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CONTROLLED lethality experiments are

necessary as baselines in any study of spe¬
cific reactions of a given species to ionizing
radiation. As part of a program designed to
delineate the biological response of the adult
beagle to partial body irradiation, the LD-
50/30, with the lower portion of the body
shielded, was determined. For comparison
with earlier investigations in this and other
laboratories, another series of animals was sub¬
jected to whole body irradiation using similar
techniques.

Materials and Methods

Test Animals

Ninety-five purebred beagles of both sexes

weighing between 5 and 15 kilograms were used
in these experiments. All animals were ob¬
tained from reputable sources and quarantined
for at least 14 days for evaluation and standard¬
ization. Daily weights and rectal temperatures
were obtained on at least 4 consecutive days
prior to irradiation. Three or more preexpo-
sure hemograms were obtained on all animals.
No animal was used in this study if abnormal¬
ities were found on complete physical exam¬

ination or if clinical or laboratory data indicated
any deviation from normal.
Using Anderson and Gee's criteria (1),

which state that the beagle is fully mature by
3 years of age but that it attains adult blood
values by 1 year, adult dogs were used. Mature
adults (older than 36 months) were grouped
with young adults (9-36 months) as far as pos¬
sible, as dictated by their availability. A few
animals 9-11 months of age were used since

mature animals were not consistently available.
The age distribution was as follows:

Age (months) :

9-11_
12-24_
25^36
37-48_
49-60
60 and over-

Total

Number
animals

11
50
1
11
13
9

95

Shielding and Dosimetry
Special segmental lead shielding was de¬

signed and fabricated. This shielding trans¬
mitted less than 1 percent of the air dose.
When the X-ray beam was aimed directly
across the opening of the shielding, varying
amounts of radiation were scattered into the

Lieutenant Colonel Hansen, Medical Corps, U.S.
Air Force, is with the Bionucleonics Branch, Aero¬
space Medicine Division, Office of the Surgeon Gen¬
eral, Washington, D.C. Dr. Michaelson is assist¬
ant professor of radiation biology and chief of the
radiation physiology and therapy section of the
Atomic Energy Project, University of Rochester
School of Medicine and Dentistry. Dr. Howland is
professor of radiation biology, chief of the division
of medical service of the Atomic Energy Project,
and director of the Isotope Center, University of
Rochester.

This paper is based on work performed under
contract with the U.S. Atomic Energy Commission
at the University of Rochester Atomic Energy Proj¬
ect. The views expressed are those of the authors,
not official views of the U.S. Air Force.

242 Public Health Reports



shielded cavity depending on the position of
the detector. The amount of scattered radia¬
tion as a function of depth within the cavity is
shown in figure 1. When an animal was placed
in position, more radiation was scattered into
the shielded portion. Cadaver measurements
indicate the pelvis of the animal received ap¬
proximately 5 percent of the incident dose.
This is in agreement with results obtained in
partial body experiments in mice and rats
(2j3) and chicks (4).
An industrial X-ray generator operated at

1,000 kvp. and 3 ma. with only inherent filtra¬
tion was used for exposure. The half-value
layer was 3.0 mm. of lead. The dose rate at 1
meter measured in air with a condenser roent-
gen meter was 50 r for the first minute and 65 r

for each succeeding minute. Tests for the uni-

Figure 1. Scattered radiation as a function of
depth within the shielded cavity

10-3

-\-1-1-1-1-1-1-1

13 23 33 43 54
CENTIMETERS

formity of the exposure field were made with a

condenser roentgen meter together with silver
activated phosphate glass microdosimeters (5).
Cadaver depth-dose measurements were also
made using this technique.
The irradiation field was found to be essen¬

tially uniform. Variation from midpoint to the
extremes was less than 10 percent. Cadaver
depth-dose measurements showed the average
midline thorax dose to be 82.4 percent of the
midline air dose. In accordance with the sug¬
gestion of Bond and co-workers (6) the doses
reported are all in terms of midline tissue dose
(MTD).

Irradiation Procedures
To avoid possible modification of the response

by anesthesia or other medication a plywood
retaining box was used for restraint. The
xiphoid process of the experimental animal was
palpated and the box marked accordingly.
Both animal and box were then placed within
the shielding to this level with the animal fixed
in place by means of straps (fig. 2). The por¬
tion exposed included the tissues cephalad of
the diaphragm, a small portion of the stomach
and liver, and the very tip of the spleen.
Since bilateral irradiation with 250-2,000

kvp. X-rays has been reported to yield essen¬

tially uniform tissue-dose distribution (6), this
method of irradiation was used throughout the
study. Similar techniques were used for the
whole body irradiation experiment except that
there was no shielding. Each exposure was

carried out with the midline of the animal 1
meter from the X-ray target. The X-ray beam
was centered on the midpoint of the exposed
area.

Five groups of 10 animals were exposed to
upper body irradiation at dose levels of 800,
1,000, 1,500, 1,750, and £,000 r. A sixth group
of 10 dogs was sham irradiated under conditions
identical to those for the 1,500 r group. Three
groups of four dogs each were given whole body
irradiation at the 800, 1,000, and 1,500 r levels,
and single animals were exposed at the 1,750
and 2,000 r levels. Three groups of seven dogs
each were exposed to whole body irradiation of
215,230, and 280 r.

In order to reduce the incidence of postirra-
diation vomiting, the animals were fasted on the
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exposure day. They were examined daily for
30 days after irradiation. Examinations in¬
cluded clinical observations, neurological ex¬

aminations, and recording of weights and rectal
temperatures. All survivors are maintained
under constant surveillance for a delayed effect
study.
Results
The 30-day mortality for whole body irradia¬

tion is shown in table 1, and for upper body
irradiation, in table 2.
The dose mortality curves constructed by the

method of Litchfield and Wilcoxon (7) are

shown in figure 3. A correction factor of 89.7
percent was used to represent the 100 percent
mortality found at the 2,000 r level. The LD-
50/30 for whole body irradiation is 250 r with
95 percent confidence limits of 225-278 r. This
is in agreement with results reported by Bond
and co-workers (8) for mongrel dogs. Gleiser
(9) reports an LD-50/30, in air, of 316 r for
Walker foxhounds. When corrected by the pre¬
viously cited cadaver depth-dose measurement

Table 1. Thirty-day mortality resulting from
whole body exposure of beagles to 1,000
kvp. X-rays

Dose (roentgens)

215__
230._.
280...
800...
1,000_
1,500.
1,750_
2,000.

Mortality

1/7
3/7
5/7
4/4
4/4
4/4
1/1
1/1

Mean
day of
death

26
17. 7
13.6
8.25
4
4
4
4

Range
in day of
death

15-20
10-16
8- 9

4
4

1 Number dying/number irradiated.

of 82.4 percent, this corresponds to 260 r MTD.
These results are lower than the 335 r MTD
reported by Shively and co-workers (10) for
cobalt-60 irradiation of mongrel dogs.
The LD-50/30 for upper body irradiation is

1,775 r with 95 percent confidence limits of
1,504-2,095 r.

Figure 2. Animal in place ready for exposure
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Table 2. Thirty-day mortality resulting from
upper body exposure of beagles to 1,000
kvp. X-rays

Dose (roentgens)

Sham.
800.__
1,000.
1,500.
1,750.
2,000.

Mortality1

0/10
0/10
0/10
1/10
3/10
10/10

Mean
day of
death

12
14
10. 1

Range
in day of
death

13-15
4-13

1 Number dying/number irradiated.

Discussion

Lethality in the beagle is significantly modi¬
fied by shielding the lower portion of the body.
The LD-50/30 for upper body irradiation is
approximately seven times that for whole body
irradiation. The figure for upper body irradia¬
tion for the dog is very close to that for the rat
(8). The modification in lethality observed in
shielding the lower portion of the body, how¬

ever, is greater for the dog (250 to 1,775 r) than
for the rat (750 to 1,750 r). This may be ex¬

plained in part by the volume of tissue shielded
or by a difference in critical organ shielding.

Blair (11) has stated that "the gram roentgen
dose for lethality will tend to be the same for
the whole body inhomogenously exposed,
homogenously exposed, and partially exposed."
He further states that this rule may fail in
either direction depending upon the radiosensi-
tivity of the exposed tissue. In this study the
gram-roentgen dose required to produce a

median lethal dose is raised fourfold by the
shielding of the lower portion of the body.

Several authors (2^2,13) suggest that the
protection afforded by shielding part of the
body results from either a sparing action ex¬

erted by the protected tissue on the exposed in¬
jured tissues or production of humoral factors
by the protected tissue which could influence re¬

covery. Our study, as a whole, suggests a stimu¬
lation of certain recovery processes which may
arise from the shielded tissue.
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Summary
In experiments with beagles, the LD-50/30

for animals with whole body exposure to 1,000
kvp. X-rays is placed at 250 r. The LD-50/30
for upper body exposure to 1,000 kvp. X-rays
is placed at 1,775 r. The gram-roentgen dose
required to produce a median lethal dose is
raised fourfold by the shielding of the lower
portion of the body.

REFERENCES
(1) Anderson, A. C., and Gee, W.: Normal blood

values in the beagle. Vet. Med. 53: 135-139
(1958).

(2) Swift, M. N., Taketa, S. T., and Bond, V. P.:
Regionally fractionated X-irradiation equiva-
lent in dose to total-body exposure. Radiation
Res. 1: 241-252 (1954).

(8) Carsten, A. L., and Noonan, T. R.: Recovery
from partial-body X-irradiation as measured
by the lethality of two exposures. Radiation
Res. 11:165-176 (1959).

(4) Stearner, S. P., Christian, E. J., and Brues, A. M.:
Modification of the radiation syndrome in the
chick by partial body shielding. Radiation
Res. 1: 270-281 (1954).

(5) Schulman, J. H., and Etzel, H. W.: Small volume

dosimeter for X-rays and gamma rays.
Science 118: 184-186 (1953).

(6) Bond, V. P., et al.: The influence of exposure
geometry on the pattern of radiation dose de-
livered to large animal phantoms. Radiation
Res. 6: 554-572 (1957).

(7) Litchfield, J. T., Jr., and Wilcoxon, F.: A simpli-
fied method of evaluating dose-effect experi-
ments. J. Pharmacol. & Exper. Therap. 96:
99-113 (1949).

(8) Bond, V. P., et al.: The effects of total-body fast
neutron irradiation in dogs. Radiation Res.
4: 139-153 (1956).

(9) Gleiser, C. A.: The determination of the lethal
dose 50/30 of total body X-irradiation for dogs.
Am. J. Vet. Res. 14: 284-286 (1953).

(10) Shively, J. N., Michaelson, S. M., and Howland,
J. W.: The response of dogs to bilateral whole-
body Co60 irradiation. Radiation Res. 9:
445-450 (1958).

(11) Blair, H. A.: Acute lethality of partial body in
relation to whole body irradiation. University
of Rochester Report UR462. Rochester,
N.Y., 1956.

(12) Pirie, A., and Drance, S. M.: Modification of
X-ray damage to the lens by partial shielding.
Internat. J. Radiation Biol. 1:293-304 (1958).

(13) Jacobson, L. O., Simmons, E. L., Marks, E. K., and
Eldredge, J. H.: Recovery from radiation in-
jury. Science 113: 510-511 (1951).

City Health Officers Organize

The establishment of the United States Con-
ference of City Health Officers by the health
officers of the Nation's cities was announced
in January 1961. The purposes of the organi-
zation are:
* To promote, in all its branches, improved
municipal public health administration
throughout the United States.
* To interchange ideas and experiences and to
obtain expert advice on the many and varied
special health administrative problems of the
major municipalities of the country.
* To foster proper and adequate relationships
on mutual health problems between the Fed-
eral Government and the States and cities.
* To support the development and mainte-
nance of adequate communications and work-
ing relationships between the city health de-

partments, the Association of State and Terri-
torial Health Officers, and the Public Health
Service.
* To promote-municipal cooperation in order
to assist in the improvement of local public
health administration.

Harry R. Betters is executive director of the
organization; Dr. Huntington Williams, com-
missioner of health, Baltimore, is president;
and Dr. Leona Baumgartner, commissioner of
health, New York City, was named vice presi-
dent. Trustees are Dr. George A. Denison,
health officer, Birmingham; Dr. E. R. Krum-
biegel, commissioner of health, Milwaukee;
Dr. Sanford Lehman, director of public health,
Seattle; Dr. Joseph G. Molner, commissioner
of health, Detroit; and Dr. George M. Uhl,
city health officer, Los Angeles.
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