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6 * a s i s  paper is based on work perforncd under cop 

S t a t e s  Atomic Eberf;: Commission at The University of Rochester A t d c  

Energy Project, Rochester, N e w  York. 

** The author g r a t e f i l l y  acacnowledges the advice and assis tance of Dr. 

Willlm F. Eale 12 the p W r 4  and i n t e r p r e t a t i o n  of these experi- 
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ments, He tr.anks Dp. John B. Hush,  Br. A d r i a n  H. DahL, M r .  S t u a r t  

Black, and Mr. F s m c i s  Gavigan for help in various phases of this work. 

P e r t  of these  data are tat;en f r o m  EL thesis t i t l e d  " A n  Ehaluation of 

the gulnonar;. Radlatic:: Wsage f'ron: maon and Its Daughter Pmducts," 

preeented to the University c;f Iioshester in partial  Pulfiblment of  

I 

" <  

the requirements for the  -.De in Biophysics, and-fssued i *'- 86 report  

. . , '  .., 
UR-298. A preliminar; report on s m e  of <ehese .r_r r e s u l t s  'given here was 

*. , I 

submitted in a b s t r a c t  f3m f o r  presentation before the 1955 Internat ional  

,. 
Conference on the Peaceful Uses of Atxxxdc Energy. 
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Groton Connec t i c u t .  



V a r i m  estimstes hiwe been psde of' mxlmm peanieslble alr  ceacantratfonrr 

based upon different hygotheaes a i  to hov these radloactlre naaterials arc 

handled in the body (1, 2, 3 ) .  The factual lnfarre;tlon upon vhicB these 

calculations vcre baaed m s  a. The f o U o v l q  exper iva ta l  stud7 OIM 

Exposure ehspber and Saw ling Procedures 
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To p r s v i d ~  data Q I ~  this subject the fdlloving axpriPhntr were 

Rata were placed in the exposure chamber fm a t  least  

2 1/2 hoursp r e ,  3naedIatel.y sacrificed, and the r d o a c t l v i t y  

carried out- 

O f  l q e  bt-d by WWWQnt .  O r i t h  e vblP-tm B C h t i l P 8 -  

t l s n  counter.  The expomure period uaa long enough, som& four timee 

the effective kx~bi--Piia of the radon daughters, that an equilibrium 

amount of these material8 Ln the lungs can be s88u~ed. Amsage Weight 

of the rat's bungs durlng 1 U e  vas assused 011 the -16 ai our experi- 

mental asarurements 

total ulo veight.. 

calibration fastore these dnta  on retained radioactivity m t t e d  
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Fnner disaster equdkd the inner aia8mter of t h  trachea, 2 %L, and -e 

thickaess equalled the average mnge ab there alpha particles In W8teP9 

66 microne ( 9 ) .  

The lungs receive radiation dosage f'mm radon 5teeU arndergohg 

radisactlve decay while in the lung. Dosage to the lungs f r o m  radon 

breazhed into the lungs was calculated OII tbe assumptions that the aver- 

age lung volume y88, ie cubic centW%ero ,  4.4 percent Oi the rat weight8 
, I # &  (,lu. 

in grane, that the average radon concentmtion hn this rolume was the 

maw 81 in the air being breathed, and that the radon degradation 

products, through W', bran radon decaying in th. lungs, stmaiped fixed 

in the  lung^, 

Lung and tracheal dosage8 vere measured in rats expose8 to radon 

mlxed vith three different atm.gheresc 



i 

3. The sir in the chsmBcr waa casciully cleared af Its duet load 

before the radon m a  Introduced. 

Experimental results obtained wfien rsts were exposed to radon in 

dusty atmspkreaare s h m  in  Table 11- One can note that the average 

dosage per hour t o  the lungs iscan radon &gr-tiOn pPsdusts, 8-24 

m i l l F r a d ,  ie some 57 t l m s  higher than e s t m t e d  froa radon itself p l u  

only  the radioactive daughters resulting froln the radon decaying fg 

the rat  lung" 

Measureme!nts rde 01% the tracheae of s m  of the exposed rats are 

alp0 given. Ie E k p e r - r n t B  10-lb, the ntpgsphme contained particdBta 

matter vhich approximated that of outdoor air  in the vlclntty of the 

hboratory. The average tracheal dosage v a ~  0.82 . & b e e  the average 

lung doeage. In Exper-nts 12-13, the rats were exposed in air eontaie- 

lng nuclei produced by the warking ai a defect1Te blower motor In the 

expocaure stamber. The nuclei were produced in the chamber some 18 hours 

before the rats were exposed. Tha average tracheal dosage naso3b4 t-e 

tht average lung: douage. 



4 . .- . r  a:  

Table XI1 represents the rerultr ab expmraato  in m c h  rat6 

greceedlng and duslng t h  expxnares. Thls procedure reduced the 
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t lon products Fa the l ~ g s  and tracheae ob 14 dogr wss also me~isured~ 

These experimente had for their primary purpoee meaeurement of the dis-  

t r i b u t i o a  of ventilatioo and perfusion in tha varioue lobes of the dog 

bung. These erperlments were carpied aut in collaboration with H. Rahn, 

and E. E. Farha (10) Five dog8 were axpoeed to radon and Padon 

daughters c o n t a b d  Fn outdoor air wfth its  aoxplciL dust load which had 

been introdused inta the exposure chamber a 6ev burs before the exposure. 

Bine addit iml  dogs were exposed to an atroephere in vhfch the radon- 

dsughter-carry-la.g nuclei were generated artificially by a rparklng motor. 

The tracheae were camlated In a l l  exper-nts ad, the dog6 anesthetized 

with sodium pentobarbital. The minute volumes of the f h s t  group of f i n  

dog8 were measured during the exper-nt by p e a l n g  S I r  returning to the 

chamber through a gas metes. Rcsubta 0% theee experiments are given In 

Table N, Respbatory sates of Dogr 1, 2, and 3 averaged 20, 30, anB 15 

respectively durfng the experiment. Dog 5 ,  aupdv v e q  deep anesthesia, 

respired about 1 per &Utec Respiratory rates fop the other animnls 

were not recorded. 

t 



the air to be breathed by the subJect, aecond v!!:L -.ze sub : e e t  breathing 

subject. Reduced prasrust: behid  the IP i l l lpor t  paFer x e d  f a r  raPlg.sw 

begradation productr fpan a r b l e d .  ais Lnsreased t!m C,w af a i r  though 

the f i l ter  so that the subject  could breaths under easentlelhg ?hysiologicfCL 

ctmditisna, Tha appasstw is shown in Flgure 9. 

"he results a r c  given in Table y,  The average retention of %ha 

daughter products in six- eontalning mmal atmospheric d u s t  vas 25 percent. 

The amrage retention of t h e  daughter preductts in i'lteered a b  y8g 75 per 
* 



IprPerlMntal cca%dltfoPr. 

Tho m t s  in Eq>srds&~xta~ 1-U vert exp<Hedl 18 air containing particulate 

ratter vhich appreldasted that of outdoor air in the vicinity of the 

laboratory. 

4 .8  x 16 

"he d l f l b l a a  coefficient of the redloactive dust vw about 
-6 2 ea /see, as dsterni;ntd .reaauring the deposltiolr of the duut 

tabe8. mt;O b W r i e h d B  12 sad 8W.d f8 a b  Cat8- 

nuclei produced by the spar- of a defectin blower mtor in the a ~ o r t u u  
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e- 
Zrti9sted dosage rrar radon gao and dieintegration prsductr of radon 

molecules & c a m  tn lunge. 

.ooQ42 e o 0 4 2  a 00033 w8 
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TABLE V. Results of Bunran Retention Experiments 

Subject 

T I M  
V o l m  
Liters 

Percent 
Retent I o n  

(a) Daughter products on atmospheric nuclei 

! 

(b) Daughter products 18 f i l tered air 

1-5 

1 4  5 

rJ 

23 

2p 

25 

22 

w 



1. 

2. 

B = Fractional retention -- .a 4. 
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where t h e  numerical values in order i n  the numerator art the conversion 

f a c t o r  from curies tu micrmfcrocuries,  drcm hours t o  minutes, from Mev 

t o  ergs ,  from rad t o  mil l l rad,  and In t h e  denanlnator frem rad d t s  to 

erg/g;I.amo. 

For radon daughter product8 in very clean air, us- the same assup-  

t l o n s  except for a three times greater  r e t e n t i o n  of 75 percent, the lung 

dosage Is .Om m i l l i r e d  per  hour.. 

These salculat lona assme radioactive equilibriwn between the airborne 

daughter products. The Iosnu la  w i l l  apply a l s o  t o  t b a e  s i t u a t i o n s  oceurlng 

in prac t ice  where the daughter pssducte we not in equilibrium with each 

other  bi the daughter product air sample whose alpha a c t i v i t y  as t o  be 

determined f o r  t h e  purpose of obtaining C 

from the  mid-point of the co l lec t ion  time (which should not exceed 10 

is alloved to decay one hour 
d 

minutes). TBe a c t i v i t y  measured at  6s minute decay is then extrapolated 

back t o  zero t h e  assuming daughter product equilibrium. It has been 

shown that the  calculated lung dosage based on t h i a  treatment of the air 

1~easuremaxt8 is fa ir ly  independent of the a c t u a l  relative claughter product 

concentrations in the air  ( 9 ) .  

j \ . I L  



On 

d08e to the luaga a8 a whole, breathing radon daughters 8t a level of 1 x 

be 168 x . O s  = 4.95 millFrad per week of 168 house. The exgerimenw 

breathing rate was abaut 90 liters per mlnute. The additlamil contribu- 

t i o n  in bung doeage %ran an equilibrium arpount of radon I t s e l f  present In 

Plsdiation Protection (2) it l a  fnstructim to bee how the htrrarn bung 

expoaure figussa, cstlmated from our expealxwnts correspond to the permiseible 

tissue exposuers recanmended I n  the rame c m t t e e  pubbication, They 

sesarmscnd that human tissue doeage be lfaited t o  0.3  rep per week for 
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estimated average lung dosage for data presented here. 

@$ Average radiation dosage to the epithelial. l l n h g  Oi t?ie huger 

bronchi ia more d i f f i c u l t  t o  estimate frcm experlsmxrbal data. Extrapoh- 

tion of the results of the dog experiments t o  human eubdectlp suggests 

that t h i a  dosage may reach ten times the doaage t o  the lung 

+ 1341 
( o y "  4016 8 whole. 

Therefore, the average dose to the bronchi& tubes probably does not 

depend v e q  strongly on the breathing pattern of the individual being 

exposed a8 long as the e r l r  flow through the lung passageways ie Inmlnnr, 

In one experiment the aetivltg deposited fn pla8tlc tubes approxhate3.y 2 

decrease of nigute volume ob 59 percent decreased the activity deporlted in: 

the tube by only 29 percent. Accordingly, the tracbaah dosages reported igx 

this paper may give a f a k  frpdicstion of the -8 hparted to tuber of* 
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breathing an atmaghere c m t a l n i n g  radan 1s usually IprdParflJV due to radon 

daughters rather than from radon. itself. It is fur ther  eonclutled on the 

'baair3 of experimental, data presented here that the maximum aUswabla Sir 

concentration ~f radon currently recaeasndsd by the Batianed Ccmmlttee on 

h 

m a  than 15 m%l%kep per week. I% i e  suggerrted, however, that these 

reccrarsncktlons be interpreted In %arm of the concentration of alrborne seuhn 

daughters rather than of radona itself. Tbis would permit higher radon coneen- 

tratiom under conditions radon &@tar coacentratiana vere kept PQW bap 

ventilation 81 ether procedures. Reference b ade to a propored increase ie 

the acceptable weekly alpha radon dose by a factor af s l l g h t ~  greater t b  tuo. 
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