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DISCLAIMER -

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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ABSTRACT

An apparatus for the physical separation and purification of COZ from
- human breath is described. These CO2 sampl.e_s_ have been_measured in a
series of ionization chambers varying from 100 to 1500 cc. The optimum sam-
ple size was found to be 1000 cc for these unshielded atmospheric-pressure
ionization chambers. With such equipment it is possible to carry out experi-

ments in humans with as little as one microcurie of carbon-14.
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INTRODUCTION

Since the use of carbon-14 as a tracer element in humans has become ac-
cepted and important, 1-4 more adequate methods for low-level radioactive
measurements have been developed. 5-8 Thls has been necessary because in
exper1rnents in man high dilution of injected act1v1ty is common and radioactive

doses are limited by health hazards. In this paper, equipment is described -

for the separation by a phys1cal method of carbon dioxide from the expired

breath of patients given C 4—labeled compounds and for the rad1oassay of this

' CO by a series of large-size ionization chambers. This method depends on

the analys1s of large samples which permits in sp1te of low spec1f1c activity

C14, reliable assay of radioactive samples. ‘ |
A normal human breathes some 5 to 7 liters of air per mmute, Wthh con-

tains some 100 to 200 cc of carbon dioxide at NTP. Almost all of this carbon

dioxide comes from his body metabolism {if he is in a'wéll ventilated room).

It is .a' slow process to absorb in alkali the carbon dioxide from this air, pre-

cipitate the. CO2 as barium carbonate, and finally convert it into pure COZ to

‘be introducedinto large-size ionization chambers (500 cc and larger). Further-.

more, such a procedure usually introduces a large radioactive contamination,
largely due to radon, which is in equilibrium with the trace amounts of radium
that are present as contaminants even in carefully purified barium or calcium

compounds.

EXPERIMENTAL

‘Equipment has _lbeen devised for the direct separation of thevCO2 from the
air by physical means on a vacuum line; it is shown in Fig. 1. In this appara-
tus a two-way valve system admits fresh air to the patient's face mask or BMR

mouthpiece and passes this air out through a large stopcock, (lO -mm bore) 5

through a short ice-water- cooled condenser, and into the large balloon.

Weather Bureau observation balloon, about two feet in diameter when f1lled
loosely. »
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Fig. 1. Vacuum system for direct separation of CO, from

2

exhaled air. _ : 2
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Air is withdrawn from this system’ through trap A, wh1ch is cooled in 11qu1d
air or nitrogen and exhausted to a house vacuum S -

_The construction of this trap is rather 1mportaot:, ‘as it must be able ﬁo
condense all the CO from air which should c‘onven'ié"ntlir flow throogh at about
5 liters/min.  The quant1tat1ve ‘condensation’ of the CO is accomphshed by
means'of -:the spiral trap coupled with a slntered glass d1sk f11ter Much of the
condensible material ih the air is cooled to a solld—partmle state susp‘e‘nded in
the air. At high gas-flow rates these are normally blown 't;h‘roiigh a trap, but
the addition of the sintered disk filters out these ‘barticlés, and an '.ef{ceilentv_
recovery of the CO2 is achieved. 9 This step se‘pa'rétés nitllz'oge'n and oxygen »
from CO,, water, ‘and other’'gases condensible in a liquid—nifrogen-oooled trap.

After a desired amount of air has been processed, trap A is evacuated;
the contents are allowed to wa#m and’ pas’s:'thiroug}; trap B, wh_iéh is cooled in an
isopropyl alcohol—-dry ice mixture and ,i'_erhoyes' water. The COZ _finaiiy con-
dense‘in trap C, which is cooled with liquid nitrogen. (Trap B is constructed .
similarly to trap A, but may be made of smaller-size glass tubing.)

The CO is then allowed to volatlllze 1nto the closed-off evacuated system

and in so domg passes through a l x 10-cm section of activated charcoal, D,

until the ionization chamber is filled to.a pressure of 76 cm Hg. The adsorption

of C_O‘Zv_‘on this chsrcoal trap is not-large and its important function is to re-
move 'ra.don,a.s"vhort—half.—life alpha-—rakdioactivek element.

. Radon has melting and boiling points very close to the sublimation point -
of CO;2 and is not removed by any of the previous steps. The-amount of radon
in the air varies a great deal and depends on the nature of the surroundings. -
Thus, concreté buildings in the West have been noted for large radoﬁ concen-
trations due to the uranium content of many of the western sands. ‘Unless the
radon is carefully removed-from the COZ in the experiments described in this
paper, no correction for a emission can be made and the sensitivity of the"
method is greatly.decreased. '

Most of the radon in the carbon dioxide, however, may be easily adsorbed
on clean degassed charcoal at room temperatures. Furthérmore, it is not
necessary to use new charcoal for each samole_,' since radon may be desorbed

by heating the charcoal to 200° C in an evacuated system (10 microns pressure).

.This heating is easily accomplished by wrapping the charcoal section with a

"The activated charcoal was taken from a gas mask thorhical cortridge, Cat.
Ne. DR-44135, Mine Safety Appliances’Co., Pittsburgh, Pa.
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nichrome wire in asbestos, Which can be electrically heated.

The ionization- chamber measurements discussed in this paper were made

sk s sk
R

with a v1brat1ng reed electrometer and continuous recorder, using the rate- _

Ofedl‘lft method. 10 An automatic grounding mechanism returns-the center

electrode to g‘ro‘und potential whenever it reaches the limit of the chart scale,

so that continuous traces for several hours at a time can be made and analyzzd.

"In the analysis the drift with and without a's is measured for 10-minute inter-
vals for at least 2 hours. By this m'ethod any.instrument variations such as’
1nsu1ator hysteresis currents can be detected Only after constant drift rates
are reached are the data used. ‘

A series of chambers were constructed, from 450 to 1500 cc in volume,

and compared with a 100-cc chamber in common usage. 5 7

The sizes and
charac’teristics of the chambers are listed in Table I and the general design
shown in Fig. 2.  The collecting-electrode insulators were purchased from
the Apphed Physics Corporatmn o and were equipped with a sapphire insu—y

lator.

- DISCUSSION

. The 'bé.ckground current of an ionization chamber is due to in‘sulatoA'r drift
current plus ionization current derived from cosmic rays, radiation emitted
from chamber walls, and activity in the chamber gas. When an ionization-
chamber current is ahalyzed with a sensitive electrometer and continuous re-
corder, the a-contribution derived from the chamber walls anvdvgas may be
subtracted if such events are not numerous. The effects of other radiations
can not-be so easily eliminated. |

.The efficienc‘y of the production of ion pairs in an ionization chamber at
constant pressure for soft B-radioactivity increases with size of the chamber,
rapidly if the dimensions of the chamber are small compared to the range of
the particle, and less rapidly when the beta range is small compared to cham-
ber size,

- As the size of the ionization -chamber is increased, therefore, .the sensi-

tivity of the radioactive assay is increased,owing to the following factors:

Vibrating reed electrometer, Apphed Phys1cs Corp  Pasadena, ‘Calif

ok
* Brown potentiometer recorder, O-25 mv, Mlnneapolls Honeywell Regu-
wxx tator Co., Philadelphia, Pa.

Applied Physlcs Corp., Pasadena, Calif.

€

©
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Chamber Size vs.

Table T

Collection Voltage and Sensitivity

Beginning |

Equiv. value

UCRL-2779

.. Chamber Size Sensitivity in of background Bg. in
D‘iam, Length_ Vol. of plate)guVoltage dis/min/mg 1nd1s/rn1n/mg _ n?y/min »
{in.) (in. ) .(cc) vcw:)age used BaCO BaCO drift rate.
0.70 2.75 100 22 '90 0.01 0.07 0.50
3.25 3.0°% 450 135 270 0.004 0.04 1.80
3.25 3.50 500 135 270 0.004 0.05 2.20
4.75 3.50 1000 30 60 0.001- 0.04 4.10
3.75 5.50 1000 30 60 0.001 0.04 4.20
5.25 4.25 1500 30 60 0.002 0.04 6.40
42.5 6.50 1500 90 180 0.002 1 6.30

0.04

SJesk

were not kept constant.

Made with a rounded top of 1-5/8" radius.

-All values-are With"d-baek'ground Su‘k:ovtra;c"ced°

The distances between the end of ’che probe and the top of the chamber
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1l ionization chamber with a 29/42 - 24 short -
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.C~ " B-particle 1s 15.5 cm and the average range is 5 cm. '(Em = 0. 1"54 Mev,

25°C. )} The d1men51ons of the 1000-cc ionization chamber are of the same
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~{a) increased precision of measurements of electrical potentials for higher'

drift rates, achieved mostly through reduction in importance of short-term
instrument variation, such as tube noise and insulator hysteresis; (b) more -
efficient absorption ef [3 -particles in the gas, and therefore mofe ion-pair
production per Bnpa.rticle; (c) relative decrease in background from chambera
wall material 2s compared to activity from the sample. Inereasing the size
of the sample does not influence the ratio of sample act1v1ty to cosm1c ray
background. _ '

For a given set of physical conditions there must be, therefore, a certaink
size of ionization ch_ambe,r beyond which further voliume increase gives only
slight advantages. The major source of error at low drift rates in ionization
chambers is instrument variation, probably mostly due to insulator hysteresis.
This effect may be largely due to deformation of the insulator by pressure
changes.v11 When this variation in drift rate, * 0.05 mv/min_, becomes equal
to the precision of the electrical instruments, which is about + 1%; further
size increase gives no impf‘oved sensitivity. The limiting eensitivity for this
work occurs at about 4 mv/min which is the drift rate for the lOOO}cc cham-
ber.

In carbon dioxide at one atmosphere pressure the maximum range of the
14 '

ax
or 27.9 mg/cm ,» E,, = 0. 050 Mev. Dens1ty of CO, is about 1.8 mg/cm at

order of magnitude as the average range of the C 14 p-particle, in agreement -

~with the data in Table L The sensitivity of this size chamber {(about 0.001

dis/min/mg BaCO ) makes it quite possible to carry out extensive experlments
in humans with as httle as one microcurie of C14
Th1s work was done under the ausp1ces of the U. S. Atomic. Energy Com-

misqlon

- Information Division : _ ey
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