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Summary and recommenda-on 
People, wildlife and the wider environment are constantly exposed to a complex cocktail of known 
and suspected harmful chemicals through air, water, food, consumer products and other routes. The 
combined exposure to these chemical mixtures can trigger adverse impacts on our health and the 
environment, even when each chemical is present at low concentra:ons, below a level considered 
safe in single-substance assessment. This is called the ‘cocktail effect’ or ‘mixture effect’. 

In order for REACH to start to reflect this scien:fic reality, it needs to be amended to  

• include the considera:on of mixture effects at the registra:on stage,  

• introduce a mixture assessment/alloca:on factor (MAF) as part of the company’s safety 
assessments. 

Applying a simple MAF ensures that risks from chemical mixtures are idenBfied and can be managed. 
This soluBon avoids the development of specific mixture assessments, which are very burdensome for 
the industry, if in fact possible. Introducing a MAF will also future-proof REACH against the rapid 
developments  happening in the science of mixture effects – a failure to acknowledge this scienBfic 
reality could be very damaging to public confidence in chemicals safety & regulaBon. 

 



 
 

 

What are mixture effects, and how are they assessed? 
We, our children, wildlife and the wider environment are constantly exposed to a complex cocktail of 
known and suspected harmful chemicals through air, water, food, consumer products and other routes. 
Decades of research have demonstrated that combined exposure to several chemicals can result in 
toxic ‘cocktail effects’ or ‘mixture effects’. Crucially, adverse impacts from mixture effects can be 
triggered even when each chemical is present at low concentraBons, below a level considered safe in 
single-substance assessment. 

  

Our report “Chemical Cocktails – The neglected threat of toxic mixtures and how to fix it“ 
contains a detailed evaluaEon and presentaEon of the literature on the subject of mixtures: 
h"ps://chemtrust.org/mixtures  

 

In risk assessments under REACH, the concentraBon at which a single substance has a harmful effect 
(effect threshold) is compared with the expected concentraBons in humans or the environment, and 
the so-called risk characterisaBon raBo (RCR) is calculated. If the expected exposure is higher than the 
effect threshold (RCR > 1), it is assumed that there is a risk. 

Mixture effects refer to the addiBvity of the effects of individual substances in a mixture. Figure 1 shows 
that if these mixture effects are taken into account, risks may be idenBfied that are overlooked in the 
assessment of individual substances. For example, scienBfic studies1 have shown that in some EU 
regions, about 14% of teenagers have levels of four PFAS that, when combined, are so high that health 
damage cannot be ruled out. If all four PFAS are considered individually, the percentage of teenagers 
at risk is significantly lower. 

A recent study confirmed that adverse 
health effects of mixtures add up even if 
the individual substances belong to 
different substance groups, i.e. have very 
different molecular structures.2 Another 
study also showed that in the 
environment3, certain damage to 
organisms and ecosystems can be 
aWributed to the mixture effects of 
substances whose individual 
concentraBons are below their effect 
thresholds. Real toxic threats to humans 
and the environment are being 
overlooked and are usually not addressed 
by the current approach of individual 
substance risk assessment. 

 

 
1 Uhl et al. (2023): “PFASs: What can we learn from the European Human Biomonitoring IniEaEve HBM4EU” in Interna'onal Journal of Hygiene 
and Environmental Health, Volume 250, May 2023. hNps://www.sciencedirect.com/science/arEcle/pii/S1438463923000597  
2 Braun et al. (2024): “Neurotoxic mixture effects of chemicals extracted from blood of pregnant women” in Science; Vol 386, Issue 6719, pp. 
301-309; October 2024. hNps://www.science.org/doi/10.1126/science.adq0336 
3 Finkh et al. (2024): “Mapping chemical footprints of organic micropollutants in European streams” in Environment Interna'onal Volume 
183, January 2024, 108371. hNps://pubmed.ncbi.nlm.nih.gov/38103345/ 

Figure 1: Something from nothing – mixture toxicity ma6ers. 
Source: Chemical Cocktails – The neglected threat of chemical mixtures and how to fix it. 
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How does the MAF work? 
Mixture effects can be considered in the regulatory risk assessment as early as in the individual 
substance assessment by increasing the RCR using the MAF while keeping the accepted limit of 1. The 
MAF, therefore, highlights risks and also a need for acBon, parBcularly for substances that are already 
close to an RCR of 1, i.e. whose concentraBons in humans and/or the environment are already close to 
the individual effect threshold. 

For substances found in concentraBons well below their effect threshold, the MAF would increase the 
risk characterisaBon raBo but not create a risk, so there would be no need for acBon. This means no 
addiBonal burden for companies.  

 

Figure 2: What is a Mixture Assessment Factor (MAF)? 
Source: Chemical Cocktails – The neglected threat of chemical mixtures and how to fix it  

 

What would be the consequences of applying the MAF in REACH? 
Introducing the MAF would modernise risk assessment by recognising the scienBfically proven 
addiBonal risks posed by chemical mixtures. 

The extent to which the introducBon of a MAF would miBgate health and environmental risks depends 
to a large extent on its value. So far, the proposed MAF values range from 2 to 700.4  

The following paragraphs describe the impacts of introducing the MAF into the EU chemicals 
regulaBon, REACH. In the context of the REACH revision,5 there is a discussion about including the MAF 
in Annex 1, which sets out the rules for risk assessment by companies under this regulaBon. 

 
4 Treu et al. (2024): “Regulatory and pracEcal consideraEons on the implementaEon of a mixture allocaEon factor in REACH” in 
Environmental Sciences Europe 36: 101, May 2024. hNps://enveurope.springeropen.com/arEcles/10.1186/s12302-024-00910-z   
5 hNps://www.umweltbundesamt.de/en/topics/chemicals/reach-what-is-it/advancing-reach/assessing-regulaEng-of-chemical-mixtures-
under#what-are-chemical-mixtures 
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Registrants (manufacturers and importers) of substances 

For substances in quanBBes > 10 t/a, the chemical safety assessments6 would have to be updated in 
the registraBon dossiers, meaning the RCRs would have to be adjusted by the MAF. According to an 
esBmate made by the European Chemicals Agency (ECHA) some years ago, this would affect 8,239 of 
the 26,865 registered substances, i.e. less than a third.7 Depending on the magnitude of the MAF, 
previously hidden risks may become apparent for some of the substances. Registrants then have 
various opBons for improving the chemical safety assessment, for instance generaBng more precise 
data on hazards and exposures, recommending measures to reduce emissions, and ending the use of 
the substance for specific applicaBons. 

Downstream users of chemicals  

The impacts for downstream users depend on whether the MAF reveals a hidden risk and, if so, how 
the registrants deal with it. For some applicaBons, stricter emission control measures may be 
prescribed. 

Authori:es 

Introducing a MAF in REACH would allow mixture effects to be considered by default in the evaluaBon 
and restricBon procedures. This would allow a more realisBc assessment of risks and a more 
comprehensive jusBficaBon of necessary restricBons. 

The MAF would also be integrated into industries’ authorisaBon applicaBons and the European 
Commission's decisions on these applicaBons. For substances with a (eco-)toxicological threshold, the 
MAF would require stricter risk control in the chemical safety assessment. Socio-economic assessments 
of non-threshold substances, such as persistent substances or those that affect the hormone system, 
would beWer reflect the real risks by considering a MAF, making the jusBficaBon of conBnued use more 
challenging. 

Environment and health 

The introducBon of a MAF would beWer protect human health and the environment. By considering 
mixture effects, exisBng risks can be idenBfied and miBgated or avoided through regulatory measures 
or measures taken by companies. 
 

What are the alterna-ves to the MAF? 
An alternaBve to the MAF that is being discussed is the component-based risk assessment of mixtures. 
Put simply, the RCRs of the substances present in a mixture are calculated and added together. There 
are various approaches for this risk assessment, but the principle is essenBally the same. 

 

 

 
6 Chemical safety assessment means essenEally the same as chemical risk assessment. 
7 However, an exposure and risk assessment is only required if the substance has hazardous properEes. The number of substances for which 
the MAF would have to be applied is therefore even lower. InformaEon accessed in October 2024 at hNps://echa.europa.eu/de/informaEon-
on-chemicals/registered-substances  
 

https://echa.europa.eu/de/information-on-chemicals/registered-substances
https://echa.europa.eu/de/information-on-chemicals/registered-substances


 
 

 

The component-based approach can be used to idenBfy risks posed by specific mixtures and determine 
the contribuBon of individual components to that risk. However, in order to calculate the individual 
RCRs, the idenBty and concentraBons of the individual substances in the mixture to be assessed and  
their effect thresholds, must be known. This informaBon, especially on effect thresholds, is oLen 
lacking. 

The component-based assessment can be used to evaluate specific, known mixtures, such as 
contaminated soils or waters. It can also be applied to assess a parBcular river or vulnerable populaBon 
groups. In such cases, the first step of the assessment is to define which substances in which 
concentraBons are representaBve of the situaBon(s) to be evaluated. It may be necessary to create 
different scenarios, for example, along the course of a river or for people of various ages or socio-
economic status. Only in the second step could RCRs then be formed and tested for these defined 
(scenarios of different) mixtures. This illustrates that a lot of knowledge is needed for the component-
based approach and that relevant data are usually lacking. 

 

Why is the MAF the ideal solu-on for environmental and consumer 
protec-on? 
The table below compares the advantages and disadvantages of the MAF and the component-based 
mixture evaluaBon for determining risks to humans and the environment from chemical mixtures. 

Table 1: Comparison of the applicability of the MAF and the component-based mixture evaluaDon 
Colours indicate some characteris1cs of the implementa1on:  
Green: low effort, no need for addi1onal data or exper1se;  
Yellow: medium effort, addi1onal data and exper1se needed;  
Red: High efforts and/or not reasonably possible due to lack of data.  

 

 MAF Component-based mixture evaluaDon 

Benefits for the 
environment and 
health 

Direct avoidance/reduc/on of 
emissions and damage possible 
through chemical safety assessment 

Risk reduc/on is a separate, consecu/ve step; 
targeted remedia/on of exis/ng contamina/on is 
possible 

Use in EU chemicals 
assessment 

Easy to integrate into exis/ng 
concepts 

Requires extensive EU-wide modelling. More suitable 
for regional or individual cases 

Assessment efforts Low Very high 

ExperDse No addi/onal exper/se Advanced (eco)toxicological knowledge is necessary 

Data availability No addi/onal data necessary Informa/on on the composi/on of unknown 
mixtures is missing or difficult to define. Data on 
effect thresholds and concentra/ons of components 
in humans or the environment are oOen not 
available 

ApplicaDon to known 
mixtures 

Approach can be used, but without 
taking specific data into account 

Risk from known mixtures can be calculated 
specifically for the individual case 

ApplicaDon to complex 
unintenDonal mixtures 

Mixtures in humans and the 
environment are considered 
‘generically’ 

Due to the high number of possible combina/ons of 
substances in mixtures in the environment and in 
humans, no risk assessment is possible 
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Conclusion 
Scien:fic studies show that the harmful effects of chemicals in mixtures add together and this must 
be taken into account in risk assessments. Two approaches are available in principle: the applica:on 
of the MAF in the course of the single-substance assessment (generic), and the component-based 
mixture assessment. Both methods have a place in chemicals assessment and management. 

Component-based assessment is a retrospec:ve approach suitable for known (environmental) 
mixtures. It can be used, for example, to determine risks in contaminated areas, local site 
assessments, or clearly defined individual cases. 

However, the preven:on of environmental and health damage can only be achieved by introducing 
the MAF. Therefore, and because all harmful chemicals can contribute to mixture effects even at low 
concentra:ons, CHEM Trust calls for the introduc:on of the MAF in all laws with chemical risk 
assessments, in par:cular the European chemicals regula:on REACH. 

The extent to which the MAF reduces risks depends on its chosen value. CHEM Trust proposes a value 
of 100 to account for uncertain:es about the composi:on of uninten:onal mixtures and 
uncertain:es about their adverse effects. A MAF that is set too low would merely generate addi:onal 
effort without significantly reducing the risks. 

In addi:on to its assessment func:on, the MAF should also be understood as a risk management 
tool: it is used to avoid environmental and health damage by requiring the industry to iden:fy 
poten:al risks (including from mixture effects) in the chemical safety assessment and to implement 
the necessary risk reduc:on measures. 

 

 

 

 

 

 

 

This brochure was produced by CHEM Trust – a collabora/on between CHEM Trust, a UK registered charity, and CHEM Trust 
Europe eV, a charity based in Germany – working at UK, EU and interna/onal levels to protect humans and wildlife from 

harmful chemicals. 

CHEM Trust’s overarching aim is to prevent human-made chemicals from causing long-term damage to wildlife or humans. 
Our par/cular concerns are endocrine disrup/ng chemicals, persistent chemicals, the cocktail effect of chemicals and the 

role of chemical exposures in the early life of wildlife and humans.  

CHEM Trust engages with the scien/fic, environmental, medical and policy communi/es to improve the dialogue concerning 
the role of adverse effects of chemicals in wildlife and humans and to harness a wide coali/on to drive improved chemicals 

policy and regula/on.  

This brochure was first published in German in November 2024 and later adapted and published in English in May 2025. 
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