. 
& Tran, T.D. 2021. Plastic Recycling Practices in 
Vietnam and Related Hazards for Health and the 
Environment. International Journal of Environmental 
Research and Public Health 18(8): 4203. https://doi.
org/10.3390/ijerph18084203

Sarigiannis, D.A. 2017. Assessing the Impact of Haz-
ardous Waste on Children’s Health: The Exposome 
Paradigm. Environmental Research 158: 531-541. 
https://doi.org/10.1016/j.envres.2017.06.031 and 

Sarigiannis, D.A., Gotti, A. & Karakitsios, S. 2017. 
Health Risk from Accidental Fire in a Plastics 
Recycling Facility.  http://uest.ntua.gr/athens2017/
proceedings/presentations/16_30_Health_
risk_from_accidental_fire_in_a_plastics_recy-
cling_facility.pdf

Tang, Z., Huang, Q., Cheng, J., Yang, Y., Yang, J., Guo, W., 
Nie, Z. ... Jin, L. 2014. Polybrominated Diphenyl Ethers 
in Soils, Sediments, and Human Hair in a Plastic 
Waste Recycling Area: A Neglected Heavily Polluted 
Area. Environmental Science & Technology 48(3): 
1508–1516. https://doi.org/10.1021/es404905u

Tang, Z., Zhang, L., Huang, Q., Yang, Y., Nie, Z., Cheng, 
J., Yang, J. ... Chai, M. 2015. Contamination and Risk of 
Heavy Metals in Soils and Sediments from a Typical 
Plastic Waste Recycling Area in North China. Eco-
toxicology and Environmental Safety 122: 343–351. 
https://doi.org/10.1016/j.ecoenv.2015.08.006

The Last Beach Cleanup. Fires at Plastic Recycling 
Facilities [Online]. https://www.lastbeachcleanup.
org/fires

Treasure, K. 2022. UPDATED: Bins Go out as Usual 
Despite Fire Gutting Hume Recycling Plant. Riotact, 
December 27, 2022. https://the-riotact.com/
fire-in-hume-recycling-plant-could-burn-for-
days/625288

UN Environment Programme. 2021. Drowning in 
Plastics – Marine Litter and Plastic Waste Vital 
Graphics. https://www.unep.org/resources/report/
drowning-plastics-marine-litter-and-plastic-
waste-vital-graphics

UN Environment Programme & Secretariat of the 
Basel, Rotterdam and Stockholm Conventions. 
2023. Chemicals in Plastics - A Technical Report. 
https://www.unep.org/resources/report/chemi-
cals-plastics-technical-report

REFERENCES

18 FOREVER TOXIC

https://www.wowt.com/2023/03/30/ofd-investigates-large-fire-first-star-recycling/
https://www.wowt.com/2023/03/30/ofd-investigates-large-fire-first-star-recycling/
https://www.wowt.com/2023/03/30/ofd-investigates-large-fire-first-star-recycling/
https://time.news/in-turkey-plastic-waste-and-toxic-fumes/
https://time.news/in-turkey-plastic-waste-and-toxic-fumes/
https://doi.org/10.1093/jnci/djac045
https://doi.org/10.1155/2020/3780431
http://dx.doi.org/10.1002/pts.2490
http://dx.doi.org/10.1002/pts.2490
https://www.theguardian.com/us-news/2023/apr/12/toxic-indiana-plastic-fire-evacuation
https://www.theguardian.com/us-news/2023/apr/12/toxic-indiana-plastic-fire-evacuation
https://www.theguardian.com/us-news/2023/apr/12/toxic-indiana-plastic-fire-evacuation
https://www.thesundaily.my/local/incidence-of-fire-at-recycling-plants-spikes-during-mco-causing-health-hazards-from-toxic-fumes-AY2607057
https://www.thesundaily.my/local/incidence-of-fire-at-recycling-plants-spikes-during-mco-causing-health-hazards-from-toxic-fumes-AY2607057
https://www.thesundaily.my/local/incidence-of-fire-at-recycling-plants-spikes-during-mco-causing-health-hazards-from-toxic-fumes-AY2607057
https://www.thesundaily.my/local/incidence-of-fire-at-recycling-plants-spikes-during-mco-causing-health-hazards-from-toxic-fumes-AY2607057
https://ipen.org/documents/widespread-chemical-contamination-recycled-plastic-pellets-globally
https://ipen.org/documents/widespread-chemical-contamination-recycled-plastic-pellets-globally
https://ipen.org/documents/widespread-chemical-contamination-recycled-plastic-pellets-globally
https://doi.org/10.1016/j.chemosphere.2020.126579
https://doi.org/10.1016/j.chemosphere.2020.126579
https://doi.org/10.3389%2Ffphar.2020.626448
https://ipen.org/documents/hazardous-chemicals-plastic-products-and-food-chain-kenya
https://ipen.org/documents/hazardous-chemicals-plastic-products-and-food-chain-kenya
https://ipen.org/documents/hazardous-chemicals-plastic-products-and-food-chain-kenya
https://us18.campaign-archive.com/?u=427121cff9f1b71a8caa3e46c&id=3c3a91623a
https://us18.campaign-archive.com/?u=427121cff9f1b71a8caa3e46c&id=3c3a91623a
https://us18.campaign-archive.com/?u=427121cff9f1b71a8caa3e46c&id=3c3a91623a
https://doi.org/10.1016/j.scitotenv.2022.160385
https://edmonton.ctvnews.ca/fire-at-west-end-recycling-facility-out-after-20-hours-1.6043319
https://edmonton.ctvnews.ca/fire-at-west-end-recycling-facility-out-after-20-hours-1.6043319
https://edmonton.ctvnews.ca/fire-at-west-end-recycling-facility-out-after-20-hours-1.6043319
https://ipen.org/documents/environmental-food-and-human-body-burden-dechlorane-plus-waste-recycling-area-thailand-no
https://ipen.org/documents/environmental-food-and-human-body-burden-dechlorane-plus-waste-recycling-area-thailand-no
https://ipen.org/documents/environmental-food-and-human-body-burden-dechlorane-plus-waste-recycling-area-thailand-no
https://ipen.org/documents/environmental-food-and-human-body-burden-dechlorane-plus-waste-recycling-area-thailand-no
https://allafrica.com/stories/202208080354.html
https://allafrica.com/stories/202208080354.html
https://www.ekathimerini.com/news/255937/recycling-plant-fire-causes-dangerous-air-pollution/
https://www.ekathimerini.com/news/255937/recycling-plant-fire-causes-dangerous-air-pollution/
https://www.ekathimerini.com/news/255937/recycling-plant-fire-causes-dangerous-air-pollution/
https://www.elystandard.co.uk/news/20684741.multiple-crews-tackle-blaze-fenland-plastics-recycling-plant/
https://www.elystandard.co.uk/news/20684741.multiple-crews-tackle-blaze-fenland-plastics-recycling-plant/
https://www.elystandard.co.uk/news/20684741.multiple-crews-tackle-blaze-fenland-plastics-recycling-plant/
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CONSLEG:2011R0010:20111230:EN:PDF
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CONSLEG:2011R0010:20111230:EN:PDF
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CONSLEG:2011R0010:20111230:EN:PDF
https://www.taiwannews.com.tw/en/news/4682936
https://www.taiwannews.com.tw/en/news/4682936
https://doi.org/10.1016/j.jhazmat.2022.128410
https://doi.org/10.1016/j.jhazmat.2022.128410
https://doi.org/10.1039/c7em00160f
https://doi.org/10.1039/c7em00160f
https://doi.org/10.1016/j.envint.2015.01.004
https://doi.org/10.1016/j.envint.2015.01.004
https://doi.org/10.1016/j.bcp.2022.115015
https://doi.org/10.1016/j.bcp.2022.115015
https://twitter.com/Hromadske/status/1649723411411738628
https://twitter.com/Hromadske/status/1649723411411738628
https://doi.org/10.1016/j.atmosenv.2013.02.011
https://www.hrw.org/sites/default/files/media_2022/09/turkey0922web_0.pdf
https://www.hrw.org/sites/default/files/media_2022/09/turkey0922web_0.pdf
https://ipen.org/documents/how-plastics-poison-circular-economy
https://ipen.org/documents/how-plastics-poison-circular-economy
https://ipen.org/documents/how-plastics-poison-circular-economy
https://ipen.org/documents/plastic-waste-trade-hidden-numbers
https://ipen.org/documents/plastic-waste-trade-hidden-numbers
https://www.rrspin.com/news/6713-warehouse-fire-investigation-continues.html
https://www.rrspin.com/news/6713-warehouse-fire-investigation-continues.html
https://www.rrspin.com/news/6713-warehouse-fire-investigation-continues.html
https://www.theguardian.com/australia-news/2023/feb/08/huge-fire-plastics-factory-south-east-melbourne-keysborough
https://www.theguardian.com/australia-news/2023/feb/08/huge-fire-plastics-factory-south-east-melbourne-keysborough
https://www.theguardian.com/australia-news/2023/feb/08/huge-fire-plastics-factory-south-east-melbourne-keysborough
https://www.theguardian.com/australia-news/2023/feb/08/huge-fire-plastics-factory-south-east-melbourne-keysborough
https://www.pnj.com/story/news/local/escambia-county/2022/10/03/ecua-recycling-center-escambia-county-hit-fire-sewer-overflow/8168153001/
https://www.pnj.com/story/news/local/escambia-county/2022/10/03/ecua-recycling-center-escambia-county-hit-fire-sewer-overflow/8168153001/
https://www.pnj.com/story/news/local/escambia-county/2022/10/03/ecua-recycling-center-escambia-county-hit-fire-sewer-overflow/8168153001/
https://www.pnj.com/story/news/local/escambia-county/2022/10/03/ecua-recycling-center-escambia-county-hit-fire-sewer-overflow/8168153001/
https://www.newsflare.com/video/550931/fire-tears-through-plastic-recycling-factory-in-thailand
https://www.newsflare.com/video/550931/fire-tears-through-plastic-recycling-factory-in-thailand
https://www.newsflare.com/video/550931/fire-tears-through-plastic-recycling-factory-in-thailand
https://www.oecd.org/environment/global-plastic-waste-set-to-almost-triple-by-2060.htm
https://www.oecd.org/environment/global-plastic-waste-set-to-almost-triple-by-2060.htm
https://www.oecd.org/environment/global-plastic-waste-set-to-almost-triple-by-2060.htm
https://ipen.org/documents/hazardous-chemicals-plastic-products
https://ipen.org/documents/hazardous-chemicals-plastic-products
https://ipen.org/documents/toxic-soup-dioxins-plastic-toys
https://ipen.org/documents/toxic-soup-dioxins-plastic-toys
https://ipen.org/documents/plastic-waste-disposal-leads-contamination-food-chain
https://ipen.org/documents/plastic-waste-disposal-leads-contamination-food-chain
https://ipen.org/documents/plastic-waste-disposal-leads-contamination-food-chain
https://doi.org/10.1080%2F19440049.2015.1009499
https://doi.org/10.1080%2F19440049.2015.1009499
https://www.wastedive.com/news/high-number-of-facility-fires-in-2022-prompts-renewed-look-at-battery-recyc/645682/
https://www.wastedive.com/news/high-number-of-facility-fires-in-2022-prompts-renewed-look-at-battery-recyc/645682/
https://www.wastedive.com/news/high-number-of-facility-fires-in-2022-prompts-renewed-look-at-battery-recyc/645682/
https://www.wastedive.com/news/high-number-of-facility-fires-in-2022-prompts-renewed-look-at-battery-recyc/645682/
https://www.nature.com/articles/494169a
https://doi.org/10.3390/recycling8010024
https://doi.org/10.3390/recycling8010024
https://doi.org/10.3390/ijerph18084203
https://doi.org/10.3390/ijerph18084203
https://doi.org/10.1016/j.envres.2017.06.031
http://uest.ntua.gr/athens2017/proceedings/presentations/16_30_Health_risk_from_accidental_fire_in_a_plastics_recycling_facility.pdf
http://uest.ntua.gr/athens2017/proceedings/presentations/16_30_Health_risk_from_accidental_fire_in_a_plastics_recycling_facility.pdf
http://uest.ntua.gr/athens2017/proceedings/presentations/16_30_Health_risk_from_accidental_fire_in_a_plastics_recycling_facility.pdf
http://uest.ntua.gr/athens2017/proceedings/presentations/16_30_Health_risk_from_accidental_fire_in_a_plastics_recycling_facility.pdf
https://doi.org/10.1021/es404905u
https://doi.org/10.1016/j.ecoenv.2015.08.006
https://www.lastbeachcleanup.org/fires
https://www.lastbeachcleanup.org/fires
https://the-riotact.com/fire-in-hume-recycling-plant-could-burn-for-days/625288
https://the-riotact.com/fire-in-hume-recycling-plant-could-burn-for-days/625288
https://the-riotact.com/fire-in-hume-recycling-plant-could-burn-for-days/625288
https://www.unep.org/resources/report/drowning-plastics-marine-litter-and-plastic-waste-vital-graphics
https://www.unep.org/resources/report/drowning-plastics-marine-litter-and-plastic-waste-vital-graphics
https://www.unep.org/resources/report/drowning-plastics-marine-litter-and-plastic-waste-vital-graphics
https://www.unep.org/resources/report/chemicals-plastics-technical-report
https://www.unep.org/resources/report/chemicals-plastics-technical-report


1 References to Greenpeace in this document refer to the program-
matic work of the Plastic Free Future Campaign, a global campaign 
involving several offices across the global Greenpeace network 
of 26 independent organizations, including Greenpeace USA and 
Greenpeace International

2  UN Environment Programme (2021) 

3  See e.g. Cook et al. (2023).

4  Petrlík et al. (2022)

5  Rung et al. (2023)

6  Alvarado Chacon et al. (2020), van Velzen et al. (2020)

7  UN Environment Programme & Secretariat of the Basel, Rotterdam 
and Stockholm Conventions (2023) 

8  CHEM Trust (2022)

9  See e.g. Ahern et al. (2022), Callaghan et al. (2020), and Heindel et 
al. (2022). 

10  Rochman et al. (2013)

11  Huang et al. (2013) 

12  Tang et al. (2014), Tang et al. (2015)

13  Petrlík et al. (2021)

14  He et al. (2015) 

15  Al-Khatib et al. (2020)

16  Salhofer et al. (2021) 

17  Human Rights Watch (2022)

18  Dvorska et al. (2023)

19  Puype et al. (2015)

20  Guzzonato et al. (2017)

21  Petrlík et al. (2018)

22  Brosché et al. (2021)

23  Budin et al. (2020)

24  IPEN (2022)

25  Gerassimidou et al. (2022)

26  Petrlík et al. (2022)

27  Rung et al. (2023)

28  European Commission (2011)

29  CEJAD, IPEN & Arnika (2023)

30  Quinn (2023)

31  The Last Beach Cleanup, Fires at Plastic Recycling Facilities 
[Online]

32  Agence France Presse (2022)

33  Ayamany (2020)

34  Sarigiannis (2017), Sarigiannis et al. (2017)

35  ekathimerini.com (2020)

36  May (2023), Treasure (2022)

37  CTV News Edmonton (2022)

38  E.hope (2022)

39  Hromadske Int. [@Hromadske] (2023)

40  Everington (2022)

41  Newsflare (2023)

42  Elworthy (2022)

43  McLaughlin (2022)

44  Associated Press (2023)

45  Martin (2022)

46  6 News (2023)

47  OECD (2022). The OECD estimates that the share of plastic waste 
that is recycled will increase to approximately 17% by 2060. 

48  Cook et al. (2023)

49  Karlsson et al. (2023)

ENDNOTES

Activists from Greenpeace Africa hold banners in support of a Global Plastics Treaty. Ngong Hills, Nairobi, Kenya, 02/24/2022 © Paul Basweti / Greenpeace

19FOREVER TOXIC



PUBLISHED MAY 2023

GREENPEACE, INC.
1300 Eye Street NW 
Suite 1100 East 
Washington, DC 20005
www.greenpeace.org/usa

Greenpeace is a network of 
global, independent campaigning 
organizations that use 
peaceful protest and creative 
communication to expose global 
environmental problems and 
promote solutions that are essential 
to a green and peaceful future.

SPECIAL THANKS TO
Asia Arminio, Björn Beeler,  
Tanya Brooks, Vito Buonsante, Jan 
Dell, Graham Forbes, Rachel Head, 
John Hocevar, Jamie Kalliongis,  
Dr. Therese Karlsson, Charles Margulis, 
and Kate Melges.

This report was developed in 
collaboration with International 
Pollutants Elimination Network (IPEN) 
and The Last Beach Cleanup.

DESIGN

Paul Hamilton, weareoneanother.net

Greenpeace projects messages and plastic waste imagery in Uruguay as global leaders come together 
to discuss a Global Plastics Treaty in Punta del Este, Uruguay. © Greenpeace / Manuela Lourenço

http://www.greenpeace.org/usa

