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Summary and recommendation

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 concentrations, 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 scientific reality, it needs to be amended to
e include the consideration of mixture effects at the registration stage,

e introduce a mixture assessment/allocation factor (MAF) as part of the company’s safety
assessments.

Applying a simple MAF ensures that risks from chemical mixtures are identified and can be managed.
This solution 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 scientific
reality could be very damaging to public confidence in chemicals safety & regulation.
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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 concentrations, 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 evaluation and presentation of the literature on the subject of mixtures:
https://chemtrust.org/mixtures

In risk assessments under REACH, the concentration at which a single substance has a harmful effect
(effect threshold) is compared with the expected concentrations in humans or the environment, and
the so-called risk characterisation ratio (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 additivity of the effects of individual substances in a mixture. Figure 1 shows
that if these mixture effects are taken into account, risks may be identified that are overlooked in the
assessment of individual substances. For example, scientific studies! 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.
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. Figure 1: Something from nothing — mixture toxicity matters.
substance risk assessment. 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 action, particularly for substances that are already
close to an RCR of 1, i.e. whose concentrations in humans and/or the environment are already close to
the individual effect threshold.

For substances found in concentrations well below their effect threshold, the MAF would increase the
risk characterisation ratio but not create a risk, so there would be no need for action. This means no
additional burden for companies.

What is a Mixture Assessment Factor (MAF)?
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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 scientifically proven
additional risks posed by chemical mixtures.

The extent to which the introduction of a MAF would mitigate health and environmental risks depends
to a large extent on its value. So far, the proposed MAF values range from 2 to 700.*

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

4Treu et al. (2024): “Regulatory and practical considerations on the implementation of a mixture allocation factor in REACH” in
Environmental Sciences Europe 36: 101, May 2024. https://enveurope.springeropen.com/articles/10.1186/s12302-024-00910-z

5 https://www.umweltbundesamt.de/en/topics/chemicals/reach-what-is-it/advancing-reach/assessing-regulating-of-chemical-mixtures-
under#fwhat-are-chemical-mixtures
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For substances in quantities > 10 t/a, the chemical safety assessments® would have to be updated in
the registration dossiers, meaning the RCRs would have to be adjusted by the MAF. According to an
estimate 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.” Depending on the magnitude of the MAF,
previously hidden risks may become apparent for some of the substances. Registrants then have
various options for improving the chemical safety assessment, for instance generating more precise
data on hazards and exposures, recommending measures to reduce emissions, and ending the use of
the substance for specific applications.

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 applications, stricter emission control measures may be
prescribed.

Introducing a MAF in REACH would allow mixture effects to be considered by default in the evaluation
and restriction procedures. This would allow a more realistic assessment of risks and a more
comprehensive justification of necessary restrictions.

The MAF would also be integrated into industries’ authorisation applications and the European
Commission's decisions on these applications. 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 better reflect the real risks by considering a MAF, making the justification of continued use more
challenging.

The introduction of a MAF would better protect human health and the environment. By considering
mixture effects, existing risks can be identified and mitigated or avoided through regulatory measures
or measures taken by companies.

What are the alternatives to the MAF?

An alternative 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 essentially the same.

6 Chemical safety assessment means essentially the same as chemical risk assessment.

7 However, an exposure and risk assessment is only required if the substance has hazardous properties. The number of substances for which
the MAF would have to be applied is therefore even lower. Information accessed in October 2024 at https://echa.europa.eu/de/information-
on-chemicals/registered-substances
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The component-based approach can be used to identify risks posed by specific mixtures and determine
the contribution of individual components to that risk. However, in order to calculate the individual
RCRs, the identity and concentrations of the individual substances in the mixture to be assessed and
their effect thresholds, must be known. This information, especially on effect thresholds, is often
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 particular river or vulnerable population
groups. In such cases, the first step of the assessment is to define which substances in which
concentrations are representative of the situation(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 solution for environmental and consumer
protection?

The table below compares the advantages and disadvantages of the MAF and the component-based
mixture evaluation 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 evaluation
Colours indicate some characteristics of the implementation:

Green: low effort, no need for additional data or expertise;

Yellow: medium effort, additional data and expertise needed;

Red: High efforts and/or not reasonably possible due to lack of data.

MAF Component-based mixture evaluation
Benefits for the Direct avoidance/reduction of Risk reduction is a separate, consecutive step;
environment and emissions and damage possible targeted remediation of existing contamination is

health through chemical safety assessment possible

Use in EU chemicals Easy to integrate into existing Requires extensive EU-wide modelling. More suitable
assessment concepts for regional or individual cases

Expertise No additional expertise Advanced (eco)toxicological knowledge is necessary

Data availability No additional data necessary Information on the composition of unknown
mixtures is missing or difficult to define. Data on
effect thresholds and concentrations of components
in humans or the environment are often not

available
Application to known | 2icieiieienienip s ieael o el Risk from known mixtures can be calculated
mixtures taking specific data into account specifically for the individual case
Application to complex | /b= il e i Due to the high number of possible combinations of
unintentional mixtures | = lelglngl=ai =l selpilele =l substances in mixtures in the environment and in

‘generically’ humans, no risk assessment is possible
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Conclusion

Scientific 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 application
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 retrospective 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 prevention 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
concentrations, CHEM Trust calls for the introduction of the MAF in all laws with chemical risk
assessments, in particular the European chemicals regulation REACH.

The extent to which the MAF reduces risks depends on its chosen value. CHEM Trust proposes a value
of 100 to account for uncertainties about the composition of unintentional mixtures and
uncertainties about their adverse effects. A MAF that is set too low would merely generate additional
effort without significantly reducing the risks.

In addition to its assessment function, 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 identify
potential risks (including from mixture effects) in the chemical safety assessment and to implement
the necessary risk reduction measures.
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This brochure was produced by CHEM Trust — a collaboration between CHEM Trust, a UK registered charity, and CHEM Trust
Europe eV, a charity based in Germany — working at UK, EU and international 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 particular concerns are endocrine disrupting 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 scientific, environmental, medical and policy communities to improve the dialogue concerning
the role of adverse effects of chemicals in wildlife and humans and to harness a wide coalition to drive improved chemicals
policy and regulation.

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