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Meet Today’s Presenter: M. Elizabeth Marder

• Current Roles: 

• Staff Toxicologist, California Department of Public Health (CDPH) Environmental Health 
Investigations Branch 

• Assistant Adjunct Professor of Environmental Toxicology (Emphasis: Exposure & Risk 
Assessment) at the University of California, Davis 

• Previous Roles:

• Senior Environmental Scientist, California Environmental Protection Agency’s Office of 
Environmental Health Hazard Assessment (OEHHA) 2017-2023

• Education:

• BS Environmental Toxicology (University of California, Davis), MS Environmental Health 
Sciences (Emory University), PhD Environmental Health Sciences (Emory University)
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Context and Disclaimers

About This Lecture

This lecture provides an introductory framework, with some topics simplified for 
ease of understanding.

Disclaimer

• The content presented herein does not reflect the opinions, views, or positions of the presenters' 
employer or any affiliated organizations.

• References to specific organizations, tools, or entities are for illustrative purposes only and do not 
imply endorsement or critique. 

• While every effort has been made to ensure the accuracy of the information presented, errors or 
omissions may occur.



Learning Objectives

• Explain why exposure measurements are collected and key scoping considerations.

• Distinguish direct exposure measurements from environmental media 
measurements for indirect assessment and understand how each type are used for 
exposure assessment.

• Describe approaches for measuring both exposure media and environmental 
media. Appreciate respective strengths and weaknesses.

• Recognize the importance of sampling and analysis strategies for environmental 
monitoring, with site assessment examples. 

• Identify resources for further information.
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1. Introduction

2. Scoping 

3. Point of Contact Measures (Exposure Media) 
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5. Considerations for Site Assessments

6. Summary



Exposure is the contact between an agent and a 

target. Exposure is measured as the concentration 

or amount of a particular agent that reaches a 

target organism, system or (sub) population in a 

specific exposure frequency for a defined 

exposure duration.

Environmental Exposure Measurements can 

include both concentrations in exposure media 

(point of contact, including personal monitoring) 

and concentrations in environmental media 

(environmental monitoring).

 

Environmental Exposure Measurements: 
Relevant Concept Reminders 

Source: www.atsdr.cdc.gov 

Exposure = f (Concentration, Time, Behavior)



Source: nationalacademies.org/read/26919/chapter/12 

*See other modules to 

learn more about 

reconstructing exposure 

from biomonitoring data!*

Environmental Exposure Measurements: 
Relevant Concept Reminders 

Environmental Exposure 

Measurements include: 

• Indirect measures of 

exposure:

• contaminant 

release at/from a 

source of exposure

• measures of 

environmental 

media 

• Direct measures of 

exposure: 

• point-of-contact 

measures or 

personal 

monitoring
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Purpose: Why Collect Environmental 
Exposure Measurements? 

• Ensure regulatory compliance – e.g., drinking water or air quality standards.

• Support risk assessments – provides essential data for estimating exposure.

• Evaluate mitigation measures – helps design or assess effectiveness of exposure 
controls.

• Research:

o Identify key sources, activities, or exposure pathways.

o Track status and trends of total exposure over time.

o Classify participants in epidemiological studies.

Having a clear purpose will 

inform not only scope, but the 

level of detail needed and the 

appropriate measurement  

approach to use!



“Scoping…involves defining the elements that will or will

not be included in the risk assessment. These include

the stressors, sources, pathways, routes, populations,

and effects or assessment endpoints to be evaluated.”
US EPA’s Framework for Cumulative Risk Assessment, 2003

• Scope can be affected by a range of issues

Legal         Environmental                Geographic             Demographic           Stressor

Scoping the Exposure Assessment

All royalty-free,  copyright-free images accessed via Canva

Kaique Rocha from PexelsMarko Blažon from PexelsLorna Pauli from PexelsKatrin Bolovtsova from Pexels Science Photo Library 

“…and the corresponding hazards that may be relevant during 
its life cycle. Based on this understanding, the scope of the 

exposure assessment can be determined, i.e. which hazards 

are to be addressed, for which environmental compartments 

and which routes of human exposure. “  REACH Guidance on 

Information Requirements, 2016



• Regardless of the reason for measurement –  define your sampling and 
analysis strategy

 * As appropriate, reference adopted standards and guidance

Sampling and Analysis Strategy
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Scoping Considerations: What to Measure 
and How to Measure It!  

Scope of Assessment
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• Direct vs. Indirect – Personal exposure (point-of-
contact) vs. environmental media sampling.

• Sampling Coverage – How many locations and how 
detailed the measurements are.

• Method Selection – Active/passive, lab vs. field, 
accuracy, detection limits.

• Assessment Goals – What questions should the 
measurement answer?

• Practical Factors – Costs, timing, capabilities, and 
constraints.

What to Measure?

• Environmental and Exposure 

Media
• Air 

• Water 

• Sediment

• Soil / Soil Vapor

• Dust

• Food

• Products

How to Measure?

• Methods: Active vs passive? Grab vs 

composite?

• Timing: One-time, longitudinal?

• Design: Systematic, random?
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Scoping Considerations:
Receptor Focus

• Identify Target Population – Workers, residents, sensitive groups 
(e.g., children).

• Exposure Route – Inhalation, ingestion, dermal contact.

• Exposure Duration & Frequency – Acute vs. chronic, seasonal 
variations.

• Behaviour & Activity Patterns – How individuals interact with the 
environment.

• Location & Microenvironment – Indoor vs. outdoor, hot spots, or 
specific sites.

• Representative Sampling – Ensure data reflects actual receptor 
experience.

Who is exposed?

• Characteristics of the 

population?

• Size of the population?

How are they exposed?

• Route?

• Magnitude?

• Frequency?

• Duration?
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Scoping Considerations:
Acute vs Chronic Exposures

Acute Exposure

Chronic Exposure 
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Data for Exposure Assessments:
Point-of-Contact Exposure Measures

Point of contact captures exposure as it occurs by measuring chemical concentrations at 

the interface between person and environment over time, creating an exposure profile.

Strengths Weaknesses

Measures exposure directly Often expensive 

Representative of individual exposure Not source-specific

Most accurate method

Not available for all chemicals, and accuracy 

depends on device, operator, and analytical 

accuracy 

Individual estimates may not be 

representative of population



Data for Exposure Assessments:
Point-of-Contact Exposure Measures

Dermal Exposure Examples:

Wide range of methods and devices for measuring 

dermal exposure 

• Patches – pesticides, metals, dusts

• Silicone wristbands/clips – semi-volatile chemicals

• Whole-body dosimeters – radiation badges, 

coveralls

• Removal methods – rinsing, wiping, tape strips

• Optical methods – fluorescent tracers

Oral Exposure Examples:

Duplicate diet studies 

• Participants collect duplicate samples of all foods 

eaten.

• Samples analysed for chemical concentrations.

• Provides:

o Chemical concentration in food

o Intake per body weigh

o Total chemical by food type

All figures designed by Freepik
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Data for Exposure Assessments:
Monitoring of Environmental Media for 
Indirect Exposure Estimation

Environmental Media Measurements: 

measures of contaminants at or near 

an emission source or in ambient 

environmental media. 

Common Regulatory Examples:

• Air: Fixed-site monitoring of ambient 

concentrations of criteria pollutants (e.g., PM)

• Water: Groundwater or surface water 

monitoring of regulated contaminants in 

drinking water sources prior to treatment

Source: nationalacademies.org/read/26919/chapter/12 



• Scenario evaluation estimates exposure by developing an exposure scenario

to combine information on chemical concentration in environmental 

media, time-of-contact information, and data on exposed receptors

• Elements that determine exposure: setting, chemical characteristics, sources, 

exposure pathways and routes, intake and uptake

Data for Exposure Assessments: Scenario 
Evaluation Approach to Indirect Exposure 
Estimation from Environmental Measures

Strengths Weaknesses

Typically economical (depends on scale) Less accuracy with simplified scenarios

Can be done with limited data More uncertainty given limited data
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Environmental Media Measurements for 
Site Assessment: Sampling Targets and 
Background Sampling

• To distinguish between site-related contamination and naturally occurring or anthropogenic contaminants levels

• Collected for each media (e.g., water, soil or air) being investigated

Why should samples be collected

• From same geology as to where onsite samples are collected

• Areas on site away from the site contamination, if possible

Where should samples be collected

• The number of samples to collect is a site-specific decision that should be discussed by the project team during the planning stage.

• Soil – typically a minimum of 10 locations at each depth, e.g., surface, subsurface

• Defaulting to a minimum of 10 samples may not provide adequate characterization of a site or an appropriate data set for risk
assessment, especially for sites with highly variable concentrations. 

Number and depths to collect samples

• Naturally occurring chemicals, e.g., metals, 

• Manmade chemicals – e.g., polycyclic aromatic hydrocarbons (PAHs), dioxins/furans, TCE and other solvents

Chemicals to be analysed for:



Environmental Media Measurements 
for Site Assessment: Soil

• In areas where spills or chemicals were released 

Where should samples be collected

• Surface - 0-6 inches below ground surface [bgs]

• Enough samples to determine horizontal extent of contamination

• Subsurface – to groundwater or until the contamination has been delineated with collecting a 
sample in 10 -15 feet intervals

o Vertical determine extent of contamination

o Determined if there is a potential impact to groundwater

o Maximum depth will depend on potential for migration of contaminants through the soil

Number and depths to collect samples

• Discrete Samples

• Incremental Sampling Methodology (ISM)

Types of samples to collect

ITRC 2012 (updated 2020) https://ism-2.itrcweb.org/



Environmental Media Measurements for 
Site Assessment: Soil Vapour/Soil Gas

• Open Land – around suspected area of release and outward until plume is delineated

• Building - around perimeter of the building and beneath building slab (sub-slab)

Where should samples be collected

• Multiple wells across the site typically installed at multiple depths to delineate vertically

• 8-hours, 24-hours, 7-day or 14-day

Number and depths to collect samples

• Multiple rounds, opposite seasons

How many rounds of samples should be collected

• Active Methods (e.g., through driven/drilled rods, extraction of soil gas)

• Passive Methods (e.g., burial of adsorbent, diffusion of soil gas)

Types of samples to collect

ITRC 2012 (updated 2020) 
https://ism-2.itrcweb.org/

Image courtesy of C. Sorrentino, DTSC and UC Davis 

If Volatile Organic Compounds (VOCs) are present…..



Environmental Media Measurements 
for Site Assessment: Groundwater

•Monitoring wells installed around the site to capture and delineate the plume, wells in source area, up and 
down gradient

Where should samples be collected

•Multiple wells across the site typically installed at multiple depths to delineate vertically

Number and depths to collect samples

•Quarterly → Semi-Annual → Annual

How many rounds of samples should be collected

•Samples from permanent groundwater wells

•Grab groundwater samples

Types of samples to collect

Image courtesy of C. Sorrentino, DTSC and UC Davis 



Environmental Media Measurements 
for Site Assessment: Surface Water

• If surface water passes through the site and/or site contamination can migrate into the surface water

When should samples be collected

•Up-gradient and down-gradient from the source

•Sediment samples

o Collected from locations where the potential exists for insoluble or slightly soluble contaminants to settle

•Collected from various locations along the runoff course from the source to the body of water

•At location where runoff course enters body of water

Where should samples be collected

•Sediment

•Surface Water

Types of samples to collect



Environmental Media Measurements for 
Site Assessment: Indoor and Outdoor Air

• Common living areas, bathrooms, areas with a preferential pathway, offices, common working areas, crawl spaces

• Ambient Air

Where should samples be collected

• Multiple samples in the building, at least some outdoor samples

• 8-hours, 24-hours, 7-day or 14-day

Number and depths to collect samples

• Multiple rounds, opposite seasons

• Typically focus on contaminants of concern

How many rounds of samples should be collected

• Active Methods

• Passive Methods

Types of samples to collect

Example of sampling canister 

Images courtesy of C. Sorrentino, DTSC and UC Davis 

Example of breathing zone 

sampler setup



Environmental Media Measurements for 
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Images courtesy of C. Sorrentino, DTSC and UC Davis 

Example of breathing zone 

sampler setup
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Summary: Key Takeaways

• Exposure monitoring is essential for assessing exposure-related risks.

• Reliable data on intensity and duration are key to accurate exposure 
estimates.

• Successful measurement campaigns start with clear scoping and solid 
sampling and analysis strategies.

• Multiple techniques exist for direct and indirect exposure measurement.

• Choose sampling approaches and equipment that fit your strategy and 
consult experts when needed.



Consequent Modules

Module 3:

• Explores the human biomonitoring (HBM) in greater detail

Future training videos:

• Additional details may be covered by ISES Europe in specialized 
training videos.



Thank You!

We appreciate your participation and attention

 

We encourage you to explore other ISES Europe training 
videos for deeper insights and broader understanding

Access all videos via: https://ises-europe.org/



Further Reading

WHO Human Health Risk Assessment Toolkit – Chemical Hazards 

World Health Organization (WHO)

https://www.who.int/publications/i/item/9789240035720   

 

Environmental Health Criteria 214: Human Exposure Assessment 

World Health Organization (WHO) - International Program on Chemical Safety (IPCS)

http://www.inchem.org/documents/ehc/ehc/ehc214.htm   

 

Common Implementation Strategy for the Water Framework Directive

European Commission

https://circabc.europa.eu/sd/a/e54e8583-faf5-478f-9b11-41fda9e9c564/Guidance    

                                

Air quality monitoring for air quality policy – Technical Support Document

European Commission

https://data.europa.eu/doi/10.2779/6569975 

                                                       

Decision making at contaminated sites: issues and options in human health risk assessment 

Interstate Technology Regulatory Council

https://itrcweb.org/decision-making-contaminated-sites-guide  

https://www.who.int/publications/i/item/9789240035720
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