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All LAMS reports are informal documents, usually prepared for a
special purpose, This LAMS report has been writien, as the title
indicates, to present the status of projects in the LASL Biciogical
and Medical Research group, It bas not been reviewed or verified
for scouracy in the interest of prompt distribution. All LAMS re-
ports express the viewa of the authors as of the time they were
written and do not necessarily reflect the opinions of the Los Alamos
Scientific Laboratory or the final opinion of the authora.
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CHAPTER 1

INTRODUCTION

This document is the second semiannual report of the -
research activities of the Biological and Medical Research
Group of the Los Alamos Scientific Laboratory's Health
Division, and covers the period from January 1 through
June 30, 1960. The report covering the previous period was
issued as Los Alamos Scientific Laboratory Report LAMS-2445
(February 1960).

During the present period, the Group expended consider-
able effort on preparations for field experiwents in connec-
tion with Project Rover, which is LASL's program of develop-
ing and testing nuclear propulsion reactors for rockets. The
Group's participation will consist of measurement of neutron
and gamma ray dose rates and integral doses, under shielded
and free air conditions, from Kiwi-A Prime and Kiwi-A III,
Participation also will include helping Group H-5 with studies

of fission product release and fallout contamination. No
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attempt is made in the Group's semiannual reports to cover
completely the progress on these projects. This omission is
deliberate, because occasionally classified information is
involved and the projects are budgeted through the Rover
program and not through the Division of Biology and Medicine.
As the studies are completed, the information will be made
available through appropriate interim and final reports,

Administratively, the most jimportant doveloppont during
the present report period was the occupancy of the new
£325,000 addition to the experimental animal quarters (see
Chapter 7).

As in the previous report, the Group's activities have
been divided into six broad categories: biochesistry, low-
level counting, organic chemistry, radiobiology, radio-
pathology, and veterinary services. The activities of each
of these sections constitute a chapter of this report,

The personnel of the Group, as of the end of the present
report period, their qualifications, classification, and
Group and Section affiliation are shown by the following

table of organization.
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CHAPTER 2

BIOCHEMISTRY SECTION

Retention and Excretion of Cesiu1137 by Mice during Chronic

Oral Administration. I. Prediction of Equilibrium Level
from Acute Exposure Parameters (J. E. Furchner, C. R.
Richmond, and G. A. Trafton)

INTRODUCTION

13

Retention of Cs 7 hy mice following acute oral intuba-~

tion can be expressed by

R, = 39.08 ¢™1:5260% , 43 g7 ¢70-3360¢ , 17.60 001474t

where Rt is the whole body retention at any time t, e is the
base of natural logarithms, and the coefficient and exponent
of each term are the interqept and rate constant., Integra-
tion of this function from to to t, should predict the awount
retained at any time (tn) during chronic exposure. Such a
prediction should be of importance in determining maximum

permissible body burden (MPBB) and maximum permissible

- -
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These values are almost invariably based on paramseters obtained

from small animals following acute exposure, Conceptually,

however, conditioms of chronic exposure are inhereant to the

calculations.

METHODS AND RESULTS

Female RF mice (average weight 20.8 g) 89 days old at to
were used in both the chronic and acute exposures. The mice
were maintained in plastic cages, each containing 2 mice.

The 12 mice in each group had free access to water and Purins
laboratory chow during the course of the experiment. The
acute exposures were made by oral administration of 0.88 uc

of 08137

as the chloride in a solution of pH S, The chronic
exposures were administered by contaminating the animals’
drinking water with 0.012 pc Cs137 per m1.

Figure 1 shows the retention of 00137 following an acute
exposure. An iterative least square computer analysis re-
solved the data into 3 components. Figure 2 shows the pre-
dicted equilibrium levels derived from an integration of each
component and the whole body equilibrium level obtained by

suswing the integrated components. The points represent the

actual wmeasurewents obtained by whole body counting.

«10-
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Fig. 1. Retention of C5137 in mice after single acute oral
administration.
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DISCUSSION

A comparison of the measured points and the line rep-
resenting the summed integrals (Fig., 2) shows that the
equilibrium retention level was accurately predicted from
the acute exposure data given in Fig. 1. The approach to
equilibrium, however, appeared to be at a slightly slower
rate than predicted. The right hand ordinate of Fig, 2 is
constructed such that the equilibrium level is equated to
100 per cent (for example if, after equilibrium is reached
and chronic feedinz is stopped, the predicted intercept
values of the retention function are 9,3, 43,7, and 47.0 per
cent, respectively, as compared with those shown in Fig. 1).

The decrease in whole body activity after withdrawal

from chronic exposure to 05137

is being observed for com-
parison of the predicted to the actual change in retention
with time, Similar studies of predicted and actual equilidb-

rium levels with '"bone-seeking” isotopes are planned.
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Excretion of Cesium137 as a Function of Age in Mice (J. E.

Furchner, C. R. Richmond, and G. A, Trafton)

INTRODUCTION

The concentration of potassium per unit weight in humans
and in rats has been reported to vary with age (1). It may
be reasonable to expect these variations to be due to metabolic
fluctuations concomitant with age. If this assuwmption is
correct, other univalent cations may be excreted at age-
dependent rates.

These iwplications, in addition to offering a posaibility
of a measure of physiological age, may also necessitate a
more thorough consideration of age factors when determining
maximum permissible concentration (MPC) and maxiwmum permis-
sible body burden (MPBB) values. In order to accumulate
relevant quantitative data, an experiment was set up to deter-

137

mine whether excretion of Cs by msice was influenced by

their age at the time of administration.

MATERIALS AND METHODS

Groups of 12 RF female mice were injected intraperitoneally

37

with 0.89 uc of carrier-free Cs1 chloride in a solution ad-

Jjusted to a pH of 5. The ages of the animals are given in

Table 1. All animals were injected on the same day, and all

00131478.014
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groups were subjected to whole body countinyg for retained
137

Cs at regular intervals. The animals were maintained
under normal laboratory conditions before and during the

experiment.

RESULTS AND DISCUSSION

The data were analyzed by a 704 computer, and the re-
solved parameters of the retention functions are given in
Table 1, which shows the rate constant of the second coupo-
nent (kz) decreases between the ages of 4 and 51 weeks and
increases and msay plateau thereafter. These changes are
reflected in the areas| 5 %1 |, which increase to a maximum
at 51 weeks and then decretie at greater ages. Body weight
increases with age until 32 weeks and is relatively constant
thereafter. 1If the area is an accurate index of the equilib-
rium level, then a 30 per cent difference in equilibrium
levels may be anticipated when animals 3 msontha of age are
compared with anisals 1 year old. Under conditions of chromic
exposure and when chronic exposures are maintained over long
periods of time, slow changes in equilibrium levels may occur.

It is immedisately apparent that studies of retention and
excretion should take into consideration the age and weight

of thoioxporinontal animals. The differences in retention

described in this report may be due more to growth, rather !

~16-
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than to aging phenomena (unless one chooses to consider a

declining growth rate as an index of aging). 1In order to
explore these questions further, a single group of mice
wifl be tested repeatedly at suitable intervals for changes

in excretion rates as a function of age.

REFERENCE

(1) C. R. Richmond, J. E. Furchner, and M. A. Van Dilla,
Potassium Concentration as a Function of Age in Rats
(this report).
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Effect of a Carbonic Anhydrase Inhibitor (Diamox) quCesium137

Excretion in Rats (C. R. Richmond, J. E. Furchner, and G. A,

Trafton)

INTRODUCTION

2-Acetylamino-1,3,4-thiadiazole=5-sulfonamide (Diamox)
is a nonmercurial diuretic and acid-base regulator of low
toxicity, which acts specifically to inhibit the carbonic
anhydrase enzyme system, Diuresis is due to the effect on
the reversible hydration of carbon dioxide and dehydration
of carbonic acid in the kidneys, The net result is a reml
loss of nco; ion and, subsequently, increased losa of water,
sodium, and potassium. One wight also reasonably expect
this compound to accelerate the excretion of other monovalent
metal cations such as rubidiu- and cesium, The purpose of
this study was to investigate the effect of Diamox on the

excretion of 03137 in rats.

METHODS AND RESULTS

Twenty~four adult male Sprague-Dawley rats were used,
These animals were 64 days 0ld at the time of administra-
tion and weighed 273.9 + 7.1 g (X + 0). Each animal was in-
Jected intraperitoneally with O,1 ml of carrier-free C5137013
(0.75 uc) at a pH of 5., At 30 minutes following adwinistra-

tion, the animals were divided into 4 equal groups, and the

-18-
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05137 activity in each animal was determined by whole body
counting with a 4 7 liquid scintillation detector (1).
Activity measurements were also made at subsequent intervals
over a 768 day j:riod,

Immediately after administration, all animals were
placed on a dietary regimen which consisted of Purina chow
and tap water ad libitum, For a period of 20 days, Diamox
was added to the drinking water of 3 groups to give concen-
trations of 0.045, 0,090, and 0,180 wg/ml, respectively., The
average Diamox intake per g of body weight was calculated
from measurements of body weigzht and volume of fluid intake,
These values are given in Table 1,

At the completion of the experiment, the retention func-
tion was calculated for each group by an iterative least
square 704 computer analysis, Each retention function con-
tained 3 terms (i.,e., 3 exponential cowmponents)., The in-
tegrated area under each retention function from t, to tn
was then calculated and used for assessing the effectiveness

137 retention, The

of various Diawox intake levels on Cs
derivative of the retention function is the excretion rate,
Table 1 gives the values for the intercept (a) and
rate (k) parameters, which describe each component of the
retention function for all 4 groups of animals, The area

under each tomponent is given and also expressed as a per

-19-
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cent of the total area under each of the retention functions,
The areas under the retention functions of the animals re-
ceiving Diamox treatment averaged =81 per cent of that of
rats receiving no Diamox. All 3 dose levels increased 05137
excretion to about the same degree. The most noticeable
effects of Diawox on the retention functions are reflected
in the intercept values of the third component and in the
values of the rate constants of the first and second compo-
nents, Figure 1 illustrates these changes by comparing the
averages of the second and third components of the treated
animals with that of the controls. Apparently the C5137
atoms associated with the first and second components are
excreted at an increased rate from animals receiving Diamox,
This leaves a smaller fraction of the administered dose
available for deposition at sites which lose the Cs137 at
the slowest rate, The scale of Fiz, 1 is too small to show

the differences in the first component.
DISCUSSION

Oral administration of Diamox for 20 days at levels of
6.5, 12,8, and 27.0 ma/kg elicits similar responses in
accelerating the renal excretion of intraperitomeally admin-

137

istered Cs in rats, The primary effect is an increased

rate of loss from the components (i.e,, compartwents) with

2]l
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Fig. 1. Effect of Diamox on retention of Cs in rats, }
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the largest and interwmediate rate constants. The most firmly
bound Csm7 (smallest rate constant) is not lost at an
accelerated rate, as its rate of loss from the body is
apparently not governed by renal function, However, rel-
atively less of the administered dose is available for bind-

137 at the slowest rate, This is

ing by sites which lose Cs
of some practical value, since the major fraction of the
radiation dose is directly related to the component with the
longest half-~time. The increase in effective excretion, how-

ever, is only ~20 per cent.

REFERENCE

APt t it

(1) C. R. Richmond, Los Alamos Scientific Laboratory Report
LA-2207 (1958),
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Retention of Bariumi3> in Mice, Rats, and Dogs (C. R. Richmond,

J. E. Furchner, and G. A. Trafton)

INTRODUCTION

As a part of the program of studying interspecies correla-
tions in metabolism of gamma ray emitting isotopes, Ba133 was
administered by various routes to mice, rats, and dogs.

Although Bal33

has only a series of weak gamma rays (0.3 to
0.4 Mev), it has a half-life of ~8 years and is, therefore,
preferable to other barium isotopes for retention studies which
may extend over long time periods,

The only isotope of strontium with a relatively long half-
life is Sr9°, which is a pure beta emitter, 1t is, therefore,
difficult to study radiostrontium retention and excretion by

whole body counting techniques., Bauer et al. (1) have reported

that calcium and strontium are metabolized in exactly the same

way and that bariuw and calcium are metabolized in much the
same way. Hamilton (2) also reports that the behavior of
barium and strontium is similar, It is reasonable, then, that
whole body retention data derived from barium studies may be

used to approximate the retention pattern of strontium,
METHODS AND RESULTS

Twelve LAFI female mice, weighing 18,7 g at the age of

2 months, were given intravenous injections of 0.3 uc of Ba133

-24-
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as the carrier-free chloride., Six Sprague-Dawley male rats,

about 3 months old and weighing 250 g, were given intra-

133C12 solution,

venous injections of 0.5 uc of the sawe Ba
Four male beagle hounds (weighing ~30 1lb) were given

~13,0 uc of 83133C12 orally by means of gelatin capsules,
The intravenous route of administration to rats and mice was
necessary to ensure enough uptake of radicactivity to permit
its detection over a long retention period.

All animals were kept under standard laboratory condi-
tions. Radioisotope measurements were made by whole body
counting techniques described elsewhere (3). The retention
data were analyzed by a 704 computer, and the derived param-
eters are given in Table 1. Figure 1 shows the experimental

data and the best fit lines derived by computer analysis,

Expressions for the retention functions are as follows:

Rats Intravenous Administration

-0,0375¢ -0,00122t

R, = 25,91e 14561t | 23 34 + 50.606e

Mice - Intravenous Adwministration

R, = 50,000 148578t | 20 45¢=0.0518t | 55 49,-0.00257¢

23§§ - Oral Administration

R, = 75,37 1+3368t | 15 74,70.01080t g )7¢-0.000433¢
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The data show that rats excreted proportionally less
Ba133 than wice and that both rats and mice excreted less

than dogs. The scatter of the points about the calculated 3

133

line summarizing the retention of Ba by dogs is thought

oy

to be due to the limited capability of the Humco I detector
in low energy ranges. The mouse and rat data were collected
by means of the Los Alamos Small-Animal Counter, which has
somewhat better‘accuracy in this range.

Dogs excreted 73 per cent of the orally administered

dose with a half-time of 0.52 day, whereas 54 per cent and }

26 per cent of the intravenous doses were excreted with a
half-time of ~0.5 day by the mice and rats, respectively.
The large and rapid initial loas by the dogs was due to the
route of adwinistration. The half-times of the long and
intermediate components indicate that the dogs would retain
more were the barium to be given intravenously.

Figure 2 shows a comparison of the measured total

133 by rats with the deriv-

urinary and fecal exéretion of Ba
ative of the whole body retention equation, The derivative
of the retention equation closely approximates both the total
excretion pattern and the individual urinary plus fecal
values,

133

Studies on the distribution of Ba in the tissues of

rats at various times after acute adwinistration indicated
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that practically all (~95 per cent) of the body burden at i
the time of sacrifice was localized in the skeleton, It i
seems reasonable, therefore, that the component with the

133

longest Tb represents Ba which is bound in the skeleton

(Table 1).
DISCUSSION

The sum of three exponential expressions adequately

133C12 measured by whole body

describes the retention of Ba
counting techniques in three species of animals, Measure-
ments were made on the dogs for ~700 days. Although the
intercept of the longest component was only 8 per cent of the
administered dose, the area under this cowponent was 92 per
cent of the area under all components. The per cent of total
area contributed by the long component was ~92 per cent for
all species, even though the Tb's of these cowponents were
~ 270, 566, and 1600 days for the mouse, rat, and dog, respec-
tively. 1In man, one might reasonably expect the Tb of the
long component to be greater than the 1600 days found for the
dog. The relatively large Tb values for the long components
are reasonable because of the wetabolic similarity of bariuw
and calcium,

Data presented in Fig. 2 show that the total excretion

133

pattern for Ba can be guite accurately predicted from
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whole body retention measurements, Additional data are being
collected from mice and rats following acute oral administra-
tion so that correlations can be made among the three species

and predictions made for human beings.

REFERENCES
(1) G, C, H. Bauer, A, Carlson, and B, Lindquist, Biochenm,
J. 63, 535 (1956),
(2) J. G, Hamilton, Radiology 48, 325 (1947).

(3) C. R. Richmond, Los Alamos Scientific Laboratory Report
LA-2207 (1958).
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Metabolism of Rutheniumlo6 Chloiide‘lg Mammals Studied with

the Aid of Whole Body Gawma Ray Assay Techniques. I. Mice
and Rats (C. R. Richmond, J. E, Furchner, and G. A. Trafton)

INTRODUCTION

103 106/Rh106

Ruthenium and Ru are fission products of
high yield and contribute significantly to that portion of
the fallout radiation dose caused by radionuclides of short
or intermediate half-lives, Little information is available
on the metabolism of ruthenium radionuclides in wammwals,
particularly at relatively long periods after administration,
Recent work (1) has pointed out the need for such inforwa-
tion, It is very possible that bone, rather than kidney,
should be considered as the critical organ following oral or

parenteral administration,

METHODS AND RESULTS

Twelve adult RF fewmale mice, whose average weight was

21,0 g, and 6 male Sprague-Dawley rats, whose average weight

1

was 200,0 g, were injected intraperitoneally with Ru 06C13

adjusted to a pH of 2,9, All aniwmals were 63 days old at the

106

time of injection, Each mouse received 1,02 pc Ru™" , and

each rat received 2,52 uc Rulos.

The whole body gamma ray activity of each animal was

measured after injection and at subsequent intervals by
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standardized methods which have been presented in detail
elsewhere (2). All assay data were corrected for coincidence
1oss and physical decay of the Rulos. An iterative least
square 704 computer method was used to determine the reten-
tion function which best described the experimental data.
Figure 1 shows the calculated retention functions drawn as
solid lines, together with the actual measured retention
data. Three components describe the function for each

species. Parameters which describe these components and

the biological half-times (Tb) are as follows:

Mice
R, = 39.70 e-1.7939t + 40.30 e-0.0994t + 19.96 e-0.0020t
Ty = 0.4 day 7.0 days 345 days

Rats

R, = 26.51 ¢™0-8084t , 5 o3 ¢~0.0574t , 5) 35 o~0-0019t
Ty = 0.9 day 12.1 days 370 days

Although the 370-day T, value of the last component of
the retention function for rats agrees with the value of
340 days which others have reported for rat bone (3), a value
of 16 days is given in the most recent report of the Inter-

national Commission on Radiological Protection (4)., It is
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not possible at the present time to estimate for our studies
what fraction of the activity in each component of the reten-
tion function is associated with bone. It is interesting to
note that the Tb value for each component is larger for
rats than for mice.

Table 1 gives the total integrated area from to to tn
under the biological and effective retention functions and
the per cent of the total under each component. Most of the
area under the retention function of both species is con-
tributed by the component of longest biological or effective
half-life. Table 1 also shows that the total area under the
retention function for rats is ~ 16 per cent greater than
that for mice. Future reports will summarize retention and

excretion data for R“IOG

following different routes of
administration in these and other species. These data will

be used for interspecies comparisons,

DISCUSSION

Whole body retention of Rulos/nhlo6

following intra-

peritoneal injection in both mice and rats can be adequately
descrihed by the sum of 3 exponential components. The compo-
nent with iongest half-life represents activity deposited in

bone or in bone plus other tissues, and represents 86 to

92 per cent of the totul area under the effective retention
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functions for mice and rats, respectively, It is very poOs-
sible that bone, rather than kidney, should be considered as
the critical organ whén evaluating the possible hazard from
nu1°6 following oral or parenteral adeinistration. It is
known that Rul0® is lost from kidney tissue at a relatively
rapid rate even though the initial kidney roncentration
(activity per g) is higher than that for other tissues. The

long~-term experimwents of Burykin (35) showed that the con-

centration of Ruloe was greater in bone than in other tis-

sues, Additional studies should clarify these points and

also supply data needed for assessing possible interspecific
correlations in the metabolic patterns of Rulos. Calcula-

tions of waximum permissible body burden (MPBB) and maximuw
permiasible concentration (MPC) values (food and water) can

then be made with reasonable confidence,
REFERENCES

(1) E, Spode and F, Gensicke, Strahlentherapie 111, 266
(1960),

(2) C. R. Richwond, Los Alamos Scientific Laboratory Report
LA-2207 (1938).

(3) R. C, Thompson, Hanford Atowic Operations Report HW-41422

(19586) .

(4) Report of the International Commission on Radiological
Protection, Committee II, On Permissible Dose for
Radiation (1939), with Bibliography for Biological,
Mathematical, and Physical Data, Vol. 3, 182 (1960),

(5) L. N, Burykin, In: Experimental Results on the Toxicolo
of Radioactive Substances, p, 81 f!uns!:n,, Hoscow (1557§.
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Retention of Iridiumi®? in Mice and Rats [ollowing Oral

Administration (J. E. Furchner, C. R. Richwond, and G. 3.
Trafton)

INTRODUCTION

This study was initiated by a specific need to know the

192

amount of Ir remaining in the body after oral ingestion.

Although it was obvious within a few days that less than

10 per cent of the ingested dose was absorbed, the retention-
excretion pattern was determined until the activity of the

animals reached the limits of the detection system.

METHODS AND RESULTS

To 6 wmale Sprague-Dawley rats, 78 days old and weighing L
192

312 g, 1.1 uc of Ir as NazerIB ({pH 0.7) was administered

192 in the same

by gastric tube. A dose of 0.46 uc of Ir
chemical state was administered by the same route to

12 female RF mice (average weight 22 g) G3 days of age. The
animals were maintained under standard laboratory conditions
during the experiment. Whole body counting techniques,
described elsewhere, were used to determine residual activities,
The per cent retention as a function of time after administra-
tion is shown in Fig, 1, Expressions for the reténtion func-

tions are not given as results of computer analysis are not

available at present,
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DISCUSSION

Within 2 days after oral administration, the retention
of Ir192 by both rats and mice dropped to about S5 per cent
of the administered dose, Retention continued to drop until,
at about 60 days, it was approximately 3 and 1 per cent for
mice and rats, respectively. The long components of the
retention curves were approximately parallel for the two
species and showed a biological half-time of about 300 days.
For comparison, if the whole body is considered to be the
critical organ, the most recent report of the International
Commission on Radiclogical Protection (ICRP) gives a Tb value
of 20 days for Ir192 1).
It is disconcerting but interesting that the present

192 indicate for the first time a failure of the

data on Ir
log of gastrointestinal uptake to be directly proportional

to the log of body weight of the species,
REFERENCE

(1) Report of the International Commission on Radiological
Protection, Committee 1I, on Permissible Dose for
Radiation (1959), with Bibliography for Biological
Mathematical, and Physical Data, Vol. 3, 212 (1960).
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potassium Content of Dogs, Calculated from Natural Potassiun?®

els (C. R. Richwond and J. E, Furchner)

Levels

INTRODUCTION

Measurements of the inherent gamwa ray activity of the
human body have been reported by several groups of workers
using large ionization chambers, Nal (T1) crystals, and
large liquid scintillation counters, Photopeaks at 0,66 and

1.46 Mev were the major activities detected in the scintilla-

137

tion spectra (1), These energies correspond to Cs and

the naturally occurring K4°.

A large number of people measured in the Los Alamos
Human Counter (Huwco I) showed a natural K‘o gamma ray
activity of ~ 5,7 d/s/kg of gross body weight (2) with a
standard deviation equal to 18 per cent of the mean., Whole
body potassium content can readily be calculated from the
activity measurements, as the gamma ray ewission rate of
ordinary potassium is essentially 3 y/s/g. Consequently, the
x4° activity of a 70 kg man corresponds to about 133 g of
potassium. When expressed as a percentage of the gross body
weight, the total body potassium content is known to vary
with factors such as age, sex, and the relative amounts of
fat, muscle, and water in the body. The effect of age on

body potassium concentration is particularly hard to assess

because of the large variations observed in the data, One
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might reasonably expect to find less variation in the body
potassium content among members of the same species of lab-
oratory animal because of the relatively standardized
dietary and environwental regimens and a more homogeneous
genetic composition. Quantitative relations between body
potassium and age, if they do exist, could be applied to
wany radiobiological studies which deal with aging phenomeha.

METHODS AND RESULTS

Thirty-one beagle hounds were whole body radioassayed
in Humco I for naturally occurring K‘o. Each animal was
thoroughly washed and dried prior to assay to remove surface
contamination., Counting times were of sufficient duration
to ensure a statistical precision of ~5 per cent. The K‘o
activities were then corrected for background depression and
relative counting efficiency and converted to d/s of K4° per
kg gross body weight.

Table 1 shows the individual values for the calculated
body potassium concentration (g/kg) for 22 male and 9 female
hounds. The average potassium concentration (61.86 mEq/kg
groas body weight) is somewhat higher than the value of
~ 49 nEq/kg usually given for human beings. This difference
is probably related to the fat-to-muscle ratio for each species,

as the body potassium content is thought to be a proportionate
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POTASSIUM CONCENTRATION IN BEAGLE HOUNDS

TABLE 1.
- Potassium Deviation from
Age Concentration Average
sex (mODthS) (mEq/kg) (x - x/a)
38 53.48 -1.74

Ma 1 17 60,12 -0.40
Male 19 59,74 -0,48
Male 19 54.24 -1,59
Male 22 66,76 +0,94
Male 22 69.79 +1,55
Male 16 56,24 -1,18
Male 22 66,76 +0,.94
Male 11 64.10 +0,40
Male 11 57.84 ~0.86
Male 11 60.88 0,25
Male 11 70.36 +1.66
uale 11 61.07 -0021
Male 11 62,58 +0.,09

Male 20 62,12 +0.01
Male 20 62,92 +0,16
Male 20 60,19 -0,39
Male 35 62,78 +0.14
Male 35 64.75 +0,53
Male 35 66,87 +0,96
Male 35 58,38 -0,77
Female 22 61,26 +0.03
Female 19 69,98 +1,76
Female 22 52,72 -1.88
Female 16 61,26 +0,02
Female 84 60,31 -0,18
Female 70 63.34 +0.49
Female 11 61,82 +0,15
Female 55 60,50 -0,14
Female 57 59,98 -0,26
X +0 61.86 + 4.68 (all)
X+ 0 62.11 + 4.86 (males)
X+0 61.13 + 4.47 (females)
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function of the lean body mass, The value for ¢ (7.5 per
cent of the wmean) indicates the relatively swall dispersion
of values about the mean, A small but probably insignificant
difference was found between the wean potassius concentra-
tions for males and females, No obvious decrease in potas-
sium concentration with respect to age was apparent; however,
only 4 animals were more than 38 months ot‘age (Fig. 1). An
additional 21 animals, most of which are ~50 months of age,

will be measured in the future,
DISCUSSION

Body potassium concentration for 31 beagle hounds was
found to be 61.86 + 4,68 (X + a) sEq/kg body weight, This
value is ~ 20 per cent greater than the mean potassium con-
centration usually reported for human beings. Variations in
the potassium cancen;ration or relative variations in the body
fat concentration among species could explain the difference.
Regardless, as potassium concentration is an index of an
animal's lean oxidizing protoplasmic mass, beagle hounds
appear to have more "lean tissue" (or less fat) than human
beings. Additional data are being collected so that possible
age-dependent chanzes in potassium concentration can be observed

REPERENCES

(1) C. E. Miller and L. D. Marinelli, Science 124, 122 (1956) .,

(2) E, C. Anderson, R, L. Schuch, W, R, Fisher, and W,
Langham, Science 125, 1273 (1957).
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Potassiue Concentration as a Function of Age in Rats (C. R,
Richmond, J. E, Furchner, and M. A. Van Dilla)

INTRODUCTION

Previous studies have indicated that potassium concentra-
tion in wan decreases as a function of age (1,2). This observa-
tion may be of importance in assessing physiological age.

If this phenomenon also applies to small animals, it may be
used to assess the effect of various physical and chemical
stresses on physiological age. Such a method of measuring
physiological age would be preferable to the usual criterion
of aging (death rate), especially in problems dealing with

precocious aging.

METHODS AND RESULTS

An 8 x ¢ in, Nal (T1) crystal and 100 channel analyzer

40 activity in male Sprague-

were used to measure the natural K
Dawley rats of different ages. Two to 6 animals were used

for each determination, The animals were weighed and compresse«
in a 2 gallon tin can (8 in. diaweter) immediately after sac-
rifice. Plastic plates and rods were used to hold the sample
in 2 fixed position in the can during the overnight (about

15 hours) activity measurement, Corrections for relative

geowetry and efficiency changes were wmade. Replicate measure-

ments on the same sawple agreed within 1 per cent,
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Figure 1 shows the potassium concentration (g/kg) as a

function of age for rats and man. Although the curves for

man show considerable structure, the change in potassium con-
centration from 20 years on is about 9 mg/kg/yr. To detect
such relatively small changes, many measurements must be made,
The curves for man represent average values for ~1600 individ-
uals,

The potassium concentration in rats appears to decrease
rapidly between 2 and 4 wonths and then slowly between 4 and
24 wonths, This decrease is a change in potassium concentra-
tion of about 16 per cent between 2 and 4 months, and only
about 6 per cent over the next 20 months, The rate of change
from 4 months on is ~100 mg/kg/yr. Too much confidence
should not be placed on these estimates, which are based on

the small number of measurements shown in Fig, 1,
DISCUSSION

The data presented represent 11 groups of ~4 aniwals per
point, Considerably more determinations should be made in
order to determine quantitatively the possible changes in
potassium concentration as a function of age, Measurements
will also be made on animals younger than 2 and older than
24 months of age. In view of the small number of animals and

suall differences in potassium concentrations, no reliable
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estimate of the change in potassium concentration as a func-
tion of age (or its statistical precision) can be made until

more data are collected. It would be extremely difficult to
predict age~dependent changes in potassium concentrations in

rats, on the basis of data obtained from man, because of the

large differences in the growth pattern and 1life span for

easch species.

REFERENCES
(1) U. Sagild, Scand. J. Invest. B, 44 (1936).

(2) E. C. Anderson and W, H. Langhaw, Science 130, 713
(1959) . -
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hadiochemical Neutron Dosimetry by Induced P Activity in
Sulfur-Rich Biological Materials (D. F. Petersen, V. E.
Mitchell, and W. H. Langham)

32

INTRODUCTION

In a preliwinary report (1), data were presented in-
dicating the possibility of utilizing neutron capture by
sulfur-rich tissues for the estiwmation of incident fast
neiitron doses. The method was successfully employed in a
recent nuclear critical accident (2) and a systewatic study
was, therefore, undertaken to improve analytical techniques
and define the limits of applicability of the procedure.
Results of these studies have demonstrated that incident

neutron doses, based on determination of the P32

32(n

arising
from the S ,p)P32 reaction in hair sulfur, are consist-
ently in good agreement with a variety of other methods of
neutron dosimetry. Improved analytical techniques have in-
creased the sensitivity of the method approximately 10 fold.
Thus, 1 rad of sulfur neutrons can be detected in a hair
sample weighing from 0.5 to 1.0 g. The use of ssaller sample:
has wmade it possible to assess dose distribution and deduce

orientation by performing separate analyses on hair samples

obtained frowm various parts of the body.

METHBODS AND RESULTS

Hair ovtained frow the head, chest, abdomen, pubis, and
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jegs was appropriately positioned on plastic mannequins and
exposed to the fission spectrum of the Godiva III critical
assembly. Following recovery, 0,5 to 1.0 g samples were

accurately weighed and digested in 10 ml of a mixture of

equal volumes of concentrated nitric and perchloric acid for

2 hours at 200°C. The samples were cooled, diluted to
50 ml, and two 2.0 ml aliquots were removed for the determina-
tion of sulfur (3) and phosphorus (4). The remainder of the
digest was adjusted to pH 3.5, 2 mg of carrier phosphate was
32

added, and the P precipitated by the addition of excess

5 per cent ammonium molybdate. Wherever possible, duplicate

deterwinations were performed with the addition of a P32

32 precipitates were filtered on

internal standard. The P
Whatwan No. 42 paper to which had been added a small pad of
Johns-Manville filter aid. The precipitates were sucked dry
and immediately counted with a thin window Geiger-Muller tube
for 30 wminutes or to 10,000 counts. Counts were taken at
subsequent intervals of 7 and 14 days to establish the identity
of the radioactive material in the sample.

Beta counts were corrected for self-absorption, counter
efficiency, and physical decay, and were expressed as dis-
integrations per minute per g of hair at T = O. The incident

flux of sulfur-level neutrons was computed from the folloiing

equation:
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AW
F = o
o "w *N "2

¥here F = fast neutron flux detected by sulfur (n/cmz)
A = activity per g of hair (d/m/g)

¥ = atomic weight of sulfur (32)

=27

activaticn cross section (225 x 10 cmEVatom)

Q
]

= sulfur content per g of hair

23

Avogadro's nuwber (8,02 x 10°" atoms)

>~ % €
]

= decay constant (3.37 x 10'5/m1n)

The factor for converting flux to dose for neutrons with
energies in excess of 2.5 Mev is 3.83 x 102 rads/n/cu? (5).
In the case of fission spectra where the extent of degrada-
tion is unknown, only the dose contributed by sulfur-level
neutrons can be computed. However, the fission spectrum of
the Godiva assembly has been well defined (3), and it has
been established that neutrons above the sulfur threshold
contribute approximately 30 per cent of the total neutron
dose, Thus, in these experiments, it was possible to cow-

" pute total doses as well as the incident sulfur threshold
component,

To facilitate further the application of this procedure,

a2 large number of sulfur analyses was performed to establish
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whether the sulfur content of human hair varied sufficiently
petween individuals and with body distribution to necessitate
geparate elemental analysis of exposed samples. Phosphorus
peasurements were performed to determine whether the normal
abundance of phosphorus was great enough to permit signif-
jcant phosphorus activation by the P31(n,r)P32 reaction,
Results shown in Table 1 indicate that the sulfur con-
tent of hair is remarkably constant without regard for color,
consistency, or body distribution. Phosphorus concentration
varied somewhat more than did sulfur, presumably due to con-
tawination of the sawmples with varying amounts of epidermal
cells, However, no cases were observed where phosphorus ex-
ceeded 1 per cent of the sulfur concentration, and it was
concluded that except in extreme cases of spectrum degrada-
tion, phosphorus activation could be disregarded. Measure-
ments of the sulfur and phosphorus content of hair from
various anatomical locations of 1 individual are summarized
in Table 2. These data provide additional evidence for the
constancy of chemical composition regardless of distribution.
Table 3 summarizes the results of a number of neutron
experiments in which doses computed from hair beta activity
were compared with dose estimates based on data obtained

237 238 32

from (a) Pu239, Np , U s and S threshold detectors,

(b) the Hurst proportional counter, and (c) tissue-equivalent
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TABLE 1. RELATIVE SULFUR AND PHOSPHORUS CONTENT OF HUMAN

HAIR
Samples . « Phosphorus-
Distribution Analyzed Sulfur Phosphorus to-Sulfur
(No.) (wg/g) (ng/g) (per cent)
Head 64 47.1 + 5.1 0.155 + 0.042 0.33
Pubis 68 47.3 + 5.6 0.251 + 0.065 0.33
All sawmples
(head, chest,
abdowen, pubis,
legs) 168 47.7 + 5.5 -—— -

.lean + standard deviation.
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LE 2. SULFUR AND PHOSPHORUS CONTENT OF HAIR FROM VARIOUS
TAB ' ANATOMICAL LOCATIONS OF THE SAME INDIVIDUAL

— Phosphorus~
Sulfur Phosphorus to~-Sulfur
Location  (mg/@) (mg/g) (per cent)
Head 43.2 0.162 0.38
Beard 39,5 0.143 0.36
Chest 43.8 0.185 0.42
Abdowen 46.3 0.158 0.34
Pubis 45,6 0.194 0.43
Leg 46,6 0.153 0.33
Arm 48.7 0.129 - 0,26

Mean 4+ Standard
Deviation 44,8

3.0

+

0.161 + 0,026
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The data show

e-C0g jonization chambers (5,6),

and graphit
pat 1o OST instan

agree with the other methods of physical dosimetry
ses

ces estimates based on hair activation

.331)'
p 20 per cent or less,

withi
gsibility of determining dose distribution and

The po
fentation at the time of exposure was investigated by
or

placing coded hair sawples on the head and at 90° 1ntervals
round the pelvis of a mannequin prior to irradiation, Sub-
sequently the analyat was required to indicate the position
of each sample as well as estimate the incident dose. Results
in Table 4 show that it was possible not only to estimate the

incident dose but also to position successfully each sample

on the mannequin.

DISCUSSION

It should be emphasized that although these measureaents

are subject to somewhat greater uncertainties than the referee

dosimetry, the largest discrepancies tend to occur with very
low doses. The method appears to be reliable for exposures
covering a range from sublethal to supralethal doses, assuming
A gasma~to-neutron ratio of 3 and an RBE for neutrons of 2,
Moreover, information obtained after largef doses would be
quite useful in rapidly assessing the severity of exposure,

and the data lend support to our earlier conclusions based on

|04bb39
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TABLE 4. DOSE DISTRIBUTION AND ORIENTATION OF PLASTIC
MANNEQUIN DEDUCED FROM HEAD AND PUBIC HAIR

ACTIVATION

Incident Dose Incident Dose

Sample Hair Activation Fission Counter
No. Position of Sample (rads) (rads)
1 Pelvic pOItérior 4,36 —
2 Pelvic lateral 158,00 ——
3 Pelvic lateral 150,00 —-——
4 Pelvic anterior 199,00 \ 186
5 Head 183.00 186
8 Head 170.00 186

-u-
00131478.058
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ctivation analyses in the recent fatal Los Alamos

hair &
clear critical accident (2). The relatively constant
nu

sulfur content of hair indicates that an average value
could be substituted in place of direct sulfur analysis,
paterially shortening the procedure without appreciably
affecting the result,

Chemical separation of the beta activity provides a
gigniticant advantage over our previous ashing technique.
Losses due to volatilization are eliminated by the low diges-
tion temperature, and separation frow other activated mate-~
rials is accowplished without extraction of phosphorus into
an organic solvent. Preliminary data frow a recent Nevada
reactor.teqt indicate that induceq P32 activity in neutron~
irradiated hair can be successfully separated from local
fallout associated with operation of the reactor.

The simplicity of the analytical method, together with
the almost universal availability of hair, suggest that this
procedure as an additional biolbgictl parameter for deterwin-
ing first approximations of the neutron dose sustained by

potential nuclear critical accident victims is feasgible,
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petermination of Strontius C in Bone (H. Foreman and M. B.

Roberts )

INTRODUCTION

in the course of a study of the accumulation of fallout
{sotopes in deer antlers, a procedure was developed for the
determination of Sr90 in bone. Since this procedure presents

90

a unique approach to the problem of low-level Sr assay and

has procedural advantages over presently used wmethods, it is

worth reporting separately for its own werits.

% into

In brief, the procedure involves extraction of Y
a solution of 2.5 per cent dibutyl phosphate in scintilla-

“tion solution (consisting of terphenyl and POPOP in toluene)

90

from a dilute nitric acid solution containing Sr concentrated

from bone ash by the standard fuming nitric acid procedure.
The radioactive yttrium is assayed by counting in a liquid

scintillation counter,

DETAILED PROCEDURE

1. Prepare 100 gw of bone ash by‘grinding with a wortar
and pestle to a coarse powder, weigh into a 400 ml beaker,
and add 50 ml of strontium carrier solution (10 mwg st /m1

distilled azo).
2., Add 50 ml strontium carrier solution and 30 ®ml dis-

tilled water. Add 225 ml fuming HN03 slowly. Stir for 1 hour,

00131478.06t
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3. Filter while still warm through a medium sintered
glass filter, and discard the filtrate.

4, Dissolve the preparation with hot distilled 820
and evaporate to 50 ml. '

5. Adjust the solution to pH 1.0 with a concentrated
NaOH solution, added dropwise.

6. Store sample for 14 days to allow the Y’o to grow
in.

7. Transfer the sample to 2 125 wl separatory funnel
and shake for 5 sinutes with an equal volume of di-n-butyl
orthophosphoric acid (DBP) dissolved in a scintillation
solution consisting of 0.05 per cent POPOP and 0.5 per cent
p-terphenyl in toluene (0.3 to 0.4 N in DBP), noting the
time,

8. Discard the aqueous phase and dry the organic portio&
with silica gel for approximately 15 winutes,. ;
9. Draw otf 30 »l of the organic portion, place in a

10 dram counting vial, and count in a standard liquid scin-
tillation counting setup (10,000 counts). Note the counting
time, 5

10. Correct toi decay of Y’o.

90 80

values can be calculated from the Y

count, since there is 1 d/m of Sr90 for each d/m of Ygo.

11. Strontiums

~-62-
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RESULTS AND DISCUSSION

To evaluate the procedure and judge its merits, the
following procedures and measurements have been carried out,

(a) Counting and Extraction Efficiency.--Known amounts

of srgo in tenth normal nitric acid solution were extracted
and counted by the method presented above. This procedure
was performed each day a 'run" was done on a series of un-
kxnowns to check the reagents and the counter. Results of
18 different determinations are shown in Table 1. When the

nitric acid solution was extracted again immediately after

%0 was found,

the first extraction, less than 1 per cent of Y
indicating essentially cowplete extraction initially. The

per _cent or so dimipution frow the




TABLE 1. COUNTING AND EXTRACTION EFFICIENCY

Yttriulgo Added Yttriu.’o Recovered

(d/m) (d/m) Per Cent
36,102 31,853 88.93

4,430 3,820 86.63
106,660 9,785 92.20

8,533 7,904 92.63
17,558 16,030 91.41
15,918 14,276 89.68
45,128 40, 505 89.76
24,421 22,300 81.31
34,789 31,438 90,37
43,158 38,658 89,57
49,467 48,729 83.98
48,410 43,702 90,27
46,933 T 42,619 : 90 .81
45,784 40,783 89.80
57,435 52,890 81,70
58,420 53,588 91.72
49,066 44,127 88.93
44,635 40,532 90.76

Average 90,58
Standard Deviation ¢ 4+ 1.73

-S4~
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: TABLE 2. RECOVERY OF sTroNTIUM?®
strontiumgo Added Strontiun™° Recovered Efficiency
(d/m) (d/m) (per cent
35,774 32,898 91.96
39,384 35,032 88.95
76,799 67,506 87.90
41,025 33,673 82.08
13,128 9,900 73.41
16,410 11,983 73.02
147,149 119,529 80.90
97,147 79,048 81.37
Average 82,70
Standard Deviation o + 6.70
-65-
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(c)

all antler samples to the extent allowed by the amount of

Reproducibility.--Replicate samples were run on

sample available, VWhere a large quantity of sample was
available, replicates were run by two different individuals.
Table 3 shows the results of samples run in triplicate,
(d) Sensitivity.--To a large extent, interest in sr90
determinations lies in situations wherein the isotope content
is at very low levels. In our procedure, the use of large
sapples (100 grams) allows the assay of low-level samples
without recourse to complicated counting equipment and very
prolonged counting times. Table 4 shows the counting time
necessary to obtain a given accuracy for samples containing
given levels of activity. These calculations are based upon
the following considerations:

(1) Background = 70 c¢/m.

(2) A 100-gras bone sample contains 35 per cent calci
therefore, at 1 Sunshine Unit (SU) the sample yields 70 c/m,
assuming 90 per cent counting efficiency.

(3) Per cent standard deviation =

A3

+ B)

and

00131478.066
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TABLE 3. REPRODUCIBILITY OF RESULTS

Type of Sample

Year and Place

Strontiumso

(d/m/gm)

Reindeer antler

Elk antler

Deer antler
Deer antler

Deer long bone

- Elk antler

Elk skull
Elk antler
Moose antler

Caribou antler

1958
1956

1958
1955
1957

1957
1957
1956
19353
1983

Alaska

Missouri

New Mexico
New Mexico

New Mexico

Colorado
Colorado
New Mexico
Yukon
Yukon

85.32; 86.38; 93.28

23.25; 23.24; 22.17;
23.37; 23.46

12.61; 12.36; 12.06
5.35; 6,37; 6.80

8.31; 95.80; 9.40;
10.08

12.84; 12.13; 13.47
17.07; 17.88; 18.13
8.47; 8.16; 8.45
2.21; 2.17; 2.30
4.11; 5.35; 4.99

I04bbbq

~8T=




TABLE 4. COUNTING TIMES REQUIRED TO OBTAIN GIVEN ACCURACY

Strontiuugo Content Standard Deviation Counting Time
(s. U.}) (per cent) (minutesn)
1.0 10 3.4
1.0 S 13.6
1.0 2 85.2
0.5 10 12.7
0.5 5 51.8
0.1 10 291.0
0.1 _ S 1170.0

00131478.068
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‘(s + B) . R(s + B)
B Ry

where n‘s +B) " counting rate of sample plus background

RB = counting rate of background

t(s +B) ~ time for counting sample plus background

t
B
(e) Other Studies.--A comparison (Table 5) of the

= time for counting background

times required to perforw various parts of the procedure is

20

sade with one other widely used Sr assay nethod, namely

the Harwell procedure (1).

REFERENCE

(1) F. J. Bryant, A, Morgan, and G. S. Spicer, Atomic
Energy Research Establishment Report AERE-R-30 (1959).

«-69-
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fect of Diethyltriamine Pentaacetic Acid (DTPA) on Eliwina-

Ef
:;:;b;f Americiumzal Administered Intratracheally to Rats

(§. Foreman and M. B. Roberts)

INTRODUCTION

As reported previously, diethyltriamine pentaacetic
acid (DTPA) is a superior chelating agent for hastening the
excretion of heavy and radioactive metal ions from the body.
The present study was set up to determine the extent to
which this drug could hasten the excretion of an actinide
element when deposited in the lungs. This is a situation
of considerable interest, because inhalation is a most likely

wmode for accumulation of radioisotopes internally.
METHODS

Two groups of animals, each consisting of 5 Sprague-
Dawley adult rats weighing 350 g, were injected into the

241 nitrate

trachea with 0.2 cc of a neutral solution of Am
in 0.5 per cent sodium citrate. Each animal received about

4 x 10° d/m. Twenty-four hours following the injection, each
animal in 1 group was given 1 cc of a solution containing

100 mg of DTPA, intraperitoneally. The injections were con-
tinued daily for 5 days, then stopped for 2 days. This
regimen was continued for 1 month. The animals were counted
daily in a whole body counter described previously. There

¥as no attempt made to collect the excreta.

-71-
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RESULTS

The results presented in Fig. 1 show that the drug was
considerably effective in hastening the removal of the isotope
when the route of entry was the respiratory tract. At the end
of 1 month, the controls had retained 70 per cent of the
original dose, whereas the treated animals had a body content
of only 16 per ceant. By the end of the treatment period,
treatwent had become less effective as evidenced by the flatte
ing of the retention curve wherein the slope of the experimen
group rapidly approached that of the control group. It may be
1 that after a period of rest, resumption of treatment would
bring forth increased excretion, as was seen in studies where
ﬁ the isotope had been given intravenously.

It must be pointed out that this is an unusual type of
inhalation exposure in that the material consisted entirely

of soluble material, which remained largely in the body. If

the isotope had been in a particulate form, then a large
quantity of it would have been removed by mucous formation
and ciliary action, Since samples of urine and feces were
not counted, it was not possible to determine whether excre-
tion had occurred through the urine or whether the isotope
had been transferred in a retrograde manner back into the
upper respiratory tract and swallowed and passed out through
the gastrointestinal tract. Nonetheless, these results are

encouraging in the net effect of ridding the body of the isot

~-72-
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Fig. 1. Effect of DTPA on excretion of Am given into

the respiratory tract of rats.
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Nephrotoxicity of Chelating Agents - A Continuing Study
(H. Foreman, C. C. Lushbaugh, M. B. Roberts, and G. L.
Humason)

INTRODUCTION

Studies reported earlier (1) showed that the administra-
tion of diethyltriamine pentaacetic acid (DTPA) to rats
produced a kidney lesion which was demonstrated histologicall
by the use of the periodic acid Schiff stain. The lesion is
a "hyaline droplet" degeneration of the proxiwal tubules
(Fig. 1). Similar studies showed that the renal lesion pro-
duced by ethylenediawine tetraacetic acid (EDTA) under
similar conditions was a "vacuolar" type of tubular degenera=
tion (Fig. 2), but only hematoxylin and eosin were used. It
would be of considerable practical and theoretical interest
to determine whether these are in fact two separate lesions
or whether one is dealing with different manifestations of th
same lesion, which have become apparent because of different
procedures of demonstration.

The delineation of the lesion is of practical interest
in establishing a safe dosage schedule for DTPA. If the
relative nephrotoxicity of the two drugs could be established,
the dosage schedule for DTPA perhaps could be set from the
large clinical experience that has been obtained with the

use of EDTA. The present study was designed to determine

-T4d-

00131478.074

|04bb1b LANL



"Hyaline droplet” renal tubuie

Fig. 1.
tion X300).

(magnification

" renal tubular les on

Fig. 2. "Vacuolar
X480) .
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definitively whether two different tubular lesions are pro-
duced, From a theoretical viewpoint, it is desirable to
know if it is possible that two so closely similar chewical
agents could produce different kidney lesions, This would
be surprising indeed and worthy of considerable investigation
in itself,

The second part of the study was set up to determine the
mechanism by which the lesions were produced. The '"vacuolar"
lesion is seen after the administration of many types of
substances, i.e., sucrose, urea, creatine, acacia, etc. The
current theory (2) postulates that the passage of these sub-
stances across the cells of the proximal tubules (either in
the resorptive or secretory process) results in the formation
of hypertonic solutions in the cytoplasm of the cell. This
leads to the imbibition of water into the cells, and during
the staining process the water-containing spaces show up as
vacunles, There are many things which this hypothesis does
not adequately explain, among which are the persistence of
vacuoles for several days whereas the offending materials
are eliminated in hours, phloridzin does not prevent the fo
tion of the lesion, nﬁd the lesion does not occur in the dis
tubule region where the tubular fluids are persistently hyper
tonic,.

The lesion seemingly is produced by a wide variety of

-768=
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1s, including aspirin. Generally speaking, these

paterid
aterials are not altered in the body but pass through it
w

unchan8°d and are excreted by both glomerular filtration and
tubular secretion. The following postulates, if true, way
explain the course of events resulting in the formation of
the lesion:

(a) The droplet lesion seen with PAS is an early stage
of the vacuolar lesion.

(b) The droplets are morphologic manifestation of the
tubule at work and may represent an agglomeration of the
pitochondria.

(c) The droplets are always formed during tubule secre-
tion and restitute to normal at rest. However, when the
tubule cell is overworked, then the droplets persist long
enough so that they can be seen in a microscopic preparation,

(d) When the tubule is markedly overworked, then the
droplets accumulate in agglomerations large enough to drop
out and leave a vacucle,

In other words, the lesions are werely representations
of the overload of the kidneys as they attempt to rid the
body of an excessive burden of foreign substance, As the
tubule cells restitute at rest, so does the extreme manifesta-
tion restitute, hence the recoverable nature of the lesion,

To test this hypothesis, the following experiments were set up.

-77=
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MATERIALS AND METHODS

Para-amino-hippuric acid, a material for which the tubu
maximum has been well established, was given in considerable
excess in order to overwork the kidneys deliberately. If thi
generally considered nontoxic material produces lesions under
these conditions, this should provide considerable substantia
for our hypothesis. Large quantities of acetate were given t
experimental animals along with DTPA, Jicetate has been shown
to provide extra usable fuel for work of the tubule (3) and
thereby can raise the tubule maximum. Acetate given under
these conditions should serve as a protective agent against
the formation of the lesion. A group of animals was given
dinitrophenol (DNP) along with DTPA. This agent reduces the
capacity of the kidneys to do work by uncoupling phosphorylat

from oxidation (3). Animals treated thus should be more vul

nerable to the nephrotoxic action of the drug.

All groups of animals except for the controls were trea
by the standard nephrotoxic procedure described previously (
To determine the identity of the tubular lesion, the tissues
from the DTPA and the EDTA treated animals were stained with

both H and E and PAS. The para-amino-hippuric acid treated

!
|
|
|

animals were given the agent in doses ranging from 50 up to
300 mg/day. The dose producing & plasma level corresponding

to the tubular maximuw was approximately 100 mg/day. The

00131478.078
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P receiving acetate was given sodium acetate mixed with
grov '

the die
p was given 50 mz/day of the drug intraperitoneally.
DN

t to the extent of 10 per cent. The group receiving

RESULTS AND DISCUSSION

in this study both types of lesions, the droplet and the
vacuolar degeneration, were seen in the sections from the
pTPA and the EDTA animals. The droplet lesion was seen at
jower doses than the vacuole lesion, and hence it is quite
likely that the droplet lesion is a precursor to the vacuole
lesion. It was not possible to correlate the severity of the
droplet lesion with dose levels, since the severity of the
lesion varied greatly from animal to animal without regard to
the dose. The vacuolar lesion first appeared at much lower
dose levels in the EDTA animals than it did in the DTPA ani-
mals, indicating that DTPA is less nephrotoxic than EDTA. It
was possible to produce the droplet lesion with doses of para-
amino-hippuric acid exceeding the tubular maximum.

The experiments using acetate and DNP were inconclusive.
The droplet lesion appeared to be less severe in the acetate
treated animals at all doses, when compared to animals treated
vith DTPA alone. However, as stated above, it was very dif-
ficult to quantitate the severity of the droplet lesion. A

similar situation applied to the DNP results., It appeared

-79-
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that DNP worsened the lesion, but this could not be told

conclusively, It will be necessary to repeat the experiment

using EDTA instead of DTPA, since the vacuolar lesion pro-

duced is much easier to quantitate and correlate with dose

levels with the former drug.

(1)

(2

&)

(4)

IG4bb82
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CHAPTER 3

LOW-LEVEL COUNTING SECTION

Milk Monitoring Program (B. E. Clinton, J. M. Allen, and
E. C. Anderson)

INTRODUCTION

The program of measuring natural and fallout radio-
activities in milk sawmples from 55 stations in the United
States and Canada has continued. Because of the development
of the U. S, Public Health Service's and the Canadian Depart-
ment of Health and Welfare's networks for routine wonitoring,
the LASL network will be reduced at the end of this report
period to the 16 stations listed in Table 1. These stations

will be continued for another fiscal year in order to obtain

the pattern of variation for an additional year without tests.

While no tests were conducted during 1959, the pattern for
that year was nevertheless abnormal due to the intensive high
latitude tests in the fall of 1958. On the basis of previous

experience, it was concluded that the reduced net would be

-83-
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MILK SAMPLING STATIONS TO BE CONTINUED DURING
FY 1961

TABLE 1.

104bb8S

State Town
1. California Tipton
2. Idaho Idaho Falls
3. Illinois Minonk
4. Kentucky Louisville
5. Louisiana Franklinton
6. Michigan Adrian
7. Minnesota Stillwater
8. Missouri Springfield
9, North Dakota Bismarck
10. New York Binghamton
11. South Dakota Mitchell
12. Texas LaGrange
13. Utah Ogden
14. Verwmont St. Albans
15. Washington Burlington
16, Washington Sunnyside

-84-
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adequate for the study of meteorological and ecological fac-
tors. The stations were carefully selected on the basis of
this requirement and for reliability of shipments and dating.
In the absence of unexpected developments, the entire pro-

gram will be discontinued at the end of fiscal 1961.

METHODS AND RESULTS

As before, direct measurements were made of the C8137

and K‘o radioactivities using the 47 1liquid scintillation
counter (Humco I). No processing of the 50 to 100 pound
samples was required. The most striking features of the
1960 results are the lack of structure and the very low

137 has fallen in many locations.

levels to which the Cs
The characteristic feature of the 1959 data was the

broad peak in milk radioactivity which occurred in all

stations. The rise began as early as February or March in

some stations (Missouri, Texas, California) and as late as

May or June in others (North Dakota, Minnesota, Massachusetts).

Extremely high levels were reached for brief periods of time

137/3 K in Washington, 200 puc in Missouri

(e.g., 300 puc Cs
and Louisiana). 1In contrast, no station has shown a signif-
icant rise duriﬁg the first 6 months of 1960; the curves are
flat and structureless’und‘generally show a steady decline

over this period. This indicates that the 1959 pattern was

-85
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unusual, probably a result of the intense high latitude tes
ing in the fall of 1958. The cesium levels in most station
during 1960 have been at or below their values before the
1959 peak, only Missouri and Ogden, Utah being slightly
elevated.

For most of the country, the 1960 to 1959 ratio is 0.4
to 0.8, Washington and Vermont, the highest points in the
United States, remain at their January-February 1959 levels
of about 80 upuc/g K, far below peak values, and a slow but
steady decline has continued throughout the spring and
summer. The lowest cesium values for milk are shown by the
California points, sowe of which have reuch;d levels in Ju
at which the cesium is no longer detectable (less than
10 ppc/g K). These observations strongly suggested that t
uptake of cesium is proportional to differential, rather t
to integral, fallout, Figures 1 through 4 show typical ¢
parisons of 1959 (solid curve) and 1960 (points) data.
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h for Zinc65 in General Population (M. A. Van Dilla and

5ear<
. V. Rowe)

INTRODUCTION

The general food supply contains slight amounts of
zl‘65 (1,2) in addition to the well known fission products

C5137 and srgo. Since the uptake and retention of this

radioisotope are large (3), it should be present in people.

Hence, We have re~examined the gamma ray spectra of 32 can-

didates for the Mercury astronaut program measured in the

¢irst half of 1959 for possible traces of Znes.

METHODS AND RESULTS

These 32 men are fairly homogeneous with respect to age,
veight, and general physical condition. They cowe from dif-
ferent parts of the country, All were measured in both
Bumco I and the Human Spectrometer, the measuring time in the

latter being 30 minutes., All spectra show the usual 03137

and K‘o; it is clear from cursory inspection that any other
radioactivity present must be in amounts small compared with
these, However, it is easy to be misled into mistaking the

Compton edge (at 1.22 Mev) of the prominent g0

peak for a
trace of Zn65 (gamma ray energy = 1.11 Mev). In order to take
this into account, we wade phantoms of sugar and KC1l, weighing

140 and 180 pounds. This permitted the zn%3

-91-
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region (channels 46-58,

70



corresponding to 1.02 to 1.26 Mev) of the human spectra to

40

be corrected for the K contribution. When this was done,

the count rate in the Zn65

region of the human spectra was
reduced from 30 to 60 c¢/m to nearly zero for most subjects.

The statistical distribution of these residual count rates

is shown in Fig. 1. The standard deviation of a single meas

urement due to counting statistics is + 3 c/m.
DISCUSSION

It is clear that the spread of the data is greater than
would be expected frowm counting Qtatistics only. This is
probably due to two factors: (a) the phantoms used are not
perfect imitations of people with respect to potassium dis-
tribution and gawmma ray absorption and scattering, and
(b) the steel room which shields the human spectrometer has
a radon background which varies erratically from negligible
to appreciable amounts.

Analysis of the data frow the phantoms indicates that
the effect of (a) is about + 3 ¢/m. This plus counting
statistics would account for much of the histogram about
zero; the asymmetrical positive tail is moat likely due to
radon in the steel roow.

These considerations allow an upper limit of about 2 mpu

835

to be placed on posaible Zn present in these 32 subjects

-92-

00131478.091

I0Lbba3

LANL

7/



NUMBER SUBJECTS
o » 2
n T |

N
1

Fig. 1.

-9

€ -3 0 3 6 9 12 15 I8
C/MIN ZINCS® BaND

ate in Zn65 band (channels 46-58), corrected

Count

for X (32 subjects).
-93-

|104bbaX




. m& TRV L AR L Tl sy - .
% - -

137

(which may be compared with the average Cs content of

these men, 10.7 muc). Hence, we may conclude that even if

Zn65 is present, the amount is trivial.

REFERENCES
(1) G. K. Murthy, A. S. Goldin, and J. E. Campbell, Science
130, 1255 (1959).
(2) M. A. Van Dilla, Science 131, 659 (1960).

(3) M. A. Van Dilla and M. J. Engelke, Science 131, 830
(1960) .
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1 Body Potassium in Man (B. E, Clinton, W. H. Langham,

Tot®
’;‘ﬁ_ C. Anderson)
s

INTRODUCTION

40

Whole body counting of the natural K™ activity of the

ghole body has provided an easy and rapid method of determin-
1€ total body potassium, Body potassium is largely intra-
cellular and is, therefore, related to the cellular mass,

[ts measurement affords an opportunity to correlate body

potassium with gross body composition and with such phys-

jological parameters as basal metabolic rate.

METHODS AND RESULTS

Total body potassium has been measured in some 4000 sub-

jects by counting the natural K4°

activity in the 47 1liquid
scintillation counter. The subjects were randomly selected
in that they were all casual visitors to the Health Research
Laboratory.

Analysis of previously published data has continued, and
A paper haé been submitted to the Jourhul of Gerontology on

the variation of K‘o

with age., An extremely interesting
correlation of total body potassiuw with basal metabolic rate
Bas been noted (Fig. 1), both for 17 subjects on whom basal

0

®etabolism rates (BMR's) were determined prior to l{‘i count-

lnog and for 1580 subjects for whom BMR's were calculated from

=35
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Fig. 1. Correlation between basal metabolic rate and total
body potassium.
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x, age, and weight using the equations of Brody (1). A
)

-1
correlation coefficient of 0.976 is observed and an empirical

eque tion

BMR (kcal/day) = 521 4+ 314 K (equivalents)

pas been derived from the data. The actual distribution of
the points about this line suggests significant fine struc-

ture worthy of further investigation.

REFERENCE

(1) S. Brody, Bioenergetics and Growth, pp. 424-426; Eqs. 1-5
in Figs. 171715, 15.185, and 14.18b. Reinhold Publishing

Corp., New York (1945).
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Humco I1: A New 47 Liquid Scintillation Counter (E. C.
Anderson, R. L. Schuch, and V., N. Kerr)

INTRODUCTION

An iwproved 1iquid scintillation counter (Genco) was
operated at the Second Conference on Peaceful Uses of Atom
Energy in Geneva during 1958 and proved to be a tremendous '
iwprovement over the original human counter (Ruwco I) in
terws of energy resolution and useful energy range. This
improvement was primarily a result of the improved efficie
of collection of the scintillation 1ight resulting from t
use of the large (nominal 14-1/2 in.) photocathode diamete
of the new K-1328 wmultiplier phototubes.' Genco has been {
routine operation at the U. S. Army Medical Center in Land
stuhl, Germany, since the Conference, and accurate measure
ments of K‘O and Csl37 in some 4000 German civilians have
been completed in addition to other studies on thorotrast
patients, fopdstuffs, and some tracer investigations.

In view of the success of this detector, the replace
of Humco I with an improved version was decided upon in 19
‘ The new counter was to embody the following basic improve
(a) Increased efficieucy of collection of the scinti

lation 1ight through the use of 24 large multiplier photo-
tubes.

00131478.097
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(v) Increased counting efficiency and energy discrim-
(pation through the increase of liquid scintillator thick-
o from 6 to 12 in,

(c) Increased data processing efficiency through the
use of automatic card punching directly from the 6 energy
ch.nnels with no manual transcription of data,

(d) Increased safety and simplicity through the use of

p ponvolatile scintillation solvent,

METHODS AND RESULTS

The new counter is shown during assembly, in Fig, 1.
The tank has a capacity of 450 gallons of scintillator and
is hexagonal in cross section. Four 14-1/2 in. diameter
sultiplier phototubes are mounted on each flat face, giving
2 cathode area amounting to 22 per coht of the total wall
srea of the counter. The subject well has the same dimen-
sions as in Humco I (i.e., 18 in. in diameter by 72 in. long).
The counter is shielded by a steel (naval armor plate) room
vith 7 in. thick walls. Access to the room for counter
servicing is through & large door; subjects and samples
enter the counter by a trough and sling arrangement, as in
Buco I. The transistorized electronics and card puuch'l are

shown in PFig, 2.

S
Ve are grateful to J. Gallagher, J. Gilland, and R, D.
Eiebert of the Electronics Group (P-1) for the design and
Construction of this apparatus. '

104b100
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Fig. 2. Transistorized electronics for Humc> II.
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The counter was successfully operated in the fall of
1959, and some results were reported at the Vanderbilt
Symposius (1). A slight warping of the tank resulted in
cracking of the glass face-plates of several of the mwul-
tiplier phototubes, and the counter was disassembled for
repair of this difficulty. During the repair operation, t
leakage of a Co60 irradiation source elsewhere in the build
ing resulted in low level contamination of the shield and
counter, Decontamination operations with grease solvents,
rust resover, complexing agents, hydrochloric acid, and
finally abrasion of the surface with disc sanders and shot-
blasting required several wonths. During this period, a n
method of tube mounting was designed and tested, to compen-
sate for the warped tank.

The counter is now (July 1960) reassembled and tests
new scintillation solvents are continuing. Routine opera-
tion is expected in the fall.

Toluene is still the best solvent in terms of maximum
output pulse height. The performance of Huico II with.a ¢
terphenyl-POPOP filling is shown in Fig. 3. Resolution is
35 to 40 per cent full-width at half-height for x‘°, which

65 40

adequate to deterwine simultaneously Zn =~ and K, for ex-

ample. Zinc65 has been identified with Humco II in one su

ject on the basis of the measured pulse height spectrums.

-102-
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Of the other solvents so far investigated, a cou-ercigi
paint solvent '1‘8-28’.l appears to be the wost prowising. Its
volatility is similar to that of kerosene, s0 that it does
not constitute a fire hazard. The pulse height ranges from
80 to 90 per cent of that of toluene solutions, and optical
transmission for a 10 cm light path is 97 to 100 per cent
relative to toluene, Simple purification on an A1203 adsorp
tion column is adequate. This solvent will probably be used
in Humco II instead of triethylbenzene, which was used in
Genco. The latter is much more expensive and requires dis-

tillation from sodium for purification,

REFERENCE

(1) E. C. Anderson, R. L. Schuch, V., N, Kerr, and M. A. Van
Dilla, Humco II: A New 47 Liquid Scintillation Counte
presented at the Vanderbilt University Symposium on
Radioactivity in Man (April 18-19, 1960), Nashville,
Tennessee. To be published in the Proceedings.

—

*13-28, available frow the Shell Oil Company, Martinez,
California. )

=104~

00131478.103

LANL



rhe Los_Alamos Small-Animal Counter III (LASAC III)
ZET’;T'SChﬂCh)

INTRODUCTION

The proved utility and increasing demand for whole-body
spall-animal counters prompted the development and construc-
tion of an improved liquid scintillation detector. A well-
type detector (LASAC III, Fig. 1) was designed to include
paximum photomultiplier cathode area, to improve tube mount-
ing techniques, and to keep the over-all detector as small
as possible without ioss of efficiency or sensitivity. This
gystem permits low-level measurements of a wide range of
gamma-emitting isotopes with counting efficiencies to
60 per cent, The lower limit of energy weasurement is 52 kev
(Compton energy), which permits bremsstrahlung counting.
Further improvements utilizing standard transistorized elec-
tronics and selected'lov background shielding have been

incorporated,

RESULTS AND DISCUSSION

The detector tank was constructéd siwmilar to prototype
LASAC II (1) except that the photomultipliers are fitted with
windowless tube holders (Fig. 2) and the tube faces are in
direct contact with the scintillator. This unit consists of

a tank with an ellipsoidal head 12-1/4 in, in diameter and

-105-
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Fig. 2. Photomultiplier tube holder.
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12 in. long with 7, 3-in. diameter DuMont photomultipliers
fitted into a flat plate on one end. A central counting
well 4-1/4 in. in diameter is surrounded by an annular ring

of scintillator solution 4 in. thick, containing 4 g/l ter-

phenyl plus 0.05 g/1 POPOP in toluene. The inside surface
of the detector is painted with a '1‘102 plgmented epoxy resin,

which serves as a reflective coating.

Background Shielding

The bulk of the background shielding was fabricated fr
selected 7-1/4 in, armor plate forming an inner cubical meas
uring 29 in. long, 18 in. high, and 18 in. wide, The door of
the shield is constructed of a stainless steel shell filled
with a low background lead and fitted with a sliding lead
plug to permit access to the counter well for routine opera-
tion (Fig. 3). As the unit was not to be portable and floor
loading was no problem, the shield was made large enough to
accommodate other detectors, should the need arise. Total

weight of the shield is approximately 3 tons.
Electronics

Photomultiplier tubes are individually balanced for
pulse height output and their signals are connected in paral

The output of the photomultipliers is fed into standard

-108-~
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transistorized electronics circuitry consisting of preawp-
lifier, five-step amplifier, and a single-channel analyzer
of the threshold plus slit type. The information is read
directly from a scaler controlled through a presét timer

(Fig. 4).

Operational Results

37 source were analogous to

.Data obtained with a Cs1
those of prototype LASAC 1I. The signal=to-noise ratio was
10.1, and tube noise interference appeared at 52 kev
(Compton edge) or 150 kev Er. Optimum operating conditions
for a given isotope are selected by changing the amplifier
gain, The slit width range is calibrated in gamma energy.
A wide slit (700 units) was used because background remaine

low regardless of the operating levél, as shown in Table 1,

REFERENCE

(1) Biological and Medical Research Group (H-4) of the
Health Division - Semiannual Report July through
December 1959, Los Alamos Scientific Laboratory Report
LAMS~-2445 (February 1960).
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TABLE 1.

b

SLIT WIDTH RANGE AS A FUNCTION OF AMPLIFIER GAIN

S1it Width Range Full Range of Analyzer Background

Gain (kev) (Mev) (c/s)
1/16 400-3200 4.0 42
1/8 200-1600 2.0 50
1/4 100-800 1.0 51
1/2 50-400 0.5 55
1l 25-200 0.25 56
-112-
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Absorption of Radioisotopes through the Skin: Feasibility
@ (M. A. Van Dilla and M. W. Rowe)

INTRODUCTION

One of the routes of entry of radioisotopes into man 1is
penetration through the skin. Very little is known about
this subject. Since it seemed possible to investigate the
pmatter with low level whole body counters, we carried out 2

feasibility study with the human spectrometer.

METHODS AND RESULTS

The main difficulty in carrying out a skin absorption

experiment is that fractional absorption is likely to be

rall. Hence, the radioactivity on the test area (hand or
arm, probably) may "swamp" the radioactivity absorbed through
the skin and distributed through the body. This means that
the test area on the skin should be heavily shielded from

the crystal, and any other means of improving the body test
area ratio should be used.

In our experiments, we built a small lead cave adjacent
to the arm of the lawn chair in which subjects recline during
a measurement. The lead cave was so placed that a subject
might thrust his hand and forearm into it while in the lawn

chair., The opening pointed horizontally and toward the rear

=113~
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of the steel room (away from the crystal). The lead thick.
ness was 2 in., except for the two sides closest to the
crystal which were 4 in. thick,

In the first experiment we measured background, then
ran with about 100 uc C5137 (0.66 Mev gamma rays) in the
37

cave, and lastly ran with about 0.1 pc 051 in the seat of

the lawn chair. Cesium137 was chosen because of its con-
venience and because the absorption coefficient of lead is
large at 0.66 Mev and rises rapidly at lower energies; thus,
softer gamma ray emitters (as Srss, 1131, Cr51, etc.) would
be easier to shield. The spectra obtained in the C3137
experiment are shown in Fig. 1. Although there is a large
backscatter peak due to those gamma rays which escape throug
the cave opening, the photopeak region (channels 55-70) 1is
only slightly above background, The count rate due to
0.1 pc Cs137 in the lawn chair is wuch larger than the inter
ference from the 100 pc in the arm cave, These data are
summarized in Table 1.

In the second experiment, we did a repeat using.Coso.
This case is less favorable, since the absorption coefficien
of lead is close to its minimum value for Cn::s0 gamma rays
(1.25 Mev average), so that shielding is less effective, H

ever, even so, the results were very encouraging, as the da

in Table 1 show,

-114-
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- cent can be measured with a 10 to 16 per cent counting error

TABLE 1. SKIN ABSORPTION OF RADIOACTIVITY FEASIBILITY STUDy

Gamma Ray Net Count Rate-I;
Source Energy (Mev) Position Photopeak, in c/y

—

7

~ 100 pc Cs3 0.66 Arm cave 11

~0.1 pc cs13? Lawn chair 1337

Background 179

&~ 10 puc Co60 1.17; 1.33 Arm cave 91

~0.1 pc Co®° Lawn chair 1265

Background 245
DISCUSSION

In view of the results shown in Table 1, it seemed des
able to speculate on possible experimental design for a skin
absorption stud& on people. The result is shown in Table 2;
using 10 pc on the hand or forearm and a 30-minute counting

time, an absorption through the skin of as little as 0.02

We may conclude that the detection of very small amoun
of radioactivity absorbed through the skin is quite feasible

using the method described above. It is important, however,

-116-~
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TABLE 2. POSSIBLE EXPERIMENTAL DESIGN FOR SKIN ABSORPTION

——

amount Counting Error,
on Hand Position Counting if Absorbed
or Arm Time
(uc) Subject Arom (minutes) 0.1% 0.02%
10 lLawn chair Lead arm cave 30 3-4% 10-16%

that care be taken to avoid slight contawmination of the equip-
ment, because the skin test area will contain a large amount
of radioactivity relative to what is being detécted. With
good technique, this can be readily accomplished. We plan to
enlist the aid of medical or biological people elsewhere in

the Group to continue this project.
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Radiation Dose Rates above the Atmosphere (M. A. Van Dilla,
M. ¥W. Rowe, R. D. Hiebert, and J. A. Sayeg)

INTRODUCT ION

The discovery, in 1958, by Van Allen and his collab-
orators of large zones of high energy charged particles
trapped in the earth's magnetic field has stimulated exten-
sive geophysical investigation and provoked a good deal of
thought as to potential hazards to man in space. 1In the
spring of 1959, the Air Force Special Weapons Center at
Kirtland Air Force Base requested the cooperation of H-4 in
an effort to measure dose fates in the Van Allen belts. As
a result, we designed and built 5 tissue-equivalent ion
chambers which were described in the previous semiannual
report (1). These are slated for Atlas and 609-A flights
for the summer and fall of 1960, Twelve additional units
were made for AFSWC under contract to the Eberline Instru-

ment Company for other flights.

METHODS AND RESULTS

The LASL space ion chambers now operational are made of

6

Lucite and have heen calibrated with Co 0 gamma rays. Lucit

was chosen originally because it is a reasonable approxima-

tion to soft tissue, it is readily available, and fairly ea

-118-
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abricate. Since time schedules were short, these con-

f
to
siderati°ns were overriding. Calibrations with Co60 gamma

rays are easy to make quickly and accurately at this Lab-
oratory, SO again this was the method of choice. Now that
these instruments are in the hands of AFSWC for dose rate
u,easurements in space, improvements and refinements are
possible. These involve tissue equivalence and neutron-

proton calibration,
DISCUSSION

It was pointed out to us by John Rose of the Argonne
National Laboratory that the tissue-equivalent plastics de-
veloped by Shonka et al. have improved to the point where
they compare with or surpass Lucite in ease of fabrication
and availability. As a result of discussions with Dr. Shonka
and our colleagues at AFSWC, it was agreed that Shonka would
make a prototype front end of tissue-equivalent plastic and
LASL would redesign and build the rest of the unit (elec-
trometer circuit, transistorized amplifier, and power supply).
The tissue-equivalent plastic and gas filling are equivalent
to muscle for X rays, gamma rays, and neutrons, and so rep-
resent an improvement over Lucite. 1In addition, an effort
Would be made to minimize the amount of metal near the sen-

Sitive volume because of the possibility of radioactivity

-119-
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. produced by spallation reactions, At the present writing,

the tissue-equivalent plastic front end has just arrived
from Dr. Shonka and design of the rest of the instrument i,
under way.

In addition to this redesign using tissue-equivalent
plastic, the calibration and response of the Lucite ion
chambers are being extended to include neutrons and high
energy protons, When the hard protons of the inner belt
strike the space vehicle (and the ion chawber itself), both
neutrons and radioactive spallation products can be produc
Arrangements have been made by AFSWC with Dr. Tobias of the
University of California at Berkeley to expose one of the
Lucite chambers (Eberline Serial No. 3) to high energy pro-
tons in one of their big accelerators. In the meantime, t

response of this chamber to both Co60

has been measured at LASL. The Co6°

gamma rays and neutr
calibration covered ¢
range 0.01 to 100 r/hr and is shown in Fig. 1. The neutron
measurements, made with 2, 8, and 20 Mev monoenergetic

neutron beams at the vertical Van de Graaff generator, are
shown in Table 1. These data show that the neutron respo
of the Lucite chamber at the two higher energies is quite
good, while at the lowest energy it falls off considerably.
This latter effect may be due to the fact that the dimensi

of the sensitive volume of the ion chamber (about 3 in. ac

-120~
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TABLE 1, RESPONSE OF LUCITE SPACE ION CHAMBER TO MONO-
ENERGETIC NEUTRONS

Neutron Neutron Dose Lucite Ion Chamber Response
Energy Rate” (Eberline Serial No., 3)
(Mev) (rads/hr) (rads/hr)
2 2.10 0.7
8 1,30 1.2
20 0.83 1.2

*Calculated from the neutron flux and first collision theory,

are similar to the recoil proton range in air (about 2,75 1ia,
for 2 Mev protons), while the range in air of 8 Mev protons
is 30.6 in. (2). This error will be eliminated in the cham
now under development because both walls and gas filling

will be tissue-equivalent.
REFERENCES

(1) Biological and Medical Research Group (H-4) of the Heal
Division - Semiannual Report July through December 1959
Los Alsmos Scientific Laboratory Report LAMS-2445
(February 1960),

(2) R. D. Evans, The Atomic Nucleus, p. 651 (1953).
McGraw-Hill B%0 s 1n¢,, New York,
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uoonlp§c: Measurement of Radioactivity of the Lunar Surface
(M. A. Van Dilla and E. C. Anderson)

INTRODUCTION

The feasibility study outlined in the previous semi-
annual report (1) has now developed into a firm project,
the objective of which is to provide information on the
composition and history of the moon and its surface radia-
tion. This will be done by detection of the gamma radia-
tion from the natural radioactivity (K4° mainly) of the

lunar surface,

METHODS AND RESULTS

The project has woved forward considerably and has
changed, in some respects, since the previous semiannual
report. The arrangement with the National Aeronautics and
Space Adwministration through its contractor, the Jet Pro-_
pulsion Laboratory of the California Institute of Tbchnolqcy
at Pasadena has become firm; we are'rosponsiblo for the de-
tector package, Radiation Instruments and Developwment Lab-
oratories of Chicago has a contract for the 32.channel snal-
yzer and most of the pulse circuitry, and the Jet Propulsion
Laboratory handles matters concerning the vehicle, telemeter-
ing, thermal control, wmechanical design, etc. Professor J. R.

Arnold of the University of California at La Jolla (who, with
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Professor H. C. Urey, conceived the original ideas for the
experiment) is making theoretical predictions of the lunar

radiation levels and will assist in data interpretation.

f0ub125

The gamma ray spectrometer has been scheduled on

flights 3, 4, and 5 of the so-called "Ranger" series of

rockets to be launched in 1962. The vehicles on which the

spectrometer will fly are designed for lunar impact; it is
during the last 10 minutes before impact that the spec-
trometer will be close enough to the moon to respond to its
gamvma radiation. During this short tiwme, the contents of
the analyzer's memory will be periodically telewetered back
to earth; at impact, the vehicle will be wrecked.‘

The design of the detector package has also becowe
firmer in the past few months. It will consiat of a phos-
wich, a CBS CL-1003 photomultiplier, and a fast pulse rejec~
tion circuit. The phoswich will be a cylindriéal Csl (T1)
crystal, 2-3/4 x 2-3/4 in., completely surrounded by plastic
scintillator of 1/8 in., wall thickness. The CsI is the ga
ray detector, while the plastic acts as & guard counter (or
anticoincidence shield) to reject pulses due to fast char

particles (cosmic rays). The detector package will be sit

l.'l‘lmt: is, all but the seismograph; this separates at about
12 miles from the moon and is eased down by a retro-rocket.
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on the end of a 3 to 4 foot boom to minimize the effect of
otons generatéd by a cosmic ray bombardment of the vehicle;

ph
tpis decision was based on the results of the Russian rocket

DISCUSSION

If the lunar surface radioactivity resembles the chon-
dritic meteorites and has a minimum value, K will be the
sost hopeful natural radiocactive species to look for. Our
estimates of the K4° signal and the background in the 1.36 to

1.56 Mev region are as shown in Table 1.

TABLE 1. ESTIMATES OF THE RADIATION FROM THE LUNAR SURFACE

K‘o signal (average, final 10 minutes) 3 c/m
Background (cosmic rays, edge-clipping) 45
Background (secondary photons from vehicle,

inside) . 180
Background (secondary photons from vehicle,

3 foot boom) 14
Background (lunar surface, 500 km altitude) 2,7
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The first of the contributions to background will be elim-
inated by use of the phoswich, and since we will have the
advantage of a boom the total estimated background will be
14 + 2.7 = 16,7 ¢/m. 1If the background is well determined
during the long coast toward the moon, the standard devia-

40 signal will be

3 + 16,7
- M- 1.4
° V™10

for a 10-minute counting period. Thus, if the natural pota

tion of the K

sium level of the lunar surface is chondritic, the chance o
detecting its presence seems marginal. However, if the lu
surface resembles the earth's surface as a consequence of
segregation following extensive melting, then the potassium.
cbncentration will be higher by a factor of about 30 and be
very obvious (as will be the uranium and thorium series als
Some current theories of lunar composition and history pre-
dict either chondritic or terrestrial composition, so the

experiment should provide important evidence.

REFERENCE

(1) Biological and Medical Research Group (H-4) of the Hea
Division - Semiannual Report July through December 195
Los Alawos Scientific lLaboratory Report LAMS-2445
(February 1960),

-126-

00131478.125



Y

world-Wide Biospheric Carbonl? (F. N. Hayes, V. N. Kerr,
E. Hansbury, and D. L. Williams)

CHAPTER 4

OBGANIC_CHEMISIBY SECTION

INTRODUCTION

Much information of direct physiological and geochemical
benefit and also providing starting data for genetic extrap-
olations into the future can come frow careful assays of the
distribution of the massive quantity of C14 injected into
the atmosphere from 1954 through 1958 by nuclear weapons
testing. Botanical essential oils and zoological lipids,
widely distributed in time and geography, and amenable to
liquid scintillation counting, are being assayed and results
are being analyzed for their tracer implications in the bi-

ospheric appeirnnce, mixing, and disappearance of carbon.
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METHODS AND RESULTS

One publication on some of the methods of this program
and another on results with lemongrass oil have appeared in
print since the last report. During this period, efforts
have been almost exclusively directed toward chemical process
ing, and there are no corrected counting results to report,
The following inventory of samples now ready to count has
been prepared: 36 frow turpentine, 19 from citrus oils,

8 from eucalyptus oil, and 8 frow lemongrass oil. Carbon
dioxide has been quantitatively derived from these samples
and has been sent to Dr. Wallace Broecker at the Lawont
Geological Observatory for 013 analysis to allow us to correct
the counting results of these samples for C14 fractionation, .

In order to determine the feasibility of weasuring 014
uptake in humans, preliminary studies of methods of isolation

and purification of cholesterol have been made, A commercial

sample of cholesterol has been purified and counted. Choles-{
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jcal Systems for Liquid Scintillation Dosimetry (D. L.

cues
giliiams and F. N. Hayes)

INTRODUCTION

A system of "paired" liquid scintillators has been
developed (1) for making simultaneous gamwa ray and fast
peutron dose rate measurements in mixed radiation fields,
guch as those-arising from the prototype Kiwi series of
rocket propulsion nuclear power units. This system is depen-
dent upon electrons, and response to fast neutrons is depen- '
dent upon hydrogen atoms. Hexafluorobenzene, which is
hydrogen-free, is used as solvent in the scintillator which
is sensitive only to gamma rays. A solution of a suitable

solute in p-xylene has been employed as the hydrogen-rich

o et e ——

liguid scintillator which responds to both gawma rays and
fast neutrons. Thus, with the essential calibrations, the
fast neutron rate is obtained as a calculated difference
value,

As used in photodetectoré for measuring radiation rates,
the neutron response of the g-xylene system is only 0.22 time
the gamma response. With the precision of these measurements
considered to be +5 per cent, it follows that the ratio
0.22/0.05 = 4.4 is the waximum ratio of gamma-~to-fast neutron
energy deposition rates at which a significant neutron measure-

rent may be made. Since, in actual practice, situations have
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been encountered in which the gamwa-to-neutron ratio was as
high as 10 to 1, it was considered highly desirable to in-
crease the response of the hydrocarbon system to fast

neutrons, if poasible.

METHODS AND RESULTS

A solution of 9,10~diphenylanthracene solute in mineral
oil (2 g/l1) gives a scintillation response to electrons meas-
ured as a relative current (2) which is about 23 per cent
that shown by a similar solution in p-xylene. Mineral oil
has 51.5 per cent more hydrogen than p-xylene, on a weight
basis. Therefore, despite the lower scintillation efficiency
of its solution, mineral oil should show about 50 per cent
more response to fast neutrons than p-xylene, relative to
their respective gamma sensitivities. Calibration of the

paired liquid scintillators, using a Co60

gamma source and
the Los Alamos Godiva I1 reactor for a neutron source, showed
that the relative fast neutron-to-gamma response of the
wmineral oil scintillator is 0,22, no different than that of
the p~xylene system. This suggests that the 50 per cent
greater hydrogen density of mineral oil relative to p-xylene
is counterbalanced by a 0.67 fold less efficient sensitivity

to recoil protons produced from the neutron spectrum of the

Godiva source.
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Another approach to the problem of increasing the fast
peutron response of the hydrocarbon liquid scintillator was
pade by the inclusion of a soluble gadolinium salt. The
fast neutron capture cross section of gadolinium is approx-
jmately 10 barns. In a solution of 9,10-diphenylanthracene
in p-xylene (3 g/1) was dissolved 1 per cent by weight of
gadolinium as the 2-ethylhexanoate salt. The fast neutron
response of the gadolinium-loaded solution was compared with
that of the untreated p-xylene solution at various neutron
energy levels, Each solution was exposed to monoenergetic
geutrons from the Los Alawos Van de Graaff accelerator., The
response data for the gadolinium solution were corrected for
quenching due to the gadolinium salt by means of relative
current measurements (2). The results, which are shown
graphically in Fig. 1, show an increase in response of about
22 to 28 per cent in the 1 to 2 Mev region, with lesser in-

creases at the higher energy levels.
DISCUSSION

In comparison to the standard 9,10-diphenylanthracene/
P-xylene liquid scintillator, neither mineral 011/9,10-diphenyl-
anthracene nor the gadolinium-loaded B-xylene solution show an
increase in fast neutron sensitivity which is considered of

sufficient consequence to warrant further study.
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Photodetectors for Scintillation Dosimetry in the Field
(D. L. Williams and F. N, Hayes)

INTRODUCTION

Dose rate devices are needed which are capable of meas.
uring low gamwa ray dose rates in the field. These devices
should be dose rate and energy independent. Other desirable
features are small size, mobility, a8 winimsum requirement

for associated electronic equipwent, and no requiresent for

AC electrical power.

METHODS AND RESULTS

A suitable photodetector and scintillation unit was con.
structed by optically coupling a 25 cc right cylinder of
NE 102" plastic scintillator to the cathode of & 1 in. diame
Dulont No. 6467 photomultiplier tube. B;toro cementing with
Arustrong A-6 epoxy resin, the piece of plastic (1 in. in
diameter by 2 in.) was sprayed with white Tygon paint with t
exception of the polished surface at one end, To minimize »
internal reflection at the plastic and glass interfaces, the
polished surface of the plastic was coated with a colorless

grade of Dow-Corning silicone grease before joining it to th

‘Nucloar Enterprises, Inc., Wiannipeg, Canada.
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de of the photomultiplier tube. To protect the plastic

eatho
o phOtOtube’ an aluminum cylinder (1-1/8 in. inside diameter
s

3 in. in length) was machined to fit over the plastic and
by
or about 1/2 in. over the glass envelope of the tube,

cnen {
junction between the aluminum cylinder and the phototube

he
:nd the glass envelope of the phototube were covered with
plack electrical tape to eliminate light leaks.

The necessary interdynode DC voltages were supplied to
the photomultiplier tube frow a battery pack made up of 46,
22.5-volt batteries. The batteries,were arranged in series to
give 2 difference in potential of 135 volts between the cathode
and the first dynode, 90 volts between each of the next 9
stages, and 90 volts from the tenth dynode to ground. Since
current is drawn only during the time that the phototube sees
light from the scintillator, the useful life of the battery
pack approaches shelf-life of the batteries.

The current generated by the photomultiplier tube is
transmitted over low impedance coaxial cable to a galvanometer
with a net input resistance of 1000 ohms. The gamma dose rate
range of this device, as described, was about 2 mr/hr to
36 r/hr, By waking suitable adjustments of the voltage across
the dynodes of the photomultiplier tudbe, gamma dose rates up

to several hundred r/min can be monitored with a dynamic range

of at least 1000 fold.
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Linearity of response of this type of gamma doge rate
device has been well established (1) over a wide range of
dose rates. However, one linitation* must be observed in

adjusting the sensitivity of the detector for the probable

dose rate range which is to be monitored. When relatively
large anode currents ( >1 ua) are delivered for more than a
few minutes, a change in the response of the photomultiplier
tube is observed. Different brands of tubes behave dif- |

ferently under these circumstances. For example, DuMont

No. 6467 tubes show an increase in sensitivity, whereas RCA
No. 6199 tubes always decrease in sensitivity. From a study
of this feature, the following generalizations may be made

for DulMiont No. 6467 tubes. At about 2 ua anode current, the ;
tubes are stable for about 15 minutes; at about 1 ua, the

response is constant for at least 30 minutes; and at <€ 0.5 pa,

stability is good over several hours, Tubes which have had
& change in response recover over a period of time which is

roughly proportional to the magnitude of the change.
DISCUSSION

By making the appropriate adjustment of the voltage
applied across the dynodes of the photomultiplier tube, the

*This feature of photomultiplier tube response was first
brought to our attention by R. D. Hiebert of Group P-l.

~-136-
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ose rate device described above can be used to monitor

d

ganms dose rates in the field over an extremely wide range,

¢.g.» 1 mr/hr to several hundred r/min.

No further work on this project is anticipated in the

pesr future.

REFERENCE

(1) D. L. Williams, F. N, Hayes, R. L. Schuch, R. L. Craw-
ford, and R. D. Hiebert, Los Alamos Scientific Lab-
oratory Report 1lA-2375 (1959).

-137-

[0ub138




Chromatography of Deoxyribonucleic Acids (A. Murray)

INTRODUCTION

The mild chromatographic method of Bendich (1) for the
characterization of biologically active nucleic acids, by
partial separation of the polynucleotide components of the
total DNA (or RNA) from single sources, has established the
heterogeneous nature of DNA. This essentially reproducible
fractionation on the anion exchanger ECTEOLA (2) appears to
depend largely on the molecular size or aggregation state of
the various polynucleotide species as well as their base
composition. Although this nitrogen-containing cellulose
derivative has found widespread application in the chromatog-
raphy of DNA, RNA, and viruses and in the purification of
bacteriophages, there has been no report of attempts to im-
prove the resolution of the chromatographic profiles.

As greater discrimination in separating macrowolecules
would be welcomed by every worker in the field, it appeared
desirable to (a) evaluate all reported chromatographic
methods through a single DNA specimen, (b) prepare an im-
proved cellulose derivative, (c) correlate the profiles yieldq
by various chromatographic media to those with the now com-~

mercially available EC‘I‘E()I.A,"I (d) determine the common physi

Eastoan Kodak Couwpany,
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P.rsﬂﬂters of the separated fractions, and (e) attempt to
differentiate the natural heterogeneity of a given DNA from
that arising through denaturation during the many and varied

p,-acedures reported for its isolation.

METHODS AND RESULTS

The usual procedures of cellulose chemistry have been
esployed in the preparation qf some 30 different nitrogen-

containing cellulose anion exchangers. The titration curve

and nitrogen analysis of each have been determined. In order

to screen the effects of type of nitrogen grouping, amines
were selected frow 19 aliphatic, 7 aromatic, and 7 hetero-
cyclic classifications. In order to screen for spatial
effects, bonding of the amine group to the cellulose chain
vas effected through both ether and ester links of varying
length.

The intent is to pursue the screening with DNA and
investigate variations of any type that those results may

varrant.
REFERENCES

(1) A. Bendich, J. R. Fresco, H. S. Rosenkranz, and S. N.
Beiser, J. Am. Chem. Soc. 77, 3673 (1955); A. Bendich,
H. B. Pahl, G. C. Korngold, H. S. Rosenkranz, and J. R.
Fresco, J. Am. Chem. Soc. 80, 3949 (1958).

(2) E. A, Peterson and H. A, Sober, J. Am. Chem. Soc. 78,
751 (1956) . '
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Preliminary Studies on the Chemistry of Nucleic Acids (F. N.
Hayes, A. Murray, and D. G. Ott)

INTRODUCTION

In 1line with the recent desire to increase fundamental
research efforts, a study of the field of nucleic acid
chemistry was beguﬁ to determine how bhest our interests and
talents could be channeled into this rapidly expanding and
eminently important field.

DISCUSSION

Our efforts thus far have primarily been directed toward:
self-education by studying all the available literature and
-holding discussion sessions. Some laboratory work is in proe
gress for familiarization with some of the synthetic and
analytical techniques in the field and for preparation of
chemicals and fabrication of apparatus which will be useful

in the near future, when this program gets under way.
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(abelin of Biologically Important Compounds with Radioisotopes

(A, Murray)

The programs of the Biochemistry Section, the Industrial
vaste Treatment Group, and the Department of Plant Pathology
of Purdue University have been supported by the synthesis of
the following labeled compounds, the figures in parentheses
peing specific activity of the radiochemically pure compound

(in #c/g8) on a carrier-free basis:

(a) Hs-Deoxyribonucleic acid

(b) Dihydrolanosterol-ZS,26-33 (42.6)
{c) 2,4,G-Trinitrotoluene-l-cl4 (11.25)
(d) H3-1-Octanol (81.4)

In the last case (d), where difficult handling of small
liquid sawples of high specific activity was necessary, puri-
fication was effected by formation of inclusion cowpounds,
column adsorption chromatography, fractional recrystalliza-
tion of temporary solid derivatives, fractional microdistilla-
tion with low and high boiling inert carriers, and gas-liquid

partition chrowmatography.
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ORGANIC CHEMISTRY SECTION PUBLICATIONS

M. D. Barnett, G. H. Daub, F. N. Hayes, and D, G, Ott,
Liquid Scintillators. XI. 2-(2-Fluorenyl)-5-aryl-
substituted Oxazoles and 2-(2-Fluorenyl)-5-phenyl-
1,3,4-oxadiazole, J. Am. Chem. Soc. 82, 2282 (1960).
F. R. Domer and F. N. Hayes, Background vs. Efficiency
in Liquid Scintillators, Nucleonics 18(1), 100 (1960).
F. N. Hayes, E, Hansbury, V. N. Kerr, and D. L. Williams,
14

Contemporary Carbon

374 (1960).

in Lemongrass 0il, Z. Physik 158,

F. N. Bayes, E. Bansbury, and V. N, Kerr, Contemporary
Carbon-14: The p-cymene Method, Anal. Chem. 32, 617
(1960) .

V. N. Kerr, D. G.. Ott, and F. N. Hayes, Quaternary Salt 1
Formation of Substituted Oxazoles and Thiazoles, J. Am.
Chem. Soc. 82, 186 (19680) .

D. G. Ott, V., N, Kerr, F, N, Hayes, and E. Hansbury,
Liquid Scintillators. XI1I. Absorption and Fluorescence:
Spectra of 2,5-diaryl-l,3,4-oxadiazoles, J. Org. Chem.
872 (1960).
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D. F. Petersen and A. Murray, III, Simple Fluorescent
Intensification Screen for Ultraviolet Scanner Cameras,
Anal. Chem. 32, 443 (1960).

p. L. Williams, F. N. Hayes, R. L. Schuch, R. L. Craw-
ford, and R. D, Hiebert, Liquid Scintillator Radiation
Rate Meters for the Measurement of Gamma and Fast
Neutron Rates in Mixed Radiation Fields, Los Alamos
Scientific Laboratory Report LA-2375 (March 1960).

PUBLICATION SUBMITTED

S. P. Birkeland, G. H. Daub, F. N. Hayes, and D. G.
Ott, Liquid Scintillators. X. Sowe Aryl Substituted
Phenanthrenes and Dihydrophenanthrenes, and Related
g—Terphenyls and g-Quuterphenyls. Determination of

Kallwmann Parameters, submitted to Zeit. Physik.
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CHAPTER 5

RADIOBIOLOGY SECTION

rhe Inheritance of Radiation-Induced Mutations Deleterious
vo the Reproductive Efficiency in the Mouse. Part I. The
;E;;agptive Performance of the Sixth Filial Generation from
;I;; Generations of X-Irradiated Male Mice (J. F. Spalding

I
and V. G. Strang)

INTRODUCTION

The genetic hazards of ionizing radiation are the sub-
ject of much concern and controversy, and the urgent need
for wore information on the inheritance of radiation-induced
genetic damage in mammals has been stressed (1). Evidence
that many mutations wmay have slight dominant deleterious
effects or that the genetic load of recessive mutations may

accumulate through the germ line has been suggested by the

Russells (2). This study was designed to observe the reproduc- .

tive performance and life span of the sixth filial generation
from 5 generations of X-irradiated male mice. For an earlier
report on this experiment, the reader is referred to Chapter 5

of the previous semiannual report (3).
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METHODS

The mice used in this experiment were obtained from the
mating of 1 pair of RFM mice, which were treated as describe
in Fig. 1. The X-ray treated male mice in the experimenta}
line were exposed to a single acute dose of X rays at 28 day,
of age. A control line was maintained parallel to the experi

mental line to check for possible loss of vigor through in.

breeding.

RESULTS AND CONCLUSIONS

The reproductive performance of the sixth filial genera-
tionvof 25 pairs each of experimental and control line mice
has been completed and analyzed. Nine breeding characterist
were evaluated as follows: age at first litter, age at last
litter, reproductive life, number of conceptions, number of
mice born, number of mice weaned, average litter size born,
average litter size weaned, and weaning weights,

The mean of the experimental group was less than the
mean of the control group for all characteristics observed.
Although only 1 of the characteristics tested (average wean-:
ing weight) was statistically significant, the results of F
and sign tests justified the conclusion that 200 rads of X
irradiation, delivered to the male mouse for 5 consecutive

generations, resulted in heritable genetic damage to the un-

exposed FB generation.
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the Inheritance of Radiation-Induced Mutations Deleterious
to the Reproductive Efficiency in the Mouse, Part II. The
peproductive Performance of the Eleventh Filial Generation
from Ten Generations of X~Irradiated Male Mice (J. F.
;;;Iding and V. G. Strang)

iNTRODUCTION

This is a continuing experiment to observe the reproduc-
tive performance, resistance to nonspecific stress (low tem-
perature and chronic gamma ray exposures), and life span of
the eleventh filial generation from 10 generations of X-
irradiated wmale mice., The data obtained from Part 1 of this
study (observations on the sixth filial generation) indicated

the necessity for continuance of this project.
METHODS

The population of mice used in this study originated
from the sixth filial generation of control and experimental
wice in Part I. The X-ray treated male mice were exposed
acutely at 4 weeks of age, and offspring frow the tenth
filial generation of the control and experimental groups
(nonirradiated eleventh generation mice) are being observed
for reproductive performance, resistance to nonspecific stress,
and life span. Five groups are under study, as shown in

Fig. 1, and are mated in the following manner:
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Group 1 Control line male x irradiated line female

Group II Irradiated line male x control line female

Group 111 Irradiated line male x irradiated line
female

Group IV Sister-brother mated control

Group V Nonsister~brother mated control

Group VI Irradiated line male x irradiated line
female, bred to continue experiment through
Fig with X-ray exposures to each generation
of males

Group VII Irradiated line male x irradiated line

© female with no further X-ray exposures,
bred to test filtration by natural selec-
tion through 5 generations

Group VIII Control male x control female bred to con-
tinue experiment through F16

RESULTS

The reproductive performance of the first 5 groups listed
under Methods is under study. Expected completion date is
March 1861, For reports of earlier data, see Part 1 of this

report (1) and Chapter 5 of the previous semiannual report (2).
REFERENCES

(1) J. F. Spalding and V. G. Strang, The Inheritance of
Radiation~Induced Mutations Deleterious to the Re~
productive Efficiency in the Mouse, Part 1. The Re~
productive Performance of the Sixth Filial Generation
from Five Generations of X-Irradiated Male Mice, this
report. .

(2) Biological and Medical Research Group (H-4) of the
Health Division - Semiannual Report July through
December 1959, Los Alamos Scientific Laboratory Report
1AMS-2445 (February 1960).
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Dependence of Recovery Half-Time on Magnitude of Condition-
ing Dose of CobaltBD Gamma Rays (J. F. Spalding and T. T.
Trujillo)

INTRODUCTION

It has been stated that the recovery half-time follow-
ing acute irradiation damage is strongly dependent on the
size of the dose (1). A series of studies are being con-
ducted to determine recovery or repair rates in irradiated
mice and if possible, to establish the actual relationship

between recovery rate and radiation dose.

METHODS AND RESULTS

Three approaches are being undertaken to determiﬁe
radiation repair rates. In the first approach, groups of
mice are given a single acute challenging dose of Coso
gamwa rays. After allowing various times for recovery, the

LD50 for each group is determined. The residual damage is

determined at each repair time interval to obtain the repair .

half-time (RTSO)‘ Tables 1 and 2 show this method and the
results obtained to date.

In the second approach, several groups of mice are con-

ditioned with different challenging doses and all groups are ,
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allowed the same repair interval prior to determining the

o T

LDSO' The residual damage is then determined for each
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ch511enging dose., Table 3 shows this method and the results
optained to date,

The third approach is the fractionated dose method, as
t,bulated in Table 4. One hundred and eighty mice were
exposed to 500 rads of Co60 gamma rays biweekly for 7 expo-
gures. The dose required to kill 50 per cent of the mice
yill be determined, and with this information the repair
nelf-time will be estimated.

These studies are incomplete as of this date, and anal-

yses and interpretation of the present and subsequent data

will be presented in a future semiannual report,
REFERENCE

1) G. A. Sacher, Reparable and Irreparable Injury: A
Survey of the Position in Experiment and Theory, In:

Radiation Biology and Medicine, W. D. Claus (ed.),
Xddison-Wesley, Eeaalng, Mass. (1958).
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Comparison of Natural and Radiation Aging Mechanisms:
Response of Irradiated and Nonirradiated Mice to Cold Stregg
(T. T. Trujillo and J. F. Spalding)

INTRODUCTION

Young animals demonstrate the ability to withstand a
nonspecific stress, such as subnormal temperature, better
than old'animals as indicated by the per cent of survivors,
Numerous investigations also indicate that single or multiple
doses of whole body irradiation, at least above a certain
threshold, result in the life shortening of mammals, Both
the normal and radiation aging processes are poorly under-
stood; however, the above observations provide a means to
compare the natural process with radiation aging.

This investigation, reported in the previous sewmiannual
document with some of the early results (1), was designed to
observe differences in the two aging mechanisms in a single
strain of irradiated and nonirradiated mice when exposed to

a nonspecific stress such as cold.

METHODS AND RESULTS

Female mice of the RF strain were used in this study.
The radiation exposure came from a low intensity Coeo source.,
The 4 irradiated groups were exposed at the age of 3 to

5 months; however, the beginning of exposure of each group
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aried to allow for exposure termination of all groups to
sccur at the same time, This was followed by a 90-day
recovery period before the animals were subjected in individ-
sl cages to cold stress for 14 days at 6 to 7°C in a walk-in
cefrigerator. All animals surviving the cold stress period
yere observed for an additional 10 days following the stress
period. The per cent mortality reported is from both periods.
4 nonirradiated group of the same chronological age was
stressed along with irradiated groups.

In the study to observe the effect of natural aging on
resistance to cold of the RF strain, 5 different age groups
(4, 8, 12, 20, and 24 wonths) have been stressed. Table 1
shows the results of 4 irradiated groups observed since the
Isgt report, The per cent mortality in the irradiated groups
is higher than the control group with significant differences
corresponding to the whole body dose received by each group.

Table 2 shows the response of 5 nonirradiated groups of

different ages when exposed to a subnormal temperature. The

16 month old group remains to be exposed to cold stress,
DISCUSSION

Frowm these additional data, it again is evident that the
response of radiation-aged mice is similar to the response of

oaturslly-aged animals, when both groups are exposed to a
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ABLE 2, AGE VERSUS RESISTANCE TO COLD STRESS OF RF FEMALE

MICE
-_ * *%
yice Stressed Age Mortality
(No.) (months) (per cent)
a——
100 4 , 14
100 8 36
96 12 27
96 16 -—
83 20 87
44 24 100

*stress period 14 days at 6 to 7°C.

"Includes deaths during 10-day post stress period.
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nonspecific stress such as cold. It can be concluded that
the aging mechanisms of the natural and radiation processes
are very similar, at least insofar as the ability ol the
animals to withstand a specific environmental stress (in

this case, cold) is concerned.
REFERENCE

(1) Biological and Medical Research Group (H-4) of the
Health Division « Semiannual Report July through
December 1859, Los Alawos Scientific Laboratory Report
LAMS-~2445 (February 1960).
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gtfect of Preirradiation Treatment with Glutathione on the
Age specific Log Rates of Mortality (Gompertz Function)
(1. U. Boone, G. A. Trafton, and L. M. Conklin)

INTRODUCTION

The administration before irradiation of agents such as
cysteine, cysteamine, glutathione, S,2-aminoethylisothi-
gronium bromide (AET), etc,, have been shown to exert a
protective effect against acute lethal doses of X irradia-
tion, Very little information is available as to the long-
term effects that these protective agents may have, In this
study, glutathione was administered to CF1 female mice prior
to a single lethal or sublethal dose of X irradiation.

Life span and tumor incidence of animals given gluta-
thione before 400 and 700 rads of'x irradiation have been
reported previously and compared to animals receiving a
single dose of 400 rads of whole body X irradiation and to
nonirradiated animals (1,2), Glutathione had a definite
protective effect in terms of.lifé shortening and tumor
incidence at both the lethal and sublethal dose levels,
Additional data on the age specific log rates of mortality
of irradiated animals, pretreated and nontreated with gluta-

thione, are presented here.
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METHODS

The irradiation was delivered as a single dose of

250 KVP X rays. The air dose was 52 r/min with a tissue
dose of 50 rads/min. Glutathione (4 g/kg body weight) was
administered subcutaneously 30 minutes before irradiation,
The mice were treated and irradiated at 17 weeks of age

with approximately 150 per group. The groups were as follows:

Group I 400 rads whole body X irradiation
Group I1I glutathione + 400 rads X irradiation
Group II1 glutathione + 700 rads X irradiation

Group IV specific control group, which received
glutathione only

Group V a general control group, which received
nothing

RESULTS AND DISCUSSION

Following irradiation, the Gompertz function (logaritha
of the daily rate of mortality) was displaced upward from
the control mortality rate. Figure 1 represents the data
of the age specific rates of mortality for nonleukemia
deaths in all groups as listed under Methods, Leukemia
deaths have been removed because of the characteristic phasic:
time pattern of appearance., Least square estimates of the

linear regression of log mortality rate on age were obtained
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Fig., 1. Age specific rates of mortality for CF, protected
and nonprotected mice following whole %ody X
irradiation.
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for each group. In all instances, the regression coefficienty
(i.e., the slopes) did not differ significantly from that of
the control lines, and the lines could be drawn parallel as
shown,

The Gompertz lines of all irradiated groups, whether
treated or untreated with glutathione, were displaced upward
from the control groups. Interestingly, the Gompertz lines
for the glutathione pretreated groups which received 400 or
700 rads were identical. These lines did not differ signif-
icantly from that representing the group which received
400 rads of whole body X irradiation only. Alfhough the
glutathicone treatwent had little effect on the mortality
rates of animals that received 400 rads, it appears to have
significant influence on the death rate of animals that re-
ceived 700 rads. Glutathibne modified the death rate of
animals receiving 700 rads such that the death rate of these
animals was not different from the animals which received
400 rads of whole bo@y X irradiation, with or without pre-

treatment with glutathione.

REFERENCES
(1) I. U. Boone, Incidence of Tumors in Aniwals Exposed to
Yhole-Body Radiation, In: Proceedings of the Sywposius
on the Delayed Effects of '50!02553 Eadiation, B. B.
Watson (93.;, ORO-SP-127, pp. 19-37 (1980). ,
(2) Biological and Medical Research Group (E-4) of the

Health Division - Sewmiannual Report July through
December 1959, Los Alamos Scientific Laboratory Report

LANS~2445 (February 1960).
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¢fects of Sublethal Whole Body X Irradiation at Different
" p—— P et e el d

Levels in CF, Mice (I, U, Boone, G. A. Trafton, and
7M. Conklin)

INTRODUCTION

This Study was Wesigned to investigate the chronic
effects of sublethal whole body X irradiation as a function
of age of CF1 mice at time of exposure., Of the several radia-
tion effects observed, the acute mortality, per cent life
shortening, and tumor incidence have been reported (1,2,3),
The results indicated that the sensitivity to acute effects
of irradiation appeared to be increased with the age of the
animal, while the chronic delayed effects on life shortening
decreased with age. The tumor incidence data for all mature
age groups showed that the leukemia incidence varjied with
age in this strain of mice. The greatest susceptibility was
seen at 2 months and then at 18 months of age,

In addition to the above observed radiation effects on
life shortening and tumor incidence, age specific log rates
of mortality (commonly known as the Gompertz function) were

also determined,
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METHODS

CF1 female mice from the same original random group were
exposed to whole body.x irradiation of 100, 200, and 400 rads |
at 2, 6, 12, and 18 months of age. Groups of animals expocod;
at 18 months of age contained 40 to 50 animals, All other
irradiated groups had 150 animals. There were 300 animals
in the control group. Also from the same origingl randon
group nonirrtdiated wothers were chosen for breeding purposes,
and their babies were exposed at 1 to 7 days of age. This '
part of the study included females and males. Following
irradiation, the babies were placed with their wothers for
30 days, weaned, and rerandowized. The number of animals in

each group varied between 80 and 100 at time of exposure.

RESULTS AND DISCUSSION

The Gospertz function (or logarithm of the daily rate
of mortality) has been widely used as a means of weasuring
the "aging" process foilowing irradiation. The rate of
mortality increases exponentially with age., This exponential;
increase is characteristic of most mammalian species, Follavn
1ng irradiation, the Gompertz function is displaced upward
from the control mortality rate, Figure 1 illustrates rep-

resentative data of the age specific rates of mortality fer

nonleukemia deaths at 2, 6, and 12 months of age. 1In these
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particular calculations, leukemia deaths have been removed
because of the characteristic phasic time pattern of appear.
ance.

Least square estimates of the linear regression of log
mortality rate on age were obtained for all control and
irradiated groups., In all 1nstanées, the regression coef.
ficients (i.e., the slopes) did not differ significantly
from thnt.ot the control lines, and the lines could be drawn
parallel as shown. As can be seen, the log of the daily
mortality rate in the irradiated groups was displaced upward
from the control group. This displacement was not as pro-
nounced in animals which were irradiated at 6 and 12 months
of age, as compared to those irradiated at 2 wonths of age;

Figure 2 represents the Gompertz lines of male and
female mice irradiated at 1 to 7 days of age. Figure 3
gives the data for mice irradiated at 18 months of age,

These changes in displacement can be further illustrated
if one plots the ratio of displacement at each dose level
versus the age at which the animals were irradiated, as showm
in Fig. 4. This decrease in displacement of mortality rate
as a function of age at exposure is well demonstrated at the .
400 rad dose level, the greatest digplacenent occurring in
animals irradiated at 2 months of age. The displacement was
even greater than that seen in mice irradiated in the first

week of life.
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Effect of Single Sublethal Doses of Nitrogen Mustard (HNZ)
on_the Age Specific Log Hates of Mortallty (Gowpertz Yunc-
tion) as Compared to Whole Body X Irradiation (I. U. Boone,
G. A. Trafton, and L. M. Conklin)

INTRODUCTION

It has been well established that certain drugs may mimic
some of the observed effects of radiation, particularly the
production of mutations. This experiment was based on the
hypothesis that aging is a result of gradual accumulation of
chromosowmal aberrations or mutations in somatic tissue. If
this theory is true, any agent which causes chromosowal damage
should shorten life span in animals. Therefore, this study
was designed to investigate the long-term and delayed effects
of nitrogen mustard (HNz), a known chemical mutagen, as com-
pared to whole body X irradiation.

It has been reported previously that Hm2 adwinistered as
a single sublethal dose to CF1 mice did not significantly
affect their life span (1), while 400 rads of whole body X
irradiation shortened mwean life span 38 per cent (2). 1In the
CFW Swiss strain of mice, mean life span was reduced 13.7 per
cent following 400 rads of whole body irradiation and 9.2 per
cent in wice receiving 3.5 mg/kg body weight of HNZ intra-
peritoneally, These reduced mean life spans in CFW Swiss mice
were significantly different from the mean life span of the

control group of animals, The strain difference in life span
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reduction following sublethal doses of HN2 may be due to the
variation in induced leukemia seen in the 2 strains of mice,
CF, mice did not show an increased incidence of leukemia
following nnz, while CFW Swiss mice that received 3.5 mg/kg
body weight of HN2 showed an increase in incidence of leukemigi
similar to that group of animals which received 400 rads of
whole body X irradiation (2,3).

The logarithm of daily rate of mortality (Gompertz func-
tion) has been widely used as a means of measuring the "aging»
process following irradiation. Following irradiation, the
Gompertz function is displaced upward frow the control
mortality rate. The present results comwpare the age specific
log rates of mortality in the mice which received HN, to

those that received whole body X irradiation.
METBODS

Nitrogen wustard was adeinistered as single sublethal
doses to CF, and CF¥ Swiss female mice. The doses adminisate
were chosen on the basis of LD., studies conducted on each
strain. The radiation was delivered as a single whole body
dose of 400 rads of 250 KVP X irradiation. The air dose rntc-
was 52 r/min with a tissue dose rate of 50 rads/min. The crr
mice were irradiated or treated at about 4 wonths of age, an;

the CFW Swiss mice at about 3 months of age.
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RESULTS AND DISCUSSION

Figures 1 and 2 illustrate the representative data of
age specific rates of mortality for nonleukemia deaths follow-
ing administration of HN2 and whole body radiation in the CF1
and CFW Swiss strains of mice, respectively. Leukemia deaths
have been removed because of the characteristic phasic time
pattern of appearance.

Least squares estimates of ﬁhe linear regression of log
mortality rate on age were obtained for all control and
irradiated groups. 1In all instances, the regression coef-
ficients (i.e., the slopes) did not differ significantly from
that of the control lines, and the lines could be drawn
parallel as shown. The log of the daily mortaiity rate was
displaced upward in the irradiated groups for both strains
of mice. In the CF1 mice, HN2 did not significantly displace
the Gompertz line from the control group. In the CFW Swiss
strain of mice, the displacement of the Gompertz line from
the control line following administration of 3.5 mg/kg body
weight of HN2 was similar to the displacement following 400 rads
of whole body X irradiation. The Gompertz line following
2.5 mg/kg body weight of HN2, in this strain of mice, did not

differ significantly from the control line.
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Fig. 2. Age specific rates of mortality for CFW mice follow-
ing administration of a single dose of HNz or whole
body X irradiation.
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Relative Biological Effectiveness (RBE) of Various Ionizing
Radiations on the Transforming Principlé (DNA) of Hewmophilus
Influenzae (I. U. Boone and J. A. Sayeg)

INTRODUCTION

The transforming principle of Hemophilus influenzae
represents a biologically active material whose chemical and
physical properties are fairly well understood. It is of
vital interest, relative to enzyme and other in vitro prepara-
tions, in that it represents chemically the essential con-
stituent of the genetic factor of all cells, human as well as
bacterial.

This report covers some preliminary investigations of
the effects of various ionizing radiations on the activity
of Hemophilus transforming principle when irradiated in

solution.
METHODS

The techniques employed in frnnsrornation were those of
Alexander et al. (1,2) as modified by Goodgal and Herriott.
The irradiation of samples in all instances was a dilute (10'4)
citrate-saline solution of transforming deoxyribonucleic
acid (DNA). This was equivalent to approximately 0.08 ug/ml
of DNA. A dilute solution was irradiated in order to avoid

the "excess" portion of the standard DNA-transformation curve.
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The transforming DNA was extracted from H. influenzae
(Sd) cells reaistant to ~ 2000 ug/ml of streptomycin. It

was deproteinized by chloroform-octonal and precipitated by
95 per cent ethanol. It was stored in citrate-saline at
=15 to -20°C until used. A citrate-saline solution of DNA
was irradiated with the following ionizing radiations:
250 KVP X rays (which was used as the base line), Co®C gamm .
rays (1.3 and 2.8 Mev), 14.1 Mev neutrons provided by the
Cockeroft-¥alton accelerator, and & fission neutron specfru.'

from the Los Alamos Godiva critical assembly.

RESULTS AND DISCUSSION

It has been shown previously by others that dry DNA,
when irradiated, has an exponential type of inactivation
response. In this study where DNA was irradiated in solu-
tion, the effect versus dose relationship was exponential
down to approximately 2 per cent of residual DNA. Data
showing the inactivation of transforming principle as a
function of dose of 250 KVP X rays are presented in F;&. 1.

In the computation of relative biological effectiveness,
(RBE) values, only the simple exponential portion of the |
effect versus dose relation was considered. This-was assu
to be a valid comparison because of the very low value of tM

resistant fraction (see Fig. 1). Table 1 lists the LD,,
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Fig. 1, Inactivation of Hemophilus transforming principle
(DNA) as a function of dose of X irradiation.
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TABLE 1. RELATIVE BIOLOGICAL EFFECTIVENESS (RBE) OF VARIOUS
RADIATIONS WITH THE TRANSFORMING PRINCIPLE (DNA)
OF HEMOPHILUS INFLUENZAE AS THE TEST SYSTEM
p RBE o
”:%Lﬁ LD, LD,, X rays
T ’ Approximate LET —
1!@; Radiation, R (kev/u water) (radn)‘I LD;; Radiation, R
W
5 3% Coba1t5° gamma Trays ~0.3 2000 1.5
3.1
L 250 KVP X rays ~2.5 3000 1.0
53&} 14 Mev neutrons 10-12** 5200 0.58
{ B ";
1 i Godiva degraded fission -
.ﬁ*é; neutrons 45 7200 0.44
1
&
4

fi I"In water,

Y

*‘Recoil proton portion only.
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(dose producing 37 per cent inactivation) and the preliminary

RBE values obtained with the various radiations investigated,

when compared with X irradiation as the base line. Most RBE

studies are designed to test for differences in effectiveness

as a function of linear energy transfer (LET). LET values

for each radiation are also listed in Table 1 so that they

can be compared with the RBE values., Although an interpreta-

tion of the results of RBE values obtained is not attempted
at this time, with this particular system RBE appears to
decrease with increasing LET as indicated by the fact that

60

Co gamma rays were more effective than 250 KVP X rays,

while fission neutrons were approximately half as effective.
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Intercomparison of Fast Neutron and Gamma Ray Dosimetry at

AEC Installations (J. A. Sayeg and D. G: Ott)

" Tochilin and Kohler (1) and appears to be very similar to a

INTRODUCTION

Becau?e of the numerous biological experiwents being
conducted on the biological effects of neutron irradiation
in a wixed field (neutrons plus gamma rays), it appeared to
be important to wake dosimetry intercomparisons at different
AECvinstallations. These intercomparisons would, in principle
eliminate any biological effect versus dose discrepancies
arising from dosiwetric measurements. These intercomparisons
were conducted at the Berkeley 60 in. cyclotron in cooperation
with Mr. Gene Tochilin of the Radiological Physics Branch,

U. S. Naval Radiological Defense Laboratory in San Francisco,

California.

METHODS AND RESULTS

The Berkeley 60 in. cyclotron is able to produce a soft
fast neutron spectrum by bombarding a thick beryllium target

with 12 Mev protons, This spectrum has been measured by

fission spectrum.

The neutron and gamma dosimeters provided by the Biomedi

Research Group (E-4}) of the Los Alamos Scientific Laboratory

7
included the following: threshold detectors of Pu239, Np23 s
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0238, and 832 (2), beryllium-shelled tissue-equivalent and
graphite-CO2 ionization chambers (3), Hurst proportional
counter, and silver phosphate glass rods. The dosimeters
used by the USNRDL included nuclear emulsions, sulfur foils,
and film,

Data obtained with the threshold detectors have not been

completely evaluated. However, in Table 1 are shown the

preliminary results for the tissue-equivalent and graphite-coz

ionization chambers, Hurst proportional counter, silver phos-
phate glass rods, nuclear emulsions plus sulfur monitor, and
film. The agreement between the different systems appears

to be good. The estimated uncertainty in the LASL neutron
measurements is approximately 10 to 15 per cent. The un-
certainty in the silver phosphate glass rod gamma measurement
is also approximately 10 per cent, whereas the uncertainty

of gamma dose as measured by the graphite-co2 chawmbers may

be as much as 50 per cent due to the low gamma-to-neutron
dose ratio (3).

ACKNOWLEDGMENT

We are grateful to the personnel of the U. S, Naval
Radiological Defense Laboratory at San Francisco, California,
for their collaboration in this project.
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239 235

U238, fabricated from Pu and U , were necessary for

proper calibrations.

METHODS AND RESULTS

Equivalent foils as proposed by Hurst and his co-

workers (7) were fabricated. The composition of each foil

is shown in Table 1. These foils were exposed to approxinnt.l,@

11 ) /ca? (thermal) at the Los Alamos Water Boiler and

3 x 10
were followed on a single tube gamma fission counter (4,8)
for approximately 7 hours after irradiation. One-half mil
Au197 foils were placed on the side of each foil to evaluate
the flux depression and self-shielding (8).

The decay curves of the equivalent foils are shown in
Fig. 1. Two threshold counting bias values were chosen,
0.51 and 1.1 Mev. The foils were irradiated with the sawme
thermal flux. The difference in activity per unit mass

2 23

between the Pu 7 foil was found

39 foil and equivalent Np
to be approximately 30 per cent. This difference accounts
for approximately 30 per cent of the 50 per cent discrepancy
observed with the film track method (6).

A further investigation was made concerning the '"best
£it" cross sections to be used in the flux evaluations. The

237 8

most recent Np and 023 cross sections (9) and the avail-

39 cross sections in the Brookhaven National Lab-
oratory's report (10) were weighted by Godiva and undegraded

~190-

00131478.188

1046190



10
P-I Pu23® CALIBRATION FOIL
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Fig. 1. Decay curves for Pu and equivalent foils of

Np237 and U238.
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fission spectra (6) to obtain "best fit" values, which are
shown in Table 2. Likewise, the first collision dose

values were also weighted by these spectra and are shown

in Table 3.
Using the equivalent foil method of calibration (7) and
the best fit values for fast peutron cross sections and the .
first collision dose values (8), good agreewent is obtained
botwoon the film track and the threshold detector wethods,
These comparisons are shown in Table 4, Computations are

now under way to correct the Kiwi-A data.
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TABLE 1. COMPOSITION OF EQUIVALENT FOILS

Equivalent
Weight Pu>>? Weight US> Weight Pu
Foil Number (mg) (mg) (mg)
P-1 (Pu239) 9.88 - 9.88
N-1 (equivalent Np22') 5.29 7.13 10.6
U-1 (equivalent U238 8.82 3.96 11.8

TABLE 2. VWEIGHTED FISSION CROSS SECTIONS FOR FISSION
»

SPECTRA
o (barns)
Previously Used New Adopted
Foil Values Values
Plutonium=°? 2.00 1.78
Neptunium237 1.40 1.71
Uranium2o® 0.54 0.54

*In 2 co B palils.
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TABLE 3. WEIGHTED FIRST COLLISION DOSE VALUES FOR FISSION

SPECTRA
tissue rad/n/cm2 x 1072
Energy
Interval, Previously Used New Adopted
Mev Values Values
0.004 - 0.75 0.93 1.30
0.75 - 1.5 2.33 2,46
1.5 - 2.5 2.98 2.97
>2.5 3.63 3.84

TABLE 4, COMPARATIVE NEUTRON FLUX AND TISSUE DOSE SPECTRA
AT THE GODIVA 11 CRITICAL ASSEMBLY

Per Cent Neutrons in Per Cent Dose in
Energy Energy Interval Energy Interval
Interval, Threshold Track Plate Threshold' Track Plate
Mev Detectors® ‘Method (6) Detectors” Method (6)

0.004 - 0.75 43 41 24 23
0.75 - 1.5 22 25 24 26
1.5 - 2,5 17 18 22 21
>2.5 18 18 30 30

‘Average of data from 35 to 200 cwm.
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Neutron Flux, Spectra, and Neutron and Gamma Tissue Dose
Evaluations at the Little Eva Critical Assembly (J. A.
Sayeg, D, G, Ott, and P. S. Harris)

INTRODUCTION

Due to the demand for critical assembly time, it was
necessary to calibrate existing critical assemblies that
could be used for radiation effects tests by the Biomedical
Research Group (H-4) of this Laboratory. The present report
covers a study of the radiation characteristics of the Los

Alamos Little Eva critical assembly.

METHODS AND RESULTS

The threshold detector technique (1,2) was used in this
investigation for evaluation of neutron flux, spectra, and
tissue dose., The data are shown in Tables 1, 2, and 3. The
gamma dose was measured by tetrachloroethylene chemicai
dosimeters, and the method is discussed in detail in Ref. (3).
These results are shown in Table 4. The gamma-to-neutron
ratio is the lowest observed at any assembly tested thus far,
The uncertainty of the neutron dose measurements is estimated
to be approximately 15 per cent. The uncertainty of the
gamma weasurements is approximately 25 per cent due to the

very low values obtained.
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TABLE 1.

NEUTRON FLUX VERSUS DISTANCE RELATIONS AT THE LITTLg
EVA CRITICAL ASSEMBLY :

Distance from
Center of
Assembly, cm En >0.004 Mev En>0.75 Mev En >1.5 Mev En >2.5 ¥

n/cm2 x lolo/kv-min

Pu

Fyp Fy Fg

S0
75
100
150

13.3
5.07
2.74
1.81

4.45 2.28
2.10 0.959
1.01 0.452
0.716 0.226

TABLE 2. NEUTRON TISSUE DOSE VERSUS DISTANCE RELATIONS FOR
THE LITTLE EVA CRITICAL ASSEMBLY

Distance from tissue rad
Center, cm kw-min
' 50 . 234
R 75 98.1
+ 3] 100 50.3
| ‘%a.iry 150 33.0
& Wi
1 i "
N SR 1E
ST Y
i
i
b
R -196-
:".‘ 00131478.184
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TABLE 3. NEUTRON FLUX AND DOSE SPECTRA EVALUATIONS AT THE
LITTLE EVA CRITICAL ASSEMBLY

Energy Interval Neutrons Dose
(Mev) (per cent) (per cent)
0.004 - 0.75 62,1 43
0.75 - 1.5 21.6 28
1.5 - 2.5 9.5 15
>2.5 6.8 14

‘Average of the four

TABLE 4. GAMMA DOSE VERSUS DISTANCE RELATIONS FOR THE
LITTLE EVA CRITICAL ASSEMBLY

distances measured.

Distance from roentgens
" Center, cm P—
50 6.6
75 1.2
100 1.7
132 1.4
208 0.5
-197-
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Giant Cell Formation in Hela Cells as a Function of Cobalt60

Gamma Rays and X Irradiation. II. Effect of Variable Dose
Rates (D. C. White and P. C. Sanders)

INTRODUCTION

The purpose of this study was to correlate per cent of
giant cells formed in HelLa cell cultures with total dose of
irradiation given at varying dose rates. The first report
of this series (1) gave results obtained with a dose rate of
S r/min and gave a readily reproducible curve of giant cell
production as a function of dose., More information was
needed, however, to establish a satisfactory base line for
further studies pertaining to the relative biological effec-
tiveness (RBE) of other types of radiation and the effect of

dose rate.

METHODS AND RESULTS

A series of experiments was performed with Hela cells

60 gamma rays and X irradiation at total

being exposed to Co
doses of 150, 450, and 750 r. The dose rates employed were
5, 20, 50, and 100 r/min. The cells were prepared, exposed,
and examined for per cent giant cell formation as indicated
in the previous semiannual report (1).

An analysis of the data revealed that irrespective of

dose rate, the per cent of giant cells formed for any specific

=199~
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total dose fell within statistical limits. All giant cell
counts for each total dose were combined and plotted as per
cent giant cells versus dose. The combined results are

given in Table 1.
DISCUSSION

The results indicated that the per cent of giant cells
formed is not dose rate dependent over the range studied,
which was from 5 to 100 r/min. The number of giant cells
formed is apparently a function of total dose only. Future
studies using other types of irradiation would perhaps be
of value, and this method may be an important adjunct to
studies of- RBE as the results appear to be very reproducibl
Published results using much higher dose rates agree with

the data presented in this report (2,3).
REFERENCES

(1) Biological and Medical Research Group (H-4) of the
Health Division - Sewiannoual Report July through
December 1959, Los Alamos Scientific Laboratory Report:
LAMS-2445 (February 1960).

(2) T. T. Puck and P, I. Marcus, J. Exp. Med. 103, 653
(1956) . -

(3) C. M. Pomerat, S. P. Kent, and L. C. Logie, Zeit. fur |
Zellforschung 47, 158 (1957).
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TABLE 1. GIANT CELL FORMATION IN Hela CELL CULTURES AS A
FUNCTION OF RADIATION DOSE

Radiation and Dose Giant Cell Formstion*
(r) (per cent)

Cobaltso Gamma Radiation

0 1.4

150 4.6
; 450 11.4
; 750 25.1

250 KVP X Rays

0 1.2
150 3.7
450 10.6
750 23.5

! *Combined data, all dose rates.
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Effect of Cobaltso Gamma Rays, X Rays, and Fast Neutrons on

Total Cell Population of Hela Cells in Tissue Culture (D. C,
"hite and P. C. Sanders)

INTRODUCTION

The previous report indicated that Hela cells grown in
tissue culture appeared to be a'prOIising systems for study-
ing the relative biological effectiveness of ionizing radia-
tions. The present preliminary experiment was designed to
compare the effects of gamma, X-ray, and fast neutron
irradiations on total Hela cell population and to relate

total cell population to giant cell formation.

METHODS AND RESULTS

A method was devised such that cells grown in T-30 cul-
ture flasks and in Rose culture chambers were exposed
simultaneously to the radiations. The flask cultures were
used for total cell population determinations and the Rose

chambers for determination of giant cell formation.

T-30 culture flasks were inoculated with a predetermined
number of Hela cells (in the range of 20,000 cells/wl) and
Rose chambers with 5,000 cells/chamber. The cells were grown
in Eagle's Basic Medium plus 10 per cent horse serum for
48 hours prior to irradiation. Cultures were exposed to

60

total doses of 150; 450, and 750 r of Co gamma rays and
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X irradiation. Since fast neutrons are more efficient, the
doses employed were 85, 250, and 330 rads, Media were
changed on all flasks and chambers immediately following
irradiation and at 48-hour intervals until all were ter-
minated.

Total cell populations in the culture flasks were deter-
mined immediately prior to irradiation and at intervals there-
after by utilizing the Coulter'cell counter. The cultures

were prepared for counting by removing the media, adding

2 ml of a 0.035 per cent trypsin solution, incubating until

the cells were no longer attached to the glass, stopping the
trypsin action with 3 ml N-saline, and agitating the cell
suspension until the cells were completely separated. One ml
of the cell suspension was diluted 1:50 with N-saline and
this solution counted with the Coulter cell counter at the
proper settings. Rose chambers were terminated at compar-
able time intervals and stained by the Jacobson method (1)
for determination of giant cell counts and for the number of
cells per colony. Flasks and chambers were terminated on
days 1, 2, 3, 5, and 6 follbwinz irradiation. The results
collected on the fifth day post exposure were chosen as
optimum for comparison of per cent cell survival and per
cent giant cell formation in relation to total radiation

dose., The results are shown in Table 1.
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TABLE 1. HeLa CELL GROWTH AND GIANT CELL FORMATION AS A
FUNCTION OF RADIATION DOSE

Dose Cell Growth Giant Cells
Source (rads) (per cent) (per cent)
Coba1t5C 150 73 4.6
450 57 11.4
750 36 25.1
X Rays 150 87 3.7
450 42 10.6
750 15 23.4
Fast Neutrons 85 67 6.4
250 30 34.0
330 18 65.4
Controls —— 100 1.1
ii. :
.5 .
.\ ,:'
SEER &
g -204-
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DISCUSSION

The results obtained thus far indicate a good wethod
for following rate of cell growth after irradiation. By
utilizing the Coulter cell counter, many accurate counts
may be performed in a relatively short time. The data in
Table 1 are strictly preliminary, and more studies are
necessary before actual values of RBE can be established.
The data do indicate, however, that both cell growth and
giant cell formation provide a means of studying RBE. 1In
both cases, the effect of fission neutrons is conaiderably

greater than that of X and gamma rays,

REFERENCE

(1) W. Jacobson and M. Webb, Exp. Cell Res,. 3, 164 (1952).
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Neutron-Induced Activity in Huwans as a Dosimetric Procedure
(E. R, Ballinger, P, S. Harris, and J. H. Larkins)

INTRODUCTION

The purpose of this study was to investigate the fea-
sibility and techniques of using neutron-induced body activity
as a measure of dose, and as a personnel monitoring and |
casualty assessment procedure.

Work completed during this reporting period concerns
the design, construction, and calibration of a portable body
sodium activity meter (SAM) for use as a casualty assessweent
device for personnel exposed to fast neutron fluxes in the
range of 10 to 1000 rads., Work uncowpleted to date will
appear in the next semiannual report. This work will involve:
attempts to arrive at average neutron energy by weans of body
sodium to copper foil ratios in order to provide meter correcH
tion values which will permit estimates of absorbed dose fro
exposures to neutrons of unknown energies in the thermal lnd~;
intermediate regions,

To the extent that dose effect information on humans ma
be obtained first-hand by observation of nuclear accident
casualties, we have historically been hampered on two countlf
it is more than likely that the individuals primarily invol
will not be wearing the prescribed dosimetry at the time of |

exposure, and in the event prescribed dosimetry is worn it

-206~



more than likely be the low-level monitoring type and hence
of little value in determining the extent of casualty-level
doses,

One of the oldest observations made on neutron exposure
casualties is that activation of body constituents occurs
and can be measured by certain detection techniques. On
several occasioné, these post exposure body activity meas-
urements have played a role in estimating neutron exposure
in the absence of any standard dosimetry, At the tiwe of the
last fatal LASL nuclear criticality accident, gamwa spec-
troscopy was performed on the subject and the predominant
induced activity was found to be N024. After-the-fact

estimates of whole body neutron dose suggested that ~0.3 uc

24

of Na activity was produced per rad of fast neutrons

23 24 .li;E_EE, ngz4 + 2y). These gamma spec-

(n + Na""——, Na
troscopy measurements suggested the possibility of designing
a portable monitoring instrument specifically for the purpose
of measuring body sodium activity, which could be read in

terms of the dose of neutrons required to produce the amount
of sodium activity observed. Preferably, these measurements
were to be made by placing a probe-type device against a body
surface, The problem was divided into two major parts: the

design and calibration of the instrument, and the deterwina-

tion of correction values to be applied to the readings in the
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event that body sodium activity as a function of neutron

energy did not parallel sufficiently cldsely the absorbed

dose calculations of Snyder (1). It was reasoned that such
a device, having the decided advantage of using the body as
its own neutron dosimeter, would be free of the continuing
logistic, laboratory, and administrative support char-
acteristic of the usual personnel monitoring procedures.
The first part of the problem has been completed during this
reporting period. The second portion is presently the sub-
ject of our attention and will be included in the next report-‘

ing period,
METHODS

Renal regulation norwally serves to hold body sodium at
the quite constant level of 1.5 g/kilo body weight. Although
the sodiums content of various body tissues and spaces dif-
fers, this difference is relatively constant with the greatest
per cent of sodium per weight of tissue being found in the
cerebrospinal fluid, bone, bile, and blood plasma (Table 1).

One would suspect, therefore, that the lumbar area of
the back wight overlie fhe area of richest sodium content in
the body, A gamma detection device placed in this.area would;
be expected to see the induced Naz4 activity from the heavy

lumbar vertebrae, the central nervous system fluid in the
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TABLE 1. PER CENT SODIUM CONTENT PER GRAM OF TISSUE (2)

Man

Central nervous systea fluid‘

Bone‘

Bile

Serum

Serous fluids
Plasma
Amniotic fluid
skin”

Spinal cord‘
Brain

Whole blood‘
Kidneys

Liver

Heart

Muscle

Red blood cells

0.150
0.500
0.440
0.400
0.330
0.330
0.330
0.280
0.230
0.200
0.200
0.190
0.165
0.130
0.100
0.080
0,043

‘Area seen by sodium activity probe,
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spinal canal at this level, as well as from the renal arte-
riovenous plexis. As a test of this proposition, a 20 kilo
polyethylene jug filled with a 1.5 g Nazs/kilo H20 was
exposed to fast neutron doses from 10 to 1000 rads using the
Godiva X1 critical assembly. Various bench model devices
were tested for ability to detect and reproducibly measure
the activity present at the cylindrical surface of the jug,
These devices included simplified versions of ion chambers,
Geiger-ualler counters, and scintillation counting techniques,
In terms of sensitivity, range, ease of operatién, and port-
ability, a photomultiplier-sodium iodide crystal assembly
appeared to be the most satisfactory in the region of Na24
activities produced by 10 to 1000 rads of soft neutrons,
Consequently, a detection system consisting of a probe and

a reader was constructed as shown in Figs. 1 and 2, The
probe is a 2 in, diameter photomultiplier tube, Model RCA

No, 6655A, on the end of which is mounted a 2 x 2 in. sodium
iodide crystal. These basic components are wrapped by 3/8 in,
of lead to reduce normal background and by 7 to 8 turns of
Co-netic magnetic shielding, which was found to be necessary
to permit the probe to be held in any direction or orientatiol
Encased in an 1/8 in, thick aluminum cylinder with pistol gri
the probe is connected to the reader by means of several feet

of signal and high voltage cable. The reader unit consists

-210-

00131478.208

LANL



*j3tun aqoad pue 219K

1

*dv 4

1189401

-211-

00131478.209

LANL



00131478.210 §

LANL

[oub812

|
ap

TS



of a power supply for 110 volt AC or self-contained bat-
teries, an awplifier, and a rate meter circuit into which
several helipots and resistor banks have been introduced to
permit zero background adjustment, shift from 100 to
1000 rads range, and correction for decay of Naz‘ from the
estimated time of exposure to time of reading.

Two complete units have been built to date, a 110 volt
AC reader-probe unit weighing ~10 pounds each, and a self-
contained battery operated reader-probe unit weighing
~ 8 and 5 pounds, respectively. Insofar as possible, both

units are fabricated from transistorized components.

RESULTS AND DISCUSSION

The units were calibrated (using plastic sannequins ex-~
posed to fission neutrons from Godiva II, Figs, 3 and 4) to
indicate the incident neutron rads corresponding to the
levels of N124 activity observed when the probe was placed
over the small of the back., Plots of decaying activity from
such exposures indicated that at times greater than 1-1/2 hours,
the only remaining measurable activity was that of le4.
A.natvork of resistors introduced into the photomultiplier
cathode high voltage supply enabled electrical half-life

corrections at 2 hour intervals out to several days to be

made, Thus, with the time interval between exposure and reading
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dialed in, the meter read in terms of rads of Godiva neutrons
delivered at time of exposure, The Godiva II critical
assembly can be assumed to be a fast neutron source of 2 Mev
average energy.

Exposures of the plastic phantoms were also made using
the Omega West reactor as a thermal neutron source, Readings
were made in the same manner as before and compared with the

24 activity per

fast neutron exposures, On the basis of Na
incident neutron, it was determined that an approximate fac-
tor of § difference existed between the fast and thermal
exposures. The meter calibrations as previously described
were set to read 1 rad whenever the plastic mannequins were
exposed to 4 x 108 Godiva neutrons per cmz (4 x 108 Godiva
neutrons being the calculated equivalent of 1 rad). Without
altering the meter calibration, it was found that an incident :
rad of thermal neutrons (2 x 1010 Owega West neutrons per c.2~
would produce a meter reading of 10 rads (or 2 x 109 thermal
neutrons per rad reading). Thus, on a per neutron basis,
the fast neutron source produced 3 times more Na24 activity
than the therwal neutron source. However, on the éame basis,
the absorbed dose per fast neutron is ~50 times greater thanm
per thermal neutron, Consequently, a factor of 10 reduction‘;

in meter dose is required if the incident neutron flux is of ;

thermal energy. Betiween these extremes, the meter reading
-216-
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dose is thought to vary from 1 to 10 times the actual dose,
dependent upon the incident neutron spectra. Theoretical
calculations of body sodium activity per energy group of
incident neutrons have been accomplished by our Theoretics
Division, and these are presently being checked against ex-
perimental exposures of the plastic mannequins to neutron
sources of energies between 0.025 and 2 x 106 ev, These
sources will, when completed, include Kiwi-A, Kiwi-A Prime,
Kiwi-A III, Little Eva, and Hydro. Theoretical calculations
also suggest the possibility of comparing the activities of
body sodium with a simultaneously exposed metal foil of dif-
ferent apparent cross sec:ticm‘I to give a rough index of the
probable average incident neutron energy. At this time, the
material under examination is copper. The theoretical
activity of both body sodium and the externally worn copper
foil as a function of neutron energy is given in Fig, 5, As
can be seen, a comparison of these two activities will give
a rough estimate of the average incident neutron energy in-

volved, if the spectra is not bimodal,

*The cross section for N324 production és higher for neutrons
of thermal energies, However, when Na2J3 in solution is con-
tained within 1/8 in. walled plastic material, the albedo.of
the thermal energy neutrons is so great and the moderating
ability of the solution for fast neutrons so complete as to
give an apparent high cross section to the fast and more
penetrating neutrons.
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Results to date indicate that a light-weight, portable,
and self-contained personnel neutron monitoring device can
be built to detect exposures to neutrons in excess of 10 rads
whole body dose, based upon external measurements of body
sodium activity, The absorbed dose may be read directly if
the meter is calibrated to the incident spectra and may be
? estimated by correction values for known spectra other than
those used for calibration of the meter, It is not known at
this time how satisfactory the body sodium to copper foil
ratio will be in terms of absorbed dose estimates from unm-
known neutron spectra, Incomplete evaluations of these
ratios on such unknown sources as Kiwi-A Prime presently
suggest that where fluxes of fast neutrons comprise 50 per
cent or more of the total, the uncorrected meter reading may
lie within 20 per cent of the calculated absorbed dose, As
the practical value of such a device is closely associated to
the above problem, we intend to pursue the project to this
end, A complete evaluation of the body sodium to copper foil
i activities will be included in the next reporting period,
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CHAPTER 6

RADIOPATHOLOGY SECTION

The Use of the'Ar- Counter to Determine the Degree of Hepatic
Punction (C. C, Lushbaugh, D. B. Hale, and R, McGill)

INTRODUCTION

The commonly uséd technique of deterwining the func-
tional status of an organ by measuring itc ability to clear
the circulation of an injected dye has recently been replaced
by radioassay of the accumulation of such dyes (now radio-
actively labeled) in the organ in question by means of a col-
limated sodium iodide crystal (1). This radioactive technique,

in the case of hepatic function and the dye 1131

-rose bengal,
has not been accepted widely for the following reasons:

(a) The liver has a high blood background and a rapid
excretion rate so that parenchymatous accumulation is dif-
ficult to weasure, -

(b) Accumulation of the radioactivity in the gallbladder
causes a confusing rise in hepatic background unless collima-

tion is precise.
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(c) The test results can be reported to the physician
only as exponential half-times, which are difficult to
interpret,

{(d) This rate of hepatic uptake is not altered signif.

icantly by serious hepatic parenchymatous disease.

The application of the Los Alamos Arm Counter (or Small- f
Anjmal Counter) to this technical problem appears to over-
come these difficulties in the radioactive rose bengal test
by affording a conatant record of circulating blood-dye
concentration so that blood clearance of the dye by the liver
can be measured directly vithout.the complicating problems
caused by hepatic blood background, biliary excretion rate,
galibludder accumulation, and the unknown location in depth
of the liver within the body. Since the original blood con-
centration of the dye (100 per cent) is deterwinable, the
per cent of the dye retained in the blood after 20, 45, or
any selected number of minutes can be reported as is cn-nonlyff
done clinically with the browsulphalein dye test. The follo '
ing results of a preliminary study show that blood retention
is a better measurement of function than the clearance rate

itsel?,
METHODS

In this study, 10 normal subjects and 18 persons
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suffering from various but mostly inflammatory hepatic
disease were used, The left arm of the person was placed
in the Arm Counter (Fig. 1), and a collimated 2 x 2 in., Nal
crystal was oriented to scan the liver, As precisely and
rapidly as possible, 10 puc of radiolctive'rose bengal was
injected intravenously in the other arm. Simultaneocus
Esterline-Angus recordings were made of the radioactivity

measured by the two devices,
RESULTS

The curve of blood activity was found t6 be a composite
of 2 exponential disappearance rates, the more rapid of which
corresponded almost exactly with the hepatic uptake rate
determined by the wmethod of Lowenstein (2} from data
obtained from & small crystal., The second, or slow, exponen-
tial corresponded to the hepatic excretion rate. The zero
intercept of this second exponential line was considered as
the "per cent retention” of the dye in the blood, although
it would be more accurate to visualize it as the amount of
dye in the blood when blood and intrahepatic cellular con-
centrations were equal. Figure 2 depicts the mean blood
activity curves of the 2 groups of patients. The wean values

obtained from this study are shown in Table 1,
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Fig. 2. Averaged curves for the rates of hepatic blood clear-

ance of rose bengal by normal and diseased subjects
as measured by the Arm Counter. The dotted line in
each is the rate of hepatic clearance, computed from
the solid curve which represents the total radio-
active iodine in the bdblood,
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A

Normals

Abnormals

>
R

ARt Hepatic uptake (half-tiwe)

values

Hepatic excretion (half-time)
# Per cent retention (blood)

R Range of blood retention

7.5
284

11.4

8.3

\+

\+

1.3 min 8.0

166 win 401

6.0

14.3

33.6

19.3

:

\+

\+

1.2 win
249 win
12.8

76.7
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D1SCUSSION

The agreement of half-times of the hepatic blood clear-
ance rate of 7.5 + 1.3 minutes in the normal and 8,0 + 1.2
minutes in the abnormal group demonstrates why this measure-
ment has no clinical usefulness, While there was some detec-
table difference in half-times of hepatic excretion, the
greatest difference was seen in the blood retention of the
dye in the 2 groups. Examination of the ranges of such
"retentions'" shows that the 2 groups of persons did not over-
lap in this category.

From the analysis of the data, it appears that rose
bengal is "cleared" just as rapidly by the diseased liver as
by the normal one, Only in extremely severe hepatic disease,
where fibrosis and endothelial thickening are extensive, does
this clearance rate change, The data seem to indicate also
that the volume of functioning liver in relation to total
blood volume determines the amount of dye that will be cleared
before "retention" becomes apparent,

This study is continuing as additional patients can be
obtained in order to extend these observations and to correlate

better the measurements with hepatic diseased states,
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131 from Various Labeled

Whole Body Retention of Iodine " f:
Organic_Compounds in Starving and Irradiated Rats (C. C.

Lushbaugh and D, B, Hale)

INTRODUCTION

Exposure to lethal amounts of ionizing radiation pro-
duces a syndrome which, in most respects, is quite similar
to starvation. The larger the dose of radiatiomn, the
greater is the degree of anorexia until the lethally irra-
diated animal appears to avoid all food and to fast will-
fully and cowmpletely, Forced feeding of such an animal has
been found to hasten, rather than to prevent, his death (1),

Although many of the physiologic effects of starvation
are well known (2), few of these have been studied in irra-
diated animals, Significant but identical alterations in
the whole body retention of sodium and potassium (1) and
iodide ions (3) were recently demonstrated in animals that
were starving, irradiated, or suffering frow both stresses
simultaneously, illustrating that altered retentions of elec-
trolytes were secondary rather than primary effects of radia-

tion damage. The primary effects of radiation damage upon

in vivo cellular metabolism cannot, therefore, be differentiat
from the secondary effects of the concomitant anorexia unless
the latter are adequately understood,

The following experiments were done in order to expand
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our previous observations upon electrolyte and thyroid metab-
olism by studying with radioisotopes the effects of starva-
tion and irradiation upon hepatic and renal excretion rates
and protein metaboliswm, Iodine131-labeled rose bengal,
commonly used clinically as a wmeasure of hepatic function,
was used here because its excretion from the body is deter-
mined first by its rate of blood clearance by the liver,
Iodinel31-labe1ed sodium diprotrizoate (Miokan) was similarly
chosen for study because its removal from the blood depends

primarily upon renal function, Iodine131

-labeled human serunm
albumin was used in order to survey preliminarily the utiliza-
tion rate of this protein in rats, although it was realized
that the rat might not metabolize human albuwin in the same

manner as rat protein,

MATERIALS AND METHODS

In each experiment, the rats were divided into control
and experimental groups, The experimental animals were
starved throughout the course of the study, and the controls
were allowed laboratory chow ad libitum, 1In the first experi-

ment, rose bengal labeled with 1131

was injected intraperi-
toneally (1,0 pc 1131 in 0.125 ml of 1 per cent dye solution)
into the animals of both groups and their per cent retention
determined daily by whole body counting for the following

12 days, In the second experiment, the same procedure was
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followed after intraperitoneal injection of 1131

-Miokan, 1In
the third experiment, radioiodinated human serum albumin wag
used similarly. This experiment was expanded to include

3 additional groups of 5 rats each that received on the day
the labeled drug was administered 700 and 2100 rads of whole
body X irradiation, respectively. One of the groups that
received 700 rads and the one that received 2100 rads were

deprived of food throughout the experiwent.
RESULTS

The experimental results are shown in the accompanying
graphs, Figure 1 shows the effect of starvation upon the
retention of the Ilal-labeled rose bengal., The intercepts
and slopes of the second component (B) of the retention

curves corresponded to the excretion rate of Nalm1

after
thyroid binding (3), and were used to derive the intercepts
and slopes of the firgt component (A), which represented the
hepato=biliary excretion of this dye,

Figure 2 shows the effect of starvation upon the reten-
tion of an Ilalolaboled dye (Miokan) that is excreted solely
by tbo kidney. The slopes of the B components of the reten-
tion curves again corresponded to those of thyroid-bound
iodine in rats eating normally or deprived of food, The

A components represented the rate of renal excretion o( the

1131 _1abeled dye.
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Figure 3 shows the retention curves of Ilsl-labeled human
serum albumin in rats being fed normally, starved, and irra-
diated with 700 and 2100 rads of X irradiation, The group
that received 2100 rads and did not eat retained 55 per cent
of the 1131; the group that was starved and the group that
was irradiated with 700 rads each retained 30 per cent, The
2 groups that were fed ad libitum retained only 4.5 to 5,6 per

131

cent of the I » even though 1 received 700 rads of X irradia-

tion,

DISCUSSION

These results show that food deprivation reduces the
rate of excretion of radioactive iodine bound to two dyes
(one excreted largely via the liver and the other via the
kidney) and a fureign protein, Regardless of the compound
to which the iodine is chemically bound, it appears to enter
the hormonal iodine pool, The proportion of iodine in-
corporated by the thyroid appears to be determined more by the
nutritional status of the animal than by the character of
the labeled chemical compound, The previously reported
failure of X irradiation to wodify the increased retention of

22 42

Na and K

in starving rats (1) was seen in these experi-
ments in the case of the radioiodinated albumin, The apparent

131

i decrease in the rate of hepatic excretion of I -rose bengal
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and renal excretion of Miokan by starvation would seem to
indicate that the function of these organs is altered by
starvation, Sufficient X irradiation to cause anorexia
should be accompanied, therefore, by decreased biliary and
renal excretion rafes and increagsed retention of these dyes,
Should such changes occur, they would appear to be secondary
to starvation rather than X irradiation, This conjecture

is to be tested in the irradiated rat as an extension of these
observations. The increased retention of the 1131-1abe1 on
the human albumin in starving and irradiated rats would seem

to have the same physiologic basis,
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CHAPTER 7

VETERINARY MEDICINE SECTION

INTRODUCTION

The Veterinary Section does no research but operates

entirely as a service function for the research work of the

other Sections of the Group. The responsibility and function

of the Section were given in detail in the Semiannual Report

covering the period July 1 to December 31, 1959 (1).

FACILITIES

In February of this year, the new animal quarters were
occupied and give every indication of accomplishing the pur-
pose for which they were designed. Figure 1 shows an
architect's drawing of the new addition, which is the single
story strﬁcture located on the southweat end of the lab-
oratory structure (TA-43).

The new facility cost approximately $325,000.00 and in-

cludes 5 monkey pens with outside exercise areas (maximum
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capacity 50 animals); 19 dog kennels with outside runs (max-
imum capacity 57 animals); 13 mouse roows (maximum capacity
40,000 aniwals) ; mouse feeding room; dog and monkey feeding
roow; dog breeding room; dog metabolism room; monkey metaboligy
roowm; dog and monkey quarantine roow; autopsy and treatment
roow; storage area; veterinary office; mouse cage cleaning
room; mouse bedding and cage storage room; and locker room

for the animal caretakers,

The mouse rooms are completely air conditioned with
temperature control to + 2°F. All cages are stainless steel
mounted on racks suspended from the ceiling (Fig. 2). The
other areas are not air conditioned but have forced air ventila.
tion. Mouse cages are washed with a detergent, rinsed and
dried in an automatic cage washer. As the cages ewmerge from
the washer, they are automatically conveyed to the bedding
and storage area, where they are filled with wood shavings
and stored until used, Plans are underway to automatize the
removal of used wood shavings from the dirty cages and also the
hopper that dispenses new bedding into the clean cages. If
this can be accomplished, the dumping, washing, and refilling
of 1000 cages per day should be only a one-man job.

The inside monkey and dog quarters (Fig. 3) are glazed
tile with adequate facilities for cleaning. The concrete

floors of both the inside living area and the outside exercise
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runs are radiant heated with inside-outside tewperature con-
trol. The outside heating provides a snow-melting arrange-
ment during the winter. The outside areas are cleaned with

a high pressure hose from a catwalk above the runs (Fig. 4),.

ANIMAL PRODUCTION AND INVENTORY

Mice

RFM Strain

Total number of babies born 1503
Total number of weanlings 1329
Weaning percentage 88.4
Nusber of breeding females 189
‘RF Strain

Total number of female weanlings 5120
Number of females delivered for

experimentation 2967
Number of females in stock 3703
Number of above being held for aging

studies 1292
Number of breeding females 1249

AKR Strain

Total number of babies born 1687
Total number of weanlings 1833
Weaning percentage 96.9
Number of females delivered for

experimentation 701
Number of breeding females 178

CIW Strain

Total number of female weanlings 241
Number of females delivered for
experimentation 222
Number of breeding females 34
’ -244~
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Sprague-Dawley Rats

Total number received
Number delivered for experimentation
Number of male rats in stock

1361
634
751

Number of above being held for aging studies 297

Beagles

Number of male beagles for breeding and
stock :

Number of female beagles for breeding and
stock

Number of above females bred

Honkexs
Number in stock (wales only)

Rabbits and Guinea Pigs

Number of rabbits received
Number in stock

Number of guinea pigs received
Number in stock
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