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following estrogen treatment, it is probable that the
endosteal reaction does not reflect a change in the gross
nutritional status of the bone. .

Because it is well known that estrogen treatment
impedes both cartilage cell mitosis and mucopolysac-
charide formation,™® it would be reasonable to assume
that the hormone exerted its primary action on some
regulatory cell organelle. Recently, the electronmicro-
graphic studies of Silberberg et al."® demonstrated
hypertrophy of the Golgi zone and accelerated organelle
development in articular cartilage cells of mice as early
us 2 hours after hormone treatment. These changes,
which were maximum after 16 hours, were related to a
disturbance of carbohydrate synthesis by these chondro-
cytes, le., decreased production of mucopolysac-
charides, and delayed endochondral ossification, In the
present study, the radioproline marker demonstrated
that estrogen had suppressed endochondral ossification
(longitudinal bone growth) 24 hours after treatment.

SUMMARY

The effect of estrogen on the rate of collagen synthe-
six and new bone formation in the mouse was investi-
gated by high resolution autoradiographic methods.
H-proline and H*-glycine were administered on the
first and seventh days, respectively, following estrogen
treatment, and the mice were sacrificed at various inter-
vals during the 24 hours following each tracer injec-
tion. The position of the radioproline label on meta-
physeal trabeculae indicated that the control bones
grew in length 135 p/day, whereas the bones from mice
injected with estrogen 24 hours previously grew only
66 p/day. Grain counts indicated that (a) the uptake of
the labeled amino acids by osteoblasts, and (b) the
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subsequent transfer of the label with time after injec-
tion to surfaces of newly forming metaphyseal and
endosteal bone was not affected by prior estrogen treat-
ment. Silver grains were observed over the hone 16-24
hours after tracer administration. It was concluded that
estrogen stimulates only the processes which promote
the differentiation of osteoblasts in the bones of mice,
and that the hormone has no effect on the functional
capacity of individual osteoblasts to synthesize and
form collagen.
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A PRELIMINARY STUDY OF GAMMA RAYS EMITTED BY THOROTRAST PATIENTS:

a) Estimate of Effective Depth of Liver in Phantom
b) Estimate of Gamma Ray Activity in the Lower Leg

H. A. May and L. D. Marinelli

INTRODUCTION

IFour individuals who received injections of colloidal
Th®? and Th?® (Thorotrast) approximately 15 years
ago have been examined in the whole-body counter.
Initial injections for X-ray visualization of blood vessels
of the cranial cavity were made at the Department of
Radiology of a midwestern medical school. The evalua-
tion of present hody burden of these patients was under-
taken in cooperation with that institution, in order to
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evaluate the cost and feasibility of a full-scale epidemio-
logieal study.

SCOPE AND METHODS

The primary purpose of this investigation is to evalu-
ate the relationship between radiation dose and bio-
logical damage over long periods of time. In this case,
the organs receiving the greatest exposure are the liver
and spleen, with lesser amounts being received by lymph
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nodes, kidneys, bone marrow and (in cases of significant
extravasation) injection site tissue. An accurate assess-
ment of accumulated dose requires quantitative knowl-
edge of the loeal metabolic behaviour of each of the
radioactive daughter products during the initial period
following injection as well as the steady-state or equi-
librium distribution.

Direct gamma spectrometry of the whole body may
contribute to an understanding of this latter period by
contributing the following information:

(1) Total body burden of Ac®® (MsTh 2), Pb*2

(Th B), Bi*% (Th C), and T1**® (Th C”).

(2) Lack of secular equilibrium between v-ray emit-
ters in the chain, presumably due to loss by re-
coll from the colloidal particle, with subsequent
transport and elimination by normal body
processes.

(3) Extent of deposition within the skeleton (pri-
marily, within the red bone marrow), or within a
specifie portion of same.®

(4) Further information on the relative distribution
of activity among the vitul organs or other soft
tissues. Although the problems of scanning and
directional detection at the y-ray energies con-
cerned appear difficult and have not been entirely
resolved (vide infra), such effort should contribute
results which are not otherwise available to direct
experimental approach.

In this study, two large Nal crystals have been used
simultaneously, maintained in a fixed position relative
to the patient for the duration of each count. Pulses
from each are fed to individual multichannel analyzers,

The first count is made with an 11.5” diameter by 4”
thick crystal suspended over the patient, at a distance
of 1 meter from the lower surface of the erystal to the
supporting “bed”. Since counts are made with the pa-
tient prone and supine, a flat bed is preferred, although
if curved into an arc of 1-meter radius, a slightly more
uniform response to activity along the length of the pa-
tient is obtained. However, since 90 to 95 % of the ac-
tivity is believed to be in the liver and spleen, the arc
offers no overwhelming advantage.

The second count is obtained after lowering the
crystal until it almost touches the patient; by this
means a certain degree of diserimination may be ob-
tained between gamma rays originating in the abdomen
and the extremities. However, as the spectrum extends
to 2.615 MeV, additional discrimination by means of
collimation would involve great bulk and weight. A
crystal-to-bed distance of 35 em has been adopted as
standard, although an occasional obese individual may
necessitate a greater separation. A second ecrystal, 7”7
diameter by 3.53” thick, facing upward, is located be-
neath the bed, with a spacing of 2.5 em from its upper
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surface. The spectra from both crystals are accumulated
simultaneously.*

Although the detection sensitivity is much greater at
this spacing, it is also far more dependent upon the
source volume and location within the body, and upon
the amount of scattering and absorption from surround-
ing tissues. Can this limitation be overcome by making
use of all the information contained in spectra from two
detectors at a fixed separation? As a particularly simple
possibility, the in vivo ratio of counting rates from the
two detectors observed in a selected energy band might
be utilized to give an indication of the “effective depth”
of the source within the body, by reference to suitable
phantom ecalibrations. Substantial independence of this
ratio throughout the energy range would facilitate the
estimate of depth. From a knowledge of the effective
depth, an independent self-absorption correction of the
total activity present may be made. Preliminary tests,
in which point sources of ThO. in a 16-¢m thick Presd-
wood phantom were used to calculate the position and
activity of a phantom liver, gave results having accept-
able accuracy. T (See Appendix 1.)

COINCIDENCE TECHNIQUES

The decay scheme of Ac®™ exhibits a number of
eascade gamma rays, the principal pairs, with their
relative intensities being®

278 keV  and 790 keV  (3)
328 keV 790 kel (3)

108 keV 960 keV  (2)
460 keV 080 keV  (2.1)
460 keV 966 keV  (1.3)

In the decay of TI®8 all lower-energy gamma rays are
in coincidence with the 2.615-MeV line. The mo=t in-
tense of these are:

277 keV (1)

511 keV  (25)
583 keV  (87)
860 keV  (12)

Thus it appears that operating the two detectors n

* Although two 115”7 x 4” cryvstals spaced symmetricall:
above and below the patient’s midplane offer statistical ad
vantages, budgetary limitations restricted us to the much les
efficient procedures described here.

7 Usefulness of the method in the present application appear-
to rest upon the accuracy with which these results can be ex-
tended to phantoms having a range of thickness compatibl
with that of the bodies they simulate. Likewise, the effect o
variations among individual patients in size, shape, and loca
tion of the liver and spleen must be considered and evaluate:
Computer matching and stripping of standard spectra by mean
of least =quares techniques also appear to offer great possibil:
ties and are under investigation.
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Fiu. 43. Bloek diagram: electronie circuitry in fast-slow eoincidence.

coincidence may lead to less complex spectra and a
resulting caxe of interpretation. By gating only on
pulses of 1.6 MeV or more, response is completely
limited to the gamma ray: of TI*. At lower gating
cnergies, both Ac?® and TI*8 contribute to the spectrum,
and by a judicious choice of the energy band employed
for gating, response to Ac*® may be maximized. From
such coincidence spectra, the determination of the rela-
tive amounts of the two daughters is considerably sim-
plified.

We have demonstrated that coincidence rates from
typical Thorotrast patients in the geometry described
above permit accumulation of statistically-significant
data in counting periods of forty to sixty minutes. The
electronic connections employed are indicated in the
block diagram of Figure 43. Gating requirements are
estublished by a conventional fast-slow coincidence
system.® Pulses from both detectors are double-delay-
line shaped and fed to zero-crossing detectors. A faxt
coincidence resolving time of roughly 80 nanoseconds is
used. By carefully equalizing delays, much shorter
times may be used without significantly reducing the
real coincidence rate. However, chance coincidence
background is always negligible, and this resolving time
adequately allows for less-than-optimum delay adjust-
ments, or minor gain changes. Pulses from the 77 x 3.5”
crystal are energy-selected and. after slow coincidence,
are employed to gate the analyzer which stores pulses
from the large detector. The same gate supplied to the
second analyzer serves to monitor the energy band se-
lected by the single-channel analyzer and is only neces-
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sary during initial adjustment. We have found the
single-channel analyzer to be remarkably stable over
periods of months, during which it has been repeatedly
turned off when not in use. Simultaneous recording of
both the straight and coincidence spectra, or of two
spectra gated by different energy regions, would un-
doubtedly muke better use of the counting time. We
have not yet tried this, largely from a desire to keep all
of the data from each detector associated with its own
analyzer. Results obtained so far suggest that the coin-
cident rate depends upon source-to-detector orientation
much more strongly than in the noncoincidence mode.
Analysis of these data, together with phantom meas-
urements to determine the dependence upon patient
size and isotope distribution, is incomplete; hence,
interpretation of the results must be deferred.

Evaluation of the skeletal burden located primarily,
but not entirely, in the marrow, is also desired. Since
the principal marrow sites, i.e., the sternum, vertebrae,
and pelvie crests, are located in rather close proximity
to the much more active deposits in liver and spleen,
direct counting is out of the question. A method of de-
tecting the lesser amounts of activity within the tibia
and fibula has been investigated. The geometry em-
ployed is illustrated in Figure 44. Sensitivity to gamma
rays from the soft tissue deposits is greatly reduced by
coincidence requirements* and by a relatively modest
amount of shielding below the patient’s knees. With the

* In this case, as is well known, the counting rate is propor-
tional to the product of the solid angles subtended by the source
at the two detectors.
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Fia. 44. Relative position of patient, detectors and shielding, as employed for leg counting.

two erystal faces spaced 14 em apart, centered roughly
between the distal surface of the patella and the external
malleolus and with 3 em of lead shielding as indicated,
the following background counting rates are typically
recorded by the upper crystal:*
(a) no patient, 14 ecpm
{b) with thorium-free patient, 15 cpm
(¢) as in (b) plus 23-cc¢ bottle of Thorotrast placed
alternately at the lower tip of the sternum and
small of the back, to simulate a typical deposit
within the soft tissues only, 16.5 cpm.

RESULTS

Data from the 11.5” x 4” erystal were accumulated
on a 512-channel Nuclear Data analyzer, those from
the 77 x 3.5” on a 400-channel RIDL instrument. Data
output were punched on paper tape which was proc-
essed initially with a CDC 160A computer. For some
processing requiring greater core memory capacity
(spectrum normalization and fitting, digital plotting via
Cal Comp plotter, ete.), the data are transferred via
magnetic tape to the CDC 3600.

The raw data from Thorotrast patients have been
corrected for estimated potassium and cesium burdens
by subtraction of the spectrum obtained from a Thoro-
trast-free individual of comparable height and weight.

* In the energy region 200 keV-2.8 MeV, and in coincidence

with gamma rays detected by the lower crystal between 485
keV and 292 MeV.
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Table 32 lists net counting rates obxerved in selected
cnergy bands for the four patients studied. Typical
backgrounds are also included. Estimates of activity in
the lower leg and feet are given in Appendix II.

Special thanks are due to Dr. W, B. Swanson and Dr.
¥. J. Hodges of the University Medical Center in Ann
Arbor, Michigan for making the patients available for
this study and supplying essential information relevant
to this investigation. Mr. Paul Hess contributed to the
design and construction of phantoms and in the taking
and reduction of data.

APPENDIX |

INTRODUCTION

A method of correcting whole-body counting data
for the effects of self-absorption loss hax heen investi-
gated, which is applicable when it is known a prior? that
the activity to be measured is concentrated in a specific
region or organ. The immediate application to the caxe
of liver deposits in Thorotrast-injected patients has
already been mentioned, and the dizcussion will deal
with techniques adapted to this specific end, although
the general method is believed to have greater useful-
ness.

It is desired to determine the amount of gamma-
emitting element located in an organ whose position
within the body, and whose size and =hape, are known
only roughly. Two crystal detectors are employed, lo-



cated on opposite sides of the body and separated by a
fixed distance, so positioned that the line joining them
and coinciding with their axes also intersects the center
of the region of interest. The two detectors should sub-
tend nearly equal solid angles.

On the basis of preliminary measurements, it appears
that the ratio of counting rates in the two detectors, in
a given energy band, uniquely determines the location
of an effective “center of activity” of the unknown
source along the axis as established above. The loca-
tion, i.e., the distance from either detector (or any other
fixed reference point) to the center of activity may be
evaluated by reference to calibration data obtained
with a suitauble phantom, in which the location of a
point source of the same radionuclide is systematically
varied. Since the intensity of the ecalibrating source
may also be known with precision, the same calibration
may be used to estimate the amount of activity present
in the unknown.

EXPERIMENTAL PROCEDURE

The point source emploved was a 25-ce glass bottle of
the type used for packaging Thorotrast. It hus been ob-
served that the dextrin butfering of the colloidal Thoro-
trast  fails after extended storage time, permitting
clumping of the material and consequent nonuniform
distribution within the bottle; therefore, a measured
amount of ThOs powder was uniformly distributed
within the source bottle in agar medium. The phantom
consisted of 1,7 thick Presdwood sheets, 20 x 24 em in
size. Twenty-five of these provided a phantom thick-
ness of 16 em. Counts from both detectors at a separa-
tion of 37 em were accumulated for 20 min at each of 15
source locations, spanning the entire range of phantom
thickness. A plot of R, versus position in the phantom
was obtained, where E; ix the ratio of counting rate in
the 11.5”7 x 4” erystal to that in the 77 x 3.3” crystal,
in the i th energy band. The five energy regions em-
ployed were those of Table 32, namely:

i = 1, 200-430 keV
2, 430-700 keV
3, 0.83-1.10 MeV
1, 145-1.75 MeV
5, 2.4-2.8 MeV.

R values were observed ranging from about 3.0 at a
distance of 2.5 em below the upper surface of the phan-
tom (19 em from the face of the 11.5”7 x 4” crystal) to
0.25 at the other extreme of the phantom, 13.5 ¢m be-
low the upper surface. A small but consistent variation
of the ratio with energy wus observed at fixed source
position.

The unknown employed was a ThOs-loaded “‘liver”
molded of Mix D®-—u paraffin-polyethylene mixture

0016515
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TABLE 32. NEr CovnNTING RaTES OBSERVED IN SELECTED
ExErGy BaNns roR THE Forr PATIENTS STUDIED

Patient data

| ‘ A
.. Amt
. Weight . Age Date | .Mt
Patient (ibs) i Height ‘ (yrs) ) injected f mjﬁfct)ed
] P
‘ |
o1 s | s0m |43 | 199 | 30
MM | 106 | 5 lo62 1949 28 (?)
RP i 180 510 19 1949 30
HR 186 511" 62 | 1952 60
‘f Net counting rate (cpm)
Energy band
Patient 200 — 430 — 0830 — 1.45 — 2.4 —
30 0 700 0 11 0 175§ 2.8 - Total
keV © keV | MeV | MeV ' MeV
At 1 meter, 11'5” x 4" crystal
JIer lzoma . w8l s67 0 130 D172 19,158
MM f10465 0 621 379 ° 65 | 116 . 5,680
RP (1,255 0 807 3061 80 o6 4,351
HR D 3.680 1,957 1,134 242 358 - 16,332
Bkgnd™ 368 362 127 113 24 2,114
At 35 em, 111" x 47 ervstal
JJ 31,426 6,274 4,056 | 1,082 1,182 118,830
MMM 10,2000 4,527 3,051 | 597 829 ¢ 38,582
RP | 10,4721 47470 2,020 0 660 1 861 © 37,405
HR | 30,350/ 13,356 8,063 1,740 | 2,476 '108,500
Bkeund 1,005 781 180 223 2+ 3,700
At 10 em, 77 x 315" ervstal (under table)
Jdw 33,1500 3,430 1,977 432 | 477 104,460
MM | BOLL 2008 1797 354 0 859, 25,404
RP | 4,227 1,823 | 1,034 | 234 258 115,002
HR 13,7700 6,039 3,108 1 736 904 | 54,847
Bkgnd | 301 205 760 4 | 54 1,620
At 35 em, 11157 x 4” ervstal in coincidence
JJ L4270 2060 495 1.5 6.5 | 104
MM P62 Ly . 58 |15 8.9 | 135
RP 33 128 42 0.5 4.8 79
HR 97 81 112 40 13 229
Bkgnd 2.2 235 01 ; 0.3 0.4 8

i

[u <peeial “shin-counting’ geometry, 11'2” x 4” ervstal
in coincidence

i

JJ | 87]10 |14 |06 21 ;253
MM 71 72 08 o6 17 120

RP 51 58 05 0 15 143
HR 10 126 | L6 06 128 355
Bkgnd | 3.7 | 405 1.5 | 0.7 | 0.58 | 15.0

1 Patient had received =1 mCi Hg!"" for brain scan approx-
imately 4 months previous to count. The numbers in Cols. 1
and ¢ reflect the residual burden, apparently concentrated in
kidneys.

) All the background data in Table 32 were obtained by
counting an average adult, and thus include a normal, or typi-
cal, contribution from K and Cs!¥,
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TABLE 33. SumMaRy oF REsuvirs oy SmaLt (850 6) Liver
CoxTaininG 0.98 ¢ ThO»

i

Depth to center line | < 8.0 \ 1.1

rical center line |
to “poiut equiva- |

|
of paraffin | 51 { [
| ( 1
Mean ratio (net \ 2.73 I 1.54 ‘ 0.739
cpm [11.5 X 4/ | | !
net cpm [7 X 3.3)) i )
Caleulated “point | 3.83 = 0.06 | 6.8 & 0.1 | 9.2 % 0.2
equivalent : ‘ |
depth” (em) | | !
Difference, geomet- | 1.3 : 1.2 ' 1.9
[
|

let depth” (em) l
Caleulated activity .0.929 = 0.0110.93 + 0.02/0.894 = 0.04
ThO: (g) ‘ }

All errors are one standard deviation.

with small quantities of magnesium and titanium oxides
added to mateh more nearly the effective Z of water or
tissue. It has been shown™ that this material is very
closely water-equivalent in the energy range of interest.
The “liver” dimensions were roughly 21 x 17 x 7 em;
its mass of 850 g was somewhat less than that of a nor-
mal adult male. An outer layer of epoxy plastic approxi-
mately 1 mm in thickness was applied to avoid surface
damage and loss of radioactivity, and it was then em-
bedded in a rectangular block of plain paraffin in order
to facilitate reproducible positioning within the Presd-
wood phantom. Additional Presdwood sheets having a
large rectangular cut-out to accommodate the paraffin
block were utilized.

Data were taken with the “‘unknown liver,” contain-
ing 0.98 g ThO., at three depths within the phantom.
All numbers were corrected for background, and the net
counting-rate ratios converted to ‘‘effective point-
equivalent depths.” These calculated depths, which are
remarkably consistent over the range of energies em-
ployed, differ from the reference distance as measured
to the midplane by a nearly constant amount. The
activity of the unknown was then calculated from the
observed counting rate of the reference point source
when located at the same depth. In practice, linear
interpolation from the nearest calibration depths was
employed to estimate this counting rate. The results so
obtained are shown in Table 33.

Calibration and “‘unknown’ counts were also made in
the coincidence mode, but analysis of these data has
not been completed.

CONCLUSION

While these measurements do not cover a sufficiently
large range of conditions to be conclusive, the agree-
ment (of the order of 5¢) between the amount of ac-
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tivity known to have been incorporated into the ‘‘un-
known” and that calculated, as well as the consistency
in depth localization, Is reassuring. It suggests that
calibration data utilizing a small source may be used
to estimate the position and intensity of a larger, ir-
regularly-shaped radioactive body. The use of a small,
regularly-shaped source is usually more convenient
from a physical standpoint, and insures that its “effec-
tive center’” and geometric center coincide, 1.e., that it
behaves like an idealized point source.

The uncertainties introduced by lateral displacement
of the “unknown liver” in the phantom were evaluated
roughly, and do not appear to be significant for dis-
placements of 4 to 6 ¢m at the spacing employed. In
human counting, greater uncertainties may perhaps
exist if the measurements are made by individuals
without the requisite knowledge of normal variations
in anatomy among individuals and the ability to deter-
mine organ position and orientation by palpation,
ausculiation or other methods of physical examination.
It would seem that this limitation ix not fundamental.
It should be noted that radiographs were available of
the Thorotrast patients counted, which revealed the
spleen quite well but did not prove of great value in
demonstrating the liver.

APPENDIX Il

Calibration of the counting data in coincidence over
the =hins was accomplished by means of a leg phantom
containing a known amount of ThO: . A length of +-mm
OD Tygon tubing was loaded with the radioactive ma-
terial and inserted into a hole drilled through the long
axis of o human tibia. The ends were sealed with epoxy.
The tibia and matching fibula were then inserted into a
hollow plastic manikin leg of the type sold for the dix-
play of nylon hosiery, care being taken to approximate
their anatomically-correct loeation. The leg was filled
with water, retained by a Lucite end-plate and filling
plug at the knee. Counts were made with this phanton.
placed in the standard human shin counting geometry
llustrated in Figure 44

The amount of TI*?, principal contributor to coinet
dence events, which was actually present in the phan
tom, was then determined from an estimate of the de
gree of equilibration of the ThO» powder used. This wa
determined by compurison of the gamma spectrum atu
relative decay rate with that from an old bottle ©
Thorotrast, having an expiration date of 1937 an
hence at least €5 % eauilibrated.

The leg burdens of the four individuals lixted
Table 32, as corrected for lack of equilibrium of &
jected materinl (and assuming primary separation |
have taken plice three years prior to injection dat
are as follows:

s,
‘-



WRPE a

L

MM 0.04 g ThO, in equilibrium

HR 007 X
RP 0'03 " %3 "
JJ 0.05 1 6 113

By assuming that the portion of the skeleton viewed by
our setup equals 18%,® and by assuming that the
whole-body T1**®/Th*? = (.4 as before, we can calculate
the skeletal content as:

MM 0.22 g ~ 14% of TI*® body burden ~ 5.6 % of

Th232

HR 039 g >~8% of TI*® body burden =~ 3.2% of
Th?.S‘l

RP  0.17 g ~ 12% of T12® body burden ~ 4.8 % of
Th?.22

JJ 0.28 g ~ 16.5% of TI*® body burden ~ 6.6%
of Th*2,

Considering the preliminary character of these meas-

urements, we find these figures in fair accord with meas- .

urement of skeletal samples containing marrow.
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1t should be noted that a nonnegligible portion of the
counts observed in coincidence may originate, in fact,
from the Ac¢8-Th?® decay. The extent of this contribu-
tion, relative to the T12%-Pb*® must differ for the ¢n vivo
and in vitro cases. The above data have not been cor-
rected for this.
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The RPY low-level gamma ray counting facility
(called the “vault”) has been previously described.V
It includes an iron room and other shielding devices in
an underground chamber and features a controlled
supply of essentially radon-free air.® This report de-
scribes a series of measurements to determine gamma-
ray background stability in the vault under normal
operating conditions and to assess the contribution
radon makes to the background.

EQUIPMENT CONFIGURATION

Equipment consisted of two Nal (TI) scintillation
erystals positioned in the approximate center of the
[ron Room. The smaller erystal (77 x 3”7 crystal) is 7
inches in diameter and 3 inches thick with a single 5-
inch quartz photomultiplier tube. This crystal assembly
has a very low intrinsic background with speetral de-
tails barely visible. The larger crystal (117 x 47 erystal)
is 11}, inches in diameter and 4 inches thick. It has
seven 3-inch glass photomultiplier tubes which con-
tribute about 209 of the background and evidence
themselves by considerable spectral detail.

0016517

The two crystals were hooked up to entirely inde-
pendent electrouic systems, The 11”7 x 4”7 was con-
nected to a Nuclear Data 512-channel analyzer and the
77 x 3”, a RIDL 400-channel analyzer. Individual high-
voltage =upplies and pre-amplifiers were also used. The
two analyzers were run concurrently on 40-minute auto-
repeat cycles. Daily adjustments kept the synchroniza-
tion drift 1o less than a maximum of two minutes.

BACKGROUND STABILITY

Under normal vault conditions background stability
was established by a =eries of 55 runs starting May 1,
1965, and extending through May 3. The radon-removal
system was operating normally, maintaining the vault
radon level at 0.018 =+ 0.006 pCi/l. The punched paper
tape output from the analyzers was processed on the
CDC 160-A computer by the 1839/RPY data process-
ing system® which reduced the data to counts per
niinute and summed the counts in nine energy bands.
The sums were output from the 160-A on punched
cards which were used as input to the CDC 3600 com-



