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toxic-free and sustainable future
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Chemicals of concern in plastics

Chemicals used in plastics
without hazard data found

. in regulatory databases Chemicals of potential Montreal
Number of chemicals analysed concern used in plastics Protocol
6000, 46% unregulated globally 10
1

of concern addressed
internationally.

Data extracted from
supplementary
material included in
studies conducted by
Wiesinger et al.
(2021) and Aurisano
et al. (2021).

Chemicals of low concerm
used in plastics based on
available hazard data
3800, 29%

3076, 24%

plastics regulated
globally
128, 1%

Source: BRS (2023). Global governance of plastics and associated chemicals.
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https://dx.doi.org/10.1021/acs.est.1c00976
https://dx.doi.org/10.1016/j.cogsc.2021.100513
http://www.basel.int/Implementation/Plasticwaste/Cooperationwithothers/tabid/8335/Default.aspx

Plastic additives and its functions

Functional Colourants
Includes, for example, Substances such as dyes
stabilizers, antistatic or pigments added to
agents, flame give colour to plastic.
retardants, plasticizers, Some of them are added
lubricants, slip agents, to give a bright
curing agents. transparent colour.
Reinforcement

NIAS

Non-intentionally added

Used to reinforce or
improve tensile strength,
flexural strength and
stiffness of the material.
For example: glass fibres,
carbon fibres.

Fillers

Added to change and
improve physical
properties of plastics. They
can be minerals, metals,
ceramics, bio-based,
gases, liquids, or even
nther nnlumer<

substances. They arrive
in products from

processes, such as
reaction by-products or

breakdown products.

4 4% =
(2013-2020) _g

. Global Plastics Additives Market By Functions

GLOBAL

PLASTICS
\) ADDITIVES

MARKET

/17,071.7 Kilo Tons

Growing at 22
a CAGR of il

\ . 57.88illion
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Credit for plastic additives graphics: UNEP (2021 )
in https.//www.grida.no/resources/14864

| 12 288.0 Kilo Tons

39.9Billion



Toxic Circular Economy

Plastics = carbon + chemicals

DUMPING &
LANDFILL

EXTRACTION PRODUCTION RECYCLING

[ 5 IIEMBWIS| UnAn A

TOXIC RECYCLING

Sources:
Petrlik, J., Ismawati, Y., DiGangi, J., Arisandi, P., Bell, L., & Beeler, B. (2019). Plastic Waste Flooding Indonesia Leads To Toxic Chemical Contamination Of The Food Chain.
Petrlik, J., Bell, L., Beeler, B., Mgller, M., Jopkova, M., & Brabcova, K. (2021). Plastic Waste Poisoning Food And Threatening Communities In Africa, Asia, Central & Eastern
Europe And Latin America.



https://16edd8c0-c66a-4b78-9ac3-e25b63f72d0f.filesusr.com/ugd/13eb5b_be63970bb38f40deb838d90471ee9795.pdf
https://ipen.org/sites/default/files/documents/ipen-plastic-waste-contaminates-food-chain-en.pdf

Sources and transference of MPs in urban >
environments
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(DAtmospheric fallout
(2Personal and home care products
(3)Domestic wastewater

@WWTP

(5Microplastic on the tire
(6Wastewater andsludge discharge
(@)Surface runoff

(®Water and sediments of lakes
(@Industrial production Source: Qiu, R et al. (2020). https://doi.org/10.1007/698_2020_447

(9 LandfillLandfill leachate leak
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Plastic‘s slow degradation, long-term humanity proble

* Plastic products and wastes are only slowly degrading in the environment and degrade to micro- & nano-plastic.
* Degradation rates depend on plastic type, thickness, temperature, biological activity and access to sun-UV.

* Using a mean Specific Surface Degradation Rate for high density polyethylene (HDPE) in marine environment,
linear extrapolation leads to estimated half-lives ranging from 58 years (bottles) to 1200 years (pipes).

* The degradation of the major plastics (category

1 to 6) in soils is even slower than the ’13 Lan.d
degradation of plastic in marine environment. Marine
* This results in accumulation of plastic in soils /6\ o
from agricultural plastic, littering or the A
microplastic in sewage sludge. . —T—
an
* POPs and other persistent chemicals can Mari
migrate over time to soil. ‘f,:) B:)rme B Accelerated
* Less persistent chemicals can have long term ] Nonaccelerated
stability in plastic in soil and be transferred to
grazing animals or chicken. 10-1 100 101 102 103

Degradation Rate (um/year)
Source: Chamas et al. (2020) ACS Sustainable Chem. Eng. 2020, 8, 9, 3494-3511 https:/doi.org/10.1021/acssuschemeng.9b06635



https://doi.org/10.1021/acssuschemeng.9b06635

Plastics Dump Sites Lead to Massive Terrestrial Pollution

* The terrestrial microplastic pollution is much higher
than marine microplastic pollution — estimated at four
to 23 times higher, depending on the environment.

* There is a growing evidence that microplastics
interact with terrestrial organisms that mediate
essential ecosystem services and functions, such as
invertebrates, terrestrial fungi, and plant-pollinators.

* Due to the widespread presence, environmental
persistence, and various interactions with continental
biota, microplastic pollution might represent a global —
change threat to terrestrial ecosystems. Research need! ¥
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Microplastics as an emerging threat to terrestrial ecosystems

Anderson Abel de Souza Machado®?3( | Werner Kloas®>* | Christiane Zarfl® |

Stefan Hempel®® | Matthias C. Rillig!?



https://doi.org/10.1111/gcb.14020

After China Ban =2 Waste

Moves to Southeast Asia V. i 4

NGO watchdogs
documented the
plastic crises in
other South-East
Asian countries
after industrial
country plastic

exports were y
4

shipped there. m -
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https://www.ciel.org/project-update/plastic-climate-the-hidden-costs-of-a-plastic-planet/
https://ipen.dev.clerestory.com/site/plastic-waste-poisons-indonesias-food-chain

https.//www.ipcp.ch/activities/ipcp-webinar-series-pops-in-plastic-and-monitoring-approaches
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Eggs as indicator of POPs (1/2)

* Increasing number of reports on contamination of

eggs with PCDD/Fs and dI-PCBs in recent years. The Egg Repor']'

* Netherlands: POPs in >50% of eggs from small
scale free-range chicken holders were above EU

limits (Hoogenboom, et al. (2016)).

Joseph DiGangi, Ph.D., Jindfich Petrlik, M.S. April, 2005

* Eggs have been found to be sensitive
indicators for PCDD/F, PCB and other POP
contamination in soils and are an important
exposure pathway from soil pollution to
humans (IPEN eqgqg reports, 2005).

* Free-ranged chickens pick and ingesting food
from the soil and dust in the local area.
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Keep the Promise Eliminate POPs Report


https://doi.org/10.1016/j.chemosphere.2016.02.034
https://ipen.org/documents/egg-report

Eggs as indicator of POPs (2/2)

« Eggs have a significant lipid content and accumulate
POPs.

* Chicken considered as active samplers and their eggs
provide as an indicator of the POPs environmental
contamination levels in that locality.

* Chicken eggs have been found to be sensitive
indicators of exposure to POPs pathway from soill
pollution to humans.
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* Chicken eggs from contaminated areas can readily
lead to exposures which exceed thresholds for the
protection of human health.

Source: Van Eijkeren, Zeilmaker et al. (2006); Hoogenboom, ten Dam et al. (2014); Piskorska-Pliszczynska,
Mikolajczyk et al. (2014); Petrlik, J et al (2022))
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* Chicken eggs in Indonesia where plastic wastes was co- 0 = =% - -~ - - b F - [ pab -l
incinerated in tofu boilers or lime kiln exceeded the EU
food limits 50 to 100 times (118.5 to 234.4 pg TEQ/g fat).
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* The free-range chickens had access to ashes stored
openly or used for paving sidewalks. These ashes
contained dioxins at levels of 120 — 1300 ng TEQ/kg which

is 60 to 600 times above 2 ng TEQ/kg in soils considered
acceptable for free-range chickens.

* This highlights that co-incineration of plastic waste in
non-BAT facilities without air pollution control and ash
management, releases high levels of dioxins with
associated environmental/soil contamination and human
exposure risk via chicken/eggs (and other food production).

Petrlik et al. (2022) Emer. Con. https.//doi.org/10.1016/j.emcon.2022.05.001




IPEN global egg study — E-waste recycling sites

* |IPEN monitored 7 pooled eggs from individual chicken flocks at e-waste sites in 5
countries (Ghana, Kenya, Indonesia, Philippines, and Thailand). The PCDD/F-
PCB-TEQs were between 20.4 to 856 pg TEQ/g and therefore all eggs exceeded
the EU regulatory limit. The mean TEQ was 308.4 pg TEQ/kg fat were by far
the highest mean/median of all dioxin source categories.

* Three of the eggs from African sites had TEQ levels above 500 pg TEQ/g fat
(more than 100 times above regulatory limits) with 856 pg TEQ/g fat in eggs from
the e-waste site in Agbogbloshie (Ghana) where e-waste, including cables, is
frequently burnt. The eggs also contained brominated Dioxins from PBDE and other
BFRs.
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Petrllk et al. (2022) Emerging Contamlnants https //doi. org/10 101 6/] emcon. 202 05 001



PCDD/Fs in chicken eggs from several countries
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* Ghana'’s eggs: 264 times the EU food limit for dioxin (plastic cable burning)
* Indonesia’s eggs: 93 times the EU food limit for dioxin (plastic burning in boilers contaminating soils)
* Thailand’s eggs: 34 times the EU food limit for dioxin (WEEE plastic burning)

The EU limit for dioxins in eggs is 2.5 pg WHO-TEQ g-1 fat and EU limit for Total PCDD/F + DL PCBs is 5.00
pg TEQ g-1 fat. )

The regulatory limit in Indonesia is 2.5 pg WHO-TEQ g-1 fat but includes both dioxins and dioxin-like PCBS}T .



BFR egg-monitoring in Kazakhstan - HBCDD

* The highly impacted pooled egg (18320 ng/g fat) was collected from the free-
ranged chicken eggs sampled in Shetpe in 2016.

* In Shetpe, car wrecks were located with chickens feeding around them and
this could have served as potential source of contamination.

* Hexabromocyclododecane (HBCDD) was partly used in cars as flame
retardants for mats, textiles, and expanded polystyrene (EPS). Exposure from

EPS/XPS insulation cannot be ruled out. e
Geographical coordinates —

— 44°0521:3.N 52°07:16.0"
* Kazakhstan as a country 7 A -

. i . SHETPE
with a cold winter is '
iIncreasingly using
iInsulation in buildings
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BFR egg-monitoring in Kazakhstan/Thailand - HBCDL

* For HBCDD one highly impacted sample was detected with 18320 ng/g fat
in free range chicken eggs (4 pooled eggs).

* The second egg from Kazakhstan supermarket had 1036 ng/g fat.
* Only 2 from 8 pooled eggs from Kazakhstan were below detection limit.

* In Thailand 2 from 4 pooled eggs were below detection limit.
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Conclusions

Large pollution of the terrestrial environment with plastic and microplastic pollution
much higher than marine microplastic pollution (four to 23 times higher)

Open burning of WEEE plastic results in high Dioxin pollution in soils and can
contaminate chicken and eggs with extreme high Dioxin levels and related exposure

Using plastic as fuel in non-BAT incinerators like tofu boilers or lime kilns
contaminate the environment with high Ilevels of dioxins, in particular
mismanagement of dioxin-containing ash (PVC is likely a driver).

Plastic and polymer foams containing POPs additives like HBCD and PBDE result
in the contamination of chicken/eggs from directly picking EPS/XPS or PUR foam.

With the increased threats of plastic pollution in the environment and related food
contamination with Dioxins and POPs, capacity building for local researchers and
laboratories are needed to support evidence-based policy and the control of human
contamination from POPs contaminated food.
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