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Two primary datasets

-

- Point level data for approximately 60k residences
* Pre-mitigation
- Basement or bottom level

= Pennsylvania

- Individual level estimates with zip code for approximately 720k
residences

* Pre-mitigation
« Basement or bottom level
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Error in Indoor Radon Exposure Assessment
Difference between the observed exposure and the true exposure

Residential Radon Exposure

Concentration  Exposure Organ dose
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C-HER Spatial Index

%

Uncertainty in Exposure
Modeling: Indoor Radon
Concentration

Temporal Variation

* Fluctuations in weather, meteorological factors, and ventilation affect
radon concentrations.

Spatial Variation

« Variation in soil, bedrock and water table.
+ Housing characteristics: Basement, age of structure, quality of
structure.

| Population
| Masking

Measurement Variation

« Alpha-track detector, activated charcoal detector, electret ion
chamber, electronic integrating device, continuous radon monitor,

etc.
« Short/long term
« Adherence to standards

Geoprocessing of data
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« Aggregating data leads to loss of detailed insights and important
information.




Stacking Environmental Datasets at small spatial scales with
Uber H3 Hex
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Coordinate information

Overlay with hexagon

Aggregate to new polygons
“fishnet”
A spatial join can be used to map all datasets to the same spatially linked polygon. All environmental
datasets can be stacked to create multi-exposure measures for a region.
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https://www.uber.com/en-FR/blog/h3/



Population Masking — A clever way to aggregate

Pennsylvania Populated Hexagons with ZCTA Boundaries

—— ZCTA Boundaries

data harmonized at H3
Level 8 grid cells ~
7 0.737 km?

Radon data

#7005 Population density “#8s;  Temperature
‘@ S0l characteristics ™  Precipitation
/43, Uranium, thorium, /s,

Elevation
potassium content

4555 Depth to groundwater

Image: Jeremy Logan
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Rose, A, Weber, E., Moehl|, J., Laverdiere, M., Yang, H., Whitehead, M., Trombley, N., Sims, K., Whitlock, C., & Bhaduri, B.

(2019). LandScan USA 2018 [Data set]. Oak Ridge National Laboratory. https://doi.org/10.48690/1523375




Elevation Data

Traditional to 20
estimating indoor a5 |
radon exposure @o-

40.5 A

« Aggregating to the zip
code or county level leads
to aggregation bias, loss
of information, inaccurate
estimates.

Elevation Data: Zip Code 800
 Removal of variance on
both sides of the equation. 201

700

600

o Artificially inflated model 57 500
fit statistics. 41.0 400
40.5 1 300

200

100
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Population Masking — A clever way to aggregate
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Pennsylvania Populated Hexagons with ZCTA Boundaries

—— ZCTA Boundaries

| - 35 34 and <= 47.12

Percent Clay
I <= 1175 percent
I > 11.78 and <= 2356

[ 23.56 and <= 35.34

Bl 7 2and<=580 |2

data harmonized at H3
Level 8 grid cells ~
_ 0.737 km?

Radon data
475057 Population density 4%,  Temperature

‘W Soil characteristics ‘™  Precipitation
/s, Uranium, thorium, 5, Elevation
potassium content 45555 Depth to groundwater

Rose, A, Weber, E., Moehl|, J., Laverdiere, M., Yang, H., Whitehead, M., Trombley, N., Sims, K., Whitlock, C., & Bhaduri, B.
(2019). LandScan USA 2018 [Data set]. Oak Ridge National Laboratory. https://doi.org/10.48690/1523375



Measuring indoor radon exposure at the zip code vs. hexagon
Median Radon Levels Mean Radon Levels

Zip Code
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Quantifying uncertainty and identifying factors that increase
uncertainty in estimates.

« Aggregation isnt great — but it is often necessary to
protect privacy.

« When it is necessary, how can we characterize the
uncertainty that we are seeing in our model?
* Not random

« Varies by space and time — but how?
Average

Model , . ,
« Approach 1: Triangulating Evidence.

* Modeling Average Radon Concentration: Random
Forest

Characterizing

Uncertai i ili 1
neertainty « Modeling Volatility of Estimates: Random Forest

with variance of measures as the dependent and
independent variables.

Volatility Quantile
Model J Hegreseen « Quantile Regression: Estimating the distribution of
radon concentration (50%, 75%, 95%)

Heechan Lee, Dakotah Maguire, Jeremy Logan, Shaheen Dewji, Greeshma Agastha, Heidi Hanson
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Average Model at the ZCTA Level
Variable Importance and Model Fit

Permutation Importance of Top 10 Variables for Average Model

Permeability

Fuel Type Utility Gas

Fuel Type Wood

Saturated Hydraulic Conductivity
Fuel Type Coal or Coke

Relief

Feature

Elevation
Flat Land in Upland
Fuel Type Bottled, Tank, or LP Gas

Max Temperature

0.00 0.01 0.02 0.03 0.04 0.05 0.06
Importance
- 5-fold CV Group 5-fold (ZCTA) CV 5-fold CV Group 5-fold (ZCTA) CV

2.67 (0.19) 3.17.(0.14) 7.80 (0.15) 7.86 (0.30)
0.67 (0.022) 0.53 (0.021) 0.12 (0.0020) 0.10 (0.0079) |
%O AK RIDGE 20.68 (0.42) 27.71 (0.81) 766 (1.59) 767 (2.70)

National Laboratory Heechan Lee, Dakotah Maguire, Jeremy Logan, Shaheen Dewji, Greeshma Agastha, Heidi Hanson



2D plot of Average and Variance of Radon Concentration

Predicted Average and CoV by ZCTA
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Average and CoV of radon concentration in January by ZCTAs in Pennsylvania. The hatched area
illustrate where there are less than three observations
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Volatility Model at the ZCTA Level
Variable Importance

Permutation Importance of Top 10 Variables for Variability Model

Elevation

Saturated Hydraulic Conductivity

Max Temperature

5oil Drainage

U Depth to Any Soil Restrictive Layer

=

o ; .

QP Soil Moisture

Kaolinite

Water Storage

Plasticity

Surface Texture

T T T T T T T T
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14
Importance
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Quantile Regression Forest at the ZCTA Level
Variable Importance
Permutation Importance of Top 10 Variables for QRF Model, g=0.95

Permeability
Elevation

Fuel Type Wood
Relief

Fuel Type Utility Gas

Flat Land in Watershed Upland

Feature

Fuel Type Utility Coal or Coke
Depth to Soil Restrictive Layer

Depth to Bedrock

Sand in Soil
0.00 0.02 0.04 0.06 0.08 0.10
Importance
%QAK RIDGE Heechan Lee, Dakotah Maguire, Jeremy Logan, Shaheen Dewji, Greeshma Agastha, Heidi Hanson
ational Laboratory



Quantile Regression Results

Predicted 75% by ZCTA

Predicted 50% by ZCTA

)
=
9]
(=3
R
(=]
[Tal
o
i
=
=
o
L
el
o

40

20

10

%

OAK RIDGE

National Laboratory

Predicted 90% by ZCTA

40

20
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Predicted 90% (pCi/L)

Heechan Lee, Dakotah Maguire, Jeremy Logan, Shaheen Dewiji, Greeshma Agastha, Heidi Hanson

Predicted 75% (pCi/L)



Error in Indoor Radon Exposure Assessment
Difference between the observed exposure and the true exposure

Residential Radon Exposure

Concentration  Exposure Organ dose
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Longitudinal Residential History Data for Surveillance,
Epidemiology, and End-Results (SEER) Registries

Over 25 years of LexisNexis Residential History data linked o cancer incidence

e 11 SEER registries have been linked
(3.2 million individuals diagnosed
from 2005 - 2022)

e High quality data from 1995 - 2020

e 83% are geocoded to the point
location

Combined PM2.5 & Wildfire Smoke AQIl: September, 2020

e Our team is linking radon, air " .w

pollution, and toxic release estimate -
to the addresses g

Image: Joemy Ramsay
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Buildings and Their Use in the H3 Hex
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PLACING A PULSE ON
POPULATION HEALTH

/\/ Identify existing
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High-performance

Privacy
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Preserving Al Nl and simulating % C-HER

health outcomes CENTRALIZED HEALTH AND

ENVIRONMENTAL REPOSITORY




MOSSAIC

%

National Cancer Institute
Lynne Penberthy (PI)

Elizabeth Hsu (Technical Lead)
Valentina Petkov

Serban Negoita

Ola Adeyemi

Sylkk Ansah

Sarah Bonds

IMS

Linda Coyle
Jennifer Stevens
Scott Depuy
Rusty Sheilds
Gary Beverungen

Los Alamos National Laboratory

Jamaludin Mohd Yusof
Sayera Dhaubhadel
Tanmoy Bhattacharya

OAK RIDGE

National Laboratory

Oak Ridge National Laboratory
Heidi Hanson (PI)
John Gounley (Technical Lead)

Shelaine Curd (Program Manager)

Georgia Tourassi

Joe Lake

Adam Spannaus
Dakota Murdock
Zachary Fox

Patrycja Krawczuck
Dakotah Maguire
Jordan Miller
Mayanka Chandra Shekar
Noah Schaefferkoetter
Sajal Dash

|saac Lyngaas
Abhishek Shivanna
Robert Bridges
Christopher Stanley
Vandy Tombs
Christoph Metzner




EHRLICH

_&(OAK RIDGE

National Laboratory

~ THE
A ¥® Los Alamos UNIVERSITY
= NATIONAL LABORATORY OF UTAH@

THE UNIVERSITY
OF ARIZONA

Duke Argonne

UNIVERSITY NATIONAL LABORATORY

THE UNIVERSITY OF

CHICAGO

MOREHOUSE

l ]S UNIVERSITY OF

OAK RIDGE

National Laboratory

%

Oak Ridge National Laboratory
Heidi Hanson (PI)

John Gounley (Technical Lead)
Shelaine Curd (Program Manager)
Adam Spannaus

Zachary Fox

Patrycja Krawczuck

Dakotah Maguire

Mayanka Chandra Shekar
Robert Bridges

Christopher Stanley

Vandy Tombs

Sudip Seal

James Nutaro

Sifat Moon

Christoph Metzner

Los Alamos National Laboratory
Jamal Mohd-Yusof
Cristina Garcia Cardona

Argonne National Laboratory
Rick Stevens
Thomas Brettin

University of Utah
James VanDerslice
Joemy Ramsay

University of Arizona
Nirav Merchant
Ravi Tandon

University of Southern California
Rima Habre

Duke
Amanda Randles

University of Chicago/Morehouse School of Medicine
Lilly Immergluck



	Slide 1: Assessing Uncertainty in Indoor Radon Exposure Estimates: Implications for Radiation Epidemiology
	Slide 2: Two primary datasets
	Slide 3: Error in Indoor Radon Exposure Assessment Difference between the observed exposure and the true exposure
	Slide 4: Uncertainty in Exposure Modeling: Indoor Radon Concentration
	Slide 5: Stacking Environmental Datasets at small spatial scales with Uber H3 Hex
	Slide 6: Population Masking – A clever way to aggregate
	Slide 7: Traditional to estimating indoor radon exposure
	Slide 8: Population Masking – A clever way to aggregate
	Slide 9: Measuring indoor radon exposure at the zip code vs. hexagon
	Slide 10: Quantifying uncertainty and identifying factors that increase uncertainty in estimates. 
	Slide 11: Average Model at the ZCTA Level Variable Importance and Model Fit
	Slide 12: 2D plot of Average and Variance of Radon Concentration
	Slide 13: Volatility Model at the ZCTA Level Variable Importance
	Slide 14: Quantile Regression Forest at the ZCTA Level Variable Importance
	Slide 15: Quantile Regression Results
	Slide 16: Error in Indoor Radon Exposure Assessment Difference between the observed exposure and the true exposure
	Slide 17: Longitudinal Residential History Data for Surveillance, Epidemiology, and End-Results (SEER) Registries
	Slide 18: EHRLICH tools being designed to simulate population movement and generate a distribution of exposure profiles that can be used to quantify uncertainty of exposures over a specified period of time
	Slide 19: Weekday Activity Schedules
	Slide 20
	Slide 21: MOSSAIC
	Slide 22: EHRLICH

