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Introduction
Human biomonitoring is a crucial tool for evaluating exposure to 

environmental and occupational chemicals. It involves measuring chemicals 
or their metabolites in biological samples like blood, urine, or hair to assess 
human exposure levels. Given the complexity of real-world chemical exposure, 
where individuals are often exposed to mixtures rather than single substances, 
assessing the risk associated with such exposures becomes challenging. 
Traditional risk assessments typically focus on individual chemicals, but 
this approach falls short when addressing the potential cumulative effects of 
chemical mixtures. In response to these challenges, the concept of toxicity 
weighting for chemical mixtures has emerged as a promising method for more 
accurately assessing risks [1]. This approach involves assigning weights 
to different chemicals based on their toxicity profiles and integrating these 
weights to evaluate the overall risk of exposure to a mixture. The purpose of 
this article is to explore the proof of concept for toxicity weighting in the context 
of human biomonitoring and its potential implications for risk assessment.

Description 
Human biomonitoring provides valuable insights into the extent and 

nature of chemical exposures in populations. It allows researchers and 
policymakers to track exposure trends over time, identify high-risk groups, 
and evaluate the effectiveness of regulatory measures. Biomonitoring studies 
typically measure concentrations of chemicals in biological samples and 
compare these levels against established health benchmarks.

Challenges in mixture risk assessment

Traditional risk assessment methods are designed for single substances, 
which makes them inadequate for assessing risks from chemical mixtures. 
Chemicals can interact synergistically, antagonistically, or additively, 
complicating the prediction of their combined effects. This challenge is 
compounded by the variability in individual responses to chemicals based on 
factors such as genetics, age, and health status.

Several approaches have been proposed to address these challenges:

Concentration Addition (CA) model: Assumes that the effects of a 
mixture are equal to the sum of the effects of individual chemicals.

Response Addition (RA) model: Assumes that the effects are the result of 
combining the responses of individual chemicals, accounting for their 
interactions.

Quantitative Structure-Activity Relationship (QSAR) models: Use 
computational methods to predict the combined effects based on chemical 
structure and biological activity.

Despite these models, there is a need for more robust methods that integrate 
toxicity data effectively for practical application in biomonitoring.

Toxicity weighting

Toxicity weighting involves assigning weights to chemicals based on 
their relative toxicity. This concept builds on the idea that not all chemicals 
in a mixture contribute equally to the overall risk [2]. By weighting chemicals 
according to their toxicological profiles, researchers can estimate the 
combined risk of exposure more accurately. Several methodologies are used 
to determine toxicity weights:

Reference Dose (RfD) and Benchmark Dose (BMD): RfD and BMD 
values represent levels of exposure at which no adverse effects are expected. 
Weights can be derived based on these values, with more toxic chemicals 
receiving higher weights.

Hazard Index (HI): The HI approach aggregates exposure levels across 
chemicals and compares them to reference values to determine potential risk.

Toxicity Equivalency Factor (TEF): TEFs are used to estimate the 
combined toxicity of dioxin-like chemicals by converting their concentrations 
into equivalent amounts of a reference compound [3]. These methods can be 
adapted to the context of biomonitoring by incorporating real exposure data 
and adjusting for different exposure routes and durations.

Proof of concept studies

Recent research has demonstrated the feasibility of applying toxicity 
weighting in human biomonitoring. For example, a study applied toxicity 
weighting to a mixture of persistent organic pollutants (POPs) in human 
blood samples. The study used TEFs to estimate the combined toxicity of 
these pollutants and compared the results with health outcomes. Another 
study explored the use of toxicity weighting in occupational settings, where 
workers are exposed to multiple chemicals. The research highlighted how 
toxicity weighting could provide a more nuanced understanding of exposure 
risks and inform better protective measures. The application of toxicity 
weighting in human biomonitoring represents a significant advancement in 
risk assessment [4,5]. By integrating toxicity data, this approach offers several 
advantages Toxicity weighting provides a more accurate representation 
of risk by accounting for the varying toxicological profiles of different 
chemicals. Integrating toxicity weights can improve the predictive power of 
risk assessments, leading to more effective public health interventions. This 
approach helps prioritize chemicals and exposure sources based on their 
relative toxicity, allowing for more efficient allocation of resources.

Conclusion
Toxicity weighting represents a promising approach to improving 

the assessment of risks associated with chemical mixtures in human 
biomonitoring. By incorporating toxicity data and assigning relative weights 
to chemicals, this method offers a more nuanced understanding of exposure 
risks and supports more effective public health interventions. While there 
are limitations and challenges associated with toxicity weighting, ongoing 
research and advancements in this field hold the potential to address these 
issues and enhance the accuracy of risk assessments. Future efforts should 
focus on expanding toxicity databases, accounting for individual variability, 
and developing advanced modeling techniques to fully realize the benefits 
of toxicity weighting. In summary, the proof of concept for toxicity weighting 
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in human biomonitoring highlights its potential to advance risk assessment 
and improve public health outcomes. Continued research and refinement of 
this approach will be essential for addressing the complex nature of chemical 
mixtures and ensuring the protection of human health.
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