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Introduction: The Prenatal Environment 

• The health of a population begins in the womb. Prenatal 
development is the most sensitive physiological window in the 
human lifecycle, during which external environmental stressors 
can "program" lifelong health trajectories. While medical focus 
often remains on maternal behavior and genetics, emerging data 
from the Washington Tracking Network (WTN) suggests that the 
air a mother breathes (specifically fine particulate matter like 
PM2.5) is a silent but significant driver of birth weight disparities.

• This project investigates how geographic inequity in air quality 
translates into biological inequity for Washington’s newborns.



Project Guidelines

• WHAT: Investigate the correlation between fine particulate matter 
(PM2.5) concentrations and low birth weight prevalence across 
Washington’s 39 counties. 

• HOW: Utilizing the Washington Tracking Network (WTN) 
Environmental Health Disparities map (version 3.0) to overlay air 
quality data with maternal health/birth outcomes from 2022-
2024.

• WHO: This study is designed for Washington State policymakers 
and local health departments to identify the “hot spots” where 
environmental intervention and prenatal support is most urgently 
needed. 



Technical Profile I

Definition: Tiny particles or droplets in the 
air that are 2.5 microns or less in width.

Scale: They are 30 times smaller than a 
single human hair.

Sources: Vehicle exhaust, industrial 
emissions, and wildfire smoke

Threats: Unlike larger particles (PM10), is 
small enough to bypass the respiratory 
system’s natural filters, deposit deep within 
the alveolar sacs, and translocate directly 
into the maternal bloodstream.

Particulate Matter (PM2.5) 



Technical Profile II

Definition: Low Birth Weight (LBW) is clinically defined as an infant 
weighing less than 2,500 grams (approx. 5.5 lbs) at birth.

Significance: Key indicator of a newborn’s overall health.

The "Term" Distinction: This study specifically looks at Term Low 
Birth Weight (infants born at less than 37 weeks).

Why it Matters: Focusing on TLBW is critical for Health Science 
research because it isolates growth restriction (fetal development 
issues) from preterm birth (timing issues), allowing us to more 
accurately measure the impact of environmental toxins on fetal 
growth.

Low Birth Weight



Research Questions

• Does localized exposure to high deciles (as tracked by the WTN)  
correlate with increased rates of Term Low Birth Weight across 
Washington’s diverse geographic regions?

• The Comparison: I will specifically examine the "Chronic Burden" 
of industrial Western Washington versus the "Acute Crisis" of 
wildfire-prone Eastern Washington.

• Hypothesis: PM2.5 exposure serves as an independent risk factor 
for placental insufficiency, with the highest impact seen in 
communities facing a "Double Burden" of environmental and 
socioeconomic stress.



Pathophysiology I: The Inhalation Pathway
• Prenatal development is the most 

vulnerable period of human life. 

• Upon inhalation, PM2.5 enters the 
terminal bronchioles and alveoli. 
Because of their high surface-area-to-
volume ratio, these particles carry toxic 
compounds (metals, polycyclic 
aromatic hydrocarbons) into the body.

• These particles cross the thin alveolar-
capillary membrane. Once in the 
maternal circulatory system, they are 
no longer just a respiratory threat; they 
become a systemic cardiovascular 
threat.



Pathophysiology II: Maternal Systemic Inflammation

• The presence of in the blood triggers the maternal immune system. 
This results in the upregulation of pro-inflammatory cytokines, 
specifically Interleukin-6 (IL-6) and Tumor Necrosis Factor-
alpha (TNF-).

• Chronic inflammation during pregnancy disrupts the delicate 
homeostatic balance required for healthy gestation, creating an 
environment of "maternal oxidative stress."



Pathophysiology III: Oxidative Stress & DNA Damage

• Oxidative stress occurs when there is an 
imbalance between free radicals 
(produced by exposure) and the body's 
antioxidant defenses.

• These free radicals can damage 
maternal and placental DNA, interfere 
with cellular signaling, and trigger 
premature "aging" of placental tissues. 
This stress is a primary driver of 
pregnancy complications that lead to 
restricted fetal growth.



Pathophysiology IV: Impaired Trophoblast Invasion

• In a healthy pregnancy, fetal cells called 
trophoblasts must "invade" the 
mother's uterus to remodel her spiral 
arteries. This remodeling ensures a 
high-volume, low-resistance blood flow 
to the baby.

• High levels of inflammation and 
oxidative stress can inhibit this 
trophoblast invasion. When the arteries 
are not properly remodeled, blood flow 
to the placenta is restricted, effectively 
"starving" the developing fetus of peak 
oxygen levels.



Pathophysiology V: Placental Insufficiency & IUGR
• The culmination of these processes is Placental Insufficiency. The 

placenta becomes less efficient at the active transport of glucose, 
amino acids, and oxygen.

• This leads to Intrauterine Growth Restriction (IUGR). The fetus is 
physically prevented from reaching its genetic growth potential. On 
the WTN dashboards, we see this outcome manifest as a higher 
percentage of infants born at Term Low Birth Weight.



Long-Term Impact I: Neonatal & Infancy Risks
• Immediate Respiratory Distress: Infants born at Term Low Birth 

Weight (TLBW) often suffer from surfactant deficiency, making it 
difficult for their lungs to remain expanded. This frequently results 
in immediate NICU admission for respiratory support.

• Immune Vulnerability: These infants possess fewer stored 
maternal antibodies and are at a higher risk for neonatal sepsis and 
chronic ear and lung infections during the first year of life.

• Mortality Risk: Statistics show that infants under 2,500g face a 
significantly higher risk of neonatal mortality compared to their 
normal-weight peers, even when born at full term.



Long-Term Impact II: Childhood & Adolescent Development
• The Respiratory Link: There is a 

strong correlation between TLBW and 
the development of childhood asthma. 
Damage done to the lungs in utero by 
leads to hyper-responsive airways.

• Neurodevelopmental Delays: 
Restricted oxygen during critical brain-
growth windows can manifest as 
cognitive delays, ADHD, and difficulties 
with executive functioning in school-
aged children.

• Metabolic Programming: These 
children often experience "catch-up 
growth," where they gain weight 
rapidly in early childhood, which 
ironically increases their risk for 
metabolic issues later in life.



Long-Term Impact III: The Barker Hypothesis & Adult Health
• The Barker Hypothesis: This central 

health science concept states that 
intrauterine environments program the 
body's physiology.

• The "Thrifty Phenotype": A fetus 
restricted of nutrients (due to PM2.5 
placental damage) adapts by becoming 
"thrifty"—storing more fat and altering 
insulin sensitivity.

• Adult Consequences: This leads to a 
permanent, irreversible increase in the 
risk for Type 2 Diabetes, Hypertension, 
and Coronary Heart Disease in adulthood.

• Conclusion: PM2.5 exposure in 2026 isn't 
just a birth issue; it is a cardiovascular 
disease crisis for the year 2076.



Process & Methodology
• The Investigation Strategy: To move beyond theoretical risk, I 

utilized the Washington Tracking Network (WTN) to conduct a 
geographic correlation study.

• Why WTN? The WTN provides a unique intersection of 
environmental (air quality), biological (birth outcomes), and 
social (EHD maps) data that is usually siloed in different 
departments.

• Goal: To identify if "hotspots" of directly overlay with clusters of 
Term Low Birth Weight.



Process & Methodology
• I chose to investigate the relationship between PM2.5 (fine 

particulate matter) and birth weight disparities because 
prenatal environmental exposure is a critical (and often invisible) 
driver of lifelong health outcomes. While exploring the WTN 
Information by Location (IBL) tool, I noticed that certain 
counties with higher industrial activity or traffic density also 
ranked higher on the Environmental Health Disparities (EHD) 
map for low birth weight. I wanted to see if these geographic 
"hotspots" of air pollution consistently correlated with higher 
rates of term low birth weight across Washington.



Methodology: Identifying Confounders
• Birth weight is influenced by many 

factors: maternal age, smoking, race, 
and access to prenatal care.

• Isolation of Variables: To ensure 
PM2.5 was the driver, I used the 
Environmental Health Disparities 
(EHD) Map themes to compare census 
tracts with similar poverty rankings but 
different pollution rankings.

• Evidence: If two poor neighborhoods 
have different birth weight outcomes, 
and the only difference is the proximity 
to a freeway, PM2.5 is the likely culprit.



Methodology: Synthesizing Data Layers
• Layer 1: Exposure. 3-year mean concentration (Deciles 1–10).

• Layer 2: Outcome. Term Low Birth Weight % from the Birth 
Outcomes Dashboard.

• Layer 3: Vulnerability. The "Socioeconomic Determinants" 
ranking from the EHD map.

• The Matrix: By layering these, I created a "Risk Matrix" to find 
where biology, environment, and society collide.



Identifying the "Chronic Burden" (West)
• Focus Area: The I-5 Corridor and South King County industrial 

zones.

• Source Analysis: These areas face year-round, high-density traffic 
and diesel exhaust.

• Data Observation: Using WTN, I looked for tracts that remained 
in Decile 9 or 10 for PM2.5 consistently over a 5-year period to 
measure the impact of "Chronic Exposure" on maternal health.



Identifying the "Acute Crisis" (East)

• Focus Area: Yakima, Wenatchee, and the Okanogan highlands.

• Source Analysis: Wildfire smoke events (seasonal spikes).

• Data Observation: I compared these tracts against Western WA. 
While their average might be lower, their peak during wildfire 
season is much higher.

• Hypothesis Testing: Does a 2-week "smoke spike" in the 3rd 
trimester have the same impact as 9 months of city smog?



The “Double Burden” Hypothesis 
• Environmental health is not 

experienced in a vacuum.

• The Interaction: I hypothesized 
that has a multiplicative rather 
than additive effect on birth weight 
when combined with social 
stressors.

• Definition: The "Double Burden" is 
when a biological system is already 
stressed by poor nutrition or lack of 
care (Social) and is then hit with 
chemical inflammation 
(Environmental).



Data Deep Dive: South King County Case Study (West)

• Focus Area: Census tracts adjacent to the Duwamish Valley and 
the I-5/I-405 interchange.

• WTN Evidence: These tracts consistently rank in Decile 10 for PM 
2.5 (Diesel and Industrial emissions).

• Correlation: Comparing these tracts to the neighboring affluent 
greenbelts, we see a statistically significant increase in TLBW 
rates.

• This is the "Chronic Burden" in action: the biological system is 
under constant inflammatory pressure throughout all three 
trimesters.



Data Deep Dive: Yakima Valley Case Study (East)

• Focus Area: Lower Yakima Valley and Central Washington 
highlands.

• WTN Evidence: Decile 10 rankings for seasonal air quality spikes 
(Wildfire and Agricultural dust).

• Correlation: Higher rates of fetal growth restriction observed in 
cohorts where the 3rd trimester overlapped with peak wildfire 
months (August–September).

• This "Acute Crisis" suggests that even short-term, extreme spikes 
in PM2.5 can be as deleterious to birth weight as chronic low-level 
exposure.



Visualizing the "Double Burden" (The Intersection)

• The most severe TLBW outcomes (rates exceeding 10%) are found exclusively in 
the intersection.

• The Conclusion: While is an independent risk factor, its impact is amplified by 
social stressors like poor housing quality and lack of access to fresh produce 
(antioxidants), which would otherwise help mitigate oxidative stress.



Analysis of Findings: Comparing the Two 
Washingtons

• The Divergence: 

-Western WA: Driven by year-round industrial toxins Consistent, 
predictable risk.

-Eastern WA: Driven by acute wildfire events Unpredictable, 
seasonal risk.

• Regardless of the source, the biological "endpoint" remains the 
same: impaired placental transport and reduced fetal mass.



WTN Dashboard Data



Synthesis: Is Air Quality an Independent Risk 
Factor?

• Even when controlling for maternal smoking and age using WTN 
EHD filters, the correlation between and TLBW persists.

• Significance: This proves that air quality is not just a "proxy" for 
poverty; it is a direct physiological driver of birth outcomes. We 
must treat as a clinical risk factor on par with traditional maternal 
health markers.



Recommendation I: Precision Public Health
• The Department of Health should 

develop a "Prenatal Air Quality 
Alert" system.

• Implementation: Use WTN 
geographic data to send 
automated SMS alerts to pregnant 
individuals in high-pollution 
census tracts during inversions or 
wildfire events.

• Goal: To encourage behavioral 
mitigation (staying indoors, using 
air purifiers) during the most 
sensitive fetal growth windows.



Recommendation II: Clinical Integration 
• Incorporate "Environmental History" into standard prenatal 

intake forms.

• Implementation: Obstetricians should be trained to use WTN 
data to assess a patient's residential exposure risk.

• Proposal: Patients in Deciles 9-10 should be prioritized for state-
funded indoor HEPA filtration systems as part of their "medical 
equipment" needs.



Recommendation III: Structural & Zoning 
Policy

• Implement "Health Buffer Zones" for new residential 
developments.

• Implementation: Use the WTN EHD map to identify areas with 
high birth rates and ensure that industrial permitting and highway 
expansions include significant air-scrubbing infrastructure and 
physical distance from residential housing.

• Equity Focus: This moves the burden of protection from the 
individual mother to the structural level.



Personal Reflection: The Power of Data Equity
• The Evolution of the Project: I began this project with a narrow focus on 

environmental factors like wildfire smoke, but I ended it with a much deeper 
understanding of health equity. As I analyzed the data, I realized that while 
environmental issues affect the whole community, the mental health 
impacts—especially when looking at suicide risk—are not distributed 
equally. This shift transformed my work from a general study into a specific 
investigation of how we support high-risk groups. 

• The WTN Impact: The WTN tool was essential to my process because it 
revealed the "invisible" connections between our environment and our health 
outcomes. It taught me that in public health, a well-designed map is often just 
as important as a microscope. While a microscope helps us understand an 
individual case, the WTN tool allowed me to see the systemic patterns and 
disparities that determine who is most at risk in Washington. 

• Looking Forward: This project has made me more committed to using data 
as a tool for advocacy. I want to continue focusing on the groups that are often 
"invisible" in standard health statistics. We cannot rely on broad averages if 
we want to solve real-world problems; instead, we need to look at gender, 
disability, and socioeconomic status to ensure that public health resources 
actually reach the people who need them most



Conclusion & References

Zip code should not be a predictor of a child's birth weight. By leveraging 
the WTN, we can move from observing disparities to actively dismantling 
them through precision medicine and environmental justice.

• References:

- Washington State Department of Health (WTN Dashboards 2024-2026).

- Barker, D. J. P. (1990). "The Fetal and Infant Origins of Adult Disease."

- American Journal of Obstetrics and Gynecology: "The impact of fine 
particulate matter on placental vascularity."
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