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I.- THE VMETABOLIC PROPERTIES OF PLUTONIUM
AND ALLIED MATERIALS
Jo Go Hamilton
Project 48A-I

Radioautographic Studies

Radioautographic studies of the longelived fission products and the
actlnlde elements are being continued, Some excellent radiocautographs of actinium
(Ac227) in adult rats have been obtained following the adequate aging of the bone
sedtions to permit the establishment of full equilibrium 8 the actinium with its
two long=lived decay products, notably radio-detinium (Th 7) and Ac(X) (Ra223),
At the seme time, of course, the radiocactive atoms of these two descendants of
actinium which were present in the original solution injected into the animals,
had fully decayed when the radioautographs were set up, Thus the radiocautographic
pattern seen after 100 days of aging of the specimens is a true picture of the
distribution of actinium in bone, As might be predicted both on the basis of
similarity of chemical properties and certain metabolic characteristics, deposi-
tion was confined to the region of the osteoid matrix and in the immediate
vieinity of the small blood vessels of the cortical bone, It will be recalled
that this characteristic of deposition in the region of the small blood vessels
of the cortical bone has. been observed with cerium, element 61, americium, and
curlume

Barlier and quite unsatisfactory radicautographic studies with zirconium
(2r95) were repeated using normal adult rats and the distribution of this radio-
element in bone was observed to be essentially indistinguishable from that found
with thorium and plutonium in tha’ deposition was limited exclusively to the super-
ficial coverings of thé bone and the region of the trabeculae, There was no dis-
cernible degree of deposition about the small blood vessels of the cortical bone
that has been seen in the group of five elements listed above, A number of quite
satisfactory radioautographs of columbium (cb99) have been obtained and here the
pattern appears to be very much like that of zirconium as well as thorium and
plutonium, This finding was not predicted inasmuch as columbium behaves rather
differently than these other radio-elements in that its deposition in bone is
not prolonged as compared to yttrium, zirconium, the lanthanide rare earths, and
all of the actinide series with the exception of uranium. Unfortunately, the
relatively short half=life of this radio=-isotope of columbium does not meke
possible longterm studies to investigate possible changes of its distribution in
the bone as this radio-element leaves the skeleton,

Yée have secured a sample of EulS% of very high specific activity which
is to be employed to investigate the distribution of this radio-element in the
skeleton by means of the radloaautographﬂc technique, At the same time, the
studies are now underway with yttrium (v8 ) in order to secure some satisfactory
distribution patterns of this substance in bone, A preparation of Pa?33 for
radiocautographic experiments is under way.
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Tracer Studies

Actinivm, The 1 and 4 day intramuscular tracer studies with 2¢227 have been
completed, the samples having been counted 113 and 126 days respectively after

the sacrifice of the animals, Table I, This was done to permit the radio-
actinivm and Ac(X) present in the injected solutions of actinium at the time of
administration to decay away and for these two radio~isotopes to grow into full
equilibrium from the actinium in the various tissues and excreta, The signi-
ficant observations to be made are that the behavior of actinium following
parenteral administration is essentially the same as that noted with the four
lanthanide rare earths studied to date, namely, lanthanum, cerium, praseodymium,
and element 6l; and the last two members of the actinide series, americium gnd
curium, These common metabolic properties have also been demonstrated in the
radio=autographic studies described in the preceding sections. Absorption from
the digestive tract of actinium administered as a solution of AcClz was found to
be less than ,01 percent of the dose given,

Radio=Zirconium, The early parenteral studies with carrier-free radio-zirconium
have been repeated in view of the relatively unsatisfactory results obtained in
the experiments done several years ago, It will be seen that the skeleton is the
chief orgen of accunulation both on a per gram and per organ basis and that up
to the 32 day interval, there is relatively little loss from that structure, In
this particular series of experiments the carrierfree preparation of 7r9% was
prepared with the addition of a small amount of citric acid in order to keep the
zirconium in solution., Table II.

Technetium, The tracer studies with technetium have been completed. The isotopse

employed for these experiments was the 110 day period, as yet not assigned and

produced by the deuteron transmutation of molybdenum, In view of the volatile
characteristics of most technetium compounds, the short half=life, and the soft
electron radiation, the samples were counted wet using the gomms rays as an index
of the quantity of technetium present and providing a filter to cut out all of the
electrons, The 1, 2, and 4 day intramuscular studies and the 4 day stomach tube
experiments are shovm in Tables III and IV, It will be seen that bechnetiuvam is
excreted with extraordinary speed, the kidneys being the chief channel of excretion
and that most of the excretion is completed within the first 24 hours, The kidney
demonstrates the highest degree of concentration in any of the soft tissuesg the
one high value noted at 2 days in the gastro-intestinal trzct was probably due to
technetium in the feces present in the large intestine, It will be noted that

the material leaves the kidney with a fair degree of rapidity and the 4 day value
is approximately one-half that on the 1 day value., The oral administration of
technetium is followed by the absorption of the significant fraction of this
radio-element., On the basis of the content in the liver and kidney, as well as
the fraction in the urine, an estimate can be made that something of the order

of 25 per cent to 50 per cent of the administered dose was absorbed by way of

the digestive tract.

Radio=Rubidium. Preliminary tracer studies with carrier-free radio-rubidium have

boen undertaken. RbSO was +the isobope employed and it was prepared by the Sr=d-e{
reaction, The distribution of this radio=element at 4 days and 16 days, following
intramuscular injection resembles quite closely the behavior of cesium, In mosb
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TABLE I

227

-~ 1 Day -

- %per. _ % per

organ gram

038 o53
034 025
009 019
1.34 .09
46,5 6,46
2087 1,72
<01 <4
<01 <595
003 048
006 018
203 .01
== .06
04l 028
1,15 022
1,09 025
26,8 2,34
7652 206
2,28 006 -
1,06 -

7986 hadd

IN THE RAT 1 AND 4

UCRL=98

4 Days
% per % per’
organ gram
«16 018
19 013
.14 0l9
el4 01
46,7 6058
o564 040
<01 <4
=01 <0
02 03
—=,01 <201
018 008
083 <10
»82 01l
34,7 2005
4,40 003
1,77 06
024 e
9,13 e
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TABLE II

THE METABOLISM IN THE RAT OF CARRIER-FREE Zr95

1, 4, AND 32 DAYS FOLLOXING THE INTRAMUSCULAR
ADMINISTRATION OF A SOLUTION OF ZIRCONIUM IN
ISOTONIC .ALINE

1 Day 4 Days

% per % per % per % per
organ gram organ gram
.+56 71 023 .32
1042 »90 »88 «65
043 A7 065 73
18,2 1,46 6035 045
8017 99 6457 +89
2,14  1.14 4.31 2,37
016 .25 015 024
+06 04 .02 .02
15 021

9,97 -85 3052 016
20,8 139 3449 3,53
16,5 .18 13,7 013
14.8 046 8488 024
1,83 .64 1069 .76

2,70 2037

20,04 1504

UCRL=98

32 Days
% per % per
organ gram
¢15 .21
063 033
»50 058
047 004
2,88 030
2,34 1.13
004 054
.04 033
022 022
001 l‘=501
009 009
1.52 012
3601 1.68
6054 .08
7027 021
1,63 057
6,86
32,7
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TABLE III

THE METABOLISM OF THE 110 HOUR Tc IN THE RAT

1, 2 AND 4 DAYS FOLLOWING THE INTRAMUSCULAR

ADMINISTRATION OF A CHLORIDE SOLUTION OF Te
"IN ISOTONIC SALINE

’%"p;’ Day% per % pef' Day% per % pei Day% per
Tissue . orgen gram organ gram organ gram
Heart <5004 4,007 <,001 <002 £,005  <.009
Lungs 0085 4056 4087 4057 074 4049
Spleen 2011 },o;l.o 6005  <s007 <s008 <5005
Blood 072 4007 4051 4005 <a008  <q0OL
Liver "' W31 4041 25 4046 5 4016
Kidstey- @.5'9'(' . e85 AT 433 B2 19
Adrenals 4002 jéosz 002 <030 <5005 <10
Lymph Gland 4001 4020 002 040 e -
_fPam;ré;a'.:.s . 4007 ,008 <,005  <,006 <005 o006
Brain s005 4003 <.002 <001 <5005 <,003
Fat we 4009 - o008 s »003
Golo 292 4056 Bpdd 045 2097  ,006
Bone 420 2008 «16 ,006 (060 5002
Muscly o21 ,003 027 o003 082,001
Skin 49 2019 067 5026 o4 ,026
Fotus 5037 4009
Urine 8341 | B 794 S 7069 @
Peces 14,0 e 12,2 - 2765 cses
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TABLE IV

THE METABOLISM QF

TEE 110 HOWR Tc IN THE

RAT 4 DAYS FOLLOWING THE ORAL ADMINISTRATION
OF A CHLORIDE SOLUTION OF Tc¢ IN ISOTONIC

SALINE
% per % per
organ gram
-003 003
»003 0003
.012 2001
075 009
»160 +087
005 008
«005 009
054 +003
06 0003
01l 0001
089 +030

20,7

7742

owan
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chemical properties rubidium and cesium are very much alike and it is to be expected
that their metabolic characteristies would be similar. The distribution of the
radio~rubidium following administration by stomach tube was essentially the same as
was observed for the intramuscular studies at the same time interval., I appears that
the absorption of rubidium from the digestive tract is essentially 100% of the

administered radio-element. See Tables V and VI,

Radio=Germanium. A rather extensive series of tracer studies have been completed
with carrier=free radio-germenium which was made by the transmutation of gallium
by 20 Mev deuterons. The 40 hour Ge’l was the isotope employed for these studiese
The outstanding characteristic of germanium is its extraordinarily high rate of
elimination following intramusculer injection there being approximately 75 per cent
eliminated within 4 hours end with the kidneys acting as the chief chemmel of
elimination, The only organ to show any appreciable concentration is the kidneys
and here the retention remained fairly constant between the first and fourth days.
The relatively short half-life of the germanium isotopes employed does not make it
possible to continue the experiments for significantly longer time intervals. It
is of interest to note that the metabolism of germenium and technetium are very
much alike although their chemical properties differ to & considerable degree. No
appreciable absorption of germanium took place from the digestive tract following
administration of this material by stomach tube and in this regard it bg&aves very
differently from technetium., dJudging from very low concentration of Ge'™ in the
kidney following stomach tube administretion, it would appear that absorption from
the digestive tract was less than 1% in this experiment., See Table VIL.

Berylliume It will be recalled that a number of tracer studies were done in the

past with carrier-free Be', This radio-element is made e%ther by the deuteron or
proton transmutation of lithium. Due to the fact that Be' decays by orbital electron
capture and that only 10 per cent of the total disintegrations result in the release
of gamma rays, the problem of radioactive contaminents is of a serious nature. It
should be recalled that the average Geiger counter has about a 1 per cent efficiency
for counting gamme rags as compared to beta rediation and on top of this factor, only
10 per cent of the Be' disintegrations result in the emission of gamma rays; the
remeining 90 per cent of the disintegrations are associated with presumed neutrino
emission and are hence not detectible, The usual methods for chemical purification
of beryllium from other elements, such as the chloroform extraction of the basic
acetate, do not work well with carrier-free beryllium, Hence, in the past we were

troubled with unknown emounts of radioactive contaminants which obgiously would
prejudice the result of the experiments., In the last series of Be' studies recently

initiated, spectroscopically pure lithium metal was bombarded with 10 Mev protons
instead of deuterons and the target was subjected to & very carefully sxecuted series
of redio~chemical procedures. The net result of this was isolation of the preparation
of & specimen of carrier=-free Be” in which & lower limit of 1 per cent of radicactive
impurities was estimated. A decay curve gave a figure of 52 days for the half=lifes
whinh has been recently quoted as the most exact figure for this value. In addition,
absorption curves of the gamma rays in lead agreed with published values within §

per cent, Table VIII shows the results of the 1 and 4 day intramuscular studies in
which it is apparent that roughly one-third of the Be is fixed in bthe skeleton and
most of the remainder is rather rapidly eliminated chiefly by way of the urine. In
complete data at the 16 and 64 day intervels indicates that retention by the

skeleton of this radio-element is prolonged.

Cadmiume The results of the carrier=free tracer studies with carrier=free Cdlo9 are
Tiven in Table IX. The outstanding characteristics of the metabolism of this

element in the carrier=free state, following intramuscular administration, is the
high degree of localization and prolonged retention in the liver and kidney. The
degree of deposition in other soft tissues and the skeleton is considerably less

but in general retention is also prolonged. It is of interest to note that the
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TABLE V

THE METABOLISM OF CARRIER FREE Rb°® IN THE
RAT POLLOWING THE INTRAMUSCULAR INJECTION
OF A SOLUTION OF RbCl IN ISQOTONIC SALINE

4 Days " 16 Days
) % per % per % per % per
Tissue organ gram organ gram
Heart 029 034 013 ¢15
Lungs «56 032 «31 015
Spleen o4l 048 019 021
Blood 3404 020 1,47 009
Liver 4,84 050 2,84 023
Kidney 068 ¢35 «36 «16
Lymph Glends - - .04 021
Pancreas 033 o 77 017 026
Brain 029 019 ol15 010
Fat , - -- - .03
Teeth ) +03 011 <01  <,06
Stomach A3 Ll .41 .06
Small Intestine 3+48 043 1,02 »10
Large Intestine 1,20 219 084 «08
Bone 14.4 «98 7.90 12
Muscle - TTESS6T T Te35 22,45 .18
Skin 4,09 s10 2,73 207
Eyes 008 015 002 +06
Gonads ) 1.21 043 66 018
Urine 16,5 e 48,9 e

SR e

Peces 7 _ B 40,30 ovc 8e384 . ==
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TABLE Vi

THE METABOLISM OF CARRIER-FREE RbS6

I THE RAT 4 DAYS FOLLOWING THE ORAL
ADMINISTRATION OF A SOLUTION OF RbC1
IN ISOTONIC SALINE

% per % per
EEEEEQ orgen gram
Heart 030 033
Lungs o T4 035
Spleen 058 051
Blood 3,01 «20
Liver 4,41 042
Kidney 087 037
Pancresas 039 045
Brain 037 023
Fat = 003
Teeth .04 0l4
Stomach 068 022
Small Intestine 2,17 0286
Large Intestine 1,74 018
Bone 14,9 .81
Muscle 41,1 o387
Skin 5079 013
Eyes .08 019
Gonads 1,32 043
Urine 1563 =
Peces 60,03 =
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TABLE VII

THE METABOLISM OF CARRIER-FREE Ge'! IN THE

RAT 4 HOURS, 1 DAY, AWD 4 DAYS FOLLOWING -

THE INTRAMUSCULAR ADMINISTRATION OF A SOLU- )
TION OF GeCl, IN ISQTONIC SALINE

4 Hours " .1 Day 4 Days

% per % per % per % per % per % per
Tissue © « organ gram organ gram organ gram
Heart 06 .06 - .05 .08 <01 <,01
Lungs 017 +09 003 002 <.01 £.01
Spleen , .09 - .12 204 206 02 +03
Blood 076 004 015 01 015 01
Liver 2.39 . .23 .81 -09 .46 205
Kidney 2,467 1.16 1,76 .86 1,09 061
Pancreas 206 012 £,01 4,02 < .01
Brain . 04 003 <,01 <.01 <,01
Fat - .03 -  <L,01 - L0
Stomach 027 .08 ol7 208 003 02
Small Intestine 3,78 030 063 07 05 001
Large Intestine 1,34 033 045 «19 004 001
Bone 5,40 627 . 2,73 013 037 -01
Muscle 5081 04 2,75 . .02 50 005
Skin 2,49 /.‘615 088 02 049 .02
Caecum - ,..,30 015 059 21 04 03
Gonads Jo6 "Zo'f 502 <01 02 <01
Urine 7102 - 7348 - 90,1 e
Feces 2,94 | e 15,1 o €.75 —
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TABLE VIII

THE METABOLISM OF CARRIER FREE Be’ IN THE RAT 1 AND 4 DAYS
FOLLOWING THE INTRAMUSCULAR ADMINISTRATION OF A SOLUTION
IN ISOTONIC SALINE

HedTt

Lungs

Spleen

Blood

Liver

Kidney

Lymph Gland
Pancreas

Brain

Fat

Stomach

Snall Intestine
Large Intestine
Bone

Muscle

Skin

Eyes

Gonads

Urine

Peces

OF BeCl

2

1 Day
% per % per
organ grem~="- -
.08 .08
+56 +20
011 017
1,99 014
5,04 o84
3.14 1,65
<01 <,03
-08 011
<.03  <,01
< .01 <o01
17 206
1,12 oll
1.76 022
2904‘ 1,90
1.88 .01
o687 -01
<05 <,2
.11 206
42,0 -
219 -
100 .0

TUCRL-98

100,0

4 Days
%per 7 per
" organ gram
.08 .10
039 016
023 031
2,00 «13
9.58 1,09
1.95 096
.05 016
016 013
.03 .03
003 .08
021 005
052 005
+60 .08
32,0 1.61
2426 002
+70 002
.08 621
016 .05
38,60 o
10,9 -



Hoert
Lungs
Spleen
Blood
Liver
Kidney
Adrenals

Thyroid

Tymph Gls, .053

Pancreas
Brgin
Fat
Teeth

" Stomach
Sm. Int.
Lg. Int.
Bone
Muscle
Skin
Ovaries
Eyes

Urine

% per % per
organ gram
‘iz4 o34
23 «13
.24 .45
.27 ,021
77.8  10.2
3.93 2650
049 .96
011 .38
.49
o7 .98
019 .01l
- 041
019 .15
043 030
4,23 -84
2,50 +56
2.42 .15
1,00 ,011
2050 092
073 o714
011 038

e21

=15m=

TABIE IX

SALINE
% per % per
organ gram
.24 037
.25 .17
.37 .57
.86 .07
73.5 9,31
6,12 4022
+03 +60
02 1.0
-07 «56
81 1.45
.02 .02
- .03
.05 025
032 012
2,82 +40
1.43 .20
3.34 .10
1.38 .02
2,65 -08
07 1,12
< L1 -

THE METABOLISM OF CARRIER FREE cd'°° IN THE RAT
1, 4, 15, AND 64 DAYS FOLLOWING THE INTRAMUSCULAR
ADMINISTRATION OF A SOLUTION OF C4Cl, IN ISOTONIC

% per % per
organ gram
.21 .16
.27 JA4
.29 024
74,0 10,2
7024 4,76
5039 472
<€ ,005 <,.25
,058 46
o8l 1,30
,023  ,013
- 030
24 .16
»98 .15
.98 17
2,60 .14
1.37 ,016
2042 .082
2044 .33
,011. .034
015 —

TCRL-98
% per % per
organ gram
.06 .10
.19 .15
W33 o T2
.10 -01
62.1  10.5
11.3 7,97
03 o65
.01 2
.08 o 79
97 1,56
02 .0
-- -03
.21 .15
.64 .13
.21 .05
1.77 209
1,49 .02
1,05 204
202 »33
052 -
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content of the radio-cadmium in the blood, muscle, brain, and skeleton is very low.
Excretion is almost entirely by vay of the digestive tract and very possibly the
liver acts as the source for most of the radioecadmium excreted, The absorption
following oral administration was observed to be .25 percent of the amount given
by stomach tube, This is not a lower value bubt is believed to actually represent
true absorption for this quantity is based on the radio-cadmium found in the liver
and kidney in the stomech tube experiments, Toxicological work done in the past
with cadmium using macroscopic quantities indicates that the liver and kidneys are
the principal o>rgans of deposition and retention of this element, The available
data is not as complete and also the amounts of cadmium employed approached and
often exceeded, the toxic level of this very poisonous element.

Other Tracer Studies, Tracer studies with carrier-free radio-vanadium have been
initinted as well as a series of tracer experiments with carrier-fres 7230

vhich has been obtained through the cooperation of the Chemistry Division of

the Arponne National Laboratories, from a thorium target bombarded with 20 Mev
deuterons at Berkeleye. The purpose of this is to obtain data on the distribution

of uranium et a level which can be counsidered carrier-=free as compared to the situdies
done both here and elsewhere u81ng U233, We now have available a preparation of
very high specific activity Eu1u4 which is in the range of 2 to 5 microcuries per
microgrem and we plan to do tracer experiments with this element shortly, In addi-
tion, we have a ‘target of tantalum which has been bombarded with 200 llev deuterons
from the 184 inch cyclotron. From this sample we hope to isolate sufficient amounts
of long-lived radioactive isotopes of thulium and lutecium in order to make some
preliminery tracer studies with these two heavy rare earths in the carrier=free
state, This is an issue of considerable importance since the chemicel and physi-
cel properties of the heavy rare earths are much closer to those of ybttrium than
the lighter members of the rare earth series, such as lanthanum, cerium, praseo=-
dymivm, neodymium, and element 6l. It will be of interest to see whether the
metabolic characteristics of the heavy rare earths fail to demonsitrate, as does
ybtbrium, the striking and characteristic oproperties of the lighter members which
accumulate to such a high degree in the liver and are deposited in the region of
the small blood vessels of cortical bone,

Decontamination and Bone Metabolism Studies

Kinetics of Skeletal Uptake and Urinary Excretion of Radiocactive Strontium, Be-
cause of its long half-life and ease of absorption from the intestinal tract,
radioactive strontium is one of the most dangerous products of fission from the
point of health hazard., Because of its close similarity to caleiw in biological
behavior it provides an excellent tool for studying basic calcium and bone metab-
olism,

In this experiment, the kinetics of skeletal uptake and vrinary excre=
tion of radioactive stronbium were studied during the critecal first hour following
intraperitoneal injection of a carrier~free dose of Sr 90, Three groups of rats
were compareds

1, Iature adult females - in which skeletal growth had ceased,

2. Young normel rats -~ in which zctive bone formation was taking place,

3, Young rachitic rats - (reared according to specifications of USP
XII for standard vitemin D test dénimals)

In the rachitic animals new organic bone matrix is being formed, but
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this matrix does not calcify. The rats were sacrificed at 5, 10, 15, 30, and 60
minutes following injection, and thé percent of the dose of radiocactive strontium
in bone, blood, soft tissues, urine 'and feces was calculated. The urine figure
included ‘bladder washings, The aveyage value for each organ was plotted against
time following injection to give the radiocactive strontium uptake cm;ves°

The skeletal uptake curves for all three groups are shown in Figure 1,
It will be noted that the uptake by adult bone occurs at a slow and steady rate
throughout the hour. The initial uptake by both normal and rachitic young rats
is very rapid, but tapers off sharply towards the end of the hour. Tangents drawm
to these curves at the different points give a measure of the rate of radioactive
strontium upteke at that time., This figure, divided by the total plasma strontium
at the same time gives & measure of the specific uptake of radio-strontium, expressed
as percent of the total plasma "cleared" of strontium by the bone per minute, These
specific upteke values are shown, plotted against time, in Figure 2.

The specific uptake by adult bone is almost comstent, indicating that
the radioactive strontium is passing steadily from blood into bone during this one
hour period. This may be explained by a simple adsorption and exchange of strontium
with the non-radioactive calcium of the bone salt,

In both-the normal and rachitic young animals, the uptake is initially
very high, but falls off wvery rapidly., This may best be explained by a very rapid
uptake by bone in a labile combination from which radioactive strontium is actively
released towsrds the end of the hour. Since this effect is equally prominent in
the nonecalcifying rachitic rats, it is not due to calcification per se, but is
probably associated with the organic osteold matrix presemt in both young groups.
This labile combination with the organic bone matirix may be the first step in
the normal calcification process, The greater overall uptake by the normal young
animals is probably due to fixzation of +the radioactive strontium in the depositing
bone salte

The curves for urinary excretion with time are shovm in Figure 3, When
the specific excretion is calculated (as above) as percent of the plasma “cleared"
by urinary excretion per minute, it is found that this remains constant in all
three groups throughout the experiment. The clearance in the rachitic rabts was
almost ten times as great as that in young and adult normal animals, indicating
a speclflc effect of rickets on the excretion of radio-stronbium. This ten fold
inerease in excretion rate may be of some interest from the point of view of
decontamination,

Effect of Zirconium Citrate Treatment on the Distributién and Excretion of

" Radioactive Yttrium., Intraperitoneal injection of large doses of zirconium citrate
has beenfound to increase the urinary excretion and decrease the bone deposition
of plutonium following intramuscular or intravenous injection. Because of the
metabolic similarity of plutonium and yttrium, it was felt that a similar effeot
should be obtained with the latter. Readioactive yttrium is not only an important
product of nuclear fission, but as a beta enitter, it is much easier to measure,
For both reasons, the following experiments wirs carried out using radiocsctive
yttrium as a "stand-in" for plutonium, and the effect of the timing of the treate
ment on the effect obtained was investipated,

Skeletally mature adult female rats were used, They uere injected
intravenously in the right jugular vein with 40 microcuries of Y90 in isotonic
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saline at pH 6 - 6. Treatment consisted of 40 mge Zr as zirconium citrate complex
in 1.6 cc. administered by intraperitoneal injection either:

1. .48 hours prior to the injection of radio-yttrium (pre=treatment)

2. &t the same time as +the dose of radio-yttriwm (immediate treatment)
3. 48 hours after the injection of radio-yttrium (post-treatment)

4, controls = no treatment }

‘Urine and feces were collected daily and the animals were all sacrificed
after 3 days. The results obtained are given in Table X, :

Ireatment with zirconium citrate at the same time as the injection of
radio-yttrium had a profound effect on the- distribution of the yttrium, Urinary
excretion was increased almost ten fold (from 868 to 68,4 percent), deposition. in
liver was markedly reduced less than half that of the controls (44.9 to 20,3 percent),
This tremendous effect was not produced when the treatment was given 48 hours befdre
or following the injection of radio=yttrium, In the latter cases, the figures did
not differ significantly from those in the conmtrol animals,

This remarkable effect of immediate treatment with zirconium citrate may
be explained as a "carrier" action of the massive amount of zirconium citrate com-
plex. Blockage of receptive bone groups by Zr is unlikely, since in that case
there would be more effect in the pre~treated group, Ionic exchgnge of Zr with
radio~yttrium already deposited in bone does not appear to be the main effect, since
in that case more response would be expected from the post-treated group,

It remains to be seen whether bone resorption by physiological means may
free chronic deposits of radio-yttrium or plutonivm in bone so that zirconium
citrate treatment may be effective in removing it from the body.

Severe Phosphate Deficiency as a Means of Demineralization, Severe phosphate
deficiency has been found to be one of The MOST potent means of produciag bone
resorption, the severity of the deficiency. A method has been developed for puri-
fying the fibrin used in this diet by iso=electric precipitation so that a syn=
thetic diet is not available containing less than 0,005 percent P, This is less
than one third that of the lowest diet hitherto reported. The effects of this
diet are now being investigated,

Comparison of the Metabolism of the Alkaline Earth lletals, A comparison of the
metabolism of caleium, strontium, and barium has been made using the radioactive
isotopes. All three are quite similar in +heir general behavior, but the excretion
increases as the atomic weight increases., The general results substantiate the
similarity of calcium and strontium, {carrier-free) and the validity of radioe
stroatium as a "stand=-in® for calcium,
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TABLE X

EFFECT OF TIME OF ZIRCONIUM TREATMENT UPON THE UPTAKE
DISTRIBUTION, AWD EXCRETION OF INTRAVENOUSLY INJECTED Y

go™

UCRL-98

Controls Immediate Treatment

Pre-Treatment Post-Treatment

Carcass 44,9 2063 44,4 43,0
Femur 2.1 0.8 1.2 2.0
Liver 28,65 1,7 29,5 25,0
Kidney 2.4 . 063 2.0 2,0
Uring
0-1 day 8,8 68,4 7.3 707
1-2 days 2,4 1.6 2.7 2.5
2"3 da.ys 103 102 107 203
Feces
0-1 day 3.7 2.2 4,9 306
l-=2 dayS '305 /207 299 704
2"’5 da.yS 204 008' 594: 405
*Va1ues equated to 100% (actual recovery 89-98%)
TOTAL EXCRETION
Urins- Peces
Controls 12,5 9,6
Immediate Treatment 71,2 50,7
Pre=treatment 11,7 11,2
Post~treatment 12,5 15.5
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Radio-Chemical’ Isolation

Carrier-free yttrium was obtained from a strontium target, following
deuteron bombardment, by a method previously reported, Carrier-free rubidium
was also prepared from this target and the strontium activity, though not
carrier-free, was obtained free of other contaminants,

Following deuteron bombardment on a molybdenum target, carrier-free
technetium was obtained by a method reported earlier, A method was developed
for obtaining carrier-free vanadium from a titanium target bombarded with deuterons.
The titanium powder is dissolved in HpS0,, taken to dryness, and fused with NayCO0z.
Vanadium eand scandium are extracted with water from the fused mass. Excess salt
is removed by repeatedly evaporating to a small volume and saturating the solution
with HCl, 8c is removed by extraction with T.T.A. in benzene at pH 5, Ca is
removed by extracting with T.T.A, at pH 7.9, using Ca carrier, As a final precaus
tion, small amounts of Sec, Ti, and Ca carriers are added and removed by precipitat-
ing the hydroxides from boiling 1N NaOH, It is believed that carrier-free scan-
dium will also be obtained from this target, though this work has not been completed,
.The decay of a small amount of Ca activity is being followed, )

Carrier-free radio-silver was obtained from a palladium target by a
method previously reported,

A Cb-Zr solution was received from Oak Ridge snd from this solution,
carrier-free Zr was separated. The columbium was removed by carrying with MnOs
in 10N HNO,, This method was taken from the project literature, During this
peériod a solution of Eul®® yas also received from Osk Ridge,

Work is progressing on obtaining carrier-free protoactinium from a
thorium target by methods from the project literature, Carrier-free germanium
has been obtained from a gallium target by distillation of the bromide,

The activity of a Be’ sample is being followed, The half=life
obtained is about 52 days which agrees closely with the latest reported values,
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II, BIOLOGICAL STUDIES OF RADIATION EFFECITS
Je H. Lawrence - in charge
Project 48A - II

The Radiological Use of High Energy Deuteron Beams

by C. A. Tobias, Hal Anger, P, P. Weymouth and
R. Lowry Dobson

Introduction. With the completion of the 184 inch cyclotron in Berkeley (1) and the
,successful construction of a deflector system, it was possible to bring the 190

Mev deuteron and the 380 Mev alpha beams out into the air,(2), and to begin a study
of the effects of these beams by direct irradiation of biological specimense The
direct biological use of deuteron beams was attempted earlier in Berkeley by
Marshek, MecLeish, and Walker (3) in 1940, These and other investigators have been
aware for some time of the potential usefulness of high energy particle beams for
radic~biological studies and their suitability Ffor biological investigationse

R. R. Wilson (4) advanced the idea of using Fast proton beams to deliver radiation
.doses to selected deep-lying regions of the animal body without injuring the skin
and intervening tissués. Re E. Zirkle (5) pointed out that such particle beams

may be focused or screened until a cross-section of the beam is small enough to
study effects of irradiation under the microscope on single cells or on parts of
single cells.

Qutline of Potential Uses of High Energy Particle Beamso, It seems worthwhile to
enumerate here some of the physical principles on which expectations are based
concerning potential use of the cyclotron beams in biology and medicine., These are
as follows:

l. Accelerated charged particles from the cyclotron mey be focused so :
that their paths form a parallel ray through a considerable thickmess .

of materiale Since the number of such particles may be measured with

ease, parallelism appears to be of advantage in the study of certain
biological actions of radiation, especially when the btarget hypothesis

is involved.

2. BPBach particle as it leaves the cyclotron has .i%"in close limits the |
same .specific jonization and rate of energy loss i+ ...iere The
ionization mey be meesured in an ionization chamber quite accurately, and ,
this property together with the one mentioned above enables one to
deliver accurate doses of particles with uniform ionization., The
precision afforded by these properties is of value when the dependence
of biological effects on specific ionization is to be studied
quantitativelye In contrast, when using X-ray beams, gamma rays, or
beta rays to induce biological effects, one always deals with a
number of ionizing electrons distributed in random directions and having
greet variations in their specific ionization. Thus the relationship
between specific ionization, number of particles, and direction of
particles is hard to derive in these cases,
If the various available beams (proton, deuteron, alpha, carbon ) leave
the cyclotron with the same speed, their specifiec ionization will very

# The use of carbon has not been attempted in the 184" yclotron thus far.

In the 60" cyclotron weak carbon beams are availableo (11) .
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in proportion to the square of the charge on their component particles.
Thus the ionization ratios of proton to alpha to carbon particles will
be 1 to 4 to 36. .

This affords tests for biological effectiveness at widely varying
levels of specific ionization,

e High energy particle beams produced in the cyclotron are very
penetrating. For example, the 190 volt deuteron beam now available
penetrates about 17 centimeters of soft tissueo. Scattering is of

much less importance than in the case of X-ray beams or electron beams,
and the- linear penetration of the beam thus allows ons to hit targets
lying deep under the skin quite accurately, and as will be seen

below, somewhat selectively.

4. The rate of energy loss in matber increases as the particles lose
energy, and reaches a peak just before they stop. This relationship
is expressed usually with the well known Bragg curve - to be reproduced
and studied later in this paper. Correspondingly the particles ionize
more heavily near the end of their range and the dose delivered may be
greater near the terminal end of the beame This is the property that ~
affords selective irradiation of deep-lying tissues, Thus highly
selective irradiation of well defined internal regions of the animel
body may be possible for the first time without the necessity of
surgical procedures.
S0 Single particles or a small bundle of particles mey be directed to well
defined regions of individual cells and the effects of irradiation of
these regions may be directly observed.
The above properties show that high energy particle accelerators become
very versatile tools in the study of the biological effects of radiations. In fact,
it is hoped that their use might increase our knowledge concerning the fundamental
nature of the radiation effects, in addition, they also may become valuable
experimental therapeutic tools to produce regression of turors and other localized
therapeutic effects.

Experiments Concerning the FPhysical Properties of the Beam. Before the new 184 inch
cyclotron was put to use for biological experimentation, it was necessary to perform
a number of tests concerning the physical properties of the team and to confirm the
theoretical relations on which some of the previous paragraph was based. In order to
do this, an apparatus was constructed to be used in the study of the ionization,
scattering, and absorption of the particles. The beam vwas brought out into the air
by a coqbinatipn of magnetic and electro-static deflection (2). The particles emerged
from the vacuum chamber through a 1/8" aluminum window well collimated so that their
divergence was only a few minutes of src. Figure 1 shows the arrangement used for
the ionization and scatbtering measurements. Various instruments used in this connection
were mounted on a set of parallel tracks .thich were aligned exactly in the direction
of the beame For alignment a specisl ionization chamber was used having four seguents
(Figure 2). -

On the tracks the following insbtruments wrare mountbeds

l, An ionization chamber to monitor beam intensity and ionization.
2 Absorbers of varying thickness and varying materials,

3¢ MAn analyzing ionization chamber placed immediately behind the absorberss,
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The ionization current in this chamber was compared to that of the
monitoring chamber and plotted in function of the absorber thickness.

4., A Faraday Cage was mounted behind all this equipment in an evacuated
boxe. This collected the particles of the primery beam end measured
their flux.

5, Photographic plates could be mounted to intercept the beam in
various positions and anglese

After the necessary physical measurements were completed, the various
instruments were removed except for the monitoring chamber and a set of absorbers
behind ite 4 suitable holder was mounted behind these to hold the biological
specimens, which then could be exposed to the beame In the particular experiments
described below mice were exposed, They were confined to a small plastic cylinder
with thin walls and this cylinder was held in the beam by means of a "V® shaped holder,
For schematic details see Figure 3.

Information was being sought regarding four types of interactions of the
beam with matters:

le Inelastic collisionse Some of the fast particles interact with the
nuclei of atoms, producing transmutationse These particles are removed
from the beam, thus decreasing the beam currente At the same time the

transmutation products mey add some other types of ionizating particles
to the beam,

2o Range straggling., The range of the fast particles produced in the
cyclotron shows fluctuation arognd the meen ranges energy loss in matter
by producing ionizaetion and excibation is a statistical process,
Meesurement of the distribution of ranges is of importsnce in the
determination of dosage.

3o lultiple elastic scatteringe Collisions with atomic nuclei result
in deviation of some of the fast particles from their original direction

and it produces a widening of the beam near the end of the range.
r ¢

4, Specific ionization, and specific energy loss in funcbion of +the
particle energy and range.

Good theoretical formules are aveilable to predict most of the above
properties, but they have not been checked expsrimentally thus far in the 200 Mev
rangee.: :

Resultse The data obtained are preliminary and incomplete. They allowed us however
to start some biological experimentation and to verify some of our hopes as to the
potential usefulness of the beams The best data we have are in aluminum absorbers
and in polystyrene.

Figure 4 ghows one of the Bragg curves obtbtained in aluminum. The mean
range Ry = 17.8 g em = and the extrapolated range Rg = 18.1 g cm."g° The mean range

was used to eveluate the deuteron energy to be 190 Mev, Range energy tables prepared
by Serber et al (6) and Smith (7) were useds The root mean square fluctuation of the
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range is computed from the formula

2

2 2 2 2
8R=7]-, (R, = R, ) =0,107 cm

This may be checked against an approximate formula for the straggling, derived by
Milson (8), from Bethe's accurate equations for energy loss (9), and valid in the
particular energy region.

53 =4,5R / EO%' (B, /22 R)O°055 (1)

where R, is the mean range in cnme
E, is the rest energy of the deuteron in Mev (1860 Mev).
N is the number of atoms per em® of absorber.
Z is the atomic number of the absorbers
z is the atomic number of the fast particle.
For deuterons we get Rz = 0,10 cm? from the theoretical formule.

There is agreement between experimental and theoretical values for the
straggling, Since equation (1) is known to be on sound theoretical basis, this
result may be teken as an indication that the deuteron energy is homogenous.

The range energy relationship for aluminum wes checked by measur¥ng the
beam current in function of the absorber thickness in the Faraday Cage. & typical
result obtained is shown in Fige 5. Here the charge collected on the Faraday cup
per unit ionization current on the monitoring chamber was plotted in function of
the aluminum absorber thickness. The observed curve has two components: &, the
"phackground” effect, mostly due to electrical leakage and to a small extent to
jonization of recoil protons from the neutron background; "a® should be subtracted.
The component "b" resembles somewhat the expected curve., Its straight pert is
sloping slightly corresponding to inelastic collisions and wide angle elastic collisions
which miss the Faraday cup. The E; mean range and § R correspond well to the figures
obtained using the Bragg Curve. The part of the curve that falls off rapidly
represents the straggling of the range of the particles. With improved technique
it is hoped that more exact curves will be obtained in the future.

From the slope of component by, as well as from the deviation of the
Bragg curve from the theoretical one, the combined cross=section for inelastic
scattering and wide angle elastic scattering may be estimateds

In 16 g/Em? aluminum about 25 percent of the beam was affected due to
these causeso The overall cross section for the above range is

O=7x 10725 op? (Aluminum)
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The theoretical rate of energy loss was checked by comparing

ionization measurements in the monitoring and detecting chember to beam current
measurements. If the beam is on for a 'time interval + and we have the number of

deuteron particles "n" in the beam from Faraday cage readings,

n = Qf - Cf A Ef
ze zZe

(2)

Whereth = total charge collected.

Cp = capacity of cage leads to ground.
A Ep = change in potential slidebacke -
voltmeter
ze = charge of particle

From ionization chamber measurements

. 1 _ 014 Eg (3)
fze dE fze@ dE
dx dx

where Qr = change collected in saturation current of ion chambere

Ct = capacity of collecting electrode and leads.

il

EI potential change of slideback voltmeter during exposure,

I = effective length of chamber, cm of air,

%E.* rate of energy loss of particle per g air.
X

Q = density of air gcm"'5

The agreement between iomnization and component b of the beam
intensity was excellent, confirming the theoretical values of dE within the
experimental error. : dx

Wilson also gave an approximete expression for the root mean square
deviation of the particles of the beam from their original straight trajectory due
to multiple scattering, based on Williams® calculation of scattering (10).

1 .
( pa )g'( Eo‘\o°055
Yrms = 57 RV g (e (4)
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This formule was checked by measuring y. .. Photographic plates were exposed to
the beam and placed behind various thicknesses of Al absorbers. The density of the
plates was measured with a photoelectric cell.

Experimentally ¥yms = 0.8 om
Theoretically Yyyg = Os%4 cm

The measurements will have to be further refined, and the validity of the
deviation of the formuls will have to be checked further.

The above measurements were repeated on polysterene. They yielded
generally the expected results, but will be reported later when more complete data
will be availables With the aid of the stopping power s (for tissue and polysterene,
as compared to air s = 1,06) and with formulas (1) and (4) we have now enough data
to determine the dose in any depth of animal tissue from ionization measurement
in the monitoring ion chamber. The dose may be conveniently expressed in
rep units (1 rep = 83 erg gl tissue)e. Along the center of the beem the dose rate is

dE
db =(I-Io)€S(?ff)x=f
dat Zaze. f£(Ts2)e ( 4B
éx -

(5)

= 0

where timee

I = ionization current.
I = background ionizetion current.
= energy per ion pairs
S = stopping power of tissue to aire
= tissue thiclmess (variable tissue thickness is denote@ by x)e
a = area of beam aperture
£(C ,8) = area correction due to scattering

¥ = effective length of ion chamber

charge of particle

154
@
1]

density of air

o
H)

( %% )x=o = rate of energy loss in tissue of the high enersy particles at x =0
( 4B ) = measured rate of energy loss (from Bragg curve) in tissue at x =T

dx X=T
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while the density of the particles arriving at depth 27' is given bys

ap _(I-3)¢€

(1L=6:87) . (6)

1
dt  Zze (51}3) af (7 .a)
dx/o air

where Cj% = gross section for inelastic collisions in tissue.
3 . .
N = number of atoms per cm” in tissue,

The above results show that even though deuteron beams are suvitable
to deliver a somewhat selective dose in a deep lying part of tissue, in thé case
of the 190 Mev deuterons, the ratio of specific iomization between pesk value and
its value at the skin is not as favorable as was predicted for protons by Wilson.
90 Mev protons or 380 Mev alpha particles seem to be more suitable. The dose
delivered near the end of the particle range may be made relatively large compared
to the dose received at the skin by special methods. One might be able to use a
conically converging beam with the focus at the peak of the Bragg curve. This
method would be expensive however., An alternate method would consist of cross
firing, that is of irradiating the same spot in the tissue from various directions
by successive exposures or by rocking the biological specimen around the point
where the dose is to be delivered. The data given above only represent the first
step in a planned series of measurements in which the properties of proton and alpha
beams also will be investigated in a more precise manner and in much more detail,

Lethal Effect of the Deuteron Beam on Mice. A photographic plate was exposed to

the beam in the spot where the mice were placed. (See Plate I) The circular blackening
is due to the effect of the beam crossing the plate. The bakelite cylinder holding
the mice was put on the "V* shaped holder, indicated in the photograph, in such a way
that the deuteron particles crossed the body of the mice longitudinally and +the
density of deuteron particles was about constant throughout the whole cross section
of the animals. A glance at the range energy curve or the Bragg curve tells us that
almost all deuteron perticles will cross the mice and come out still having a2 high
energy. Thus they were exposed to uniformly high energy particles, their average
energy being about 170 Mev end their average energy loss per gram tissue being

about’' 7.2 Mev g“lcmz. Because of the high intensity of the deuteron beam, the
individual exposure time lasted only a few seconds, One should keep in mind, however,
that the cyclotron beam is an intermittent one. Under the conditions used, there
were 90 pulses of particles per second, each pulse lasting for 10 micro seconds only.
Six groups of 25 mice each were exposed to the deuteron beam, and four weeks

following bombardment, the animals were exemined for radiation effect. Figure 6

shows the percentage of mice surviving in function of the dose given in rep. The

50% LD appears to be 150 % 30 rep and the mean time required for obbaining this dose
was 15 seconds.™ Since the ID 50 for the same strain of Bage Albino mice was found

to be 675 r for 180 kv X-rays when the exposure lasted 2 hours, one might be tempted

#The meen dose rate was 10 rep secalg but the instantaneous dose rate during each
pulse of beam amounted to about 11,000 rep sec=l,
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to say that the effectiveness of fast deuterons compared to X-rays is 4, In all
probability this would be erroreous in view of the fact that data obtained with fast
neutrons by Dobson (12) indicate thet in addition to specific ionization effect there
is a time factor involved %oo. The average energy of the recoil protons in the
nevtron experiment was 90 million volts even though a considerable number of the
protons had different energies. 90 Mev protons have the same ionization as the 180
million volt deuterons., With the accurate dose measurement available one would
expect to get the same lethal dose for protons as for deuterons., However, the lethal
dose turned out to be about 675 rep when the bombardment was given in two hours

and 1300 rep when it was given in 24 hours. If we are to believe these results,

we have a definite indication that the extent of lethal effect depends on the length
of time for bombardment, that is on the rate of dosage. Zirkle (5) has found that
fast neutron doses obtained in the pile, using neutrons frorn wuraniua fission, were
also more effective if the time of exposure was shorter, In the light of these
results one should evaluate the lethal effects caused by deuterons in taking the
dose rate into account., Figure 7 has the LD 50 plotted for Bagg Albino mice in
function of the time of exposure. The results are plotted in a log-log chart and

it is surprising to see that the three points obtained lie close to & straight line.

Fraluatine the resulis, we discover that the dose given is approximatel&
proportionate to the 4th root-of the length of time of bombardmente

1
LD 50 (t) = constant x t %

The weight loss of these ¢ oups of mice was also determined and the
average weight loss is plotted in Fige 8, 'The mean time of deeth appeared to be less
(about six days) than that obtained with ID 50 of X-rays for a two hour bombardment
(12 days)» Blood counts were made on several mice and the data available up to now
indicete that changes observed are very similar to those observed after exposure %o
X-rays or neutrons. Gross exemination of the animals during the course of the
experiment revealed that most of them had typical signs of radiation damage. Post
mortem examinations revealed hemorrhage in some of the animals and this added to our
belief that they died from radiation injury. The present facilities permit us to test
the 1D 50 with the beam up to akbout two hour exposure time. At this time the fast
neutron background becomes large enough to interfere with the results. L. Wo Alvaresz
suggested that one might obtain higher dose rates than the ones reported here by
exposing the mice directly to the internal beam of the cyclotron. This would probably
allow one to produce 1D 50 dose in about 1/10 of a second.

Discussion The above described experiments signify only the beginning of & long

range of work that is being taken up using the cyclotron as a biological research tool.
One should say at this point that the nevmess of the instruments and techniques meke
the data presented somewnhat uncertain and we expect to improve their accuracy in the
futureo i

Summarys The suitability of the 190 Mev deuteron beam as & source of radiation for
producing biological effects was investipated. There is & good indication that fast
particle beems will become precision tools in the study of the tivlorical effects of
radiation and in experimental btumor therapy. The lethal ¢7fect of the high energy
deuteron beam on Bagg Albino mice was measured, The ID 50 was 150 rep when the length
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of exposure was 15 seconds. The 1D 50 appeared to change approximately
proportionately to the fourth root of the length of exposure time.

It is a pleasure to thank Doctors John and Ernest Lawrence,
Dr. Robert Thornton and the cyclotron crew for their interest a»d eollaboration,
and Dy, Herbert Moffitt, Connie Tregillus, and Jean Luce for their assistance.
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Analysis of Micro-Composition of Biological Tissue by Means
OF Induced Radioactivity

By Cornelius A, Tobias and Rayburn W. Dunn

The use of radioactive isotopes as tracers promises a wealth of informetion
regarding the biochemical role of most elements and their compounds. Usually a
radioactive sample of the element to be studied is administered to the plant or animal
in a convenient form, and its distribution and rate of exchange are determined in later
asseys. This technique has, however, certain limitations, two of which will be
discussed here. :

1o Radioactive isotopes are not generally useful for measurements of the
concentration of elements in the body or its parts. They can bs used only to give
8 measure of the rate of exchange of the elements. There are exceptions to this rules ;
for example, the measurement of the total body water by the tracer dilution technique (1)o
Generally speaking, however, to the knowledge of the authors, no method has been |
described utilizing radioactivity for studying concentrations of elements in tissues.
There are many important problems concerning trace* elements (2) which involve knowledge
of their distribution., Some of these elements, such as Fe, Cu, Zn, and lh, are known
to be essentisl to life; others, like B, Al, Co, and Br, are known to be present, but
so far very little is known about their function, Still others are poisonous in minute 1
quentities; eo.g., Hg, Se, and Cdo One limitation in the study of trace elements is the
fact that microchemical or spectroscopic analysis is not quantitative for most elements
below 10~7 g and there are great experimental difficulties in carrying out identification
and assay of microquantities of such elements even in the higher range. It would be
desirable to have methods of analysis which are accurate to well below 107' g, since
it seems certain that much new information could then be derived concerning the
biochemistry of trace elements in animals or plants, in health or disease.

2, The use of radioactive isotopes for tracer experiments requires that

the radiation dose delivered to the tissue during the experiment should be small in
order not to disturb normal biological functions. The safe limit for protection of
health is considered to be 0.1l r e p per day, but it is not knowm whether or not such
a dose might produce important biological changes. For this reason, it is advisable
to keep the dose delivered by radioactive tracer isotopes below this safe limit,
If certain tissues concentrate or selectively absorb the isotope, it is sometimes hard
to avoid high dosage of such tissves during a radioactive "tracer" experiment. Another
difficulty is frequently encountered with short-lived radioactive isotopes; if they are
4o he used in e “tracer" experiment involving a considerable time interval, the initial
dose has to be rolatively high in order that at the end of the experiment sufficient

redioactivity will be present for measuremenbe

The above two difficulties encountereu in the study of trace elements may
be removed by vsing a very simple technique, i.e., the activation techniquc. It was
employed first for the purpose of microchemical analysis of traces of gallium in
iron by Seaborg and Livingood (3) in 1938, The chemical aspects of the subject were
revicwed by Clark and Overman (4)o The uvse of this technique for biological stvdies

#'Tyroce® elements are stable chemiczl slements, the presence of which in small
quantities is essential for the lives of plants and animals. "Tracers” are radioactive
nr stable isotopes of elements suitable for study of the biochemical and physiological
role of each element or its compounds.
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was begun by us early in 1947 (E)Ji For tiological experimentation the activation
technique may be used in more thaun one way. In some instances, where determination
of the amount or concentration of varicus types of trace elements is desired, one
mipght take & sarple of tre tis.»e or Lissue extract, orocess it in a convenient way,
for insteice, by wshing, then . ~ose the sarple to a source of nuclear particles

(for example, .t +ile or a cycloiron)s Several of the clements present in the sample
will become radioectives. Aftor exposuvre, the -amount of each radioactive isotope
formed mey be messured by standard radiochemical techniques. If one is interested in
the radioactive isotope A, produced from a trace element © which was present in the
orizinal semple, one may first isolate the isotope A by adding carrier amounts of

A, together with smaller amovnts of eash of the other elements which were originally
resent in trace quantities, end then separate A chemically, A pure product or
comnound of A ey then be obtained, waich can be used to measure and identify its
radioaesivity, end to determine its absolute disintegration rate., If the proper
arocedure is unsed, these data should conform with the established data for pure
rodioisotope Ae If the cross-section for the nuclear process which produces isotope
A from stable isotope B is knowm, ond furthermore, if the particle flux F, the time
of exposure t, 2nd the time lapsed since the exposure are also measured, then the mass
of the element B originally present in the sample may be calculated from the

formula, .
c A GI;{ v

“GF PR (1-€F)

unknovn mass

atomic weight

Avogadrots number

particle flux

decay constant of induced radioactivity
cross=section of "B" to form A

length of time of exposure to neutrons

length of time elaps:d between neutron exposure
and time of measuremsunt of rate of disintegrations
of the chemically separated sample VA"

rate of disinbegrations of sample "A" measured at
time )

?9:: isotope cbundance of the isotope responsible for
the nuclear transmutation in B

where:

i nyuwnn

,qaf(k:9*atﬁ =
nou

[e]
i

An alternative procedure involves the simultancous irradiation of =&
sample containing an unknowm amount »f B and a reference standard containing a knowm
emonnt of Be If the constants of irradiation are the same for the two samples, the
r.tio of their induced radioactivities will be the same as the ratio of the masses
nf the knovm and unknown samples. The above concentration relationships hold only if
tie total mass of the sample is so small that the fraction of particles absorbed by
swe semplc is ‘small compared to the original number of particles in the beam. A%
t1e prescat time, the most comvenisnt source for such activation experiments is the
slow neutron pile, and the most prominent nuclear reaction is radiative capture of
thernnl poubrons.

A slightly different situation arises if one desires to study the
distribution of a particular element or a compound to which the element is firmly

éTndependently Rrvss and Robertson have also used this method (11).
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sbtached in the plant or animal body. In some cases it is practicable to administer

o the smimal a small or "trace" amount of the substance under study, in its stable
form. After waiting a suitable length of time, ome may carry out an activation
experiment, as described above. The measurement of the induced radioactivity will

be indicative of the distribution of the element, With the help of the above formula,
one mey then determine the amount oﬁ;z ement C present in each sample. Howevey, since
there is usually a small amount of element C present in eact part of the tissue, even
prior to its sddition, one should separately determine the original amount and subtract
it, Thus one may obtain the fraction of the trace dose which was present in the sample.
This second aspect of the activation experiments raises a questioi which is sometimes
overlooked in the study of metabolism by means of radioactive tracers; nemely, the

fact thet the distribution of a radiocactive tracer depends a great deal on its dilution
by the inactive form of the same element originally and either normally or abnormally
present in the body. In the study of the rate of biochemical reactions of an element
A, rediomctive tracers of A are of value only if the amounts of A present in each of
its several chemical compounds are also known. This is expanded in a general theorem
by Sheppard (6) and certain special cases have been treated theoretically by one of

us (7)e Thus the method of activation analysis has an jmportent role in the dynamic

aspects of tracer biochemistry.

One of the most atbtractive features of the method desceribed in this
paper is its extreme sensitivityo The formuls indicates the factors influencing this
sensitivity and one may say that the most important of these is the flux of neutrons.
It has bei% stated that the flux of slow neutrons in one of the Clinton piles amounts
to 5 x 10" neutrons om™2 Sec-lc Assuming this figure, the sensitivity of this method
appears remarkable, indeed, since for some elements it is about 1,000 times greater
than thet of any other known method. Unfortunately, a number of importent elements
produce radioactive isotopes with oo short a half-life to be useful. Still, there
are some 50 whose half-lives, as well as cross-sections, are suitably large. Some
of these elements are listed in Table 1, together with the minimum amounts may be
measured with 10 per cent accuracy. One should emphasize that the method will not

require special techniques for each element, except those of rediochemistrye. Furthermore,

it is possible to study the concenbration of several elements simultaneouslys

Experimentale In order to test the ideas outlined above, one normal female mouse, age
six months, was injected in the tail vein with 100 pg of stable gold in the form of the
sodium gold thiosulfate salt. On the 30th day after injection, the animal was
sacrificed. TUpon autopsy and dissection, the various organs of the mouse were found
by visual inspection to be mormale A group of 19 representative samples was$

selected,

Tn addition, 20 ml of blocd from a leukemic patient were fractionated
into plasme, white cells, and red cells, making a total of 22 biological samplese
All semples were wet ashed using aqua regia and hydrogen peroxide. Precautions
were baken to prevent contemination of the samples with foreign elementse

Each semple was then irradiated by slow neubrons in the Hanford pile.
After irradiation and a suitable cooling period, the ash was dissolved again in
aque. regisa., A small portion was used to prepare semples for counting. Typical decay
curves from the counting of the latter are to be fourd in Pigure 1. The effective
half<life of several of the tissue ash semples was found to be between 14 and 15 days,
which would indicate that the principal ectivity is due to o By using the value
of the counting rates obtained on the fourth day after remcval from the pile, the
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relative sctivities of several of the somples were determined, These data for the
tissues of the mouse are shown in Table 2, where the samples are listed according

to decressing radioactivity per mg of wet tissue. Also listed are the activities
per mg of estimated dry ash. The radioactivity per unit wet weight is roughly
proportional to the phosphcrus :ontent of each organ, while the relative activity
per mg dry ash weight is almost comstent for most organs, indicating that the ash
has a constant percentage of phosphorus present. At the end of 60 days the
radioactivity of phosphorus 1lecreased sufficiently to meke some of the longer life
components appear. The radioactivity of the blood fractions from a human leukemic
patient, shown in Teble 3, indicates an interesting conclusion, namely, that the
relative radioactivity induced in the white cells per mg dry osh weight is about 10
times as high as that induced in red cells, or 50 times as high as the radioactivity
induced in the plasma. Our attention is now focused on isoleting the different
radionctive isotopes which are responsible for the white cell radioactivity. One
additional semple contained 10 wg of pure gold, as the chloride, and another was blanke !
The gold sample was used to monitor the neutron flux of the pile and to furnish a standard’
for the gold distribution studies, while the other sample was used to determine 3
whether the impurities which might be dissolved from the walls of the tubes holding

the samples could influence the results. The disintegration rate obtained in this

latter sample was negligible compared to the ones obtained in the tissue ash samples.
Besides determining the gross radioactivity of the samples, it was plamned to study

the distribution of gold and the distribution of a number of other radio-isotopes

which it was suspected would be formed after such irradiation., £ guide for this

work was given by the results of Curtis and Teresi (8), who hed previously studied

neutron activated tissue ash with the idea of determining what the importance of

induced radioectivities might be in the biological effects due to slow neutrons in.

the animal bodve The first part of this work, namely, the study of the distribution

of gold, is now complete. Other isotopes with longer half-lives are still being

studied, One reason for choosing gold was the considerable experience the authors

gained in the use of these isotopes in studying rheumatoid arthritis (9). One of

us (R.D.) devised a simple technique for quentitative separation and assay of radioactive
gold from tissue ash by means of electroplating (10).

Prior to any chemical menipulation, & solution containing 25 wz of each
of the following elements was added to each of the activated sampless Au, Sr, Ba,
Zn, Cd, Hg, Co, Se, As, Bi, Pe, and Cu. These were %o act as carriers for the
radioactive isobopes present in trace amounts. To begin the separation, silver wes
precipitated as AgCl. After the removal of Ag, gold was. precipitated by adding
hydroxylemine hydrochloride solution end heating. Following repeated precipitation,
the gold was electroplated on platinum planchets. Separation of mercury and other
elements was subsequently carried out. These data will be reported laters

Table 4 gives the results of the distribution of radioactive gold. These
parallel somewhat the data ob aized previously, studying the distribution of Au 198,
which was injected intravenously in mi¢e. 2.3 per cent of the Au injected was
recovered, which indicates that the rest of it was excreted in the one month periocd.
An interesting point whick should be noted, and one that clearly illustrates the very
powerful possibilities which this technique offers, is shown in Table 5, which lists
the Au found in the blood of a leukemic patient. The computations give 14 pg of gold
for the total white cell volume of the body. To determine this smell amount, one needed
only about 10 cc of bloods All of the «bove data were obtained in duplicate samples.
70 per cent of the determination checked within 10 per cent. The rest of them checked
within 20 per cent. Bach of the samples obtained also showed some Hg 124 and some
Ag 107 redioactivity., It will be necessary to check on the half-lives of these samples
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before the actual values will be reported. A second group of elements consisting
of iron, zinc, and cobalt is being processed from the same irradiated tissue samples
at the present time. All of the above data have been taken from the tissue of a
single mouse and one person, and it should be clear that the data should not be taken
as final, Analysis of a statistically valid set of samples will be necessary.

A
Discussion. The above considerations and experimental data indicate that microanalysis
of tissue constituents by induced radioactivity is a very suitable technique for the
determination of ultramicro amounts of a number of elements. It is expected that
the technique will play an importeant role not only in tracer biochemistry but in
plant nutrition, pharmacology, and toxicology as well.

Summarye A technique for the analysis of inorganic microcomponents of biological
tissue by means of induced radioactivity is described. Theoretical implications of
this technique and its connections with radioactive tracer methods are discussed.
Preliminary data on the radioactivities found in a set of neutron-irradiated tissue
ash sample are reported,

Aclmowledgements, The authors acknowledge with pleasure the interest and collaboration
of John He, Lawrence and the assistance of Constance Tregillus and Robert Oswalto
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RADIOACTIVE TRACE ANALYSIS BY MEANS OF THE (n; § ) REACTION
ASSUMED NEUTRON FLUX 5 x 10 lem=2 sec™

Blement  Starting  Abundance of  Final Decay x10%% Minimum Amount
Isotope Starting Isotope Cons’]c-ant Capbure crgss measured g
Isotope % sec” Section cm (10% accuracy)

11 M 23 100 24 1,3 x 107 0o 1 x 1072
12 Mg 26 110l 27 1ol x 10°° 0,048 4% 107
13 AL 27 100 28 4,7 x 1070 0,23 1 x 10”8
14 Si 30 4,2 31 6.8 x 1070 0011 2 x 1070
15 P 31 100 32 5.7 x 1077 0025 1z 1070
16 § 34 4,2 35 905 x 10~8 0026 6 x 1070
17 €1 57 24,6 58 8.1 x 107% 0061 1 x 1078
"19 X a1 606 42 1.6 x 107° 1.0 1 x 1072
20 Ca 44 2,06 45 4.6 x 1070 046, 1% 1077
21 Sc 45 100 46 907 x 1077 208 4 x 1070
25 Mn 55 100 56 To4 x 107° 12,8 1 x 1670
26 Fe 58 0,28 59 1.7 x 10°7 0032 4 % 1077
27 o 59 100 60 4,1 x 107 0073 4 x 10°°
29 Cu 63 7001 64 1.5 x 107 5.1 6 x 10°1t
30 Zn 64 50,9 65 3.3 x 1070 0051 2 x 10=9
35 As 75 100 76 702 = 1070 2.6 2 x 10°10
35 Br 81 49,4 82 5.6 x 1076 2,25 ix 107
47 Ag 107 51,9 108 3.6 x 107° 48,3 1 x 10710
48 ca 114 28,0 115 7,52 207° 1.0 1 x 107
53 I 127 100 128 £,6 x 107% 8.8 2 x 107
79 Au 197 100 198 5 = 1076 24,5 2 x 1071




TABLE II

RELATIVE RADIQACTIVITY OF IRRADIATED ASH
ONE WEEK FOLLOWING EXPOSURE TO THERIMAL NEUTRONS

UCRL 98

*
Relative Activity

Tissue Wet Weight, mge Estimated Ash Wt., per mge per mge
mgo wet whe ash wte
Bone 29.8 7.9 480 1,800
Pancreas 17906 309 60 2,700
Kidneys 305,6 309 40 39100
Thymus 618 0.8 39 3,000
~ Bpleen 141.4 207 37 2,000
Tiver 1,458.8 .57 35 900
Brain 42601 6,8 35 2,200
Heart 107.2 1.1 32 3,200
Tung 175,2 201 32 2,700
Ovaries 21.8 0,3 27 2,000
Adrenals 11,6 002 25 1,500
Lymph Nodes 30,8 002 25 3,000
Muscle 7004 009 24 1,900
Red Cells 0015 ml, 3 350
Gall Bladder 14,6 0.1 14 1,500
Skin 101v6 5.1 13 260
Tendon 5.4 0.4 1o 140
Gut 3,832,7 64 440
Plasma 0015 ml, 3 20
Control Sample very small very small very small very small

Tube (empty)

#4lloan of measurements on two samples.

TABLE III

REIATIVE RADIOACTIVITY OF IRRADIATED BLOOD ASH
FROM A PATIENT WITH LYMPHOID LEUKEMIA

(one week after exposure to neutrons)

Tissue Estimated Ash Wto,
mgo used in determination

"
Relative Activity
Per mg. ash wt,

Red Cells 114
White Cells*x* 8
Plasma ¢ 280

# Mean of measurements on two sampies

%% The white cells were prepared by centrifuging with beef albumen.

1
11

0.2
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TABLE IV .
DISTRIBUTION OF GOLD IN A MOUSE

Mass of Amount of Au 197 Total Amount of
Organ in g per g Wet Tissue Au 197 per Organ in g
Monitor Gold

Sample 10 x 10=6 g
Liver 1.458 f4 % 1070 ¢ 640 x 107 ¢
Ovary 0,022 4,3 x 1070 ¢ 9.5 x 1079 4
Thymus 0,062 5.2 x 10710 19 x 107°
Adrenals 05012 501 x 10710 ¢ vors T 107
Lung 0,175 2,6 x 10=10 g 46 = 10“79 g
Lymph Nodes 0,031 2.2 x 10_10 g 8.8 x 10“9 g
Splecn 0,141 1.7 z 1010 ¢ 24 x 1070
Kidney 0,306 1.6 x 10"lo g 49 x 10,9 g
Heart 00107 105 X 10-10 g 16 = 1069 g

=10 =9
Bone 20600 1.1x10 g 290 x 107" ¢
=10 =9
Pancreas 0,015 1.1 x 10 g 1.6 x 10 " ¢
Skin 3100 1.0 x 1070, 510 x 207 o
Gall Bladder 0,015 1,0 x 1070 2 1.5 = 1079
Tondon 0,050 0.7 x 10710 4 3.5 x 1077 ¢
Muscle " 11.20 0.65 x 10™° g 730 = 1079 4
Red & White Colls 1,05 0065 x 10710 4 69 x 107 ¢
Brain 00502 0.2 x 10°10 ¢ 10 x 1070
Gut 306 0,09 x 10710 32 x 1079 ¢
Plasma 1,0 0,05 x 1070 ¢ 5x 107 ¢
Total 25,446 22765 x 109 ¢
or~2,3% of total
injected,

%100 micrograms of stable gold administered intravenously to a

mouse in the form of gold sodium thiosulphate. MNouse sacrificed 30 days after
administrotion, tissues wet ashed and irradiated in the Hanford Pile., Subsequently

the gold .ras removed by radiochomical methods, its half=life and P~ ray energy verified
and counted in duplicate samples
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TABLE V.

DISTRIBUTICN OF GOLD IN HUMAN BLOOD
FROM A LEUKEMIC PATIENT

Wet Yass g g of Antd7

(estimated) per g wet mass
Red Cells 120 11 x 10-8
Ahite Cells 2,585 0.4 x 108
Plasma 2,650 0,07 x 10-8

UCRL 98

Total Au197
in Circulation

of Person
14.3 x 10~6 g
10.3 x 10=% ¢
18.5 x 10°5 ¢
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I1I, BIOLOGICAL EFFECTS OF RADJATION FROM EXTERNAL -
AND INTERWAL SOURCES

Ro So, Stone = in charge
Project 48 C
University of Celifornia Medical School

Hematological Effects of Total Body Irradiation From
External and Internal Sources

B, Vo, A, Low=-Beer

The objectives of this program were discussed in the previous
Quarterly Report (UCRL 41),

The present report deals with the hematological changes observed in
patients treated for arthritis with radioactive phosphorus administered
intravenously,

The redioactive phosphorus used was prepared in the Osk Ridge chain
reacting pile and standardized at the Radiation Laboratory in Berkeley., OCarrier
free PO 52 was used in these studies, eand was made isotonic for intravenous
administration by the addition of stable sodium chloride, Specific activities
voried from 250 microcuries/ce to 550 mlerocurles/%co The lower values for
specific activity reported in this study are due to lapse of time between
preparation and use of material. Each preparation was checked for toxicity
by means of intravenous administration to rats,.

Total doses used on patients varied from 3500 microcuries to
8000 microcuries. Individual doses varied from 500 to 2000 microcuries,
administered at weeli intervals, except in three patients whose treatment
course had to be prolonged for clinical reasons, up to 39, 40, and 41 days
respectively,.

Radioactive phosphorus present in the tody was calcvlated as a
function of the amount introduced plotted against excretion end deceys The
values obtained by these calculations are called the "radiation level® which
has been described in detail by Doctors B. V. A, Low=Beer, John H Lawrence, and
Robert S, Stone in Radiology, November 1942, Some discrepancy may exist between
radistion levels reported. ia this study and those which have been described in
the literature,_since the latter have been obbained from exsretion studies with
carrier free Ps Excretion studies are now in progress with carrier free P32
on some patients 1ncluded in the pressnt study, so that the question of the effect of
carriers on rate of excretion can be determined., From this information the true
radietion level for carrier free P°° can be caloulated. The term “radiation
level® expresses the emount of radioactive material present in the body at
any particular time, :

i MRk RN *&4._'\‘1".#)« e

Techniques used in these hematolowleal studies are the same as
described in the Po Po Ro report except that blood counts were not made daily”

Y
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on these patients, Counts were made each week, just prior to each treatment.
After the treatment period counts were made once a week for four weeks, then
every two weeks for two months, then once every four weeks unless some marked
change was observed, in which case counts were made approximately once a

weeko

Of the 21 patients treated, 4 were men and 17 were women. The
age range was 16 to 67 years. Twelve of the patients were between the ages of
50 and 67 years. Twelve patients have been under observation for a sufficiently
long time to permit analysis of hematological changes., Only 10 of these will
be discussed here, however, as charts have been prepared for these patients.
(Table Noo 1)o The remaining 1l patients in this group will be discussed in a
later report,

Patients Receiving 6000 = 7000 Iicrocuries of P52 ~ (Graphs 1 - 4)

Total White Count

~

Four of the 10 pg%ients considered in this report received from
6000 - 7000 microcuries of P°°, Two of these patients showed an’ “abortive rise"
of the total leucocytes and neutrophiles after the first dose of P 52, All 4 of
the patients showed beginning decrease in total leucocytes, neutrophiles,
lymphocytes and monocytes after the second dose, These decreases became marked
and reached the lowest value at about the 40th day following beginning of
treatment. ;

Recovery from the leucopenis began between the 50th and 70th days
after beginning of treatment. Original values were restored around the 120th -
140th day after beginning of treatment. Two of these patients showed a second
decrease in total leuocybte count, neutrophiles, lymphocytes, and monocytes
sround the 200th day after beginning of treatment., In 2 of these patients
count rose around the 300th day after beginning of treatment to a value slightly
in excess of the original count. Both the neutrophile and lymphocyte counts
showed this rise. In all of these 4 patients neutrophiles and lymphocytes showed
the same quantitative effects. The effect on the monocytes was irregular in
the 4 patients.

Lobe Index

Three of the patients showed marked decrease of the lobe index
beginning around the 50th day after begimnming of treatment and continuing
throughout the observation period, which in these patients wms from 350 to
400 days, One of the patients showed a less marked but noticeable decrease
in lobe index.

Erythrocytes and Hsm<-lobin

411 of the patients showed mcderate fluctuztion of red cell and
hemoglobin values during and immediately following the btreatment period.
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No significant changes were observed in the packed cell volume in
any of the 4 patients,

Sedimentation Rate

No significant changes were observed in any of the 4 patients,
Platelets
All 4 of the patients showed very marked decrease in platelets
at around the 60th day after beginning of treatment, followed by recovery in

all casese.

Prothombin Concentration

No significant changes in prothrombin concentration were observed
in any of the 4 patients,

Cholesterol

No changes in cholesterol values were noted for any of the
4 patients,

Patients Receiving 8000 Microcuries PSZ -~ (Graphs 5 - 10)

Total White Count

Six patients received total doses of 8000 microcuries of P52 and

were observed for periods from 230 - 400 days. One of the patients showed a
slight abortive rise in total leucocyte count after the first dose. All 6 of
the patients showed a marked decrease in total leucocyte count which reaches
its lowest -point at about the 60th day after beginning of treatment. The
neutrophile count followed the total leucoecyte count in all of the patients
vhile the lymphocyte count in 4 patients was much more sharply decreased than
the neutrophiles. Monocyte counts showed fluctuations in all patients.
Recovery of the total leucocyte count, the meutrophiles and the lymphocytes
began about the 70th day and vas complete about the 160th to 200th day

after beginning of treatment. In 3 patients the leucocyte count after recovery
exceeded the original count. At about the 280th to 300th day after beginning
of treatment a second decrease in total leucocytes, neutrophiles and
lymphocytes was observed in 3 of the patientse These vatients have not been
under observation long enough to determine the full extent of this decrease

or the time of recovery.

Three of the patients showed marked decrecse in lobe index,
beginning dvring the treatment period and continuing throughout the period
of observation.

Erythrocytes and Hemoglobin

All 6 patients showed moderate fluctuations in erythrocyte count
snd homoglobin concentration throughout the observation period. No significant
changes in packed cell volume were observeds
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Sedimentation Rate

=

No significant changes were observed in any of the patients.
Platelets

In 4 patients marked decrease in platelet count was observed,
starting during the treatment period and followed by recovery which began .
around the 60th day after beginning of treatment. Recovery was complete
around the 240th - 280th day.

Prothrombin Concentration

No significant changes were observed in any of the patients.

Potients Treated with Total Body XeRay Irradiation - (Graphs 11 = 13)

During the period covered by this progress report, observation
of 6 patients previously treated with total body x=-ray irradiation was
continued. The only noteworthy feature in these patients® hematological
reaction was the fact that in 3 of these patients the lobe indices continued %o
decrease till the last observation on the 500th, 1180th, and 1220th day,

respectively.

In this report period 5 new patients have been started on P52
treatments Excretion studies are being mede on each of these patients.
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Metabolism and Effects of Radio-Todine (ItS1

)

Barl R. MHller

From January 1 to March 31, 1948, 140 millicuries of 1151

was received each month and was administered to 34 patients as followss
Tracer doses only (250 microcuries or 1€sS)oeccesscolB
Test doses (up to 2000 microcuries per doS6)eecescs 5
Tracer and therapeutic A0S6Soccscocsccccacccssccssncold
Therapeutic doses 2loNE€seccecocceccococcocesocooossssco L
TOTALoocscocsossedd

On certain of these patients the following studies were
mades

lo In vivo measurement of uptake of 118l by the thyroid gland
as a function of time following administration of the doses, Neasurements
were mede several times daily over a period of 48 hours.

. .. 131
~ 2¢ Excretion of Jodine in the urine over the same period
of time,

In addition to the above routine studies, special measurements
and procedures were done in selected cases as followss

1o Autoradiographic studies were made on the thyroid glands
of ten patients who had received tracer doses of iodine at least 24-hours
prior to surgery.

2, Routine blood counts and urinalyses were done on the two
patients with carcinoma of the thyroid who had received 25 to 50 millicuries
of radioactive iodine several months previously.

3. The emount of radioiodine in the thyroid gland was measured
just before surgery in six patients who underwent subtotal thyroidectomy for
non-toxic nodular goitera ITgidiately after operation, the removed tissue was
weighed and its content of I was measured, In all but one instance, the
surgeon was able to estimate the amount of thyroid left in the neck at operation.
One of the six patients had no measurable upbtake of radioiodine in the neck
preoperatively, and the specimen removed likewise showad no activity. In
another instance the deta were inconclusive since only a tiny nodile of tissue
wes removed from the neck, and the mejor portion of the gland was left intact.
In only four of the six cases was & satisfactory comparison possible between the
amount measured in vivo, and that conbtained in the surgical specimen.
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Assuming a homogeneous distribution of 1151 in the thyroid, the

following relationships will obteins

Wte of removed spec. Microcuries I}E} removed in spece
Total wt. of gland

Microcuries I~ in total gland

The total weight of the gland is determined by adding the weight of the removed
specimen to the estimated weight of the tissue remaining in the neck.

1, 2. 3o 4,

l, Weight of removed N

SPecimenes s ZréMSececcosoccccoscssscaoo 22 5,5 2005 23
2o Estimated vt. of

tissue left in SitUeoccoocscoceosnocooo 2 2 10.5 2
3. DBstimated total wte

Of 'bhyroido.osqoooooo-o-aoooaooeoooeo 24 7°5 31
4, Total microcuries measured

in neck pre-operativelyeecsccoecsccacs 10 55 52 63
5, Total misrocuries measured

in removed sSpecimeéNcococsoscscscosvecoe 8 42 35 24
6. Predicted microcuries in total "

gland based upon (1), (3), & (8)ecoee 8,7 57 53 e
7, % error between observed and

predicted totals, (4) & (6)esecccecas 13 307 1.9 14,3

*The patient's neck was not measured until the second post-operative day,

and the measurement was corrected for decay to correspond with the measurement

of the specimen 48 hours previously. No studies of urinary excretion were done on
this patient post—operatively and it seems reasonable that part of the apparent
error mey have been due to loss of iodine through excretion.

The percentage error in the above data, represents in part the error
inherent in our methods of measuring 1131 351 the thyroid gland in vivo, and in part
that due to errors in estimating the weight of tissue left in situ at operation,
When the smount of tissue remeining in the neck is small, errors in estimating the
weight of tissue left in situ at operatior. When the amount of tissue remaining
in the neck is small, errors in estimatic- of tissue weight are smalle On the
other hand, when the amounts of iodine contained in the total specimen are
relatively small, a greater percentage error occurs in countingo.

Since the, patients used in this study had nodular goiters, it
is probable that there is an inhomogeneous distribution of radioiodine
throughout the glands and this fact vms demonstrated autoradiographically in
two cases. However, the heterogenicity of the iodine distribution inv the
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removed specimen and in that which remained in the thyroid are probably not greatly
dissimilar.

It is impossible to draw wide conclusions from so small a series of
cases, however, it is intended that the problem be fully appraised after many more
such observations have been gathered.

Physical Studies,

In the past three months, the counting equipment has been checked daily
before work is begun. The threshold voltage and plateau characteristics of the GM
tube are determined, as are its responses to knowm amounts of Radium and I7°7,

In addition, the following special studies have been carried outbs

1, The effect of variations in the discriminator setting of the ig%lgr
upon the pumber of counts per minute obtained from various fixed amounts of I and
upon plateau characteristics of GM tube. (The latter observations which at first
appeared to be of significence, were later found to be caused by defects within the
tube itself,)

2, Alterations of the resistance within the pre-amplifier circuib
and resultant effects upon number of counts and upon oscilloscopic tracingz from
known sources of radiation.

30 Studies of the relationship between various volumes of sampls
containing constant amounts of I and their distances from the G tube.o

Bottles of four sizes were used, 13, 23, 33, and 60 ¢ce Three bottles
of each sizé were employed and contained approximately 1, 2, and 3 millicuries re-
spectively. Measurements of each of the twelve bottles were taken at distances
of 20, 40, 60, and 80 cm. From the data obtained it may be stated, briefly, that
when the various samples are measuvred at distances of from 20 %o 80 cm, it is not
possible to distinguish the differences in size of the sources. However,
preliminary studies done more recently suggest that there is a significant difference
in the number of counts obtained from the same quantity of radioiodine contained
in 13 cc and 60 cc bottles when measured at a distance of less than 10 cm. It
may ultimately be possible to estimate the size of the source by measuring the same
sample at a short (under 10 cm) and & relatively long (20 to 80 em) distances
Again, further study is required and is now in progress,

4, Absorption curves were prepared under varisd circumstances, with
smell and large samples, measured at short and long distancses. The filtration
effects of several materials were studied as follows: lead, copper, paper, prestwood.
The amount of radiation absorbed by each filter magerial is e function of mass in
grems per square cm, but this function is different for different materials, ie €o,
materials of lower atomic number absorb less per unit mass per square centimeter
than do materials of high atomic number.

56 Stu%glof changes in the number of counts yper minuts obtained from
a Imovm aniount of I vhen a suspended sample is measured in air and measured with
verious amounts of water acting as a backseattering medium and filter. *

6o, Determinations of the number of counts per minute lost through
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coincidence, at various levels of activity,

7. An attempt was mede to determine the effects, if any of reversing
positions of two filters, one lead, the other aluminum. No demonstrable effects
were observed in this instance. Since others have observed such effects, this will
be studied further,

?3 Preliminary studies were begun on the exposure of film to gross
sources of I in an effort to determine time necessary to produce detectable
blackening for variable amounts of iodine, This method is to be studied further
in en attempt to calibrate it for possible use in dosimetry.
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IV. HEALTH PHYSICS AVD CHELISTRY

Project 48,

Health Chewmistry

W.B. Garden

Further progress on the development of equipment and techniques, whose
purpose is to accomplish the goal of sbsolute control and trapping of radiosctive
substences, has taken place during this quarter., Bmphasis has been on simplicity
in design of the equipment with the object in mind of its decontaminatability,
reproducibility, and universal use, An attempt is being made to eliminate the
creation of equipment for specific, isolated performances but to meke parts and
accessories which are interchangeable, This attempt is illustrated in certsin
aspects of the new lead-shielded gloved hood now under construction,. '

Further progress can be seen in the elimination of contamination in
the laboratories due not only to the increased use of gloved boxes but to the
improvemeat in the less spectacular, routine techniques, such as in mors detailed
planning in the handling of targets and the accessories involved therein, the
meking readily availeble of small containers, trays, tongs, &nd other handling °
equipment which 211 help to eliminate not only the occurrence of conteminstion
but also the receiving of radiation by the persomnel involved, ¥With the advent of
less and less need for routine monitoring and surveying, more time has bscome
avgilable for anticipating the needs of the chemist in the line of smell details,
which, by necessity, because of lack of time and personnel, had to be mors or
less by-passed in former days.

Development during this quarter in addition to the gloved hoods and
their accessories has been the accession and readying of a velometer for aire
flow measurement further spiuner column developments, a new target assembly for
the 60-inch cyclotron, and a high temperature furnace for spectrum analysis of
radioactive isotopes,

The collection and disposal of radioactive weste conbinued to be
adequate for the present needs, The conteminated material in the army 2001
Werehouse, Ogkland, numbering spproximately one hundred forty items and weighing
individuglly from one to around ten thousand pounds, has been packaged and is
being disposed of at sea, four trips being required,

A central stock of currently-unused isotopes is being collected in
Bldg. 5, which isotopes are available for use by anyone desiving them, In addi-
tion to this stock, records sre oa hond ond being gpaithered regording the 2uossnee
of other isotopes ou the Project, mouny o” t1rich are aailable on r=quest,

The chart of Figure 1 illustrates the set-up of the Heslth Chenistry
Orgenization. It illustrates the personnel assigned to each of the three divie
sions of activity, showing spee¢ial responsibilities within the group; &an squally
important fact illustrated is the overlapping of duties among the thres groups,
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This is of necessity because of the smallness of the group and because of the
relation of activities and necessity of cooperation amoung the groups.: This
chart is in no way official or permanent but merely serves to show what set=up
has taken shape and been in practice with good success for some months and will
so remain for the present time,

Health Physics

B.J. Moyer

Aside from routine matters of monitoring areas and personnel, there has
been a problem of variation of semsitivity among various lots of film used in
personnel film badges., It has been found necessary to provide with each lot of
film (all ostensibly the same) a separate calibration curve for the photometer to
convert densities into readings of dosage,

Data are being accumulated on the radiation fields of the linear
accelerator, and of the cyclotron as its shielding is being avgmented, A dis-
cussion of this may be incorporated in a following quarterly report.



