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“Exposure” is Extraordinarily Complex!

* Stressors:
* External: Chemical, biological, radiological, diet, stress
 Complex mixtures
* Internal: Endocrine activity, metabolic activity

General External

a@

* Sources:
* OQutdoor air, indoor (residential & workplace) air
* Food, beverages, food packaging, dust, soil
e Consumer products (lotions, sprays, cleaning products)

 Pathways & Routes:
* Inhalation, ingestion (dietary & non-dietary), dermal
* Aggregate: one stressor, multiple routes
e Cumulative: multiple stressors, multiple routes

Specific External

* Frequency x Duration x Intensity

* Individual receptors can affect exposure
* External = vulnerable populations (economic & age)

* Individual receptors can react differently to exposure

* Internal = inherent/genetic/epigenic susceptibility
BN Figure adapted from: Wild CP. Int. J. Epidemiol. 2012 Feb;41(1):24-32
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* Measurement data needed to:
* Characterize risk from chemical stressors Components of the Risk
* Regulate chemical use & disposal Assessment Process
* Manage human & ecological exposures

e Ensure compliance under federal statutes o
azar
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Comparing Monitoring Strategies

* Bottom-Up =2 Measure important exposures outside of the receptor(s)
* Media: drinking water, food, air, soil, consumer products, etc.
e Advantage: directly link the stressor(s) to the source(s); best for mitigation
» Disadvantage: MANY possible stressors/media combinations

* Top-Down > Measure important exposures within the receptor(s)
 Media: blood, urine, breath, hair, nails, teeth, target tissue, etc.

* Advantage:

* (1) Biomarkers can integrate exposure overall “all” pathways & routes

* (2) Closer to “target” = simultaneous evaluation of exposure and biological response
* Disadvantages

* (1) Biomarker levels affected by exposure-independent processes (e.g., hydration, lipid levels)
* (2) Requires linkage to source for regulatory consideration & mitigation

* (3) Invasive sampling




. Targeted Biomonitoring via CDC’s NHANES

* Representative sample of U.S. (civilian, non-institutionalized) pop.

* Thousands of participants per year

* Running from 1971 — present

* ~30 chemical biomarkers (1999) to ~400 chemical biomarkers (2021)
e “Spot sampling” of blood and urine

e Exposure-related metadata

* Health-related metadata and biological measures
* Intended use = time-based exposure trends

* Limitations:
* Not all biomarkers measured in all participants
* Limited access to geographical information

* Cross-sectional design a n eS

“ Mational Health and Nutrition Examination Surveay
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A Section 508-conformant HTML version of this article
is available at http://dx.doi.org/10.1289/ehp.1409177.
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e Challenges with Targeted Monitoring

* High-quality monitoring data are unavailable for most chemicals
* Measurement data traditionally generated using “targeted” methods

e Targeted analytical methods:

- Require a priori knowledge of chemicals of interest

- Produce data for few selected analytes (generally 10s)

- Require standards for method development & compound quantitation

- Are blind to emerging contaminants

- Can’t keep pace with the needs of 215t century chemical safety evaluations




“B2._.  Shrinking Data Gaps with Non-Targeted Analysis

High . ;ﬂ‘:?,__‘_‘_‘_“...'?_‘?,.i'““”""‘““ e ol
Rapidly screen for : < 1Sample
“ p y ” Samples Resolution MS %] | 1 lonization Mode
knowns - W | E 300 Extracted “Molecular Features”
i — — | — (1) |
Discover “unknowns” mmw
|

Uncover historical
exposures

1) Prioritize “molecular features”
2) Correctly assign formulas
Link stressors to 3) Correctly assign structures
biological responses 4) Predict chemical concentrations
5) Determine chemical sources




... Developing and Disseminating Guidance Materials

* BPANTA = Borne out of 2018 EPA NTA workshop

e ~100 U.S. and international members
- Government, academia, and industry

BP4&NITA

BENCHMARKING AND PUBLICATIONS
FOR NOMN-TARGETED AMALYSIS

* Working Group Objectives:
- Short term = define common NTA terms, concepts, and performance metrics
- Short term = provide recommendations on research & reporting best practices
- Long term =2 enable proficiency testing

* Products (including 3 manuscripts):
- Website with key resources and links: https://nontargetedanalysis.org/
- Guidance documents with definitions & supporting info
- “NTA Study Reporting Tool” to standardize reporting (proposals & manuscripts)



https://nontargetedanalysis.org/
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The Future of Exposure Monitoring

* High-quality targeted biomarker panels exist

* Limitations on use based on study design
* Spot sampling, cross-sectional design

 Computational solutions to (partially) overcome limitations

* Massive data gaps given only targeted measurement panels
* Most “known” chemicals have no monitoring data
* Many previously “unknown” chemical stressors emerging

* Non-targeted methods emerging to fill gaps
e Capture external and internal exposures/stressors

* |ssues with data quality and study reporting
* Limits transparency & reproducibility

* Data reuse not advised until quality and reporting issues resolved
* Eventually will require semantic ontologies to enable comprehensive evaluations
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Questions?

sobus.jon@epa.gov

The views expressed in this presentation are those of the
author and do not necessarily represent the views or policies
of the U.S. Environmental Protection Agency.



	Biomonitoring in the 21st Century: �Challenges and Opportunities �
	“Exposure” is Extraordinarily Complex!
	Measurement Data Used to Monitor Stressors
	Comparing Monitoring Strategies
	Targeted Biomonitoring via CDC’s NHANES
	Actual Uses of NHANES Biomarker Data
	Data Disparity: Have vs. Need
	Challenges with Targeted Monitoring
	Shrinking Data Gaps with Non-Targeted Analysis
	Developing and Disseminating Guidance Materials
	The NTA Study Reporting Tool
	The Future of Exposure Monitoring
	BP4NTA Workgroup Leadership
	EPA NTA Contributors
	Slide Number 15



