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Challenges in Safety of (recycled) Materials

Identifying and assessing chemicals of concern 

Non-animal methods (NAM) for toxicity testing of plastics 

in the circular economy

Toxicological profiling of materials additives (such as 

BPA, phthalates and PFAS)

Building and implementing strategies with the industry, 

the government, and NGOs

International strategies for safer life cycle assessment 

LCA (UNEP 2024)
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1 - The Challenges in Materials Safety 

Many chemicals 
(>10’000) 

used in the Plastic Device

Lack of supra-national 
and harmonized 

regulation 

Complex, 
often fragile supply 

chains

Testing of Plastic Device 
are costly challenging

Plastic Device materials 
are diverse and often 

complex

3



2 - Identifying and assessing chemicals of concern 

Intentionally Added 
Substances (IAS)
• Monomers
• Additives~ 

1
0

’0
0

0

Non-Intentionally Added 
Substances (NIAS)
• Impurities of ingredients
• Degradation products
• Oligomers
• Reaction products formed 

during production, 
conversion and use

?

Phthalates, mineral oils, PFAS, EDCs, PAAs, PFCs, photoinitiators, BPA…

Paper & Board

Plastics

Metal coatings

Printing inks

Adhesives
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5Behnisch 2012 – Food Lab International

3 - Non-animal methods (NAM) for toxicity testing of plastics in the circular 
economy 



High-through-put screening (HTPS) - human cell-based TOX



4 - Toxicological profiling of materials additives 
(such as BPA & phthalates)
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1

Public concern about safety of consumer products
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ISO 19040-3: Hormone-like activities of plastic additives 

by ER CALUX
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5 - Building and implementing strategies with the industry: 

e.g. AkzoNobel
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5 - Building and implementing strategies with the industry: 
e.g. Nestle & PPG

Bioassays battery

Migration or full 

material testing



Safety by design plastic testing
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FODD CONTACT MATERIALS



Erα CALUX

Migration Sample LAB A LAB B LAB C

CALUX LAB D LAB C LAB D LAB C LAB D LAB C

Positive Control

Test Coating

Uncoated Control

Blank

AR CALUX

Migration Sample LAB A LAB B LAB C

CALUX LAB D LAB C LAB D LAB C LAB D LAB C

Positive Control

Test Coating

Uncoated Control

Blank

Anti-Erα CALUX

Migration Sample LAB A LAB B LAB C

CALUX LAB D LAB C LAB D LAB C LAB D LAB C

Positive Control

Test Coating

Uncoated Control

Blank

Anti-AR CALUX

Migration Sample LAB A LAB B LAB C

CALUX LAB D LAB C LAB D LAB C LAB D LAB C

Positive Control

Test Coating

Uncoated Control

Blank

 Anti-ERα   92%    ERα   100%

   AR   100%  Anti-AR   75%

Concordance

No Concordance

Hormone Activity Results by a panel of CALUX bioassays
(Marin-Kuan, Behnisch, Szabo et al. 2023)

Concordance Observed for 44 out of 48 Samples



FDCA -  little or no endocrine effects

           -  biobased building block to replace terephthalate in PET 

Toxicological profiling of plastic additives for 

safe recycling practices
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Van Vugt-Lussenburg et al (2020) Green Chemistry 22, 1873-1883

Green chemistry approach to select phthalate alternatives

Can we select promising bio-based alternatives 

for phthalates, with reduced endocrine activity?

➢Furan-based counterparts largely lack 

endocrine activity

activity
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Dimethyl phthtalate - - -4.7 -3.6 - - - - - - - - -

Dimethyl-2,5-furandicarboxylate - - - - - - - - - - - - -

Diethyl phthalate -3.5 -4.0 -5.0 -4.3 - - - - - - - - -

Diethyl-2,5-furandicarboxylate - - - - - - - - - - - - -

Diisobutyl phthalate -4.5 -5.3 -5.0 -5.0 - - - - - - - - -

Diisobutyl-2,5-furandicarboxylate - -4.3 - - - - - - - - - - -

Di(2-ethylhexyl) phthalate - -3.9 - - - - - - - - - - -

Di(2-ethylhexyl)-2,5-furandicarboxylate - - - - - - - - - - - - -

Diisodecyl phthalate - - - - - - - - - - - - -

Diisodecylfuran-2,5-dicarboxylate - - - - - - - - - - - - -

Phthalate dialkyl ester

Furan-based counterpart



Unknown chemicals “features” in non-target 
analysis – how to tackle them?

Combination of chemical compound with effect-
based analysis!
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Screening of samples

Samples included various materials:

• Composite films, food cartons

• Polystyrene, Polyolefins, PET 

• Paper board

• Metal cans

• Textile and wood toys

• PVC-toys

More than 500 samples of different articles

Food packaging (bottles, cups, microwave packaging, caps), 

granulates, films,…), Toys (plastic, textile, wood), 

Medical Devices (implants, infusion bags,…)

Testing of plastic from packaging, toys and medical devices 
(Kirchnawy et al 2019)



Results of bioassays

• >70% of all tested samples: no endocrine activity

• < 25% of all tested sample: estrogen activity

• Detected activity is mostly much lower than the activities 

previously found in mineral water (<7 ng/L EEQ)

• < 2%: activities between 50 – 100 ng/L EEQ

• Plastic Food Packaging: lower estrogen activity than would 

be expected based on previous studies

• Toys, Medical Device: more endocrine activity than in food 

packaging

Testing of plastic from packaging, toys and medical devices 
(Kirchnawy et al 2019)



Wake-up call by Martin Wagners team:
In vitro toxicity of Bioplastics and Plant-based materials 

(Zimmermann et al 2020)



Combined chemical & effect-based NAMs

• In total,  ca 41,000 chemical features with 186–20,965 features were present in the individual samples. 

• 80% of the extracts contained > 1000 features, most of them unique to one sample. 

• 343 priority compounds including monomers, oligomers, plastic additives, lubricants and non-intentionally added 
substances were identified

• Extracts from cellulose- and starch-based materials generally triggered a strong in vitro toxicity and contained most 
chemical features. 

• The toxicological and chemical signatures of polyethylene (Bio-PE), polyethylene terephthalate (Bio-PET), polybutylene 
adipate terephthalate (PBAT), polybutylene succinate (PBS), polylactic acid (PLA), polyhydroxyalkanoates (PHA) and 
bamboo-based materials varied with the respective product rather than the material. 

• Toxicity was less prevalent and potent in raw materials than in final products. A comparison with conventional plastics 
indicates that bioplastics and plant-based materials are similarly toxic. 

20Zimmermann et al (2020). Env Intern 145, 106066



In vitro toxicity profiling of Plastic Consumer Products
(Zimmermann et al 2021)
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Migration of endocrine and metabolism disrupting 
chemicals from plastic food packaging (Stevens et al 2024)



PFAS  in disposable food packaging and tableware: 
Effect-based testing by BDS 

5 - Building and implementing strategies with NGOs



6 - International strategies for safer life cycle assessment LCA 

(UNEP 2024)

SOLUTIONS to move FORWARD



Indonesia n=21

Brazil n=38

Argentina n=25
Chile n=26

Mongolia n=24

Thailand n=72

Vietnam n=37

Nigeria n=126

Ghana n=11

✓ 272 plastic pellets samples

✓ >100 plastic shreds used in recycling

were collected in 9 low-and middle-income countries 

Global Plastic pellets monitoring 
(UNEP 2024)
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High through-put extraction of plastic

A) THF/hexane:

• 0.5 gr plastic, milling, 

• add 10 ml THF, shake 20 min, 

• add dropwise 2 x 10 ml hexane, 
combine, 

• add 50 ul DMSO, evaporate to a 
final volume of 50 ul.

B) 50% Ethanol/Water:

• 0.5 gr plastic, milling, 

• add 10 ml EtOH/Water (50%), put
in oven at 60  C for 3 days

• add 50 ul DMSO, evaporate to a 
final volume of 50 ul.

C) 20% Ethanol/Water:

• 0.5 gr plastic, milling, 

• add 10 ml EtOH/Water (20%), put
in oven at 40  C for 1 day

• add 50 ul DMSO, evaporate to a 
final volume of 50 ul.
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In vitro toxicity profiling by CALUX panel: 
Overview all samples

Sample

code
CALUX bioassay

code

Cytotox

(µg Tributyltin acetate  eq./ 

gram product)

P53 PAH ERa Anti-AR

N3 Nigeria: THF/hexane 41 LOQ (<0.28) 2000 LOQ (<0.13) LOQ (<8.3)

N9 Nigeria: THF/hexane 32 LOQ (<0.28) 610 LOQ (<0.13) LOQ (<8.3)

N22 Nigeria PVC: THF/hexane 1.6 LOQ (<0.11) 45000 5.7 390

N24 Nigeria PP: THF/hexane 16 LOQ (<0.084) 1500 LOQ (<0.034) 12

N24 Nigeria PP: 50% ethanol/ H20 LOQ (<0.34) LOQ (<0.0096) 3200 0.16 10

N22 Nigeria PVC: 20% ethanol/ H20 1.1 LOQ (<0.096) 470 0.044 2.8

N9 Nigeria: 50% ethanol/ H20 0.34 LOQ (<0.029) 600 0.47 14

N3 Nigeria: 50% ethanol/ H20 0.55 LOQ (<0.027) 7000 LOQ (<0.044) LOQ (<4.0)

UNEP046_3/Arg 1_3: 20% ethanol/ H20 LOQ (<0.87) LOQ (<0.026) 1.8 LOQ (<0.071) LOQ (<9.3)

UNEP070_4_3/IND13_4: 20% ethanol/ H20 LOQ (<0.94) LOQ (<0.026) LOQ (<0.86) LOQ (<0.074) LOQ (<9.3)

UNEP065_4/Viet 2_4: 20% ethanol/ H20 LOQ (<0.94) LOQ (<0.026) LOQ (<0.86) LOQ (<0.074) LOQ (<9.3)

UNEP064_6/Arg 1_6: 50% ethanol/ H20 LOQ (<0.87) LOQ (<0.026) LOQ (<0.86) LOQ (<0.079) LOQ (<7.3)

UNEP070_6/IND13_6: 50% ethanol/ H20 LOQ (<0.94) LOQ (<0.029) 14 LOQ (<0.091) 45

UNEP071_6/IND24_6: 50% ethanol/ H20 LOQ (<0.90) LOQ (<0.027) LOQ (<0.61) LOQ (<0.087) LOQ (<8.8)

UNEP065_6/Viet 2_6: 50% ethanol/ H20 LOQ (<0.90) LOQ (<0.027) 2.8 LOQ (<0.079) LOQ (<11)

UNEP066_6/Viet18_6: 50% ethanol/ H20 LOQ (<0.90) LOQ (<0.027) 12 LOQ (<0.078) LOQ (<11)

UNEP067_6/Viet 22_6: 50% ethanol/ H20 LOQ (<0.92) LOQ (<0.028) 1.4 LOQ (<0.077) LOQ (<9.9)

UNEP064_7/Arg 1_7: THF/hexane LOQ (<0.85) LOQ (<0.027) 490 0.17 LOQ (<9.2)

UNEP070_7/IND13_7: THF/hexane LOQ (<0.87) LOQ (<0.027) LOQ (<0.89) LOQ (<0.091) 18

UNEP071_7/IND24_7: THF/hexane LOQ (<0.98) LOQ (<0.027) 41 LOQ (<0.095) LOQ (<11)

UNEP065_7/Viet 2_7: THF/hexane LOQ (<0.94) LOQ (<0.027) 1.3 LOQ (<0.095) LOQ (<11)

UNEP066_7/Viet 18_7: THF/hexane LOQ (<0.94) LOQ (<0.027) LOQ (<1.2) 0.30 LOQ (<9.1)

UNEP067_7/Viet 22_7: THF/hexane LOQ (<0.98) LOQ (<0.028) 130 LOQ (<0.087) 11

BW_2: 20% ethanol/ H20 LOQ (<0.92) LOQ (<0.028) LOQ (<0.91) LOQ (<0.075) LOQ (<9.9)

BW_6: 50% ethanol/ H20 LOQ (<0.92) LOQ (<0.028) LOQ (<0.91) LOQ (<0.084) LOQ (<7.7)

BW_7: THF/hexane LOQ (<0.92) LOQ (<0.028) LOQ (<0.85) LOQ (<0.077) LOQ (<9.9)



Overview in vitro toxicity profiling of plastic

- PVC samples most toxic

- THF/hexane extraction most toxic

- PAH-like activity of highest concern

- More testing needed for EDC properties      (ER, 
anti-AR)

- additional toxic mode of actions need to be added 
(stable AhR, anti-PR, anti-TR and TTR-TR)

HDPE, LDPE
PVC, HDPE, LDPE PVC, HDPE

PVC PVC



Current EU projects BDS involved: RISKHUNTER3R 
Safe &  Sustainable by Design
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Current EU project BDS involved CHAMPION 
Test strategies for  safer bio-based polymers

30



• For a SAFER & SUSTAINABLE approach complex mixtures of known and unknown 
chemicals in plastic and bioplastics need to be monitored by a COMBINED chemical AND 
effect-based biological toxicity screening tests (e.g., OECD TG455 and TG458)!

• Safe design/Green chemistry using in vitro toxicity is already in many R&D applications 
for all kinds of plastic materials used, but international regulatory framework is missing!

• High-throughput bioassays are used decades already for chemicals testing, why not using 
also for safer SUSTAINABLE PLASTIC testing following industrial and NGO global 
leaders…

Take home message for 
Toxic-free Sustainable Materials in the Circular Economy
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Invitation for 14th BioDetectors Conference 

Amsterdam

27-28 June 2024 



C O N T A C T :

D r.  P e t e r  A .  B e h n i s c h

Behnisch@bds .n l

H a p p y  t o  a n s w e r  y o u r  q u e s t i o n s
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Safe & 

sustainable 

materials
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