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Module 2: Environmental Exposure Sampling

Hello everybody. My name is Elizabeth Marder, and | am one of the lecturers for the domain of
expertise on exposure monitoring within the ISES Europe Training Series on exposure science.

| will be sharing the slides for this module, which focuses on environmental exposure measurements
to support exposure assessment. Before we get started, | would like to remind everyone to please
read the legal notices, the fair use disclaimer, and the copyright notice, and to be familiar with the
context in which ISES Europe training is being offered.

| would also like to remind you where this module fits within the overall training framework.
Exposure monitoring is part of the broader training scheme covering domains of expertise one
through nine. We are in domain of expertise four, which includes three modules: module 1 covers
occupational exposure sampling, module 3 covers human biomonitoring, and today we are covering
module 2, which focuses on environmental exposure sampling.

So let’s go ahead and get started.

First, a little bit about me. | trained in exposure science during my doctoral work and have both
academic and professional experience in laboratory analysis and field work spanning biomonitoring
and environmental monitoring. | am currently working at the California Department of Public Health
as a staff toxicologist in the Environmental Health Investigations Branch, where | conduct exposure
and risk assessments to support investigations, particularly those involving underrecognized
exposures that impact health.

| previously worked at the California Environmental Protection Agency’s Office of Environmental
Health Hazard Assessment (OEHHA), conducting exposure and risk assessments for chemicals of
concern ranging from metals and pesticides to PFAS and BPA. | have also been teaching continuously
at the University of California, Davis, in the Department of Environmental Toxicology as an adjunct
faculty member, focusing on exposure and risk assessment. In addition, | have been involved with
ISES for over a decade, including serving on the Board of Directors. That is more than enough about
me, so let’s move on to the lecture.

This lecture provides an introductory framework and highlights key topics related to environmental
exposure monitoring, simplified for ease of understanding. Please take a moment to read the three
points listed under the lecture-specific disclaimer, and then we will move on to the learning
objectives.

By the end of this lecture, you should be able to explain why exposure measurements are collected
and understand key scoping considerations. You should be able to distinguish direct exposure
measurements from environmental media measurements that support indirect exposure
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assessment, and understand how each type is used. You should also be able to describe general
approaches for measuring exposure media and environmental media, and appreciate the respective
strengths and weaknesses of each. In addition, you should recognize the importance of sampling
and analysis strategies for environmental monitoring, using site assessment examples, and be able
to identify helpful resources for further information.

We will begin with a brief introduction, revisiting concepts you may already have encountered in
other materials or earlier lectures in this training series.

As a reminder, exposure is a function of concentration, time, and behaviour. It represents the contact
between an agent and a target, or receptor. Exposure can be estimated through modelling and
simulation, or through direct measurement. Measurements are used to quantify exposure in
environmental media, exposure media, or biological samples using standardized techniques.

Today, we are focusing on environmental exposure measurements. These include concentrations in
exposure media, which represent the point of contact (such as personal monitoring), as well as
concentrations in environmental media, obtained through environmental monitoring. This
schematic illustrates exposure pathways from the source through various media to the point of
exposure, including fate and transformation processes.

At the point of exposure, measurements act as a proxy for exposure at the point of contact. When
measurements are taken in environmental media instead, additional steps are required to estimate
actual exposure. Another way to view this is through the source-to-effect continuum for
environmental exposures, where environmental exposure measurements primarily address the
source-to-exposure portion.

Direct exposure measurements capture exposure at the point of contact through personal
monitoring, while indirect measurements focus on contaminant release from a source or
measurements of environmental media before the contaminant reaches a receptor. Moving from
indirect measurements to exposure estimates requires additional considerations, which will be
discussed briefly later and in more detail in modelling-focused modules.

With that refresher in mind, let’s move on to scoping and environmental monitoring studies.

Before discussing scoping, it is important to ask why we collect environmental exposure
measurements. As discussed in previous lectures, exposure data may be needed to ensure
compliance with regulatory limits, support risk assessments, evaluate mitigation measures, or
support research objectives. Measurements may be used to identify key exposure sources or
pathways, track exposure trends over time, or classify participants in epidemiologic studies.

Having a clear purpose is critical, as it informs the scope of the study, the level of detail required,
and the most appropriate measurement approach. Purpose should always be clearly defined before
beginning a study.

Scoping is the initial step of exposure assessment. Examples from REACH and the US EPA illustrate
scoping as a planning process that defines the core questions of the assessment and the constraints
under which it will be conducted. These constraints may include available resources, data gaps,
regulatory or legal requirements, and demographic considerations. Scoping formally defines what
will be included in the exposure assessment and helps determine the sampling and analysis strategy.

Regardless of the reason for measurement, a sampling and analysis strategy must be defined as part
of scoping. Where appropriate, existing standards and guidance should be referenced. Examples
include EN 16976, a standard for measuring ambient air particle number concentrations, which
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provides guidance on sampling, data processing, and quality assurance and quality control
procedures.

Another example is the European Commission’s Water Framework Directive technical guidance for
chemical monitoring of sediment and biota, which can be used alongside water monitoring to ensure
robust screening for chemicals of concern. Although developed for water policy, it addresses
sampling strategy, matrix selection, and spatial representativeness. | have also included an example
of guidance for sampling and analysis of PFAS in foodstuffs.

In essence, scoping addresses what data are needed, how concentrations will be measured, the
required level of detail and accuracy, and how to make effective use of available resources. This
includes decisions about what to measure, which matrices to sample, how to measure them, and
whether to use active or passive methods, grab or composite samples, and one-time or longitudinal
study designs. Practical constraints such as cost, time, and resources must also be considered.

Often, scoping takes a receptor-focused approach, considering who is exposed and the
characteristics of that population. This may include workers, sensitive populations such as children,
routes of exposure, acute versus chronic exposure scenarios, and specific locations of interest.
Representativeness of sampling is also a key consideration.

For acute exposures, a single point measurement may sometimes be sufficient, although health-
protective assumptions are still required. For chronic exposures, multiple measurements are
typically needed to estimate typical exposure levels, often using the mean or median, with attention
to upper-tail concentrations. Even with repeated sampling, peak exposures may still be missed.

We will now move into point-of-contact exposure measurements, also referred to as exposure media
measurements.

Point-of-contact exposure measurements are direct measurements and represent one of the
primary quantitative approaches for estimating exposure. In this case, the exposure scientist
measures concentrations at the interface between the individual and the environment during a
defined period of time. Personal exposure monitoring techniques are commonly used to assess
exposure during specific time periods.

Examples include placing monitoring devices in the breathing zone to assess exposure to air
pollutants, using skin patches to characterize dermal exposure, or collecting duplicate diet samples
to measure dietary exposure. In general, personal exposure monitoring provides reliable, direct
estimates of individual exposure with relatively high precision and accuracy. These measurements
can also be used to validate results obtained from indirect estimation methods.

However, there are limitations. Personal sampling devices must be sensitive, selective, lightweight,
easy to wear, and self-powered. Despite decreasing costs, they are often still too expensive for large-
scale cohort studies. They are usually not source-specific, and because they characterize individual
exposures, results may not be representative of a broader population. Additionally, these
measurements are often short-term and may require extrapolation to estimate long-term exposure.

Examples of dermal and oral exposure methods include duplicate diet studies, which provide
chemical concentrations in food and estimates of total dietary exposure. Dermal exposure methods
include patches for pesticides, metals, and dust; silicone wristbands and clips for semi-volatile
compounds; whole-body dosimeters such as radiation badges; removal methods like wipes and tape
strips; and optical methods using fluorescent tracers. Selection of methods should be guided by the
scope and purpose of the study.
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We now move upstream in the exposure pathway to environmental media measurements.

Environmental media measurements assess contaminants at or near emission sources or in ambient
environmental media such as outdoor air. These measurements support indirect exposure
estimation, which combines environmental data with fate and transport models and receptor
characteristics to estimate exposure.

Common examples include regulatory monitoring, such as fixed-site ambient air monitors for criteria
pollutants or groundwater and surface water monitoring for drinking water contaminants prior to
treatment. Environmental measurements can also inform exposure from product-related emissions
across a product life cycle, including releases during production or application.

Indirect exposure estimation typically involves scenario evaluation, which relies on defined exposure
scenarios composed of assumptions and data about chemical concentrations, duration of contact,
and receptor characteristics. These scenarios use exposure factors such as inhalation rates, dietary
intake, and behavioural patterns, and assume that available data are representative of actual
exposure conditions.

This approach is generally cost-effective and well suited for prospective exposure and risk
assessments. However, because scenario-based assessments can be conducted with limited data,
their validity depends heavily on modelling choices and assumptions. In practice, exposure
assessments often combine direct and indirect approaches.

We now turn to how environmental media measurements are used in site assessment, beginning
with the concept of background.

Background concentrations are critically important and should ideally be collected for each medium
and chemical of concern. Background includes not only naturally occurring substances, such as
metals like uranium, but also anthropogenic background from historical activities, such as lead from
leaded gasoline or polycyclic aromatic hydrocarbons from combustion sources.

Background samples should be collected from areas with similar geology but sufficiently distant from
the site to distinguish background from site-related contamination. Determining the appropriate
number of samples is site-specific. Data from US Superfund sites suggest that fewer than 10 samples
per exposure area provide poor estimates of mean concentration, while 20 to 30 samples provide
more reliable estimates, though this level of sampling may not always be feasible.

For soil sampling, surface soil (typically O to 6 inches, sometimes up to one foot) is especially
important for exposure assessment, particularly for future residential or unrestricted land use.
Subsurface soil samples are also needed to assess contaminant migration. Sampling should continue
vertically until non-detect levels are reached, or until groundwater is encountered if groundwater
contamination is a concern.

Two common soil sampling approaches are discrete sampling and incremental sampling
methodology (ISM). Discrete sampling involves collecting individual samples at selected locations,
while ISM divides the site into decision units and collects multiple increments across each unit,
which are combined to produce a representative sample. ISM provides a more comprehensive
representation of site-wide contamination and has become increasingly popular.

For sites with volatile organic compounds, soil gas or soil vapor sampling may also be required.
Sampling depth, frequency, and method depend on site characteristics and the presence of buildings.
Both active methods (using probes and syringes) and passive methods (using absorbent samplers)
are used, often across multiple seasons.
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Groundwater sampling typically involves installing permanent or semi-permanent monitoring wells,
located upgradient, downgradient, cross-gradient, and in suspected source areas. Grab groundwater
samples may be useful during early site characterization but are generally not suitable for full risk
assessments. Wells are often installed at multiple depths to evaluate vertical contaminant migration,
and sampling frequency may decrease over time as site conditions stabilize or remediation
progresses.

Surface water and sediment sampling may also be needed if runoff from a site could impact nearby
water bodies. Sampling should include upstream, downstream, and depositional areas, and typically
includes both water and sediment matrices.

Air sampling, particularly indoor air, often provides the most direct indication of risk to building
occupants. Sampling locations include living or working spaces, bathrooms, crawl spaces, and other
areas where vapor intrusion may occur. Outdoor air samples are typically collected simultaneously
to distinguish site-related contamination from ambient background.

Both active and passive sampling methods are used, often over extended durations to capture
temporal variability caused by building conditions, HVAC use, and human activity. Longer sampling
periods provide more representative exposure estimates.

In summary, today we covered environmental exposure monitoring, including direct exposure
measurements at the point of contact and environmental media measurements used for indirect
exposure estimation. Exposure monitoring is essential for assessing exposure-related risks, and
reliable data on concentration, intensity, and duration are key. Successful measurement campaigns
begin with clear scoping and a solid sampling and analysis strategy, and appropriate techniques
should be selected based on study objectives and constraints.

In the next module, you will explore human biomonitoring in greater detail. | encourage you to
explore other ISES Europe training videos and review the additional resources provided to further
develop your understanding of environmental monitoring for exposure assessment.

Thank you very much for your participation and attention. Take care, and goodbye.
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