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Overview

■ Introduction
► Research background
► Databases

■ Statistical methods
► Tobit Regression
► Darby Model

■ Results

■ Cost-effectiveness analysis

■ Conclusions
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Introduction – Research Background

■ Radon-Resistant New Construction 
► Passive system
► Active system
► Previous research

■ RRNC regulations
► No federal regulations
► State and local regulations
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Introduction – Research Background

■ Manheim Township, Pennsylvania
► Enacted RRNC Ordinances in 6/14/2004
► EPA Radon Zone 1

■ Favorable conditions
► Well established databases by PA DEP
► Large sample sizeManheim

Township



5

Introduction 
- Databases

Radon Test Database
(Provided by PA DEP)

22,026 tests
9,003 homes

Radon Mitigation Database
(Provided by PA DEP)

6,628 tests
2,867 homes

RRNC Home 
Database

1,734 tests
483 homes

Housing Database
(Provided by Manheim Twp)

1,733 homes
Smoking Prevalence
(Obtained EDDIE Platform)

Current Smoker: 11%
Ex-Smoker: 24%

Non-smoker: 66%
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Analysis Method for Truncated Data – Tobit Regression

Big “Blip”

Before Tobit Regression: 
10.6 pCi/L

After Tobit Regression: 
8.88 pCi/L
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Reduction in Radon Levels

Mitigate
 with RRNC

Average Radon Level 
= 17.97 pCi/L

Average Radon Level 
= 1.10 pCi/L

Average Radon Reduction 
= 16.87 pCi/L
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Dose-Response Model - The Darby Model
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■ In reference to lung cancer risk with 0 radon exposure

■ Radon increase 2.7 pCi/L  relative lung cancer risk increase 
16%

■ Radon decrease 2.7 pCi/L  relative lung cancer risk decrease 
16%
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Radon-Attributable Relative Risk Reduction in the General Population
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The Darby Model – 2. Excess relative risk

■ Excess relative lung cancer risk associated with radon exposure

■ In reference to lung cancer risk for lifelong nonsmoker with 0 
radon exposure

■ Point Estimations  Best-fitting straight lines & equations
► Current Smokers: y = 1.5268x + 25.7907
► Ex-smokers: y = 0.7650x + 12.9192
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The Darby Model – 2. Excess relative risk (Cont.)

Current Smoker: 
11% of All Adults

Ex-Smoker: 
24% of All Adults

Average Radon Level

Reference Line

27.47

53.23
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The Darby Model – 3. Cumulative absolute risk

■ Cumulative absolute risk of death from lung cancer by age 75

■ Point Estimations  Best-fitting straight lines & equations
► Current Smoker: y = 0.0053x + 0.1016
► Lifelong Non-Smoker: y = 0.00024x + 0.0041
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The Darby Model – 3. Cumulative absolute risk (Cont.)

Current Smoker: 
11% of All Adults

Lifelong Non-Smoker: 
66% of All Adults

Average Radon Level

Reference Line

10.74%

19.68%

0.44%0.84%
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Excess Relative Risk Reduction rate: 0.40%
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The Darby Model – 3. Cumulative absolute risk (Cont.)

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 × 𝑆𝑆𝑆𝑆𝑃𝑃𝑆𝑆𝑃𝑃𝑃𝑃𝑆𝑆 𝑃𝑃𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑃𝑃𝑝𝑝𝑃𝑃𝑝𝑝𝑝𝑝 × 𝐴𝐴𝐴𝐴𝐴𝐴𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑝𝑝 𝑝𝑝𝑃𝑃𝐴𝐴𝑆𝑆 𝑝𝑝𝑝𝑝𝑟𝑟𝑃𝑃𝑝𝑝𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 = 𝐴𝐴𝑝𝑝𝑃𝑃𝑃𝑃𝑟𝑟𝑝𝑝𝑟𝑟 𝑃𝑃𝑃𝑃𝑃𝑃𝑆𝑆 𝑝𝑝𝑃𝑃𝑃𝑃𝑝𝑝𝑝𝑝𝑝𝑝 𝑟𝑟𝑝𝑝𝑃𝑃𝑃𝑃𝑑𝐴𝐴 

𝐹𝐹𝑃𝑃𝑝𝑝 𝐴𝐴𝑆𝑆𝑃𝑃𝑆𝑆𝑝𝑝𝑝𝑝𝐴𝐴:  40,548 × 11% × 8.94% ≈ 400 𝐷𝐷𝑝𝑝𝑃𝑃𝑃𝑃𝑑𝐴𝐴

𝐹𝐹𝑃𝑃𝑝𝑝 𝑃𝑃𝑃𝑃𝑃𝑃𝐴𝐴𝑆𝑆𝑃𝑃𝑆𝑆𝑝𝑝𝑝𝑝𝐴𝐴:  40,548 × 66% × 0.40% ≈ 110 𝐷𝐷𝑝𝑝𝑃𝑃𝑃𝑃𝑑𝐴𝐴
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Cost Effectiveness Analysis

Mitigation Methods Number of 
Homes

Average Radon 
Reduction (pCi/L) 

Average Mitigation 
Cost ($)

Cost per 1 pCi/L 
Reduced* ($/pCi/L)

Sub-slab Ventilation - Generic 2,087 11.44 928 140

Activate a Passive System 214 9.14 580 105

Sub-slab Pit Cut-Out 64 9.03 1105 157

Passive Depressurization 56 9.42 643 101

Modify an Existing System 18 8.17 1006 241

New Construction – Active Sys. 6 10.23 532 90

Perimeter Floor Ventilation 6 8.28 728 122

Slab-on-Grade Depressurization 4 9.07 776 142

Sub-slab Combo 4 17.56 1134 81

Depressurize Captive Membrane 2 7.15 1050 105

New Construction – Passive Sys. 2 8.58 618 93

Summary 2,463 11.10 895 137

*: To calculate the average cost, negative radon reduction records were eliminated from the analysis.
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Conclusion

■ RRNC reduced the 16.87 pCi/L indoor radon concentration

■ RRNC Ordinances basically eliminate the radon-attributable lung cancer risk

■ Spend $137, reduce 1 pCi/L of radon

■ Legislative action can reduce cancer risk
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