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Co-exposure of chemicals in humans 

http://thumbs.dreamstime.com/z/glass-water-17651781.jpg


Slice-by-slice: often 
no risk

Mixture risk assessment of chemicals
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Implementation of mixture risk assessment is a challenge
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Chemical mixtures may affect
human health

• Dioxins and related PCBs in 
food and feed (EFSA)

• Phthalates in articles (ECHA 
2017)

• Pesticides in food (EFSA 2020)
• 4∑PFAS (EFSA 2020)
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Is it possible 
to predict the 

effects of 
chemical 
mixtures?
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Design of 
chemical
mixture
studies

Mixture studies 
reflecting real-life

exposure scenarios

Bottom-up 
approach:

Composition of 
mixture according
to real-life
exposure

Human 
biomonitoring
of chemical
exposures

Top-down
approach:

Designed mixture 
containing model 
compounds

Chemicals & doses
selected based on their
effect/mode of action

Mixture studies to test 
hypotheses on 

mathematical predictions
of effects

X = (p1/x1+p2/x2……)-1



Prediction of mixture effects: Dose-Addition provides 
good approximations of observed effects 

Retained nipples Micronuclei

Vtg induction (fish) AR antagonism



Something from ‘nothing’ observed in various test systems:               
No effect of single compounds, but mixture effect at 

doses <NOAELs

Silva et al. (2002). Something from 
“Nothing” - Eight Weak Estrogenic 
Chemicals Combined at Concentrations 
below NOECs Produce Significant Mixture 
Effects Environ Sci Technol 36, 1751
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Hass et al. (2007). Combined exposure to 
anti-androgens exacerbates disruption of 
sexual differentiation in the rat. EHP 115 (1), 
122–128

AGD shortening in vivo

Van der Ven et al. (2022). Dose Addition in the 
Induction of Craniofacial Malformations in Zebrafish 
Embryos Exposed to a Complex Mixture of Food-
Relevant Chemicals with Dissimilar Modes of Action. 
EHP.

Malformations in zebrafish



Mixture effects of dissimilarly acting chemicals can 
also be predicted by dose-addition

Christiansen et al. (2009). Synergistic Disruption of External 
Male Sex Organ Development by a Mixture of Four 
Antiandrogens. EHP 117, 1839

Cranio-facial malformations (9 marker genes) of 
conazole fungicides

AGD shortening in rats Malformations in zebrafish

Van der Ven et al. (2022). Dose Addition in the Induction of Craniofacial 
Malformations in Zebrafish Embryos Exposed to a Complex Mixture of Food-
Relevant Chemicals with Dissimilar Modes of Action. EHP.



Cumulative risk assessment based on chemicals  sharing 
mechanism of action or targeting a common disease

Rider, C (2022). Mixture math: Deciding what to add in a cumulative risk assessment. Current Opinion in Toxicology 31, 100358
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Mixture risk assessment for 
decline in sperm quality. 
29 chemicals monitored jointly in 
urine from 98 Danish young men

Bisphenols (A, S, F), PCBs and 
phthalates (DEHP) identified as drivers 
of mixture risk

Kortenkamp et al. Combined exposures to bisphenols, polychlorinated dioxins, 
paracetamol, and phthalates as drivers of deteriorating semen quality. Env Int 
165, 107322, 2022
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In vitro data for human androgen 
receptor antagonism

Human biomonitoring data 
for hazardous chemicals

Chemical mixture drivers for adverse 
effects on male reproductive health

Calculation of Risk Quotients 
for 61 chemical and their 
combined Hazard Index

Ma et al. Human risk associated with exposure to mixtures of antiandrogenic chemicals evaluated using in vitro hazard and human biomonitoring data. Submitted.

Mixture risk assessment based on in vitro and human biomonitoring 
data: A case study on antiandrogenic chemicals



International impact

• Input to EFSA’s mixture work
• EU projects (EDEN, Contamed, HBM4EU, 

PANORAMIX, PARC)

‘Chemical Mixture Calculator’

BOBERG ET AL. Chemical Mixture Calculator - A novel tool for mixture risk assessment. 
Food Chem Toxicol 152, 112167, 2021



This output reflects only the author's view and EU cannot be held responsible for any use that may be made of the information it contains

Rie Vinggaard, DTU
https://panoramix-h2020.eu/

This project has received funding from
the European Union's Horizon 2020 
research and innovation programme 
under Grant Agreement 101036631

Providing risk assessments of complex 
real-life mixtures for the protection of 
Europe’s citizens and the environment

• 11 partners from 6 European countries, coordinated by DTU

• 4 yrs, Nov 2021-2025

• Budget: ~ 4.5 million €

https://panoramix-h2020.eu/


Bioassay testing of complex real-life samples

WP2
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Pooled
blood

Pooled
water

Pooled
fish &
food

Food
Environment

Health

Extraction Extraction Extraction

Panel of in vitro bioassays addressing the MIEs underlying 
Neurodevelopment Reproductive function

Neurotoxicity
Neuronal cells SH-SY5Y
• ACHE inhibition
• Neurite outgrowth 

inhibition
• Mitochondria toxicity
• Zebrafish neurotoxicity

Thyroid hormone 
system disruption
• TPO, DEHAL 
• TTR/TBG binding
• GH3-TRE-luc
• Iodine transport

Reproductive toxicity
• ER agonism, 
• AR antagonism
• hIPSC-based 

developmental toxicity

Genotoxicity and stress 
responses
• γH2AX/pH3 assay
• oxidative stress response 

(Nrf2-ARE)
• Metabolism (AhR, PPAR)

Bioassay Selection Criteria 
Relevance for developmental disorders (AOP)
• Specificity, Selectivity, Sensitivity

Phase 2:
Screening 500 cord blood samples with a 3-6 HTS in vitro assays

Phase 1: Screening  environment-food-human continuum

Escher et al. Mixture risk assessment of 
complex real-life mixtures – the 
PANORAMIX project. Int J Exp Res Publ
Health, 2022

https://www.google.com/search?sa=G&hl=en&sxsrf=ALeKk02DRkxirLfs4AKuk8U5YqFWyoWE-w:1607538047104&q=drip+icon+png&tbm=isch&source=iu&ictx=1&tbs=simg:CAESlAIJhx4wX1MeFMQaiAILELCMpwgaYgpgCAMSKLoC8QaZBvoSmga9AeEB-xL6Bs8SozT_1M6Q0oTS6KJ00yTeiNMA9mj0aMD_1pi-KDUGJeyk2seHoYq0BZvFM7V4CQ2vwwHadHzdC1oeCA4r7QqO9folu08fcsDCAEDAsQjq7-CBoKCggIARIET75onwwLEJ3twQkagAEKGwoIdmVydGljYWzapYj2AwsKCS9hLzRoaDNwMAobCghsYW5ndWFnZdqliPYDCwoJL2ovMnNoX3k0ChYKA2RvdNqliPYDCwoJL20vMDI3Y3RnChYKBGRyb3DapYj2AwoKCC9tLzBiN3oxChQKA2FydNqliPYDCQoHL20vMGpqdww&fir=codbMFvL3mqtFM%252CUnAk4PswLeyhTM%252C_&vet=1&usg=AI4_-kTprkVyS8Uf_aU4iyA9yK_MKn-n_Q&ved=2ahUKEwj-rorywcHtAhUOGewKHcn4CmMQ9QF6BAgpEAE#imgrc=codbMFvL3mqtFM
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https://www.google.com/search?hl=en&sxsrf=ALeKk03PM_7sWgi0F52n_0S-RIKbzM97wA:1607538162103&q=fish+icon+png+&tbm=isch&source=iu&ictx=1&tbs=simg:CAESiQEJhx4wX1MeFMQafgsQsIynCBpiCmAIAxIougLxBpkG-hKaBr0B4QH7EvoGzxKjNP8zpDShNLoonTTJN6I0wD2aPRowP-mL4oNQYl7KTax4ehirQFm8UztXgJDa_1DAdp0fN0LWh4IDivtCo71-iW7Tx9ywMIAQMCxCOrv4IGgoKCAgBEgRPvmifDA&fir=L7vYyVa_oyAD7M%252CyoXuKMJivv1ZMM%252C_&vet=1&usg=AI4_-kRHsEJeOv42TfUaGnFp6CAUVwGHBA&sa=X&ved=2ahUKEwjNofWowsHtAhWHCuwKHTp5DdMQ9QF6BAgiEAE#imgrc=L7vYyVa_oyAD7M
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 One chemical at a time underestimates the risk

 The dose-addition principle can be applied for both similarly and 
dissimilarly acting compounds

 YES WE CAN predict mixture effects in most cases, if we have 
adequate hazard and exposure data for single compounds

 Usually additivity, synergism/antagonism in rare cases

 Risk at high-end human exposures to certain chemical mixtures

 Top-down designs from the past, bottom-up designs for the 
future

 In vitro methods for whole-mixture assessments

Take home messages
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Maria Joao 
Valente
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