CUMULATIVE IMPACTS:
VULNERABILITY, RISK, AND
HEALTH

Gina Solomon, M.D., M.P.H.

D CalEPA
v g[tft Ag ym ntal



ENVIRONMENTAL JUSTICE:
SCIENCE AND HISTORY
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Key concepts:

SR 1) Health disparities are linked to social

in Public Health Services & Systems Research

factors and environmental hazards
2) Significant inequalities exist in
s i exposures to environmental hazards

3) Intrinsic biological and physiological

factors can modify environmental hazards

4) Extrinsic social vulnerability factors at
the individual and community levels can
amplify the effects of environmental
hazards
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Challenge:

Difficult to correct
> environmental injustice
% without measuring It.

How can we measure
cumulative impacts?

A tool should be:

- Participatory

. Allow comparisons
across time and space

. Semi-quantitative




Analytic Dimensions for Cumulative Impacts Analysis

Context

Vulnerability

Project-, policy-, program-, chemical- or plan-based decision (e.g.,
identify consequences of a specific proposal or activity)

Geography- or population-based decision (e.g., identify overburdened
areas or populations for purposes of prioritizing allocation of
resources)

Chemical stressors (e.g., pollutants in air, water, soil, food, products)
Biological stressors (e.g., internal and external microbiome)

Social stressors (e.g., discrimination, poverty, violence)

Physical stressors (e.g., noise, radiation, housing quality)

Intrinsic factors (e.g., age, existing health conditions, genome)
Extrinsic factors (e.g., socioeconomic vulnerability, access to health
care)



Current Approaches

Chemical/ Facilitates

Approach Quantitative? Participatory?

Nonchemical comparisons?

. . . , Yes,
Biomonitoring Yes Chemical Potentially O(rejyexposure
Cumulative
Risk Yes, generally Chemical No, generally  Yes
Assessment
Ecological Risk : :

cological RIS Potentially Both Potentially Generally no
Assessment
Health Impact No, generall Both Yes, ver Generally no
Assessment '8 Y P VEry Y
Burden of

B
Disease/DALY Yes, very oth No Yes
Yes
. -_ B V4
Mapping Semi oth ootentially Yes




Cumulative Impacts Assessment Tools: Levels of
Community Engagement

Quantitative B. v A
Disgse/
L
EcolOR#al Risk Cumulative
gemi—_ _ Asg¥sent Impacts
uantitativ

Mapping

Health Risk
Assessment Biomonitoring

Health Impact
Assessment

Analytical Method

Qualitative

None Inform/Consult Collaborate/Empower

Level of Community
Engagement



BIOMONITORING
N\ Matters

* Measures hundreds of chemicals in people

e Can compare with other communities or national averages
 Measurement of change over time (worse or better?)
e (New) Ability to do non-targeted testing

e Some chemicals can’t be biomonitored
* Can’t identify the source of exposure

* Doesn’t evaluate intrinsic vulnerability or extrinsic non-chemical
stressors



Cumulative Risk Assessment

v"Chemical groups (PCBs, dioxins, PAHS,
organophosphate pesticides)

v"Chemical mixtures (e.g., diesel exhaust)
x] Exposures + intrinsic vulnerabilities
d“Exposome” (e.g., all exposures)

1 Exposures + non-chemical stressors

é All exposures + intrinsic vulnerabilities + non-
chemical stressors




New Technologies to Measure Exposure
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AIR POLLUTION
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How you can measure air pollution at
your home, school and improve
public health

Vagikeios Papapostobon, air guaBly specialisl, demonsirates a hand-helkd ai polkition measuring) device during
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Future: Biological Markers of Health

A ¢ VULNERABILITY *
GENETIC VULNER S IENTAL

* Allostatic Load NEG AT L STRESSORS
*Telomere Length
*Epigenetic Changes

pRODROME

VULNERABILITY RESILIENCE
B
GENETIC VULNERABILITY + ENHANCED CELLULAR
NEGATIVE ENVIRONMENTAL AND PSYCHOLOGICAL
AND SOCIAL STRESSORS RESILIENCE

PRODROME INTERVENTION

VULNERABILITY RESILIENCE

Walker AJ, et al. Front. Psych, April 2014



Allostatic Load (“Toxic Stress”)

Multi-System Response to Chronic Stress:
Primary: Stress hormones (cortisol, epinephrine, norepinephrine, DHEA)
Secondary: Inflammation (C-reactive protein, TNF, IL-6), blood pressure,

heart rate variability, insulin/glucose, cholesterol/triglycerides, waist/hip
ratio

Tertiary: Cardiovascular disease, neurodegenerative disease, cancer, etc.
imperfect measure
— of actual physiclogical
@_;-".*' processes laking place

I ™
Exposure Biomarker (s) Outcome
(e.g. psychological lostatic load (e.g. mortality,
stress) (e.g. allostatic load) diabetes, cancer)
- . .y r 4 o
I-" .‘i"
i.**..' I.l"d_:'\ll L
I!ll.q-q-.' .‘;I.-_.-___'I.

Effects of exposure on outcome
not accounted for by the
measurad biomarker (s)



Telomere Length

Telomere
a »

=4 Clue to longevity

. Telomeres are caplike Over time, due to ongoing cell
Chromosome of adult cell features at the ends of division, telomeres become
chromosomes that help shorter. Telomere length appears
Tel Pt it protect them when cells to be an indication of age and the
€ omerehs O l_entsf arer divide. general health of an individual.
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t Dementia
Study

Nurses’

| - 0.62
D2 wWomen, > 70 years of age

g ratio

Controlled for: age, education,
smoking history, cardiovascular

disease, hypertension, cholesterol
levels, and diabetes

telomere length below the median:

12-times greater risk of being

0.57
0.51
0.46 I I
g.6-times greater risk of being | 0.40

diagnosed with dementia
diagnosed with mild cognitive Healthy Contrals MCI Dementia
lmpairment.

elative telomere/single gen

E

Godstein F, van Oijen M, Insmy MC, Rosas HD, Hyman BT, Growdon JH, De Vivoe L. Shotter telomeres may
arly risk of dementia: preliminary analysis of 62 partid pants from the nurses’ health study . PLoS One.
zoobl Feb1z3(2)e1500.

Accelerated telomere shortening is associated with early onset of many diseases,
including coronary heart disease, heart failure, diabetes, cancer, and osteoporosis.



Causes of Telomere Shortening

TRF Length (Capping) vs. Age

* Age

. 9-5+
* Genetic factors -
* Socioeconomic status <
* Stress _ ™

. 2 7o
* Exercise o

. & 6
* Smoking o
* Diet (quantity and quality) R EE

Age (years)

* Anti-oxidants
e Occupational exposures
* Environmental exposures (especially air pollution)



Epigenetics

e Changes in organisms caused by modification of gene expression
rather than alteration of the genetic code itself.

% Genetically Identical Mice
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Future:
Neighborhood-Specific Epigenome
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[ Neighborhood-specific epigenome J <— Biosensors of cumulative exposure
W

; [ Regulation of gene expression }
s

1 €— “-omic” biomarkers (e.g., proteomics)

[ Phenotype (e.g., dysregulation of B-cell differentiation) ]
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[ Health disparities (e.g., T type 2 diabetes risk) ]

Olden K, et al. Am J Public Health. 2014 October; 104(10): 1816-1821.



Advantaged
neighborhood

0.2

0.0

-0.2

-0.4

anjep 4 °'6oj-) |]ana7 aduedyiubis

0.4

Epigenetic Difference

G
e



Conclusion

e Existing approaches to cumulative impacts all have limitations
e Don’t include all exposures, intrinsic, and extrinsic stressors
* Not very quantitative
e Technical and hard for communities to engage

e Newer approaches are emerging
* Better exposure measurement
* Better markers of toxic stress (allostatic load)
e Better markers of overall health (telomere length)
e Neighborhood markers? (epigenome)

* Need to make decisions now and be nimble as new tools emerge
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Questions?
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