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ISES Europe Training Series 
 

DoE 5: Exposure Assessment and Risk Characterisation 

Module 1: Aggregate and Cumulative Exposure Assessment 

 

Transcript Notice: 

This is the transcript of the presentation. Please note that the actual spoken text may differ slightly 

from what is written here. 

 

 

Slide 1 – Welcome 

Hello and welcome to today’s session in the ISES Europe training series. 

This presentation is part of Domain of Expertise 5: Exposure Assessment and Risk Characterisation. 

I’m delighted that you’ve joined us, and I look forward to guiding you through today’s topic. 

 

Slide 2 – Legal notice 

Before we begin, just a quick legal note: all rights to the materials used here remain with their 

original copyright holders. 

If you’d like to reuse any part of this presentation, please make sure to seek explicit permission 

first. Thank you for respecting these rules. 

 

Slide 3 – Overview of All Training Videos 

This training is part of a broader ISES Europe initiative. In total, there are nine Domains of 

Expertise, together covering the full scope of exposure science. 

They range from fundamentals of exposure science and environmental chemistry to more 

specialised areas like exposure modelling, risk communication, and sustainability. 

If you’d like to revisit any session, all training videos are available on the ISES Europe website 

(ises-europe.org). 
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Slide 4 – Domain of Expertise (DoE) 5 

Our focus today is Domain of Expertise 5: Exposure Assessment and Risk Characterisation. 

This domain is divided into two submodules: 

• Module one, which we are covering today, introduces the principles of Aggregate and 

Cumulative Exposure Assessment. 

• Module two will focus on the Fundamentals of Risk Characterisation. 

Together, these two modules show how exposure data — whether measured or modelled — can be 

combined and then utilised to characterise risk. 

 

Slide 5 – Module one 

The title of today’s session is Aggregate and Cumulative Exposure Assessment. 

We’ll explore how exposure can be assessed either to a single agent from multiple products and 

pathways, or to multiple agents that may act together. 

 

Slide 6 – Presenter 

A few words about me before we begin. My name is Gerald Bachler. I currently work as a 

Regulatory Officer at the European Chemicals Agency (ECHA), where I am part of the Industrial 

Emission, Chesar, and Exposure Group. 

Before joining ECHA, I worked on product safety in various companies, within their Product 

Stewardship, Regulatory Affairs, and Toxicology/Risk Assessment teams. 

I received a PhD in Nanotoxicology from ETH Zurich and hold MSc degrees in Health Care 

Engineering as well as in Health and Environmental Science. 

 

Slide 7 – Context and Disclaimers 

Please note that this lecture is designed as an introductory-level session. Some aspects have been 

simplified to give you a clear overview. 

 

  



Transcript DoE 5 – Module 1: Aggregate and Cumulative Exposure Assessment 

 
©2026 ISES Europe  Page 3 of 14 

Slide 8 – Learning objectives 

By the end of this lecture, you should be able to: 

• Describe key concepts of exposure assessment 

• Explain the role of aggregate exposure assessment 

• Identify methods for conducting cumulative exposure assessments 

• Discuss the role of multiple exposure pathways in risk evaluation 

 

Slide 9 – Content 

Here is today’s roadmap: 

1. We’ll start with a short introduction to exposure assessment. 

2. Then, we’ll move into two advanced exposure assessment methods: 

o Aggregate exposure assessment 

o Cumulative exposure assessment  

3. Afterwards, we’ll look into some case studies, which will help us understand how the two 

methods work in practice. 

4. Finally, we’ll wrap up with a concise summary and the key takeaways. 

Let’s begin with the introduction. 

 

Slide 10 – Introduction 

What is Exposure Assessment? 

According to the ISES Europe definition, exposure assessment is “the process of measuring or 

estimating the intensity, frequency, and duration of human or environmental exposure to harmful 

agents.” 

An exposure assessment can be performed for a variety of harmful agents — chemical, biological, 

or physical. Before starting any assessment, the agent or agents of interest must be clearly 

identified. 

Exposure assessment identifies both pathways and sources of harmful agents. 

It plays a key role in evaluating health or environmental risks. Together with the benchmark limit 

value, it forms one of the two key inputs into risk characterisation. 

For more information on the process of risk characterisation, please also listen to Module 2 of this 

Domain of Expertise. 
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Slide 11 – Types of Agents 

As mentioned earlier, a key step in exposure assessment is identifying the agent of interest. Broadly, 

there are three main types: 

• Chemical agents: There are over 30,000 chemicals in common use. People are constantly 

exposed to a wide range of man-made as well as naturally occurring chemicals, many of 

which can be harmful if exposure is not properly managed. 

• Biological agents: People are also exposed to a variety of organisms and biological 

materials. Some can be harmful — particularly for immunosuppressed individuals. 

• Physical agents: This category includes, for example, noise, heat, and radiation. 

 

Slide 12 – Source – Pathway – Receptor Model 

Once the agent of interest is determined, we need to consider the Source – Pathway – Receptor 

Model. This framework is widely used in risk assessment to understand how harmful agents can 

reach and impact people or the environment. 

• The source is the origin of a potential hazard, such as contaminated land, chemicals, or 

emissions. In the example on the slide, this is a drum of chemicals that is leaking into the 

environment. 

• The pathway describes the route or mechanism by which the hazard travels — for instance, 

through air, water, soil, or direct contact. In the example, the chemical might vaporise and 

travel through the air, leach into soil and enter the food chain, or seep into groundwater and 

reach humans, wildlife, or livestock. 

• The receptor is the entity that may be harmed, such as humans, wildlife, or ecosystems. In 

the example, receptors include a person standing near the leaking drum, bystanders exposed 

via air, people using groundwater inside a house, or animals exposed through the food chain. 

A risk only exists if there is a complete linkage between source, pathway, and receptor. If any one of 

these is missing, there is no significant risk. 
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Slide 13 – Environmental Transport and Exposure Pathways 

We already touched on this in the previous slide, but let’s briefly dive deeper into environmental 

fate and behaviour. 

For many agents — particularly chemical agents — it’s essential to understand how they move 

through and distribute across environmental compartments. This is the only way to carry out a 

complete risk assessment, including proper identification of possible exposure pathways and 

receptors. 

An appropriate environmental risk assessment, including human-via-environment exposure, must 

consider all relevant compartments and the distribution of the agent between them. The most 

important compartments and transport mechanisms are shown on this slide. 

We won’t go into each one in detail, but note that environmental exposure models such as EUSES 

consider them all. And when carrying out exposure measurements, it’s important not to overlook 

potential receptor exposure via one of these depicted pathways. 

 

Slide 14 – Exposure Routes 

Once the harmful agent has reached the receptor, we must identify and prioritise the exposure 

routes. 

For humans, the main routes are: 

• Inhalation 

• Oral ingestion 

• Dermal contact 

The importance of each route varies: 

• A worker in a solvent plant will mainly be exposed via inhalation. 

• Dietary exposure through the food chain is primarily oral. 

• Many cosmetic products involve dermal exposure, although not exclusively. 

For completeness, other routes can sometimes be important — for example intravenous, 

intramuscular, or intraperitoneal exposure from pharmaceuticals or medical devices, or ocular 

exposure in the case of contact lenses. 

Absorption effectiveness also matters. For instance, absorption via the lungs is often very high and 

can reach close to 100%, whereas absorption via intact skin is usually very low for many 

compounds. But remember: damaged skin can greatly increase absorption. 
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Slide 15 – Exposure Assessment Methods 

So, what methods are available to assess exposure? 

If you listened to the sessions in Domain of Expertise 3: Exposure Modelling and Domain of 

Expertise 4: Exposure Measurements, you already have a good understanding. Here’s a quick recap: 

1) Exposure assessment via modelling and simulation 

o This involves the use of models and assumptions to estimate exposure based on 

environmental conditions, behaviours, and pollutant sources 

o Examples include: mass balance models, environmental fate models, food chain 

models 

2) Exposure assessment via measurements 

o This involves the direct measurements to quantify exposure in environmental media 

or biological samples 

o Examples include: environmental monitoring (air, water, soil), biomonitoring (e.g. 

human biomonitoring), workplace monitoring (personal sampling, area sampling) 

3) Exposure assessment via surveys and questionnaires 

o This involves the collection of exposure data through surveys, capturing individual 

behaviours and environmental factors 

o Examples include: household surveys, health symptom surveys, or lifestyle or food 

consumption surveys 

 

Slide 16 – Exposure Assessment Methods 

If you’d like to learn more about exposure assessment methods, and haven’t done so yet, please 

revisit the recordings of Domain of Expertise 3: Exposure Modelling and Domain of Expertise 4: 

Exposure Measurements. 

In those lectures, you learned mainly how to determine exposure levels for a particular agent and 

pathway. For example, when the air concentration at a workplace is measured, it is typically for a 

single agent or a group of similar agents. 

But often, important pieces are missing. For examples, in the case of our workplace air 

measurement example: 

• Dermal exposure is rarely measured. 

• Exposures outside the workplace (e.g. consumer products or the environmental background) 

are not captured. 
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Let’s make our example a bit more specific and let’s look at a refinery worker exposed to benzene. 

In addition to workplace exposure, that person might also be exposed to benzene: 

• when refuelling a car, 

• when smoking a cigarette, 

• as an impurity in products like paints and coatings, 

• and from background air concentrations in cities. 

This example clearly shows that advanced and more complete exposure assessments are often 

needed — ones that integrate multiple sources, pathways, and routes of exposure using a 

combination of methods. 

 

Slide 17 – Content 

Let’s now move on to the first advanced exposure assessment method we’ll discuss today: 

aggregate exposure assessment. 

 

Slide 18 – Aggregate Exposure Assessment 

What is Aggregate Exposure? 

According to ISES Europe, aggregate exposure is “exposure to one agent from different exposure 

sources, via different exposure pathways and/or exposure routes.” 

As shown in the figure, we’re mainly talking about combined exposure via the oral, inhalation, and 

dermal routes. 

Since it’s the same agent, the systemic adverse health effects of concern are, almost by definition, 

the same regardless of route, ignoring for a moment that the agents may be metabolised differently 

when absorbed through the lungs, skin or GI tract. However, keep in mind that local effects — for 

example, irritation on the skin — may not be relevant after inhalation or ingestion exposure. 

 

Slide 19 – Assessment Steps 

So, how do we conduct an aggregate exposure assessment? 

1. Problem formulation – This links back to our earlier slides on types of agents and the 

Source–Pathway–Receptor model. 

o We need to define the scope, target population, and agent of interest 
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o We also need to identify relevant exposure sources, pathways, and routes 

2. Data collection 

o Data from all relevant sources has to be gathered (air, water, food, consumer 

products, etc.) 

o We need to keep in mind that the exposure estimation method can vary by route. For 

instance, inhalation exposure may be measured, while dermal exposure could be 

modelled. 

3. Exposure estimation for each route 

o Typically exposure is calculated separately for inhalation, ingestion, and dermal 

routes 

o We also may need to consider less typical routes if they are relevant (e.g. ocular, 

injection) 

4. Summing exposure across routes 

o We need to convert all exposures to a common metric (e.g. mg/kg body weight/day) 

o And, we need to adjust for absorption differences between routes 

 

Slide 20 – Key Considerations 

When carrying out an aggregate exposure assessment, keep also the following points in mind: 

• Absorption & bioavailability: Not all exposures contribute equally to internal dose — 

absorption varies by route. 

• Route-specific biotransformation: As briefly mentioned before, some chemicals are 

metabolised differently depending on the exposure route, which can affect toxicity and limit 

aggregation accuracy. 

• Timing of exposure: The sequence and duration of exposure are important, especially for 

chemicals that metabolise quickly. 

• Risk of overestimation: Summing multiple conservative (low-tier) estimates can 

significantly overestimate total exposure. Combining measured data for one route with 

rough estimates from a computational tool for another, can give a misleading impression 

that the latter is more important — often just because simple tools overpredict exposure. 

This is important to keep in mind for risk management. 
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• Last but not least: Biomonitoring can be an excellent way to determine aggregate exposure, 

since it integrates exposure across all sources and pathways. However, it doesn’t reveal the 

contribution of individual routes or sources, which can complicate risk management. 

 

Slide 21 – Content 

Let’s continue with the second advanced exposure assessment method that we’ll discuss today: 

cumulative exposure assessment. 

 

Slide 22 – Cumulative Exposure Assessment 

What is Cumulative Exposure? 

According to ISES Europe, cumulative exposure is “the total or aggregate exposures (or doses) for 

multiple chemicals or stressors evaluated together.” 

As shown in the figure, cumulative exposure includes combined exposure via oral, inhalation, and 

dermal routes — but this time for different agents that share the same or similar adverse health 

effect. 

In the figure example, the common adverse health effect is on the heart. 

 

Slide 23 – Assessment Steps 

So, how do we conduct a cumulative exposure assessment? The steps are generally the same as for 

aggregate assessments, but with some additional considerations: 

• Problem formulation: Here, we are mainly interested in different agents that act through the 

same mechanism of action or affect the same biological target. If two agents have 

toxicological profiles that don’t overlap, a cumulative assessment isn’t needed. 

• Additivity vs synergy: Some agents may act additively, while others can act synergistically 

— meaning the combined effect is greater than the sum of individual effects. For example, 

there are cases where exposure to two chemicals may be carcinogenic, while exposure to 

either chemical alone is not. 

• Interactions and metabolism: It is important to consider how agents may influence each 

other’s metabolism, which can alter the combined risk. 

• Relative potency: Not all agents contribute equally. Some may be far more potent in 

producing adverse health effects. This means that simply summing exposures may be 

meaningless. Instead, Toxicity Equivalence Factors (TEFs) or Relative Potency Factors 

(RPFs) can be applied to give more toxic agents greater weight in the assessment. 
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Slide 24 – Key Considerations 

Keep the following in mind for cumulative exposure assessments: 

• Absorption & bioavailability: Absorption rates vary not only by route but also between the 

different agents under assessment. 

• Challenges in summing exposure: Similarly to the aggregated exposure assessments, 

different agents may be assessed using different methods and matrices, which complicates 

integration. This often means that results from very different assessment approaches need to 

be combined. 

• Timing of exposure: Agents don’t always need to be present simultaneously to act additively 

or synergistically. 

• Risk of overestimation: Again, similarly to the aggregated exposure assessments, combining 

multiple conservative estimates may inflate total exposure or risk. This issue is, however, 

even more pronounced for cumulative assessments, since results often mix methods of very 

different realism. Use caution when interpreting such results for risk management. 

• Health outcome or effect biomonitoring can capture the integrated biological response from 

all agents and pathways. But again, this approach does not show which routes or agents are 

most important — making risk management more difficult. 

 

Slide 25 – Content 

To make these concepts more tangible, let’s move on to two case studies. 

 

Slide 26 – Case Studies 

We will explore two case studies today: 

• One that used an aggregate exposure assessment to evaluate consumer exposure to 

decamethylcyclopentasiloxane (D5). 

• Another that used a cumulative exposure assessment to evaluate occupational exposure to 

noise and styrene. 
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Slide 27 – Case Study – Aggregate Exposure I 

Let’s start with Case Study One. 

In this study by Dudzina et al., exposure of Dutch adults to D5 was assessed. All three main 

consumer exposure routes — dermal, inhalation, and oral — were investigated, focusing 

specifically on personal care products. 

Exposure was estimated with a computational model developed by RIVM: the Probabilistic 

Aggregate Consumer Exposure Model (PACEM). Usage behaviour was determined through 

questionnaires, while concentrations of D5 in personal care products were taken from the scientific 

literature. 

This ensured that data quality across the three routes was reasonably consistent — which, as we 

discussed earlier, is critical when comparing results. 

Note: D5 has since been restricted in most uses within the European Union, but at the time of the 

study it was still widely used. 

Now, let’s look at the results. 

 

Slide 28 – Case Study – Aggregate Exposure II 

Here you can see the study results: 

• Left figure: Internal exposure estimates by route and gender, plotted across percentiles of the 

population. For example, at the 95th percentile (0.95), only 5% of the population has higher 

exposure. 

• Right figure: Contributions from different product categories. 

A few key findings of the study: 

• Women had higher exposures than men. 

• Dermal exposure was the dominant route. 

• And oral exposure for women showed a unique pattern: when lipsticks were used, oral 

exposure jumped by 2–3 orders of magnitude. In high percentiles, oral exposure then 

actually exceeded inhalation exposure. In contrast, almost no men and nearly half of women 

reported not using lipstick at all. 

This illustrates how aggregate exposure studies can pinpoint the most relevant routes, sources, and 

products — valuable information for risk management. 

 

 



Transcript DoE 5 – Module 1: Aggregate and Cumulative Exposure Assessment 

 
©2026 ISES Europe  Page 12 of 14 

Slide 29 – Case Study – Cumulative Exposure I 

Now let look at Case Study Two. 

In this study by Marata et al., the agents under investigation were noise (a physical agent) and 

styrene (a chemical agent). Both share the same adverse effect: ototoxicity, meaning damage to the 

auditory system that leads to hearing impairment. 

The population studied consisted of workers in a fibreglass manufacturing plant. 

Exposure to styrene was measured using personal air sampling, while exposure to noise was 

measured with dosimeters. Workers were divided into four groups: 

• a control group (unexposed), 

• a group exposed only to noise, 

• a group exposed only to styrene, 

• and a group exposed to both styrene and noise. 

By including groups exposed to only one agent, the study was able to investigate whether effects 

were additive or synergistic. 

 

Slide 30 – Case Study – Cumulative Exposure II 

This slide shows the hearing abilities of the four groups across frequencies from 1 to 8 kHz. 

• The control group – unsurprisingly – had the best hearing. 

• The noise-only group showed slightly worse hearing, but differences were not significant. 

• The styrene-only group had noticeably poorer hearing performance. 

• And the styrene and noise group showed the greatest impairment. 

Correlation analysis confirmed that hearing impairment increased with exposure to both noise and 

styrene (or more specifically its urinary metabolite mandelic acid). 

Importantly, the combined effects were additive rather than synergistic. Even so, this highlights a 

key point: when managing the risk of hearing impairment, it may not be enough to control 

exposures to stay just below the individual benchmark limit values for styrene or noise. The 

combined exposure may still pose a risk when exposure is below the individual benchmark limit 

values. 
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Slide 31 – Content 

Now, since we’ve taken a short deep dive into advanced exposure assessment methods, let’s wrap 

up with the key takeaways. 

 

Slide 32 – Summary: Key Takeaways 

To sum up, we began with the Source–Pathway–Receptor model, which helps us understand how 

environmental compartments and exposure routes determine where and how exposure actually 

occurs. From there, we saw that a simple exposure estimate is often the first step — it lays the 

foundation for more detailed and holistic assessments. 

We then moved into aggregate exposure, which brings together exposures from different routes to 

give us a broader picture of total human exposure. Building on that, we looked at cumulative 

exposure, which evaluates combined exposures to multiple stressors that act on the same biological 

target, sometimes through different pathways. 

Finally, we touched on the need for normalisation in cumulative assessments. Since different agents 

can vary widely in potency, adjusting and combining their effects is essential for a meaningful and 

scientifically sound evaluation. 

 

Slide 33 – Consequent Modules 

Looking ahead, Module two of this training will explore the concepts of risk characterisation. Here 

we then compare the exposure estimates to benchmark limit values (e.g., DNELs, or OELs) to 

quantify the risk. 

Further down the line, ISES Europe may release additional specialised materials, allowing us to 

explore individual topics in greater depth. 

 

Slide 34 – Closing thanks 

That brings us to the end of today’s session. 

Thank you very much for your attention and participation. I hope the material has given you a clear 

understanding of how advanced exposure assessment methods can support risk assessment. 

Please continue exploring ISES’s training series for more insights into exposure science and risk 

assessment. 

As a reminder, all training materials are available on the ISES Europe website (ises-europe.org). 
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Slide 35 – Further Reading 

On this final slide, you’ll find suggested reading materials for further study. We won’t go through 

them here, but I highly recommend you review them afterwards. 

Thank you very much, and goodbye. 

 

 


