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Components of Total Environment for Children

Home

Built Environment:
land use; transportation;
waste and materials 
management; buildings
and infrastructure
Natural Environment: 
parks; recreation areas; 
walking trails; open 
spaces

Lifestage Specific 
Exposures: inhalation; 
dermal; ingestion 
(dietary/indirect); 
algorithms; 
multimedia 
measurements; 
activity/location 
information; 
laboratory-derived 
factors; supporting 
information
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Social Environment: family 
dynamics; employment; 
education; safety; 
acculturation; food; job 
security; neighborhood 
quality; school life

School/Daycare Community

Adapted from Tulve et al., 2016
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What are Cumulative Impacts?

• Cumulative Impacts: the totality of 
exposures to combinations of 
chemical and non-chemical stressors 
and their effects on health, well-
being, and quality of life outcomes. 

• Cumulative Impact Assessment: a 
process of evaluating both 
quantitative and qualitative data 
representing cumulative impacts to 
inform a decision. 

https://www.epa.gov/healthresearch/cumulative-impacts-research 2

Tulve et al., 2024

https://www.epa.gov/healthresearch/cumulative-impacts-research
https://doi.org/10.1016/j.lana.2023.100666
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Non-Chemical Stressors Workshop
•Emphasis: non-chemical stressors within a chemical stressor 
paradigm

•Breakout group discussions:
•Which non-chemical stressors (from the built, natural, social environments) 
should be the focus of research associated with chemical stressors? What is the 
rationale for choosing those specific non-chemical stressors?

•What are the criteria for selecting non-chemical stressors for research within 
the chemical stressor paradigm?

•Which non-chemical stressors are surrogates for other non-chemical stressors 
or conditions in the community environment? And how should these stressors 
be managed?

•Which combination of co-occurring non-chemical stressors should be the focus 
of research within the chemical stressor paradigm?
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https://www.epa.gov/healthresearch/cumulative-impacts-research
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Non-Chemical Stressors Workshop: Key Takeaways

•Environmental protection encompasses both chemical and non-chemical 
stressors

•Systems approach and integrative model(s) are essential for incorporating 
non-chemical stressors into the chemical stressor paradigm

•All aspects of the built, natural, and social environments should be considered 
when exploring how chemical and non-chemical stressors influence health, 
well-being, and quality of life

•Non-chemical stressors are interrelated and influence each other; important to 
understand these interrelationships and appropriately incorporate multiple 
non-chemical stressors into the chemical stressor paradigm
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Non-Chemical Stressors Workshop: Key Takeaways (cont’d)

•Many non-chemical stressors co-occur; this workshop identified four of 
the most important as:
•Geography
•Neighborhood environment and characteristics
•Housing stock
•Racism

•Approaches and methodologies for analyzing quantitative and qualitative 
data and information are essential for advancing our understanding of 
non-chemical stressors within the chemical stressor paradigm
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Case Study Example: Preliminary Analysis of 
Chemical and Non-Chemical

Stressors Collected from Mother-Child Pairs
in the National Children’s Study

Collaborators: Jacob Donovan, Kent Thomas
U.S. Environmental Protection Agency
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Background

•Children are exposed to diverse chemical and non-chemical stressors 
found in their everyday community environment.​
•Multiple stressors, individually and in combination, can lead to changes 
in health and well-being during each lifestage throughout their 
lifecourse.​
•Many chemical and non-chemical stressors have been studied 
individually and linked to specific children’s health outcomes.
•Only recently has the scientific community explored how both 
chemical and non-chemical stressors interact to affect children’s health 
and well-being.
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Objective

To examine relationships between chemical exposures, social 
vulnerability factors, and child birthweight for a cohort of 
pregnant women in the United States
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Approach

•Environmental, survey, and outcome data from the National 
Children’s Study (NCS) Vanguard Study database were obtained 
from the NIH Data and Specimen Hub (DASH).
•518 NCS mother-child pairs from seven U.S. locations were 
included in our analysis.
•NCS survey variables were matched to PRAPARE (Protocol for 
Responding to and Assessing Patients' Assets, Risks, and 
Experiences) social determinant of health (SDoH) factors (Weir et al., 2020, 

https://doi.org/10.1353/hpu.2020.0075).
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Approach (cont’d)

•SDoH were organized and scored; total scores were sorted into low 
(0-1), medium (2-4), and high (5-12) groupings for analysis.
•Associations between exposure measurements for selected 
chemicals and SDoH score groups were assessed using one-way 
ANOVA.
•Associations between SDoH score groups and birthweight were 
examined using one-way ANOVA.
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Participant Demographic Characteristics



Mapping NCS Variables to PRAPARE SDoH Factors and Clusters
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(Weir et al., 2020, https://doi.org/10.1353/hpu.2020.0075)

https://doi.org/10.1353/hpu.2020.0075


Summary of Associations between Selected Chemicals and SDoH 
Factor Scores
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Relationship between Lead Wipes and SDoH Factor Scores
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Relationship between SDoH Factor Scores and Birthweight
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Observations

•Approximately 15% of the pregnant NCS women had SDoH factor 
scores in the highest, most socially vulnerable category.
•Significantly higher exposures were observed with increasing SDoH 
factor scores for PAHs and Pb.
•Significantly lower exposures were observed for increasing 
SDoH factor scores for benzophenone-3, a consumer product 
chemical.
•Higher SDoH factor scores were associated with lower birthweight 
for this cohort of mother-child pairs.
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Limitations

•Participants are not a representative U.S. population sample.
•Biomarkers were measured at only one time during pregnancy​.
•Not all PRAPARE SDoH factors had exact NCS variables 
matches; PRAPARE cluster 2 was most affected.
•Birth weight analyses were limited by small numbers of participants 
with low birthweight babies (<2,500 g).
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Next Steps for Case Study

•Examine additional chemicals
•Investigate other potential health outcomes such as obesity and 
neurocognitive development
•Investigate these relationships for SDoH clusters
•Explore potential combined/joint relationships between SDoH factor 
scores, biomarker data, and birthweight
•Map PRAPARE SDoH factors and score variables to Alternative 
Recruitment Strategy portion of the NCS study to increase study 
population size
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Future Work

•Explore potential methods and approaches
•Data needs associated with potential methods and approaches
•Potential real-world case study exploring cumulative impacts
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THANK YOU!

Contact information: Nicolle Tulve, 
tulve.nicolle@epa.gov 

mailto:tulve.nicolle@epa.gov
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