Carbon-14 and Tritium
Measurement by Means of
Bremsstrahlung Emissions

Abstract. The feasibility of measur-
ing carbon-14 and tritium in vivo has
been demonstrated in the rat; thin scin-
tillation detectors were used for the
measurement of bremsstrahlung pro-
duced by these soft beta emitters.
Measurements of tritium in vivo are
“limited to the study of surface phe-
nomena, whereas bremsstrahlung pro-
duced by carbon-14 may be detected
from depths of several centimeters.

Tritium and carbon-14 have found
wide application in biological tracer
studies. Because these nuclides are
pure beta emitters of low energy (max-
imum beta energy of 4C is 155 kev;
maximum beta energy of 3H is 18
kev), it is difficult to measure their
emissions without killing experimental
animals, dissecting the organs, and mak-
ing elaborate preparations of samples
. (I). We are studying the bremsstrah-
lung produced by these low-energy
beta emitters for measurements in vivo
and in vitro (2). Counting efficiencies
and half-value layers in water were
first determined for 3H and 14C. The
feasibility of utilizing this technique for
measurement of #C in small animals
was then demonstrated.

Two scintillation detectors were
used: a Nal(Tl) crystal (2.54 cm in
diameter and 0.1 cm in thickness) with
a 5-mil beryllium window, and a
CsI(TT) crystal (11.4 cm in diameter
by 0.025 cm) with a 5-mil aluminum
window. In both cases the window
thickness exceeded the range of the
beta radiation of *C and 3H. The
crystals were mounted on photomulti-
plier tubes, and the output signal was
amplified and analyzed by a multichan-
nel analyzer. The performances of the

Table 1. Average energy (E) of bremsstrahlung
spectra as a function of added absorber thick-
ness. The energies marked with superscripts
coincide with the mean energies of the spectra
shown in Fig. 1.

Carbon-14 Tritium
Depth E Depth E
(cm-water) (kev) (mm-water) (kev)
0.0 18.7® 0.0 6.3
.084 19.3 .05 6.9
.16 21.4® 44 74®
32 23.5 .83 8.0
55 25.7® 1.22 8.1
1.02 27.6 1.61 8.2
1.80 29.7
3.00 31.6@
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Fig. 1. Bremsstrahlung spectra as a function of added absorber thickness. (a) *H; (b)
“C. The numbers on the spectra refer to values of E marked with superscripts in Table 1.

two types of crystals were thus ob-

tained and compared.

Two sources were used for determi-
nations of the half-value layer. The
first contained 500 yc of tritiated water
in a 2-ml volume at a depth of 1.4
mm. The second contained 250 pc
of sodium acetate-1#C in 1.5 ml of
water at a depth of 2.0 mm. Both
solutions were contained in lucite plan-
chets covered by 1-mil mylar. For de-
terminations of half-value layers, the
sources were mounted on the bottoms
of beakers and incremental quantities
of water were added.

The feasibility of counting 14C brems-
strahlung in vivo was studied with
three rats (320 g). One rat was used
for background determinations, and the
second was injected intraperitoneally
with 100 uc of sodium acetate-14C,
and after 1 hour, a period sufficient
for the isotope to become uniformly
distributed, the animal was Kkilled. The
third animal was wused to establish
counting efficiencies for a relatively con-
centrated source by killing the animal,
exposing the transverse colon, ligating
the hepatic and splenic flexures, and
injecting the colon with 100 puc of
sodium acetate-1¢C. The colon was then
rapidly frozen to prevent diffusion of
the source. The peritoneum, muscula-
ture, and skin were sutured; and the
whole animal was frozen. The brems-
strahlung from the two rats was then
measured by placing the detectors 2
cm above either the dorsal or ventral
surfaces of the animal.

Bremsstrahlung spectra as a function
of absorber thickness are shown in
Fig. 1, a and b. In the uppermost
curves in those figures there was no
added absorber thickness. The brems-
strahlung from the 1#C source had an

average energy of 18.5 kev and an over-
all counting efficiency of 3.3 X 10—3
percent (3). The bremsstrahlung from
the tritium source had an average en-
ergy of 6.3 kev and an overall count-
ing efficiency of 3.6 X 10—5 percent.

Figure 2, a and b, shows the re-
duction in count rate as a function of
absorber thickness. Half-value layers
were determined from the linear por-
tion of the curve as plotted on a semi-
logarithmic scale. The half-value layer
of the bremsstrahlung was 2.4 cm of
water for 14C and 0.07 cm of water
for 3H. Table 1 lists experimental data
showing the change in average energy
with absorber thickness. The average
energy is a logarithmic function of the
absorber thickness.
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Fig. 2. Reduction in count rate as a func-
tion of added absorber thickness; (a) “C
bremsstrahlung; (b) *H bremsstrahlung.
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Table 2. Counting efficiencies for bremsstrah-
lung produced in rats. Measurements were
made at 2 cm. Each source consisted of
100 uc of carbon-14.

Crystal Surface Efficiency
Diffuse

Nal(Tl) Dorsal 0.67 X 10

Nal(T1) Ventral 1.2 x 10+

CsI(Tl) Dorsal 0.82 X 10-*

CsI(TI) Ventral 1.34 x 10-*
Colon

Nal(Tl) Dorsal 1.33 x 10

NalI(TD) Ventral 8.0 x 10

CsI(T!) Dorsal 22 X 10+

CsI(Tl) Ventral 6.1 X 10

from the rats are shown in Fig. 3.
The control rat was used to measure
the background, which was 4.3
count/min for the NalI(Tl) crystal and
104 count/min for the CsI(TI) crystal.
At a 97.5 percent confidence level, the
lower limits of detectability for a 30-
minute counting period are 1.06 and
5.2 count/min for the NalI(Tl) and
CsI(T1) crystals, respectively (4). Divid-
ing these limits by the counting efficien-
cies, one may determine the amount
of isotope that can be detected. The
range of activity which may be de-
tected is 60 to 720 nc with the
Nal(Tl) crystal and 0.39 to 2.9 nc
for the CsI(T1) crystal.

The average energy of the brems-
strahlung as a percentage of the maxi-
mum beta energy differs greatly be-
tween the *H and 14C sources. This is
due to the greater absorption of the low-
energy end of the spectrum in the
tritium source. The difference in hard-
ening of the spectra can be further
seen in the absorption curves. Both
sources exhibit a rapid decrease in
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Fig. 3. Selected *C bremsstrahlung spectra
from rats. Curve 1, 100-uc source in
colon with the detector over the ventral
surface. Curve 2, 100-uc source diffused
throughout body; detector over ventral
surface.
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count rate followed by a more gradual
decline as the absorber thickness is in-
creased owing to removal of the low-
energy components of the spectra with
increasing absorber thickness. The car-
bon source count rate shows a further
reduction of 64 percent before becom-
ing exponential in form, while the tri-
tium source rate is reduced only 33
percent and then becomes linear on a
semilogarithmic scale.

Based on the low value of the half-
value layer for tritium, studies with
tritium appear to be limited to the
study of surface phenomena or to the
first few millimeters of tissue. Absorp-
tion of tritiated substances applied to
skin could be studied in this way.

With the greater penetration of car-
bon-14—-produced bremsstrahlung, mea-
surements in vivo become feasible
in small experimental animals. With
suitable collimation, single organs can
be counted. Hence, the detectability
of carbon-14-produced bremsstrahlung
may help to eliminate the need for
serial sacrifice of large groups of ani-
mals in some biological experiments,
and in other cases eliminate lengthy
sample preparations.

. JERRY C. ROSEN
GERARD R. LAURER
MERRIL EISENBUD
Institute of Environmental Medicine,
New York University Medical Center,
550 First Avenue, New York 10016

References and Notes

-

. International Atomic Energy Agency, Tritium
in the Physical and Biological Sciences (Gerin,
Vienna, 1962), vols. 1 and 2; D. E. Watt and
D. Ramsden, High Sensitivity Counting Tech-
niques (Macmillan, New York, 1964), pp. 113~
261.

2. R. D. Evans, The Atomic Nucleus (McGraw-
Hill, New York, 1955), pp. 600-620; K. Liden,
in Progress in Nuclear Energy, Series XII,
W. G. Marley and K. Z. Morgan, Eds. (Per-
gamon Press, Oxford, 1959), vol. 1, p. 307;
J. F. Cameron, J. R. Rhodes, P. F. Berry,
Tritium Bremsstrahlung and its Applications
(AERE-R 3086, United Xingdom Atomic
Energy Authority Research Group, London,
1963); R. S. Pressly, Low-Energy Gamma and
X-Ray from Radioactive Sources (ORNL-P
1928) (Oak Ridge National Laboratories, Oak
Ridge, Tennessee, 1966).

3. The average energy is determined from multi-

channel analyzer data. The crystal window is

neglected, and, for low energy photons, it is
assumed that 100 percent of the_photon energy

is absorbed. Average energy E is then ob-
tained from the equation:
7 = 2 Channel No. X count kev
- 3 counts channel

4, These minimum counting rates were obtained
as follows:

minimum count rate = 1.96(2 X B)/t,
where ¢ is the total counting time and B is
the total background count for this counting
time.

. Supported in part by Merck and Co., Inc,,
the Division of Radiological Health of the
U.S. Public Health Service, and is part of a
program supported by a core grant from the
USPHS grants ES 00014 and CA 06989.

May 1967.

w

w

Genetic Mapping of Phenylalanyl-
SRNA Synthetase in Escherichia coli

Abstract. Genetic mapping of the
structural gene for a phenylalanyl-
SRNA synthetase in Escherichia coli
was accomplished by the use of mu-
tants with temperature-sensitive or p-
fluorophenylalanine-resistant  enzymes.
The structural gene is located at min-
ute 33 of the Taylor-Thoman map of
the E. coli chromosome, closely linked
to a structural gene (aroD) for one of
the enzymes involved in the biosynthesis
of the aromatic amino acids, and dis-
tant from the known locations of other
aminoacyl-sSRNA synthetase genes.

During the search for mutants of
Escherichia coli with conditionally ex-
pressed lesions in indispensable en-
zymes, a number of mutants were ob-
tained with alterations in phenylalanyl-
SRNA synthetase. One class of mutants
was isolated by selection for the ability
to grow in the presence of the phenyl-
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Fig. 1. Appearance of several kinds of
recombinants in an interrupted mating
experiment between Hfr AT2572a and
either (top) NP37021, or (bottom)
NP37022. Donor cells were counter-
selected by streptomycin. Recombinants
for nutritional markers were selected on
appropriate mediums at 30°C. Recombi-
nants for temperature-resistant growth
were selected on plates incubated at 30°C
for 6 hours before shifting them to 40°C,
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