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Outline of Presentation

o Exposure Science:

o Overview

o Common approaches 

o Exposures in Toxicological vs epidemiologic research. 

o Using exposure science to better link toxicological research to studies of health 
across human populations (epidemiology) 

Risk assessment/ policy-making:

o Role of exposure science in regulatory decision making

o Improving applicability of tox research to regulatory decision making

o Real-world examples



Framing Piece #1: 
The Matrix: Better relating exposure science/ 
epidemiology to risk assessment/ decision-making…



Framing Piece #2: 
Exposures (doses) in Epi vs. Tox



What do we mean by “Exposure”?
• Exposure is “contact between an agent and a target. Contact takes place at 

an exposure surface over an exposure period.” 
 source:  WHO, 2004

• Broadly, Exposure Assessment is the systematic attempt to quantify the 
human-environment interface.

• Primary Goal: To quantify exposure differences (contrasts) across human 
populations.

 for purposes of understanding relationships between patterns of exposure and 
human health outcomes (i.e., epidemiology), 

 or to make informed decisions about human disease risk (i.e., risk assessment).

http://www.who.int/ipcs/methods/harmonization/areas/ipcsterminologyparts1and2.pdf 5

http://www.who.int/ipcs/methods/harmonization/areas/ipcsterminologyparts1and2.pdf


• Exposure science enables study of 
health effects of environmental 
contaminants

 Epidemiology 

 Toxicology

 Risk assessment

• And informs regulatory & other 
decision-making:

 Policies & protections for 
environment and human health.

 Identifying populations with 
disproportionate exposures/ risks. 

 Design and planning.

The Utility of Exposure Science

Hubal et al., JESEE 21:119, 2011

6
isesweb.org/Resources/Docs/ises_value_of_exposure_science.ppt
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Environmental Media

(air (mg/m3), water (mg/l),

soil (% weight), food (mg/kg))

Exposure Routes

• Inhalation rates

• Ingestion rates

• Dermal absorptionTime activity patterns

Exposure Science Paradigm:



Key methods in Exposure Science: 
Monitoring & Modeling 

• Monitoring:

 Tools & Technologies

 To ensure the right chemical or compound, with high accuracy and reproducibility.

 Monitoring systems/ design

 Strategies to monitor in the right places, at the right times. 

• Modeling:

 Because it’s not realistic or cost-effective to monitor everywhere, all the time, for 
everything…

 To make reasonable estimates of exposure contrasts.

 Across specific individuals or populations

 In a given location, over a given time period. 
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We use a combination of monitoring & modeling 
methods to capture “Exposure Dimensions”:

• Variability

 Over time

 Across space

 Within individual

 Between individuals

 Between groups

• Uncertainty

 Lack of data (e.g., statistical error in measurements)

 Lack of understanding (e.g., wrong models or assumptions)

9http://www.bvsde.ops-oms.org/tutorial3/fulltex/ehc214/ehc214.html#SectionNumber:1.1



Better relating toxicologic evidence
to human populations…

• May be achieved through an emphasis on exposures:

 Use of realistic doses, when possible.

 Detailed dose-response curve.

 Attention to mode of action/ pathway/ mechanism.

 Consider real-world exposure mixtures

 & Effect modification.

10http://www.bvsde.ops-oms.org/tutorial3/fulltex/ehc214/ehc214.html#SectionNumber:1.1



Framing Piece #3: 
Toxicology as part of a multidisciplinary evidence 
base 



Role of Exposure Science in 
Regulatory Decision Making
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Where to Find Guidance When 
Designing a Study
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“Finally, an additional 
source of uncertainty is some 
heterogenicity in the animal 
toxicological evidence. This 
may arise from differences in 
study design, such as 
varying exposure 
concentrations (0.25−1.0 
ppm) and durations, 
differences in rodent strain, 
sex, or diet, or from the 
measurement of effects at 
different time points post-
exposure.”

• 2020 Ozone ISA, pg. 5-29

14

Where to Find Guidance When 
Designing a Study



Where to Find Guidance When 
Designing a Study

15Excerpt from Table 6-9 in ORD Staff Handbook for Developing IRIS Assessments, Version 1.0



Exposure Methods– Example 1 of 4 

“Epidemiological studies have revealed that ambient fine particulate matter (PM2.5) 
exposure is closely associated with autism spectrum disorder (ASD). However, there is a 
relative paucity of laboratory data to support this epidemic finding. In order to assess 
the relationship between PM2.5 exposure and ASD, neonatal male Sprague–Dawley rats 
were chosen and exposed to PM2.5 (2 or 20 mg/kg body weight, once a day) by intranasal 
instillation from postnatal day 8 to 22. ”
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Experimental Design. C57/BL6J mice were time-mated and 
exposed to 250–300 μg/m3 of DE or FA from E0 to PND21 
for 6/day and 5 days/week. Pre-weaning developmental 
assessment started on PND3. Behavioral assessment 
focusing on three characteristic domains of ASD started 
when the mice were 6 weeks old
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“The exposure period was based on 

epidemiological studies in humans showing 

that traffic-related air pollution exposure 

during all three trimesters of pregnancy and 

during the first 9 months of infants’ life is 

associated with increased ASD risk 

[5, 22, 24, 27]. The exposure duration was 

designed to cover key neurodevelopmental 

events happening during this window of 

susceptibility, which in mice equates to the 

period from E0 to PND21 [33].”

Exposure Methods – Example 2 of 4

https://particleandfibretoxicology.biomedcentral.com/articles/10.1186/s12989-018-0254-4#ref-CR5
https://particleandfibretoxicology.biomedcentral.com/articles/10.1186/s12989-018-0254-4#ref-CR22
https://particleandfibretoxicology.biomedcentral.com/articles/10.1186/s12989-018-0254-4#ref-CR24
https://particleandfibretoxicology.biomedcentral.com/articles/10.1186/s12989-018-0254-4#ref-CR27
https://particleandfibretoxicology.biomedcentral.com/articles/10.1186/s12989-018-0254-4#ref-CR33


“Recent studies indicate that exposure to airborne particulate matter (PM) is associated with 
cognitive delay, depression, anxiety, autism, and neurodegenerative diseases; however, the role 
of PM in the etiology of these outcomes is not well-understood. Therefore, there is a need for 
controlled animal studies to better elucidate the causes and mechanisms by which PM impacts 
these health outcomes. We assessed the effects of gestational and early life exposure to traffic-
related PM on social- and anxiety-related behaviors, cognition, inflammatory markers, and 
neural integrity in juvenile male rats. Gestating and lactating rats were exposed to PM from a 
Boston (MA, USA) traffic tunnel for 5 h/day, 5 days/week for 6 weeks (3 weeks gestation, 3 weeks 
lactation). The target exposure concentration for the fine fraction of nebulized PM, measured as 
PM2.5, was 200 μg/m3.” 18

Exposure Methods– Example 3 of 4 



“Epidemiological studies consistently implicate traffic-related air pollution 
(TRAP) and/or proximity to heavily trafficked roads as risk factors for 
developmental delays and neurodevelopmental disorders (NDDs); however, 
there are limited preclinical data demonstrating a causal relationship. To test 
the effects of TRAP, pregnant rat dams were transported to a vivarium 
adjacent to a major freeway tunnel system in northern California where they 
were exposed to TRAP drawn directly from the face of the tunnel or filtered air 
(FA). ” 19

Exposure Methods – Example 4 of 4



Exposure to Mixtures – Example 1

“Fish oil (FO) and olive oil (OO) supplementations attenuate the cardiovascular 
responses to inhaled concentrated ambient particles in human volunteers. This study 
was designed to examine the cardiovascular effects of ozone (O3) exposure and the 
efficacy of FO and OO-enriched diets in attenuating the cardiovascular effects from 
O3 exposure in rats. ”
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Exposure to Mixtures – Example 2

“Twenty-four weaned Sprague Dawley male rats were randomly divided into 4 
groups of 6 rats in each . Group 1 served as Sham control, Group 2 was treated with 
CdCl2 @5mg/kg b.wt. per orally for 3 months, Group 3 was treated with Green tea 
extract(1.5%) and Group 4 with CdCl2 + green tea extract. The serum testosterone, 
Tri-iodothyronine (T3 ) and Thyroxine (T4 ) hormones were monitored at monthly 
interval…Treatment with green tea significantly ameliorated (p<0.05) toxic effects of 
CdCl2 by restoring biochemical and hormonal profile to normal. ”
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Beyond EPA and Air Pollution…

Federal Agencies

Other EntitiesState Agencies
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An overview of federal chemical evaluations and assessments in the United States. As indicated by the figure key, the agency abbreviation and full agency 
name are located in the upper left corner above each subsection. Within each subsection, arrows lead from the relevant legislation (if applicable) to the 
evaluation or assessment (light shaded box) and then further to the downstream purpose of each (dark shaded box). For EPA and FDA, there are additional 
levels of organization above each statute based on where the chemical is found. Outlined boxes at the bottom of each subsection indicate a formal regulation or 
standard that directly results from the evaluation or assessment; non-outlined boxes indicate non-binding guidelines or recommendations alone. Underlined 
text denotes active hyperlinks available for further reference in the interactive HTML version. A fully interactive version of this image is available as 
Supporting Information. Environ. Sci. Technol. 2021, 55, 16, 10923-10927 DOI: (10.1021/acs.est.1c01955) 

23



Summary/Conclusions

• Exposure science can help to improve applicability of toxicological evidence 
to regulatory decision-making and improved public health protections

• Utility of “iterative” exposure science in toxicological (and other) research in 
building a robust evidence base to inform regulatory decision-making.

• Useful resources from EPA and other federal agencies exist that can aid in 
designing exposure components of future experiments.



Questions?

• Dr. Jane E. Clougherty

• jec373@drexel.edu

• Dr. Tom Luben

• Luben.tom@epa.gov

mailto:jec373@drexel.edu
mailto:Luben.tom@epa.gov

