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Overview of This Presentation

e Provide short history of radon in PA

Review current PA Radon Program

Note health effects

Explain radon testing and mitigation

Give an overview of several radon studies

Describe a recently discovered very high

radon area, and actions taken
Note some needed initiatives
Time for Q&A
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Radiation Protection

D. Allard [2013], adopted from an IRPA 11meeting graphic
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NCRP - Lauriston S. Tavlor

Taylor painting by Ken Miller

is not only a matter of
science. ltis a
problem of
philosophy, and
morality, and the
utmost wisdom.”

(L.S. Taylor, 1956)
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Natural Uranium & Radon

Uranium-238 Decay Chain Explanation

U-238~98% by wt, ~50% of radioactivity
Radionuclide (half-life) + Alpha decay

. X~ Beta decay
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Radiation & Radon Exposure
Biological Effects

Cancer — assume a linear no threshold (LNT) model

Radon is a Iung Dose-Response Relationships
cancer risk.

Trachea

Probability of cancer

Bronchi

Background
incidence
Dose

EPA estimates ~21,000 lung
cancers per year from radon; Sackground 1
smokers have highest risk. o

See NCRP Report No. 186 (2001) for a detailed description of the contrasting types of dose-response relationships.



Average Radiation Dose - USA
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Space Average dose

Internal (bac’:gr(/f)iund)
(5 %) ~620 mremlyr
(~6-20 mSV/yr)

(background)

(5 %)
Terrestrial /‘ A

(background)
(3 %)

Radon & thoron
(background) (37 %)

Average radon eff.
dose is 228 mrem
(2.28 mSv); est. for
PA ~990 mrem
(~9.90 mSv)
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Radon Studies, Reports and Papers

HEALTH EFFECTS OF

EXPOSURE TO

RADON

NAS - BEIR VI
Report

SOURCES AND EFFECTS
OF IONIZING RADIATION

UNSCEAR 2008
Vol. 1, Annex B

EPIDEMIOLOGY

Radon, Cigarette Smoke, and Lung Cancer:
A Re-analysis of the Colorado Plateau Uranium
Miners’ Data
Suresh H. Moolgavkar," E. Georg Luebeck,! Daniel Krewski,* and Jan M. Zielinski?

Much of our knowledge regarding the of radon
and tobacco smoke in the etiology of human lung cancer
derives from studies of uranium miners. In this article, we
present a re-analysis of lung cancer mortality in the Colorado
Plateau miners’ cohort within the framework of the two-

clonal ion model of This
analysis takes into account the patterns of exposure to radon
and cigarette smoke experienced by individuals in the cohort.
A simultaneous re-analysis of the British doctors’ cohort
indicated that those model parameters relating to the effects
of tobacco were comparable in the two data sets. We found

K, e intriation. i . 13 models, p

no evidence of interaction between radon and tobacco smoke
with respect to their joint effect on the first or second stage
mutation rates or on the rate of proliferation of initiated
cells. The age-specific relative risks associated with joint
exposure to radon and cigarette smoke, however, were supra-
additive but submultiplicative. The analysis also confirmed
that fractionation of radon exposures leads to higher lung
cancer risks. Finally, we present some estimates of lung
cancer risk from environmental radon exposure for non-
smokers and smokers. (Epidemiology 1993;4:204-217)

synergy.

EXAMPLE

Uranium Miner
Studies



Radon Studies, Reports and Papers

Annals of the ICRP

Annals of the ICRP

\

of the

ICRP Publication 126
Radiological Protection against Radon Exposure

Pergamon

ICRP Reports

—_—
®SAGE M
ICRP Publication 126 B ——

Radiological Protection against Radon Exposure
2 g p
ICRP PUBLICATION 126

Approved by the Commission in April 2014

Abstract-In this report, the Commission provides updated guidance on radiological
protection against radon exposure. The report has been developed considering the
latest ICRP recommendations for the system of radiological protection, all available
scientific knowledge about the risks of radon, and the experience gained by many
organisations and countries in the control of radon exposure. The report describes
the characteristics of radon exposure, covering sources and transfer mechanisms, the
health risks associated with radon, and the challenges of managing radon exposure.
The Commission recommends an integrated approach for controlling radon expos-
ure, relying as far as possible on the management of buildings or locations in which
radon exposure occurs, whatever the use of the building. This approach is based on
the optimisation principle, and is graded reflecting the responsibilities of key stake-
holders, notably in workplaces, and the intent of the national authorities to control
radon exposure. The report also provides recommendations on managing radon
exposure when workers’ exposures are considered as occupational, and the appro-
priate requirements of the Commission should be applied.

© 2014 ICRP. Published by SAGE.

Keywords: Radon exposure; Prevention; Mitigation; Dwellings; Buildings;
Workplaces

AUTHORS ON BEHALF OF ICRP
J-F. LECOMTE, S. SOLOMON, J. TAKALA, T. JUNG, P. STRAND, C. MURITH,
S. KISELEV, W. ZHUO, F. SHANNOUN, A. JANSSENS

NCRP REPORT No. 97

MEASUREMENT OF
RADON AND RADON
DAUGHTERS IN AIR

NCRP

National Council on Radiation Protection and Measurements

NCRP Reports

Many others by: EPA, ATSDR, Surgeon General, CRCPD, HPS, et al.



Radon Studies, Reports and Papers

Pooled Residential Studies

Relative risk (95% floated Cl)

0 200 400 600 800 1000 1200 1400 o ® % = 2 p IS
Measured radon (Bg/m?) Radon concentration (Bq/m’)
[ Darby et al 2005 } [ Krewski et al 2005 ]

I‘R? INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION From Harrison 2014




|ICRP RP Recommendations

« Justification

Annals of the ICRP

« Optimization [ALARA]

« Limitation
ICRP 2 ICRP 26/30
> Existing Conditions

Annals of the ICRP ==
N \Q —AV
Annals of the ICRP

ICRP Publication 103

> Planned Scenarios

The
Commission on Radiological Protection

> Emergencies [for radon?]

ICRP 60 ICRP 103



Radiation Dose & Control Limits

*%kk Radon *k%k

EPA: 4 pCi/L (148 Bg/m*3) public ‘action level’
NRC: 30 pCi/L (1,110 Bg/m*3) workers [10CFR20]
OSHA: 100 pCi/L (3,700 Bg/m*3) workers [29CFR1910.1096
ICRP: 300 Bg/m*3 (8.1 pCi/L) public ‘reference level’
Canada: 200 Bq/m#3 (5.4 pCi/L) public ref. level
MSHA: 4 WLM/yr workers [30CFR57.5038]

Note: 1 pCi/lL = 37 Bg/m*3

— — UNITED STATES
l‘l? ‘N‘C'R P‘ £ J DEPARTMENT OF LABOR




Radon in Soil & Groundwater

In PA, the main
route of entry
for radon is from
penetrations and
| cracks in the
basement floor
and walls.

- IIII How radon can )
Aii ii& enter a home |
Eam | o

in well
water

Water table
Fractured

Fiacts w% pennsylvania

r DEPARTMENT OF ENVIRONMENTAL
PROTECTION

Figure by PA DEP



Uranium Concentrations

c1978 C. PA
- —4@EEED-—- - Basaltic rock Radon StUdy
o Sl e L. codls by PP&L.

w  widli-~ ~ Common shales

~ —@E— - Granitic rock BRP was
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s R e~ g got busy...
URANIUM CONCENTRATION (ppm) . .

Typical range of uranium concentration in coal, fly ash,
and a variety of common rocks.

Figure 1. Graph from Radioactive Elements in Coal and Fly Ash: Abundance, Forms, and Environmental Significance. U.S.
Geological Survey Fact Sheet FS-163-97. October, 1997



Dec. 1984 - the “Index House”

Radon

Atomic Number: 86
Atomic Mass: (222)

Limerick employee’s house in
Boyertown, PA caused radiation
alarms at this nuclear power plant.

Zip Code map of Pennsylvania

This map of .10 %
Pennsylvania =20 %
At Sha or. g -30 %
shows the % o .40 %
known test =50 %
results that

exceed EPA's

action guideline

of 4.0

picocuries per

liter. Itis

estimated that

over 40% of the
homes in
Pennsylvania
exceed the
EPA's action

guideline.



The 1984 ‘Index House’

PENNSYLVANIA GEOLOGY is published bimonthly by the. Bureau of
Topographic and Geologic Survey, Pennsylvania Department of Enviconmen-
tal Resources, Harrisburg, Pennsylvania 17120,

Editor, Donald M. Hoskins

Assoclate Edltor, Christine M. Dodge

-Atticles ‘may be.reprinted from this magazine if credit is given to the
Topographic and Geologic Survey.

VOL. 18, NO. 2 APRIL 1987
%
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Figure 1.

Generalized cross section of the “Index House” site

Radom:
A Profound ((ase

by R. C. Smith, Il, Pennsylvania Geological Survey

M. A. Reilly, Pennsylvania Bureau of Radiation Protection
A. W. Rose, The Pennsylvania State University

J. H. Barnes, Pennsylvania Geological Survey

S. W. Berkheiser, Jr., Pennsylvania Geological Survey

In late December 1984, the world's most severe indoor radon
problem to date was discovered in a house in Colebrookdale
Township, Berks County, in the Reading Prong physiographic prov-
ince of Pennsylvania. Radon is a naturally occurring, colorless,
odorless, inert, but radioactive gas, with a half-life of 3.8 days. It is
a decay product of the most abundant naturally occurring isotope
of uranium, U, and has radium as its immediate radioactive
parent. Uranium and radon are found nearly everywhere in very small
concentrations. Radon and its daughter products decay by the
emission of alpha particles, essentially helium nuclei (two protons
and two neutrons) carrying a charge of +2. Because of their large
mass and charge, alpha particles travel only a short distance through
body tissue, and have the capability of causing extensive damage
when they encounter living tissue. The risk of lung cancer is
understood to be proportional to the amount of exposure to radon
decay products in air.

Radon is measured in radioactivity units called picocuries (pCi).
One picocurie of radon is approximately the quantity that would yield
the disintegration of two atoms per minute. The U. S. Environmental
Protection Agency has suggested that the concentration of radon
in the air of residential buildings should not exceed 4 picocuries of
radon per liter (quart) of air. The house in Colebrookdale Township,
the “Index House,"” was found to contain 2,500 pCi Rn/L (picocuries
of radon per liter) for sustained periods.



Radon-222

» EPA’s ¢1988

indoor radon
‘action level’ set at

4 picocuries per
liter (4 pCi/L)

© Versus the 1984
“Index House” with
2,600 pCi/L!!

Controversy
with the radon
action level.

LEONARD A. COLE

How radon
enters a house

Bedrock
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groundwater



GENERALIZED GEOLOGIC RADON POTENTIAL OF THE UNITED STATES

by the U.S. Geo cal
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HIGH (> 4 pCilL)

EPA Map of Radon Zones o o

Uranium Concentrations

Source of data: U.S. Geological Su

s DDS-9, 1993

B Zonet
° o O Zone2
"bD ‘ O  Zone3s

Sl P cmt:mnaa_yg_ﬁu‘a‘nwum Homes wih sleraind bvels

&< e

= Zone 1 counties have & predicted average Indoor
radon screening level greater than 4 pC/L (pico
b uries per (red zones)
- e s
. ve 8 predicted average indoor
™ pope J g
b Sam, 2 il e setween 3 and 4 PO

radon s o
(orange zones)
Zone 3 counties have 3 predicted sverage Indoor

radon screening level less than 2 pCV/L (yellow
zones)

Highest
Potential

Moderate
Potential

Low
Potential




¢ ( ~t |
T 2 et
! m ( 1

N;&'ihw(esie
k)

¢ ¥ S
lateau Sectio
et PN r~

Joan ,/

— pom Y

ISactiont
eau :Sectio

fection

- —

v NEW ENGLAND
4 PROVINCE

w0 > Soc - ] X
w T~ ot 227 \6‘200 p‘\vg
7 i;bd A\ \ ulxusml cresTEn _,. ) bo‘l@"‘“(p*\é(‘
oneene \ mont-.Upland /Section / TR .0
__________ & _‘*‘_?)';___..__:E\.. S oE. /Ny \OJ\PQQ‘;«;QQ_
VLVAL | MD. 200 79 MD. 7% H / \’\
APPALACHIAN PLATEAUS PROVINCE RIDGE AND VALLEY PROVINCE PIEDMONT PROVINCE .
EXELAMATION Ananmc sYME
CENTRAL NEW COASTAL T
LOWLANDS APPALACHIN PLATEAUS PROVINGE FIDGE AND VALLEY FROVINGE BNGLAND FIEDMONT PROVINGE PLAR —N A
FROVINGE = \  PROVINGE RN e iy
O COC OO EEEREO O SCOEBROBROUOEENSCC) O =
nan SeChay 2wy e Olunn W ARmwny Ay Devp Gaamer  Geomet G APPLION g - AROMIEE AN M el e Rl Py oy Pwomen  Pearare Lowtand asd \
I - T - S R - — - S -'3 wﬁ

> The location of the Reading Prong is shown in dark p

nk.



Reading Prong (PA Geology — Spring 2014)
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Figure 1. Map showing the extent and location of the Reading Prong in eastern Pennsylvania.



EPA - Radon Zones in PA

Pennsylvania Radon Zones by County
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PA Radon Program

e Radon Certification Act required development
of regulations

e Regs in PA Title 25, Article V, Chapter 240 *

e PA certifies all radon testers, mitigators and
laboratories

e Thru an EPA ‘SIRG’ grant Radon Division does
education and outreach to promote testing

and ‘radon resistant new construction’

v pennsylvania
* . r DEPARTMENT OF ENVIRONMENTAL
Update effective January 2019 =1 crorecTion




PA Radon Program (cont.

Radon education and outreach includes:

 Awareness thru TV & Radio PSAs and print ads
* Maintaining an 800 telephone number

* Trained staff to provide Rn test and mitigation
assistance

* Frees test kits thru ‘Newborn’ program

* Training for educators, builders and real estate
agents

* Work with PA Departments of Health
pennsylvania

iy
a nd Ed ucatiOn Q DEPARTMENT OF ENVIRONMENTAL

PROTECTION




PA Radon Program (cont.

Radon education and outreach includes:

* Regular calls and meetings with EPA and other
states

e Special studies (e.g., data trends, ‘hot spot’
surveys, blind testing, moisture mitigation, etc.)

* Assistance for hard to mitigate home

* Frees test kits thru American Lung Association

» School science project support o A\
and Radon Calendar contest

* Develop radon educational materials







