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National Radon Action Week 1991 
W hat are you doing that's 

so important that you 
can't take a little time to 

promote testing in your 
neighborhood? 

A vast array of educational 
and public outreach efforts is 
planned by many groups 
during National Radon Action 
Week, October 13-19. Some 
of the activities include : 

o "Good Neighbor" Radon 
Billboards and Brochures 
in 2,600 grocery stores; 

o Postage Stamp Cancella
tion Message in 19 major 
cities; 

o NFL Football Stadium 
Lightboard Messages and 
Banners; 

o "Community Leader Kits" 
for educational presenta
tions; 

o Presidential Proclamation 
o Public Service Announce

ments for broadcast media 
nationwide; 

060+ Local & State out
reach programs sponsored 
by CF A & ALA affiliates. 

What are you doing this weekend 
that's so important... 

Local commitment crucial 
to radon programs 
L ocal programs play an 

increasingly important role 
in radon initiatives at both the 
state and federal level. With 
limited resources and persis
tent public apathy, states and 
EPA are focusing efforts on 

developing local programs in 
high risk areas. EPA promotes 
this direction for states and 
views local programs as a key 
component of developing 
effective radon programs that 
will last beyond the Federal 

National Radon Action 
Wee k is endorsed by the 
American Lung Association, 
the Consumer Federation of 
America, the American Medi
cal Association, the American 
Cancer Society, the American 
Public Health Association, and 
the American College of 
Prev\!ntive Medicine. 

... you can't take a little time to 
test your home for Radon? 

grant authorization. 
EPA encourages states to 

be prepared to support radon 
programs when SIRG funds 
expire by securing sources of 
program income, focusing 
resources on high risk areas, 
shifting toward risk reduction 
activities, and increasing the 
role of local governments and 



Indoor Radon Survey Results 

Note: These results represent 
screening measurements and 
should not be used to estimate 
annual a\o.; .ages or health risks. 

Estimated Percent of Houses with Screening Levels Greater than 4 pCili 

o 5% 10% 15% 20% and greater 

1991 EPA/State radon 
screening survey results 
The results of the 1990-91 

EPA/State survey provide 
additional evidence that radon 
is a widespread environmental 
health problem. Six states 
participated in this year's 
survey. Since lY~6, a total of 
40 states have participated in 
this survey program. Elevated 
radon levels have been found 
in every state. The State/EPA 
Radon Screening Survey 
indicates that one in five 
homes overall has elevated 
screening levels. 

The states surveyed during 
the 1990-91 winter season 
were Arkansas, Illinois, 
Maryland, Mississippi, Texas, 
and Washington. The highest 
screening radon measurement, 
152 pCi/l, carne from Wash
ington. States are encouraged 
to target resources to high risk 
areas to reduce risks from 
radon. 

Montana and Virginia plan 
to participate in the next round 
of surveys scheduled to begin 
this heating season. 

# 
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organizations. 
EPA also recommends that 

states implement, where 
appropriate, lasting measures 
to reduce radon exposure and 
develop locally run programs 
(eg., implement EPA's model 
new construction standards, 
promote testing during real 
estate transactions, and estab
lish radon programs in local 
health departments). Local 
involvement in radon pro
grams is crucial to the success 
of state efforts, especially in 
areas with elevated radon 
levels. 

# 

All States· Radon 
Conference 
T he Conference of Radia

tion Control Program 
Directors, Inc. (CRCPD) and 
the EPA are co-sponsoring an 
All States' Radon Conference 
for Radiation Control Program 
Directors and State Radon 
Program Managers on Novem
ber 5-7 in Louisville, Ken
tucky. This year's theme 
Federal/State Partnerships: 
Where Do We Go From Here? 
is an effort to enhance the 
effectiveness of State radon 
programs by providing a 
variety of tools, from legisla
tive and revenue ideas to using 
non-profit and government 
networks. Representatives 
from government and the 
private sector will share their 
experience and expertise in 
addressing key issues of 



concern to state radon pro
grams as well as focus on the 
challenges and opportunities 
ahead. 

Advance registration is 
required. For more informa
tion, contact Diana Fry at 502/ 
227-4543. 

# 

EPA Updates 
E PA should complete 

review of the final draft A 
Citizen's Guide to Radon in 
November. The new Guide 
should be in print by the new 
calendar year. The final draft 
reviewed by the Science 
Advisory Board recommends 
conducting an initial short
term test in the lowest lived-in 
level of a home. If the initial 
test is 4 pCi/1 or greater, the 
Guide recommends conducting 
a follow-up test - a long-term 
test for a better idea of year
round average radon levels, or 
a second short-term test if 
results are needed quickly. 
The Guide advises citizens to 
fix a home if the long-term 
follow-up test is 4 pCi/1 or 
more or if the average of the 
two short-term tests is 4 pCi/1 
or more. 

The Consumer's Guide to 
Radon Reduction is intended 
to improve consumer knowl
edge about radon reduction, 
and in return create a demand 
for high quality services. The 
draft Consumer's Guide is 
aimed at people who have 
already tested their homes, but 
have yet to mitigate. The 

current draft walks the con
sumer step-by-step through the 
process of mitigation, from 
determination of an elevated 
radon level to completion of 
mitigation. The final draft is 
scheduled for a concurrent 
release with the revised A 
Citizen' s Guide to Radon. 

The draft Homebuyers and 
Sellers Guide to Radon pro
vides key information to home 
buyers and sellers about how 
to address radon during a real 
estate transaction. The current 
draft intends to improve an 
individual's knowledge about 
the need to: test for radon, 
obtain reliable results, inter
pret these results and, if 
necessary, reduce high radon 
levels. The final draft is 
scheduled for a concurrent 
release with the revised A 
Citizen's Guide to Radon. 

The State Radon Certifica
tion Program Guidance will 
be issued along with State 
Indoor Radon Grants Program 
Guidance. The purpose of the 
State Radon Certification 
Program Guidance is to assist 
states in developing effective 
radon certification programs. 
The document provides draft 
guidance to states on po'ssihle 
elements of State Radon 
Certification Programs. It 
builds upon existing EPA 
proficiency programs, encour
ages consistency and reciproc
ity among state certification 
programs, and provides a 
framework for strengthening 
the StatelFederal system for 
ensuring that quality radon 
services are provided to the 

public. 
EPA anticipates the draft 

Model Standards and Tech
niques for Control of Radon in 
New Buildings to be pub
lished as a Notice in the 
Federal Register by the end of 
October. Following a 60 day 
public comment period, the 
Model Standards will be 
prepared in final form and 
made available for adoption by 
National Model Code Organi
zations and for use by states 
and local jurisdictions as they 
develop building codes and 
regulations applicable to their 
specific requirements. The 
final document should be 
available in the Spring of 
1992. 

The Radon Contractor 
Proficiency (RCP) Program 
has now entered a new phase 
in which all new entrants to 
the Program must complete 
training through an EPA
approved training provider 
prior to taking the National 
Exam. The September RCP 
Proficiency Report lists 620 
contractors - those who have 
completed the training and ' 
passed the exam. 

# 
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us Geological Survey 
Radon Electronic 
Bulletin Board 
W here can you receive 

up-to-date radon infor
mation? Call the Radon 
Electronic Bulletin System on 
(303) 236-0660 (FTS 776-
0660). Participation is free 
and open to anyone interested 
in radon. The system is menu
driven and user-friendly. 
Files can be uploaded and 
downloaded from the system, 
including newsletters, bibliog
raphies, meeting summaries, 
databases, and programs. User 
manuals are available on the 
system for downloading. 

Instructions: Set modem to 
300, 1200, or 2400 bps, 8 data 
bits, 1 stop bit, no parity. 
Press the return or space key a 
few times at connect for baud 
rate detection. Enter your 
name and choose a password. 
When you log off, you will 
register by entering your 
address and phone number. 
Access to files is restricted 
until a new user is validated 
by the System Operator 
(usually two days). For more 
information, contact Randy 
Schumann on (303) 236-1525) 
(FTS 776-1525) 

# 

National 
Residential Radon 
Survey 

E PA has recently com
pleted the National Resi

dential Radon Survey (NRRS). 
This national survey is the 
largest, most comprehensive 
scientific study of radon levels 
and housing characteristics 
ever undertaken in the coun
try. 

Preliminary results pre
sented in the Summer 1991 
volume of the Bulletin have 
been finalized. The annual 
average living area radon level 
in U.S. homes is 1.25 
picocuries per liter (pCi/l), 
close to EPA's original 
estimate of 1.3 pCi/l. The 
fraction of U.S. homes greater 
than the EPA action level of 4 
pCi/1 is 6%. This trans~at.es 
into approximately 6 milhon 
homes which exceed the 
guideline. " 

An extensive questIOnnaIre 
gathered information in 1989 
on house construction charac
teristics and occupant habits. 
Results indicate that 3-4 
million homes nationwide 
have tested for radon of the 91 
million homes that EPA 
recommends should test. 
Approximately 200,000 homes 
have been mitigated of the 
predicted 6 million homes 
which are above the EPA 
action guideline. 

# 

Innovative radon 
mitigation design 
competition 
T he EPA and the Associa

tion of Energy Engineers 
(AEE) are co-sponsoring the 
second annual Innovative 
Radon Mitigation Design 
Competition. The competition 
targets radon mitigators, 
researchers, building design
ers, engineers, and universities 
in an effort to encourage the 
development of better mitiga
tion methods and the wide
spread involvement by the 
private sector in radon-related 
research. The competition is 
being expanded this year, with 
larger prizes, and potential 
contracts up to $150,000 for 
promising ideas that merit 
additional development. A 
special grant award has been 
set aside for the winning entry 
from a university. For an 
application, please con tact 
Ruth Bennett, AEE, (404) 
447-5083. 

# 



Senate Committee 
approves new radon 
legislation 

I n early August, the Senate 
Environment and Public 

Works Committee approved 
new radon legislation. This 
bill - S. 792 - consolidates 
provisions from three earlier 
bills introduced by Senators 
Mitchell (Maine), Chafee 
(Rhode Island), and 
Lautenberg (New Jersey). 
This consolidated bill now 
awaits consideration by the 
full Senate, perhaps as early as 
this fall. 

If enacted, this legislation 
would extend many Federal 
radon programs established 
under the Indoor Radon 
Abatement Act of 1988, 
including the State Indoor 
Radon Grant Program. Fur
ther, this legislation would 
require the disclosure of radon 
information in most real estate 
transactions, would require 
radon testing in many schools 
and Federal buildings in high 
priority radon areas, and 
would make EPA's two 
proficiency programs manda-
tory. # 
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State Radon Contacts 

Alabama ..... . ...... James McNees . . . . . . . . . . .. 205/242-5315 
Alaska ...... . ....... Charles Tedford .......... 907/465-3019 
Arizona .... .. ....... Paul Weeden . . . . . . . . . . . .. 602/255-4845 
Arkansas ............ Lee Gershner ............. 501/661-2301 
California ........... J. David Quinton. . . . . . . . .. 916/322-2040 
Colorado ............ Unda Martin . . . . . . . . . . . .. 303/331-8480 
Connecticut .......... Alan J. Siniscalchi ......... 203/566-3122 
Delaware ... . ........ Addie Lessard. ........... 302/739-3787 
District of Columbia ... Nonna Stewart ............ 202/727-7218 
Florida ............. N. Michael Gilley .... ; .... 904/488-1525 
Georgia . ............ Jim Drinnon ............. 404/894-6644 
Hawaii ............. None . . . . . . . . . . . . . . . . . .. 808/548-4383 
Idaho .............. . Pat McGavam . . . . . . . . . . .. 2OJ/~ 
Illinois .............. Richard Allen ............ 217/785-9868 
Indiana ............. David Nauth . . . . . . . . . . . .. 317/633-8563 
Iowa ............... Donald A. Flater .......... 515/281-3478 
Kansas .............. Harold Spiker ............ 913/~1561 
Kentucky ............ Jeanna Phelps ............ 502/564-3700 
Louisiana ............ Matt Schlenker ••...••...• 504Z925-7042 
Maine .............. Bob Stilwell . . . . . . . . . . . . .. 2C1l /289-5689 
Maryland ......... . . Leon J. Rachuba .......... 301/631-3301 
Massachusetts ........ William J. Bell ........... , 413/5tJ6.7525 
Michigan ............ George W. Bruchmann ..... 517/751~ 
Minnesota ........... Laura Oatmann . . . . . . . . . .. 612/627-5012 
Mississippi .......... Robert BeD ••.•.•••.••••• 601/354-6657 
Missouri .... . ....... Kenneth V. Miller ......... 314/751~ 
Montana ............ Adrian C. Howe .......... 406/444-3671 
Nebraska ............ Harold Borchert .......... 402/471-2168 
Nevada ..... ~ ....... Stan Marshall .......•..•. 702/687-5394 
New Hampshire ..•••. Mike Davis .............. 603/271-4674 
New Jersey .......... Tonalee Carlson Key ....... fDJ/987-6369 
New Mexico ......... William M. Floyd ......... 505/827-2936 
NY State Health ...... Lawrence Keefe ........... 518/458-6451 
North Carolina ....... Dr. Felix Fong . . . . . . . . . . .. 919/733-4141 
North Dakota ........ Terry D. Undsey .......... 701/224-2348 
Ohio ............ . .. Khalid Kalout ............ 614/644-2727 
Oklahoma ........... Gene Smith . . . . . . . . . . . . .. 405/271-5221 
Oregon ............. Ray Paris ................ 503/229-5797 
Pennsylvania ......... Michael Pyles . ........... 717/787-2480 
Puerto Rico .......... David Saldana . . . . . . . . . . .. 8f1J /767-3563 
Rhode Island ......... Andrew Cavenaugh ....... 401/277-2438 
South Carolina . ...... C. Nolan Bivens .......... 803/734-4631 
South Dakota ........ Mike Pochop . . . . . . . . . . . .. 605/773-3153 
Tennessee ........... Susie Shimek . . . . . . . . . . . .. 615/741-3931 
Texas ...... . ........ Gary Smith, Ph.D. . . . . . . . .. 512/835-7000 
Utah ............... Dane L Finerfrock ........ 801/538-6734 
Vermont ........ . ... Paul Oemons ............ 802/828-2886 
Virginia . . ........... Leslie P. Foldesi .......... 804/786-5932 
Washington .......... Kate Coleman ............ 206/753-45\8 
West Virginia ........ Beattie L DeBord ......... 304/348-3526 
Wisconsin . . ......... Conrad Weiffenback ' . . . . . .. (J)8/267-4795 
VVyonnng ...... . .... JanetHough ............. 3C1l/777~15 



~~~~~~~~~~E~'S Coope 
E PA has recently joined nation's health and provides 

forces with a number of guidance and direction to 
organizations to enhance radon policy makers, planners, 
action at the local and commu- practicing physicians and 
nity levels. Below is a list of other health professionals and 
the organizations, along with a to the public on health promo-
brief description and the name tion and disease prevention 
of the EPA contact person for issues. 
each of these organizations. ACPM's goal is to educate 
EPA believes local programs physicians and other senior 
playa critical role in getting level public health/preventive 
communities to take action. medicine professionals about 
States who wish to become radon so that they can engage 
involved with the state or local in public education activities 
affiliate of a listed organiza- with their patients and the 
tion, or would like additional larger community. This 
information, are encouraged to objective will be met through 
contact the individual listed. a radon seminar at the national 

The American College of 
Preventive Medicine (ACPM) 
is the national professional 
society of physicians engaged 
in the practice, teaching and 
research of preventive medi
cine. ACPM's membership is 
composed of 2,000 physicians. 
College members hold clini
cal, research and administra
tive positions in public agen-
cies, industry and academia. 
ACPM's membership consti
tutes a major national resource 
of expertise in areas vital to 
protecting and improving the 

preventive medicine meeting, 
PREVENTION '92, distribut
ing "A Physician's Guide to 
Radon" and "Community 
Leader Kits," and inserting 
radon articles in ACPM's 
newsletter. 

Contact: Lisa Hucek 
(202) 475-6623 

Founded in 1872, the 
American Public Health 
Association (APHA) is a 
professional society for public 
health workers. Representing 
all disciplines and specialties 

in public health, .APHA is the 
largest public health associa
tion in the world, with an 
aggregate membership of 
50,000, including its state and 
local affiliates. APHA has 
conducted research and coop
erative investigations on 
health problems, conducted 
nationwide surveys of health 
services, established guide
lines and standards in all areas 
of disease prevention and 
health promotion, identified 
unmet needs in community 
programs, and actively sought 
suitable laws and regulatory 
procedures to protect the 
citizenry. 

The objective of APHA's 
Radon Program is to increase 
public and professional 
awareness about the risks 
associated with radon expo
sure and to mitigate such 
risks. The two-year program 
will be accomplished by 
selected APHA Sections and 
state and local Affiliates in 
response to a Request for 
Proposals (RFP). The RFP 
will require Sections and 
Affiliates to develop programs 
to increase awareness about 
the importance of testing for 
radon and to mitigate, if 
necessary. 

Contact: Lisa Hucek 
(202) 475-6623 



~ative Partners 

The EPA, in cooperation 
with the American Medical 
Association (AMA), has 
developed outreach materials 
and programs to provide 
information about radon to the 
medical community. The 
AMA and EPA co-sponsor 1-
day seminars nationwide to 
educate physicians on the 
radon issue and encourage 
them to reduce radon health 
risks in their communities. 
Seminar participants receive 
"Community Leader Kits" 
equipped with radon informa
tion and materials needed to 
inform and advise their 
patients, colleagues and 
community about the health 
risk of radon. The AMA and 
EP A co-developed "Radon - A 
Physician's Guide," a refer
ence manual insert distributed 
in the AMA newsletter. The 
EPA and AMA will continue 
t~eir efforts to educate physi
CIans on radon this year. 

Contact: Lisa Hucek 
(202) 475-6623 

NATIONAL 
CMC 
LEAGUE 

. The National Civic League 
IS a nonprofit organization 
committed to improving local 
g?:ernm.ent and involving 
Cltlzens 10 the processes of 
democracy. Founded in 1894 
the Civic League promotes th~ 
power of cooperative problem
solving to address and solve 
community problems. The 
Ci vic League will apply its 
models for community prob
lem-solving to address radon 
prob~ems and to translate high 
~ubhc ~wareness into protec
tlve actlon. 

In developing model local 
radon programs, the Civic 
League is compiling a hand
book that describes successful 
approaches for addressing 
radon ,at the local level and 
targets a range of potential 
comm~nity leaders who might 
champlOn radon action. The 
Civic League will then host a 
series of workshops to educate 
community leaders nationwide 
about radon and share ideas 

for solving radon problems at 
the community level. 

Contact: Mark Dickson 
(202) 382-5884 

National 
Association 

21 v--?> 
C~ of 

Q~E!§' 
The National Association 

of Counties (NACo) is the 
only national organization 
representing America's 3,110 
county governments. Its 
membership is composed of 
nearly 2,000 county govern
ments-joined together for the 
co~mon purpose of strength
emng county government to 
meet people's needs. 

NACo's goal is to educate 
county officials about the 
radon problem and to provide 
them with tools to reduce the 
radon health risks in their 
communities. NACo will 
emphasize education and 
outreach programs aimed at 
encouraging adoption of 
rad~n-resistant building codes, 
partlcularly in counties with 
high radon potential. 

Contact: Janet Weiner 
(202) 475-7013 



The Advertising Council is 
a private, non-profit organiza
tion formed by the advertising 
and media industries to de
velop pro bono, professional 
public service campaigns on 
important national issues. The 
first radon advertising cam
paign was launched in October 
1989. A second wave was 
released in September 1991. 
This new campaign was 
distributed to national televi
sion networks throughout the 
United States. The new ad 
was designed to complement 
the earlier, hard-hitting 
approach by reaching out to 
the audience in a lig!ner way, 
attempting to overcome public 
apathy through humor. 

Contact: Mary Culler 
(202) 382-5882 

t AMERICAN 
LUNG 

· ~c~~!;!~TI~· 
The American Lung 

Association (ALA)-The 
Christmas Seal People-is the 
oldest nationwide voluntary 
health agency in the United 
Statos. Founded in 1904 to 
combat tuberculosis, today the 

Association, its affiliated 
Lung Associations throughout 
the country, and its medical 
section, the American Tho
racic Society, are dedicated to 
the fight against lung disease. 

The American Lung 
Association and EPA awarded 
grants to 40 local Lung Asso
ciations in April 1991 to 
implement radon activities in 
communities in 25 states. 
Activities range from holding 
professional conferences and 
radon home show exhibits, to 
having children and commu
nity leaders test their schools 
and homes for radon. The 
ALA is also promoting the 
radon issue and the ALA 
program on a national basis to 
the media. 

Contact: Mary Culler 
(202) 382-5882 

Project Learning Tree 
(PL T) develops environmental 
school curriculums for grades 
K-12 and is recognized as the 
leader in training teachers and 
infusing environmental 
projects into the classroom. 
PLT, a non-profit foundation, 

was founded in the early 
1970's by the American Forest 
Council, an industry associa
tion. After several years of 
research, development and 
testing, PL T' s first environ
mental curriculum was 
launched in 1977. Since then 
PL T has trained more than 
200,000 teachers in 49 states 
about how to integrate envi
ronmental education and 
activities in the classroom. 

Project Learning Tree 
(PL T) will develop, test, 
evaluate and train teachers 
about radon curriculums for 
use in classroom instruction 
for grades K-12 nationwide. 
Development workshops are 
currently taking place. The 
target date for national distri
bution of radon curriculums is 
the 1992-93 school year. 

Contact: Kristy Miller 
(202) 382-3574 

The Consumer Federation 
of America (CFA) is a na
tional consumer advocacy 
organization. Its membership 
consists of more than 240 



state, local and national 
organizations with a combined 
membership of more than 50 
million consumers. CFA has 
designated indoor air quality 
to be a priority issue. 

CF A's radon program will 
employ mass media exposure, 
accompanied by community 
based and interpersonal 
communication strategies, to 
stimulate higher rates of radon 
testing and mitigation in five 
target states. The 1991 States 
include: Massachusetts, 
Wisconsin, Michigan, Minne
sota, and Colorado. This pilot 
project will enable CFA to 
perfect both techniques and 
materialS so the interpersonal 
communications activities will 
be readily repeatable in other 
locations. 

Contact: Kristy Miller 
(202) 382-3574 

~ National 

~ ~:~:::i1 
The National Safety 

I Council (NSC) is a 70 year old 
national non-profit organiza
tion dedicated to health and 
safety issues. It has brought 
its expertise to joint projects 
in environmental media, youth 
education and outreach pro-

grams for health professionals. 
EPA has worked with the 
NSC's Environmental Health 
Center (EHC) since February 
1989. 

In the coming year, EHC 
will prepare a quarterly 
reporter's tip sheet, which will 
highlight radon issues and 
story ideas and develop in
depth analyses of radon issues 
as background for news 
articles to be distributed to 
select media. EHC is also 
working with the National 
Children's Theater for the 
Environment to educate 
children about the health risks 
of radon, producing a script 
for a play, a video and a 
teachers resource package for 
use in elementary schools. 

Contact: Tom O'Keeffe 
(202) 382-3453 

The Environmental Law 
Institute (ELI) is a national, 
not-for-profit research and 
education institute with an 
interdisciplinary staff of 
attorneys, economists, scien
tists and policy analysts. Over 
the past two years, ELI's 
Center for Public Health and 
Law has been actively in-
vol ved in issues related to 
radon and their environmental 
and public health conse
quences. 

The ELI's Center has 
sought to increase radon 
awareness, promote radon 
testing and mitigation, discuss 
and reconcile issues related to 
radon and real estate transac
tions, and research and study 
technical, behavioral and legal 
issues concerning radon. ELI 
also serves as a convening 
forum for environmental 
professionals to exchange 
views and establish and 
improve communications. 

Contact: Sarita Hoyt 
(202) 475-9617 

# 
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ARIZONA 

The Arizona Radiation 
Regulatory Agency (ARRA) is 
helping county officials in 
south-central Arizona test 
public buildings for radon. 
ARRA is also informing local 
health authorities around the 
state on services available 
through the state indoor radon 
grant program. Half-day 
radon training classes tailored 
for state and local government 
officials are tentatively sched
uled for Fall 1991. 

FLORIDA 
Certain 24-hour care 

facilities, public and private 
schools, grade 12, and daycare 
operators are statutorily 
required to test according to 
protocols developed by the 
Department of Health and 

'Rehabilitative Services. 
Facilities have a five year 
period to complete the re
quired testing. To date, over 
fifteen thousand facilities have . 
been tested for elevated radon 
during the last two years. 

Preliminary evaluation of 
the measurement data shows 
that the incidence of elevated 
radon in non-residential 
structures is approximately 
2%. Additional statistical 
analysis of the building data 
recorded on the measurement 
report forms is expected to 
identify building characteris-

tics and operations which 
influence elevated radon level. 
A comprehensive evaluation of 
the mandatory radon measure
ments is expected to be 
complete and available in late 
December 1991. 

KENTUCKY 
The Kentucky Radon 

Program will broadcast a 90 
minute interactive television 
program entitled Radon 
Mitigation in Schools . The 
October 16, 1991, production 
will be available to all Ken
tucky public schools and over 
twenty states via SERCE 
(satellite) network capabili
ties. For further details on 
this program, call the Radia
tion Control Branch at 502/ 
564-3700. 

Kentucky Radiation Con
trol will host a statewide radon 
forum during Radon Action 
Week October 14-18, 1991. 
Representatives from 
USEPA's Office of Radiation 
Programs (ORP) and Air/ 
Energy Engineering Research 
Lab (AEERL) will be featured 
presenters . 

NEW HAMPSHIRE 
New Hampshire's Division 

of Public Services is planning 
to: 1) research and introduce 
legislation to establish a 
certification program for 

radon testing and mitigation 
companies; 2) investigate 
school radon levels, and 3) 
conduct workshops and 
seminars for special interest 
groups, like local health 
officials, school administrators 
and testing mitigators. 

New Hampshire is also 
developing a statewide radon 
strategy which will correlate 
the radon in water/radon in air 
ratio, by researching elevated 
radon levels in drinking water 
as a primary source of indoor 
air contamination and begin 
statewide testing and research 
programs to determine the 
existence of clusters and radon 
hot spots. 

NEW JERSEY 
The New Jersey Depart

ment of Environmental Protec
tion and Energy (NJDEPE) 
Radon Program developed 
computer software to monitor 
the program's Certification 
Program, which went into 
effect on May 13, 1991. A 
database management system 
was written which: 1) moni
tors information on certified 
employees and firms; 2) 
generates licenses for certified 
employees and firms; 3) tracks 
the radon test method(s) 
certified measurement firms 
are authorized to use; 4) stores 
measurement and/or mitigation 
results performed by certified 
firms; and 5) generates in-



voices for program administra- Joint efforts are also the elevated rooms to below 
tion fees which are based on underway with the American the 4 pCi/1 guideline value. 
the number of radon measure- Lung Association of North 

WASHINGTON ments or mitigations per- Dakota to actively promote 
formed over a six month radon testing and awareness Washington's new radon 
period. during Radon Action Week. resistive construction stan-

The Radon Program has These activities include a mail dards went into effect on July 
also started work on enforce- out to over 14,000 households 1, 1991, as part of the State's 
ment procedures . A priority and radon awareness curricu- Ventilation and Indoor Air 
item is the commencement of lum material being sent to Quality Code adopted by the 
enforcement activities against fifth grade teachers throughout State Building Code Council. 
non-certified individuals/firms the State. The new standards require the 
through administrative orders 

OREGON 
installation of a long-term 

and the assessment of fines radon moni tor in all new 
allowable under N.J.S.A. A survey was conducted by single family homes and in all 
26:2D-13. the Oregon Health Division to new first-floor units of multi-

determine the average radon family dwellings. They also 
levels in Oregon Public prescribe certain construction 

NORTH DAKOTA Schools during the 1990-1991 specifications for all 

The North Dakota Radia- school year. Thirty-one crawlspace homes. 
schools were selected at The new standards also tion Control Program will be 
random out of a population of require additional prescriptive 

conducting further testing in 
1,190 statewide to participate measures in eight counties schools and licensed daycare 
in this study. Long term alpha identified as having poten-facilities during the late fall 
track detectors were placed in tially higher radon exposures. and early winter of this year. 
each of the ground-floor and These additional measures With approximately 50% of all 
basement classrooms to obtain apply to new residential school tests completed to date, 
the average radon levels over structures with floors in direct 

initial results indicate: 
the entire nine-month school contact with the earth, and are 

037% of 273 school build- year. intended to reduce potential 
ings tested with at least 

The results of this study radon entry and to prepare the 
one test result above 4 

showed that the mean radon buildings for future mitiga-
pCi/l; 

concentrations in Oregon tion. The measures include 
06% of all classrooms 

Public Schools statewide was the installation of passive 
tested were above 4 pCiIl. 

1.1 pCi/l. Two of the schools radon vent stacks and soil-gas , With approximately 25% of 
surveyed had more than one retarder membranes, and the I the North Dakota daycare 

sealing of certain penetrations room with concentrations .. facilities tests completed to 
above the 4 pCi/1 EPA guide- and joints. 

date, initial results indicate: 
line value. A follow up with These new codes are 

037% of all daycare test 
these schools is planned to interim standards that the 

results indicate radon 
evaluate options that are State will reconsider in two 

concentrations above 4 
available to lower the levels in years. In this interim period, 

pCi/l. 



the Department of Health average levels found with the Ad Council 
conducts nationwide hopes to resol ve the technical alpha track screening measure-

uncertainties in the interim ments. phone survey 
radon code through two major A patented heat-exchanger, I n July, the Advertising 
studies-a state-wide survey that increases the efficiency of Council conducted a radon 
of residential radon exposures, installed furnaces as a retrofit, telephone survey of about one 
and an evaluation of the field is being modified to include thousand people across the 
performance of the passive fresh air heat exchange and country to measure public 
radon vent stacks. pressure regulation, and will 

attitudes about radon. This is 
be developed in several houses the third such survey con-

WISCONSIN needing mitigation. The ducted since the EPA and the 
A new Regional Radon 

University of Wisconsin-
Advertising Council began 

Milwaukee, Mechanical Information Center is being 
Engineering Department, also 

their radon campaign in 
formed to cover six counties October 1989. 
in the well-populated east-

has experience in the study of 
This telephone survey 

central region of Wisconsin. diffusion of gases in materials revealed that in the last 21 
This will be the fifth Radon 

that is directly applicable to 
months people nationwide 

Information center in the 
radon in concrete. 

have become significantly 
State . Each center runs a 

WYOMING 
more likely to recognize that 

complete radon program, radon is unhealthy - an 
bringing the state program to A follow up of the Laramie increase from 67% in October 
the local level, where public County program (discussed in 1989 to 75% in July 1991. 
information activities, adding the summer issue of the Radon Increases are even more 
measurements for the data- Bulletin) has lead to the pronounced in areas targeted 
base, follow-up investigations placement of 40 Alpha track in the first wave of the cam-
for very elevated radon levels, detectors in as many homes paign. Most respondents 
and discrete school follow-up which had reading between 4- (79%) believe that radon 
measurements are most effec- 20 pCi/l. The detectors will testing should be required in 
tively carried out. be retrieved this winter and schools. Fewer people support 

There is now a quarterly allow us to make some long mandatory testing in work-
Wisconsin Radon Newsletter, term assessment of the prob- places (58%) and homes 
from the Wisconsin Radiation lems detected during the (42%). 
Protection Council. Larry charcoal screening of April. However, only 57% of the 
McDonnell is the editor, phone Thirty-eight per cent of 266 public considers radon testing 
608/267 -9777. homes tested in this range. "easy." EPA and the Adver-

The State voluntary school A push for testing in the tising Council are stressing the 
radon measurement program is schools is being implemented ease of radon testing in their 
continuing, with over two- by taking a "partnership" upcoming public service 
thirds of the school districts approach between the school announcements (PSAs), which , 
having made screening mea- districts and the State. The are scheduled for release this 
surements. Of more than cost burden of radon testing fall. The next phone survey, 
35,000 measurements, about will be shared between the to be conducted this winter, 
1.5% are over 4.0 pCi/l. Many partners. 

# 
will gauge whether these new 

classrooms show a pattern PSAs change this, as well as 
with daytime radon levels well other, public perceptions about 
below nighttime levels or radon. 

# 



Conference of Radiation Control Program Directors, (CRCPD) in cooperation with U.S. Environmental Protection Agency 
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National 
Poster 
Winner 

Julie Boledovich, National poster 
winner, and William Reilly, EPA 
Adminstrator 

J ulie Boledovich of Royal Oak, 
Michigan, won Grand Prize in 

EPA's National Poster Contest Judges 
selected Julie's poster from more than 
SOO local poster winners submitted to 
EPA for the national competition 
Nine other national winners were 
also selected 

The poster contest, cooperatively 
sponsored by EPA and the American 
Lung Association, was announced in 
supplements to Weekly Reader and 
Current Events as part of National 
Radon Action Week, October 14-20, 
1990. The contest was part of EPA's 
grassroots efforts to inform the public 
of the risk of elevated radon levels 
and to motivate the public to mitigate, 
if necessary. 

Students in grades 4-8 were eligible 
for the contest EPA received entries 
from students in alISO States and 
estimates that more than 12,000 
students partidpated in the contest 

The national judging committee 
included representatives from EPA, 
the American Lung Association, 
Congressman Robert Roe's Office, 
Congressman Ed Markey's Office, the 
Parent-Teacher Association, the 
National Education Association, and 
the Consumer Federation of America 

# 

EPA Initiatives to 
Reduce Uncertainty 
in Radon Risk 
Estimates 

E PA has funded a number of 
efforts with the scientific 

community to further clarify and 
reduce the uncertainty in radon risk 
estimates. In particular, two studies 
help refine the risk eStimates 
pertaining to the levels of radon to 
which people are exposed in homes 
and to the health risk posed by indoor 
radon exposure. 

EPA initiated the National 
Residential Radon Survey in 1988 to 
determine the national distribution of 
year-long radon levels in U.s. housing 
units. The household population 
examined in the survey includes 
detached and attached homes, single 
and multi-unit apartments, and mobile 
homes. These types of housing units 
account for almost <)80/0 of all u.s. 

housing. Survey partidpants placed 
year-long alpha track detectors on 
each level of their home, and to help 
determine the radon concentrations to 
which people are actually exposed, 
completed a questionnaire on living 
habits. Approximately 6,000 
households nationwide completed the 
questionnaire and successfully 
returned detectors. Preliminary 
results indicate that the average radon 
concentration in U.s. housing units is 
127 pCi/1 and that approximately 
6.23% of homes have annual radon 
concentrations greater than the EPA 
action level of 4 pCi/L 

EPA sponsored a National 
Academy of Sdences (NAS) study to 
examine the comparability of radon 
doses in mines and homes. As 
reported in the last issue of the Radon 
Bulletin, this new NAS study indicates 
that the dose of alpha energy per unit 
exposure delivered to lung tissue 
tends to be about 30% lower for the 
home environment than the mine 
environment EPA also has assessed 
the uncertainty in radon risk estimates 
associated with the variability in the 
miner data, the dependence of risk on 
time since exposure and on age at 
exposure, and the use of miner risk to 
estimate risk from indoor exposures to 
the general public. 

Results of these studies have been 
shared with the Agency's Sdence 
Advisory Board Over the next few 
months, they will evaluate the results 
of these investigations and incorporate 
this new information in revised risk 
estimates. 

# 



Federal Le islation 1----------. 

T he u.s. Congress is considering 
several bills that address indoor 

radon The Senate Environmental 
and Public Works Subcommittee on 
Superfund, Ocean and Water 
Protection held a hearing on May 8, 
1991 EPA, CRCPD and other 
organizations testified House hearings 
may occur this summer. CRCPDwill 
be sending copies of the bills to 
members, and encourages members to 
provide information to Congressional 
representatives on the impact of these 
proposed bills on State radon 
pr<wams 

Radon Testing for Safe 
Schools Act 

Senator Lautenberg (D-NJ) 
introduced Senate Bill S575, which 
would require every school building 
in designated radon priority areas to 
be tested School test results would 
be made available to the Administra
tor, States, parents, teachers and others. 
State grants of $5,000,000 per year for 
'FY 1993 through FY 1996 would be 
available for school testing and 
remediation 

Indoor Radon 
Abatement 
Reauthorization 
Act of 1991 

Senate Bill S. 792, introduced by 
Senator Lautenberg, would require all 
Federally-owned housing in radon 
priority areas to be tested for radon 
prior to sale. Any new Federal 
building or school built with Federal 
finandalassistance in radon priority 
areas must conform to model new 
construction standards. The Bill 
would also require EPA to conduct a 
study to determine the amount of 
radon in U.s. work places. 

Radon Assessment and 
Mitigation Act of 1991 

Senator Mitchell (D-ME) introduced 
Senate Bill S. 779, which would 
require a radon test in high risk radon 
areas before the approval of 

Federally-insured mortgages. Any 
housing constructed in high risk radon 
areas with Federal financial assistance 
must meet model new construction 
standards. 

Senate Bills S. 792 and S. 779 would 
extend the State grants program to 
Fiscal Years 92-94; Senate Bill S.779 
proposes a 5()O.IO state match for FY 
1993 and 1994. 

Radon Information 
Act of 1991 

Senator Chafee(R-RI) introduced 
Senate Bill S.791, which would require 
radon information to be made 
available to applicants for Federally
insured loans, and for mortgages sold 
on the secondary market, thus 
affecting nearly all home mortgages. 
The Bill would also require 
mandatory participation in the Radon 
Measurement Proficiency program for 
the sale of radon devices or services. 

# 

Statements before the Subcommittee 
on Health and the Environmen~ 
Committee on Energy and Commerce, 
us. House of Representatives. 

Hundreds of thousands of 
Americans living in houses that have 
high radon levels receive as large an 
exposure of radiation yearly as those 
people living in the vicinity of the 
Chernobyl nuclear power plant did in 
1986, when one of its reactors 
exploded and released radioactive 
material into the environment 
Anthony V. Nero, Jr. 
Lawrence Berkley Laboratory 
University of California 

EPA's Radon Action Program is 
built on the philosophy that States 
and local governments are on the 
front line of response to radon As 
our link to public action, we believe 
it is essential for most States to have 
robust programs to address radon 
problems and meet the health needs 
of their citizens. 
F. Henry Habicht, II 
Deputy Administrator 
U.S. E.P.A. 

State Legislative 
Efforts 
S everal States (NJ, RI, CA, FL) 

have strengthened their radon 
programs by enacting legislation that 
requires disclosure of radon test 
results or notification of radon 
information at the time of a real estate' 
contract. Most recently, New 
Hampshire enacted a public health 
law requiring radon and lead paint 
information to be provided to buyers 

. before the sale of buildings. Kansas, 
Nebraska, Delaware, and Iowa are 
developing similar legislation 

Some States have taken several 
additional steps to further strengthen 
their radon programs. New Jersey 
requires all certified testers to provide 
their customers with a notice of the 
State's disclosure law when 
supplying them with the results of 
radon tests. Florida and Washington 
are proposing new construction 
standards or codes. Bills now pending 
in the New Jersey and Pennsylvania 
legislatures would require mandatory 
radon testing for home sales in areas 
at high risk for elevated radon levels. 

States are still in the process of 
evaluating compliance with the radon 
disclosure requirements. Florida 
reports that compliance with its 
disclosure requirement has been 
"nearly 100 percent" among major 
real estate brokers, but has been 
"poor" in non-brokered homes sales, 
FHA and V A assumptions, and rentals. 

# 

Radon Contractor 
Proficiency (RCP) 
Program Update 
Radon Contractor Proficiency 

(RCP) program participants must 
complete an EPA approved hands-on 
mitigation training course by July 31 in 
order to maintain their listing. 
Individuals who fail to meet this 
requirement will not be listed in the 
National Radon Contractor Proficiency 
Report this September. States and 

continued page 3 



EPA Announces 
Design Competition 
Winners 

I n Apri~ the EPA and the 
Association of Energy Engineers 

(AEE) awarded $11,000 to the top 
entries in the 1991 Innovative Radon 
Mitigation Design Competition at the 
Environmental Management Congress 
in Anaheim, CA. 

The goals of the design competi
tion were two-fold: 1) to identify new, 
effective, widely applicable, energy 
and cost efficient radon mitigation 
techniques; and 2) to involve and 
encourage the private sector, such as 
building designers, HV AC engineers, 
and environmental engineers, to 
contribute their ideas on radon 
mitigation techniques. 

Design Competition 
Winners 

PRACTICAL CATEGORY 
(Data, Demonstration, or Prototype) 

Grand Prize $4,000 
Mike Nuess, Spokane, W A 

Two Cel~ Barrier Enhanced, . 
Pressure Difference Control 
System 

Second Prize $3,000 
Richard Klein, Waterloo, IA 

Solar Radon Reduction Project 
Third Prize $1,500 
Richard Abrams, Westboro, MA 

RegeneratingRadonfrom Water 
Removal System 

THEORETICAL CATEGORY 
(Theory, or Promising Idea) 

Grand Prize $2,500 
JohnandJudithCox, Spokane, WA 

Sub-Slab Sealing/or Radon 
Prevention and Mitigation 

For a full summary of the winning 
entries, call AEE, 404/447- 5083. 

EPA is presently exploring the 
possibility of a second design 
competition; brochures and entry 
forms would be available by late 
summer. 

# 

Regions Reach Out 
To New Networks 
N ew Jersey environmental 

commissioners, Philadelphia low
cost housing advocates, and Idaho real 
estate instructors are among the new 
groups EPA Regions will be working 
with this year in an effort to broaden 
the network of radon experts at the 
community level 

Fueled by a one year, $100,000 
Regional Networking Fund created in 
January, the nine projects are small in 
funds but big in promise. 

Many of the new groups have not 
worked on the radon issue before, 
but can reach important audiences 
facing serious radon risks. Region 
VIII's Denise Scheberle, for example, 
will work with Indian tribes to 
develop school curriculum for Native 
American children on lands 
exceptionally high in radon "We've 
seen how alliances with national 
groups like the Lung Association have 
promoted testing with great success," 
says EPA's Margo Oge. "Now this 
shows how our Regions and States are 
bringing the issue to the grassroots by 
tapping into local networks." 

# 

Rich Guimond 
Goes To Waste 
Rear Admiral Richard Guimond is 

the new Assistant Deputy 
Administrator for the Office of Solid 
Waste and Emergency Response. 

RADM Guimond was Director of the 
Office of Radiation Programs (ORP) 
from 1988 to 1991 and Director of the 
Radon Division from 1986 to 1988. 
The Radon Program, founded under 
Guimond's leadership, has grown 
from a handful of staff responding to 
problems emerging in the Reading 
Prong area to a full EPA division 
supported by Regional staff and a 
$28M budget addressing the radon 
problem nationwide. Rich has been 
instrumental in forming the program's 
effective partnership with States, 
industry and the private/non-profit 
sectors. In addition, under his 
guidance, the Radon Program has 
launched an extensive radon survey 
program, refined scientific risks 
associated with radon, built state 
capabilities through a grant program, 
established a series of measurement 
and mitigation quality control 
programs, and forged a statutory 
framework for the radon program. 

Margo Oge is the Acting Director, 
ORP, and Steve Page is the Acting 
Division Director, Radon 

# 

Rep Program Update 
Continued from page 2 

EPA Regions will receive a list of all 
contractors who failed to meet the 
requirement and whose names will 
be removed from the Report. 

EPA has developed draft revised 
Radon Mitigation Guidelines and 
delisting procedures which provide 
improved mechanisms for State 
evaluation of mitigation services, and 
removal of RCP-listed contractors from 
the Proficiency Report. States, 
industry, and other federal agencies 
are currently providing comments on 
the draft procedures and guidelines. 

Starting in October, States and EPA 
Regions will receive monthly 
supplements listing new participants 
with proficiency status. In 1992, the 
RCP Report will be issued semiannu
ally, in January and July. 

# 



States Receive EPA 
Radon Grants 

Forty-nine states, the District of 
Columbia, and one territory are 
submitting applications for the second 
year of the State Indoor Radon Gra~t 
(SIRG)program Fifty-onegrants wIll 
be awarded, ranging from about 
$90,000 to $250,000 during fiscal year 
1991. Thirteen innovative projects 
received additional funding. Grant 
funds will be used to continue first 
year efforts to develop, implement 
and enhance programs to assess and 
mitigate radon 

ARIZONA 
The Arizona Radiation Regulatory 

Agency (ARRA) and the Arizona 
Department of Real Estate (ADRE) 
jointly created a draft Radon Student 
Activity Book. The draft activity 
book has been evaluated by the 
Western Regional Radon Training 
Center staff and is now slated for 
testing in elementary school 
classrooms. 

ARRA radon personnel received 
training in charcoal canister counting 
techniques, as well as the use of 
liquid scintillation for testing radon in 
water at the EPA Las Vegas facility. 

In recent weeks, radon information 
presentations have been given to 
civic organizations, public school 
students, radiologic technologists, 
municipal employees, and HV AC 
specialists. Meantime, county officials 
ifl Arizona are being consulted by 
ARRA radon staff, in preparation for 
limited indoor radon testing of schools, 
low income housing, and government 
buildings. 

ARKANSAS 
The Radon Program, in conjunction 

with the University of Arkansas at 
Little Rock (Division of Business 
Studies), is participating in the fifth 
round of the EPA/State Radon Survey 

Program Short term radon test 
canisters were placed in 2,000 
randomly-selected homes throughout 
the State. Results of the survey will 
provide the average radon level for 
private homes in the State, as well as 
identify potential radon hot spots. 
Survey results will be announced by 
the EPA in October as part of National 
Radon Action Week. 

CALIFORNIA 
As part of the State Radon Survey, 
California was organized 
into nine sampling regions, using 
geology, climate, and existing 
knowledge of radon levels as 
guidelines. The survey design was 
structured to provide distribution of 
radon detectors on a geographic 
rather than population basis. The 
graphically distributed results were 
later weighted for population 
dynamics by EPA. 

Short term radon detectors were 
placed in 2,858 homes for 2 days, and 
2,304 detectors were returned for 
analysis. The measurements ranged 
from less than 1 pCi/1 to a high of 
29.1 pCi/~ with the average being 
l.OpCi/l. 

California will use SIRG funds to: 
1 . Establish a toll-free radon 

information telephone line. 
2. Presentsevenone-dayradon 

information seminars to 
regulatory officials and affected 
business interests. The Western 
Regional Radon Training Center, 
Colorado State University, Ft 
Collins, Colorado, will present 
the training. 

3 . Develop, as an innovative 
project, a compendium of radon 
mitigation options focused to 
western construction techniques. 

4 . Conduct a full school year 
(September 1991 to June 1992) 
radon study of public schools in 
the State. 

S.Conduct in 

areas suspected of having 
elevated radon levels exceeding 
the State average. 

COLORADO 
Colorado schools were to have testing 
for radon completed at the end of 
March. A radon survey kit was sent 
to 1,500 schools. The Western 
Regional Radon Training Center 
(WRRTC) will develop a curriculum 
tailored to schools that have 
com pleted the survey and radon 
screening and are prepared to mitigate 
or perform additional measurements. 
WRRTC will also develop a data base 
to record the results of the school 
surveys. 

P ISTRICT OF COLUMBIA 
The District of Columbia 

Regulatory Affairs (DCRA) recently 
received a grant to fund an 
innovative proposal entitled 
"Assessment and Mitigation of Radon 
Exposure to Select High Risk 
Minorities in the District of Columbia." 

Washington, DC, has a population 
of over 620,000 people and over 72% 
of this number are minorities (African 
Americans, Asians, Pacific Islanders, 
and Hispanics from Centra~ Latin and 
South America). A large portion of 
this population constitutes persons of 
low to moderate income levels who 
have communication problems due to 
the level of their education and/or 
English language barriers. This 
population is currently not being 
reached by any of the established DC 
or nationwide community outreach 
programs geared to educate them to 
the hazards of radon and the need to 
test their homes for its presence. It 
appears that the numerous 
publications, articles, videos, public 
service announcements, and other 
community outreach efforts in 



existence throughout the nation are 
designed for and understood ~y .. 
mainstream persons. These mmontIes 

not accustomed to utilizing or 
benefiting from such outreach efforts. 

In an effort to reach these persons, 
DCRA proposes to do the following: 

1 . Identify the select minority 
groups by coordinating with 
various government and 
nonprofit organizations that 
maintain statistics and that 
provide supplemental health 
and social services to the 
population . 

2 . Design and publish brochures m 
Spanish and English that 
primarily use graphics versus 
narration to communicate health 
risk 

3 . Publish bilingual articles in 
community newspapers for 
dissemination in assemblies used 
by these select minority groups 
(for example, churches, clubs, 
and assembly halls). 

4. Design audios and videos for use 
by radio and cable T.V. geared 
to this minority audience. 

5 . Distribute 1,500 to 2,000 radon 
test kits to segments of this 
select minority and to closely 
monitor this group to ensure 
that as high a percentage as ' 
possible of the kits are used and 
analyzed. 

6 . Provide bilingual information 
sheets at the end of this study to 
inform members of this select 
minority what conclusions have 
been drawn from the results. 

In addition to the aforementioned 
grant, DCRA will receive a grant to 
fund the second year of a three year 
study to determine the extent of the 
"radon problem" in the District of 
CDlumbia 

IOWA 
Iowa is amending its grant to obtain 

additional funds for a University of 
Iowa pilot study to see if radon 
exposure to the lung can be directly 
related to lung cancer. Current SIRG 
funds will be used to expand current 
regulatory efforts, purch~ ne~ . 
measuring equipment, obtam trammg 
for program staff and assist in 
expanding public awareness efforts. 

The Radon Program continues to 
inspect individuals who are certified 
to test for radon and those who are 
credentialed to mitigate. Many non
compliances have been found in both 
areas. Therefore, to help resolve 
some of the problems that have been 
found, the Radon Program staff is 
developing continuing education 
courses for measurement specialists. 
These courses are being held in three 
locations throughout the State in May 
andJune 1991 Some of the subjects 
being covered are recordkeeping, 
quality assurance plans, rule ~~an?es, 
and enrolling in the Radon MitIgatIOn 
Program A continuing education 
course for mitigators is in the process 
of being established. 

The staff is working with Iowa 
State University Extension Service to 
set up a program to work with 4-H 
groups throughout the state. 
Educating the public about radon a~d 
its health effects will be stressed thIS 
year in Iowa. 

The Fixed Income Survey that was 
conducted in cooperation with Iowa 
State University Energy and 
Extension Service (ISUEES) is 
completed The results will be 
available by June 1991 The Radon 
Program is currently working with 
ISUEES on this year's study of day 
care centers to determine if radon 
problems exist in this type of facility. 

KENTUCKY 
The Kentucky Radon Program, 

utilizing an EPA innovative grant, 

broadcasted a 90 minute interactive 
television show entitled "Radon in 
Schools." This May production was 
received by over 20 states and all 
public schools in Kentucky wi~~ . 
SERC (Satellite) network capabIlitIes. 
The edited videotape is available by 
calling 502/564-3700. A mitigation in 
schools television show is schedule 
for fall 1991 

Extensive outreach programs are 
continuing, as community action 
committees meet in Warren County, 
Cumberland District, Louisville and 
Lexington. These activities are part of 
the Federal grant awarded in 
November 1990. Existent radon 
potential areas have been targeted for 
implementation of the model 
advisory ltask force groups.. 

The computer database delineating 
radon test results by zip code in 
Kentucky is now on line and 
accessible by calling the Radiation 
Protection Branch at 502/564-3700. 
Included in the database information, 
are the results from the statewide 
testing campaign co-sponsored by the 
American Lung Association 
Kentucky'S PTA is also sponsoring a 
testing campaign and holding radon 
awareness meetings. 

NEW MEXICO 
The New Mexico Environment 

Department has almost completed. six 
months of intensive radon gas testIng 
of almost 30% of the elementary 
schools statewide. Over 2,500 short 
term screening tests were deployed at 
120 school sites. With roughly half of 
the data correlated, about 25% of 
these schools had classrooms with 
elevated levels of radon An 
additional SOO classrooms in New 
Mexico are estimated to have elevated 
levels. These facts support survey 
results from the 1989 New Mexico 
Random Radon Survey, which 
showed about one in four of the 
residences tested had elevated radon 
levels. 



State News Continued 

The New Mexico Environment 
Department Secretary, Judith Espinosa, 
has instructed the Radiation Licensing 
and Registration Section of the Radon 
Program to pursue school radon 
abatement action as a major 
component of New Mexico's 
proposed second year radon grant. A 
"radon person" will be trained in 
each school district with affected 
schools. 

New Mexico was represented by 
Monty Holmes at the Midwest 
Universities Radon Consortium pilot 
course ''Reducing Radon in Schools" 
in Minneapolis, MN, May21-24th. 
Participation in this course will benefit 
subsequent training events with the 
Southern and Western Regional 
Training Centers. 

NEW YORK 
STA TE HEALTH 

The New York State Department 
of Health has issued two reports that 
present results of radon studies 
carried out by the Department staff. 
"Indoor Radon in New York State 
Distribution, Sources and Controls," 
summarizes the results of the State's 
Radon Detector Distribution Program. 
The report also relates this data to 
Department research on soil and 
geologic characteristics which 
influence indoor air concentrations. 

The report finds that: 
1. Houses located on highly 

permeable gravelly soils, with 
groundwater levels deep below 
the surface, can have indoor 
radon levels well above 
average even though radon 
levels in the soil itself are only 
average. While these geologic 
characteristics are especially 
prevalent in the river valleys of 
the State's Finger Lakes and the 
Southern Tier Region, they can 
occur anywhere in the State. 

2. Other areas having a high 
potential for elevated radon 

concentrations include sections 
of Onondaga County, where 
Marcellus shale formations are 
found, and the Hudson 
Highlands section of the Hudson 
River Valley, due to the 
presence of above average 
concentrations of uranium and 
radium in the granite bedrock 
and overlying soil. 

3 . Houses located in areas 
underlayered by limestone may 
be in the high risk category for 
high indoor radon levels. 

Another report, ''Report of 
Statewide Surveillance for Radon in 
Selected Community Water Systems 
in New York State, 1989-1990," 
summarizes the results of radon tests 
conducted on water samples collected 
from 429 community water systems 
with groundwater sources. The 
survey showed that radon was 
present in all 429 samples, with 
concentrations ranging from 13 pCi/1 
to 26,800 pCi/l and a median 
concentration of 300 pCi/i. The 
highest average radon levels occurred 
in wells sampled in Putnam, Orange, 
Westchester, Rockland and Dutchess 
counties. Much of this area includes 
the Hudson Highlands and has granite 
deposits containing substantial 
amounts of uranium. 

Copies of these reports are 
available upon request from 
Lawrence Keefe, 518/458-6451. 

NORTH DAKOTA 
On April 25, 1991, at a Regional 

Awards ceremony in Denver, 
Colorado, the North Dakota Radiation 
Control Program was awarded a u.s. 
Environmental Protection Agency 
(Region VIII) Outstanding Achieve
ment Award for "developing an 
exceptionally effective indoor radon 
program to protect the health of 
North Dakotans." 

Current activities of the North 
Dakota Radiation Control Program 
include completion of a radon in 

schools testing program, starting a day 
care facilities survey of approximately 
2,000 licensed day care providers, and 
contractual assistance to the 
University of North Dakota Physics 
Department research program for 
evaluation of potential causal links 
between radon exposure and fatty 
tissue cancer or childhood leukemia 
development Additional details 
concerning this research effort may 
be obtained by contacting Dr. Glenn 
Lykken at 701/777-2911. 

RHODE ISLAND 
A random survey of homes by 

EPA showed a mean level of 33 pCi/l, 
with 21.4% of the homes exceeding 
the action level of 4 pCi/l and 1.4% of 
homes tested exceeded 20 pCi/i. The 
Health Department also maintains a 
data base with radon levels from 
approximately 15,000 homes, which is 
4% of the total residences. 

The Rhode Island Health 
Department has introduced legislation 
that would require radon testing 
laboratories and contractors offering 
mitigation to be licensed by the 
Health Department The bill would 
also establish a fund of five cents per 
square foot of new construction, the 
proceeds of which would be used to 
fund an extended radon program. 

The Health Department is 
planning to test 150 public and private 
elementary schools in the fall of 1991, 
which is approximately 25% of Rhode 
Island schools. 

TEXAS 
The Texas Department of Health's 

Bureau of Radiation Control received 
a grant from the u.s. Environmental 
Protection Agency to conduct a radon 
survey to determine the extent of the 
radon problem in Texas. Southwest 
Texas State University assisted with 
the placement of more than 4,000 
canisters in randomly selected homes 
throughout the state. Survey results 
should be available late summer or 
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early fall. The University will help 
the Health Department with the 
compilation of results and the 
production of a radon report. 

VIRGINIA 
As part of a state indoor radon 

grant from EPA, testing of public and 
private schools began in the fall of 
1990. Approximately 8,300 detectors 
have been placed in 20 different 
schools divisions. Selection of 
participants was based primarily on 
those schools located in economically 
depressed areas. Results are expected 
to be available this fall 

WYOMING 
A radon survey was undertaken in 

western Laramie County involving 
the Laramie County Environmental 
Health Department and the State 
Radon Coordinator. Testing of about 
175 homes in this community revealed 
a radon screening level of 278 pCi/l 
in one home. Overall readings 
indicated that 490Al of the homes 
tested were in excess of the 4 pCi/l 
level and 11% exceeded 20 pCi/l A 
workshop was conducted in April to 
assist people with radon problems, 
answer questions, and provide 
technical guidance. 

Wyoming has been actively 
encouraging more participation from 
the building and trades sector to 
complete training at the Western 
Regional Radon Training Center. An 
aggressive mailing campaign, coupled 
with speaking arrangements to 
provide information, has led to ten 
additional persons taking the Radon 
Mitigation Program class and exam this 
spring. If they are successfu~ this will 
more than double the number of 
listed mitigatorsl contractors for the 
state. 

This ~~ 
is prmted on 

RECYCLED paper 

t ALA 
and &EPA 
Workshop 
A merican Lung ~ociation 

representatives traveled to 
Washington, DC, for a one and a half 
day workshop on radon in April The 
Workshop kicks off the second year 
of ALA and EPA's grassroots program, 
which provides grants to Lung 
Association affiliates to initiate radon 
activities in their local communities. 
The program now includes an 
additional 17 grantees, for a total of 39 
participating affiliates. 

The Workshop provided a forum 
for the exchange of useful 
information and for the dissemination 
of radon outreach materials. EPA 
discussed program goals, policy issues 
and ways to address the radon 
controversy. Lung Association 
grantees shared insights and tips on 
past program initiatives, and discussed 
plans and ideas for future radon 
outreach activities. 

# 

Radon in Drinking 
Water 

As directed by the Safe Drinking 
Water Act, EPA will propose 

regulating radon at the lowest level 
which public water systems can 
achieve - 300 pCi/l Maximum 
Contaminant Level (MCL). Radon in 
drinking water contributes about 5% 
to the radon in the air of homes 
served by ground water. The rule 
may result in a voiding about 80 
cancer cases a year. EPA estimates 
that approximately 10,000 pCi/l of 

radon in water will on average 
contribute 1 pCi/l to the air of the 
house through activities such as 
showering and dish or clothes 
washing. Therefore, a regulation of 
300 pCil1 radon in water translates 
into 0.03 pCi/l in air, just a fraction of 
the proposed action standard for 
radon in the air. Three hundred pCi/l 
is about 10-4 risk leve~ which is 
consistent with EPA policy to regulate 
carcinogens from 10-4 to 10-6 lifetime 
individual risk 

The proposed regulation would 
apply to all public water supply 
wells serving 25 or more people. An 
estimated 26,000 public water 
supplies are likely to exceed the 
anticipated proposal Central water 
treatment for radon is affordable and 
effective. Available treatment 
methods remove over 95% of the 
radon gas. EPA plans to designate 
aeration as the Best Available 
Technology (BAT), granular 
activated carbon removes radon from 
water, but will not be a BAT. 
Systems would be required to collect 
four quarterly radon samples in the 
first year to establish compliance, and 
would collect annual samples 
thereafter. Monitoring waivers, to 
reduce monitoring to one sample 
every three years, would be allowed 
at state discretion Initial monitoring 
would begin on January, 1, 1996, 
according to the EPA's standardized 
monitoring schedule. 

The proposed regulation is 
scheduled to be signed in mid-June 
and will be published in the Federal 
Register by early July. After a ninety 
day public comment period ~d tW? 
public hearings, final regulatIOns WIll 
be developed based on the proposal 
and review of the public comments 
received. A final MCL will be 
published a year and a half to two 
years after proposa~ and will be 
effective 18 months after final 
promulgation 

# 



EPAjORP Reorganization 
Under Consideration 

T he EPA is considering a realign
ment of its radiation protection 

functions to reflect the environmen
tal media orientation (air, water, 
waste) of its other activities. Under 
the realignment, parts of the current 
Office of Radiation Programs (ORP) 
would be placed in three other 
organizations. 

All radon functions would be 
combined with the agency's indoor 
air programs into a new Office of 
Indoor Air and Radon The 
activities related to air emission 
standards for radionuclides 
(NESHAPs) would be located in the 
Office of Air Quality Planning and 
Standards, which has responsibility 
for all other air emission standards. 
Both of these offices would be 
under the Assistant Administrator 
for Air and Radiation, the current 
organizational location of ORP. 

All other radiation functions, 
including operations of the two 
laboratories at Montgomery, 
Alabama, and Las Vegas, Nevada, 
would be transferred to a new 
radiation office to be located in the 
Office of Solid Waste and Emer
gency Response (OSWER). OSWER's 
other principal responsibilities are 
for Superfund, Federal facilities 
cleanup, and Resource Conservation 
Recovery Act (RCRA) activities. 
Regional radiation functions would 
be reorganized only if individual 
Regional Offices choose to do so. 

EPA states that this realignment 
would enhance the Agency's ability 
to address radiation problems by 
locating them with programs having 
similar functions or mission, thereby 
maximizing the effective use of 
limited resources. EPA also points 
to a more integrated approach for 
addressing problems where both 
chemical and radiation contamina
tion are present, such as at number 
of Superfund sites and some Federal 
facilities. 

An intensive feasibility study will 
be conducted to determine if this 
proposal should be pursued. EPA 
has stated that it will interview 
some members of the CRCPD, 
including program directors and 
members of the Executive Board, to 
elicit their views on this proposal. 

:#' 

Advertising Council 
Radon Campaign 
Wave 2 
T he second Wave of the 

Advertising Council/Environ
mental Protection Agency (EPA) 
Radon Campaign is currently under 
production The approach for this 
round of the Campaign is clever and 
humorous, and incorporates 
motivating messages to urge the 
public to test for radon and fix 
elevated levels when found The 
materials use creative approaches to 
convey the concept of "What are 
you doing that is so important you 
can't test your home for radon?' The 
materials continue to emphasize that 
radon is the second leading cause of 
lung cancer. 

The Advertising Council plans to 
distribute the materials in]uly 
following focus group testing and 
final approval by EPA Administrator 
William Reilly. Distribution of these 
public service announcements will 
be more extensive than the earlier 
wave, based on its Sllccess in targeted 
areas. The materials will be 
distributed to all local TV stations, 
radio stations, newspapers, and 
magazines, as well as national and 
regional networks. Regions, States 
and others may want to encourage 
media outlets in their area to use the 
Ad Council materials. 

# 

1991 Radon 
Symposium 
T he 1991 International Symposium 

on Radon and Radon Reduction 
Technology, "A New Decade of 

Progress," was held at the Adam's 
Mark Hotel in Philadelphia, 
Pennsylvania, on April 2-5, 1991. 

The Symposium wasco-sponsored 
by the Office of Radiation Programs, 
the Air and Energy Engineering 
Research Laboratory of the 
Environmental Protection Agency, 
and the Conference of Radiation 
Control Program Directors, Inc. 
Technical sessions were held on 
radon related health studies, 
government programs and policies, 
measurement methods, radon 
reduction methods, radon entry 
dynamics, radon surveys, state 
programs and policies relating to 
radon, radon prevention in new 
construction, radon occurrence in the 
natural environment, and radon in 
schools and large buildings. 
Additional panel sessions on risk 
communication, real estate tampering, 
and short-term/long-term measure
ments were held 

A large contingent of national and 
international radon experts, totaling 
approximately 450, were in 
attendance. There were representa
tives from 33 state programs and 15 
foreign countries. The foreign 
countries represented included 
Canada, Sweden, United Kingdom, 
Belgium, Israe~ Austria, Switzerland, 
Ireland, France, Italy, Greece, Finland, 
Yugoslavia, Korea, and Hong Kong. 
Two international agencies, the 
International Atomic Energy Agency 
and the Commission of European 
Communities, were also represented. 
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AR~~on Mitigation Research Update 

Introduction 

Project Highlights _______________ 1 

• Indoor Radon 
Research Program 

• Florida Radon Program 

The Radon Mitigation Research Update is 
the second in a series of research summaries 
intended to provide recent information about 
EPA's radon mitigation research activities 
by the Air and Energy Engineering Research 
Laboratory (AEERL) and to compile a list
ing of recent Radon Mitigation Branch 
(RMB) research findings. 

AEERL plans to publish future updates ap
proximately two times a year. If you would 
like more information about specific research 
activities or programs, you may contact the 
appropriate RMB project officer at MD-54. 
U.S. EPA, AEERL, Research Triangle Park, 
NC 27711. or at the nmnber listed below. 

• Measurements In Previously 
Mitigated Houses RMB Contacts 

• Manual Upclates 

• New Technical Manual 
1991 International Symposium 
on Radon and Radon Reduction 

Mike Osborne, Branch Chief 
(919) 5414113 

Bruce Henschel 
(919) 5414112 

• EPA radon mitigation research and • Radon mitigation in existing houses 

Technology __________________ .2 
development program 

A.B. "Chick" Craig 
(919) 541-2824 

Kelly Leovic 
(919) 541-7717 
• Radon mitigation in schools 

• AEERL Papers • Senior Physical Scientist - Radon Ron Mosley 
Update of RMB Papers and Reports __ .5 Tim Dyess (919) 541-7865 
EPA Regional Omces ____________ 5 (919) 541-2802 • Radon data analysis 
Response Form ________________ 6 • Radon resistant new construction John Ruppersberger 

(919) 541-2432 Bruce Harris 
(919) 541-7807 • Radon barriers and block permeability 
• Radon diagnostics and measurement tech

nology 
David Sanchez 
(919) 541-2979 
• Mechanisms of radon entry and Aorida 

Radon Research Program 

Project Highlights 
Indoor Radon Research Program-Strateglc 
Plan 
AEERL rust embarked on an aggressive radon mitigation develop
ment and demonstration research program in 1984. Since that time, 
research has evolved from a program which focused on demonstrat
ing mitigation techniques in houses with highly elevated radon levels, 
to a multi-faceted research, development, and demonstration program 
concerned with reducing radon to near-ambient levels (less than 1 
pCi/L) in existing houses, new houses, and schools across the coun
try. 

This expanded effort responds to EPA's public health mission and the 
1988 Indoor Radon Abatement Act's mandate to reduce radon
related health risk by reducing indoor radon to near-ambient levels. 

To meet the demands of this expanded effort, AEERL has recently 
developed a 3-year Strategic Plan for the Indoor Radon Research 
Program that integrates the activities of five otherwise separate 
program areas-I) innovative and supporting technology, 2) existing 
attached and unattached houses, 3) new houses (including pollution 
prevention), 4) schools, and 5) teclmology transfer-into one com
prehensive research efforL 

An increased emphasis has been placed on innovative/supporting 
research in an effort to accelerate improvements in technology, lower 
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the cost of teclmology, and facilitate the delivery of this technology to 
a larger and broader audience. 

The Indoor Radon Research Program has five areas of major empha
sis: 

1) developing new and improved radon reduction methods through 
a better understanding of fundamentals, 

2) de-emphasizing the demonstration of currently available radon 
mitigation technology in existing and new houses, 

3) increasing the emphasis on mitigation system durability assess
ments and operating cost analyses, 

4) continuing to identify, develop, and demonstrate radon mitiga
tion options for schools and non-residential child care facilities, 
and 

5) supplying a greata' variety of audience-specific technology 
transfer products. 

Utilizing this integrated approach, concepts developed in the Inno
vative and Support Technology area will be demonstrated in existing 
houses, new houses, and/or schools and other large buildings. Prod
ucts resulting from each of these efforts will then be incorporated 
into technical guidance documents. 

Printed on Recycled Paper 



Florida Radon Research Program 
RMB has coordinated and completed the delivery of recommenda
tions and draft technical support documents to the Florida Depart
ment of Community Affairs for Standards for Radon-resistant Con
struction and Mitigation. The results of this effort will be published 
in 18 reports covering recommendations for 1) improved floor 
barriers, 2) subslab depressurization systems, 3) HVAC specifica
tions, 4) fill material specifications, and 5) performance criteria. Data 
gathered by the Florida Radon Research Program is available through 
a central Geographic Information System (GIS) data base maintained 
by the Geoplan Center of the University of Florida. 

Program and project planning for continuation of the EPA/Florida 
interagency research agreement has also begun. These plans include 
the initiation of a 2-year research effort to enhance the technical basis 
for the five task areas listed above, and to begin work on the 
development of a radon potential mapping basis for application of 
construction and mitigation standards. Work in all task areas will be 
undertaken in \DlOCCUpied research houses with development verified 
in newly constructed houses. Problem assessment and building 
characterization studies for large buildings will start in FY 91. (For 
additional information on this program contact D. Sanchez, Project 
Officer.) 

Measurements In Previously Mitigated Houses 
RMB is conducting measurements in previously mitigated (18 months 
or longer) test houses in an effort to establish the long-term effective
ness and durability of various mitigation systems. 

Researchers have placed 6-month Alpha Track Detectors (ATDs) in 
a number of basement and slaboOn-grade houses, mitigated by EPA 
or EPA contractors, to gather data on post-mitigation radon levels. 

Plans are under way to initiate similar activities in a large number of 
houses mitigated by private sector companies. The results of this 
study will allow RMB researchers to identify radon mitigation 
systems/strategies that are not effectively maintaining indoor radon 
levels below 4 pCi/L. Study fmdings will also help identify mitiga
tion systems/strategies which show the greatest potential for reduc
ing indoor radon levels to near-ambient levels. 

Follow-up research will focus on identifying equipment and installa
tion problems as well as house and soil characteristics which may 
have contributed to system failure. Research fmdings will be made 
available through AEERL publications and in future issues of Radon 
Mitigation Research UpdaJe. (For additional information contact B. 
Harris, Project Officer.) 

Update of Technical Manuals 
AEERL is currently updating a number of EPA technical guidance 
manuals to better assist in the dissemination of the most timely and 
accurate radon reduction research information. These updated manu
als are scheduled for release later this year and include Radon 
Reduction for Detached Houses (fechnical Manual), and Radon
Resistant Construction Techniques for New Residential Construction 
(fechnical Guidance). 

New Technical Manual 
AEERL will also publish the first edition of EPA's Radon-Resistant 
New School Construction Manual. This new manual will be based 
largely on RMB' s recent experience in existing schools and previous 
experience with radon-resistant new house construction techniques. 
It will provide the most up-to-date information available on the 
design of radon-resistant/easy-to-mitigate new school buildings. 

1991 International Symposium on Radon and Radon 
Reduction Technology 

Final plans are being made for the 1991 International Symposium on 
Radon and Radon Reduction Teclmology "ANew Decade of Progress" 
to be held April 2-5 at the Adam's Mark Hotel in Philadelphia. P A. 
EPA will co-sponsor the event with the Conference of Radiation 
Control Program Directors (CRCPD). This is the third such confer
ence to serve as a forum for the exchange of technical information. 

The program includes 77 oral and 52 poster presentations in addition 
to 13 invited papers. 

Over 600 representatives from radon mitigation companies, local, 
state, and federal governments. equipment manufacturers, academia. 
and research and developnent firms are expected to attend. The 
following agenda provides a SununaJY of the conference's four 
session days: 

Tu.esday, April 2 

Session I: Government Programs and Policies Relating to Radon 

Session n: Radon-Related Health Studies 

Poster Session: All Posters Relating to Sessions I. n, and ill 
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Wednesday, April 3 

Session ill: Measurement Methods 

Session IV: Radon Reduction Methods 

Session V: Radon Entry Dynamics 

Session VI: Radon Surveys 

Poster Session: All Posters Relating to Sessions IV, V, VI, and VII 

Thursday, April 4 

Session VII: State Programs and Policies Relating to Radon 

Session VIII: Radon Prevention in New Construction 

Session IX: Radon Occurrence in the Natural Environment 

Poster Session: All Posters Relating to Sessions VIII, IX, and X 

Friday, April 5 

Session X: Radon in Schools and Large Buildings 

If you would like more information about the symposium. please 
contact Pat Heightchew, CRCPD, Inc., 205 Capital Avenue, Frank
fort, KY 40601, (502) 227-4543. On-site registration will be avail
able from 4 to 9 p.m. Monday, April 1, and from 7 a.m. to 5 p.m. 
Tuesday through Thursday. 



AEERL Papers 
This section lists and briefly describes the 18 
RMB oral papers and poster papers which 
will be preseJited at the 1991 International 
Symposium. RMB Project Off1Ce'ZS and lead 
authors are listed for each paper. For addi
tional infonnation on these research activi
ties, please refer to the symposium pre-prints 
(available with symposium registration) or 
contact the appropriate RMB Project Officer 
listed on page 1. 

Measurement Methods 
Predicting Long-term Indoor Radon Lev
els from Short-term Measurements: 
Evaluation of a Method Involving Tem
perature CorrectiOll; R.B. Mosley, Project 
Omcer, and T.A. Reddy. Oral Paper 

Daily averages of year-long continuous radon 
measurements in three houses were used to 
present a method for temperature-correcting 
single short-term measurements of indoor 
radon in order to predict long-term averages. 
The thermal stack effect was demonstrated 
to have the most important single influence 
on radon concentrations. The method was 
fu~dtoreOOcethe~certain~ines~ated 
annual averages of radon concentrations sig
nificantly in one house, moderately in the 
second. and marginally in the third. 

Correlation Between Short-term and 
Long-term Indoor Radon ConcentratiOllS 
In florida Houses; D.C. Sanchez, Project 
Omcer, and S.E. McDODougb. Poster Pa
per 

Eigh~ study homes, representative of ~ical 
Florida housing construction. with indoor 
radon concentrations in the 2-20 pCi/L range, 
are being simultaneously monitored using 
long-term and short-term monitors. 

Data have been analyzed to isolate system
atic seasonal variations and to derive confi
dence limits for predicted long-term (annual) 
averages from single or multiple short-te:rm 
measurements. Thresholds have been deter
mined below which. single short-term mea
surement can provide specific confldence 
that the long-term average radon level does 
not exceed 4 pCi/L. These results have been 
incorporated into Florida's draft building 
standards. 

son Gas Measurement Technologies; D.C. 
Sanchez, Project Omcer, and H.E. Rec
tor. Poster Paper 

This paper discusses soil-based radon and 
radium measurement teclmologies capable 
of providing useful information for evaluat
ing land radon potentials. Findings indicate 
that, while the use of soil gas measurements 
to es~ radon potentials is still evolving, 
both radium- and soil-gas-based measure
ments can help identify land areas warrant
ing special attention and consideration for 
radon-resistant construction. 

Radon Reduction Methods 
Causes of Elevated Post-mitigation Radon 
ConcentratiOllS In Basement Houses Hav
Ing Extremely High Pre-mitigation Val
ues; D.B. Hensc:hel, Project Orrker, and 
A.G. Scott. Oral Paper 

Forty Pennsylvania basement houses with 
1985-87 pre-mitigation radon levels in the 
50 to 600 pCi/L range were reevaluated in 
1989-90. TIle primary single cause of re
sidual (post-mitigation) elevated radon lev
els in houses using active soil depressuriza
tion (ASD) was found to be reentrainment of 
high-radon fan exhausL In houses using block 
wall depressurization systems, inadequate 
sub-slab depressurization appeared to be the 
major cause of problems. For other than 
ASD systems. inherent limitations within the 
systems are commonly the primary single 
cause of residual levels. Airborne radon re
sulting from radon in well water was an 
important secondary contributor in some 
houses. 

Natural Basement Ventilation as a Radon 
MItigation Technique; R.B. Mosley, 
Project Omcer, and A. Cavano. Oral Pa
per 

The effectiveness of natural ventilation in 
reducing indoor radon levels was studied in 
two basement houses. The study fo~d that a 
factor of two increase in the ventilation rate 
(opening basement windows) corresponded 
to as much as a factor of eight reduction in 
radon concentration. TIle researchers found 
a corresponding, but much smaller, decrease 
in the pressure differentials (radon driving 
forces) across the basement slabs. 

Control Of Radon Releases In Indoor 
Commercial Water Treatment; B. Harris, 
Project Omcer, and A.B. Craig. Poster 
Paper 

Municipal treatment facilities, industrial 
process facilities, and other water treatment 
facilities may be at risk for high indoor radon 
levels. Water laden with relatively low levels 
of radon (400 to 600 pCiIL), when used in 
high volume commercial operations, may 
release enough radon to result in indoor levels 
in excess of 100 to 300 pCi/L in treatment 
rooms and adjoining offices. 

Elevated radon levels identified in the Fish 
and Wildlife Service's National Fish Hatch
eries were controlled by vacuum-stripping 
the incoming water and exhausting the radon 
outdoors. Hooding and exhausting air from 
immediately aro~d discharge points also 
proved to be successful in reducing indoor 
levels. 

Radon Mitigation Fanure Modes; D.B. 
Harris, Project Omcer, and W.M. Yeager. 
Poster Paper 

Residential mitigation systems fail for a va
rie~ of reasons and some failures may not be 
immediately recognized by residents. This 
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study identified three primary failure catego
ries (design flaws, component problems, and 
occupant activities) and reviewed examples 
of failure modes in each category. Results 
indicate that some failures could be avoided 
if mitigators would design systems to mini
mize failures, install system monitors, and 
instruct homeowners on continued system 
maintenance. 

Radon Entry Dynamics 
Radon Entry Into Dwellings Through 
Concrete Floors; D.C. Sanchez, Project 
Omcer, and K.K. Nielson. Oral Paper 

Porosities, radon diffusion coefficients, and 
air permeabili~ coefficients were measured 
for ~ical Florida slab-on-grade housing ce
ment mixes. Findings suggest that radon dif
fusion through an intact slab may acco~t 
for indoor radon concentrations of 2 pCi/L if 
greater than 3,000 pCi/L exists in the sur
ro~ding soils. Radium concentrations of 5 
pCi/g in the concrete similarly may account 
for more than 1 pCi/L of indoor radon. Dif
fusion measurements also exhibited a corre
lation with the water/cement ratio of the 
concretes. 

Model Calculations of the Interaction of a 
Soli Depressurization System with the 
Radon Entry Process; R.B. Mosley, Project 
Omcer. Poster Paper 

This study uses a simplified analytical model 
of radon transport and entry into houses to 
es~ate the influence of a mitigation system 
on the entry process. Modifications of the 
diffusive flux and the entry rate into the 
building by the action of the mitigation sys
tem are es~ated in order to detennine the 
total effect on emission of radon to the atmo
sphere. 

A Modeling Examination or Parameters 
Affecting Radon and Son Gas Entry Into 
FIorlda-style Slab-on-grade Houses; D.C. 
Sanchez, Project Omcer, and R.G. Sextro. 
Poster Paper 

The influence of soil, backiill, and construc
tion characteristics on radon and soil gas 
entry is examined using a two-dimensional 
fmite difference model employing cylindri
cal symmetry. At a constant building depres
surization. steady state pressure, flow, and 
radon concentration fields were predicted. 
The model predicts that changes in backfill 
pe:rmeabili~ will have significant effects on 
radon entry, while changes in block wall 
permeabili~ are somewhat offset by in
creased flow and entry through other struc
tural gaps. 

Son Gas and Radon Entry Potentials for 
Slab-On-Grade Houses; D.B. Henschel, 
Project Omcer, and B.H. Turk. Poster 
Paper 

A simple model is used to address the impor
tance of subslab communications testing, in
cluding measurements of radon concentra-



tions and soil gas flows through slab test 
holes, in detemtining the number and loca
tion of active subslab depressurization (ASD) 
suction holes. Fmdings suggest that pipes for 
ASD systems should be located along the 
perimeter of slabs and only at areas of rela
tively high radon entry potentials. The model 
also suggests that three or fewer properly 
placed suction points will often reduce in
door radon levels to below 2 pCi/L. even in 
problem houses. 

Radon Prevention In New 
Construction 
BuUding Radon Mitigation into Inacces
sible Crawlspace New Residential Con
struction; B. Harris and A.B. Craig, 
Project Officers, and J. Haynes. Oral Pa
per 

Single, duplex, and quadruplex buildings 
were constructed utilizing a below-grade 
wood floor construction over an inaccessible 
crawl space due to highly expansive soils. 
Initial studies demonstrated the need for 
complete sealing of the floor system until a 
negative pressure could be maintained under 
each comer of the floor (at least 2.5 Pal. 

Early measurements indicated radon levels 
of about 100 pCi/L in the unmitigated crawl 
space. Tests in the fust buildings completed 
showed all units below 2.5 pCi/L except for 
one unit where the depressurization fan had 
been turned off. This unit measured 16 pCi/L 
and dropped to below 2.5 pCi/L when the 
fan was activated. 

The Effect of Subslab Aggregate Size on 
Pressure Field Extension; A.B. Craig, 
Project Officer, and K. Gadsby. Oral Pa
per 

The effects of particle size and particle size 
distribution on sub-slab pressure field exten
sion (PFE) were evaluated using laboratory 
tests simulating conditions existing under 
slabs. Findings indicate that PFE is propor
tional to the average stone size (the smaller 
the stone size, the less the PFE), the stone 

size distribution (the narrower the stone size 
distribution, the greater the void volume and 
hence the PFE), and the shape of the stone 
(the smoother the shape of the stone, the 
lower the void volume and hence the PFE). 

Preliminary Results Of HV AC System 
Modllkations To Control Indoor Radon 
Concentrations; T M. Dyess, Project om
cer, and T.M. Brennan. Poster Paper 

Preliminary testing in one energy-efficient 
house indicates that residential forced-air 
furnaces can be used to pressurize basements 
and prevent radon entry. By adding a supply 
air duct in the basement and modifying the 
HV AC unit to run continuously on low speed. 
300 cfm of air was supplied to the basement 
maintaining +4 Pa relative to outdoors. The 
average radon levels dropped from 14.3 to 
1.2 pCi/L. Further research will analyze the 
economic impact of these modifications and 
determine their viability as a low cost alter
native to sub-slab depressurization in new 
construction. 

Radon In Schools 
HV AC System Complications and Con
trols for Radon Reduction In School 
BuUdings; K.W. Leovlc, Project Officer. 
Oral Paper 

Initial data collected in four schools in Colo
rado, Maryland, Virginia, and Washington 
State confirm that, when outdoor air supply 
is increased using HV AC systems (forced air 
or unit ventilator), radon levels can be re
duced. Depending on HV AC system design 
and initial radon levels, this approach mayor 
may not be able to reduce levels to below 4 
pCi/L. Table 1 illustrates reductions achieved 
by pressurization of classrooms (using exist
ing HV AC systems) in one Washington State 
schooL 

Note that the classroom-to-hall doors had to 
be kept closed for the unit ventilators to 
reduce average levels to below 4 pCi/L. al
though radon spikes (as high as 2S pCi/L) 
still occurred. 

Tabill. AHnrg. RIIIlOllIA .. I6I_ W.,lWIgfD_ ScltoolDtuiltg 0 .. W.d 

Normal O~ralioft Tut O~ralio" 

Averag. Rado" Time Door Average Rado" Time Door SlIi»lab 
Locatio" CIM" CIM" Rado1l 

SlIiff. AllllIoft 90 
pCilL (max) ('1» pCilL (max) ('1» pCilL 

Room 139 2.6 (27) V7 12 (17) 76 400 

Room 140 53 (29) 92 32 m 74 500 
Room 141 4.8 (32) 88 21 (25) 75 7fX) 

Awra,. 42 (29) 92 22 (16) 75 533 
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Research over the next year will be focused 
on determining optimal HV AC system op
erations and limitations of pressurization. 
Long-tenn research will include a compari
son of HV AC modification and active subslab 
depressurization in the same schools. 

Design of Radon-Resistant and Easy-To
Mitigate New School BuUdlngs; A.B. Craig, 
Project Omcer, and K.W. Leovic. Oral 
Paper 

Recent experience in existing schools, new 
house construction, and limited experience 
in new school construction indicates that 
radon resistant features can and should be 
incorporated into new school buildings in 
high risk areas. Radon-resistant features work 
by reducing the potential for radon (soil gas) 
entry and facilitating cost effective post-con
s\rUCtion mitigation. Pre-cons\rUCtion features 
include: designing, installing, and operating 
the HV AC system to pressurize the building 
providing adequate makeup air for building 
exhausts; laying down a minimum of 4 in. of 
clean, coarse subslab aggregate; limiting 
subslab barriers to air movement; and rough
ing in subslab depressurization points. 

Design and AppUcation of Active SoU De
pressurization Systems in School BuUd
ings; K.W. Leovlc, Project Omcer. Poster 
Paper 

Recent research on active subslab depres
surization (ASD) systems in two Kentucky 
and two Maine schools indicates that: 1) 
schools with low penneability material (Le., 
sand) under the slab may require higher suc
tion fans to adequately depressurize the 
subslab area; 2) utility tunnel depressurization 
may be an effective and relatively inexpen
sive technique if the tunnels are not too leaky 
and do not contain asbestos; 3) ASD systems 
are typically preferred to passive systems in 
existing schools to maximize radon reduc
tions; and 4) subslabpressure field extension 
(based on measurements conducted in one 
school) is greater when suction is applied to 
an interior point rather than from the building 
exterior. 

A Comparison of Radon Mitigation Op
tions for Crawlspace School Buildings; 
K.W. Leovlc, Project Omcer, B.E. Pyle. 
Poster Paper 

Research in one Tennessee school constructed 
over a crawl space indicates that sub-memo 
brane depressurization is the most effective 
teclmology for reducing radon levels in both 
the classrooms and the crawl space. Crawl 
space depressurization was effective in re
ducing levels in the classrooms but increased 
levels in the crawl space by a factor of two to 
three. Both pressurization and natural venti
lation of the crawl space were found to be 
less effective technologies than sub-mem
brane depressurization or crawl space de
pressurization. 
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RMB Papers and Reports Since Last Update 

Reports Since Last Update: 
"Testing of Indoor Radon Reduction Tech
niques in Cenlral Ohio Houses: Phase 2 
(Winter 1988-89)," Findlay, W.O., A. 
Robertson, and A.G. Scott, submitted to EPA 
by Acres International Corp., EP A-600/8-
90-050, May 1990 (NTIS No. PB90-
222704).-

"Testing of Indoor Radon Reduction Tech
niques in 19 Maryland Houses," Gilroy, D.G., 
and W.M. Kaschak, submitted to EPA by 
CDM Federal Programs Corp., EP A-600/8-
90-056, June 1990 (NTIS No. PB90-244393). 

"Radon Mitigation Studies: Nashville Dem
onstration,"Pyle.B.E., and A.D. Williamson, 
submitted to EPA by Southern Research In
stitute, EPA-600/8-90-061, July 1990 (NTIS 
No. PB90-257791). 

"Interim Radon-Resistant Construction 
Guidelines for Use in Florida-1989," Pugh, 
T.D., submitted to EPA by Florida A&M 
University, EPA-600/8-90-062, August 1990 
(NTIS No. PB9O-265349). 

Region 1 
(CT, ME, MA, NH, RI, VI) 
JFK Federal Building 
Boston. MA 02203 
(617) 565-4502 

Region l 
(NJ,NY) 
26 Federal Plaza 
New York, NY 10278 
(212) 264-4418 

Regionl 
(DE, DC, MD, PAt VA, WV) 
841 Chestnut Building 
Philadelphia, PA 19107 
(215) 597-8320 

Region 4 
(AL, FL. GA. KY, MS, NC, SC. TN) 
345 Courtland SL N.E. 
Atlanta, GA 30365 
(404) 347-3907 

"Engineering Design Criteria for Sub-slab 
Depressurization Systems in low-perme
ability Soils," Fowler, C.S., et al., submitted 
to EPA by Southern Research Institute. EPA-
600/8-90-063, August 1990 (NTIS No. PB90-
257167). 

"Investigation of Radon Enlry and Effective
ness of Mitigation Measures in Seven Houses 
in New Jersey," Dudney, C.S., et al., submit
ted to EPA by DOEtQak Ridge National 
Laboratory, EPA-600n-90-016, August 1990 
(NTIS No. DE89016676). 

"Identification of Candidate Houses for the 
North Florida Portion of the Florida Radon 
Mitigation Project," Roessler, G.S., et al., 
submitted to EPA by University of Florida, 
EPA-600/8-90-070, September 1990 (NTIS 
No. PB9O-274077). 

"Summary of EPA's Radon Reduction Re
search in Schools During 1989-90," Leovic, 
K.W., prepared in-house by EPA, EPA-6001 
8-90-072, October 1990 (NTIS No. PB91-
102038). 

''Testing of Indoor Radon Reduction Tech
niques in Basement Houses Having Adjoin
ing Wings," Messing, M., submitted to EPA 

by Inflltec, EPA-600/8-9O-076, November 
1990 (NTIS No. PB91-125831). 

"Follow-Up Annual Alpha-Track Monitor
ing in 40 Eastern Pennsylvania Houses with 
Indoor Radon Reduction Systems (Decem
ber 1988-December 1989)," Scott, A.G., and 
A. Robertson, submitted to EPA by American 
ATCON, EPA-600/8-90-081, November 
1990 (NTIS No. PB91-127779). 

Symposia Presentations: 
''Building HV AC/Foundation Diagnostics for 
Radon Mitigation in Schools: Part 2," Leovic, 
K.W., D. B. Harris, and A. B. Craig, pre
sented at Indoor Air 1990, Toronto, Canada, 
August 1990. 

"Planning for Quality in Radon Mitigation," 
Ford, 1. S., and B. Harris, presented at Indoor 
Air 1990, Toronto, Canada, August 1990. 

"Radon Diagnostics for Schools," Leovic, 
K.W., A. B. Craig, and D. B. Harris, pre
sented at 83rd Annual A WMA Meeting, 
Pittsburgh, PA, June 24-29, 1990. 

• All reports with NTIS memben an: available 
(pn:paid) from the National Technical Infonna
tion Service, 5285 Port Royal Road, Spring
field, VA 22161 (phone 703/487-4650). 

EPA Regional Offices 

RegionS 
(IL. IN. MI. MN, OH. WI) 
230 South Dearborn SL 
Chicago, n. 60604 

From IN, MI, OH, MN, and WI 
(800) 621-8431 

FromlL 
(800) 572-2515 

Region (; 
(AR. LA. NM. OK. TX) 
1445 Ross Avenue 
Dallas. TX 75202 
(214) 655-7223 

Region 7 
(lA, KS. MO, NE) 
726 Minnesota Avenue 
Kansas City, KS 66101 
(913) 551-7020 

•••••••••••••••••••• 
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Region 8 
(CO, MI. ND. SD. UT, WY) 
999 18th Street 
Denver Place, Suite 500 
Denver, CO 80202-2405 
(303) 293-11()9 

Region 9 
(AZ, CA. HI. NY) 
75 Hawthorne 
San Francisco, CA 94105 
(415) 744-1045 

Region 10 
(AK.ID. OR, WA) 
1200 Sixth Avenue 
Seattle. WA 98101 
(206) 442-7660 

EPA Headquarters 
401 M Slreet S.W. 
Washington, D.C. 20460 
(202) 475-9605 
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Recent news articles 
downplay radon risks 
Overcoming public apathy 

about radon is a major chal
lenge, perhaps the major challenge 
facing Federal, State and local 
programs aimed at reducing radon 
health risks. Media attention is an 
important way of alerting the public 
to the radon problem, and for en
couraging public action. However, 
recent articles appearing in the New 
York Times and Time Magazine 
downplay the risk of radon and 
may actually lull the public into 
passivity. 

EP A has responded to these 
articles in interviews with reporters 
and in subsequent letters to the 
editors. States and others can 
counter similar articles in their local 
media by incorporating some of the 
following responses into press re
leases and interviews with media: 

Crittc: 
The 4 pCi/L action level is too 

low. 
Response: 

The Time Magazine article 
recommends that "hundreds" of 
picocuries per liter (pCiIL) should 
be grounds for action rather than 
the current recommended action 
level of 4 pCi/L EPA points out 
that "Hundreds" of pCiIL would be at 
least 10 times higher than the 

exposure level the Department of 
Labor allows for underground 
miners, and would be more than 
100 times greater than the accept
able radiation level for the general 
public from all sources of man
made radiation 

Still other critics argue that 
radon risks only become serious 
when levels reach 20 pCi/L because 
at 4 pCi/L the risk is similar to day
to-day "routine" risks like car acci
dents or home fires. Doesn't it 
sound strange to suggest that people 
shouldn't take action to prevent car 
accidents and home fires? People 
do. Further, people take action to 
prevent other risks like accidental 
poisoning and home accidents by 
using child-proof latches and non
slip bathtub mats. 

Crittc: 
Studies have failed to document 

an epidemic of disease attributable 
to radon 
Response: 

Studies of underground miners 
document significant increases in 
lung cancer rates attributable to 
radon 

The New Jersey study, the 
largest residential study to-date, also 
found a positive correlation be
tween radon and lung cancer. 

The Chinese women study and 
Dr. Cohen's work are inadequate for 
assessing radon risk 
• The Chinese study has several 

limitations including too few 
subjects and many factors 
which could have masked the 
cause of lung cancer. 

• Dr. Cohen's work has been criti
cized by the scientific commu
nity as being invalid for investi· 
gating radon risk 
EPA has developed extensive 

comments to these two studies. If 
you would like a copy, please 
contact Curt Hopkins at CRCPD. 

Crittc: 
EPA recommends testing base

ments which are not representative 
of radon levels throughout the 
house. 
Response: 

Testing of radon in basements -
the location in homes where radon 
levels are likely to be the highest -
only provides a screening measure
ment to determine the radon 
potential in homes. For homes 
identified from this screening as 
having elevated levels of radon, 
EPA presently recommends a 
follow-up test in the home's living 
areas to estimate annual radon con
centrations. 

Crittc: 
Radon health risk estimates are 

exaggerated by using basement 
screening measurements to estimate 
exposure. Continued 



Response: 
EPA does not use basement 

screening measurements to estimate 
national risks posed by indoor 
radon. Instead, EPA radon risks 
estimates are calculated using 
estimates of the annual average 
exposure of 13 pCi/L to the U.s. 
population. 

Critic: 
Government radon programs 

are not targeting the "hot spot" homes 
with levels above 20 pCi/L 
Response: 

EPA, States and local health 
officials have initiated numerous ac
tivities to target geographical "hot 
spots." Through the State Radon 
Surveys, for example, "hot spots" 
have been found in nearly every 
State, including Southeastern New 
York, Eastern Tennessee, and North
eastern Alabama. The results from 
these surveys provide EPA, State, 
and local officials with a basis for 
setting priorities in problem areas. 

State Indoor Radon Grant re
cipients are also encouraged to 
identify and address high- risk areas 
as part of their basic radon risk 
reduction activities. 

Radon potential maps based on 
geology and measurement data are 
also used to target radon program 
activities. 

The Surgeon General and EPA 
recommend that nearly all homes 
be tested since high-level homes 
cannot be identified without testing 
and because survey after survey 
shows that radon levels vary greatly 
from house to house in the same 
neighborhood For example, in 
Boyertown, Pennsylvania, homes 
have been found with radon levels 
ranging from less than 1 pCi/L to 
more than 260 pCi/L 

CRCPD has copies of EPA's 
response to Science, Time and New 
York Times articles. If you are 
interested in receiving a copy, 
contact Curt Hopkins at CRCPD. 

# 

New radon report from 
National Academy of Sciences 

T he National Academy of 
Sciences (NAS) released in Feb

ruary a new report that will provide 
EPA with information to use in esti
mating radon health risks. EPA 
commissioned this new study to 
help reduce the uncertainties of 
using miner data to estimate risks 
posed by radon in the home Based 
on the report's findings, EPA's 
estimate of radon-related lung 
cancer deaths per year will be 
reviewed The report, however, 
doesn't question the carcinogenicity 
of radon. 

One assumption of an earlier 
NAS report (BEIR IV) was that the 
radon risk for mine environments 
could be applied directly, in a one
to-one fashion, to home environ
ments. Recognizing this as a source 
of uncertainty, EPA asked the NAS 
to examine more fully the compara
bility of dose response to miners 
and the general public. The NAS 
calculations indicate that the dose of 

alpha energy per unit exposure 
delivered to lung tissue tends to be 
about 20-30010 lower for the home 
environment than for the mine en
vironment The overall impact of 
this determination on EPA's radon 
risk estimates is presently under 
review. EPA will consider the NAS 
findings together with new radon 
exposure data developed from the 
National Residential Survey, which 
is determining the annual average 
radon concentrations in homes 
across the country. Based on this 
and other information, EPA will 
reassess its current estimates of risk. 

While the NAS study may lead 
to some change in EPA's risk esti
mate, this refinement may help 
build scientific consensus by reduc
ing uncertainties in radon health 
risk assessments. In late spring 1991, 
EPA's Science Advisory Board will 
review the Agency's revised risk esti· 
mates incorporating both the NAS 
findings and the results from the 
National Residential Survey. 

State radon program report 

C RCPD is collecting information 
to assess the impact of the State 

Indoor Radon Grant (SIRG) Pro
gram CRCPD developed and sent a 
questionnaire to all of its members 
at the end of January to solicit input 
on the impact of the grants in each 
State, the effect of the required 
increase in State match, and the 
likely effect on State radon activities 
if the SIRG program is not extended 
beyond the current year. CRCPD 

will share the results of the survey 
with the States and EPA 

The President's FY 1992 budget 
proposes nine million dollars for the 
SIRG program. However, fiscal 
year 1991 is the last year of legisla
tively authorized funding for the 
SIRG program CRCPD can use this 
information to prepare for Congres
sional reauthorization hearings this 
spring for the Indoor Radon Abate
ment Act 

# 



New 
RMP Program 
I n March, the EPA sent applica

tion packages to radon meas
urement firms. The Radon Measure
ment Proficiency (RMP) program 
helps consumers find qualified 
radon testing companies by provid
ing listings of companies that have 
demonstrated their ability to accu
rately measure radon and agreed to 
follow radon measurement quality 
assurance principles. The new 
program will reduce waiting times 
for participating measurement firms, 
improve the quality of radon 
measurements to consumers, and 
facilitate access to RMP Program in
formation. 

The new program has a con
tinuous enrollment and testing 
cycle, facilitating application review, 
testing, and a reduction in waiting 
time for listings. The program will 
continue to conduct "blind" tests of 
companies that have already been 
listed and expand upon testing 
efforts to make sure that partici
pants consistently provide accurate 
results to customers. 

EPA has made its requirements 
for listing more stringent The new 
program will use device-specific 
testing as opposed to method 
testing. This means that participants 
must take the radon measurement 
test on each type of instrument they 
will use. The new program also 
requires participants to meet a new 
and more stringent radon measure-

ment criterion for listing. Listed 
participants will also be required to 
have and follow a quality assur
ance/control plan and use standard
ized operating procedures (SOP's) 
for their listed devices. 

The new RMP program asks 
participants to advertise their listed 
device with the phrase "Meets EPA 
requirements." EPA will highlight 
this phrase in its public information 
brochures and communications. 
Published RMP Program Reports 
will include more complete infor
mation on listed firms and devices. 

Future initiatives include the 
development of a measurement 
operator proficiency exam, access to 
on-line status reporting for States 
and the establishment of user fees. 

# 

American 
Lung 
Association 
Grants 

T he American Lung Association 
will be awarding grants to Lung 

Association chapters nationwide in 
an effort to develop local Radon 
programs which will inform com
munities of the health hazards 
associated with elevated indoor 
radon levels, and to encourage 
citizens to monitor and mitigate 
radon problems, where found 

ALA is awarding grants of up to 
$10,000 per Lung Association chapter 
for proposed projects. The amount 
of each award depends on the 
frequency and nature of the public 
information program activities 
conducted by the Chapter. Recipi
ents of the grants must involve at 
least one other community group in 
their projects and target high risk 
areas. 

ALA hopes these grants will 
expand upon the current level of 
community involvement and 
promote radon reduction activities. 

Questions regarding the grant 
program can be directed to: 

Leyla Erk McCurdy 
Suite 902 
Washington, D.G 20036-4502 
(202) 785-3355 

# 

Update on 
Citizens Guide 
Revisions 
The Radon Public Information 

Committee of the Conference of 
Radiation Control Program Directors 
(CRCPD) met with EPA on January 
16, 1991 to discuss the revision of the 
"Citizen's Guide to Radon" EPA 
shared comments on the "Citizen's 
Guide" from States, industry, scien
tists, other Federal agencies, risk 
communication experts, and others 
with the CRCPD committee. The 
CRCPD Committee provided addi
tional elaboration on their perspec
tive about the draft "Citizen's Guide" 
and further clarified State views on 
key issues raised in the public 
review. 

Therevised draft will reflect 
comments received on the draft 
version circulated to States and 
others in the Fall of 1990. CRCPD 
and other key reviewers will 
continue to coordinate with EPA 
throughout the revision process. 

EPA has requested that the 
Agency's Science Advisory Board 
(SAB) review the Technical Support 
Document and the draft Guide prior 
to release. The SAB review is 
scheduled to begin in August after a 
comprehensive internal EPA review 
has been completed States can 
expect a final Guide in the Fall of 
1991 after the EPA considers the 
Board's recommendations. 

# 



ARIZONA 
A Radon Student Activity Book 

is being developed as a joint project 
of the Arizona Radiation Regulatory 
Agency CARRA) and the Arizona 
Department of Real Estate CADRE). 
The text and learning activities in 
the twenty-page booklet are struc
tured for elementary school stu
dents in grades four through six. 
The students are encouraged to 
have fun while learning in the 
classroom, and then take the com
pleted radon booklet home to their 
parents. 

ARRA is also producing an 
Arizona-specific video tape presenta
tion on radon The video tells the 
basic radon story and describes how 
dealing with indoor radon is af
fected by Arizona's diverse geogra
phy, climate, and housing. As part 
of ARRA's proactive radon public in
formation program, copies of the 
fifteen-minute video will be loaned 
to interested persons and organiza
tions upon request The video will 
also be used by ARRA personnel as 
part of radon presentations deliv
ered in person to larger audiences. 

An indoor radon survey for 
public facilities, low income housing 
and economically depressed school 
districts, is one of several additional 
projects planned as part of the Ari
zona SIR G Program. 

DELAWARE 
Delaware has completed its 

State Radon Survey and has now 
shifted its focus to assisting home
owners by disseminating informa
tion, recommending home surveys, 
interpreting survey results, mitiga
tion guidance and offering post miti
gation measurements. The Dela
ware guidelines for persons quali
fied to provide radon services have 
been updated and distributed to all 
radon contractors registered in the 
State. 

FLORIDA 
A 1988 statutory amendment to 

Florida's Control of Radiation Haz
ards Act required all state-owned, 
state-operated, state-licensed, and 
state-regulated 24-hour care facilities, 
all public and private schools K 
through 12, and all state-licensed 
child care centers to measure for 
radon This measurement data will 
be the largest non-residential indoor 
radon measurement data set when 
all required testing is completed and 
reported by July 1, 1994. It is esti
mated that approximately 900,000 
measurements will be reported by 
18,000 facilities. Regulations imple
menting this legislation require 
facilities to test only a minimum of 
20% of its habitable spaces each 
year. Initial radon measurements 
were to be reported to the Depart
ment of Health and Rehabilitative 
Services, Office of Radiation Control 
by July 1, 1990. 

The Office of Radiation Control
Radon has already received over 
220,000 radon measurements from 
facilities mandated to test Prelimi
nary evaluation of the data indi
cates: 
• Very few facilities were found 

to have highly elevated radon 
levels C20 to 100 pCi/I). No 
reports over 100 pCi/1 were 
received 

• Almost 69% of the counties 
statewide have reported ele
vated radon levels from at least 
one type of facility. 
It is anticipated that once suffi

cient reports are received and 
entered into the database, more in
depth analysis of the measurement 
reports will be possible. 

INDIANA 
Indiana currently is writing a 

Radon Rule, with some minor 
changes still being made. The goal 
of the Radiological Health Division 

is to have the Radon Rule become 
effective by January 1, 1992 

Presently, there is an Interim 
Radon Certification Program Every
one working with radon in Indiana 
is required to complete an applica
tion and be on the state's Interim 
Radon Certification list 

As a part of the EPA SIRG 
Program, a Radon in Schools and 
Day Care Centers Survey is being 
conducted Fourteen-hundred ques
tionnaires were sent to the superin
tendents, principals and day care 
center directors in Indiana. The 
questionnaires pertained to the type 
of construction of the building and 
previous radon results from the 
facility. Approximately 1,800 ques
tionnaires have been returned to the 
Indiana State Board of Health. The 
selection of schools and day care 
centers to be tested will focus on 
the ones which are at a high risk of 
elevated radon levels. 

IOWA 
The Public Awareness Survey, 

by the Iowa State University Energy 
Extension Service in conjunction 
with the Iowa Department of Public 
Health, is completed and the results 
are available to the public. Nearly 
90 percent of those surveyed have 
heard of radon, and although many 
facts have been absorbed by the 
public, the public does not feel that 
it is knowledgeable. Nearly two out 
of three persons feel inadequately 
informed about radon They say 
the barrier to radon testing is a lack 
of knowledge. Even among those 
who are knowledgeable, very few 
perceive radon to be a health risk. 
It seems government brochures, 
newspapers, and television may be 
the most effective methods to 
inform the public. Since people do 



not seem to understand the risk, 
additional effort is needed to 
communicate the health risk. As a 
result of this survey, a method of 
getting information to the public 
will be developed Anyone wishing 
a summary or complete report may 
contact Mariana Dubbert, Bureau of 
Radiological Health, Lucas State 
Office Building, Des Moines, Iowa 
50319, telephone: 515/242-6483. 

Iowa continues to inspect the 
certified testers and credentialed 
mitigators. We are finding some 
problems with compliance in both 
measurement and mitigation As a 
result of these inspections, we have 
revised our measurement rules and 
are in the proces.<; of revising our 
mitigation rules and our inspection 
report forms. 

Iowa has applied for a continu
ation of the SIRG Program. One of 
the proposals is for funds to con
duct a cooperative study, with the 
Iowa State University Energy 
Extension Service (ISUEES), of at 
least 50 day care centers in central 
Iowa. ISUEES will identify the 
centers to be tested and will acquire 
the testing kits. The test devices 
will be distributed by Iowa Depart
ment of Public Health staff. Coop
eratively, the results will be ac
quired, information analyzed and a 
report prepared summarizing the re
sults of the study. 

KENTUCKY 
The Jefferson County Public 

School District in Louisville, in 
conjunction with the 77,000 member 
Parent Teacher'S Association (PTA), 
and the State Radon Program, re
cently approved radon awareness 
sessions for school principals and 
PTA representatives. The awareness 
programs were scheduled prior to 

the District's release of 12 month 
confirmatory radon testing (due 
March 1991). The program had two 
major objectives: 
1 Inform principals and PTA rep

resentatives about radon, its 
health risks, and how this 
applies to radon test results in 
the Jefferson County Schools, 

2 Provide principals and PTA rep
resentatives with sufficient in
formation and resources to 
enable them to organize a radon 
awareness program for staff, 
parents, and students. 
Three sessions were offered to 

the District's principals and PTA rep
resentatives. Each session provided 
the school officials with sufficient 
information and resources to 
answer basic questions about radon 
in an informed and accurate man
ner. The program format included a 
video and lecture presentation and 
sample radon "outreach" kit, which 
included a radon brochure and 
resource literature. 

MARYLAND 
Maryland is surveying approxi

mately 1,800 homes during the 1990-
1991 heating season and a report on 
this survey will be available later 
this year. 

MINNESOTA 
Two thousand free charcoal 

canisters were placed in low income 
residences throughout the state. 
Twenty percent of the monitors de
ployed were duplicates and 10% 
were blanks. Residences with a 
reading of 10.0 pCi/l or above will 
receive an alpha track detector for 
each livable area of their home. 
The alpha track detectors will be 
exposed for 6 months or less. The 
readings from the charcoal canisters 
and alpha track detectors will be 
compiled and incorporated into the 

existing state-wide radon data for 
mapping potential hot spots. A hot 
spot is defined as a county-wide 
area where 20% of the deployed 
alpha tract detectors have a reading 
of 10.0 pCi/1 or above. 

Residents of western and south
ern Minnesota are being urged to 
test for radon, since preliminary 
tests showed a high percentage of 
homes to be above the EPA action 
level of 4 pCi/l Radio spots and 
newspaper advertisements were 
utilized to encourage residents of 
these areas to test for radon All 
local health departments received a 
packet of information on radon 

NEVADA 
Nevada distributed over 2,000 

charcoal canisters to homeowners 
for short-term measurements, dis
tributed long-term devices, and 
made site specific measurements 
with portable survey equipment 
The results revealed that approxi
mately 10% of the homes have 
levels above the 4 pCi/1 EPA action 
level 

Information presentations were 
given on the campuses of the 
University of Nevada, Reno, and the 
University of Nevada, Las Vegas, 
and to approximately 19,000 atten
dees of a home show in Reno. 

NEW JERSEY 
New Jersey identified radon 

"clusters" during a project on Elevated 
Radon Area Evaluation When a 
home was found to have a radon 
measurement of 200 pCi/1 or greater, 
further monitoring showed that as 
many as 3/4 of the surrounding 
homes had levels exceeding 4 pCi/l 
"Clusters" have been identified in at 
least 25 New Jersey communities. A 
program, funded by the SIRG, was 
developed by the State to teach 
local health officers how to conduct 
evaluations of elevated radon levels. 



This has created a valuable man
power resource, and a training 
manual has been developed to assist 
in their training. 

A flyer about radon and the im
portance of home testing was 
included in the December 1990 
billing envelope of the New Jersey 
Public Service Electric and Gas Com
pany. Approximately 2,000,000 
customers received the notice, and 
over 1,000 calls have been received 

NORTH CAROLINA 
North Carolina maintains a 

database with radon information on 
approximately 7,000 homes within 
the State. This information, avail
able to the public, has been supplied 
by commercial vendors, private 
individuals and research organiza
tions and includes the statewide sur
vey results from EPA Of the 100 
counties in the State, eight show 
average radon concentrations 
greater than 4 pCi/l Thirty-four 
counties have shown an average be
tween 2 pCi/1 to 4 pCi/l The re
maining 58 counties showed an 
average of less than 2 pCi/l Ap
proximately 17% of all homes tested 
in North Carolina had a radon meas
urement of greater than 4 pCi/l 

In 1990, a statewide survey of 
1,290 homes was conducted 
Twenty radon education programs 
were given at the rural county level 
and there were approximately ten 
seminars for professional and trade 
groups, as well as for high school 
classes. Also, two teletip messages 
about radon were installed on the 
telephone network of the NC 
Agricultural Extension Service. 

NORTH DAKOTA 
The North Dakota Radiation 

Control Program is currently com
pleting first year SIRG Program 
activities and has applied for second 
year SIRG Program assistance. Major 
emphasis will be to complete radon 

screening measurements of all 
schools and day care centers. 

OHIO 
Legislation for the licensure of 

radon-related activities was passed 
in July 1990. By June 1991, a pro
gram must be in place to require 
licensure for radon testers, mitiga
tion specialists, mitigation contrac
tors, and to approve radon laborato
ries and training courses. An 
advisory council is helping Ohio 
promulgate radon regulations for 
the licensing of the activities. 

Mitigation and measuring classes 
have been held recently, and other 
classes and licensure examinations 
are scheduled for April 

PENNSYLVANIA 
Pennsylvania's Radon Certification 
Regulations were published as final 
rulemaking in the January 19, 1991, 
Pennsylvania Bulletin This brings 
to an end operations under interim 
regulations, which took effect Sep
tember 21, 1988, which specified the 
certification requirements for 
persons offering radon testing, 
radon mitigation, and radon labora
tory analysis services in the Com
monwealth of Pennsylvania. The 
1,056 applicants certified under the 
interim regulations must now obtain 
certification under the final rule
making. Certification will be 
granted on a two-year renewal basis. 

Some of the major changes of 
the interim to final regulations 
include: the deletion of the educa
tional requirement for testing and 
mitigation individuals; the inclusion 
of water analysis in the testing and 
laboratory definition; the require
ment that testing and mitigation 
individuals pass an approved exam; 
the establishment of alternative ex
perience for mitigation individuals; 
the elimination of manufacturer 
certification; suspension of certifica
tion instead of a lapse in cases of 

violation; the defining in greater 
detail the quality assurance and 
health and safety programs, and the 
requirement that a certified individ
ual/firm perform Services in accor
dance with EPA or DER approved 
protocols and applicable laws. 

SOUTH CAROLINA 
Clemson University surveyed 

approximately 1,100 homes in 46 
counties, using charcoal canisters. 
The average reading was 13 pCi/l, 
with about 4% above the EPA 
action level of 4 pCi/l South 
Carolina surveyed an additional 800 
homes and the results were essen
tially the same as the Clemson 
study. 

WASHINGTON 
Two thousand three hundred 

and fifty (2,350) charcoal canisters 
have been placed in homes on an 
initial screening basis (7 days) to 
serve as a base for future testing. 
Radon is present throughout Wash
ington in varying amounts. A 
database from will be compiled 
which contains test results and an
swers to a questionnaire; this 
information will be made available. 

A manual is being prepared to 
show cooperative and cost-effective 
approaches school administrators 
could use to assess and mitigate 
radon in schools. The manual in
cludes chapters on administrator's 
overview, radon facts, radon aware
ness, radon and liability, strategic 
planning, public informational 
materials, school radon testing, 
building inspection and radon 
diagnostics, radon mitigation, long
term radon management, and case 
studies. 

,"YIt.. This Bulletin t.' is printed 
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Radon Contractor 
Proficiency (RCP) 
Program 
I n 1989, EPA established the 

Radon Contractor Proficiency 
(RCP) Program to help States, local 
government officials, and the public 
select contractors who have demon
strated proficiency in reducing 
indoor radon levels. 

In February, EPA published a 
new Proficiency Report containing 
the names of 1,123 qualified contrac
tors available to consumers through 
their state Department of Health, 
and plans to update the report 
every four months. The Agency is 
also developing a formalized delist
ing procedure for RCP participants, 
and will seek state input in develop
ing such procedures. 

For RCP participants, EPA issued 
a list of approved hands-on training 
providers and courses to help 
participants with the fulfillment of 
the programs' continuing education 
requirement All participants in the 
RCP Program must complete a one
time, EPA approved hands-on 
training course. The courses pro
vide at least 16 hours of hands-on 
radon mitigation training. Starting 
this Spring, certain EPA Regional 
Radon Training Centers will provide 
additional courses in fundamentals 
of radon measurement, radon 
diagnostics and measurement in 
schools, mitigation in schools, and 
new construction. 

# 

Congress introduces ... 

National Radon 
Action Week 1991 

T he extensive media coverage and activities of the first 
National Radon Action Week, held last October, helped 

focus national attention on radon health risks and what can 
be done to reduce them. President George Bush and the u.s. 
Congress designated October 14-20, 1990 "National Radon 
Action Week" Senators Frank Lautenberg and John Warner 
and Congressman Robert Roe are sponsoring legislation 
again this year to designate October 13-19, 1991 "National 
Radon Action Week" 

Events in 1991 will build on last year's program which in
cluded many grass-root activities spearheaded by 50 local 
American Lung Association affiliates. More than 500 schools 
participated in the National Radon Poster Contest announ~ed 
by Weekly Reader. The American Medical Association 
distributed a health risk brochure to 400,000 physicians 
across the country. Media coverage included hundreds of 
stories in local newspapers and broadcast stations nation
wide. Public outreach activities and materials developed by 
EPA, the ALA and others will serve as a framework to build 
a network of coast-to-coast events and promotions through 
regions and States. 

If Congress passses this Resolution for the next two con
secutive years, this week will become an official Congres
sional Commemorative as well as an annual event 

New construction standards 

M T his April EPA plans to pub
lish in the Federal Register 
its final draft of "Model 

Standards and Techniques for 
Control of Radon in New Buildings." 
Since first publishing interim guide
lines for radon-resistant construction 
in 1987, EPA has consulted with 
States, the building industry, and Na
tional Model Code Organizations to 
develop model construction stan
dards that are most effective in 
reducing radon levels in new homes 
and that will be readily adoptable 

by both building code organizations 
and State and local jurisdictions. 
The Agency analyzed a broad range 
of options for implementing the 
standards and techniques with the 
objective of maximizing radon risk 
reduction, cost-effectiveness to 
builders and society, adaptability to 
geographical variations in radon 
risks, and to assure that post
construction radon measurement 
and mitigation is done when appro
priate. 

continued 



As a result of the options analy
sis, EPA proposes the use of an 
active radon control system in areas 
of elevated radon potential and a 
passive system in other areas. EPA 
also acknowledges that the radon 
potential in some areas may be so 
low that new construction stan
dards may not be appropriate. 

In addition to cost-benefit 
analysis, EPA has conducted an 
affordability analysis to examine 
potentially adverse economic effects 
of applying the new construction 
standards. The effect has been 
found to be minor and in most 
cases there are actual energy savings 
that offset the costs to homeowners 
of using the recommended radon 
prevention techniques. 
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State Radon Contacts 
Alabama James McNees 205/242-5315 
Alaska None 907/465-3019 
Arizona Paul Weeden 602/255-4845 
Arkansas Lee Gershner 501/661-2301 
California J. David Quinton 916/322-2040 
Colorado Robert M Quillin 303/331-8480 
Connecticut Alan J. Siniscalchi 203/566-3122 
Delaware Allan Tapert ?J:>2!739-3787 
Dist of Col Veronica Singh 2021727-7218 
Florida N. Michael Gilley 904/488-1525 
Georgia Jim Drinnon 404/894-6644 
Hawaii None ~/548-4383 
Idaho Pat McGavarn 208/334-6584 
Illinois Richard Allen 217 n85-9868 
Indiana Michele Rohleder 317/633-8563 
Iowa Donald A. Flater 515/281-3478 
Kansas Harold Spiker 913/296-1561 
Kentucky Jeana Phelps 502/564-3700 
Louisiana Matt Schlenker 504/925-4518 
Maine Bob Stilwell 207/289-5743 
Maryland Leon J. Rachuba ?J:>1/631-3?J:>1 
Massachusetts William J. Bell 413/586-7525 
Michigan George W. Bruchmann __ 517 n51-6083 
Minnesota Laura Oatmann 612/627-5012 
Mississippi Robert Bell 601/354-6657 
Missouri Kenneth V. Miller 314n51-6083 
Montana Adrian C Howe 406/444-3671 
Nebraska Harold Borchert 402/47h2168 
Nevada Stan Marshall 702/687-5394 
New Hampshire __ None 603/271-4674 
New Jersey Tonalee Carlson Key 609/987-6369 
New Mexico William M Floyd 505/827-2936 
NY St Envir. None 518/457-2225 
NY St Health Lawrence Keefe 518/458-6451 
NY St Labor None 718n97-7641 
NY City Health __ None 718/643-8029 
North Carolina Dr. Felix Fong 919/571-4141 
North Dakota Terry D. Lindsey 701/224-2348 
Ohio Marcie Matthews 614/644-2727 
Oklahoma Gene Smith 405/271-5221 
Oregon Ray Paris 503/229-5797 
Penrisylvania Carl L Granlund 717 n87-2480 
Puerto Rico David Saldana 809n67-3563 
Rhode Island Andrew Cavenaugh 401/277-2438 
South Carolina C Nolan Bivens 8031734-4631 
South Dakota Mike Pochop 605n73-3153 
Tennessee Susie Shimek 61Sn41-3931 
Texas Gary Smith, Ph.D. 512/835-7000 
Utah Dane L Finerfrock 8011538-6734 
Vermont Paul Clemons 802/828-2886 
Virginia Leslie P. Foldesi 804n86-5932 
Washington Kate Coleman 206n53-4518 
West Virginia Beattie L DeBord 304/348-3526 
Wisconsin Conrad Weiffenback ~/273-5182 
Wyoming Janet Hough ?J:>7 m7-601S 



6EPA 
Introduction 
This update summarizes the Air and Energy 
Engineering Research Laboratory's 
(AEERL's ) radon mitigation research program 
objectives and updates recent Radon Miti
gation Branch (RMB) activities. A listing of 
recent AEERL publications and EPA docu
ments relating to radon mitigation is included 

Mike Osborne, Branch Chief 
(919) 541-4113 

- EPA radon mitigation 
research and development program 

Tim Dyess 
(919) 541-2802 

- radon resistant new 
construction 

Bruce Henschel 
(919) 541-4112 

- radon mitigation in existing houses 

United States 
Environmental Protection 
Agency 

Office of 
Research and 
Development 

Air and Energy Engineering 
Research Laboratory 
Research Triangle Park, NC 27711 

EP Al60019-90/048 Dec. 1990 

Radon Mitigation Update 
as a reference for obtaining additional infor
mation. 

The technical portions of this update are 
intended to provide timely and useful in
formation to the radon mitigation industry. It 
should be noted that this information may be 
basedonregional and/or preliminary findings 
and should be viewed as such. As research 

Kelly Leovic 
(919) 541-7717 

- radon mitigation in schools 

Bruce Harris 
(919) 541-7807 

- radon diagnostics and 
measurement technology 

Ron Mosley 
(919) 541-7865 

- radon data analysis 

programs progress, AEERL will publish de
tails of its rmdings as technical reports. 

For additional information on specific re
search activities or programs, you may con
tact the specific RMB project officer either by 
phone (see below) or mail at MD-54, U.S. 
EP A, Research Triangle Park, NC 27711. 

A.B. "Chick" Craig 
(919) 541-2824 

- Senior Physical Scientist -
Radon 

John Ruppersberger 
(919) 541-2432 

- radon barriers and 
block permeability 

David Sanchez 
(919) 541-2979 

- mechanisms of radon entry 

AEERL Radon MItigation Research Objectives for 1990 and Beyond 

In late 1988, Congress enacted the Indoor 
Radon Abatement Act (lRAA). The Act sets a 
long-term goal of reducing indoorradon levels 
to the poinllhat air within buildings is as free 
or radon as is the ambient air outdoors (about 
0.2-0.7 pCi/L). AEERL will focus its research 
programs toward developing and demonstrat
ing technologies necessary to reduce indoor 
radon levels toward this goal. 

Existing House programs will research the 
application of subs lab depressurization and 
other radon reduction approaches in different 
house types, soils, and geographic regions; 
evaluate the durability and long-term perfor
mance of radon reduction techniques and ma
terials; and study the effects of nalural venti
lation, air cleaners, and block wall coatings. 

Radon Resistant New Construction J/ouse 
programs will focus on determining the most 
effective radon resistant construction tech
niques. Radon resistant features in previously 
constructed houses will be removed or deac
tivated to determine their impact on indoor 
radon levels. Soil and house characteristics for 

slab-on-grade, basement, and crawl space 
houses constructed on both sandy and expan
sive clay soils will be studied to determine 
interactions. Research will continue on the 
radon resistant properties of concrete blocks 
and block wall coatings. 

School programs will include demonstrating 
the regional application of subslab depressur
ization systems, initiating an effort to investi
gate reduction strategies for difficult to miti
gate schools, and quantifying school charac
teristics throughout the country in order to 
better focus school research projects. 

AEERL Research Programs 

Schools 
AL MD NC NY TN VA 

AEERL has conducted radon mitigation research and demonstraJion programs in each of tM states 
identified. Locations were chosen to represenJ diverse geological conditions and building construction 
practices. 
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Recent Research Findings 

Existing Houses 

Slab-On-Grade and Basement Houses 
Subslab Depressurization (SSD) has been shown to be the most 
effective mitigation strategy for slab-on-grade (SOG) and basement 
houses. SSD works best when there is clean coarse aggregate under
neath the slab which facilitates air movement (communication) 
throughout the subslab area. When good communication exists, SSD 
with only one or two suction pipes has been shown to provide 
substantial radon reduction even when there are forced air heating or 
cooling supply ducts under the slab. Large slabs (greater than 1000 sq 
ft) are more likely to require two suction points. 

Excavating pits 1 to 2 ft in diameter underneath the slab/suction pipe 
interface has proven effective in increasing the area of subslab depres
surization. 

Research has also shown that suction pipes inserted through the 
foundation from outdoors are often as effective as interior suction 
pipes, that houses with poured concrete stem walls generally per
fonned better than tbose with block stem walls, and that suction fIllS 
could generally be slowed to 15-40% offull capacity and still provide 
adequate reductions (although fIllS generally provide better reductions 
when operated at full capacity). 

Crawl Space Houses 
Sub-Membrane Depressurization (SMD) - where suction is applied 
to the soil underneath a plastic liner - has demonstrated significantly 
better radon reductions than any crawl space ventilation technique. 

By depressurizing the soil underneath a membrane, SMD (like SSD) 
causes a reversal of pressure differentials and typical air movement 
patterns. Radon-laden soil gases, along with small quantities of crawl
space air, are drawn from beneath the membrane and vented outdoors. 

Research in four crawl space houses in Ohio has shown that 90%+ 
reductions can sometimes be achieved when perforated drain tile is 
used in conjunction with 8-10 ft membranes extending from all sides 
of a crawl space, even when the center of the crawl space is left 
uncovered. This indicates that it may not always be necessary to cover 
entire areas when using SMD mitigation strategies. 

An alternative to SMD is ventilation of the entire crawl space. SMD is 
commonly more effective, as shown in the table below, but craw I space 
ventilation may be sufficient in some cases. Forced exhaust (blowing 
crawl space air out with a fan) consistently provides better reductions 
than natural and forced supply ventilation. Even though forced exhaust 
may increase crawl space radon levels by drawing more radon from the 
soil, it inhibits crawl space air from entering the living spaces by 
depressurizing the craWlspace. Forced exhaust is less likely to contrib
ute to cold floors and increased indoor humidity than forced supply or 
natural ventilation. 

Percent Radon Reduction 

Living Area (Four Dayton, OH, houses) 

House SMD Natural Forced Forced 
Venting Exhaust Supply 

1 92 46 74 73 

2 93 57 70 53 

3 90 46 84 (-16) 

4 98 83 92 N/A 

New Construction 
It is generally less expensive to build radon resistant features into new 
houses than it is to mitigate existing houses. The average cost of 

building passive radonresistant features into anew house is about $300 
to $400, but this will vary depending on local building practices and 
availability of materials. To activate the SSD system with an electric 
fan may cost an additional $220 to $300. 

Research in Maryland and Virginia has shown that SSD with passive 
stacks can sometimes provide considerable radon reduction ifproperly 
installed underthe following conditions: the stack is routed through the 
warm part of the house up to the roofline; there is at least 4 in. of clean 
coarse aggregate' under the slab; care is taken to seal openings in the 
house shell; and activities which depressurize the building are avoided 
(e.g., use of air-consuming appliances). It should be noted, however, 
that all 16 SSD systems studied provided better and more reliable 
reductions when activated by a fan. 

Schools 
Important factors contributing to elevated radon levels in schools and 
influencing the mitigation approach are the design. installation, and 
operation of the heating, ventilating, and air conditioning (HV AC) 
system. The complexity of these systems and their potential to depres
surize buildings present problems not encountered in house mitigation 
research. 

Experience to date indicates that SSD in schools typically requires 
greater fan capacities (typically 300 cfm) and suction pipe diameters 
(4-6 in.) than does mitigation in houses, but can usually overcome 
negative pressures induced by HV AC operations if there is a layer of 
clean coarse agaregate under the slab and no subslab return air ducts. 
In fact, SSD has been applied successfully in a school with only one 
suction point depressurizing an area of 15,000 sq fL However, if 
interior walls extend through the aggregate creating subslab barriers or 
compartments, a suction point will likely be needed for each subslab 
area surrounded by walls that penetrate the slab. 

Pressurization through continuous or modified operation of HV AC 
systems may also provide effective radon reductions in some schools. 
The use of these techniques in a partiCUlar school will depend on 
HV AC system design, capacity, and potential for modified operation. 
Long-term feasibility will depend on proper operation and mainte
nance of the system throughout the life of the building, and the school's 
ability to afford the additional operational cost. 
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As with houses, radon resistant features can be cost effectively built 
into new schools. When 4-6 in. of clean coarse aggregate is placed 
under slabs and subslab barriers are limited, one SSD suction point 
should be roughed in for each major area defmed by footings and block 
walls dividing the aggregate. Roughing in roofvents during construc
tion will facilitate post-construction mitigation by avoiding additional 
roof penetrations. 

Radon Reentralnment Into Buildings 
Exhaust of high levels of radon-laden soil gas from soil depressuriza
tion systems near the walls or below the eave lines of buildings may 
increase indoor radon levels. Research has shown the potential for 
radon exhaust to reenter (reentrain into) buildings around the band joist 
and through other air inflltration points in walls. The potential for 
reentrainment is increased when down-turn (dryer) vents which push 
exhausting soil gas toward or parallel to the building are used. 

EPA recommends above-eave exhaust to minimize reentrainment. 
However, studies suggest that exhausting below the eave line may not 
be a problem when low radon-containing soil gases (less than 1,000 
pCi/L) are vented through the band joist or wall, but directly away from 
the building. The potential for exhausting other soil gas contaminants 
or pesticides/termiticides should also be considered when selecting 
exhaust locations. Further research is underway. 



Block Wall Coatings 
Laboratory testing indicates that light weight concrete blocks gener
ally allow greater air flow than heavy weight blocks. However, air 
permeability consistently varies directly with the surface roughness of 
the block. Both light and heavy weight blocks allow substantial soil 
gas infiltration if not properly coated and capped with solid materials. 

coatings gave the best reduction per unit cost with single coat applica
tionsreducing air flows by up to 99.7%. A two-part water-based epoxy 
was the best performing paint with reductions of 96.2% after a single 
coat and 99.9% after a second coat. This indicates that a second coat 
may not be required in low radon buildings. 

Important considerations for selecting and applying coatings include 
existing water problems, mildew, hairline cracks, and other factors 
which may affect the life and performance of the coating. 

Tests of six paints and coatings demonstrated that all were effective in 
reducing air movement through block walls. Brushed-oncementitious 

Mitigation Durability and Long Term Performance 

AEERL has evaluated the long-term perfor
mance of 34 SSD systems installed 2-4 years 
ago as part of its Pennsylvania demonstration 
project. Most but not all of the 34 fans were 
Kanalflakt models. Five of the fans have lost 
suction due to capacitor failure in the fan 

motor. All five were Kanalflakt fans (four T-
2 models and one T -1 model). 

If the fan is operating when the capacitor fails, 
it may continue to operate for up to 1 year, but 
at greatly reduced suction and flow capacities 
(see graph). 

System Performance Cannot Be Judged By 
Fan Noise Alone. These rrodings underscore 
the need for an air flow or pressure sensitive 
alarm to alert building owners to system fail
ures. A simple test for capacitor failure is to 
tum the system off, allow the fan to stop, and 
then tum it back on. Systems with failed 
capacitors will not restart. 

Effect o/capacitor /aiiu're on KanalflalcJ/ans. 
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State Code Development 
AEERL is serving as technical managers of 
the state of Florida's research activities fo
cused on understanding radon generation and 
movement in soils, entry into buildings, and 
distribution throughout buildings. Results of 
this research will be used in tlle development 
of Florida's radon codes and standards which 
are slated for release in February 1992. 

Output from this cooperative research will 
assist both Florida and AEERL in developing 
recommendations and specifications for fill 
materials, SSD systems, improved slab/floor 
radon barriers, slab/superstructure tightness. 
and mechanical air moving systems. 

40 50 60 70 

Fan Flow (Usee) 

Research Notes 
Basement pressurization has worked success
fully in some houses in Tennessee but has not 
been applicable in others. The ability to seal 
the basement from the first floor appears to be 
the limiting factor. Pressurization is extremely 
difficult if the house has forced air heating or 
air conditioning. 

Preliminary studies of natural ventilation in 
one New Jersey house indicate that opening 
basement windows can reduce the radon levels 
by a factor of 8 while increasing the air ex
change rate by only a factor of 2. 

Radon measurements in two areas of Ala
bama resulted in summer radon levels which 
were consistently higher than winter radon 
levels. 
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Sealing of radon entry routes enhanced the 
effectiveness of subslab suction depressuriza
tion techniques. However, when sealing was 
used alone, it often failed to reduce radon 
levels below 4 pCi/L, with typical reductions 
ranging from 50 to 70%. 

In slab-an-grade houses in Florida. it was 
difficult to create suction under the entire slab 
area using only one suction hole because 
tightly packed soil (and lack of aggregate) 
inhibited the flow of air under the slab. The 
most effective means of increasing system 
performance in these geological conditions 
was the installation of additional suction holes 
where the air flow was inhibited. 

Research in existing Maryland houses shows 
that passive subslab systems (i.e .• systems 
without fans) were generally not adequate and 
required activation with fans to lower radon 
levels below 4 pCi/L. 



Recent Technical Information 

Journal Articles 
Some Results from the Demonstration of Indoor Radon Reduction 
Measures in Block Basement Houses. Environ InlerNJIional, 15:265-
270, 1989, Henschel, D.B. and A. G. Scott. 

Radon Mitigation in Schools - Part 1. American Society of Heating, 
Refrigerating and Air-Conditioning Engineers (ASHRAE) Journal, 
Vol. 32, No. I, pp. 40-45, January 1990. Leovic, K. W., et al. 

Radon Mitigation in Schools - Part 2. American Society of Heating, 
Refrigerating and Air-Conditioning Engineers (ASHRAE) Journal, 
Vol. 32, No.2, pp. 20-25, February 1990, Saum, D. W., et al. 

Symposium Presentations 
New Construction Techniques and HV AC Over-pressurization for 
Radon Reduction in Schools. In: Proceedings of the ASHRAE Con
ference IAQ '88, Atlanta, 1988. pp. 69-76. Witter (Leovic), K., et al. 

Fan Door Testing on Crawl Space Buildings. In: Proceedings of the 
ASTM Symposium on Air Clumge Rate and Air Tightness in 
Buildings, Atlanta, April 17-18, 1989, Brennan, T., et al. (M.C. 
Osborne, Project Officer) 

The Influences of HV AC Design and Operation on Radon Mitigation 
of Existing School Buildings, In: Proceedings of the IAQ '89. The • 
Human Equation: Health and Comfort. Leovic, K.W., et al. 

Technical Issues Related to Emission Releases from Subslab Radon 
Mitigation Systems, In: Proceedings of the 1989 National Conference 
on Environmenlal Engineering, American Society of Civil Engineers, 
Austin, July 1989, Sanchez, D. C. 

Occupational and Environmental Exposures to Radon: A Perspective 
for Mitigators, In: Proceedings bfthe 1989 National Conference on 
Environmenlal Engineering, Austin, July 10-12, Sanchez, D.C. et al. 

Reports 
Testing of Indoor Radon Reduction Techniques in Central Ohio 
Houses: Phase 1 (Winter 1987-1988). EPA-600/8-89-071, (NTIS PB 
89-219984), 1989, Findlay, W.O., et al. (D. B. Henschel, Project 
Officer). 

Testing of Indoor Radon Reduction Techniques in Central Ohio 
Houses: Phase 2 (Winter 1988-1989). EPA-600/8-90-050, (NTIS PB 
90-222704), 1990, Findlay, W.O., et al. (D. B. Henschel, Project 
Officer). 

1990 International Symposium on Radon and Radon Reduction Technology, 
Atlanta, February 1990 

Approximately 600 federal, state, and private sector personnel met 
February 19th-23rd in Atlanta. Georgia. to discuss radon and radon 
reduction technology. Some of the major fmdings of the symposium 
included: 

Many SSD systems are stable after 2-4 years. A SSD system 
with a passive stack is a judicious flrst step for new construc
tion in radon prone areas. 

Less than 5% of homeowners are measuring for radon and most 
of those measurements are motivated by real estate or reloca
tion activities. 

A majority of participants favored testing schools during the 
school year with the HV AC systems turned off. 

Many schools are proceeding with testing and mitigation. 

Most people who test do not follow up with mitigation, and 
sometimes those who do mitigate receive substandard work 
from mitigators. 

The next symposium is planned for April 2-5, 1991, in Philadelphia, 
PA. 

AEERL Research Presented at the 1990 International Symposium 
"Evaluation of Radon Resistant New Con
struction Techniques." Brennan, T., et al. 

"Energy Penalties Associated with the Use 
of Sub-slab Depressurization System." 
Clarkin, M., et al. 

"Radon Diagnostics and Mitigation in Two 
Public Schools in Nashville, Tennessee." 
Craig, A. B., et al. 

"Engineering Design Criteria for Sub-slab 
Depressurization Systems in Low Perme
ability Soils." Fowler, C. S., et al. 

"Evaluation of Sub-slab Ventilation for In
door Radon Reduction in Slab-on-Grade 
Houses." Henschel. D. B., et al. 

"Radon Mitigation Experience in Difficult
to-Mitigate Schools." Leovic, K. W., et al. 

"Radon Mitigation Experience in Houses with 
Basements and Adjoining Crawl Spaces." 
Messing, M. and B. Henschel. 

"Radon Mitigation Techniques for Basement 
Houses with Poor Sub-slab Communica
tion." Pyle, B. E. and M. Osborne. 

''The Florida Radon Research Program: Sys
tematic Development of a Basis for Statewide 
Standards." Sanchez, D. C., et al. 

"Radon Mitigation Performance of Passive 
Stacks in Residential New Construction." 
Sauro, D. W. and M. Osborne. 

''The Effects of HV AC System Design and 
Operation on Radon Entry Into School 
Buildings." Turner, W. et al. 

"Electret Ion Chambers for Radon Measure
ments in Schools During Occupied and Unoc
cupied Periods." Wiggers, K., et al. 
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"Sub-slab Suction System for Low Perme
ability Soils." Hintenlang, D. and R. Furman. 

'Temporal Patterns of Indoor Radon in North 
Central Florida and Comparison of Short
term Monitoring to Long-term Averages." 
Roessler, C., et al. 

"A Simplified Modeling Approach and Field 
Verification of Airflow Dynamics in SSD 
Radon Mitigation Systems." Gadsby, K., et 
al. 

"Benchmark and Application of the 
RAETRAD Model." Rogers, V. and K. 
Nielson. 

"Long Term Durability and Performance of 
Radon Mitigation Subslab Depressurization 
Systems." Harrje, D., et al. 

(Conlinued on p. 5) 
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'"The Use of Coatings and Block Specification 
to Reduce Radon Inflow Through Block 
Basement Walls." Ruppersberger, I. 

"Study on the Reliability of Short-term Mea
surements to Predict Long-term Basement 
Levels in a Residence. Hull, D. and T. Reddy. 

'Time Series Linear RegressionofHalf -hourly 
Radon Levels in a Residence." Hull, D. 

"One-year Follow-up Study of Performance 
of Radon Mitigation Systems Installed in 
Tennessee Valley Houses." Dudney, C., et al. 

"Long-term Performance and Durability of 
Active Radon Mitigation Systems in Eastern 
Pennsylvania Homes." Scott, A. and A. 
Robertson. 

Copies of the 1990 Symposium Proceedings are expected to be available in the fall of 1990 by contacting the National Technical Information 
Service (NTIS), at 5285 Port Royal Road, Springfield, Virginia 22161, or by calling (800) 336-4700. (Virginia residents call (703) 487 -4650.) 

Recent EPA Publications/Manuals on Radon and Radon Reduction Technology 

These publications/manuals were developed 
to provide technical information to individu
als and radon industry professionals. Radon 
Reduction Methods - A Homeowner's Guide 
contains an overview of the basic radon re
duction strategies. The other materials contain 
more specific and detailed technical informa
tion. As ongoing research provides new in
formation, these materials will be updated and 
new manuals published. When requesting in
formation or copies of these materials, indi-

viduals should ask if these materials have 
been updated or superseded. 

Radon-resistant Residential New Construc
tion, EPA/600/8-88/087, 1988 

Radon Reduction Techniques in Schools -
Interim Technical Guidance, EPA-520/1-89/ 
020 (NTIS PB 90-160086) 1989 

Radon Reduction Techniques for Detached 
Houses, Technical Guidance, (2nd edition) 
EPA/625/5-87/019 (NTIS PB 88-184908) 
1988 Radon Reduction Methods - A Homeowner's 
Application of Radon Reduction Methods, Guide (third edition) 1989 
EPA/625/5-88/024 (NTIS PB 89-122162) Application of Radon Reduction Methods 
1988 (Revised), EPA/625/5-88-024 (NTIS PB 89-

205975)1989 

Copies of these materials may be obtained by writing to NTIS or by contacting your EPA Regional Office. 

Other Sources of Information 
If you would like further information on these publications or expla- If you have difficulty locating these offices, you may call your EPA 

nations concerning information contained in them, you should contact Regional Office listed below. They will be happy to provide you with 

your state radiation protection office or homebuilders association. the names, addresses, and phone numbers of these contacts. 

EPA Regional Offices 
Region 3 Region 6 Region 9 
841 Chestnut Street 1445 Ross Avenue 1235 Mission Street 

Region 1 
Philadelphia, P A 19107 Dallas, TX 75202 San Francisco, CA 94103 

JFK Federal Building 
(215) 597-8320 (214) 655-7223 (415) 556-5285 

Boston, MA 02203 Region 4 Region 7 Region 10 
(617) 565-4502 345 Courtland Sl N.E. 726 Minnesota Avenue 1200 Sixth Avenue 

Region 2 
Atlanta, GA 30365 Kansas City, KS 66101 Seattle, WA 98101 

26 Federal Plaza 
(404) 347-S257 (913) 551-7020 (206) 442-7660 

New York, NY 10278 Region 5 Region 8 EPA Headquarters 
(212) 264-4418 230 South Dearborn St. 999 18th Street 401 M Street S.W. 

Chicago, IL 60604 Washington, D.C. 20460 Denver Place, Suite 500 
From IN, MI, OH, and WI Denver, CO 80202 (202) 475-9605 
(SOO) 621-S431 (303) 293-1709 

State - EPA Region 
Alabama-4 nlinois-5 Montana-S Rhode Island-l 
Alaska-l0 Indiana-5 Nebraska-7 South Carolina-4 
Arizona-9 Iowa-7 Nevada-9 South Dakota-S 
Arkansas-6 Kansas-7 New Hampshire-l Tennessee-4 
California-9 Kentucky-4 New Jersey-2 Texas-6 
Colorado-S Louisiana-6 New Mexico-6 Utah-S 
Connecticut-l Maine-l NewYork-2 Vermont-l 
Delaware-3 Maryland-3 North Carolina-4 Virginia-3 
District of Columbia-3 Massachusetts-l North Dakota-8 W ashington-lO 
Florida-4 Michigan-5 Ohio-5 West Virginia-3 
Georgia-4 Minnesota-5 Oklahoma-6 Wisconsin-5 
Hawaii-9 Mississippi-4 Oregon-IO Wyoming-8 
Idaho-lO Missouri-7 Pennsylvania-3 

5 -tcu.s. GOVERNMENT PRINTING omCE: 1991 ·548-117/20532 
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NATIONAL RADON ACTION WEEK 
WHAT YOU DON'T KNOW 

CAN HURT YOU. 

Call1·800·S0S-RADON 

OCTOBER 14-20 
Communities Gear Up 
For National Radon 
Action Week 
A MERlCANS ACROSS TIIE COUNTRY ARE 

being urged to protect their fami
lies' health by testing their hornes fur 
radon gas, which is the second leading 
cause of lung cancer. Members of 
Congress and civic leaders nationwide 
have united to deSignate October 14-20 
National Radon Action Week. This 
week is the kick-off of the winter heat
ing season when indoor radon levels 
can reach their peak. 

Studies indicate that millions of 
homes in America may have elevated 
radon levels. Radon is an invisible and 
odorless radioactive gas that can 
become trapped inside homes and 
buildings. 

"Many community leaders across the 

country are setting the example by test
ing their homes and schools for radon. 
National Radon Action Week is a call for 
Americans to protect their families' 
health and American Lung Associations 
coast to coast are initiating activities to 
test homes," says Ron White, of the 
American Lung Association. 

A vast array of educational and public 
outreach efforts is planned by many 
groups during this week. Some of the 
activities include a special Weekly 
Reader supplement and a national 
poster contest for school children. 
Some 350,000 doctors across the coun
try will receive an American Medical 
Association brochure about the health 
risks of radon exposure. 

National Radon Action Week is 
endorsed by many organizations includ
ing the American Lurig Association, the 
American Cancer Society, the American 
Medical Association, the American 
Academy of Pediatries, the National 
Congress of Parent Teachers Associa
tions, the National Education 
Association and the Consumer Federa
tion of America. 

EPA to Issue 
~ew Citizenls Guide 
T HE ENVIRONMENTAL PROTECTION 

Agency (EPA) is revising "A 
Citizen's Guide to Radon." The draft 
Guide has been released for comment 
and includes three major changes from 
the original Guide. 

o Radon tests should be conducted in 
the lowest living area of homes instead 
of the lowest livable area. 
o Mitigation decisions can be based on 
short-term test results instead of annual 
test results. 
o Homes with radon levels above 4 
picocuries per liter (pCVl), should be 
fixed. 

The original Guide, issued in 1986, 
informed the public about radon and 
its health risks, but was not designed to 
motivate public action. In 1986, 4 pCVI 
was the most protective achievable 
level. In recent years, mitigation tech
nology has improved. New research 
has shown that radon levels in 80% of 
homes can be reduced below 2 pCVI. 

The revised Guide reflects the 
requirements established by Congress in 
the 1988 Indoor Radon Abatement Act. 
It also reflects the findings of radon risk 
communication studies, improved 
radon mitigation technologies, and 
updated radon health risk information. 
EPA is accepting comments on the draft 
Guide and alternative policy options 
until October 9. 

RMPProgram p2 

.BuIldIng Standards p2 

Stole Radon Programs p2 

Amerlam Lung AssocIation p5 

Stife Schools Act p6 



EPA Strengthens 
RMP Program 
I N OcrOBER, EPA BEGINS ITS REVISED 

Radon Measurement Proficiency 
(RMP) Program. The RMP Program 
helps consumers find qualified radon 
testing companies by providing listings 
of companies that have demonstrated 
their ability to accurately measure radon 
and follow radon measurement quality 
assurance principles. EPA is strengthen
ing the RMP Program to improve the 
quality of radon measurements, and to 
accommodate the rapid growth of firms 
seeking EPA listing. The program has 
grown from 35 companies listed in 1986 
to over 5,000 companies listed in 1989. 

Chief among the program's changes 
is its continuous enrollment and testing 
cycle. This schedule will reduce wait
ing time for listings, and allow EPA to 
maintain more current information 
about companies. 

Another change is the use of "double
blind" or unannounced testing of listed 
firms to make sure they conSistently 
provide accurate results to customers. 
A new and more stringent performance 
standard for demonstrating the ability to 
measure radon accurately is also a part 
of the new program. Firms are now 
allowed to enroll only those radon mea
surement devices that can perform 
under a defined range of measurement 
conditions often found in homes. 

Firms are now required to use an 
acceptable quality assurance/ quality 

control plan, and regularly calibrate 
their measurement systems and devices. 
In order to improve consumers' under
standing of the program, EPA has 
standardized advertising language for 
RMP Program listed companies' use . 

A complete deSCription of the 
strengthened program is found in the 
"RMP Program Participation Handbook" 
available through EPA Regional Offices 
or the RMP Program Information Service 
at (919) 541-7131. 

Model Building 
Standards for 
Residences 

~ 
HILE HOMEOWNERS TODAY LOWER 
radon levels by sealing cracks 
and ventilating the soil 
beneath their basements, EPA 

is striving to make tomorrow's homes 
radon-free. This winter, EPA will pro
pose model standards and techniques 
for making new buildings radon-resis
tant when they are constructed. 

EPA first published interim new con
struction guidelines in 1987. Since 
then, the Agency has consulted closely 
with states, the building industry, and 
national building code organizations to 
strengthen the guidelines and to draft 
the new proposed standards. The 
model standards will focus on single
family homes, but will also address 
other types of residences and large 
buildings. 

Congress has encouraged EPA to 
give preferential radon grant assistance 
to those states that act to adopt radon
resistant standards in their building 
codes. With these new standards as 
models , state and local governments 
can develop their own building codes. 

The model standards will be pub
lished in the Federal Register this 
winter. EPA welcomes comments on 
the documents. 

states Receive 
EPA Radon Grants 
Forty-eight states, the District of 
Columbia, and one territory submitted 
applications for the first year of the 
State Indoor Radon Grant (SIRG) 
Program. The grants will be used to 
help states develop, implement, and 
enhance programs to assess and miti
gate radon. Fifty grants have been 
awarded to date. The grants range from 
about $90,000 to $250,000. Thirteen 
innovative projects in 11 states have 
been funded. EPA is compiling a report 
on state activities in the first year of the 
grant program and will make the report 
available to states when it is complete 
later this fall. 

State Action 
Delaware 

Delaware has surveyed about 40% of 
the homes in the state, with 14% testing 
above 4 pCill. The highest level was 
164 pCill, with elevated readings mostly 
in the northern part of the state. 

Florida 
Florida has received a significant por

tion of mandatory indoor radon testing 
results from 24-hour care facilities, public 
and private schools and state-licensed 
day care facilities . Buildings at an estimat
ed 15,000 facilities are required to be 
measured for radon by a law passed dur
ing the 1988 Florida legislative session. 
These facilities will continue to report 
indoor radon measurements over the 
next five years. 

Last fiscal year, the state amended 
administrative rules allowing privately
provided certification training, and 
initiated rule amendments refining certifi
cation rules for businesses and 
individuals. To date, 1,000 persons are 
certified to test for and mitigate radon. 



Iowa 
Iowa requires mitigators and testers to 

be credentialed/certified by the state, 
with minimum requirements set regard
ing age, work experience, 
administration, and education. 

Iowa has received the SIRG grant and 
has two studies in progress. One study 
addresses the testing of fIxed income 
multi-family dwellings. The other study is 
a public awareness study to determine 
why more Iowa homeowners are not 
conducting radon testing. An offIcial 
report of the study results should be 
available in 1991. 

Kentucky 
Almost 200,000 of the homes in 

Kentucky have been surveyed and data 
indicate approximately 100,000 homes 
are greater than 4 pCVI; 91 ,000 homes 
are between 4.1 and 20pCV1; and 8,000 
homes are above 20 pCVl. 

The Kentucky radon program is creat
ing a community and regional radon 
information/education outreach model. 
Funding from a SIRG grant will be used 
to develop a train-the-trainer outreach 
program. This will be offered to key net
workers representing the Kentucky 
Parent Teachers Association, educators, 
public health environmentalists, the 
American Cancer Society, and agriculture 
and home economic extension agents. 
This core group will then be encouraged 
to promote radon awareness outreach 
through their organizations and commu
nities. 

Kentucky's innovative grant project, 
titled "Radon: Application of Distance 
Learning via Kentucky Educational 
Television Network," will provide radon 
information and technical school testing 
and mitigation guidance to public school 
officials. The project includes a two hour 
live broadcast, with a 40 minute telecon-

ference capability with a 300 call-in tele
phone line. All Kentucky public schools, 
as well as 20 states, have receiving capa
bility, through the Star Satellite. AL, AR, 
GA, LA, MI, MO, MS, ND, NE, NJ, OH, 
PA, TX, SC, WI, or WV may be included 
in this live broadcast. For additional 
information, contact Jeana Phelps at 
(502) 564-3700. 

Michigan 
Since 12% of homes have elevated 

screening readings above 4 peVI; a sur
vey is planned for 375 schools, which 
will be tested during the heating season 
of 1990-1991. The measurements should 
be completed by March 1991, and a sur
vey report will be published when the 
results have been analyzed. 

Minnesota 
The Minnesota Department of Health 

(MDH) recently completed the 
Environmental Protection Agency's 
Phase II Radon in Schools Study. Four 
schools were tested for 12 months using 
charcoal canisters, alpha-track detectors, 
continuous monitors, and electret-ion 
chambers (E-Perms). This fall, MDH will 
be encouraging schools and licensed 
day care facilities to test for radon. MDH 
is working with the Midwest Universities 
Radon Consortium to develop a training 
program for school diagnostics and miti
gation. 

Mississippi 
Mississippi has received a SIRG grant 

and plans to initiate a sampling program, 
establish a radon database and develop 
a community outreach radon awareness 
program. 

New Hampshire 
New Hampshire recently completed a 

survey of private homes which indicated 
that more than 27% had results over 

4pCV1. The highest was 479 pCVl. Also 
educational endeavors are ongoing with 
workshops, a hotline and public outreach 
efforts as the main focus. 

A well was discovered with 3,950,000 
pCiIl. 

New Jersey 
New Jersey is in the final phase of 

establishing a certification program for 
radon testers and mitigators. The state 
has surveyed almost 6,000 homes and 
found that homes tested in the northern 
portion of the state averaged over 4 
pCVI . 

North Dakota 
Half of the school rooms in North 

Dakota have been tested, using charcoal 
canisters. Results of the tests show 5,685 
rooms had radon levels greater than 4 
pCVl. Three hundred sixty-three rooms 
had readings between 4-20 pCVl. Six 
rooms tested greater than 20 pCVl. 

Ohio 
Ohio is using the SIRG grant to 

enhance public awareness, proVide 
radon training and further identify radon 
problems in Ohio. 

In an Ohio-EPA survey of 1,734 
homes, alpha track detectors were placed 
in 10% of the screened homes. Once 
these results are received, a report of 
these exposures will be issued. 

Oklahoma 
Oklahoma has surveyed 2,054 school 

rooms to date, in which 99.5% measured 
4 pCVI or less. OffIcials expect to survey 
the remaining rooms in the state during 
the next year. 

Wisconsin 
Two new Regional Radon Information 

Centers are being formed in Wisconsin, 
supported by a SIRG grant. Two other 
centers are supported by state funds . 
These centers do public awareness and 
training programs. 

A school survey of 38,000 rooms 
shows 2% to 3% exceed 4 peVl. 



Connecticut 
S 234 (5-15-90) 

Addresses radon hazards in schools. 
Connecticut 
H 5069 (6-12-90) 

Provides for the licensing of persons 
involved in testing for and mitigation of 
radon gas. 
Maine 
H 655 (3-09-90) LD 889 

Establishes the Radon Registration Act 
to ensure accurate testing for the pres
ence of radon, to encourage safe and 
effective mitigation of dangerous radon 
levels, and to protect property owners 
from unqualified or unscrupulous firms 
and consultants by establishing a pro
gram to register firms and individuals 
involved with radon testing, consulting, 
construction, or other remedial services. 
New Hampshire 
H 655 (4-28-90) 

Requires that a notice be included in 
at least one document executed in a 
contract for sale of a building. The 
notice shall state certain information rel
ative to radon gas in buildings. 

New Jersey Study 
Investigates Radon 
and Lung Cancer 
T HE NEW JERSEY DEPARTMENf OF HEALTH 

and the National Cancer Institute 
have completed the first phase of an epi
demiological study that researches the 
link between lung cancer and radon in 
homes. Researchers compared more 
than 400 lung cancer patients to a con-

Alabama 
Alaska 
Arizona 
Arkansas 
California 
Colorado 
Connecticut 
Deleware 
Dist. of Col. 
FlOrida 
Georgia 
Hawaii 
Idaho 
Illinois 
Indianna 
Iowa 
Kansas 
Kentucky 
Louisiana 
Maine 
Mal)'land 
Massachusetts 
Michigan 
Minnesota 
MissiSSippi 
Missouri 
Montana 
Nebraska 
Nevada 
New Hampshire 
New Jersey 
New Mexico 
NY St. Envir. 
NY St. Health 
NY St. Labor 
NY City Health 
North Carolina 
North Dakota 
Ohio 
Oklahoma 
Oregon 
Pennsylvania 
Puerto Rico 
Rhode Island 
South Carolina 
South Dakota 
Tennesse 
Texas 
Utah 
Vermont 
Virginia 
Washington 
West Virginia 
Wisconsin 
Wyoming 

State Radon Contacts 
James McNees ...................................... ... .. ............................ (205) 242-5313 
Sidney Heidersdorf ......... .. .................................... .. ....... ... .... (907) 465-3019 
Paul J. Weeden .. ... ...... .. .. .. ...... ...... ..... ... ... ... .. ... .... ... .. .... ...... ... (602) 255-4845 
Lee Gershner ..... ... ... ... ..... ..... .. ... .... .... ... ... .. ........... .. .. ... .. ... ... .. (501) 661-2301 
J. David Quinton ................................................................... (916) 322-2040 
Robert Quillin .... .. .............. .. .. ............... ........... ... ... ... ............. (303) 331-8480 
A. Sincialchi ....... .. ...... .. ... ..... ............... .... ....... ... ... .... .... .... ..... . (203) 566-3122 
Al Tapert ......................................... ............................ .. ... ..... .(302) 736-3787 
Veronica Singh ......................... .. ............................... ... ......... (202)727-7728 
N. Michael Gilley ......... .................... ................... .. ................ (904) 488-1525 
James Drinnon ...................................................................... (404) 894-6644 
Thomas Anamizu ........... .......... ..... ... .. ...... .... ............ .......... .. . (808) 548-4383 
Brian Monson ......................................... ..... .. .... .. .... .............. (208) 334-5879 
Richard Allen ......................................................................... (217) 786-6379 
Dane Nauth ... ........ ..... ... ... ................................. ... ................. (317) 633-0150 
Donald Flater ......................................................................... (515) 281-3478 
Harold Spiker ........................................................................ (913) 296-1560 
Jeana Phelps ...................................... ... ........ ... ...... ..... .......... . (502) 564-3700 
Hall Bohlinger ... ... ..................................... .... ........................ (504) 915-4518 
Eugene Moreau ...... ... ....... ................ ............ ...... ... .. ....... ..... .. (207) 289-3826 
Roland Fletcher .................................................. ... .............. .. (301) 631-3300 
Robert Watkins ...... ............................. .. .... ............................. (617) 727-6214 
George Bruchmann ........ ..... .............................. ......... ... .. .. ... (517) 335-8200 
Laura Oatman ........................................................................ (612) 627-5014 
Bob Bell ................................................................................. (601) 354-6657 
Kenneth Miller .... ... ...... ...... ........ ... ......... .... ..... ... ..... ....... ..... ... (314) 751-6083 
Adrian Howe ......................................................................... ( 406) 444-3671 
Harold Borchert .................................................................... (402) 471-2168 
Stanley Marshall .................................................................... (702) 687-5394 
Dennis O'Dowd ......... ..... ..... ..... ............. .... .... ...... .... ............. (603) 271-4588 
Tonalee Carlson Key ............................................................. (609) 987-2104 
Bill Floyd ............................................................. ... ............... (505) 827-2773 
None ..... ..... ..... ..... ................. .. ............ .. ............ .. ............ ... .... (518) 457-2225 
Laurence Keefe ..................................................................... (518) 458-6451 
None ...................................................................................... (718) 797-7641 
None ................... ...... .. ......... .. ..... .. ............... .... ............... .. ..... (718) 643-8029 
Dr. Felix Fong ........................................................................ (919) 733-4283 
Tefl)' Lindsey ........ ........ .. ......... .. ................. ...... ...... ............ ... (701) 224-2348 
Marcie Matthews ............... .. .................. .. ..... ... ...................... (614) 644-2727 
Gene Smith .... ........................................................................ (405) 271-5221 
Ray Paris .................................. .... .... ........ .. ... .. ....................... (503) 229-5797 
Carl Granlund ........................................................................ (717) 787-2480 
David Saldana ....................................................................... (809) 767-3563 
Roger Marinelli ....... ....................................... ..... .. .... .... ..... .... (401) 277-2438 
Nolan Bivens .............................................. ........................... (803) 734-4631 
Mike Pochop ......................................................................... (605) 773-3153 
Jay Waynack ................................................................ ........ .. (615) 741-3651 
Gal)' Smith, Ph.D .................................................................. (512) 835-7000 
Dane Finerfrock ... .................... .. .. ........ ......................... ........ (801) 538-6734 
Paul Clemons ........................................................................ (802) 828-2886 
Leslie P. Foldesi ............. ............. ........ ................................... (804) 786-5932 
Robert Mooney ...................................................................... (206) 586-3303 
Beattie DeBord ........ ............ ....... ............. .. ... ....... .. ................ (304) 348-3526 
Conrad Weiffenbach ......................... ................. ........ .... ....... (608) 273-5182 
None .............. ...... ........................... ...... ...... ........ .... ............ ... (307) 777-7957 

trol group, collected detailed smoking 
histories of all participants, and also 
measured radon levels in the homes of 
nearly every participant. 

that, after accounting for smoking histo
ries, the risk of contracting lung cancer 
rose with radon concentrations. The 
study's second phase, now under way, 
will provide more complete conclusions. Results of the first phase indicated 



:I: Local American 
I® Lung Associations 

Motivate Thousands 
to Test For Radon 
L OCAL AMERICAN LUNG ASSOCIATIONS 

(ALAs) across the country are 
motivating their communities to test 
for radon. ALA activities range from 
holding professional conferences and 
radon home show exhibits, to having 
children and community leaders test 
their schools and homes for radon. 

Indiana's Lung Association affiliates 
- working with a local television sta
tion, test kit manufacturer, and 
drugstore - organized a particularly 
successful testing campaign. The net
work aired a five-day series on radon 
and encouraged viewers to pick up 

free test kits at their local drugstore . 
The test kit manufacturer charged cus
tomers only for analyzing the test 
results and donated $1 per kit to the 
local Lung Associations. The results 
have been remarkable - community 
residents picked up 13,000 kits, and 
7,000 have been sent to the manufac
turer for analysis. 

The Chicago Lung Association ran 
a similar campaign with help from 

EPA's Region 5, a local television sta
tion, a Chicago newspaper, and test 
kit manufacturer. More than 12,000 
detectors were sold, and Illinois is 
preparing a report discussing the 
effectiveness of this and other multi
media radon campaigns. 

The American Lung Association and 
EPA hope to expand these and other 
cooperative efforts in the coming year. 
Contact your local ALA for more infor
mation on Radon. 

Radon Contractor 
Proficiency (RCP) 
Program 
I N 1989, EPA ESTABLISHED THE 

Radon Contractor Proficiency 
(RCP) Program to help states, local 
government officials, and the public 
select contractors who have demon
strated their proficiency in reducing 
indoor radon levels. To be EPA-list
ed, contractors must complete the 
RCP courses and exam offered by 
the Regional Training Centers. The 
latest RCP listing, published in July 
1990, identifies 895 contractors 
nationwide who have successfully 
completed the RCP Program. More 
information is available from the 
Regional Training Centers or from 
the RCP Program's central office at 
(703) 934-3825 . 

Schools Targeted 
E PA IS ADDRESSING THE PROBLEM OF 

radon in schools on several fronts . 
In April 1989, EPA's pilot schools study 
found elevated levels in all 16 states 
studied. Administrator William Reilly 
recommended that all schools be tested. 

EPA has also provided guidance to 
school officials on how to test for and 
fix radon problems in their buildings. 
In addition, through the School 
Evaluation Program, EPA experts have 
visited 25 schools in several states 
across the country to demonstrate 
how to diagnose and fix radon prob
lems in schools. 

This fall , the EPA will begin a more 
extensive national survey - sampling 
more than 1,000 schools - to charac
terize school radon levels throughout 
the country. 

Ad Council Radon 
Campaign Evaluated 
I N OCTOBER 1989, THE AD COUNCIL 

and EPA launched an advertising 
campaign to encourage home radon
testing. TBWA, a New York 
advertising agency, developed televi
sion, radio, and print public service 
announcements (PSAs) that have been 
distributed to 33 states. 

The Ad Council, EPA, and TBWA 
have extenSively evaluated the Radon 
Campaign. Surveys of public service 
directors who have received the radon 
PSAs show that most are playing 
them. Compared to more than 5,300 
other television ads, the radon PSA 
scored in the top 5th percentile in cap
turing viewer attention and conveying 
its intended messages. Since October 
1989, the national radon hotline has 
received more than 70,000 calls. 



EPA Helps States 
Develop Certification 
Programs 
T o HELP STATES DEVELOP THEIR OWN 

radon certification programs EPA is 
drafting guidance. States can take sever
al measures to strengthen local radon 
industries and ensure that consumers 
receive qualified services. These steps 
might include requiring that radon con
tractors be EPA-listed, have quality 
assurance plans, and complete specific 
radon training courses. In addition, 
states can help reduce the public's 
exposure to radon by encouraging the 
adoption of building codes or by setting 
worker-safety guidelines. The EPA plans 
to publish this guidance this winter, and 
hopes that the suggestions it offers will 
help states find new ways to address 
radon problems in their areas. 

Homes Surveyed 
Nationwide 
E PA IS COMPLETING ITS NATIONAL 

Residential Radon Survey, a com
prehensive effort to measure annual 
radon levels across the country. Last 
summer, EPA placed alpha-track detec
tors in approximately 11,000 homes to 
measure radon for one year. Residents 
were also asked about their living pat
terns and their homes' characteristics. 
With this information, EPA will be able 
to estimate frequency distributions of 
radon levels in homes throughout the 
United States. The EPA is now retrieving 
the alpha-track detectors and plans to 
announce results of the National 
Residential Radon Survey in 1991. 

.... Federal Legislation 
The U.S. Congress is considering sev

eral bills that address indoor radon 
problems. 

Radon Testing for 
Safe Schools Act 
(So 1691, H.R. 2210) 

L OCAL EDUCATION AGENCIES WOULD BE 
required to test both public and pri

vate schools under two proposed bills 
currently under consideration in the 
House and Senate. Senate Bill 1697 was 
introduced by Senator Lautenberg CD-NJ) 
and a similar measure, H.R. 2210, was 
introduced by Rep. Gordon CD-TN). 
Under both bills, school radon test 
results must be made available to admin
istrators, parents, teachers and others. 
Federal funding would be available to 
schools for mitigation and to recoup 
testing costs. On the Senate side, the 
Committee on Environment and Public 
Works is considering action. The House 
bill has been referred to the Committees 
on Ways and Means, and Energy and 
Commerce. 

Indoor Air Quality 
(So 651, H.R. 1530) 

T WO BILLS AIMED AT REDUCING THE 
national health threat from indoor 

air pollution, induding radon, have been 
approved by a Senate committee and a 
House subcommittee. Senate Bill 657, 
introduced by Senator Mitchell CD-ME), 
would expand indoor air pollution 
research and require EPA to issue advi
sories to warn the public of the health 
effects of indoor air contaminants. A 
similar bill, H.R. 1530, was introduced by 
Rep. Kennedy (D-MA). Both bills autho
rize grants for State programs to improve 
indoor air quality. These grants would 
address indoor air pollutants other than 
radon, already covered by the grant pro
gram authorized by the 1988 Indoor 
Radon Abatement Act. 

Radon Home Testing 
Month a Success in 
New England 
I N FEBRUARY 1990, EPA's REGIONAL 

Office in Boston held "Radon Home 
Testing Month" throughout New 
England to encourage people to test 
their homes for radon. To begin this 
campaign, EPA Regional Administrator, 
Julie Belaga, and her deputy, Paul 
Keough, held press conferences with 
the Governor of Rhode Island, the 
Health Commissioners in Connecticut 
and Massachusetts, the Director of 
Public Health in New Hampshire, and 
the coordinator of the radon program in 
Maine. Five governors also issued offi
cial proclamations announcing "Radon 
Home Testing Month." 

Radon Month Activities 
The Regional Office launched a vari

ety of activities in February to educate 
the public about radon's health risks and 
to urge people to test their homes. The 
EPA submitted radon articles to newspa
per editorial boards, distributed over 
3,000 brochures at a home show, and 
worked with the American Lung 
Association (ALA) of Massachusetts to 
encourage local media to play the Ad 
Council public service announcements. 

The ALA also arranged to have three 
major grocery store chains and libraries 
throughout Massachusetts post flyers on 
bulletin boards and to provide radon 
brochures. Since then, many stores have 
been calling the ALA to replenish sup
plies of these brochures. 

"Radon Home Testing Month" has 
been a success in motivating public 
action in New England. Newsdipping 
services reported that many papers in 
the region ran radon stories in February, 
and calls to the national radon hotline 
from New England increased substantial
ly in February and early March. New 
Hampshire also used February's event to 
announce the results of a recently com
pleted statewide radon survey. 



~ew Radon Training 
Center Opens in 
Alabama 
To ENCOURAGE ACTION ON RADON IN 

the South, EPA has established a 
Regional Radon Training Center at 
Auburn University in Alabama. This 
center will host public awareness semi
nars throughout the South and teach 
courses on how to diagnose and fix 
radon problems in homes, schools, 
and other buildings. Three additional 
training centers - in New Jersey, 
Minnesota, and Colorado - already 
offer similar courses and tailor them to 
specific regional needs. The training 
centers also offer the Radon Contractor 
Proficiency courses and exam, which 
mitigation contractors must complete 
to be EPA-listed. 

EAs1mN REGIONAL RADoN 
TRAINING CENTER PROMOTED 

O N SEPTEMBER 6, 1990, EPA's 
Regional Office in New York City 

held a press conference to promote 
the Eastern Regional Radon Training 
Center at Rutgers University. New 
Jersey Senator Frank Lautenberg and 
Regional Administrator Constantine 
Sidamon-Eristoff hailed the center's 
efforts to encourage citizens to test 
their homes for radon. 

The Center trains professionals in 
the latest radon detection and mitiga
tion techniques, and will also offer two 
new courses this fall - Advanced 
Radon Measurement Procedures and 
Radon Mitigation in Large Buildings. 
For more information, call 
(201) 932-9271. 
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Regional Radon Training Centers 

EPA Regional Radiation Programs 
Radiation Program, Region 1 (617) 565-4502 Radiation Program, Region 6 (214) 655-7223 
Environmental Protection Agency Environmental Protection Agency 
John F. Kennedy Federal Building Air Enforcement Branch (6T-E) 
Room 2311 Air, Pesticides & Toxics Division 
Boston, MA 02203 1445 Ross Avenue 

Dallas, TX 75202-2733 

Radiation Program, Region 2 (212) 264-4118 Radiation Program, Region 7 (913) 551-7000 
Environmental Protection Agency Environmental Protection Agency 
Room 1137-L 726 Minnesota Avenue 
26 Federal Plaza Kansas City, KS 66101 
New York, NY 10278 

Radiation Program, Region 3 (215) 597-8320 Radiation Program, Region 8 (303) 293-1709 
Special Program Section (3AM12) (8HWM-RP) 
Environmental Protection Agency Environmental Protection Agency 
841 Chestnut Street 999 18th Street Suite 500 
Philadelphia, PA 19107 Denver, CO 80202-2405 

Radiation Program, Region 4 (404) 347-3907 Radiation Program, Region 9 (415) 556-5633 
Environmental Protection Agency (AI-I) 
345 Courtland Street, NE Environmental Protection Agency 
Atlanta, GA 30365 1235 Mission Street 

San Francisco, CA 94103 

Radiation Program, Region 5 (312) 886-7935 Radiation Program, Region 10 (206) 442-7299 
(5AR26) (AT-082) 
Environmental Protection Agency Environmental Protection Agency 
230 S. Dearborn Street 1200 Sixth Avenue 
Chicago, IL 60604 Seattle, WA 98101 



Meetings 
o American Association of Radon Scientists and Technicians (AARST) National Meeting, 

Harrisburg, Pennsylvania 
Telephone: (215) 965-2914 

o Association of Energy Engineers, "1990 World Environmental Engineering Congress," 
Atlanta, Georgia 
Telephone: (404) 447-5083 

o U.S. Department of Energy and Battelle Pacific Northwest Laboratory, "Indoor Radon and 
Lung Cancer: Reality or Myth," Richland, Washington 
Telephone: (509) 367-2797 

o Health Physics Society, Mid-Year Meeting, 
Raleigh, North Carolina 
Telephone: (509) 367-2797 

Radon Training Courses 

Oct. 4-6 

Oct. 10-12 

Oct. 15-19 

Jan. 21-25 

For a complete listing of radon training courses offered through the Regional Radon Training 
Centers, contact Curt Hopkins, Conference of Radiation Control Program Directors, Inc. (502) 227-4543. 
Or contact the Regional Training Centers listed below: 

Eastern Regional Radon Training Center 
Rutgers, The State University - Cook College 
P.O. Box 231 
New Brunswick, NJ 08903-0231 
(201) 932-2582 

Mid-West University Radon Consortium 
University of Minnesota 
1985 Buford Avenue (240) 
St. Paul, MN 55108-1011 
(800) 367-5363/ (612) 624-5343 

Western Regional Radon Training Center 
Guggenheim Hall 
Colorado State University 
Fort Collins, CO 80523 
(800) 462-7459/ (303) 491-7742 

Southern Region Radon Training Center 
Auburn University Housing Research Center 
Harbert Engineering Center 
Auburn University, AL 36849-6261 
(205) 844-6261 

Published Quarterly by: 
Cootereoce ofltadiadpft Control Program DIrectors, Inc. (CRCPD) 
205 CapiIaI Avenue 
Frankfort, Kentucky 40601 
Phone: (502) 2274543 Fax: (502) 227·7PiJ2 Coruact: Curtis Hopkins 
In coopeMion with the U.s. &lvlronmental Protection Agew.:y (EPA) 

The opinions and statements in thS Bulletin are tbo5e r:I. the various authors, and may oot neaBtiIy tqlIt5eIlt tbo5e rJ the Cooference r:I. BadiaIIIJo 
ConIrol Progmm DIrectots, Inc. (CRCPD) or the U.s. F.nvimnmentaI Protection Agew.:y (EPA). Any product menIioned is oot 10 be 0lIISIIUed • beiIJg 
encb!ed by the CRCPD or the EPA. 



Conference of Radiation Control Program Directors, (CRCPD) in cooperation with U.S. Environmental Protection Agency 

Results 
Radon 

of National 
Action Week 

C ivic leaders nationwide are 
reporting successful activities 

of the first National Radon Action 
Week (October 14-20). Extensive 
media coverage has helped boost 
efforts to educate the public about 
the radon problem. National 
media attention included not only 
informative televised discussions 
on NBC's Sunday Today show, 
Cable News Network (CNN), and 
the Financial News Network 
(FNN), but also coverage in USA 
Today, Parade magazine, Gannett 
News, United States Geological 
Survey publications, the Congres
sional Record, and numerous local 
publications. National activities 
sponsored by the Environmental 
Protection Agency (EPA) and 
several organizations included 
feature stories in local newspapers 
and a Weekly Reader supplement 

WHAT YOU DON'T KNOW 
CAN HURT YOU. 

Call1·800·S0S-RADON 

mailed to over 3 million students. 
The Radon Hotline (1-800-S0S
RADON), which normally receives 
an average of 2,000 telephone calls 
a week, received 10,000 calls 
during Radon Action Week. 

National Radon Action Week 
was also supported by the Ameri
can Lung Association, the Ameri
can Medical Association, the 
American Cancer Society, the 
American Academy of Pediatrics, 
the National Congress of Parent 
Teachers Associations, the National 
Education Association and the 
Consumer Federation of America. 
The American Medical Association 
mailed educational brochures to 
400,000 physicians, and the Ameri
can Lung Association worked with 
45 local affiliates to disseminate 
information concerning the risks 
of radon, including the mailing of 
publicity kits to 1,000 press and 
media contacts. 

The U.S. Congress designated 
National Radon Action Week by 
passing an official Resolution If 
Congress passes a similar resolu
tion for the next two consecutive 
years, the week will become an 
official Congressional commemora
tive as well as an annual event 

Citizen1s 
Guide 
Update 
EPA is in the process of evaluating 

public comments received on 
the draft revised "A Citizen's Guide to 
Radon" This fall, the Agency an
nounced the availability of the draft 
revised Guide in the Federal Regis
ter and distributed approximately 
400 copies for external review and 
comment The comment period 
officially closed at the end of 
October 1990. 

As of this writing, EPA had 
received 123 comment letters to
talling more than 700 pages. Virtu
ally all sectors are represented by 
the comments, including 33 States, 
Congress, 14 Federal agencies, 
numerous medical and building 
associations, universities, the real 

continued p. 3 



EPA Begins 
National School Survey 
Under the Indoor Radon Abate 

ment Act, EPA is required to 
undertake a national school survey. 
EPA has designed a study that will 
collect data on 1,200 schools across 
the country. The survey has four 
objectives. First, the results may 
help to characterize the occurrence 
of radon in public schools nation
wide and in public schools located 
in EPA-identified high risk areas. 
Second, the data may reveal the 
association between short-term and 
long-term radon measurements in 
schools. Third, the results also may 
give insight into the association 
between ground-floor and upper
floor radon measurement in schools. 
Finally, the results may allow EPA 
to investigate specific construction 
and ventilation characteristics associ
ated with different school radon 
levels. 

Pending review and approval of 
the survey design by the Federal 
Office of Management and Budget, 
EPA will initiate the data collection 
phase of the survey in January 1991. 
EPA has randomly selected 1,200 
schools for participation in the sur
vey, and will solicit the cooperation 
of the Superintendents of each of 
the school districts in which the 
sample schools are located. EPA 
will also be working with State 
education departments and State 
radon programs. Those school dis
tricts that agree to participate will 
receive detailed information about 
the survey and be asked to com
plete a questionnaire concerning 
each sample school's construction 
and ventilation characteristics; 
number, type, and location of 
rooms; occupancy patterns; and 
other parameters. Complete instruc
tions and a training video will be 
provided to assist the school con-

tacts with the actual placement, 
maintenance, and retrieval of 
charcoal canisters. The Agency 
plans to begin its data analysis in 
the Summer of 1991 and issue a final 
report describing the findings of the 
survey during the Summer of 1992. 

Mitigation 
Protocols 
EPA is currently developing for 

mal protocols for the installa
tion of radon mitigation systems to 
support and improve the effective
ness of the Radon Contractor 
Proficiency (RCP) program in 
assuring that consumers receive 
quality services. The national proto
cols are being developed to estab
lish a minimum acceptable baseline 
to guide and evaluate the perform
ance of radon mitigation contractors. 
Besides setting protocols for the 
workmanship, materials, procedures, 
and equipment necessary for radon 
diagnostics and mitigation, the 
protocols will also address worker 
safety practices. 

The protocols will be made an in
tegral part of the RCP program. In 
order to maintain listing in EPA's 
RCP program, contractors will need 
to follow the protocols established 
by the Agency. If a contractor does 
not follow the protocols, then the 
contractor will face the possibility 
of being delisted under the RCP or 
face other penalties under State 
regulatory programs. The national 
protocols will serve as a model for 
State and local governments to use 
for more specific regulations. 

The first set of published mitiga
tion protocols will concentrate on 
the most common mitigation tech
nologies used for single and two 
family detached homes (and be 
applicable only to them), since these 
units represent the majority of miti
gation efforts and experience to 

date. The initial protocols will 
discuss topics such as active sub
slab depressurization methods for 
reducing radon concentrations in 
detached buildings, isolation and ac
tive ventilation of large area sources, 
house ventilation (with/without 
heat recovery), and internal pressure 
modification systems, among others. 

Once these protocols are estab
lished, future updates will be devel
oped to upgrade existing protocols 
to incorporate technological ad
vances and field experience, add 
new protocols for technologies that 
are demonstrated to be safe and 
effective, and expand the scope of 
the applicability of the RCP program 
to other types of residential and 
non-residential structures and their 
associated mitigation technologies. 
Throughout the development of 
these protocols, EPA will develop 
ways for States, other interested 
parties, and the public to provide 
comment. 
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1991 
Radon 
Design 

Innovative 
Mitigation 
Competition 

In order to encourage develop 
ment of more effective and eco

nomical means of mitigating radon, 
and to involve new segments of the 
private sector, EPA and the Associa
tion of Energy Engineers (AEE) are 
co-sponsoring the 1991 Innovative 
Radon Mitigation Design Competi
tion. The competition was an
nounced earlier this year and entries 
must be postmarked by January 31, 
1991 

Entries for the competition may 
be designs for any system, method, 
technique, device, or material that 
when applied reduce or prevent 
indoor radon. Entries must include 
a summary of the objectives of the 
design project, explanation of 
technological detail, and separate 
summaries of costs and results. The 
contest is open to any individual or 
group of individuals who have de
veloped a practical or theoretical 
innovative radon mitigation design. 

Three award categories - practical 
design, theoretical design, and 
student design - have been estab
lished. A panel of five judges will 
evaluate each entry according to its 
originality and innovation, econom y 
in terms of its development, installa-

tion, maintenance, and associated 
energy costs, applicability to the 
widest structures and performance. 
Winners of the competition will be 
announced at the Environmental 
Management Congress Keynote 
Luncheon to be held April 24, 1991, 
at the Disneyland Hotel in Anaheim, 
California Cash prizes will be 
awarded as follows: 
Grand Prize: $4,000 

Second Prize:$3,000 
Third Prize: $1,500 
Theoretical Innovative Radon 

Mitigation Design: $2,500 
Student Innovative Radon Mitiga-

tion Design: $2,000 
For more information, please call 

Ruth Bennett at (404) 447-5083. 
Entry forms and all materials should 
be sent to: 
Innovative Radon Mitigation Design 
Competition 
Association of Energy Engineers 
4025 Pleasantdale Road, Suite 420 
Atlanta, GA 30340 

UPDATE 
continued from p. 1 

estate industry, the radon testing 
and mitigation industry, and private 
citizens. EPA will continue to work 
closely with CRCPD and other ex
ternal experts as it evaluates issues 
raised in the comments and contem
plates further changes to the Guide. 
EPA will strive to produce a docu
ment that reflects the best scientific 
research and risk communication 
studies. The final revised Guide, 
Technical Support Document, and 
an accompanying comment-re
sponse document are scheduled to 
be published in spring 1991. 

w~mo 3 

EXECUTIVE BOARD'S 
POSITION 

ON 
EPA RADON CITIZENS GUIDE 

The EPA Radon Citizens Guide 
will be very useful to state radon 
programs in its revised format with 
the following recommended 
changes: 

To be more effective and useful 
for states, the Guide should be more 
informational in nature. If the 

guide is too lengthy after these 
modifications, consideration should 
be given to creating two separate 
documents, one for motivation 
(thrust of current draft) and one for 
homeowner information. 

The following test criteria should 
be used for mitigation decisions (the 
majority of states did not agree with 
the elimination of long-term follow
up testing prior to mitigation). 

One long-term test in the lowest 
living level should not be precluded 
as a testing strategy for making 
mitigation decisions. If a short-term 
test result indicates elevated levels, 
a confirmatory test (short & long) in 
the lowest living level is recom
mended, particularly if the first 
measurement is close to the action 
guideline. 

In the spirit of openness and co
operation, the CRCPD would like to 
preview the changes prior to 
publication. 

There is strong consensus among 
the states that 4 pc/l on the lowest 
living level is the preferred action 
level for mitigation 

Adopted by the CRCPD Executive 
Board on October 19, 1990 

Charles M Hardin 
Executive Director 



Arizona 
Over 3000 closed house radon 

screening tests were conducted 
throughout Arizona during 1987-
1989. Results show about seven per
cent of the tested homes have levels 
that exceed the 4 pCi/l action level. 

A four day training course for 
mitigators was held in October by 
the state staff and instructors from 
the Western Regional Radon Train
ing Center. The students, from four 
states, included building contractors, 
public health and safety officials, 
radiation safety officers, realtors, 
and parks department personnel. 

Colorado 
Colorado is using funding from 

the SIRG grant to contract with two 
local health departments. The De
partment of Health & Hospitals, City 
& County of Denver is performing a 
study to recognize, evaluate and 
suggest control alternatives for ra
don in personal care boarding 
homes. This should provide infor
mation for evaluating building code 
requirements for radon control/pre
vention in multi-story buildings. 
The Jefferson County Health De
partment is evaluating correlations 
between well water analyses and 
indoor radon levels in homes with 
potentially high concentrations of 
radioactive materials in well water. 

Delaware 
Delaware has tested about' 7000 

homes which represents 41/2% of 
all single detached homes in the 
state. The test results show that 
about 1()o/o of the homes in Dela
ware are above the action level of 4 
pCi/i. The northern part of the state 
has a higher number of elevated 
readings. A follow-up will be done, 
to include distributing information 
packets and a post mitigation meas
urement. 

About 200 schools and public 
buildings were also checked Less 
than 1% of the buildings measured 
had elevated readings. 

Delaware plans to work with the 
building code section to assist with 
regulations that require radon resis
tant construction for new homes. 

Florida 
The Florida radon program was 

established in 1989 under Florida 
Statute that provides for a wide 
range of programs of research to
ward the development of radon-re
sistant building construction tech
niques, certification of individuals 
and businesses engaging in radon 
measurement and mitigation work, 
mandatory testing of public and pri
vate schools (K-12), state-owned, 
state-operated, licensed or regulated 
24 hour care facilities and state-li
censed child day care centers, and 
funding of these and other activities 
through the Radon Trust Fund, 
which is a one cent per square foot 
building surcharge applied state
wide for habitable space, both old 
or new. 

All changes to Chapter lOD-91 
Part 13, Florida Administrative Code 
which implements the provisions of 
the radon legislation, have been ap
proved and are now effective. 
There are currently two private 
vendors approved to provide radon 
certification training courses and 
two additional applications are un
der review. 

The radon program has received 
an EPA grant as part of the State In
door Radon Grant (SIRG) Program. 
The project is designed to develop 
radon-resistant construction guide
lines for new schools and evaluate 
the data being collected on those 
facilities required by state statute to 
test for radon. 

Illinois 
The lllinois register 

dated November 30, 
1990 contained a final rule on the 
registration of radon detection and 
mitigation services. Appearing as 30 
lllinois Administrative Code Part 
420, this final rule will specify who 
needs to register with the State of Il
linois to provide radon detection 
services. 

It is estimated lllinois will have 
approximately 300 registrants. Cop
ies of the final rule and the applica
tion form can be obtained from Ch
eryl Neff, Illinois Department of 
Nuclear Safety, 1301 Knotts Street, 
Springfield, Illinois 62703, Telephone 
217/786-6384. 

Iowa 
"Radon Technology for Mitigators," 

an educational training course, was 
held in Des Moines the week of Oc
tober 15, 1990. This course was con
ducted jointly by the National Asso
ciation of Minority Contractors, Mid
west Universities Radon Consortium, 
U.S. Environmental Protection 
Agency (EPA), Iowa Department of 
Public Health and the Iowa Radon 
Project (Iowa State University Exten
sion Service). 

A full page advertisement about 
radon appeared in the Des Moines 
Register for statewide distribution 
October 17, 1990. This advertise
ment was sponsored by the Iowa 
Department of Public Health, the 
American Lung Association of Iowa, 
Iowa State University, and the Uni
versity of Iowa. 

As a part of the EPA SIRG grant, a 
Public Awareness Survey has been 
conducted Individuals in five 
hundred eighty-eight (588) house
holds were interviewed to deter
mine the level of awareness about 
radon among Iowans. The results 
of this survey are being analyzed 



be anounced early 
next year. This informa

tion should provide guidance in fu
ture efforts to encourage Iowans to 
test their homes for the presence of 
radon. 
Another part of the EPA SIRG 

grant is the Fixed Income Radon 
Study, designed to determine if ra
don problems exist in housing for 
fixed-income people. Alpha-track 
detectors were placed in 36 homes 
during May and June. In the last 
week in November, two-day carbon 
canisters were placed in at least 50 
homes. The results of the short
term tests should be known in Janu
ary /February 1991. The results of 
the long-term tests will be known in 
July 1991. 

Iowa Department of Public Health 
personnel have inspected all in-state 
laboratories that have been certified, 
and inspections for mitigators and 
testers have begun. Inspectors are 
seeking assurance that mitigators are 
following Iowa rules, one of which 
requires conformance with the EPA 
Radon Contractor Proficiency Pro
gram. 

Kentucky 
The Kentucky Radon Program has 
developed a model plan that other 
states may use to organize and es
tablish community "citizen" empow
ered radon action committees or 
advisory /task force groups. The 
plan provides suggestions for identi
fying key committee participants, a 
sample brochure (invitation), a one 
day training workshop agenda, an 
evaluation sheet, and a follow up 
process. 
Two community radon action 

committees have been formed using 
the model plan One was formed in 
a rural community, and the other 
one was established in an urban 
area Each committee structure is 

slightly different, but their goals are 
similar. They will identify local ra
don issues, asses the need for correc
tive action in conjunction with re
sources at hand, and make both 
general observations and specific 
recommendations. 
The Kentucky Radon Program in 

cooperation with the Kentucky Real 
Estate Comnmission and the Univer
sity of Louisville held elven, two 
hour training programs for all real 
estate licenees to make them aware 
of the potential hazards of radon in 
buildings. 

Louisiana 
Louisiana has an estimated popula

tion of 432,000 and of the 1,314 
homes surveyed, only .8 percent ex
ceeded EPA's action level of 4 pCi/i. 
This is the second lowest state level 
among the 34 states that have con
ducted EPA/ state radon surveys. 

Nebraska 
Currently, the Nebraska Depart

ment of Health (NDOH) is working 
with the University of Nebraska at 
Lincoln Cooperative Extension on 
an outreach campaign. A one-day 
workshop was offered on October 
5, 1990 for Extension Agents (and 
others) who deal with the public 
about radon and wish to be pre
pared when state survey results are 
released. In addition, an NDOH staff 
member attended the eight fall dis
trict meetings of the Nebraska 
Council of Home Extension Clubs. 
These meetings, attended by more 
than 500 persons, were an excellent 
opportunity for the staff member to 
present information concerning ra
don and to interact with county 
program chairmen and Extension 
Agents in attendance who coordi
nate the program efforts in each 
county. Considerable follow-up has 
taken place with individual clubs 
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statewide that wish to increase 
awareness in their communities. 
A training course, entitled ''Radon in 

Real Estate", was offered in Omaha 
on October 25 and in Lincoln on Oc
tober 26. The course was accredited 
by the Nebraska Real Estate Com
mission for 3 hours of Intermediate 
Continuing Education credit for real 
estate salespersons, brokers, and ap
praisers. Taught by Martin Grisham 
(AARST), Bruce Snead (KSU), and 
Michael Nobel (MURC) the course 
provided the more than 100 partici
pants with a greater understanding 
of radon, radon testing procedures, 
how to reduce liability, and the ap
proaches available for dealing with 
radon issues in real estate transac
tions. The half-day course will be 
offered again in Lincoln, and possi
bly in western Nebraska. 

New Hampshire 
New Hampshire handles inquiries 

from the public through its radon 
"hot-line" and is expanding its data
base to include last year's survey re
sults for eventual addendum to the 
New Hampshire state-wide radon 
survey report. 

North Dakota 
During Radon Action Week, Radia

tion Control and American Lung As
sociation contacted each of the ma
jor TV stations throughout the State 
and provided interviews concerning 
radon to TV, newspaper, and radio 
stations. An excellent article was 
also prepared by REC/RTC Maga
zine concerning radon in North Da
kota. 
One interesting mitigation success 

story was also recorded in the State 
when a rural home north of Grand 
Forks was tested for radon The 
main floor bedroom had radon lev
els of 441 pCi/L The homeowner 
wanted to turn off the fan system 



State News Continued 
during the summer to save on en
ergy while the windows were open 
so the University of North Dakota 
Physics Department tested the 
home with the system fan turned 
off and with basement windows 
open. This test revealed summer
time radon levels of 25 pCi/1 and 
the homeowner quickly turned on 
the radon mitigation system fan. 

Pennsylvania 
The Pennsylvania Department of 

Environmental Resources performed 
an intercomparison of laboratories 
offering radon in water measure
ment services to Pennsylvania 
homeowners. Nine laboratories in
cluding the Pennsylvania Depart
ment of Environmental Resources 
and the Environmental Protection 
Agency participated Six different 
wells located near Harrisburg were 
sampled. Sampling locations were 
arranged to cover a wide range of 
concentrations, e.g., 60 pCi/1 to over 
100,000 pCi/ i. 

Laboratory information was gath
ered on sampling procedures, 
sample analysis, and data reduction. 
Information gathered showed a 
wide range of sampling containers, 
e.g., polyethylene bottles, glass vials, 
septum vials, and scint.illation vials 
filled with cocktail. The three meth
ods of analysis were liquid scintilla
tion, gamma spectroscopy, and the 
electret Reported results were 
within +1- 30% of each other, with 
the exception of one laboratory. Re
ported lower limit of detection 
(LLD) values were as high as 300 
pCi/L No major surprises were 
found A report should be available 
in January. 
Recommendations for future work 

include: developing standardized 
sampling techniques, starting a for
mal laboratory intercomparison pro
gram and developing standardized 
analysis methods for the liquid scin
tillation counting and the electret 
methods. 

The Pennsylvania Academy ot Sci
ence has recently published a new 
book on radon entitled, ''Environ
mental Radon: Occurrence, Control 
& Health Hazards." The book is a 
compilation of 30 different authors 
and grouped into six parts. The be
ginning deals with a historical per
spective from the discovery of ura
nium mines to the Watras house. 
The second part deals with the geo
logical aspect of radon. Part three 
treats the detection and measure
ment of radon The fourth part is 
devoted to radon health problems 
with an emphasis on lung do
simetry and cancer. The final sec
tion considers the regulation and 
policies of radon control, legal as
pects, and economic analysis. 
The book is available from 

Shyamal K. Majumdar, Lafayette Col
lege, Easton, PA 18042 (215) 250-5464. 
The cost is $45.00, including postage. 

Wyoming 
Janet M. Hough is the new state 

coordinator for the SIRG program." 
State priorities will be to increase 
public awareness of the radon prob
lem, with special emphasis focused 
on testing in schools and day care 
centers. Educational endeavors will 
include public outreach efforts to 
profesSional associations such as re
altors, contractors and education 
professionals. As part of the prob
lem assessment phase, a soil sam
pling program will be conducted by 
the Geological Service in Wyoming. 
The County Extension Service of 
the University of the Univeristy of 
Wyoming will be used to channel 
information to rural areas of the 
state. All activity results will be 
channeled into a database, which 
will be used to update the initial 
1987 Radon Survey. That survey 
showed 26% of the homes in Wyo
ming in excess of EPA's action level 
of 4 pCi/l. 

The School 
Evaluation 
Program 

E PA is continuing its School 
Evaluation Program (SEP) to 

demonstrate effective approaches to 
further characterize and perform 
diagnostics in schools that have 
documented radon levels greater 
than 4 pCiIL. 

EP A has evaluated 26 schools at 
8 locations across the u.s. as part of 
the SEP. These schools were 
selected because of their docu
mented radon levels and because 
they represent a diverse sample of 
varying geographic locations, 
building types, and heating, ventilat
ing, and air conditioning (HVAC) 
systems. Each of the schools was 
also willing to conduct mitigation 
activities based on the results of the 
investigation and to allow a future 
radon training course to be held at 
the school. 

At each of the selected schools, 
EPA is collecting data on the causes 
for elevated levels and recommend
ing appropriate mitigation technolo
gies for treating the problem, 
including adjustments to the HV AC 
system and sub-slab depressuriza
tion. At a majority of the schools, 
EPA hopes to achieve an integrated, 
holistic approach for remediation 
which improves total indoor air 
quality. 

EPA will use the SEP as a basis 
for developing a national publica
tion and training effort on school 
diagnostics and mitigation. As part 
of this effort, two schools were 
mitigated utilizing total indoor air 
quality technology in the Fall of 
1990, and data will be gathered in 
the Winter of 1991. EPA plans in 
fiscal year 1991 to evaluate six 
additional schools and to mitigate 
four additional schools through 
HV AC system adjustmc:1ts. 



National 
Radon Map 

E PA is currently developing a 
map of areas with elevated 

radon levels in the United States. 
The map will provide State and 
local officials with a tool for priority 
setting and will facilitate the im
plementation of new construction 
codes by building code organiza
tions. 

The National Radon Map is being 
constructed using data from State 
surveys and will be statistically 
significant at the State level The 
map will incorporate factors such as 
the potential for radon risk reduc
tion, costs, and the practicality of 
adopting new building codes in 
order to divide the country into two 
priority areas for radon efforts. 
Priority one areas will be those in 
which EPA has found screening 
levels of radon that are greater than 
or equal to 2 pCi/ I, with areas 
haVing screening levels greater than 
or equal to 4 pCi/ 1 highlighted for 
special attention Priority two areas 
will be those areas in which screen
ing levels of radon are less than 2 
pCi/i. The map will also spotlight 
areas of the country where en
hanced building codes may not be 
appropriate (such as Hawaii and 
Louisiana) because of typically low 
levels of radon in screening meas
urements. 

The National Radon Map repre
sents a five year cooperative effort 
of EPA with the United States Geo
logical Survey (USGS) and the 
American Association of State 
Geologists. When completed in the 
winter of 1991, EPA will distribute 
booklets describing the radon 
potential for each State and a Rador 
potential map of the nation. In the 
Summer of 1991, USGS plans to 
make available additional geologic 
province maps and soil and superfi
cial deposits maps. 
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State Radon Contacts 
Alabama .James McNees 205/242-5313 
Alaska None 907/465-3019 
Arizona Paul Weeden 6021255-4845 
Arkansas Lee Gershner 501/661-2301 
California ... J. David Quinton 916/322-2040 
Colorado Robert Quillin 303/331-8480 
Connecticut A Sincialchi 2D3/566-3m 
Delaware AI Tapert 302J736..37ff7 
Dist. of Col VernoicaSingh- mnZl-TTl8 
Florida N. Michael Gilley 904/488-1525 
Georgia.. • James Drinnon 404/894-6644 
Hawai _.Thomas Anamizn ~/548-4383 
Idaho... Brian Monson ~1334-5ff79 
IllinoiS-.- Richard Allen 2171786-6379 
Indiana Michele Rohleder 317/633-0150 
Iowa Donald Flater 515/281-3478 
Kansas..... _____ Harold Spiker 9131296-1560 
Kentucky _ Jeana Phelps 502/564-3700 
Louisiana .Matt Schlenker 504/9154518 
Maine_ . Eugene Moreau 'JIJ71'l89-3f5}b 
Maryland Leon Rachuba 301/631-~ 
Massachusetts William Bell 617 fiZl.()214 
Michigafl- George Bruchmann 517/335-8200 
Minnesota Laura Oatman 612/6Zl·5014 
MississippL ___ Bob Bell 6Ol!354-6657 
Missouri Kenneth Miller 314n51~ 
Montana...- .Adrian Howe 406/444-3671 
Nebraska...-. _ __ Harold Borchert 402/471-2168 
Nevada Stanley Marshall 7021Zl1-4674 
New Hampshire--None. .603/Z7l-4674 
New Jersey Tonalee Carlson Key_609/9ff7-2104 
New Mexico. Bill Floyd 505/8l7-2773 
NY St Envir None.. 518/457-2225 
NY St. Health Laurence Keefe 518/458-6451 
NY St Labor None 718n97-7641 
NY City Health-None. 718/643-8<)29 
North Carolina Dr. Felix Fong 9191733-4283 
North Dakota Terry Lindsey 701/224-2348 
Ohio_ . Marae Matthews 614/6#Z7Z7 
Oklahoma . Gene Smith 405/Z71-5221 
Orego"--- ... Ray Paris ':H.J/229-5797 
Pennsylvania Carl Granlund 717 nffl-2480 
Puerto Rico David Saldana f?l.YJn67-3563 
Rhode Island Roger Marinelli 40l/Z77-2438 
South Carolina Nolan Bivens .. 8031734-4631 
South Dakota Mike Pochop 605n73-3153 
Tennessee " Jay Waynack 615n41-3651 
Texas Gary Smith, PhD 512/835-7000 
Utah Dane Finerfrock 801/538-6734 
Vermont Paul Clemons 802/82&2886 
Virginia Leslie P. Foldesi 8041786-5932 
Washington Robert Mooney ~1586-3303 
West Virginja Beattie DeBord 304/348-3526 
Wisconsin Conrad Weiffenbach- 600/273-5182 
Wyoming... Howard Hutchins-.-- 3071777-6015 



CALENDAR ..... . 
MEETINGS 
January 21-24 
Health Physics Society, Mid-Year 
Meeting, Raleigh, North Carolina 

Telephone: (509) 367-2797 

April 2-5, 1991 
1991 International Symposium on 
Radon and Radon Reduction T ech
nology, Philadelphia, Pennsylvania 

Telephone: (502) 227-4543 

RADON TRAINING COURSES 

For a complete listing of radon training courses 
offered through the Regional Radon Training 
Centers, contact Curt Hopkins, Conference of 
Radiation Control Program Directors , Inc. (5C2) 
227-4543. Or contact the Regional Training Cen
ters listed below: 

Eastern Regional Radon Training Center 
Phone: (908) 932-8726 

Mid-West University Radon Consortium 
(800) 367-5363/(612) 624-5343 

Western Regional Radon Training Center 
(800) 462-7459/(303) 491-7742 

Southern Region Radon Training Center 
(205) 844-6261 

Published Quarterly by: 
Conference of Radiation Control 
Program Directors, Inc. (CRCPD) 
205 Capital Avenue 
Frankfort, Kentucky 40601 
Phone (502) 227-4543 Fax: (502) 227-7862 
Contact: Curtis Hopkins 

Published in cooperation with the u.s. 
Environmental Prot(!ction Agency (EPA) 
The opinions and statements in this Bulletin are those 
of the various authors, and may not necessarily 
repr=t those of the Conference of Radiation 
Control Program Directors, Inc (CRCPD) or the U.s. 
Environmental Protection Agency (EPA), Any product 
mentioned is not to be construed as being endorsed by 
the CRCPD or the EPA. 

Note: These results represent 
screening measurements and 
should not be used to estimate 
annual averages or health risks 

Estimated Percent of Houses with Screening Levels Greater than 4 pCi/1 

15% 20% and greater 

State Survey Results 

The results of the 1989-90 State 
EPA survey provide additional 

evidence that radon is a widespread 
environmental health problem. EPA 
has found elevated screening levels 
of radon in each of nine States sur
veyed. The States surveyed during 
the 1989-90 winter season were Cali
fornia, Hawaii, Idaho, Louisiana, Ne
braska, Nevada, North and South 
Carolina, and Oklahoma. Of these 
States, Nebraska, South Carolina, 
Nevada, and Idaho contained homes 
with the ten highest radon screen
ing measurements for the sample. 
The highest screening radon meas
urement, 123 pCiIL, came from Ne
braska. 

With the results of the 1989-90 
survey, EPA has surveyed 34 States 

overall. According to the survey re
sults, one in five homes in these 
States has elevated screening levels, 
with all 34 States having some 
homes that exceeded the 4 pCi/ L 
action guideline. In fact, elevated 
screening levels in the States sur
veyed thus far range from a low of 
4 of 1000 homes in Hawaii to a high~ 
of 7 of 10 homes in Iowa. EPA en
courages States to target resources 
to high risk areas to reduce risks 
from radon. 

This winter EPA will continue its 
radon survey work with States by 
collecting and assessing radon meas
urements in Arkansas, Illinois, Mary
land, Mississippi, Texas, Guam, 
Washington, and several Indian na
tions. 



Lewis: Radon testing OK 
Results of radon testing in se~.G!J groundwater wells in Hawaii 

show no sP"ious health risk, according to Dr. John Lewin, director 
of the State Department of Health. 

"The low levels of radon, a naturally occurring radioactive gas, 
detected in drinking water from se''''''~ I wells do not pose a serious 
health risk," Lewin said. 

"Lung cancer is the health ,'t of mosi . !I. ern when 
considering long-term exposure tr dOll." Lewi:' :,:id 

He said that based on risk estir"'~s prn\ldf·;j: !i', l:nviron
mental Protection Agency, a lifetime expuqlf(' [\i ;.r~\' ')ximately 
70 years would correspond to an increase lUlib ';-;Jcer risk of 
approximately one per 10,000. 

The primary health risk associ;l;cj wit!, r:"orl.:'1 water results 
from inhaling the gas that is rele, .:,·d ii, " :irirom the water, 
and not from drinking wah'}' com .T'il';' : ," ; Lewin said. 

Radon is released as water leave::- 1,;"'J! Most of the radon 
dissolved in water will escape in a few s\J~~"ds. Since houses in 
Hawaii usually provide for open ventilation, very little radon 
would accumulate in indoor air. Adequate natural ventilation, 
according to the EPA, can remove as much as 90 percent of the 
radon from the indoor air. 

Water samples were taken in June from] 2 wells on Kauai, Oahu,. 
Maui and the Big Island, and sent to the California Department of 
Health Services Labortory for analysis. One sample from the 
Kilohana Well on Kauai \vas at a slightly bigher level than tfie 
national average. 

Radon gas is generated from the natural breakdown of soils and 
rocks that contain uranium or radium and usually enters 
groundwater that is next to 1 hpse deposits. 
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Radon Safe 
Basement Construction 
Introduction 

Growing concerns regarding the potential health haz
ards associated with exposure to excessive levels of radon 
gas are being expressed by various groups in both the public 
and private sectors. These concerns may be attributed to 
claims that radon gas is the second most prominent source 
of lung cancer (estimated at between 5,000 to 20,000 
deaths per year), exceeded only by the use of tobacco (ap
proximately 350,000 deaths per year), and may be the 
prime cause of cancer related deaths among non-smokers 
according to some sources. 

The U.S. Department of Energy has estimated that at 
least 5 to 10 percent of existing homes in the U.S. may have 
"Elevated Radon Levels." EPA, The U.S. Environmental 
Protection Agency, has performed detailed investigations of 
basements in homes with high measured radon levels and has 
discovered that certain mitigative measures can significandy 
reduce radon levels. Although much is now known about 
how existing homes may have their radon concentration 
levels reduced (mitigation), the formulation of construction 
techniques for intentionally designed "Radon Resistant" 
homes is still in the experimental stages. 

Meanwhile, builders, developers, realtors, building of
ficials, material suppliers and prospective homeowners are 
in need of information that can provide some degree of 
interim protection. The purpose of this TEK is to provide 
basic design guidance on radon resistant basement construc
tion until more definitive information is available. 

What is being done? 
The National Association of Homebuilders' (NAHB) 

National Research Center in Maryland is the prime contrac
tor selected by EPA to design, build and monitor experi
mental homes with homebuilder participation using radon 
resistive techniques. Builder Associations in three states, 
New York, New Jersey and Pennsylvania, are involved with 
the project and about 100 homes to be constructed using 
various prototype radon reducing applications are planned. 

Since basements have been singled out by some to 
present special problems as a result of radon gas entry from 
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the more strongly radioactive soils, special attention is being 
paid by researchers to the investigation of foundation walls. 
Concrete block and cast concrete walls are to be studied. 

The argument about "enel'J)' efficient" homes "caus
ing" radon levels to elevate is still under debate. There is 
litde question that since the first two oil price shocks in 
1973 and 1979, considerable progress has been made in the 
research and application of energy efficient construction 
practices such as insulating wood frame walls, ceilings and 
floors; determining the effects of passive solar heating and 
thermal mass; and reducing air-leakage in building shells. 
However, air-leakage by diffusion and pressure differences 
between below grade indoor spaces and soils was not con
sidered in the rush to conserve enel'J)' in buildings. Also the 
thermal performance of below grade spaces has only recendy 
come under investigation. 

The data on actual radon sources in buildings are sparse 
and show no direct cause-effect relationship with enel'J)' 
efficiency. It is apparent that the above-grade air-tightness in 
homes creates slight suction with exhaust fans, opened 
windows or even wind passage over the building surface. 
This negative pressure acts on cracks, crevices and un
sealed below grade pathways allowing soil borne mois
ture and gases to penetrate slabs, foundation walls and 
basement floors and disperse into the indoor air, thus 
reducing its quality. 

It is important to determine such potential sites of 
pressure driven and diffusive gas flow into today's more 
energy conscious buildings, and review some of the 
methods for possible prevention. There will never be a 
completely "radon-free" home, office, school or even, 
outdoor air, but excessive levels may be controlled to 
provide a healthier environment. 

In the most extreme case of radon pollution in a 
home found to date, engineers were able to reduce 
radon levels by 1000 times following a very costly proto
type mitigation project devised by the EPA. In most 
homes with typical radon levels, less than a few hundred 
dollars will be required to attain safe radon levels. Only 
in the very worst cases would expenditures of several 
thousand dollars be necessary. Table I lists some of the 
typical measures used for reducing radon gas levels in 
homes. 
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TABLE I 
Methods To Reduce Radon Gas Levels 

Effectiveness·." Measure Costs 0 MethOd. M_ . ('" Reduction Confidence Operation $ 

Ventilaticn ·(Natural) Approx.9O Moderate Open windows all around Space conditioning 
Open Windows building adds. to heatlngl costs will vary 

air condo bilts. May 
reduce indoor comfort 
level 

Ventilation (Forced) Approx.90 Moderate Open windows as above $150 installation 
Fans and open but augment With fans $100 approx. for 
windows operation 

Space c;onditionlng costs 
will vary 

Ventilation with Fan powered air up to 96 Moderate to Continuous air exchange. $400-$1500 instaUation 
heat/cool recovery to air heat high Vent rate depends on $100 approx. for 

exchanger buUding air volume. operation 
Up to 70% of the heat 
or cooling may be 
recovered 

Depressurization Outdoor air make 0-10 Moderate Assumes the fired -fairly low cost 
Avoidance up to fired appliances operate -site specific 

appliances 20%ltime/year provide -equipment efficiency 
fresh air may improve 

Seal up sources- "gas-proof" Some Case-specific Seal rooms that are Less than $100 small 
vent zones barrier materials; areas of major entry fan, costs low 

exhaust vent like crawl spaces, 
sumps, basements. 
Vent air to outdoors 

Seal up points of Use gas proof 30-90 Case-specific Seal up all indoor cracks, $300-$500 0 entry sealants (field results crevices, holes porous 
show low to surfaces, cold-joints, 
moderate utility penetrations, 
levels) drains, sump openings. 

perimeter drains 

Vent soil gas via Collect, dilute ~ 98 Moderate, Collect soil-gas via $1200 approx. 
drain tile exhaust soil gas· Case specific aspiration of the installation 

borne radon at perimeter drain tile. $15 for fans 
perimeter Building must have $125+ for increased 

footing level drain tile. heating costs 
No block walls on 
footings below slab level. 

Ventilate (hollow) Collection and up to 99 Moderate to Continuouscoltection $2500 approx. 
block basement exhaust of air high and exhaust of air con- $5000 for baseboard 
walls from inside cores taining radon gas from system plus fan power 

of block inside block walls. and heat loss 
foundation wall If french interior drain Approx. $14OIyr. 

(channel), use integrated 
baseboard vent system 

Sub slab ventilation Collect and 80-99 Moderate to Continuous fan collec- $2000 (contractor 
exhaust soil gas high tion and venting of gas installed) 
from below from the aggregate base Retrofit pipe network 
concrete slab (gravel) below concrete $5000 

slabs 

One point of suction for $140 operating and heat 
each 500 sq. ft. of slab cost 
area. 0 If new home, place 
ventilation network 
under concrete cast slab 
for continuous venting. 

Source: "Radon Reduction Techniques for Detached Houses" U.S. EPA. 
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Concrete Masonry 
Basements 

Because of the versatility and inherent characteristics 
of concrete block which make it especially suited for foun
dation walls and basements, several previously published 
TEK notes are available on the subject. These publications 
provide excellent information on proper mortar jOints, 
footing construction, wall bracing, backfilling, anchorage, 
waterproofing, structural loading and reinforcement. To 
adequately resist entry of soil gases, concrete block walls 
must be designed and constructed to minimize cracking. 

Additional information is available for design of below 
grade living spaces and earth sheltered homes that have 
special requirements. There is no evidence that insulated, 
properly waterproofed earth sheltered homes pose a sig
nificant radon risk if paths of soil gas entry are sealed. This is 
especially important for earth sheltered living, because 
where gas can infiltrate, moisture will follow with the 
ensuing potential for damage. 

Figure I. 

Extruded insulation 
continuous with 

Seal and insulate 
band joist area 

Two coats latex 
enhanced masonry 
paint. Seal cracks 
and joints first 

above grade --..--" 
sheathing over 

asphalt damp-proof 

Cont. perim. 
drain 

In "L"; I" insulation 
(XPS; 50 psi) 2' min. 

Control of air leakage in above grade concrete block 
walls can be achieved in several ways. Some of these guide
lines and data are discussed in other TEKs and may be helpful 
in evaluating the radon gas prevention options. Results of 
air-leakage tests on concrete block walls show that the 
combined filling of cores with relatively fine grained mate
rials, grout or concrete, and two coats of paint on the inte
rior surface of the wall, can be quite effective. This treat
ment, used in conjunction with the asphaltic compound 
dampproofing layer(s) required by the model building codes, 
should practically eliminate air leakage through walls located 
below grade. 

Figure I illustrates a prototype block foundation wall (8 
inch) with several levels of protection against leakage. First, 
the wall should be sealed with a solid unit or some form of fill 
in the core voids at the top. The interior surface should 
receive two coats of latex enhanced or oil base paint follow
ing pre-sealing of cracks and crevices with an epoxy com
pound, and the mortar joints should be treated with a vapor 
retardant paint. 

Figure 2. -vn71'I'v---rr-

Soil gas:Jmb~ 
Footing 

Existing drain tile 
circling the house 

Aggregate 

Drainpipe 

Cover 

The joint at floor level should be sealed with a 1.5 to 2 
inch flexible bead of caulking compatible with the concrete. 

The slab should be cast on an "L-type" insulation bed at 
the perimeter over 12 mil minimum vapor retarding sheet
ing, lapped and sealed at all joints. For each 500 square feet 
of basement floor area, a PVC vent pipe with a "tee" 
should be capped and placed so as to provide for sub-slab 
venting if future radon tests indicate a need. Sumps should 
be avoided if possible, but if required should be designed and 
fitted as shown in Figure 2. 

The exterior of the foundation wall should have the 
joint at the footer sealed with a cove base formed from the 
Portland Cement plaster parge coat. Asphaltic dampproof
ing should be applied per code (two coats preferred) over 
the block wall exterior. Where reqUired, or desired for 
energy savings, extruded rigid board insulation should be 
applied, preferably extending down to the footer. This rigid 
board insulation should be protected by impact and weather 
resistant materials for a distance extending a minimum of 12 
inches below grade. If the wall is to be furred out and insu
lated with fiberous interior insulation, the sealant on the 
block walls should be of the vapor retarding variety, or 
a -4 to 6 mil polyethylene sheeting may be used as a vapor 
retarder. 



Conclusion 
Block foundation walls in new construction can be 

effectively sealed and/or adapted for ventilation if necessary 
at a low to moderate cost. There is no technical reason to 
presume block foundations are necessarily more susceptible 
to radon than other types. Common sense and good design 
in light of today's improved scientific knowledge permits 
confident use of concrete block below grade. 

It is prudent to use thicker vapor retardant sheeting 
below all floor slabs and to fit vent stacks, capped for future 
possible use, into the sub-slab gravel bedding in the event 
ventilation is required. 

Walls below grade must be designed to resist long term 
soil pressures to reduce cracking which can increase soil gas 
entry points regardless of construction type. 

Prior to considering or installing active mitigation mea
sures such as outlined in Table I, all possible points of soil gas 
entry should be caulked and sealed. 

Some maintenance may be expected with radon pre
vention measures, as would be expected with any building 
or mechanical device. These measures should be taken in a 
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timely manner as recommended by the builder or system 
installer. 

For best results, buildings should be tested every 
winter in high radon regions to alert the owner to any 
repairs or further actions required. 

The science of pre-construction radon soil testing is in 
its infancy. It has been recommended that at least three 
locations roughly triangulating the building site be tested at a 
depth of four feet prior to construction. In this way, knowl
edge of soil radon gas source strength can lead to informed 
decision making regarding the types of preventive measures 
to be applied. 
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Radon' fouDd 
• m Lihu'e 
water supply 

Radon Ektected in the major areas in CaJiiorma have OVI 

drinking water source for Lihu'e 40,000, according to the EI 
a~ Hanama'uJudoes not pose a vironmental Protectio 
serious h~alth risk, according to'" Assoc:iation'; 
state Department of Health. Based on federal estimates, 
Director John Lewin. The radon. lifetime exposure of water frOl 
found this summer in Lihu'e the Lihu',e. weli could mean a 
water source is more than 100 increased lung cancer risk ( 
rimes the level found at II other about one per 1.6,000, accordin 
wells tested around the sfate and to Lewinf-' '. 
more than twice the national . TlWDOH sampled ,water i 
average, but far below levels' June from l! wells on. Kaua" 
found in many wells in Q'ahu .. M •• aM the .Bit· W~c 
CaUfomia and New Ensiand. T~tlatl ~ CalifOrnia Df!pat1 

Dr. John Lewin said water ettJ1t of He~lth Servic~ 

JI:9.Ql, l"i!eh.a.p~ -'~." ';.' .l\i.cJJr. "~'~ .. " '. ." .." ;told.f' 
located next to PIi. ~y . '.,:>" .. , ' ua"j': we 
DepartWlent of Wa«!(l ftOragera~!_ Uti) 214:picQCuri( 
(anksmauka of Kubi Grove' pet liter. The Lawa'4we 
Center, had LOiS p.~' at . pr~uced 12 pu.:ocurres per lite) 
radon ~ liter during the first the Kala,heo. Well 38, . and th 
sampling and 983 at ilif"tecond·' WaiIli. RomCst~adl Wtlt«. 
sampling. He contended. The Environmental Protectio 
however. that the lill*lihciod" of Agency has set an air standar 
developing lung cancer from the for radon 'at 200 picQCuries. I 
Lihu'e level of the naturally pIa os to set a drinking wate 
occuring radioactive gas is low. standard in 1989. An EPA surH' 
At some places in New England in 10 states shdWed that mm 
the level is over a million 
picocuries per liter and many fPleue tUrD to Pa«e 4' 
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:oncentration of radon fell 
,etween 200 and 600 picocuries 
,eT liter. 

Radon gas results from the 
latural breakdown of soil and 
ock that contains uranium or 
adium and usually enters 
:roundwater next to the deposits. 

Lewin said the main health 
isk associated with radon in 
fater comes from inhaling. the 
'as that is released into the air 
~ther than drinking water 
ontaining radon. 

The gas is released when water 
uns from a tap or a shower 
.ead, when a toilet is flushed or 
~hen water is heated. Most of 
he radon dissolved in the water 
1Icapes in a few seconds, Lewin 
aid. . 

He said that because houses in 
-lawai'i usually are well ven
ilated, little radon should ac
:umulate. However, the DOH 
,lans to do some air testing in 
elected buildings in Lihu'e and 
o continue to monitor the well. 
\.ccording to Dr. Bruce An
lenon, Deputy Director of 
-Iealth, the DOH is hampered by 
I limited number of sampling 
levices. 

According to the EPA, in 

KllOHANA WEll mauka of Kukui Grove Shopping Center, where the highest levels of radon in 
drinking water i~ the state have been found. The well is the major supplier of water for lihu'e 
and Hanama'uiu. (Photo by Mike Ten'yo) 

orne states where radon" levels results of air tests for radon are 
Ire much higher than in higher than 200 pc t, which is 
-Iawai'i, homeowners' are highly unlikely on Kaua'i, 
)fovided with detectors. residents should take action 

Anderson said that sites to be within several weeks and may 
:onsidered for tehting by the have to abandon buildings. With 
I)OH are those with very poor lifetime exposure to 200 
t'entilation: which might i~tensify . picocuties of radon in the air. 
accumulation of radon 10 the the estimated number of deaths 
air. He said that on the from lung cancer is 440 to 770 
mainland the highest levels ?f per 1,000 people - approximately 
accumulation are found 10 the same risk as -as being a four
basements where. radon gas seeps pack a -day. cigarette smoker. 
from the soil through cracks and The EPA said there is usually 
fissures in the walls. no danger frout radon found in 

According to the EPA. if large community water supplies 

when the water is expOSf'd to the 
air before.going through pipes to 
the homes and businesses. The 
,,:ater at the Kilohana well is 
exposed to air insidt the storage 
tank, said county water manager 
Ray Sato. 

Anderson said it il; tempting LV 

speculate that radon levels are 
higher on Kaua'i at certain 
places than on other islands 
because Kaua'j is the oldest of 
the inhabited Hawaiian Islands. 
He said the health department 
will be further e <{ploring the 
presence of radon on Kaua'i and 

will examine whether then' ar 
higherlevels itl the deeper welh. 

Businesses wanting thl.·j 
buildings tested for radon ral 
contact. the state of HClwai'j' 
radiation branch at 1-548-~(J7 
for a liat of firms certified to d, 
the sampling. All the testin 
companies are on the mainhm, 
but come to Hawai'j periodil:.ill 
to conduct the testing. 

A booklet talled "A Citizen 
Guide to Radon" can be ordere 
from the EPA, 215 Fremont St. 
San Francisco, CA. 941 O~ 
Phone 415·974·8076. 

------------------------
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Health director says radon 
in wells is not a serious risk 

HONOLULU (AP) - Low levels of radon 
detected in drinking water f~m several Hawaii wells 
do not pose a ~th risk, the state's health 
director said yesterday. 

Dr. John Lewin said that while water from one well 
- Kilohana on Kauai - had higher levels of radon 
than the average in a to-state survey, the liklihood of 
developing cancer from that level of the naturally 
OCCUlTing radioactive gas was low. 

Based on federal estimates, a lifetime exposure 
would mean an increased lung cancer risk of about 
one in 10,000, Lewin said in a statement. 

Testing was done on water samples taken in June 
from 12 wells on Oahu, Kauai, Maui and the Big 
Island. Tests at the California Department of Health 
Services Laboratory showed that radon levels in 11 of 
the wells ranged from 12 to 214 picocuries per liter. 

The Environmental Protection Agency bas not yet 
set a drinking water standard for raden, but an EPA 
survey in 10 states showed that most concentration of 
radon fe~l between 200 and 600 picocuries per liter. 

However, water from the Kilohana well - the 
main source of for the towns of Lihue and Hanamaulu 
- contained 1,013 picocuries per liter. 

A few places, particularly in New England, had 
radon levels of more than 1 million picocuries per 
liter. 

The gas results from the nat\¥al breakdown of soil 
and rock that contains uranium or radium and usually 
enters groWldwater next to the deposits. 

Lewin said the main health risk associated with 
radon in water comes from inhaling the gas that is 
released into the air rather than drinking water 
containing radon. 

The gas is released when water runs from a tap or a 
shower head, when a toilet is flushed or when water is 
heated. However, most of the radon dissolved in the 
water escapes in a few seconds, Lewin said. 

He said that because houses in Hawaii usually are 
well ventilated, little radon should accumulate. 

The Department of Health will monitor indoor ail 
at several sites and will continue to survey drinkin, 
water sources for radon, Lewin said. 



Martin I\lintz, senior tedlllical adviser 
«)I' the National Association of Home 
Builders. "What we do fig'ht is the man
dating of sprinklers through legislation. 
If a {'Ouple fecls sprinklers are worth
while, that's fine, but that doesn't mean 

a code should (orce them to install 
sprinklers." A recent NAI m study shows 
that more lives are lost in older homes 
than new ones. If new homes required 
sprinklers, the cost would be as much as 
$4 billion a year, assuming about 1.8 

Homebuilders fight radon 

Spurred by the potential loss 
of sales and the threat of 
possible lawsuits, home
builders are sealing base
ments and installing radon 
ventilation systems that ex
perts believe are effective in 
keeping radon out of 
houses. 

The National Association 
of Homebuilders does not 
track how many home
builders are now taking on 
the radon problem, but 
those in the Washington, 
D.C., area seem to be ahead 
of the pack. Several are in
stalling sub-slab ventilation 
systems in new homes. 

When trapped in a closed 
space like a house, radon, a 
gaseous by-product of the 

Trapped gas is released by systems installed in new homes. 

decay of radIUm, can be cancer-causing. 
The U.S. Environmental Protection 
Agency estimates that 10 million homes 
have radon above the 4 picocurie-per
gram level the agency considers safe. 

Concern about the level of radon in 
homes and its health effects has grown 
in the past five years. "I don't feel that I 
can ignore it now," says Frank Bond, 

senior vice president for Kettler Bros. 
Inc., Gaithersburg, Md. 

One reason for Kettler's decision to 
add sub-slab systems is that the firm lost 
four sales because potential buyers 
wanted their new homes tested for ra
don, but the homebuilder did not feel it 
was its responsibility. 

The firm recently began installing 

TVA mulls reorganization 
Just as critics of the Tennessee Valley 
Authority were completing a report that 
condemns the agency's power opera
tions, 'IVA'S general manager was out
lining options for the Knoxville-based 
utility that include dramatic changes in 
who owns it and how it is run. 

The critical report was prepared by a 
subcommittee of the Southern States 
Energy Board (SSEB) and was to be pre
sented to the Southern Governors Con
ference this week. It will charge that 
TV A, expecting its nuclear powerplants 
to provide low-cost power to the region, 
permitted its coal-fired plants to deteri
orate through the 1980s. 

The strategy backfired when TVA's 
nuclear units were idled because of safe
ty and other problems in 1985. The 
agency then was forced to rely heavily 
on those same inefficient and unreliable 
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coal units and to buy power from other 
utilities. The report concludes that it is 
"doubtful" that 'IVA will be a competi
tive energy supplier in the region "for 
many years to come." 

Jack H. Ferguson, president of Virgin
ia Power and chairman of the SSEB sub
committee on power operations, again 
rejected earlier assertions that Virginia 
Power intends to encourage the privati
zation of TVA so it might assume some 
of the agency's territory or facilities 
(ENR lI8 p. 10). "I can foresee no cir
cumstances where we would be interest
ed in acquiring any of 'IVA," he says. 

Still, the draft report was criticized by 
TVA and others as being based in part 
on incorrect assumptions. In a recent 
letter to Virginia Gov. Gerald L. Baliles, 
who also is SSEB chairman, TV A Chair
man Charles H. Dean and agency board 

million starts. Mintz S'I\·S. He helieves 
that is waslefi.ll because' ICwer than \0 
lives are lost each year in new homes. 
"There are beller 'ways to spend less 
monev and save more lives." he adds. _ 

By i Imlllf'r ,J. Ilatjil'ld 

sub-slab svstems in new homes, the first 
10 of which will soon be readv {or sale. 
The homes will be monitored' to gauge 
the system's effectiveness, Bond says. 

The Ryan Homes division of NVR yan 
Homes has been installing complete but 
not connected sub-slab systems since 
Jan. 1, says Richard H. Tracey, the proj
ect coordinator. "We are doing what 
economically makes sense," he says. 

Sub-slab ventilation systems consist of 
a perforated pipe placed under the slab 
in a gravel bed. A non-perforated pipe 
is attached and leads up through the 
house to the roof. Negative pressure 
sucks the gas out (ENR 2/12 p. 48). 

The ventilation system costs only 
$200 to $400 to install in a new house. 
To retrofit, the system could cost any
where from $1,000 to $2,000. 

"Installing the. system will avoid [le
gal] problems tomorrow," Bond says. 

And, already, the lawsuits are begin
ning. One New Jersey builder is being 
sued for $1 million for selling a radon
laden house, says a specialist from the 
University of Florida's School of Build
ing Construction. And many states are 
considering legislation that will require 
proof of safe radon levels before a 
house is sold, he adds. 

Experts agree that more research on 
radon is needed. A booklet to be re
leased by EPA this week outlines current 
knowledge about radon reduction. _ 

member John B. WaterS'said statements 
in the report are "generalized, opinion
ated and not supported by facts." 

But in a report to agency managers, 
'IVA General Manager William Willis 
said that TV A must improve its structure 
and operations before others seek to 
restructure it. "The most far-reaching 
option," he wrote, "would be the cre
ation of a 'IVA holding company." 

Willis said such a structure would be 
used to separate "the self-financing 
power program ... from activities sup
ported by appropriations. A Tennessee 
Valley power corporation and a ... de
velopment corporation would be inde
pendent subsidiaries." 

He noted that the arrangement 
"might involve regional public owner
ship of TVA's power system through eq
uity partnerships with the power 
distributors. A subsidiary board of di
rectors for the power corPoration would 
be needed, with the TV A board serving 
as the rate-setting body." _ 
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by Larry D. Fellows 
State GeologIst 

Arizona Geological Survey 

RADON 

Radon gas has been recognized as a geologic hazard to people in 
homes and other buildings only since the early to mid-198O' So Radon gas, 
which is a decay product of uranium and is itself radioactive, seeps into 
homes from underlying soil and rock_ It is hazardous in high 
concentrations because it is inhaled and causes increased radiation 
exposure to human lung tissue_ A recent survey of radon levels in homes 
in southwestern Tucson, in an area known to contain eIevated uranium 
concentrations, revealed in a few homes radon concentrations above the 
maximum acceptable level recommended by the US_ Environmental 
Protection Agency (EPA)_ The EPA has set 4 picocuries per liter (pCi/1) 
as the level above which radon-reduction measures are recommended. 

A radon concentration of 2,700 pCi/1 was measured in a home in 
eastern Pennsylvania in December 1984. Before then, radon was not 
known to accumulate to such high levels within homes built on 
uraniumrich rock and soil. Because of this startling discovery, other areas 
in the country where uraniumrich rocks were known to be present 
became suspect. Before December 1984 uranium-related environmental 
health concems had been limited primarily to natural radioactiviLY 
(gamma radiation) levels. 

In October 1986 the Arizona Geological Survey (AGS), which is the 
Geological Survey Branch of the Arizona Bureau of Geology and Mineral 
Technology, initiated activities to help assess the potential for radon in 
Arizona homes. Dr. Jon Spencer wrote an article on radon and related 
geologic aspects, which was published in the Winter 1986 issue of 
Fieldnotes (Spencer, 1986). Many articles had already been printed in 
newspapers and magazines:jncluding some published in Phoenix and 
Tucson. Spencer's article was mailed in early January 1987 to more than 
4,000 subscribers, including most of the television and radio stations in 
Arizona. Only two or three questions were generated by his article during 
January and February. 

In November 1986 staff of the AGS and the Arizona Radiation 
Regulatory Agency (ARRA) discussed the location of areas in Arizona 
within which rocks are known to have elevated uranium content, and, 
therefore, might have greater potential for indoor radon. The AGS 
compiled a preliminary map of the State (Spencer and Shenk, 1986) for 
the ARRA to use in determining where to pIace charcoal canisters to 
measure radon levels. The AGS also prepared an estimate of the cost to 
conduct a gamma-radiation surveyof populated areas where uraniumrich 
rocks are known to be present at the surface. TheARRA, in tum, estimated 
costs for canisters, laboratory services, and other items required to 
complete a statewide survey. These figures were incorporated into House 
Bill 2288, which was sponsored by Senator Greg Lunn and Representative 
Chris Herstam, introduced in January 1987, and passed by the House 
Health Committee in February. 

A summary article on radon appeared in the Tucson Citizen on 
March 19. WIthin a few days a reporter from the Arizona Daily Starcame 
to our office for information, presumably as a follow-up of the March 19th 
article. All the information in our files about the uranium-bearing rocks in 
southwestern Tucson was made available to him. The most detailed map 
(Grimm, 1978) showed a football-shaped area r:J "lake·bed limestone," 
bisected by Cardinal Avenue, approximately 1,500 feet south of Valencia 
Road. The mapped timestone area is about 875 feet wide and 1,800 feet 
long (F"lQure 1 a). The Arizona Daily Star article, entitlecl"Cancer-causing 
radon gas may be threat on southwest side," was published on March 29. 
It included a map that designated a "potential radon hazard" in the area 
bounded by south Mission Road, west Valencia Road, south Sorrel lane, 
and west Los Reales Road (F"lQure 1 b). Local television stations followed 
up on the newspaper story. The following week the AGS received 
hundreds of telephone caIIs from concerned residents. At. that time radon 
gas had never been measured in any homes in southwest Tucson. 

Immediate response was necessary. Dr. Pat Nolan, Director of the 
Pima County Health Department, and I met on March 31 to discuss 
procedures for assessing whether an indoor·radon problem existed. We 
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agreed that the AGS would first define the areal extent of the uranium
bearing limestone and then determine the natural radioactivity levels. This 
information would be provided to Dr. Nolan, who would use it to 
determine in which homes to pIace charcoal canisters. 

John Welty, a geologist on our staff, reviewed existing literature, went 
to the field to examine the timestone, and prepared a map showing its area 
of outcrop. In response to the March 29th newspaper article, Dudley 
Emer, an independent consultant, called to volunteer his services and 
equipment to help measure the natural radioactivity levels associated with 
the limestone. On April 3 Dr. Nolan issued a news release that identified 
the area of concern and described plans to measure gamma radiation 
there. On April 6 Emer and Jon Shenk, a graduate research assistant on 
our staff, began measuring the gamma-radiation levels. Results of their 
findings were presented to Dr. Nolan and outlined in a news release issued 
on April 9. The news release included a map that showed the area within 
which measured radioactivity is two or more times the level of background 
radioactivity (Figure 1c). On the basis of this information, the Pima County 
Health Department, with the approval of the Pima County Board of 
Supervisors, decided to purchase charcoal canisters and place them in 
every home within the twotimes-background boundary. A public meeting 
was held on April 14 at the Miller Elementary School in that vidnity to 
explain the origin, occurrence, and health effects r:J radon, the geologic 
setting of the site, and plans to measure radon within area homes. 
Questions were also answered. Canisters were placed in 37 homes the 
following week 

Radon levels determined from analysis of the charcoal canisters were 
made available on May 1 at a press conference. The maximum levels 
detected were 37.3 and 42.9 pCi/1 from one home; canisters from two 
homes recorded 10 to 20 pCi/I; 17 samples were in the 4 to 10 range; 
and 19 indicated less than 4 pCi/1. On the basis of these results, Dr. Nolan 
decided to place canisters in 17 adjacent homes to define more fully the 
extent of elevated radon levels in the area. Two additional homes tested 
at 4 pCi/1. Results of radon testing were generally consistent with 
predictions based on gamma-radiation measurements; high radon levels 
were largely confined to areas with high gamma radiation (Spencer and 
others, 1987). 

One question asked several times by concerned residents was, "Why 
didn't we know about this before?" As the second paragraph of this article 
states, until the earIy 1980's, radon was not known to accumulate to 
hazardous levels within homes built on uraniumrich rock and soil. Many 
radon measurements made between 1980 and 1985 provided sufficient 
data to indicate that hazardous radon levels could be present in many US. 
homes, especially in areas where higher than normal uranium 
concentrations are present in underlying soil and rock In the mid-1980's, 
State and Federal agencies began to respond to this new knowledge with 
radon surveying programs, especially in States such as Pennsylvania, 
where radon had been found at very high concentrations. 

Geologists and environmental health scientists in Pennsylvania and 
other States have subsequently learned much about the occurrence of 
indoor radon. Thousands of charcoal canisters have been placed 
throughout Pennsylvania Radon concentrations greater than 100 pCi/1 
have been measured in many homes. The area of primary concern in 
Pennsylvania is known as the Reading Prong, which covers about 300 
square miles, includes an estimated 22,000 homes, and extends into New 
Jersey and New York. The State of Pennsylvania has spent about $5 
million on radon programs and added 21 full-time employees to 
implement them. 

Elevated radon levels have also been measured in other States, 
including Alabama, California, Colorado, Connecticut, Florida, Illinois, 
Kentucky, Maine, Maryland, Montana, New Hampshire, New Jersey, Ohio, 
and Wyoming. The EPA is currently funding statewide radon surveys in 
10 States. Congressional hearings have been held this year to assess the 
problem and make plans to address it 

Umestone in the Cardinal Avenue area of southwestern Tucson, 
originally described by Brown (1939), was the target of five uranium 
claims, referred to as the Dutchess claims, which were filed in 1955 during 
the uranium "boom." Uranium was never mined from this area because 
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Rgwe 1 (left). (a, top) ~ng location 0( limestone in southwestern Tucson that 
has small quantities 0( -bearing minerals. Modified {;om Grimm (197a p. 43). (b. 
middle) Map prepared by Arizona Daily Star and included in Man:h 29th Issue (p. I-A) that 
shows '"potential radon hazard" area in southwestern Tucson. (c:. bottom) Preliminary 
map prepared by Dudley £mer. West Tech Geophysics. and Jonathan D. Shenk. Ari2Jona 
Geological Suroey, showing area with two times background radiation due ID wanium 
mineralization. Modified {rom an AGS news release issued M April 9. 

uranium concentrations were too low. In February 1976 John Vuich, a 
geologist with the Arizona Bureau of Mines, the fonner name of the 
Arizona Bureau of Geology and Mineral Technology, infonned the Arizona 
Atomic Energy Commission (MEC), now known as theARRA, about the 
elevated radioactivity levels associated with the limestone. T \I/O staff 
persons from the MEC visited the site and conducted a gamma·radiation 
survey of the Chastain housing-developrnent property near Valencia Road 
and Cardinal Avenue, using equipment on loan from the EPA (FJgUre 2). 
Radon detection and measurement were not the objectives of this survey. 
The investigators determined that the background radiation was 12.5 
microroentgens per hour on Cardinal Avenue and that the maximum 
reading on the Chastain property was 25.5 microroentgens per hour 
(MEC, 1976). The latter figure was calculated to a yearly total of 022380 
roentgens per year. Because the MEC permissible yearly total was 0.5 
roentgens per year, no remedial action was recommended by them. 

Much more must be learned about the occurrence of radon in 
homes in Arizona. During the legislative session that ended in May, 
$58,000 was appropriated to the ARRA for fiscal year 1987-88 to survey 
areas with elevated radioactivity levels and to purchase canisters for 
homes within those and other areas. The AGS will receive $8,000 to 
conduct a reconnaissance analysis of natural radioactivity levels in several 
areas known to have uraniumrich rocks exposed at the surface. This 
investigation is planned for completion during late August and 
September, after the monsoon season has ended (rainwater interferes 
with radiation measurements). The results of the survey will assist the 
ARRA in placing charcoal canisters. 

Those who would like more information about radon may obtain 
these free pamphlets from the Environmental Protection Agency (EPA 
Region 9, 215 Fremont St., San Francisco, CA 94105): (1) A CItizen's 
Guide to Radon: What It Is and What to Do About It; (2) Radon Reduction 
Methods: A Homeowner's Guide; and (3)~on Reduction Techniques 

(continued on page 12) 

Rgwe 2 (aboue). Gamma radiation being measured by Ralph a Ochoa (kneeling) and 
Mattie Coleman (standing.lelt), both o(theArizonaAlomic Energy CommIssion. RlchanJ. 
T. Moore. Arizona Bw-eau o(Mines (right), obseroes. PhotD takm byJohnS Vulch.Arizona 
Bw-eau 0{ Mines, FebtuaJy 25, 1976. 
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An Information series from National Concrete Masonry Association 153 
(6B) 

Radon in Buildings 
Introduction 

In recent years there has developed a 
growing concern over the purported 
dangers associated with the presence of 
radon gas, particularly in the area of, but 
not limited to, residential construction. 
Much of this concern is as a result of field 
measurements taken in homes located in 
areas where relatively high radiation back
ground levels are present (high altitude 
regions, for example, where thinner air 
and lower atmospheric pressure is less 
effective in reducing exposure to natural 
radiation emitted by the sun) as well as 
homes located over or near geological 
formations or waste disposal sites where 
high concentrations of uranium are 
known to exist. 

While the dangers of overexposure 
to high levels of radiation are quite real, 
the conclusions drawn by some in
vestigators citing building construc
tion materials as primary sources of 
radon gas are erroneous and mis
leading. Newspaper and television ac
counts of these conclusions, which lean 
toward sensationalism rather than factual 
reporting, have created an aura of fear 
and suspicion among the general public 
regarding these building materials which 
have been in use for centuries. More 
specifically, brick, concrete masonry, 
stone, and ready mixed concrete have 
been singled out as the suspect materials. 

The purpose of this TEK is not an 
attempt to dismiss the seriousness of the 
dangers associated with overexposure to 
radon gas, but to dispel any misconcep
tions that may prevail regarding the role 
that building materials play in contributing 
to any potential health hazards that may 
exist due to its presence. 

Background 
Radon is an inert, colorless, odorless, 

tasteless, radioactive gas, produced by the 
decay of uranium and radium, which exists 
naturally everywhere in the environment. 
It is not a new discovery, it has been with 
us since the beginning of time. Uranium is 
one of the primary elements, present 
everywhere in the earth's crust, and dis
tributed widely in soil and rocks in average 
concentrations of about three parts per 

226Ra 
1622 Years 

222Rn 
3.82 Days 

TEK 153 (68) © 1985 National Concrete Masonry Association 

million. Radium is a decay product of 
uranium, having a half-life of 1600 years, 
and is the immediate source of radon 
(Figure I). Radon gas, with a half-life of 
3.8 days. decays in several steps to solid 
radioactive particles: isotopes of polo
nium and bismuth, and finally to a stable 
isotope of lead. These are called radon 
daughters, or progeny, and it is these 
isotopes which constitute the major 
hazards to health. 

Z 
III 
.-+ 

o 
::J 
III 

() 
o 
::J 
() ..., 
Cl) 

(0 
~ 
III en 
o 
::J ..., 
'< 
» en 
en 
o 
() 

III 
.-+ 

o 
::J 

()C 
Oz 
::J -() -i 
CD ~ 
(0» 
ccn 
::J 0 ::o:z 
en:o 

-< 



As a gas, radon is free to trave~ 
mix freely with the air. The radon daugh
ters attach themselves to dust particles, 
along with other airborne pollutants. 
Groundwater is also known to be an ef
fective vehicle. Thus radon may be intro
duced directly into the system either 
through inhalation or ingestion. 

Through inhalation, radon gas and its 
progeny can enter and become lodged in 
the lungs. The potential harm associated 
with inhalation of the gas is related to the 
exposure of the lung tissue to radiation 
energy. Two of the progeny, polonium 
214 and 218, decay in minutes, emitting 
high energy sub-atomic particles called 
alpha radiation. If they decay in the lungs, 
the radiation can cause cell damage and 
lead to the formation of cancerous cells. 
Polonium 218, with a half-life of 3 
minutes, decays further to a relatively 
stable isotope, lead 210, which has a half
life of 22.3 years. Once deposited in the 
lungs, the lead isotope could conceivably 
remain there during an individual's life 
span. 

Ingested radon may also be hazar
dous. High concentrations have been 
associated with leukemia and other 
cancers. 

Recent Concerns 
In the outdoors, radon and its decay 

products rarely reach elevated levels 
because of continual dispersal and dilution. 
Indoors, however, radon gas may become 
entrapped in areas where there is little, or 
virtually no air movement or circulation. 
This condition generally exists in base
ments and crawl spaces. 

How does this occur, and why has it 
not in the past been considered a prob
lem? One reason might be that inex
pensive devices to monitor radon levels in 
residential construction were not pre
viously available. Another more plausible 
explanation might be that it was not until 
recently, following the oil crisis of the 
early 1970's, that emphasis has been 
placed on building tightly sealed, energy 
efficient homes. Prior to this period, 
when energy costs were relatively low, 
homes were constructed with less atten
tion to detail and minimal insulation was 
provided in order to reduce construction 
costs and thus make housing more easily 
marketable. Since fuel costs were low, 
heat loss and air leakage did not present a 
particular problem. Consequently, air 
leakage resulted in more air changes per 
hour (ACH) and did not permit radon 
bUildup to attain significantly high levels. 

With this renewed interest in energy 
conservation, mandated in part by the 
Federal and local governments, highly 
insulated, tightly sealed homes provide 

fewer air changes per hour and the sub
sequent opportunity for higher concen
trations of radon gas to accumulate, 
especially in areas in close proximity to 
uranium bearing soils. 

Sources of Radon 
Contrary to the conclusions set 

forth in some published reports and 
articles written by uninformed and irres
ponsible sources, with the exception of 
one isolated incident there is no substan
tiated evidence to show that building 
materials contribute measurably to the 
levels of radon encountered in residential 
or other types of construction. 

The only recorded instance where 
the emission of radon gas could be traced 
directly to any building material took 
place in the early 1970's. Phosphate 
mining tailings with a high radium content 
were inadvertently used as an aggregate in 
concrete and concrete block. 

If not from the building materials, 
where does it originate? The primary 
source of radon is the soil beneath 
the house. 

Some radon finds its way into a 
house by diffusion through concrete 
walls and floors, but the major transport 
mechanism is leakage through cracks in 
the foundation or floor slabs, floor 
drains, sumps, and fittings around utility 
entrances. 

Radon released from water usage 
indoors can also add significantly to indoor 
radon when the water source is an under
ground aquifer in granite or other radium
bearing rock. 

Also natural gas, to a lesser degree, 
may be a potential radon source, espe
cially if a house burns a great deal of gas 
without external venting of the combus
tion products. 

Problem Areas 
Although no area of a house may be 

considered completely safe from intru
sion by radon gas, the primary point of 
entry is in basements and crawl spaces. 
This is because the walls and floors are 
continually in contact with the soil. 
Buildup occurs because these areas are 
rarely properly ventilated. 

Air changes in the structure above 
the basements and crawl spaces draw the 
air upward, creating a negative pressure. 
This negative pressure in turn draws in 
the soil gas from the surrounding earth 
by diffusion through the walls or through 
cracks as previously mentioned. As the 
radon levels increase in these areas, a 
subsequent increase is occurring in the 
structure above. 

Qutions 
There are many ways in which the 

entry and accumulation of radon gas may 
be eliminated or effectively controlled 
within reasonable levels. 

One method is to avoid construc
tion practices which create a natural 
conduit for the intrusion of radon gas. 
This can be accomplished by placing foun
dation walls on top of a monolithic con
crete slab, thus eliminating the natural 
opening which occurs around the perim
eter of the floor when conventional 
floating slabs are prOVided. 

Caulking of the floor-to-wall joints 
in the foundation, and sealing around 
pipes and other penetrations of the foun
dation slab and the walls is an absolute 
necessity. 

Good construction practices when 
placing concrete floor slabs will do much 
to eliminate the formation of cracks due 
to shrinkage. The use of high slump con
crete should be avoided, and reinforcing 
mesh should be placed at the midpoint of 
the slab in order to be effective. 

Infiltration of radon gas by diffusion 
can be completely eliminated through 
the use of coatings. 

Tests conducted at Riverbank Labora
tories and the National Concrete Masonry 
Association's Research and Development 
Laboratory produced some very signif
icant results. 

Research was conducted on con
crete masonry units sealed with surface 
bonding materials ranging in thickness 
from X6" to Ya". The purpose of these 
tests was designed to measure the atten
uation of air infiltration through coated 
walls as compared to untreated masonry. 

Results indicated that coating one 
side of the blocks reduced infiltration by 
approximately 98 %, while coating both 
sides completely eliminated diffusion. 

Based upon these tests, it would be 
reasonable to assume that a V2" parge 
coat or !!.I" parge coat sealed with two 
applications of an asphaltic material such 
as coal tar pitch, which is normally 
specified for dampproofing of foundation 
walls, would prove to be equally as effec
tive in eliminating the diffusion of radon 
gas through the walls. This is substantiated 
by the 1981 ASHRAE Handbook of Fun
damentals which states that a layer of 
plaster can reduce air infiltration by as 
much as 99%. 

It has been further shown that two 
coats of latex paint applied to one surface 
can reduce infiltration by up to 50 %. The 
use of fillers could increase this per
centage substantially, up to 75%. 

Diffusion through the floor slab can 
be eliminated through the use of a 24-mil 
plastic barrier placed immediately beneath 
the slab. 
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Sub-slab ventilation, whicQpres
surizes the space beneath the slab, has also 
shown to be an effective method of con
trolling radon levels. Several variations of 
this method have proven to be successful. 
One consists of a 4 inch perforated pipe 
embedded in crushed stone beneath the 
slab and running around the inside of the 
footing. A vertical standpipe containing a 
small exhaust fan (100 cfm) is vented to 

FIGURE 2. 

the outside above grade (Figure 2).0 Yet another solution is to increase 
basement sump can be closed off and like- the ventilation rate of the house, base
wise be vented (Figure 3). French drains ment, or crawl space. When venting a 
should be fitted with water traps between basement or crawl space, windows or 
the drain and the sump. ventilators should be placed on both the 

An alternative to a powered exhaust windward and leeward sides to prevent 
system is to install a passive system that creating a negative pressure and causing 
relies on a roof mounted turbine ventila- additional radon gas to be drawn in 
tor to remove the air. through cracks or by diffusion. 

FIGURE 3. 



For radon gas emissions detected 0 Naturally, the problem of radon gas 
within the living areas of the house, it has can be completely avoided by building only 
been proposed that ventilation be accom- in areas where high concentrations of 
plished by the use of air to air heat radon producing elements are not present 
exchangers. In the case of air to air heat in the soil. Since the presence of such ele
exchangers, a minimum of 0.5 air changes ments is not always predictable, the pru
per hour is recommended. dent use of good construction practices 

Finally, the airborne fraction of radon will do much to alleviate the problem. 
progeny, when attached to particle sur-
faces of sufficient size, may be removed 
using mechanical filters or electrostatic 
precipitators. 

CEMENT AND 
CONCRETE PRODUCTS 
INDUSTRY OF HAWAII 

o 
Summary 
I. Radon gas exists naturally every

where in the environment. 
2. It may either be inhaled or ingested. 
3. The primary source of radon is 

from the soil. 
4. Building materials do not con

tribute measurably to radon 
levels. 

5. Radon gas is transported either by 
leakage, diffusion, or in underground 
water supplies. 

6. High levels of radon may be avoided 
by: 
Good construction practices 
Use of coatings and barriers 
Sub-slab ventilation 
Adequate air changes 
Electrostatic precipitators. 
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Dear Colleague: 

I would like to take this opportunity to explain an 
exciting new public health effort, the Health and 
Environment Network. Representatives from 50 state 
health departments, 22 schools of public health, and over 
60 research institutions, environmental control agencies, 
medical societies, and public health associations 
throughout the country are part of this new network for 
gathering and disseminating environmental health 
information. An outstanding opportunity is now available 
for you to stay informed about activities and projects 
across the nation regarding public health and the 
environment. 

The Health & Environment Digest is the Network's major 
information resource. I have enclosed a complimentary 
copy of the Digest and a brochure fully describing the 
benefits of subscribing. 

The Digest provides credible, medically accurate 
information and analysis on key health issues related to 
air, land, and water quality. The first two issues 
covered pesticides and passive smoking: upcoming issues 
will focus on asbestos, dioxins, chlorination byproducts, 
and low-level radioactive waste. 

Because you are a professional concerned with 
environmental quality, I would like to offer you a 
charter subscription to the Digest at a 25% discount. 
subscribe today to take advantage of this one-time offer 
and receive next month's issue on asbestos. No other 
publication offers you the opportunity to be a part of a 
nationwide information-sharing network of professionals 
interested in today's environmental health issues. 

Sincerely, 

8ruio&a ~tt- ~tMJ~ 
Barbara Scott Murdock 
Editor 
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Radon and Its Daughters: 
A Naturally-Occurring Family of Trouble 

In December 1984, Stanley Watras of Boyertown, 
Pennsylvania tripped the radiation monitors as he walked 
into work at the Limerick Nuclear Power Plant. Watras, 
investigators discovered, was picking up alarming levels 
of radiation from his home, a structure contaminated with 
radioactive radon gas. 

Each year Watras and his family were in their house, 
they received over 50 times the annual exposure limit for 
uranium miners. The source? The land beneath the home, 
part of a granite rock formation called the Reading Prong 
that stretches from eastern Pennsylvania to New England. 
Officials from Pennsylvania's Dept. of Environmental 
Resources have since sampled over 17,000 buildings in 
the region; screening tests suggest that 60 percent may 
have radon levels over federal guidelines. 

"This was a landmark event. Until the Watras case, 
no one realized that indoor levels of radon could be so 
enormous," said Naomi Harley, M.D., New York Univer
sity Medical Center professor and chairperson of a radon 
study for the National Council on Radiation Protection 
(NCRP). 

Suddenly, radon was a new focus of worry nation
wide. According to the Environmental Protection Agency 
(EPA), naturally occurring radon may contaminate one to 
five million homes nationwide. The NCRP estimates that 
radon may cause 5,000 to 10,000 of the 130,000 lung 
cancer deaths that occur in the U.S. each year. 

Radon daughters harm lung tissues 
Radon is a colorless, odorless gas produced as radium 

atoms decay radioactively to give off energy and radioac
tive elements, including radon. The gas then decays to 
radioactive solids, called radon daughters. Short-lived 
radon daughters (polonium-214, polonium-218, lead-214, 
and bismuth-214) have been linked to lung cancer. 

"These short-lived daughters are atoms moving at 
high speeds. They collide with and attach to dust particles 
in the air," explained Harley. "If you inhale them, they 
deposit on the walls of the airways, which are lined with 
a very thin membrane known as the bronchial epithe
lium. Here stem cells continuously regenerate the cells of 
the lining." 

Because they are always dividing, the stem cells are 
extremely vulnerable to radiation. "It's a very efficient 
way of hitting these sensitive cells," Harley commented. 
"And this is what causes cancer." 

Radon seeps from soil and rock 
Occupational epidemiologists have long recognized 

radon as the leading cause of lung cancer in miners. Now, 
it seems, radon may affect people all across the United 
States. It diffuses into air or dissolves into groundwater in 
regions with high concentrations of radon-producing ura
nium in granite, phosphate deposits, or veins of uranium 
ore. 
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The radioactive 
decay of uranium 
produces radium, 
which then decays 
to radon and its 
daughter products. 

I TWO 

As the gas diffuses from rock and soil 
beneath a building, it enters sewer openings, 
foundation cracks, joints between walls and 
floors. Storm windows, vapor barriers, and 
tightly sealed doors trap radon inside. "In 
cooler areas," added Richard Guimond, Ph.D., 
director of the EPA's Radon Action Program, 
"heated air rising in the home helps create a 
chimney effect, pumping radon from the 
ground into the home." While outdoor levels 
typically range from 0.1 to 0.4 pCi/I, inside 
concentrations can reach 2000 pCiIl or more. 

Most houses average 1.5 pCill of radon, 
well under the 4 pCilllimit recommended by 
the EPA. Only one to three percent of homes 
are thought to exceed 8 pCiIl (Nero et al., 
Science 234:992, 1986). 

Well water may contain radon 
"Radon in groundwater is a problem in 

the New England states, Maine in particular," 
Harley explained. "There is no problem if you 
drink the water-the radiation dose to the 
stomach is very low. But through water use
showers and washing machines-radon 
becomes airborne." 

Normally, water contributes little to radon 
in household air. Although levels in water can 
be high, only a hundredth of a percent volatil
izes. "In other words," Harley explained, "if 
you have 10,000 pCi/1 of radon in water, you 
end up with 1 pC ill in the air in your home. 
So you really need high radon levels in 
water-about 40,000 pCi/l-before you have a 
problem." 

Smoking may intensify radon's danger 
According to the National Academy of 

Sciences, tobacco smoke is a rich source of 
particles for short-lived radon daughters to 
latch onto. 

"Smoking adds particles to indoor air," 
Harley explained. "Where there is little dust in 
the air, radon daughter atoms stick to sur
faces-furniture, walls, anything. But in an 
atmosphere that contains lots of particles, they 
attach to the particles and are more available in 
the air to breathe." 

Taken separately, "the risks from radon 

and smoking are at least additive," Harley said. 0 
Some studies suggest the risks from the two 
agents may even be multiplicative UNCI 
71:489-499,1983). 

New moves assess, limit radon hazard 
Since Stanley Watras set off the alarm bells 

in 1984, state, federal, and scientific agencies 
have focused considerable attention on radon. 
The National Academy of Sciences will release 
a major report later this year. The EPA is 
currently funding monitoring studies in ten 
states with radon-bearing rock and soil: Ala
bama, Colorado, Connecticut, Kansas, Ken
tucky, Michigan, Rhode Island, Tennessee, 
Wisconsin, and Wyoming. Other states are 
monitoring as well. 

And now, as our Commentary points out, 
the private sector has entered the fray. Radon 
testing firms have sprung up nationwide, sup
plying detectors that measure a home's radon 
levels. In addition, the EPA is evaluating radon 
reduction techniques. As techniques develop, 
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private contractors will begin offering radon 
abatement services. 

"We believe all houses are ftxable," Gui
mond emphasized. But, he added, people are 
often slow to come to grips with the danger. 
"Our biggest difftculty sometimes is in ftring 
people up. The idea that home sweet home is 
a radiation hazard-gosh, that's a tough con
cept to get across!" 

A few references on radon include: NCRP Report 
No. 78, 1984. NCRP, 7910 WoodmontAve., 
Bethesda, MD 20812; Air Pollution: Hazards of 
Indoor Radon, 1986. u.s. General Accounting 
Office RCED-86-170; and EPA Publications: A Citi
zen's Guide to Radon, OPA-86-004; Radon Reduc
tion Methods: A Homeowner's Guide, OPA-86-005; 
Radon Reduction Techniques for Detached Houses: 
Technical Guidance, EPA/62515-S61019. 

Granite, sh:de, phosphate, and uranium solls 
found to have the potent1aJ. to yield radon. 
(Map from the EPA) No data yet available 
for Alaska. 

• granite 
• shale 
• phosphate 
• uranium 

By James H. Steb
bings, Sc.D. 
Environmental 
Health Section 
Division of Bio
logical and MedJ
cal Research 
A1:gonne National 

Laboratory 

Ever since December 1984, when 
high levels of radon were discovered 
on Pennsylvania's Reading Prong, 
radon has been a frequent topic in 
both national and local media. 

Whether radon is a hazard to 
health is not in question. Radon 
daughters induce lung cancer; the 
dose-response relationship is well 
known. At higher levels (say, over 50 
pCill), radon is not low dose radiation 
to bronchial epithelium. In a high 

Entrepreneurs Seize Radon Issue: 
What's the Public Sector's Role? 

radon home (30 to 50 pCiIl), the bron
chial epithelium may absorb individual 
annual dose equivalents in the 102-104 

rem range. The radon issue, however, 
may be unique in recent public health 
history in that public agencies will be 
peripheral both to delineating and to 
solving the problem. The private sec
tor is way ahead. 

At a Christmas party this year the 
hostess informed me that radon had 
been the discussion topic at her wom
en's club (can one imagine, say, 
oxides of nitrogen as a topic?), then 
asked if I had seen the radon article in 
DUPage magazine. I took it home; like 
most such articles, it listed commercial 
suppliers of testing devices. How 
many other potentially hazardous 
trace substances (NO, CO, insecticides) 
can a householder measure reliably for 
$12-$50? None. The technological 

monopoly on environmental measure
ment normally held by government 
and industrial laboratories does not 
exist for radon. 

The consequences? Large com
mercial vendors already have zip code 
sorted data bases of household radon 
levels beyond those rationally obtaina
ble by government. The problem's 
magnitude is being delineated in a 
highly disorderly, but adequate, man
ner. Regulation will be accomplished 
by householders, mortgage bankers, 
and real estate agencies concerned 
about risk and liability. State agencies 
have other roles to play. 

What are some of these? Public 
education, mOnitoring of schools and 
other public buildings, quality control 
of monitoring and remediation, 
research and development of remedial 
efforts, and family counseling. 

THREE I 
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Public education 
Federal agencies are already pro

mulgating guidelines for permissible 
exposures. While the media and the 
housing industry will publicize these, 
public health agencies will need to 
assist with publicity and, of course, 
answer inquiries from the public. 

In addition, there is a practical 
need to suggest timeframes for reme
dial action based on household expo
sure level. The Commonwealth of 
Pennsylvania, for example, has recom
mended these action guidelines: over 
5 WL, take action or relocate in two 
to three days; 1-5 WL, within a week; 
0.5-1 WL, within two weeks; 0.1-0.5 
WL, within three to 12 weeks; 0.02-
0.1 WL, within four to 15 months. 

Monitoring 
Exploratory monitoring of homes 

around a state remains a useful health 
department activity. Devoting 
resources to geological prediction of 
high risk areas may be less productive 
than collating direct monitoring 
results. Monitoring schools and public 
buildings is appropriate: some schools 
on the Reading Prong have been 
found to have over 0.02 WL. 

Quality control 
Quality control of commercial lab

oratories that measure radon is of 
prime importance: the U.S. Environ
mental Protection Agency (EPA) has 
taken the lead but some states, work
ing with the EPA, are playing an active 
role in monitoring laboratories and 
making certification information pub
liclyavailable. 

Remediation 
Developing remedial methods 

suitable to local geology and building 
styles is highly appropriate, and is 
receiving a large fraction of the 
resources devoted to the radon prob-
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lem. This is "where the action is." 
Development of training courses for 
remediation contractors is also appro
priate and in great demand. The 
degree to which certification and 
inspection of remediation should be 
required is unclear; while incompetent 
contractors should be weeded out, 
one does not wish, through regula
tion, to discourage energetic and com
petent contractors. State loan and/or 
tax incentive programs for household 
remediation may be appropriate. 

The EPA is already publishing 
"how-to" booklets. Considerable 
experience has been gained in the 
Reading Prong area, and short courses 
for contractors have been very suc
cessful. It is likely that detailed investi
gations of remediation techniques will 

Cracks and openings that allow radon 
to seep in from underlying soil or 
rock are the main sources of indoor 
radon. Generally, building materials, 
water, and natural gas contribute lit
tle. Radon reduction methods 
include: sealing openings, covering 
exposed soil, increasing ventilation, 
and ventilating the soil under the 
house. 

be required for each local surficial 
geology and housing type. Within all 
but the smallest states, local variations 
in soils, geology, and construction 
may require decentralizing remedia
tion research to the community col
lege level, with state agencies playing 
a coordinating role. Quality control of 
courses offered to householders and 
contractors may also be desirable; not 
all entrepreneurs are in the private 
sector. 

Counseling 
Family counseling appears an odd 

role. But I have counseled two fami
lies traumatized by the discovery that 
they had been living in a high radon 
house (50-300 pCiIl). Relief often can 
be given by performing working level 
(WL) measurements and calculating 
exposure relative to standards for ura
nium miners. Daughter eqUilibrium 
levels are often well below 50 per
cent; many people live in a given 
house only for a few years; few peo
ple are home all the time. Calculated 
risks are normally low enough to be 
put aside. I emphasize seeing that chil
dren do not take up smoking, but not 
otherwise disturbing them. Counseling 
is not inappropriate: one must remem
ber that to the bronchial epithelium a 
high radon home is a high radiation 
environment. 

Is it all worth it? Will we spend 
too much money? Compared to what? 
A colleague in Pennsylvania has calcu
lated that spending $1 on home reme
diation for radon is up to 10,000 times 
as cost effective (in person-rems 
avoided per $1 spent) as radiation 
protection in the nuclear industry. 

The contributions of Margaret A. Reilly, Chief, 
Division of Environmental Radiation, and Tim
othy T. Hartman, Administrator, Radon Moni
toring Program, Bureau of Radiation 
Protection, Dept. of Environmental Resources, 
Commonwealth of Pennsylvania, are gratefully 
acknowledged. o 
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Each month, we ask physidans and 
experts in environmental health to 
answer questions related to the fea
ture topic. Future issues will discuss 
asbestos and dioxin. Send your ques
tions to: The Health &: Environment 
Digest, 5901 Brooklyn Blvd., Suite 
109, Minneapolis, MN 55429. 

Q• What is the safety standard for 
• radon in homes? 

A• Currently there is no legal 
•. standard for radon levels in 

U.S. homes. The World Health Organi
zation recommends that levels be kept 
below 2.5 pCin in new homes and 10 

ALABAMA 

Abating Asbestos in Alabama 
Most-123 of Alabama's 129 city 

and county school systems- are now 
free of friable asbestos. Alabama's 
Dept. of Public Health Indoor Air 
Quality Section, which performs initial 
asbestos surveys, analysis of insulation 
samples, and clearance inspections is 
monitoring the effort. The remaining 
public school systems in the state are 
scheduled to be asbestos-free by 
December 1988. As this project draws 
to a close, the department will shift its 
focus to removing asbestos from 
county health department and other 
public buildings. 

Fishing For PCBs And DDT 
Concern about PCBs and DDT in 

Alabama catfish has prompted exten
sive study by both state and federal 
agencies since 1976. Results of the 
most recent studies, done by the TVA 
during 1984 and 1985 along the Ten-

pCin in old homes; the EPA suggests a 
limit of 4 pCiIl. 

- David Parker, M.D., Minnesota 
Dept. of Health 

Q• How can someone detect 
• radon in a house? 

A• Radon detection devices can 
• be obtained from suppliers by 

mail and returned to them for analysis. 
There are two kinds. Charcoal detec
tors, left in a house for two to five 
days, give homeowners an indication 
of the potential for radon problems. If 
results indicate a problem, we suggest 

nessee River and its reservoirs, 
showed above tolerance levels (2ppm) 
for both years but a decline between 
1984 and 1985. Investigators recom
mended continuing the study during 
1986 and 1987. 

During 1986, the Alabama Dept. 
of Public Health undertook its own 
study of PCBs in catfish taken from 
rivers with a history of high PCB 
levels. Two separate samplings 
showed no PCB levels above accepta
ble tolerance and only one sample 
with DDT levels above acceptable tol
erances. During the same time, the 
FDA sought and received injunctions 
against two fish markets in Alabama 
involved in interstate commerce ship
ment of catfish containing high PCB 
levels. 

Radon Survey 
Yields Sobering Results 

A six month survey (conducted 
between September 1985 and March 
1986) in 19 Alabama homes found 

using an alpha track detector to obtain 
a picture of the longterm average level 
of radon in the house. Alpha track 
detectors are left in place for three to 
12 months. 

To obtain names of suppliers, 
contact the state health department's 
radiation control section. The EPA 
supplies state health departments with 
lists of firms that have taken part in 
EPA proficiency testing. 

- Jim Benetti, Radiation Consult
ant, Wisconsin Division of 
Health 

radon levels that ranged from 13.3 
picocuries/ liter (PCiIl) to 0.7 pCiIl. 
Because the EPA recommends that 
indoor radon concentrations fall at or 
below 4 pCiIl, the Radiological Health 
Branch of Alabama's Dept. of Public 
Health estimates that 5 to 20 percent 
of homes in some areas may exceed 
EPA guidelines. 

An enlarged study of radon in 
Alabama residences will be funded by 
the Division of Energy of the Alabama 
Dept. of Economic and Community 
Affairs. The Radiological Health 
Branch will carry out the study with 
analytical support from the EPA's 
Montgomery Laboratory. For more 
information, contact: Bill Knight, 
Inspection Branch, State Office Build
ing, Montgomery, AL 36130; (205) 
261-5131 

Causes of Death in Alaska 
Injuries and suicides account for 
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more deaths than any other cause in built; others are in planning stages; manuals: Homeowners Manual: On- e Alaska, according to a newly released none is yet operating. The facilities Site Waste Systems or Private Water 
report from the state's Division of will recycle glass, aluminum, and Supply Users Manuals, write to: Dud-
Public Health. The reason? Ninety per- paper, and sell energy to state utility ley Connor, M.P.H, Director, Food 
cent of Alaska's population is under 50 companies. Drawbacks include toxic and Sanitation Division, Dept. of 
years of age-not yet old enough to air emissions and leachates from the Health and Human Services, 275 E. 
be prey to heart disease, cancer, and ash. To control contamination, new Main St., Frankfort, KY; (502) 564-
other afflictions of age. The report regulations are being developed to 3722. 
contains a ranked list of all causes that evaluate and regulate potentially toxic 
contribute to Alaska's death rolls. For air emissions. For more information, Fast Computer Communication 

a copy of the report, contact: John contact: Charles Kurker, Chief, Solid A Health Department Specialty 

Middaugh, M.D., Div. of Public Waste Management, Dept. of Environ- Kentucky'S environmental health 

Health, P.O. Box 240249, 3601 CSt., mental Protection; (203) 566-5847. data processing even has the World 

Anchorage, AK 99524-0249. Health Organization murmuring 

Mystical Mosquito Meeting admiring praise. An on-line computer 

The New England Mosquito Con- system enables state health depart-

trol Association will hold its 33rd ment personnel to communicate with 
Might Sewage Harm Scuba Divers? annual meeting in Mystic, Connecti- each other and with other state health 

Scuba diving near areas where cut, October 5-7. Papers are now departments quickly and easily. The 
towns release primary sewage effluent being accepted. For more information, system stores and summarizes data on 
into the water could be unhealthy, contact: Paul Capotosto, Dept. of programs and activities that pertain to 
reasoned environmental health Health Services, Mosquito and Vector environmental health, radiation, and 
researchers at San Diego State Univer- Control, P.O. Box 708, Madison, CT drugs. It even issues permits and 
sity. Hence, they ran a risk assessment 

06443. invoices. To read a description, see 

~ study to determine whether scuba "Environmental Health Data Process-
devotees who swim within the dis- ing At Work," in]. Environ. Health 
charge plume experience increased 47:246-248, 1985. Every six months, 
gastrointestinal distress. So far, the users hold a conference to review and 
two year study of 500 divers hasn't Fragile Geology improve the system. For more infor-
demonstrated any such effect. For Prompts Groundwater Studies mation, call: Dudley Connor, M.P.H., 
more information, call: Jack Conway, Limestone underlies much of Ken- Kentucky Dept. of Health and Human 
Ph.D., Occupational and Environmen- tucky. A source of strength for thor- Services; (502) 564- 3722. 
tal Health, San Diego State University, oughbred bones, in places it's carved 

(619) 265-4776. into karst by underground rivers. 
Wells are vulnerable to contamination 
from agricultural chemicals, bacteria, What's in that whiskey bottle? 
or industrial contaminants. To protect Bootlegging has taken a novel 

When Landf'tll Space Runs Out private water supplies, therefore, the turn in Mississippi. Some entrepre-
Connecticut, a small state, is run- 1986 General Assembly passed a new neurs have taken to selling restricted 

ning out of landfill space. No new law requiring sampling, registry, and pesticides in half-pint whiskey bottles 
landfills have been licensed in the last monitoring. The state health depart- for household use. In the last two 
ten years. In some places, solid wastes ment will develop a data system to years, two children have died from 
loom above highways like small monitor the water and develop a well exposure to the pesticides; at least 
mountains. To alleviate the problem, registry. Groundwater studies are four adults have mistaken the bottles' 
Connecticut's Dept. of Environmental already underway to survey private contents for whiskey. 
Protection has prepared a statewide wells for contamination. The state has The most commonly bootlegged 
waste management plan. One solution also passed a series of regulations that pesticide is methylparathion, an organ-
involves building resource recovery govern site evaluation and soil analysis ophosphate insecticide. Exposed to 

0 facilities-incinerators to burn solid for on-site waste systems. To obtain sun and air in the fields, the com-
wastes and generate fuel. Two are half copies of regulations or the technical pound breaks down readily within 
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0 hours. Indoors, however, it soaks into sions will cover radionuclides, first human case of Cryptosporidium 

carpeting and linoleum and persists drinking water contaminants, essential was reported in 1976; by 1982, there 
indefinitely. It's readily absorbed trace elements, cadmium, selenium, were seven known cases, and the dis-
through the skin, exposing barefoot and effects of trace elements on envi- ease was thought to be linked to 
children. ronmental health. For more informa- AIDS. Now that a simple laboratory 

Health authorities suspect that tion, write to: Conference on Trace test allows the organism to be identi-
either a certified buyer is redistributing Substances, 344 Hearnes Auditorium, fied from stool samples, it's become 
the chemical or a theft ring is stealing University of Missouri, Columbia, MO clear that Cryptosporidium is a com-

" 
from farmers. While the attorney gen- 65211; or call Delbert Hemphill, mon public health problem. Its pre-
eral's office plans to introduce stricter Ph.D., (314) 442-5009. vious rarity stemmed from difficulty 
penalties, health officials see bootleg- of diagnosis, not from its inability to 
ging as something carried out by peo- infect humans. 
pIe who are too familiar-and Smelting Byproducts Between July and October of 
offhand-about chemicals. They are Prompt Relocations 1986, 78 cases of enteric illness from 
working with state Dept. of Agricul-

Copper smelting in Montana in 
Cryptosporidium were reported in 

ture and Commerce field inspectors, 
past years released arsenic, cadmium, 

New Mexico, most near Albuquerque. 
local and state police, rural physicians, 

zinc, lead, and copper into nearby 
Drinking untreated surface water was 

and local churches to warn people of 
areas. To assess exposure of nearby 

the most likely cause of infection. The 
the dangers of unbridled pesticide use. 

residents, the EPA and Centers for 
illness then spread secondarily to day-

For more information, call: Bruce 
Disease Control (CDC) found 

care centers. Another outbreak has 
Brachen, Mississippi Dept. of Health, 

increased arsenic levels in urine of 
taken place in the state of Georgia. For 

(601) 354-6650. 
children living near the now-defunct 

more information, contact: Maggie 

Advance Planning Anaconda smelter. Thirteen families 
Nichols, M.D., Office of Epidemiol-

e ogy, Health and Environment Dept., Helps Contain Emergencies with young children have been relo-
P.O. Box 968, Santa Fe, NM 87504; In the past two years, two cated. The EPA and Anaconda Mining 
(505) 827-0006. derailed trains have spewed chlorine Company are assessing means of 

gas into Mississippi communities. The remedial action. Permanent relocation 
state, located on a good-sized geologi- of families in the community and 
cal fault line, is also prone to earth- removal and replacement of contami- Air Pollution Conference 
quakes. Small wonder the state's nated soil are the favored approaches The 80th annual meeting of the 
health department has worked on in this case. Relocation will cost $1.5 Air Pollution Control Association will 
guidelines for medical emergencies million and soil removal and replace- take place June 21-26 at the Jacob 
that could result from chemical spills, ment could cost between $4.5 million Javits Convention Center in New York 
earthquakes, or other disasters. In a and $18 million, depending on City. Technical sessions, exhibits, and 
recent issue of the department's Mor- whether all contaminated soil is courses will cover air pollution con-
bidity Report, they describe tech- removed. For more information, con- trol and hazardous waste management 
niques and planning for such medical tact: the Montana Office of Region 8 technology. For more information, 
emergencies. For a copy, write to: Dr. EPA, One Denver Place, 18th St., Suite write or phone: APCA, P.O. Box 
Tom Brooks, editor, Morbidity 1300, Denver, CO 80202; (303) 293- 2861, Pittsburgh, PA 15230; (412) 232-
Report, Dept. of Health, P.O. Box 1630. 3444. 
1700, Jackson, MS 39205. 

Cryptosporldium When Smoke Gets In Your Eyes 
Conference On Trace Substances Outbreaks Spread News about passive smoking has 

The 21st annual Trace Substances Until recently, no one thought prompted a Clean Indoor Air Act, .- in Environmental Health Conference humans could be infected with Cryp- House Bill 1272, in North Dakota. The 
will take place May 26-28 at the Clar- tosporidium, a protozoan parasite that new act will prohibit smoking in pub-
ion Hotel in St. Louis, Missouri. Ses- causes enteric illness in animals. The lic except in designated smoking 
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areas-which cannot be more than 50 
percent of the available space. Other 
state efforts include these reports from 
the state health department: Tobacco, 
Health, and The Bottom Line, North 
Dakota's plan for a tobacco-free state; 
Tobacco-Free Guide For North 
Dakota Schools; and Smoking in 
North Dakota: Mortality and Low 

Birth Weight, a county-by-county sta
tistical report. For copies or more 
information, write to: Stephen 
McDonough, M.D., Chief, Section on 
Preventive Health, Dept. of Health, 
P.O. Box 5520, Bismarck, ND 58502. 

High Temperature Burn 
Grilled At Public Hearing 

Normally, incinerating polychlori
nated biphenyls (PCBs) can produce 
such toxic byproducts as dioxins. The 
University of North Dakota's Energy 
Research Center suggests another 
approach may prevent toxic byprod
ucts. To test it, they propose to run a 
one-time test burn of PCBs in a slag
ging gasifier at high temperatures in 
the absence of oxygen. 

Although the EPA has granted an 
initial permit, the EPA, Union Carbide, 
Citizens Concerned About Toxic Haz
ards, and the Energy Research Center 
recently took part in public hearings 
to review the permit. Much of the 
testimony centered around high tem
perature incineration, its potential for 
toxic emissions, and assessment of the 
risks associated with such incineration. 
For a summary of the hearings, con
tact: Bill Delmore, Director of Envi
ronmental Enforcement, Dept. of 
Health, 1200 Missouri, Bismarck, ND 
58505; (701) 224-3234. 

Lake Erie Fish Not Fit For Frying 
Residents of Ohio, Michigan, 

Pennsylvania, and New York have 
been advised to limit the carp and 
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catfish they eat from Lake Erie. Fifty 
percent of the fish sampled in a recent 
survey exceeded EPA guidelines of 2 
ppm of PCBs. For more information, 
contact: Deborah Gray, Division of 
Epidemiology, Dept. of Health, P.O. 
Box 118, Columbus, OH 43216; (614) 
466-5972. 

OKI..AROMA 

Psychology Psoothes Psensibilities 

Deciding where to site a hazard
ous waste facility can rouse the pub
lic's wrath. In Oklahoma, public 
meetings to consider sites raised such 
violent feeling that authorities asked 
psychologists to recommend ways to 
calm the meetings down. 

Results? Public meetings now take 
place in schools during the day. 
Health department officials invite 
classes in to listen to the meeting. The 
reasons, they say, are twofold. First, 
the children's presence seems to 
lower the potential for violence. Sec
ond, the children get interested and 
involved in the debate. Then, a local 
citizen, preferably someone opposed 
to the waste facility, chairs the meet
ing. The audience addresses all ques
tions to the chair, not to health 
department officials. This keeps health 

department personnel and citizens 
from addressing each other directly, 
lowering the potential for confronta
tion. Finally, health officials always 
have a uniformed policeman or state 
trooper present at the meeting. To 
learn more, contact: Dwaine Farley, 
M.D., Oklahoma State Health Dept., 
(405) 271-7047. 

Video Available 
An 18-minute video, "Toxic and 

Hazardous Materials in Drinking 
Water: A Look At Possible Health 
Effects," is available on free loan from 

the University of Vermont. Produced 
by the university's extension service, 
the fllm is intended to help citizens 
assess the health risks of contaminants 
in water supplies. To borrow the film, 
call: Robert Logsdon, Extension Office 
of Information, Morrill Hall, University 
of Vermont, Burlington, VT 
05405;(802) 656-4305. 

WASHINGTON, DC 

Another hotline 
Curious about chemicals? Want to 

know what's in dog soap or hairspray? 
The Chemical Referral Center, a public 
service of the Chemical Manufacturers 
Association, puts callers in touch with 
someone who has the answers. The 
toll-free number, on call Monday 
through Friday from 8 am to 9 pm 
EST, is 800-CMA-8200. In Washington, 
D.C., call (202) 887-1315. Alaskans call 
collect. 
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A subsidiary of Tech/Ops, Inc. 

TERRADEX CORPORATION 
460 N. Wiget Lane 
Walnut Creek, CA 94598, U.S.A. 
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(415) 938-2545 • Telex 33-7793 

Dear Colleague; 

Terradex Corporation is the leading supplier of 
detectors for environmental and geotechnical radon monitoring 
applications, The enclosed special issue of our newsletter 
Environmental Radon Update is devoted to applications of 
radon monitoring in the geothermal industry. 

In addition to the monitoring of environmental radon in 
indoor and outdoor air near geothermal facilities, the 
exploration and production applications of radon measurements 
are also discussed. 

We hope you 
articles useful. 
radon monitoring 
please feel free 

RAO/kem 
Enclosure 

will find the information contained in the 
If you wish to know more about Terradex's 

services a~d their geothermal applications 
to contact us. 

Sincerely, 

Richard A. Oswald 
Western Regional Manager 

----------------------------------------------------------------------------------------,.----
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This newsletter Is published by Terradex Corporation, a leader In the field of radon measurements for over 12 years, to provide current Information 
about environmental and geotechnical radon detection applications and techniques. Terradex Corporation, 3 Science Rd., Glenwood, IL 60425 

Applications of Radon Measurement for the 
Geothermal Industry 

Monitoring radon near 
geothermal sites with 
passive, integrating detectors 
by Richard A. Oswald, Ph.D. 

The passive Track Etch® radon monitor
ing technique has been widely used to 
make time integrated radon concentration 
measurements. Applications of this tech
nique have included radon soil gas 
measurements for uranium exploration, 
earthquake prediction, geothermal explo
ration, and fundamental geological and 
geophysical studies. Track Etch detectors 
are now being extensively used for 
monitoring radon around uranium mines 
and processing facilities and in other 
areas where there is a need to know ex
act radon concentrations. 

A large number of integrated radon 
measurements have been made around 
geothermal sites with the passive Track 
Etch radon detection system. Measure
ments may be made for pre-operational 
base-line studies, for operational plants 
and for personnel. Track Etch detectors are 
well suited for such measurements since 
they are completely passive, have no bat
teries or electronic components and can 
integrate exposure for times ranging from 
a few days to a year or more if desired. 
Several different types of Track Etch de
tectors have been developed to meet the 
various application requirements. 

In a typical radon monitoring program, 
several sampling stations are established 
and the radon detectors are left in place 
for one to three months. In such programs 
results show monthly variations depend
ing on activities at the facility and chang
ing weather patterns. Maximum variations 

Pacific Gas & Electric's Geysers Unit #18. Photo courtesy of Pacific Gas & Electric. 

may be two to three times the average con
centrations and may vary by factors of 5 
to 10 from the highest months to the 
lowest months at the same locations. 

A small, compact Track Etch detector 
has also been developed which is suitable 
as a personnel monitor. Field tests with 
this detector indicate that it should be 
satisfactory as an indicator of radon ex
posure to workers. 

The Track Etch Process 

With the Track Etch technique, a plas
tic nuclear track detector is mounted in 
a plastic cup with a filter permeable to ra
don over the open end. This device is ex
posed to the atmosphere to be measured. 
Alpha particles from radon in the air, or 
from radon daughters plated out on the in
side of the cup, penetrate the detector and 
cause radiation damage tracks that are 
subsequently revealed by an etching process. 

The number of alpha tracks counted per 
unit area (tracks/mm') is proportion
al to the average radon exposure 
(pCi/1-hours). (Continued on page 2) 

Applications of Radon 
Measurement for the 
Geothermal Industry 
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Monitoring radon near geothennal 
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Surface geochemistry and 71'ack 
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Wellhead radon measurements of 
geofluid reservoirs . . .. . . page 5 



Radon near geothermal sites 
(Continued from page 1) 

Figure 1 shows the Type F configuration 
for monitoring radon in outdoor air. 

Fig. 1. Track Etch radon detector posi
tioned at bottom of plastic cup. The cup 
is equipped with a hydrophobic, micropor
ous filter. 

Mini-cup System (Type SF) 
In the Type SF personnel monitoring 

configuration, the Track Etch detector is 
mounted in a considerably smaller cup 
which is 3 cm in diameter and 2 cm high 
(See Figure 2). The opening of the cup is 
also covered by the hydrophobic micropor
ous filter. This miniature cup is ideal for 
use as personnel radon detector or as a 
device to measure radon in buildings or 
in other applications where a very small 
passive device is needed. 

Fig. 2. Type SF Track Etch personnel radon 
detector. The filter can be seen beneath 
the protective grid on the cap. 

Calibrations of Track Etch 
radon detectors 

The various Track Etch detectors have 
been calibrated extensively in a variety of 
internationally recognized calibration fa
cilities. 

Radon exposures covering four orders 
of magnitude have been delivered to the 
detectors. The calibration factors are cal
culated by dividing the net track density. 
by the radon exposure reported to us by 
the calibration laboratory. 

We regularly obtain calibration data at 
various radiaiton facilities at a variety of 
exposure rates and exposure times. Our 
intention is to continue to demonstrate the 
wide dynamic range and stability of Track 
Etch detectors by utilizing the broadest 
range of exposure parameters available. 

Field Results 

Track Etch detectors are presently be
ing used to make measurements in a vari
ety of environmental monitoring situa
tions. The largest use is for house and 
building monitoring. Other applications in
clude monitoring around operating urani
um mines, mine tailings and mill sites, 
phosphate and radium processing facili
ties and radium storage areas. Track Etch 
technology has also been useful in base
line studies around planned uranium mills 
and in measuring soil gas. One example 
of the use of Track Etch detectors for en
vironmental monitoring is described 
below. 

Outdoor Surveys - A case study 
at an open pit uranium mine 

To make outdoor radon measurements, 
the Type F detector configuration is usual
ly employed. In this application it is often 
placed in a canister to protect it from se
vere weather (see Figure 3). The Track Etch 
detectors are ideally suited for outdoor 
measurements since they can make long, 
time-averaged measurements and require 
no power supplies or maintenance. These 
features are of particular value in the out
door environment where the radon levels 
vary greatly as a function of production 
activity, weather and season, and where 
a temperature-insensitive passive device 
is essential. 

A set of measurements performed at an 
operating open pit uranium mine illus
trates the usefulness of the method. The 
major radon sources were expected to be 
in the uranium mill and in the major open 
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pit area. Most stations were fixed posi
tions at a height of 3m using protective 
canisters. One detector was attached to 
the backhoe that was in nearly continu
ous operation in the mine pit and was ex
posed to the maximum of the outdoor 
radon levels. Data accumulated over a year 
of monthly measurements are given in 
Figures 4 and 5. The detectors were left 
in place for a month at a time. Data from 
three typical sampling stations are shown 
in Figure 4. At each station it can be noted 
that there is a fairly large month to month 

Fig. 3. Type F radon detector being 
placed in its protective canister for out
door radon measurements. The hydropho
bic microporous, filter is visible on the cup. 

variation depending on the activities at the 
facility and the changing weather pat
terns. The maximum variations are typical
ly two to three times the average 
concentrations, and they vary by factors 
of 5 to 10 from the highest months to the 
lowest months at the same locations. Nor
mally the on-site measurements were sig
nificantly higher than either the site 
boundary or the off-site measurement. The 
on-site measurements for the year aver
aged 2.62 pCi/1 while the site boundary 
averaged 1.18 pCi/1 and the off-site aver
aged 0.89 pCi/1. It is interesting to note, 
however, that during the month of May the 
off-site locations had a slightly higher 
average radon concentration than the 
other two sites. 

(Continued on page 3) 



Radon near geothermal sites 

(Continued from page 2) 

A striking pattern emerges if the loca· 
tions of the monitoring sites are correlated 
with the expected sources of radon. In Fig. 
5 we compare the average annual reading 
at each of the 13 monitoring sites with the 
distance from the mill or the primary min
ing area, whichever is nearer. A clear 
monotonic decrease occurs with distance 
and approaches the background concen
tration defined by the two off·site 
locations. 

Conclusion 

7i'ack Etch detectors have been used for 
over ten years for the measurement of ra
don in a variety of applications. The de
tectors utilize the track recording 
capability of certain plastics to record the 
alpha particles emitted by radon. They 
have been calibrated for environmental ra· 
don measurements in outdoor air, indoor 
air and soil gas. They have been used ex· 
tensively for environmental radon monitor
ing around uranium mines and mills. 

Recently they have been used in sever-
al environmental geothermal applications. 
They are particularly applicable to outdoor 
measurements near geothermal areas 
since they are highly sensitive and resis· 
tant to heat, humidity and other environ· 
mental factors. They have a proven record 
in demonstrating compliance with state 
and federal regulat ions concerning out-
door radon levels around uranium mining 
and milling operations. They have also 
been used in pre-operational baseline 
studies and as personnel monitors. " 

Richard A. Oswald has over seven years 
of experience in the development and 
evaluation of methods for the long-term 
measurement of radon. He is the author 
of numerous articles and papers on the 
subject and is a recognized authority on 
the behavior and measurement of radon 
in homes. 

Atmospheric Radon Around 
a Uranium Mine/Mill Complex 
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Surface Geochemistry 
and Track Etch@ 
by Richard S. Della Valle, Ph.D. 

Over the past several decades, numer· 
ous field surveys have shown that a high 
percentage of geothermal reservoirs at 
depth yield some form of geochemical 
halo at the surface. Generally, this 
phenomenon is attributed to vertically 
migrating liquids and gases. Radon gas 
geochemistry as a means of indicating 
subsurface geothermal resources has 
been the subject of substantial research 
and exploration attention in recent years. 
Anomalous surface radiation levels have 
long been reported in the vicinity of geo
thermal reservoirs and several models 
have been developed and published to ex· 
plain the phenomenon. However, earlier 
results of radon measurements at near· 
surface depths were confusing. Further 
studies have shown that such gas signals 
are highly influenced by atmospheric var
iations and local soil geochemistry. 

The Track Etch system provides a sim
ple radon gas integrative technique which 
results in an enhanced radon measure
ment by eliminating many of the compli
cations caused by atmospheric and soil 
variations. This technique is superior to in
stantaneous or short-term gas sampling 
measurements, as integration of the sig
nal eliminates misleading indications from 
day-to'day variations. Field surveys using 
the Track Etch system have shown strong 
correlation with actual geothermal re
source occurrences. 

Track Etch .•. What it is, 
How it Works 

Track Etch is a patented radon detection 
system, based on the alpha-emitting prop
erty of radon, which provides a passive 
time-integrated radon concentration 
measurement. The Track Etch system con
sists of a nuclear track detector in a spe
cial patented housing. This housing is 
equipped with a microporous, hydropho
bic filter through which radon readily 
diffuses. This system is attached to the in
side bottom of a plastic cup which is ex
posed to the atmosphere to be measured. 
Alpha particles strike the detector strip, 
leaving damage tracks. The tracks are sub
sequently etched and counted per unit 
area to determine the radon concen
tration. 

For exploratory traverse or grid, the 
Track Etch detectors are placed in spaced 
holes approximately 18 inches deep, cov
ered, marked, and retrieved after approxi
mately three weeks for processing and 

measurement by Terradex. Soil samples 
are taken from the point of each detector 
placement and are analyzed for radon con
centration. The two radon values from 
each position are used in combination to 
obtain soil-reduced (soil-compensated) ra
don values. 

Scores of field tests over a variety of 
known or unknown (subsequently drilled) 
reservoirs have shown that the Track Etch 
technique produces results that are high
ly reproducible and have very strong posi
tive correlations to geothermal r 3servoirs 
at depths of up to 9,000 feet or more. 
These Track Etch radon surveys, plotted as 
soil-reduced radon concentrations, show 
a unique "signature" pattern over geother
mal fields. 

These surveys can be conducted as 
traverses over the area to be surveyed, with 
the data providing a radon signature in
dicative of the reservoir boundaries as 
shown in Figure A below. Readings from 
a grid pattern survey may be plotted as a 
contour map as shown in Figure B. These 
can be used in conjunction with geophysi
calor other geological data (or lacking 
such, used alone) to guide further explo
rations. 

Why it works 

The radon signal we see at the surface 
is due to two components: 

1) radium in the soil 

2) radon transport mechanisms 

Radium in the soil 

The radium in the soil is due to uranium 
geochemistry, since the precursor to radi
um is uranium, as well as brine related 
radium. Active geothermal vents often 
have associated solutions (brines) that 
can carry higher than background amounts 
(3-4 times background) of radium. (Back
ground for most rocks is 10 - 12g per gram 
of rock). This radium can create a disper
sion pattern (halo) around geothermal tar
gets (Figure B). 

Geothermal targets can also create 
"pipes" of reduction over the area of in
terest. This lower Eh environment (reduc
ing environment) can create an area of 
increased precipitation of insoluble ura
nium oxide. This in turn will increase the 
radium content of the soils. 

(Continued on page 5) 
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Surface Geochemistry 
(Continued from page 4) 

Soil chemistry is one other additional 
factor that should be known. Certain clays, 
such as the group known as smectites are 
more retentive of the metals radium and 
uranium in solution. These factors should 
be taken into consideration during data in· 
terpretation. 

Radon Transport Mechanisms 
Two major transport mechanisms are 

mass flow and diffusion. Since radon can 
be considered a natural tracer gas, it is 
only reflecting major subsurface gas 
movements. Therefore, radon is tracing the 
mass flow of other gasses associated with 
geothermal targets such as CO2, methane, 
etc. Diffusion can also be considered an 
important component to radon migration. 
The diffusion gradient of radon will be af
fected by the overall upward or downward 
movement of gasses in the system. Up
ward migrating gasses will increase the 
amount of radon diffusing to the surface. 

If we use mass flow or diffusion as our 
model, the soil porosity and permeability 
also become important. These factors can 
be quantified in the field and can be suc
cessfully applied using multivariate anal
ysis techniques. 

Summary 
Track Etch radon surveys: 

1) Provide cost-effective verification of 
results from other exploration tech
niques 

2) Take advantage of a different, indepen
dent characteristic of geothermal reser
voirs than is used by other techniques. 

3) Have various applications: 
a) Reinforcement of geophysical or 

other data 
b) Identification of complex reservoirs 

where conventional geophysical 
techniques fail 

c) Reservoir boundary mapping 
d) Reconnaissance exploration in 

poorly known regions, targeting 
areas for more detailed exploration 

e) Potential planning of development 
wells. 

4) Employ field proven Track Etch system 
and Terradex services ft. 
Richard S. Della Valle has over 15 years 

of experience as a geochemist in the en
vironmental and geotechnical applica
tions of subsurface gas measurement. He 
is the author of numerous articles on the 
subject and on the behavior of uranium 
and radium in the natural environment. 

Wellhead Radon 
Measurements of 
Geofluid Reservoirs 
Paul Kruger, Ph.D 

Radon possesses a unique set of priori
ties that makes its measurement in ge
ofluids useful for studies of reservoir 
characteristics and performance. Radon 
is the heaviest member of the noble gas 
family in the Periodic Table (following heli
um, neon, argon, krypton, and xenon). As 
a naturally occurring gaseous radioactive 
element, it has attracted worid-wide atten
tion as a hazardous component of the hu
man environment. However, the properties 
of constant emanation flux in radium bear
ing minerals, its gaseous state at all am
bient temperatures, its chemical inertness 
in all environmental systems, and its radi
oactive half-life of 3.83 days combine to 
make it a ubiquitous natural radioactive 
tracer in geologic investigations. 

The world's natural radioactive decay 
series responsible for the radon-222 iso
tope in the environment originates with 
uranium-238, whose half-life is equal to the 
present age of the Earth, 4.5 x 10' years. 
After a series of nuclear transformations, 
uranium-238 becomes radium-226, the par
ent isotope of radon-222. The chemistry of 
radium in geologic formations as the heav
iest member of the alkaline-earth family 
(following magnesium, calcium, stronti
um, and barium) is very complex and radi
um is distributed by several geochemical 
processes in all rock types rather uniform
ly at a mean concentration of about 1 pg 
(10_'2g) per gram of rock. 

The half-life of radium-226 is 1600 years, 
which although geologically short is en
vironmentally long, essentially infinite 
with respect to the human environment. 
The result is a continuous production of 
radon-222 in all radium bearing minerals. 
As a gaseous element radon atoms es
cape from the minerals by two processes: 
direct recoil during its formation and gase
ous diffusion subsequently. The emanat
ing power (EP) is defined as the fraction 
of radon atoms produced in a given miner
ai that escape to the pore space in that 
mineral. The value depends on the miner
ai type and its physical structure. If the 
pore space contains transmissible fluids, 
the emanated radon can be transported 
with them. 

The radon emanation source Em in a ge
ologic formation containing radium at a 
concentration [Ra] (both expressed in 
units of nCi/kg) is the stationary pore fluid 
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radon concentration, given by 

Em = EP. [Ra] 

The rate of accumulation is governed by 
the laws of radioactive decay. For an ini
tial radon concentration [Rn]o, the concen
tration at a later time t (without further 
production) is given by 

[Rn]t = [Rn]o x exp (- At) 

For the measured half-life of 3.83 days, 
the decay constant A of radon-222 is 
0.0181 d -1 • The two distinctly different 
half lives of 1600 years for radium-226 and 
3.83 days for radon-222 affords a unique 
property of radon as an in-situ tracer in 
subsurface geofluid reservoirs, such as 
natural gas, oil, and geothermal and 
ground water reservoirs. As a radioactive 
gas separated from its parent radium, ra
don would decay by a factor of 1000 after 
10 half lives (38 days). Thus, radon trans
ported from radium bearing formations by 
radium-free fluids would be measurably 
present in the fluid for a period of about 
one month. In the radium bearing forma
tion, the decay rate of radon would be 
matched by its production rate until the 
two were equal and the radon concentra
tion in the pore fluid became constant. In 
a flowing system the equilibrium radon 
concentration would also be a function of 
the fluid flow rate influencing the mean 
residence time in the formation. 

The equilibrium concentration of radon 
in a geofluid can be expressed in terms 
of geologic and thermodynamic factors in 
the formation 

Em Pr 
[Rn] = <t> Pf 

where P r = rock density (kg/m3), Pf = 
fluid density (kg/m3), cf> = porosity. 

For study of fluid reservoirs, it is con
venient to group the parameters in the 
form 

[R ] _ EP. [Ra]. Pr 
n - cf> Vs 

where the bracketed term is the volumet
ric emanation of radon (in units of nCi/m3) 

determined by the geologic properties of 
the reservoir. The parameter Vs is the 
specific volume of the geofluid in the 
reservoir (Vs = 11 P f) determined by am
bient temperature and enthalpy condi
tions. In general it describes the volume 
of rock occupied by one kilogram of pore 
fluid into which the radon emanation 
occurs. 

Geofluids are nominally accessible for 
sampling only at the wellhead of a produc-

(Continued on page 6) 



Wellhead Radon Measurements 
(Continued from page 5) 
tion well. Measurement of radon in geo
fluids at the wellhead may provide two 
types of information about the reservoir: 
reservoir properties and transport proc
esses. The former is more available under 
steady-state production conditions, the 
latter under transient condit ions. 

Many models exist describing the trans
port of radon in geofluid reservoirs. The 
general characteristics that must be in
cluded in such models are the conditions 
that influence radon emanation into the 
geofluid, the flow processes from emana
tion site to well bore, and the residence 
time in the reservoir. The conditions in
fluencing emanation were noted as the 
reservoir type and structure which affect 
the radium content and emanating power 
and the termodynamic properties of tem
perature and fluid enthalpy which deter
mine the specific volume of the fluid in the 
reservoir. The flow processes involve the 
hydrologic behavior of the fluids in the 
reservoir which is influenced by properties 
of reservoir dimensions, porosity, and 
permeability for each fluid or phase in the 
reservoir. The residence time, influenced 
by production characteristics of pressure 
and flowrate, affects the extent of radioac
tive decay and approach to equilibrium 
with its production rate from the radium 
content in the reservoir formation. 

Hydrologic transport of radon in geo
fluids can be modeled as simple reservoirs 
of homogeneous, isotropic, porous media 
containing uniformly distributed radium 
with homogeneous emanating power, 
steady-state flow of an incompressible 
fluid, and loss of radon only by radioactive 
decay. More complex models have been 
developed which allow for fractured rock 
porosity and transport, spacial variability 
in the reservoir properties, and reservoir 
fluid mixtures, e.g., oil, ga,s, and water. 
Such models are especially needed for 
geothermal reservoirs where high-temper
ature waters (with noncondensable gases) 
can exist in steam and concentrated liquid 
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brine phases. Radon, as a non-chemically 
reactive gas would be expected to parti
tion between these phases influenced by 
themodynamic and solubility properties. 

Radon measurements have proved valu
able in the study of several geothermal 
fields. The basis for a conceptual model 
of radon transport in two-phase geother
mal reservoirs is shown in Figure 1 (from 
Semprini, 1985). This model accounts for 
hydrologic flow of a two-phase fluid un
der steady drawdown coupled with the 
transport of radon in both phases and par
titioning between phases as governed by 
Henry's law. 

A number of geothermal fields have 
been studied with wellhead radon meas
urements taken under known well produc
tion conditions of wellhead pressure, 
flowrate, and steam fraction. Some of 
them are listed below by resource type. 

Vapor·Dominated Reservo irs 
The Geysers, Californ ia 
Larderello, Italy 
Serrazzano, Italy 
Matsukawa, Japan 

Two·Phase Reservoirs 
Los Azufres, Mexico 
Wairakei, New Zealand 
HGPA, Hawaii 

Liquid·Dominated Reservoirs 
East Mesa, California 
Salton Sea, Californ ia 
Cas a Diablo, Cal ifornia 
Roosevelt Hot Springs, Utah 
Cerro Prieto, Mexico 
Kakkonda, Japan 

The measured radon concentrations 
have been evaluated with respect to the 
calculated temperature - fluid enthalpy 
conditions in the reservoir expressed by 
the specific volume parameter. A general 
summary of the specific volume results is 
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shown in Figure 2. The relationship of ra
don concentration as a function of spe
cific volume for multiple wells in a wide 
variety of geothermal resource types is 
clearly noted. The variations between 
wells at each field and among different 
fields can be attributed to the variations 
in geological characteristics comprising 
the volumetric emanation coefficient in 
the radon - specific volume equation. In 
a study at the Cerro Prieto field, core sam
ples from several wells were used to show 
the difference in radium content and 
emanating power between sandstones, 
mudstones, and shales. 

Radon measurements are also useful in 
reservoir transient tests in which changes 
observed in wellhead radon concentration 
can assist in understanding changes in 
thermodynamic conditions in the reservoir 
under constant geological properties as 
production results in pressure drawdown, 
temperature cooldown, and enthalpy con
tent of the reservoir fluids. " 

Paul Kruger is professor of nuclear civ
il engineering at Stanford University since 
1962. Among his applied applications of 
nuclear technology has been the use of 
radon as an (in situ) radioactive tracer in 
atmospheric and geothermal reservoir 
studies. 
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.. Bills Target Radon ThreD 

Legislation introduced in Congress this week would man
date a nationwide survey of radon in schools and earmark $30 
million in federal funds to help states develop programs to 
deal with the threat posed by the radioactive gas. . 

Congress is also considering a bill that would amend the tax 
law to allow the cost of radon mitigation repairs to be 
deducted from federal income taxes as a medical expense. 

Radon, a naturally occurring gas found in areas with 
uranium-rich soil, has long been recognized as a hazard to 
mine workers but emerged as a major public health issue only 
last year when the Environmental Protection Agency found 
that one in eight American homes has radon levels equal to 
the risk of smoking half a pack of cigarettes a day. 

The gas poses no threat in the open air, but can build to 
hazardous levels when it seeps into enclosed spaces, such as 
schools and houses. The EPA considers radon the leading 
cause of lung cancer in nonsmokers and estimates that the gas 
is responsible for as many as 20,000 lung cancer deaths in the 
United States each year. 

Congress last year authorized the EPA to conduct radon 
health research and develop radon mitigation techniques, but 
the new bills would significantly increase the amount of 
assistance EPA could give states for a wide range of radon
related efforts, as well as address the problem of radon in 
schools for the first time. 

"The increase in national attention to the radon problem 
has increased the public demand for assessment and control 
of radon contamination ... and much of this increased public 
demand is falling on state governments," said Sen. George J. 
Mitchell (D-Maine), who introduced the bill earmarking 
federal money for state programs. "State governments, 
which are in the front lines ofthe radon response effort, need 
our help in getting their programs up and running." 

Mitchell's bill would give the EPA $10 million a year for 
the next three years to disburse as seed money to states in
itiating radon-related programs. Mitchell said the bill is not 
intended to establish a long-term commitment of federal 
funds for state radon programs but rather to help states get 
programs under way. 

Working in conjunction with the Maryland Department of 
Health and Mental Hygiene, EPA will be reviewing radon 
problems in as many as 200 homes to select 15 to 20 homes as 
demonstration models for remediation efforts. 

An EPA spokesman said the Maryland health department 
is looking for families in Montgomery, Howard and Carroll 
counties who have had a radon test done by an approved EPA 
testing company and have had results indicating they have at 
least 10 picocuries of radon per liter of air (pCi/l). The EPA 
recommends remediation if a home is found to have more 
than 4 pCi/1. Some homes in the area between Baltimore and 
Washington have been found with radon levels as high as 100 
pCill. 

"We are extremely excited about this very unique oppor
tunity to work side by side with the federal government in this 
effort," Gov. William Donald Schaefer said as the program 
was announced last month. 
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Schaefer said woO the selected homes would be paid for 
by the federal government in an effort to gather information 
on how radon enters homes and ways to prevent it. Radon is 
generally believed to leak into homes through cracks in 
basements and holes such as open drains and sump pumps. 
The EPA is conducting similar remediation demonstrations in 
other states, including New Jersey, which is known to have 
some of the worst radon problems in the country. 

(From Washington Post, March 21, 1987) 

Five Steps To Independence 
Leaving a corporate job to run your own business involves 

five stages, say consultants Robert W. Blyand Gary Blake, 
who conduct seminars to prepare would-be entrepreneurs for 
the world of self-employment. They recommend these steps 
for those considering their own businesses: 

1. Analyze the reasons you are unhappy with organiza
tionallife. Is is because you hate your boss, you do not have a 
sense of accomplishment, you are not rewarded for initiative 
or your work does not reflect your real interests? Are you 
ready to take charge of your life? Do you realize that a 
positive attitude, hard work and a challenging goal can pro
bably bring you success? 

2. Assess the options. Do you have a business plan? You 
can ~tart a small business, buy a small business or go into con
sulting or free-lancing. Alternatives are moonlighting, job 
sharing, franchising, working part time or working for 
somebody else's small company. Get advice from people you 
trust and make a list of pros and cons. Decide early whether 
you are willing to go into dept and how deep. 

3. Plan your escape. Start saving money as an income 
cushion. Study everything in your present job that will help 
your new career. Write a step-by-step plan, including goals, 
operating costs. Consider home office or rented space, buying 
or renting furniture and equipment. Plan ser
vices-messengers, typing, printing, accouting, legal. 

4. Escape! Don't resign until you are financially and emo
tionally ready, with health and life insurance to replace com
pany benefits you will lose. Give a month's notice. Be firm 
but friendly. Cooperate with your replacement and tie up 
loose ends. Don't boast about your new venture. 

5. After escape, keep active, be businesslike, print a 
brochure, get your company listed in directories. Relax; 
you're not going to make a million dollars the first three 
weeks. Set priorities for use of your time, but include some 
personal time each day. Go after clients professionally, but 
get the first one soon, even if you have to work for free or 
very little. A good product or service is not enough. It needs 
public recognition. That means public relations, associations, 
networking. Get accounting help to manage credit and collec
tions and plan quarterly tax payments. Monitor expenses, 
employee performance, customer satisfaction, revenues and 
profits. The same creative energy it took to start the business 
will help find solutions to its problems. 

(From Nation's Business, March, 1987) 
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A Pre-Flight ChecklistO 
Do you really want to leave the corporate nest for an in

dependent life? 

There are lots of rewards to be gained by being on your 
own, but there are penalities too. 

One of the first steps in deciding whether to leave salaried 
employment to run your own business is to take stock of your 
attitudes, to analyse your feelings about the changes that will 
ensue. 

Here is a checklist to help you evaluate how you feel about 
the benefits of autonomy against the drawbacks. 

Go down the first part of the checklist and put a plus sign 
next to the benefits that are important to you. Then move to 
the second part of the list and put a minus sign next to every 
drawback that seriously concerns you. 

If the minus signs outnumber the plus signs, say con
sultants Robert W. Bly and Gary Blake, "security is probably 
dearer to you than autonomy, and you might be happier stay
ing where you are." 

Benefits of Autonomy 

( ) Can make more money 
( ) Work when you please 
( ) Work at home 
( ) Make decisions without consulting others 
( ) Being a big fish, even if it is in a little pond 
( ) No co-workers to contend with 
( ) Flexibility of small business 
( ) Can take risks and reap rewards 
( ) Tax savings 
( ) No boss to cater to 
( ) Can do as you please 
( ) Can pick your own projects 
( ) Freedom from boredom 

Drawbacks of Autonomy 

( ) No regular paycheck 
( ) Longer hours 
( ) Need to supply your own office 
( ) No one to bounce ideas off 
( ) Loneliness 
( ) Absence of financial resources of a large corporation 
( ) Can suffer personal financial loss if the business fails 
( ) No corporate perks or benefits 
( ) Must answer directly to clients 
( ) Responsible for running a company 
( ) Must be motivated enough to work without supervision 
( ) Hectic, demanding schedule 
( ) Miss being in a big pond 

From Out on Your Own: From Corporate to Self
Employment, by Robert W. Bly and Gary Blake, © 1986 by 
John Wiley & Sons, Inc. 
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Membe_in the News 
JuUa Hager, CPGS-7041, and Dorothy Richter, 

CPGS-7033, have been very busy with their independent firm, 
Hager-Richter Geoscience, Inc. The firm has several subcon
tracts for state-funded projects lined up for the spring in New 
York, New Jersey and Massachusetts. 

Richard K. Hosfeld, GCPG-6770, a specialist in waste 
management, has joined the staff of the Madison office of 
Dames & Moore, environmental and engineering consultants. 

His professional affiliations include membership in the 
Association of Engineering Geologists and the Association of 
Ground Water Scientists and Engineers. Hosfeld is a certified 
professional geological scientist with the American Institute 
of Professional Geologists and a licensed geologist in the 
states of North Carolina and Indiana. 

Jim O'Brien, CPGS-6063, has joined HMM Associates as a 
project manager/senior hydrogeologist in the Hazardous 
Waste Investigations and Remediation Support Division. The 
firm, headquartered in Concord, Massachusetts, provides 
hazardous materials consulting and environmental engineer
ing services to government and industry. 

Joseph A. Sinnott, CPGS-1997, has a new position as state 
geologist of Massachusetts. His new address is State 
Geologist-EOEA, 100 Cambridge Street, 20th Floor, Boston, 
MA 02202. 

William J. Siok, 
CPGS-4773, has joined 
Whitman and Howard, 
Inc., Engineers and Ar
chitects, Wellsley, MA, as 
vice president and head of 
the hydrology department. 
In this position, he is direct
ing and managing the firm's 
expanding professional ser
vices in the areas of ground 
water analysis and monitor
ing, as well as solid and 
hazardous waste manage
ment. 

Julian Soren, CPGS-2301, has retired from the USGS and 
is continuing his work on a faulted structure in the Port Jervis 
trough. 

Fred L. Troise, CPGS-6974, for the past five years the 
director of marketing at Geraghty & Miller, Inc., Ground 
Water Consultants, has been promoted from associate to vice 
president of G.&M., Inc. 

David Woodhouse, CPGS-3742, has joined the firm of 
Quest Environmental Sciences as a vice president and prin
cipal. He will manage the Quest consulting practice in 
hydrogeology and waste management. 

THE PROFESSIONAL GEOLOGIST 
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MEMORANDUM FOR THE RECORD 

FROM: Dean Nakano 

As a follow up to an U.S.G.S. informational letter 
concerning radiation from exposure to Radon gas, 1 contacted 
Dr. Don Thomas (HIG) and Arlene Kabei (DOH) who provided the 
following information: 

o Small amounts of Uranium and Thorium are found in all 
types of soil and rock and are the parent 
radionuleides of Radium which decays and emits Radon 
gas. 

o Hawaii 5 type of soils and rock (basalt) have a 
substantially lower level of Radium than those found 
on the mainland. 

o The major health concern is radiation exposure from 
Radon gas emissions generated from naturally occurring 
Radium in the ground. 

o The major source of Radon is from soils, although 
building materials such as concrete also emit Radon 
gas. Soils underlying homes which are heated indoors 
and are subject to small air pressures created by 
wind, can draw large amounts of Radon out of the 
ground. 

o Underground concrete parking lots which are usually 
enclosed and have little or no air movement, may also 
emit above average concentrations of Radon. 

o A recent report by DOE's Lawrence Berkeley Laboratory 
indicates that the average concentration (in the 
continental US) is 1.5 pCi/1 (picocuries per liter) 
and that about 4 million homes exceed 4 pCi!l, the 
level at which the EPA recommends remedial action. 

o The amount of Uranium and Thorium found in Hawaii is 
less than 15% of that found in the mainland. The 
average concentration of Radon measured in the soil 
near Kilauea Volcano is approximately 0.5 pCi!l. In 
non-thermal areas the Radon has been measured at about 
1 pCi/l, well below the EPA standard. 

o The Department of Health's Noise and Radiation Branch 
is the State's lead agency in the monitoring and 
regulation of Radon emissions. Both Don Thomas and 
Arlene Kabei have agreed that the health hazards from 
Radon exposure in Hawaii is very small. DOH has stated 
that Radon monitoring is currently a low priority item 
and no immediate plans are being proposed. 
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§.tnh~ of NrUJ ilrrsry 
DEPARTMENT OF EtiVIRONMENTAL PROT~CTION i : •. ( ;'. 

DIVISION OF WATER RESOURCES': ' .. 
GEOLOGICAL SURVEY ELEMENT :._: . v 

CN 029 
29 Arctic Parkway 

Trenton, N.J. 08625 
GEORGE G. McCANN, P.E. 

DIRECTOR 

May 15, 1987 

TO: State Geologists 

FROM: Haig Kasabach 

SUBJECT: RADON SURVEY 

Attached find the results of the radon survey the Environmental Affairs 
Committee sent you last winter. Forty-four (44) States responded. 

Please bring this to Traverse City if you wish to discuss it, since I 
will not be distributing additional copies. 

H. F. K. 

Attachment 

c: Environmental Affairs Committee: 

Haig Kasabach 
Walter Anderson 
Robert Fakundiny 
Art Socolow 

New Jersey Is An Equal Opportunity Employer 

01 RK C. HOFMAN, P.E. 
DEPUTY DIRECTOR 

HAIG F. KASABACH 
STATE GEOLOGIST 
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ASSOCIATION OF AMERICAN STATE GEOLOGISTS 
RADON SURVEY 

1987 

State 

Name of person completing survey 

Title 

Organization 

I. PERCEPTION OF PROBLEM 

A. Is radon perceived 
State? 

yes 
no 
don't 

to be 

know 

a problem by the public 

26 44 responses 

-1L See Figure 1 
-1L 

in your 

B. Does your o~ganization consider radon to be an important 
health problem in your State? 

C. 

yes 21 42 responses 
no 15 
Don't know ~ See Figure 2 

When were high levels of radon discovered in your state? 
22 responses: 2 responses lor each 1950, 1957, 1969, 1970, 1975, 1978, 1983 

2 responses for 1980, 3 for 1984, 6 for 1985, 4 for 1986 
II. RADON DETECTION 

A. Has your state done any testing for radon in homes? 

B. 

yes 
no 
Don't know 

44 responses 

What are the major sources of radon in your state? 

water 
soil 
building materials 
bedrock 

16 See Figure 3 
27 

6 
29 

mine tai 1 ings 11 
other 2 (glacial seds; glacial seds. w/black she frag.) 
don't know 9 

.,----
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C. How many samples have been taken in homes? 

D. 

E. 

F. 

G. 

air: 1 - 50 4 water: 1 - 50 _L See Figure 4 

51 - 100 _6_ 51 - 100 4 
101 - 500 ~ 101 - 500 -4-

over 500 --D- over 500 -4-
33 responses 17 responses 

If samples have been taken, approximately what percent 
of homes exceed 4 pCi/l in air, 1000 pCi/1 in water? 

air: 
1 -
5 -

10 -
15 -
over 

What devices 

1-
2. 
3. 

1% 4 water: 1% ~ See Figure 5 
5% -2- 1 - 5% _4_ 

10% _1_ 5 - 10% _0_ 
15% _2_ 10 - 15% --.U...-
20% r-; 15 - 20% -.1-
20% 2- over 20% h 

26 responses --;6responses 
are used to detect airborne radon? 

alpha track detector ~ 44 responses 
carbon canister. 27 " "( ) 

th 10 RPISU \.2), grab sample w/contlnuous monltor 3 
o . er / t" "t 

Have the labs l each gas analvsls, se1nL. cells w con lnuous monl or, 
G[VI pylon dectof' 
oihg these tests been certified by EPA? 

yes 
no 
don't know 

29 
2 

-8-

39 responses 

What is the source of funding for your statet's program? See Figure 
EPA: 14 states Both EPA & SEate: 11 sva es 
State Money: 30 states None: 4 states 

See Attached sheets for detailed descriptic 
III. GEOLOGICAL FACTORS 

. A. If excessive levels of radon have been detected in homes, 
what is the predominant geology? 

See Figure 7 
Bedrock ~granite 

~precambrian basement 

.. ! _ .. , 

skarn __ 4 __ other high grade meta~orphics " 
(please descr i be) schlsts & gnelsses (2) ,Franklin Mb. 

-.Lother crystalline Alaskite, schists I phyllites ~ 
(please describe) associated saprolltes, pegMtlte (2) 

~shale volcanic rocks, syenite 
--t..6-sandstone 
~carbonate 
-s-other (please describe) pegmatite, siltstone, clay

stone, phosphate, U-bearing rocks, uranlferous ss, 
volcanic rocks, syenite 

~---
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Surficial Deposits 

3 

_2_eskers 
-3--kame terraces 
-L..deltas 

o 

__ 4_valley train deposits 
-1--other glacial outwash 

See Figure 8 

deposits 

~other ice contact deposits 
~other See attached sheets 

IV. MITIGATION MEASURES 

A. Is your state providing assistance to the public on radon? 

yes 29 42 responses 
no ~ 
don't know ~ 

B. If yes, what is being done? 

~provides information 
~provides remediation 
~provides loans for remediation 
~other low cost loans, sample buildings, studies, 

diagnosti~ verification of high levels (2) 
C. Are there requirements in your state's building code to limit 

radon levels in new homes? 

yes -D-- 39 responses 

no ~ 

local requirements only -e--
.don't know ~ 

.' D. If yes, what is required? 

No response 
____ preliminary soil testing at building site 
___ slab construction without joints or seals 
____ subs lab ventilation or barrier 

ventilation of crawl space 
other 

E. What mitigation techniques are recommended? 

10 natural ventilation 12 sealing opening in basement 
8 forced ventilation 6 drain-tile suction 
7 heat recovery vent. 6 block wall ventilation 
8 cover exposed earth 9 subslab suction 

other 5: air cleaners, removal of U-bearing materials :'3hut down ground 
heat pump; reduction of chimney effects via outside air source fo 
stoves, many more. 



.' 

\. . o 4 o 
V. RESEARCH 

A. Has your state been involved in studies on radon? 

yes 
no 
don't know 

B. Is your geological survey involved with radon research? 

yes 
no 

20 

22-

C. If yes, describe the nature and extent of your involvement. 

See attached sheets. 

D. Are other Federal, State or private organization involved in 
radon research in your state? 

yes 
no 
don't know 

E. If yes, which other agencies and what is their involvement? 

See attached sheets. 

F. Do you believe that geological studies of radon genesis and 
transport from geological origin to structures would be use
ful to solving the problem? 

yes 
no 
don't know 

H. Is your state supporting geological studies of the radon 
cycle? 

yes ~ 

no -29-
don't know ~ 
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13 State Funds 
3-EPA 

o o 

State funds plus loan of samplers from EPA 
State Depart. of Health 
State agencies w/local health depts. 
Routine Radiological Health Program 
EPA, Kansas Corporation Commission 
Kansas Dept., of Health & Environment 
State funding to Fla. Inst. of Phosphate Research plus Health & 

Rehabilitative Services 
State EPA assistance pending 
EPA, State Dept. of Health & Social Services 
Dept. of Public Health-Radiation Office. 
EPA, proposal to State Legislature 
DOE grant to Lawrence Berkely Lab, UC 
Existing budget 
no alloc. for Radon 
EPA and Wyoming Dept. of Health and Social Services 
some USGS money 
EPA & DOE Envir. improvement Div. of Health & Env. Dept. (State) 
Bendix & Uranium Mill tailing program (DOE funding) private 
Dept. Social Health Sciences 
EPA Bonneville Power Admin. 
EPA & State funds 
Idaho Cancer Coordination Committee 
General Fund/Private Funds 
Maine Lung Assoc. 
Other private organizations. 

______________________________________________________________________________________ I.~ ... ~j~ 
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V C: 

Prepared U-rich map 
summary article in Newsletter 
working w/State /Rad. Reg. Agency for legislative funding 
Advisory Service to Health Dept. & Energy office 
Identification of target geo1. areas for water & air sampling 
carborne gamma radiation survey across State 
Synthesis of State's data using a computerized GIS 
agency education 
See Penn. Literature search 
Close coord. w/State Health Dept •.•. 3,OOO cannisters to be placed 

in homes around the state 
Accum. date but no definite research project 
Currently preparing maps to aid in radon surveys 
Outdoor & indoor monitoring of air in homes within high-risk areas 
Currently designing a study 
Keeping abreast of other States & ERA's Research 
Compiled NURE Data & other data into a "Radioactivity Map of 

Vermont prior to Radon Boom 
GW measurements, limestone caves, atmospheric variations 
Joint program w/Div. of Public Health & Dept. of Natural 

Resources 
GW near mineralized U deposits 
Staff member appointed to subcommittee of Rad. Prot. council, 

working w/Dept. of Health-Radiation Protection section 
Limited public education, education of other State agencies 
submitted unfunded proposal 

Design & submit for State funding a major research program to 
investigate geologic sources of radon, presently measuring Rn 
in Gw samples & in atmospheres in cave, tunnels and mines 

evaluated application of NURE data for diagnosis of Radon-prone 
areas in Illinois 

Cooperating in an epidemiological study of high Rn cancer also, 
have conducted research to determine relation of hydrologic and 
geologic factors contributing to high Rn levels in wells and 
soil factors to indoor air levels 

Assisting Dept. of Health w/defining geo1. sources of Radon 
GW survey in C, site specific surveys, evaluation geology based 

on radiometric maps & in the future with home data, working 
w/contractor for a State-wide potential eva~uation 

Detection & meas. of radon in selected mines, collection of 
geo1., geochem., and radiometric data for predicting hazardous 
areas 

Have assisted in Public Drinking water survey interpretations, 
assisting State Health Dept. in deciding where to place 
samplers. 
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USGS (1), EPA provides canisters 
Air resources board (1) 
UC lab. 
EPA Money and advice 
State Energy office 
State Health Dept. 

o 

EPA, DOHS, + Utilities Conservation, State Office of 
Policy & Management 

Penn. State, USGS 
USGS, Univ. of Colo. State Dept. of Health 
Dept. of Health and Mental Hygiene, Div. Radiation Control 
State Radiation Control Board 
Dept. Social & Health Services 
Bonneville Power Admin., State Energy Office 
Geol. Dept., (U and Univ.), EPA 
Bureau of Radiological Health (E.P.A. & State both) 
EPA turned down Idaho project 
Dept. of Human Resources, Radiation Protection Section, U North 

Carolina School of Public Health 
Illinois Dept. of Nuclear Safety, USGS, Univ. of 

Illinois/Institute for Envir. Studies 
Maine Medical Center, Maine Dept. of Human Services 

(Epideniological study), which conducts air & water Rn tests 
Univ. of Maine 

North Dakota Dept of Health, Env. Engineering Section 
EPA with State Dept. of Public Health 
State Dept. of Health, Bureau of Radiation Control 
State Dept. of Health, State Public Drinking Water program, 

Cancer study in a Mining District 
State Health Dept. Purdue University 
Dept. of Health, State of Texas, plus a diff. States' University 
Dept. of Health, Div. of Occupational and Radiological Health, USGS 

State Dept. of Health, EPA 
EPA; Fla. Inst. of Phosphate research, Dept. of Health & Rehab. 

Services 
Honeywell Mitigation Research, State Univ., 2 other 
Universities 

USGS, Bonneville Power Admin.; Division of Pu~lic Health and 
Dept. of Natural Resources State Health Department; EPA 

Several State Utilities, University Research, State Department of 
Natural Resources 

TV Station 
Department of Health, Div. of Occupational and Radiological 

Health, USGS 

!----



o o 
Fi g ure 1~ Put;.li c perctp t 10 n of 

(.If the radon prQbl e rn 

".IEC' (COO oct·.·I) I . .J _I.J. _f. 

tJO (-:'1 CI")~rl 1 .oJ .... ,'-1 a. 

AASG Radon Survey (1'387) 

Figure 2~ Stote Geol';)giel;]1 Sur\" ey3s ","iew 
(.If the rad(.ln health problertl 

AASG Radon Surve'~ (1987) 
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Fi g ure 3~ M a .i or sour c e s of rador, 

SOIL (27.00%) 

LDING t1AT'LS (6.00~~) 

BEDHOCK (2'3.00~·~) 

AASl3 Radon Survey (1'387) 

~JATEH (16.00~~) 

DON'T KNOl·J ('3.00~~) 

TAILINGS 1]1.00%) 
OTHEH (2.00%) 

Figure 4~ Hist{)grorr~, of the nurnber (Jf air 
on d wGter s(lmples taken in 
each state 

AIR ~·JATER 
E;;>·;;-;:-'·;;;J v.?c~:..--:a 

~~UMBER OF STATES 
20~----------------------------------~ 

15 

10 
5 

1 - 50 51 - 100 101 - 500 C('fer 500 
SAt1PLES 

AASG Radon Surve'~ (1'387) 
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Figure .5~ HistogrOtii of perCetit of air 

3 () mples above 4 pC ill iter ~'1nd 
water above 1000 perlllter 

AIR l,JATER 
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10 
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AASG Radon Surye'~ (1'387) 

Figure 6: Sources of funding for State 
r () d on programs 
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Fi 9 ure 7~ Rock. types ossoc lated 

with elevoted levels of 
radon in homes 

PC BASEt1ENT (8.82~) 

SHALE (23.53~) 

CRYSTALLINE (5.88(;:) 
METAMORPHIC (3. 92~~) 

SANDSTOt~E US.59i!) 

AASG Radon SUr'fe':l (1987) 

o 

GRANITE (22.55~~) 

OTHER (4. 90~) 

CARBONATE U4. 71~~) 

Fi 9 ure 8! Su rfi ei a I deposits assoc j·;]ted 
with elevoted levels of radon 
in homes 

VALLEY TRAIN (11.76(;:) DEL TAS (11.76(~) 

KAMES (8.82;~) 

OTH. OUTl~ASH (20.S9i~) ESKERS (S.88~) 

-
OTH. ICE CONTACT (11.76t;:) OTHER (29.41i~) 

AASG Radon Sur'/e':l (1987) 

________________________________________________________ I~"~ 
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DEP official tells Ccingress radon 
is bigger threat than toxic waste 

~J"v' I ~ 

·'"'!L~ ::; ~:, 
By ROBERT COHEN 

Star·Ledger Washington Bureau 
l it:H~ ) 
, ~Hl;, I,WASHINGTON-ANew Jersey official told Congress 

yesterday that the health effects from long·term exposure to 
,,~4QJl gas are more, serious than exposure to toxic waste 
n~tes and other well known environmental hazards. 
tall! I /'The radon problem in New Jersey is the most serious 
"s~te environmental and public health problem that we have 
d4~~!ified at this time,' said Donald Deieso, an assistant 
!Jlcommissioner with the New Jersey Department of Environ-

mental Protection (DEP). "It dwarfs air pollution, drinking 
.w.at~r contamination and hazardous waste." 

.: ,.~;.,Deieso, testifying before a Senate environment sub-
committee, said studies have shown that the long-term risk 

;,.,o.(..getting cancer from radon exposure at levels above the 
,r.llec~pted standard are three in 100. He said the cancer risks 
, ~$Qciated with other types of pollutants pale in compari
':,8011.: 
~I; .; " . .In New Jersey, Deieso said that some 2 million homes 
are at risk due to contamination from the naturally occur

i(1.fing ,odorless and colorless gas. Despite the risk, he said, 
t'ltbere is considerable "apathy" and ,,"indifference" among 

, homeowners to test for radon. 
__ , __ ,Deieso said New Jersey has one of the most extensive 

radon' programs in the nation, but he added the state still 
. lacks sufficient resources to do all of the testing and re
seirch needed. 
.... ;,.: Deieso said the state strongly supports pending federal 
legislation that would provide $30 million over three years 
in grants to assist state radon detection and mitigation ef-

n Jor.lS. He saidJhe state also supports a bill to help identify 

Dcieso said New Jersey has tested 41 school buildings 
and found that 21 of those buildings had radon above 
the acceptable levels. He said 17 of the 21 locations with 
high radon levels were in rooms used by students. 

But Deieso said the tests were taken during summer 
months when the school buildings were closed and when the 
ventilation systems were not fully operational. When the 
ventilation systems were turned on, he said, the levels went 
down to the standard considered safe. 

The official said state law requires every school to 
hav~ a ~pecific type of fan ~nd ventilation system to ~educe 
the mCldence of mfluenza m the classrooms. He saId this 
ventilation system has turned out to be helpful in re., 
ducing radon levels. 

"The schools are far less of a risk than private homes," 
he said. 

During the Senate hearing, the Reagan Administration 
was criticized by Sens. Frank Lautenberg (D·N.J.) and 
George Mitchell (D-Me.) for proposing a 50 percent reduc
tion in funding for the current radon research, planning and 
state assistance program run by the Environmental Protec
tion Agency (EPA). 

A. James Barnes, a deputy EPA administrator, said he 
could not explain the reason for the proposed reduction, 
but suggested the senators talk with officials from the Of· 
fice of Management and Budget (OMB). 

Barnes also told the subcommittee the EPA wants to 
improve its radon program and do more to assist the 
states. However, he said the agency cannot support the 
pending radon legislation as it is currently drafted. 

He said the EPA has "technical concerns" about both 
bills. ,-, schools where the radon threat may exist. 

------~--------------------~----------------~ 
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·Degree 01 ·danger differs, 
'but'home()wners snub test 

By BILL GANNON 

. , Despite all the warnings about the increased danger of lUng cancer associated 
with long-term exposure to radon, thousands of New Jersey residents have 
not tested their hom,es for the gas, according to state and federal environmental 
officials. . . 

A study prepared by a' team of Rutgers University researchers for the state 
De~~ent of Environmental Protection (DEP) states "most of those potentially , 
at risk either have no~ heard of radon or have not even thought about monitoring" 
for the gas.' . 

Although the exact health risk posed by long-term exposure to elevat
ed levels of radon continues to be debated in political and scientific circles 
public health. officials warn the risks are anything but hypothetical, though th~ 
degree may differ. 

'Simply put, if a person is exposed to high levels of the colorless, odorless 
gas long enough, his. c~ of getting lung cancer are increased, officials agree. 

Furt!'ermor~, 1O~vlduals are at som~ level of risk-although it may vary 
greatly-if they live 10 the northern two-thirds of the state, not just over the best 
known danger area, a geoJogical formation called the Reading Prong. . 

. State, federal and private tests have found levels of tli.e gas throughout the 
s~te, but most n~tably along ~e Reading Prong and two other geological forma
tions that border It. The formations, known as the Newark Basin and the Ridge and 
Valley Province, sweep through the 
densely populated northern two-thirds 
of New Jersey. , 

The. gas is measured in picocuries 
of radiation per liter of air, with a 
reading of 4. picocUries per liter of air 
in living areas being the point at which 
the DEP and the federal Environmen
tal Protection Agency (EPA) recom
mend taking action. 

According to comparable risks es
tablished by the EPA, ex~ure to 4 pi
cocUries per liter is roughly equivalent 
to several hundred chest X-rays per 
year and far less than the risk faced by 
a one-pack-a-day smoker. EPA esb
mates 4 picocuries to be the health ef
fect equivalent to smoking eight ciga
rettes a day. 

Finding the source of radon is as 
simple as walking into one's backyard 
and scooping up a handful of dirt or 
gr. abbing a rock. To some degree, the 
soil or rock will contain the radioactive 
element uranium. That element even
tually decays into radon, a gas that 
seeps up through the ground and into 
basements and other rooms. Radon 
then breaks down into a series of other 
radioactive elements that can pose a 
health hazard when inhaled. 

T.hose elements stick to air pas
S!l~es 10 the lungs and give off radioac
tivity that can damage tissue and foster 
the development of cancer cells . 

. While much epidemiological re
sear~h remains to be completed, in
cludmg several multimillion-dollar 
state ~nd federal studies, computer , 
modelmg and uranium mining studies 
~rformed by the federal Centers for 
Disease Control (CDC) in Atlanta has 

. ~r0!llpted t~e.9?.9 to estimate that 
radon-is responsible~for the lungcancer~ c. 
deaths of between 5,000 and 30 000 o. 
Americans annually. '_ 

Occupants of about 480,000 of the 
1.6 million single-family houses in the 
nort~ern two-thirds of New Jersey are 
at fISk from radon, according to an 
EPA study. 

There is enough radon seeping into 
the basements of those houses to pro- . 
duce lung cancer in two out of every 
Ion people, presuming exposure over 
an entire lifetime, DEP officials ex-
plain. . 

Two cancer deaths per 100 might 
sound like pretty good odds, but risK 
communication specialists contend the 
incidence rate 'is not trivial. According 
to Nicholls, the radon risk is a signifi-
cant one. . 

"The federal EPA and state DEP 
regulates carcinogens that we think 
represent a oile-in-lO,OOO risk of can
cer, even a one-in-lOO,OOO risk and 
sometimes the public demands action 
on a one-in-a-million risk," Peter Sand
man, professor of environmental jour- . 
nalism at Rutgers, said at a recent 
radon risk communication seminar at . 
New York University. 

"People don't usually live in their 
basements, but some homes in New 
Jersey have ·been found with levels in 
their bedroom~ and living rooms high 
enough that If they were uranium 
mines instead of homes, the federal Oc
cupational Safety and Health Adminis
tration would shut them down," he 
added. 

. Another federal study states that· 
30 percent of the 250,000 structures, or 
75,000 houses, schools, offices and other 
buildings along the Reading Prong, 
have levels of radon gas at 4 picocuries 
per liter or greater. 

The problem is that the public is 
largely ignoring the situation. Their 
reas~ns ~anged f~o.m apathy to pro
crastmatlon, skeptiCISm concerning the 
level of risk involved, or what might 
best be described as risk burnout. 
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(Where 15 to 30 percent of the homes Plco
may be dangerously contaminated) curies· 

1000 times average 
indoor level 

Over 75 times ~ nonsmoker's 
risk of dying from lung cancer 

4, pack-a-day smoker 
100 times average ..... 

indoor level ~ 10,000 chest X-rays 
per year 

~ 30 times a nonsmoker's risk 
of dying from lung cancer r 

• Province 
rlJ Reading Prong 

liD Newark Basin 

.100 times average ~ 
outdoor level-' 

10 times average ~ 
indoor level 

1 0 times average ..... 
outdoor level 

- -OEP. Commissioner Richard EPA, contends the public has not faced 

2 pack-~-day smoker 

1 pa~k·a-day smoker 

3 times a nonsmoker's risk 
of dying from lung cancer 

200 chest X-rays per year 

Nonsmoker's risk of 
dying from lung cancer . . 

Source: E.P.A. 

Dewling says people are not as upset ~ up to the threat for a variety of rea-
about radon as they are about some- '. sons. Th~ ~PA re~rt notes .that despite . 

, thing more visible, symbolic and man- the publICity, the rIsk remalOS unfamil-

, Nancy , 39 ,-of 'Dover 
said she is tired of hearing how "just 
about everything causes some type of 
cancer. Bacon, cigarettes, coffee, 
what's one more carcinogen? It's hard 
to take a lot of these so-called health 
hazards seriously," she said, adding she 
had no plans to test her house unless the 
state or federal government paid for it. 

made, such as a hazardous waste site.· iar. Also, it said, because there is no . 
"I think the main reason, more : thi~d party to bl~e in the case of geo-

people have not tested is that it's not as, lOgically occurrmg radon, perceptions ' 
emotional an issue as other environ- : are different. 
mental issues are. You can't see it, feel ; Mitigating the radon problem can 
it, smell it or taste it. Because it's natu- ~ expensive, and because people don't 
ral, it doesn't seem to upset people as lIke to spend money or possibly risk 
much as hazardous waste, which poses hurting their own property values, they 
a far less risk than radon does," said are confronted with an economic rea-
Dewling.. son not to test their house. 

"Next to smoking, radon gas is the More than a year ago, Bradley dis-
biggest risk when it comes to lung can- played a $12 detection device available 
cer. There'~ no doubt we have to do a from the University of Pittsburgh in 
better public education job," Dewling . front of a standing-room-only crowd at 
said, adding the state's radon program . a town meeting in Sparta. The senator 
is larger than that of the federal gov- " . demonstrated how to use the device and 
ernment. " " then recommended ways that indoor 
___ .t\,wide range of people, froni high radon could be dispersed. 
school dropout' blue..collarworkento- ; . In an interview last week, Bradley 
middle-management office workers said he has not tested his Denville 
and Sen. Bill Bradley (D-N.J.), aie house. 
among the 1.6 million homeowners at "I just haven't had it done. I guess 
risk in New Jersey who have not tested I've put myself in a category along with 
their houses. a lot of other people. It's a matter of 

They far outnumber the 50,000 deciding to do it and I haven't," Brad-
. homeowners who, tested their homes :ley said, adding his office has assisted 
and the much smaller number who, d~ . : thousands of constituents requesting in-

, pending on the level of radon that was formation on the radon problem. 
found, ~ecided to correct the proble'll" ;~ Frank Horner, a 47-year-old fa-
accordlDg to Gerald Nicholls of the ~.th~r of five who lives in Hopatcong, 
DEP's Bureau of Radiation Protection., said he has not tested his house be-

"There was tremendous interest ,.cause he is not convinced it is a signifi-
; about the Three Mile Island nuclear . cant ~roblem. 
. power plant disaster. But there are ~,: 'If it was reaDy dangerous, I think 
! more people in New Jersey who are ithere would be a lot more action by the 
, getting more radiation from radon in a ,: . government. I've never gotten' a single 
week than anybody ever got from i fiece of mail about this from anybody. 

, Three Mile Island," Nicholls said. ! grew· up'iri this, ,rea and I don't· have. 

Experts agree the only effective 
way to reduce risk from radon is for 
individual homeowners like Wester
field, Horner and Bradley to monitor 
their houses and take remediation steps 
if,significant concentrations are found. 
, " But if reducing the radon threat 

'depends on the state and federal gov
ernment~' ability to educate the' public 
.and:encourage participation Without 
prpducing panic, a lot more public 
awareness programs need to be begun, 
tqe: Rutgers University researchers 
contend. 
:. ,Sandman, who has served as a 
'consultant to the DEP and the state 
Radon/Radium Advisory Board, said 
the federal government has defaulted 
,on '. its obligation to warn people about 
radon:-""-'" ' ... , . 
. "Not enough progress is being 

made in warning the public. While the 
radon itself is rising through the cracks, 
warning people about the risk of radon 
seems to be falling through the cracks. 
The problem is apathy, not panic," 
Sandman said. 

Claiming the state is "dragging its 
heels" on publicizing the threat, Sand
man contends the DEP is less than en
thusiastic about regulating a risk that 
really cannot be regulated. .' , 

,,: A. study re~ently completed by lung canc~r. 1 j,ust.df;ln't think it's a big 
______ ......:.;; A ... n_n_F..,;lS..,;h:.,;;e.:..:r,...:.;a...:.;se.:,:n::.lo::.r • .:e=co=n::o::m:.::is::.t .:w,::it::.h .:th:;e ___ " ..:.:.~e...:a~.l,.:.': .:..h~.~~~.,,~._<_, ,_, ____________________ _ 



According to Sandman's .n.h, 
46 percent of those surveyed l~ve 
on the Reading Prong have never 
thought about testing for radon. Eighty
seven percent of those off the prong but 
still at potential risk have not consid
ered testing; and 11 percent of those 
living on the prong have never even 
heard of radon. 

The Rutgers consultants' report, 
which surveyed public opinion upon a 
random sampling of people 'living on 
the Reading Prong, also recommends: 

• The DEP should begin an active 
public education program, noting that 
without one, the number of homes test
ed is likely to remain low. 

• Programs designed to prevent 
the public from feeling panic, anger or 
blame about radon-the state's toll
free telephone hot~' is 'anexample:of 
such a project-sfwl1l~ be maintained:'.?' 

• Program~:'irIcouraging hqro~.~ 
monitoring'should focus on the P9in,t 
that radon is not limited to a particular ,': 
area, that it is found throughout north-! 
ern New Jersey, and that there is:JW .
way to be sure about a specific ho~~:::, 
unless it is tested. f, ," 

• Additional informational rTla-/ 
terials about home radon testing shoql.(\': 
be made available. . ",'," 

•• Community-level self-hel,p 
groulls or remediation forums would. be.:. 
very beneficial. 

, ......... . 
• Additional research is needed ~o~ 

determine whether people who fi~~ 
they ha~e ~levated .levels ,of ~adon"~~e:: 
succeedmg m reducmg their fisk. '-" ... 

Christopher Daggett, the EPA~s:: 
regional administrator, said al~hough~ 
he agrees more could be done to edW_ 
cate the public about the radon issue, a , 
wide range of environmental issues 
compete with each other for the pulr.' 
lic's attention. :-:''' , 

"Conc~ptually, I agree that t~~,,: 
state and federal governments could d.o " 
more. But it's not as simple to blame it ,. 
on us. This is a frustrating problem for, 
us all," he said. 

Stat'Ledger Graphic 

Photo by Keyln Murtagh 

Peter Sandman, professor of environmental communications at Rutgers, 
speaks to the New Jersey DEP Radon Advisory Council in East Hanover 
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An Information series from National Concrete Masonry Association F-160 

Radon Safe --.J 

Basement ConstruCtion 
Introduction 

Growing concerns regarding the potential health hazards 
associated with exposure to excessive levels of radon gas are 
being expressed by various groups in both the public and private 
sectors. These concerns may be attributed to claims that radon 
gas is the second most prominent source of lung cancer (esti
mated at between 5,000 to 20,000 deaths per year), exceeded 
only by the use of tobacco (approximately 350,000 deaths per 
year), and may be the prime cause of cancer related deaths 
among non-smokers according to some sources. Table I illus
trates the relative risks of contracting cancer based upon expo
sure levels. Current science information places the "Safe Level" 
at or below 4pCi/liter (0.02 working levels). A working Level is 
defined as the maximum exposure "Dose" rate set for uranium 
miners. 

The U.S. Department of Energy has estimated that 5 to 10 
percent of existing homes in the U.S. may have "Elevated Radon 
Levels." EPA, The U.S. Environmental Protection Agency, has 
performed detailed investigations of basements in homes with 
high measured radon levels and has discovered that certain miti
gative measures can significantly reduce radon levels. Although 
much is now known about how existing homes may have their 
radon concentration levels reduced (mitigation), the formulation 
of construction techniques for intentionally designed "Radon 
Resistant" homes is still in the experimental stages. 

Meanwhile, bUilders, developers, realtors, building officials, 
material suppliers and prospective homeowners are in need of 
information that can provide some degree of interim protection. 
The purpose of this TEK is to provide basic design guidance on 
radon resistant basement construction until more definitive 
information is available. 

What is being done? 
The National Association of Homebuilders' (NAHB) 

National Research Center in Maryland is the prime contractor 
selected by EPA to design, build and monitor experimental 
homes with homebuilder participation using advanced radon 
resistive techniques. Builder Associations in three states, New 
York, New Jersey and Pennsylvania, are involved with the proj
ect and about 100 homes to be constructed using various proto
type radon reducing applications are planned. 

Since basements have been singled out by some to present 
special problems as a result of radon gas entry from the more 
strongly radioactive soils, special attention is being paid by 

TEK F-160 © 1987 National Concrete Masonry Association 
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- researchers to the investigation of fo~dation 'y!!'lIs. Concrete 
block, cast concrete and pressure :tre~d woc:fCNrame founda-
tion walls are to be studied. f ' - • • 

The argument about "energ>,:ef~ent" homes "causing" 
radon levels to elevate is still under debate. Ther4 is little ques
tion that since the first two oil price shocks in 1973 and 1979, 
considerable progress has been made in the research and applica
tion of energy efficient construction practices such as insulating 
wood frame walls, ceilings and floors; determining the effects of 
passive solar heating and thermal mass; and reducing air-leakage 
in building shells. However, air-leakage by diffusion and pressure 
differences between below grade indoor spaces and soils was not 
considered in the rush to conserve energy in buildings. Also the 
thermal performance of below grade spaces has only recently 
come under investigation. 

The data on actual radon sources in buildings are sparse and 
show no direct cause-effect relationship with energy efficiency. 
It is apparent that the above-grade air-tightness in homes creates 
slight suction with exhaust fans, opened windows or even wind 
passage over the building surface. This negative pressure acts on 
cracks, crevices and unsealed below grade pathways allowing soil 
borne moisture and gases to penetrate slabs, foundation walls 
and basement floors and disperse into the indoor air, reducing 
its quality. 

It is important to determine such potential sites of pressure 
driven and diffusive gas flow into today's more energy conscious 
buildings, and review some of the methods for possible preven
tion. There will never be a completely "radon-free" home, 
office, school or even outdoor air, but excessive levels may be 
controlled to provide a healthier environment. 

In the most extreme case of radon pollution in a home 
found to date, engineers were able to reduce radon levels by 
1000 times following a very costly prototype mitigation project 
devised by the EPA. In most homes with typical radon levels, less 
than a few hundred dollars will be required to attain safe radon 
levels. Only -in the very worst cases would expenditures of 
several thousand dollars be necessary. Table 2 lists some of the 
typical measures used for reducing radon gas levels in homes. 

Concrete Masonry Basements 
Because of the versatility and inherent characteristics of 

concrete block which make it especially suited for foundation 
walls and basements, several previously published TEK notes are 
available on the subject. These publications provide excellent in
formation on proper mortar joints, footing construction, wall 
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bracing. backfilling. anchorage. waterproofing. structural load
ing and reinforcement. To adequately resist entry of soil gases. 
concrete block walls must be designed and constructed to 
minimize cracking. 

Additional information is available for design of below grade 
living spaces and earth sheltered homes that have special require
ments. There is no evidence that insulated. properly water
proofed earth sheltered homes pose a significant radon risk if 
paths of soil gas entry are sealed. This is especially important for 
earth sheltered living. because where gas can infiltrate. moisture 
will follow with the ensuing potential for damage. 

Control of air leakage in above grade concrete block walls 
can be achieved in several ways. Some of these gUidelines and 
data are discussed in other TEKs and may be helpful in evaluating 
the radon gas prevention options. Results of air-leakage tests on 
concrete block walls show that the combined filling of cores with 
relatively fine grained materials. grout or concrete. and two 
coats of paint on the interior surface of the wall. can be quite ef
fective. This treatment. used in conjunction with the asphaltiC 
compound dampproofing layer(s) required by the model building 
codes. should practically eliminate air leakage through walls 
located below grade. 

Figure I. 

Extruded insulation 
continuous with 

above grade 
sheathing over 

asphalt damp-proof 

Radius and 
damp-proof 

Cont. perim. 
drain 

Seal and insulate 
band joist area 

Two coats latex 
enhanced masonry 
paint. Seal cracks 
and joints first 

Hatch areas are filled 
to prevent air movement 

In "L"; I" insulation 
(XPS; SO psi) 2' min. 

Figure I illustrates a prototype block foundation wall (8 
inch) with several levels of protection against leakage. First. the 
wall should be sealed with a solid unit or some form of fill in the 
core voids at the top. Periodic filling is superior and breaks air 
convection cells down to smaller elements. The interior surface 
should receive two coats of latex enhanced or oil base paint 
following pre-sealing of cracks and crevices with an epoxy com
pound. and the mortar joints should be treated with a vapor 
retardant paint. 

The joint at floor level should be sealed with a 1.5 to 2 inch 
flexible bead of caulking compatible with the concrete. 

The slab should be cast on an "L-type" insulation bed at the 
perimeter over 12 mil minimum vapor retarding sheeting. lapped 
and sealed at all joints. For each 500 square feet of basement 
floor area. a PVC vent pipe with a "tee" should be capped and 
placed so as to provide for sub-slab venting if future radon tests 

o 
indicate a need. Sumps should be avoided if possible. but if re
quired should be designed and fitted as shown in Figure 2. 

Figure 2. ~ 

Existing drain tile 
circling the house 

Aggregate 

Source: Sanchez and Henschel "Radon Reduction 
Techniques for Detached Houses." 

--" 

The exterior of the foundation wall should have the joint at 
the footer sealed with a cove base formed from the Portland 
Cement plaster parge coat. Asphaltic dampproofing should be O. 
applied per code (two coats preferred) over the block wall ex-
terior. Where required. or desired for energy savings. extruded 
rigid board insulation should be applied. preferably extending 
down to the footer. This rigid board insulation should be pro-
tected by impact and weather resistant materials for a distance 
extending a minimum of 12 inches below grade. 

If the wall is to be furred out and insulated with fiberous 
interior insulation. the sealant on the block walls should be of the 

Figure 3. 
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Source: Sanchez and Henschel "Radon Reduction 
Techniques for Detached Houses." 
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TABLE I 

Radon Risk Evaluation Chart 
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Source: EPA Journal 

Estimated number of 
lung cancer deaths 

due to radon exposure 
(out of 1000) 
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Pressure Treated Wood Foundations 
Curiously, no testing has been conducted to measure radon 

entry through pressure treated wood foundations. Over the last 
10 years, wood foundations have increased in number to repre
sent about I % of total basement prodUction, according to the 
1987 Professional 8uilder survey of homebuilding practice. This 
means over 15,000 wood frame foundations were constructed 
in 1986. Data on their resistance to radon gas entry is vitally 
needed. 

A wood foundation is assembled much like above grade 
carpentry, piece by piece. Chemically treated wood studs and 
plywood sheathing are used, with caulking, sealants and treated 
fasteners. The system depends upon an exterior polyethylene 
vapor retarder sheeting to resist water entry. The foundation 
walls are supported on wood plates, or sometimes on concrete 
footers installed over thick gravel sub-layers placed directly on 
soil. For drainage, sumps are used to assure the basement re
mains dry. The intimate contact of this system with the gravel 
and close proximity to soil layers suggests radon gas could be a 
Significant problem in areas with high soil radon concentrations. 

Comparable 
exposure levels 

1000 times 
average outdoor 
level 

100 times 
average indoor 
level 

100 times 
average outdoor 
level 

10 times average 
indoor level 

10 times 
average outdoor 
level 

Average indoor 
level 

Average outdoor 
level 

Comparable 
risk 

More than 60 times 
non-smoker risk 

4 pack-a-day 
smoker 

20,000 chest 
x-rays per year 

2 pack-a-day 
smoker 

I pack-a-day 
smoker 

5 times 
non-smoker risk 

200 chest x-rays 
per year 

Non-smoker 
risk of dying 
from lung cancer 

Builders considering wood foundations should remember 
that each joint in the complex treated wood foundation must be 
very carefully sealed. Today's best silicone fortified sealants have 
useful lifetimes of 10 to 15 years, and little information exists on 
the performance of these materials under continuous exposure 
to moisture. Investigation shows no warranty is typically offered 
on caulks and sealants for below grade construction. 

Extreme caution must be taken to avoid damage to the 
exterior vapor sheeting (the wood foundation's waterproofing) 
when backfilling. Penetration of the sheeting or caulking or 
caulking failure may result in water and soil gas leakage indoors. 
The open sump, common to most if not all wood foundations, 
should be treated much like that shown in Figure 2. However, 
plywood flooring over studs resting on gravel must be very well 
sealed at all joints, and at the sump penetration. Concrete slab 
floors are recommended with wood foundations, and may have 
much lower radon leakage than wood floors on gravel or over 
soil layers. 
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TABLE 2 

Methods To Reduce Radon Gas Levels 

Effectiveness of Measure Costs 
Method Mode (%) Reduction Confidence Operation $ 

Ventilation (Natural) Approx.90 Moderate Open windows all around Space conditioning 
Open Windows building adds to heating/ costs will vary 

air condo bills. May 
reduce indoor comfort 
level 

Ventilation (Forced) Approx.90 Moderate Open windows as above $150 installation 
Fans and open but augment with fans $100 approx. for 
windows operation 

Space conditioning costs 
will vary 

Ventilation with Fan powered air up to 96 Moderate to Continuous air exchange. $400-$1500 installation 
heat/cool recovery to air heat high Vent rate depends on $100 approx. for 

exchanger building air volume. operation 
Up to 70% of the heat 
or cooling may be 
recovered 

Depressurization Outdoor air make 0-10 Moderate Assumes the fired -fairly low cost 
Avoidance up to fired appliances operate -site specific 

appliances 20%/time/year provide -equipment efficiency 
fresh air may improve 

Seal up sources- "gas-proof" Some Case-specific Seal rooms that are Less than $100 small 
vent zones barrier materials; areas of major entry fan, costs low 

exhaust vent like crawl spaces, 
sumps, basements. 
Vent air to outdoors 

Seal up points of Use gas proof 30-90 Case-specific Seal up all indoor cracks, $300-$500 
entry sealants (field results crevices, holes porous 

show low to surfaces, cold-joints, 
moderate utility penetrations, 
levels) drains, sump openings, 

perimeter drains 

Vent soil gas via Collect, dilute ~ 98 Moderate, Collect soil-gas via $1200 approx. 
drain tile exhaust soil gas Case specific aspiration of the installation 

borne radon at perimeter drain tile. $15 for fans 
perimeter Building must have $125 + for increased 

footing level drain tile. heating costs 
No block walls on 
footings below slab level. 

Ventilate (hollow) Collection and up to 99 Moderate to Continuous collection $2500 approx. 
block basement exhaust of air high and exhaust of air con- $5000 for baseboard 
walls from inside cores taining radon gas from system plus fan power 

of block inside block walls. and heat loss 
foundation wall If french interior drain Approx. $140/yr. 

(channel), use integrated 
baseboard vent system 

Sub slab ventilation Collect and 80-99 Moderate to Continuous fan collec- $2000 (contractor 
exhaust soil gas high tion and venting of gas installed) 
from below from the aggregate base Retrofit pipe network 
concrete slab (gravel) below concrete $5000 

slabs 

One point of suction for $140 operating and heat 
each 500 sq. ft. of slab cost 
area. 

If new home, place 
ventilation network 
under concrete cast slab 
for continuous venting. 

Source: "Radon Reduction Techniques for Detached Houses" U.S. EPA. 
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vapor retarding variety, or a 4 to 6 mil polyethylene sheeting may 
be used as a vapor retarder. 

Figure 3 illustrates a very low cost, moderately effective 
way to seal the top course of block foundation walls with "mor
tar" (lean cement grout) or perhaps more convenient-packaged 
expanding urethane foam. If an eight inch wall is to be used for 
the foundation, wood blocking abutting the sill plate and sealed 
with caulking or foam may be used to form a seal as shown in 
Figure 4. Care should be provided to assure that the seal is con
tinuous. Interior shear walls or partitions that bed on thickened 
portions of the slab or penetrate the slab to other footers, 
should be sealed in the same manner as exterior foundation 
walls. Utility penetrations should be avoided where possible and 
very well sealed with flexible caulking where required. 

Figure 4. 

Siding 

Sheathing 

Header joist 

Sill plate 

Floor 

Coated wood strip 
to close void 

Top void 

Concrete block 

Source: Sanchez and Henschel "Radon Reduction 
Techniques for Detached Houses." 

Radon entry in cavity wall construction of frame or block 
backup can be reduced by the use of a foamed-in-place insulation 
material to close the veneer gap with a waterproofed material. 
However, this can result in water buildup in the wall if careful at
tention is not given to replacing weep holes directly above the 
foam "plug" (Figure 5). An alternative would be to fully foam 
the top 12 inch course as shown in the figure. A proper metal 
flashing would direct convection air flow from the 12 inch to the 
8 inch upper unit; thus the need to seal the top of that unit to 
block the other air-path. Care must be taken with the detail in 
Figure 5 to avoid moisture damage if it is used with wood or steel 
frame backup systems. 

In Florida, proposed regulations against casting slabs directly 
on grade in reclaimed phosphate mining lands have been drafted. 
A vent-core radon proof slab system, as shown in Figure 6, may 
be constructed by casting a reinforced concrete slab atop stand
ard hollow core masonry units laid on their sides. The slab should 
be isolated from the concrete masonry by a V2 to I inch 
extruded polystyrene layer of insulation and a sheet of 
polyethylene, which serves as a vapor barrier. 

In plan view, a schematic layout of a 1000 square foot floor 
with two vented slabs is shown in Figure 6. Outside air is supplied 
to one plenum, while a small fan atop a vent stack pulls the fresh 
air through the slab vent-cores and exhausts radon gas attempt
ing to enter the building through the floor system. The exhaust 
air should not exit into attics or other spaces adjacent to living 
areas. A variation of this system would be to use a simple two-

o 
Figure 5. 
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Veneer gap --.....I.-Y-..... 

Header joist 
Floor 

Brick veneer 
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veneer gap Coated wood strip 

to close void 
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Source: Sanchez and Henschel "Radon Reduction 
Techniques for Detached Houses." 

way damper to control the movement of solar warmed attic air 
through the slab in winter, or air supplied via earth tubes for cool
ing in summer. In this case only the vapor retarder sheeting is 
used, and the insulation layer between the block and concrete 
top slab would be eliminated to improve heat transfer. This 
system would be similar to the air-core deSign, reviewed in 
TEK-120 and TEK-140. 

Figure 6. 

Any above grade wall type 

Yl in. to I in. ext. 
polystyrene on 6 mil polyethylene 

NCMA footer block 

Section 

Vent stack to fan (100 cfm/500 ft. 2) Vent stack 

\ 

Max. 500 ft.2 
vent-core 

11 
I 

OA 

Reve2 
taper plenums 

C , 
OA 

Plan view 

I 



o 
Conclusion 

Block foundation walls in new construction can be effec
tively sealed andlor adapted for ventilation if necessary at a low 
to moderate cost. There is no technical reason to presume 
block foundations are necessarily more susceptible to radon than 
other types. Common sense and good design in light of today's 
improved scientific knowledge permits confident use of con
crete block below grade. 

It is prudent to use thicker vapor retardant sheeting below 
all floor slabs and to fit vent stacks. capped for future possible 
u~. into the sub-slab gravel bedding in the event ventilation is 
required. 

Walls below grade must be designed to resist long term soil 
pressures to reduce cracking which can increase soil gas entry 
points regardless of construction type. 

Prior to considering or installing active mitigation measures 
such as outlined in Table 2. all possible points of soil gas entry 
should be caulked and sealed. 

Some maintenance may be expected with radon prevention 
measures. as would be expected with any bUilding or mechanical 
device. These measures should be taken in a timely manner as 
recommended by the builder or system installer. 

CEMENT AND 
CONCRETE PRODUCTS 
INDUSTRY OF HAWAII 

o 
For best results. buildings should be tested every winter in 

high radon regions to alert the owner to any repairs or further 
actions required. 

The science of pre-construction radon soil testing is in its 
infancy. It has been recommended that at least three locations 
roughly triangulating the building site be tested at a depth of four 
feet prior to construction. In this way. knowledge of soil radon 
gas source strength can lead to informed decision making regard
ing the types of preventive measures to be applied. 
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Radlum.226 In the Earth's 
crust decays into radon.222, 
which finds its way into 
both indoor and outdoor air. 
Some radon escape. from 
the .oil by molecular dlffu· 
.Ion, but mo.t enter. 
hou ••• through cracks, 
par •• , and other openings, 
carried by air flow created 
by pre.sure difference. be· 
tween the indoors and out· 
door •• The.e difference., 
caused by temperatures and 
winds, draw air inward 
across the lower part of the 
building and outward at the 
top. 
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/ Floor drains 

its way into both indoor and outdoor air, 
limited primarily by its half-life of four 
davs. 

Once in the air, the decay of radon leaves 
several short-lived radionuclides-isotopes 
of polonium, bismuth, and lead-in the 
air. If these isotopes are inhaled, their 
chemical reactivitv can cause them to be 
depOSited in the lung, and, once there, 
they are likely to decay, irradiating the 
surrounding tissue. This exposure has 
been demonstrated to cause high rates of 
lung cancer among miners. Hence the great 
concern about high concentrations inside 
our homes. 

The Indoor Environment Program began 
two main efforts on indoor radon during 
1978 under the leadership of Craig Hol
lowell. One was the study of building ma
terials like concrete and brick, which
b.ecause they are made from gravel and 
clay-contain radium and therefore give 
off radon. At the same time, in order to 
examine the potential effect of energy 
conservation, the growing radon group 
measured radon concentrations and ven
tilation rates in sets of houses across the 
country. This work not onlv indicated that . . 
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the average concentration of radon indoors 
v"as about one picocurie per liter (1 pCi 
I), it also demonstrated large differences 
in concentration from one house to an
other, with onl\' a weak correlation with 
the ventilation rate. LBL researchers-in
cluding Bill Nazaroff (now at CalTech) and 
me-<:oncluded that \'ariation in entry rate 
was a major clue to understanding the 
indoor radon problem. 

However, the group also concluded from 
its materials studies that concrete and other 
house components could not account for 
even the average amount of radon found 
indoors, let alone the high levels observed. 
In contrast, the ground was known to give 
off radon at a significant rate, high enough 
to account for average indoor levels if onl~' 
it could enter houses. The difficultv was 
that the escape of radon from the soil oc
curs mainl\' bv molecular diffusion, a 
process that should be reduced greatl~' b~' 
the materials making up the understruc
ture of a house. For example, a concrete 
basement t100r could be expected to reduce 
radon diffusion from the soil bv about a 
factor of 10. Another explanation had to 
be found. Furthermore, for the Ilighcl' con
centrations found indoors, the amount 
entering houses appeared to exceed sub
stantiallv the rate at which radon diffuses 
from the soil. 

The answer to this scientific puzzle la~' 
in realizing that radon might enter houses, 
not bv diffusion, but bv actual flo\,,' of air . . 
out of the ground. In fact, it was already 
generally realized that air flows carried 
some radon indoors, in particular from 
the outdoor atmosphere. Houses are ven
tilated mainl~' through uncontrolled infil
tration of air between the indoors and the 
outdoors. This air passes through building 
shells \'ia cracks, pores, and openings at 
a rate that can be surprising. A typical 
infiltration rate exchanges about one house 
volume's air per hour between the indoors 
and the outdoors. This is so fast compared 
with the four-da\' haH-life of radon that. 
in the absence of other sources of radon, 
the indoor concentration would equal that 
outdoors, about 0.2 pCi/1. This high air
-exchange rate is also the reason for so 
much interest in "tightening" building 

WIr\TE::1 '986 

o 
shells to reduce the costs of heating and 
cooling infiltrating air. 

The hypothesis we developed to account 
for the L 10, or even 100 pCi!1 of radon 
found indoors was that the same forces 
that cause the overall infiltration of air 
through the building shell also could cause 
some air flow from the ground. These 
forces are small pressure differences be
tween the indoors and the outdoors cre
ated by tvvo factors. One is the temperature 
difference between the indoors and out
doors, which-during the heating sea
son-<:an produce a flow of air upward 
through the the house, much as a fire in 
a fireplace causes air to flow up the chim
ney. The second is winds, which produce 
small pressures against the building shell, 
much as the breeze is felt against one's 
cheek. Together, these factors generate 
pressure differences of a few hundred 
thousandths of an atmosphere-yen' 
small, but the main source of ventilation 
in most homes. And, during the heating 
season, the main flow of air tends to be 
inward across the lower part of the building 
shell and outward at the top of the build
ing. 

Could these pressures also cause suf
ficient flow from the soil to account for 
most of the radon found indoors? Simple 
calculations suggested they might. The 
concentration of radon in the air in the 
soil, that is, in the intergranular spaces 
between soil particles, is typically about 
LOOO pCill. Roughly speaking, only 0.1 
percent of air infiltrating into houses had 
to come from the ground to account for 
average indoor concentrations near 1 pei 
I. Furthermore, this mechanism appeared 
to offer an explanation for high indoor 
levels-either higher-than-average radon 
concentrations in the soil gas or larger
-than-average flows of air from the soil. 

To test this hypothesis, we mounted a 
series of experiments, as well as corre
sponding theoretical studies, over the last 
several years. These have involved ever\' . . 
member of the group, including Nazaroff 
and me, Barbara Moed, Ken Revzan, and 
Richard Sextro, as well as members of other 
LBL groups and other institutions. One 
class of studies has been intensive mea-

Halflife 

3.8d 

3.1m 

27m 

20m 

164 IJ.S 

22y 

Radon·222 is a noble gas that 
does not react chemically 
but decays into a series of 
radioisotopes that, because 
of their short half-lives, will 
decay while stili in the lung, 
emitting alpha particles that 
damage surrounding tissue. 
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Data on radon 
concentrations in some U.S. 
homes, shown in the figure, 
indicate an average of 1.7 
pCl/l, slightly higher than the 
results from a more 
complete analysis, and 
about 2.7 percent of homes 
with greater than 8 pCI/I. 
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surements at a few houses-for example, 
at one near Chicago that had above-average 
levels. Instrumentation packages were in
stalled to measure environmental param
eters (especially winds and temperatures)' 
along with radon concentrations and ven
tilation rates, continuously over periods 
of weeks to months. The objective was to 
examine in detail the correlation bet\veen 
the rate at which radon entered homes 
and the factors that might cause entry. 

Another series of experiments was un
dertaken to measure the alteration in the 
pressure field in the ground around 
houses, an alteration that was implied di
rectly by the pressure-driven flow hy
pothesis. These experiments, performed 
primarily in high-radon houses in the Pa
cific Northwest, were accomplished by 
driving probes into the soil at distances 
up to 5 to 10 meters from homes to see 
whether the homes were drawing on the 
soil sufficiently that a depression in the 
pressure field could actually be measured. 
In these same experiments, tracer gases 
were injected at some probe points and 
monitored at others to observe directlv 
the flow of underground air toward the 
building. Finally, approximate theoretical 
models have been used to calculate the 

pressure differences, ,1ir t1o\\' \'e loci ties, 
and radon entry rates implied lw this h~'
pothesis. 

All of these studies vield consistent re
sults, supporting the general picture that 
pressure-driven flow is the primary 
mechanism for radon entering L' .S. sin
gle-family homes. Indeed, cunfirmation 
of this picture has come in a \'en' practical 
way: remedial work on high-radon homes 
in the Pacific \iorthwest and in Penns\'!
\'ania has shown that disruption ot this 
flow pattern-for example, bv \'entilating 
the gravel beneath the basement-can 
drasticallv reduce indoor radon concen
trations. 

One might think that acceptable con
centrations can be achieved merelv bv 
better ventilation. Although this would 
be true if a concentration reduction of up 
to 50 percent were sought. reductions of 
80 to 90 percent or even more are Lltten 
desired. The five- to tenfold increase in 
ventilation rate required would likel\' be 
unacceptable from the point ot \'iew llf 
either comfort or cost. 

An alternative means llt cllntwlling ex
posures focuses on cleaning the airburne 
deca\' products of radon from the air. llsing 
tried and true methods like filtration or 



o 
electrostatic precipitation. This possibility, 
as well as the need to better understand 
the nature of the exposure from these decay 
products, has led the LBL group-and re
searchers elsewhere-to stud" the detailed 
behavior of decay products in the indoor 
em'ironment. Beginning in 1981, LBL sci
entists have been investigating how these 
chemicall~' actiw isotopes interact with 
particles, deposit on walls, or are removed 
b~' ,'entilation and air-cleaning devices. 
These processes compete \-\'ith one another 
and are affected substantiallv b,' environ
mental conditions indoors. 

One ke,' issue is the extent to which 
the radon decay products attach to airborne 
particles like smoke from combustion ap
pliances or tobacco. Those that do not at
tach-and most of them do-are thought 
to cause a disproportionate amount of the 
lung dose that leads to lung cancer. An 
important result of this complicated pic
ture, as indicated by experiments of Sextro 
and others. is that air-cleaning devices that 
remove particles and radon decay products 
from the air ma~', on the one hand, reduce 
the total concentration of deca~' products, 
but also raise the concentration of the un
attached fraction, because the decay 
products no longer have as many airborne 
particles to attach to. The net result is that 
air-cleaning devices, if the,' work at all (a 
questionable premise for some products), 
may have little or no effect on occupants' 
radiation dose, even if the~, are removing 
most of the decay products. Even for par
ticle remO\'al itself, only the more expen
sive and larger devices are found to be 
\'ery effective. The cheaper ones process 
ven' little air and remove ani" a small 

, , 

fraction of particles. 
LBL's experimental study of decay 

products has been complemented b~' a 
modest theoretical effort examining de
cay-product deposition on walls in a model 
that attempts to simulate the actual move
ment of air within a room. This model. 
developed at LBL by former UC Berkelev 
graduate student Gail Schiller, therefore 
tracks the detailed movement and behavior 
of the decay products, rather than trying 

o 
to use room-average concentrations and 
rates. This approach is entirely comparable 
to that in sophisticated outdoor models, 
which represent air pollution in a region 
such as the Los Angeles basin by consid
ering an inventory of emission sources, 
chemical interactions among pollutants, 
the winds that move the air and pollutants 
within the area, and the various processes 
that remove pollutants from the air. LBL 
scientists hope, in fact, that the decay
-product model can be extended to ex
amining the behavior of other kinds of 
pollutants in the indoor environment. in
cluding combustion emissions and a va
riety of organic chemicals. 

The radon group's unusually deep re
search efforts on radon behavior also have 
provided the basis for another kind of ef
fort: the anal~lsis and interpretation of the 
full scope of data coming from the research 
community as a whole, as well as utili
zation of information from other scientific 
areas. A key-and highly publicized-ex
ample of the first kind is a recent analysis 
of all the data on indoor radon concen
tration available from survevs conducted 
in various areas of the United States. Other 
researchers had contended that the data 
were so varied in kind, and sometimes so 
unreliable, that one could conclude little 
from them, either about average C .5. con
centrations or about the number of homes 
with high concentrations. 

LBL researchers disagreed. In the belief 
that there was much to be learned from 
existing data, Beth Schwehr, then a UC 
Berkeley graduate student, Nazaroff. 
Reyzan, and I collected and anal~'zed a 
total of 38 sets of results available in the 
scientific literature and obtained from col
leagues throughout the country. We used 
the fact that the larger data sets tended 
to vield a characteristic distribution for the 
probable number of houses as a function 
of concentration. An important feature of 
this distribution is the existence of a small 
but significant number of houses at con
centrations much larger than average. Our 
analvsis of the total C.S. data also vielded 

, -
the same type of distribution but included 

Finding and fixing so 
many houses will be 
as large an environ· 
mental program as 
has ever been under· 
taken ... 
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A major thrust of 
LBL's research on ra· 
don has been to 
investigate the physi. 
cal mechanisms 
contributing to the 
magnitude and varia· 
bility of observed ra· 
don entry rates. 
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some important corrections. First data 
from survevs that were mounted because 
there was some reason to expect high cun
centrations had to be thrown llut because 
these automaticallv shift the results toward 
high values. Second, data that were ac
cumulated only during part of the vear
for example, during the heating season
had to be adjusted to take aCCllunt llt sea
sonal variability. Finallv, various schemes 
were used to weight the different data 
sets to take account of the area llr popu
lation represented. 

The different weightings did not int1u
ence the results, and the l)ther adjustments 
affected the resulting distributions in the 
directions that v,,'ere expected. The overall 
result of the analysis was an unexpectedl\, 
robust representation of concentrations in 
C .5. homes, particularlv single-tamil\' 
homes, the type examined in almost all 
surveys to date. The a\'erage year-long 
concentration was found to be 1.3 pei L 
with 1 to 3 percent of houses (totalling 
about 1 million) above 8 peid, a level at 
which occupants are receiving a dose 
greater than the average for uranium min
ers. About 7 percent were found to exceed 
.t pCiIl, the level above which the Envi
ronmental Protection Agencv recently 
recommended action to reduce concen
trations, thereby affecting several million 
U.S. homes. 

Ironically, the EPA relied significantly 
on our work for their estimate that as manv 
as 12 percent of homes exceeded .t pei L 
apparently neglecting the adjustments that 
were an essential element of our analvsis. 
And we, like other researchers, have been 
involved in a related controversv about 
the advisability of setting remedial action 
guidelines as low as .t pei! 1. believing that. 
at least for now, attention should be di
rected to houses with higher concentra
tions, say about 20 pei!1. Judging from the 
LBL analysis, there appear to be plent:' 
of high-concentration houses around to 
occupy the capabilities of scientists, state 
authorities, and home contractors. 

Regardless of the number of houses ul
timatelv involved, whether 100 thousand 

o 
or 10 million, the scope of corresponding 
remedial efforts is daunting. Finding and 
fixing so man v houses will be as large an 
environmental program as has ever been 
undertaken, including those associated 
with outdoor air pollution or with toxic 
waste dumps. 

Interest in how to attack the radon 
problem from a practical point of view has 
led, not only to the LBL group's evaluation 
of probabilities and priorities, but also to 
other kinds of basic scientific analvsis. The 
most notable is an effort that involves the 
entire group in building a calculation model 
aimed at identifYing geographical areas 
likelv to have high concentrations, thereby 
making identification of high-radon hOLlses 
much more efficient. Experience shows 
that, although concentrations \'ar:' sub
stantiallv in a given area, the area-wide 
averages ,ll1d probabilitY' distribution differ 
greatlv trom une area to anuther. Fur ex
ample, the highest average tuund in the 
LBL analvsis ot L.s. concentrations is in 
Fargo, \iorth Dakota. The hottest area 
found bv LBL researchers in their own 
surve:'s is the Spokane River Valley in 
Washington and Idaho. And the most fa
mous high-radun area anywhere is the 
part of eastern Pennsv\vania lYing on a 
geological formation called the Reading 
Prong that has unusualh- high radium 
concentrations. 

Formulating a geographic model for 
predicting indoor concentrations poses a 
formidable scientific challenge. For ex
ample, the radium concentration is not 
the only, or even the dominant. factor af
fecting indoor concentrations. Because the 
principal means of entry IS now of air trom 
the soiL the essential questions are the 
radon concentrations in the soil air and 
the rate at which the air nows indoors. 
Both these factors are highly variable, and 
it is the now rate, which is affected critically 
by the permeability uf the soil and not by 
its radium content, that may be the most 
important determinant of the indoor con
centration. In fact. the Fargo and Spokane 
hIgh-radon ,1re,1S have average ur below
average radium concentrations. The 
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Fargo soils have not been examined care
fully. but those in the Spokane River Valley 
have been found to be gravell;;. and thus 
highl\' permeable. permitting ver\, large 
tlows of air from the ground into hOllses. 
The search for an effective predictive ca
pability, using information on radium 
contents, soil permeabilities. house un
derstructure types. and winds and tem
peratures. is a ma10r current effort of the 
indoor radon group, This couples closeh
with the group's continuing experimental 
and theoretical research on the mecha
nisms for radon entry and their depend
ence on geologicaL structuraL and me
teorological factors. 

The incentive for intensive efforts to in
\'estigate the behavior of radon and its 
deca~' products is clear. Exposure to radon 
decay products caused lung cancer among 
uranium and other miners. And the ex
trapolation from the concentrations in 
mines to the average concentration in 
homes is modest enough that uncertainties 
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are small compared with those for other 
kinds of occupational and environmental 
exposures. The resulting risk estimate? 
That indoor exposures may cause 10.000 
lung cancers per ~'ear among the L.s. 
population. \Vhile small compared with 
the number of deaths due to smoking 
(about 100,000 per year) or automobile ac
cidents (about 30,000). this number is ver\, 
large compared with the estimated risk 
from other environmental pollutants. And 
long-term occupants of the million or so 
hottest houses receive exposures that entail 
high individual risks, requiring no ex
trapolation at all. 

Scientists at LBL have led the wa\' in 
understanding the scope and origin of the 
indoor radon problem. Their continuing 
investigation of radon behavior and control 
strategies promises to la~' the groundwork 
for more efficient identification of high
-radon areas and for more effecti\'e control 
measures in houses ha\'ing excessive radon 
concentra tions. 

Author Tony Nero displays 
simple devices used to col
lect indoor air pollution 
data: Scintillation counter 
(left) picks up light pulses 
trom alpha particles trom ra
don and its decay products; 
etChed-track detector I cen
ter). when chemically 
etched. reveals alpha parti
cle tracks; charcoal detec
tor absorbs radon tram the 
air to yield gamma ray data. 
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Occupants of hares fran Maine to Oregon appear 
to be receiving radiation exposures the source for 
which is radon gas. Generated fran naturally 
occurring radium in the soil, the gas reaches high 
indoor levels in many localities across the United 
States, according to a study at DOE I S Lawrence 
Berkeley Laboratory. 

Scientists studying the problem believe the 
risk in such hanes is nnre than health risks 
typically caused by toxic wastes, p::lWer plant and 
auto emissions, or many other man-made 
contaminants. 

LBL physicist Anthony Nero, who has conducted 
indoor air quality studies for several years, wants 
to see raredial action aimed initially "at the 
houses with highest concentrations of radon gas." 

Nero and his collaborators, in a report 
published in the November 21 issue of Science 
magazine, describe radon measurement results 
assembled fran nnre than 1400 hares in 38 areas. 
Using standard statistical techniques, they found 
the average concentration to be 1.5 pCi/l 
(picocuries per liter, a rooasure of radioactivity 
in air) and that approximately one million hares 
exceed 8 pCi/l. '!bey estimate that 7 percent of 
hares, or about 4 million, exceed 4 pCi/l, the 
level at which the U. s. Environmental Protection 
Agency recently recamended remedial action. 

The LBL investigators found that neither 
building materials, radon in water, nor lCM 
ventilation rates fran energy conservation were the 
cause of the many cases of high concentrations 
being discovered. The IlDst illportant factor turned 
out to be that buildings, aided by small air 
pressures generated by winds, and by heating of the 
indoors, can draw large a!OO\.U1ts of radon out at the 
ground. 

The LBL researchers reported direct 
confirmation of this hypothesis. '!bey used 
sensitive pressure sensors to shCM that the house 
"sucks" on the ground. They injected a 
non-reactive gas (sulfur hexafluoride) into the 
soil, then IlDnitored its roovement tCMard the house, 
using instruments stuck into the ground. '!bey are 
now atterpting to predict indoor radon 
concentrations in various areas of the United 
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States on the basis of information ci>tainable not 
only on radium contents in the ground, but also 
soil permeabilities, house types, and 
rooteorological conditions. 

LBL scientists also reported that air cleaners 
available in retail stores are not very effective 
in reducing indoor exposures. According to 
chemist Richard Sextro, who led this 
investigation, "Many of them won I t even rennve 
the IlDre ccmronplace indoor pollutants they were 
designed for, such as cigarette SIlDke." 

On the other hand, research in a high-radon 
area near Spokane shCMs that small, specialized 
fans that ventilate the soil under a house can 
prevent radon-bearing air fran entering, reducing 
the indoor concentration substantially. 

The radon research at LBL has been funded 
primarily by DOE, with additional support fran the 
Environroontal Protection Agency. 

More: Art Tressler, LBL Public Information; 
(4l5) 486-5771. *** 

An alarming increase in the -rate of malignant 
roolanana in this country has prCllpted the 
formation of a new clinic at Stanford University 
Medical center, made up of physicians who 
specialize in the detection and treatment of 
cancerous IlDles, according to a November 17 
Stanford Medical center announcement. 

The "IlDle and pigxrented tUlOOr" program 
operates as part of the DeJ:matology Clinic, one of 
the speciality units making up the Stanford 
University Clinic. "Prcbablyone in 150 people in 
the United States will develop a roolanana in his 
or her lifetiIOO," said Dr. Robert Walton, clinical 
professor of dennatology who is co-director of the 
IlDle clinic. "'!hat's high, and the rate has gone 
up tremendously in the last 20 or 30 years." 

('!he September issue of Hospital Practice 
noted that malignant IOO!anana is nCM nnre catm:>n 
than Hodgkin's disease and is increasing at the 
rate of 6 percent a year.) Physicians don 't knCM 
all the reasons for the dramatic rise in the 
incidence of rrelanana, but they I re certain about 
one cause: overexposure to sunlight. 



"One of the possibilities (foQe increase) 
is that there is more leisure time and in leisure 
time people are getting sun-exposed and 
sun-burned," Walton said. "As an exanple, there is 
a higher incidence of malignant change in moles on 
the lower legs of \\Uren. That coincides with the 
wearing of short skirts and shorts and consequent 
sun exposure on the legs." Although nelanana is a 
very serious font! of cancer ," he added "when 
diagnosed early, it's a curable disease." 

More: Ron Goben, Stanford University Medical 
Center News Bureau; (415) 725-5373. *** 

on. '1'0 u.s. S"rRAm;IC RBSmVE 

The U. S. and Mexico have signed an oil purchase 
agreerrent calling for the Mexican oil carpany 
Petroleum Mexicanos (PEl-mX) to supply at least 
65,000 barrels per day of crude oil to the u.s. 
Strategic Petroleum Reserve over the next year, 
according to a recent DOE news announcenent. 

The new contract was signed Nove:ti:ler 7 in 
~ico City. 

Energy Secretary John S. Herrington, in 
announcing the agreenent, said the new contract, 
together with a previous danestic contract, will 
pennit DOE to neet the Congressionally-directed 
75,OOO-barrel per day fill rate for the reserve in 
the most econanical manner possible. 

"Mexico has been one of our most reliable and 
econanic suppliers of crude oil to the Strategic 
Petroleum Reserve ," Herrington said. "The new 
contract will ensure that we can increase our 
erergency oil stockpile at a cost that continues to 
reflect the best interests of the taxpayer." 

The 65,000 barrels per day of Mexican crude 
will be added to 10,000 barrels per day of oil 
currently being shipped fran West Texas to the 
Reserve under a one-year contract awarded last 
month to Transworld Oil USA of Houston, Texas. The 
Transworld contract resulted fran the Energy 
Department's effort to attract danesticsuppliers 
for the Reserve as a way of strengthening the U. S. 
oil industry. The Department had sought to acquire 
as much as 35,000 barrels per day for the Strategic 
Reserve fran domestic oilfields but only 
Transworld' s bid of 10,000 barrels per day was 
judged to be acceptable. 

The Energy Department signed the PEMEX contract 
follCMing the President's approval of the FY 1987 
Qnnibus Budget Reconciliation Act last month. The 
Act had the effect of raising the 
Congressionally-rnandated nuru.mum fill rate in 
fiscal 1987, which began October I, fran an average 
of 35,000 barrels per day to 75,000 barrels per 
day. 

As with previous shiprents, the price of each 
cargo of ~1exican oil will be determined at the time 
of delivery. Prices will be calculated using an 
agreed-upon formula that reflects changes in market 
quotes for several U. S. crude and heating oils. 

Purchases fran P~durin9 the last year have 
averaged about $13.50 per barrel, and should oil 
prices remain relatively stable for the next year, 
the new PEMEX contract could be worth more than 
$300 million. 

Shiprents under the new contract will go 
principally to the Reserve's West H~ site 
near Lake Charles, Louisiana, and the Bayou 
Choctaw site near Baton Rouge, Louisiana. 

More: Robert C. Porter, DOE-HQ, Washington, 
D.C.; (202) 586-3503. *** 

PE'lKL1'DI JDWI) GROmI 
Sl.OiS IN 1987, EIA REEUd.'S 

Growth in U. S. demand for petroleum products 
is expected to slow to about 1 percent in 1987, 
following a projected increase of nearly 3 percent 
in 1986, according to DOE's Energy Info:r:mation 
Administration in a Nove:ti:ler 7 announcenent. 

Forecasts reported in EIA' s most recent 
quarterly Short-Tenn Energy OUtlook show petroleum 
demand up to almost 16.2 million barrels per day 
in 1986, the highest level since 1980. 

These projections are based on EIA's 
assumption that world oil prices will average $17 
per barrel by the end of 1987, up fran $12 per 
barrel in the third quarter of 1986, but still 
below the $19 per barrel level in the first 
quarter of 1986. 

Increased gasoline demand this SUIlller and 
higher oil use by electric utilities, contributed 
to the 3 percent rise in petroleum demand expected 
for the year 1986. The drop in oil prices is 
expected to increase residual fuel oil consUlTption 
at electric utilities by 34 percent fran 
year-earlier levels. 

In 1987, increases in the demand for 
distillate fuel oil and other petroleum products 
are expected to offset a projected decline in 
residual fuel oil consumption, leading to slower 
overall growth in total petroleum demand. 

The report also indicates that -

• Domestic coal consUlTption is expected to be 
813 million tons in 1986, a slight drop fran 
the year-earlier level, although coal 
production is projected to be up slightly, 
at 890 million tons. Growth in both coal 
consumption and production are expected to 
be higher next year. 

• Total electricity generation is projected to 
increase by 1 percent in 1986, followed by a 
2-percent increase in 1987. A relatively 
large jUlTp in oil-fired generation is 
expected in 1986. The real price of 
electricity is projected to drop slightly 
over the forecast period. 

• Total U. S. energy consumption (as neasured 
by gross energy consumption) is projected to 
grow by less than 1 percent in 1986 and by 
more than 2 percent in 1987. '!be energy 
intensity of the u.s. econany is projected 
to decline in both 1986 and 1987. 

-2.-
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Copies of the Short-Tenn Energy Outlook, 

Octd:ler 1986, are available through EIA 's Natiooal 
Energy InfOllllation Center, Washington, D.C.; (202) 
586-8800. 

M::lre: Bci> White, DOE-HQ, Washington, D.C. ; 
(202) 586-5575. *** 

Secretary of Energy John S. Herrington 
announced 128 winners of the National Awards for 
Energy Innovation to recognize unique conservation 
and renewable energy projects. 

'!be awards are intended to encoorage the 
sharing of energy-saving accarplishments and 
technologies am:mg State and local governroonts and 
the private sector. 

Certificates were presented to the winners by 
Secretary Herrington and Assistant Secretary for 
Conservation and Renewable Energy Donna Fitzpatrick 
on Noveniler 13. 

"'!bese projects highlight the role that 
conservation can play in our daily lives," 
Herrington said in announcing the awards. "'!be 
deteJ:mined effort of all Alrericans to use energy in 
efficient and innovative ways contributes mst 
positively to our security as a Nation ••• " 

'!he winners were selected fran recarmendations 
subnitted by 44 States, the District of Colunt:>ia 
and the CCl'IIllJnwealth of the Northern Marianas. Of 
the group, 17 qualified for special recognition 
awards. 

'!his is the third annual National Awards 
Program for Energy Innovation, the Federal/State 
effort to identify the best energy-saving ideas 
fran each State. Governors of participating States 
and territories put out a call for awlications and 
gave awards to their best conservation and 
renewable energy projects. 

TI«> review panels detennined the 128 winners, 
while a special review panel cmposed of 
representatives fran 12 Federal departments and 
agencies detenn:i.ned the 17 outstanding projects for 
special awards. 

Lists of the 128 natiooal award winners and the 
17 special award winners are available fran the DOE 
Press Roan, Roan 1E-206, Forrestal Building, 1000 
Independence Avenue, S.w., Washington, D.C. 20585. 

~e: Bci> Picardi, OOE-HQ, Washington, D.C.; 
(202) 586-5806. *** 

Federal grant support to four major 
universities for rd:lotics research for nuclear 
energy applications was awarded by DOE I S Chicago 
~ations Office for DOE I s Office of Reactor 
Systems Develqm:mt and Technology, according to a 
recent anI'lOI.U'1CE'Mt. 

-3-

o 
Cl:>jecti ve of the rd:lotics technology activity 

to enhance the safety of reactor qlerators by 
reducing radiation dosage - is expected to reduce 
nuclear power generating costs. 

"Rd:lots may be ideal for tasks involving 
dangerous and routine work beyond the capabilities 
of humans," according to Harry Alter, Manager of 
Advanced Technology. "In many cases, robots can 
create mre jobs than they eliminate by making it 
feasible to perfonn tasks that would otherwise go 
undone." 

'!he four universities were chosen fran 18 
organizations responding to a DOE Notice of 
Program Interest. 

'!be University of Florida, Gainesville, 
received $295,000 for the first year through 
SepteniJer 1987. Principal Investigators are Dr. 
J. Duffy and Professor J. S. 'l\1lenko. 

The University of Michigan, Ann Arbor, 
received $255,000. Dr. David K. Welle is the 
Principal Investigator. 

'!be University of Tennessee, Knoxville, 
received $210,000. '!be Principal Investigator is 
Professor Ralph Gonzales. 

The University of Texas, Austin, received 
$330,000. '!be Principal Investigator is Professor 
Delbert Tesar. 

All four Universities will collaborate with 
oak Ridge Natiooal Laboratory. 

M:>re: Michael Milroy, DOE-Ch.icago; (312) 
972-2016. *** 

IXE IO.DS PUlLIC M:D:;S. 
at tRINI(R MILL TAILIR;s 
a.mRlP ImR '.ltJM Cl"l'Y, .ARIZ. 

OOE announced on DecEIItler 3 that the 
Environmental Assessment on retedial acticn at the 
Rare Metals inactive uranium mill tailings site, 
five miles east of Tuba City, Arizona, has been 
released, and that a public infOllllation meeting on 
it was to be held DeceniJer 10 and 11. 

foDre than 200 cq>ies ~ mailed to Federal, 
Tribal, and local officials as well as those who 
requested it. '!be public libraries at Tuba City, 
KykotSllOVi, Window Rock, and Flagstaff, Arizona 
have multiple copies. 

DOE proposes to stabilize about 1.4 million 
cubic yards of tailings and other contaminated 
material at the Tuba. City site. Stabilization 
would entail consolidating the contaminated 
material into a gently slq>ing pile, covering it 
with a radon barrier of catpaeted earth to inhibit 
the escape of radon gas, and placing rock on tq> 
of the radon barrier for erosion protection. 
Constructicn shoold be catpleted in two years at a 
cost of about ten million dollars. 

DOE has established a toll-free n\ld)er for 
perscns wishing to cament or ask questions: 
1-800-523-6495. 

foDre: Ben E. M::Carty, DOE- Al.OOquerque; ( 505) 
844-6938. *** 



Oaximum Lawful Price~ 
Under The Natural Gas Policy Act of 1978 

Section IOI(b) (6) of the Natural Gas Policy 
Act of 1978 requires that the Conunission com
pute and make available maximum lawful prices 
and inflation adjustments prescribed in Title I 
of the NGPA before the beginning of any month 
for which such figures apply. 

The Commission has delegated this task to 
its Director of the Office of Pipeline and Pro-

ducer Regulation. On October 24, the Direc
tor published maximum lawful prices for the 
months of November and December 1986 and 
January 1987. 

Pricing tables are found in section 271.101(a) 
of the Conunission's regulations. Table I of sec
tion 271.101(a) specifies the maximum lawful 
prices for gas subject to NGPA sections 102, 

TABLE I-Natural Gas Ceiling Prices 

(Other than NGPA sections 104 and 106(a» 
Maximum lawful price per MMBtu for deliveries in: 

103(b)(l)(2), 105(b)(3), 107(c)(5), 108, and 
109. Table II of section 271. 10 I (a) specifies the 
maximum lawful prices for sections 104 and 
100(a) of the NGPA. Table III of section 
271.102(c) contains the inflation adjustment fac
tors. The maximum lawful prices and the in
flation adjustment factors for the periods prior 
to November 1986 are found in the tables in 
sections 271.101 and 271.102. 

Subpart 01 
Part 271 NGPA Section category 01 Ga. 

November 
1986 

Oecember 
1986 

January 
1987 

B 102 New Natural Gas, Certain OCS Gas' $4.403 4.431 4.459 
C 103(b)(I) New, Onshore Production Wells' 3.141 3.151 3.161 

103(b)(2) New Onshore Production Wells2 3.772 3.791 3.810 
E 105(b)(3) Intrastate Existing Contracts 4.330 4.354 4.378 
F 1 O6(b)(1 )(B) Alternative Maximum Lawful Price for Certain Intrastate Rollover Gas3 1 .796 1.802 1.808 
G 107(c)(5) Gas Produced from Tight Formations' 6.282 6.302 6.322 
H 108 Stripper Gas 4.716 4.746 4.776 
I 109 Not Otherwise covered 2.601 2.609 2.617 

, Commencing January 1,1985, the price of natural gas finally determined to be new natural gas under section 102(c) is deregulated. (See Part 272 of the Commission's 
regulations.) 
2 Commencing January 1,1985, the price of some natural gas finally determined to be natural gas produced from a new, onshore production well under section 103 is 
deregulated. (See Part 272 of the Commission's regulations.) 
3 Section 271.602(a) provides that for certain gas sold under an intrastate rollover contract the maximum lawful price is the higher of the price paid under the expired contract, 
adjusted for inflation or an alternative maximum lawful price spacified in this table. This alternative maximum lawful price for each month appears in this row of Table I. 
Commencing January 1, 1985, the price of some intrastate rollover gas is deregulated. (See Part 272 01 the Commission's regulations.) 
4 The maximum lawful price for tight formation gas is the lesser of the negotiated contract price or 200 percent of the price specified in Subpart C of Part 271. The maximum 
lawful price for tight formation gas applies on or alter July 16, 1979. (See sections 271.703 and section 271.704.) 

Category of Natural Gas 

Post-1974 Gas 

1973-1974 gas 

Biennium gas 

Interstate Rollover gas 

Replacement contract gas or recompletion 
gas 

Flowing gas 

Certain Permian Basin gas 

Certain Rocky Mountain Gas 

Certain Appalachian Basin gas 

Minimum rate gas' 

Table II-Natural Gas Ceiling Prices: NGPA §§104 and 106(a) 
(Subpart 0, Part 271) 

Maximum lawful price per MMBtu for deliveries made in: 

Typa 01 Sale or Contract November 1986 

All producers $2.601 

Small producer 2.199 

Large producer 1.680 

All producers .967 

Small producer 1.233 

Large producer .948 

Small producer .625 

Large producer .525 

Small producer .735 

Large producer .651 

Small producer .735 

Large producer .625 

North subarea contracts dated altar 10-7-69 .594 

Other contrects .549 

All producers .326 

Oecember 1986 January 1987 

2.609 2.617 

2.206 2.213 

1.685 1.690 

.970 .973 

1.237 1.241 

.951 .954 

.627 .629 

.527 .529 

.737 .739 

.653 .655 

.737 .739 

.627 .629 

.596 .598 

.551 .553 

.327 .328 

, Prices for minimum rate gas are expressed in terms of dollars par Mcl, rather than MMBtu. 

Month 01 Delivery 
11111 and 11187 

November 
December 
January 

«~p~.b\,) (~J:) F-Ilo .. 
!)O t.' So ~6.)f.ta.A '-

Table III-Inflation Adjustment 

Factor by which price In 
.,.--dIng month Is muMlplled 

1.00311 
1.00311 
1.00311 
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Please send me ___ copies of: 
Solar Energy Computer Models 
Directory 
No. 061-000-00661-3 $4,75 
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Superintendent of Documents 
SERI 
1617 Cole Blvd, 
Golden, Colorado 80401-3393 
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Reliable radiation and mOrolOgiCal data have often been elusiOThiS has resulted in 
individual collection efforts to gain accurate solar information. Now there are reliable 
sources of information that can save you time and money! 

The Solar Radiation Energy Resource Atlas of the United States and the Direct Normal 
Solar Radiation Data Manual represent data accumulated and synthesized over a 23-year 
period from 248 National Weather Stations across the country. 

The Atlas presents an unprecedented historical 
collection of solar radiation and meteorological 
data available from the Superintendent of Docu
ments. The Atlas is complemented by additional 
data available on microfiche from the National 
Climatic Center. Together these resources provide 
long-term geographical, monthly, daily, and hourly 
distributions of the available solar radiation energy 
resources in the United States as well as relevant 
meteorological data. 

The Direct Normal Solar Radiation Data Manual 
prewnts tJhlp~ In(1 contour maps (/epicting 
estimated monthly and annual averages of direct 
normal solar radiJtion at selected locations. The 
basic (lata derivation process, involving a variation 
of the Aero-'{Jace Direct Insolation Prediction 
Algorithms (ADIPAJ, is discussed and station 
histories are [Jrovided. 

The Solar Radiation Data Directory is an important 
guide to sources of solar radiation data. This 
directory identifies and briefly describes present 
and past solar radiation and related meteorological 
data collection efforts in the United States. It 
delivers availability and personnel contact infor
mation on national, regional, and state levels with 
special emphasis on unpublicized state and local 
data gathering efforts. 

Take advantage of the wealth of information in these three unique reasonably priced 
publications! 

I •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
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__ Solar Radiation Energy 
Resource Atlas of the 
United States 
Stock No. 061-000-00570-6 
$18.00 

__ Direct Normal Solar Radia
tion Data Manual 
Stock No. 061-000-00593-5 
$4.75 

__ Solar Radiation Data 
Directory 
Stock No. 061-000-00619 
$8.50 
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The Department of Energy has recently sponsored 

a seminar to describe its sta~f-the-art reports 
on carbon dioxide research and the greenhouse 
effect. 

Leading researchers, at the National Academy of 
Sciences Auditorium in Washington, D.C., presented 
the latest findings on climate m:x1eling, climate 
detection, the carbon cycle, and vegetation 
response. 

fure: Jeff Sherwood, DOE-HQ, Washington, D.C.; 
(202) 586-5806. *** 

.Pa)"lII(H!D FlOI lOT. 20 '1U IlI!DMI!!R 1. 

DOE announced on Novenber 25 that it had 
extended the deadline for inves'l:mant banking firms 
to subnit prcp::>sals for assisting the agency in 
divesting of the· Great Plains Coal Gasification 
Plant and, if Congress approves, Naval Petroleum 
Reserves No. 1 and No. 3 and the National Institute 
for Petroleum and Energy Research. 

Prcp::>sals had been due on Novenber 20. The new 
deadline was set at December 1. 

The extension was 
Department to clarify 
request-for-proposals. 

granted to pennit 
several clauses in 

the 
its 

All prospective offerors who had received the 
initial solicitation document were provided copies 
of the clarifications. The clarifications were 
prepared in response to questions raised by 
prospective proposers. 

The Departnent issued its request for proposals 
on October 9. Once selected, prOOably in 
mid-February, the inves'l:mant banker would first 
advise the Department in marketing the Great Plains 
plant and then serve as the Government's broker in 
consummating the sale. 

The solicitation also includes provisions for 
the selected firm to conduct a marketing study of 
Naval Petroleum Reserves No. 1 and No.3. The 
successful proposer also could coordinate the 
actual sale of Naval Petroleum Reserves No. 1 and 
No. 3 and the National Institute for Petroleum and 
Energy Research should Congress approve these 
di vesti tures. 

The Great Plains plant, owned by DOE since last 
August following default of the project's original 
private sponsors, is near Beulah, North Dakota. 
The Naval Petroleum Reserves include the Elk Hills 
field in California and the Teapot Dane field in 
Wycming. The National Institute for Petroleum and 
Energy Research is a federally-owned, 
contractor-operated research laboratory in 
Bartlesville, Oklahana. 

fure: Robert C. Porter, OOE-HQ, Washington, 
D.C.; (202) 586-6503. -* 

-i-

DOE's oak Ridge Operations Office will sponsor 
a three-day waste managenent conference February 
3-5 focusing on the "oak Ridge fudel," an approach 
being used to solve radioactive, hazardous, and 
mixed waste problems. 

"The 'oak Ridge fudel' provides the avenue 
through which DOE can join in a partnership with 
the private sector, universities, and regulatory 
agencies with the goal of finding solutions to 
problems at our facilities that may be 
transferable to other locations," Manager Joe La 
Grone said • 

Purpose of the conference is to enable DOE to 
gain a better understanding of the problems to be 
confronted. The sessions are expected to generate 
private industry and university interest in the 
technical challenges of the waste management 
program and encourage cocperation fran Government 
regulators and the general public. 

The technical scope of presentations and 
discussions will be broad, including virtually all 
waste types and waste. management activities. 
Attendance by sane 300 representatives of Federal 
and State agencies, universities, and private 
industry is expected. 

Sessions will be held at oak Ridge Associated 
Universities William G. Pollard Auditorium and the 
adjacent Garden Plaza Hotel. 

fure: Lucy Matteson, Analysas Corporation, 
Building C, 3rd Floor, 140 East Division Road, oak 
Ridge, Tennessee 37830; (615) 576-1650. *** 

LNHmD m CALIF. 1EP'l'. OF GI!NERAL smvICES 

The State of California and private developers . 
have entered into a partnership to develop t\\lO 27 I 

megawatt cogeneration systems at State facilities 
in Camarillo and Chino, according to a November 12 
DGS announcem:mt. 

The State is expected to accrue financial 
benefits totaling $51 million (in naninal dollars) 
fran the t\\lO projects over 30 years. 

The California Department of General Services 
cCllpleted negotiations in November for the 
construction of a cogeneration system at the 
Camarillo State Hospital; a similar contract for 
cogeneration development at the California 
Institution for Men in Chino was signed by DSG in 
Octcber. Both projects will be developed at no 
capital cost to the State. 

The cogeneration projects, managed by DGS in 
conj unction with the Departments of Corrections 
and Developmental Services, will be developed and 
operated by OLS Energy of San Francisco, and 
financed by the General Electric Credit 



Corporation (GECC) of StamfOxO cr. Impell 
Corporation of Walnut creek, CA, W111 design and 
construct both cogeneration facilities. 

Under the tenns of each contract, [XiS will 
lease land to OLS Energy, which will sell the steam 
and electricity produced to the State. Any excess 
electricity will be sold to Southern California 
Edison. 

More: Anne Garbeff, Calif. State [XiS, 
Sacramento 95814; (916) 324-4845,. *** 

Gasoline sales records' clillbed again in 
September as oore than one billion gallons were 
sold in California for the seventh consecutive 
oonth -- the first tine the billion-gallon mark was 
topped during the oonth, according to a November 25 
SBE announcarent. 

The State Board of Equalization reported that 
the 1,010,097,122 gallons sold exceeded September 
1985 figures by 6 percent, and September 1984 by 7 
percent. However, the custanary seasonal decline 
fran August, the all-tine high oonth, was sarewhat 
steeper than usual, as average daily gallonage 
sales dropped by nearly 10 percent, fran 36.2 
million in August to 33.7 in September. 

The past three oonths marked the highest 
quarterly distribution on record, with the 
year-to-date totals exceeding nine billion gallons 
for the first tine in history. 

UNITED STAlES 
DEPARlMENT OF ENEAGY 

San Francllco 0pendI0na0lllce 

1333 Broadw8y 
Oakland. CA 94612 
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Penally lor PrIv_ Use. $300 

NEWS RELEASE 

The Board al~rted that California's 
nine-cent-per-gallon excise tax on gasoline 
produced $90.9 million in September, $5.2 million 
oore than last year, but $10.1 million less than 
the preceding oonth of August. 

Gasoline distribution data are catpiled by the 
Board of Equalization fran sales by distributors 
to retail outlets, brokers, and certain other 
distributors. 

More: Sid Mandel, Tax Information Officer, 
Sacramento 95814; (916) 445-6188. *** 

U .S.G.S. Hl\S NEW ImPS, PIDOOS 

AVAILl\m.E (J! 1\RIZC6A, CALIF, NEVAI»\ 

The U. S. Geological Survey has a new satellite 
- image map of a 7,600 square mile area in 
California and Nevada, including Yosemite National 
Park and the Sierra and Inyo National Forests 
available for purchase. This map of the Mariposa 
quadrangle is one of a series produced fran 
Landsat data. A topographic map is printed on the 
reverse side. 

The survey also has a series of high-altitude 
photographs of Arizona produced under the National 
High Altitude Photography (NHAP) program. These 
are available fran the USGS in either color 
infrared or black and white and cover all of 
Arizona'S 113,991 square miles. Available print 
sizes and costs vary. 

More: Edna King, USGS, Menlo Park, CA 94025; 
(415) 323-8111, Ext. 2953. *** 
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CHARACTERISING THE SOURCE OF RADON INDOORS 
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INVITED PAPER 
Abstract - Average indoor radon concentrations range over more than two orders of magnitude. largely because of 
variability in the rate at which radon enters from building materials, soil, and water supplies. Determining the indoor source 
magnitude requires knowledge of the generation of radon in source materials, its movement within materials by diffusion 
and convection, and the means of its entry into buildings. This paper reviews the state of understanding of indoor radon 
sources and transport. Our understanding of generation rates in and movement through building materials is relatively 
complete and indicates that, except for materials with unusually high radionuclide contents, these sources can account for 
observed indoor radon concentrations only at the low end of the range observed. Our understanding of how radon enters 
buildings from surrounding soil is poorer; however, recent experimental and theoretical studies suggest that soil may be the 
predominant source in many cases where the indoor radon concentrayon is high. 

INTRODUCfION 

Exposures of the lung to the decay products of 
212Rn and 2..'ORn contribute approximately half ofthe 
averag:! total effective dose equivalent of 2 mSv per 
year suffered by the general population from 
naturally occurring radionuclides{I). Most of the 
radon-daughter exposure occurs indoors, where 
substantial variability in time-averaged exposures to 
the daughters is observed, ranging from rates more 
than a factor of 10 lower to a factor of 50 or more 
higher than average, even. among the general 
population. This variability arises partly from 
different equilibrium factors, but is caused mainly by 
the difference in indoor radon concentration from 
one building to another. Furthermore, although the 
indoor radon concentration is definitely affected by 

/ ventilation rate, the major cause of the variability in 
radon concentration from one building to another 
appears to be differences in the rate at which radon 
enters the indoor atmosphere from its· various 
sources. This conclusion is supported by various 
types of work, but none makes it clearer than direct 
measurement of both indoor radon concentration CR 
and air-exchange rate Av in samples of housing. For 
example, in grab sample measurements for 101 
houses in the United States, any presumed 
correlation between CR and Av was imperceptible; in 
fact, the variance in radon entry·rate, calculated as 
the product of CR and Av, far exceeded the variance in 
).P)· This observation also appears to be true of time
averaged measurements taken over periods of 
several months(3). 

In this respect, the case of radon and its daughters 
is similar to other classes of indoor air pollutants, 
e.g., gases or particles arising from indoor 
combustion processes and formaldehyde and other 
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organics arising from building materials and 
furnishings. Indoor concentrations are affected by 
ventilation rates and at least potentially by various 
interactive processes, but average indoor 
concentrations for each pollutant class are found to 
vary over one or two orders of magnitude or more, 
and the major cause of this variability is differences in 
rates of emission into the indoor atmosphere(4). 
Co!,sidering that interest in studying these pollutant 
classes has risen because energy saving programmes 
may raise concentrations by lowering ventilation 
rates, it is ironic to find that source strengths rather 
than ventilation rates cause greater variability in 
concentrations. On the other hand, tbis presents a 
substantial opportunity to lower collective and 
individual exposures by systematically identifying the 
portion of the building stock with high source 
strengths and by applying appropriate control 
measures, either remedially or in new buildings. 

Radon enters buildings from several major 
sources, principally building materials and the soil or 
rock that underlie or surround building foundations; 
in some circumstances radon can also enter via water 
supplies (or even natural gas) at substantial rates. 
Characterising the source of radon indoors requires 
attention to the rate at which radon is generated in 
source materials, to the modes of radon transport 
through various materials, and finally to the manner 
in which radon actually enters indoor atmospheres. 
Previous reviews have focussed on characterisation 
of the source materials themselves and, to a lesser 
extent, on how radon moves through or out of 
materials{l. 5-9); they have not examined the question 
of radon entry routes in detail, although substantial 
work on this problem has been undertaken in recent 
years (e.g. References 10-12). The purpose of this 
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paper is to review the state of understanding of radon 
sources and transport, with particular attention to 
characterising the factors that affect the rate at which 
radon enters buildings. The sources emphasised in 
this review are building materials and soil or rock, 
although we give some attention to entry via water. 
The source of 222Rn is the main topic, although 22°Rn 
is included to some degree. 

Before proceeding, it is useful to provide a rough 
scale for rates of radon entry into buildings and for 
the approximate range of contributions from various 
sources. For a building at steady state with a spatial
average concentration of 30 Bq.m-3 (0.8 pCi.l- I) and 
an air-exchange rate of 0.5 h-I , the radon entry rate 
(given per unit volume) must be 15 Bq.m-J.h-' (0.4 
pCi.I-1 .h-I), assuming ventilation is-the only removal 
mech.anism. Entry rates for the U.S. housing sample 
mentIOned above(l.IJ) had a geometric mean of 14 
Bq.m-3.h-1 (0.37 pCi.1-I .h-I), with geometric 
standard deviation (GSD) of 4.0, comparable to 
results for housing in Great Britain(l3). As discussed 
below? the contribution expected from most building 
matenals, such as ordinary U.S. concretes, is much 
less than the observed geometric mean; it would be 
particularly difficult to account for the higher entry 
rates that are observed (hundreds of Bq.m-3.h-l ) on 
the basis of ordinary building materials. On the other 
hand, the flux from soils can account for the observed 
range of entry rates. 

In some cases building materials can constitute the 
predominant source. Materials with high 
radionuclide contents have been found that can 
constitute large source terms, an example being the 
alum-shale concretes previously used in Swedish 
housing( 14). Moreover, multi-story buildings typically 
have source strengths that are lower than those for 
one-story structures; these smaller rates can be 
accounted for by radon emanating from building 
materials, and the incorporation of certain industrial 
by-product materials has the potential for raising 
rates. In this paper, we will review work pertaining in 
general to characterisation of indoor radon source 
strengths, but give special attention to the causes of 
higher-than-average rates. 

EMANATION CHARACTERISTICS OF 
SOURCE MATERIALS 

Characterising the source of radon indoors 
requires attention to much more than the distribution 
of radium, the parent of radon. As a first step, it is 
useful to consider the factors that affect the 
generation of radon atoms that are able to move a 

. significant distance from their site of formation. We 
also summarise what is known about exhalation rates 
from building materials and soil, leaving until the 
next section explicit consideration of how radon 
moves through various materials. 
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"""" The total rate at which radon atoms are generated 
is given simply by the radium activity at the point in 
question:. ~N~n/dt = IRa' Since the corresponding 
radon activity IS IR" == ARnNRn, where ARn is the radon 
decay constant (2.1 x 1~ S-I for 222Rn and 1.3 x 10-2 

S:-I for 22f1R!1), the total rate at which radon activity is 
generated IS G = dIRn/dt == ARnIRa. However, only a 
fraction of the radon generated is free to move 
through the material, so that we define an effective 
radon-generation rate (or emanation. rate) to be the 
product of an "emanation ratio", r, and the total 
generation rate: 

G< = d.RnIRa . (1) 

Each of these quantities, except ARn and r, can be 
considered as concentration per unit volume or mass. 
The emanation ratio (orfraction) has also been used 
by some to designate the fraction of radon generated 
that actually escapes the source material, in which 
case it is dependent on the size and shape of the 
material, as well as other factors affecting transport. 
For materials whose dimensions are small compared 
with macroscopic transport lengths, these two ratios 
are approximately equal. 

Tanner(5.6) and others review mechanisms for 
generation of radon that is free to move. Basically, 
although a parent radium atom is ordinarily in or on a 
solid grain, the radon atom produced upon alpha 
decay has a significant recoil energy and can come to 
a stop in the fluid (air or water) in the space between 
the grains, i.e., the pore space; it can then migrate 
through the porous medium by various mechanisms. 
As the recoiling ra<;lon atom can move through only a 
small amount of material before stopping, two 
conditions must ordinarily be met for its recoil to end 
in a pore space: it must be sufficiently close to the 
pore, and the fluid in the pore must succeed in 
stopping it. A reasonable scale for recoil 
considerations is 0.1 mm: the recoil range in solid 
materials is somewhat less than this value; the range 
in water is comparable; and the range in air is three 
orders of magnitude greater (stopping power being 
roughly proportional to density). A radon atom that 
does not reach a pore on recoil will not do so by 
diffusion, since diffusion lengths in solids are 
extremely small, and one that recoils across a pore 
and is embedded in solid material can return to the 
pore only if the stopping process effectively forms a 
pathway for return. 

Detailed accounting of the emanation ratio would 
therefore require consideration of such factors as the 
size of the grains or microscopic structure of the 
material in question (characterised, for example, by a 
diameter or other scale length), the distribution of 
radium in the grains (perhaps characterised by the 
fraction contained in a surface layer of specified 
thickness), the fraction of space occupied by pores 
that are connected with each other on a macroscopic 
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scale (given by the porosity), and the amount of 
water in the pores (specified, to some degree, by the 
moisture content). Not all this information is easily 
accessible. As a result, source materials are often 
characterised merely by the effective radon
generation rate or by the radium content and 
emanation ratio. 

Certain of these parameters have significance 
beyond the context of radon emanation or generation 
rates per se. Porosity and moisture content, as well as 
the microscopic structure 'of the material, affect the 
diffusion of radon or the flow of radon-bearing air. 
Furthemlore, as discussed in the last section, the 
radium content is a parameter that is easily measured 
and·- together with other information - may serve as 
an index to the radon emanation rate. 

'Building materials 

Building materials are more easily characterised as 
radon sources than are the soil or rock that constitute 
the building site. The observed 226Ra concentrations 
for materials derived from components of the earth's 
crust are comparable to the values typical for major 
rock types and soils (see below). An earlier review(8) 
cites data on P-6Ra contents of European building 
materials: average values for the concrete sample 
groups examined ranged from 33 to 74 Bq:kg-l (0.9-
2.0 pCi.g-'); the range for cement was similar, but 
that for brick was about 50 percent higher, and that 
for plaster was lower by about a factor of five. Except 
for materials recognised to have unusually high 
radionuclide contents, later reviews cite results with 
only a moderately wider range(I.7). Examinations of 
U.S. concretes have yielded sample averages ranging 
from 9 to 44 Bq.kg-l (0.2 - 1.2 pCi.g-'), with values 
for brick and tile somewhat higher(15-17). 
Concentrations of 226Ra for building materials not 
derived from crustal components, e.g_, wood, are 
much lower. 

Considerably greater 226Ra concentrations may be 
found in specific components of natural building 
materials_ Granites exceed the range given above to 
some degree, and Italian tuffs and other materials 
used in building have concentrations of 200 Bq.kg-1 
(5 pCLg-I) or more(l8}_ Probably the most significant 
example in this class is the use of alum shale in 
Swedish aerated concretes during the period 1930-
1975, resulting in concentrations averaging 1300 
Bq.kg-1 (35 pCi.g-I)(l4). 

Building materials incorporating residues from 
industrial processes may also have elevated 226Ra 
contents, as discussed in an earlier review{7). An 
example is the Federal Republic of Germany's use of 
red mud (from bauxite processing) for bricks and of 
blast-furnace slag for blocks, each case yielding 
materials with average 2uRa concentrations of about 
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280 Bq.kg-1 (7.6 pCi.g-l). A possibility with 
potentially wider implications is the use of wastes 
from processing sedimentary phosphate ore, which 
contains substantial concentrations of the 238U series. 
One such by-product, phosphogypsum, may be used 
(or building materials such as wall-board, particularly 
in countries with little natural gypsum, and may have 
2uRa concentrations as high as 600 Bq.kg-1 (16 
pCi.g-1)(7). Another by-product, phosphate slag, can 
be incorporated into concrete; this has led, in the 
United States, to the use of concretes with 226Ra 
concentrations of about 740 Bq.kg-1 (20 pCi.g-I) in an 
estimated 74,000 homes(19}. A final example of 
potential importance is the disposition of fly ash from 
coal-burning power plants by incorporating it into 
concrete; since fly ash contains 226Ra at concen
trations ranging up to several hundred Bq.kg-1(1.20.21), 
some increase in the 226Ra content must be expected 
for concretes containing a few percent fly ash by 
weight. 

In many of the materials mentioned above, the 
activity concentrations of the 23% series, including 
224Ra, the parent of 22oRn, are similar to those of the 
238U series. A significant exception is that the alum 
shale used in Swedish aerated concrete has unusually 
high concentrations ofthe 238U series, but not ofthe 
232Th series; the same is true of by-products of 
phosphate production. 

Measured concentrations of these two series are, 
of course, direct indicators of associated electro
magnetic radiation fluxes, not discussed in this 
paper. However, since emanation ratios can vary 
considerably, ordinarily in the range of 1 to 30 
perc!;nt, radionuclide concentrations are not a direct 
indicator of effective radon-generation rates. 
Relatively few measurements of emanation rates or 
ratios have been performed for building materials, 
even those known to contain elevated radium 
concentrations. Selected results from a number of 
such measurements are summarised in Table 1, 
where, depending on the type of measurements 
performed, we give activity concentrations of 226Ra, 
emanation rates (per unit mass), or emanation ratios. 

One or more measurements have been performed 
for each of the major classes of building materials, or 
of components of such materials. In contrast to 
ordinary red brick, which had emanation ratios of at 
most several percent, the ordinary concretes 
examined had average emanation ratios between 
3.5% and 28%(16,22,23). Thus the observation that 
emanation ratios for ordinary materials are typically 
in the range 1-10%(1) does 110t apply to the important 
case of concrete. The corresponding radon 
emanation rates were found to be (0.3 - 1.2) x 1(}-5 
Bq.kg-1.s-1 (0.3 - 1.2 pCi.kg-1.h-I), which are in 
reasonable agreement with other results for ordinary 
concrete(24.25). In contrast, the emanation rate for a 
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sample of Swedish alum-shale aerated concrete was 
found to be much higher, 44 x 10-5 Bq.kg-I.s-I (43 
pCi.kg-'.h-I)(24). Two studies of radon emanation 
from concrete containing fly-ash indicate that its 
radiological impact may be small: Stranden found the 
radon emanation rate from fly-ash concrete to be 
significantly lower than from otherwise identical 
concretes without fly-ash(20); on the other hand, 
Smith et at(21) found an average emanation rate of 
0.41 x 10-5 Bq.kg-I.s-I (0.40 pCi.kg-l.h-t) for 20 
samples of fly ash-concrete, 39% higher than that for 
control samples, but still at the low end of the range 
of emanation rates for ordinary U.S. concretes(l6). 
(In Smith et ai, concrete components other than fly 
ash were selected to have low radionuclide contents). 
Because of their low emanation ratios, emanation 
rates for brick are generally less than for ordinary 
concrete. 

Radon emanation from components of building 
materials has been examined to some extent. Table 1 

gives a few results for special materials; work 
referred to in the table also gives results for 
constituents of ordinary concrete. As is the case for 
brick, cement and fly ash often exhibit very low 
emanation ratios; these low ratios may be associated 
with the fact that such materials ordinarily have very 
low moisture contents, affording little opportunity 
for recoiling radon atoms to come to a stop in pore 
spaces. Differing moisture contents may also account 
in part for the wide disparity in results from 
emanation measurements from different countries, 
e.g., the relatively low average concrete emanation 
ratio from the U.S.S.R. as compared with other 
countries, as seen in Table 1. These differences may 
also be due to differences in the microscopic structure 
of the materials studied. 

In some cases, the radon source strength from 
building materials is given in terms of the exhalation 
rate (or flux) from the surface of the material, or even 
in flux per unit activity concentration (e.g. Reference 

Table 1. 2URIJ source charaeteristics of building materials 

Country No. n6Ra 222Rn Eman. Rate Eman. Ratio Comments Ref. 
Material Samples (Bq.kg·') (10-' Bq.kg-'.S-I) 

USSR (22) 
heavy concrete 18 66 0.32 0.035 
lightweight concrete 19 141 0.41 0.021 
red brick -12 50 0.16 0.017 

Hungary (23) 
concrete -100 13 0.78 0.28 Samples weighted 
red brick -200 55 0.39 0.036 to yield country-

wide average 
Poland (29) 
f\yash 33 96 0.0054 
slag 11 67 0.0070 
phosphorite 6 705 0.20 
red brick 3 18 0.023 

Denmark (24) 
concrete 4 0.47 
alum-shale concrete 1 44 Swedish, old-type 
brick 2 0.017 
gypsum board 1 0.023 

Norway (25) 
concrete 137 28 0.01-0.20 Emanation ratio deter-
brick 18 63 0.01 mined from subset of 
Leca" 12 52 0.01-0.20 samples 

United States (16) 
concrete 100121b 9-32 0.43-1.26 0.13-0.25 10 metropolitan areas 
fly-ash concrete 8 19 1.04 0.26 Knoxville, Tennessee 
red brick 6 45 0.10 0.01 California 
gypsum 12 12 0.63 0.28 from 5 areas 

• lightweight expanded clay aggregate 
b mRn emanation rate measured for 106 samples from 10 cities; nhRa concentration and emanation ratio measured for 21 

samples from seven cities 
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8). The flux depends on the macroscopic 
configuration of the material, but can be estimated 
from the emanation rate (given per unit mass) with 
knowledge of the' material density and thickness; if 
the material is relatively thick, the diffusion length is 
also required for accurate estimation. The 222Rn flux 
from walls of ordinary concrete was measured to be 
0.0046 Bq.m-1.s-1 (0.12 pCi.m-2.s-l ) for a wall 0.2 m 
thick(25), and 0.0008 Bq.m-2.s-1 (0.02pCi.m-2.s-l ) for a 
0.3 m thickwaW24}. The U:S. data in Table I imply 
that flux from a 0.2 m thickness is in the range 0.0007 
- 0'()021 Bq.m-2.s-1 (0.019 - 0.057 pCi.m-2.s-I), 
assuming a diffusion length of 0.13 m. Flux 
measurements in 15 paved basements in the U.S. 
gave a range of 0.0009 -.0.0067 Bq.m-2,s-1 (0.025 -
0.181 pCi.m-1.s-I). with a mean of 0.0028 Bq.m-2.s-1 

(0.076 pCi.m-2.s-')(ZM. suggesting the possibility of 
transmission of radon from the soil. 

The flux can be compared relatively directly with 
the radon entry rate observed for a given indoor 

/space. Flux is also the natural measure of radon 
emanating from soil, which is the major source of 
indoor radon in many cases. As in the case of soil. the 
flux of radon from building materials can vary 
considerably. not only with moisture content, but 
also with environmental parameters such as pressure 
and temperature, since these can directly affect the 
transport of radon. 

Soil and rock 

Soil and rock have concentrations of elements in 
the 2~XU and 2:l2Th decay series that vary over at least 
as great a range as the values in the building materials 
derived from them. In addition to the variation in the 
concentrations of the precursors of radon, the 
emanating fraction and transport related parameters 
vary both with mechanical composition of the 
material and with environmental conditions, 

/ especially moisture content. Thus to the' extent that 
these source materials contribute to indoor radon, 
potential entry rates can be expected to vary over a 
wide range. Although our principal interest is the 
source of radon indoors, we first examine radium 
concentration and radon emanation rate for soil and 
rock itself and flux from ground that is not covered by 
a structure. 

Average concentrations in soil of elements of the 
k.lSU and 2J2Th series are approximately 25 Bq.kg-I 
(0.68 pCi.g-')(I). Reference 1 also cites typical ranges 
to be to-SO and 7 -50 Bq.kg-I (0.3-1.4 and 0.2-1.4 
pCLg-l) respectively; this contrasts with a less 
authoritative report citing a radium content of 0.7 -
66 Bq.kg-t (0.02 - 1.8 pCLg-I)(27). Analysis of 226Ra 
and 232Th concentration in approximately 330 
samples collected from 33 states in the U.S. showed 
ranges of 8.5 -160 and 3.7 - 130 Bq.kg-I (0.23 -4.2 
and 0.10 - 3.4 pCi.g-I), respectively, with 

corresponding arithmetic mean values of 41 and 37 
Bq.kg-I (1.1 and 1.0 pCi.g-I)(28). Isolated reports of 
other measurements also indicate a range of 1-2 
orders of magnitude for ordinary soils. For example, 
Pensko et O/(29) found a range of226Ra concentrations 
of 4 - 20 Bq.kg-t (0.1- 0.5 pCi.g-I) for five samples 
from near Warsaw; nineteen measurements reported 
in Barretto et 0/(30) indicate at minimum a range of 8-
85 Bq.kg-I (0.2- 2.3 pCi.g-l). 

Values much higher than the ranges indicated 
above arc associated with soils near uranium mining 
areas and mill tailings piles. Powers et 0[<3') found a 
range of 15 - 1700 Bq.kg-I (0.4 - 46 pCi.g-') for 28 
samples collected near uranium mining and milling 
areas in Wyoming, New Mexico and South Dakota. 
The 12hRa concentration reported for Jaduguda, 
Bihar, India. an area with known deposits of 
uraniferous minerals, vary from 40-200 Bq.kg-I (1-5 
pCi.g-'ym. Kalin and Sharma(33) measured 226Ra 
concentrations in 63 samples from Canada collected 
at the surface and at a depth of20-25 em at two mill 
tailings piles and found a mean of 1760 Bq.kg-I (48 
pCi.g-I). Finally, Strong et 0/04), analysing samples 
from two Australian tailings piles, measured 226Ra 
concentrations of 11,000 and 200,000 Bq.kg-I (300 
and 5,400 pCLg-I). 

The range of values for rocks is expected to be 
similar to that for soils, with typical activity 
concentrations ranging from 0.4 - 60 Bq.kg-' (0.01-
1.6 pCi.g- l ) for 2~RU series and 7-80 Bq.kg-I (0.19-
2.2 pCi.g-') for 231Th series e1ements(S). Results 
reported in Barretto et 0/(30) indicate a minimum 
range of 6 -740 Bq.kg-I (0.2 - 20 pCi.g-I) for the 50 
samples they studied. 

Measurements of emanation rates or ratios for soil 
and rock, performed both in connection with 
interests in uranium exploration and for the use of 
222Rn as an atmospheric tracer, are reviewed by 
Tanner{5.0l. Pearson and Jones(35) measured radon 
emanation rates from 70 dried soil samples 
(excluding some from mining operations). mostly 
from Illinois, and found a mean value of 4.4 x 10-5 

Bq.kg-1.s-1 (4.3 pCLkg-l.h-l) with a range of (1.3-
6.2) x 10-' Bq.kg-I.s-I (1.3 - 6.0 pCLkg-l.h-I). 
Barretto et a/oil) report on both emanation rate and 
emanation ratio: fifty rock and nineteen soil samples 
yielded emanation rates in the ranges ofless than 0.05 
x 10-5 to 8 X 10-5 Bq.kg-' .S-I (0.05 - 8 pCLkg-1 :h-I) 

and (0.3 - 9.2) x 10-5 Bq.kg-1.s-1 (0.2 - 9.S pCi. 
kg-I.h-I), respectively. Corresponding ranges of 
emanation ratio were 1-26% for rock and 10-55% for 
soil. Consistent with these data are measurements of 
five samples of sandy soil by Pcnsko et 0/(29) which 
yielded emanation ratios in the range of 12-50%. 

Several measurements of source characteristics 
have been performed on soils near or under buildings 
in which indoor radon concentrations were being 

27 

_,~m ............................................ __ __ 



o 
A. V. NERO and W. W. NAZAROFF 

investigated, but systematic examinations have 
ordinarily not been performed. As examples, 
emanation ratesof2.2 x 10-1 Bq.kg-1.s-1 (2.1 pCi.kg-l. 
h-') were found as the average for two soil samples 
each from Maryland and California, each pair having 
average ~16Ra concentrations of approximately 40 
Bq.kg-I (1.0 pCi.g-I) was found in soils adjacent to 
of roughly 25%(16). A mean 226Ra concentration of37 
Bq.kg-I (1.0 pCi.g.-') was found in soils adjacent to 
19 houses in New York and New Jersey, with all but 
one value in the range 30 - 41 Bq.kg-1 (0.8 - 1.1 
pCi.g-1)(26). Emanation characteristics were not 
measured in this study, but fluxes into basements 
were, as mentioned above. Soil analysis for samples 
collected at two solar-heated apartment buildings in 
New England showed 226Ra concentrations of 32 and 
78 Bq.kg-' (0.86 and 2.1 pCi.g-')(36). Soil samples 
collected in the crawl space of eight houses in 
Northern California and near Portland, Oregon, had 
radon emanation rates in the range (1.2-1.8) x 10-5 
Bq.kg-'.S-I (1.2 - 1.8 pCi.kg-

'
.h-')(31). Soil adjacent 

to an extensively studied house near Chicago was 
found to have 70 Bq.kg-' (1.9pCi.g-') of 226Ra and an 
emanating fraction of 41 %(38). 

Because of the very small diffusion length of radon 
in crystalline materials, if 226Ra were uniformly 
distributed in structurally intact soil grains, the 
emanating fraction would be much smaller than the 
observed values. The inconsistency of this 
expectation with observations has been explained by 
suggesting first that the radium in soil grains may 
exist, in part, in crusts or films on the grain surface 
and, second, that chemical corrosion, weathering, 
and small-scale fracturing may lead to large internal 
surface areas and substantial internal voids(5.6). These 
hypotheses are supported by various data. For 
example, Megumi and Mamuro(39) measured the 
radium contents of two size-segregated samples of 
soil from weathered granite and found, in one, 
monotonically increasing concentrations of 226Ra, 
224Ra and 22sAc with decreasing particle size (and 
therefore increasing surface area). Examination of 
the emanation ratios of 220Rn and 222Rn for the 
samples also suggested that the emanating atoms are 
produced principaily in a surface layer. A later study 
of the 226Raf23SV activity ratio in soil samples and in 
river and sea water suggests that 23SV may be 
dissolved and that its progeny may later be absorbed 
onto grain surfaces(40). lasinska et a/141) also found, 
for 70 soil samples. that the 23SV and 232Th 
concentrations (assuming radioactive equilibrium) 
increased linearly with the fraction of sample mass 
contained in particles with diameters less than 0.02 
p.m. They concluded that mechanical composition, 
rather than soil type, determined 232Th and 23RV 

contents. On the other hand, Myrick et al(28) 
concluded that for most of the 356 samples of surface 
soil they analysed, radioactive equilibrium existed 

between !.I!<U and !!t>Ra. And while Andrews and 
WoodP2) found increasing radon emanation with 
decreasing particle size in two of the three samples 
they studied. they suggest that the difference was 
primarily due to increasing emanation ratios rather 
than increasing radionuc\ide content. 

The emanation ratio of soils has been observed to 
vary with moisture content: more radon emanates 
from soil when it is moist or saturated then when it is 
dry. because water increases the probability that 
recoiling radon atoms will stop in pore spaces. 
Megumi and Mamuro(39) found 22(\Rn emanation to 
vary from 10% for a dry sample to 12-13% for a 
sample having a 2-8% water content. Strong and 
Levins(43) found the ratio of saturated to dry 
emanation ratios to be 3.9 ± 0.6 for 222Rn released 
from eight samples of uranium ore and mill tailings. 

Flux from the soil surface, combining emanation 
rate and diffusive transport properties, is a practical 
indicator of soil as a 221Rn source. The world-wide 
average flux of 222Rn from dry land has been 
estimated to be 0.016 Bq.m-2,s-' (0.43 pCi.m-2,s-'), 
with a range of 0.0002-0.053 Bq.m-2.s-1 (0.005 -1.4 
pCi.m-2,s-1), the lowest values having been measured 
over lava(44). Flux of nORn from dry, uncovered soil, 
measured at six sites in New Mexico, was found to be 
1.6 ± 0.3 Bq.m-2.s-1 (42 ± 9 pCi.m-2.s-IY451. (The 
higher activity flux for 220Rn than for 222Rn reflects its 
shorter half-life.) Some recent measurements of 
222Rn flux have been performed in connection with 
studies of radon indoors: the flux in the unpaved 
crawl space of a house with high indoor 
concentrations was found to be 0.27 Bq.m-2.s-' (7.3 
pCi.m-2,s-1)(46), considerably higher than 
Wilkening's range; the basement fluxes mentioned 
above(26) may include a significant contribution from 
soil. 

Clearly the flux from the soil surface depends on 
how radon moves through porous media. Radon 
transport and entry into buildings will be discussed in 
succeeding sections. However, the information 
above is sufficient to make a useful comparison of the 
measured overall entry rates into buildings and the 
strength of sources that contribute to these entry 
rates. The nominal entry rate of 15 Bq.m-3.h-1 (0.4 
pCi.l-1.h l ) mentioned earlier can be entirely 
accounted for by emanation from building materials 
in a room with floor, ceiling and walls of 0.2 m thick 
concrete with a flux of 0.002 Bq.m-2.s-J (0.054 pCi. 
m-2.s-J, about 3O%_greater than the mean for V.S. 
concretes(l6), and a surface-to-volume ratio of 

. approximately 2 m-J• However, the larger range of 
entry rates for single family dwellings cannot easily 
be attributed to building materials. Figure 1 shows a 
frequency distribution of entry rates for V.S. 
housing, on which is indicated the range of 
emanation rates for V.S. concretes(16), converted to 
an entry rate on the assumption that houses are one-
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story structures with a 0.2 m thick concrete floor and 
that walls and ceiling do not contribute. The range of 
contributions from measured fluxes from SOjJ(44) is 
also indicated. It is clear that the emanation rates 
from concrete cannot account for the observed entry 
rates, but that the fluxes from soil can, provided that 
in a substantial number of cases the effective flux 
from soil under the house is comparable to the flux 
from uncovered soil.. Understanding the movement 
of radon through source materials and into buildings, 
particularly those in close contact with the soil, is one 
of the principal challenges in characterising the 
sources of indoor radon. 

TRANSPORT IN BUILDING MATERIALS 
AND SOIL 

The characterisation of radon sources in terms of 
radium concentrations, emanation ratios, emanation 
rates, or fluxes, while useful, is incomplete, both 
because of the dependence of these parameters on 
environmental parameters and because actual 
transport or entry mechanisms are more complex 
than indicated by emanation rates or diffusive fluxes 
from, for example. uncovered soil. Transport of 
radon from its generation site may occur via several 
mechanisms, described by many authors (e.g., 
References 5, 6, 22, 24. 47). Two of these cause 
movement on a local scale, i.e., molecular diffusion 
and flow of pore gas, while movement of radon over 
larger distances may occur along with water or 
through cracks and fissures. Careful consideration of 
diffusion and flow is necessary to understand the 
entry of radon into buildings, as is the influence of 
environmental parameters such as barometric 
pressure, temperature. wind speed. and moisture. 

Diffusion 

Diffusion can be described by a flux, J, that is 
proportional to the gradient of the concentration, C: 

1 = -D VC (2) 

For a porous medium, if C is taken to be the 
concentration in the pore volume, 1 designates the 
transport rate per cross-sectional area of either the 
bulk material, so that D is the effective bulk diffusion 
coefficient ke, or the pore volume, in which case D is 
an effective interstitial diffusion coefficient k;. As 
usually interpreted ke == £k;, where £ is the 
porosity(48). Because of conservation considerations, 
the concentration obeys the diffusion equation with 
decay and production terms: 

bC == k; V2C - ARnC + Gy, (3) 
bt 

where Gy is the radon emanation rate per unit pore 
volume, Gep/£, p being the bulk density. This 
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Figure 1. Histogram of radon entry rates based on a grab 
sample measurement of radon concentration and a tracer 
gas decay measurement of air exchange rate(2). The bar 
labelled concrete emanation indicates the range of 
contributions of a sample of 106 U.S. concretes assuming 
half the radon emanating from a 0.2 m floor enters a single
story house having a 2.4 m ceiling height(16). The bar 
labelled soil flux indicates the range of mean contributions 
of 971 measurements of 62 sites of flux from uncovered soil 
(excluding measurements over lava), assuming all the radon 
that would emanate from uncovered soil enters the house, 
again with a 2.4 m ceiling height(44). For each bar the centre 

line indicates the mean value. 

~u~tion has a characteristic diffusion length, I = 
ke I ARn. The bulk flux (e.g. at a surface) is then 

1 == ke* VC == £ARnI2VC, (4) 

where C depends on I, ARn, and Gy • 

We note the steady-state one-dimensional 
solutions for soil of infinite depth, for a slab of 
building material with thickness L, and for a 
combination of the two. The radon concentration in 
soil gas at a depth z below the surface, assuming the 
concentration at the surface is approximately zero. is 

C(z) = C. (1- e-llI), (5) 

where Coo :::: Gji..Rn is, as expected, the pore radon 
concentration at large depths. The flux at the surface 
is therefore 

J :::: EI..RnIC", = £I Gy = I (GeP), (6) 

i.e., simply the product of the diffusion length and 
the emanation rate per unit volume of the bulk 
material. Similarly, the exhalation rate from each 
surface of a slab is easily shown to be(24) 

J = 1 (GeP) tanh(~), (7) 
21 

which reduces to Equation 6 for large L, and to + 
(GeP)forL «21. EvenforL== 21,J = O.76 -t-(GeP), 
so that for typical diffusion lengths the diffusive flux 
depends primarily on the thickness of the slab and to 
a lesser degree on the diffusion length. Finally, for an 
uncracked slab lying on the ground, the radon flux 
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transmitted by the slab(~7) is 

[ L ~. h (L) ]-1 JT = hr •• cosh{-y-) + I sm T ' 
.. E,; s > 

(8) 

where Jrrce is the flux from soil without the slab 
(Equation 6) and subscripts sand g refer to slab and 
ground, respectively .. The larger term in the brackets 
is usually the second, which may often be in the range 
10-100. 

A number of workers have measured the diffusion 
characteristics of radon in concrete, as summat'ised in 
Table 2. Measured porosities range from less than 0.1 
to greater than 0.3, consistent with the current 
understanding of the porosity of concrete and its 
components(47). Diffusion lengths for 222Rn range 
from less than 0.1 m to approximately 0.3 m (for 
some lightweight concretes), corresponding to 
interstitial diffusion coefficients in the range (2-20) x 
IO-S m2s'. The variability of these parameters does 
not appear to be connected with the porosity or the 
type of concrete. Combined with the radon 
generation rates discussed above, these diffusion 
characteristics for concrete give exhalation rates that 
are consistent with the fluxes actually observed. 

Soil is significantly different from building 
materials with respect to diffusion lengths and their 
dependence on environmental parameters, 
specifically moisture. A typical diffusion length for 
222Rn in soil is approximately 1 m (corresponding to 

·-an interstitial diffusion coefficient of2 x l()-1i m2.s-1), 

but can decrease to the order of 0.01 m if the soil 
becomes saturated(S.43); the diffusion length can 

-·exceed 1.5 m, e.g. for dry sand, but ought always to 
be substantially less than that for air ,,2.2 - 2.4 m(5). 
(In general, diffusion lengths for 22()Rn are 

approximately 1180 those of 2~2Rn because of their 
different decay rates.) 

The porosity of soil is a factor in determining 
diffusion characteristics and permeability. For dry 
soil, without organic matter, porosity ranges from as 
low as 37% for some sandy loams to as high as 63% 
for some silt loams(49). assuming the average soil 
grain density to be 2.7 x 103 kg,m-3(5U). 

Sample calculations illustrate the internal 
consistency of the soil data and demonstrate the 
inadequacy of diffusive transport in accounting for 
many cases of high radon entry rate. A soil with a 
226Ra concentration of 25 Bq.kg-1 (0.68 pCi.g-l), a 
bulk density of 1.5 x 103 kg.m-3• a porosity of 0.45, 
and an emanation ratio of 0.25 would have a 222Rn 
concentration in soil gas well below the surface of2.1 
x 1()4 Bq.m-3 (560 pCi.\-I), within the range of (0.7-
22) x 1()4 Bq.m-3 (200 - 6000 pCiJ-1) observed by 
various workers (e.g .• 'References 51-53). For a 
diffusion length of 1.0 m, the surface flux would be 
0.021 Bq.m-2.s-1 (0.56 pCi.m-Z.s-1), close to the 
world wide average flux cited by Wilkening et a[(44). 

A structurally intact concrete slab, having a 
thickness of 0.2 m. a porosity of 0.25 and a diffusion 
length of 0.15m. if placed on top of this soil would 
transmit 4.3% of this flux, i.e. about 0.0009 Bq.m-2.s-1 

(0.02 pCi.m-2.s-1 ). This flux is comparable to the low 
end of the range of fluxes expected from the concrete 
itself and while together they constitute a large 
portion of the flux observed through basement 
slabs(2f>J, they are significantly less than the flux 
required to explain U.S. source strengths in general. 
The transmission factor may also be less than 4.3%: 
Colle et a[(47) cite 2-4% for a 0.1 m thick slab. The 
presence of cracks in the slab may increase the 

Table 2. Diffusion characteristics of building materials 

Material 

heavy concrete 
lightweight concrete 
red brick 

concrete 

alum-shale 
lightweight concrete 
ordinary concrete 

concrete 
brick 
Leca" 

concrete 
concrete 

Bulk 
diff.coef.(k~) 
(}()-8m2.S-1) 

-0.2 

'lightweight expanded clay aggregate 

Interstitial 
diff .coeC. (k.) 
(lo-am2 Xl) 

1.16 
0.34 

3.6 
4.7 
8.4 

3.3 
6.0 

30 

Diffusion 
length (I) Porosity (£) Comments Ref. 

(m) 

0.13 (22) 
0,26 
0.15 

-0.1 assuming £ =0.1 (48) 

0.074 0.265 (24) 
0.04 0.45 

0.13 (25) 
0,15 
0.20 

0.126 0.068 (72) 
0.169 0.32 
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transmission of the diffusive flux from the soil 
considerably. Using a mathematical model of a 
cracked slab. Landman(54) determined that 25% of 
the flux from uncovered soil would penetrate the slab 
if a 1 cm gap existed for every 1 m of slab. Even for 
relatively large penetrations, however, the resulting 
diffusive flux is still very much smaller than th~ 
observed entry rates in some houses. 

Flow of radon bearing air 

Flow of radon bearing air through sQil and building 
materials is an important mechanism for radon entry. 
Pressure differences induce a fluid flow per unit cross
sectional area that, according to Darcy's law, is 
proportional to the pressure gradient: 

- K r>. V=--vP, 
/-L 

(9) 

where K is the permeability of the medium, /-L is the 
dynamic viscosity (18 x 1()-6 nt.s.m-2 for air at lO°C), 
and P is the pressure. The effect of small variations in 
the pressure (relative to average atmospheric 
pressure) can be described by a second order 
differential equation analogous to the diffusion 
equation; however, for most purposes flows stabilise 
relatively quickly after a change in pressure, so that 
steady-state solutions are adequate for describing 
radon transport(47). 

The significance of flow as a transport mechanism 
is the possibility that a greater volume of radon 
generating material in and around a structure may 
contribute to the entry rate than is possible due to 
diffusion alone. One possibility is that air may flow 
through the bulk of the building materials, i.e., the 
walls or floor (e. g. , in abasement) of the structure, in 
which case the permeability of the structural material 
is of direct interest. A more likely possibility is that 
pressures in the surrounding soil may drive radon 
toward the understructure and through openings in 
structural elements. 

The limited data available on the permeability of 
concrete to air flow indicate that bulk air flow through 
structurally intact concrete is unlikely to be an 
important contributor to radon entry rates. Flow 
through one concrete, perhaps fabricated to have low 
permeability. was 1.45 x 10""8 m3.s-l.m-2 for a 
pressure difference of 3500 Pa applied across 0.1 m, 
indicating a permeability of 8 x 10-18 m2 (55). 

McLaughlin and Jonassen(S6) measured the radon 
exhalation from a basement wall into a can that was 
held at a reduced pressure. They found a linear 
dependence of exhalation rate on pressure for 
underpressures in the range 700 - 3300 Pa, and 
observed a flux of 0.0051 Bq.m-Zs 1 (0.14 pCi.m-Z.s-l), 
approximately 6 times the flux at atmospheric 
pressure, for an underpressure of 3200 Pa. Assuming 
their wall to have a thickness of 0.3 m. and that the 
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flows of (3.0 - 20) x 10-7 m3.s-l .m-2 required to 
maintain the can at the desired underpressure passed 
through the concrete, the permeability of that wall is 
on the order of 3 x 1015 m2• 

It is unclear whether pressure differences of the 
order of 1000 Pa, such as those induced by barometric 
pressure variations, can be maintained across a wall 
even for as long as a few hOUfS. A much smaller 
pressure difference, commonly of the order of 5 Pa, 
may persist, induced by buoyancy resulting from a 
higher temperature indoors than outside. In this case 
the contribution to radon entry of flow through the 
concrete is certain to be small: for a basement having 
0.2 m thick walls and floors of concrete having a 
permeability of 3 x 10-15 m2, and a below grade 
surface area of 200 m2, a pressure difference of 5 Pa 
applied uniformly across the walls and floor would 
lead to a flow of 8 x 10-7 mlsl. Taking the 
concentration of radon in the soil gas surrounding the 
basement to be 2.1 x 1()4 Bq.m-3 (570 pCi.l-I), and 
ignoring the decay of radon during transit through 
the concrete, this component of the flux would be 
approximately 9 x 10-5 Bq.m-2.s-1 (0.003 pCi.m-2.s-1), 
or 6% of the diffusive flux of radon from the average 
U.S. concretep(26). 

Regardless of the magnitude of pre!>~ure difference 
across a concrete slab, flow through cracks, holes, 
and other penetrations is likely to dominate flow 
through the intact slab. For the example in the 
preceding paragraph, the flow through a hole of 2.3 
mm diameter would equal the flow through the floor 
and walls. Penetrations through concrete in hous~s 
probably have a total area several orders of 
magnitude larger, so for practical purposes flow 
through intact concrete can be ignored. 

The limited number of measurements of the air 
permeability of surface soil yield values in the range 
(0.007 - 3) x 10-10 m2 (57-59), with the permeability ofa 
given soil depending highly on the degree of 
compaction. Even though these data show a broad 
range, much lower values are to be expected for 
packed clay and much higher for gravel. Little has 
been done to correlate this information with 
experiments on the transport of radon through or 
from soil under various meteorological conditions. 
The 222Rn flux from the soil surface{(0) and the 
concentration in soil gas(S!) have been observed to 
change inversely with changes in barometric 
pressure. Kraner et a[(51) interpreted these changes to 
be due, possibly, to a piston-like displacement of 
radon laden soil gas, after which a new eqUilibrium 
might be established over a period of days due to 
diffusion and decay. Clements and Wilkening(60) 
found good agreement between a theoretical model, 
which combined flow and diffusion effects during 
barometric pressure changes, and experimental 
results. Additionally, it has been observed that radon 
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concentrations at moderate depths are depleted 
during periods of high wind speed(St.521, and it has 
been suggested that this is due to turbulent pumping, 
i.e., local pressure changes in the vicinity of the soil 
surface. Due to the low velocities very near the soil' 
surface, the possibility of a c1assical'Bernoulli effect is 
discounted; however, possible correlations between 
wind speed and barometric pressure were not 
mentioned. 

Water-borne transport 

Water-borne transport can be an important means 
by which radon enters residences. Radon 
concentrations in water have been observed to vary 
over an extremely wide range - at'least four orders of 
magnitude - and to reach very high levels, often 
exceeding 1()6 Bq.m-3• Generally the highest 
concentrations of 222Rn in water are observed in 
drilled wells, especially in granitic areas. Lower 
eoncentrations are found in water from dug wells, 
and surface water sources typically have the lowest 
concentrations. Hess et a[(61) measured 222Rn 
concentrations in water from 2000 wells in Maine and 
found a range of 7 X 1()2 - 6.7 x I()6 Bq.m-3 (20-
180,000 pCi.I-I);. the~ obse.rved an average. c~!l: 
centratlon of 8.2 x lOS Bq.m-3 (2200 pCi.l-th) 
for wells in granite areas, an order of magnitude 
greater than the average for wells in chlorite areas. 
Results consistent with the lower mean value were 
reported in a review of radon measurements in well 
and spring water in the United States which showed 
that, excluding New England, 74% of 438 samples 
analysed had 222Rn concentrations of less than 7.4 x 
I()4 Bq.m-3 (2000 pei.l-I), and only 5% exceeded 3.7 
x lOS Bq.m-3 (10,000 pCi.l-I)(62). Likewise, the 
average concentration provided to the 40% of the 
Swedish .population served by public water works 
derived from ground water sources is 2.2 x 1()4 Bq.m-3 

(600 pCi.1-I); 'however, concentrations as high as 
106 Bq.m-3 (2.7 x 1()4 pCi.t-I) have been 
measured(63). On the other hand, 45% of the Swedish 
population is served by water from surface sources 
having an average 222Rn concentration less than 2000 
Bq.m-3 (50 pei.l-I). (The remaining 15% of the 
population is served by private wells, not yet 
surveyed). A survey of 222Rn in drinking water in 
Finland showed a mean concentration of 2.5 x 1()4 
Bq.m-3 (670 pCi.l-l) in municipal supplies, in 
contrast to a corresponding value for drilled wells of 
6.3 x lOS Bq.m-3 (1.7 x 1()4 pCi.l-I)(64). 

Studies of radon transfer from tap water to indoor 
air cite average per-person water use of 0.2 - 0.4 m3 

per day, and a use-weighted transfer efficiency of 0.5 
_0.6(65.66). Thus forfour persons living in a house with 
a volume of 250 m3 the radon entry rate via domestic 
water having a concentration of lOS Bq.m-3 (2700 

pCLI-I) is expected to be in the range 7-16 Bq.m-3• 

h--1(0.2 - 0.4 pCi. I-I.h- t ), comnparable to the 
geometric mean of 14 Bq,m-3.h-' (6.37 pCi.l-l.h-l ) 

previously cited for a sample of U.S. housing. 
Because the concentration of 222Rn in water can 
exceed this value by more than an order of 
magnitude, water-borne transport can in some cases 
contribute to radon entry at a rate comparable to the 
higher rates observed. On the other hand, surface' 
water supplies, containing 222Rn at a typical 
concentration of 2000 Bq.m-3 or less, will contribute 
no more to the indoor concentration than a concrete 
slab floor. 

Discounting the effect that water has on the 
emanation ratio, the equilibrium radon 
concentration in soil and rock pores should be 
independent of the pore fluid. It is noteworthy, then, 
that the highest concentrations observed for radon in 
water exceed the corresponding values reported for 
soil gas by almost two orders of magnitude, 
suggesting, perhaps, that the range reported for· the 
latter may not reflect the higher values that may occur 
in some circumstances. 

ENTRY OF RADON INTO BUILDINGS 

The basic transport mechanisms discussed above 
afford ample opportunity for movement of radon 
within and from building materials or the soil 
surrounding buildings. The extent to which they 
account for actual entry rates depends on the specific 
structural diaracteristics of buildings, the diffusion of 
radon through structural elements, and the flow of 
radon bearing air due to driving forces induced by 
winds, temperature differences or changes in 
barometric pressure. The potential effect of 
barometric pressure has been discussed above. It is 
the potential importance of winds and temperature 
differences, the'same factors that affect the overall 
infiltration rate for buildings, that has been the focus 
of recent investigations, the implications of which are 
by no means fully understood. The premise for this 
attention is the desire to account for entry rates into 
buildings (even those having concrete 
understructures) that are comparable to the free flux 
expected from the underlying soil. 

Before discussing some recent lines of 
investigation, it is useful to set forth the essentials 
that describe how air enters buildings through their 
shells, as opposed to entry through windows or 
ventilation systems. Infiltration rates are presently 
understood in terms of pressure across the shell that 
arises from two sources: winds and temperature 
differences. The first cause is superficially obvious, 
although the details have substantial subtlety and can 
be represented on a fundamental basis only with 
difficulty. The dependence of infiltration on wind 
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speed has been parameterised as part of infiltration 
models as 

Qwind = Ao fw V, (10) 

where V is wind velocity, Ao is'the effective leakage 
area of the building and fw is the wind parameter, 
which accounts for local and terrain shielding effects, 
the distribution of leakage area in the building 
envelope, and the height of the building relative to 
the height at which wind speed is measured(67). As 
noted below, the details of how wind speed varies 
with height near the ground may be very important in 
characterising how radon entry depends on this 
factor. Moreover, wind-induced pressures might be 
expected to drive radon-rich soil gas into a structure 
on one side, while inducing indoor air to be drawn 
into the soil from the other. 

The dependence of infiltration on temperature 
differences, particularly during cold seasons, is 
essentially due to a stack effect, where the higher 
temperature indoors implies a pressure across the 
building, shell that varies (in sign as well as in 
magnitude) with height, inducing a convective loop 
that carries air into the building near the ground and 
out of the building toward the top of the structure. 
This driving force has also been parameterised in a 
simple way as part of an infiltration model: 

Q.tacl<. = Ao fs /::,. T'l.! (11) 

where /::,. T is the absolute value of the temperature 
difference between indoors and outdoors and f. is the 
stack parameter, which accounts for the building 
height and the distribution of leakage area(67). 

Infiltration models are useful not only in 
considering the overall air-exchange rates induced by 
meteorological conditions, which thereby affect 
indoor concentrations, but also because they give an 
indication of the potential for comparable forces to 
drive radon into buildings via the understructure. 
The total rate at which soil gas would have to enter 
buildings to account for the observed entry rates is a 
small percentage of the total air exchange 
rate(II,12.68): the geometric me.<in entry rate from the 
U.S. data,14 Bq.m-3 .h-1 (0.4~i.1-1h-l),;implies a soil
gas entry rate of only -0:0007 h-f (assuming a soil-gas 
concentrationof2.1 x 1()4Bq.m-3), only 0.1% ofthe 
t~~l ai!..~xchan~r~t~ typicalof house!,_. 

Infiltration models, and experimental data such as 
. that discussed below, show that air exchange is driven 

by pressure differences of only a few Pa, far less than 
changes in barometric pressure; the latter pressure 
differences, in any case, cannot persist across the 
above-ground structural shell and probably persist 
only for short times (i.e., hours or less) across the 
understructure components and the surrounding soil 
as suggested in preceding sections. Given typical air 
exchange rates for residences of 0.5 - 1.0 h-I (~), any 
radon entering due to a short-lived pressure 
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Figure 2. Radon measurements and source related 
parameters for a wc:ek lo~g peri.od in a single family ~ouse 
near Chicago. DUring thiS penod the water level m the 
basement sump was maintained above the entrance from 
the drain-tile system that extended around the house 
perimeter. The soil probe monitored alpha activity in th~ 
soil air adjacent to the basement. abo~t 0.5 m be~ow the soli 
surface. The sump monitor sampled air at a hole m the sump 
cover. For each device, the steady state response to 222Rn in 

room air is 1 count minot = 17 Bq.m-3 (38). 

difference wilt be removed within several hours. A 
key question then is whether smaller (and sometimes 
variable) pressure differences can drive significant 
amounts of radon through a substantial thickness of 
soil and into a building. Significant attention has 
recently been given to the question of radon entry via 
soil gas in countries such as Sweden, the United 
States, Canada, and Great Britain, where portions of 
the housing stock have been found to have unusually 
high radon concentrations. 

Radon entry into basements 

Radon entry into basements, especially in 
residences, has been a subject of extensive 
investigation over the last several years (e.g. 
References 10, 26). The element that has recently 
been added to these studies is the detailed· 
investigation of entry modes experimentally and, to 
some extent, theoretically. These investigations seek 
to examine both radon source parameters and 
putative driving forces at a level of detail that is 
adequate to form a consistent picture of actual entry 
modes and directly observed indoor concentrations . 
The results of such investigations may then serve as a 
basis for reducing entry rates in circumstances where 
they are deemed excessive. 

An example of such a study is .an experiment 
mounted in a single family house with a basement 
near Chicago, in which - for a period of five months
real-time measurements were performed of the 
indoor radon concentration and air exchange rate, 
source related parameters, and meteorological 
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Figure 3. Radon concentrations and meteorological 
parameters measured over a five week period in a house in 
Portland, Oregon. The temperature difference is positive 
when the indoor temperature is greater than that outdoors. 
Wind speed was measured on site at 9 m. Rainfall and 
barometric pressure data were obtained from the National 
Weather Service. The radon concentration at the soil 
surface was measured by sampling air at 15 x lQ-6 mJ.s-J 

from a five sided aluminum box whose open side covered 
0.95 ni2 of soil adjacent to the house. During the first two 
weeks of sampling the crawl space vents were sealed with 
polyethylene sheets and tape; during the last three weeks 
they were open. The soil in the crawl space was covered by 

0.15 mm (6 mil) black polyethylene sheet(J7}. 

/ factors(38), using a monitoring system based on one 
described earlier<70). A time varying entry rate can be 
calculated from the measured radon concentration 
and air exchange rate; the effect of driving forces on 
this entry rate and on radon concentrations in soil gas 
and at entry points can then be examined. Figure 2 
gives an example of the radon data for a week-long 
portion of the experiment. Here, in spite of the fact 
that the drain tile entrance into the sump was 
occluded by water throughout the monitoring period, 
the radon level at the sump is seen to vary 
substantially and to reach quite high values. The 
indoor radon concentration changes in 
correspondence with sump activity, implying that the 
same factors that affect the latter also influence radon 
entry, and suggesting that the sump may constitute an 
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important pathway for radon entry into the housc. 
The cause of the rapid increases in sump activity has 
not. ?een i~entified; nor have the dips in soil gas 
activity, which seem to occur regularly during this 
period just prior to increases in sump activity. been 
explained. 

Thus, detailed interpretation of the results of such 
an experiment is not straightforward, especially 
when the source distribution has a singularity - in this 
case a sump and drain-tile system - that is not well 
characterised. Canadian workers have had some 
success in dealing with such systems in a very 
practical way by, for example, installing a water trap 
or providing sub-floor ventiiation(7J). The main 
conclusion to be cited from the Chicago study is the 
inference that the radon entry rate appears to have 
two components, one that is independent of air 
exchange rate (and, presumably, of the forces that 
drive it) and the other tnat is proportional to the air 
exchange rate. The first component therefore acts 
like the entry of radon by diffusion, while the second 
behaves like pressure driven entry. Estimation of the 
expected diffusion rate through the concrete 
basement, using parameters measured for concrete 
from the Chicago area(16,72), yielded an entry rate of 
approximately 2 Bq.m-3.h-1 (0.06 pCi.I-I.h-1), which, 
as it happened, equalled the postulated diffusive 
entry rate extracted from the experimental data. ' 
Accounting for the component that was dependent 
on air exchange rate required that a pressure 
difference of about 3.5 Pa be able to draw 0.5 x 1O-} 
m3.s-1 of soil gas from the soil surrounding the 
basement, which appeared possible if the 
permeability was relatively high or if a comparable 
flow of air was available along the exterior basement 
walls to act as a carrier of radon diffusing to the walls. 
In this wayan entry rate of 63 Bq.m-3.h-1 (1.7 pCi
l-l.h-I ) could be accounted for at this site. 

It therefore appears possible that observed radon 
entry rates for buildings with basements are within 
the- range that could be expected based on emanation 
and transport characteristics of the building materials 
and surrounding soil, provided pressure-driven flow 
is considered. Fundamental modeling of pressure 
differences and radon concentrations within the soil, 
of the type that has recently begun(73). will be 
required to verify this hypothesis. Even for the 
specific case of basements, considerably more 
experimental work is required to determine entry 
routes and transport mechanisms with some degree 
of certainty. An intriguing view of the processes 
proposed here, involving pressure differences that 
are wind or stack driven, is that a building effectively 
draws radon from the ground in a manner that is 
considerably more subtle than the so-called piston 
action associated with changes in barometric 
pressure. 

I 
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Radon entry through crawl spaces 

Radon entry through crawl spaces is known to be 
significant when the crawl space is unpaved and 
unvented(4(,). However, a large number of U.S. 
homes have crawl spaces that are vented; in some of 
these, vents are being sealed to save energy, and. 
plastic sheeting is placed over the soil in crawl space 
to prevent build-up of excessive moisture in the 
understructure. Investigations have recently been 
carried out in a few homes in California and Oregon, 

. not only to ascertain the effect of such measures on 
radon entry, but also to determine the transmission 
of radon across crawl spaces that are not altered in 
this way(37). These studies have monitored an array of 
parameters that is comparable to the basement .study 
just described, except that air exchange rate IS not 
measured continuously, but rather is calculated 
based on an infiltration model(67) and real-time 
measurement of meteorological parameters. 

Preliminary results show that a fairly large fraction 
of the radon flux from soil is transmitted by the crawl 
space (even when vents are left open), that a stack 
effect may contribute in some cases to raising the flux 
above the level expected from open soil, and that 
even unusual transport processes may at times occur. 
For example, Figure 3, a plot of data taken at a house 
in Oregon, shows that during a period of substantial 
rainfall and decreasing barometric pressure around 
March 30, 1983 the radon entry rate rose markedly, 
suggesting that with reduced permeability in th~ 
surrounding soil the house became the route for soIl 
gas to escape at a time of falling pressure. No such 
effect is observed on March 13, another day of heavy 
rainfall, probably because the barometric pressure 
was rising during that day. 

This work has also entailed use of a tracer gas 
(sulphur hexafluoride) to study the degree of 
transmission between the crawl space and the interior 
of the house. Indications are that during the heating 
season a primary mechanism by which a crawl space 
is ventilated is stack-effect driven flow into the house 
through the floor, the air being replaced by flow into 
the crawl space through the vents. Cross ventilation, 
driven by wind and by temperature differences 
between the crawl space and outdoor air, appears . 
only comparable despite the large openings that the 
vents constitute, presumably because of the wind 
speeds are low at the height of the vents and the 
temperature difference is small. 

Other types of buildings 

Other types of buildings have radon entry routes 
that differ significantly from those just indicated. The 
case that is most similar is that of a slab-on-grade 
building, in which case many of the same 
considerations applying to basements may be 

pertinent, albeit in a simpler geometry. Setting aside 
the question of pressure driven transport for a 
moment, diffusive movement can of course be 
understood in terms of the more straightforward 
considerations set forth in earlier sections. However, 
as in the cases above, an essential element is the 
availability of experimental and theoretical results 
that are adequate to determine the relative 
importance of the different transport mechanisms in 
the circumstances of interest. As the number of 
stories in the building under study increases, the 
problem simplifies (at least in the absence of 
complicated ventilation systems) to the case whe~e 
simple diffusion from the materials in t~e stru~ture IS 

the predominant radon entry mechamsm, WIth the 
possibility of very small departures due to pressures 
across the above ground structural components. 

Certain building designs, not in common use now 
but attractive because of their energy efficiency, have 
the potential for hig!t radon entry rates. Two 
examples are earth bermed houses and solar houses; 
in either case high entry rates may arise because of 
the large amounts of crustal materials associated with 
the building structure. In such cases specific attention 
must be given to the pathways for radon entry .. 

IDENTIFICATION AND CONTROL OF 
HIGH ENTRY RATES 

The fact that, even in areas where high indoor 
concentrations are observed, only a moderate 
fraction of houses have high concentrations gives 
encouraging evidence that very high radon entry 
rates can be reduced or avoided. Drawing on our 
developing understanding of radon emanation, 
transport, and entry, we ought therefore to addr~ss 
two questions: 1) what circumstances lead to high 
entry rates and 2) what can be done to ~ontrol th.em. 
The main conclusions from the prevIOus sections 
provide a basis for considering these questions. 

The relative importance or 
various sources 

The relative importance of various sources clearly 
depends on the circumstances. As an important 
example, emanation rates for ordinary U .. S. 
concrete are in the range (0.4 - 1.3) x 10-5 Bq.kg-1.S-1 

(0.4 - 1.3 pCLkg-1.h-I ), leading to fluxes from 0.2 m 
thick concrete of about 0.0007 - 0.0021 Bq.m-2.s-1 

(0.02 - 0.06 pCi.m-2.s-I). In many buildings, such' 
fluxes can account for the observed indoor radon 
concentrations, but these cases tend to have 
concentrations at the low end of the range observed. 
Building materials with elevated 226Ra 
concentrations, and correspondingly high emanation 
rates or fluxes, can contribute much more substantial 
indoor concentrations, even on .. ,.. ••. 
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magnitude higher than the average. It is therefore 
clear that continuing attention ought to be given to 
the possibility of elevated emanation rates due to use 
of specific natural materials or industrial by-products 
The latter materials can easily be examined prior to 
decisions about incorporating them into building 
materials, e.g., in the manner of European or U.S. 
investigations on the use of ·fly ash in concrete. 
Identifying high contributions from natural materials 
is more difficult unless there is some reason to suspect 
that they may have high emanation rates, as may be 
the case in areas with high soil sources. 

Similarly, most water supplies do not contribute 
substantially to the radon entry rate. However, the 
occurrence of large contributions in some 
circumstances, e.g., 222Rn concentrations in water of 
1()6 Bq.m-3 (30,000 pCi.1-1) which can contribute 100 
Bq.m-3.h-1 (3 pCi.1-I.h-l ) to the radon entry rate, 
requires that one ask how to identify such problems 
systematically. Some countries are approaching this 
question directly by performing measurements on 
community water supplies derived from 
underground sources. Generalising from results of 
specific measurements or even such wide-scale 
programmes may be facilitated by considering some of 
the same factors that apply to the question of 
characterising soil as a radon source. 

The most substantial issue for many smaller 
buildings, including but not restricted to single family 
residences. is the contribution from soil. As indicated 
in data already available, in many cases the 
contribution to indoor concentrations from the soil 
must approximate the flux from open soil. which 
averages about 0.016 Bq.m-2.s-1 (0.43 pCi.m-2.s-I). 

As suggested in the last section, there appear to be 
entry routes and transport mechanisms that can 
permit the bulk of the flux from soil to appear inside 
buildings. It would be useful to be able to predict the 
contribution to be expected from soil in specific 
circumstances and to indicate methods for 
controlling excessive rates. 

Characterising geographic areas 

Characterising geographic areas . in respect to 
radon source strength from the ground would be the 
optimum solution, although even if possible it would 
be hard to achieve. One approach would be to 
perform flux measurements on a wide scale. 
However. these depend on meteorological 
conditions at the time of the measurement and do not 
indicate a great deal about the soil characteristics in 
respect to pressure driven transport. An alternative 
approach is to investigate radionuclide content and 
soil characteristics on a wide scale. This approach is 
particularly attractive in countries, such as the 
United States, where the entire country has been 
mapped for potential uranium sources by aerial 
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radiometric measurement of the 21.tBi gamma ray at 
1.76 MeV. Although not a measure of ~!:!Rn 
emanation rates, this is a fundamental parameter 
that, together with other information on soil 
characteristics (particularly those related to diffusion 
and flow). could indicate areas with potentially high 
source strengths. However, the efficacy of this 
approach depends critically on a better 
understanding of how radon actually enters buildings 
from the ground and how measurement of particular 
source related parameters can serve as a guide to the 
entry rate. 

Control of higb entry rates 

Control of high entry rates from the soil is 
substantially more difficult than control of radon 
entry from building materials or water. The ultimate 
control measure for building materials is attention to 
the constituents; and radon can be removed from 
water by aeration or storage. Control of radon 
entering from soil requires attention to the questions 
indicated above and, in addition, formulation of 
means to inhibit entry. Specific control measures. 
such as sealants and sump or sub-floor ventilation. 
are beyond the scope of this paper. However. the 
kind of experimental and theoretical work 
summarised in the last section is intended to lead to 
practical and inexpensive means of controlling radon 
entry in new buildings as well as those already 
existing. In the latter case, efforts can be directed to 
blocking specific points of entry, provided the 
scientific basis for identifying them has been 
established and the monitoring methods for 
localising them have been devised. 

It thus appears that we have an understanding of 
radon sources that is sufficient to indicate the nature 
of the problem and, in particular, the circumstances 
in which high radon entry rates may occur. 
Substantial experimental and theoretical work 
remains to be done before a capability for identifying 
and controlling the cases of interest can be 
established. Only then will it be possible, on a 
systematic basis, to implement standards that have as 
one goal the limitation of radon entry rates to specific 
levels in new and existing buildings. 
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