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any configuration of source coutainer. They provide
sealing c.xp.szluy unaffected by temiperatuies as
low as 5°C, can be applicd quickly and safely at
remote distances from the sources and can be easily
removed for source retricval.  Gel sealing is not
recommended as an alternative to the disposal of
leaking radium sources. Such sources howevet, can
be 4&.[, handled prioe to and during dispasal in
containers scaled by ,' gel.
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ExperpeznTtar studies of the etation of radon from
concrete were conducted with a type of concrete
chosen because of its similarity to that used in forming
conerete from shales, cinders and otlier low density
aggregates (Avxrzr, 1972). In owder to provide
sufﬁcxcndv high radon yicld without unrnanageably

* Rescarch sponsored by the UL S. Atomic Energy
Commission under contract with the Union Carbide
Corporation.

f'This study was one of several which compriscd a
project in partial fullillment of the requirements for
the degree of Doctor of Philosophy from the Georgia
Institute of T'echnology.

NOTES

large surfaces, some preliminary studics were made
with comunercially available building blocks ang
with samples of uranium ore, Thesize and confligura-
tion of the concrete elements constructed for use
were 3-[t square slabs of 6-in. thickness. The aggre-
gate was 2 commercially available shale preparztion
(Shalite} to which uranium ore was added. The
uranium ore was carnotite [ron the Grand Jurxc11011
area of Western Colorado and assayed approximately
0.29; wukahium by weight. The densities of the fin-
ished blocks were 9095 Ib/f""‘ The total weight of
each block was appro\mmt(. 400 Ib of whici either
50 or 100 Ib werc duc to-the uranium ore. Both the
density and appearance of the blocks closely
mated that of shale or cinder blocks.

The experiments were ¢onducted in a relatively
airtight encloaure as shown in Fig. I. The tvalls of the
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Fic. 1. Diagram of airtight enclosure used for

rador érhanation studlés with concreté block
and Ge(Li) détectér in place.

enclosure were polyerhyl ene (0.004 in.) supperted on
a w8odén frame. A 33 cmd Geé{Li) detéctor wds
mounted so a3 to measure the gamma :pcctrum from
outside the plastic 1 a’I The enclosurg was chosen
to provide a stable te zratute, humidity, and dust
distribution. T ese q a.xtltxcs as we i'z as the baro-
metric pressure were measured as the temperature
of the b'oci—s_ was varied in the course of the expeti-
mcn;

The blocis were cast with 0.3-in. o. d. copper tubing
woven through the midplane pavallel to the Iarg’
faces. A water heating and pumping systcm was
provided for heaLmO‘ the blocks uniformly by means
of the copper tubmfr.' Temperatu1e> were rccoxdcd
by six thermocouples. located:.in, on and outside. the
block, Aif samplin« fot the eenclésure was accom-
phmed by a closed loop samphng systemn; the air was
w1€hdrawn through the four-stage’ cascade.impactor,
a rmIprore filter, a ‘How-rate meter, and returned o
the enclosu*e at'a ot rate of 17 l/mm.. )

The experiment was conducted in the following
sequénce: (1) set up a block in enclosure; (2)



measure gamma ray spectrum; (3) measure radon
concentrations and particulate size distributions and
concentrations, at room temperature (maintained at
23°C) and 2 fixed humidity, as a function of timc;
(4)" vary temperature or humidity and remecasure
Step 3, repeating until temperature and humidity
range are covercd insofar as is practical; and (3)
rewwove block, coat with a sealant chosen to be of
practical interest and. repeat Steps 2 and 3, including
measurericns of the gamma spectrum as a ﬁuu,non
of time. From the spectral data, it was possible to
assess the buildup of the specific radon daughters in
the concrete behind the scalant; however, because
the gamma L:ildup was small coinpared to the total,
no further discussion of this part of the study is given
here.

The raden activity was determined by using a high
resolution siiicon diode detector systemn described by
AUXIER (IQ/ 2%. Dust particle size distributions on the
various impazctor stages were measurcd, principally
with the aid of electron micrographs from the scan-
ning electron microscope (S.E.M.). The size range of
particles on the fourth stage of the cascade impactor

was 1-3 pm mean linear dimension with a monotonic

decrease ia the particle count with increasing dimen-
sion. As expected from previous studies, the greatest
activity was on the particles having a mean linear
dimension of 0.3 um. Generally, less than 1095 of the

activity was oa particles having a mean linear dimen-

sion equal to or greater than 3 um. From these data
and the work of Harrey (1971) and GEORGE et al.
(1970), it app=2ars that an effective particle dimension
for lung expasure of 0.1-0.3 um is representative of the
atmosphere, generally. Blocks were sealed by stuc-
coing with cement plaster, the stucco sealant evalu-
ated on the basis of widespread utilization in home
construction, aad then heavily painted with epoxy
paint. A second sealant type was the commerciallv
available asp! used to cement asphalt or vinyl
floor tiles in pia

.,.
:
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Results and Analysis

For the concrete with high moisture content, the
relative humidiny in the air of the enclosure varied
from 84°, at a block temperature of 23°C to 86°
at a block temperature of 43°C. Because these
humidity factors were larger than those normally
encountered in buildings, the block was dried by
heating. For low moisture in the block, the relative
humidities of the air in the enclosure varied from
589, at a block ¢ temperatue of 23°C to 729} at a block
temperature of +3°C. In the case of a relative humid-
ity of 80°) at a block temperature of 23°C, the hu-
midity was artificially increased by placmrr trays of
water in the enclosure. In all other cases, the
humidity of the air was allowed to come into a natural
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equilibrium with the moist concrete blocks. The
total moisture in the low moisture cuncrete was 2-4%,
by weight and in the high moisture concrete was
6-83% by weight. The uncertainties in these estimates
are large because of the limited space in the available
VAacuum overn.

Results of these studies indicatc a negligible tem-
peraturce cffect on the emanation of radon from con-
crete, between 23° and 43°C, and a relatively strong
dependeunce of radon emanation on the moisture con-
tent of the concrete. However, this is not contrary to
the temperature effect reported by Gaprysia and
Davis (1953) from studies using crushed samples of
uranium bearing rocks; their temperature ranges
were much greater.

In the measurements of radon emanation from low
moisturc concrete, the concentration of radon daugh-
ters in air has an apparent correlation with the rela-
tive humidity of the air in the enclosure as shown in
Fig. 2. 7This apparent correlation is shown in the
figure by the straight lines whose equations were ob-
tained by a least squares fit to the experimental data.
If the concentration of radon daughters in the air of
the enclosure for the low moisture state of concrete is
normalized to the same relative humidity ‘using the

_equations given in Fig. 2, the lack of dependence of

radon emanation on the temperature of the concrete
is obvious. The dependence of radon emanation on
the moisture content of the concrete is emphasized
by‘ normalizing the concentration of radon daughters
in air from a low moisture block to a relative humidity
of 809,

In e:\perimental measurements of the ratio of
radon concentration to its daughter concentration in
the air of the enclosure with blocks of 109 and 30 1b
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of carnotite, respectively, a value of 1.60 2= 0.11 was
ohtaincd, the block containing 100 b o" carnotite
yiclding the larger concentrations of radon daughters.
A valucof 1.61 = 0.05 was obtained also for the ratio
of the radium concentration in the blocks of different
uranium content usiing gamma-ray-cniission spectra.
This average valuc wis obtained by weighing accord-
ing to the uncertaintics in the ratios of the counts in
peaks of the emission spectra from the 186, 839 and
2418 ke\ gamma rays of ***Ra.

In order to estimate the fraction of the radon
escaping from the concrete, the value of 80 pCifl. in the
air of the enclosure from the block containing 100 b
of carnotitz was used. This was the value measured
for low moisture concrete at a block temperature of
23°C and a relative humidity of 3575 In the alr of the
enclosure as shwown in Fig. 2. For these conditions,
the fraction escuping from the t CL‘J.'L‘.-
lated to be approximately 195.

In studics on the effects of sealants, no reduction in
the concentration of radon dauzghters in the air of the
enclosure and no increase in gamma-ray emission
from radon daughters in the concrete were observed
from blocks that were either stuccoed with cement
plaster or coated with asphalt. For a similar stuccoed
block coated heavily with epoxy paint, both a reduc-
tion in the radon daughter concentration in air and an
increase in gamma-ray emission for radon daughters
in the concrete were observed.

The concentration of raden daughters in the air
of the cnclosure before and after the stuccoed block
was painted 13 ”i\'cn in Table 1. The data show that
radon cscaping from the painted block is less by a
factor of fobx‘.

Table 1.

The effzcts of epoxy paint on the escape of redon
Srom a stuccosd concrelz block

Concentraton in air in

Radon pCi/l.

daughter Befor After

nuciide painting painting Ratio
RaA 475 =19 12,1 =20 3.93 = 0.6
RaB 355 =28 91 =L7 3.9 £0.79
RaC 299 -- 0.7 7.3 0.8 4.10 =0.46
Total 113.0 =46 28.6 =3.3 3.95 =0.43
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and Excretion
u and **’Pu Nitrates in Beagie Dogs™

Commparative Distribution
of Z'P

(Received 25 March 1974)

Tr= toxicity of *%Pu and #**Pu has largely prevented
the use of these isotopes in human studies. Even i-:
cases of accidental contamination of human beings.

“the data obtained ave wsually quite unsatisfactor

because the amount deposited is small and the “.dm.-
tion c"xaracccriat"cs of [hci" pluronium isotopcs arc

po».alc. Therefore, our know.cdgc of thc metaboiis
behavior of plutonium has come largely from anima.
experiments, and its extrapolation to human being
is fraught with considerable uncertainty.

Studies by Topp and Locax (1966) and Locax
and Toop /1960) suggest that =*7Pu may be a suitable
isotope for studics of the metabolic behavior o
plutonium in human beings. More recently, Wart:
(1972) studied inhaled *7Pu labeled ferric oxid:
particles in two human volunteers. Plutonium-237

* This paper is based on work performed unde:
United States Atomic Energy Commission Contrac
AT(43-1)-1830.





