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Public Concern about Safety of Plastic

Plastics and chemicals of concern 

Known vs unknown chemicals (IAS & NIAS)

Toxicological profiling of plastic additives

Industrial innovation & developments

EU projects for safer plastic

First results of plastic pellets from Nigeria
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Public concern about safety of plastic
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The Challenges in Plastic 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
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Plastics and Chemical 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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•Additives (e.g. plasticizers, UV-blockers)

•By-Products of the polymerization process (e.g. styrene dimers)

•Monomers (e.g. Bisphenol A, Bisphenol S, phthalates…)

•Printing color components (e.g. photo initiators)

•Contaminants

•….

Complex mixtures of hormone active substances in plastics
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Known vs Unknown Chemicals - Urgent steps needed…

• Toxicity and exposure information is available only for
few of the IAS/NIAS

• Risk assessment of unknown chemicals is not possible
under the current regulatory approach

• Modernize tiered approach for screening and
prioritization

• Addressing mixture toxicity

• Modernizing risk assessment by including endocrine disruption
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OECD Strategy for Endocrine Disrupting Chemicals 

& EATS CALUX bioassays

ER: (anti)Estrogens: ERalpha CALUX (OECD TG455)
AR: (anti)Androgens: AR CALUX (OECD TG458)
TR: Thyroid interference:  TR and TTR  CALUX (TG in preparation)
S: H295R steroidogenesis (OECD 456)
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99

Bioanalysis CALUX for toxic effects for all kinds of pollutants
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Full automated CALUX cell & sampling handling

40 samples/hrs

for

a) Seeding cells in 

96 well plates 

and

b) Pipette samples
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Full automated Luciferase analysis via 
Luminometer combined with autosampler

Bioanalysis CALUX:

40 samples/hr for the

quantitative analysis of the

total amount of pollutant (e.g. 

hormones, PFAS, dioxins, 

PAHs) in the sample



The real toxicity/mode of action of the 

Dirty Dozen POPs & others

Dirty Dozen POPs: endrocine activity, dioxin receptor (dioxins/PAHs)

Additional POPs: dioxin receptor (PAHs), stress pathways

Heavy metals: acute toxicity, stress pathways

no activity

EC10 = 1E-3M

EC10 = 1E-7M

Dirty Dozen POPs

Additional POPs

Heavy metals
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BDE39 1 1 1 1 1 1 2 1 1 1 2 3

BDE99 1 1 1 1 1 1 2 1 2 1 2 3

BDE127 1 1 1 2 2 1 3 1 1 2 2 3

BDE185 1 1 1 3 1 1 1 2 1 1 3 2

HBCDD TM 1 1 1 1 1 1 2 2 1 3 3 2

HBCDD beta 1 1 1 2 1 1 2 2 1 3 2 2

HBCDD gamma 1 1 1 1 1 1 2 3 1 4 3 3

BDE28 1 1 1 1 2 2 3 1 1 4 2 3

HBCDD alpha 1 1 1 2 1 1 3 1 1 4 3 3

BDE209 1 1 1 1 2 1 1 1 1 1 1 1

TBBPA-DBPE 1 1 1 3 3 1 1 1 1 1 1 1

BDE169 1 1 1 2 2 1 3 1 1 1 1 1

BDE206 1 1 3 1 3 1 1 1 1 1 1 1

BDE47 1 1 1 2 4 2 3 1 1 1 2 3

BDE190 1 1 1 3 3 1 1 3 3 1 3 3

6OH-BDE47 1 1 1 4 3 1 1 4 3 1 3 3

BDE181 1 1 1 3 1 1 1 3 3 1 3 3

BDE79 1 1 1 1 1 2 1 2 3 1 2 3

BDE153 1 1 1 1 1 1 1 1 4 1 3 2

BDE38 1 1 1 2 1 3 1 1 4 2 2 3

BDE183 1 1 1 1 2 1 1 3 3 3 3 2

BDE19 1 1 1 1 3 3 1 1 1 3 4 5

BDE100 1 1 1 1 2 3 2 1 1 4 3 5

BDE155 1 1 1 1 2 3 1 1 1 3 3 3

BDE49 1 1 1 2 3 3 2 1 2 5 3 4

TBBPA 1 1 1 5 5 1 1 1 1 3 1 1

246-TBP 1 1 1 5 4 1 1 3 1 1 2 2

Hierarchical Clustering

Hamers et al., 2006

In vitro toxicity CALUX profiling



ISO 19040-3: Hormone-like activities of plastic additives 

by ER CALUX
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Biol Reprod. 2011 Aug;85(2):327-39. Martin MT, Knudsen TB, Reif DM, Houck KA, Judson RS, Kavlock RJ, Dix DJ.

ReproTox Predictions for Conventional and Alternative Plasticizers 
(ToxCast 2011)
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FDCA - little or no endocrine effects

- biobased building block to replace terephthalate in PET

CALUX toxic profile of plastic additives
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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



In vitro toxicity of Bioplastics and Plant-based materials (I) 
(Zimmermann et al 2020)



• 43 everyday bio-based products were tested by in vitro 
bioassays:

• 67% of the samples induced baseline toxicity 
(Microtox) 

• 42% oxidative stress (AREc32), 
• 23% anti-androgenicity (anti-YAAS) and 
• Several sample cytotoxicity and estrogenicity (YES)

19
Zimmermann et al (2020). Env Intern 145, 106066

In vitro toxicity of Bioplastics and Plant-based materials (II) 
(Zimmermann et al 2020)



• 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 of Bioplastics and Plant-based materials (III) 
(Zimmermann et al 2020)



In vitro toxicity profiling of Plastic Consumer Products (I)
(Zimmermann et al 2021)



• Toxicological and chemical profiles leaching into water from 
24 everyday plastic products covering eight polymer types.

•

• Migration experiments over 10 days at 40 °C and analyzed 
the migrates using four in vitro bioassays.

• All migrates induced baseline toxicity (Microtox)

• 22 oxidative stress response (AREc32) 

• 13 antiandrogenicity (anti-YAAS), and 

• 1 estrogenicity (YES). 

22

Zimmermann et al (2021). Environ. Sci. Technol. 55, 11814ff

In vitro toxicity profiling of Plastic Consumer Products (II)
(Zimmermann et al 2021)



• Overall, between 17 and 8681 relevant chemical features were present in the migrates.

• Between 1 and 88% of the plastic chemicals associated with one product were migrating. 

• Only ∼8% of all detected features were identified = implying that most plastic chemicals remain unknown. 

• LDPE, PVC, and PU induced most toxicological endpoints

• These results demonstrate that plastic products readily leach many more chemicals than previously known, some of 
which are toxic in vitro. 

• This highlights that humans are exposed to many more plastic chemicals than currently considered in public health 
science and policies.

23

Zimmermann et al (2021). Environ. Sci. Technol. 55, 11814ff

In vitro toxicity profiling of Plastic Consumer Products (III)
(Zimmermann et al 2021)



• 39 plastic food contact materials from Germany, Norway, South Korea the UK, and the US, covering the seven polymer types 
with the highest global market share were extracted and analyzed with CALUX reporter gene assays: Pregnane X receptor 
(PXR), peroxisome proliferator receptor gamma (PPARgamma), estrogen receptors alpha (ER) and androgen receptor (AR). 

• The chemicals extracted from 36 out of 39 plastics activated or inhibited one or more receptors with activities up to 100% of 
the respective positive controls. 

• The PXR was activated by 36, the ERalpha by 25, the PPARgamma by 23 samples, while the AR was inhibited by 14 of 39 
samples. 

• In total, > 16,000 unique chemical features with the number of features per sample ranging from 37 to 9,936 were detected. 
• Only 16% of the chemical features were tentatively identified using spectral libraries and in silico tools. 

• These results confirm that many plastic materials contain endocrine disrupting chemicals, which needs to be identyfied.
• This study highlights again the importance of analyzing whole mixtures of finished products and contributes to improving our 

understanding of plastics as a source of exposure to endocrine disrupting chemicals
• These results demonstrate that plastic products readily leach many more chemicals than previously known, some of which 

are toxic in vitro. 

24Stevens et al (2022). Abstract SETAC-EU Conference

Latest study about In vitro toxicity profiling of Plastic Consumer Products 
( Stevens et al 2022)
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How to make safer & greener plastic & bioplastic devices:
Industrial innovation

Bioassays battery

Migration or full 

material testing



Lab C
100 peaks

89 distinct peaks*

Lab E
109 peaks

72 distinct peaks*

Lab A
41 peaks

38 distinct peaks*

*Distinct peaks: Difference on 

exact mass (-cation) > 0.05 Da

Distribution top 100 peaks Distribution top 41 peaks
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CHEMISTRY: LC-MS DATA

DATA TOP 100 PEAKS THREE LABS-DATA DESCRIPTION

Lab A reporting Lab A reporting

Lab E reporting Lab E reporting

Lab C reporting Lab C reporting



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
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PFAS  in disposable food packaging and tableware: 
Thyroid hormone transport interferences by TTR-FITC-T4 bioassay 



Toys & consumer products with high levels of 
brominated dioxins (Arnika report 2018)
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High throughput extraction of plastic in our study here

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.



In vitro toxicity profiling by CALUX panel: 
Sample N3 - HDPE 

Nr. Polymer type
Sampling 
location

Sample 
ID

Sampling 
date Pellet origin

Pellet feedstock 
Material

Polymer 
character
istics Used additives Pellet colorPellet uses

Sending samples 
Germany, Spain & 
Netherlands

N3

High Density 
Polyethylene 
(HDPE)

Nigeria, 
Anambra, 
Onitsha

01 
Nigeria 
HDPE

02/18/20
23 National feedstock Water tanks Flexible Master batch Black

Jerrycan, grease container, 
spoons Neth Ger Spa

Technic Parameter Result Unit

Extraction: THF/hexane

Cytotox CALUX Celldeath 41 ug Tributyltin acetate eq./g

AR CALUX Anti-androgens LOQ (<8.3) ug Flutamide eq./g

P53 CALUX P53 transcriptional activators LOQ (<0.28) ug Actinomycin D eq./gram

ERa CALUX Estrogens LOQ (<0.13) ng 17b Estradiol eq./g

PAH CALUX Polycyclic aromatic hydrocarbons 2000 ng Benzo[a]pyrene eq./g

Extraction: 50% ethanol

Cytotox CALUX Celldeath 0.55 ug Tributyltin acetate eq./g

AR CALUX Anti-androgens LOQ (<4.0) ug Flutamide eq./g

P53 CALUX P53 transcriptional activators LOQ (<0.027) ug Actinomycin D eq./gram

ERa CALUX Estrogens LOQ (<0.044) ng 17b Estradiol eq./g

PAH CALUX Polycyclic aromatic hydrocarbons 7000 ng Benzo[a]pyrene eq./g



In vitro toxicity profiling by CALUX panel: 
Sample N9 - LDPE 

Nr. Polymer type
Sampling 
location

Sample 
ID

Sampling 
date Pellet origin

Pellet 
feedstock 
Material

Polyme
r 
charact
eristics

Used 
additives Pellet color Pellet uses Sending samples

N9

Low Density 
Polyethylene 
(LDPE)

Nigeria, 
Anambra, 
Onitsha

04 
Nigeria 
LDPE 45141

National 
feedstock

Toothbrush, 
disposable 
food 
container 
(single use), 
cosmetics 
containers Flexible Master batch Mixed colour

cover for plates 
and plastic 
containers, spoons Neth Ger Spa

Extraction: THF/hexane

Cytotox CALUX Celldeath 32 ug Tributyltin acetate eq./g

AR CALUX Anti-androgens LOQ (<8.3) ug Flutamide eq./g

P53 CALUX P53 transcriptional activators LOQ (<0.28) ug Actinomycin D eq./gram

ERa CALUX Estrogens LOQ (<0.13) ng 17b Estradiol eq./g

PAH CALUX Polycyclic aromatic hydrocarbons 610 ng Benzo[a]pyrene eq./g

Extraction: 50% ethanol

Cytotox CALUX Celldeath 0.34 ug Tributyltin acetate eq./g

AR CALUX Anti-androgens 14 ug Flutamide eq./g

P53 CALUX P53 transcriptional activators LOQ (<0.029) ug Actinomycin D eq./gram

ERa CALUX Estrogens 0.47 ng 17b Estradiol eq./g

PAH CALUX Polycyclic aromatic hydrocarbons 600 ng Benzo[a]pyrene eq./g



In vitro toxicity profiling by CALUX panel: 
Sample N22 - PVC

Nr. Polymer type
Sampling 
location

Sample 
ID

Sampling 
date Pellet origin

Pellet 
feedstock 
Material

Polymer 
characteri
stics

Used
additives

Pellet 
color Pellet uses

Sending samples 
Germany, Spain 
& Netherlands

N22

Polyvinyl
Chloride 
(PVC)

Nigeria, 
Anambra, 
Onitsha

05 
Nigeria 
PVC 45110

National 
feedstock

Sandals or 
footwear Semi-rigid

Master 
batch Black Slippers, carpet Neth Ger Spa

Extraction: THF/hexane

Cytotox CALUX Celldeath 1.6 ug Tributyltin acetate eq./g

AR CALUX Anti-androgens 390 ug Flutamide eq./g

P53 CALUX P53 transcriptional activators LOQ (<0.11) ug Actinomycin D eq./gram

ERa CALUX Estrogens 5.7 ng 17b Estradiol eq./g

PAH CALUX Polycyclic aromatic hydrocarbons 45000 ng Benzo[a]pyrene eq./g

Extraction: 20% ethanol

Cytotox CALUX Celldeath 1.1 ug Tributyltin acetate eq./g

AR CALUX Anti-androgens 2.8 ug Flutamide eq./g

P53 CALUX P53 transcriptional activators LOQ (<0.096) ug Actinomycin D eq./gram

ERa CALUX Estrogens 0.044 ng 17b Estradiol eq./g

PAH CALUX Polycyclic aromatic hydrocarbons 470 ng Benzo[a]pyrene eq./g



In vitro toxicity profiling by CALUX panel: 
Sample N24 - PP

Nr. Polymer type
Sampling 
location

Sample 
ID

Sampling 
date Pellet origin

Pellet 
feedstock 
Material

Polymer 
character
istics

Used
additives

Pellet 
color Pellet uses

Sending samples 
Germany, Spain 
& Netherlands

N24
Polypropylene 
(PP)

Nigeria, 
Anambra, 
Onitsha

02 
Nigeria 
PP 45110

National 
feedstock

Toys, jars, cup, 
pellets Flexible

Master 
batch

White 
and pick

Pallets, plastic bottles, 
beverage cup Neth Ger Spa

Extraction: THF/hexane

Cytotox CALUX Celldeath 16 ug Tributyltin acetate eq./g

AR CALUX Anti-androgens 12 ug Flutamide eq./g

P53 CALUX P53 transcriptional activators LOQ (<0.084) ug Actinomycin D eq./gram

ERa CALUX Estrogens LOQ (<0.034) ng 17b Estradiol eq./g

PAH CALUX Polycyclic aromatic hydrocarbons 1500 ng Benzo[a]pyrene eq./g

Extraction: 50% ethanol

Cytotox CALUX Celldeath LOQ (<0.34) ug Tributyltin acetate eq./g

AR CALUX Anti-androgens 10 ug Flutamide eq./g

P53 CALUX P53 transcriptional activators LOQ (<0.0096) ug Actinomycin D eq./gram

ERa CALUX Estrogens 0.16 ng 17b Estradiol eq./g

PAH CALUX Polycyclic aromatic hydrocarbons 3200 ng Benzo[a]pyrene eq./g



• 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 bioplastic testing following industrial leaders…

Take home message for bioplastic
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