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Bovorable ™ax Bsucus
Tnitaed Statas Sematas
Vashiagton, D.C. 20510

Dear Semator Baucus:

In a Memorsadum to the Gffice of Madiaticm Progreas’ 3Staf?,
Marx Szolcnsky, an investigzator for your Subcommittee, asked a mmbder of
questicns relating o EPA estimates of the lung cancer risks from racon
exposures. CEatimates of this risk for the total U.3. pepulaticn are 2
functicn of the populaticn's average lifetise exposurs o radon in the
heme and work place and bow much a given lifetime exposure increases the
risk of long cancer., Neither of these quantities are knowa with zuch
accuracy, but inforsation is sccumulating which indicatss the public
risks {ros rades warvant sseriocus attentiom.

A Radiaticn Policy Coungil (XPC) Taak Force, which I chaired,
recently examined the radon question and wbat the proper Federal role
should de. Thsir report cutlines vhat i3 known about dow raden gets
ints the home evircosent, what sverage exposure levels might de, and
the potential ccosequences. A copy of tils intaragency Task Fores
~port i3 smelcsed.

ladon exposures are usually expressed in terms of the concentrrticon
of short Ralf-life radon dsughter products, using 2 unit callsd the
Worging Level (ML), As cutlined in %he Task Force report, tle amount of
radon daughtars in homes varies enormously depending on the ventilaticn,
local geolcgy and a mumber of other factors. Although average exposures
are 2ot well known, there i3 scme concsasus that the 3ean U.3. exposure
is about 0.008 WL (Tadbles Il-! 3nd III-! in the RPC report). The actml
amount of ~adom in BDomes could de more or leas than this and one of the
ains of the emerging Fecdesral progria i3 %o get detier cata o naticmal
exposSures.

As llustratad in Table IZ«2 of the RPC report, 2 wide =ange of
ri3ks have been estisatsd for radcen exposures, Thess risk estizates
vary by a factor of eight or aore dapending cn the asaumpticns =ade in
applying epidsaiciogical data from cccupational expesures (underground
xiners) %o the gemeral populaticn., EPA Mas asde a straightforvard
projecticn of the odserved occupaticnal risiks %o the gemeral population.
I =ust emphasize “hat we do not mow Lf the zeneral population would
zave a greater or smaller response than ziners, T™is (3 a common leature
af all radon risk estizatas wnd {3 a =ajor sourcs of uncertainty.
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Searing this in =ind, TPA has used three risk models %o eatimats the lung
cancer risks frea lifstine sxposures. These sstizstes are documentsd In
3 1979 SPA/CRP report "Indcor Radiation Zxposure Due to Radium=225 in
Florida Phosphate Lands.® A copy {3 enmclcaed which cutlices in scme
detail the varicus approaches we ™ave used O astizate lifatize risks.
I we zssume crildren and adults have equal sensitivity, 0.003 WL yielas
a lifetize riak of about 3000 cases per aillicn persons expcesed for a
14¢%stize, page 52 of the IPA report. (Por the same populaticn base, ve
would expect about 29,200 additicnal cases due 0 causes not asscciated
with racon.) These estimates are for a statiomary pepulaticn having
1970 death rates with an aversge age at death from all causes of abcut
71 years, so that the averige annual risik associated wita raden is aboat
0 cases per year per millico populatica. For s 0.S8. population of 230
aillicn perscns, this zmounts %O = estimated lung cancer death rata per
year of acout 18,000 cases., As pointed ocut iz the 1979 "PA repers,
gitad above, {¥ expesures during chilchood are 3 tises zore Jangerous
than adult exposures, the ansual ~isk isscciated with radon would be
increassd %o alout 20,000 cases per year, On the othernand, the less
conservative risk socel used in the 1979 report rields an average wnnual
risk of about 7,000 cases per year in a population of 280 aillica.

e recognize that eatimating the risks due %0 tonizing rediaticm is
an uncertain Tusiness and that other iuvestigators have zade estizatas
ofmmmmmamneazmmwlnmmuam
by ZPA - Table IT-2 in the RPC repert 1llustrates this peint, One of
the 3cet recent estizates i3 cne Iade Dy the Saticeal icademy of
Saiences’ DETR Committse i 1980, Althcugh their sethodalogy was quits
A{f"arent from that used by TPA, lifetize risk agstizates using their
socdel vields resulls that e almeat {dentical %o ths 7PA estinate of
182,000 cases per year Tivan lbove, e.f., Table II-2 i(n the TPT report.
Zven 30, we are not comvinced that the ri3ics from indoer radon are well
underetood. Proiseting r~isks froa cccupational expesurws %0 a 3ereral
population may not » very accurats. Joweves, in ths adsencs of relevant
4ata showing that ~isks to the genmersl scpulation are likely ¢ “e less,
ve Delisve current estizatas of risx skould be used. L

-~ Tadiaticn Zealicy Coumeil fas ~ecently recommenced %lat
somaiderinle Teceral atlention te direected 2T e =sden 2rhlem and
slaced —mapen3idilitly om TP %o rrevide leadersthi) in 2 “usber af “reas,
Their Jeptamber 25 decisicn paper concerning she indoor =aden probles (=
melosed. Cxpeditiocus aation by EZPA and oticT azencies is required Iy
thgse 1PC-approved reccmmendaticas.
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T nope this letter and the enclasures provide suffcient infarzation
on how P4 risk estizmates for radon vere 3ace. If you “ave questions,
slease contact e Yy shone at (702) S357-5380.

3incerely yours,

IS5/

Sillias 5. 1lets, M.D.

Chief, SicefTects ‘ralysis Zraneh
Criteria & Stancarvs Oilvisicn (ANR-360)
Office of Radiaticn Pregracs

2 Enelcosures

ae: w/o Zpelosures)
¥e. ¥arg Stavens, Office ~f Legislative Affairs, TPA

Me, Wgry S=alonsiky -
or. David Fesenhaun (AM-2=1)

ANR-S60:W. fl1lett :awe 10-5-30 (CM#2, 1021, XT9280)
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U.S. Radiation Policy Council
Decision Paper

Reccmmendations for Council Action Rasad on Reports
: by Three Task Forces

Introduction

At its May, 1980 meeting the Council created task forces to
exanine the following 1ssues:
) Control of radon in inhabited structures
) Occupational radiation exposure regulations
) Low=-level radioac..ve waste management
) Pregaration of & directory on current radiation protection

responsibilities and activities

Task forces began work imne&;ate1y on the first three issues. The first
act of each Task Force was the preparation of a work plan which included a
statement or restatement of the objective(s); a brief summary of the basic
issue(s);.a summary of Federal activities; a study design including assigne
ments and schedule; and a plan for public involvement. These work plans
wers submitted %o the Working Group and approved 1n early June, 1980. The
fourth task, pregaraticn of a directory, was not undertaken due to the un-
«1111ngness of any agency tQ assume she lead. It will de undertaken in the
near future by the Radiation Policy Council stafs 1f the requested FY 198!
resourcas are forthcoming.

fach Task Torce prepared 2 pesition paper, datad August 15, which
laid out the bdackground and on-going acsivities, the bdasic 1ssuyes Qr
oroplems, and ways to address *hese 1ssues and sroblems. These positicn
papers wers sent to the Working Group and summaries of each placed 1n
sne federal Register (Vol. 45, No. 183, August 23, 1980, po 57618-13).

Aftar reyiewing the position 3apers, the working Group met anc
reyiewed the conclusigns 1n 2ach pager. Many of tne 1ssues raised or

solutions suggested, particularly in tne occupational exocsure aresd,

fene amlia. sescae A warae



incorporated in the development of issues for the long-term agenda (see
item V). However,K certain specific issues or solutions were identified
by the Task Forces that the Working Group believes can be addressad now.
Recommendations

Based on the position paper , the Working Group reccmmends that the
Council take the following actionms.

o Radon Based on currently availadle information, radon and its progeny
appear to. be one of the major sources of radiation exposure for the general
population. However, the existing data dase on the lavels of radon and its
progeny in structures and factors affecting these levels 1is extremely Timited.
Informaticn on the health effects is derived mainly from studies of uran .m
miners exposed to raden n an occupational setting. The working Group and the
Radon Task Force believe tnat a systematic assessment must be done before any
deci1sions can e made on a national! radon control strategy. Though numerous
agencies have been invclved 1n various radon assessment activites, the Federal
effort clearly needs to be better focused. There is also a need for providing
cansistent advice %o State and local governments as wel]l as Federal agencies
on radon contral during the assessment pericd. Consequent v, *he Working

Group recommends that the Council:

R 1) endorse the develcpment of a Faderal strateqy to assess the
srevelanca and levels of radon ang 1ts progeny 1N inhasited

structures 1n the United States;

R 2) request EPA prepare a monitiring and health effects assassment
strategy for review Dy the Working Group no later than Novemper 132

and far consideration By the Council at 1ts Jecamber meeting:



R 3) request FPA bring to the Council, if or when the assessment
indicates the need for control, a schedule for the development of
health or technology based national standards, including related

statutory autherity;

R 4) request EPA take the lead, in the interim, in offering consistent
Federal advica and guidance to State and local goverments and other
Federal agencies with regard to specific situations where radon has

been, or may be, identified as a potential problem;

R 5) direct the APC staff to prepare a recommendation designating
the responsibilities of Federal agencies in the area of radon assess-

ment and control; and

R 6§) request the [nteragency Radiation Research Commitiee include

in its research strategy the effects of radon at low levels.

a Occupational Radiation Exposure Requlations Numerous issues arise

1n estab’ ishing or revising regulations for occupational exposure %0
radiation. Since 1960 the foundition for such regulation has Ddeen

tne Federal guidance, 1nitially the responsibility of the FRC and

since 1970, of the ZPA. Present gccupational exposure requiations

are based on guidance written in 1960 nd now felt %o De in urgent

need of revision by a numper of agencies. Once this current need T2
revise the guidance has Seen met, it is felt the other issues raisad

by the Task Force can be addressed, and 1n fact most of them have

seen incorporited in the recommended lony-term agenda (item V). For the

near term need, the Working Group ~ecommends the Council:

0E 1) request SPA provide to the wWworking Group at least two weeks

grior %o each each Council! meeting 3 report on the sTatus of 1ts

- . - e --.
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PREFACE

The Office of Radiaticn Programs of the Envircnmental Protection
Agency endeavers %o protect public health and preserve the environment
by carrying out investigative and econtrol programs which encompass
varicus sources of radiation. Pursuant to this goal, the Office's
Criteria ard Standards Division and Eastern Environmental Radiation
Facility initiated a study in June 1975 to examine the radiaticn
impact of living in structures built on phosphate lands. This study
was carriesd ocut in conjunction with the Florida Department of Healt!
and Remabilitative Services and the Polk County Health Departaent.

The purpcese of this report is to present the findings of that study;
thess include estimates of the radiation levels, evaluations of the
cost-affectiveness of controls, and pessidle acticns that can De taken
to reduce such levels. Readers of this report are encouraged 0
infora the Cffice of Radiation Programs of any cmissions or errors.
Comments or requests for further informaticn are alsc invited.

We wish to express cur gratitude to the staffs of the Florics
Departaen: of Rehabilitative Services and the Polk County Health
Department for their cocoperaticn and assistancs. Stafls of the
Sastern Snvircnmental Radiaticn Facility in Montgomery, Alabama, and
she Environmental Menitoring and Suppert Ladbcratory in Las Vegas,
Nevada, contributed substantial efforts in sample and data analysis.
We also offer ocur thanks to officials of the phosphate Industiry for
their help.

/

/ ./‘ . s el
Viddan. (¢ THE

v Laad L’t'-

"'.
William A. Mills, Ph.D.
Acting Deputy Assistant Administrator
for Radiation Programs (ANR-453)
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SECTION 4.0
RADIATION HEALTH RISK ESTIMATES

4. mmmmmmmmmmouopmmmm
4.1.1 The Epidemiological Data Sase

The carcinogenic nature of inhaled radon and its daughter
products became knowm through cbservatiocn of fatal lung disease in
some groups of underground miners. The zalignant nature of thelr
disease was recognized as early as 1879 and specifically identified as
bronchiogenic cancer in 1913 (Lu71). The associaticn between inese
cancers and the ainers' exposure %o radcn was first made in 13524.

Although there has Deen 3cme argument that occupaticnal nazards
sther than radon 2:ay be important, extensive studies have excluded
zany suspected causes of excess lung cancer among underground alners
sush as pneumcccnicses, water in tre mines, hereadity, fungal growtas,
as well as a number of metals in the or:c. i.s., nickel, chrcmium,
arsenic, and bismuth (Fri8, Hub6). Exhaust fumes from diesel engines
are often zenticned as a causative factor for lung cancer amcng
uranium miners. Yet from 1369 %o 1878, well befcre the diesel engine
was patented in 1862, lung cancer caused 7% percent of ainer deatas at
Schneeberg (Ha79). The cbservaticn of axcess lung cancer mertality in
Jorkers in a variety of hard rock anéd metal mines indicates that

yranium ore dust is not cr tical %o the development of lung cancer



(Fru8, Huéé, LuT7l). The only ccmmen factor identified in all ainer
groups studied is the presencs of radon and radon-daughter aercsols in
the respired air (MA76). '—

The general recogniticn of the radca problem nas resulted in a
auzber of epidemiological studies in various countries, including the
U.S.A., Canada, Czezhoslovakia, Sweden, and Great 3ritain. Lung
cancer deaths in U.S. uranium miners have been the sub:%é: of an
extensive epidemiclogical study led Dy the U.S. Public Health Service
(LaT1, AP74, Ar7S), which has provided such informaticn on the
atiology of radiation-induced lung disease. Nevertheless, this study
and %0 a lesser extant other studies of cancer deaths amcong under-
gound nﬁnrs mave limitaticns wnen used for the purpcse of providing
~isk estimatas applicable to the general population. The relative
impertance of these limitaticms nas been considered in the risk
estimates zade Selow.

"he estimates of the risk o ainers have continued 0 rise as
acre epidemiclogical data nave accumulated. Ia this regard it is of
interest %0 compare recent iaforaaticn an radicgenic lung cancer witn
=mat availacle in 1970-1577 when the Tederal Zuide for ceoupaticral
exposure of mners was reduced from 12 %0 4 Werking Level Montas (WLM)
per year (Fa71). These guides wers nased almost exclusively on the
experience of U.S. uranium mners expcsed 0 high concentraticns of

~adon daugnters. s that time 70 lung cancer cases tad Jeen cCserved



in the study group. While this number of cases exceeded the expected
aumber of 12, about malfl of the cancers followed exposures of acre
than 1800 WLM (Lu7l).

?WSMWWG“Mgmwmcmmmm
U.S. uranium miner study group through September 1368, and their
estizated levels of exposure in WLM. The expected number of deatis
hpmmtuwcatrmuucbdoalwdandubucdmum.u
zales in the four western states where tne yranium mines were in
operation (Lu71). Three things are worth noting in these early
~esults: the small number of deaths in each sroadly defined exposure
category, the ~elatively ccnstant ratic of expected-to-observed deatns
melow 1800 WLM, and finmally the absence of any significant difference
belaow IZO.HLH. Ffar these reascns alcne, it i3 easy to appreciate why
early estimates of the risk Jue to radon izhalaticn were controver-
eial; there was essentially oo dose respcnse information available.
More recent data, descrided delow, differs considerably from these
1968 results.

A fundamental limitatiom in this and similar investigaticns of
lung cancer aortalily i3 shat the U.S. study is still In progress.
Survivers in the U.S. study are eontinuing @ . of lung cancer with
the result that zcre recent data show a auch lar ger number of lung
sancer deaths than was originzally projected (Na76). Anotier very
sericus limitation, peculiar %o tle U.S. study, is that the cumulative

axposures o the 4000 workers involyed were quite large, averaging

31
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RESPIRATORY CANCER DEATHS
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WHITE U.S. URANIUM MINERS (1960 — 1968)

OBSERVED

EXPECTED
-“—’°r.—.-.—.—-‘7‘-—-—0—-—-—.—0—0—-—.‘
: Lo—a—o—v--—o‘ ‘,
i i | "y e
120 360 840 1800 az2o0
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Figure 5. RESPIRATORY CANCER MORTALITY REPORTED FOR U.S. URANIUM MINERS (Lu 71).

SEE TEXT FOR LIMITATIONS ON DATA



nearly 1000 WLM per miner. There i3 scme evidence that at such high
levals of expesurs the risk per unit exposure is somewrat less than
ccours at raden daughter exposures melow a few hundred workiag level
sonths (Lu7l, Na76). In additiocm, toe lung cancer mortality data for
Japanese atcamic bomd survivers also shows a trend for increasing lung
cancer risk per unit dose at lower doses (UaT7). Feor this reason it
is advisable in risk analysis © 1izis the use of epidemioclogical cata
for miners to that obtained at moderats exposure levels, i.e., a few
mnundred working level acntis.

The lizmited inforamaticn available from the study of the .S.
yranium miners can Se augmented DYy using resulis derived {rom epi~
demiologiczal studies of miner health in other countries and in other
types of mining operaticms. The cccupaticnal environments in these
mines differed supstantially from those in the U.S. underground
yranium mines sc that the cumulative exposure from radon decay
products was Juch smaller (ML76, Se76, Sa74). In additicn, toe
~eported follow-up period in scme of shese studies is longer than for
sne U.S. stuay populaticn. Ia all study groups, nowever, scme niners
are still alive and the final number of lung cancer cases is expected
to be las ger. The absence of data frou Jompleted lifetize follcow=up
studies can lLead %0 a diased underestimation of the risk due I3 tie
inhalaticn of radon daughters, unless appropriate risk zodels are
utilized wnicn recognize that current studies have not Deen

completed. This izportant topis is discussed telcw.

3



The direct proporticnality of cancer risk to radon decay preduct
exposure at levels likely to bDe experienced in the environment cannot
e deacnstrated for either human populaticns or by animal studies
Decause of the large number of subjects needed. As shown below, the
available data indicats “hat the use of a linear response curve for
numans expcsed to0 low concentraticns of radon decay products is not
expected 0 greatly overestizmate or underestimate their cancer risk
provided that the exposures do not exceed a few hundred working level
acntns. Figure § illustrates the cbserved cancer excess in Canadian
uranium ziners who were exposed 0 much lower concentratisns of radon
decay products than are commen in U.S. uranium aines, (e.f. Pigure 35).
Although tais study may not be fully adequats o establish a quanti-
tative estimate of the risk per working level amcnth because data on
moking histories is incomplete, these data have heen shown 50 he
consistent with a linear dose respcnse relationsnip at relatively low
levels of expeosure and strongly argue agaiast a threshcld dose ©2
radiocarcinogensis in the lung (Mi76).

Figure 7 shows resul:s obtained by J. Seve and co-workers, freom
their study of uranium ainers in CZechcslovakia whose zining experi-
ence started after 1948 (Se76). Ia that country, excess Lung cancers
aad Seen d0served In uranium ainers exposed defore wWorld War II. An
appreciaticn of this led %0 detter ventilaticn of the uranium mines
and resulted in relatively low levels of exposure to 2iners eatering

the work farce aftar 1947, The average follcw-up period in thi

(9]
-
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group is twenty three years. The high degree of correlaticn between
oiposun and excess cancer shown represents an overall average for
vorkers of varicus ages. This stucy also found that the absclute
sancer risk increased substantially with the age at which a worker
entered this work force.

1% should be noted also that epidemiological data of the xind
illustrated in Figures 6 and T will always overestizate the exposure
to radon decay products needed T tiate a lung cancer. The
exposure considered in these studies is that accumulated throughout
the working lLife of these miners. ™he dose received but ineffective
in preducing cancer between the pericd of cancer initiaticn and its
manifestation is not discounted, For chronic exposure, the sane
reascning applies to determining the minimum exposure level at which a
significant number of cancers occur; an apparent threshold dose will

exist, unless the cancer is initiated on the last day of exposure.

4.1.2 Risk Zstimates Zor Underground Miners

Zstizmates of the cancer risk d'uc to the innalation of raden decay
preducts can be zade either on the basis of the dose celivered %2 the
basal cells of the bronchial epithelium or the cumulative exposure in
WLM. In 1972 the NAS-BEIR Commitiee used the former xetiiod to prepare
their ~isk estimates so that other types of ionizing radiaticn could
be acnsidered also (Na 72). More often estizates of the risk due %0
radon decay products are dased cn the sumulative exposure in WLM

(LuT1, ArT6, ¥a76, UnT7, MATS, Se76, Sn74).

7



The dose %o the bronchial epithelium has Deen calculated dy
several investigators (Wa7T, HaTs, Ha72). Wwhile valuable, these
studies indicats that the dose (ia rads) is hignly dependent cn a
number of factors which have varying degrees of certainty. OCne
igpertant, bdut as yet poorly known, parameter is the depth delcw the
sucesal surface at which the sitas in irradiated tissues giving rise
to lung cancer are located. This distance, which is likely o differ
i various porticns of the respiratory tract, is not known with any
accuracy. In additiom, no u.rcra;uan is available cn the degree of
uniformity of deposited daugnter products in various parts of the
srenchial tree. Furthermore, the in situ absorpticn and removal
pattem of the radon decay products lead-214 and bismuth-214 is poorly
understasod. Recent experimental evidence indicates that to postulate
their complete decay in the 3ucus near the brenchial epithelium, as is
Jsually done, is likely %o De in error (Ja77). Because of the uncer-
taiaty in calculated doses, tie Agency prefers to dase estizates of
rhe risk due %o raden decay products on the cumulative exposure in
<woriking lLevel mentls.

*he 1972 NAS-3EIR Report used tWo types of analyses in estizating
tne radiation-induced cancer risks from followeup studies of 2xposure
groups (Na 72). COne, called tne absclute risk estizate, i3 the nua-
arical increase in the number of excess cancers per unit of exposure,
averaged over all ige Iroups. ™ee other, -tne r~elative ri3k 23t 2ate,

is whe astinated percent increasa L 2XCesSsS cancer zer dn Lt 2xSosure
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sher of these models will yield the saze number of excess cancers
for a given study populatien if nased on data frem a 1ifetizme follow=
up pericd. Because expcsed persons mave been followed for a shorter
dunuca. a choics bcw«n these zodels is needed. In the exposed
groups studied, she risk of radiogenic lung cancer, dut apparently not
all cancers, increases with the participants age in about the same
zanner as the "natural® an:dcnéo of lung cancer, i.e., the relative
risk remains cemstant. In contrast, the absclute risk estimates
derived from the U.S. study are not coastant dut ﬁavo continued to
increase as the length of the follow=up period is increased (Na76).
Lung cancer Zortallity among Japanese survivers has shown a sizilar
pattern (3eT7). Moreover, analysis by age shows the Czechoslovakian
and Cana.dm lung cancer data %o be grossly inconsistent with the
abso.ute risk hypothesis (ML76, SeT8).

More recently, Lhe Japanese cochert data on lung cancer sorcallitly
sar those exposed o hign LET bomb radiaticn at age of S0 or mcre have
seen examin-d for the time of occcurrenge of excess lung cancer after
exposure (LaT8). 3Secause of their age, a near lifetize follow=up
study of this group is pessible; the youngest surviving memler «as
nearly 30 at the tine af the study. Lung cancer mortality was
sompared for TWc dose ranges, those highly expcsed, whnere three times
the expected numder of cancers was cbserved, and a control group
receiving 0 to ten rads ("eissue kerza" in air). The time T0
scourrence of the lung cancers is the same for the WO Froups, as

would be expected if tne imerease in lung cancer sortalisy follows tne



tezporal pattern predicted by a relative risk model. This is sizmilar
to observed patterms of lung cancer cbserved in animals llowing
plutenium inhalatica (Na 76). Ia the anmalysis of tlese data as they
apply %o buman healid risks the 1976 NAS Neport stated, "as already
indicated, the steepneas with waich lung cancer death rmtes in the
2attelle (Nerthwest Laberatory) beagles rose as a functicn of age
strongly suggests that the relative risk estimate is the appropriate
cne %o use in the present ccntext of assessing lung cancer risk from
alpha emitters." For these ~eascns, relative risk estizates are
thought %o provide a detier prcj:c'.ic.n of the risk of lung cancer tnan
atsolute risk estimatas. However, both Lypes are included in the set
of risk astimates zade Delow.

As. an altarnative %o tiese TWO aodels, an age-dependent absclute
riak model with age-depencencs somewtat different {rem that for
natural cancer incidence would alsc be compatitle witn the ctserva-
»ions made cn uranium ainer sopulaticans. It should Se noted that the
sstimated risks using such a model would be zuch closer I3 tacse
caloulated on the basis of relative risk than for an age-independent
absolute ~isk model. As 7yet, sarageters [or age-dependent lung cancer
~iak models nave not Deen published.

The 2stizate of the acsolute risk due 5 exposure o rmaden cecay
products ia the genera. envircnment contaized in this report are dased
sn recent mertality experience of U.S. uranium miners (Na78).
Zomparacle U.S. data on ~elative risk are not availac.e, tne acst

~ecent ~elative risk ccmpilaticn “@s in 1972 far she NAS-3EIR repore
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(NaT72). Since that time, enough new cancers have occurred so that
absolute risk estimates dased on tRis grewp rave more than doubled
(Na76). * The effect of this longer follow-up periocd om their relative
risk i3 unknown, but may be substantial. Therefore the estizates of
relative risk made here are based cn studlies of underground miners in
Czechoslovakia and Sweden. Relative risk data for the Ontar o ziners
nave not been published. However, an oral presentaticn indicates the
results of the Ontario study (ML76) agree with those for Czech and
Swedish miners (He78).

The percent increase in excess cancer per WLM for C..choslovakian
uranium miners is shown in Table 6. These data have Deen recalculated

TABLE 6

OBSERVED INCREASE IN LUNG CANCER FATALITY RATE
CZECHOSLOVARTAN URANIUM MINERS

Mean Zxposure (WLM) $ Increase per WLM
39 3 3.6®
80 i . 1.0
124 1.6
178 2.9
242 2.2
343 2.0
488 1.8
716 1.4

*Not significant at the 5% level of confidence
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frem References Se73 and Se76 on the basis of an assumed ning-year
latent pericd between the start of expcosure and the cccurrence of a
racdilaticne-induced lung cancer. At the exposure levels which qccurm
in the Czcch wanium miners, the average risk would appear to be .
increased by about 2«3 percent per WLM.

Table 7 shows the perzent (ncrease jper WLM cbserved in Swedlsh
ainers (Sa74, 3a76). .In this case the increase zay de as great as 4 -
percent per WLM at lcower levels of exposure. The variatiocns in the
percent lacrease i{n lung cancer found in these epidemiclogical studies
are not due %o statistical u;xpling variation alcne. Zach study
reflects differences in the age distribution of those expcsed, the
duraticn of the exposure, and the follow-up pericds. Given the
variations shown .La.’.'ablos § and 7, the best that can e done is %o
preopose a range within which the actual risk may lie, as descrited in
Section 4.1.3.

TABLE 7

OBSERVED INCREASE 1IN LUNG CANCER FATALITY RATE
SWEDISH IRON AND ZINC MINERS

“ean Zxposure (WLM) % Increase cer WLM
g 48
43 4.2
218 3.3
536 2.5

Not significant at S% level.



3.1.3 Applicability of Underground Miner Risk Estimates %o the -
General Population

As in most cases where the resultls of epidemioleogical studies of
occupacio.ml axposures are applied %o the genmeral populaticn, thers i3
uncertainty in the axtant of comparability between the persons at
risk. Very little information i3 available on those
non-cccupaticnally expesed. 4 recent case control study By Axelson
and Edling (AXT9) is suggestive that the msortality per WLM for Swedish
residents in homes having presumably high levels of indoor radon
daughters is comparable %o taat observed in underground alaers.
However, the sample size is small and the exposure estimates too
sentative to allow definite conclusions.

Since the cnly cosmmen factor in underground miners with increased
risk of iung cancer mortality is expeosure to raden and radon daughter
aercsols, the comparability of =mine atmcspheres, indoor and outdeer,
should be considered. Jacobi, et al., (JaS3), studied aercscl
particle size distributions indocrs, outdoers, and in radium mines,
finding similar distributions {n each place. Measurements by Gecrge
(GeTSa), George, et al., (Ge7Sb) and others (2a76, LoTT, Le75) would
lead %o similar conclusicns. Holleman mas also concluded that the
44i#7arence cetwWeen xine and atIocspheric aercsol particle distri-
mutions was negligible, with the possible exceptions of the izmediate
yicinity of diesel engines and remote areas of the mine where aercsol

soncentraticns were low (He63).
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In general, mine atmcspheres are not expected to differ greatly

frem envircnmental atmospheres of the saze quality. Dusty atzcspheres

have low, mattached rrion-daughter fracticms, clean atmospheres have

high umatiached émtia:s. Yelleventilated areas have low raden=-

daughter ratics, poorly ventilatad areas have high ratics. There is

no feature which would uniquely identify either aine or
atacspheres, as shown in Table 8. _ .
TABLE 8

Compariscn of Typical Aercsol Characteristics

Envircnment

Aercscl Ventilated Mines Qutdoors
Activity Median (a,9,8) =~ : (e)
Diameter ( ua) 0.17 . 0.08-0.30

Y2 ina (e)

Concentration 10" (drilling)
(particles/ca ) 103108 (& 10%.10° @
Uncombined 0.0u'e 0.08'3
Fracticon

(Range) (0.002-3.12) (0.005-0.25)

(

fadon-Osughter 1.0,1.0,0.8,0.3 ‘® 1.0,0.9,0.7,0.7 '*

Ratic Range to -]
1.0,0.2,0.03,0.03  1.0,0.3,3.5,0.3

Yefarences:
(a) GeT=a (d) Z2a78
(b)) GeTSd (e) Ia73
(e) GaT2 (£) LoT7

envircnmental

10%.10° (@0

0.07'%

(9.003=0.20)
4 4 .9.0.3,0.8,0.7 BT

i1
1.0,0.5,0.3,0.2



There are several reasons for belisving that the percent increase
in lun‘ cancer per unil exposure w3 a general peopulaticn eould de
either more or less than that for miners. Alpha particles from radon
daughtars have ranges in tissue comparable to the thickness of the
pronchial mucus and epithelium. The thickness of the bronchial
npimumotmmundnammbowwmu commen in the
general populaticn. ™o BEIR Committee estimated that the shielding
orovided by the thicker epithelium of miners reduced thelr dose (and
risk) per unit exposure by a facter of two compared to the general
nopulatica (NaT2).

On the other hand, miners’ lung cancer mortality data reflect a
high frequency of cigaretts smmoking which tends to increase thelr lung
cancer risk relative to the general population. The degree 2 which
smoking in cenjuncticm with exposure to raden daugnters 3ay ilncrease
she incidence of radiaticn-induced lung cancer 13 not known. While a
study of U.S. uranium ainers has suggested a very stirong associaticn
hetween cigarette =moking and ndiaticg-iaduced lung cancer, the
sorrelation between age and smoiing history in this study precluces
early ludgment, particularly since the study also indicates that
nonsmokers have a longer latent period for radiocgenic lung cancers
(Ar76). Scme Swedish data on underground ainers show that smoking zay
{nerease radicgenic cancers Dy a factor of about twe te four (RaTé),
however, these results may De dependent on the duration of follow up.
Axelson and Sundell (Ax78) have reportad that in a life span study of

19 exposed miners wno dled of lung cancer, the lifetile risk of lung
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cancer in nonesmokers axceeded that of smokers. e latency pericd,
however, W&s much shorter for smokers. A sazple size this small, of
course, precludes definitive Judgments. Unfortunataly, the Japanese
data are, as yet, too imcomplats to yield comparable risk estizatas

for cigaretis smokers or non-smckers or even by sex (3e77).

Sacicing is occmmecn ia all populaticns at risk from envircnmental
radon. While the {frequency of smoiing in U.S. uraniua ainer= was not
very different from that of other male industrial workers at that
time, it exceecs tle current lcv;l of cigarettis use, particularly 2
femalss (s:76) It is 20t clear trat this w&;; pe true in the
future. c.ant.:a ackinc am:;t ymu' 'mlcs {s continruing o
~ increase ann Zay appreoach or axceed cigaretta smoking by males. If
so, relative risk estimatas for exposure 2 radon daughters bdased cn
the current incidence of lung cancer sertality, which s now alzmost
wholly cdue % zale deatis, will be %oo low. Conversely, L:‘cizartctn
moking in the U.S. Deccmes less commen for both sexes scuetize in the
future the incidence of lung cancer zay decrease and relative risk
astizates dased cn the current {ncidenca will be toc 2igh. Clearly

cigarette moking ‘g likely %o de a factor in detarzining the proca-
»ility that a lung cancer is induced ‘.:y.cxvosure to radon daughters.
e igency recoguizes that estizatas of the risk due % radon daughter
inhalation have a wide range and zay be oo high or too lcw, depenc-
‘ng, ameng other factors, on the prevelance of aigarette smoking In

the future.



Based on T-hles § and 7 and the consideraticns cutlined above,
tne range of the fracticmal increase in lung cancer due %o radon decay
products in the general envircnment is thought to lle Detuween cne and
#ive percent per WLM. Studles gtilizing longer follow-up tizes and
relatively low axpcesures tend to support the latier figure. However,
1# miners are atypically sensitive to radon daughters because of other
sharacteristics in their occupaticmal envircnment the fracticmal
increase for the general popﬁlatzan sculd be as low as one percent per
WiM or less.

Another characteristic of the populaticn at risk that differs
frem underground ainers is age. The estizated risk for miners is
averaged over adult age groups enly, children not being at risk. It
is assumed in the absolute risk estimates given belcow that the risk
due to radon daughters is the same for children as adults, While this
has litile ;rract en the estimates of risk made with an absclute risk
model, relative risk estimates are zore dependent on the assumed
sensitivity of chlldren %0 radiation. The Japanese experience, as
meported in the 1972 BEIR heport, indicates that children irradiatec
at the age of nine or less have a relative risk rate of fatal solid
sumors ten times that of adults (Na72). However, Jcne of the cbserved
sancers in this group has been lung cancer, 3 cancer of old age.
(There is, of course, 2C infarmation on lung cancer cue 0
sccupaticnal exposure of chlildresm t2 raden decay products.)

The Agency believes that while it may be prudent IO assume 3Cme
allowance for the extra sensitivity af children, the factor adopted

should De less than a facter af ten. Therefore, in &0 Tables below, a
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 three-fuid grester sensitivity for-children is assumed in scoe of the
relative risk calculations of mortality due to inhaled radon decay
products.

Cumulative exposures for a given concentraticn of radon daughters
differ between miners and the general public. For raden decay pro=-
duct exposures occurring o ucnoécupa::mny expcsed perscns,
consideration zust be given to the fact that the Dreathing rate
(miute-volume, etc.) of miners is greater and the rumber of hours
exposed per zcath less tham in the general population. Raden decay
product expesures %o underground =ziners are calculated on the dasis of
a working level month (defined as exposure for 170 hours %o cne
werking level). Expcosure t0 md;n daughters in the general environ-
zent occurs for an average of 730 hours per zonth. Tha breathing rate
over :n::. period of time is less than an average breathing rats
appropriats for underground ainers engaged in physical aetivity.
Assum’ng that the average :mdcrgroun& ainer (comparatively few of wheoam
work at the mine face) is engaged in a aixture of light and heavy
activity threughout the working day, his monthly La:afn of air on the
job is about 3 x 105 liters (In 7S). An average zan (reference zan)
‘s assumed %o izhale 2.3 x 10° liters per day (zales) or 2.1 x 10°
litars per day (females) (In 75). The average iatake for doth sexes
‘s 6.Tx 10° liters per zonth, 2.2 tizmes zore than for miners at
Jork. Therefore, an annual exposures o 1 WL corresponds tc nearly 27
WLM for exposures occurring in the general envircnment.

In the case of raden in residential structures, the tize the

residence i3 sccupied must be considered alsc. Cn the average,



Americans spend about T35 percent of their time in their place of
residence (Mo76) 30 that about 5 X 105 liters of residential air is
inhaled each menth. ™is corresponds to about 20 WLM per year for a
radon decay product concentratica of 1 WL in residential structures.
Mildren respire a greater volume of air relative 2 the mass of
mdumbmanm:usmmauuu.amtmummw
raden daughters is alzost a factor of two greater for a few years
(1a75). This increase has Deen inclujed in the Secticn §.1.8 risk

estimates.

3.1.4 Risk Estimates for the General Publin

Estimates of cancer risk in this report have Deen derived frcm an
asalysis that considers the following factors: the competing risk from
wsa of death other than radiaticm, the fracticnal and absolute
increase in lung cancer per unit exposure, the duration of the eyDo=-
sure, the pericd Detween the Size of expcsure and she occurrence of a
alinically identifiable cancer (latency), and the length of tize a
perscn is at risk fallowing the latent period (plateau period) (Bu78).
™me risk estimatss below assume a s<xed latent pericd of 10 years for
lung cancers (NaT78). though there may De scme sor~elatiocn between
latency and age, relative risk estizates are not oo sensitive to this
parameter. Increasing the latency pericd to 30 years reduces the
estimated risk by Detween 20 and 40 percent depending on the sensi-
sivity assumed for children. In the case of lung cancer, it 13
assumed that following the latent period an individual remains at risk

for the durationm of 2is or her lifetime. While for scme cancers a
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shorter platesu at risk may de appropriate, the U.7. ainer data as
well as the Japanese domb surviveor data reflects a continuing increase
in radiogenic lung cancers beycnd 70 years of age.

In these risk estimates it is assumed that the populaticn at risk
i3 subject to lifetime exposure and the distridbuticn of ages is that
in a stable (staticnary) population (Un75). The Agency recognizes
that residential dwellings are seldom occupied by cme family group for
their lifetizes. However, this has little effect cn the ultizate
health impact if another family cccupies the structure. The health
risk %0 a particular family is a functicn of the time they occcupy the
dwalling and to a lesser uton.t their ages. For zost practical pur-
poses, the risk due to occupancy of less than 70 years can bde found by
taking a fraction of the risk given below as preperticnal to the years
of occv.;pancy. For example, T-year cccupancy would be expected o
ield cne-tenth the estimated risk of lung cancer due to lifetize
exposure, appreximately 70 years. Residences which serve primarily as
children's or geriatric's homes wouid be cbvicus exceptions.

The excess cancers cdue to radiaticn change the cause cof death aud
the age at which death occurs in the populaticn at risk. The ZPA
analysis provides estimates of the mumber of premature deaths, the
aumper of years of life lost per excess death, and the total numper cf
years of life lost by the population at risk. These parameters are
included in the risk estimates presented belcw.

3ased on the assumptions discussed above, Table 9 lists the

estimated number of prematurs fatalities due 0 lung cancer that =ay




ecrur in a populaticn of 100,000 persons occupying structures having a
raden decay product concentraticn of 0.02 WL. The total number of
years of life lost by the populaticn at risk is also tadbulated. These
estizates are based on relative risk models which assume a 3 percent
increase in lung cancer per WLM. Two cases are compared in this
Taple: (1) that adults and children have the same soui:ivi:y, and (2)
that chlldrer below the age of ten are three times more sensitive than
adults. It is seen that the latter assumption increases the estimated
risk by about 50 percent.
Table 9
Estimated Risk of Lung Cancer Per 100,000 Exposed Incividuals
Due 7 Lifetime Residency in Structures Having an
Average Radon Daughter Concentration of
0.02 WL Relative Risk Mcdel®
Excess Cancer Deaths Total Years Lost

hild Sensitivity = Adult 2,000 30,000

thild Sensitivity = 3 x Adult 3,000 50,000

*Assumed mortality 3 percent per WLM (see text)

Table 10 presents absolute risk estizates for a raden decay
preduct concentration of 0.02 WL and lifetinme exposure. This Table
has been calculated on the assumption that abscluts risks are
independent cf Che age at which exposure s received. The estimate of
the number of years of life lost, compared %o the relative risk for
the same ag. sensitivity, is about the same, c.f. Tables 7 and 8. The
estimated number of excess fatalities is a factor of two less than

that estizated using the relative risk model. This is within the
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uncertainty of the relative risk estimates since the range of values
for the percent increase in lung cancer per WLM {3 between 1 and S5
percent per WLM, vis a vis the 3 percent increase assumed in Table 10.
Table 10
Estimated Risk of Lung Cancer Per 100,000 Exposed Individuals
Dus to Lifetine Residency in Structures Having An Average
Raden Daughter Concentration of 0.02 WL
Absolute Risk Model®

Excess Cancer Deaths Total Years
Lest

hild Sensitivity = Adult 1,000 27,000

#The assumed r coefficient is 10 excess lung cancer deaths

per WLM for 10° person years at risk (Na 76).

For compariscn purposes, it is of interest %o estizate the auzmber
 of excess lung cancers in the U.S. due %o ambient levels of raden
decay pr:ocuc:a in non-contaminated areas. The concentraticn of radon
decay products in structures has not yet been surveyed extensively,
Most. measurements reportad in the literature are for either a short
duraticn, i.e., single samples, or in contaminated areas. An excep-
ticn is the long-term radon zeasurement pregram of the Environmental
Measuregents Laboratory in the Departzent of EZnergy. Their zeasure-
aents of raden decay products indicate average dackground levels in
residences of 0.004 WL (Ge T8). An ambient indcor dackground of this
level yields calculated risks one-{ifth of those shown in Table 3,
i.e., from about 400 %o 600 cases. This is about 10 %o 20 percent of
the expectad total naticnal lung cancer amcrtality of 290C per 100,000

n a staticnmary populaticn having the 1370 U.S. mortality ~ates. This



percentage of lung cancer mortality is not necessarily attridutabdble to
madon expcsures alone, since zany cofactors have been izplicated in
‘whe stiology of lung cancer. It is emphasized that these risk esti-
mates are not precise and that tie actual risk frem radon daughter
upamacoulduammcrmcrmnmgwcrsnnr.

It should also be notsd that ths risk estimatss zade here are
mased on a ~isk analysis using U.S. naticnal health statistics. They
have not been adjusted for the age, sex, Or sther demcgraphic factors
;crtimnt to perscns living on phosphate lands in Florida. To the
extent that the incidence of lung cancers {n these areas is higrer DYy
about 40 percent than the naticmal average, the estimated health
impact of raden oxpc.sum given above may de low in Florida
residents. In contrast, the persons living on phosphate lands ecould
nave demcgraphic chartctratics which differ from the naticnal
average in such a Way as w lower their risks compared to those listed
above. For examples, i tle housing were used primarily by the very

' sld, there would de appreciably less health impact.

4.2 The Health Risk Due %o Zxtermal Radiation Exposure

Unlike the highly icnizing alpha particles from- raden daughtars,
external radiaticn exposures are dus 2 ligntly Lonizing secondary
particles from interacticns along the patd of zamma-ray penetration.
High energy Zamma-. .73 penetrats through the dedy causing a relatively
mifora exposure te all tissues and crgans. Since all organs anud

sissues are expcsed, tle complete spectum af cancers cutlined in the
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1972 NAS-ZEIR Report (Na72) would be expected. In additicn, scme
mocic risk, resulting frem Lrradiation of the gonads, would de
expectad to occur.

In the case of extarmal penetrating radiaticn, data presentad in
the 1972 NAS-32IR !uén (Ne T2) yioia the following estimates for
lifetine whole body exposure %o 100,000 perscns as shown in Table 11.

TABLE N

zacmm 1:.:0:1.:. Risk of Excess Fatal Cancer ind Cenetic
Abnormalities Per 100,000 Individuals Sxposed
t0 an Annual Dose Rate of 100 mren

Excess Fatal Cancers Total Years Lost
472 a) 6500 a)
Relative risk 150 b) 2700 b)
8% a) 1900 a)
Abscluts risk ' 68 b) 1700 %)
a) life tize plateau 5) 30 year plateasu

Sericus genetic abnormalities?
; all succeeding
1st gene:aticn generaticns
2-40 10200

Birthrate 2% per year

These estimates are Sased on the assumption that the number of
nealth effects cbserved =% relatively nhigh doses and dcse rates can te
extrapolated linearly %0 the low levels of radiaticn usually found in
the envircnment. Table 11 1ists cnlv fatal cancers. The 1972 NAS-
3EIR Committee nas estimated that a comparable number of non-fatal

cancers could de induced also.



Exi.rml exposure to natural packground radiation in Flerida,
srom both cosmic radiaticn and radiaticn from rudicisctopes presert in
she soil, is about 59 millirem per year, except in regicns containing
anomalous sources. The estimated lifetize risk associated with this

Dackground is therefors about 50% of the values listed in Tatle 10.
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Position Paper om Raden in Structures

The Task Forcs reviewed the physical and biclogical bases for concern
about radon exposurss to the gensral public and examined the status of
Federal activities in four areas: epidemiological studies, regulatory
authorities, programs to measure radon levels in homes, and the
coordination of FTederal radon resesrch. The Task Force concluded that
Council attenticn %o this problem is warranted becsuse of the possible
prevalence of relatively large exposures, a trend toward even higher
exposures due to improved energy efficiency in inhabited structures, the
risk from such exposures, and the potential large populatiom at risk.

The Task Force considered wvhether emcugh information is available to
start a national program om radom comtrol. I: concluded wide ranging
progr;ls should not de undertaken until more is known about the prevalence
of high exposures and ways of controling them. The thrust should bde
towards developing an information base that will allow good pelicy
decisicns. The Task Force also concluded that although current Federal
authority camnot address some radon exposures situaticms, it would de
premature to request additiomal authority until the technical basis for
deteraizing raden levels and reducing them is more fully .stablished.

The Task Force makes five recommendations:

1. The Radiation Policy Council should take respomsidilicy for the
overall development of 7ederal research and peolicy related to the

assessment and control of indoor radonm exposure.



2. The Radiatiom Policy Coumeil should spumsor an expert commitrae

to evaluate and provide guidance on Federal scientific programs related o
radon exposure and comtrel. The coumicttee's Dasic mission would be to
provide the Council with techaical evaluations and recommendations for
research.

3. The Radiation Policy Council should emcourage the timely
scquisition and analysis of epidemiological data by Federal agencies.
Morscver, the Council should request Fedaral agencies to make the data
cbtained in epidemiological studies of exposed miners and other groups
available to as zany analysts as possible.

4. The Radiatiom Policy Council should defer considering a Federal
Radiation Protection Guide for indoor raden exposure.

5. The Council should prepare recommendations om the appropriate
diviston of responsidilities between the variocus Federal agencies for

radon control. Legislative as well as administrative approaches should be

coasidered.
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L. Introduction
l. Statement of objective
The objective of this Task Force effort is to prowvide a program plan

leading to a consistent naticmal policy for the protsctiom of the public

from unduly large exposures to radom in inhabited structures.

2. Task Torce zctivitias:
May 20, 1980 -« Initial Task Force Meeting
May 28, 1980 -~ Pormulation and approval of draft Work Plan by the
Forcs.
June 10, 1980 - Work Plan accepted by the RPC Working Group

June 27, 1980 ~ Notice of Inquiry published in the Federal Register

amnouncing establishment of the Task Force. The Work Plan was published
as part of this notice and the public was invited to comment on issues
posed .ia the Work Plan or any additional issues relating to radem in
inhabited structures.

July 17, 1980 - Task Porce review of draft sections of the
paper.

August 7, 1980 - Task Force discussion of public comments,
and revision of the draft position paper.

August 12, (980 - Fresentation of the draft position paper
Working Group of the Radiation Poiicy Council.

August 15, 1980 - Submission of positiom paper to the Radiatiom

Policy Counecil.




Drafts of the various sections of this positiom paper were prepared
by Task Porce sub-groups comsisting of Task Force members and Federal
resource persons. All drafts were reviewed and revised Dy the Task Force
as a vhole. Public comments are summarized ia Section VI of the positiom
paper and reproduced ia Appendix III.

3. Task Force participants:

Membery of the Task Force were:

Willisam H. Zllett, U.S. Eovircommental Protection Agency, Chairman.

Edwin B. Shykind, U.S. Department of Commerce

Wayne M. Lowder, U.S. Department of Znergzy

David M. Scott, U.3. Department of Health and Human Services

James L. Christopulos, U.S. Departmert of Housing and Urban

Devaloprent
David N. Zugschwerdt, U.S. Department of Justice

Ralph M. Wilde, U.S. Nuclear Regulatory Commission

In additiom, the following scientists served as resocurce persons to
the Task Force:

Frank E. Lundin, Bureau of Radiological Health, U.S. Department of
Health and Human Serviceas

Wayne A. Cassact, Center for Radiation Research, National Buresu of
Standards, U.S. Department of Commerce

Howard D. Ross, 0ffice of Conservation & Solar ZInergy, Department of

Energy

"



Allan C.3. Richardson, O0ffice of Radiatiom Programs, U.S.
Zovironmental Protecticn Agency
Ronald C. Bruno, Office of Radiatiom Programs, U.S. Zovirommental

Protection Agency

IT. Background
l. Physical and radiological characteristics of raden

Much of the radicactivity in the natural enviroument is due to the
decay of the primordial isotopes uracium=238 and thorium=232, which have
half lives of well over a bdillion years. These radicnuclides are the
generators of what are known as radiocactive decay series, i.e., the decay
of one radisactive atom gives rise o another radiocactive atom, which in
turn decays to form & third radicactive atom, etc. The uranium=238 deczay
so:icf is shown in Fig. II-l. The immediate predecessor of radon=222 is
radium=226, wvhich has a 1600=-vear half life. All substances of aatural
origin comtaia radium to some degree. Ordinary scils and rocks comtain
about | picocurie (pCi) of radium=226 per gram, corrssponding to 2.2
iisintegrations per minute per gram. This is also the production rate for
radon-2212 atoms. Radium concentrations of a factor of ten larger or

smaller than this value are 2ot unusual under natural circumstances

(UN 77). Some industrial waste matsrials comtain concentrations ranging

from 10 pCi per gram to well over 200 pCi per gram (EZP? 75, ¥R 73).
2adon~222, the immediate decay product of radium=225, is 2n inert gas
having aocderate solubility ia wvater. Radon=222 has a 3.8=davy half life,

which means that radom can diffuse through drvy porous soils or be
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transported in water considerable distances before it decays. Radonm-220,
anothar radon isotope formed from radium=224 ia the thorium=232 decay
chain, has a 55-second half life and therefore is usually a less important
source of exposure to the gemeral public than radon=222. The Task Force,
therefore, has not considered it in amy detail and its proparties are oot
included in this discussiwa.

Radon=-222 sud two of its imoediats progeny, polonium~213 and
polomium=214, sre alpha particle emittors. Unlike x-rays and the
electrons they produce as secondary radiation, alpha particles are heavy
doubly charged particles whbich producs a large aumber of excitations and
ionizations along a very short path in tissue. For this reasom, alpha
particles are classified as a high LET (linear energy transfer) radiatiom.
Because of their dense nattern of icmnitation they can cause more radiatiom
damage per unit absorbed dose than x~ and gamma radiation, and consequently
the CZarnaeianal Council om Radiological Protectior has assigned a qualicy
factor of 20 to alpha particle doses (I? 77). This mesns that for equal
doses, measured in rads, the dose equivalent, iz rems, actributed to alpha
particles is 20 times larger than for x-rays.

Alpha particle irradiatiom is demcnstrably carciaogenic (34 76).
Moreover, reducing the dosa rate appears to have little or no effect om
the amount of biological damage per unit dose that they cause (NA 76).
This is thought to be due to lack of effective repair processes for alpha
particle damage. At low doses the frequency of cancer frem high LET
radiation increases at least proportionally with dose but increases more

slowly at high doses because cell killing reduces the population of

in



the cells at risk. Moreover, for high LET particles, there is scme
evidence of greatar cancer risk per unit dose for protracted exposures
than for high dose rate acute exposures (MA 78, MU 78). The curreat
controversy coucerning reduced effects of x-rays at low doses and dose
rates does not extend to radiocarcinogenesis due to alpha particles
(¥ 80).

A significant increase in lung cancer has been observed at cumulative
occupational erposures that are comparable to those wvhich could occur frem
lifetine exposure to the most highly exposed members of the gemeral public
(2R 79). The poesidility of a threshold dose for lung cancer induction
following alpha particle irradiatiom cannot be positively excluded.
However, we are aware of no radiobiological or epidemiological suppoert for
a threshold for lung cancer inducticn due to radom progeny exposures and

do not believe public policies should be based om an assumed threshold.

2. Typical exposure situatioms

Radon progeny exposures are measured and expressed in 3 specialized
unit called the working level (WL) which differs from more common zeasures
of the concentration of radiocactivity inm air, such as pCi per liter.
Formally, 2 working level is any combination of the short half life radom
progeny (see Pig. II-1) which ultimately emits 1.3 x 105 milliom
electrom volts (Mev) of alpha-ray energy in one liter of air. This is the
amount of alpha=-ray energy emicted by an equilibrium mixture of 100 pCi
per liter each of polonium~213, lead-2l4, dismuch-214 and polonium=214,

The more general definitiom applies tn any combination of short half life



radon progeny. This is convenient since the relative amount of each can
change with time. The working level was originally developed as a zeasure
of exposure to workers in uranium mines and the cormom unit of cumulalive
exposure is the working level month (WIM), i.e., occupational exposure to
air containing one working level of radon prougeny for 170 hours, a working
mcnth. Continuous residential exposure of a member of the general
population to one working level in residential air for cne year would
result in about 20 WLM if it is assumed that the breathing rate is less
for common indoor activities than for mining and that 7531 of the time is
spent indoors (ZP 78).

Outsife air typically has a radon progeny concentratiom of about ome
thousandth of a workin: level. Ambient levels are subject to rather wide
variatioos that reflect the similar variatioms in the pareat radom=22

Soil moisture, standing vater and snow cover influence the vertical

diffusion rate of radom and thus the effective dilutiom at ground level.

Radon progeny attached to the atmospheric aerosol can also be washed out
of the lower atmosphere by precipitationm.

Indoecrs, the situation is quite different. 3ecause . here is less
rapid radon dilutiom due to the limited exchange rate between indoor and
outdoor air (typically ome air change per hour in present structures),
radon progeny concentratioms iz bduildings are usually much higher than ina
outside. air. Indoor levels vary comsideradly throughout the vear
depending on ventilatiom rates, particulate concentraticns and many other

fac..zs. One set of data om the an.ue. average radon progeny levels on

floors of residential structures in uncoutaminated areas shows a




mesn value of 0.006 WL (.08 WLM per year) with scme indication that 5% of

typical residences might have a concentracionm greater tham .01 WL, (.2 WL¥

per year) (GZ 80). Radom progeny levels also vary with locationm withia the

structure. In the study cited above, the average concentratiocm in

basements vas two times greater than in living areas. High levels of
radcn progeny are often found where there are high comcentrations of
radium in seil or iz building materials. Several of the identified
locations are discussed in Sectiom III below.

It is possible that not all pathways for radom entry into structures
have beaen properly identified, but current belief is that the most
significant pathway in most cases is radom migratiom from soil into
basements through cracks and places where piping enters. Ground water may
also be a significant radom source. Many wells have substantial quantities
of radom in solutiom even though their radium comntent is relatively low.
Water use in the home (showers, washing machines, etc.) results in the
release of radom into the home atmosphere (GES 80). This oroblem of
elevated concentrations of radom in water is being studied extemsively but ~
its geographical extent is not well known (HES 79). A third source of ~
insdoor atmospheric contaminatiom is the building material, where scme of
the radon produced by radium decay enters the pors spaces and diffuics
into the room air. An occasional source of high radom in buildings is the
use of reprocessed waste materials to fabricate new building zaterials
such as gypsum board and ciander blocks. Because reprocessing of wastes is
2ot a vell-developed industrial practice ia the U.S., the cccurrence of
such situatioms is probably not common. However, it has occurred in

several areas (see Sectiom III-1l).



For purposes of perspective, Table II-l indicates approximate
sstimates of U.S. population exposure to various sources of radiatiom.
The exposures are given in terms of annual effsctive (whole-body) dose
equivalent as defined by the ICRP, a quantity that can be considered as
roughly proportional to overall risk (IP 77). This perspective is
pmiculuiy important in the assessment of possible future trends in
radiation exposurs resulting from the iantroduction of energy couserva~
tion practices that reduce air exchange rates and from a more widespread
ure of radium~rich waste materials in building comstructicn. I the

former case, there can be little doubt that a significant reductiom in the

Table II-!
U.S. population exposure due to varicus source of radiationml

Annual Collective Effective

Scurce Whole Bodvy Dose = log:gqgaon rem/v
Cosmic rays 6
Terrestrial Radiatiom ]

Internally deposited radionuclides

Radom and progeny (0.004 WL) ==10(2)

All cothers 8
Madical diagnostic x-rays 10
Fallout L1
B3uilding matarials L1l
Airline travel |

(1) UNSCEAR - 1980 (Draf:) (NA 30)

(2) Reduct’m of average air exchange rates in houses by
cue~half without additiomal controls would increase this collective
dose to2220 x 106 persom r..jy,



ﬁran indoor—cutdoor a2ir exchange rate ian U.S. housing will have a

substantial impact on the radiatiom exposure of the U.S. population ia the
absencs of the introduction of appropriate practical comtrol =zeasures.
However, it appears likely that such measures can be developed as part of
a0 overall research snd development program. This perspective highlights
the importance and urgency of research into the magnitude and range of
present radon exposures, the effect of various envirommental parzmeters on
such exposurss, noteably air exchange rates and heating and ai:
conditioning practices, and the efficiency of possidble radom comtrol

mathods.

3. Estimates of health risks due to radom progeny

The short half life daughters of radem~222, (polonium=~218, lead-214,
bismuth=214 and polonium=214) each decay in less than 30 minutes--the
first daughter, polomium=218, having a half life of just over three
minutes. This is long enough for most of the charged polonium atoms to
become attached t» microscopic dust particles in air. Ishaled azercsols \
are quite small, usually less than a few tenths of a2 micrometer in .-
dismeter. Upom inhalatiom, such small particulates have a good chance of
being retained ou the moist epithelium lining of the bromchial tubes in
the lung (I? 66). Hhilc- most of such inhaled material is eventually
cleared from the bromchi via mucus, this process is not fast enocugh o
prevent axposure of the bronchial epithelium to alpha particles from
polonium=218 and polomium=214. The dose delivered by these chargzed
particles which ultimately results in cancer camnot be characterized

adequately because the location of the irradiated cells that eventually

0



give rise to lung cancer is not known with any precision.* Indeed, there
is even some lack of agreement as to which cells are involved. Thersfore,
most estimates of the lung cancer risk due to inhaled radcm progeny are in
terms of a person’s potential exposure to radom progeny rather than the
dose sbsorbed in lung tissues.

Thers is a well-documented history of a very high incidence of lung
cancer among underground miners exposed to radom progeny. Moreover, tke
histological type of lung cancer most frequently observed is rather
uncommon in the gemeral population. These miners were exposed to high
levels of radon progeny compared to those aomlly‘ ocecurring in the
general enviromment. Although health studies of underground ainers
provide a basis for estimating risks due to radom exposuras in
acm-occupational situatioms, such estimates are oot hard predicticus. The
doses the miners received are 2ot accurately knowm and the oumber of
ezcess cases 4t & given dose level has considerable statistical
uncertainty, as is shown in Figure II-2 reproduced from Archer's report
AR 79, Thers are also uncertainties in extending these results to members
of the general population because of significant physical, envirommental,
and demographic differences between the miners and the general public.
These include possible comtriburions to lung cancer promotiom dy
unidentified occcupaticmal factors and the fact that the miners wvere all

adult males, many of wvhom wers frequent cigarette smokers.

*A commonly used comversion factor for the "average” dose to bromch® from
a uniform depositiom of radom progeny in uranium migers is 0.5 rad

(10 rem) per WIM. However, the actual pattern of deposition is believed
to be highly nom=-unifora.
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A oumber of published estimates of the lung cancer risk from inkaling
radon progeny wars reviewed by the Task Force. All of these estimates are
based on the epidemiolog’cal data from various stidies of uranium and
other underground miners. In additicn each eastimate depexds om how these
occupational data are applied Lo the genmeral populatiocn. 1lese risk
estimatas and the assumptions om which they are based are discussed
briefly below. ‘

Numerical estimates of the frequency of lung cancer due o radom
progeny depend on several assumpticuns. These iaclude: the shape of the
dose response curve, the duratiom of exposure, the length of the latem:
period befors radiogenic cancers are manifest, and the length of time
following the latent period over which the cancer risk is expressed. The
occupational data base for lung cancer risk includes few persocns under 20
and few of the workers have been followed for their emtire lifetines.
Therefore, the mizner results have to de projected forward in time to
estimate the effscts of lifetime exposure om risk. The varicus projection
models used %o apply the occupational data to the gemeral populaticm
differ comsiderably. Moreover, the selection of risk coefficients diiffer
depending on which sets of miner data are considered, Fig. II-2. The net
result is a comsiderable range in the mmerical risk estimates prepared by
various investigators.

The United Yations Scientific Commitcee om the Zffects of Atomic
Radiation (UNSCZAR) carefully reviewed the risk experienced by underground
miners ia their 1977 report (UN 77). They did aot develop a model %o
project the results of their analysis onto a general population having

lifetime exposures but rather assumed a 40-year sxpressicm periocd for luag
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caﬁcc regardlese of ige at exposure. The UNSCEAR risk estimate is
200-450 fatal lung cancers for 106 persom WLM, i.e., one million persons
exposed to | WIM at scmetime iz their adult life. The 40-year expression
period used by UNSCEAR may not be appropriate for a gemeral populatiom
which includes persons exposed at all ages nor does it taks account of the
increase in the risk of radiogenic lung cancer with advancing age, lactors
vhich are considered to varying degrees in some of the other risk
estimates. Although the UNSCZAR risk estimate has the virtue of
simplicity, it may not be too applicable to nom-occupational exposure
regizes.

Most of the other estimates of radom risk are dased on lifetime
exposure at a given mmbient comcentration of radom progeny (WL). We have
expressed these other risk estimates in the units used by UNSCEZAR Lty
assuming an average lifatime exposure 2f 70.7 vears.

The ¥BC published an estimate of lung cancer risk due to radom
progeny ia their Ceneric Zavircnmental Impact Statement on Uranium Mining,
(NR 79). This estimate was made by averaging the results of risk
estimates for radiogemic lu'g cancer using the four models given in the
1972 BEIR Report and assuming a | WLM exposure is equal %0 5 rem. The
average risk for the four models was 2160 per 106 persom WLM.

EPA has published two estimates of radem risk (EP 78). One is an

absolute risk estimate based om a risk coefficient developed by an Ad Hoe

National Academy of Sciences Commitiee cn the health effects of alpha
emitting particles in the respiratory tract (NA 76). E=PA applies this
risk coefficient to a model population having the competing, age specifi

risks of death due %o all causes experienced bv the U.S. populatiecm ia

=
-
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1970, i.e., a competing risk cohort analysis (BU 78). This absolute risk
model yields an estimated 350 fatal lung cancers per 106 person WLM.

The other ZPA estimate is based on a relative risk model, i.e., the

percentage increasa observed in expcsed miners (22 per WLM) is projected
across the populaticn at risk (EZP 78). Again a competing risk cohort
analysis wvas utilized, but unlike the absolute risk model, the analysis
based on relative risk takes account of how lung cancer frequency cranges
with sge ian the 1970 U.S. population. The relative risk uwodel yields an
estimaced 860 lung cancer cases per 106 persom WLM.

The Yaticnal Academy of Sciences published in August 1980 the
BEIR III Repor: which analyszes the miner data in a more detailed fashiom
than in previous studies (NA 80). The 3EIR III model uses age dependent
absolute risks. This analysis takes account of the fact that the cbserved
lung cancer incidence in exposed miners iacreases with age, but only after
age 15. When the new 3EIR risk cc.f!icianﬁs are applied to lifetime
exposure, a competing risk cohort medel yields an estimated 350 lung
cancer cases per 109 wLM,

Ian response to the Radiatiom Policy Council's request for comments on
this Task Force's wvork plan, the Natiomal Council om Radiation Protectiom
and Measurements proposed a risk estimate based on a "to be published
paper” by Y. H. Zarley and 3. 3. Pasternack, see Append x III. These risk
estimactes are based on the risk coefficient suggested by ¥AS 1n 1976, and
used by EPA ia their "absolute riif" estimate, but includes tweo additiomal
considerations: 1o cancers are expressed before age 40 and radiation
dumage from alpha particles is assumed to be repaired at 2.5 percent a

vear so that exposures occurring early in life have little effact. For
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lifctim exposure, this model yields 130 lung cancer deaths per 106
perscn WLM, substantially less than other recent estizates.

In 1979 Victor Archer, who has been principal NIOSH iavestigator in
the U.S. epidemiology studies of uranium miners, published a review paper
of the results of mine studies in both U.S. and other countries (AR 79).
From this review he concluded that the risk per WIM increases as the
cumulative exposure decreases so that for envirommental levels of exposure
the risk coefficient is 30 cases per WLM per 106 perscn years at risk.
Using this risk coefficient, sn EZPA competing risk analysis yields 1050
fatal lung cancers per 106 persom WLM. This is the highest risk
estimate found ia this review.

It should be noted that in all of these risk estimates it is assumed
that children are no mcre harmed by radiation than adults. There is no
avidence either way omn this for lunf cancer, & disease oé old age.
However, for mauy other cancers that asormally occur earlier, the Japanese
survivor data indicates childrenm irradiated under ten years of age have a
much greater relative risk than similarly exposed adults (3E 78). An EPA
analysis indicates chat if exposures occurriang during childhood are three
times more dangercus than for adults, the estimated relative risk from
lifetime exposure is 50T greater than if childrem are no more sensitive
then adulcs (ZP 78).

Table II-2 summarizes the estimated risks from occupatiomal radem
progeny exposures outlined above. "The range of these estimates is a
factor of eight, which is some indicatiom of how uncertain they are at
this time. Much of this uncertaiaty is because the miners have not deen
followed for a life time and different projection models are used o

predict their future mortality.
16



Table II-2

Estimated Life Time Risks of FPatal Lung Cancer Prom Radon Progeny

Cases per 106
Estimator Perscn WLM
TdSCzAR ' 200-450 S0-year exposure

to adults J
NRC 360 all ages, 1967
U.S. population
EPA - absolute risk 350 cohort (statiomary
population)

ZPA - relative risk 860 - ”
BEIR III 850 v »
Victor Archer
absolute risk 1050 - ®
NCRP-absolute risk 130 all ages, 1975

U0.8. population
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" Because smoicing is a very important cause of lung cancer and decause

many of the U.S. miners studied were also ‘requent cigaretts smmockers,
thers is considerable interest in how smoiking affeccs the risk due to
raden progeny exposures. Early studies incicated thal almost all of the
excess cancers cbserved in U.S. uranium ainers vere among smokers and that
the cancer causing ugents had a stromng synergistic (multiplicative)
effect. 'fore recent studies indicate that lung cancers tock a longer tize
to develop in the non-smokers and that while smoking does increase risks
due to raden, the difference tetween smokers and non-sackers is not as
large as previously thought (LU 79).

A recent report by Radford and Remard (presented at the 13580
Radiation Research Society Meeting) ca 1275 Swedish iron miners derm
tetween 1880 and 1919 and followed for mest of their lifetinme, also
indicates meore risks to nonesmokers than previcusly thought. The nean
cumulative lifetime expcsure 0 these ircn aziners (s relatively low,

85 WLM. For smokers, the cbserved lung cancer deaths were 2.5 times acre
frequent than expected for smokers in Sweden. For nonesmcking miners lung
cancer deaths were 3.4 times more frequent than expected .or non-smokers
in Sweden. Swedish smokers (who smoke less than U.S. smokers) normally
have about seven times higher mortality due %o lung cancer than Swedish
non-smokers. SO even thoush the non-smokers had a greater relative risk,
overall they experienced a lower risk of lung cancer death. However the
difference bhetween the two Zroups was zuch s=maller than has Seen observed
in follow= up studies of younger populations.

Federal Radiaticn Protecticn Cuides fcr the zeneral population limit

whole bdody doses %o 500 arem for ldentifiable individuals and '7C arem
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per yesr %o exposed groups wvhers only the average dose is kmown. Although
thesy guides do not apply to naturally-occurring radicactivity, they do
provide scma perspective on the relative risk from large radon exposures. The
lifetine risk of fatal cancer associated with 170 mrem per year (whole
body-lifetime exposure) are estimated ss 1.2 X 1073 to 8 X 10~3, using

1972 BEIR Report risk ccefficients and absolute and relative risk models,
respectively (A 72, ZP 78). For comparison & lifetime exposure to 0.02 WL
vields, usiag the rangs of astimates in Table II~2, a lifetime risk of

4 X103 to 31X 102, An exposure level of 0.02 WL is five times vhat is
thought to be the average annual valua iz U.S. homes; a quantity admittedly
not vell known. From Table III-l, described in Sectiom IITI below, it appears
that in at least some locali:ioa, an appreciable fractiom of the population is

exposed to vadom progeny levels that exceed 0.C2 WL.

III. Status of Federal Programs
| N Status of Federal programs to measure radom iz Lomes

Ia recent yvears, a number of Govermment agencies huve conducted field
measurements c¢f iandoor radon. Most of these have been conducted in areas
vhere radium contamination problems were believed to exist. Iaterest in
indoor radom wvas first aroused more than 10 vears ago vhen the use of uranium
mill tailings in structures ian Grand Junction, Colorado, came to natiomal
attention. More recently, ZPA has studied indoor radon on phcsphate lands
having elevated radium concentraticns. Iz the past few years, with an

emphasis on energy conservaticm and "tight” bduildiag eoveloves, indoor radoa

[
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has become a subject of scrutiny for structures even where the only sources

are common soils and building materials. Below is a summary of the zajor

-

activities:

Grand Jumctiom, Colorado: Siance 1970, under a Pederally=-
sponsored program, the Colorado Departmeaat of Health has
seasured indoor radon decay product levels in many hundreds of
heuses containing ursmium mill tailings. As part of an effort
to detsrmine background levels, 2 oumber of homes in the Grand
Junction area (which did not comtain mill tailings) were also
selected and seasured for indoor radom decay products.

Florida: Ia 1979, the U.S. EPA began a study to assess the ~
radiation impact on people living ia structures built om .
phosphate land. This study was carried ocut in comjumction

with The Florida Department of Health and Rehabilitative

Services (DHRS) and the Polk County Health Department. EPA

measured the indoor radon decay product levels in homes bduilt

on reclaimed phosphate land and in background homes built om

unmineralized soils. Plorida's DHRS and the University of

Florida have conducted independent work of a similar nature.

New York City region: Iz 1978 the Environmental Measurements
Laboratory of DOE, in an effort to determine normal eavircm~
mental levels of indoor radem, conducted a program Co measure
indoor radon levels in a anumber of homes in the N.Y.C. area.
Simultanecus measurements of radon decay product levels were
alsc made. Measurements were taken in the basement and cn the
main floor.

Alabama: In 1978, under the guidance of State Health -
Departments and the U.S. EZPA, the Tennessee Valley Authority

measured radon decay product levels in a oumber of homes in

Northern Alsbama and neighboring states where phosphate slag

vas used in the house comstruction. A comntrol group of houses

wvas also measured.

San Francisco regiom: Ricently, the Lawrence 3erkelevy
Laboratory (L3BL) began simultanecusly measuring indoor radem
lavels and the infiltratiom rates of houses. The work has
been done in support of DOE's house weatherization programs
and energy performance standards for new buildinge. In
additiom to houses ia the 3San Francisco regiom, L3L has done
similar measurements in a oumber of energy efficient homes
throughout the country.

<0




Montana: Two years ago, EIPA and the Montana Departaent of
Health and Zavirocmental Sciencas (MDHES) began taking iadoor
radiation measurements in the Butte and Anaconda areas because
of the intensive local use of phosphate slag aggregate in coo=
crete block. Very high levels of indoor radom decay lavels
wers detected in homes with and without phosphate block. The
area is highly mineralized and sits above thousands of ~iles
of underground mine shaft. Cne or both of these latter factors
is probably chiefly responsible for the genmerally elevated
radon levels in this regiom.

Other Studies: Oun an ad hoc bdasis, oumercus measurements of
indoor radom levels have been performed by researchers in
national laboratories and universities and by perscunel in
Stats healzh copartmsats. Rasults of a few of these ars
summarized in Table III-l.

Ongoing Work: ZPA has begun a study to momitor the radom
levels of 1000 homes in Butts, Montana. A major goal of the
study is to field validate track-etch mcmitors as 2 radon
measuring device. Trick-etch devices give time averaged
reading of radom exposure, are inexpensive, and completely
passive. If the validatiom of track-etch for field use is
accomplished, large scale house surveys will be made possible.
In another area, as part of an ongoing analysis to scudy the
radiation impact of the phosphate slag in houses, TVA is
complating the final design of a study which will measure
radon decay products in 100 slag houses and 100 comntrol houses.

Data available from these and other studies are given in Table III-l.
It is important to bear in mind that a variety of measurement protocols
and techniques were used in these studies so that direct comparisons are
not aecessarily valid. Some protocols attempt o measure the yearly
average radon levels under typical living conditicms, others iavolve
single or multiple measurements over only a short period of time
(generally less than a day), usually after the windows and docrs have deen
closed “or 2 time. The yearly average measurement is acrmally simulace!
by four or mors integrated aeasurements over approximately one week in

each of the four seasons. Zven within these two categories of
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mesasursment protocols, there are important differences iz the nsasurement
process. In short, there is a great need %o standardize measurement
protocols and techniques to facilitate comparisca of the results of future
field studies. In developing these protocols and technigues, it will de
important to evaluats the performance of existing measurement devices and

to develop new cnes where required (see following section).

2. Current status and needs for coordinatiom of Federal research

Measurement programs, instrument development, and the development of
coatrol technology and its application are the maia components of a
comprehensive research program om iandoor pollutancs ia general, and radom
in particular. Although there is much work with respect to radem aow
undervay in each of these catagories, there has been a !ramu:iai of
effors among the various agencies with somewhat differing (and sometixmes
mlaé) responsibilities This has been the understandable result of the
fact that each agency has responded independently to problems related to
its mission as they have arisen. This situation clearly points to the
need for, among other things, a comprehensive interagency research program
vhose scale and crganization are comsistent with the magnitude and
complexity of the potential problems and vhose components are responsive
to the various agency requirements. The informatiom developad as a
consequence of such a program will de an essential ingredient to basic
Federal policy decisions comceraing indoor radon problems.

The data that have bdesn obtained in recent years om radom and ~adon
. progeny levels ia inhabited structures are sufficiently extensive to

sermi: a gross assessment of the possible health risks associated with
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current and possible future populaticm exposures. However, as indicated
ia the previcus section, most of this information has bee: developed ia
response to unusual exposure situations; for example, contaminated iandus~
trial sites, the re-~discriduticn of uranium =ill tailiags, and construction
on reclaimed phosphate land. Very little is kmown about the frequency
distriduticn of individual exposures in "normal” settings and there is
little quantictative understanding of how the varicus types of radom
sources, radon transport properties, comstructiom practices, building
heating and ventilation methods, envirommesntal parametars, and human
activities affect the magnitude of the lomg-term exposure to radom and its
decay products. A much more extensive information base ceeds to be
developed before optimal control and regulatory strategies can be realized.
This is a fundamental problem that may sericusly impede policy development.
This problem should be urgently addressed through the following types of
research programs.

A measurement program designed to characterize the iandeoor radon
exposurs of a large population necessarily iavolves boti large-scale
surveys and detailed investigatious of individual structuras. The lacter
studies provide basic informatiom om the various factors chat influence
radon exposure; informaticn that is essential to the iaterpretation of the
less detailed data obtained in the surveys. It will also allow forecasting
of national radom exposure leve!s as trends towards reduced ventilation
continue. The survey results define the range of normal indoor radonm
exposures and provide a screening mechanism for are.s and/or structures

daserving of further study.



Those two types of messuremant programs require different types of
instrumentation. For surveys, it is desirable to have a large number of
low-cost and simply operated detectors that can both be handled and
deployed by relatively inexperienced perscmnel and yield reliable data om
long~tera radom or radon progemy exposure. For detailed studies, am array
of more sophisticated instruments is needed to accurztely determine the
key parameters, which aight include not omly radicmuclide comcentratioms
but also particle size distributiom, coudensation nuclei conceatratiom,
unattached fracticms, air exchange rate, radcm exhalatiorn rate,
temperaturs, pressure, humidity, etc. I appears that various techniques
now in use or being developed may be at least minimally adequate
for these programs, but there is seed for further evaluations and improved
methods. Thers is also a need Zor formal mechanisms of quality comerol ia
tie measursment programs conducted by the various laboratories through the
condu;: of intercomparisons and intercalibrations as well as the
development of common measurement protocols.

Ia addition to the field studies described in the previcus sectionm, a
mumber of radon and decay product comtrol methods have been studied.

Where uranium mill tailings have been used, the primary comtrol method is
removal. However, in less extraordinary situations, sealants, ventilatiom
and indoor particulate removal systems have been implemented with varyiag
degrees of success. A new approach is the use of air-to-air heat
exchangers cn mechanical ventilation systems. This may result ian improved
energy comservation without tiie necessity for substantial reducticms in
air exchange rates. All of these methods are prasently being iavestizated.

Iacreased research om such control techniques will play an important role
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in the identificaziom of appropriate (cost-effective) remedial sctioms that
may have to be integrated into the applicatiocm of energy conservation
measures in inhabited structures om a large scale.

An impertant first stap iz the development of a coordinated natiomal
resesrch plan oo radon and other indoor pollutants has been taken by an ad
hoe interagenc” task force spousored by tie Envirommental Protection Agency
and the Department of Znergy. This group's preliminary draft report
addresses the overall indoor pollutiom problem and the many relevant
issues in sufficient detail to provide a useful starting peint for the
more formal efforts reccumended here. It also emphasizes the need for a
coherent naticmal plan for the imvestigatiom of all pollutants of
potential public health significance. The radon problem should not be
considered in isolatiom, particularly comsidering the difficulties
associated with carryiag out large-scale field studies and the
opportunities presented by such studies for multi-pollutant measurements.
This developing plan is likely to include elements of direct interest to
the Council imcluding the collection of informatiom om existing and
anticipated Federal programs and the collection and assessment of
available data om pollutiom exposure.

Another aspect of research coordination is the interactionm of Federal
agencies and laboratories with the State and lccal agencies that may be
closely izvolved in _he extenmsive field studies. An important potenmtial
avenus for such interaction is the Conferencs of Radiatiom Comtrol Program
Directors, which has already taken an interest in technologically enhanced

natural radiation exposure. This avenue should be explored further.



3. Current status of epidemioclogical ctudies

At first sight, the number of investigaticns of the health status of
underground miners and others exposed to radom progeny is impressive.
Appendix I lists 7 U.S. studies and 10 in Canada and Zurcpe. However,
while data collection has been extensive for most of the reported studies,
culy rather preliminary results are svailable snd for some oome at all.

Ia view of the long latent period before lung cancer appears, particularly
for the case of non-smokers, lomg-term follow-up is essential.

The Japanese A-bcmb surviver data indicate that for those exposed at
age 50 or more, the increase in lung cancer fatalities due to radiatiom is
20t only much higher than those not exposed but alsc shows the same rapid
incresase with aging. If this same pattern holds for those exposed when
they wers young adults, the cancer mortality in exposed uranium miners
will be much greater than has Deen cbserved to date. Therefore, lifetinme
follav-ué of miner populacioms is essential. A sustained effor:s Dy the
U.S. and other governments is needed to insure that all possible iaforma=~
tiocn is obtained from expcsed groups, includiag those aut cccupatiomaly

exposed. As vet very little effort has been directed at the latter.

4. Current regulatory authorities

There is currently no Federal legislation which might be invoked as
the statutory basis for a generalized program of regulation with respect
to radon exposure levels in iahabited structures. Initially, we reviewed
Secszion 112 of the Clean Air Act, 42 7.S.C. Sec. 7412, in view of the

recent ZPA actiom in listing radiocmuclides as hazardous air pollutants



pursusnt to 42 U.S.C. Sec. 7412(b). See, ZPA Pederal Register Notics at
4 F.R. 76,730, et seq. (December 27, 1979). However, the thrust of Clean
Air Act regulation is toward prevecticm of atmospheric pollutiom amd the
maintenance of ambient air quality. Neither of these terms has been
treated as providing coverage of emissions into the intermal air of
buildings. On the cootrary, the regulations implementing the Clean Air
Act spoeiﬁ.can-y define the term "ambient air” as "... that portiom of the
atmosphere, external to buildings, to which the general public has
access.” 40 C.P.R. Sec. %50.1(e), (Zmphasis supplied).

There does exist a basis for the regulation of iandoor radom exposurs
levels ia certain limited circumstances under current Federal
legislation. Specifically, certain vaste materials, kuown to be radom
sources, are subject to regulation under the Atcmic Energy Act (uranium
mill tailings) and the Rescurca Comservaticm and Recovery Act (e.g.,
wvastes from uranium or phosphate mining). Typically, the use of such
wastes as fill macerial, or the use of sites comtaining deposits of such
wastes as building sites in the absence of appropriate disposal/
reclamation techniques, will result in elevated radom levels within the
structures iavolved.

Ian the case of uranium mill tailings, regulatiom by the Nuclear
Regv.latory Commission is now specifically mandated, pursuant to an
amendment to the definitiom of the term "dyproduct =material" (42 U.S.C.
Sec. 20l4(e)) in the Atomic Zoergy Act acccmplished by the Uranium Mill
Tailings Radiation Comtrsl Act of 1978, Based on this explicit amendment
the YRC is authorized, bdv virtue of the licensing powers granted pursuant

to 42 U.8.C. Sec. 2111, %o regulate the distributicn or transfer of
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uranium mill tailings and to establish safety standards for the protection
of health, The regulatory authority thus granted is all-inclusive siace
the possassion of any "byrroduct aaterial”™ (defined to explicitly include
uranium mill tailings) is forbidden except to the extent authorized by
license.

Similarly, radou-emitting wastes from uranium or phosphate mining
activity are subject tc regulationm as hazardous wastas pursuant to the
Rescurcs Comservaticn and Recovery Act of 1976 (RCRA), 42 U.S.C. Sec. 6921,
ot seq., pursuant to the suthoricty to list such waste and to regulate its
storage and dispositica 3o as to protect human health and the environment.

As of this writing, however, ZPA has deferred listiag radicactive wasteas
under 42 U.S.C. Sec. 6921 in light of tha pendency defore Congrass of an
smandment to RCRA to temporarily suspend ZPA guthority to regulate radio-

active wastes axcspt as necessary to avoid unressonable risks 2o human

health, and the limitation of the health hazard posed by such wastes to

the half dozen Staces in which they are generated. See, generally, Sup=
plemeatary Informacion, Part III.A.3., ZPA Notice of Final Rule, Iaterim
Final Rule and Request for Comments Ra Hazardous Waste Management Svstem:
Identification and Listing of Hazardous Waste, 45 F.2. 33,086-33,087

(May 19, 1980).

Regulation of radon in inhabited structures under either the Atcmic
Znergy Act or the Rescurce Couservatiom and Recovery Act is limiced o
situations involving the utilization of material which emits radom, and
otherwise meets the respective statut.ry definitioms of "dyproduct

zsacerial” or "hazardous waste". 4 slightly more gemeralized regulatery




basis may be found under the Toxic Substances Control Act of 1976 (TSCA),
15 U.8.C. Sec. 2601 - Sec. 2629. As is the case with the other statutory
authorities referred to, however, regulaticn of radem under this statute
would result from the regulation of chemical substances or mixtures which
are radon emittars, e.g., radium. Morsover, it is clear the principal
thrust of the TSCA regulatory scheme is aimed at chemical substances or
mixtures subsequent to manufacturing or processing activity, an emphasis
wvhich limits its utility ia regulating saturally-occurriag radem. Ta
additiom, TSCA authorizes regulatiom to prevent an "...unreascns’ * . risk ~
of injury o health....", 15 U.S.C. Sec. 2605(a). This staundard “z2
triggering statutory coverage is arguably more stringent than that
involved in the case of the other statutas discussed above, and zmay well
require more vigorous evidence of adverse health effacts :!;an is currently

possible. C£. Industrial Uniom Dept. v. American Petroleum Iastitute,

(8. Ct. Docket No. 78-911, decided Jaly 2, 1980).

Under the Safe Drinking Water Act (42 U.S.C. Sec. 300f through Sec.
300j=10), EZPA has authority to establish Maximm Contaminant Lavel (MCL)
for radicactive pollutants in the finished drinking water furmished by s’
community water systems o their sustomers. Private wells are unregulated
(ZP 76). No MCL for radom has been promulgated, although the Agency is
actively comsidering the problem. The Agency believes that, under the
authority cited above, an MCL for drinking watsr could be based om the
radon concentration in water or the consequent indoor air comcantratiom
due to radon entrained in drinking water.

In addition to the so-called "envircmmental" statutes discussed above,

the Department of Housing and Urban Develcpment has authority o issue
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_regulaticus to implemant the natiomal housing policy goal of, inter alia,
".eva decent home and suitable living esvircument for every American
family...." 42 U.S5.C. Sec. 1441, The Derartment takss the view that,
under this authority, it could promulgate regulations which, om a

prospective basis (e.g., applicable to mortgages refinanced or entared

ter the effactive date of such regulatiocns), could establish radom
exposure limits with respect to public housing and private housing
finsnced in whole or in part with Pederal finsncial assistance. With
respect to farm housing, the Secretary of Agriculture is statutorily
authorized to approve all building plans and specifications for new
buildings and repairs for which financial assistance is authorized under
42 UJ.8.C. Sec. 1471, et seq. See 42 U.S.C. Sec. 1476. Despite the more
specific s:a:uéoty authority available to the Secrstary of Agriculture,

however, it is fairly certain that the regulaticn of radon exposure levels

pursuant to 42 U.S.C. Sec. 1476 would be possible only omn a prospective

basis. Accordingly, while thers is apparent authority, pursuant to
existing legislation adminiscared by the Secretaries of Agriculture and
Housing aud Urban Development, for the development of regulations
concerniag radon exposure levels in inhabited structures, no regulatory
scheme is presently in place. Moreover, the direct impact of such
regulacions would be limited to Federally financed or assisted housing, a
limitacion which, together with prospective applicatiom, would emsurs that
such regulations would reach ouly a relatively small percantage or
residential Aauaing units and few, if any, commerczial and iadustrial

stTuctures.
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In summary, and based on the above survey, 20 current legislatiom
provides any particularly useful guidance with respect to & workable
approach to new legislation concerming the regulatiom >f radea ia
ichabited structures. Moreover, existing limits om scientific knowledge
and messurement tachnology may well preclude a definitive legislative
resolution at this time. 1If this is the situation, any legislatiom
recoomended should only attempt to focus attentiom om the problem and seek
to ensure a structured applicaticm of rescurces locking to future
development of more definitive solutioms. An example of such "bridge”
legislaticn may be found in the Barthquake Hazards Reducticn Act of 1977,
codified as Chapter 86, Ticle 42, United States Code, 42 U.S.C. Sec. 7701~

Sec. 7706, reproduced in Appendix II and discussed further in Sectiom V.

IV. Summary of Issues

The Task FPorce identified four msjor questioms ia its comsideratiom
of an appropriate policy for radom comtrol:

i. Is there adequate information to justify Council comsideratiom of \
the problems arisiag from radom in izhabited structures?

2. 1Is there adequate information for starting a national program
leading to the control of raden in ichabited structures?

3. 1s there regulatcry authority at local, State, and Federal levels
to comerol radon exposures if necessary?

4. Is there adequate coordinstiom of State and Tederal

iavestigations of radom exposure pathways and exposure levels?
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Issue 1

Herstofore, consideratiom of the problem of radom ia structures has
been on an ad hoc dasis arising from specific situatioms where high raden
levels were identified more or less by chance. To the best of the Task
Force's knowledge, it is the first govermmental group %o appraise the
sational indoor radom problem as a whole. Although this appraisal is
neceassarily preliminary, we bclicvn the number of situations that have
been identified are indicative of a larger natiocnal problem. "Unduly
large exposures to radom in inhabited structures” are not omly asscciated
vith contaminating events or other sources under =man's comtrol, but alse
found with comnsiderable frequency in natural surroundings. A natiomal
survey in Canada has indicated that about 102 of their housing units =ay
have raden progeny levels exceseding 0.02 WL. Limited studies in the U.S.
suggest similar exposure patterns may exist in porzicns of the United
Srztn;, Table I1II-l. Moreover, by most reckoanings, the health risk due to
high indoor radon levels (30.02 WL) is comsiderably larger than that due
to naturally-cccurring gamma radiatiocm or medical x-rays. I: =ay also
exceed the risk associated with the 170 mrem/y Federal Radiation
Protection Guide for groups exposed .o man-made radiation sources
(See Secticm 1I-3).

Because of the possidble prevalence of relatively large exposures, the

likelihood of a trend toward higher exvosures due to improved enerzy

efficiency 1n inhabited structures, the risk from such exposures, and the

potaatial total povulation at risk, which may be very large, the Task

Force believes Council attentiom to this oroblem should not be deferved.




Thers is a need for a dalineation of overall Federal and indiv_dual agency
responsibilities in the development and conduct of a naticmal actiom

progTam cn a comtiauing dasis.

Issue 2

The second issua, vhether or not current informatiocn is adequate for
& naticnal program, is less easily addressed. Federal control actions are
being taken now on #m ad hoc basis and the mmber of these programs is
likely to incresse. However, none of these actions have a potential for
addressing adequately the natiouwide problem. The Task Porce believes

that a p&_ric scudy of the trcmz distribution of radom exposure in

structures should be made a necess

first scep before Federal comtrol

actions om mors than a local oblem~oriented level are contemmlated.
The Radiation Policy Council should provide leadership for such a State
and Tederal program (see Sectiocm 7, below). ‘

Ever thcough it is clear that indoor radon exposure is likely to be a
sational problem, we do zot believe there is sufficient informatiom om the
number and location of structures having extraordinary radom progeny
levels and m the causes of such levels to make regulatory decisicms. The
limited sampling of structures for radon levels to date does 2ot allow
definitive gemeralizations concerming radon exposure. Moreover, the
dynamics of radom levels in structures must be understood since it is
likely that a long term trend towards higher radom levels may be i

progress due o energy conservationm practices. The Task Force agrees that

it is likely that further investigatioms will show that cnly a sustained

series of Tederal and local actions can address the problem in a way that
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wvill lead to the appropriate amelioration of high radom exposurs in
inhabited structures. Developiag a natiocnal program for regulatory
control without more appreciation of its eventual scope :ould delay
effective resolution. Such ccatrol is likely to have significant
socio=economic implications that must be carefully comnsidered prior to any
action. Morsover, our present knowledge of indoor radon levels is based
mainly, but not exclusively, omn a bdiased selection of those structurass
most likely to be contaminated. It is possible that further study will
lead to 2 couclusion that only a limited program of radom control is
varranted. Finally, any national program involving government-mandated
control of indoor radem will set a precedent for the :treatment of all

indoor pollutants to which the general population is exposed.

lasve 3

While the Task Porce recognizes that onlvy a portiom of high radem

exposure cculd be addressed by curvent regulaciocms, it is not convinced

that enforceable Federal or lcocal standards for indocor air quality are

desirable «z this time. The Task Force's review of the curremt regulatore

framework indicates that severa! avemues Jf regulation are opem to nublic

officials. Current Federal authorities relate mostly to contaminating
events due 20 industrial prograns. Contmination due to natural geological
occurrencas undoubtedly occur also, and in some cases, indircct control
such as through HUD housing policies, see Sectiom ..I-4, uay Le

indicated. Morecover, Tederal enargy conservation programs and other

public and private actions to save energy are likely to increase the

current trend towards reducad iadoor ventilation. ™he potential




consequences of such programs cannot be ignored if their ultimate effoct
is to unduly increase radon exposures. However, the Task Force believes
additional Pederal regulatory authority should sot be requestad until tle
technical basis for determining radon levels and reducing them when
necessary has been more ﬂﬂl? established.

Purthermore, any large scale .ngnla:or, program would requirs the
full support of Stata and local officials. A lomg=term program, with
local participation, will be needed to educate these officials and their
commmunities on the nature of eho radon problem and how it can be

controlled. Again the current informatiom base is not adequate to acre

than begin such am educatiocnal efforc.

Issue &

The final major issue considered by the Task Force is whether there
has or has not been sufficient coordinatiom of Federal programs comcerning
radon exposures. The Task Porce agrees that, as good as coordinatiom is
now, it is mainly bdilateral, between a single agency and a State or

between two Federal agencies. As more Federal agencies and States become

iovolved, a more formal svstem of coordinaticn will have to be developed.

The main deficiency im coordinating current programs is due to cheir
ad hoc nature. They are for the most part tied into studies of specifiz
localities. Although local and State officials asually have a role iz a
particular investigation, thers is o natiomal program for helpiag all the
States share ianformation and solutioms. Morecver, at the Tederal level,
interagency cooperat.om has been developed mcstly at the field laboratory

level and less ia natiomal planning and budgetary acticns that take place
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in Washingtou. We do got delieve all the Federal agencies are sure of
vhat their role is or should be in defining the extent of, and parcici-
paticm in, a natiomal program. While we believe regulatory legislatiom is
not appropriats at present at either a State or Federal level, it is
possible that nom-regulatory legislaticn that establishes the role of lead
agencies would bde helpful. The Radiationm Policy Council is well placed to
coordinate a Pederal program and to comsider the deyirabilicy of
legislative approaches. Ia Sectioo V, specific recommendations and

options for RPC cousideration are indicated.

V. HRecommendatiom No. l: The Radiation Poelicy Council should take

responsibility for the overall develovment of Federal research and policy

related to the assessment and comtrol of iandoor radom exvposure.

The Task Torce agrees that a mechanism must be developed that will
allav.boc:.r Sudgetary and policy coordination of all Federal actioms that
touch cn the indoor radom problem, and that the RPC is ideally comstituted
to carry out this fumctiom. t could be performed on a day-to~day basis by
aembers of the working group representing agencies having a substantive
interest in radom comtrol. Altermately there could be s public and govern~-
mental radom policy panel composed of persons having substantiil experience
om radiaticm comtrol philosophy who conld serve om a long-term Dasis.
Reports and recommendations would be made to the Council oa a pericdic

basis.
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Thers are a number of policy questions conceraing radem comtrol that
are beyond the scope of decision making by scientiscs. For example:

o What is the appropriate dalance in Pederal spending for radom

control compared to other public health measures?

© What is the proper balance between energy conservation and public
health considerations?

o How can Federal budgeting for radon be coordinated so that large
informaticon gaps do not occur due to funding pticéi:iu:iant
based ou each agency's immediate needs?

o How should informatiom om radom levels in particular residencial
structures, on the associated risk, and on possidle remedial
sctions be distributed to local officials, residents and the
sedia?

The Task Force does not believe that it is sn adequate source of
advice om how such questions should be handled. It is of the opiniom that
the Council will have a continuing need for informacion and advice, and it
believes the Working Group should make reccumendatioms to the Council om

the best =echanism.

Recommendation Na. 2: The Radiacion Policy Council should sponscr an

expert committes t0 evaluate and Eovidc zuidance on Pederal scientific

programs related to radom exposure and control. The expert scientific

committee should consist of Federal, State, academic and induscrial
scientists, to be appointed by the Council, having established reputatioms
in raden research. This committee should have the time and sciemtific

rescurces wel. bevond those available to the Task Force to be able to



address effectively the following tasks:

1. the collection and critical evaluation of existing data cu iadoor
radon exposures;

2. the identification of relevant ongoing and amticipated research
and development programs;

3. tha assessment of the present state-of-the—art in measurement
methodologies

4. the assessment of the present status of control techmology
development;

5. the development of an interagency research plam (and/or the
evaluation of existing plans), based on the results of tasks l-4, chat
includes specific recocomendations on needed research in the context of
clearly-defined goals, and defines opportunities and possible mechanisms
for co?rdiution amoug the varicus agencies.

T™e Committee's basic missicn would be £o provide the Council with

authoritative technical evaluations and reccmmendations for research., It

could revort to the Council through the Working Group, where the policy

implications of the Committee recommendations on research could be

considered. Specific proposals for Council action would be prepared by

the Workiag Group.

An important aspect of the committee's work would bde the identifi-
cation of the scientific rescurces presently available for radon research.
Governmeant laboratories such as the DOE Zovironmental Measurements
Laboratory, the TPA Zastera Invircumental Radiation Pacility and the EPA
Las Tegas Tacility have gained comsiderable experience in radem studies,

and the same is true of research groups at DOE aational laboratories and
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st several universities and private concerns. The expertise of the
National Bureau of Standards in the standardization of aeasurement
mechodologies would alse be an important resourca. This multi-laboratory
expertise should be utilized in the critical scientific investigatioums,
including the detailed studies of the dynamics of radom and radom progeny
in individual structures, development of new experimental and analytical
methods, and the establishment of experimental protocols for large-scale
studies. Such activities will provide necessary support and guidance for
the survey efforts. Advantage should also be taken of the comnsiderable
experience and expertise that hyve been gained in other countries, notably

Germany (FRC), Sweden, Britaia, and Canada. Close comtact should de

established with the appropriate agencies and labeoratories in these

countries, where very similar problems are being studied and govermmental
action undertaken.

Alternative approaches to the development of a coordinated research
program are possidle, including reliance om the program plam now being
developed for all indoer pollutants by the Ad Hoc Iateragency Comaittee on
Iadoor Air Pollution. However, the Task Force believes that there is a
compelling need for expert technical advice from the scientific community
on the raden problem that can be most effectively derived through the
mechanise of an Zxpert Committee sponscred by and reportiag to the
Radiatiom Policy Council. This Committee's activities should be closely
coordinated with other Federal ._forts to address iadoor pollutiom

problems.




lecommendation No. J: The Radiatiom Policy Council should encourage

sition and analvsis of epidemiological data

bv FPederal a ies

on a timely basis. Moreover, cthe Council should recuest Federal agencies

to make the data cbtained ia :ﬂddologcal studies of exposed miners and
other available to as analystes as possible. Although the

Tederal Sovernment has put comsiderable rescurces ianto data acquisiciom,
considerably less effort has been expeaded on data amalysis. 3Both Federal
funding and professional expertise ian this area have been in short

supply. The rescurces needed for an improved effort are modest. Council
leadership in this area could be moet effective. Inizia.:ivu by the
Council to encourage intsrnatiomal cooperaticm in the research area are
also desirable. Extensive data has been collected intermatiomally that
could comtribute to the understanding of risks due to radon progeny at low
doses.

The Radiation Policy Council should point out to the Interagency
Radiation Research Commiztee that research onm the potential harm from
environmental radon should be encouraged and that epidemiological case
control studies of nom=cccupationally expcsed persons could de

particularly useful.

Recommendation No. 4: The Radiatiom ?olicz Council should defer

couidcria’ a Federal Radiation Protection Guide for indoor radom

exposurs. Given the serious shortcomings ia our curvent understandiag of
the problem, such action would be premature. Wa beliave that a period of
several years is a more appropriace time frame for the gradual development
of regulatory actioms having a large potential impact at the local level.

Sven though Federal Radiatiom Protecticm Guides are only "advice” at the
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State levels, the impact of any guide would be large since all Federal
actions woul!i have to take such a Preside~tial directive iatc sccount.

We think the precedents for naticmal radom levels set by the Canmadian
and Swedish Covermments should be carefully considered by the RPC. In
Canada, goverument actions have been preceded by a national sampling
pregram to detarmine the frequency at which high radom levels occur in
both contaminated snd uncomtaminated arese. Subsequent remedial actions
and guides are applied only to radom exposures dus to industrial
processas. In Sweden, the area of comtzmplated control is wider and the
plan for eventual implementation calls for a long term and phased remedial
program. As currently planned, this will eventually include building
materials, sites for new comstruction, remedial measures in existing
houses, and bdbuilding specifications for new homes. The Swedish govermment
is well zware of the impact regulations will have at the local level and
their program is largely advisory at its present stage. It warrants
careful study by the Working Group and Counecil.

Even though we do not recommend a radiatiom protectiom guide, the
consequences of not having a guide for indoor radom should be appreciated
by the Council. In the absence of a Federal Guide, there is a chance that
the Federal agencies now advising States and other govermmental agencies
will give comflicting advice. In addition, some States zay take
independent actiom. We believe the Radiatiom Policy Council should
monitor and coordinats such State and Federal activities so that if a
Radiation Protection Guide for Radom is eventually developed, it will not

have to be implemented om top of a set of inconsistent control levels

based on ad hoc comsideraticns. Interim guidance of a purely advisory
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sature could lessen the chance of this occurring. The practical advantage
of interim guidance as opposed to its liability against future actiouns has
not been considered by the Task Force. It should bde addressed by a body

giving policy advice o the Council, as called for ia the first

recommendation.

_ Recommendation Yo. 5: While the Task Force believes zew regulatory

__authority at this time would be premature, the Radiation Policy Couneil
_____Should consider two possible legislative items that are not dependent cm =

furthes study of the indocr radom problem.
The appropriate division of regulatory respounsidilities between the

various Pederal ageacies for radonm znd other indoor air pollutants is not
clear and may bde a subject the Congress wishes to counsider in the near
future. Thers are many technical as well as policy questions iovolved in
such decisioms and it is likely that an agreed positiom by tha Council om
this would de helpful to the Congress. Alternately, the various agencies
can request legislative authorily based on agency mandates; but it seems
to us that such an approach circumvents the potentially very efficient
mechanisa for interagency coordinatiom and cooperatiom implicit in the
establistment of the Radiatiom Policy Counmeil.

Secondly, the Cormeil should consider the possidility of recommending
legislation patterned after the Zarthquake Hazards Reductiom Act of 1977.
This legislation does not establish Federal authority for the melicri~
zation of earthquake hazards. Howaver, it does lay out a study program of
these hazards under congressional mandate and provides for an adequacely

funded program based on Federal, State, local and privats research and
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pldniag that would reduce risks. Purther, it assigus various aspects of
the program to specific Federal agencies, alomg with goals, priorities and
target dates for implementation of the program. A similar legislative
approach would be adaptable to the radom problem and we have included the
text of the "Rarthquake Hazards Reduction Act" as an appendix to this
position paper. We believe it deserves sericus scudy by both the Working
Group and the Council.

VI. Summary of Public Comments

The Task Force received six letters containing comments on our Jork
Plan published in the Federal Register om June 27, 1980. In additiom, Mr.
Anthony Nero of the Lawrence Berkaley Laboratory, University of
California, commented extensively on the plan at the Council public
meeting in San Prancisco, July 31, 1980. We have included his written
presentation as part of the public comments. One or more members of the
Task Force were present at each of the public hearings and bringtd the
Task Force om public comments pertaining to radom at our meeting om
August 7, 1980.

All of the written comments received by the Task Forces are reproduced
in Appendix III. Albert Hazel of The Colorado Department of Health
suggestad tuat the Task Force include radon transport by drinking water in
its deliberations and Gerald L. Schroeder, Arthur D. Little, Inec.,
suggests that source-pathway analyses would be more fruitful than direct
aeasurements in determining concentrations of raden progeny in homes. The

other commertors were more general. James Spahn, writing for the NRCP,



provided the risk analysis by Harley and Pasternack referred to in Sectiom
I1-3 and cautions that ounly annual average working level determinations
provided a suitable basis for actiem.

Mobamed El-Ashry commenting for TVA pointed out nom~residential
structures were erronecusly included in Table 1 of the Federal Register
Notice, p. 43510, (this error is correct in Table III-l), and made other
suggesticns cn data presentation. He also printed cut the need for a
slow, carefully considered national approach, a poiat of view also stated
by Dr. Hersloff, Willism Geiger, and Anthony Nero in scme detail.
Unfortunately, Dr. NYero's comments wers received too late to be fully
considered by the Task Porce in the development of this positiom paper.
Howaver, his comments warrant careful cousideratiom by the Workiag Group

and Council.
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APPENDIX I

EPIDEMIOLOGICAL STUDIZS OF PEYRSONS EXPOSED TO RADONW
P'.’c‘d by Neal ’.1’“, DoVouo' mM.D.
0ffice of Radiation Programe, U.S. EPA

Epidemiological studies of the effects of radom exposurs have been
carried out in a oumber of countries. Although several of these studies
are now insctive, data analyses can be resumed at any time. They are all
ongoing in the sense that substantial fractioas of the populations at
risk are still alive. Radon progemy exposure levels are listed as high,
moderate, or low depending on whether the estimated avmual exposure
exceeded 12 WIM; was more than 3 WLM but less than 12 WIM; or was less
than 3 WINM,

Studies in the United States

a. Uranium miners - the NIOSE laboratory iz Cinciaonati curreatly
has custody of the records. After duplication of the records, part will
be retained in the NIOSH Cincinnati laboratory, part will be sent to the
NIOSH Morgantown laboratory.

1. Main study group, i.e., miners nedically examined in
1950-196Q; high level radom exposure. The NIOSH Cincinmnati laboratory is
updating the recovds and reviewing the epidemiology and effects data.

Most recent publicatioms:

Archer, V.EZ., Radford, E.P., and Axelson, 0. ™Radon daughter
cancer in man: factors in exposure-response relationships at low
lavels,” in Conference/Workshop om Lung Capcer EZpidemiology and
Industrial Apolications of Sputum Cvtology, Colorado School of
Mines Press, 1379,

Ludin, F.2., Archer, V.E., and Wagoner, J.K. "An exposure-time-
response model for lung cancer morzality in uranium miners -
effacts of radiation exposure, age and cigarette smoking,” ia

Znergy and Health, ¥.E. Breslow and A.3. Whitctemore, editors.
Sociecy for Lndustrial and Applied Mathematics, 1979.

2. Secomdary study group, i.e., miners in the sputum cytology
census of 1957-1968; moderats to low level radom exposure. When records
are forwarded frem Cincinnati, the NIOSHE Morganctown laboratory plams %o
update these and review epidemiology and effects. (No analyses have been
published.)



b. Hardrock metail miners; low level radon exposure. The NIOSH
Morgantown laborators has a review of mortality ia the draft stage. The
reviev vill cover mijers studied earlier (see below). The primary thrust
of the review is om respiratory diseases, with little coverage of radom
problems. However, 1 health physicist has started €O review the radon

seasurement data so cadon-related problems may be included in the final
report.

Most recent publicatiom:

Wagover, J.K., Miller, R.W., Lundia, 7.2.,, Fraumeni, J.7., and
Ha¥, M.E. "Unusual cancer mortality among a group of underground
wmetal miners," N.E.J.Med. 269:284-239, 1963.

¢. New Mexico miners; intermediate to high level radom exposure.
The University of New Mexico has started a lomg term mortality study of
SNew Mexico uranium miners. The study is supported by the State and by
mining companies. Only mine operator exposure data will be used ia
evaluating exposurs levels (No publications as yet).

d. Envircoomental radon exposurss -~ Colorado; low level raden
exposure. A pilot study has been started to determine if there is 2
difference in sputum cytology or peripheral lymphocyte cytogenmetics
between persons living in low versus those ia high levels of backgrouand

radon. The Colorado State Department of Health is comducting the study
for EPA.. )

e. "Evaluaticm of low level radiaticm effects adjacent to a uranium
tailings site in Cammonsburg, PA; low level radom exposure. A pilot scudy
iovestigating effects of radon and gamma radiatiom including peripheral
lymphocyte cytogenetics, thyroid abuormalities, and lung cancer is being
started by the Canter for Envirommental Zpidemioclogy, Universicy of
Pittsburg; the work is being supported Dy EPA.

£, PHS Indian miner study; high level radon exposure. Study of the
Indian miners from the main study group inm Colorade, Utah, and Arizonma,
snd from Shiprock in New Mexico. Results of the study of Navajo miners
at Shiprock are to be published in 1980.

Most recent publicatiom:

Wagcner, J.X., Archer, V.2., and Gillam, J.D. ™Mortality of
American Iadian uranium miners,” in Proceedings XI Iatermational
Cancer Congress, Vol. 3. P. Buralossi, U. Veromesi, and

N. Cascinelli, editors. Excerpta Medica Amsterdam, 1975.

g. Radon in water; low level radon exposure.

l. A study of the carcincgenic impact of radem in water
supplies has Deen started as a pilot study to idemtify U.S. populaticm




groupe with relatively high expcsures from radom in water. If such
population groups are identified, they can be studied further.

Water sources ares being screened on the following basis:
the sample must be from a2 community water supply in a community with a
population of 5,000 or mere and it must be an established community,
i.e., with a stable populatiocm.

The study is deing done by the School of Public Health,
University of Texas, Houstom, with NIE fuading.

Most recent publicatica:

Gesell, T.F., Prichard, 5.X., and Hess, C.T. "Epidemiological
implications of radom in public water supplies,” Specialist
Meeting on the Assessment of Radon and Daughter Exposure and
ated Biologica ects, ’ (7roceedings to
p—unuhai.

1. Maine studies - water exposures. Studies [a Maine have deen
made correlating estimated radom comcentrations in water ‘as a surrogate
for h.nan exposure) with cancer mortality ratas by county ss reported by
NCI. This effort is not Federally-supported, but there is acw some
collaboration between the Maine investigators and the study at ‘he
Unversity of Texas mentioned above.

Most recent publicationm:

Hess, C.T., et al., Radon=222 in Potable Water Supplies ia
Maine: the Geology, Hydrologw, Physics and Health Effects,
Eo;ec: AJU-H!. Contract A-272~A, Land and Water Resources
Center, University of Maine at Oromo, 1979.

Studies Outside the U.S.

Canada

a. Fluorspar Miners - radon exposure may have been at high levels.
Mines are aow closed. PFollowup of miners is scheduled o comtinue.

Most recent publicationm:

Wright, Z.S5. and Couvers, C.M. "Radiatiom~induced carcinoma of
the lung - the St. Lawrence tragedy,” J. Thorac. Cardiovasc.
Surg. 22:695-698, 1977.

5. Ontario uranium miners; low radon level exposure. The initial
study is by Dr. David Hewitt (U. of Toromto). This study has deen taken
over by the Mipistry of Labor and placed under Dr. Jam Muller. The study
is to be updated and expanded.



Most recent publicatiom:

Hewict, D. ™Biocstatistical studies cm Canadian uranium miners,”
in Conference/Workshoo om Lung Cancer Epidemioclogy and Iadustrial

7; Q Sﬂtm Cvtology ¥ines Press,

¢. Other; low radon level exposurs. Pilot studies have baen
started on miners from Zlliot Lake and Bancroft and employees of Denison
Mines, Ltd. and Rio Algom, Ltd. So far only exposure historiss have deen
collected. It appears that in most mines 902 of the radom exposure is at
less than 120 cumumlative WLM. No epidemiclogical data is available yet.

. Most recent publicatiom:

McCullough, R.S., Stocker, H., and Makepeace, C.E. "Pilot study .
on radon daughter exposures in Canada,” in Conference/Workshop .

on Lung Cancer Epidemiolo and Industrial Apsvlications o _
Toucum aytofcn, Colorado hoof of Mines Press, .3/0.

Zngland

2. Irom miners; relativaly low radon level exposure.

Most recent publicaticm:

Soyd, J.T., Doll, R., Faulds, J.S., and Leiper, J. "Cancer of
the lung in irom ore (haematite) miners,"” Brit. J. ladusc.
Med. 27:97-10%, 1970.

b. Other - The Natiomal Radiological Protection Bcard is reported
to be doing a good review cf radom levels in mines, particularly Coranish @
tin mines. There is no report of epidemioclogical followup being planned.

Sweden

a. Kiruna irom miners - low radom level exposures. No follow-up
reported.

Most recent publicatiocm:

Jorgensen, H.5. "A study of mortality from lung cancer among
miners in Riruna, 1950-1970," Work Zaviromm. Hlch. &:126-133.
1973.

5. Malmberget irom miners; low radon level exposure. Mines

descridbed as having no asbestos and a gamma radiaction level of
100 ar/yr. Apalysis of data from miners bora between 1380 and 1919 is
being completed by Rwdford and Remard. No furcther follow-up is reported.
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Most recent publicatiom:

Radford, E.P. and Renard, K.G. St. Clair. "Lung cancer in
Swadish irom migers exposed to low concentrations of radom
dsughiters,” in Abstracts of Papers for the 28th Agmual Meetiag

of the Radiation Research Eucz, 1980.

¢. Zinkgruvan lead-zinc miners - relatively low radou level
exposures. Yo follow=up reported.

Most recent publicatiom:

Axslson, O. and Sundell, L. ™Mining, lung cancer and smoking,"
Scand. J. Work Enviromm. Hlth g:“—!!. 1978.

d. Other; dackground radom exposure. A study wvas made of lung
cancar as related to estimated residential radon exposure. Lung cancey
rates per WL vere estimated to be similar for these residential exposures

and for mine exposurus. No follow-up or expansion of the study has Deen
rsported.

Most recsnt publications:
Axelsom, O. and Edling, C. 'Health hazards from radon daughters

in dwellings in Sweden,"” Park City Envirommental Health
Conference, 1979 (Proceedings in Press).

Axelson, 0., Edling, C., and Rling, 5. "Lung cancer and
residency.” A case-raference study on the possible impact of
exposure to radon and ‘ts daughters in dwellings,” Scand. J.
Work EZovirca. and Health 2:10—15. 1979.

Czechoslovakia

a. Uranium miners; high radon level exposure. Studies on effects
of radom exposurs are continuing; however, it is not possible to check on
basic data. The ocnly material available is that which has bdeen published.

Most recent publicatiom:

Kunz, E., Seve, J., and Placek, V. '"Lung cancer mortality in

uranium miners (methodological aspects)." Health Physics
15:579-330, 1378.
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Auseria

a. Spa workers and others; high and low level exposures. Studiaes

have been made of lymphocyte cytogemetics la spa vorkers and townspeople
at Badgastein. A dose risponse curve vas developed but no cancer
epidemiologic studies have Deen dome yet.

Most recant publicatiom:

Pohl-Ruling, J. and Pischer, P. "™Epidemiological study om
chromoscme aberrations in a radom spa,” Specialist Meetiag on
the Assessment of Radon and Daughter osure and Related

ologica ects, v oceedingr to published) .
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CHAPTER 36—EARTHQUAKE HAZARDS REDUCTION [NEW]

Son
ﬁ wm diction. and  seeur
™ ®acament of puv- wes of avalladuiity
of earthquake |osur-
TS,  NMatiosal mrthquake lasards reduce (T) Bamic wnd applied ™
(a) ut-u::d -—:
» of the Previdest: des. Daesomens.
ignation of eacity for de d) Darticipation.
i of pn:l “:.."- { 2  Jlan rear.
Lmpiemental:o H
sloNAl COMMILINGS . 0@ lew- Sy-year ctargws: Federal
igmation of emgity fov de wad som-Federsi roies: spee
TMoDment 1nd _mpDlemesta- cifie Jrovisions: Tevart ‘s
tien of DPrOgYAm, coopers. ConNTESSlONAl commitises :
08 and coordization with expianation of ressons ‘or
.:m ot of (e Diates ar n::..i e
Statss, and program  start. cifle sction
‘Ag. (%) Stace ssmastices
e) O of *he Jrogmam. () Noa-Tedersi participation:
1) Barthquaxs reaistant progTAm Sian fTiew . e
port o Co sraiva.
“w Jredieticn. tion of 200-7Federai -
Wﬂm .'J‘- Les e
oo erwiasdl TTO8. Acamal wport to agressiecal
3) Bducation of de Pud- committees. =
e TOA Acthormamtios of sporepnaticas
§) Roves resperiing (&) eseral suthortzation ‘of the
Q.It::l. h-::n. the (b\wsm
"irisd  Consequences (¢) Natiooal Seience Foundatien

§ TT01. Comgressiomal lndings
The Coagress finds and declares the following:
(1) All 50 States are vuinerable o the hasards of earthquakes,
and at lenst J? of them are subject !0 4 major and moderaie seismic
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rak, (ncluding Alsska, Californis, Hawull [linols, Massachusects,
Missouri, Montasa, Neveda, New Jersey, New York, South Caroilua,
DUtah, and Washisgton. A large portios of the dopulation of the
Uaited 3tates lives (o aress vuloersbie to sarthquake hasarda

(2) Earthquakes have caused, and can cause (o the future, ezorm-
ouu-auu.mm.mum.mmu
social disruption. With respect o future earthquakes, such losa,
mmmmuuummwmm
development and lmplementation of sarthquake lasards reduction
measures, (neiuding (A) \mproved design aad construction methods
aod practicss, (B) land-use controla and redevelopment. (C) predle-
Uos teehniques aad eariy-warning systems, (D) coordinated emer-
fency preparedsess piass, aad (B) publie education asd lavoives

programs.

of
by an azmount {ar greater than the cost of such program.

(4) A well-funded selsmological ressarch program o earthquake
prediction provide data adequate for the design, of a2 opers-
wmummm‘dymmpu.mmu
;um-namocmqmum;:uumm
taten.

(5) An operstionsl sarthquake prediction systam can prodoes
ugnificant social, secnomie, legal, and political consequences.

() Thery is & sclentific basis for hypothesizing that major sartd-
quakes may de modersted. (o at least some selsmis areas, dy appiles
mumw«mmmummm

(7T) The implementation of sarthquaie hazwrds reduction Tessures
would. a8 Az added denefit, also reduce the risg of loss, destruction.
asd disruption from other astural hagards and masmade hazards,
ineluding hurricanes. toraadoes, accidents, explosions. laadsi'des,
building and structural cave-ing, and {Ired.

(8) Reduction of loss, destruction, and disruption from earth-
quakes will depend on the actions of (ndividuals, aad orgaaizacions
1a the private sector and governmental units at Federsl, State, aad
local levels. The current capadilily to transfer knowledge aad -
{ormation to these seetors (s (nsufficient. [mproved =echsalsms
are needed !0 translate existing |zformation aad research findings
Into reasonable and usable specifications, critaria, and practices 0
waat (ndividuals, organizations, and governmental units may make
Informed decisions and take Appropriace sctions.

(9) Severs earthquake) are & woridwide prodlem. Siace damaging
earthquakes oeeur !afrequeatly (a aay one 2ation, (sternational co-
operation is desirable for mutual learniag from Umited experiences.

(10) An effective Federal program (n sarthquake hazards redue-
tion will require \aput from and :eview Yy persons cutside the Federsi
Government sxpert (o the sciences of sarthquake hazards reducticn
and (n the practicsl appilestion of earthquake lazards reduction
Tessures.

Pub.L. 95-124, 5 2, 0ct. 7, 1977, 91 Stat. 1098.

Shevs Title. Yection 1 of Tub L. 8324 ﬁa-v we wctions 1104 snd &304 of
prowmided : “That 'his Act [esacting his xOr.Ne. 1248 Jaly 20 9T & TR
coapter! may v cited 88 the Tarthquake , et cat 4 & 3008 ynNder section
dasards Redsetion Act of 197T." =51 of Title 0. Appendix, ‘Var aed Na-
of Tasetiems. Functioss of tosai Defense.

the Presudent usder (he Sartbquase as. Lewisiative Histary, For legisiative
ards Redoction Act ol (977 are weecated NI aod » of Paol. 35-2h e
transterred. o7 resssiguec te rae Director 977 z"lCau Eou. aad sdmNewwn ).
of t3a Pedersl Zmerguscy Masagemest T35
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§ TTOS Coagressional statement of purpoee

It i the purpose of the Congress !o thls chapter to reduce the risks of
ife and property from faturs earthquakes (3 the United Statas through
e establishment aad malntenance of aa effective sarthquake hazards
redustioa program.
Publ. 36=134, § 3, Oct. 7, 1977, 91 Stat, 1098,

l“un n-.v‘.hnw:gucmc“um.
§ T™o8. Deflnitions

As used (o thls chapter, anless the contaxt otherwise requires:

(1) The term "“ineludes” and variancs thereof shouid De read a8
If the phrase “dut ls not imited 10" were also set ‘Grid.

(2) The term “program’” means ths esrthquake hasards reduction
program estadilshed under section 7704 of this ttle.

(3) The term “selsmic”’ sad vartants thersof meas baving to do
with, or caused by sarthquakes.

(4) The term “State” means esch of the States of the United
States. the District of Columbia, the Commonweaith of Puerto Rico.
the Virgia llacds. Guam. Americas Jamoa, the Commonweaith of
the Martass lsissds, and sy other lerritory or possession of the
Taited States.

(§) The term “United States” mesas, when used (n & geographleal
sense, all of the States as defined in paragraph (4) of this seetina.

Pubdl. 96-124, § 4, Oct. 7, 1977, 31 Stac, 1099,
9 N
h‘:n n-; mmam‘usmcnum.ms
§ TT04. Nautional earthquaks hazmrds reduction program
Estmbd o humen

(a) The President shall estabilsh and malataln, i sccordauce with
the provisions and polley of this chapter, & coordinated earthquaks has-
ards reduction program, which shalle—

{1) e desiguned and scaministered (0 achieve the objectives set
fortl in subsection \¢) of thls section:

(2) lavoive. where sppropriate, sach of the agencies lUsted (0 sud-
section (d) of tiis section; and

(3) imeiude emch of the siements descrided (2 sudsection (e) of
this seetion, the !mplementation plan descrided 13 subseetion (I) of
this seetion. and the assistance to the Jtates specified la sudsection
(§) of this section.

Dutien of the President: devignation of mtity for deveiopment of slan: b
mittnl of plam (o coanTEsMonal seommittersl And devimnacion of eunity feor

deveioveament
tem with snd sesistanes te gevernmencad satities of the Staten and
regTam stalTieg

(B) The President shall—-

(1) withia 30 daye after Qetober 7. 1277, desigaate the Federal
deparzment, sgency, or entity ~essponsidie ‘or the development of the
\mplementation plan deserided !a sudsection () of this section:

(2) within 210 days after Oetober 7. 1377, sudmit to the appro-
srate authoriziag committees of the Cougress the mplementation
Jlan described !n subsection (f) of this section; and

(3) 9y rule, within 300 days after October 7, 137 Tem

(A) desiguate ke Taderal department, agency, or lateragency
- JUD Which shail 2ave primary respoasibilily for the develop.
ment 234 !mpiementation of ‘he earthquake hazards reduction
Jrogram.,

(B) assign and specify the role and responsibility of sach
ippropriate Faderal depariment. agency, and eatity with respect
10 each object iad eiement of the Jrogram:
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(C) establish goais, priorities, aod target dates for (mple-
meatation of the program.;

(D) provide & method for ccoperation and coordinatiom with,
and sssistanes (to the extent of available resourees) to, later
ested governmental entities la all States, particularty those con-
taining areas of Jigh or moderate seismic riak;: aad

(8) provide for qualified staffing for the program aad (ts
o™ ponaats.

Obtewtives of (he pregTaE
(8) The objectives of the eartuquake hasards :eduction program shall

Ineludem—
Rl v SEOnAn  ELETRASE T~ T TR L
(1) the development of technological!ly and sconomically feasible
mmmmmw«um-nnd

(3) the implementation o all aress of Ligh or modersts seismic
risk, of & svetem (laciuding personnsl, technclogy, sad procedures)
for predicting damaging ewrthquakes and for !deatifyiny, evaluacdag,
and accurately charactarizing seismie hasards;

i wes e
(3) the development. publication, sad promotion, ia comjanction
with State sad loeal officisls aad professional orgaaizations, of model
codes wad other mesns to coordinate (nfcrmation sbout selamis sk
with !and-use policy deecizions aad dullding astivity;

Ee ibasaho-mindod e | Uhedreiandiag

(4) the development. in areas of selamic risk, of improved under-
sandiang of. aad capability with respect 10, earthquake-related lssues,
{aciuding methods of coatrolling the risks from earthquakes. planzing
to prevent such risks, disseminating warnings of sartiquakes, organ-
izing emergency services, asd planaing for reconstruction and rede
velopment after an earthquake;

Bévestion of the pubile

(§) the education of the publle, inciudiag Itate and loeal officials,
28 0 sarthquakes phenomens, the ldentification of loeations and strue-
tures which are especiaily suscaptible to sarthquaks damage. wurs 0
reduce the adverse comsequences of aa earthquake, and reiated
mnatters;

(8) the deveiopment of researcs gfe
(A) ways 0 \neresase the use of existing scientific aad eogi-
aesring mowiedge Lo TULIEALE earthquake hazards:
(B) the 1)cial, economie, legal, and political consequences
of earthquake prediction: aad
(C) ways (0 assure the avalladility of earthquake !asuraace
or some ‘unctional substitute; and

Basia and appiled resenreh (o vontrol or aiteretise of
T e o P

(7) the development of bdasie aad applled research (eading ™o a
better usderstanJiag of the control or aiteration of seismic Dhe
Jomana.
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Federal pare siputien

(d) ! assigning the role aad responsibility of Federal departments
agencies, 1a0d sadties under subsection (b)(3)(B) of this asection, the
President shall, where aipropriste, (seiude e Uaited States Geoiogical
Survey, the National Sciemce Foundaiicy, the Dapartmeat of Dalense, tie
w«mmarmmmxmmu
sod Jpece Administration, the Naticasl Oeceanis aad Atmospherie Ad~
ministration, the Natiosal Buress of Standards, the Daergy ZReseareh
:‘d Deveiopment Adm alstration, the Nucisar Ragulatory Commission,

() The research slements of the program 18all Lacinde——
(1) research (310 Lhe Hasie causes Aad Techanisms of earthquakss;
(3) deveiopment of methods to predict the Ume, piace, sad mag-

(a light of selsmie riak (o all parts of the United States aad preparm-
“dom of selsmic risk saslyses useful for emergency plaaning aad
community preparsdiess;

(8) development of tecanigues for the delinestion snd evaluation
of the political offects of earthquakes, and their application oa &
regional basis;

(1) develiopment of methods for plansing, design, comstruction.
rebabilitazion, aud utilization of manmade works 5o as to effectively
resist t0e hazards imposed DY sarthquakes:

(§) exploration of possibie social and ecomomic sdjustments that
sould de mads 0 edues sartbquake vulmersbdility and to exploit
::‘uuvuy existing and developing earthquake cutligation teehniques;

(9) studles of foreign experience with all aspects of sarthquakes.

Implamentation plan: rYemr-by-year (rgete’ Pederanl and nee-TFedaral reles)
speuifle PIrOVISIONG! repert e teagressieasi cemmittees: axPianatien
of remsens Te¢ Demiaitistien o contempiated oF Jregeced spoeifle astiew

(£) The President shall deveiop, through the Federsi agescy, depart-
meat. or entity designated inder subsection (D) (1) of this seetion, a3
implemeniation plan whieh shail set year-by-year targets through at Lerat
1980, and shall specify t2e roies for Federsl sgencies, and recommended
sppropriate roles ‘or State and loeal units of government, lndividuais,
and privata organizadions, !n carrying out the (mplementation piad. The
plan shall provide (of——

(1) the deveiopment of measurss to be taken with respeet o pre=
paring for sartiquakes, svaluation of prediction techniques aad sctual
predictions of sarthquakes, warning the restdents of an area that sa
sarthquake may oecur, and eusuring that a comprehensive respoase
s made (o the oceurrencs of A earthquake;

(%) the development of ways ‘or State. county, loesl, and regiosal
goveramentsl units to use exisung sad deveioping inowiedge about
he regioasl aad local varitations of selamis risk o making their
land use decisions:

(3) the development sad promulgation of specificstions. bdullding
standards. {esigm criteris and coastruction practices to schisve ip-
propriate earthquaxe resistance {or lew aad existing sur.tures;

(4) s examipation of sltermstive jrovisions aad requirements
for reducing esrthquake 3szards through Federal sad federally
tinanced comstruct'on, loaas, l0sa FuaArantees, aad 'icenses;
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suthorizalions se. forth ia subsections (b) sad (¢) of this section), sot to
axceed 31,000,000 for the fiscal year ending September 30, 1973, not to
exseed 12,000,000 for the flacal yvar snding Septamber 30, 1379, snd 2ot
t0 exeeed 33,000,000 ’~r the flacal year snding Sepiember 10, 1980,

(2) Thery are authorized to De appropriated to the Seerstary of the
Iaterier for jurposss for carrying ous, threugh the Director of the United
Stazes Geologgeal Jurvey, the responsibilities that may De assigned to the
Direetor undor this chapter not to excwsd 527,500,000 for the Ziscal year

40, 197%; not to exceed 335,000,000 for the flscal year
30, 1979; and neot to exeeed $40,000,000 for the flscal
Tear ending Soptembder 30, 1980,

§
g
§
|
:

out responsibilities that may b«
assigned 0 it uadar tils chaptar, thers are authorized to be sppropriatec
to the Foundatizm 30t L0 exeeed $27,500,000 for the ‘lscal year en
September 10, 1573; 2ot to exened §35,000,000 for the fiscal year
September 10, 1579; and 2ot to exesed $40,000,000 for the flscal
ending Septambar 30, 1380.

Publ, 98-124, § 7 Oet. 7, 1977, 91 Stat. 1102,

Lewislnsive Nissery For legisiactys 1977 Code Comg Adm. N
Mumwm&mz;-mu - S

i1t
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(§) the detarmication of the appropriate role for lasuranes loan
grograms, and pudile aad private reller efforts (o modersting the
Impact of sarthquakes; sad

;o such representatives. Any comments oa the program
© 4Pom which such group agrees shall be reported o the Congress.

Measures deveioped pursuant to subeectioa (£)(1) of this seetiom for
e evaluation of prediction techniques and actual predictions of earthe
quakes sdall previde for sdequate noun-Federal partcipstion. To tde
extent DAt such messures neiude evaluation by Federsl employees of
aon-Federsl prediction activities, such measures shall also ‘nelude evuiua-
tom by persons 1ot o full-time Federal employment of Tedersl prediction
activities.

Publ. 36124, § §, Oct. 7, 1977, 91 Stat. 1099,

\ } 1 X
l'“-._.‘n lh—z‘m:-m: &c;cmcumu-.m..
§ TTOS. Anmmal report o Congressional committess
President shall, within aisety days after the end of esch fiscal
. submit an sanual report to the appropriste suthorizing committess
the Congress deseriding the status of the program, asd deseriding and
gating progress schieved during the preceding fiseal year (a reduciag
riaks of sarthquake hasards. Tach such report shall include aay
for 'egisiative and other action the Prasidest deems
Jecessary aad Approprale.
Pabdl. 96-124, 14, Oct. 7, 1977, 91 Stat. 1102.

Lagialastve Histery. Fui  lewislative 1977 U.ACode C and Adm News,
Ascory and purpose of Pui. W24 e W . o o
§ 7706, Authurtzacion of sppropristions
General swTBovisaiiow ‘87 The precyem
(a) There sre suthorized !0 de appropriated to the President o carry
out the provisions of sections 7704 and 7705 of this utle (in sddition to
AQy authorizations for similar jurposes (ociuded .o otler Acts aad the

a7
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ArthurD Lrtdc[nc ACCRN PARK: CAMBRIDGE, MA 22140 (817) 864-5770 - TELEX 521438

July 2, 1980

William 5. Ellecs, PRD
Task Force Chaizman
Qffice of Radiation Programs

ANB-460

U.S. EPA

Washingtom, DC 20460

Dear Dr. Ellett: 4212

In response to tha request for comments on issues posed by the work
plan for radem comtrol in inhabited structures, I submit the fol-
lowing.

There is a basic need to develop a system of measurements which, in
a reascnably short period of time (perhaps cue day’'s effort), will

characterize the radon-radon daughter product (WL) "hazard petemcial”

of an existing dwelling, a planned comstructicn site, 3T of larger
geographically similar regicms. RXaowing this potential would emable
remedial measured or special comstruction techniquas (e.g., incorpo-
rating vapor barriers ‘ato comstructicn matarials ac sites of high
radon “lux; avoiding passiyy cables through subgrade walls) to be
applied in order to reduce the potential radon-related radlatiom
hazard to an acceptabla level.

Measuring radom or WL a few times within a dwelling is probably ia-
adequate for such characteririticm. Preciritation, changing baro-
zetTic pressure, wind magnicude and directicm, curremnt depth of the
water table all can affect the flux of radom into a dwelling. These
variations are compounded by phencmena within the dwelling itself,
such as aercsol distributicn, ventilati-m rate and water usage.

3ased on experience which =y colleagues and I have had over the past
20 years ia parallel filelds of emvirommental radon=-WL zeasurement

and control, I believe that it is possible to characterize the potan-
t<al radon burden of a planned or existing dwelling by quantizacively

identifying the sources of radom at the site and the pathways via
which the radom can move, by diffusicn and/or comvecticn, from the
scurce iato the dwelling. This can be deome Dy quantifying; radem
concentrations and radon concentration gradients within the surface

1.4
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Arthur D Little Inc
July 2, 1980

William H. Zllets, PWD
0ffice of Radiaticn Programs

two metars of soill or rock at tha sita; supported and unsupported
radon concentraticns in water (and possibly cooking gas) used in
the dwelling; the general radom characteristics (emanating *25%a
coutant, permeability) of the comstructiocn ma.erial, especially
basement comstruction; general coustructicn plan, especilally ip-
proximate planned ventilaticn rats and whether the basement has
drainage sumps or cablas and pipes passing through subgrade walls:
if forced hot air is used for heating, whecher there is an air in-
taks in the basement. Thesae dacta do 2ot raquirs integrating results
over long periods of time in order to experisncs a wide range of
elimatological and occupant-induced conditions, as is required i£
radon characterizaticn is to be based on in-the-dwelling radon and
WL measurements. Rathar, by concantracing the effort cn quancify-
ing the scurces and pathways of radon, the potential burden can be
estimated in a relatively short pericd.

The zany years of hands—-on 2xperience that we have had at Archur D.
little, Inc., in development and evaluacion of iastrumentaticn sys-
tems to monitor radonm and WL and design of systems to comtrol and
remcve radon and/or radom daughter products from confined atzns~-
pheres zakes us confident that the above approach has merit.

I would be 2appy to zeet with you to discuss the above.

Sincerely,

-~
Gerald L. Schroeder

GLS:chw
Enc.



July 9, 1280

Dr. William . Ellett

Task Forcs Chairman

Qffice of Radiaticn Programs
ANR-460

U.S. Envircaomental Protaction

Agency
Washington, D.C. 20460
Cear Dr. Ellett:

I do not belisve that a naticnal program to control raden
exposures fSrom naturally occurring high concentraticns of iadium and a
governmeantal Task Porcs to study such levels warrant the taxpayers'’
ncney. For a governmantal agency to set uwp such a Task Forcs only adds
to ths irrespensible sensaticnalism surrounding exaggeratsd radiaticn
risks. Will such controls end with radeon gas or will thers be sub-
seguent "Task Forces” to investigats and set limits cn the number of
air hours a perscn spends traveling, the elevaticn at which pecple live,
or the number of hours a perscn vatches color talevision? An incTease
in all of these will zesult in increased radiation exposure.

As may be izmplied by referenca o rsduced ventilaticn rates,
the reducticn in raden gas in inhabited structures will rely con decreased
insulaticn resulting in higher energy costs. With rising costs of heat-
ing, the pecple with the least social or political means will be the
hardest hit. Pinally, with a program to control raden exposurss .n
homes, there will be an additicnal cost either directly by the consumer
of new hom s or by owners of tnose homas requiring remed.al action or
through increased taxes.

It wvas stated in the Notics of Inquiry that "-—-there is apparentc-
ly no Fedaral authority for zandatory standards for indoor pollutants——".
I say thank God for that, especially when the sc called "indoor pellutant”
is an intagral part of God's earth!
Sincerely,

T, g m«.’.%

Ozr. Lyda W. Herslof?
Radicecolcogist

/085Y Ldara Dt

et rlonats AL i



TENNESSEE VALLEY AUTHCRITY
Noams. Tenwesssx 37828

JUL 171880

Dr. William H., Ellect

Task Forcea Chairman

ffice of Radiation Prograr:, ANR-460
U.S. Eavirommental Protection Agency
Washington, D.C. 20460

Dear Dr. Zllett:

We ara pleased to provide the enclosed comments on the Work Plan of the
Task Force established by the Radiatiom Pclicy Council to consider the
issue of radon in inhabited structures as published in the June 27,

1980, Federal Registar (45 FR 43508-43512). It is currencly ©lanned

that TVA raprasentatives will attecd the regicmal public meeting scheduled
for August 5, 1980, in Aczlanta, Georgia, as also published in the June 27,
1980, Tederal Regi. ter (43 FR 43512). TVA will not present oral state-

ments at the meecting regarding the coptxol of radon in inhabited struce
tures.

TVA is intarested in this issne bDecause it concerns some of our program
sreas (i.a., energy couservacion for housing). If we can offer any
tachnical assistancs to the Radiation Policy Council Task Force or iz
any way participace in comnsideration of this issue, please let us know.
In any evect, we desire to be kapt informed of any future developments
and results of the stadies which the Task Force will undertake.

Sincarely,
A 3

’
-

Pt s e

P
Mohamed T.YEl-Ashry, #h.D.
Oirector of Eavirommental Qualiry

Enclosure

An Tanat Onmarninity Zmolover
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COMMENTS ON RADIATION PCLICY COUNCIL TASK FORCE
WORK PLAN REGARDING CONTROL COF RADCN
IN INHABITED STRUCTURES (45 FR 43508-43312)

The Task Forcs states that "the average level of radom ia U.S.
homes and the distribution of values abcut this average are very
;oorly mown" (Page 43511, column 3, paragraph 3). This implies the
existence of a meaningful average background level of radon. The
usage of such terms as "anomalously high," "umusually high," and
"high" in the Summary of Background Information sectiocmn of the Work
Plan regarding observed levels of radom, also izpllies chat a
discrets average level exists to make a comparison and subsequeant
determizaticn. This implication may not be trus. Backgrouand
radiation from noun-radon related sources varies significancly in
the United States. It can bde anticipated thac the same will be
true for radon; that is, further studies may show chat designation
of a natiocual background value is not meaningful. Extrems caution
should be used in designating or even sugges.ing the possibilicy of
zaticual standards or guides until more daca are available regarding
background distributicns applicable to many spec.fic geographical
areas. Such data should be gathered for both conventiomal and
euargy-efficient homes. Further, setting peraissible gross (i.a.,
including background) levels on radon and its progeny in specific
geographical areas without full consideration of the impacts of
satting a similar lavel to be appucabl. nationwide does not appear
to be justified.

It is presumed that health effect estimates will be made by extrapo-
13ting availabla data om cancer incidence among miners. Cumulacive
doses and dose rates among zembers of the general public will be
dilferent from those doses and dose rates among miners and are
received under different conditions. These differences should be
explored by the Task Force in their deliberations on the identilied
sptions. This consideration is especially important because of the
potential high costs which may be incurred by varicus groups and
individuals to meet any radon standards or guides which may be
adopted. We believe that the number of instances of fimancial
hardship could be large.

Page 43510, Alabama and Neighboring States TVA - The 1l "homes”
gotad in columm 2 for first floors were actually 5 residences and

6§ commarcial and/or educational structures. Also, the 73 and 136
percent values listed in the sixth and seventh coluzms, respectively,
are for all (phosphate slag and control) basements. This fact is
not cbvicus from tha table.

Page 43310, last two table columms - To aid in the ideacificacion

of significant radom and radon decay product levels, it is reccumended

that the Task Torca's position paper include detailed informaticn
regarding the distribucion and range of zeasured worxking levels
(WL) rather than present percentage values above specifiic working
levels, such as the percentages above 0.0l and 0.02 WL given ia th
tablea.

Page 43511, columm 2, third saragraph - Ic is stated that the thizd
part of the Task rorce's positicn paper will discuss "a survey of
current Federal Programs.” The Task Force should also address
programs being carried ou or planned >y non-Federal zroups.

S’
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NCRP | Nationa’ Council on Radiation Protection
. and Measurements

M0 AOCOMONT AVENUE, SUTTE 1016, NASHMINGTON, 3. & 10074 ARRA COCE (3X1) o378l

NARREN X SINCLAR, Sremcent
HYMER ([ FRIECELL, M.D. Vies Aramaen
W. ACGER NEY, Executve Cwector

July 17, 1380

Fillisn E. Tllect, 7.1,

Qffice of Radiacion Prograus
ANR=-460

U.S. Egvirocmencal Protaction Agency
Washingszon, D.C. 20460

Dear DOr. Tllecs;

This is in response %o tHe recuest Ior commants that appearad o
the Fedaral legiscer, Friday, Juna 27, 1580 on the subject of radem ia
{inhabized scTuccturas.

The NCRP has undartakan a study of a clcosely relatad subject and,
2s a result of thac study, che NCAP would lika oz offer the attached
commants. L2 is unformunacte chac, due t3 the time comstraints placed
ypon the work of your ctask farce, we are act adle =2 offer a zoTe refized
and 20re ccmplete sat of comments Tus I Sellave that these commencs zay
srove helpful ia your work.

Thers is cune very img - vect of che whole preblem of radom ia
inhabited structures cRat ceeds ;eat daal of exphasis, Tha Tesul:s of
our studlies emphasize tha fac:z that great cave Tust Se exarcisad o datar-
ainiag radon comcsntractiouns iz dwellings to aveid Rhascy and imprudent
action on the Sasis of otBer than anmual gverage Working Level detar=in-
acions. I: ‘s essencial thac results Se ocbtaized om the Basis of average
annual levels. Your Federal Ragister notice ixplies that this will be
the casa.

12 =hers aTe suestiocns or If 70u zeed zore informaction pli.ase contacs
usS. Thank vou Jor t2is cpportunily 0 commant,

in(s A. Spabkn
Staff Assiscane

egclssurs

JAS/%ak 7{’5;43



NCIP Responsa :o Federal Ragiscar of §/27/80 Raquest for
Public Comment cu Radon in Izhabissd Scructures

Iatroducsion

It {s i{zmportant o use the mowladge gaized through tle uranium
aining experianca %o predics lung cancar risk which could arise tarcugh
a particular enviroumental practica. Sircs radom daughtars ars
ubiquitous and elavaced exposures of izdividuals or relacively largs
gToups ars jossiblae, is is desirable to alsco quancitate tle risk,
Zlevatad radon daughtar axposuras ara 2ow reportad {3 associactiom with
a variecy of srdinary circumstances a5 wall as umusual or cccupational
sectings. Soma of chese ara: bomas that ars poorly vencilacad
(especially sizsgle family dwellings whers living spacas is closa 2 the
soil); basemants; crawl spacas with 2o concrata foundacion; areas
adjacent o or homes built upon uraniuom m=ill cailings; homes that ara
supplied with radom-rich watar; and homas zear phosphacte-rich areas
or near phosphata cailiags pilas, %o zame but a few, As zoTe
saasuremeancs of natural radisacsivity are performed, it will e
mecsssary to establish whether specific situaticns are tolerable with
regard %o lung cancer risk. The following zodel has bean davelcped 0
that individual exposurss 237 be assassad.

Pradictive Model

3romchogenic lung cancar induced by long exposure S0 elavatad
(a few hundrad working lavel xzcmths or zors) of radon daughcars In
undergrowmd xzines is wvell established (Lundis et al., 1971; Saids,
Seve et al., 1376; Kuimz and Seve, 1978; ixalson o and Sundell, 1973;
Archer et al., 1973; Zunz et al., 1979). 3ased upoun the. &xposuTes
described iz the Fecaral Registar nocics, zorm=al environmencal axposuras
-:u.id be zear 0.2 WLY per 7ear resulting in lifecize exposura of 35 x 0.2 =
17 WM. Soihs (1973) cousiders cthat the lowast underground exposurs
which resulted in an apparent incrsase in lung cancer deachs is about
15 WIM., Scma argus that lung cancer morsality in miners at these low
laveals of eaxposure is oot significantly diffarent frcm expectad (Stawarss,
1379) and that a chreshold for raden daughtear-induced lung cancer axists.
Archer et al. (1979) conclude from their analysis of 18 different xining
populacicns in dilfarent countries that, if a3 cthreshold axiscs, it is
below the range from 20 to 30 WILM. Thus, the possibilicy exiscs that
egvircumental or 3lightly elevatad radon daughcter levels do 20t inducas
lung cancer. The daca from the higher :ine exposures =ighc de used =2
astizata possiblae lung cancer ratas at low radon daughtar levels, bdut
2any tizes the camporal comdicions for miaing versus eavircn cal
axposurs (duration and age at firstc exposure) 2aka it diflficult to relacts

the 20 dizectly.




Ia spica of che difficulzies, cthis approach has been taken hers
and by ochers (Stranden, 1980; Cohea and Coken, 1580). Spontanecus
lung cancar mortallcy (sonsmoicing related) cffars soms guldancs since
the a:0del should oot produce a lung cancar incidencs that is greatar
than cbsarved for ordinary background lavels of radom daughters, The
prasent dodel is ralatively sizple and yields resulcts that ars consiscant
with the undarground minisg experiencs. The m:odal is based upon the
{aformmtion about lung cancer enumarated below which aprears Tsascuably
cartaia. The confounding effect of smoking is comsidered latar,

4. The highest reporzad rata of appeuarancs of lung cancer
attributable to radom daughtars appears to occur at low
«posurs rates (< 0.01 WL) aad is 50 x 10”5 per vear per
WiM., At higher exposurs ractas (v 1 WL) the izcidencs is
less than one-talfl cthis. Oune average valus of chis risk
coefficient (10 x 10™° per yvear per WLX) was cbcaized by
estimacting lung cancars iz a group of uranium ainars
wizhout regard 0 exposure rats Or age at stars of
exposure (Zumz ez al., 1979). The average valus of 10 x 10
per year er JLM is recommended at this tiza.

-6

8. The races of appearance of lung cancer after a single exczarzal
radiacion axposurs seaems rsasonably uniform with tize. Supper:s
for this comas from the Japanese i-bomb data (3eebe et al., 1373).

C. The appearance rats for a single exposura is highest when age at
exposurs is 2ighest (Seebe et al., 1378). This is also seez in
the Czachoslovakian mining daca follcwing exposure So radon
daugacars over an axtanded period (Seve at al. 1378).

0. The {acidence of lun, cancar before the age of 40 is very
low (Saccomamo at al., 1974; Israel and Chachinian, 1976).

E. The zedian age associaced with lung cancar appearancs in xizaers
is about 60 ia aonsmokars and 50+ iz smcokars regardlaess of cthae
age ac first scart of mining (Archer et al., 1979).

~

adon daughtar-ianduced lung cancer rarely, if ever, appears at
lass than 7 vears aftar exposurs (Archer at al., 1379).

G. The time for tumor growth from bizarve calls to frank appearancs
Ls about 5 years (Saccomamo et al., 1374).



Saissland et al. (1978) origizally proposed a zcdel specilically
for the appearancs ~¥ leukamia in a populaticn occupaticnally exposed
to chromic extara=al radiation. The annual zppearance rate of tumors
actTibutable tc a single axposurs was assumed constant and coumaencad
aftar a counstant latanct intarval. Ths m:wodal for lung cancar developed
hars i3 based cn this idea, but diffars iz two ways: Cus, the
iacidence does nou zanilest itself uncil age 40 regardlaess cof the age
At axposurs, and aftar age 40 a aloimm single valua for the latant
iacarval of S years applies; two, the Cumor rate is not wniform with
tima but is corrscsed from the tizma of exposurs by an exponencial
factor with an effective half-life of 20 years. The amnual appearancs
races following a :agle exposurs, first ac age 20 and chem at age 43,
ars shown schematically in Figurs 1. The uncorTsctad ratas are shown
ia Curves (a) and (b) and the correctad racas by Curves (c) and (4).,

The expcunential faczor is juscified by assuming that a rTepair or
loss half-tize exists for stem calls that are transformed by alpha
radiacion (Harley and Pasterzack, 198C). 3y ussiag cthis approack, and
corracting the attributable risk for aach yesr subsequant =0 exposure
wizh a 20 7eas half-lifa, =he calculated lifatine risks agree well wizh
t20se cbserved in the uranium mining studies, including the fact thac
ainers first exposed at age 40 have a higher lifatize lung cancer risk
than those first exposed at age 20. The lifacize risk of lung cancer
calculaced here is also corracted by an appropriace 1ife cable value 20
account for the slizht reducsionm in lung cancars dus =3 death frcm otler
lauses.

Iz i3 zot scrictly possible 20 check zhe parformancs of the zodal
with natural background exposures to radin daughtars. Tha 3odel weuld
project, however, that about 20 percsnt of the spontanecus (acusmokizg)
lung cancer iacidencs could be attributad =0 2atural Tadon daughter
exposura. P

3. Lifetize Lung Cancer Risks fvoa Model Predictiomns

The basic daca from the undergTound =mining epidemiclogical scudies
cannot be applied dirzectly to envizcunmancal situacions, The common
facsor, howaver, should exist iz the risk per rad for bdroanchkial dosa,

The lifecine lung cancer ac=sibutable %2 an absorded dose of 1 rad,

usiag the conversion facsor of 0.5 rad/WIM estizmaced Zor aigers, as well
as lifecine risk for chromic axposurs =0 1 rad per 7ear, have leen
calculacad. Tab'e 1 shows the Tasults 2f these calculatiocns for exposures
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TAMLE I LIFETIHE LUNG CAHCER RISK PER NAD PER YEAR FROM NABON DAUGHTER

OF AGE AND

Cupoui o

hirat fon L] 10 20

DURATION OF EXPOSIME.

- ———— e e ———— -——

b Year 9.2 x 10°% 1.) x

S Yewrn 4.0 x 10" 2.2 «

10 Yearuw V.0 x lll‘

0 Yeurs 4.8 x 10} 6.0 x

- |
Afa L. x 10 1.3

For u populat fon with age

__Lifettue bung Cancer Risk

-

10

10°% L8 x 10y 2.6
107% 9.8 x 107" 1.4
1’ 2.2 g 107! 10
1.8

10 1.8 « 10

0 i x10? 10

chavacterlutics oqual

x 1Y
x 103
x m”

-3
x 10

x 1072

to that

Age at Fivet Exposure

EXPOSURE. LIFETIHE RISK AS A FUNCTION-.

lang Cancars in

a Population

—

40 S0 . 60 10. of 10% rersons®
1.6 x w;" 2.4 x10°% 1.8 % 10°Y 1.0 x 107 19
LS x 10°Y 1.2 x 1073 7.8 x 10°Y 4.0 x 107N 9%
2.8 x10°% 2.0 x 007 1.3 w207 5.4 la’.ﬁ 150
6.0 x 1007 1.6 x 10" 1.0 x 10 5.4 x 107t 540
1.8 5 107 5.4 0™t B0

6.4 x IO-' *3.8 lﬂ—‘
|

in the vhola talted States in 1975,



begizning ac ages 1, 10, 20, 30, 40, 30, 60, and 70 years for duraciouns

of 1, 5, 10, 30, and cotal 2o age 35 years. Since the ages witliz
exposed group vary, it is also of iztarest o ow tlha Llecine Tisk

for a populaciom with age charactariscics like those of the Unitad Stacas.
This is shown in the last colwm of Table L using the 1975 age discribusticm
for the U.S. (WBO, 1978).

Bronchial dose hSas cnly recently bean estinaced iz envirommencal
axposures. Tharafors, wo other lifecine risk tables are derived fzom
Table 1 chat relata S0 the mtu:d ecvircnmental quancicias, WL and
radon comcancracticm ia pCi ~<Bn/mo.

The average enviroumancal dose couversicn factors for che adul: zale,
femals, ten-year old child, and infanc aze 0.71, 0.84, 1.2, and 0.5
rad/WIM respectively. The differences reflsect prizarily raduced
Sreathizg ratas under zorzal egvircumental comditions, differenc lung
sorphomecsy, and the incrsased percentage of umattached ad Lo ordizary
atmospherss. Thus, an environmsnctal exposura i3 expectad 0 De souawhat
2ore productive of cumors than an occupaticnal exposure whers tia faczar
i3 0.5 rad/WIM., The sysctem can bHe simplified considerably Lf wve accapt
the enviroumental dosa couversiom factor of 0.7 rad/WILM, The lifacize
i3k estizaced for vemen or that which includes the effact of the higher
dose conversiocm factor in childhood is wichia 10 persent of that adopting
the faczor for aduls males at all ages. The lifetize risks per anvircumencal
WLM per year are shown ia Table 2 for the conditions given witi Tabla L.

For the case of exposura zsasursd as radom comceatTatica and tiza, ile
average annoual Sromcaial dose o adult zales from the daughtaers asscclated
wich 1 pCL “3n/m° can be calculaced as follows:

Dou\“d ses 2¢L Z"Rn) 4 0.0003(““” ser 4av ac:‘.-n) - O.GOOZ(m er gav reagtizn )

vear a 26 pas

Assuming 16 hours par day are active and 3 hours per day are fpent resting,

222,
Sose = 0.00027 S g4 222
. :‘
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. LIFETINE RISK AS A FUNCTION OF 40K

APLE 2 LAFEVINE TUNG CANCER RIEK UNDER ENVIRONMEVTAL CONDITIONS PER UIN FEXR YEAR

AND DURATION OF EXPFoSURe ' .

lamg Cancers In

xpoaute , AL R - Age at Flret Exposure r o Populatlon
S TG | USSRty SRR IS o s ___60 10 of 105 Porsons”
I Yemr 64 x10> o0 x10® 13210 Lex10t 2.0k 10 L7 x10 L3 1w j0x100" 1
S Yemrs 1A x 10" 5.0 x w:' 6.9x10° 9.8 x10" 1ox10? sax10™ s x10™ 2.0k 66
S hiare 2.2 udE® 5iuse 15500 208t 20 W? Jun io” 9.1 x 10" 3.8 x uf‘ 110
0 vemrs  1hx10 ) 48x10? 55600 ssx0? 42x00 250007 a0 28k 0™ 00
Afe 9.0 %10 s x10? 22210 22500 45210 22200 23x20? DA a0 560

For Radoun danght ere measwred under environmental ralher than uwnderground minlug conditfons.

For a populat lon with sge chavacterlotico equal Lo that In the whole United States In 1975.



As wicth the WLM calculaciocns, =he valuas for women or including the effect
of che diffarsnt dose couversion facsor for izfants and children are witiin
10 percant of che valua calculatad by usizg the facszor for adult zalas
Table ) shows che lifeciza risks for amnoual exposuras o 1 pCl --0-2'.1/::-3 for
the coundicions given with Table 1.

b, delines for Po ticn Size for Exposure i3 S - Si{cuact

The reciprocals of the lifetize risks i3 Tables 2 ani J are escimacas
of cthe.size of the populacion which can be exposed to aither 1 WIM or
s pQ2 per year for the various eovircomental axposurs incarvals
to produce cme calculatad lung cancer facalicy. Tlesa populazion siza
escimates ars shown ia Table 4.

Tor a specific eaxposure, the populaction size s calculatad from ila
lifetine Tisks cabulaced usiag

Populatiocn Siza = - 1
( D!

(2.1)3 » [ifstine risk for che appropriate exposura duraciom, D,
under consideration. Lifetime tisk Lis obtaized from
Tables 2 and 3 and dqonda upen axposura unis chosen

(Wi par 7ear or M}
l

£ = Exposure from a given envircumancal practica, Eilther

e

WLM per 7ear or pCi "“h/aJ. vhichever is availabla.

The couservative zaximm population size calculatad here skould allow
only a small risk 2f includiag the one lung cancsr,

Tables 1 %o ] have been daveloped without regard to diffarences bYetween
smokars aci cousmokars. Axalson znd Sundell (1963) repors that, for a
small number of lung cancer cases developiag in ziac-laad =iners iz Swedan,
cthe lifetine risk for aonsmokars actually wpcm to Ye Afgher than for
smokars. Tha tvtnn tine of appearance 2f the tumors in smokars, however,
i3 about 9 7ears earlier than {n acnsmokars. This possidlae procacsive
affect of smoking i3 20w supportad by dogs exposed t2 radon daughtars wizh
and wishout cigaratta smoka. axalson md Sundell (1968) zeamtacively
ascrided this to the protactive affect of a thickaned mucus barTier i3 =X
alrsays, but suggzesctad thac, oncs inicziated, the promoticmal eflfect of
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smoke causes TumOTS tO appear faster. Archer et al. (1979)

s that this effect =ay also be evident iz the U.3. daca, but

ent tha rasults ars 2ol clearcut. The model could be adapted
basis 2o allow for a lomgar tumor growth tize for cousmokars
years and & slighely lower risk coefficiest tham 10 x 10™9 per
per WLM for smokars, but oot encugh data are availadle o =odal
any cartaincy. Uncil sora daza becoma available, the predictive
applied hers should provida a consarvative estcizats applicable
Kars and somsmokars.
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B
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The nodel develcoped Rars is intended to usiliza the lung cancar
axperisncs cbtained in epidemiological scudies of underground wmizners
ac high levels of radcm daughtar exposura %9 extrapolacs to enviroumencal
levels. It is oot imown if cthis approach is wvalid, buc i does allow an
upper limit estimacta of lung cancar producticn. The critarion for the
modal is that it should fit the existing undergTound ainiag lung cancer
daca wveall. A model that expresses lung cancer risk uw i{foraly with tize
aftar exposurs (with the rescricsiom that tumors do aot occur eitier
bsafora a S-yvear lacant intarval cor age 40) and correczad from year of
exposura by an exponential faccor which accowmts for cellular repair
and an appropriaca life table value %0 acsount for competing risks cof
death, satisfies this cziteriom. Lifetine lung caccear risks per rad,
ser WLM/year, and per pCi 2223n/3° are then raadily tabulacted for
diffarent exposure izcarvals and are given in Tables 1, 2, and 3. The
zaximum populacion siza chat should be axposad %0 a parsicular raden
daughcar lavel resulting £frocm a specific practice while allowiag cnly
a small risk of produciag a lung cancer is shown i Table 4.
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July 21, 1980

William H. Ellett, Ph.D.

Task Force Chairman

Office of Radiation Programs

ANR-460

U.2. Envirconmantal Protection Agency
Washingtom, D.C. 20460

Dear Dr. Ellett:

I am wvriting to you in rafarence to the Federal Register notice Friday,
P

June 27, 1980, regarding the Radiatiom Pclicy Council Task Force which
you chair.

My comment to 7ou regarding the topic that you are to address is that
the impact of radom in drinking water om concentrations within struc-
tures should be included in your afforts if you have not already done
0.

Best perscnal regards.

Sincerely,
/

7
" A T
~ o] \ v
qi:,--v‘ — R T
4~ Albert J. Hazlae, Director
- Radiaticm and Zazardous

Wastes Control Division

4210 EAST 11TH AVENUE CENVER.COLORAL O 80220 PHONE (303) 3208333
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William 5. Geiger Joyes P. Geiger

July 21, 1980

William E. Ellett, PhD.

Task Force Chairman

Qffice of Radiation Programs, ANR=4&60
J. S Envirozmental Protection Agency
Washington, D. C. 20480

Dear Sir:

I support the Radiation Policy Council decision to prepare a
position paper on radon control. This information is urgently
needed because of the inconsistent federal actions and public
aisconceptions invelving radon and low level radiation expusures.

The actions undertaken to reduce radon exposures from uraniam
aill tailings and the =ZPA recommendations to the Goveramor of
Florida are not only very expensiva, but also have added to the
media and public misunderstanding of the effects of low level
radiation and the significance of the "action levels". On the
other hand, the Federal Weatherizaticn Program - EInvircnmental
Assessment acknowledged potential adverse effects from increased
radon and cther pollutants, but they wers not quantified and
were ignored in the conclusion and reccmamencdations even though
the potential risks from radon exposure, btased on the IFA model,
appear to Ue much greater for these conservaticn programs than
the cases resquiring corrective actions! The proposed positioz
saper shculd help alleviate such inccnsistent apprcaches -y
various agencles iz the government,

The use of the "Working Level" unit as a primary exposure guide= 2
line should te discontinued. It could continue to be used as
a derived control level, for example as an alternmate tc "Maximum
Permissible Concentratiorn" values for each isctope for radon azd
ts daughters in air. The consistent use of radiation exzosure
units (Rem) would help alleviate.publl'c and media misconceptions
and provide for improved perspective by permitiing direct com-
sarisons with other exposures including suck items as the cone
giovsrsy over venting of krypton gases from the Three Mile Island
Plant.

More specilfic comments on the Federal Register are as follows:

%

Mammmd pa ! 3‘2"‘1 .== -

The notice discucsses technical probleams including axistizg
iastrumentation, average levels, the distributiosn of values,

741 Wecdhi'l Drive ® lakeland, Flerida 33833 . Phone 313/44d-44483
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and the fact that radon levels iz a acme "vary consideradly
depending on a host of factors". The extsting data have not
addressed these other variables except in very gZeneral terms.
fez tle, the Federal Register of June 24, 1576 used "high
ventilation area”, and this notice uses "energy efficient ncuses"
and "doors and windows closed". Additicmal sampling of this

ture would bSe of little or zo value even witkh "perfect iastru-
mentation" because of the increases being incurred by the rrent
energy comnsarvation weatherization measures. The existing
"average values" and data on the affects of ventilaticn rates
is adequate to determine tie average exposure and potential risk
f2rom radon exposures for a range oI scenarics.

Research should concentrate om controlled experiments ratler

than massive sampling of homes. In this way, the effects of

the significant parameters including scurce terms and ventilation
rates can Se guantified and measurement technigues standardized.
Data such as the following would provide valuable information

for evaluating alterzative methods of controlling radon exponsures:

“9:: Vgg's" 3

radon and progeny by isotope
dust particle size

free ilon fraction

royiking level congersions
acnlt carameters

ciild parameters

= e:‘ Aﬁcsenauo

dose 7s. risk mcdel
comparisons and persnective
aistorical cencer incidence and variations
sacking
aisteorical housebold risis
falls
fire and explosicz
drowning
electrical
location (transpertaticn requirements)
floods, torzados, ligataing, etce.
poisons
spaces heatix
crizme and viclence

T mrrman "‘Q-—s

soil racon emissions rates
scil tyTe/area
radium concsntratica
exterzal gamma raclatica




Material radon emission rates
Structural materials
phosphate slag aggregates

fly ash
gypsum board

phosphate by product

Dccor:iivo
as
rock, brick, etc. (fireplxe)

sesdalonolisical Sroblans

The Federal actions in Grand Junction and the recommenda=-
tions to the State of Florida have only added %o the confusion
and zmisunderstandings of the public and bhave provided material
for semsaticnalism bty the media. Zditorials and comments in the
Florida newspapers questioned the diffaerence iz action levels
from the Surgeon Generals recommendaticns and ask for a deter=-
aination of the "sale level". The ZPA public meeting in Z2artow,
Florida was a dissappointzent. Members of the public, whese
Bomes were involved in the surveys, stood iz line to get
"the number” for their home and compare it with their
zeilghbox'r and the proposed ZPA action levels while watizg
for an ZFA cfficial from Washington t0 arrive to make a
presentation. After approxinmately two hours, it was announced
that the 2fficia. would 2ot te atle to make the presentatiorn
at the zeeting., Then, several technical presentations were
2ade that dealt with radiation and the home surveys. Dvwever,
oSt of the public and media had left the meeting, having gven
up o4 the official's attendance. The "technical presentaticas"
for the few remaining jeople appeared to only add %o the already
existing confusion.

The establishment of mandatory action levels based on workdiing
levels, falls to recognize that the risk estizates are zasec on
the "linear hypothesis" and that no "threshold effect" has teen
found for lcw level radiation exposures. Furthermcre, considerizg
t2e ost of factors affecting the "woriking level™ or risk in any
home, the current practice of just measuring <he Woricing level is
totally inacdequate, unenforceadle and could conirizute =2 sae
victinizatiorn of home ownerse.

The expenditure of vast sums of faderal momey, or private zoney
<{ mandated by regulation, to raduce the measured woricinz level
%o comply with an arbritary lizit for the purpcse of

recducing the cancer risk is incongrucus with the facts shat

about 25% of the populaticn will set cancer amd that such effarss
vould zave insigmiicant recuctiocns iz this rate. There is =uca
greater pctential bemeflt for z=anieind oy spendizg tae =0ney o
cancer researci..



Since the "life style" of the oc~npnnta of a house has such a
great effect on the WL, practices 0f withholding mcrtgagos,
as zenticned ia the notice, based cn 7L measurements alcne,
should be stopped. Sercarate measurement cf source terms, venti-
iadion. . rates, etc. would provide more useful informatiocz azd a

cetter compariscn of buildiags.
dscozmencationa

Federal actions cczcerniag indoor radon exposure should be of

an advisory nature without zandatory acticn levels. Guidance
should be developed on the re_ation of the scurce teras,
ventilation, and other parameters con the radon and progeny
concsntrations or WL. Dose and risi: mcdels and risks assessments
of other bousehold hazards should be presentad for compariscn
and to support any reccmmended levels or guidelines.

In this zmanner, terznatives for obtaining acceptable risks caz
te evaluated in a logical marner and decisions concerning
additiocnal conservation measures or corrective actions can be
made ¢on a rational basise.

Respectiully subzitted,
ZQZ(JLeh‘hUB"Jo <£L17;44/:%7
William S. Geiger '

wsG:ig

Copies to:
GOverngor Rotert Grabnam, “al.ahassoo, le.
Congressman. Andy Irelana. Laikeland, 1.



U.S. Radiation Policy Council
0STP ) Executive 0ffice of the President
Washington, D.C. 20500

Statemant of: Anthony V. Nero, Jr., San Francisco, July 31, 19580

mailing address:

Ventilation and Indoor Air Quality Program
Building 30, Room 3058

Lawrencs Berkaley Laboratory

Berkalay, CA 94720

The Radiation Policy Council has an important and difficult charge
in its reasponsibility to help the United States rationalize its handling
of radiavion exposure questions. Existing or potential radiation exposures
arise in a variety of contexts. It is important that the regulacory stTuc-
ture be designed to handle this varisty of situations in a consistent zanner,
that corrasponding administrative responsibilities be given to the appro-
priate authorities, and that the underlying program of research to elucidate
actual or potential effacts of radiation be effectively coordinated. In
additdion, the Radiatiom Policy Council should consider carefully the role
it might play in education of the public on the nature and extent of radia-
tion-related risks. This will certainly be difficult, since for essentially
20 risk can it be said that public information is adequate, so that it has
been exceptionmally difficuls to establish a comtext for public comsideration
of radiacion-related risks.

These remarks apply for tha most par:t to the full scope of the
Radiacion Policy Council. They apply im particular to the area being con-
sidered by the task force on indoor radom, to which I will devote the rest
of my comments. The work of this task force is extremely important since
it now appears that the most significant porticnof natural radiation ex-
posures may occur from this ome source, i.s., from exposures of the general
public to radon daughters in their own homes. Hovever, effective control of
these exposures is made difficulc by the lack of a regulatory philosophy fc
indoor air quality and by limited izformatiom both om the radon levels thac
now exist and on thae methods that cruld control these lavels. Furtherzore,
the limited data available ou the affects of rather large integrated expo-
sures to radon daughters om »‘.ers, i.e., some associated risk of lung com-
car, does not lend itself very directly to estimationm of the effacts of
long-tearm exposures of the general population to typical indoor levels.
Jowvever, it i3 important to sots that there is zounting evidence O suggest
that a significant portiom of the population receives lifetime doses that are
sore typically associated with uranium miners thang wi*™ background expo- +
suras of the gemeral public. Whatesver percentage of the population racesives
doses in the occupaticnal range, whether 1% or 353, these pecpla deserve
special attention. Further, it appears that the bulk of the population ex-
posurs to radom, inciuding that at high levels, occurs in ordinary housas,
a0t cpes associatad with special incdustrial activities, ot houses that have
exceptionally low air exchange ratas.
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That the bulk of the exposure should occcur in ordinary situations
poses a regulatory problem of a different kind than has been dealt wich be-
fore, either for radicactivity or for other coutaminants. The fact that
we are sepaking of the interior of privata dwellings, rather than of air
basins, poses a different kind of questicn than has been faced in the forzu-
lation of outdoar, so-called ambient, air qualicly standards. Gaenerally
speaking, the lacter standards are designed to set limits on population ex-
posures, i.e., those iz an air basia, but - except for limitaciom of occupa-
tional exposurss at relatively high levels - stindards have not been designed
to limit the risk of 2ach individual. A fundamental difficulcy with limiting
individual risks per se, u:m:hyundcpadonmhbiuof the indi-
vidual.

Furthermore, standards pertaining to radiationm in particular have
generally evolved in a rather different context than that to bde considered
for indoor radom. Much of the structure for developing and implementing
standards has been designed for the case whare radionuclides are made by
humans or are encountered in occupational contexts, where the exposure arises
from soms industrial acitvity,and - usually - vhere the risks and corres~

.prading control costs are relatively small compared with the value of the
activity. Because of the comparatively small risks, it is often possible to
*adopt -a relatively couservative attitude asbout the level of acceptable risk
or, to put it in another way, about the costy that ought to be incurred to
avert the presumed risk. _

Vost of these faverable circumstances are absent in the case at hand.
The radlatiom of concern is not culy zacural, it cccurs in every home. For
mOsSt cases, the source is not an unusual industrial activity, but the soil
under the house or the materials of which it is conmstructed. And, for the
higher levels emcountered, the appareat risk is substantial, so that comtrol
neasures might be considered evem at great cost. But even for the typical
casa, the risk may be high encugh that a ".onservative’ regulatory approach
is probably not appropriate. Rather, realistic appraisals must be made of
the radon risk and of other costs and bemefits, scme of which will inevitably
not be quantifiable.

Having alluded to "typical"” and "higher" concentraticms, it is um~
fortunately difficult to be much more specific about the levels to which
the U.S. public is exposed, or in fact abcut the corresponding health effects.
It can be said that typical houses have daughter comncentraticns of 0.001 to
0.02 WL. GHowever, many appear to have comcentrations considerably above this
range, perhaps even in the vicinity of 0.1 WL or greater, prassiag the occu=
pational dose limit. It can De sail that lomg=-term exposures at tle occupa-=
rional dose limit yield increased rates of lung cancer. Whether the same -
{s true at more typical levels is highly uncewtaia, although a linear res-
scnse to low levels is typically presumed for regulatory applicaticns vwhere
a conservative stance is appropi:ate. 3ut too little is known o make firzer
statements.

Tor this reason, a vigorous research program is required to zore fully
sharacterize exiscing comcentratiors, iacludizg cheir range and distributiom,
5 becter understand the dspendence of health effects om Soch levels and the



cxpo;od population, and to determine the effect of possible control measures.
A oumber of efforts have been addrassing apsects of these quasticns, in socme
cases for many vears. GHowever, although many efforts are proceeding at uni-
versities, EZPA laboratories, and DOE laboratories, this diversa effort requires
good communication, willing cooperatizy, and careful coordinaticmn. I am
heartened at the communication and cooperaticn among the researchers cn in-
door radom. But, tha Radiation Policy Coumcil should examine carefully how
effactive coordination of existing efforts can be ensured and how work on

key areas not adequately coversd can begin, presumably building oo existing
capabilities. The resources for performing the important work om this questiom
are rare, in terms of both peopla and laboratories. Duplication should be
avoided and, I should add, a proper balancs maintained between large field
survey werk, small field tests, instrumenctation develcpment, and - at the

base - laboratory research to understand what is being measured and how com=
trol techniques work.

Effective design and implementatiom of the necessary research pro-
gram, with both short-carm azd long-tern objectives, requires at a ainimm a
technical advisory group, as has been suggested, I believe in the task group
on radom. Consistent diligence will be required for amy coordination mech-
anism to meet immediate, and seemingly urgent, needs while maintaining ade-
quate emphasis cn investigation of basic questions that require, 2ot only ef-
forz, but time. It may be appropriate ©o consider an indoor radom institute
that would carry out part of the needed work, but would have an added respon~
sibility for integratiom and cnordinatiom. This would help to keep tha loug-
term goals in view, while minimizing duplication and time. As for the seex-
ingly urgent goals, I am comfident that - with the pressures under which the

federal agencies work - sufficient emphasis will De placed on "izmmediace"
needs.

One -of the apparent izmediate needs is €O identify that porticn of
the populaticn living in the higher livels, i.e., those getting the "occu-
pational" doses to which I referved. Improving their situation will require
a standard that limits the exposures of individuals. On the other hand, the
populaticn as a whole requires some level of protectiom, so that the average
risk ought %o ba controlled, possibly to an order to magnitude lower level
than the individual risk limiz. I am, frankly, very uncomfortable, for com-
ceptual and practical reasoms, with the tendency to set limits in the vicinity
of 0.01L - 0.02 WL that are supposed to apply to every individual. On the
other hand, designing programs that assurs tlat average exposures are at
this laevel or lower appear practical. In particular, they would not depend
on minor variations in comstructiom practics and om lifastyle of the occupant,
and they could raticmally be area dependent, whereas a standard to ceatrol
individual exposures cannot.

In looking at the proposed work of the iandoor radon task force, I
was disappointed to find thac the fundamental question of regulacory approach,
i.a., developing a conceptual or shilosopaic basis for indcor air quality
standards, was nowhere zentiored. Iz particular, the question of individual
versus povulation-average limits nas o we examined. This zcciom is familiar
ia radiatiom protectiom, but 30t iz the sense seant here, where it is difficul:
ro set a low-level standard that pertains to ever?y individual simply Decause
50 millicn enmvironments are involved and because a standard that is zetc with
one occupant of a structure 3ay 20C he met when a differemt occupant 3oves ia.



i A specifin possibilicy that needs =0 be considered i3 that zeancicned
above, 1.s., adopticmn of a high-level {individual limiz lower than :le occu~
paticnal dose limit, coupled with a program ©9 concrol populaticn axposures
£0 2o even lower level om an average basis. Ao operaticnal trigger lsvel for
remedisl actiom would be chosen to be scma fracticm of the individual liait
conside 4ng variabilicy from house to house, zeasuTement uncertaintiaes, and so
on. I suggest this approach bde considersd by the task forcs in its positicn
paper, by the Radiaciom Policy Couneil, and iltimataly by those who reccmmand
indocr air quality standards. e

mwmmw.cmnyb.mndn:hmw-
bilicy for formulatirg amy standard on indcor radem. It is clear that the Na-
Sacicnal Council om Radiaciom Protection and Msasursments, with its long his-
tory of such work, should be a kay participant iz the procass. However, if the

the cases whers industsial operaticus expcsa the public to zan-nade radionuclide~
at levels that are ralatively easily comtrolled. Moreover, the strucsure of
any standard should be cousistant with tha developing approach to indoor ais
qualicy standards in general.

1 am afraid that I have suggested a difficu’ requirement for the task
fores on radom and, in sura, for the full Council, Z.e., before wva go about
sacting standards, we decide what they are supposed to do.



Honorable Max 3aucus
United Stztes Senates
Washingtom, D.C. 20310

Dear Senatcr 3Saucus:

Ove of your staff imvestigators, Mr. Mare Smolonsky, has ctaised a
sumber of quasticus regarding the significancs of radom expesures of the

U.S. populatica iz a racent ummsigned semorsudum directed to the "0ffice
of Radiation Progrems Staff.”

As Chief of the 3ranch respeusidle, amcung other charges, for the
plapning and ccordinstion of CRP sctivities for evaluatizg and coutTol-
ling indoer exposures of the U.S. populatiom to radom, I offer the
following in respomss to his questions:

l. What is the risk to tha U.S. populatios from indoor radm?

Pr. Ellett, wvho is owr prizcipal sutherily om radiatiom
dioaffacts, 2as reasponded o you seaparitaly om this meztar. Tlese risk
estimatas ars %of newi they have been used in ocur regulatory program for
several yesrs sod have been subjested to careful review by the Agency's
Carcinegen Assessmant Group. Specifically, the ZPA Administrator's
guidance to the Gowerazcr of Florida for protsctiom of inhabitants of
houses on ~eclaimed phosphate land (44 P.R. 38664, July 2. 1979) and the
Agency's intsrim final standards for clesmup of uranium =mill tailings
under the Tranium Mi{l! Tailings Radiaticm Comtrol Act of 1978 (TMTRCA)
(45 T.R. 17266, April 22, 1920) werz each based om the 3zme Tisk coeffi-
cients for radom that vers used to generata our estimats for the U.S.
pepulation due to indoor radem. The latfer estimate has provided the
basis for our comesrn and ongoing discussiom wita the Deapartaent of
Tonerzy oo the Qesidential Conservriicm Progrzm (RC3I) (see the enclosed
latter from David Jawking to Ma ine Saviss, December 19, 1979). D2CE
comeurs with this comcern snd wa sre making goed preograsy in joiatly
developing sppropriats safeguards in the 3C3 program to aveid
exacerbating indoor radem exposure.
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2. 1ls radcn exposurs a national emergency?

3. 1Is ORP saving lives by rapidly isiziating a program cm radeam
exposurs & comtrols?

"hese are matzars of definiticm and judgment. The estimated
size of the currant smd potantial future sunual impact of indoor radom
«xposurs has been addressed by Dr. Zllett's lettar and I comeur with
those estimatas. Cougress expressed its concera for cne sourcs of radom
exposure (ursmium wmill tailinge) by passiag UNTRCA iz 1978. Ia
additica, DOE ragulaticus to implement the RC3 program were close to
final promulgatics whem the CRP program effort was lsunched, amd thus
m::s’uwtz-uhm:ohmwia.u-ly
way. 1 have suppertad the dacisiom to rapidly initiate a comprehsnsive
progrm ou radom becsuse I believe exposure to radom is a radiatiom
srotection problem of major end national significsnce, and that both the
owgoing snd potential future sumual impact of radom cm the v.S.
population would be reduced Yy timely actiom om our part.

4. 1s ORP using ths dest possible comtractors to study radon?

CEP has, %o the best of wy knowledge, cousistantly scught amd
used the dest qualified investigators emd institutions imewa to us for
ssch of the various subiect sress in wvhich we have sponsored werk cm
radon. That is net 2o say that other qualified investigators and
imgtituticns do 2ot exist. "Sast possidle™ is am elusive comcept and
it is alwsys pessibls to second-guness such judgmencs.

5. How doss radem get into the envircmmentc?

Radon is a radicactive gus produced by the decsy of radium, an
elemant that is present in emall quasntities in must soils and geological
formaticms. It is also found in significantly elevated ccmecentrations
{n soms ores, such as urmnium, thorium, and phowphats ores. Radon gas
migratas from underlying soil (and from some buildiag aatarials) izto
houses, whers it duilds op to significant levels. In a few sections of
the country radonm in tap water (prizeipelly from deep wells iz gramitic
formations) can bde an sdditional source of izdoor radom. Lavels of
rados iz almost all indoor enviromeents can be expectsd to be higher
chan poraal ocutdoor lavels. Our kncwledge dase for indoor levels is
sumzarised in tha recsmt Task Forcs .sport to the Radiatiom Policy
Council enclosed ia Dr. Bllett's lectar to you. The buildup of indoer
radon is mitigatad by normal leakage of cutside air iaco housess heance
sur concern for not sesling up houses to mn extreme dagres for energyy
couservation purpcses. (2 the out-eof-docrs, radom levels are generally
low becsuse of mizing ingo the lurge volume of air in the atmecsphere and
the prevailing movement of air masses acToss Cle continent and cut to
sea,6 vhers radou decays haralasaly.
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In svmmary, I believe that it is resascmabla %o sssume tlat the
current impeet of iandocor radom exposurs ca the U.S. populaticm is
significant, that it could decome comsiderably wersened by inspprepriace
snargy counservation msasures, and that protecticn of the public health
from this hassrd merits our urgsnt attenticm.

Ihmmam_ud.clmmhlmx. 1f you or
your staff have further quastioms, I can be reached by phone at (703)
$57-8927.

Siscerely yours,

Allan C.3. Rizhardaon, Chief

Geaneral Radiation Standards 3raurh
_Critaria & Standards Division (4 ' .6Q)
0ffice of Radiatiom Programs

3 Enclosures

cet Mr, Stevens, O0ffice of Legislative Affairs, EPA
¥r. Smolomnsky

Dr. Rosenbaum (ANR-458)



