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Dr. Stewart's l e t te r  of July 28, 1958, raises the question of the 

- _  best value t o  l i s t  f o r  (MPc)* for Rn222. Since this i e  of Considerable 

practical importance, the evidence on which it is based is reviewed 

here. Your Ju-nt concerning the proper choice of value is solicited. 
1 Dr. Morgan's memo of 191 (revised 19%) is enclosed since it gives 

E review of the various values selected for (MPC)* for radon i n  the past, 

and the calculatlone glven there indicate the cr i t ical  assumptions which 

are involved. 

In 1956 two studies concerned w i t h  these sssunrptions were reported. 

Taken together they strongly support the view that f o r  Rn2= i n  unfiltered 

air  the maximMl dose is delivered t o  the Trachea and results largely fram 

the  daughters. 

ventilation may greatly reduce the concentration of daughter products and 

this would allow a correspondingly higher Shaplro i n  experiments 

on rats, dog6 and man estimates the dose t o  the lungs 8s 0.029 md/hr .  

(Page 174) froan an egullibrium concentration of' 

air. 

ten times this mount (Page 175). The dose delivered t o  the trachea is 

roughly proportiom1 t o  the breathbg rate (Ref  3, Psge 324) 

RBF: of 10 for the radiation which largely consists of a particles, the 

dose t o  the trachea for 8 40 hour week is then 

There is evidence that f i l t ra t ion  or other practices of 

2 

pc/cc of atmospheric 

On the basis of the dog experiments, the dose t o  the trechea may be 

U s i n g  an 

= 240 mrem/week. 



3 Chamberlain and Dyson attempted to check the fractional amounts of 

daughter elements present by using a model t o  estimate the dose received 

in the trachea. 

the lower trachea receive 17 mrads/hr from an air concentration of 10 

pc/cc and the main bronchi receive 23 mrad~/hr. 

level, the dose is 23 x 40 x 10/100 = 

These estimates, interpreted literally, give (MPC)a = 1.25 x 10 

They estimate that at the 20 Uter/min breathing rats 
-6 

pc/cc Thus, at the 

92 mrem/wk. 
-8 

pc/cc for  the 40 hour week value using Ebpiro's estimate and 3.3 x 

pc/cc wing Chamberlain8 end Dyeon's value. 

remain the asstnnptions are not deliberately conservative. 

by Dr. Morgan's comments in the Minutes of the Plenary Session of the ICRP, 

April 9, 1956, the value of 

vertently llsted without correction for continuous exposure and should 

have been 3 x IOm8 pc/cc. 

While Various uncertainties 

As indicated 

wc/cc in the 195 ICRP report W&E inad- 

To summarize, the best availsble experimental and theoretical work 

seems to indicate that IO-' pc/cc of Rn222 together w i t h  its daughter 

products in atmospheric air delivers a dose of 100 - 300 mrem/wk to the 

trachea when inhaled continuously. 

(see Cbamberlsin and w o n ,  hge 324) which might suggest the lower value. 

Actual operating errperience strongly suggests that lung cancer incidence 

is high at levels circa 2 x 

less than 50 years .  

exposure levels this can hardly be called quantitative evidence but doe6 

mggest caution for  very 10% exposure periods. 

lung cancers seam to develop first I n  the bronchi, there does not seem to 

be any convincing evidence that it is less radio-sensitive than most other 

tissues o r  should be anowed to take a greater dose. 

There are varioue uncertainties prellent 

pc/cc even for employzmnt periods much 

Because of uncertainties in exposure periods and 

Since the majority of 

1 I b 9 i 4 t . i  



Since is the only case in which the Hadbook value assumes 

the presence of daughtere, it w i l l  be stafied t o  refer t o  8 Section of 

. _ -  the text where the basis for t h i s  value is  discussed. 

appropriate t o  give a rule euch as that suggested by Shapiro (see Psge 8). 

"!Be (Mpc)a value Meted for Rna2 + daughters assumes equilibrium, but 

the principab contribution t o  the dose is  from the daughters. If it I s  

determined that the daughter products are present in less than equllibri\rm 

Here it might be 

amounts, the (MPC)a value l l s t ed  may be divided by the fraction of these 

equilibrium amaunts actually present. " 

Chamberlain and w o n  do not glve a dose estimate for the thoron 

chain. 

dose t o  the bronchus thsn €In=. Assuming lo4 pc/cc of Tn, Chamberlain 

and w o n  estimate .008 7 s d  1.1 7 of T ~ A  and T~?B respectively, 

these being only the uncombined atam. 

t o  their Figure 4, page 320, O.l$  of the daughter activity that i e  a i r b m  

will be deposited per cm of tmchealsurface, taking a6 they do the 

distance from the vocal fold 8s 7 cm. Thw, for a breathing rate of 

3 20 l./min, we find .008 x 20 x 10 x 60 x 0.001 = 9.6 ThA atams/cm2/hr 

deposited on the trachea, a d  1320 ThB atarm/cm2/hr deposited on the 

trachea, 

A rough calculation aeemS t o  indicate it would give a much enraller 

atoms 

(See ref. 1, page 324). According 

2 

A t  equilibrium the number of dlsintegrstione per hour equele 

these numbers. 

Aasumlng 50 microns as the range of the 7 MeV a particle emitted by 
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A disintegration of ThB releases a 13 of .35 MeV (w), mother B of .59 MeV 

( I.&), and a 7 of .24 MeV. The total energy is thue at most .62 MeV of 
C- 

J which only a rather small fraction would be absaFbed in a thin layer of" 

the 5rachea. Thw, the dose due to the TbB is at moat 

1320 x -62 x 1.6 x lf3 
2.62 mrads/br. This is an overestimate 

30 100 

1mofar as absorption within the 50 p layer I s  concerned snd it also negl€!cts 

ciliary action in removing the deposit. (Eke ref'. 1, page 324, for a dis-  

cussion of this.) 

?l€wxth€lcis6, the dose f o r  the entire thoron chain I s  thus only 2.8 

mrads/hr in contrast to 30 mads/hr for the same concentration of radon. 

This would suggest that the (MPC)* for Tn might be larger, perhaps by an 

222 . *  order of magnitude, than the (MPC)* o f  Rn 1c . 
However, these calculations and messUreme~s cannot be considered EB 

, 

ent i re ly  accurate. Exhslation is neglected, a d  the deposition of the 

particulste matter will certainly depend upon @icU size and the 

individual's breathing habits. These devlatforrs m y  be more serious 

in the case of the relatively long-lived ThB than Par RnA. A ballot 

for  the thoron (Rn2*O) (MPC), is therefore erlao 
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Choice of (MPC)a for €Inm2 +daughters for 40 hour week. 

I -. 

(Vther) -8 E 
CC 

1 x 10 -8 E 3 x 10 cc 

Y .  - 

Ra** value Rt%220ySlU€? 

sane as Rtl 222 

* 

( Other) 222 = 10 x (MPc)* of Rll  

Cuuunente concerning f ract ion of equilibrium rule: 

-- 

(MPC) for RnZ2* + daughters for 40 hour week. a 
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