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INTRODUCTION

Background:
● Native American and Alaskan Native lands contain 

the majority (96%) of all uranium deposits in the 
United States (U.S. DOE, 2021).

● The Navajo Nation contains 523 documented 
abandoned uranium mines (AUMs) within the 
reservation (U.S. EPA, 2023)

● 21 AUMs reside in the central region including 
Chinle, Black Mesa, Chilchinbito, Rough Rock, 
Rough Roint, Blue Gap, & Cottonwood (U.S. EPA, 
2023).

Problem/Concern: 
● Since 1980s the mines were abandoned and toxic 

metals left exposed (Brugge, D. & Goble, R., 2002).
● Semi-arid conditions( (Tome, M. & Möller, G. 2025) 

and winds could potentially lead to higher threats of 
uranium-contaminated dust becoming airborne.

● Inhalation of PM10(inhalable dust) showed 
substantial signs of elevated risk for heart and lung 
damage.(Katherine E Zychowski. et al 2018)

Research Question: 
Does wind direction and speed influence aerosol optical 
depth (AOD) in communities near abandoned uranium 
mines in the central region of the Navajo Nation?

Hypothesis: 
Northeast winds will show the highest AOD, and wind 
speed will show a positive correlation with AOD. This 
could indicate a potential wind-driven transport of 
contaminated dust.

METHODS

Study Area: 
Central Region Navajo Nation, Arizona
Monitored stations: 
● Chinle, Black Mesa, Chilchinbito, Rough Rock, 

Rough Point, Blue Gap, & Cottonwood
● Collection Years: 2019-2023

Data Sources: 
● MODIS MCD19A2 (470nm) = AOD collection
● ERA5-Land (10m) = Wind speed & direction

Analysis: 
● Monthly averages calculated per station
● Wind directions (N, NE, E, SE, S, SW, W, NW)
● Polar Plot : Mean AOD by wind direction per each 

station.
● Scatter Plot: AOD vs wind speed per each wind 

station.
Statistical Method:
● Linear regression model:

○ AOD = β0  + β1 ✕ (wind speed) + ε
■ β0  = no change 
■ β1 = slope change of 1 meter per 

second
■ ε = margin of error

RESULTS

Figure 1: Map of Arizona with an expansion of the area of 
study with the seven communities (monitored stations), 
and the pink dots representing the abandoned uranium 
mines (AUMs). 

Figure 2: Mean AOD by wind directions for 
each monitoring station (2019-2023). Yellow-
orange-red gradient shows increasing AOD 
(0.10->0.20). NE winds show highest AOD at 
all stations.

Figure 3: Mean AOD vs wind speed for each monitoring station(2019-2023), colored by each station. The 
positive slope of the regression line at each monitoring site confirms wind-driven dust resuspension.

DISCUSSION

Hypothesis Partially Supported: 
The hypothesis that northeast winds show the highest 
AOD and wind speed correlates positively with AOD 
was supported. However, we cannot confirm the 
aerosols originated from the AUMs. 

Key Findings:
● NE winds trajectory showed the highest mean 

AOD (0.189) at all seven monitoring stations, 
compared to W winds which showed the lowest 
mean AOD (0.125).

● Linear regression confirmed a positive correlation 
between wind speed and AOD, but the this 
relationship was statistically significant (p < 0.05) 
at only two stations: Black Mesa and Rock Point.

FUTURE RESEARCH

Limitations: 
● AOD measures total column aerosols and cannot 

distinguish between dust sources or specific 
metals. 

Next steps:
Future work includes: 
● Hybrid Single-Particle Lagrangian Integrated 

Trajectory (HYSPLIT)  modeling
○ Integrate forward and backward trajectories 

to confirm AUM source contributions to the 
communities.

○ Identify specific pathways and settling 
zones.

● Risk Indexing for monitoring stations
○ Index stations from high to low based on:

■ Proximity to AUMs
■ Wind pathways
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