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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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D. Allard [2013], adopted from an IRPA 11meeting graphic
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Radiation Protection Recommendations

Justification
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Radiation Control in USA

In the Commonwealth
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Legislative Authorit

Radiation Protection Act (Act 1984-147)

Appalachian States LLRW Compact Act (Act
1985-120)

LLRW Disposal Act (Act 1988-12)

LLRW Disposal Regional Facility Act (Act
1990-107)

Radon Certification Act (Act 1987-43)
Solid Waste Management Act (Act 1980-97)
Oil & Gas Regs (78a.58)



U.S. Radiation Dose Limits

Public 1 mSvl/yr; 0.25 mSv/yr any one source

0.04 mSvl/yr drinking water
Worker 50 mSv/yr whole body

150 mSvlyr lens of eye

500 mSv/yr skin / extremity / organ

-”“M~§~
Worker’s embryo / fetus 5 mSv ‘\% ||‘=_|_)|VA5

Patients no dose limits; but, 3 mGy mammography

Radon (public) 148 Bg/m”*3 [4 pCi/]
Radon (worker) 1,100 Bg/m*3 [30 pCi/L]

NOTE: many data and reg figures only available in conventional units,use | PCV/L x 37 =Bq/M?




Natural Uranium & Radium

Uranium-238 Decay Chain Explanation

U-238~98% by wt, ~50% of radioactivity

Radionuclide (half-life) + Alpha decay
. X Beta decay
Uranium

Protactinium

Thorium

Radium

Radon

Polonium

Bismuth

Lead



NORM & Radon

25 YEARS OF NORM SYMPOSIA
FUTURE: RESIDUES APPLIED IN A CIRCULAR ECONOMY ‘\N

NORM X 2022

Radon in PA
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NORM in PA

Uranium Co

Tyuyamunite (a yellow uranium-bearing mineral) coating a quartz-
pebble conglomerate from the western adit along the south side of
U.S. Route 209, Jim Thorpe (formerly Mauch Chunk), Carbon

Pennsylvania Geology Summer 2021

Mining Pennsylvania Uranium
Edward R. Landa,’ Joel O. Lubenau,” Robert C. Smith, II,> and David ]. Allard?

http://elibrary.dcnr.pa.gov/PDFProvider.ashx?action=PDFStream&doclD=3798321&chksum=&revision=0&doc
Name=ag_v51no2&nativeExt=pdf&PromptToSave=False&Size=3512615&ViewerMode=2&overlay=0
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Dec. 1984 - the “Index House”

Radon

Radon in Pennsylvania

Atomic Number: 86
Atomic Mass: (222)

[R I

-----

PA NPP employee’s house in i waCm el .
Boyertown, PA caused radiation s -iREE-1" g
alarms as he left work.

96.2 kBq/m”3 [~2,600 pCi/L]



Reading Prong Radon
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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.
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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.



The ‘Index House’ in 1984

The Pennsylvania Radon Story

by Thomas M. Gerusky

http://www.dep state. pa.us/brp/Radon Division/PA Radon Story1. htm
accessed 12-8-2009

ABSTRACT

In December 1984, the Pennsylvania Bureau of Radiation Protection found itself
confronted with the discovery of a home in eastern Pennsylvania having the highest
level of radon daughters ever reported. The Bureau responded with a massive radon
monitoring, educational, and remediation effort. As of November 1986, over 18,000
homes had been screened for radon daughters; of which, approximately 59% were
found to have levels in excess of the 0.020 Working Level guideline. Pennsylvania's

response to the indoor radon problem is detailed in this article.
X N

Also see —
https://www.rst2.org/ties/radon/ramfordu/pdffiles/pennsites.pdf

PENNSYLVANIA

PDEwW



c1990 PA Radon Zip Code Mag

Zip Code map of Pennsylvania
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Basement Radon Test Data

Years: 1986 - 2017
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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

World Health Organization (WHO) - Lung Cancer

A PUBLIC HEALTH PERSPECTIVE

/>

When radon gas is inhaled, densely ionizing alpha particles emitted by deposited
short-lived decay products of radon (***Po and *Po) can interact with biological
tissue in the lungs leading to DNA damage. Cancer is generally thought to require
the occurrence of at least one mutation, and proliferation of intermediate cells that
have sustained some degree of DNA damage can greatly increase the pool of cells
available for the development of cancer. Since even a single alpha particle can cause
major genetic damage to a cell, it is possible that radon-related DNA damage can
occur at any level of exposure. Therefore, it is unlikely that there is a threshold
concentration below which radon does not have the potential to cause lung cancer.

100 Bq/m*3 [~2.7 pCilL]
300 Bq/m*3 [~8.1 pCilL]

WHO response

Indoor radon is a preventable risk factor that can be handled through effective
national policies and regulations. The "WHO handbook on indoor radon: A public
health perspective" [3] provides policy options for reducing health risks from
residential radon exposure through:

« providing information on levels of radon indoors and the associated health
risks;

« implementing a national radon programme aimed at reducing both the overall
population risk and the individual risk for people living with high radon
concentrations;

« developing radon measurement protocols to help ensure quality and
consistency in radon testing;

« implementing radon prevention in building codes to reduce radon levels in
buildings under construction, and radon programmes to ensure that the levels
are below national reference levels;

« promoting education for building professionals and providing financial support
to remove radon from existing buildings; and

« considering the inclusion of radon as a risk factor in national strategies related
to cancer control tobaceo control indoor air aualitv and enerav conservation




PA Radon Database
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B < 1% Floor; ave. 130 Bq/m~"3 [~3.5 pCi/L]
[] <Basement; ave. 260 Bgq/m~3 [~7 pCi/L]



Average Radiation Dose - USA

All Exposure Categories
Collective Effective Dose (percent), 2006 NC RP Rpt 1 60

o ©3507000 NOTE: average
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in USA is
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Est. for PA
~5.80 mSv
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Medical Dose
from CT >

Computed tomography
(medical) (24 %)

Average dose
~6.20 mSvlyr &

\
Nuclear medicine\

(medical) (12 %)

__—Industrial (<0.1 %)
\i—Occupational (<0.1 %)

"~ Consumer (2 %)
Conventional radiography / tuoroscopy
(medical) (5 %)

Interventional fluoroscopy
(medical) (7 %)



Discovery of a Very High Radon Area

e Mitigator informs DEP of home >37 kBg/m”3
[1,000 pCi/L] in early October 2014

 Radon Division does a targeted ‘hot spot’
survey mailing to over 500 homes

 Begin to see homes with from
3.7 to over 37 kBq/m~3

* Inlate 2014 one home
over 100 kBq/m”3; another with
over 137 kBq/m~3

* In 2016 one over 225 kBq/m”"3

* |n 2017 one over 647 kBg/mA/3 !




Discovery of a Very High Radon Area

Initial
Soil and

Rock
Sampling




Discovery of a Very High Radon Area

Mitigation of the >137 kBg/m”3 home...
to <111 Bq/m~3!!
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