
Po!entiai  alpha  a c t i v i t y  
Source  strength = 0.01 p C i i i ,  m i n  

0.14 Outdoor  r a d o n  = 0.2 p C i t  

A w a r e ~ e s s  has developed ir! the United Stales. par- 
ficuiarly lwilhin the ias: f ive years, that fracas o f  
radioactive radon gas and i t s  deughter p:oducis are 
present in varying amcunfs  in the i f idoor air. So,?.? o i  
the exisf ing iiterafure on the subject is br ief ly  re:(iewsd 
and discussed. i t  is recon~rnended that furt i ler a f -  
rention be given to  quantify radon concer~:ra l ion data 
per l inen? to fhc environmental heairh aspects of 
v e n t i i a t i ~ n  requirements f rom the standpoint of i n d ~ o r  
zir quali fy consistent wi th bui!cling energy con- 
servation. 

V, MUSUDA 
Fe! /o \wA S H P A E  
C.M. %UPIT 
Assoc#a ' e  iv'errber A S H R A E  
P.E. M C N A L L  
F E ~ I o w P S H R A E  

F2 EDUCTION 01 venliialion is one of the srrateges 
., eriiploycd to save epergy in the heating a ~ d  coo!ing of 
b ~ i i i d i n ~ s .  Very little ventilaiion is needed to suppiy siii- 
i i r ieni  oxygen for respiratiol or to keeo cerbon dioic~de 
1vit;:in iicceptab!e !evels R e c e ~ :  s!udies have revealed. 
however, that I i r ~ ~ t i r ~ g  of vcntilalioi; cobld cailse h ~ g h  levels 
of air pollution. especiaily in hornps \vi:h gas appiiances. 
Teats a! Lawre:lct: Berkeley LaSoratoriesl and bv Geove12 
have sbowr: !h31 concentral io;?~ of CO, NO, CO:, non- 
rntitt:c7ric hycirccarbcr;~, and aldehydes in the icside;i['~il 
enviroiiment are often higher ti:ai; outdocrs dues to ihe 
existence of indoor po!iutant so!irces. Evidence has been 
acc~rn i~ ia t ing ,  particula;ls within the last five years. tha! 
nuc!?;.ai iad,ation ~ : O T  rador! gas ar;d iis d:iugi-:to; :;rcdoc:s 
1s 3 1 ~ ~  3 f ; i ~ t ( ? f  which may i1cr-d consi:ie-3:iori in t ! i~?  dasigii 
of ::uil~~iri-,s and t i ie~:  verllilalicn systerns. Thc radiation 
le;.els l~iLhi11 bu i id i~gs  are usually low, bui i t  has no: yet 
beei'i d?:ernined ahether indcor radiaiicn can pose health 
r:roblcms A!though t h : s  ;ssl;s is w n t r a l  to building ven- 
liiaiion in generai and to the ASHRAE Ventilatio? Sf2nd3rd3 
in paiticula!, ccs t  of !"l eaa/i!able ifllui:nati3n appears rn 
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E e R Z ,  
7622 years 4,CO (&?L), 4.78 (55"A) 0. l86 (4 ? L )  

3) 3 .  
L&.--. i.n,'r~) 
8 6 3.825 cays 5.486 (1 00 ?L) 0.51 (0.07%) 

218?,:,!7a~, 
34 3.05 minutes 5.998 jlOOGh) 

'. <, 
LI:I*, ->. 5 

A - r indk', 
c 3 2 seconds 6.55 (5x1,  6.70 (94%j 

- 4 9  
' Y E q ( R a A  "i 
2 (5 0.0 19 seconds 7.127 

2:dpL,Abi@ a 2 26.8 minutes 

2 ~ c r , , ~ 7 > , c ~  ,, 

S 1 1.32 minutes  

,G 3 r -  
s of 
: are 
i e  of - VV' 3) 

.' zip- 
da ia 

S of 
=$,-Jr 
con- 

. f ,u7 
- ,  ro(R;i)l 
82 19.3 years 3.72 (0.000002%) 0.017 i85'/0) 

2 i r  
I J ~ r , ~ a ~ l  
G3 5.00 days 

138.4 days 5.298 (100%) 

4.1s cr!lnu!es 

S i a b i e  

F J ? ' ~ :  dct~uc decay cf  rad!um ( 9 a  2263) r e s ~ l l s  in the daughter produc:s ir! descerbisg order as sliovirl in Table 1. Most o i  the energy of ttre 
ra3cac:cvily is  asalpha pariicles. 

.C.?, d-, i ldgl~:~i  - kldaii3 H a n d b o o k ,  Li S Depa:trnent cf iied1:n. EJ>ca:iorl :!ad Welf3re. Jarliihfy :L':O, p. 11%. 

a r ~ s ' c s  p l ~ 3 ! . ~ 2 ! o n s  \ /~ / l ich zre nct well circulated 3rnor5, t;.ch themselves l o  dust pzrticles, due to their atomic 
E i r  ~n,J?ra!ood by, nearlrrg, air-co~iciit:on,ng 2nd ver,ti!a?!ng cnarses. Tab:@ 1 s h ~ ~ v s  ihe  e lenent  transformations irl the 
eic;!:eers. Tha pclrpose o i  !he paper is to provide ASHRAE raclum aecay chair?. After radon, the half-lives of a1 the 
c;-~;!nee:s wl!h state-of-the-art iniorms:~an o r  radon anc its daughter products a i e  quite short until the lead isotope Pb 
ci;;i?!er p r o d u c ! ~  in air wrthin b a ; i A i n 3 ~ .  21 0 (2aCj.  As Table 1 s+ows, most of iDe daughtei procucts 

!?ADON AND DD.LIGH'$ERS 
;adon (Rn 222) is found in our atmosphere, becai ise t i s  i i e  
:.,st :adioactive decay prodcct o f  radium wnich IS present ~n 
:-:irs~ arrtcun;s l r \  soii, rnascnr'ji bu i l l lng rnat;r!a:s, 2n0 
; -c ! ; r .3 ~.valei. S i r i i :~  r m s n  is a Gas, I: car1 3;ti;se into tP,e 
F: *' I ;  car? alsc be ;i.bscibeo by s s : d  sl,:faces 2nd cr!n 3e 

c8ssclved irto water'. Radium (Fia 226), 3 radloa~:tive decay 
rrc:ioi of uraniul;, hav~n; a n2 ' f - ' l ie  oF 1622 years. 1s - < . "  _. ,  3il te~ In :ccks aiid S,- , S  in cc;7ce!-.:-;t:sns u '?~c ' :  i . 5 , y  
+: : :  '$ia:lf:,?, s ~ t  1s ri:'z!l?,eiy !:lva8.i::-t v;ir>, ; [ r e  As ! K  
zzcays. by alpha pai!ic!e :,:rniss:on. I r  becsrnes radon 222 
. a - : .  i , t h c i ~  is a Gas. Rz3on gas can !hen dif fuse :?,rozgh 
5:: S .  :3pcii.te, e:c. and e:?,;er iC5 2:mcsphsre e [';E: ou!- 
s :? 3 i  I'IS,;~? 2 s ! r ~ c i , ~ r e .  0 ; : s  de, the na:d:a! $;!-,C- c I:!? 

+: ccnc~r i r3 t i= in .  ins,cie, !'-,e d1.ir;1or ,s iess i iadoc f igs  a 
, . - z .  . -  - L. c' L. ..- cnlli 3 8 days, $0 'n.itr' 2 i?'i:t.~i,"y S ~ C : :  :tr:ii' .: 

;:?ia3is ro oc'c;;i~:,n 218 (RaAj and ot!-er c i ~ , . ~ h i e r  ;;vc~duc!s, 
?- .... 

.,L, c by a pi13 S P ~ ~ S S I D ~ .  \:vP':~ ; C ~ P  LIT i ~ ~ l  7';e o:':E' 

are a!,2r3 emitters arid if t9ese get i ~ t o  the respiratory 
sytr;ren-I, a!pca particle damage in rhe lung n-lay resulr. 

Arrriospherlc co lcentrat lon 'Of radon gas and its 
dacghter products is reoorted !o be influenceci by  
ba:one:ric pressure, soil rernperature, wind speed, d i l~ rna l  
t t q s s r a : ~ r c  i i ~ c t : i & t ~ o ~ ~ ,  snow cover and rainfall, and 
possibly other factors 

The cor;ceq!ia:ions or radon an3 radon daugliters 
have See- ex--essed in p;cocdries per l itre o i  air (pCiIL), 
v;l-.lcr !s ?q,:v; ezt 1 5  0.037 r,JCl22i Iransiormation:; per 
se.cs::a oer l r i e  of a , i . "  Or1 ti le average, i i l  the L .S . ,  outdoor 
:;don concentra!:sris rani;e from 0.05 to 0.13 pCi/L, and in- 
6c5r cc"c=;ntra:ir;s are csiially hi'zbei ? It shou l~ i  b e  
;jc,iire~l cut !!l?: oiltdc3' co'?ce?!:st~ons are influenced 
s ; : zqs ' ) ;  G:, Iccarlans ;i;a n;~e:eoroicgical gararr,eteis. 
-,  

I 7.2% t , s o  ;;lay a ro:c !E cie;z:rr,ining indocir concentrations, 
but :he ::sture cf :be Duiidirig m a t e r i a ! ~  and ventilation rates 
IS  ; r a s s m e d  !c Le cf pr,ma:)/ 'mgortance except in thc? few 

.... .... .........-.-....- 
? -  / + 7 - - , .  . pr03ilc:s C: Zec%y ;-e :~J',c ~ I C P ~ S .  ,: S . - 
? - , , ? * + , - A -  

. - I S  IS beczdce :ne,r rate c: ttansfsrmation I S  proport~onal 10 the 
.,dv,!G~lze:: th3; :he)/ rema17 al:90rrti and are Ii:,?ly to ai- ccnce~::;t~on. 



Table 2-Some Radon Concentrations Repor te j  in  the Literature 
---p--- -- - 

Radon Crrncentratpon 
indoor Outdoor 

Authors p--_p_ L E -  --p-- -. Bgiidi,rgs pCi/L --_--____ pC;iii 
--p 

T.F. Geseli and 
A.M. Pritshardg !-lcus!on, Texas Heuse 0.5-2.C 0.3 

P-i-r!ary cc?aci 
(ve:i tiiated, 1 C 

S~skatcesw3rt, Cri, h0 i l . j ~  in survey 
H. HoriucPii10 Canada cf  552 houses 253 
-pp--- - --p-- -- .. - - - p---pp---- 

.. Noel Jonasseni7 ? E!!?rk i i o ~ s e  ... - ? - 

Henry S p i t z  and Frarid Junction, 
M.E. Ydrenns -- c,oi@-?r:o --- - ..... . - 

?c,i,5;;'3 7.8-290 3.10 
-- ----p- 

Singlrj apartment 
Sweden dweli;r.fl 6-18 G.A. Swedjemarks~ --p----- 

L.T. Carlither . . 
Fialeigh. N.C. ?hhsics B31iding 1 .S-?.? 0.2 and A.W. ~2Wl2 . . 

Innsbrr~7K, 
F. Steinhausiers Austria 12 Eouses < 0.15-7.46 (extremes) 

Reclaimed phosphate- 
rniiiing La-d- 
Poik & i-';:lsboroilgP 

J. Fitzgerald et all3 Coun:ies, ....... Flo:id~? 1000 ........ ciouses ... i).02wiC?.5" 
-.---.----p---.--...- 

"Approximated from working level (Wi) Cats. 

Table 3-Radon Concer~trat ion and Corresoonding \fenti lat ion Rate in Mcdern  Swedish F4-iornes 
I_-_------I-- _ 

Radon C~rcentrat ion 
!3u, lci i~g Censlruction ~ C ; I L  . ... 

Mater1;3i Air  Chai1~:cihr min av n?ax w_o_u~z .-.-. -. .. . - ........  - --- ... . -_ 
Concrete 0.3 * 0.5 1 3 12 

Multifamily Apartment Sand-based c3rjcr2te 0.3 -A 0.9 L. 7 

bhaie-based .... concrete 2 4 ........- $24 :?.o 8 ..... ........... .lC 
81 lck face: :ni,33d ?rzime; 

S ~Kkwec.!.'.r!~siJ~?~ ~~?nnnnnnnnnnnnnnn . ...... !?-.?-2.q.?-. -.?.'j- 4 .  .. . ., -...... 
Single-family dwelling Vv'ood constr"~ctior~, basment 

of shale.based concrete: 
~ - . - ~  ? r 4 8 

....... rockitfc-o!.!n.suia+ior! ..... - 3: :!.3.3_.- -. .... .-L.& 

-. 3 19 spa;  : 7 , . ~ . ~ : ~ d 2 ~ ~ ~ ~ s ~ c : ~ ~ ~ ~ r ? ! ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 1 .  -!3.?.h-- 45 - - 
San6 s13nn: iniocd irame; 
rockwooi insu!a:!or, C.? ,U 3 4 U r; 9 ! 2 

k ~ ~ c w n  cases of residences built on soil containing unusua!- 
ly large concentrations of radioactive rnateriai. Building 
rrlaterials can also be important sources of radon. Materials 
sl;ch as granite, concrele blocks, brizks and gypscm 
boards often contain signiiicsn: traces o i  r?dicrn7%dhlIe 
wood and organic ~ a t e r i a l s  of construction usuaii j~ do not 
Ss~me soils and ground waterc'" may be siqnllican: sources 
ol radon, Buiiding materials probably play tvio roles; one as 
a source or radon, and the other as a barrier (or non-barrier) 
far soil-produced radon diffusing inlo !he structure. 

PfalOR WORK ON INDOOR RA3JATlON LEVELS 
It has been reported by several workers that radon and its 
daughter eierncnts are nresent in measdrable arnoilnis in 
injoor environments. Table 2 summarizes some radon 
measbrements reported in arid around strxrure; in :he 
U S., Canada and Europe. High rador: concentrat;ols are in- 
dicated at Grand Junciion, Co!orado"nd in t'lc province 3f 
S;iskatchewan, Canadal"due to ;he proximity c: uranium 
mines and the high radium content of soii around and near 

tbe stractures, including mining and milling tails, andlar 
ether sources. Selected homes in these locaiicns had 
ievels as high as 250-300 pCilL, in other iccatio:is iisted ,;I 

the takle, indoor rddon ~ ~ Y F I Z  covered a renge from < 0.35 
to l 8  pC!i?. A iarr;e szale measurement project was con- 
ducr.zd in i h c  State o i  Florida, where houses bad been built 
on l l r d  reclairr-:ed by employing phosphate-ore iill, w t ~ ~ c h  1s 
hiph in rad.:rri:" 

k report by the Swsdish NaZional lristitiite for R?dizticn 
Safety (4) has ~i?o:.~ln that radon ievels in a dweliing can vary 
depending on ver;ti:aticn rate A sunna ry  of sane of their 
meaurements cn s.?v:rai tyses of dwsllinc ~l'i!tS is givsn In 
Table 3.  Air chaiige races are also given in !he Table, and a 
cursory glance at the resul!s suggests 3 t ie r6  toward 
higher iriside radon levels at lower veniilation rates Swed- 
,iernaiky has suc;;c;ested that ventilation ra:Ps are morn /m- 
portan! tllnn oulldlng rnatcrials in estabiishing rad:?n c m -  
ceritral~on 

Preliminary measilremerrts madeby NNBS ps.;sonnel in 
!be Washiy lon ,  DC. area showed Ihe indos; radon colcen- 
iralion to b.-. more than 6 pCiil, in one oi the ho!.!ses, : ~ J ~ I I C ~  

viias cons:ii:cfed to be as " t~qht "  as currer-!: ~ rac t i ca i  
. ................ ................................. icchnc!losv allolfgs. The infii:rztion rate of this ! : c ~ i > i  hc!u?e 
" T h c  con i r~bu t ion  o f  radoi; from weil-water to rcsldentiai constivct lon ., 
and lndoor concenlr?t~orrs 1s riot add;essed in this paper, hi:! shcuid b,. V"aS ~ ~ ~ r o x ~ ~ a ~ e ! ~  0.2 air change per hour. ~ v e n  this very 
considered !n rno::: ceiailed s lud~es .  lovi in!:Itr ation in the i?o!.lse reorese';!s aboui i 6 cl:n/pers:jn 
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genies are attained, vihich is usclaliy difficui! in the field iesr 
condition. Careful experirnentai p i o c e d ~ r e ,  a-,cur;;te 
knowledge of filter efficiency, sampling rate, a i d  s a r s ;  n; 
t ime are needed, in conj l inct inn wil"lc3i;lp:eisns,;:e 
mathematical procecures, 12 t;ar~sia!r. iPe rac~~;ac:~i/~ty 
data of the fil:er caper into i k e  origirlal radc? 
concentrationz0. 

A;tholigh a direct measuremer,t technique o! radcn 
radioactivity, without relying upsr, ;he filter peper c c n t e r i  of 
the daughter products, is aiiai!a!Se (such as that of Lclcas 
Chambers) i; is usuaily not suitable for field rneasurernsfi!s. 
An excellent review on the srlbject of radon instrumentation 
has been published by bud nit^.^' 

CBNCLUSIBb!S AND RECQMMENDATBQNS 
The foregoing observaticns suggest that in s o c e  cases 
radon and  its daughter products may bp  iimitlns f=;i:to:s i ?  
establishing ventilation ra;es in  residc.ices Several 
reported measurements have exceeded the 3 &!!L sug- 
gested Maximum Permissible Cijncentraiion (MPC). 
However, in  the absence of a generally accepled standard 
for maximum permissible cof icent ia t iors  of ihese radioac- 
i ive elements, and lack of source-strensth Gata in 
residehces, i t  is diff icult to set v e ~ t i l a t i o n  s ta~c 'a rds .  The 
data presented in this paper f rom the literature show con- 
siderable variations and are essentialiy spot checks. They 
cannot b e  weli-correlared witk infi ltration mensL;re;-ients. 
There is need for a more broad-bxsed sa~vc-y to dererrnine 
whether a problem exists and, if so, to tvhai extent. 

Swedjemark7,  as noted previously, has s u g ~ s s l e d  that 
ventilation rates are more i vpor lan !  than building mater;ais 
i ?  controil lng inside radcri concentra:ions. In iY~ i l~ i i ngS 
vvhere windows and doeis  are closed, as during ihe  heating 
season, natural air leakage normally changes only a b o l ~ t  
EtO% with time, wind velocity, and  outside temoeiature 
hlechanical ventilation with a heat exchanger may b e  reed-  
e d  to  maintain acceptable levels of radon in marly homes 
and  minimize the energy requirement !or heating or cooi ing 
the outside air .  
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L ^ "  1 ,:derz3e or,cupancy There is s t~ i i  toc much scatter in the 
, - - L  
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-. i?ra:90n and Inside rddcn levels 

SADON VS. VEPdTlLATloN (AIR LEAKAGE) 
4 L - ~ ~ e s l e d  rnodei for ihe rddori concur~t~al lon In the ~ns,de 
2 v i:iih respect to r a d o ~  generailon and air inf~i t rar~on may 
c* 

:$ = radon concentration, atomsiL 
Yd, = oil:sk?e alr radcn concentration, atovsIL 
1 infillraticn rate, air cr!ancje/hr 
k = radcn decay cons!a:~t = 1 2 5 8 ~  10-%in-1 - 0.9375 hr-l 
' = io!;l :adon/daugnter source strength, a:orns!L, hr 
: = LTe. nr 

Sinliar eqi~ation can be used for describing the 
:: cirllegration and decay process :or each of the radon 
c;,-ghlers, name;y for RaA, RaB, RaC arid RaC'. The term 
-if S i ?  !re dauc;i-iter equctions, however, viouid have to be 
.er;isced by tkle disinregrailon rate of i i ie parent eiement. 

Trie solutions for all of The radon daughters that satisfy a 
:et oi these equations can then be conibined to yield a total 
a'cha energy and expresse:? in the unit of VqL, whick lr~i l l  be 
ekpiained later. A cornputer program has been aaveloped at 
K:3S to solve these equations for diiiereni ventilation rates 
-17d Source strength levels. Fig. I illiistiates oil? of the 
.:s'cd;a-iori; shoviiing ie lecied po:er!"iia iiip3a activity in- 
,. . - - -, , :,be 13 th? house wi;h a ieir,~ se!ecrcd typical ventiia:ion 
- i t?s on the assumption that illc? itidon strength is 0.01 
&!'L, min* and the outdoor radon concentration is 0.2 
F*'-: ' l  * 
i.i ' L. 

,$.:hough riot shown in the figure, the alpha activity of a 
ccxtluletely tight house could event~al ly  increase 10 an 
s%i!iS:;,rn level as hish as 0.7 W; aitei tivo weeks. Tile 
i?~t i iated houses, however, qi!~citly attain a steady concen- 
:!atis? of much lower leveis witkir: one day. 

It is seen t:.~a: if tile soiirce s l r zn~ i i i s  are known and re- 
r z i n  constast, the increase of radon coneeritration IS sini- 
p'y i~versely proportional to infiltraiioa rate l .  Sirjce infiltra- . 
VLI rates, l, probably carnot ue made practicatiy iess than 
3 x 2 ~ 1  8 .2  air change per hour, ana sreient-day leve!s are 
,2 5 i~ 1.0 for ,rdeli-buiit recer:t hsuses, !he radon ieve,s for 
.i.?.:r' tl_:i:t hotises ca!iiiot bc expected to be :no:e than 3 to 5 
; T!ES :h:cse of conventional houses. Exailiina:ion o l  the 
1::: in TaSies 2 (2nd 3 sr,c3.vs mariy \jaraa!!or?s far cj:za!er, 
; - , 7  - - .,.!g?es:s unce!!ainties ir; 81ii~2~1.!ii:ig :hi; 'ii::': csr.ce?- 
*,,.l ,>,- 
. d . ! ; . ~  2s h'ei: ?.S the pos:i!r;l.v. vz,iialloq ~ r i  :r,e :;oGrce 
5':eTtgi:: ivi;i-i time, as atmosoheric conditions changs. 

-.. _ : -~ .~gr ; i : ion  that :adori and i f s  daugr1;er products ie !ease i  
,?;g k3mes from building materials, soils, and v~ater  Dy out- 
:ss3g csn be s prc5lem in msny n o ~ ~ s e s  is co::ioa:ztive'y 
,n- - .-,-sl*: :n irie U.S. Tkere are co  ra!iorzi s:a?dr:ss $0; max- 
r,r a.ic\vab;a i ? \ i e i~  .n t?c :esiaen:~ai enviror,nie:lt. nor 
;re :v . - , . + ,  , I ? . .  - ~ J ~ d i ~ c i i i r c ! ~  c + p  - for Luiid:rir; rnater!zls. There are stan- 
35'35 C C C I - P Z ~ ~ C ) ~ ~ ~  exposilie',l '7 '"7 ' 8  , decelcped to 
".i-,a,-, , i r e  h 3 l ; P  of ur:,nium ?- 'neis,  ?ere !i:i> ai 'o i tk5 e -" * -  <,,+ . , - : E  71;12-.1 ik,3r t p g s ; )  :*,l!;i~r bb!~~j,ld 
: , -U , . , - , -  .... ,.,'t;cj in 3 rt.$,fJa?ce, Lu; :c.;y :j;C,',,,,"e 3 s;ar[ig$ po,:;f !c; 
:r3,ealions as to :*:ba: levels s !?~L:? '  L,? zccei;table tn rne iiv- 
,"g e?.i:c~,me?i cri a 24-rcur-uer-day kas's The coccep; of 
*:'!L !:";l'"i:'rlc !eve ) :S L,et2G ;:, ( . , :~ac~~, i ;n j !  ~ : i? . l5drd  

Working levei is def~ned as any combination of r idon 
daughters in a litre of air which will result in the ultimate 
emission of 1.3 X 10"1!1ion electron volts (MeV).of poten- 
tial alpha energy. The ncrrerical value of the working level 
is der~~./ed from tne arpha energy reieased by the total decay 
of short-lived radon dzilgnter products in equilibrium with 
100 pCilL of rador~ (2223 in air '? The WL values were 
deve:oped in part, Sy considering statistical cancer da'.a on 
mine , ~ o r k e r s  who Pad v~orked approximately ten years in 
an erivironrnenr containing approximateiy 100 picociiries 
per litre or more of radon1? Under these conditions, the 
statistical risk is one cancer Der 1000 workers per year4. In 
1968 a standard was issued by the Secretary of Labor'& for 
the mining indusrry concerning the protection of lnine 
workers, stzting occu~at iona l  exposure to radon daugl~ters 
in  mines shall be confrolled so thiit no individual will receive 
any experience of more ihan? two Working Level Month 
(WLi4.I)" in c.ny conseculive three-month period an0 not 
more rtian iour WLM in any consecutive twelve-month 
period. Actual exposures shall be  kept as far below t.?ese 
values as pracficable. 

in 1969. :he Department cf tne Interior issui?d a 
g ~ i d o i i n e ' ~  stating !hat if the air samples show an at- 
mospheric concentration of radon daughters greater than 
one, but less than two WL, immediate corrective action 
shall be taken or the men shall be withdrawn. Atrnosptieric 
concentrations greater than two WL shaii be reduced below 
one WL before resuming ~fdork. 

In 1964, the lr~ternational Commission on Radioloi)ical 
Proteciion (lCRP) presented a formula for estimatinc the 
?haximum Perrnicsiblc Concentration (MCP) of radon based 
cn  :r,e irac:icn of the eqiiilibrium abount of RaA (see Table 
1) ~ ~ I i ; c h ,  if the fraction equals 10%, results in a maxirnum 
permissible concentration (MPC) in air of 30 pCilL (occupa- 
tiocai exposzri.)'? However, both the ICRP and National 
Council on Radi;i:ion F:cteciion and Fneasuiement (NCRP) 
re::ornmend rha! individua's in the general public be expos- 
ed only to levels limited !o one-tenth of the recommerided 
MPC's for occupationai personnel Dr. J A. Auxier'" the 
D~:ecror of Oak Ridge Naliona! Laboratory, Health Phb8sics 
Division, and ;7e S;hedish National institute for Radiation 
Safely" generally concur. Thus it appears that if a criterion 
is ro be appic-d today, the MPC for radon in homes should 
not exceed the su~gested 3 pCiiL which is consistent with 
AEC; r?gciat;ons of 1966, as amended'3 The Swedish Na- 
!(final lnstitu:e for Padiat!on Safety estimates that a 1 pCi/L 
limit ofradon correspords to a cancer risk of 20 per!;ons 
cer millic:l". (Phis p:ojec:ion IS  based on data obtainemd at 
riigie: ;eves of .v.rpcsi!re.) 

Perhaos :ne rr;ajor reasons for the data scatter of Tables 2 
arIc! 2 ere t"ie mei?surfri:eni errors for radon concelitra- 
tioris. The xoz: co,xmon iield mea$urement of radon con- 
cenrrat~on in ;-,e h m s e  is obia~ned through the measure- 
men! of ihe radioactivity of its daughter products by a? air 
sarnp:llc; technicue. Toe air sampler collecis the radioac- 
:ve  dbst  pa:i.c!es which hzve att:acied !be radon dauc~hter 
;=rcd~lcts, p7nlcn are stroncj a.pi:a emitters, cnto a filter 
pa?er. The fliter caper is th!er> in turn placed into a r  ap- 
:?rosr/3ie s ~ ~ G ' c ~ ~ c ~ ~ v I I ~ ,  ccuiil?r to detect the total alpha ac- 
t is  t y  ef t h ~  sz i i :~ l?d  r'dzn daushte: orodlrcts Since the 
v,,r o ~ - r  and ,:S oaugi::ers a.e ccrs:antly transforming into 

r?sLecil;,e prcc;enles, :bus adairig nevii alphas to them 
iroi-n :aeon, i t  is dilf;cult to attribute the measured total 
a;o!-;a s?:r;rgih into tne original co~cenirat ion of radcn in the 
air, ur,izss rce steady-state ccncenirat~ons of all of the pro- 
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'iVl;!vl I? a-: ex:ensi;n of L " l i .  !o express a ~ ~ ~ ~ ! a l i v e  exposure. 
I~~n i_a : , c - .  o f  a r co r :a i r  ::; a radar, dauzk!er concen:raiicn o i  one WC 
for 70 ~ 3 r k . r ~ g  ho!.is (month) results ,n  a n  expozure of one WLM. 
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