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One of the main types of radiation exposurs in the nuclear energy
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progrem at the present time is exposure to radom and airborne radon
degradation products during uranium mining and early refining operations.
Various estimates have been made of maximum permissible air concentrations
based upon different hypotheses as to how these radiocactive materials are
bandled in the body (1, 2, 3). The factual information upom which these
calculations were based wag small. The following experimental study was
aimed at increasing the information as to the actual radiation dosage to
different parts of the human respiratory mte- from emsﬁe to radon and
its radiocactive degradation products.

Exposure Chamber and Bampling Procedures

All the human and animal exposures were performed using a chamber
3.9 feet by 2.9 feet by 6.4 feet of a.pproxim;tely 1800 liters capacity.
The radon for the chamber was obtained from i. 50 ‘n;cmcurie radium chloride
source and displaced from the collecting flask into the exposure chamber by
wvater displacement. The radon concentration in the chamber was originally
measured by introducing samples into an ionization chamber attached to a

vibrating reed electrometer. In later sxperiments, the radon was collected

TN
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quantitatively on charcoal and counted in s:eintﬂht:l.on counter ~ The

£i1terable radicactivity in the air, i.e., ﬂn redon uughter products;

/BAthroughBaC' mmmwpmmcmmthroms.mw
fiiter. Alpha activity on the filter paper was uuuredwith a scintiile-
tion counter. The radon concentratiom used in most experiments vas

-8 )
around 2.5 x 10 curies per liter.

Dependence of radon daughter product lmlv m d.ult lond and air circula-
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air from the out-of-doors with its nornl dust loud, neaaurenents ahmnd,

the radioactive degradation products in tho air, through radi.{m C', reached

-

substantially radicactive equilibrium with the radonpremt This level

of equilibrium, ranging usually between 70-.nd90 porcent,d.ependcd very

Little, even in this small chamber, on vhether the air was stirred vith s
fan or alloved to remain quiet.
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the airborne degradation dasughters fell to lovw levels compared to the W\ﬁ:{;

equilibrium value. Values in quiet sir were often less than 20% of the k»r(:, /
‘; . ..
/

. , equilibriun value, and for agitated air, 2% of the equilibrium value.

1/{"” W The explanation for these lower values of radon degradation prod-

l

Lb‘
ly\ M Wl’:cts in dust-free air, confirmed by other experiments, is that daughter

L Jk -
s
' wi o W}products which are not trapped on dust particles have a much greater d,,./’ [y y‘/”r
4

il A ﬂ:l W
’ u '  mobility and are more rapidly deposited on the chamber walls. W ﬁ’} |

| Yok Tﬁ%etemmuon of blological half-life of radon daughters in the lungs of ﬂ Wg,

W'A L’Wj the rat. &ADW
%‘:ﬁ, ’/é;;/} V g‘rﬂioua calculations (4) and experiments (5, 6, 7) bave indicated

yn
' A pf/’ that for a human exposed to radon plus radon degradation products the

78 ’W
%‘4" ‘ principsl radiation would be from radon degredation products deposited

A

wﬂﬁ degradation products in the lungs during complete radioactive decay.
AX\W There are no published figures of actusl measurements. Such measurements

/d‘ W& the respiratory system. These calculations assume retention of radom

’ were therefore made with rats. Groups of four animals were exposed in

the chamber to radon and radon degradation products in sair with s normal




TABLE I. DATA FOR CALCULATION OF BIOLOGICAL HALF-LIFE

Time animal sacrificed Cpm at
after end of exposure equivalent
Rat Weight min. decay time

(1. Uncleaned air)

26 167 5 384

27 181 5 381

28 178 140 241

29 175 140 215

(2. Cleaned Air)

31 192 8 T40

32 183 8 640

33 200 81 500

3h 190 & 450 P
q’5”/§. 2

Avg. of rats 26 and 27 = 383 1%56/”'(‘({ $

Avg. of rats 28 and 29 = 228 o \ . ;:}(%;"4, {ﬁ?(:{g ¢

Blological half-life = 180 m e bk 7V S . ;

Avg. of rats 31 and 32 = 690 4";/;0 /

Avg. of rats 33 and 34 = 475

H
Blological balf-life = 135 n ¢, ducke 7|
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dust load, and to carefully cleaned sir. The results, shown in Table I,
indicate that in each instance the biological half-life was 2 hours or
greater, which is long compared with the effective radicactive half-life
of about 35 minutes. Therefore, from & health physics viewpoint, the
dosage correction that should be made to allow for removal of radiocactive
material from the lungs is small for rats, and presuinbly so for oth:z‘/‘
experimental memmals and man. 7"‘”

Fha
Measurements of lung and trachael dosage in rzl.(’&@“j{ﬁ/ P lar "

Measurements have been reported by other ;mstiaatdra in which

o o y M
ahey
relative radicactivity in the lungs of rats was measured following ex- % 2
posure to air comtaining radon degradation products somevhere near fﬂu“"“-
equilidbrium with radon, and to air containing radon virtually free of M
degradation products (6). These results have been interpreted as

showing that relatively the radiation dosage was due almost entirely

to the radon degradation products present as pa.tticulates in the air,

rather than to radon itself. However, no actual dosage measurements

in terms of rad or rem units were made.
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To provide data on this subject the following experiments were
carried out. Rats were placed in the exposure chamber for at least
2 1/2 hours, removed, immediately sacrificed, and the radioactivity
of lungs determined by gemms measurements with a well-type scintilla-
tion counter. The exposure period was long enough; some four timees
the effective half-1ife of the radon daughters, that an equilibrium
amount of these materials in the lungs can be assumed. Average weight
of the rat's lungs during life wvas assumed on the basis of our experi-
mental measurements and 3Stokinger's values (8) as 0.%3 percent of the
total live weight. With suitable ra.diouctin dc;af corrections and
calibration factors, these data on retained radiosctivity permitted

calculation of the alpha radistion dose per gram per hour to the lungs : _‘

, {; ﬁw}uw i dferdiy ¢ &%«gf; (s |
7 w/sz.

The radioactivity of tracheal segmemts from some rats was also
i . -7 .
A wa e qout woy )
measured. On the basis of these measurements the radiation dose to

of the experimental animals.

the epethelial linings of these trachea was calculated on the assump-

tion that the alpha energy was expended in a cylindrical tube whose
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inner diameter equalled the inner diameter of the trachea, 2 mm, and vhose

thickness equalled the average range of these alpha particles in water,

66 microns (9).

The lungs receive some radiation dosage from radon itself undergoing

radiocactive decay while in the lung. Dosage to the lungs from radon

brea:hed into the lungs was calculated on the assumptions that the aver-

age lung volume was, in cubic centimeters, 4.4 percent of the rat weights

in grams, that the average radon concentration in this volume was the

same as in the air being breathed, and that the radon degradation

products, through RaC', from radon decaying in the lungs, remained fixed
in the lungs.

Lung and tracheal dosages were measured in rats exposed to radon

mixed with three different atmospheres.

?‘ 1. The atmosphere contained particulate matter which approximated

‘ MV’
&LM’Q t}':j‘:at of outdoor air in the vicinity of the laboratory.

ﬁ,pq}/ : L} 2. The atmosphere contained nuclei produced by the electrical
Tt ) )
ﬁ yo/gwﬁ(

. 9}' [ A" sparking of the brushes of a defective blower motor in the expo:ir/;é M
[ b NS . '
\fM“v 9¢ﬂchaibere 7’L‘W hgb/y



%, The air in the chamber was carefully cleared of its dust load

before the radon was introduced.

BExperimental results obtained when rats were exposed to radon in

dusty atmospheresare shown in Table II. One can note that the average

dosage per hour to the lungs from radon degradation products, 0.2k

millirad, is some 57 times higher than estimated from radon itself plus

only the radioactive daughters resulting from the radon decaying in

the rat lung.

Meagurements made on the tracheae of some of the exposed rats are

also given. In Experiments 10-11, the atmosphere contalned particulste

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

leboratory. The average tracheal dosage was 0.82 times the average

lung dosage. In Experiments 12-13%, the rats were exposed in air contain-

ing nuclei produced by the sparking of & defective dlower motor in the

exposure chamber. The nuclei were produced in the chamber some 18 hours

before the rats were exposed. The average tracheal dosage was Q.46 times

the average lung dosage.

gt et Al v
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Table III represents the results of experiments in vhich rats
were exposed to an atmosphers containing redon but largely cleared of
suspended particulate matter before the radon was introduced by air
filtration or prolonged settling of the material in the chamber air.

In Experiments 14 through 23 the air was not stirred during the
animal exposure period. Simple removal of perticulate matter from ths
chamber air reduced the averags lung dosage by a factor of 5.1 compared

with normally dusty air. In some of the sxperiments under these condi-

tions dosage to tracheal epithelium was compered with dosage to the

rat lungs as a vhole. The tracheal dosage in five experimental rats ({ / Ju" !
7 oo gl v
averaged 7 times higher than the lung dose. M

In Experiments 96 - 26 the chamber air was stirred with a fan
preceeding and during the animal exposures. This procedure reduced the
dosage from radon degradation products by a factor of 31 compared with
clean, stagnant air, and a factor of 160 compared with air with a normal
dust load.

Besults with dogs

The gamms radiocectivity produced by dsposition of the radon degrada-
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tion products in the lungs and iracheae of 14 dogs was also measured.
These experiments had for their primary purpose measurement of the dis-
tribution of ventilatiom and perfusion in the various lobes of the dog
lung. These experimentas were carried out in collaboration with H. Rahn,
and L. E. Farhi (10). Five dogs were exposed to radon and radon
daughters contained in outdoor air with its normal dust load which had
been introduced Inteo the exposure chamber a few hours before the exposure.

Nine additional dogs were exposed to an atmosphere in which the radon-

sl i ol 22 Vit o & a e Pai - m it B ettt s Rl B A AT - Bagh . o, W WL B W iadPes

Shar

daughter-carrying nuclei were generated artificially by a sparking motor.

The trachese were canulated in all experiments and the dogs anesthetized

g . Nl

with sodium pentobarbital. The minute volumes of the first group of five

doge were measured during the experiment by passing air returning to the

chamber through & gas meter. Results of these experiments are given in

Table IV. Respiratory rates of Dogs 1, 2, and 3 averaged 20, 30, and 15

OO e A o sbein . olinh LA

respectively during the experiment. Dog 5, under very deep anesthesia,

i respired about 1 per minute. Respiratory rates for the other animals

; were not recorded. M}/{L ‘% Ww
M -

A S b
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Radon daughter vproduct devpositiop in man.

[fA The fraction of the inhmled radon daughter producta re%ained by

o

twvo himen subjects vas measured for chamber air witz : »ormal 2ust load and

PR

™
" i

by one subject for air cleaned of particulate matter. Tie Zeneral prineci-

w,,,
P X

) o

ple of the experiment was first to sample for radon u.zx%ar radicactivity

in the air to be breathed by the subject, second wizli -_e subject breathing

vy - -

o

chamber air toc collect and measure the radon daughter :ctivity of the air

extaled by the subject, and finally, agein sample the air breathed by the
subject. Reduced pressure behind the millipore paper :sed for removing
degradation products from exhaled air increased the flcw af air through

the filter so that the subject could breathe under essentially physiological

conditions. The apparatus is shown in Figure 1.

The results are given in Table ¥, The average retention of the
daughter products in air containing normal atmospheri:c dust was 25 percent.
The average retemtion of the daughter prcducts in filtered air was 75 per

cent. A msoprene balloon, used as an artificial lurg, zave essentially
A A
zero retention in air containing normal atmospheric dust. ’ “1 &J&q“
w? {1

i et - B S B U ———
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TAELE II. Average Radiation Dosages to Lungs and/Trechess of Rats Breathing

Radon Daughters Carried on Atmospheric Dust a Concentrations Equivalent to

-1
Bquilibrium with 10 curies/liter Radom (

/|
v
Neasured average doug/ ured average dosage
to lungs to tracheas

Exp. W.
¥o. (gm) erg/gm/hr millirad/hr erg/em/hr millirad/hr
1-9 190(avg) .022%.005 .22
10 184 .036 .36 .033 33
1 185 .033 .33 .02% 2
12 183 .027 .27 .010 .10
13 189 .02h - ! .013% <13

Estimated dosage from radon gas undergoimg radiocactive dccay'in the lungs.

. O00k2 L0042 .00033 .0033

Experimental conditions.

The rets in Experiments 1-11 vere exposed in air containing particulate
matter vhich approximated that of outdoor air in the vicinity of the
laboratory. The diffusion coefficient of the radioactive ‘dust vas about
k.8 x 10'6 ca’/sec, as determined by measuring the deposition of the dust
in tubes. The rats in Experiments 12 and 13 were exposed in air containing
nuclei produced by the sparking of a defective blower motor in the exposure
chapber. The nuclei were produced in the chamber some 18 bhours before the

rats were exposed. The radioective dust had a diffusion coefficient of

about 9 x 10 cna/sec, ) /1!
s it

e g o g - AN T\ et g3
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The radon level in the chamber wes sbout 22 x 10 curiss/liter. For rats

1-9, 12, 13, tmuughtuprodmnnlmtuaumm%m%

of its potential equilibrium value with the rasdoa. For Rats 10 and 11; the
dsughter product level was 56% of its equilibrium value, the remainder of
the daughter products being on the walls of the chamber. The lung sctivities
were of the order of 15000 cpm. Tracheal activities were 100 cpm above the

background, which averaged 120 cpm.

Hathod for determining dosage

The Nal well-type counter used to count the rats’ lungs was calibrated
to meagure the alpha radiocactivity in the lungs by counting the daughter
product gamma activity of a millipore filter after alpha measurements had

been made on the filter witb an alpha scintillation counter. The radio-

LT

active millipore sample vas prepared by drswing a liter of chamber air

comtaining radon and its dsughter products in equilibrium through it. Its

sbsolute alpha disintegratiom rate was obtaimed by compering its counting

rate with that of & calibrated uranium foil which was the same size as the

millipore. The alphs self-absorption in the millipore filter paper vas

3 percent (7). After the alpha activity of the millipore was measured,

it vas inserted into a test tube, and dissolved in acetone so that it
occupied approximately the same volume 28 the rats' lungsn/ By extrapolatiom,
: the a/y ratio* on the millipore paper was cbtained at 60 mimites after

collection of the air sample. From a knowledge of the 7 spectrum emitted

by the daughter products, it was calculated that this was equal to the aly

ratio of an infinite sample, i.e., the rat's lung. This was verified

experimentally by comparing the &/7 ratios of grsb millipore samples at

60 mimutes decay and infigite millipore samples at O decay. The gamma

-
i
{
!
I

N

V
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Table IT - p. 3

activity of a tube containing some uranium ore was read at the same time
gorma measurements were made on the millipore paper and served as a secon-
dary standard for some of the experiments. The alpha energy imparted to

the lungs was obtained from the average alpha energy per alpha disintegra.tion,
which 18 7.58 Mev. The calibration method has been previously discussed

in detail (7).
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TABILE III.

Breathing in Cleaned Air Containing 10-]'l

Average Radiation Dosages to Lungs and Tracheae of Rats

curies/liter Radon.

Dtr. prod. con-

Measured average

Measured average

Exp. Rat Wt. centrati dosage to lungs dosage to tracheas
Ko. (em) ¢/1 x10 erg/gm/br millirad/hr. erg/gm/br millirad/hr.
14-18 197 .18 .0045%.001 . Ok5
(avg)

é* 19 201 ik 0094 .08k .049 g

%* | 20 182 .23 .00kg .Ok9 .020 .20

: r( a2 200 .33 0053 .053 035 .35
22 198 .21 .0031 .031 .035 .35

3 23 192 .2% .0018 .018 .013 13

; M’ 2h.26 18k .022 .00015= . 00003

2 Estimated dosage from radon gas and disintegration products of radon

E molecules decaying in lungs.

X .000k 2 0042 00033 -0033

During Experiments 24-26 the air in the exposure chamber was stirred
vigorously with a fan. The air was not agitated during Experiments 14-23.
The fanning of the air caused most of the daughtsr products to be deposited

on the walls of the exposure chamber.
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TABLE IV. Aversze Dosages to the Lungs and Trachees of Camnulated Dogs

£ Preathing in Uncleemed Air Containing 10" Cirses/Liter Radom in Equil-

';; = shpium with Tts Deughters

Wt Min Vol Avg millirad/nr Avg millired/hr

H Dog Kg ce/ kg to lung to trachea

ig,‘. 1 13.3 o23% .032 21

2 8.35 336 -ONT +35

: 3 9.54 178 .036

5 9.6 .037 .48

5 8.48 Bl .02k .062 A

W

Avg. . o
9 dogs bepe
(6-14)7.0 030 .18
The counter used to measure the gamma activity of the dogs' lungs and v

tracheae was the Texaco well-type Geiger counter; type GR,“nsmn’aca
tured by Welch-Allyn, Inc. The lobes of the lung were counted
individually and then added to give the total lung activity. The
counter was calibrated by the a/y ratio methoddescribed in Table II.
The redon level in the chamber wvas 31 x 10"8 curtes per liter. Lung
activities were of the arder of 35000 cpm at O decay tfme; tracheal
activities ranged between 200 and 1700 cpm. The dackground on the
counter was SO0 cpm. Tha tracheal segments coumted were about 1 cm
in diameter and between 8 and 11 cm long. o

Dogs 1-5 breathed daughter products carried on ordinary atmospheric dust.
Dogs §-1% breathed daughter products carried om mnclei produced from

the sparking of a blower motor in the chember.
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TABLE V. Results of Humen Retention Experiments

Tidsl
Yolume Percent
Sub ject Liters Retention

(a) Daughter products on atmospheric nuclei

‘ 1 1.3 27
_ 1 1.1 23
2 1.0 >
» 2 0.72 22
; 2 1.5 30
‘ Artificial
lung Q
(b) Daughter products in filtered air
1 1.5 T2
1 1.5 78

| VY

o 0




Digcussion

From the lnman exposure data given in the previcus section;, and assuming

,
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the long biological half-life found for rats also holds for human dbeings, one

-

can calculate radiation dosage to the human pulmomary system under those

7

exposures conditions for wvhich the data were obtained.

Vs A o e ST Rk

For radon daughter products in normally dusty air, notation and assump-

«

tions are as follows:

|
/LP- V, = Minute volume -- 10 liters/minute 1.

Airborne RaA through RaC' in equilibrium 2.

1 -11
c( i = Concentrgtiom of each daughter -- 1x10 curie/liter 3.
(1 x 107 pe/ee

G s S A S DR RN RN AT - pp o

R = Fractiomal retention -- .25 . k.

.

PR

Ve = Weight of lungs -- 1000 gm

<

All radiocactivity retention occurs in lungs 6.

= the energy in Mev dus to & radiation from complete radiocactive T-
decay of RaA, RaB, EaC, and RaC’, each at an initial activity
of lpu curie, v&en disintegration comstants are given in
: units of min. ~° 1s

§ 2.21[(-6,{-%.1-&:7.68('%: +-£; *ﬁ+ﬁ‘ﬂ -1.277::3.03

i
I+ D_ = the average @ radiation dose to the lungs im millired units
’i per hour will them be

cdxlomxvnxxx&xlhxléxwéxm’

= 0.029
W, x 100 '

: LT
LY . L
W13

.;_J.A.“Q{L%ﬁ« T T

*
el e an i ey s v ﬂnu't.huaﬂﬂhﬂﬂﬂ*ﬂ.j‘.ﬂl&hﬂ.“*ﬁﬂ‘ﬁ‘l&&dﬂ&‘l‘hﬂﬂﬂﬂﬂﬁtnﬂuﬂd#i
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vhere the numerical values in order in the numerator are the conversion
factor from curies to micromicrocuries, from hours to minutes; from Mev
to ergs, from rad to millirad, and in the denominstor from rad units to
erg/gram.

For radon daughter products in very clean air, using the same assump-
tions except for a three times greater retention of 75 percent, the lung
dosage is .087 millirad per hour.

These calculations assume radiocactive equilibrium between the airborne
daughter products. The formula will apply also to those situations occuring
in practice where the daughter products are not in equilibrium with each
other if the daughter product air sample whose alpha activity is to be
determined for the purpose of obtaining Cd is allowed to decay ome hour
from the mid-point of the collection time (which should not exceed 10
minutes). The activity measured at 60 minute decay 1s then extrapolated
back to zero time assuming daughter product equilibrium. It has been
shown that the calculated lung dosage based on this tréatment of the air
measurements 1s fairly independent of the actual relative daughter product

concentrations in the air (7).
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On the basie of cur experimental results the average radistion

dose to the lungs as a whole, breathing radon daughters at a level of 1 x
-11
10 ciries per liter each for RaA and RaC' in normally dusty air, would
be 168 x .029 = 4.95 millirad per week of 168 hours. The experimental
breathing rate wss sbout 10 liters per minute. The additional contribu-
tion in lung dosage from an equilibrium amount of radon 1tself present in
the air would be small.
-11 -8

Since this wvalue of 1 x 10 curies per liter (1 x 10 microcuries/
cc) 1s also the maximum permissible level “for r&don for continuocus exposure
in the latest published recommendations of the latipna..l Cémittee on
Radiation Protection (2) it is imstructive to see how the human lung
exposure figures estimated from our experiments correspond to the permissible
tissue exposures recommended in the same committee publication. They
recommend that human tissue dosage be limited to 0.3 rep per week for

8 and 7 radiation, and that the maximum permitted tissue dosage from alpha

radiation be 20 times lower, 15 millirep per week; to allow for its greater

d N );?M‘ relative biologicel effect. Since 100 millirep equal 93 millirad, this

't
Y




estimated average lung dosage for data presented here.

Average radiation dosage to the epithelial lining of the larger
bronchi is more difficult to estimate from experimental data. Extrapola-
tion of the results of the dog experiments to human subjects suggests
that this dosage may reach ten times the dosage to the lung as a whole.

Since even in air containing a considerable amount of large particle
dusts, the radon daughters seem to be largely deposited on small particles,
the deposition of radon daughtersstill appears to be largely by diffusion.
Therefore, the average dose to the bronchial tuheal prob'a.biyb does not
depend very strongly on the breathing pattern of the individual being
exposed as long as the air flow through the lung passageways is laminar.
In one experiment the activity deposited in plaatié tubes .a.pproxjmtely 2 mm»
in diameter was measured as & function of minute volune‘a An average
decrease of minute volume of 59 percent decreased the activity deposited in:-
the tube by only 29 percent. Accordingly, the tracheal dosages reported in.

this paper may give a fair indication of the dosages imparted to tubes of-
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The sxperimental results reported here th.rcfm suggest that a
maximm acceptable level of radon in equilibrium with its daughters of 1 x10
curies per liter is consistent with a -.xin- nllo'od. u"l.l‘ dose of 15 milli-
rep per week for alpha radiation, providing this figure is imtarpretsble
to allow an average radistion dosage to hronchial epithelium somewhat

higher than to lung tissue as & whole.

. )- -

twenty as an allowance for the greater blologic erfect ofalpha. radiation

and
S

' acceptable level
}ronnt data confirm

oll - ol v, ’ .
for radom to 2 x 10 curies per liter (3). Since the
suggestions that the primary rediation hazard to the lung 1. from the radon

daughters rather than radon itself it sppears rmcmbhto‘ interpret this

level for practical purposes as & statemsnt that the oomtimnous airborae
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daughter concentration, RaA through RaC®, shall not exceed that in equilibrium
vith 2 x 10" curies radon per liter. This, in effect, will permit higher
radon levels providing, as is often the cuo undsr practical exposure comn-
ditions; the daughters are present in substantially less than equilibrium
amounts. This reduction in daughter concentration compered with radon will
ordinarily be produced by ventilation, the radon being swept out of the:
exposure area before RaB through RaC' have built up toward equilibrium. levels.
In addition our data indicete that, under some conditions, the radon
daughters present in air can be greatly reduced in coneentration by rigorous
cleaning and contimual recirculation of the air, even though radon itself
is not removed or diluted. Whether any practical application can be made of
this technique for reducing daughter levels 1- not known. B8uch daughters as
remin in suspension, however, may be more thm normally hazardous because of
& greater retention in the humen respiratory system.
All the previously discussed tolerance calculations were on the basis
of continuous exposure to an atmosphere coataining radom. In practice; the

maximm acceptable concentration during a 40-hour week would be higher by a

a7 goAwPRATE S
A o g ’ v

- gm0 T
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factor of two if the recommendations of the Batiomal Committes on Radiation

Protsction are followed,; and if no further exposure occurs away from wark.
The fundamental assumption upon vhich these tolerance calculations

are based, that the maximum allowable radiation dosage to the lung should

be 0.5 rad per week; f, 7y radiation or a lesser amount of @ radiation by &

factor of ten or twenty, has not been demonstrated specifically for human

lung tissue. Therefore, the data presented here have by no means constituted

proof that exposure sven to substantially larger concentrations of radon

and radon daughters will necessarily be followed by objective evidence of

damage to the human being undergoing such exposure.

Susmary
Eat exposure studies indicate that the biological half-life of airborne-
radon daughters (the active dsgesit) is long compared with the physical life.
Dog exposure studies indicate that the lining epithelium of the large
bronchi receives an average radiation several fold higher than the lung as-

a vhole. Human retention studies show a retention in the respiratory tract
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" of about 25 percent of radon daughters in air with a normal dust loed; and _,4\"”'”
o .
(w” 4#’:;
about 75 percent of daughters from very clean, dust-free air. M"'l

It 1s concluded that radiation exposure to the human lungs from
breasthing an atmosphere containing radon is usually primerily due to radon
daughters rather than from radon itself. It is further concluded on the
basis of experimental data presented here that the maximm allowable air
concentration of radon currently recommended by the National Committee on
Rediation Protection of 1 x 10 curielradng‘pffiiter (1 ;/_;0-8 curies/cec)
for continucus 24 hours exposure is consistent with the published assumption
of this committee that no organ should receive a dose of alpha radiation of
more than 15 millirep per week. It is suggested, however, that these
recommendations be interpreted in terms of the concentration of airborne radon
daughters rather than of radon itself. This would permit higher radon concen-
trations under conditions where radon daughter concentrations were kept low by
ventilation or other procedures. Reference is made to a proposed increase in
the acceptable weekly alpha radon dose by a factor of slightly greater thaa two.

This would allow a similar increase in the permissible air comcentration of

radon and radon daughters.
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Legends for Figure

Fig. 1 Experimental arrangement for man inbalstion experi-
A) Exposure chamber. B) Keoprene stopper.
C) Respiratory check valve. D) I_outhfiocm E) Mancmeter.

F) Gas meter. G) Flutter valve. H) Millipore filter
bholder. I) Vacuum pump. J) Ges '.ter.

Thammw-papmtoddnrugthcntmm. When
the subject did mot expire tlrouchthtch.ek valve,
roo-urmdrmthrondmm(!)nndﬂxrongh

the millipore filter. Vh-thnbjoctcxhﬂ.od,thc
' ﬂ flutter valve (G)mclo.odndth.m.‘lect'lmm
mntmmummfumwmmmm
The pressurse at the outlet cndotthcrupirltury check
vtlvevu.bmrt-lunat!bocmcotth.ﬂmorrm
through meter (F). Th.ch—hcrm-d.ntlinodatabcut
-Butomthttwmmltbodrmbyﬂu
vmpu-puroctlymmcm, o




