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Comparison of Anthropogenic Pollutants in Lake Washington vs 
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Research Question

To what extent does the interaction between anthropogenic aquatic 

toxins and socioeconomic barriers correlate with disparities and 

risks in maternal and fetal health (Low Birth Weight, Preterm Birth) 

in urban versus rural Washington lakes, specifically Lake 

Washington versus Lake Chelan?



Methodology

• Compare rates of Singleton Low Birth Weight (LBW) and Singleton 

Preterm Birth in King County and Chelan County to understand 

neonatal health disparities in these areas

• Map environmental stressors in each region, focusing on 

anthropogenic toxins from hazardous waste and pesticides

• Identify high-risk populations near both water bodies by analyzing 

social determinants of health that increase dietary toxin exposure

• Propose data-driven policy plan and risk-reduction methods for 

socioeconomic and chemical profiles of each community



Birth Outcome 
Indicators

Source: Boston University



Low Birth Weight (LBW)
• Definition: babies born weighing less than 2,500 grams (5.5 pounds)

• Indicates significant environmental stress, top predictor of infant mortality and 

long-term disability (neurological, cognitive, sensory, physical, chronic)

• Developmental Origins of Health and Disease (DOHaD) hypothesis – early 

environmental influences -> epigenetic adaptations -> higher risk for adult 

diseases (ex: heart disease, type 2 diabetes)

• LBW correlation with cognitive deficits – lower academic performance, poor motor 

skills, higher ADHD rates

• LBW births require Neonatal Intensive Care (NICU) which is expensive for 

Washington healthcare system and families (cost per birth thousands more)



Preterm Birth

• Percentage babies born alive before 37 weeks of pregnancy, 40 weeks is full-time 

pregnancy

• Exposure to environmental stressors -> inflammatory responses -> early labor

• Leading cause of infant mortality and long-term developmental 

issues(neurological, sensory, chronic health conditions)

• Being born early can prevent development of vital organs -> respiratory distress, 

lack of temperature regulation, feeding difficulties, vulnerable immune systems

• Often higher in communities with limited healthcare access, high stress, close to 

industrial zones



Real-World 
Impact

Source: PowerPoint Images



Public Health Significance
• Pollutants such as PCBs and DDT are Persistent Organic Pollutants 

(POPs)

• POPs persist in environment and do not break down

• POP concentration increases up food chain due 

to bioaccumulation (build-up in organisms) 

and biomagnification (amplifying effects as predators eat prey)

• Fish eaten by humans can contain dangerous POP concentrations

• POP chemicals are lipophilic so they cross placenta and can harm fetal 

development



Social Significance and Equity Impact
• The danger emerging from POPs disproportionately affects certain 

populations

• High-risk groups: those relying on subsistence fishing (lake for protein), 

those facing information barrier on risks, Tribal members

• Immigrants and low-income residents in food deserts need to fish in 

lakes to combat food insecurity

• Public health warnings are only in English which some at-risk 

populations may not be able to read



Introduction

Source: PowerPoint Images



Sites

L A K E  W A S H I N G T O N

• 2nd largest natural lake in WA

• Urban, highly developed watershed

• Influenced by human and biological 

activities

• Sewage leak (1941-63) caused poor water 

quality, lake restoration occurred

• Polluted with PCBs (industrial), PFOS 

("forever chemical"), and 6PPD-quinone

L A K E  CH E L A N

• Largest natural lake in WA

• Clear water popular for recreation, good 

shoreline access

• Used to be productive agricultural region, 

pesticide contaminated sediment and 

leached

• Polluted with DDT (fruit orchard pesticides)

Source: WorldAtlas Source: Explore Washington State



Key Fish Species
LAKE WASHINGTON LAKE CHELAN

Sockeye salmon Common carp

Smallmouth bass Largemouth bass

Yellow perch
Brown bullhead

Northern pikeminnow

Kokanee salmon Burbot

Lake trout Westslope cutthroat trout

Rainbow trout

Coastal cutthroat trout



Nutritional 
Benefits of 
Fish

Omega-3 Fatty Acids -> fetal brain, vision, nerve development; 
must be supplemented in diet as human body cannot produce

Lean, low-fat protein and minerals for healthy pregnancy

Rich in Vitamin D and B2 (Riboflavin) for bone and heart health

Reduces risk of: high BP and inflammation in mothers, ADHD 
and developmental delays in children

American Heart Association recommends consuming fish 
twice/week so clean sources are essential



Chemical 
Pollutants in 

Lakes

Source: Rural Community Assistance Partnership



Persistent Organic Pollutants (POPs)

• 12 toxic, carbon-based chemicals (including PCBs, DDT)

• Polychlorinated biphenyls (PCBs) - popular in industry, causes extreme 

biomagnification

• Dichlorodiphenyl trichloroethane (DDT) - mosquito and crop control, 

caused bird eggshell thinning

• Common in commercial -> spread in wind and water -> harm health and 

environment



Perfluorooctane Sulfonic Acid (PFOS)

• "Forever chemicals" - long time to breakdown

• Used in industry and consumer products

• Released by products into air, water, dust, soil, fish, livestock

• Human consumption -> bioaccumulation in bodies -> harms health



6PPD-quinone
• 6PPD chemical used for durability in 

rubber products -> reacts with air -> 

creates transformation products like 

6PPD-quinone -> carried away in water 

and air, tire-wear particle -> humans

• Deadly to coho salmon, toxic to other fish 

species

• People are exposed in their food, by 

working near roads, and via soil

• Human health effects -> reproductive 

and developmental health issues, liver 

and intestinal damage, harm to 

brain cells, skin allergies

No data available currently so priority item 

for future work
Source: DOH



Mercury (Hg)

• Natural metal and chemical in many forms like 

methylmercury (organic compound)

• Spread by coal-fired power plants

• Binds to protein of fish so difficult to remove and 

fish consumption causes it to accumulate 

in almost all humans' tissues, most accumulated 

in larger fish

• Statewide advisories in all WA water sources for 

mercury pollution

• Human health effects varies by form, dose, health, 

age, and route of exposure

• RISK Pregnant women eat mercury-contaminated 

fish -> methylmercury crosses placenta and 

blood-brain barrier, in breast milk -> baby's 

neurological development harmed as neurotoxin
Source: Moms Clean Air Force

https://doh.wa.gov/community-and-environment/food/fish/mercury-advisories
https://doh.wa.gov/community-and-environment/food/fish/mercury-advisories


Data Collection

Source: PowerPoint Images



Data Sources

Primary Tool: Washington Tracking Network 

(WTN)

➢Environmental Health Disparities (EHD) Map 

for decile ranks in WA state

➢ Information by Location (IBL) Tool for Lake 

Washington vs Lake Chelan comparison data

Supplementary Tool: Washington Department 

of Health (DOH) Fish Advisory Dashboards 

for fish species information



Multiple fish species contaminated with PCBs and PFOS
likely from surrounding freeways Interstate 405 and Interstate 5

MORE FISH WITH "DO NOT EAT" WARNINGS THAN LAKE CHELAN

LAKE WASHINGTON



Only Lake Trout species is moderately contaminated with DDT likely due 
to its long lifespan (20-30 years) which allows for DDT bioaccumulation

NO FISH WITH "DO NOT EAT" WARNINGS

LAKE CHELAN



Birth Outcome 
Analysis

Source: Marketplace



Single fetus % live births < 5.5 lbs (2500 g)
King County        5.48%
Chelan County      5.02%

A larger proportion of low birth weight 
babies in King County than Chelan County

Could be due to environmental or maternal 
factors



Highest LBW risk counties in WA are due to 
other reasons (outside scope of this study):

Yakima, Walla Walla, Klickitat
Nitrates from farming in water -> 
decreased blood oxygen in pregnant people

Gray's Harbor, Pacific
Poverty, limited prenatal care access

Ferry, Lincoln
Low population density, LBW appears 
artificially high



Preterm (<37 weeks) single 
fetus births 
King County        8.15%
Chelan County      8.15%

Equal proportion of 
preterm babies in both 
counties -> toxins not 
affecting birth timing, 
healthcare system and 
general health of 
individuals is similar
Local environments are 
causing LBW difference



Potential 
Causes of 
Birth 
Outcomes

Source: Today's Parent



Lake Washington is 
surrounded by hazardous 
waste sites while Lake 
Chelan is not

Can be a source of PCBs 
and other industrial 
chemicals

Lake Chelan is in center of 
pesticides while Lake 
Washington has minimal 
exposure around it

Can be a source of DDTs and 
other pesticide chemicals

Proximity to Hazardous Waste Sites Decile Rank

Pesticide Exposure Decile Rank



Lake Washington - close to hazardous waste sites, 
superfund sites -> HIGHER RISK for low birth weight
Lake Chelan – somewhat close to former orchard lands

Lake Washington is closer to pollutant sites than Lake Chelan

Environmental Pollutant 
Exposure vs. Low Birth 
Weight



Wastewater discharge includes 
domestic sewage, industrial 
wastewater (pollutants like 
PCBs), and stormwater runoff 
(urban toxins)

Varied impact in Lake 
Washington area, none in Lake 
Chelan

Wastewater Discharge Decile Rank



Lake Washington – more language differences
Lake Chelan

Access to 
grocery 
stores and 
affordable 
food

People near Lake Washington face more linguistic isolation
Both communities have same access to retail food and no 

temporary worker housing nearby

Often for seasonal or 
agricultural workers



Conclusion

Source: PowerPoint Images



Data Analysis
LAKE WASHINGTON

Waste sites -> pollutants (PCBs, PFOS) -> water -> fish species seriously contaminated -> low 

birth weight babies

Other confounding factor: language barrier for ESL speakers in local communities

LAKE CHELAN

Orchard lands -> pollutant (DDT) -> water -> one fish species affected

Other confounding factor: low access to retail food (but more access to fresh produce from 

farms may potentially improve health)

CONCLUSION: ANTHROPOGENIC POLLUTANTS HARM BIRTH OUTCOMES MORE 

SEVERELY IN LAKE WASHINGTON THAN LAKE CHELAN

Identical preterm birth rates indicate urban industrial toxins may act as fetal 

growth inhibitors (intrauterine growth restriction) but not trigger labor early, can 

lead to placental insufficiency which reduces baby's size at birth



Risk Mitigation: Safe Fish Consumption

1. Opt for less polluted fish species from DOH Healthy Fish Guide                                              

EX: choose migratory fish like salmon as they are exposed to less lake water 

contamination, deeper-water fish are safer than shore-dwelling fish

2. Size Rule: Choose smaller, younger fish to minimize bioaccumulation

3. Preparation: Remove pollutants (PCBs, DDT) by trimming skin, fat, and 

stomach meat before cooking

4. Cooking: Grill, bake, or broil to drip away fat for additional toxin reduction

Pollutants like mercury in muscle cannot be removed in cooking or preparation 

so fully avoid affected species!

https://doh.wa.gov/community-and-environment/food/fish/healthy-fish-guide


Native American Tribal Impact and Treaty Rights

Tribes near Lake Washington: Duwamish, Muckleshoot, Xacuabs

Tribes near Lake Chelan: Colville Confederated Tribes (12 Tribes)

HEALTH: Tribal members fish as a spiritual practice, they consume 10-20x more 

fish than general population -> higher cumulative toxin intake

LEGAL RIGHTS: Tribes are not able to use their reserved right to fish (19th 

century treaties) if fish is unsafe to eat

Tribal health data not in WTN datasets to respect Tribal Data Sovereignty so 

could not be analyzed in this study



Real-World 
Policy Plan

Problem: Linguistic isolation in King County 
and lack of awareness on fish contamination

Solutions:

✓ Install multilingual fish advisory signs in 
public docks in most spoken languages

✓ Distribute fish safety information in 
neighborhood grocery stores

✓ Spread word-of-mouth warnings from 
community health workers

✓ Create digital safety guide for pregnant 
individuals, easy access using QR code

✓ Collaborate with local Tribes to create 
culturally specific fish advisories

✓ Plant species to perform phytoremediation 
and trap sediment like native cattails

Source: Bing Images



Reflection

Source: PowerPoint Images



What was my process?

I leveraged my experience in ArcGIS and Excel to navigate WTN interface and identify 

study areas relevant to the "One Health" framework as I became intrigued by the impact 

of animals on human health. I decided to focus on the intersection of aquatic 

ecosystems and community health. I selected Lake Washington (Western WA) and Lake 

Chelan (Eastern WA) to compare their distinct pollutant profiles based on DOH fish 

advisories.

I created data visualizations by analyzing environmental and socioeconomic factors 

against birth indicators (LBW and Preterm Births). My project culminated in a targeted 

policy plan I designed to empower individuals to be active in watershed stewardship to 

improve quality of lakes, fish health, and thereby, their communities' health.



What challenges did I face during this project?

• 6PPD-quinone Data Gap: The harm of this tire-wear particle was discovered in 2020, 

so its data is not available on WTN map yet. It was not in my analysis so far and will 

be analyzed in the future. It connects to "One Health" framework as 6PPD-quinone is 

from roads and kills Coho salmon.

• Null Result: I expected Preterm Births would also be higher in Lake WA just like LBW 

due to the same pollutant exposure that may be harming births, but it was same for 

both lakes. So, I pivoted to treat it as a negative control and understand the pollutants 

are affecting birth weight not birth timing. This is a more specific and meaningful 

conclusion.

• Synthesizing Interdisciplinary Data: I was finding connection between chemical 

pollutant data and social indicators which did not map together as quantitatively. To 

fix this, I investigated correlation and causal inference between pollutants, birth 

outcomes, and socioeconomic barriers to create a cohesive narrative.



Why did I choose this subject?

I chose the subject area of anthropogenic pollutants transmitting via fish to humans 

because I have been interested in being a pescetarian for several years. I consume 

seafood (mostly fish) due to their health benefits. Before this project, I did not think about 

where the fish I was eating was coming from and what pollutants they may contain. I 

realized many others are just like me in this sense. It is easy to eat the fish on our plates 

without considering their background, but this is essential to safeguard our health and 

children.

Last year, when I took AP Environmental Science, I learned about many concepts 

included in this presentation such as bioaccumulation and biomagnification. We studied 

the pathways of pollutants entering aquatic ecosystems and the harms they pose to 

wildlife and human beings. I realized that human-caused damage affecting fish was real. 

I was curious to analyze this in Washington, and hence, excited to pursue this opportunity 

in this contest!
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Lesson for Future Lived-Experiences

The most important lesson I learned is that the location a person lives in is not solely 

responsible for their health but rather the environmental exposure of pollutants from 

different sources have a significant impact on health outcomes. In my project, I 

observed that an urban area (King County) produced more harmful pollutants that 

increased LBW proportion than an agricultural area (Chelan County). Even though 

Chelan County has lower incomes and less access to medical care, the farming 

pollutants are more stable as they are not recent in comparison to new toxins being 

added every day to urban lakes. 

The key takeaway is that better infrastructure only leads to better birth outcomes if 

pollution is kept under control in developed cities. Also, certain populations are at 

higher risk for pollutant exposure. Hence, it is vital to analyze site-specific data instead 

of assuming based on socioeconomic patterns.
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